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The more than 1 0,000 years long history ofthe Amose basin, dating back to approximately 14,000 
B.P., is inferred from sediment facies and stable-isotope analysis of the sediment record. The 
Younger Dryas - Preboreal transition is particularly well developed; it is marked by a rapid 
lowering oflake level that caused a forced regression resulting in erosion oflate-glacial lake deposits 
and deposition of a coarse-grained transition layer. The transition separates the mainly clastic
dominated late-glacial lake deposits from the postglacial organic sediments. It is recorded in all 
geochemical parameters, including the stable-isotope ratios of oxygen and carbon. The lowering of 
lake level in the Amose basin was probably caused by tapping of the lake as the dead ice blocking the 
outlet of the basin melted away. A similar, contemporaneous sedimentary development is, 
however, apparent in other lake basins on Sjælland and indicates a regional rapid shift from the cold 
hostile climate of Y ounger Dryas to the warmer and more humid climate of the Preboreal. Sea - and 
lake-level changes in the open Amose lacustrine basin during the postglacial period inflicted high 
stress conditions on the surroundingvertebrate fauna and ultimatelyon man living next to the lake. 
Examination of the vertebrate fauna from four sites, all situated in the Amose basin but scattered 
in time, reveals changes in diversity and body size. The isotope values in bone collagen changed 
over 3,000 years in 6 out of 1 1  species, probably owing to increasing high forest shading of the 
forest-floor vegetation. The increasing cover of the mixed lime forest and the isolation of Sjælland, 
which became an island during that period, led to reduced variation in suitable habitats for the 
larger game animals interpreted to cause reduction in body size and diversity. Traces of human 
activity on the bone material yield information on the hunting, butchering and marrow-fracturing 
methods applied by the humans living at the various sites. The functions of the different sites may 
also be deduced from the human trace fossils. DLake-leve! changes, climate changes, vertebrate 
faunal changes, oI3 C  diet analysis of bone collagen, organic-sediment facies analysis, stable-isotope 
analysis, Younger Dryas - Preboreal transition. 

Nanna Noe-Nygaard, Geological Institute, University ofCopenhagen, øster Voldgade lO, DK-13S0 
Copenhagen K, Denmark; 29th October, 1993; revised 1 0th June, 1994. 

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  
1ntroduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 Stratigraphy and sedimentology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1  

Previous work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 Glaciofluvial facies association . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1  
The present study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 Late Weichselian glaciofluvial-lacustrine facies 

Geological setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  association . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1  
Lakes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  Interpretation o f  Late Weichselian glaciofluvial-

Lake deposits as climatic archives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  lacustrine facies association . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 8  
The Amose lake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  Geochemistry o f  Late Weichselian sediments . . . . . . . . . . . . . . . . . .  3 1  

Formation o f  the lake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  Lake carbonate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 1  
The study area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  Organic matter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 

Sedimentary facies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  
Methods and terminology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

Isotope evidence from /)13C"'b' /)180"'b' and /)13Co,g ................ 32 
Interpretation and discussion of the geochemical data . . .  33 



Flandrian oligo-eutrophic lacustrine facies association .. 34 Previous finds ............................................................................. 123  

Interpretation of  the Flandrian facies associations .......... 43  Modem biology .......................................................................... 123  

Geochemical analyses of the Flandrian deposits .............. 44 SkeIetal elements ........................................................................ 124 

14C dating ...................................................................................... 47 Discussion of biological data .................................................... 1 30  

Key surfaces in  A 20 I ,  PL Il  and PL I I I  ...................................... 49 Age distribution ..................................................................... 1 30 

Forced and 'normal' depositional regressions ............................ 54 Time of killing ....................................................................... 1 30  

Systems tracts ............................................................................... 57 Biometric data ....................................................................... 1 30 

A relative lake-Ievel curve for the Amose basin ......................... 58 Alces alces (elk) ................................................................................ 130 

Relative Atlantic and early Subboreal sea-Ievel changes Modem biology and previous finds ......................................... 1 30  

around Sjælland .................................................................. 59 SkeIetal elements ........................................................................ 1 3 1  

The importance o f  lake-Ievel changes for the Mesolithic - Bos primigenius (aurochs) .............................................................. 1 3 1  

Early Neolithic habitation pattem i n  the Amose basin ... 62 SkeIetal elements ........................................................................ 1 3 1  

Conclusions .................................................................................. 64 Bos domesticus (domestic cattle) ................................................... 1 3 1  

Description o f  the four sites and general taphonomy ........................ 65 SkeIetal elements ........................................................................ 1 3 1  

Description o f  the four sites ....................................................... 65 Capra hircus/Ovis aries (goat/sheep) ............................................ 1 32 

Muldbjerg I .............................................................................. 65 SkeIetal elements ........................................................................ 132 

Kongemose ............................................................................... 68 Canis familiaris (domestic dog) .................................................... 1 32  

Ulkestruplyng .......................................................................... 68  Origin and human relationship ................................................ 1 32  

Præstelyng ................................................................................ 69 Skeletal elements ........................................................................ 1 33  

Other sites ................................................................................ 69 Biometry ..................................................................................... 1 34  

General taphonomy ..................................................................... 69  Abnormalities ............................................................................. 1 34 

Taphonomy .............................................................................. 69 Discussion ................................................................................... 1 34 

Bone characteristics of the different weathering categories 69 Lutra lutra (otter) ........................................................................... 1 3 5  

Taphozones .............................................................................. 7 1  Modem biology .......................................................................... 1 35  

Time and place of bone destruction ...................................... 73 Previous finds ............................................................................. 1 3 5  

Palaeontological descriptions ............................................................... 74 Skeletal elements ........................................................................ 1 3 5  

Ontogenetic age based o n  tooth eruption and Discussion ................................................................................... 1 37  

epiphysial fusing ................................................................. 75  Martes martes (pine marten) ......................................................... 1 38  
Biometric data .............................................................................. 76 Modem biology .......................................................................... 1 38 

Cervus elaphus (Red deer) ................................................................ 77 Previous finds ............................................................................. 1 39  
Previous finds ............................................................................... 77  Skeletal elements ........................................................................ 1 39  
Modem biology ............................................................................ 78  Use ............................................................................................... 1 39  
SkeIetal elements .......................................................................... 8 1  Meies meles (badger) ....................................................................... 1 39 
Discussion of biological data .................................................... 1 0 1  Skeletal elements ........................................................................ 1 39 

Biometric data - size, age, and sex structure ....................... 1 0 1  Use ............................................................................................... 140 
Spatia I distribution and preservation ................................. 1 02 Fe/is silvestris (wild cat) .................................................................. 140 
Variations in EM NI ............................................................... 1 02 Modem biology and previous finds ......................................... 140 
EM NI at the sites ................................................................... 103  SkeIetal elements ........................................................................ 140 
Abnormalities ........................................................................ 1 04 Mustela putorius (pole cat) ............................................................ 1 40 
Size reduction ........................................................................ 1 04 SkeIetal elements ........................................................................ 140 
Size reduction at other Amose sites ..................................... 1 07 Castor fiber (beaver) ....................................................................... 140 
Ontogenetic age ..................................................................... 108 Modem biology .......................................................................... 140 
Age structure .......................................................................... 108 Previous fin ds ............................................................................. 140 
Time of killing ....................................................................... 1 1 0 SkeIetal elements ........................................................................ 1 4 1  

Capreolus eapreolus ( roe deer) ....................................................... 1 1 0 Discussion ................................................................................... 1 42 
Previous finds ............................................................................. 1 1 0 Small mammaIs: rodents and insectivores, reptiles, 
Modem biology .......................................................................... 1 10 and amphibians ..................................................................... 143 
SkeIetal elements ........................................................................ III A short review of the biology of the recovered species ........... 143 

Cranium ................................................................................. III Rodentia ................................................................................. 1 43 
Mandibula .............................................................................. 1 1 2 Arvieola terrestris (water vole) ......................................... 143 
Scapula .................................................................................... 1 1 3 Mieratus agrestris ( common field vole) ........................... 143 
Humerus ................................................................................. 1 1 3 Apodemus sylvaticus (yellow-necked field mouse) ......... 143 
Radius/ulna ............................................................................ 1 14 Apodemus jlavieollis (long-tailed field mouse) ............... 143 
Metacarpus ............................................................................. 1 1 5 Clethrionomys glareolus (bank vole) ............................... 143 
Femur ..................................................................................... 1 1 6 Seiurus vulgaris ( squirrel) ................................................ 143 
Tibia ........................................................................................ 1 1 7 lnsectivora .............................................................................. 143 
Metatarsus .............................................................................. 1 1 8 Erinaeeus europaeus (hedgehog) ..................................... 143 
Pelvis ....................................................................................... 1 1 8 Neomys fodiens (water shrew) ......................................... 1 44 
Vertebra .................................................................................. 1 1 9  Reptilia .................................................................................... 1 44 
Costae ..................................................................................... 1 1 9 Emys orbicularis (European pond tortoise) .................... 1 44 
Phalanges ................................................................................ 120  SkeIetal elements ........................................................................ 144 
Carpal and tarsal elements ................................................... 120  Aves ................................................................................................... 145 

Discussion of biological data .................................................... 120  Podiceps cristatus (great crested grebe) .................................... 148  
Biometric data ....................................................................... 1 2 1  Podiceps rufieollis (little grebe) ................................................. 1 50 
The age and sex structure ..................................................... 1 2 1  Pelecanus crispus ( crested pelican) ........................................... 150  
Time of killing ....................................................................... 1 22 Ardea einerea (grey heron) ........................................................ 1 5 1  
Abnormalities ........................................................................ 123  Botaurus stellaris (bittem) ......................................................... 1 5 1  

Sus seraf a (wild boar) ..................................................................... 123  Ciconia nigra (black stork) ........................................................ 1 5 1  



Anas platyrhynehos (mallard) ................. ..... . . . .......................... 1 52  
Anas acuta (pintail) .... ... . .............................. ............................. . 1 52  

Actions by  which working marks are inflicted ......................... 1 82  
Skinning marks ................................. ................................. ... .  1 82  

Anas spatula (shoveler) .......... . ............................... .................... 1 53  Butchering marks ........ .......... . . . . . ...................... . . . . . ................ 1 83  
Anas crecca (teal) . . . ........................ ..... ........................ ...... . ......... 1 53  Filletting marks .... . .......................... . .......................... ............ 1 8 5  
Anas querquedula (garganey) ...... . . . . ....................... . . ................. 1 53  
Anas penelope (widgeon) ............ . . . . . ................... . . . . . . . . . .............. 1 54 
Bucephala clangula (golden-eye) ............................... . . . ............ 1 54 
Aythya fuligula (tufted duek) ..................... . . . . ......................... .. 1 54 
Aythya marila ( seaup) ............................... . ...... .......................... 1 55  

Marrow fraeturing ............. ........................... . ..................... . . .  1 86 
Trampling ...................... .............................. . . . . . ..................... . 1 86  
Gnawing marks from dog  ............... .............................. . . . . . . .. 1 8 7  

Systematie description of  working traces on  selected speeies ..... 1 8 7  
Cervus elaphus ............... . ... . ........ . . . ... .......... ... ........ .. . .. . . . ............. 1 8 7  

Aythya ferina (pochard) ........ ................................ . . .................. 1 55 Capreolus capreolus ................ . ...... .. . . . . . . ..... ......... ... ..... . .... .......... 2 1 3  
Tadarna tadarna ( shelduck) ................................................. ..... 1 56 Sus seraf a ................... . . . .. . .. . . ... ............. . . ... .... . .... ... ... ............. .... . .. 22 1 
Unidentified duck speeies ............... .... ................................. ... .. 1 56  Canis familiaris ............... ... . . . . . . ............. ..... .... ........ . .. .. . ............... 223  
Mergus merganser (goosander) ... . . .............................. .............. 1 56  Lutra lutra . . . .. . ................... ... . . . . .......... .......... . . . . . . . . . . . . . .... .............. 223  
Mergus serrator ( red-breasted merganser) . . ............................. 1 56 Martes martes ..................... ... . . ... .......... ......... . ... . . . . . . . . . .. .. ..... ... ..... 226 
Mergus albellus (smew) .. . ............................... ... . . ....................... 157 Castor fiber ..... ... . . .. . . . .... . ............. . . .. . .... .... .... . .............. . . ... . .. .. .. . ... . 228 
Anser anser (greylag goose) .......................... .. . . ......................... 1 57 Small mammals ....... . . ... ............................. ... ................... ..... . . . ... 230 
Anser fabalis (bean goose) ................................ . .... .................... 157 Arvicola terrestris ................ .. . ... . . .................... .. . . .. . . . . .......... ... 230 
Unspecified goose fragments ............. . . . . ................................ . . .  158 Other rodents ........................ . . . . ...................... ........ ............... 2 3 1  
Cygnus olor (mute swan) ........................................................... 1 5 8  Erinaceus europaeus ............... . .. ... .. ...... .......................... ... . . . . .  2 3 1  
Cygnus eygnus (whooper swan) . ............................................... 1 59 Sciurus vulgaris .. ................. . ... . . ... . .... .................. ........ . . . . . . . ... . 2 3 1  
Cygnus bewiekii (Bewick's swan) .... . ............................... . . . ....... 1 59 Aves ............... ............................ ................................. .... . . ............ 232 
Unidentified swan fragments ................... . ................................ 159 Pisces ............... . .... ....................... ... . ..... . ........................... ...... ..... 235 
Haliaeetus albieilla (white-tailed eagle) .. ................................. 1 59  Esox lueius ..... . .... . ...... .......... ........... ..... .. . ... .... ................. ........ 235  
Buteo buteo (buzzard) ................................................................ 1 59  Squalus acanthias . . .... ......... .... ........ ... .... ....................... .......... 235  
Milvus milvus ( red kite) . . . ... ..................................... .................. 1 59  Conclusion ....................... ... ................................ . . . ................ 235  
Milvus migrans (black kite) ....... . . . . ........................................... .  1 60 Summary and discussion ................................. . . . . .......................... 235 
Pandion haliaetus (osprey) ............... .................................... . . . .. 1 60 Discussion of the results from the four sites ..................... ...... .  237  
Tetrao urogallus ( capercaillie) .............. . .................................... 1 60 Patterns of fragmentation ................... .... . . . ........................ . . .  237 
Grus grus ( crane) ................................ ..... . . ................................. 1 6 1  Reassembling ............... ....... . ........................... ........ . .............. 238 
Fuliea atra (coot) ....... ..... . ... ........................................ . ... ............ 1 6 1  Working marks ......................... . . ................................... . . . . .... 24 1 
Gallinula ehloropus (moorhen) .............. . . . . ........ ....................... 1 6 1, Bioerosion by dog ............... . . ........ ......................... ..... . . ......... 242 
Rallus aquatieus (water rai!) ............... . . ........ ... .......................... 162 Conclusions ........... . . . ............................... . . . . . .. . . . .... . .................... 243 
Crex erex ( corncrake ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  162 Stable carbon isotop es in bone collagen ...................... ..................... 244 
Numenius arquata (curlew) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  162 Methods ....................................... . ................................. .... ... ...... 245 
Tringa oehropus (green sandpiper) ... . . ...................................... 162 Material ................... .................................... . . ... . .......................... 245 
Philamaeus pugnax ( ruff) ........................... ............................... 1 63 Fossil mammal and fish bone material ..... .... ...................... 245 
Pieus viridis (green woodpecker) ..................... . .... .................... 1 63 The range and mean of lil3C of single spe eies 
Corvus corone (hooded crow) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 63 and comparison between sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  247 
Undetermined juvenile fragments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  163  Modem material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  252 
Discussion of the bird remains from the four sites . . . . . . . . . . . . . . . . .  1 64 Results .................................. . ................................................. .... .  252 

Pisces (fish) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  167  Discussion ... . ................................................... ............................ 255  
Introduction ...................... ..... ....... . . . .......................................... 167  Diagenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  255  
Esox lucius (pike) .................................................................... . . . .  168  Temperature ............................................. . . .............. .............. 256 
Abramis brama (bream) ......... . . . ..... ....... . ............. . ...................... 1 70 Soil . ............ . ... ... ............................................... ........ . . . . ... ........ 256 
Perca fluviatilis (perch) ...................... .... .................................... 1 7 1  Change o f  isotope ratio i n  fodder plants .. ....... .... . ............... 256 
Tinea tinca (tench) ................................................ ........ ..... . ....... 1 72 Values of lil3C from fossil pike compared with 
Carassius carassius ( crusian carp) and modem pike . . . .............................................................. 257 

Cyprinus earpio (carp) ... ................................................... 1 72 Evaluation and interpretation of changes in stable 
Rutilus rutilus ( roach) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 72 isotope ratios through a time span of 3,500 years ..... 258 
Scardinius erytrophthalmus ( rudd) .................... . .. ................... . 1 72 Conclusions ... . ... . . . . . . ...... . . . . . . . . . . . . ... . . . . . .... . ... ..... . ........................... 2 6 1  
Silurus glanis ( catfish) ........... . . . . . . . ............ .................................. 1 72 Seasonal indicators and season of occupation . . ......... . ... . ... ... . . . . . .... . . 264 
Squalus aeanthias (spurdog) ......................... . ............ . ........... . .. 1 72 Synthesis ............................................................ ..... ........................ . ..... 269 
Discussion and comparisons between the four sites ........... . . .. 1 73 The late Middle and Late Weichselian ( 1 4,000-1 3,000 
Conclusions .................................................... . . ..... ..... ... . . ... . . . ..... 1 76 to 1 0,000 B.P. )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  269 
Short summary of the fauna ................................. . . . . ........ ..... . .. 1 76 Preboreal time ( 1 0,000-9,000 B.P. )  ................. ...... . . . . . . ..... . .... . . .  272 

Trace foss ils .............................. ............... . . ... . ... ... . ......... .. . . . ....... . . . .... .... 1 78 Boreal time (9,000-8,000 B.P. )  pollen zone V .......................... 273 
Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 78 Early Atlantic time (8 ,000-7,000 B.P. )  ... . . . ... .. . ....... . ... . .... .... . ... .  276 
Man -made trace foss ils on bones ............................ ...................... 1 79 Late Atlantic - Early Subboreal period (7,000-4,900 B.P. )  ..... 279 

Hunting marks ................................ ........... ... . ........ .................... 1 79 Cultural development from Late Boreal to Early 
Different types of marks recorded on the bones . . . . . . . . . . . . . . . . . . . . .  1 80 Subboreal times ................................................................ 282 

Cut marks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 80 Dansk sammendrag ........................................................................ 283 
Scrape marks ................................ .......................................... 1 8 1  References ............................ .......................... ......... . ....... ... . . . . . ... ... . . . . . . . . 285  
Sawing marks ......................................................................... 1 8 1  Appendix l: Descriptions o f  bone material ............. ......................... 293 
Chop marks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 82 Appendix 2: Biometrical tab les ................................ ....... . . .... . ... ... ...... 3 1 1  
Impact marks (stroke marks) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 82 Plates ..................................................................................................... 334 



Preface 

My interest in the Åmose lacustrine basin started when my parents 'sent' me on an 
excavation with J. Troels-Smith. This was in 1957, when I was still attending high-school. 
My parents were about to leave the country on vacation, and I had got my first boyfriend. 
After a 100 km bicycle ride I was placed, somewhat sullen, in a hole in the bog. This hole 
happened to be part of the Muldbjerg site, and during the next two weeks I became 
fascinated by lacustrine geology and excavations of archaeological material. 

I later became a geologist but maintained an interest in lacustrine basins. The warm
brown, well-preserved bones ofprehistoric animals, including man, especially caught my 
attention. In 1966 and 1967 I participated in the excavation of the Præstelyng site under 
the supervision on. Troels-Smith. A thesis on the palaeoecology of the Præstelyng site was 
awarded the gold medal of the University ofCopenhagen (Noe-Nygaard 1969) . This was 
succeeded by a number of studies on specific topics based on the extraordinarily well
preserved bone material (Noe-Nygaard 1971 ,  1 974, 1 977, 1 987) . 

It has always been my ambition to combine a number of disciplines within geology, 
such as sedimentology, pollen analysis, vertebrate palaeoecology, and stable carbon 
isotopes to establish a more or less complete scenario for the different stages in the history 
of the Åmose lake. It takes some courage, however, to undertake this study when so many 
workers over the years have developed their own special ideas about the history of the 
Åmose bog. It is not an easy task to cover several different lines of research, and the 
scenarios presented here are accordingly incomplete. It is, however, my hope that I have 
established a useful framework that can be applied in future attempts to unravel the 
unique and fascinating history of the Åmose lake basin. The lacustrine deposits act as an 
archive for evidence of climatic, faunal, and sedimentological changes through at least 
8,000 years. Finally, I would like to emphasize that the chemophysical conditions have 
made these deposits a fossil 'Lagerstatte' for Holocene bone deposits. 



Introduction 

The present paper is the result of a multidisciplinary study of 
the palaeobiology, sedimentology, and isotope geochemistry 
of the Late Weichselian and Flandrian succession of the 
Åmose basin. The aim is to present a dynamic model for the 
development of palaeobiology, palaeogeography, and 
palaeoclimate of northwest Sjælland, Denmark, with the 
Åmose lacustrine basin as main study area. 

The lake project also includes work of a number of gradu
ate and postgraduate students on various aspects of the 
Åmose and nearby basins. Compiled data on Late Weich
selian and Flandrian pollen zones, faunal assemblages, cul
tural periods, and 14C dating used in this book are found in 
Fig. l and Table l and the pollen zones from the Præstelyng 
profiles in Fig. 2 .  

Previous work 
The old name Åmose (meaning river bog) covers a complex 
ofbog and fen systems connected with the Åmose river and 
its distributaries. In the broadest sense it includes the Magle
mose, Helsinge Mose, Lille Åmose, and Store Åmose and 
represents the largest area ofbogs on Sjælland (Fig. 3 ) .  The 
excavation of the Mullerup sites in the Maglemose bog led to 
the recognition of the Maglemose culture, dated by pollen 
analysis to the Boreal period (Mathiassen 1935) .  The pri
mary work on the Mullerup sites is by Sarauw ( 1903) and 
Mathiassen (1935) .  In the Store Åmose area, the first site on 
Magleø was found in 1 863 (Engelhardt 1 868) .  During World 
War I ( 19 14-19 1 8) ,  when peat was cut and used from the 
bog, a number of sites were discovered. In 1938 the large site 
area 0gårde was found, and excavation (led by T. Mathias
sen, Director of the National Museum) started in 1939 and 
was continued in 1942. In 1943 the results of the excavations 
in the Åmose area were published (Mathiassen 1943 ) .  The 
museum team included J. Troels-Smith and S. Jørgensen, 
who both continued and extended the research work in the 
Åmose basin. During World War Il ( 1939-1945) peat cut
ting for fuel was again taken up on a large scale, and many 
new sites were discovered. 

A number of important studies focused on palynology 
were undertaken by Jørgensen ( 1954, 1 956, 1 963, 1982) .  In a 
'Festskrift' in honour of K. Jessen, founder of the study of 

vegetational history in Denmark, Jørgensen ( 1954) contrib
uted with the dating by pollen analysis of MagIemose finds 
from the Åmose basin. S. Jørgensen, assisted by K. Andersen, 
found and excavated the Kongemose site, which became the 
type locality for the Kongemose culture (Jørgensen 1 956) .  
The further contributions of S. Jørgensen included the pol
len analysis of the Maglemose settlements, which resulted in 
a synthesis of the early postglacial plant succession in the 
Åmose basin (Jørgensen 1 963) .  He presented a hypothesis 
for the development of vegetation from the Early Preboreal 
to the Early Atlantic time and attempted to explain the 
changes in lake level recorded in the sedimentary succession 
and linked them with climatic oscillations. This work, to
gether with that on the Ulkestruplyng huts (Andersen et al. 
1982),  is the most thorough account hitherto available on the 
Åmose bog. 

Andersen ( 1983) contributed with an important study on 
the spatial distribution of the sites through time in order to 
estimate the position of the lake margin and the size of the 
lake (Fig. 28) .  

The work 00. Troels-Smith was concentrated mainly on 
the transition from the Late Ertebølle culture to the Early 
Neolithic culture. He found the Early Neolithic Muldbjerg 
site in 195 1  and initiated the excavation, which ended in 
1966. Unfortunately, very little has been published on this 
otherwise perfect excavation. Using pollen analysis, Troels
Smith dated 4 of the 1 1  sites described by Mathiassen ( 1943 ) .  
In  a lecture abstract he  discussed the formation of  fossil 
floating peat islands (Troels-Smith 195 1 ) .  Preliminary re
ports on 10 years excavation in the Åmose area (Troels
Smith 1942, 1 953) were followed by another abstract on 
lake-Ievel and sea-Ievel changes (Troels-Smith 1956) .  The 
Muldbjerg I site served as an example in a comparative 
discussion on the Neolithic period in Switzerland and 
Denmarkand the site was described in the extended program 
for an exhibition on the occasion of the 150th anniversary of 
the National Museum (Troels-Smith 1957, 1 966) . In an 
account of the Ertebølle culture and its background, the 
Muldbjerg I site was referred to the latest phase of the 
Ertebølle Culture in spite of the presence of the thin-walled 
A -ceramics, domestic animals, and cereal impressions in the 
clay pots (Troels-Smith 1966) . 
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Fig. 1. Late Weichselian and Flandrian pollen zones, faunal assemblages, cultural periods, chronozones, and 14C dating (modified from Aaris-Sørensen 1988) .  
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rable 1. 14C dates from the four sites in 14C years before 1950 and B.e. (calibrated) years. The b.c. ages given for the older 
datings in the text are uncalibrated 14C years and represent average values of many HC datings; b.c. ages can be obtained 
by subtracting 1 950 from the 14C years E.P. (Source, see ' i4C dating', p. 47. ) 

K-no. Locality 

K- 1507 Ulkestruplyng øst Il 
K- 1508 Ulkestruplyng øst Il 
K- 1509 Ulkestruplyng øst Il 
K-2 1 74 Ulkestruplyng 
K-2 1 75 Ulkestruplyng 
K-2 1 76 Ulkestruplyng 
K-570 Kongemose 
K-571 Kongemose 
K- 1526 Kongemose 
K- 1 527 Kongemose 
K- 1 528 Kongemose 
K- 1588 Kongemose 
K- 1 589 Kongemose 
K- ll71 Præstelyng 
K- ll72 Præstelyng 
K- 1 l73 Præstelyng 
K-1 l74 Præstelyng 
K-2899 Muldbjerg I 
K-4476 Muldbjerg I 
K-4477 Muldbjerg I 
K-4478 Muldbjerg I 
K- 123 Muldbjerg I 
K- 124 Muldbjerg I 
K- 125 Muldbjerg I 
K- 126 Muldbjerg I 
K- 127 Muldbjerg I 
K- 128 Muldbjerg I 
K- 129 Muldbjerg I 
K- 1 3 1  Muldbjerg I 
K- 132 Muldbjerg I 
K-4884 Åkonge 
K-4885 Åkonge 
K-4886 Åkonge 
K-4837 Vejkonge 
K-4628 Nøddekonge 

l Linick et al. 1986 
2Pearson et al. 1993 

JStuiver & Pearsom 1993 

The present study 

The depositional record of the present-day Åmose basin 
covers a time span of at least 8,000 years, representing the 
period from the retreat of the Y oung Baltic Bælthav ice 
13 ,000 B.P. to the Early Subboreal period around 5,000 B.P. 
Almost 4 m of peat has been removed in the last 70 years, but 
a thick peat cover is preserved at a few localities such as 
Ulkestruplyng, where the sedimentary record continues up 
to early Subadantic time. In this study special emphasis is 
placed on the Adantic period. The bone material, sedimen
tary record, archaeological dating, and dating by 14C from 
four sites form the basic source of information. The sites are 
Ulkestruplyng (abbreviated UL0) from the Boreal period 
(6, 100± 140 b.c.; Tauber 1970) ,  Kongemose (KS) from the 
Early Adantic period (5,600± l 00 b.c.; Tauber 1 970) ,  Præste-

14C-year B.e. E .e. 

before 1950 Calibrated ±1 std. dev. References 

8 , 170±120 7,200-7,060 7,410-7,0 10  1 , 2 

8,030± 140 70 10  7,230-6,640 1 , 2 
8,050± 140 7,030 7,240-6,700 1 , 2 

8 ,140± 100 7,050 7,270-7,0 10  1 , 2 

8,370± 130 7,470-7,430 7,530-7,260 1 , 2 

8 , 180± 100 7,230-7,090 7,3 10-7,030 1 , 2 

8,400± 150 7,480-7,440 7,540-7,270 1 , 2 

8,830± 100 7,920 8,000-7,700 1 , 2 

7,840± 140 6,6 10  7,000-6,470 1 , 2 

6,820± 120 5,670 5 ,750-5,580 3 

7,560±120 6,390 6,460-6,220 1 , 2 

7,280± 130 6,120-6,060 6,200-5,890 1 , 2 

7,350± 120 6,180 6,350-6,020 1 , 2 

5,000±100 3,780 3,950-3,670 3 

5,350± 100 4,230-4, 170 4,330--4,010 3 

5,090± 120 3,940-3,820 3,990-3,760 3 

5,430± 120 4,320-4,260 4,360-4,090 3 

4,980±70 3,770 3,9 10-3,700 3 

4,830±65 3,640 3,690-3,530 3 

4,930±65 3,700 3 ,780-3,650 3 

4,940±65 3,710 3 ,790-3,650 3 

4,680± 120 3,500-3,380 3 ,630-3,340 3 

4,600± 1 70 3,360 3 ,620-3,040 3 

4,840± 1 70 3,640 3,790-3,380 3 

4,880± 1 70 3,660 3,9 10-3,390 3 

4,850± 120 3,640 3 ,770-3,390 3 

4,9 10± 1 60 3,700 3 ,930-3,530 3 

4,940± 160 3,7 1 0  3,950-3,540 3 

4,6 1O± 1 50 3,360 3,620-3,090 3 

4,660± 1 50 3,490-3,370 3 ,630-3, 1 10 3 

4,990±65 3,780 3,9 10-3,700 3 

4,950±60 3,710 3 ,790-3,660 3 

4,990±65 3,780 3 ,9 1 0-3,700 3 

5,030±65 3,890-3,800 3 ,940-3,720 3 

5,01O±65 3,790 3,940-3,7 1 0  3 

lyng (PL) from the Late Adantic period (3,200± 100 b.c.; C. 
Christensen, personal communication, 1 988) ,  and Muld
bjerg I (Mul.!) from the Early Subboreal period (2,830±100 
b.c.; Tauber 1960, 1 966; Troels-Smith 1 956, 1 960a) . (All 
quoted ages are uncalibrated 14C years. )  

The sedimentary facies and their distribution have been 
studied in order to understand the evolution of the lake and 
its surroundings through time. Special attention has been 
paid to the interpretation of changes in lake level and the 
possible links with changes in base level and sea level. This is 
of major importance, because the habitation patterns are 
closely linked to the changes in lake level. 

The sedimentological records from the sites are supple
mented with numerous detailed sections based on cores as 
weU as open trenches. Troels-Smith's ( 1955)  system to de
scribe organic sediments is pardy applied in the sediment 
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A 
Fig. 2. Pollen diagram from a profile adjacent to PL Il (Stockmarr 1966) . The boundary between zones VI and VII is shown according to Jessen ( 1 935) .  The 
stippled line just above indicates the boundary between zones VI and VII, according to Jørgensen ( 1963 ) .  This division is followed in the present study. 

description under 'Geological setting' (pp. 2 1-37) .  Cores 
from a transect of drill hoies made by J. Troels-Smith and S. 
Jørgensen ( 1956),  together with the basic excavation plans of 
the Muldbjerg I and the Præstelyng sites, have been placed at 
my disposal by C. Christensen from the National Museum, 
Naturai Science Research Unit. The bone material has been 
recorded at the Zoological Museum of the University of 
Copenhagen, but for the time being it is housed in the 
Geological Institute, University of Copenhagen, except for 
the bones from Muldbjerg I, which have been placed at the 
National Museum, Natural Science Research Unit. 

The study and conclusions are based on the examination 
of 1 6,762 bone fragments from 77 species of mammals, 
birds, fish, reptiles, and amphibians (Tables 3-9) .  The sedi
mentological conclusions are based on analysis of more than 
50 detailed sedimentary logs, and the isotope-geochemical 
study is based on measurements of more than 300 bone and 
sediment samples. As far as possible, the enormous material 
of bones has been treated as palaeoecologically significant 
samples. This allows conclusions not only about presence or 
absence of species, but also about changes in faunal compo
sition, hunted species, methods of hun ting, times ofhunting 

and site habitation during the year, etc. Many published 
studies ofbone material present onlythe conclusions, not the 
basic data and descriptions. This practice diminishes the 
comparative value of the studies. A thorough palaeoeco
logical analysis of bone assemblages retrieved in connection 
with archaeological excavations is highly rewarding but also 
time-consuming, as it must be based on careful examination 
of every single fragment (see Appendix 1 ) .  

The bone material from the Muldbjerg I and Præstelyng 
sites was placed at my disposal as a temporary loan by the 
National Museum, Natural Science Research Unit. The 
Kongemose material was handed over to me for study by the 
excavator, S. Jørgensen. The Ulkestruplyng bone material 
formed the basis for a thesis by Richter ( 1982a) . The material 
was subsequently placed at my disposal for further study by 
the Zoological Museum of the University of Copenhagen. 

Reconstruction of the palaeoenvironment, of utilization 
pattern of prehistoric mammal, and ultimately of human 
palaeoecology must be preceded by a taphonomic analysis to 
estimate how representative the fossil material is. Poor sam
pling and poorly preserved, mixed fossil assemblages cannot 
give better information than the basic data allow, no matter 
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Fig. 2 (continued). 

how careful the later treatment is. If the quality of bone 
material from the four sites is used as a measure for rank 
ordering according to taphonomic loss, the Muldbjerg I site 
is seen to be the most completely excavated. In the last season 
of excavation virtually no bones, flints, or potsherds were 
found that could be directly connected with the site. The 
bone material is thus as complete as can be achieved and 
deserves the large amount of time necessary for a total 
examination. The site also shows the smallest taphonomic 
loss, amounting to as little as about 60%, estimated accord
ing to methods described by Noe-Nygaard (1977). The 
Kongemose site has not been excavated as meticulously as 
Muldbjerg I, owing to insufficient time and funds, and the 
determinable bone fragments have not all received a com
plete description and determination. The material is quanti
tatively large, but the incompleteness of the excavation ham
pers the interpretations, which are not quite as well founded 
as in the case of Muldbjerg l. The description of the Konge
mose bones is accordingly less detailed than for the Muld
bjerg I material. The excavation of the Præstelyng site is not 
yet completed, and the excavation of the Ulkestruplyng huts 
has stopped. The bone material from the latter site is the most 

Jens Stockmarr 1966 

B 

incomplete, and the taphonomic analysis reveals the highest 
taphonomic loss from this site, about 75-80%. 

It is a great advantage for comparative studies that all four 
sites occur in the same physical and chemical environment 
with respect to the contemporaneous margin of the same 
meso- to eutrophic lake. This allows dose comparison of the 
four bone assemblages in spite of the differences in tapho
nomic loss. The bone fragments have provided the basic data 
presented under 'Palaeontological descriptions'. The frag
ments are leftovers from human activity and provide infor
mation on available animal species through time. Combina
tion of faunal evidence from different contemporaneous 
sites gives areasonable approximation of the faunal assem
blage from a specific period. The faunal composition 
changed with time, and a specific faunal assemblage is char
acteristic for each time period. The faunal composition in the 
Åmose basin underwent a pronounced dedine in species 
diversity from 6,200 b.c. to 2,900 b.c. The faunal assemblages 
of the Ulkestruplyng site and the other Maglemose sites on 
Sjælland (Winge 1904, 1919; Degerbøll943; Aaris-Sørensen 
1976) are highly different from those of the Late Atlantic 
Præstelyng and the Early Subboreal Muldbjerg sites. Already 
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Fig. 3. The geographical position and l4C ages of the examined sites in the Åmose area. 

in 1933, Degerbøl noted the decrease in offaunal diversity on 
Sjælland. Ahlen (1965) and Aaris-Sørensen ( 1980) pre
sented clear evidence for the decrease in faunal diversityfrom 
the Boreal to the Subboreal period. The present study docu
ments that the fauna changed in species composition and 
that the body size of a number of species decreased signifi
cantly from Early Atlantic time to Late Atlantic time. The 
decrease in body size is shown by the biometric data obtained 
from measurable bone fragments. 

The time of occupation of the sites can be estimated on the 
basis of ontogenetic analysis of tooth eruption and/or epi
physial fusion of the long-bones, counting of annual growth 
rings in pike vertebrae, and presence of migrating birds. 

The bone fragments form the basis for the interpretation 
of human activities such as hunting, partitioning, butcher
ing, food preparation, marrow fracturing, and tool process
ing. The first -mentioned topics merely reflect general means 
of dealing with large mammal prey and birds. Marrow frac
turing and tool processing, on the other hand, seem to be 
specific for different cultures and/or functions of sites. There 
are a number of different working marks, which tend to 

occur in repeated patterns. This makes it easier to interpret 
their function and to separate unimportant, randomly oc
curring working traces from those resulting from a con
scious act and provide information about the behaviour of 
the originator. Information on marrow fracturing and im
plement processing also has a potential as a stratigraphic 
to ol. The marrow-fracturing pattern may thus provide im
portant information on cultural relations and thereby time 
(Noe-Nygaard 1977, 1987; Clutton-Brock & Noe-Nygaard 
1990) . The marrow-fracturing pattern may further show 
differences in the function of contemporaneous sites. Ulke
struplyng, Præstelyng and Muldbjerg I thus served as sea
sonal hun ting sites, whereas the Kongemose site probably 
was a revisited temporary kill site. Understanding of the 
marrow-fracturing pattern also provides a tool for estimat
ing taphonomic loss. 

It has proved possible in a large number of cases to reas
semble scattered bone fragments to more or less complete 
bone elements. Contemporaneous sediment surfaces may 
thus be linked, and terrestrial, telmatic, and limnic deposits 
can be distinguished and directly correlated. 
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The stable C-isotope study is also based on the bone 
fragments. A total of 1 1  of the most common species present 
at all four sites were analyzed for their l3C/12C ratio in order 
to detect dimatically induced changes in the environment. 
The results dearly demonstrate changes in the l3C/l2C ratio 
of the large herbivores from Boreal to Subboreal time, re
flecting changes in the forest biotope. These changes are 
interpreted as resulting from a combination of dimate and 
relative sea-level changes. 

The sedimentological record reflects lake-level fluctua
tions of a magnitude that cannot be explained by the in
creased precipitation in the Atlantic period alone. A dose 
connection between high rate of relative sea-level rise and 
high lake-level stand can be demonstrated by using the 
concepts of sequence stratigraphy. In periods with rising lake 
level the Åmose area was virtually unpopulated as a result of 
landward shift of the bay line and rise in base level and 
groundwater level. The edges of the lake became swampy 
and unstable. Before the onset of the Littorina transgressions 
and after the maximum of the High Atlantic transgressive 
phase, the area was relatively densely populated, being at
tractive owing to the rich populations of water foul, fish, 
molluscs, and game, as well as the possibility for easy trans
port by boat. A considerable number of canoes have been 
found, and a study of their stratigraphic occurrence is pre
sented by Christensen ( 1990) . 

Because of the variety of disciplines, and thus the different 
methods applied in this study, description of methods is 
dispersed into the various chapters. Type of material and 
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methods applied are therefore discussed in the beginning of 
the various relevant chapters: sedimentological and geo
chemical analysis methods and terminology under 'Geologi
cal setting'j bone analysis, biometric analysis, and anatomical 
terminology under 'Palaeontological descriptions'j stable
isotope analysis on bone collagen under 'Stable carbon iso
topes of bone collagen' .  The problems with the l4C dating of 
sites and sediments are discussed under 'Geological setting'. 
The datings of the four sites Ulkestruplyng, Kongemose, 
Præstelyng, and Muldbjerg I given in the introduction are 
the originally published, uncalibrated 14C dates, before 
Christ (b.c. ) .  In Table l the uncalibrated 14C dates are shown 
as calibrated datings as well. The pollen datings and informa
tion on the vegetational development in and around the 
Åmose basin are from Jørgensen ( 1954, 1 963, 1 982) ,  Troels
Smith ( 1953)  and Stockmarr ( 1 966, 1 994) .  In the pollen 
diagram from Præstelyng Stockmarr ( 1966, 1 994) placed the 
boundary between pollen-zones VI and VII according to 
Jessen (1935) .  I have shown the pollen-zone VI/VII bound
ary according to Jørgensen ( 1954, 1 963) as a line on the 
pollen diagram and in the profiles. In the following discus
sions zone VI is defined according to Jørgensen ( 1963) .  The 
Weichselian and Holocene stratigraphic nomendature is 
adapted from Mangerud et al. ( 1974) .  The nomendature on 
the different ice advances is from Berthelsen ( 1978) and 
Houmark-Nielsen ( 1987) . 

Many different topics are dealt with in this study, and each 
chapter thus ends with a discussion and condusions. 

Finally, �nder 'Synthesis' all condusions from the single 
chapters are summarized. 



Geological setting 

Lakes 
Lakes may be regarded as temporary features on the face of 
Earth, but the geological record indicates that lakes have 
existed at least as far back as ca. 800 m.y., the age of the 
lacustrine deposits in the Torridonian of Scotland (Allen & 
Collinson 1986) .  Formation of lake basins is controlled by a 
number of factors such as tectonism, volcanism, and glacial, 
fluvial, aeolian, shoreline, meteorite, and anthropogenic 
phen omena. Some tectonically created lakes have had a life 
time of millions ofyears (Gray 1988) ,  whereas other are very 
short -lived. 

Lake deposits as climatic archives 

Large lakes respond to climate and other environmental 
factors on a regional scale. Their deposits provide excellent 
archives from which climate variations and changes in veg
etation can be interpreted. This stems from the fact that 
individual enclosed basins have different residence times and 
respond to external events more or less in isolation. Lakes 

may have endemie plant and animal species and possibly 
highly sensitive ecosystems. This contrasts to the world 
ocean, which shares a general circulation and integrates 
processes at the global scale. 

The phenomena recorded in lake sediments are the result 
of factors interacting in a complex way. A consideration of 
the effects of climate and climatic variations on lakes must 
therefore include recognition of the physical characteristics 
of the lakes and their drainage systems. The ultimate causes 
of climatic variation may be orbital rhythms of the Earth 
planetary system (e.g., Perlmutter & Matthews 1989) . 

Physical characteristics include latitude, topography, soil 
composition, bedrock, and ground-water level. For the spe
cific basin, the basin physiography and bottom morphology, 
especially the ratio of mean to maximum depth, is impor
tant. All these factors influence the basic manner in which 
changes in the water balance of the lake affect its level. The 
wind fetch, the orientation to prevailing wind direction, and 
development of the littoral zones also have profound effects 
on mixing and circulation patterns. These basic physical 

c==:=J H i g her-Iyin g  areas 
Complex boundary 

------- River course 

KIldegård complex 

o 2 km 
I I 

,
i 

, 

Skell ingsted complex 
T ømmerup complex 

,. 

Fig. 4. The Åmose basin divided into complexes. 

.' 



FOSSILS AND STRATA 37 ( 1995) 

characteristics help to determine the hydrological retention 
time and whether or not influx of certain chemical solutes to 
a lake is from chemical weathering in the source area and 
runoff, or from direct atmospheric input (Johnson et al. 
1 990). 

The effects of climate include precipitation and evapora
tion, which are the main variables responsible for the water 
balance. Lake responses to temperature are as profound as 
those to precipitation. Temperature affects the evaporation 
budget and the stratification and mixing pattern. These 
features are of great importance for the circulation of oxygen 
and nutrients. The wind speed and direction across the lake 
determine the depth to which mixing of surface and deeper 
water masses takes place. Wind may also cause upwelling in 
certain parts of a lake. By shifting of bottom water to the 
surface, poisonous chemical components may be trans
ported to the epilimnion, where mass mortality may result. 
Wind speed and direction are also responsible for long
distance transport of pollen, charcoal, dust, and volcanic ash 
into the lake. The insolation strongly influences the heat 
budget and, combined with water turbidity, controls the 
vertical extent of photosynthesis. Light penetration is of 
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Fig. 5. Map of the Quaternary surface of Denmark (Smed 1982) .  1 = Main 
stationary line. 2 = lee-marginal hills. 3 = lee-marginal positions. 4 = 

Hypothetical ice-marginal positions. 5 = lee-transgressed marginal hills. 6 

= Extra-marginal meltwater valleys and sandur plains. 7 = Late-glacial 
marine foreland (Yoldia plateau) in northern Jylland. On Bornholm the 
deposits of the Baltic ice lake. 8 = Direction ofice movement as indicated by 
drumlinized ground moraines (dotted arrows: drumlins older than the 
latest ice cover of the area) . 

outstanding importance, not only for the total biomass 
production of phytoplankton, but also for the species com
position. 

Lake deposits mayalso contain records of natural catastro
phes such as earthquakes, volcanism, large fires, floods, or 
tapping episodes of the basin. Particularly strong effects 
result when outflow of lakes opened or closed. 

Anthropogenic effects are multiple. Land use changes the 
vegetation cover of the catchment area and thus the sediment 
input to the basin. The chemistry of the basin may be 
changed by it use as a waste deposit place or by drainage, etc. 
Lake deposits may record these and other environmental 
changes, and it is a great challenge to read the archives 
correctly. 

The Amose lake 

The Åmose lacustrine basin belongs to the glacial basin 
category. The former lake is situated in the Holbæk county. 
It extended from Bonderup in the east to Tissø in the west 
and is today represented by two bog areas, Store Åmose (S) 
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and Lille Åmose (L) (Fig. 3 ) .  The lake covered an area of 52 
km2 with a hydrological catchment area of 500 km2 (C. 
Abildtrup, personal communication, 1990) . Store Åmose is 
subdivided into a number of areas to facilitate geographical 
orientation (Fig. 4) (Andersen 1983) .  

The Åmose lake was an open dimictic system. The area is 
still transected by the river Åmose A, which connects the 
entire lake system with the open sea in Storebælt (Figs. 3 , 6 ) .  
The present distance from the lake to the sea is  1 0-12 km, and 
the lake is 24-26 m above present-day sea level. The basin is 
divided into three sub-basins by two sandy-bar systems 
which crossed the lake in a northeast-southwest direction 
(Figs. 4, 8 ) .  

Formation of the lake 

The Åmose lake developed as a glacial basin (Milthers 1 943 ) ,  
forrned during or  before the late Bælthav advance of  the 

SWE D E N  
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Fig. 6. The geographical position of 
the locaIities mentioned in the text. 

Young Baltic ice stream at 1 5,000-14,000 B.P. (Houmark
Nielsen 1983) (Fig. 5 ) .  The first Young Baltic ice stream, the 
East Jylland advance, mainly came from southeast and ter
minated along the East Jylland ice-border line (Figs. 5-6) .  
Outwash material was deposited either as  valley sandurs in 
central and northern Jylland, or as northward draining 
sandur plains on Djursland. The East Jylland advance prob
ably corresponds to the Pomeranian advance in northern 
Germany (Houmark-Nielsen 1987) .  The Young Baltic gla
cier retreated to a position east of Fyn and north of the 
Kattegat coast of northeast Sjælland. This phase was followed 
by the Bælthav readvance of the ice sheet, which crossed 
northwest Sjælland, went through Lillebælt and Storebælt, 
southwest and east of Fyn, generally with northwestern di
rections. An ice marginal zone was forrned at the termination 
of the Bælthav advance. It is marked by ice-dammed lakes in 
southern Jylland and Fyn. The ice margin followed a course 
northwards across northern Sams0, turning northwards 
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Fig. 7. Contour map of the central west Sjælland with the contour 
intervals of 5 m. Note the glacial delta-plain continuing into Saltbæk 
Vig. The map was produced by Institut for Miljø, Teknologi og 
Samfund, Roskilde Universitets Center, Denmark. 

o 
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into Kattegat and eastward through the terminal moraine 
systems of Odsherred. During deglaciation following the 
Bælthav readvance, recessional positions of the central parts 
of the ice stream are marked by pronounced arch-shaped 
terminal moraines through Storebælt (Andersen 1927; Ber
thelsen 1978; Houmark-Nielsen 1987) .  The progressive 
decay of the ice sheet led to deposition of the Helsingør 
Diamicton in northeast Sjælland (Houmark-Nielsen & La
gerlund 1 987) .  This unit was deposited when the Younger 
Yoldia Sea transgressed further into Kattegat and thereby 
'lifted' extensive dead-ice masses and turned them into ice 
shelves and drifting icebergs from which glacial debris was 
dropped. 

During the final Late Weichselian stage, melting of stag
nant and dead-ice masses, covering vast areas of northern 
and central Sjælland, took place. Large meltwater drainage 
systems were formed, an early one including the Åmose river 
and lake system. The rivers Sandlyng Å and Verup Å already 
existed during the final stage of the retreat following the 
Bælthav advance. Their courses partly followed subglacial 
valleys before they emerged from glacial gates into the lake 
systems, which were oriented parallel to the ice edge, or 
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directly into the outwash plains (Fig. 5 ) .  Topographic maps 
with 2.5 m contour intervals show that the Åmose Å had an 
outlet into Saltbæk Vig north of Røsnæs (Fig. 7 ) .  The dead
ice landscape left by the Young Baltic advance is clearly seen 
in the contour pattern on the map. The connection between 
terminal-moraine system of the northern rim of the Åmose 
lake topp ed by dead ice, and the terminal moraines of the 
Odsherred arch systems is particularly clear. The outwash 
plain from the Åmose river meltwater systems at Bjergsted 
can be seen on the maps (Fig. 7 ) .  Field work in this area 
reveals the presence of glaciofluvial deposits, several tens of 
meters thick, with clasts up to 2 m in diameter, some ofwhich 
consist ofEocene plastic clay. These deposits may have been 
formed as a result of the rapid lowering of sea-Ievel and thus 
tapping of the low-lying W -NW Sjælland meltwater basin at 
the end ofYounger Dryas - Early Preboreal time. Plastic clay 
is at present blocking the western outlet of the Åmose river, 
which has to be guided in a man-made tunnel. 

The threshold at Bromølle, which separates the Åmose 
basin from the Bjergsted delta, is situated 25.4 m above 
present sea level. The threshold between the Åmose basin 
and the southern present -day outlet via Lille Åmose and 
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Tissø occurs 2 1 .4 m above sea level. It is thus dear that the 
lowest-lying, southern outlet was blocked during the last 
phases of the Weichselian glacial period and the succeeding 
late glacial period. This blocking was most likely caused by 
dead ice, but a sediment barrier may be considered. 

Shortly after 10,500 B.P. the river changed course, and the 
outlet switched from its western course through the Bjerg
sted delta southward via the Bromølle constriction through 
the Lille Åmose, Tissø lake, and into Storebælt at Ornum into 
the Jammerland Bugt (Fig. 6 ) .  This change is most likely a 
res ult of the final melting down of the large dead-ice masses 
that in the Late Weichselian period and possibly up to the 
Early Preboreal period still covered vast areas in central 
Sjælland between the Suså and Åmose drainage systems. The 
latter received meltwater from both the northern dead-ice 
area and dead-ice area between the two main drainage sys
tems. It is thus suggested that the ice disappeared first in the 
northern till-based area, succeeded by the lower -lying south
ern rim dominated by glaciofluvial deposits. This interpreta -
tion is supported by the Quaternary surface map (Figs. 5, 7) .  
The river and delta deposits of the Fugleå river are contem
poraneous with but smaller in volurne than the similar 
deposits from Sandlyng A and Åmose A (Fig. 8 ) .  From a grid 
of geo radar profiles a Gilbert-type delta can be located at the 
Sandlyng A outlet. The delta cone, building out towards 
south and west, is highly asymmetric with a very steep eastern 
side, suggesting that this side was bounded by ice at the time 
of formation (T. Albrechtsen 199 1 ,  unpublished data) . 

The study area 

The archaeological sites dealt with here are nearly all iocated 
in the central part of the eastern lake basin in the Sandlyng 
and 0gårde complexes (Figs. 4, 8, 10 ) .  The sites occur on 
small topographical elevations within the bog forrned by 
glacial or interglacial gravel, sand and day. A good example 
ofthis is the Kongemose site (Figs. 3, 8 ) .  The sites may also be 
situated on peninsulas composed of till covered by grave!, 
such as the Præstelyng site (Fig. 3 ) .  The Ulkestruplyng site is 
situated on a late-glacial sand-bar system forrned in the 
outlet of the river Fugleå. This bar system is oriented north
south and divides the lake basin. The Muldbjerg site is 
situated dose to the river Åmose A on the southeastern sand
bar system (Figs. 3, 8 ) .  

The investigated areas are located in  the eastern part of 
Store Åmose delimited by U ndløse Bro and Skellingsted Bro. 
The main study is concentrated in the Kildegård, Sandlyng 
and 0gårde complexes. The Ulkestruplyng site (Late Boreal, 
6, 162± 125 b.c., Andersen etal. 1 982) is situated in the Kilde
gård complex. The Early Atlantic Kongemose site 
(5,600± 100 b.c., Tauber 1970) and the late Atlantic Præste
lyng site (3, 1 40± 120 b.c., Stockmarr 1966) are situated in the 
Sandlyng complex. The Early Neolithic Muldbjerg I site 
(2,900±80 b.c., unpublished data) is situated in the 0gårde 
complex. All dates are uncalibrated 14C datings (for cali
brated datings, see Table 1 ) .  
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The following facies analysis is based on data from open 
profiles (ditches) at the Muldbjerg I ,  Præstelyng, Konge
mose, and Ulkestruplyng sites, and from about a hundred 
drilled cores, although not all of them were logged. Selected 
localities and profiles are described here in detail. 

Sedimentary facies at Præstelyng, 
Kongemose, boreholes A 20 l and B 404, 
and in a borehole transect along E 2600 

Methods and terminology 

The term facies is used here for a group of sediments differing 
from other sediments by virtue of their appearance in the 
field. This is controlled by lithology, grain-size, colour, ge
ometry, sedimentary structures, and trace fossils. The special 
terms for organic sediment characteristics are modified from 
Troels-Smith (1955) .  Samples for geo chemical and stable
isotope analysis are taken with 5 cm intervals. 

The term gyttja was introduced by von Post ( 19 16) and is 
synonymous with the term limus of Troels-Smith (1955) .  
Limus is  defined as  a mud-like homogeneous non-plastic 
deposit with partides or colloids less than O. l mm and 
consequently without macroscopic structure. The sediment 
may consist of remains after microorganisms, fragments of 
plants and animals, and their decomposition products, in
duding humus colloids. 

Detritus consists of fragments of varying size of the super
terranean parts of plants, in contrast to turfa, which consists 
of root systems and superterranean parts connected with 
roots. Detritus may be subdivided into three groups, D. 
lignosus with parts of wood and bark, D. herbosus with 
herbaceous plant material, and D. granosus comprising frag
ments between O. l and 2 mm of wood, bark and herbaceous 
material (Troels-Smith 1955 ) .  

The two terms detritus and gyttja are often combined, 
indicating that the gytt ja may contain smaller or larger frag
ments of detritus from trees or herbs. The term coarse detritus 
gyttja indicates that the gytt ja substance is mixed with a 
variable content oflarger fragments of detritus. A special type 
of coarse detritus gytt ja may be terrned drifted gyttja, a term 
used in this work. It is deposited in the high-energy environ
ment of the beach zone down to about 1 .5 m depth, depend
ing of the steepness of the slope of the lake basin. Fine detritus 
gyttja, in contrast, is typically deposited in a low-energy 
environment and constitutes the major part of deep-Iake 
sediments together with day and fine calcareous mud. 

Turfa is of macroscopic structure and may consist of 
mosses or roots of woody and herbaceous plants. Stumps, 
trunks, and stems belong to the turfa if they are connected 
with the root systems. Turfa may be divided into T. bryo
phyta, T. lignosa, or T. herbacea. Whereas gytt ja and detritus 
are allochthonous sediments, turfa is an autochthonous type 
of sediment. 
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MACLEMOSE 

500 m 

Fig. 8. Position of the examined sites in relation to higher grounds (shaded) and low-lying grounds (white) representing more open-water areas of the former 
lake, drawn from air photograph. N umbers O l-l O indicate the preliminary geoelectrical line profiles used to design the detailed geoelectrical survey (Fig. 9) ;  
A 20 l and B 404 indicate cored sediment logs. For location, see Figs. 3 and 4. 

The complete succession from open water to mire is 
terrned hydrosere (Birks & Birks 1 980) . The types of envi
ronment can roughly be divided into the terrestrial, telmatic 
and limnic zones, each characterized by different sediment 
types with different origin. In the terrestrial zone sediments 
are formed above the water table and consists of fen or bog 
peat, T. herbacea, T. bryophyta, and T. lign osa. In the tel-

matic zone the sediments are deposited between the zones 
of high and low water table in the reed swamp zones. The 
sediment type may be the autochthonous fen peat T. her
bacea such as reed peat, or allochthonous coarse detritus 
gytt ja. In the limnic zone the sediments are formed below 
water level in the lake itself and are typically lake mud, 
gytt ja, or limus (Birks & Birks 1980) .  
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Loss on ignition. - Determination of the organic content is 
made by loss on ignition and by TOC analysis on a Metalyt 
90S 'furnace' (Figs. 1 5-16) .  Measurements of the content of 
organic matter are based on a simple loss-on-ignition analy
sis. A dried, grounded sample freed from macroscopic shell 
fragments is weighed and placed in a furnace and combusted 
at 650°C until constant weight is obtained after 24 hours. The 
sample is weighed again after cooling in a desiccator, and the 
loss in weight is calculated as a percentage of the total weight 
of the dry sample. This loss is not entirely due to rem oval of 
organic material but includes also loss of Oz, H, and Nz, 
especially in fresh sediments. In case of a high content of 
minerogenic origin in the combusted material OH- and 
C03- - groups from the clay-mineral lattice may disappear 
and create a loss. In the postglacial Åmose samples the 
minerogenic content is very small, less than 10%, and loss of 
OH- and C03- - may thus be of minor importance. 

Where a high content of CaC03 is present, COz may 
escape under formation of CaO. In case of the very carbon
ate-rich Åmose samples, experiments were perforrned by 
using lower combustion temperature, 550°C, in order to 
diminish the effect of COz loss. This method diminished 
systematically the loss on ignition with about 3-5% in A 20 1 
(Fig. 15 ) .  Removal of the carbonate before combustion in PL 
Il was also attempted (Fig. 16 ) .  The loss on ignition here on 
a carbonate-free sample by combustion at 550°C yielded 
values very similar to the TOC values from the same samples. 

In conclusion, the loss-on -ignition analyses of the A 201 
samples were perforrned on dried raw samples at 550°C, 
resulting in a curve where the excursions are conformable 
with the excursions found on the TOC curve, but the exact 
values differ significantly in the postglacial lake and much 
less in the late-glacial lake. In the PL Il profile (Fig. 16)  the 
loss-on-ignition analyses were made on dried samples 
cleaned for CaC03 before combustion. The excursions on 
the curve for loss on ignition and the TOC curve on the same 
samples are almost identical and differ only with a few 
percent in exact values. 

Although loss on ignition is a crude method and not 
sufficiently precise when exact values for con tent of organic 
matter is needed, it may still be used as a rap id method to 
estimate the relative variations in the organic matter in a 
succession. Comparison with TOC made on the same 
samples shows that there is an almost constant relation 
between loss-on-ignition and TOC values. 

Lime content by titration. - The CaC03 content of the sedi
ments is determined by titration and given as CaC03% of 
total dry sample weight. The sample is freed from visible shell 
fragments, dried, grounded, and weighed. As the CaC03 
content is normallyvery high, 60--80%, sample weight is kept 
at 0.5 g. The sample (0.5 g) is added to a glass container with 
200 ml distilled water and 25 ml 0.5 N HCl. The ingredients 
boil for at least 20 minutes, phenolphthalein is added, and 
titration with 0.5 N NaOH takes place until the liquid reaches 
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pH 7. The CaC03 content may also be calculated as the 
difference between the TC and the TOC values. 

Con tent of clastic material. - The content of clastic material is 
in most cases calculated by subtracting the percentages of 
CaC03 and organic material from 100%. In a num ber of test 
samples CaC03 and organic material were removed and the 
residual weighed and subsequently examined under the mi
croscope. Both methods show that there are only very low 
contents of clastic material in the postglacial deposits. The 
content of clastic material in the same sample, found by the 
two methods is similar and ranges between O and 10% in the 
postglaciallake deposits and up to 65% in the late-glacial lake 
deposits. 

Te. - The content of total carbon is measured in a Metalyt 
90S 'furnace' on a dried, ground, raw sample. 

TOe. - The content of total organic carbon is calculated 
from the TC percentage: TOC = (TC-CaC03) X 12/1  00 using 
the CaCOHo values found by titration. 

813C in organic matter. - All carbonate is removed from the 
sample by 10% HCl heated until boiling. The residual sample 
is washed with distilled water, until no acid is left, and dried. 
The sample is then combusted at 900°C in an atmosphere of 
He and 02. The gas component is cleaned for S-gasses by 
guiding it over silver-vanadate on ZrOz at 650°C. The re
sidual gas is collected in a cold trap cooled with liquified Nz, 
then the temperature is increased to -90°C, whereby COz 
and nitrogen oxides are released but not HzO. The released 
gasses are collected in a glass ampulla containing Cu cooled 
with liquified Nz, and the ampulla is sealed. The nitrogen 
oxides are then reduced by heating the ampulla in an oven at 
350°C. The ol3C/IZC ratio is measured on a Finnigan MAT 
250/25 1 mass spectrometer. The reproducability is better 
than ±0.07%o. The results are reported as percent deviations 
in comparison with the PDB standard with the o-notation: 
Osample = (Rsample/Rstd- 1 ) x 103%o (Craig 1 957) .  

813C and 8180 in CaC03. - The organic material is  removed 
by treatment with clorox. After treatment the clorox is re
moved by distilled water. The gas from the sample is devel
oped by reaction between the sample and 95% phosphoric 
acid at 25°C. The resulting COz gas is cleaned for water vapor 
by conducting it through a number of cold traps cooled with 
a mixture of dry ice and ethanol. The final COz gas is 
col1ected in a glass ampulla cooled with liquified Nz, the 
ampulla is sealed, and o13Ccarb and 01 80 are measured in the 
COz gas on a Finnigan Mat 250/25 1 mass spectrometer. 

Material 

The sedimentological observations are partly based on 
drilled cores of the north-south transect line 0 1 ,  A 201 and B 
404 and on open trenches from Præstelyng 02 and Konge
mose 07 (Figs. 8-9) .  The deposits represent nearshore and 
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Fig. 9. lsopach map constructed from the iso-ohm map of the lacustrine sediments in the research area (Albrechtsen 199 1 ) .  Contour interval l m. o = 

Borehoies. GE = Geoelectrical lines. L = Low-lying areas. H = High-lying areas. Compare with Fig. 8, where the measured profiles PL l, Il, and III on line 02, 

KS E and KS W on line 07, B 404, A 201 ,  A 20!' and the transect line Ol are shown. For location see Figs. 3 and 4. 
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A 2 01 , 

Fig. JO. The Åmose area. DA. Seen toward southwest from the permanent camp at Husede. DB. Locality A 20 1 .  

deep-lake environments. The data are supplemented by field 
observations in gravel pits along the rim of the Holocene 
lake. Data from dated settlements situated along the rim of 
the lake and on gravel bar islands are incorporated in the final 
interpretation of the filling and overgrowth of the lake basin. 
The data on location of settlements from different periods 
are presented by Andersen ( 1 983) (Table 2, Fig. 28) .  

The N-S transect line in the Sandlyng complex, E 2600 N 
1400 to S 500, was drilled by S. Jørgensen and 1. Troels-Smith 
in 1950. The sedimentary logs were drawn by S. Jørgensen in 
196 1  and were placed at my disposal in 1987 by C. Christen
sen, National Museum, Natural Science Research Unit. 

I have redrawn and interpreted the profiles and corre
lated the profiles from Præstelyng with the transect line. 

Five new transect lines were drilled 1 00 m east ofE 2600 and 
are supplemented with geo electric and geo radar logging 
(Fig. 9) .  

The three open profiles from Præstelyng were logged by 
me in 1 966, 1967 and 1 99 1 ,  whereas Kongemose E and W 
were logged in 1 990 (Fig. 1 1 ) ,  when the drilled profiles (A 
20 1 ,  B 404) were also examined. The pollen zones of Stock
marr ( 1966, 1994) are shown next to the redrawn PL Il 
profile (Fig. 1 1 ) .  The zone VI/VII boundary is here placed 
according to Jessen ( 1935) . The zone VI/VII border sensu 
Jørgensen ( 1963) is also indicated by a stippled line. The 
sedimentary logs are drawn in the field, and the lithologic 
columns in all cases show the estimated volumetric constitu
ent components whether the facies is heterolithic or homo-
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geneous. The sedimentary logs have not later been corrected 
according to content of CaC03, TOC and dastic material 
found in the laboratory. 

Stratigraphy and sedimentology 

All the sediments presented in the measured sections are 
divided into facies that can be grouped into three well
defined facies associations. For convenience each is named 
after its interpreted environment. 

GLACIOFLUVIAL FACIES ASSOCIATION 

Coarse-grained sediments consisting of poorly sorted sand 
and pebbles with boulders up to 0.5 m in diameter, occur 
especially in the southeastern part of the basin in the vicinity 
of the inlets ofSandlyng Å and Åmose Å. The association can 
be seen in profiles along the southeastern rim of the lake, 
where at some places it is directly overlain by moss peat and 
alder peat, e.g., in E 2600 S 400 (Fig. 14) .  The association is 
also present as the bottom layer in the transect across the 
Åmose basin (Fig. 14) ,  and in profile I from Præstelyng (Fig. 
I l ) .  It is here very coarse-grained and poorly sorted. Gener
ally the sediments fine and thin towards the northern and 
western parts of the basin. 

This coarse-grained facies association forms beds 0.5 to 3-
5 m thick. The sand may be fine-grained but is more com
monly medium- to coarse-grained. The pebbles and cobbles 
are rounded and mostly consist offlint. Boulders, up to 0.5 m 
in diameter, commonly consist of rust -coloured, weathered, 
exfoliated granite. In some of the profiles, e.g., E 2600 S 200-
500, the association forms a 1 .5-3 m thick succession of 
fining-upward units each 0.3--0 .5 m thick as seen along the 
southeastern rim and in the profiles E 2600 S 400 and S 500. 
Sedimentary structures are generally poorly developed or 
hard to recognize in the limited exposures available. Low 
angle cross-stratification, however, occurs in some of the 
outcrops along the rim of the lake, and there are several units 
with dimbing-ripple lamination. The coarse-grained facies 
association constitutes the base of the late and postglacial 
lake succession and forms the core of the present -day high
lying areas (Figs. 8, 14; E 2600 N 400-600) .  

Interpretation. - The coarse-grained sediment stacked in 
fining-upward units and the current ripples suggest deposi
tion during changing energy conditions by powerful cur
rents followed by more quiet intervals. Climbing ripples 
indicate high suspension load. The dimbing ripple units are 
exposed dose to the southeastern rim of the lake, adjacent to 
the Sandlyng Å inlet, where also coarsening-upward units 
can be seen in nearby gravel pits. The exposures are, however, 
toa poor to allow firm condusions on depositional mecha
nisms and environments but may represent deposits of a 
glaciofluvial delta built out in a glacial lake. 

The scanty evidence from the sedimentary succession, 
combined with the geoelectrical data of the Åmose basin 

Amose: Geological setting 2 1  

bottom topography (Figs. 5-7) and the data on the position 
of the ice margin during the Bælthav advance of the Y oung 
Baltic ice (Houmark-Nielsen 1987) ,  all indicate a glacio
fluvial depositional environment for this association. The 
sediments from nearby open gravel pits indicate a similar 
depositional environment. The following scenario seems to 
fit with the available data. Deposition took place in a high
energy fluviatile system, possibly in front of a retreating ice 
sheet. The sediments may have been laid down partly in 
tunnel valleys and partly in front of the stagnating melting 
southern ice wall of the retreating Young Baltic Bælt ice. The 
stagnating ice left lumps of dead ice that were probably 
responsible for the deep depressions in the floor of the 
Åmose lake basin. The deepest parts are situated up to 30 m 
below present -day surface of the Åmose basin, as shown by 
geoelectrical logging (T. Albrechtsen, personal communica
tion, 1 99 1 ) .  When the ice finally disappeared from the 
Åmose area, the bottom topography of the lake basin exhib
ited a highly irregular topography inherited from the sub- or 
supraglacial fluviatile activities. The glaciofluvial deposits of 
the island Magleø protruded as a nunatak above lake level. 
The deeper basins were later filled by late-glacial glaciofluvial 
and lacustrine deposits representing the type of sediments 
found in the next facies association. The subglacial and 
proximal glacial deposits also formed the center of the sand/ 
gravel highs, which were later draped by dean sand. In the 
Flandrian period these highs were used by the human popu
lation for seasonal habitation. 

The glaciofluvial association gradually passes upward into 
the second facies association representing glacial ice
dammed lake deposits. 

LATE WEICHSELIAN GLACIOFLUVIAL-LACUSTRINE FACIES 

ASSOCIATION 

This association is represented by four facies and is mainly 
composed of fine-grained, laminated sediments. It occurs in 
the deeper part of the sub-basins at depths from 3 to 7 m 
below the present -day surface of the Åmose basin. 

Fine to coarse-grained sand (1). - This facies occurs at the 
bottom of some of the deepest profiles, e.g., at E 2600 N 400 
(Fig. 14) ,  and on the flanks of the highs (e.g. , E 2600 N 600) 
especially in the eastern part of the basin. The sediment is 
mainly sand ofvariable grain -size. The coarser sand occurs as 
massive beds, and grading or sedimentary structures cannot 
be detected in the available core samples. Bed thickness is 
from 5-10  cm to 3 m. Fossils have not been found. The more 
fine-grained sand may occur in beds, up to 0.5 m thick, or as 
a number of thin distinct beds, 2-5 cm thick, with a sharp 
erosional base within the laminated silt and day facies. Here 
the beds may grade vertically into laminated silt and day as is 
seen in profile E 2600 N O. 

Interpretation: The grain-size and massive structure sug
gest deposition by rapid suspension fall-out. The more fine
grained sand with erosional base may have been deposited by 
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Fig. ] I .  Open profiles from the Præstelyng site line 0 2  (Fig. 8 ) .  Legend in 
Fig. 12.  

turbidity currents initiated from the river deltas which pro
graded into the glacial lake. 

Clast free massive clay (2). - This facies occurs in the deeper 
part of the central basin and is up to 4 m thick. The sediment 
is composed ofvery uniform massive clay. The colour is light 
grey owing to a high content of carbonate (up to 35%).  The 
clay appears to be without lamination, and fossils have not 
been found. This facies in some cases grades laterally into the 
finely laminated silt and clay facies. 

Interpretation: The lack of structures and very fine grain
size suggest deposition by suspension fall-out in quiet water, 
possibly partly under ice cover. 

Finely laminated silt and clay facies (3). - This facies is up to 6 
m thick and occurs in the eastern deeper parts of the basin, 
commonly 6-8 m below present-day surface of the Åmose 
basin (Fig. 14; E 2600 N 400, B 404, A 20 1 ) .  It consists of 
alternating layers of clay and silt. The colour is very light grey 
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I 

owing to a high content of carbonate (30-35%); when dry it 
appears almost white. 

The silt laminae are 6--10 mm thick, but may reach a 
thickness of 20-30 mm. They may show ripple lamination, 
normal grading, and erosional bases. The clay laminae are 
only 3-6 mm thick. In a few of the profiles the bivalves 
Pisidium sp. and 5phaerium sp. are found. 

In a number of profiles from the deeper part of the basin 
the finely laminated purely clastic facies is intercalated with 
deposits showing an increase in organic matter from less 

1 . 3 
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1 .8 
1 .9 
2 .0 
2 . 1 ....a....,.....L...-_+-�-.--.-,.--,r-r-, 

cl si t m c p c o  
I 5 . 5 .  I 

V Y  

than 5% to about 1 5%, the clay-gyttja facies. Above this 
interval the clastic deposits continue unchanged with silt and 
clay laminae as in profile A 201 (Fig. 1 3 ) .  

Interpretation: Deposition of  the laminated silt and clay 
facies was mainly from suspension in a low-energy environ
ment. The ripple lamination, grading and erosional base of 
occasional fine sand beds suggest deposition by turbidity 
currents. The rhythmic change between clay and silt may 
reflect alternation of deposits from distal turbidity currents 
and background suspension sedimentation. The general lack 
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of organic material (except for the organic-rich layers occur
ring in some of the profiles) may reflect deposition in a 
sparsely vegetated period. 

Clay-gyttja facies (4). - A 1-2 m thick layer of olive green 
clay-gyttja occurs in the two deep profiles A 201 and B 404 
and the deep profiles in transect line O l  (Figs. 8, 14) .  The 

Fig. 13. Cored profiles from the deeper part of the lake basin. DA. A 20 l, 70 
m southwest of the Præstelyng site. DB. A 20(, 50 m south of A 201 .  DC B 

404, 300 m northwest of the Kongemose site area. For location see Fig. 8.  

transition from the underlying heterolithic clay and silt is 
gradual. The number of dark, organic-rich laminae increases 
upwards and the colour changes from greyish to greenish. 
Density of vertical cylindrical burrows, 0.7 cm in diameter 
and up to 3 cm in length, and degree ofbioturbation increase 
towards the middle of the clay-gyttja where the organic 
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Fig. 14. Cored north-south transect line Ol  across the Åmose basin (Fig. 8) .  The line is subdivided in 100 m sections. 

content constitutes about 16%, measured as loss on ignition, 
and 12%, as TOC measurement (Fig. 15 ) .  There is a rhyth
mic banding of darker mud laminae, 2 mm thick, containing 
sulfide and lighter greenish algal gytt ja laminae, 5-10 mm 
thick (Fig. 13B) .  

In the interval with the highest organic content, 1 7  black 
organic-rich laminae interlaminated with light grey silty clay 
were counted over a 3 cm vertical section. The black laminae 
commonly form couplets, 7-10  mm thick (Fig. 13B) .  The 

organic matter occurs at a distinct level in this facies. It is 
clearly associated with the clay and replaces the silt in the 
most organic-rich part around a depth of 4-5 m below the 
present surface. Scattered shells of the bivalve Unio occur in 
life position. The boundary to the upper rhythmic silt-clay 
layers of facies 3 is abrupt, and in the top of the clay-gyttja a 
distinct 5-10  cm layer of water moss is found in both A 201 
S and B 404. In profiles around B 404, the water moss may be 
substituted by a thin layer offine to coarse sand (Fig. 1 3A, C) . 
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Fig. 14 (continued) .  

Interpretation: The clay-gyttja facies was mainly depos
ited from suspension in a low energy environment. The 
stratigraphic position, thickness of the facies, and the fine 
grain-size suggest that deposition mainly took place in the 
deepest part of the basin. 

The clay-gyttja facies represents a period where the or
ganic production in the lake, primarily by algae from the 
surface waters, was increasing. The authigenic carbonate 
production increased as weU. The influx of clastic material in 

1 0 0  2 0 0  3 0 0  
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1. 0 0  5 0 0  S I 
m 

terms of clay and silt was constant or decreasing. The water 
temperature was high enough to allow Unio and other bot
tom dweUers to live and burrow in the sediment in spite of 
periodically less weU-oxygenated bottom conditions re
flected by the dark organic- and sulfide-rich mud laminae. 
The occurrence ofwater moss and sand layer at the top of the 
mainly deep-water clay-gyttja deposit may indicate a shal
lowing oflake level. The sand layer may, however, also result 
from increased sediment load in the rivers due to rapid 
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Fig. 15. A subdivision into isotope zones based on the geochemical parameters including stable-isotope measurements from the sediment core A 201 .  Note 
the dramatic change in all parameters at the late-glacial-postglacial transition at 2.73.  

melting of the dead ice and erosion of the glaciofluvial 
deposits south of the Åmose area. The clay-gyttja intercala
tion in the finely laminated silt and clay facies thus indicates 
an amelioration of the climate allowing a relative increase in 
carbonate precipitation and organic productivity in and 
around the lake and a decrease in clastic influx. 

The relative increase in organic sedimentation may also be 
indicative of development of a vegetation cover on land 
which led to a decrease in surface erosion and input of clastic 
material to the basin. 

INTERPRETATiON OF LATE WEICHSELIAN GLACIOFLUVIAL

LACUSTRINE FACIES ASSOCIATiON 

The layer of massive clast-free clay, up to 4 m thick, is 
interpreted as formed by suspension fall-out in the deep part 
of the lake. The deposition may have happened under an ice 
cover or at a considerable depth, below 8 m. The finely 
laminated silt and clay occurring in the central part of the 
basin at a depth of 6-8 m below the present surface of the 
Åmose basin always overlies the massive grey clay. The clay
silt facies may, however, also rest directly on coarse-grained 
glaciofluvial deposits around the lake margin. 
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Fig. 15 (continued). 

The two fine-grained faeies are interpreted as Late W eieh
selian lacustrine sediments probably deposited in a partly 
iee-dammed lake with inereasing water level. The finely 
laminated clay-silt deposits indieate ehanges in sediment 
supply and/or energy. This may refleet annual cycles of 
spring! summer silt and winter clay eonforming to the defini
tion of true varves. The silt layers may also be distal turbidity 
eurrents deposited in a baekground facies of massive clay. 
The ripple lamination in the silt beds indieate eurrent trans
port, and the laminated strueture of the clay beds draped by 
thin clay-mixed organie laminae may indieate sedimenta
tion in pulses and support the turbidite interpretation. Or-

co p c m f si cl 
I 5 , 5 ,  I 

ganic matter in the clay-silt facies has onIy been found in 
eores from the deeper part of the basin (A 202 and B 404, and 
in the transeet line) .  

The medium- to  eoarse-grained sand layers were depos
ited in the nearshore part of the lake basin probably as delta 
deposits. The clastie material was transported by the rivers 
Sandlyng A, Åmose A and Fugleå draining the midwestern 
part of Sjælland, whieh at that time was partly free from iee. 
The graded nature of the sand layers and their erosional bases 
suggest deposition by turbidity eurrents initiated as river 
plumes or from the delta built into the lake (cf. Dean 1 98 1 ;  
Håkanson & Jansson 1 983) .  The drilled eores alone are, 
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Fig. 16. A subdivision into isotope zones based on the geochemical parameters including stable-isotope measurements from the sublittoral sediment record 
profile PL Ill. Note the change in values at the late-glacial-postglacial transition. 

however, insufficient to make firm conclusions on the mode 
of deposition. 

The delta at the outlet of Sandlyng Å is revealed by geo
electrical mapping of the area. It can be traced southward on 
land where a few outcrops show that the sandy facies of the 
lake basin pass landward into pebble and cobble layers. The 
geoelectrical and geo radar data indicate that the delta is 
developed as a single cross-set, 1 . 5-2 m thick, with steep 
foresets dipping up to 20° towards the southwest. The buried 
sandy facies is thus associated with a Gilbert -type delta. 

In the long and more complete sedimentary logs (Figs. 1 3-
14) deposits from the ice-dammed lake system occur below 
and above the alternating clay and gytt ja facies 4, which is 
dated to the Allerød period (Fig. 2 1 ) .  The low-energy clay
gytt ja and clay-silt deposits are topped by a widespread 
sandy layer, 1-15 cm thick, commonly with clasts ofpebble 
and cobble size. This bed is in the entire basin always overlain 
by Preboreal calcareous organic mud (Jørgensen 1963; 
Stockmarr 1966) . This transition marker bed may rest on 

Younger Dryas clay-silt deposits or it may rest on eroded 
clay-gyttja of Allerød age as seen in the Sandlyng complex 
around the Kongemose site (Fig. 4) .  It may even rest on 
laminated clay and silt deposits of Older Dryas age, e.g., in 
Præstelyng III (Fig. 1 1 ) .  The extensive, sheet-like, more-or
less erosional sand marker bed thus occurs at the boundary 
between the Late Weichselian and Flandrian deposits (Figs. 
1 1-15) .  It can be traced nearly all over the basin in all the 
profiles described here, including the profiles of Jørgensen 
( 1963) .  The clastic material in the marker bed was trans
ported to the area through the three tributary rivers. The 
distal parts of some of the delta and fluvial deposits today still 
form elevated banks in the lake basin. They are nowvisible as 
light -coloured areas on aerial photographs, owing to a com
bination of present -day peat digging and to compaction and 
destruction ofpeat caused by lowering of ground-water level 
(Fig. 8 ) .  

The clastic sediments deposited by the rivers Fugleå, Sand
lyng Å and Åmose Å resulted in a partitioning of the Store 
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Åmose basin in a southeastern part more influenced by 
clastic deposits and a distal western part dominated mainly 
by organic sediments. 

GEOCHEMISTRY OF LATE WEICHSELIAN SEDIMENTS 

A detailed discussion of the geochemistry of the Åmose 
sediments is beyond the scope ofthis paper. The geochemical 
data are presented and interpreted in separate sections to
gether with the Late Weichselian and Flandrian facies de
scriptions and facies association interpretations, because all 
the geochemical parameters are related to the sedimentary 
facies (Figs. 1 5-16) .  

Most of the basic geo chemical measurements from the 
boreholes A 20 1 and B 404 are from Illeris ( 1 992) and 
unpublished data from B 404 (N. Noe-Nygaard & U.W. 
Christensen) ,  whereas the data from Præstelyng and the 
interpretations of all the geochemical data presented here are 
mine. 
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The age and stratigraphy of the Late Weichselian sedimen
tary succession based on sedimentary evidence as well as 14C 
and pollen dating is supported by geochemical data, includ
ing content of CaC03, percentage loss on ignition, TOC, Te, 
content of siliciclastic material, (5180carb and (513Ccarb & arg 
(Figs. 1 5-16) .  

LAKE CARBONATE 

The carbonate fraction of the lake sediments was either 
brought into the lake from the surrounding area (the allo
genic fraction), or forrned by processes occurring within the 
water column (the endogenic fraction) , or precipitated as 
minerals within the bottom sediments (the authigenic frac
tion) (Jones & Browser 1 979) . The carbonate content is 
measured in weight percentage by titration or calculated by 
the formula (TC%-TOC%) x 100/ 12 .  

The CaC03 content, e.g., in  proflie A 20 l ,  i s  very uniform 
below the transition layer at -2.75 m separating the Late 
Weichselian mainly clastic and the Flandrian mainly organic 
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deposits (Figs. 1 5-16) .  Fig. 1 5  is based on the core sample 
from A 20 l in the deeper part of the basin, whereas Figs. 8, l 3  
and 16  are based on an open-ditch profile, P L  III (Figs. 8 ,  1 1 ) .  
There are, however, two closely spaced abrupt excursions at 
-3 .45 m to -3 .70 m and a less pronounced excursion at -4.85 
m. The generally uniform content of CaC03 in the interval 
between -6.50 and -3 .70 m probably reflects a constant 
influx and uniform source of carbonates either as fine car
bonate grains washed out from the tills or as a constant 
supply of carbonate precipitated from the lake water. 

Tills on Sjælland are rich in chalk particles and fragments 
of calcareous fossils from the local chalk and bryozoan lime
stones ofMaastrichtian and Danian age. The allogenic frac
tion most likely stems from such tills in the surrounding 
drainage area. The carbonate of the tills has an ave rage 8180 
value between O and-3%0 (Buchardt &Jørgensen 1979) .  The 
uniform 8180 curves with an average of -3%0 to -4%0 are 
thus interpreted as reflecting the result of a high input of 
Maastrichtian and Danian limestone from the tills. Compa
rable 8180 measurements from contemporaneous Swiss lake 
deposits yield values around -9.5 to -1 1%0 (Lotter et al. 
1992) .  The isotopic evidence from the 8l3C curve, also based 
on bulk carbonate samples, exclusive of mollusc shells, seems 
to confirm this interpretation. The striking positive covari
ance between the 8180 and 8l3C isotope curves and the 
CaC03 content curve indicates the same external source of 
carbon (Figs. 1 5-16) .  A high lake evaporation in the dry late
glacial climate may also have added to the high 8180 values in 
the lake carbonates. The three levels of decreasing CaC03 at 
-3 .45 m, -3 .70 m and -4.85 m coincide with an actual 
increase in organic matter (Fig. 15 ) .  

ORGANIC MATTER 

Organic-matter content is indicated by the curve showing 
loss on ignition and TOe. Three spikes of increased organic 
matter occur at -3 .45 m, -3.70 m and -4.85 m. The last one 
hardly shows on the TOC curve, but it probably reflects the 
incipient onset of organic production in the lake and thus a 
faint dilution of the allochthonous carbonate input. The two 
stratigraphically higher spikes probably represent the bi
parted Allerød lnterstadial deposits as confirm ed by the 14C 
dating (Fig. 2 1 ) .  The small peak at -4.85 m may reflect the 
Bølling oscillation, but a 14C dating is difficult to perform on 
the sparse organic material from the core samples. This early 
rise in organic matter was more clearly recorded in B 404 in 
a high-resolution study of the Late Weichselian - Early 
Flandrian transition (N. Noe-Nygaard & U.W. Christensen, 
unpublished) . The increase in loss on ignition coincides 
closely with a visible higher content of gytt ja as shown in the 
sedimentary logs (Figs. 1 5-16) .  An overall increase in or
ganic matter already starts at the spike at -5. 1 0  m. The 
content of organic matter first returns to the low values 
found below the -4.85 m spike immediately above the 
double Allerød peak at -3 .45 m and -3 .70 m. 
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The 8180 records of the A20 1  co re presented he re and the 
core ofB 404 (unpublished data) generally show the features 
typically observed in late-glacial calcareous Swiss lake sedi
ments (e.g., Lotter et al. 1 992) .  The oxygen - isotope values are 
thought to reflect approximately the mean annual tempera
ture. The oxygen iotope ratios in freshwater carbonates are, 
however, influcenced by several factors and therefore not 
unequivocally related to air temperatures. 

The oxygen isotopic composition of primary carbonates is 
thus a function oflake-water composition and the tempera
ture of mineral precipitation. Water composition is deter
mined by the composition of surficial and groundwater 
inflow and rainfall directly into the lake (Talbot & Kelts 
1 990) and by the balance between inflow and outflow versus 
losses owing to evaporation. Variations in carbon and oxy
gen isotopic composition of primary carbonates from short
residence hydrological open lakes seems generally indepen
dent of one another (Talbot & Kelts 1 990) . 

The 8l3Corg values depend on a large number of factors. 
The organic material in the lake gytt ja deposits consists of a 
mixture of fragments derived from aquatic macrophytes 
growing in the littoral and sublittoral zones, algae living in 
the surface waters, and terrestrial plant material transported 
into or partly growing in the lake. All plants considered here 
are C3 plants with the Calvin type of photosynthesis. The 
8l3C values in terrestrial organic material dep end on the 
composition of the surrounding atmosphere (8l3C = -8%0) ,  
fractionation by photosynthesis, degree of recycling, and 
degree of shade of the plants in their growing area. The 8l3C 
values in the submerged vegetation also depend on the 
isotopic composition of the lake water, dissolved inorganic 
carbon (DIC), fractionation by photosynthesis, C02 con
centration, mixing of the water body, and ability of the plants 
to use HC03-, because freshwater macrophytes assimilate 
carbon by both diffusion and bicarbonate influx. The multi
tude range of controlling factors is reflected in the wide range 
of813C values in C3 plants (-1 5%0 to -45%0, with an average 
of-28%0) .  

Primary carbonates record the carbon isotopic composi
tion of DIC in the upper water column at the time of 
precipitation. lsotopic composition oflake DI C is a complex 
function of inflow composition, isotopic exchange with at
mospheric C02, lake metabolism and water residence time 
(Talbot & Kelts 1990) . 

The 8180 curve in Fig. 1 5  shows a general trend toward 
lower values from -3%0 at -6 m to -6%0 at -2.70 m, with 
three marked spikes characterized by extra low values. The 
general warming at the end of the Late Weichselian period 
indicated by the sediment development would have resulted 
in an increase in 8180. The observed decrease may most 
likely reflect a change in the main carbonate source from 
allogenic Maastrichtian and Danian, isotopically heavy car-
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bonate to locally precipitated carbonate more depleted in 
(5l3c. 

The (5l3Corg curve shows little variation. At -6.00 m it is at 
+ 1 .3%0, this value continues to -2.70 m. There are, how
ever, three shortlasting, marked changes to lower (5l3c val
ues at -3 .45 m, -3.70 m and between --4.85 m and -5.00 m. 
These changes all coincide with an increase in organic mat
ter, probably reflecting an increase in biological production 
in the lake, especially by algae and initial submerged vegeta
tion. Water plants extract C02 for respiration from the 
dissolved inorganic carbon (DIC) . Changes in phytoplank
ton and lake vegetation cover may thus change the arnount 
of DIC and thus the amount of carbonate precipitation. 
This affects the (5l3C values in both carbonate and organic 
matter. Freshwater algae generally have rather low (5l3Corg 
values (-26%0 to -12%0) (Deines 1 980) . The lower (5l3C 
values measured in the carbonate fraction may reflect the 
onset of biologically induced endogenic precipitation of 
CaC03 in the surface waters. 

The general decrease ofboth (5180 and (513Ccarb covarywith 
the changes in (5l3Corg values, indicating a common cause for 
their changes. This may support the hypothesis of increasing 
influence oflocally bio-induced carbonate production. Pre
cipitation probably increased the warmer and more humid 
Allerød dimate and added (5180-depleted rainwater ((5180 = 

-10%0) to the surface water of the lake. The lower (5180 values 
in the Allerød sediments may thus reflect an increase in 
temperature which led to an increase in locally produced 
carbonate and vegetation cover in a warmer and possibly 
more humid dimate. Increase in the terrestrial vegetation 
cover further restricts the input of carbonate with positive 
(5l3C values from the tills. 

The overall similar pattern of the curves for (5180carb and 
(513Ccarb through the Late Weichselian succession may be 
characteristic of a dosed basins with long water-residence 
time (Talbot 1 990) .  But a similar covariation may also result 
from dominance of runoff material from nearby carbonate
rich tills. Rising ground-water level and thus increasing 
dominance of 'old' dissolved carbonate may also result in 
parallei trends in the two (5l3C and (5180 curves. The three 
explanations are not necessarily mutually exdusive. It is 
striking that the isotope data from A 201 show a more 
marked covariation between (5l3C and (5180 than the con
temporary data from B 404. This indicates that A 20 1 is 
from a more restricted subbasin than B 404, which is situ
ated dose to the inlet of Sandlyngå river. The only slightly 
negative (5180 values dominating the late-glacial lake depos
its, except at the three levels discussed above, suggest a 
strong dominance of heavy carbonate of Maastrichtian and 
Danian origin. 

INTERPRETATION AND DISCUSSION OF THE GEO CHEMICAL DATA 

The isotopic evidence confirms the interpretation of the 
presenee of at least one vegetated, warmer period, probably 
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belonging to the Allerød interstadial in the Late Weichselian 
succession later confirmed by 14C dating (Fig. 2 1 ) .  It is 
probable that the less marked change between --4.85 m and 
-5. 1 0  m represents the Bølling interstadial. This interpreta
tion is supported by the 14C dating (Fig. 2 1 ) .  The sedimen
tary development and the isotopic signals at -3 .70 m to -
3.45 m are in accordance with other lacustrine Allerød 
successions (Eieher & Siegenthaler 1983; Siegenthaler & 
Eieher 1 986; Lotter et al. 1 992; Hammarlund 1 994) .  Thus 
Siegenthaler & Eieher ( 1 986) found (5180 values for the 
Allerød oscillation around -7%0. Lotter et al. ( 1992) show a 
shift to more negative values of about 1-1 .5%0 from Older 
Dryas to Allerød and to more positive values of about 2.5%0 
from Allerød to Younger Dryas. All the isotope values of the 
Åmose section show a similar shift of 1 .5-2.5%0 from Older 
Dryas to Allerød and 2-2.5%0 from Allerød to Younger 
Dryas. Finally, the shift to more negative values from 
Younger Dryas to Preboreal ranges between 3 and 3 .5%0. It 
is the most pronounced change and occurs within a narrow 
sediment interval. 

Above the assumed Allerød spikes the organic matter 
content returns to values corresponding to the deeper part of 
the profiles. 

The (5l3Corg curve shows three marked excursions towards 
more negative values. They coincide with the changes in 
organic content of the sediment reflected in both the loss on 
ignition and TOC curves (Fig. 1 5 )  and occur at the three 
above-mentioned levels, at --4.85, -3.70 and -3 .45 m. The 
lower (513Corg values probably indicate increase in organic 
produetion of algae and macrophytes in the lake and in
creased input of terrestrial plant material. Both freshwater 
algae and the submerged higher-plant vegetation have rather 
low values, from -25%0 to -32%0, although there is a wide 
range in (5l3c in these freshwater plants from about -15%0 to 
--45%0 (Deines 1 980; O'Leary 198 1 ,  1988) . This range may 
reflect that freshwater plants can take up carbon derived in 
two ways, either by C02 diffusion or by bicarbonate influx, 
and some plants may use both strategies. Later in the Fland
rian lake succession the (513Corg values show similar trends, 
and the increase in content of organic matter dearly corre
lates with decreasing (513Corg values. 

The carbonate content shows a steady decrease from -3.45 
m towards the-2.70 m transition layer, bed 1 (Fig. 2 1 , A 20 1 ) .  
The (513Ccarb values also return to values characteristic for the 
deeper part of the section above -3.60 m (Fig. 1 5 ) .  The (5180 
curves return to higher values compared to what was found 
at the Allerød section, but they are never as high as in the 
deeper part of the section below -3 .70 m. 

The return of all the geochemical values to more or less the 
same values as those found below -3 .70 m probably reflects 
an increase in influx of allochthonous carbonate washed out 
from the tills, probably resulting from a general return to a 
thin or missing vegetation cover and a decrease in biological 
production in the lake. In some profiles, the end of Allerød is 
marked by a thin lamina of coarse sand, supporting the 
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assumption of increased input of outwashed material. This 
pattern corresponds well with the general picture of a 
y ounger Dryas dimatic cooling (e.g., Dansgaard et al. 1 989; 
Johnsen et al. 1990; Lotter et al. 1992) .  A tripartitioning of the 
y ounger Dryas is observed. It is marked by a rapid change in 
8180 values at -3 .25 m. The geochemical data of the Late 
Glacial deposits thus show a succession of a cold period, a 
short warmer, and another shortlasting cold period, fol
lowed by two pulses of warming and then final cooling. This 
corresponds well with the expected trend for an assumed 
Late Glacial succession of Oldest Dryas, Bølling, Older 
Dryas, Allerød, and finally the rapid Younger Dryas cooling 
followed by an even more rapid temperature rise at the 
transition between Younger Dryas and Preboreal as de
scribed by Dansgaard et al. ( 1 989), Taylor et al. ( 1993) ,  
Hammarlund ( 1 994) ,  and others. The contemporaneity of 
these changes in sediment record and isotope data in Swit
zerland (Lotter et al. 1 992) ,  southern Sweden (Hammarlund 
1994) ,  and Sjælland and the similarity of changes in the 8180 
profiles in Swiss lake sediments and Greenland ice cores 
(Dansgård et al. 1989) suggests dimate as the driving force 
for the change. The few differences may thus be due to local 
factors such as open versus dosed basins, adjacent carbon
ate-containing tills or granitic basements, and local dead-ice 
basins. This interpretation fits well with the interpretation of 
the sediment record of the total succession of rhythmic day
silt, day-gyttja and day-silt sediments encased between Late 
Weichselian glaciofluvial sediments and Flandrian endo
gene carbonate mud. The presence of both Allerød and 
Bølling interstadial deposits is supported by the 14C datings 
of the two organic-rich successions (Fig. 2 1 ) .  The onset of 
endogenic calcareous organic mud deposition throughout 
the entire basin is in severai profiles dated by pollen to the late 
Early Preboreal time (PL Il in Fig. 1 1 ) .  The 14C dating of the 
organic mud at -2.60 in A 201 gives a Preboreal age (Fig. 2 1 ) .  
The general pattern o f  the measured parameters can be 
traced over the entire Åmose lake basin in the deeper sub
basins such as A 20 1 and B 404 (Figs. 13 ,  1 5-16) .  The 
excursions in the geochemical parameters may thus be used 
as stratigraphic markers. They constitute the basis for the 
establishing of a chemostratigraphy and a division into iso
tope zones of the late-glacial and postglacial lacustrine de
posits of the Åmose basin. Unpublished data seem to indi
cate that these isotope zones can be distinguished in a 
number of lacustrine basins in Sjælland. 

FLANDRIAN OLIGO-EUTROPHIC LACUSTRJNE FACIES 

ASSOCIATION 

This facies association can be subdivided into ten facies of 
organic origin, mainly produced in or dose to the lake. The 
onset of the Flandrian period is marked by a sandy marker 
bed containing scattered fragments of water moss and with 
implements from the Preboreal Klosterlund culture resting 
on top of the sand. 14C dating of the water-moss lumps give 
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an age of lO,970±90 B.P. (Ua 2423) (Fig. 2 1 ) .  The marker bed 
was thus deposited sometimes between the end ofYounger 
Dryas and Middle Preboreal time, which is in accordance 
with the pollen analytical data (Jørgensen 1963) (The 14C 
datings are discussed later in this chapter) .  

CIastie marker bed (5). - As mentioned above, the onset of 
organic sedimentation in the lake was rather abrupt and in 
many places heralded by a 10-100 mm thick, normally 
graded, pebbly sand layer resting on a erosional surface (Figs. 
1 1-14, 1 8, 2 1 ,  PL Il, bed l and 2) and with a sharp upper 
boundary to bed 3. The sand-dominated bed varies in thick
ness and structure but can be traced throughout the basin. In 
the eastern part, where the majority of river inlets were 
situated, the bed is at least 10 cm thick, shows marked normal 
grading, and consists of pebbly sand that may be overlain by 
sandy pebbles with an indistinct transition. The normally 
graded pebbly sand may also be overlain with a diffuse 
boundary by a layer rich in wood fragments and other 
organic material (Fig. 2 1 ,  PL I, PL Il bed 2) or by up to 5 cm 
of sandy humified coarse detritus gytt ja. Clastic material is 
rarer in the western and deeper part of the basin, and the bed 
is here represented by thin sand and/or silt laminae, occa
sionally with rip-up dasts of water moss (Fig. 2 1 ,  bed l ,  
profile A 20 1 ) .  The dastic marker bed may b e  composed of 
up to four silt laminae alternating with thin sand laminae in 
the central part of the sub-basins (e.g., B 404 in Fig. 1 3 ) .  The 
dastic bed separates in most sections finely laminated silt
day below from finely laminated carbonaceous characean 
algallfine detritus gytt ja above. In the proximal localities a 
graded pebbly sand bed is overlain with a diffuse boundary 
by another pebbly sand with thick bivalved specimens of the 
bivalve Unio sp. with preserved periostracum (Fig. 12 ,  profile 
Kongemose E; Figs. 1 8C-D, 19 ) .  The lower normally graded 
pebbly sand and an upper sandy pebble bed gives the appear
ance of a normally to inversely graded bed (Fig. 1 1 :PL I, PL 
HI) but may reflect the occurrence of two pebbly sand and 
sandy pebble beds. 

The onset of organic sedimentation to ok place early in the 
Middle Preboreal period, according to pollen analysis (Jør
gensen 1963; Stockmarr 1966, 1994) . Due to the poor expo
sure and the limited horizontal sections in the drilled co res, 
sediment structures other than grading are difficult to detect. 

Interpretation and discussion of the clastic marker bed. - The 
coarse grain size, grading, wide lateral distribution, and 
erosional base of the pebbly sand bed suggest that it was 
deposited by a high-density turbidity current and in the 
more distal parts by one or more associated low-density 
turbidity currents. It cannot be exduded that the pebbly sand 
bed in the most proximal locations represents actual shal
low-water nearshore or beach deposits. The coarse grain-size 
and erosional base of the marker bed (Fig. 2 1 )  in an otherwise 
fine-grained succession, the extensive lateral distribution, 
thinning and fining towards WNW, normal to inverse grad-
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ing, possible amalgamation of two clastic beds, and abrupt 
change in sedimentary facies below and above the bed indi
cate that the bed represents an important event associated 
with a major reorganization of basin configuration. The 
pebbly sand (Figs. 1 1 , 16)  represents reworked shoreline 
deposits, as the drifted gytt ja does. In, e.g., PL Il (Fig. 2 1 ) ,  the 
clastic marker bed is represented by sand at the bottom and 
drifted gytt ja at the top. 

The high-density turbidity current or currents may have 
been triggered by abrupt lowering of lake water level, river 
tlood, or by storm. The currents are here interpreted to have 
been triggered by abrupt lowering of lake level associated 
with erosion of foreshore and shoreface sediments, and 
increased incision in the deposits of the rivers connected 
with the lake basin. This abrupt change in lake level probably 
retlects one or more catastrophic tappings of the ice
dammed Åmose lake basin within a short sp an of time from 
late Younger Dryas to early Preboreal. This was probably due 
to the change of the course of the outlet from the lake from 
25.4 to 2 1 .4 m above sea level at Bromølle towards Tissø. The 
southern threshold at Bromølle towards Tissø is thus ca. 4 m 
lower than the threshold of the western outlet towards 
Saltbæk Vig (Fig. 7 ) .  The tapping probably resulted from a 
sudden change of drainage pattern, possibly caused by 
downmelting of dead ice in the little Åmose area, which had 
blocked the outlet at Bromølle (Fig. 7 ) .  

Clastic material from the Late Weichselian sediments of 
the eastern and southern part of the basin were eroded and 
transported further out into the basin. There is no available 
absolute dating for the time when the river course changed. 
All sediments below the layer are Younger Dryas, and all 
sediments above the marker bed are of Preboreal age; some 
clasts in the marker bed are of Late Weicheselian age, as old 
as Allerød. Evidence from scattered outcrops from the old 
outlet at Bjergsted indicates an abrupt shift from high-energy 
to low-energy sedimentation in the deposits of the oldest 
outwash plain. In contrast, the youngest outwash-plain de
posits at Bromølle show the opposite trend. Here erosion 
and deposition of sediments in a high-energy environment 
occurred after a phase of relatively low-energy lake type 
deposition. It should be noted, however, that time correla
tion is poor. The Early Preboreal climate is assumed to have 
been warm and dry, based on evidence from pollen analysis 
(Iversen 1944, 1 967) .  A shortlasting early Preboreal cold 
period is, however, suggested by Iversen ( 1 967) .  This may 
correspond to the short early Preboreal regressive phase in 
Swedish lakes observed by Digerfelt ( 1988) and the upper 
part of the double clast bed in some parts of the Åmose lake. 
The absence of early Preboreal deposits in Åmosen may be 
due to an early Preboreal regression, in accordance with 
evidence oflow lake levels in the Early Preboreal elsewhere in 
southern Scandinavia (e.g., Digerfeldt 1988) .  The short
lasting climate change can be recognized in the (5180 record 
of the Greenland ice core (Dansgård et al. 1989) .  
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Lake mari facies (6A). - This facies consists ofhomogeneous 
calcareous light grey and faint olive green mud, which occurs 
in the deepest part of the basin just above the clastic marker 
bed and below laminated calcareous mud, e.g., in E 2600 N 
400 and 996 and in the Præstelyng profile Il (Fig. 2 1 ,  bed 3)  
and profiles PL III  and Kongemose E (Figs. 1 1-12) .  The bulk 
of the calcium carbonate typically occurs as discrete silt -sized 
particles (Fig. 1 8 ) .  The marl is of clay and silt grain size, and 
no sedimentary structures are seen except occasional indis
tinct lamination. The lake marl is 20-170 cm thick. The 
homogeneous marl contains rare bivalves of the family 
Pisidae. It passes laterally into laminated calcareous mud 
(Facies 6B) of the more landward parts of the basin at 
Præstelyng profile I and Il and at the Kongemose site, profile 
E and W (Fig. 12 )  and in B 404. 

Lake mari facies (6B). - The calcareous mud may also occur 
as layers of characean gytt ja alternating with discontinuous 
microlaminae of fine detritus gytt ja (Fig. 2 1 ,  upper part of 
bed 3 in PL II) .  A few levels show indistinct lamination. The 
lamination can only be recognized in the more landward 
parts of the basin. The lamination consists of alternating 
white laminae of complete characean algal stems, oogoniae 
and macrophyte parts overgrown with carbonate crust, and 
laminae of fine-grained olive green organic mud, commonly 
with a high content of the green algae Botryococcus and 
Pediastrum and, in some cases, diatoms (Fig. 20B) .  

The two types oflaminae in the sections from Kongemose 
stand out so clearly, that it is possible to distinguish three 
orders of cyclicity. On the finest scale discontinuous milli
meter-thin laminae can be recognized. The next higher level 
shows alternating lighter and darker laminated beds, each 
about 10 cm thick. Finally cycles, ca. 30 cm thick, occur, 
composed of thin and thick laminae. Ongoing studies of 
palaeomagnetism, palynology and geochemistry may reveal 
the duration and causes of the cycles. 

Interpretation and discussion of 6. - Comparison with mod
ern lakes suggests that the laminated calcareous mud was 
deposited in the lowest part of the vegetation zone below 
wave base, at a depth of about 5 m or more depending on the 
light penetration depths. The lamination probably retlects 
annual changes of organic production in the lake. The bulk 
CaC03 was probably precipitated directly from the surface 
water triggered by phytoplankton photosynthesis (cf. Talbot 
1 990) . Modern charaeean algae oceur in clear, rather shal
low, oligo- to mesotropic water, 4-7 m deep (Berg 1950) .  
The algae have their optimal growth during late winter and 
early spring up to early summer. During the summer, or
ganic production in the littoral and sublittoral zone in
creases. Blooms of green algae occur in the surface water of 
the entire lake. This seasonal high organie productivity may 
have resulted in periods of decrease in light-penetration 
depth and of oxygen-depleted bottom conditions, as indi
cated by the distinct millimeter-scale lamination of the dark 
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Fig. 1 7. Burrows probably made by the bivalve Pisidium. DA. In a vertical 
section. DB. Seen horizontally. They are clearly visible on PL III between 
1 . 1  and 1 .2 m (Fig. I l) (Photo e. Christensen) .  
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organic mud undisturbed by bioturbation (Fig. 1 8A-D) ,  
alternating with the calcareous mud. The alternating cha
racean and green-algae laminae probably reflect annual pro
ductivity cydes. These assumed paired summer/autumn and 
spring laminae occur with an average of 50-60 laminae over 
10 cm of vertical section at five different places around the 
Kongemose site. Each laminae will then have an average 
thickness of 1 .5-2 mm. Pollen analysis and 14C dating sug
gest that the l-l .S m thick laminated mud unit at 
Kongemose E was deposited in 1 ,000 years. The sedimenta
tion rate is thus of the order of 1-1 .5  mm per year with the 
present degree of compaction. The l-l .S  mm corresponds 
well with the thickness of one green and one white laminae 
which then may represent the lake production in one year. 
The calculated total number of white and green laminae 
corresponds well with the duration of the Mid and Late 
Preboreal and Early Boreal periods. 

The onset of calcareous-mud deposition occurred in pol
len zone N, the Preboreal period, in the entire basin, as 
demonstrated at Præstelyng (Stockmarr 1 966), Ulkestrup
lyng (Jørgensen 1982) and at the Verup complex (Fig. 2)  
(Jørgensen 1963) .  I t  is, however, not found in the deepest 
part of the basin from the same period, e.g., in A 20 l and B 
404. The age of the oldest Preboreal sediments at different 
localities varies from early to late in Zone N, and most of the 
sediments from the Preboreal period are missing in the 
shallower parts of the basin. Some of the fine-grained dastic 
sediments in the marker bed in B 404 and A 20 l may actually 
be of Preboreal age but are not dated, as the base of all 
published pollen diagrams coincides with the onset of or
ganic sedimentation (Jørgensen 1 963, 1 982; Stockmarr 
1 966, 1994) . 

It is possible that Early Preboreal sediments were never 
deposited. It is more likely, however, that they were removed 
by erosion in connection with deposition of the clastic 
marker bed, which may represent two succeeding regressive 
phases (Fig. 2 1 ,  bed 2 in PL Il) .  

The thick uniform deposits of  the lake marl facies 6A and 
6B indicate deposition during a period of stable lake level in 
an oligotrophic to mesotrophic lake. This period was suc
ceeded by a transgressive phase with rising lake level. The 
Preboreal and early Boreal lake was thus a rather stable 
system, with open, not very deep, dear water with high algal 
productivity resulting in deposition of uniform characean 
and algal gytt ja for a long period of time. Rising water level 
and organic production in and around the lake resulted in 
deposition of fine detritus gytt ja as dominant type of sedi
ment of the overlying facies 7. 

Fig. 18 (opposite page) . Boreal and Atlantic sediments from the open profIle Kongemose E. DA-B. Note the fine lamination made of characean algae (white) 
and green algae, e.g., Botryococcusand others (dark). Roots and stems from reed penetrate the sediment. Note also the different size order of rhythmic banding. 
De. Unio bivalves with articulated valves at the transition between the late-glacial ice-lake clays and the postglacial organic mud. The transition is marked by 
a coarse, erosive cIastie deposit. OD. Enlargement of part of e. Scale on all pictures 10 cm. 
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Fig. �9. The surface of the transition bed between the Late Weichselian and 
the Flandrian lake from Kongemose E (Fig. 12 ) .  Note the pebbles and the 
articulated valves of Unio sp. 

Homogeneous unhumified olive-green organie mud, gyttja fa
eies (LIMUS DETRITUS) (7). - There is a distinet change from 
dominantly more or less laminated characean mud of facies 
6 to homogeneous carbonate-rich fine olive green gytt ja. The 
fine detritus gytt ja is the major constituent of the Flandrian 
Åmose lake sediments and is found in the deeper parts of the 
lake basin where it ranges in thickness from 50 to 300 cm. 
This facies occurs in all the sections and drilled cores (Figs. 
1 5-16, 2 1 ) .  The transition from facies 6 to 7 is typically 
marked by a thin layer of skeletal sand with minor quartz 
grains (Fig. 1 1 , PL Il and PL III) or, as in PL I of sand and silt 
at the bottom with an assemblage of very well-preserved 
gastropods and Anodonta shells on the top. 

The sediment consists mainly of disseminated micro
scopic plant material commonly in the form of coprolites, 
fine-grained, very little land-derived plant material, pollen, 
green algal material such as Botryoeoeeus and Pediastrum, 
and bio- induced CaC03 precipitates and diatoms. The gytt ja 
is highly elastie and changes to darker colour when oxygen
ated. Macroscopic plant material is rare, but may include 
seeds of Nymphaea alba, Nuphar luteum, Seirpus lacustris and 
Menyanthes trifoliata. 

Gastropods and bivalves are present and may occur in 
three different settings; see facies 8 (Fig. 1 3A 20 1 ;  Fig. 1 1 , PL 
I, Il, III ) .  A few fish bones and insect wings have also been 
found. The 1 .8-2.3 m thick fine detritus gytt ja unit may be 
divided into three units in the deeper sections of A 20 l and B 
404 (Figs. 13 , 2 1 ) .  

Unit l :  The lowerthird o f  the gytt j a  shows distinet, darker, 
more humified, burrowed layers, 2-3 cm thick, altemating 
with lighter, greenish, homogeneous gytt ja (Fig. 2 1 ,  bed 2 A 
20 1 ) .  The straight vertical burrows are well defined and 
distinet, cylindrical, 7-9 mm in diameter and 20-30 mm 
long. The burrow fill is structureless dark gytt ja. 
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Unit 2:  Unit l is gradually overlain by gytt ja with less well
developed bioturbated intervals (Fig. 2 1 ,  bed 3, A 20 1 ) .  The 
burrows are indistinct, with blurred margins possibly reflect
ing the original thixotropic nature of the sediment. The 
distance between the darker bioturbated levels is 7-9 cm in 
both the lower and the middle part of the fine detritus gytt ja. 

Unit 3 :  In the upper third of the detritus gytt ja, burrows 
cannot be recognized, and the sediment appears homoge
neo us, owing to either complete bioturbation or total lack 
thereof (Fig. 2 1 ,  bed 4 A 20 1 ) .  The latter explanation is 
considered the more likely, as this section is the most fine
grained and was deposited in the deepest profundal zone. 
The loss on ignition increases to 20-30% weight, and the 
CaC03 content is as high as 60-70% (Fig. 1 5 ) .  The sediment 
is thus highly organic, and there is virtually no clastic con
tent. 

Interpretation. - Comparison with modem analogues indi
cates that the fine detritus gytt ja is mainly formed in a meso
eutrophic lake of the Potamogeton type with very high pro
duction of biogenically induced CaC03 and authigenic 
organic matter. The gytt ja was deposited in the deepest part 
of the basin in the profundal zone at depths from 8 to 20 m. 
This type of sediment may, by maturation, be transformed 
into an oil source rock with a type I kerogen. The thin, 
distinet clastic or shell intercalations in profundal organic 
mud are interpreted to either represent actual littoral depos
its in the nearshore profiles, e.g., PL III or littoral zone 
material transported into a more basinward position by, e.g., 
turbidity currents. The turbidity currents are most likely 
initiated by rapid lake-level lowering resulting in rapid 
basinward progradation of the shallow lacustrine deposits 
and may reflect rapid basinward translation of the coastline 
and of wave-worked shoreface sediments. The thin clastic 
beds occur nearest to the river inlets (Fig. 1 1 , PL I and Ill ) .  
Sand is, however, rare a t  some distance from the area of 
clastic influx, as in PL Il and A 201 (Fig. 2 1 ) .  Sand is here 
replaced by gastropod shell debris coated with secondarily 
precipitated carbonate and drifted material of the type that 
normally accumulates in the littoral and sublittoral zones. 
The coarse material may also be transported into a more 
basinward position by bottom currents or turbidity currents 
which may be initiated bywind action or byrapid lowering of 
lake level (cf. Håkanson 1982, Fig. 1 ) .  

In the fine-grained profundal sediments of A 20 1 and B 
404, the fall in lake level is typically indicated by increase in 
bioturbation (e.g., Figs. 1 3-l4) .  

The sand layer in PL III  (Fig. 1 1 )  resting on the upper 
surface of the characean gytt ja was intensely burrowed, and 
the burrows were filled with sandy, dark, humified gytt ja 
(Figs. 1 1 , 17) .  The burrows are very uniform in diameter and 
spaeing. This suggests that they were made by one or a few 
speeies, most likely of the bivalve family Pisidae, members of 
which are adapted to an infaunal mo de of life. 
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Fig. 20. DA. Scanning electron micrograph of the 
calcareous mud sediment from Kongemose W. 
Note the diatoms and the minute CaC03 crys
tals. DB. Subfossil leaf coated with CaC03 from 
the littoral drifted gytt ja at Kongemose W. Scale 
bars: A = O . l  mm, B = l mm. 

Mollusc gyttja facies (8). - Freshwater gastropod and bivalve 
shells occur throughout the postglacial succession except in 
the peat layer. The molluscs constitute a dominant part of the 
sediment in three different settings, in addition to the hu
man-collected shell heaps which mainly consist of Anodonta 
and Unio shells. These inland kitchen middens belong to the 
Late Ertebølle culture of the Late Mesolithic-Early Neolithic 
sites in the Åmose basin (Fig. 30) .  

The first type (8A) occurs as complete, randomly distrib
uted shells in fine calcareous detritus gytt ja (Fig. 2 1 ,  bed 8 in 
A 20 l ,  bed 3 and 6 in PL Il) .  All the shells consist of aragonite 
except for the calcitic operculum of the gastropod Bithynia. 
The periostracum of the bivalves is preserved. Shells of the 
bivalves Unio sp. and Anodonta sp. occur together with the 
gastropods Planorbis carinatus, P. correus, Anisus vortex, 
Sphaerium corneum, Lymnaea stagnalis, L. auricularia, Ancy
lus fiuviatilis, Aeroloxus lacustris, Anisus leucostoma, Bithynia 
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tentaculata and Valvata piscinalis (C. Abildtrup, personal 
communication, 1 994) .  Many bivalves occur in life position. 
This type of gastropod mollusc assemblage is commonly 
abruptly overlain by the second type (8B) (see below) , or by 
a 2-5 cm thick layer of unhumified peat-like material, or just 
by a coarse detritus gytt ja. 

The second type of mollusc concentration (8B) occurs in 
distinet layers, commonly with a subordinate amount of 
quartz or shell sand (Fig. 2 1 ,  bed 7 in A 201 and PL II) .  The 
layers are 3-8 cm thick and consist of a mixture of broken 
and complete, virtually unworn, small gastropod shells in
tercalated in gytt ja. The complete gastropods commonly 
overlie the highly fragmented shells. The sediment may 
contain drifted stieks and seeds. Three harpoons made of 
red-deer ribs from the Magiemose culture have been found 
in the second type oflayer (S .  Jørgensen, personal communi
cation, 1 966) .  This type of mollusc deposit occurs in all the 
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Fig. 21. This page: Sedimentarysections A 20 1  and PL 
Il, divided into individual beds. Opposite page: l4e 
dating (accelerator) of specific changes in the sedi
ment record. Dating in the nearshore profiles from 
shell carbonate. Dating in A 20 l from gytt ja samples. 
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more nearshore sections. The same facies is also found in the 
upper part of the drilled deep-basin sectionsA 20 1 and B 404. 
In all sections it is directly overlain by a thin layer of coarse 
detritus gytt ja with drifted material. 

In the third type (Se) the molluscs occur in fine drift gytt ja 
with secondarily carbonate-coated shell gravel or sand at the 
bottom and complete large gastropod shells on top. This type 

occurs in beds, 10-30 cm thick, which always contain drifted 
small stieks, leaves and seeds from Nymphea alba, Nuphar, 
Menyanthes and Seirpus lacustris. 

Interpretation. - The first type (SA) (Fig. 2 1 ,  bed 6 and S in A 
20 1 )  was formed by constant accumulation of shells from 
molluscs that lived in or at the sediment surface and with no 
post-mortem transport involved. Shells are scarce in the 
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Fig. 21 (continued) .  
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deeper part of the basin except for what may correspond to 
the shell zone described from 8 m depth in the modem lake 
Esrom Sø (Berg 1950) .  Gastropods are very rare in the upper 
humified fine detritus gytt ja and fine drift gytt ja; in the last 
case this is probably due to taphonomic causes, as the shells 
were probably dissolved bypercolating humic acids from the 
upper humified layers. 
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The second type (8B) shows evidence of current or wave 
transport and concentration of shells, sand and drifted mate
rial. There is a marked difference in colour between the first 
and the second type of shell accumulations (Fig. 2 1 ,  bed 7 in 
PL Il and A 20 1 ) .  The broken shells in 8B occurring in 
patches are yellowish, corroded and coated, suggesting pos
sible shortlasting subaerial exposure in the upper telmatic 
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zone, whereas the small complete gastropod shells on the top 
of 8B layers and in type 8A are well preserved and white. The 
depositional history of type 8B accumulations is complex 
and involves concentration, physical breakage, chemical 
corrosion and formation of the shell gravel not too far from 
the littoral zone. The deposition and preservation of com
plete, uncorroded gastropod shells immediately on top of the 
shell gravel suggest deposition below wave base, probably 
during a rise in lake level. 

The third type (8C) with fragmented shells is in the deep
basin sections topped by a thin layer of unbroken large shells 
(Fig. 2 1 ,  bed 1 1  in A 20 l ) .  This indicates a complex mo de of 
deposition. The broken shells occurring in patches and the 
numerous distinet burrows suggest a decrease in sedimenta
tion rate. The large, unwom, fragile, complete gastropod 
shells in the upper part of this layer indicate deposition below 
wave base in the sublittoral zone. The vertical succession of 
broken to unbroken shells may indicate a transgressive 
phase, in good agreement with the limited input of drifted 
material. The overlying thin water-moss peat at -0.40 m in A 
20 l belongs to the deeper part of the submerged vegetation 
or sublittoral zone. In the nearshore sections PL I, Il and III 
(Fig. 1 1 )  the shell content is strongly reduced or totally 
absent in the upper 50-70 cm, most likely because of later 
dissolution. 

Water-moss peat facies (9). - Autochthonous black shining 
stems of water moss, Turfa bryophyta, interbedded with fine 
detritus gytt ja occur in layers, 5-10  cm thick. The water
moss peat of this facies is always intercalated with fine
grained sediments such as clay, silty clay or fine detritus 
gytt ja. The facies occurs at several levels in the Late Weich
selian and in the Flandrian lake associations, in sections from 
all over the lake. In A 20 1  and A 201  S (Fig. 1 3 )  it occurs in the 
upper part of the Allerød clay-gyttja at about -3.35 m. It is 
further interbedded with the Flandrian fine detritus gytt ja at 
-1 .05 m (Fig. 2 1 ,  bed 5 in A 20 1 ) ,  and it reappears at a level at 
-0.40 cm. In transect lines 300 N and 100 S (Fig. 14) water 
moss occurs interbedded in fine-grained clastic sediments in 
the entire Late Glacial section. In B 404 it occurs just below 
the Allerød clay gytt ja in a 5 cm bed. It was dated to 1 1 ,880 
B.P. The ol3C values are remarkably low, -36%0. 

Interpretation. - Water moss occurs in the lower part of the 
sublittoral vegetation zone at a depth of about 5-6 m de
pen ding on the degree of translucency of the water column. 
The water-moss peat always seems to overlie deep-water fine 
detritus gytt ja, indicating a decrease in depth from the 
profundal to the sublittoral zone. Bed 5 in A 201 is 14C dated 
to 6,040±80 B.P. 

Drifted gyttja facies (1 0). - Drifted gytt ja can be both coarse 
and fine and may contain a mixture of lumps of detritus 
gytt ja and drifted material, comprising branches, stieks, 
leaves, insects, seeds from both terrestrial and water plants, 
charcoal and cultural remains. The content of humus is 
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low, and the facies has a low to moderate content of clastic 
material (2-5%).  It occurs in all sections from the entire 
basin. In Fig. 2 1  it occurs as bed 1 3  in A 201 and in beds 2, 
5,  7, 9, 1 1 , and 13 in PL Il. The thickness varies from 10  to 
50 cm. 

Seeds from water-lilies Nymphaea alba and Nuphar lu
teum, and from Menyanthes trifoliata, Ceratophyllum, Cicu
la, Lycopus, Eupathorium, and Potamogeton together with 
stems from water moss occur in this facies. Branches of 
Corylus, Quercus, Fraxinus, Alnus and Salix are identified. 
Fish bones are from Tinca vulgaris, Esox lucius and Perca 
jluviatilis. Bones from birds and mammals are found as well 
as implements mainly from the Mesolithic period. 

Interpretation. - The facies was deposited in a relatively high
energy environment littoral beach of the telematie zone 
where the material was rolled and mixed bywave action. The 
dump deposits (bed 9) from the Præstelyng site are com
monly found in this facies and have been 14C-dated to 
between 3,400± 100 b.c. and 3,000± 1 00 b.c. The bark floor 
from the Præstelyng site is dated to 3,300± 100 b.c. (C. 
Christensen, personal communication, 1 992) ,  see also Table 
l and Fig. I l . 
Topogenous peat facies (1 1) .  - The lower part of the peat 
consists of Phragmites root systems, Turfa herbacea. It is 
intercalated with both coarse detritus gytt ja and drifted ma
terial like the type mentioned under facies 10 .  The upper part 
of the Phragmites peat contains roots and branches mainly 
from Alnus. This type of peat may in some cases be succeeded 
by a layer of Pinus stumps, Turfa lignosus. This facies occurs 
over the entire basin but is only well preserved where recent 
ploughing and draining has not reached too deep. The thick
ness varies from 20 cm to more than l m. 

Interpretation. - The topogeneous peat was forrned in the 
upper part of the telmatic zone and in the lower terrestrial 
zone. It is a typical sediment of taphozone I (Fig. 33 ) .  It is 
forrned by basinward progradation of the vegetation zone at 
the rim of the lake. During the late Subboreal period it 
covered large areas of the basin. The peat appears today as a 
strongly humified fen peat, but most of the humification is of 
modem date, caused by artificial water-lowering of more 
than 2 m. Most of the prehistorie sites in the area are placed 
on this type of sediment, and flint to ols, charcoal and re
mains of small huts with bark floor have been found in the 
peat at Præstelyng and Ulkestruplyng (Andersen et al. 1 982) .  

Umbrogenous SPHAGNUM peat facies (12). - This facies con
sists almost exclusively of stems from various Sphagnum 
species. It probably covered most of the basin after the 
Subboreal period. Today it only occurs in small patches 
around Ulkestruplyng in the Kildegård complex. During the 
Second World War more than 4 m of Sphagnum peat was 
dug away and used as fuel. 

After a long period as a lake-bog system the Åmose basin 
was overgrown by an extensive raised Sphagnum bog prob-
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ably during late Bronze and Iron age, a phenomenon known 
from many glacially formed lake systems (Overbeck 1975; 
McCabe 1984) . The raised bog is a purely subaerial type of 
deposit and almost entirely dependent on the precipitation. 

INTERPRETATION OF THE FLANDRIAN FACIES ASSOCIATIONS 

The pollen analytical dating of the different facies in PL Il is 
shown in Fig. 2 (Stockmarr 1 994) .  The 14C dating of the 
Præstelyng site and the stratigraphic position of the site are 
seen in Figs. 2 1  and l l , where the stratigraphic position of the 
Ulkestruplyng, Kongemose and Muldbjerg I sites are super
imposed on the Præstelyng pro file. Their stratigraphic posi
tions are based on pollen analytical data and sedimentologi
cal evidence (Jørgensen 1956, 1 963, 1 982; Troels-Smith 
1957; Stockmarr 1994) .  The total succession from characean 
gytt ja, deep-water calcareous gytt ja, thin sand layers, gastro
pod gytt ja, to drifted gytt ja and peat is characteristic for a 
carbonate-rich lake system beginning as a dear-water, oligo
trophic-mesotrophic lake with lake marl and characean 
gytt ja. Later eutrophication resulted in a meso- to eutrophic 
lake of the Potamogeton type, which finallywas overgrown by 
the vegetation from the rim. In this way a fen was formed, 
which was finally topped by a raised Sphagnum bog. 

The Åmose lake had a very low dastic sediment influx 
and was probably subjected to only little wind effect as the 
lake was most of the time shielded by the surrounding 
forest (Fig. 29) .  Nearly all of the Flandrian sediments of the 
lake were produced in the lake or in its dose proximity. 
OnIy subtle differences in sediment type, e.g., as between 
PL Il and III (Fig. l l ) ,  may indicate that wind and wave 
action sometimes played a minor role. PL III is from a 
more protected, slightly deeper part of the lake basin, 
whereas the more dastic-dominated PL Il was located at a 
more exposed position. PL I is a nearshore succession. The 
high production of characean algae along the southern and 
western side of the Kongemose site area KS W and KS E 
indicates more open sun-exposed dear-water conditions 
than found around the Præstelyng site. The characteristic 
Flandrian succession of almost exdusively biogenic sedi
ments contains scattered intercalation of thin coarse
grained beds of quartz sand and shell debris, drifted mate
rial and gastropod shells, indicating changes in energy and 
possible shift from basinal to nearshore conditions. The 
onset of Flandrian sedimentation is commonly marked by 
thinly laminated fine-grained calcareous mud deposited in 
a deep, low-energy setting. The dark laminae were depos
ited in periods with less oxic bottom conditions. During 
deposition of facies 6A-B of bed 2 in A 20 1 and bed 3 in 
PL Il the lake was a dear-water lake with a very high con
tent of dissolved inorganic carbon (DIC);  the carbonate 
content in the sediments is about 70%. The source of car
bonate is mainly biogenically induced precipitates from the 
surface waters and from the characean algae. In the south
eastern part of the lake this facies continued into Boreal 
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pollen zone V (Fig. 2 1 ) .  The amount of dastic material is 
10-15% and of organic matter 5-8%, as measured by TOC 
in these early sediments. The lake level was relatively high. 
However, levels of intensely bioturbated, slightly humified 
gytt ja alternating with deaner olive-green gytt ja with little 
bioturbation indicate lake-Ievel changes. These changes 
may have caused changes in oxygenation and/or changes 
in sediment production. The transition to the Boreal pol
len zone V is in nearshore profiles marked by a thin shelly 
sand horizon which can be traced in all the Præstelyng 
profiles. In the deep-basin profiles A 20 1 and B 404 this 
transition is not dated, but the correlative level appears as a 
change from the rather uniform, highly bioturbated gytt ja, 
bed 2, to less distinct bioturbated gytt ja, bed 3 .  The transi
tion is further marked by a dark humified layer and a slight 
increase in dastic material around -2.30 ill. This slightly 
sandy layer probably represents the deep-water equivalent 
to the nearshore regressive succession of bed 3 in PL Il 
(Figs. l l , 2 1 ) .  

The Boreal deposits are in most o f  the deep profiles repre
sented by calcareous Limus detritus (Facies 7 ) .  The carbonate 
con tent is still very high, but there is a drop to below 70% 
compared to the Preboreal level. There is also a decrease in 
amount of dastic material. The organic content increases to 
10-15% TOC values (Figs. 1 5-16) .  This indicates that after 
the short relative lake-Ievel fall at the transition between 
Preboreal and Boreal times a rise in lake level took place, 
which towards the end of the Boreal period was followed by 
a second fall (Fig. 140) . The upper part of the Boreal succes
sion in PL I-Ill (Fig. I l )  was either removed by erosion or 
represented an area of non-deposition. The Early Atlantic 
pollen zone VI is represented by deep-water sediments 
which nearly throughout the basin directly overlie littoral 
deposits (Facies 8, 10) from the Boreal period (Fig. 2 1 ,  bed 4-
5 PL II) . The boundary is marked by an increase in alloch
thonous material in the form of drifted branches, leaves, etc. 
indicating higher energy of deposition, probably in a more 
nearshore environment (Fig. 2 ) .  In the western part of the 
basin around Verup and in the northern part around Ulke
struplyng, formation of terrestrial sediment already to ok 
place at the end of Boreal time and into early Atlantic time. 
During the succeeding Early Atlantic rise in lake level, deep
water fine-grained organic mud was deposited in the pro
fundal part of the basin, e.g., in A 20 l ,  B 404, profiles PL I-Ill. 
Contemporaneous formation of floating peat islands prob
ably took place along the rim of the lake, as documented at 
Ulkestruplyng (Jørgensen 1982) .  During the Atlantic period 
zones VI and VII, the prevailing sediment type in profiles PL 
I-Ill is fine detritus gytt ja deposited under low-energy con
ditions in deep water. The correlative deposit in the deep
water profile A 20 l is probably represented by a thick succes
sion of very fine structureless detritus gytt ja with indistinct 
bioturbation. The content of dastic material is here very low 
and decreases to a minimum at -1 .50 m. The content of 
organic matter and CaC03 increases to higher percentages. 
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The sediments of the Early Atlantic period zone VI are only 
about 20 cm thick in the Præstelyng profile Il, indicating a 
slow sedimentation rate. The boundary between pollen 
zones VI and VII is contained in these fine detritus gytt ja 
deep-water deposit (Figs. 2, 1 1 ) (Stockmarr 1 994) . At least 
two regressive and three transgressive units can be identified 
in the sediments from pollen zone VII .  The transgressive 
units are all represented by very fine detritus gytt ja with a 
sharp boundaryto the underlying regressive unit, e.g., bed 4-
5 to 6 in PL Il (Fig. 2 1 ) .  The regressive successions are 
commonly marked by coarser gytt ja with 33-50% of drifted 
sticks and/or shells representing littoral or upper sublittoral 
deposits. These changes in relative lake level are discussed in 
the section on lake-Ievel changes and shown in Table 1 .  The 
correlative changes in A 20 l are probably reflected by 
changes in the content of carbonate, organic matter and 
decrease ofbioturbation. The clastic content at A 20 1 shows 
three intervals between -2.20 m and -1 .20 m particularly low 
in clastic material alternating with two intervals with a 
slightly higher content (Fig. 1 5 ) .  These changes correlate 
with increase and decrease in organic matter and are prob
ably the most distal, deep-water signals of relative changes in 
lake level. The pollen zone VII-VIII boundary in PL Il is 
placed within bed 10 (Fig. 2 1 )  (Stockmarr 1994) . This zonal 
boundary is marked by a further decrease in the coarse 
littoral component and is dated to about 3,050 b.c. (C. 
Christensen, personal communication, 1 994) .  The overlying 
coarse drifted gytt ja from bed 1 1  in profile PL Il is a high
energy nearshore shallow-water deposit with more than 40% 
drifted material. Beds 10-13  represent increasing progra
dation with an upwards increase in more shallow water and 
terrestrial deposits topped by thick swamp and alder peat. 
This change slowly turned the Åmose basin into a fen. The 
closing of the lake was almost completed during the Sub
boreal period. The bog peat was later covered by thick layers 
of Sphagnum peat. 

The assumed pollen zone VII-vm boundary in A 20 l ,  bed 
7-8, is marked by a clear increase in the carbonate fraction in 
addition to gastropod shells. The water moss peat in A 20 1 ,  
bed 5, is tentatively correlated with bed 7 in PL  I l  (Fig. 2 1 ) . A 
thin transgressive succession occurs at 24.9 m overlying the 
prograding peat cover. The uppermost layers in the profile is 
a mixture of peat and cultivated soils. 

The Flandrian deposits thus reflect an overall transgres
sion followed by progradation of the rim in a high-water
level lake. Minor shortlasting regressive episodes occured 
during the transgressive phase. This is further discussed in 
detail in the section on key surfaces and systems tracts in this 
chapter. 

GEOCHEMICAL ANALYSES OF THE FLANDRIAN DEPOSITS 

The geo chemical analyses are based on material from A 20 1 
and PL III (Figs. 1 5-16) .  The general signal from the stable 
isotopes Of I80, 13Ccarb and 1 3Corg versus PDB combined with 
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lithological changes is brie fly described here. The more de
tailed interpretation of the causes of the changes in isotope 
composition through the Flandrian is shown in Figs. 22 and 
140 on lake-Ievel changes. The changes in isotopic composi
tion seem to be closely related to changes in lake level and 
climate. The onset of the Flandrian period is marked by a 
shift of 3-4%0 towards lower isotopic values in all three 
stable- isotope parameters (Figs. 1 5-16) .  This trend is in clear 
accordance with the results obtained from 90 contempora
neous sites from Southern Sweden from both non-calcare
ous lakes and two hard-water lakes (Hammarlund 1993) .  
The change in 8180 thus seems to reflect a change in tem
perature rather than in sediment type. 

The 8180 curve for the deep borehole A 201 starts with a 
value of -8.4%0 in the basal Preboreal deposits and ends in 
the assumed Subboreal deposits with values around -6.4%0, 
indicating an increase in the heavy-isotope content and a 
decrease in fractionation. This may result from an overall 
climate amelioration and thus increase in temperature or 
from an ongoing relative lake-Ievel fall resulting in longer 
retention time, which, in combination with the relatively 
larger surface area to volume of water, would have increased 
the effect of evaporation. The complete Flandrian strati
graphic sample sequence represents an overall shallowing
upwards succession, which is likely to be progressively en
riched in the heavier isotope 180 owing to the effect of 
increased temperature and/or evaporation from the surface 
water. There are, however, several prominent isotopic excur
sions in both 8180 and 813Corg and, less marked, in 813Ccarb 
through the Flandrian succession. The stratigraphic position 
of the more marked changes in isotope composition coin
cides with lithological changes and correlates with lower 
13Corg values followed by increase in the heavy 180 isotope. 
The intervals with higher 8180 values correspond to time 
intervals with increase in carbonate production (CaCOJ% ) ,  
in  terms ofbioinduced carbonate precipitated from the lake 
surface, and is interpreted to correspond to a relatively stable 
water level or a slight lowering of water level. Lake-Ievel falls 
may lead to longer retention time, warming of the surface 
water, better mixing of the water column, and possible 
exposure oflittoral and sublittoral characean algae deposits. 
It is possible that redeposition into the deeper part of the 
basin of the shallow-water carbonates, which are relatively 
enriched in 8180, also took place. Much of the shallow-water 
carbonate was precipitated on the surface ofleaves, on mol
lusc shells, and around sticks in the littoral zone (Fig. 20) .  The 
carbonate easily broke off due to wave action and accumu
lated at the bottom as grains in the 5-1 5  mm fraction. There 
is a clear correlation between lowering of relative lake level 
and higher 8180 values. A total number of six regressive units 
and deflections to higher 8180 values are observed at both PL 
III and A 20 1 (Figs. 1 5-16) ,  although the changes in isotope 
values in PL III are less pronounced, probably owing to 
increased influence of mollusc debris with relatively lower 
values and to continuously ongoing reworking of the near-
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Fig. 22. Lake-level changes based o n  P L  Il  and A 20 1 .  

shore sediments. The interealated transgressive deposits are 
eharaeterized by inerease in percentage loss-on-ignition and 
TOC values and a slightly delayed deerease in Ol3Corg values 
to values about -32%0. 

During transgression extensive terrestrial low-lying veg
etated areas were submerged. This inereased the input of 
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alloehthonous organie matter, already depleted in  ol3C, into 
the lake. The lake thus beeame enriehed in nutrients, leading 
to an inerease in loeally produeed organie material. The 
oxygen-eonsuming deeomposition of the terrestrial alloeh
thonous and loeal organie material resulted in oxygen deple
tion in the profundal zone and thus slower deeomposition 
rate and maybe during short periods methanogenesis. The 
release of 13C-depleted C02 during the organie deeomposi
tion and possibly shortlasting decomposition under dys
aerobic conditions led to inereased depletion in Ol3Corg' The 
inerease in water depth may further have led to less effeetive 
mixing of the water eolumn and with C02 from the atmo
sphere resulting in reuse of depleted C02 in the water col
umn. The interpreted transgressive phases eoineided with 
inerease in percentage of loss-on-ignition and of TOe. A 
possible inerease in influenee oflight runoff rainwater and a 
shorter retention time may also have played a role in the 
epilimnion levels, where most of the loeal organie and ear
bonate produetion took plaee. Lower values of ol3C and 
0180 are thus expeeted for transgressive deposits, whether 
the lake-Ievel rise resulted from inereased preeipitation or 
from a rise in groundwater level, or both. 

The Ol3Corg curve shows an overall deerease from higher 
values during the Early Flandrian period to lower values of 
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down to -32.5%0 during the Atlantic time. In the Subboreal 
period slightly highervalues of -29.5%0 occur. This last trend 
may be interpreted as a resuIt of progradation of the rim of 
the lake with an increasing influence of terrestrial plants 
(ol3C values of terrestrial C3 plants are on average -28%0) 
(Hoefs 1 980) and especially due to increased extension of the 
submerged plant belt, which has higher 013Corg values than 
the phytoplankton produced in the lake (Håkansson 1985) ;  
a shift from plants using CO2 for photosynthesis to those 
using HC03 - cannot be exduded. Many of the profiles ends 
in Subboreal deposits owing to modern removal of peat. The 
overall very low values may indicate that both the terrestrial 
plant material (as described in the chapter on isotopic 
changes in bone collagen of the land mammal fauna) and the 
aquatic plant material was affected by recyding of C02, 
increased input of depleted C02 from organic matter de
composition, and possibly the shading effect also played a 
role. Farquhar et al. ( 1 989) have demonstrated that plants 
growing in shadow obtain lower values than plants exposed 
to direct sunlight. The lower terrestrial values in the Atlantic 
period (Figs. 1 5, 27) support the interpretation of a dense 
forest cover based on pollen analysis and the diet evaluation 
of the forest -living animals ( 'Stable carbon isotop es in bone 
collagen', pp. 244-262) .  The increased eutrophication dur
ing transgression probably reduced the depth to which light 
penetrated in the lake and may also have affected the ol3C 
values of the submerged vegetation. 

Depletion of ol3Corg is thus interpreted to have occurred 
in the deeper, less well mixed part of the basin during 
unstable transgressive periods with higher water level, 
higher eutrophication and increased organic production. 
Depleted C02 was constantly produced by root respiration 
producing 013Corg values around -25%0 or less. In hard 
water lakes a marked difference in ol3C values occurs be
tween submerged macrophytes and plankton (Håkansson 
1985) .  Macrophytes seem to have higher Ol3Corg values than 
algal matter from the same lake. The more negative o!3Corg 
values in the fine mud may thus be caused by the combined 
effects of influx and reuse of detrital-depleted plant material 
derived from terrestrial forests, high productivity of organic 
material in the lake of especially algae normally having low 
ol3Corg values (between -32%0 and -25%0) (Hamilton & 
Lewis 1992) and increased distance to the macrophyte belt. 
The result is an organic sediment component with very low 
ol3C values (around -32%0) .  The littoral deposits are more 
influenced by the less depleted submerged macrophytes and 
by terrestrial plant material, which have average values 
about -28%0. Transgressive deposits will thus show lower 
Ol3Corg values, whereas regressive sediments generally have 
higher values. The deflections in the 0180 and Ol3Corg curves 
are correlated and only differ markedly around the gastro
pod layer, bed 7 (Fig. 2 1 ) .  In pro file A 20 1 nearly all isotope 
excursions occur in the same type of deep-water gytt ja, 
where reworking of sediment is minimal. The changes in 
isotope signals thus mainly reflect changes in water chemis-

FOSSILS AND STRATA 37 ( 1 995) 

try caused by changes in the hydrological upland, lake level, 
and dimate. 

The Ol3Ccarb curve shows a general tendency towards 
lower values decreasing from about -1 . 8%0 to -3 .5%0 
through the Flandrian section. It is notable that there is a 
positive correlation between 0180 and Ol3Ccarb in the lower 
part of the postglacial lacustrine succession, especially in the 
Boreal interval (Figs. 1 5-16, 27) .  This may indicate a low 
lake level and longer residence time of the water, if not 
exactly a dosed basin. In the Atlantic deposits the 0180 and 
Ol3Ccarb curves show small independent excursions. This 
pattern is characteristic for open lakes with short residence 
time (Talbot 1990) . There are, however, dear deflections on 
the Ol3Ccarb curve, which correlate with those seen on the 
013Corg curve, and which thus may have the same cause. 

The Atlantic deposits are characterized by a number of 
almost synchronous deflections in the isotope and sediment 
parameter curves. They are interpreted as reflecting rapid 
changes in the lake system due to rises and falls in lake level. 
The assumed transgressive intervals are marked by increase 
in the o13Ccarb values. This is probably due to stratification of 
the water column and thus less effective mixing with released 
ol3C from decomposition of organic matter, causing rela
tively higher ol3C values in the DIC in the epilimnion. The 
water column was better mixed during lake-Ievel stillstand 
and fall. Here the carbonate content increased, and the 
013Ccarb values decreased, probably due to return of l 3C_ 
depleted CO2 released by organic decomposition to the DIC 
of the epilimnion. 

There is a dose negative correlation between the CaC03 
curve and the Ol3Ccarb curve. When the CaC03 content rises 
the 013Ccarb values become lower and vice versa. This corre
lation suggests that the changes in Ol3Ccarb values in precipi
tated carbonate mainly resuIts from changes in the DIC 
reservoir to which depleted C02 from decomposed organic 
matter is recirculated or sealed off, respectively. 

There is a tendency towards slightly delayed excursions in 
the o13Ccarb curve compared with that of 0180 during the 
Atlantic period. This is probably a result of the stepwise 
nature of the transgression. First an increase in the terrestrial 
organic material from the submerged lake margin areas 
occurred. This led to increasingly eutrophic conditions in the 
lake with increased high organic productivity and followed 
by bio-induced carbonate precipitation when the lake level 
stabilized. 

The facies analysis shows that deep-water gytt ja overlies 
drifted gytt ja oflittoral origin at three levels. This suggests at 
least three events oflake-Ievel rise. In two, maybe three, of the 
cases the nearshore drifted gytt ja overlies deep-water gytt ja 
with a sharp base, indicating an actual fall in lake level or 
progradation of the shoreline during stillstand. The changes 
in the geochemical parameters seem to follow this pattern 
and thus support the facies analysis. 

The different facies in the A 201 succession appear less 
distinct compared to PL Il, as nearly all facies are of deep-
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water origin, and the changes are more subtle than in near
shore deposits. 

It is, however, possible to establish a high-resolution stra
tigraphy of the Late Weichselian and Flandrian Åmose lacus
trine deposits based on sedimentology and geochemistry, 
induding stable isotopes of 813Corg' 813Ccarb and 8180 (Figs. 
1 5-16, 140) . The pollen stratigraphy unfortunately covers 
the Flandrian period only (Jørgensen 1963) .  

Six geo chemical zones are established (Figs. 1 5-16) .  Zones 
l a-c are generally characterized by very uniform values of all 
parameters, high dastic con tent, low content of organic 
material, carbonate content constant about 20%, and high 
values of 813Corg, 813Ccarb and 8180. A shortlasting excursion 
occurs, however, in zone l b in nearly all parameters, initiated 
by a small increase in organic matter and a corresponding 
decrease in 813Corg' The geochemical parameters return to 
the stable and uniform values of zone l a  in zone 1c. There is, 
however, a general decrease in 813Corg and 8180, whereas 
813Ccarb is very stable. Zones 1a--c are interpreted to cover the 
Oldest Dryas ( l a) ,  Bølling ( lb) and Older Dryas ( lc) periods 
(Fig. 16 ) .  

Zone 2 i s  characterized by two distinct excursions in all 
geochemical parameters, least dear for 813Ccarb. The amount 
of organic and dastic material increases and the carbonate 
content decreases at two levels between --4.00 and -3.50 m. 
The 813Corg and 8180 curves show two levels with decreasing 
values. In the 813Ccarb curve only one excursion can be 
distinguished. The zone is interpreted to cover the Allerød 
interstadial. 

In zone 3 all geochemical parameters return to values dose 
to those found in zone 1c. At the base of zone 3 the carbonate 
con tent increases, and the organic matter and dastic material 
decrease. Higher in zone 3 a gradual reversal of this trend is 
initiated. A tripartitioning of Younger Dryas can be distin
guished. Zone 3 is interpreted to cover the Younger Dryas 
period. 

All geochemical parameters show a distinct excursion in 
zone 4. The dastic content falls from 80% to less than 20%, 
the carbonate content decreases from 20-30% to about 
20%, and the organic matter increases from about 10% to 
20%. The deflections on the isotope curves all indicate de
creasing values. Zone 4 is interpreted to represent the tran
sitional interval from Younger Dryas into the Preboreal 
period. 

Zone 5 represents a rather stable period and shows a slight 
gradual increase in organic matter and a decrease in dastic 
and carbonate content. The 813Corg values gradually become 
more negative, and the 8180 values are more or less constant 
with a few minor excursions. The 813Ccarb curve shows two 
deflections at the beginning and the end of the zone. Zone 5 
is assumed to cover the younger part of the Preboreal and 
Boreal periods. The transition to zone 6 is marked by a 
distinct excursion in the organic-matter curve. 

Zone 6 is characterized by a series of minor excursions on 
all parameters, indicating unstable, changing geochemical 
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conditions in the lake. This irregular pattern is interpreted to 
result from continuous lake-Ievel changes characteristic for 
the Atlantic and Early Subboreal periods. 

A facies/process analysis thus appears to suffice in the 
interpretation of the nearshore deposits, whereas a similar 
high stratigraphic resolution in the more uniform deep
water deposits can only be obtained by a combined facies and 
stable-isotope analysis. 

14C dating 

A total of eleven 14C accelerator datings on sediment samples 
were made at the Svedberg laboratory in Uppsala, Sweden, 
and three conventional datings were made at the 14C Date
ringslaboratorium of the Danish National Museum (Fig. 
2 1 ) .  The accelerator datings are based on samples from 
calcite opercula of Bithynia sp., water moss, autochthonous 
leaves and gytt ja, which were all dependent on the dissolved 
C02 in the water basin and thus most likely strained by the 
reservoir effect. The conventional l4C datings are based on 
bulk sediment samples of organic mud, from which all 
carbonate is removed. The 14C datings of the Ulkestruplyng, 
Kongemose, Præstelyng and Muldbjerg I habitations are, 
however, based on terrestrial material dump ed in the lake by 
Mesolithic man. The dates on habitation periods given here 
are average values of many datings of material related to the 
site. They are presented as b.c. values in the form they were 
published by the Danish 14C-Iaboratory (Tauber 1960, 1966, 
1 970) . They have recently been recalculated and corrected to 
B.e. dates by U. Rahbek, the Danish 14C-Iaboratory (Table 
1 ) .  (B.P. indicates 14C years before 1 950, B.C. is calibrated 
calendar year before Christ, and b.c. is uncalibrated 14C year 
before Christ. )  

The carbonate has multiple sources, a s  discussed above. 
Contamination by eros ion, reworking, and dissolution of 
earlier carbonate deposits due to lake-Ievel changes may 
result in an older 14C age of the sample than the actual age of 
deposition (cf. Olson 1986; Rasmussen 1994) . The reservoir 
effect was defined by Rasmussen ( 1 994) as the difference in 
14C content between two reservoirs, in this case between the 
atmosphere and the lake. 

The Preboreal and Boreal deposits from PL III and KS W 
show no or very few signs of bioturbation and are discon
tinuously laminated. In A 20 1 ,  however, thoroughly biotur
bated levels occur intercalated with finely laminated calcare
ous mud. The facies analysis and the stable-isotope data (Fig. 
1 5 )  indicate that the Flandrian lake was almost exdusively 
dominated by locally produced authigenic carbonate, in 
contrast to the Late Weichselian mixture of authigenic and 
allochtonous lake carbonate. The Flandrian lake basin, how
ever, still had a DIC reservoir containing small amounts of 
dissolved marine Cretaceous carbonates from the tills. The 
reworking of older shoreface sediments is likely to have 
affected littoral deposits more severely than profundal de-
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posits, as reworked material only rarely reached the deeper 
central parts of the basin. It is thus to be expected that the 
dates of the sediments in A 20 1 are younger and more reliable 
than the dates of correlative proximal deposits in profiles of 
KS E and PL Ill. Odgaard ( 1994) and B. Aaby (personal 
communication, 1 994) have all tried to calculate the reser
voir effect in east Danish lake basins. The results vary from 
140-300 years (Andersen 1994) to 300 years (Odgaard 
1994) .  

When the samples are submitted to  the 14C laboratories, 
an estimate of the 14C age is required. The term assumed age 
is here based on the sedimentological and geochemical de
velopment of the profiles correlated with palynologically 
dated sediment profil es from other areas in the Åmose basin 
(J ørgensen 1963, 1982) .  In case of PL III, lithostratigraphic 
correlation with the pollen-dated units in PL Il is applied to 
obtain an age estimate. Pollen datings are, however, at 
present only available for the Flandrian deposits. 

Dating of A 201 
The oldest sample inA20 1  at-3 .30 m is a gyttja. The assumed 
age is Allerød, and the 14C age is 1 1 ,880± 100 B.P., or 
9,930± 100 b.c. The b.c. age is used here to ease comparison 
with earlier dated site material. The assumed age, based on 
sediment data and geochemical data (Fig. 1 5 ) ,  and the 14C 
age may appear slightly old compared to the Allerød Chron
ozone as defined by Mangerud et al. ( 1974) but is in accor
dance with other B.P. 14C dates on terrestrial material. 

Sample A 20 1 from -2.70 m is a lump of water moss 
included as a clast in the sandy marker bed (bed 1 ) .  The 
assumed age is late Younger Dryas or Early Preboreal, and 
the 14C age is 1O,970±90 B.P., or 9,020±90 b.c. The 14C dating 
of the water moss places the sample in the Younger Dryas 
chronozone, in accordance with the oldest of the assumed 
ages. The younger, assumed Preboreal age is based on the 
known Preboreal age of the sediments ofbed 2 covering the 
transition layer. 

Sample A 20 1 at -2.60 m is a gytt ja sample from the base of 
bed 2. The assumed age is Late Preboreal, and the 14C age is 
9,200±90 B.P., or 7,250±90 b.c. The 14C dating and the 
assumed age are in good accordance, indicating that organic 
lake sediments are only preserved from the later part of the 
Preboreal period in A 20 1 .  

Sample A 20 1 at -1 .65 m is a gytt j a  o f  assumed Middle 
Atlantic age (top ofbed 3 ) .  The 14C age is 7,2 10±80 B.P. , or 
5,260±80 b.c. The assumed age and the 14C dating are in 
relatively good accordance. The 14C dating indicating a late 
Early Atlantic age is slightly older than the assumed Middle 
Atlantic age. 

The youngest sample, A 201 at -1 .20 m, is a water-moss 
sample (Fig. 2 1 ,  bed 5)  ofassumed Late Atlantic age. The 14C 
age is 6,040±80 B.P., or 4,090±80 b.c. The assumed age and 
the 14C dating differ with several hundred years. This reflects 
that either the assumed age is too young or that the 14C dating 
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is too old. Probably the assumed age is too young, but a 
lowering oflake level occurred at that time, and reworking of 
older deposits may thus have taken place. 

The three conventional l4C datings on A 20 1 samples from 
the 14C laboratory in Copenhagen, Denmark, are in very 
good accordance with the assumed ages given for the 
samples. 

Sample K-5875 is a calcareous clay gytt ja from -5. 1 0  m of 
assumed of Bølling age. The 14C dating is made on the 
organic matter after removal of carbonate. The 14C age is 
13 ,370± 155  B.P., or 1 1 ,420± 155 b.c. The assumed age and 
the 14C age are in good accordance when the sample size 
necessary to obtain sufficient organic material is considered. 

Sample K-5874 is a clay gytt ja from -3.60 m. The assumed 
age is Allerød, and the 14C age is 12,000± 130 B.P., or 
1 O,050± 130 b.c. Although the 14C age is slightly too old, the 
assumed age and the 14C age are in relatively good accor
dance when the necessary large sample size is considered. 
The accelerator dating of 1 1 ,880 B.P. (Ua 2424), the assumed 
Allerød age, and the conventional l4C dating (K-5874) of 
12 ,000 B.P. are almost identical. The 14C ages may, however, 
both have been affected by the hard-water effect and thus 
both be too old. 

Sample K-5873 is a calcareous gytt ja from just above the 
marker bed. The assumed age is Late Preboreal, and the 
absolute age is 9, 1 70± 100 B.P., or 7,220± 100 b.c. The as
sumed age and the 14C age are in good accordance, and the 
accelerator date of9,250±90 B.P. (Ua 2422) is almost identi
cal with the conventional 14C date on contemporaneous 
deposits (Fig. 2 1 ) .  

Dating of KS W 

The deepest sample, KS at -2 .00 m, is from a thick complete 
Unio sp. imbedded in the marker bed (bed 1 ) .  The assumed 
age is Early Preboreal, and the absolute age is 1O,740±90 B.P. , 
or 8,790±90 b.c. The assumed age and the 14C age differ 
significantly. The assumed age should have been estimated 
to either Younger Dryas or Preboreal, the same estimate as 
was given the water-moss sample A 201 at -2.70 m. The Unio 
shell and the water moss both occurred as clasts in the marker 
bed and are thus roughly contemporaneous with or older 
than the surrounding sediment. Both clasts are likely to have 
been redeposited from older sediments may be of Allerød 
age. In some of the Kongemose profiles the marker bed is 
resting directly on deposits from Allerød, and Younger Dryas 
deposits have been eroded away (U.W. Christensen, per
sonal communication, 1 994) .  

Sample KS  at -1 .60 m consists of an autochthonous reed 
leaf extracted from the base of the laminated characean algal 
gytt ja. The assumed age is Preboreal, and the absolute age is 
1 O, 1 80± 100 B.P., or 8,230± 100 b.c. , indicating a Younger 
Dryas and Preboreal age. The assumed age and the 14C age 
differ. The old 14C age may res ult from the reed plant using 
dissolved COz from the water as well as from the atmosphere. 
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Sample KS at -1 .00 m is from the uppermost layer of 
characean gytt ja below calcareous deep-water mud. The 
assumed age is Late Boreal or Early Atlantic, and the absolute 
age is 9,450± 100 B.P., or 7,500± 100 b.c. The assumed age 
and the 14C age differ considerably. This is probably due to 
contamination with older carbonate from the tills that were 
transported from the nearby Sandlyng Å into the lake. The 
assumed age is probably more reliable and in accordance 
with the evidence from pollen analysis of this profile (U.W. 
Christensen, personal communication, 1 994) . 

Dating of PL III 

The deepest sample (Ua 2292) ,  PL at -1 .60 m, is an assumed 
autochthonous reed leaf of assumed late Preboreal age. The 
sample is from the marker bed (Fig. 2 1 ) .  The 14C age is 
1O,330±90 B.P. , or 8,380±90 b.c. The assumed age and the 
14C age differ, but also in this case two assumed ages corre
sponding to Younger Dryas or Preboreal may be considered 
as in the case with the marker bed in A 20 l and B 404. As the 
leafin PL III used for dating has not been transported, the leaf 
is most likely oflate Younger Dryas age. The 14C dates may, 
however, be toa old owing to the reservoir effect. 

Sample Ua 2293, PL at -1 . 1 5  m, is from the top of the 
characean gytt ja. The assumed age is early Boreal, and the 
absolute age is 1 0,3 10±80 B.P., or 8,360±80 b.c. The differ
ence between the 14C age and the assumed age is marked. 
Comparingwith PL Il (Fig. 1 ) ,  it seems likely that the 14C age 
is toa old. Littoral intercalations are more common and 
thicker in pro file PL III than in A 20 1 ,  and contamination 
with redeposited older sediments is thus more likely in PL Ill. 

Sarnple Ua 2294, PL at -1 .05 m, is a calcite operculum ofa 
Bithynia sp. from the lowermost part of the fine homoge
neo us detritus gytt ja. The assumed age is Early Atlantic, and 
the absolute age is 9,670± 100 B.P. , or 7,720± b.c. The 14C age 
is much older than the assumed age and shows that carbon
ate shell material is highly affected by the reservoir effect. 

Discussion of 14e dates 

All 14C dates from the nearshore deposits, PL Ill, and KS W 
appear more or less toa old compared with the age indicated 
by pollen analysis of contemporaneous sediments in other 
Åmose profiles (Jørgensen 1963 and Fig. 2 herein) .  The 14C 
ages from A 201 appear, however, to fit the assumed ages 
better than those from KS and PL. All the dated clasts, 
whether water moss, bivalves, or reed leaves, from the 
marker bed in A 20 1 ,  PL Ill, and KS E indicate the same 
y ounger Dryas age. 

Pollen analysis shows that the onset of the preserved 
organic production in the deeper part of the lake was initi
ated at different, Mid to Late Preboreal, times (Jørgensen 
1963; Stockmarr 1966) ,  corresponding to an age of 7,500-
7,200 b.c. This fits remarkably well with the A 20 l dating at 
-2.60 m, whereas the 14C ages of the assumed correlative 
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stratigraphic level in PL III and KS E are at least 600-800 years 
older. The dated material in PL III is probably not of the 
Younger Dryas age as indicated by the 14C dating, because no 
record of continuous organic Y ounger Dryas-Preboreal 
sedimentation (9,000-8,000 b.c.) is known from other 
Åmose profiles or from other lacustrine successions on Sjæl
land. The clasts may, however, be of Allerød age. The abrupt 
change in stable-isotope values in A 20 l and PL III below and 
above the marker bed supports an Early Flandrian age for the 
onset of characean gytt ja deposition. The organic material, 
Unio shells and water moss, used for dating was most likely 
deposited in the early Preboreal lake, but it is actually pos
sible that such material was reworked from older, Late Alle
rød deposits. The marker bed probably represents a regres
sive event with initial erosion in previously deposited Late 
Weichselian or Early Flandrian sediments. The production 
of characean algae takes place in the littoral and sublittoral 
zones and depends on lake temperature, chemistry, and 
depth of light penetration. The ecological demands of the 
characean algae thus suggest that onset of characean lake 
carbonate sedimentation was roughly contemporaneous 
throughout the lake system. The 14C date of 9,250±90 B.P. 
for the onset of characean gytt ja deposition in A 20 1 corre
sponds well with the pollen zone IV dating of the onset of the 
same type of sedimentation in PL Il and in the Verup 
Complex (Jørgensen 1963 ) .  A number of forced regressions 
accompanied by erosion and reworking of older sediments 
probably occurred during Boreal and Atlantic times. Con
tarnination with older sediments is thus possible and may 
explain the old 14C ages in the more landward profiles. 

Key surfaces in A 20 l )  PL Il and PL III 

Sequence stratigraphy is  a way of looking at and ordering 
geological data rather than an end in itself. Sequence-strati
graphic analysis allows prediction of sediment type and 
place of deposition of successive systems tracts. An impor
tant aspect of sequence stratigraphy is that the principles 
can apply at any scale because they are the product of the 
interaction between sedimentation and accommodation 
(Posamentier et al. 1 992) .  Lakes may thus be considered 
small-scale analogues to oceans, and lake deposits may be 
interpreted within a sequence-stratigraphic framework 
(Dam & Surlyk 1993 ) .  

Key surfaces, including unconformities, are integral as
pects of sequence stratigraphy (Figs. 25-26) .  Key surfaces are 
defined as either regional erosional surfaces or regionally 
recognizable depositional interfaces that indicate major 
stratigraphic breaks during sedimentation (Weimer & 
Krystinik 199 1 ) .  An unconformity is in general terms de
fin ed as a substantial break or gap in the geological record 
where a thick unit is overlain by another that is not in 
stratigraphic succession (Gary et al. 1 974) .  



FOSSILS AND STRATA 37 ( 1 995) 

"'-- LAKE � SEA 

c l o s e d  bas ln  

TRUNDHOLM 

o 
STO R E  BÆLT 

VEDBÆK 

8 0 0 0  7 0 0 0  6 0 0 0  5 0 0 0  4 0 0 0  B.P .  

Fig. 23. Åmose lake-leve! changes compared with the partly contemporary-shore!ine displacement curve from Vedbæk (Christensen 1982a), Trundholm 
(Jacobsen 1982) ,  Bysjon (Digerfeldt 1988) ,  and Barseback (Morner 1 969), and the re!ative water-leve! changes in Storebælt (Mathiassen 1995) .  The vertical 
scale is valid for the Vedbæk curve only. 

Five or possibly six drowning surfaces (TS\-{j) are recog
nized in PL Il and A 201 (Fig. 26) . They are identified by 
sharp horizontal boundaries between littoral deposits below 
and deep-water, fine-grained gytt ja above. Three transgres
sive surfaces of erosion (Posamentier et al. 1992) termed 
TSEl-3 are also identified (Fig. 25) .  In profile PL Il they occur 
between beds 2 and 3, beds 4 and 5, and beds 6 and 7 (Figs. 2 1 ,  
26) . The transgressive erosional surfaces (TSE) seem land
ward to merge with the reworked corroded shoreface sand 
with bored and coated shells from the low-stand surface of 
eros ion (see below) . The overlying transgressive units consist 
of sediment types characteristic of the littoral and upper 
sublittoral zones with complete gastropod shells and drifted 
material. The lags are directly overlain by deep-water sedi
ments. The stratigraphic position and extremely good pres
ervation of paper-thin gastropod shells suggest deposition 
under rising lake level. 

Finally, three or four low-stand surfaces of erosion (LSE) 
are recognized below beds 1, 4, 7 and 9 in PL Il and are 
termed LSEl_3 and LSE4? (Figs. 2 1 ,  26) .  The LSE2-4 identified 
at the base of lags of sand and fragmented, corroded and 

coated shells reworked from the underlying shoreface sedi
ments. The LSEl may occur at the base of a pebbly lag in 
nearshore deposits. Their assumed correlative conformities 
can be traced into the more basinward deep profile A 20 1 ,  
where they appear as dark, humified, densely bioturbated 
horizons (Fig. 26) . The LSE fossil accumulations can be 
classified as type Il and the TSE as type III or IV of Kidwell & 
Aigner ( 1985) ,  Kidwell ( 199 1 ) ,  and Kidwell etal. ( 1 986) .  The 
LSE surfaces are interpreted as resulting from forced regres
sions (Plint 1988; Posamentier et al. 1 992; Dam & Surlyk 
1992, 1 993) .  LSEl is interpreted as an important local as well 
as a regional Scandinavian unconformity and represents a 
sequence boundary (SB) at the Younger Dryas - Preboreal 
boundary. It is interpreted to result from a rapid global 
climatic change. LSE2 at the Boreal-Atlantic transition is 
traceable in the entire Åmose basin but may also be traced 
over a wider region from Sjælland to Bysjon in Southern 
Sweden and in Storebælt and is interpreted as the result of 
rapid sea- and lake-leve! fall. LSE3 is clearly demarked in the 
Åmose basin but may also have a rather extensive regional 
distribution; further work is, however, needed to document 
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L1THOLOGY DEPOSITIONAL 
ENVI RON M E NT 
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f inely laminated ( sea-Ievel rise ) 

Lacustrine gyttja,  Major lake system 
laminated ( rising base-Ievel ) 

Coarse and f ine 
det ritus gytt ja 

Floodpla in 
peat 

Fine to medium-grained 
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detritus gytt ja Floodplain 
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laminated 

( Iow sea-leve! ) 
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fine-qrained sand 

fluvial channels 

Clay, silt and sand Prog lacial lakes laminated and varved 
Ti l l  G lacial 

Fig, 24, A generalized stratigraphy of the composite sequence from Storebælt across the central valley between -20 and -45 m below sea level (from 
Mathiassen 1995) ,  
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Fig. 25. Schematic cross section showing the evolution ofkey surfaces in a shallow marine setting. Modified from Posamentier et al. ( 1 992). The position of 
PL I, PL Ill, and A 201 is superimposed on the mode!. 

this. LSE3 is interpreted to result from a shortIasting fall in 
lake level. LSE4? can be traced in the entire basin, and the 
pollen destruetion curve shows a marked increase indicating 
subaerial depositional conditions. However, the overall pro
gradation of the rim of the lake makes it difficult to deter
mine whether the deposition of bed 9 is due to a normal 
regression or to a regression caused by a rapid fall in lake 
level. 

The type III and IV fossil concentrations may include both 
rapidly accumulated storm beds and more slowly accumu
lated basal lags resting on unconformities. 

Beds l and 2 (Fig. 2 1 )  consist of 10 cm pebbly sand, in 
nearshore profiles occasionally with drifted material, and in 
the more basinward profiles of 2-5 cm laminated fine sand 
and silt. The bed boundaries are sharp, and the beds are 

underlain by finely laminated silt and clay and overlain by 
fine detritus gytt ja. The lower boundary is erosional and 
cuts rather deeply into older deposits of Allerød age in some 
of the nearshore profiles and into deposits of Younger 
Dryas age in more basinal profiles. The coarse grain-size, 
grading, erosional base and intercalation in very fine
grained sediments deposited by suspension fallout suggest 
deposition by a high-density current, probably a turbidity 
current initiated from the front of one or more of the four 
deltas built into the lake. The turbidity currents may have 
been triggered by river tlood, a major storm or by a fall in 
lake level. 

Lowering of lake level is here considered responsible for 
initiating the turbidity currents bywhich coarse material was 
transported into the lake. A lowering oflake level would lead 
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to erosion of earlier fluviatile, delta top and littoral deposits 
and increase in the arnount of clastic material brought into 
the lake. In the more nearshore profiles the pebbly sand bed 
1-2 may even represent the actual beach swash zone with 
sticks and branches accumulated, as seen in PL Il. 

Beds 4 and 5-7 (Fig. 2 1 )  consist of broken, corroded 
mollusc shells, mainly gastropods with a little sand, and 
topped by complete, unworn gastropod shells together with 
more or less drifted material. These beds and their more 
basinal correlatives vary in thickness between 2 and 5 cm. 
They are intercalated in fine detritus gytt ja with sharp 
boundaries. The broken corroded shells deposited in irregu
lar patches with sand indicate current transport and concen
tration of empty shells, some of which are even coated with 
secondarily precipitated carbonate. The shell debris may 
represent littoral deposits, some of which were transported 
into the deeper part of the basin by wind-generated bottom 
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M . At.lL.At .  
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1 Sequence boundary 
Y D ./P. B .  

Fig. 26. Key surfaces and sequence boundaries in PL Il and A 20 l. Terms as 
defined in Fig. 25.  

currents, or by turbidity currents initiated by lowering of the 
lake level. The few occurrences of these deposits, and their 
position in the profiles at levels where there is evidence for 
changes in the lake vegetation and pollen destruction curves 
(Jørgensen 1 963; Stockmarr 1994) , support the hypothesis of 
a fall in lake level as a causal factor also for these beds. This 
also applies for bed 9. 

The thickness ofbeds l and 2 of 5-1 O cm is of the same size 
order as proximal-shelf storm sands (Johnson & Baldwin 
1986) and must thus be considered a very high thickness in a 
relatively small lake like the Åmose. 

The coarse grain size, the position of the beds at important 
facies boundaries, their rarity ( 1/ 1 ,000-2,000 years) ,  and the 
shielded and protected nature of the lake at bed 4, 5-7 times, 
surrounded as it was by thick forest (Jørgensen 1963, 1 982; 
Stockmarr 1 994) (Fig. 2)  makes a storm origin highly un
likely. 
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Fig. 27. Stratigraphic subdivision of the drilled core A 201 based on sedimentology and stable isotopes. The position of the transgressive phases is mainly based 
on stable isotopes. 

Forced and (normal' depositional 
regresslOns 

In the marine environment, 'normal' or depositional regres
sion occurs during sea-level stillstand or at relative sea-level 
rise, where the sediment flux delivered to the basin exceeds 
the amount of space added wherebyprogradation takes place 
(Plint 1 988; Posamentier et al. 1 992) .  A forced regression is, 
in contrast, independent of sediment influx. It occurs during 
relative sea-level fall. It is recognized as an abrupt seaward 
translation of shallow-water and shoreline facies into the 
basin above an unconformity surface (Plint 1 988; Posamen
tier et al. 1992) .  In the sedimentary succession it is rep re
sented by a small amount of anomalously coarser and more 
proximal sediments in a distal marine setting. The coarse 
sediments constitute a low-stand prograding wedge within 
the early low-stand systems tract and are typically detached 
from the previous shorelines (Fig. 25, time 2-4) .  The surface 
underlying the regressive deposit is sharp and commonly 
erosional proximally and more conformable basinward (Po
samentier et al. 1 992) .  The assumed positions of the Åmose 
profiles are superimposed on the model (Fig. 25) .  

Lacustrine successions can be expected to contain abun
dant evidence of forced regressions reflecting rapid, climati-

cally controlled lake-level fluctuations (Dam & Surlyk 1 992, 
1993; Surlyk et al. 1 993 ) .  The identification of a forced 
regression relies on a wide lateral distribution of shoreface 
sediments and on the presenee of an erosional surface over
lain by deltaie or shoreface low-stand deposits of wide lateral 
extent, eneased in deep-water sediments and detached from 
the immediately preceding depositional systems. The ero
sional surface forms by storm-wave and current action in 
front of the prograding coastline during lake-level fall. 

The relatively minor importance of waves and storms in 
lakes compared to marine environments mayto some extent 
prevent the development of the basal erosion surface (Dam 
& Surlyk 1993) .  Lacustrine forced regressions are accord
ingly expected to be difficult to recognize, although rapid 

Fig. 28 (opposite page) .  DA. Position of lake margins, water courses, and 
open water areas based on archaeological finds from the Late Boreal, 
Atlantic, and Early Subboreal periods. DB. Distribution of coarse dented 
bone points, MagIemose culture. OC Fine dented barbed points, MagIe
mose culture. OD. Flint-enforced bone points, MagIemose culture. DE. 

Dark circles: sites placed on clastic deposits; open circles: sites placed on 
peat. OF. Sites from the MagIemose culture. OG. Distribution of oblique 
arrowheads, Kongemose culture. OH. Ertebølle sites. DI. Neolithic sites. 
(Modified from Andersen 1983.)  
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lake-Ievel fall may initiate turbidity currents from delta 
fronts and lake slopes. Erosional surfaces and prograding 
shoreface deposition will normally only appear as subtle 
changes in sediment type in a low-energy, almost non -clastic 
system such as the Åmose lacustrine basin. 

In the Åmose basin three or four cases of forced regres
sions are recognized on the basis of data from the Præstelyng 
profiles Il and Ill, and the A 20 l profile (Figs. 1 1-13 ,  26) .  

The first and oldest forced regression, topp ed by LSE] ,  is 
represented by the marker bed separating the Late Weich
selian and Flandrian deposits (Fig. 2 1 ,  bed l ) .  The base of the 
layer is a sharp, erosional surface, which can be traced all over 
the basin truncating deposits from the Younger Dryas. The 
unconformity is in the nearshore profiles, PL I and III over
lain by coarse, normally graded, clastic sediment layer over
lain by fragments ofbranches and sticks. The clastic marker 
bed is finer grained in profile PL Il, which is from a slightly 
deeper part of the basin than PL I, overlain by a shoreline 
deposit of coarse drifted gytt ja (Facies 10) .  In all the three PL 
profiles, the KS profiles and the A 20 l and B 404 profiles the 
marker bed overlies and is overlain by fine-grained sedi
ments. In the deep-water profile A 20 1 the marker bed is 
represented by a thin layer of fine- to medium-grained sand, 
and in B 404 it appears as a succession of alternating sand and 
silt laminae in a 3-8 cm thick bed, resting on an erosional 
surface. Sediments from the late Younger Dryas and early 
Preboreal periods are missing. 

The coarse shoreline, shoreface, and associated turbidity
current deposits that occur throughout the Åmose basin are 
interpreted as deposited during rapid basinward pro
gradation of shoreface sediments under a forced regression 
caused by tapping of the lake due to change of the outlet from 
the Åmose lake to a lower leveI. A contemporaneous regres
sive erosional phase can be recognized in the the pollen 
diagrams presented for the Holmegårds Mose lake basin 
(Andersen et al. 1983) and for the lake Grænge Mose (Kol
strup & Buchardt 1 982) .  

The time of deposition of beds l and 2 (Fig. 2 1 )  also 
corresponds to a period with very low relative sea level in 
Kattegat, where peat and flood-plain deposits were formed at 
-36 to -30 m below present-day sea level in the Storebælt 
region (Fig. 24) (D. Rørbæk-Mathiassen, personal commu
nication, 1992) .  The Baltic Sea had its outlet through the 
Storebælt and 0resund rivers, but at the transition between 
Younger Dryas and Preboreal time a 'catastrophic' tapping 
of the Baltic ice lake across southern Sweden into Kattegat 
occurred, and the water level in the Baltic basin was drasti
cally lowered (Bjorck et al. 1 988) .  The tapping of the Åmose 
basin and the Baltie basin occurred at the same time and was 
probably a result of the rap id climatic amelioration, ice 
retreat, and downmelting of residual dead ice at the onset of 
Preboreal time. This annual temperature rise of 5°-7° from 
y ounger Dryas to Preboreal time is interpreted to have taken 
place within 30-50 years (Taylor et al. 1993) .  Widespread 
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down mel ting of the ice-dammed lakes and rearrangement of 
the drainage systems occurred during this period. 

The second forced regression at the transition between 
pollen zones V and VI is represented by beds 4 and 5, 
overlying LSE2 in PL Il (Fig. 2 1 ) .  Bed 4 is a gastropod-sand
and-silt layer (Facies 8B) .  It was formed by erosion of bed 3,  
which consists of an assemblage of unbroken gastropods of 
small individuals. Bed 4 consists of redeposited broken 
gastropod shells together with other littoral deposits from 
the rim of the lake. The correlative bed in profile PL I is a pure 
clastic sand layer varying in thickness between 2 and 5 cm 
and with a sharp boundaryto the under- and overlying beds. 
The broken, coated gastropods in bed 4 (PL Il) together with 
small amounts of clastic material and abundance of drifted 
twigs and leaves indicate deposition in an upper-shoreface 
and shoreline environment. Bed 5 is a drifted gytt ja, 2-4 cm 
thick (Facies 10) ,  that passes basinward into sandy fine 
detritus gytt ja, 2 cm thick (e.g., in PL Ill ) .  The layer has sharp 
boundaries to both bed 4 and 6. Drifted gytt ja is a shoreline 
and upper shoreface deposit. Bed 4 was thus formed by 
erosion and redeposition of littoral sediments followed by 
deposition of upper-shoreface material (Bed 5) reworked in 
front of a prograding shoreline. In PL III the forced regres
sion is marked by a bed of mollusc shell sand, 2-3 cm thick, 
with a sharp erosional base. The upper-shoreface sand de
posits were subsequently bioturbated (Fig. 1 7  A-B) .  

The hiatus between the top of  the Boreal fine-grained 
calcareous laminated mud and the sharp-based overlying 
Atlantic fine detritus gytt ja covers some hundred years. Sedi
ments from the late part of the Boreal zone Vb are partly 
missing in the PL profile Il (Stockmarr 1 966) .  The erosion 
thus predated deposition of the shoreface shell sand (Bed 4) 
and drifted gytt ja deposits (Bed 5) with a certain period of 
time. The interpreted correlative level of erosion in A 20 1 
occurs at -1 .  70 m in bed 3. It is marked by a slight increase in 
clastic material in the otherwise organic-dominated sedi
ment (Figs. 1 5, 2 1 ) . This subtle change appears at the top of 
a clearly defined bioturbated level suggesting a possibly slight 
lowering of lake leveI. The fall in lake level and increase in 
basinward translation of shoreface sediments can be recog
nized in several lacustrine basins from this period, e.g., 
Arresø (N.-B. Jensen & T. Fronval, personal communica
tion, 1 992) and Holmegårds Mose (Andersen et al. 1 983 ) .  

This Late Boreal hiatus further coincides with a period of 
low relative sea leveI. Denmark was at that time part of a 
North European landmass together with England. Terres
trial peat and flood -plain deposits from this period are found 
at -45 to -40 m in the Storebælt area (Fig. 24) .  In the Baltie, 
the freshwater Ancylus Lake was formed with an outlet 
through Storebælt, which was then a major river. 

The third forced regression occurred in the middle of the 
Late Atlantic zone VII in PL Il (Fig. 2 1 ,  bed 7) .  Bed 7 consists 
of a mixture of broken and complete freshwater molluscs 
with only minor clastic and drifted material (Facies 8B) .  The 
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formation of the gastropod layer, however, had a complex 
history, as discussed under the facies analysis. During a 
forced regression erosion may take place basinward of the 
prograding shoreface. This results in reworking of sublittoral 
gastropod accumulations and gytt ja deposits and basinward 
redeposition. The gastropod bed 7 is 5-10  cm thick and is 
sharply separated from both bed 6 and the overlying bed 8. 
The correlative bed in other profiles, e .g . ,  PL I is more clastic 
dominated. Bed 7 is topped by a drifted gytt ja with variable 
amounts oflarger plant remains. The upper layer consists of 
nearshore deposits combined with material from lower part 
of the submerged vegetation zone and is encased in deep
water sediments. Bed 7 is therefore interpreted to represent a 
regressive succession caused by a rapid lake-Ievel lowering 
resulting in a basinward progradation of the shoreface. It is 
topp ed by a transgressive flooding surface with reworked 
drifted upper shoreline and littoral material. The pollen 
analyses do not indicate the length of the hiatuses between 
bed 6 and 7, the latter dated to the early part of zone VII 
(Stockmarr 1 966, 1994) .  The drop in lake level was probably 
shortlasting. 

The possible fourth forced regression occurred immedi
ately before the boundary between zone VII and VIII in PL Il 
(Fig. 2 1 ,  bed 9, facies 10 ) .  It is represented by erosionally 
based (LSE4?) thick upper-shoreface deposits, overlying 
deeper-water gytt ja. The fine detritus gytt ja contains a httle 
drifted material, but is markedly different from the littoral 
deposits of coarse drifted material, sand and humified gytt ja. 
A similar change in facies can be traced throughout the basin. 
In profile A 20 1 it is probably contemporaneous with the 
pure gastropod layer (Bed 7) .  The fourth regressive succes
sion is in profile PL Il abruptly overlain by deep-water gytt ja. 
The hiatus at the base of the beds probably covers onlya short 
span of time. 

The fifth regressive unit in profile PL Il seems to represent 
a 'normal' regression with a gradual prograding upper sub
littoral and littoral zone. The overlying deposits of terrestrial 
peat, which in some profiles (e.g., PL Il) is topped by limnic 
gytt ja (Bed 14) indicate a renewed lake-Ievel rise. These are 
the youngest preserved lake deposits in the Åmose study 
area. 

The sharp base, wide distribution and sheetlike geometry 
of the progradational shoreface units reflects very rapid 
basinward transition of the shoreline. The interbedding of 
these deposits with deep-water sediments, and the presence 
of a basal erosional surface demonstrated in three cases, 
strongly suggest that these sandy or coarse-grained organic 
sediments were deposited under a forced regression caused 
by fall in lake level. 

Similar Holocene lake-Ievel fluctuations in lake Bysjon in 
Sweden are interpreted as resulting from climatic changes 
(Digerfeldt 1 988) .  Here significant lowering oflake level took 
place at 7,500-7,200 B.C., around 4,800-4,500 B.C., and at 
2,900-2,600 B.C. (Fig. 23) .  The overall pattern of the lake
level fluctuations in Bysjon can also be recognized in the 
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Åmose lake and may thus reflect the interplay between 
precipitation and evaporation. Nothing in the pollen record 
indicates, however, rapid and shortlasting changes of climate 
on Sjælland during the Atlantic period. The rapid changes of 
lake level in the Åmose basin suggest a driving force in 
addition to local climate, such as rapid changes in base level 
induced by contemporary relative sea-Ievel changes (see 
later) .  

Systems tracts 

Sequence stratigraphy is defined as the study of rock rela
tionships within a chronostratigraphic framework of repeti
tive, genetically related strata bounded by surfaces of erosion 
or non-deposition, or their correlative conformities (Van 
Wagoner et al. 1 988) .  Depositional sequences are the funda
mental mapping units in sequence stratigraphy. A sequence 
is defined as a relative conformable succession of genetically 
related strata bounded at its top and base by unconformities 
(Mitchum 1 977) .  

It is possible to divide the Åmose lake sediments into four 
depositional sequences separated by significant uncon
formities, one of Late Weichselian and three of Flandrian 
age. Based on profile PL Il, a sequence is interpreted as 
consisting of thin, littoral, low-stand progradational depos
its and fine-grained transgressive and high-stand deep-water 
deposits separated by low-stand surfaces of erosion. At PL Il 
at least three sequences can be recognized in the Flandrian 
section. The correlative units in profile A 20 1 consist of 
coarsening-upward deep-water high-stand transgressive 
profundal deposits. Whereas the low-stand system is only 
represented by a distinct correlative surface level of dense 
bioturbation. In A 20 1 three Flandrian sequences of alternat
ing transgressive and high-stand deposits separated by low
stand surfaces can be detected. The PL Il regressive low-stand 
deposits thus seem to correlate with intensely bioturbated 
levels in deep-water sediments in A 20 1 (Fig. 26) .  The trans
gressive and high-stand systems in PL IlA is represented by a 
lag and a fining-upward detritus gytt ja abruptly overlain by 
coarser shoreface sediments of the next sequence. The cor
relative unit in A 201 consists of transgressive, organic-rich, 
deep-water deposits with upwards increasing carbonate 
content in the high-stand deposits (Figs. 25-26) .  

Low-stand systems traet 

The coarse-grained sediments deposited between the un
conformities (Fig. 26) and the transgressive surfaces are 
interpreted as low-stand systems tracts. In the nearshore 
profiles the LSE and TSE surfaces tend to merge. Most of the 
littoral sediments eroded in the upper shoreface and littoral 
zone during lake-Ievel fall were redeposited in a more 
basinward position, either as new shoreface sediments or 
even further out in the deeper basin by turbidity currents. 
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Some of the sandy intercalations in N 200 (Fig. 14) may have 
that origin. Some of the Late Weichselian water-moss depos
its in the deep S 700 (Fig. 14) may represent sediments 
redeposited from the lower part of the littoral zone. In the 
nearshore PL profiles very little, if anything, is preserved of 
the low-stand systems tract. In the deeper profile, such as A 
20 1 and B 404, thin sand deposits mixed with strongly 
bioturbated gytt ja probably correspond to the unconformi
ties observed at the base of the low-stand systems tract in the 
nearshore profiles. In the PL nearshore profiles the sand and 
patchy littoral sediments of corroded gastropods are inter
preted as an erosionai lag. Some of the littoral sand layers, 
with drifted material and complete gastropod shells, are 
interpreted as lags corresponding to the transgressive surface 
of erosion, which merges with the flooding surface. 

Transgressive systems tract 

The transgressive systems tract includes the sediments be
tween the top of the low-stand surface or transgressive sur
face of erosion (TSE) and the maximum flooding surface 
(MFS) .  

It  is, however, difficult to identify a maximum flooding 
surface in the lake successions. In the conceptual models of 
Posamentier et al. ( 1 988) the maximum flooding surface is 
recorded as a condensed section characterized by increase in 
density of pelagic fossils due to decrease in sediment input. In 
the sediments of the Åmose basin, absolute pollen counts 
have not been published, and pollen density curves thus 
cannot be used to recognize the maximum flooding surface. 
The curve of organic matter content may be useful in local
izing the maximum flooding surfaces. Periods of high or
ganic input and production and reduced rate of decomposi
tion would be expected to coineide with the time of 
maximum flooding. The peaks in the organic matter curve 
expressed by TOC and contemporaryvery low 013Corg values 
should thus more or less correspond to the maximum flood
ing levels. If this is true, the first maximum flooding occurred 
at the beginning of zone IV at the top ofbed 2 in A 20 1 and 
at the top of bed 3 in PL Il (Fig. 2 1 ) .  The next maximum 
flooding surfaces are in the upper part ofbed 3 in A 20 1 and 
in the upper part ofbed 6 in PL Il, early zone VII. The third 
level of maximum flooding is in A 20 1 within the lower third 
of bed 4, and in PL Il it occurs in the middle of zone VII, 
within bed 8. A high con tent of organic matter also occurs in 
the upper part ofbed 4 and in the lower part ofbed 6 in A 20 1 
separated by the regressive deposit ofbed 5. The last peak in 
the curve of organic matter in A 20 1 is in bed 8, which 
probably corresponds to the Early Subboreal bed 10 in PL Il. 
High peaks of organic matter content is thus likely to coin
eide with maximum flooding and mark the transition be
tween transgressive and high -stand systems tracts, indicating 
the end ofhigh rate of lake-level rise. 

FOSSILS AND STRATA 37 ( 1 995) 

High-stand systems tract 

The high-stand systems tract is ideally represented by fine 
detritus gytt ja coarsening upward into coarse detritus gytt ja. 
Many of the Åmose high-stand systems tracts end abruptly 
with an erosional surface and a sharp transition to low-stand 
sediments. In profile A 20 1 ,  from the profundal zone, the 
high-stand systems tract is marked by an increase in carbon
ate and a relative decrease in organic matter (Fig. 1 5 ) .  

A relative lake-level curve for the 
Amose basin 

The recent development of the sequence stratigraphic con
cept has led to an increasing tendency to include allocyclic 
proeesses to explain continental stratigraphy. The initial 
efforts to extend the sequence stratigraphic concepts to con
tinental strata were focused on fluviatile deposits in direct 
contact with contemporaneous marine deposits (e.g., Shan
ley & McCabe 1 99 1 ) .  Flume experiments on the effects of 
rate ofbase-Ievel fluctuations have also proved useful in the 
interpretation of the sediment response to lake-Ievel changes 
(Wood et al. 1993 ) .  

The Åmose lacustrine sediments are subdivided into se
quences, commonly interpreted as depositional units in 
which the patterns of sediment deposition, preservation and 
erosion are argued to be driven by changes in base level (cf. 
Van Wagoner et al. 1 990; Mitchum & Van Wagoner 1 99 1 ) .  
Sequence boundaries represented by unconformities or 
their correlative conformities are in general a res ult of rapid 
increase in the rate ofbase-level fall. The effect ofbase-Ievel 
changes on fluvial and lacustrine systems has been discussed 
recently by Shanley & McCabe ( 1 99 1 ) ,  Dam & Surlyk ( 1 993) 
and Surlyk et al. ( 1993, 1 995) ,  and on coastal plains byWood 
et al. ( 1 993) .  Base level is defined as the theoretical limit or 
lowest level towards which erosion of the earth surface con
stantly progresses but seldom reaches, especially the level 
below which a stream cannot erode its bed. The general and 
ultimate base level for the land surface is sea level, but 
temporary base levels may exist locally (Gary et al. 1 974) .  
The main conclusion i s  that the effects ofbase-Ievel changes 
are important mainly in the lower reaches of many river 
systems. In the case of the Mississippi River, the effect of 
base-level changes is traced less than 220 km inland of the 
coastline. Shanley & McCabe ( 1 99 1 )  suggested that the term 
'base leve!' was used in place of relative sea level in discus
sions of non-marine stratigraphy. They argued that erosion 
and deposition of continental strata must conceptually in
corporate the effects of numerous base levels, such as lake 
levels, levels of trunk drainage systems, the position of 
nickpoints within the fluvial system, the position of ground-
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water tables, and finally relative sea level. Relative sea level is 
a special type ofbase level. In nearshore depositional systems 
base level and relative sea level are synonymous (Shanley & 
McCabe 1 99 1 ;  Posamentier & Vail 1988) .  

The Åmose lake is part of the Åmose river system and is 
situated within the lower reach of the river, less than 20 km 
from the present coastline. The base line of the river, the 
groundwater levet, and thus the lake level are likely to have 
been affected by relative sea-level changes, at least during the 
rapid Atlantic and early Subboreal Littorina transgressions, 
but probablyalso earlier. As rate of change in relative sea level 
controls aggradation and/or degradation in the lower 
reaches of tluvial systems, changes in base level of connected 
open lake systems may also be expected. 

Significant base-level lowering will rejuvenate the tluvial 
drainage system and eventually increase sediment delivery 
to lake basins dissected by the river and to the inner shelf 
environment. The immediate increase in sediment supply 
is commonly followed by an exponential decrease in sedi
ment delivery, characterized by extreme variability as sedi
ments are alternately stored and tlushed from the channel 
system (Shanley & McCabe 1 99 1 ) .  These conclusions are 
corroborated by the tlume experiments of Wood et al. 
( 1 993) .  It is very important to note that only very little 
clastic material was available in and around the Flandrian 
Åmose lake system. As a result, shoreface deposits include 
only small amounts of sand, whereas drifted organic mac
roscopic material and molluscs, especially gastropod shells, 
either complete or broken, are common in nearshore 
deposits. 

During rapid base-level rise, significant fluvial aggrada
tion does not seem to occur until rate of rise decreases, 
allowing the fluviatile system to readjust to grade as the 
stream profile is translated in a basinward direction. Ex
amples of almost contemporaneous fluvial aggradation 
with base-level rise are, however, reported from areas with a 
more slowly rising base level (Allen & Posamentier 199 1 ) .  In 
the case of the Åmose lake, lowering of base level would 
cause reworking of fluvial, littoral and deltaic deposits fol
lowed by little or no deposition. A relatively rapid rise in 
base level would result in highly organic deep-water sedi
mentation, condensed sections, and onlap of deep-water 
gytt ja on littoral deposits. 

A relative lake-level curve corresponding to a local base
level curve is constructed for the Åmose lake on the basis of 
these concepts and the interpretation of vertical sedimento
logical and geochemical changes in depositional environ
ments in PL Il and A 20 1 (Fig. 22) .  The curve shows a 
relatively long-term rise punctuated by short-term falls. A 
certain time lag may have existed between the time of relative 
sea-level or base-level change at the coast and the time at 
which the fluvial system and low-lying near-coast lake re
sponded to that change. 
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Relative Atlantic and early Subboreal 
sea-Ievel changes around Sjælland 

The lacustrine Åmose basin dissected by the river Åmose Å 
offers a unique opportunity to link the relative sea-level 
changes in Kattegat, and especially Storebælt, with the con
temporaneous base-Ievel changes of the open lacustrine 
Åmose basin. The relative sea -level changes are characterized 
by their associated beach displacements on the east coast of 
Sjælland (Christensen 1 982a) , as well as beach displacements 
in Saltbæk Vig (Fig. 6) The present-day lake level is at 24 m 
above mean sea level, and the lake is situated only 10-20 km 
from the coast. The time correlations between lake-Ievel 
changes and relative sea -level changes are obtained by means 
Of14C dating, pollen analysis, and archaeological chronology 
(Fig. 23) .  The good correlation between postglacial relative 
sea-Ievel and Åmose lake-Ievel changes is remarkable (Fig. 
23) .  It is thus tempting to assume that lake-Ievel changes in 
the Åmose basin have a distinct causal relation with the sea
level tluctuations of the Littorina transgressions. The inter
dependence between sea level, base level, and Åmose lake
level changes may be documented by contemporaneous 
changes in geographical position of contemporaneous ar
chaeological shore-attached sites in both systems. 

The relative sea-Ievel curve for the Atlantic and Subboreal 
time is based on beach-displacement curves from Vedbæk 
(Christensen 1982a, b, 1993) and Trundholm Mose, a 
former fjord (Jacobsen 1982) ,  as well as unpublished seismic 
data from Storebælt (D. Rørbæk -Mathiassen, personal com
munication, 1 99 1 )  (Fig. 23) .  

The sea-Ievel curve from Vedbæk (Christensen 1982a, 
1993, 1994) and the lake-level curve from the Åmose basin 
have a strikingly similar shape (Fig. 23) .  The period with high 
lake level in the Åmose basin corresponds to a time with high 
rate of rise of relative sea levet, and lake-level falls correspond 
to relative sea -level falls. The contemporaneity of the changes 
in the two settings is demonstrated by 14C dating of coastal as 
well as inland settlements. 

After the Weichselian glacial period Denmark was part of 
a large northwestern land mass, and the coastlines were 
situated far west of England and to the north in Kattegat. The 
Boreal-Early Atlantic Magiemose culture is thus in Den
mark represented by inland sites. Cultural remains from that 
period is at present found on the Dogger Bank fishing 
grounds in the North Sea. The sea-level rise after the last 
glaciation seems to have taken place as two events of very 
rapid rises with maximum rates of rise from 14,000 to 12 ,000 
B.P. and from 10,000 to 7,000 B.P. (Fairbanks 1989) .  

The onset of very rapid rise in relative sea level took place 
shortly after 7,600 B.P. in Danish waters, as seen in sediment 
cores from the Storebælt (Christensen 1993 ) .  The rapid rise 
of sea level took place over 600 years, and the relative rise may 
have reached 5 m per 100 years in Denmark, as suggested by 
Petersen ( 1 98 1 ) ,  compared to the eustatic rise of about 2 .5 m 
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per 100 years in the mwp-1A (melt-water period- 1A; Fair
banks 1989) .  The rise was in northeastern Denmark counter
balanced by the isostatic uplift of the formerly depressed land 
areas. In northeast Sjælland the beach lines from the highest 
level of the Littorina transgressions occur about 5 m above 
present-day sea level (Christensen 1982a) . Storebælt and 
Lillebælt were transgressed by the sea during Early Atlantic 
times, where the marine connections between Kattegat and 
the Baltic Sea were established. The major eustatic rise in sea 
level was driven by the melting of the ice caps, in particular 
the collapse and downmelting of the American ice shield 
(Tooley 1989) .  The increase in melting rate was partly due to 
rise in average annual temperature, the summer temperature 
be ing 2°C higher than today (Christensen 1982b) .  

The land area of Denmark was strongly reduced at the 
onset of the Atlantic sea-level rise, whereas the length of the 
coastline was extended by several hundred kilometers, and 
Denmark including Sjælland got almost its present-day 
outline. 

The onset of the Littorina transgression is reflected by the 
raised beach lines in the northern and eastern part of Den
mark from about 7,300 B.P. The rapid melting of the ice cap 
resulted in a fast but apparently stepwise relative sea-level 
rise. The rise occurred at more or less the same time in 
southern Sweden and Denmark (Christensen 1982a; Jacob
sen 1982; Morner 1969, 1976) .  The rapid stepwise rise has for 
the southern hemisphere been suggested to involve fluctua
tions in the volume of marine ice sheets (Anderson & Tho
mas 199 1 ) .  The first step ofthis model includes a continuous 
eustatic rise in sea level caused by melting of the terrestrial ice 
sheets. The eustatic rise occasionally resulted in spasmodic 
deterioration of marine ice sheets by their decoupling from 
the sea bottom. This increased the rate of formation of 
icebergs and thus rapid melting of the marine ice sheet. 
Anderson & Thomas ( 1 99 1 )  calculated that it resulted in a 
high-frequency ( 100-1 ,000 years) low-amplitude rise in sea 
level (less than 10 m) .  The regressive phases recorded in all 
Danish beach-displacement curves (Christensen 1994) 
probably reflects the ongoing isostatic rebound, which was 
most pronounced in northwest Denmark (Mertz 1924). The 
interplay between the rates of eustatic rise and rates of 
isostatic uplift thus resulted in a series of transgressive and 
regressive successions. 

Four separated Littorina transgressions during the Atlan
tic and early Subboreal periods have been demonstrated in 
Denmark for Søborg Sø and Ordrup Mose, northeast Sjæl
land (Iversen 1937) .  

The beach-displacement curve from the Vedbæk fjord 
area is based on the position with respect to the shoreline of 
archaeological sites ranging in age from 5,500 to 2,500 b.c. 
(Christensen 1982a, 1993, 1994; Price & Brinch-Petersen 
1987a, b) (Fig. 23) .  Five separate cultural phases have been 
related to a specific position of sea level marked by fossil 
beach ridges containing site material such as wood, flint, and 
bones. The migration of the beach line through time was 
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furthermore determined by separating marine from terres
trial deposits of worked material from the same site. The 
position of the beach line was determined sedimentologi
cally as the line between high-energy beach deposits and 
quieter, more deeper-water deposits. The 14C dates of the 
cultural material from contemporaneous beach ridges indi
cate when the sea had risen to that specific position. 

The beach displacement curve from Vedbæk fjord shows 
that sea level 5,300 b.c. was below present-day sea level. The 
very steep rise from 5,300 b.c. to 4,400 b.c. represents the later 
part of the period during which Kattegat became connected 
with the freshwater Ancylus Lake of the Baltic, through 
0resund (Fig. 23) .  A short decrease in rate of relative sea
level rise occurred around 5,000 b.c. ,  and reached the 
present-day + l m above sea level. The rate of relative sea
level rise then accelerated until the sea level reached +4. 10 m 
at 4,300 b.c. At that time a decrease in rate of sea-level rise 
occurred, and a short regressive phase took place. The con
temporaneous sites are found at + 3 .55 m at 4 ,100 b.c. . At the 
next phase ofhigh rate of sea-level rise the present-day +4.9 
m was reached at 3,580 b.c. . After this transgressive maxi
mum a relative fall in sea level took place, indicated by the 
position of sites at around +3.90 m at 3 , 100 b.c. The onset of 
the last phase of high rate of relative sea-level rise is marked 
by site deposits at +4.40 m. These are dated to around 2,500 
b.c., the same period as was suggested by Iversen ( 194 1 )  to 
coincide with the onset of the land occupation in earlypollen 
zone VIII. 

The time of habitation of the four sites from the Åmose 
basin (Ulkestruplyng 6,200 b.c., Kongemose 5,600 b.c., 
Præstelyng 3 , 100 b.c., Muldbjerg I 2,900 b.c.) is indicated on 
the relative sea -level curve constructed for Vedbæk by Chris
tensen ( 1 982a) (Fig. 23) .  The time of habitation of Ulke
struplyng occurs at a time when sea level was markedly below 
present -day O m level. The Kongemose site was inhabited 
during a short stop in the high rate of sea-Ievel rise of the 
Littorina transgression. 

The habitation ofPræstelyng falls in a period with decreas
ing rate of sea-Ievel rise between the Late Atlantic and the 
Subboreal transgressive phases. The rate of sea-Ievel rise was 
reduced, and the highest postglacial sea-Ievel stand was al
most reached. The habitation period of Muldbjerg I corre
sponds to the low-stand period before the last rise in relative 
sea level. The time of habitation of the Åmose sites thus 
seems to correspond with periods of decrease in rate of 
relative sea -level rise. 

A schematic sediment profile from the strait ofStorebælt is 
based on data compiled from several east-west-oriented 
seismic sections (Fig. 24) . The interpretation of the seismic 
profiles was undertaken by D.R. Mathiassen (personal com
munication, 1992) .  

Late Weichselian and early Flandrian base level changes in 
Storebælt seem to coincide with base level changes in the 
Åmose basin. Glaciofluvial gravel and sand dominate below 
about -56 m, but lacustrine deposits already appear at -45 m 
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at the end of Younger Dryas (Fig. 24) . Gytt ja and peat 
deposition alternated during the Preboreal period, indicat
ing changing base level on the floodplain of the Storebælt 
river. Onset of the rise in base level, reflected in the Storebælt 
cores, is recorded as shift from Preboreal terrestrial peat to 
Boreal calcareous gytt ja and day and was dated to 
7, 1 10± 120 b.c. The gytt ja gradually passed into a terrestrial 
peat at the end of the period. The base level continued to rise, 
with a possible stillstand at the end of zone V at the transition 
to the Early Atlantic zone VI, where the gytt ja becomes more 
peaty (5,7 10± 1 50 b.c.) (Krog 1979) . The peat was trans
gressed by brackish water at the onset of the Early Atlantic 
period at 6,000 b.c. The onset of the Atlantic marine Litto
rina transgression is represented by a marine flooding sur
face on top of a subaerially exposed and eroded terrestrial 
peat with true soil formation. Fully marine sediments and 
faunas occur at about -40 m. The marine transgression 
started with a gradual change of sediment and diatom com
position. The transition layer was dated to 5,980± 120 b.c. 
The change from brackish to fully marine conditions took 
place over about 1 ,000 years during the Early Atlantic pe
riod, a time interval ofvery rapid relative sea-Ievel rise (Krog 
1979; Petersen 1 98 1 ) .  This is in agreement with data from 
Winn ( 1 974) ,  Winn et al. ( 1 986) ,  Mikkelsen ( 1 949) and 
Morner ( 1 969), all reporting a rapid sea-Ievel rise accompa
nied by transgression during the Early Atlantic period (zone 
VI) and a slowing of sea-Ievel rise in the late Late Atlantic 
and Early Subboreal times. 

Full connection between Kattegat and the Baltic Sea was 
probably not established before early pollen zone VI. The 
sea-Ievel rise and marine transgression in the 0resund re
gion, however, already started in the Boreal zone V (Krog 
1979) .  Thus the seismic and sedimentological data of D. 
Rørbæk-Mathiassen (pers. comm. 1994) from Storebælt 
and pollen data of Krog ( 1 960, 1965a, b, 1972, 1979) from 
0resund and Storebælt show a similar development in the 
sedimentary succession, timing of changes of base level, and 
onset of marine transgression. 

Discussion of the correlation between relative 
sea-Ievel rise and lake-Ievel rise in Amose 

The lake level in the open Åmose lake system appears to 
show an almost immediate response to changes in relative 
sea level. The Early Atlantic rapid marine transgression in 
Storebælt coincides with a contemporaneous transgressive 
system of highly organic deep-water fine detritus gytt ja in 
zone VI, the onset of which is marked by a transgressive 
surface (Fig. 26) . The succeeding deep-water fine calcareous 
detritus gytt ja of zone VII in the central parts of the Åmose 
lake is correlated with fully marine sediment deposited dur
ing high sea level in Storebælt. Decrease in rate of relative 
sea-Ievel rise in zone VII corresponding with a seaward 
marine shoreline displacement seems to correspond to a 
shortlasting fall in lake level. 
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The high water level in the Åmose basin during the Atlan
tic period is thus assumed mainly to be a result of the high 
rate of the relative sea-Ievel rise which resulted in base-Ievel 
and ground-water-level rise. It has been suggested that the 
observed lake-Ievel changes of the Åmose basin had dimatic 
causes (Jørgensen 1963 ) .  Pollen diagrams indicate an in
crease in limnophytic pollen and in Pediastrum during the 
Early Atlantic Zone VI (Jørgensen 1963 ) .  This evidence, 
however, only indicates a rise in lake level. Climate may have 
added to the pattern already induced by changes in sea level, 
but there is no evidence for the occurrence of the necessary 
increase in precipitation sufficient to cause lake-Ievel fluc
tuations of many meters in an open lake system during the 
Atlantic period. The dimate, however, did seem to become 
more humid during the Atlantic period according to the 
Blytt-Sernander hypothesis on Flandrian dimatic evolution 
(Sernander 1 908; Jørgensen 1963 ) .  Sernander ( 1 908) pre
sented evidence for a dry, warm Boreal period, a humid 
warm Early Atlantic period, zone VI, and a humid cooler 
Late Atlantic period, zone VII. Zone VII, however, still 
showed higher average summer and winter temperatures 
than today (Christensen 1982b) .  The pollen-analytical data 
indicate that the dimate in zone VI was warm with presence 
of warm-dimate indicator plants such as mistletoe, ivy and 
holly (Iversen 1944, 1967) . The faunal evidence from the 

Table 2. Compilation of 23 sites from the Åmose basin showing their age 
and position. Note the gap of almost 2,000 years with very few reported sites 
from the bog area itself. Data from Mathiassen ( 1 943) .  

Culture 
Pollen zone 

14C b.c. 

Mulbjerg I 
Ellekonge 
Nøddekonge 
Kongemose A 
Kongemose L 
Præstelyng 
Øgård 
Magleø 
Kildegård 
Hesselbjerggård 
Vinde Helsinge 
Kongsted 
Magielyng 
Hallebygård 
Kildegård Ø 
Tingbjerggård 
Skillingstedbro 
Undløsebro 
Kongemose Cl 
Verup complex 
Ulkestruplyng 
Store Lyng VI 
Store Lyng VII 
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Åmose basin shows the presence of the warm-Iowing tor
toise Emys orbicularis in the Kongemose site and in other 
sites contemporaneous with Præstelyng and Muldbjerg I 
(Degerbøl & Krog 195 1 ) .  A warmer dimate is also indicated 
by the occurrences of Pelecanus crispus, which today has a 
distribution in southeastern Europe (Hatting 1963 ) .  There 
is thus no evidence in flora or fauna indicating a fall in 
temperature causing a decrease in evaporation and/or rapid 
increase in precipitation and a high inland water level during 
the Atlantic period. Troels-Smith ( 1 956) suggested that the 
sea-level rise corresponded to regressive deposits in inland 
basins. This hypothesis was not supported by any data but 
was based on the assumption that dry warm dimate caused 
a lake-Ievel fall in the inland basins, and at the same time 
increased the melting rate of the ice cap resulting in sea-Ievel 
rise. The data presented here indicate, however, that the 
highest rate of sea-Ievel rise, as a result of dimate ameliora
tion, corresponds to the highest water level in the Åmose 
inland basin and vice versa. 

Jørgensen ( 1963, p. 73) emphasized that the earliest 
marked rise in lake level in the Åmose basin took place 
already before the Early Atlantic Littorina transgression (in 
the sense of Iversen 1937) ,  and the highest lake level of zone 
VI was between the Early and the High Atlantic Littorina 
transgressions. 

Formation of floa ting peat islands to ok place after two 
flooding events. In both cases a rapid lowering of lake level 
was followed by a rap id rise resulting in transgression and 
flooding. The buoyancy of the air-filled roots of the telmatic 
vegetation may during rap id rise oflake level lead to separa
tion of the roots from the lake bottom and thus formation of 
floating peat island. The first formation of floa ting peat 
islands or peninsulas is dated to the middle of zone VI after 
the habitation of Ulkestruplyng (6,200 b.c.) (Jørgensen 
1963) and coincided with the end of habitation of Konge
mose (5,600 b.c. ) .  The second period of floating peat island 
formation occurred at the onset of zone VIII after habitation 
of Præstelyng (3 ,200 b.c. ) ,  and contemporaneously with or 
slightly later than the habitation ofMuldbjerg 1 (2,900 b.c. ) .  
Troels-Smith ( 1957) suggested that the Muldbjerg I site was 
placed on a floating island. This is highly unlikely as such 
islands are wet, unsteady, and completely unsuitable as living 
sites. I suggest that the Muldbjerg I people settled on the site 
when the rim of the lake was still solid, during a short 
regressive period (Figs. 22-23) .  The inhabitants were later 
forced to leave the site owing to the rapid rise in lake level. 
The site was thus abandoned shortly before the formation of 
the peat island. 

The onset of an overall marked rise in lake level is docu
mented by pollen analysis to occur early in pollen zone VI 
with a maximum late in zone VI (Jørgensen 1963) .  A signifi
cant fall in lake level occurred at the beginning of zone VII, 
coinciding with the third forced regression. On the island 
Magleø in the Åmose basin an additional lake-Ievel rise is 
demonstrated to have occurred later in zone VII, probably 
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coinciding with the fourth drowning surface (Fig. 26) (Jør
gensen 1963 ) .  

Comparison of  the Åmose maximum-flooding surfaces 
with the maximum transgressive stages of the Littorina 
transgression known from the lake Søborg Sø (Fig. 1 . 1  in 
Iversen 1937) shows a striking correlation in time. The 
transgressive phases in lake Søborg Sø are marked by intru
sion of saltwater over a threshold into a lake basin. It is thus 
likely that the dating of the first transgressive phase in Søborg 
Sø is a little delayed compared with the actual onset of rap id 
sea-Ievel rise. 

The time lag between relative sea-Ievel rise of the Littorina 
transgressions and the sediment response of the Åmose basin 
is so short that it cannot be detected with the present strati
graphic resolution. The maximum time lag is thus of the 
order of one hundred years. 

Comparison of sedimentation in the Åmose lake and lakes 
Vaxsjo and Bysjon in southern Sweden (Digerfeldt 1986, 
1988) suggests similar changes between deep-water sedi
ments and thin dastic beds of muddy sand. The lowest sand 
bed in lake Vaxsjo is dated to the Y ounger Dryas - Preboreal 
transition by pollen analysis (Digerfeldt 1988) .  The second 
dastic bed is dated to the Preboreal-Boreal transition. This 
transition is, however, poorly developed in the Åmose re
gion. The third sand bed is dated to the Early Subboreal 
period. These lakes are not in dose connection with the sea, 
but they still show lake-Ievel fluctuations coinciding with the 
lake-Ievel changes in the Åmose basin at the Younger Dryas 
- Preboreal boundary, at the Boreal - Early Atlantic bound
ary, and during the Early Subboreal period. 

The lake-Ievel curve of the Åmose basin thus seems mainly 
to reflect the effects of relative sea-Ievel changes superim
posed by the effects of local changes caused by dimatically 
induced variations in precipitation and evaporation. 

The importance of lake-Ievel changes for 
the Mesolithic - Early Neolithic 
habitation pattern in the Åmose basin 

The analysis of the habitation pattern in the Åmose basin is 
based on the sedimentological data from the lake deposits, 
data from the four sites, and the location of an additional 22 
dated sites in and around the lake. This last number is only a 
fraction of the total number ofknown sites, but the rest are 
poorly dated or undated (Andersen 1983) (Fig. 28) .  The 
Åmose lake-Ievel curve is based on interpretation of the 
sedimentary logs from Præstelyng and A 20 1 (Figs. 2 1-22) .  
The dating i s  based on 14C accelerator dates (Fig. 2 1 )  and on 
pollen analytical data (Troels-Smith 1953; Jørgensen 1963; 
Stockmarr 1966) .  

The various transgressive and regressive lake phases, and 
the time of occupation of the four sites are shown in Figs. 22 
and 23. The succession of main habitation periods of Ulke-
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Fig. 29. Assumed modem parallei to 
the Late Atlantic appearance of the 
Åmose lake. Note the dense reed 
swamp. North Sjælland. 

struplyng, Kongemose, Præstelyng and Muldbjerg I is com
parable to the time pattern of occupation of other Åmose 
sites (Table 2) (Mathiassen 1943 ) .  The chronological distri
bution of the 23 sites dearly demonstrates an uneven pattern 
(Table 2 ) .  A large group ofMaglemose sites from late pollen 
zone V and early zone VI are known to be present. Then 
follows a barren period with no or only few sites, and then 
again a number of sites from the Late Ertebølle-culture 
pollen zone VII and Early Neolithic zone VIII (Mathiassen 
1943; Trods-Smith 1943) (Fig. 30) .  The stratigraphic posi
tion of the newly excavated Nøddekonge, Vejkonge, Åkonge 
and Spangkonge sites, all dated to the period between 3,200 
and 2,900 b.c. (A. Fischer, personal communication, 1989; 
G. Gotfredsen, personal communication, 1990), fits well 
with this pattern. Almost one-third of the sites indude mate
rial from both Maglemose culture and Late Ertebøllel 
Neolithic culture. This indicates that the same sand-gravd 
highs were reinhabited over and over. Thus, when only very 
few traces of habitation are found from the intervening 
period 5,000-3,500 b.c., covering about 1 ,500 years, it prob
ably indicates that very few people actually lived in dose 
vicinity of the lake during that period. Habitations from that 
time interval were probably situated in the adjacent higher 
moraine land or along the coast facing Storebælt in Saltbæk 
Vig. This last possibility may partly be supported by the 
deviating bl3C values in dog bone collagen from Kongemose 
( 'Stable carbon isotopes in bone collagen', pp. 26 1-262) .  
The b\3C values indicate that the major part of the dogs' diet 
was from marine sources. A possible interpretation is that 
the dogs of the Kongemose site, and thus probably also the 
people to whom they were attached, obtained most of their 
food from the sea. They probably lived at the Storebælt 
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coast, the nearest marine environment. In contrast, dog and, 
by implication, people of the Åmose from the Early Atlantic 
and Late Atlantic - Subboreal periods have terrestrial b\3C 
values, indicating that the main part of their food was of 
terrestrial origin (see under 'Stable carbon isotop es in bone 
collagen' for further discussion) .  

The changes in site distribution in the Åmose basin thus 
indicate that the lake levd from around 5,000 b.c. to 3,500 
b.c. was very high and unstable, and people had to settle on 
high grounds outside the basin itself. Amateur archaeologists 
have reported sites from that period from the high till 
grounds surrounding the lake (Fig. 7) (A. Fischer, personal 
communication, 199 1 ) .  During the major part of the Atlan
tic period the Åmose lake levd was overall high but variable, 
making the rim of the lake unsuitable for long-term habita
tion (Table 2 ) .  At several localities (Fig. 14)  Atlantic bog 
sediments with alder trunks and roots rest directly on glacial 
and late-glacial deltaic and fluvial sediments with no traces of 
intervening lake sediments. This suggests a rapid spread of 
swamp over a formerly exposed land surface composed of 
glaciofluvial deposits. The coarse dastic deposits of the old 
glaciofluvial river systems, which in most cases constituted 
the foundation for the various settlements, have probably 
been temporarily flooded. Magleø may, however, have been 
protruding as a 'nunatak' during the Atlantic period. Even 
these high grounds were probably covered with wet peat and 
swamp vegetation during most of the Atlantic period, which 
also made them uninhabitable. It can thus be expected that 
settlements from that period will be rare or totally absent 
both from the basin and from the intrabasinal highs. 

When the rate of sea-levd rise decreased in the beginning 
of the Subboreal period (Iversen 1937; Jacobsen 1982; Chris-
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Fig. 30. An Åmose shell midden made from the freshwater bivalves Anodonta and Unio. The midden Husede I is from the Early Subboreal period. Made 
available by j. Troels-Smith. 

tensen 1982a) the isostatic uplift of Sjælland and ingrowing 
of lake-rim vegetation initiated stabilization of the more 
solid grounds in and around the lake area and thus created a 
firm surface along the rim of the lake. During this phase a 
foundation for rehabitation of the areas was formed. 

The first optimal habitation period was in the Boreal 
period and into the earliest Atlantic period. The second 
occupation period occurred in the Late Atlantic - Subboreal 
period (Table 2) .  It is thus possible to predict the optimal 
habitation periods from the combined evidence from the 
lake sediments and relative sea-level curves. The prediction is 
confirmed by the chronological distribution pattern of 
Åmose sites. 

Conclusions 

The almost continuous sedimentary succession covering the 
time span from the Oldest Dryas to the Middle Subboreal 
periods is subdivided into six isotope zones based on 813Corg, 
813Ccarb and 8180 values and on the content of organic 
matter and carbonate. The patterns defining the isotope 

zones can be used for correlation of littoral and sublittoral 
deposits with deposits from the profundal zone in the lacus
trine basin. Marked climatically induced changes in these 
parameters can be followed over larger regions, such as the 
excursions in the isotope curves at the Y ounger Dryas -
Preboreal transition found in Swedish and Danish lacustrine 
basins. 

The evidence from sedimentology and geochemistry 
forms the basis for interpretation oflake-level changes in the 
Åmose basin. Sequence-stratigraphic concepts are used to 
distinguish a succession of key surfaces, low-stand, trans
gressive and high-stand deposits. The lake-level changes are 
interpreted as reflecting rapid relative sea-level changes su
perimposed by the effects of climatic changes. High rate of 
relative sea-level rise coincided with high lake level in the 
Åmose basin, and low rate of relative sea-level rise or slow fall 
corresponded to regressive phases in the Åmose basin. 

The stratigraphic distribution of periods with high human 
population density around and in the Åmose basin coincides 
with regressive periods in the basin, whereas transgressive 
periods in the basin are characterized by a low population 
density in the lake and its near vicinity. 



Description of the four sites and general taphonomy 

Description of the four sites 

The four settlements have received very different treatment 
in the literature. The archaeological material excavated at 
Kongemose is described in a preliminary site report (Jørgen
sen 1956) ,  whereas Ulkestruplyng has been subject to a 
detailed study (Andersen et al. 1 982) .  Muldbjerg I only finds 
seattered mention in papers on other subjects (Troels-Smith 
1953, 1956, 1966) and in a folder to an exhibition (Troels
Smith 1957, 1960a) . Bone material, stratigraphy and sedi
mentology of Præstelyng was described in detail by Noe
Nygaard ( 1969) ;  more material from this site has been added 
by later excavations. There are thus very few records of the 
archaeological aspects of the two youngest sites, Muldbjerg I 
and Præstelyng. Details on the stratigraphy on Muldbjerg I 
and Præstelyng have not been available to the author, except 
for pollen diagrams (Stockmarr 1966) and unpublished data 
on 14C-dating and excavation plans (C. Christensen, per
sonal communication, 1987) .  My own field work on the 
Præstelyng site is presented in an unpublished prize disserta
tion (Noe-Nygaard 1969) . 

I have refrained from discussion of the archaeological 
classification of the four sites, owing to the very uneven 
character of the available data. 

Muldbjerg I 

The site is situated south of the Åmose river, almost on the 
river banks (Fig. 8 ) .  At least four roughly contemporaneous 
nearby sites (Åkonge, Vejkonge, Spangkonge and Nødde
konge) have been excavated by A. Fiseher. They show the 
same type of bone treatment and archaeological composi
tion. The data from the excavations are described in open
file reports to the Ministry of Environment, the National 
Museum (Fiseher 1985, 1986a, b) .  The Muldbjerg I site was 
discovered during peat cutting and was excavated by J. 
Troels-Smith and S. Jørgensen in the years 1951-1966 
(Troels-Smith 1 957) .  The excavated area is 1 398 m2 (Fig. 3 1 ) .  
One o f  the aims was to complete a total excavation of a site 
where everything connected with the site was retrieved. The 
site is placed on peat, and the upper cultural layer contains 
charcoal and freshwater molluscs as well as bones, flint, 

hazelnuts and pot shards. Another layer with cultural re
mains occurs below the peat. Some of the bone fragments 
from the upper layer fit with fragments from the lower layer 
(Noe-Nygaard 1969), and similar observations have been 
made for the pottery (Troels-Smith 1957) .  The presenee of 
two cultural layers separated by peat and containing frag
ments of the same items has been interpreted by assuming 
that the site was situated on a floating peat island and that the 
items in lower cultural layer were swept in beneath the peat 
by waves (Troels-Smith 1957) .  The formation of recent 
floating peat islands is well known. The site was dated to 
2,830± 100 b.c. (K 123-129; K 1 3 1-132)  (Tauber 1960, 
1966), and pollen analysis places it in the Early Subboreal 
period just after the eIm decline (Troels-Smith 1953, 1966) . 

Troels-Smith ( 1956) suggested that the site was only 
populated a single summer and functioned as stationary 
hunting camp in the period; a shortlasting stay was corrobo
rated by analysis of the bone material by Noe-Nygaard 
( 1 969) . Troels-Smith ( 1 953, 1957, 1966) referred the site to 
the Late Ertebølle culture, from which utilization of cereals 
and early domestication of animals were known. Today it is 
considered an Early Neolithic site with funnel-neck beakers 
(A-type ceramics) ,  but where Ertebølle ceramics are still in 
use. If the boundary between Mesolithic and Neolithic is 
defined by the introduction of agriculture, including dom es
tie animals, and by the presenee of elements from the funnel
neck -beaker culture (thin -walled A-type ceramics) ,  then 
Muldbjerg is rightly classified as an Early Neolithic site. In 
Denmark the Mesolithic-Neolithic boundary has been 
dated at 3,000 b.c. (Brinch-Petersen 1 973) .  However, a one
or two-season hunting camp cannot be considered to have 
the right qualities to form the basis for such a discussion. The 
fragments of domestie animals present at the site are very few 
and are here interpreted as representing parted lumps of 
meat brought in as a food reserve until local supplies were 
established. The domestie animals were not herded on or 
around the site. 

It is not the aim to present a full list of artifacts, and only a 
few characteristics are listed. For further archaeological in
formation, see Troels-Smith ( 1953 ) .  Among the artifacts are 
transverse and oblique arrowheads, the transverse being by 
far the most common. Flint knives were analyzed for traces 
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Fig. 32. DA. Distribution of the examined square meters of the Kongemose 
site . DB. Distribution ofburned flint. De. Distribution ofburned bones. 
A, B and C are all superimposed on the excavation plan of the site. 

Fig. 31 (opposite page).  Excavation plans of the four sites. (National 
Museum, Natura! Science Research Unit.) 
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of wear (Rasmussen 1987) .  The traces formed by cutting and 
chopping match the traces on the bone material at Muld
bjerg l (Noe-Nygaard 1990) . Flake axes are common, and so 
are A-funnel neck-beaker pots and other thin-walled ce
ramic fragments, although a few characteristic thick-walled 
potsherd of Ertebølle pottery have also been found. In the 
pottery there are imprints of numerous grains of naked 
barley, emmer, wheat, and club or bread wheat (Troels
Smith 1966) . Further a piece of a polished pointed-butt flint
axe was found. Polished axes have long been used as a typical 
Neolithic 'marker'. The piece from Muldbjerg I is the earliest 
pointed-butt axe in Eastern Denmark (M. Stafford, personal 
communication, 1993 ) .  

The special diagenetic conditions of  the Åmose lake basin 
have allowed preservation of a few wooden implements, 
including an elm -tree bow and two arrow shafts of ash wood. 
One of the arrow shafts still had the transverse arrow head 
fitted to the shaft (Troels-Smith 1 959) .  

The Muldbjerg I site is associated with an inland shell 
midden, as are the roughly contemporaneous nearby sites 
Åkonge (3, 100± 100 b.c. ) ,  Nøddekonge (3,060± 100 b.c.) and 
Vejkonge (3 ,080± 100 b.c.) (A. Fischer, personal communi
cation, 1990) . Shell accumulations have not been found in 
association with Præstelyng, Kongemose or Ulkestruplyng. 
This may reflect the fact that the preferred habitat and 
collecting site of the mussels was the Åmose river, where the 
former localities were situated, and not the more quiet 
muddy bottom of the Åmose lake, along which the latter 
sites, except the Kongemose site, were situated. It is also 
possible that the shell-eating habit, long known from the 
coastal settlements, only at this time was taken over by the 
inland settlers. Finally, it may be the result of incomplete 
excavation. 
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Kongemose 

The site was found in 1952 during clearing and drainage of 
the Kongemose area preceding cultivation. It was excavated 
by S. Jørgensen and K. Andersen in 1955. In map view it is 
elliptical in east-west direction and can be traced for 60 m 
with a width of about 20 m. The habitation area was situated 
on a relatively dry peat surface that opened up to the lake 
towards the north (Jørgensen 1956) .  Figs. 8 and 9 show that 
the peat is situated over a topographic high consisting of 
glacial and late-glacial clastic deposits, which explains why 
the peat surface could be inhabited. 

A total of 305 m excavation ditehes and 45 m2 were 
excavated (Figs. 3 1-32) .  The clearly defined main culture 
layer is about 25 cm thick and is covered by more than a 
meter of herbaceous and alder peat. The culture layer con
sists of waste from the site that was dumped nearshore in the 
lake. The culture layer at the habitation site itself is thinner 
( 10-15  cm) and was covered with 30 cm of alder peat before 
the destructive ploughing. Bones and wooden implements 
are poorly preserved in this part of the site, whereas 
nearshore and offshore lacustrine bone deposits are in an 
excellent state of preservation. The culture layer thus con
nects terrestrial peat deposits with nearshore calcareous cha
racean organic mud and fine limnic detritus gytt ja. The main 
culture layer was apparently deposited within a short period 
of time, at maximum 2-4 seasons. Very little lake sediment 
separates the bones in the main layer, and most of the bones 
were deposited in the submerged vegetation zone with the 
highest production of both autochthonous and allochtho
nous sediment. 

At the SE margin of the site area there are remains from an 
earlier Maglemosian site. It can, however, be distinguished 
from the main culture layer of the Kongemose site, which 
was dated to 5,600± 120 b.c. by Tauber ( 1970). 

Traces of huts, shelters or fireplaces have not been found 
(Jørgensen 1956) .  During the separation of bones from flint, 
occurrence and position of burned flint and bones were 
noted and plotted (Fig. 32) .  This shows that burned flint and 
bones occur associated and restricted to a small area that was 
dry land during Early Atlantic times as well as in a fan from 
this area and into the nearshore lake deposits. This is in 
strong contrast to the remarkably few burned bones re
trieved form the three other sites described here. A number 
of fine, brittle granite cobbles were seattered on the terrestrial 
peat. 

The tool material is characterized by long, verywell shaped 
blades and corresponding rather large cores. The arrow type 
is mainly oblique arrowheads, produced from the long 
blades. This is also the case with knives, spear heads and 
serapers. The axe type was an asymmetrical core axe. Three 
large flint picks were found together with a 'bull-roarer' 
(Jørgensen 1956) .  The implements made from bone and 
antler are decorated with geometric patterns. The remaining 
implements include a flat slotted point with flint insets, a 
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cubitus dagger, flint flake antlers, antler axes and bodkins 
made from metapodial bones. No ceramics were recovered 
from the site. 

The archaeological material indicates that the site is con
temporary with an early coast culture considered a forerun -
ner of the Ertebølle culture (Jørgensen 1956) .  In present-day 
terminology it is placed in the Late Kongemose culture 
(Brinch-Petersen 1973; Petersen 1982) .  The site is dated to 
pollen zone VI (Early Atlantic time) and is the earliest known 
inland site containing cultural elements from the early coast 
culture. This cultural phase has been named the Kongemose 
culture after the Kongemose site (Jørgensen 1956) and was 
later subdivided into an older and a younger Kongemose 
culture (Brinch-Petersen 1973) .  

Ulkestruplyng 

The two Ulkestruplyng huts were found in 1 947 to 1 950 and 
were described by Andersen et al. ( 1982) .  The site is referred 
to the Maglemose culture, dated by pollen analysis to the 
Early Atlantic period and 14C-dated to 8, 140± 100 B.P. for 
hut I and 8,050 B.P. for hut Il (KI509; Tauber 1970) .  All the 
various dating from the two huts fall within the standard 
deviation, thus the two huts may very well be contemporary 
from 6,200 b.c. The pollen dating indicates occupation ofhut 
I and hut Ila in the first half of zone VI (Early Atlantic time) . 
The absolute dating of 6,200 b.c. places the period of occupa
tion in the Late Boreal period (Mangerud et al. 1 974) .  The 
faunal elements and the type of flint implements of the 
Ulkestruplyng site suggest closer affinity to the Maglemose 
culture (Petersen 1982) than to the Kongemose culture. The 
Maglemose culture was the prevailing culture in Boreal times 
in Denmark. The palynological evidence further shows that 
a rise in lake level followed by formation of the floating 
peninsula took place before the middle of zone VI. 

The bone material from the two huts was described as one 
bone assemblage by Richter ( l 982a) . The 4855 bone frag
ments have been reexamined here with special emphasis on 
traces from human activity. The total excavated area was 234 
m2 (the area ofhut I is 89 m2; the area ofhut Il is 92 m2, and 
the area of the connecting ditehes is 53 m2) .  The huts seem to 
have been situated along the edge of a swamp fringing the 
lake (Fig. 8 ) .  The peat is underlain by Late Weichselian sand 
deposits of the Fugleå river. The peat could thus dry out 
during the low lake level of the Boreal period and make the 
peat suitable for habitation. Bark- and wood-covered living 
floorwas still partlypreserved in hut L The ground-floor area 
is about 6x4.25 m, the exact thickness of the floor is not 
known but at least 20 cm of wood, bark, and branches were 
recovered in different places. The heart was placed in the 
southeast end. The fire place was lined with a 3 cm layer of 
clay covering an area of 70x40 cm. Around the hearth, sand 
was spread out over 1 .5x 1 .5 m. The sedimentological and 
palynological evidence suggests that the hut was partly de
molished when part of the peat layer was elevated and be-
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came a floating peat island during Early Atlantic rapid rise in 
lake level. Flint and bone fragments were found in front of 
the hut and in the lacustrine deposits to the northeast and 
southeast. The bone material left on the terrestrial deposits is 
very sparse and poorly preserved. Everything indicates that 
the hut stood directly on the shore of the lake with water at 
the east and northeast wall as weU as partly along the north
west gable. Towards the southeast was a little open area 
where a boat could be moored. The majority of the refuse 
occurs along the southeast gable facing the lake. 

The deposits ofhut Il are somewhat more complicated. It 
was more destroyed by the rise in lake level and the formation 
of floating peat. The hut seems to have been used on at least 
two different occasions. It was orientated NW-SE. The two 
hearths were difficult to trace, and only one showed slight 
traces of clay lining at the base, otherwise only sand marked 
their position. The presence of two hearths is suggestive of 
more than one occupation period. The water-deposited 
refuse is weU preserved. 

The total material is characterized by microlith triangles, 
lancets, microburins, flakes and flake cores, scrapers, burins 
blade, knives, bores and axes all made of flint. Bone imple
ments made from metapodial bones, ribs, antlers and teeth 
also occur. They include barbed bone points, awls, oma
mented pendants, fish hooks, bone needles, deer-antler axes, 
flint flakes, etc. Amber pendants were also found. A special 
implement was made from an aurochs metatarsus that had 
polished and striated sides. A wooden paddle made from a 
split hazel stem was recovered. 

Præstelyng 

No published data are available. The site is a Late ErtebøUe 
site dated to 3 , 100±80 b.c. (C. Christensen, personal com
munication, 1 990) .  The irnplements are of Late ErtebøUe 
origin, and very little transitional Neolithic material occurs. 

Other sites 

The three other sites mentioned briefly under 'Palaeonto
logical descriptions' in the biometrical analysis of Cervus 
elaphus (pp. l2 1-122)  are the Åkonge, the Nøddekonge and 
the Vejkonge sites. Data on these sites are from A. Fischer 
(personal communication, 1990) and open-file reports to 
The Ministry of Environment (Fischer 1985, 1 986a, b) .  

Akonge (Kongemose L). - The top of the main culture layer is 
dated to 3,040±65 b.c. (K-4884) ,  3,000±65 b.c. (K-4885) and 
3,040±65 b.c. (K -4886) .  The bottom is dated to 3 , 1  00±65 b.c. 
(K-488 1 ) ,  3 , 120±65 b.c. (K-4882) and 3 ,060±65 b.c. (K-
4883) .  The site contains ceramics from the ErtebøUe and 
funnel-neck-beaker cultures (Fischer 1986a) . 

Nøddekonge (Kongemose A). - There is only one culture 
layer, dated to 3,060±65 b.c. In this layer only ErtebøUe 
ceramics have been found, but pot shards from funnel-

Amose: Description of the sites 69 

neck-beaker ceramics have been recovered in the top soils 
(A. Fischer 1990, personal communication, in Gotfredsen 
199 1 ) .  

Vejkonge (Kongemose B). - Two cultural levels have been 
found, but they are thought to be contemporaneous and are 
dated to 3,080±65 b.c. (K-4887) .  The ceramics are of Late 
ErtebøUe type (Fischer 1 986b) .  

General taphonomy 

Taphonomy 

A more exhaustive taphonomic analysis of Danish Meso
lithic bog material was presented by Noe-Nygaard ( 1 987) ,  
and only selected aspects will be dealt with here. The pro
posed classification of the various preservation types and 
division into taphofacies are based on the correlation be
tween the place of final deposition of bone fragments and 
types of preservation. The variations in estimated minimum 
number of individuals (EMNI) between the various bone 
elements of a species serve as an expression of taphonomic 
overprint. The degree of possible reassembling of fragments 
is also an expression of taphonomic overprint and serves as a 
method in detailed, local stratigraphic correlation (Fig. 1 12 ) .  

Bone characteristics of the different 
weathering categories 

Category 1. - The colour of the bones is light beige to medium 
brown. The surface is hard and shining, and the bones are 
heavy (Pl. 1 :9, 1 5 ) .  Cut marks and anatomic details are clearly 
visible. Juvenile bones are weU preserved in spite of their 
rugged porous surface. This type of preservation corre
sponds to weathering stage O of Behrensmeyer ( 1978) .  The 
bones of this category occur in deep-water, fine-grained 
calcareous organic mud (Fig. 33) .  Virtually no traces of dog
gnawing occur. Shoulder blades are weU preserved and with
out bulges caused by repeated wetting and drying. 

Category 2. - The bones are red to black brown in colour. The 
surface is hard and shining, and the bones are heavy (Pl. 
1 : 1  0-l2 ) .  Traces of human activity and anatomical details 
are clearlyvisible. Juvenile bones are weU preserved. Bones of 
this category also fit into weathering stage O ofBehrensmeyer 
( 1 978) .  The embedding sediment consists of coarse to me
dium-grained gytt ja and limnic peat. The latter sediment 
type was, however, subjected to a high degree of humifica
tion by modem lowering of groundwater level. The dissolved 
humus from alder, reed and moss peat is responsible for the 
high degree of staining. Bones preserved in the vegetated 
zone have these characteristics. A number of the bones are 
gnawed by dog. 

Category 3. - The bones are light to medium brown, occa
sionally with a characteristic brown and beige spotted pat-
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Taphozone I l  

Fig. 33. DA. Distribution of the main sediment facies in the 
Årnose lacustrine basin with location of taphozones I, Il, and 
Ill. DB. Enlargement of the littoral zone comprising tapho
zones I and Il. Note the distribution of the vegetation beits. 
Arrows a, b, and c indicate sediment sources into the basin. 

Taphozone I I I  
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tem (Pl. 1 : 1 ,  3 ,  14). The bone surface is corroded with 
patchy porous texture, sometimes with surficial longitudi
nal cracks and exfoliation of the outermost bone layer. The 
bones have commonly lost in weight and appear light. Juve
nile bones are few, poorly preserved and always intensely 
gnawed by dog. Bones of this preservation category corre
spond to weathering stage 1 of Behrensmeyer ( 1 978) ,  and 
occur in deposits from the lake beach zone and in terrestrial 
peat deposits. Bones of this category may occasionally be 
found together with bones from category 2 in deposits from 
the nearshore vegetated zone. As they are found together 
with the well-preserved bones from weathering category 2, 
the destruction process must have taken place before final 
embedding in the surrounding sediment. These bones, un
characteristic for category 2, were possibly first deposited on 
land where they suffered weathering by surface exposure, 
and then later redeposited in the lake. The redeposition may 
have resulted from flooding due to lake-level rise or from 
dumping in the water during a site-cleaning process. The 
redeposition took place rather shortly after the kili of the 
animal, as consecutive drying and humification are highly 
destructive agents on bones. 

Category 4. - The bones are light brown and light in weight. 
They have lost surface characters, and marks from human 
activity are no longer traceable (Pl. 1 :2, 4-8) .  Juvenile bones 
are not recorded. Deep cracking and especially multilayered 
exfoliation of the outer surface are characteristic. This cat
egory is found where modem secondary exposure and 
weathering takes place, e.g., after ploughing. Newly exposed, 
extremely well-preserved fossil bones completely disinte
grate within 2-3 weeks, revealing all stages of weathering 
from stage O to 4 ofBehrensmeyer ( 1 978) .  This type of rapid 
destruction was observed and tested in May and August 1990 
in the Kongemose area. This kind ofbone weathering is most 
often observed in deposits from high-lying semi-terrestrial 
and terrestrial environments. It further tells us that an un
known part of the organic material has been lost, and an 
estimate of the taphonomic loss is impossible. 

Taphozones 

Taphofacies, or taphonomic facies, consists of suites of sedi
mentary rock characterized by particular combinations of 
preservational features of the contained fossils (Brett & Baird 
1986) .  It is thus possible to define a taphofacies by a specific 
biostratinomic and early diagenetic history (Brett & Baird 
1986; Speyer & Brett 1986; Brett & Speyer 1990) . Fossil bone 
preservation may thus be used in much the same way as 
primary sedimentary structures to reconstruct depositional 
conditions. 

The bones provide the primary source of information on 
taphozone history and are accordingly grouped in character
istic weathering categories. The different preservations are 
typical for specific depositional environments; they are 
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termed taphozones (Fig. 33) (Speyer & Brett 1986) .  The state 
of preservation of a particular fossil is largely determined by 
biostratinomic and early diagenetic processes which often 
take place in or near the original sedimentary environment 
and are characteristic of that specific environment (Clark et 
al. 1967; Brett & Baird 1 986; Noe-Nygaard 1 987) .  Recogni
tion of repeated pattems of preservation condition in spe
cific sedimentary contexts is termed comparative ta
phonomy. It gives important information on the types of 
taphonomic processes that characterize different environ
ments, which can be divided into taphozones. 

The preservation type, and thus potential of the different 
taphozones, may be used in prediction of the degree of 
taphonomic loss in the material from the four sites. Virtually 
none of the bones from the four sites exceed weathering stage 
0--2, as defined by Behrensmeyer ( 1978) ,  except those that 
have been reexposed in modem time. 

It is possible to distinguish three main types of taphofacies 
in the material from the Åmose bog, each of which character
izes a taphozone reflecting different taphonomic histories of 
the deposited bone material. A common feature of the three 
taphofacies is that the vertebrate remains from the four sites 
have undergone very httle transport. The bones have simply 
been dumped or thrown into the adjacent lake. Although the 
Halleby river flowed through the lake, very little inorganic 
material was deposited in the lake basin outside the river bed 
itself during the habitation periods. The dense vegetation 
cover prevented outwash of the surface layers, and the bulk of 
the sediments - organic matter or biogenically induced 
CaC03 - were produced in the lake. 

Taphozone 1. - Taphozone I is characterized by nearshore 
terrestrial and semiterrestrial alder and birch, peat and moss 
(Fig. 33) .  It contains the autochthonous habitation refuse 
with bark floors, flint, potsherd, charcoal, and scattered bone 
deposits. The preservation potential is low because of the risk 
of repeated desiccation, flooding, chemical weathering, and 
possibly trampling. These agents may lead to peeling of the 
surface layers of the bones, leaching of the inorganic compo
nents, and oxygenation of the organic material. The bones 
from this zone are poorly preserved and may belong either to 
weathering category 2-3 (as used herein) when no 
redeposition has taken place or to category 4 in case of re
exposure. In reexposed material, special bone elements such 
as scapula appear twisted and bulged (Noe-Nygaard 1 973 ) .  
Reexposure will in many cases cause complex disintegration 
of organic material which 'cold bum' away. The last 50 years 
ofwater regulation of the water level in the Åmose basin have 
caused exposure and destruction of important habitation 
site areas. 

Bones primarily left in taphozone I and not later exposed 
show a few surface damages, including surficial peehng and 
minor cracking, indicating only short time of surface resi
dence and exposure to weathering processes. Only 10 out of 
690 bone fragments of Cervus elaphus from the Muldbjerg I 
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Time Years Hou rs/days Days/months Thousands of years 

P lace Biotope of game Catchment area Living site Deposit area, e .g . ,  lake 

Taphozone Taphozone 1+ 1 1 1  Taphozone I Taphozone I l  Taphozone l ,  I l  a n d  I I I  

Destructive Seasonal First destructive Second destructive phase Third destructive phase 
agents change of phase Bioerosion caused by man and dog Modem physical and chemical 

nature Bioerosion changes 
physical and 
chemical agents 

a b c d 

Processes Living game Catchment Primary Food Tool Preburial Burial Excavation 
responsible population butchering processing processing garbage total/partly 
for the Hunting Biologicall 
final fossi l  Birth rate st yle Secondary Breaking physicall Sample 
assemblage butchering of bones chemical d itch 

Growth rate Primary destruction 
butchering 

Death rate 

A B C D E F G H 

Fig. 34. Scheme showing when and where the time-dependent destructive forces act on a fossil bone material coUected by prehistoric man. A-H describe the 
processes bywhich taphonomic bias may be created; a-d describe the agents responsible for the processes. Place of deposition and preservation is listed as weU 
as an estimated time for the process acting in the four different weathering categories, 1-4. 

site show beginning oflongitudinal cracking, an indication of 
deeper weathering. All of the bones fall within weathering 
category 1 ofBehrensmeyer ( 1 978) in spite of surface peeling, 
dog-gnawing, and rare water-rolling. 

The small number of bones occurring in taphofacies 1 
may, however, very well reflect the almost complete decom
position of the bones originally deposited in this environ
ment. It is thus most likely that the greater part of the 
taphonomic loss observed on the Muldbjerg I material took 
place in taphozone I deposits. There are virtually no fish 
bones and only extremely few, very poorly preserved bird 
bones from taphozone I. Elements fromA-E (Fig. 34) maybe 
recovered from this zone, but in poor condition. 

Taphozone Il. - This zone coincides with the telmatic and 
upper limnic zones in the lake (Overbeck 1975) .  The rate of 
sedimentation is very high, owing to high organic productiv
ity in the warm oxygenated waters. The sediments are a 
mixture of autochthonous reed roots, sedge roots, and water
moss peat mixed with allochthonous coarse detrital gytt ja 
and drift gytt ja containing rolled twigs, leaves, seeds and 
other plant fragments as well as carbonate precipitated 
around leaves, twigs, etc. In this zone the majority of the 
dumped refuse from the habitation site accumulates together 
with naturally dead bodies from the animal population living 
in or around the lake. Bone material has a high preservation 
potential in the vegetated zone of the lake owing to water 
cover, high sedimentation rate, and low risk oflater uncover
ing and reexposure. The bones from this zone generally have 

a high organic content in the form of collagen (up to 50% of 
the content of a fresh bone) and belong to bone-weathering 
category 2 in this study. The bones are stained from dissolved 
humus and have a more or less uniform dark brown colour. 
A few of the bones from this zone have the same appearance 
as those found in taphozone I. They have most like ly been left 
scattered around the site area for some time before being 
dumped in the lake. The very few occurrences of such bones 
indicate that the bones were generally deposited where they 
are found, and very !ittle redeposition has taken place. Fish 
bones occur in thousands, and bird bones including juvenile 
bones are numerous and well preserved. Taphozone Il may 
contain elements from blocks A-F (Fig. 34) . The major 
taphonomic loss occurs in the second destructive phase. 
Preservation depends on place of deposition in taphozone I 
or Il. 

Taphozone IIl. - This limnic zone is characterized by deep
water fine-grained gytt ja. The overwhelming part of the bone 
material stems from the population living in the lake, and 
only occasionally are bones from the site areas found. Single 
complete skeletons from animals of the natural terrestrial 
fauna may also occur, probably drowned by accident. The 
bones from this zone are extremely well preserved, hard, 
heavy, shiny, light beige of colour, and with a very high 
content of organic matter. They have characteristics of cat
egory 1 in this study. This zone of deposition has a very high 
bone-preservation potential owing to relatively high sedi
mentation rate and temporal anoxic or poorly oxygenated 
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conditions at the sediment surface preventing too much 
bioactivity and decomposition. There is essentially no risk of 
exposure and weathering. Bird bones and fish bones show 
excellent preservation. They are light beige brown in colour. 

The excavated areas of the four sites include deposits from 
all three taphozones, although they are not equally well 
represented. The chemophysical condition of each tapho
zone is similar for all four sites. 

Time and place of bone destruetion 

Fig. 34 is a simplified scheme illustrating the destructive 
forces acting on a bone sample from the Åmose lacustrine 
basin. All the activities described in A-H are responsible for 
the completeness of the final fossil assemblage in I. The 
destructive agents responsible for the processes A-H are 
listed in a-bo It appears that by far the most destructive 
period is when man is involved. A more comprehensive flow 
chart and taphonomic analysis was given by Noe-Nygaard 
( 1987) .  During the acts of hunting, butchering and tool 
processing, bones are destroyed by bioerosion and left ex
posed to weathering in a short period - days to months. The 
highest taphonomic loss probably occurs within this period. 
When the bones are finally buried, they may last without loss 
for thousands ofyears until today. Modem water regulation, 
ploughing and fertilizing of marginal agricultural land areas 
have introduced a high risk of reexposure and desiccation of 
earlier lake sedirnents and their fossil contents, thus causing 
a completely unaccountable loss of bone material within a 
few years. This type of loss is randomly rendering any esti
mate of the total num ber of prey animals and humans that 
may have thrived on the hun ting bag impossible. 

The distribution of the different bone elements of Cervus 
elaphusfrom the four sites into taphozones is shown in Table 
10 .  It appears that fragments of humerus, scapula, femur 
and, partly, tibia often occur in taphozone I at the Muldbjerg 
I site (Table 12 ) .  These are also the bone elements from 
which the smallest EMNI can be calculated. An exception is 
the small EMNI number of mandibula, which otherwise 
occurs as almost complete, well-preserved bones. This pat
tem indicates that hun ting for food and processing of food 
were the primary targets of the Muldbjerg I inhabitants. 
From Fig. 34 it also appears that deposition in taphozone I 
exposes the bone material to a long line of destructive forces 
such as bioerosion from man and animal as well as physical 

Amose: Description of the sites 73 

and chemical destruction. A high taphonomic loss is thus to 
be expected on these bone elements. 

At the Kongemose site cranial bones seem to have been 
deposited primarily in taphozone I and, to a lesser extent, 
humerus, radius/ulna, femur, and tibia. Based on additional 
evidence and discussion on pp. 261-26 1 and 266-268, the 
site may have served two functions. The first was extraction 
of raw material for tool production in terms of strong fresh 
antlers; the second purpose was food, most of it eaten at the 
site. 

The bones dumped in taphozone III do not seem to fit into 
a specific pattem and may be referred to as representing rare 
events. From the Muldbjerg I site an almost complete skel
eton of otter shows taphonzone III preservation, but no ne of 
the red-deer bones from either Muldbjerg I and Præstelyng 
seem to have been preserved in taphozone Ill. In contrast, 
red-deer bones from both Kongemose and Ulkestruplyng 
are found in taphozone Ill. 

At the four sites taken as a whole, fish bones are present 
in abundance, delicate bird bones are numerous, foetal 
skeletal elements of Cervus elaphus are preserved, and left 
and right side bones show equal representation. This indi
cates a high preservation potential. In the case ofMuldbjerg 
I and Præstelyng, the high number of fragments that can be 
reassembled further support this (Tables 34-35; pp. 236-
237) .  Nevertheless, the fragmentation pattem combined 
with the EMNI figure shows a taphonomic loss of frag
ments of 50-70%. The presence of dog is indicated by 
gnawing marks on material from Muldbjerg I and on skel
etal remains at Ulkestruplyng, Kongemose, and Præstelyng, 
and may be responsible for a considerable loss of bone 
material. It is reasonable to assume that the main part of 
the material was only exposed to scavenging and weather
ing for a short period. 

Climatic conditions are of major importance in relating 
weathering categories with actual time of exposure (N. Noe
Nygaard & P.-H. Larsen, unpublished data) . A tentative 
comparison of the weathering stages of the material de
scribed by Behrensmeyer ( 1978) with the bone material from 
the Åmose sites suggests that very few bones have rested on 
the surface more than about a year. Most bones have been 
exposed to weathering on the surface for a short time, maybe 
less than a month (Fig. 34) . This conclusion is based on a 
combination of state of destruction byweathering, moderate 
traces of dog-gnawing, and lack of traces from trampling. 



Palaeontological descriptions 

A total of 23 species of Mammalia (Table 3 ) ,  l species of 
Reptilia, 2 species of Amphibia, 41  species of Aves (Table 4) ,  
and 10  species ofPisces (Table 5 )  have been found at the four 
sites. The census of bone elements from the different mam
malian and amphibian species is presented in Tables 6-9. 

Cervus elaphus (red deer) is the most common game 
animal at all four sites in terms of number of fragments (NF) 
as weU as estimated number ofindividuals (EMNI) .  Red deer 
is accordingly treated in greater detail with regards to biol
ogy, osteometry, taphonomy, and human trace fossils such 
as cut marks. Tooth eruption, fusing of the epiphyses, and 
antler development are important factors in the interpreta
tion of season of occupation of the four sites. Skulls and lower 
jaws are described in detail, as they provide important infor
mation concerning ontogenetic age, sex, time ofkilling, and 
human use of the animal as prey. 

The estimated number of individuals as used here is the 
simple combination of the maximum number of a bone 
element from one side and a subjective ontogenetic-age 
evaluation of the various bone elements from a specific 
species (Tables 10-l l ) .  The number of the various bone 
elements from the four sites are listed, as weU as the calcu
lated EMNI number. The number of fragments (NF) used 
here is synonymous with the number 'E' of identified frag
ments of a species as used by Grayson ( 1 979) .  

Detailed descriptions of  the single bone fragments are 
assembled in Appendix 1 .  Every skuU fragment, upper jaw, 
and lower jaw from all four sites is dealt with as one fossil and 
is described as such with registration of all characteristics. 

Special treatment is given to the mandibles from the four 
sites, as most biometric measurements on recent material 
have been carried out on this bone element. 

Table 3. Systematie position of the mammalian and amphibian speeies retrieved from the four sites. 

Order Family Speeies UL0 KS PL MUL.I 

Mammalia Insectivora Erinaceidae Erinaceus europaeus • • Hedgehog 
Sorieidae Neomys fodiens • Water shrew 

Rodentia Muridae Clethrionomys glareolus • Bank vole 
Arvicola terrestris • • • Water vole 
Microtus agrestris • • Common tield vole 
Apodemus flavicollis • • Long-tailed tield mouse 
Apodemus sylvaticus • Yellow-neeked tield mouse 

Seiuridae Sciurus vulgaris • Squirrel 
Castoridae Castor fiber • • • • Beaver 

Carnivora Felidae Felis silvestris • Wild eat 
Canidae Canis familiaris • • • Domestie dog 
Mustelidae Martes martes • • • • Pine/stone marten 

Mustela putorius • Stoat 
Meies meies • Badger 
Lutra lutra • • • • Otter 

Artiodaetyla Cervidae Cervus elaphus • • • • Red deer 
Capreolus capreolus • • • • Roe deer 
Alces alces • • Eik 

Bovidae Bos primigenius • Auroehs 
Bos domestieus • Domestie cattle 
Ovis aries • Sheep 
Capra hircus • Goat 

Suidae Sus serafa • • • • Wild boar 
Reptilia Chelonia Testudinidae Emys orbieularis • • European pond tortoise 
Amphibia Anura Bufonidae Bufo bufo • • Toad 

Ranidae Rana sp. • Frog 
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Table 4. Systematie position of the avian fauna found at the four sites. Table 5. Systematie position of the fish fauna found at the four sites. 

Order, family Speeies ULØ KS PL MUL.! Order, family Species ULØ KS PL Mul.I 

Podicipediformes Perciformes 
Podicipedidae Podiceps cristatus • • • Pereidae Perca fluviatilis • • • 

Podiceps rufieollis • Bramidae Abramis brama • • • 

Pelecaniformes Cypriniformes 
Pelecanidae Pe/ecanus erispus • • Cyprinidae Cyprinus carpio • • • 

Tinea tinca • • • 
Ciconiiformes Carassius carassius • • 

Ardeidae Ardea einerea • Rutilus rutilus • • • 
Botaurus stella ris • Seardinius 

Ciconiidae Cieonia nigra • • • • erytrophthalmus • • • 
Anseriformes Squaliformes 

Anatidae Anas platyrhyneos • • • • Squalidae Squalus aeanthias • 
Anas aeuta • • 
A nas spatula • • Siluriformes 
Anas creeea • • • • Siluridae Silurus gla nis • • • • 
Anas querquedula • • • 

Salmoniformes 
Anas pene/ope • • • 

Esoxidae Esox lueius • • • • 
Bucephala clangula • 
Aythya fuligula • • 
Aythya marila • 
Aythya Jerina • • • 
Tadorna tadorna • • 
Anas sp. • • • • 
Mergus merganser • • 
Mergus serrator • • • 
Mergus albellus • • The other fragments of skull bones are described as sepa-
Anser anser • • • 

rate bone elements such as os parietale and are treated under Anser Jabalis • 
Anser sp. l the same heading for each site. Single fragments are paid 
Cygnus olor • • special attention only if they have unusual, significant char-
Cygnus cygnus • • acteristics. Material from the Muldbjerg I site is described in 
Cygnus bewiekii • 

more detail because bone fragments in many cases can be Cygnus sp. • 
Falconiformes 

reassembled. This aspect is of great significance for detailed 

Accipitridae Haliaeetus albieilla • • • stratigraphic correlation. 

Buteo buteo • In the description of single fragments, numbers listed as 
Milvus milvus • • Mul.! 37, 38, 5 1 1 , etc., indicate that the fragments have been 
Milvus migrans • reassembled and all belong to one and the same bone ele-

Pandionidae Pandion haliaetus • ment. Numbers KS 4 19, KS 2990, KS 1 1 , etc. ,  indicate frag-
Galliformes ments of the same type of bone element but from different 

Tetraonidae Tetrao urogallus • individuals. These bone fragments are dealt with under one 
Gruiformes heading. The anatomical terminology is adapted from 

Gruidae Grus grus • • Nickel et al. ( 1977) .  
Rallidae Fuliea atra • • • • 

Gallinula ehloropus • 
Rallus aquatieus • 
Crex crex • • Ontogenetic age based on tooth eruption 

Charadriiformes and epiphysial fusing 
Scolopacidae Numenius arguata • 

Tringa oehropus • Age determination from tooth eruption is based on com-
Philomacus pugnax • 

parison with a large, modem material kept in the Kalø Game 
Piciformes Biological Station and in the Zoological Museum, Copen-

Picidae Pieus viridis • • 
hagen. This material of Cervus elaphuswas described by N oe-

Passeriformes Nygaard ( 1 969); a summary is given here in Appendix 2. In 
Corvidae Corvus eorane • • • addition, age criteria from Habermehl ( 1 975) , Ahlen ( 1 965) ,  

Lowe ( 1 967) and Jensen ( 1 967) have been used. Determina-
tion of ontogenetic age on the basis of epiphysial fusing is 
mainly based on comparison with modem material of 
known ontogenetic age. 
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Biometric data 

Tables with biometric data are collected in Appendix 2. The 
data are discussed and evaluated for each bone element. 
This facilitates direct comparison of size differences of indi
viduals from the four sites, as subfossil finds commonly are 
represented by single bones from various parts of the skel
eton. An evaluation of the entire biometric database is un
dertaken under 'Palaeontological descriptions', under the 
discussion of biological data. Biometric measurements of 
two male skeletons of Cervus elaphus (Mul.! 40424 and 
MuLI 408 15 )  found at a distance of 20 and 50 m from the 
main site, but at the same stratigraphic level as the remains 
from the habitation, are included. Hatting ( 1 960) and 
Ahlen ( 1 965) proposed that the animals had been used as 
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tamed decoy animals or possibly as sacrificial animals. Both 
skeletons have antlers attached to their skulls (Pl. 2 : 1 ) .  All 
the measurements shown in the tab les are taken as defined 
by Driesch ( 1 976) .  

The main conclusions from the systematie description of 
the single bone elements in Appendix l are emphasized here 
under 'Palaeontological descriptions'. 

A short biological introduction to all the speeies is given to 
provide the basis for the palaeoecological interpretations 
based on the autecology of the different speeies. 

Bos primigenius is only found at the Ulkestruplyng site, and 
Alces alces at Ulkestruplyng and Kongemose. The bones of 
Bos primigenius, Alces alces, and Meies meies are described in 
detail by Richter ( 1982a, b) .  They are accordingly only briefly 
mentioned here. 

Table 6. Census ofbone elements from the various mammalian and amphibian species found at the Muldbjerg I site. 

" V> " 
" o 0 :::1 ..§ :::: ;:: J: " � '5 1 '" '5 C> i:: ° 2  � :: " ;:: " � " � � � � El -" � " ..s " '" f :?f ... ... " o.c: � " " ... g � 0 ::1  <.2, C> � " " '" V> <2 � � " " .t:> f -.: ..:; .t:> � � f ... fj f . g  ..s f � ..:; " C> ° C  � C> C> " ... ;:: C> '" i:: '" "S E 2 l5 2 g i: "" . �  f " � " C> '" " eS � � ::; " " o ° C  Z � Cl.. " Cl '-"I ti � � --< U 'ti O '" '-"I � f-< 

Cranium 38 l 26 2 3 59 l32 
Mandibula 2 68 3 25 5 3 II 120 
Cornus 3 5 8 
Vertebra cervicalis 12  10  58  8 1  
Vertebra thoracica 4 8 3 58 73 
Vertebra lumbalis 3 8 2 44 57 
Vertebra caudalis 12  20  3 35 
Costa 3 25 31 l l9 1 78 
Sternum l 
Scapula 3 4 3 2 l 3  25 
Humerus 6 5 2 19 4 2 39 
Radius 3 5 6 49 7 7 1  
Ulna 4 3 2 4 l 3  
Metacarpus 5 34 39 
Carpale 12  12  
Pelvis 12  5 3 20 42 
Sacrum l 
Femur 1 7  3 7 6 42 7 83 
Tibia l 3  3 4 3 14 35 3 5 80 
Fibula 3 2 5 
Patella 1 2 
Calcaneus 2 2 6 
Astragalus 4 4 
Metatarsus 1 9 37 47 
Tarsale 4 9 l 3  26  
Phalanges 2 1 7  23 42 
Metapodium 2 2 
Loose teeth 2 65 3 2 56 3 2 3 5 142 
Plastron 
Unident. fragments 4 II 1 5  

Unident. fragments - 1 00 

NF 4 2 3 229 5 12 1 79 2 l l 5 1 16 665 33 3 5 8 1482 
EMNI 2 46 2 4 3 2 5 2 5 2 79 
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Table 7. Census ofbone elements from the various mammalian and amphibian species found at the Præstelyng site. 
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Cranium 
Mandibula 6 4 
Cornus 
Vertebra cervicalis 4 
Vertebra thoracica 
Vertebra lumbalis 
Vertebra caudalis 
Costa 
Sternum 
Scapula 
Humerus 
Radius 
U1na 
Metacarpus 
Carpale 
Pelvis 2 
Sacrum 
Femur 2 
Tibia 2 2 2 
Fibula 
Patella 
Calcaneus 
Astragalus 
Metatarsus 
Tarsale 
Phalanges 
Metapodium 
Loose teeth 2 8 
Unident. fragments -

Unident. fragments 

NF I I  16  I I  3 2 
EMNI 4 3 2 

There are only a few bones from domestie animals. These 
are mainly from Canis familiaris, but bones from Bos domes
ticus and three teeth from either Capra hircus or Ovis aries 
also occur. The pig bones all appear to be from wild boar, and 
only a single tooth from the Muldbjerg I site has been found. 
Only dog domestication is described in some detail, as there 
are very few bones from other domestie animals. 

Cervus elaphus (Red deer) 

Previous fin ds 

The oldest find of red deer in Denmark is dated to the 
Cromer Interglacial, 650,000-450,000 years ago. The oldest 
post -Weichselian finds of red deer are from refuse from the 

' E  � '§  
<-E., 
. �  " 
c3 

I 
2 

9 

3 

19  

'" ..;; " 
'" 1: g � "'" � " '" � '" E -.; ..;; {<, :;}-..;; " Q g '" 1: E � Ol 

� i:: � '" ;: 'O ;: Cl " 
� u '" ...; f-< 

2 I I  98 1 8  1 30  
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12  43  2 59 
2 2 1 5  64 7 90 

3 3 
2 2 4 1  80 1 3  147 

I 
2 8 9 6 26 
2 I I  23 3 42 

9 1 8  3 3 1  
2 2 1 0  12  3 30 

6 16  22  
8 1 5  2 3  
7 19  30  

6 6 
2 2 23 29 5 65 

3 22 55 9 102 
2 2 4 

4 9 14  
4 9 1 5  
3 9 14 

24 16  40  
7 2 10  

12  39  1 5  66 
7 7 

5 78 8 102 
2 

-2000 

16 25 263 778 1 14 2 3262 
3 2 7 I I  3 2 42 

Mullerup, Sværdborg, and Ulkestruplyng sites, dating from 
early to late Boreal time, 7,000-6,000 b.c. (Aaris-Sørensen 
1976; Richter 1 982a) . The earliest European find of Cervus 
already appears in Giintz Il. It is a piece of antler without the 
crown (Kurten 1968) .  This speeies is called Cervus acoro
natus. In the beginning of the Cromer interglacial the first 
Cervus speeies with antler crown appears (Cervus elaphus 
priseus) ,  and in Central Europe both speeies lived together 
during the Cromer and Holstein interglacials (Biitzler 1986) .  
The crowned Cervus elaphus type became the more frequent 
during the Late Pleistocene time. Red-deer bones are very 
common, and the speeies was probably present in the coun
try for some time before and may have immigrated during 
Preboreal times as suitable biotopes were available since 
then. Abundant finds of red-deer bones from the English 
Preboreal site Star Carr (Clark 1971 ,  1972) confirm their 
presenee at that time interval in North Europe. Preboreal 
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Table 8. Census of bone elements from the various mammalian and amphibian speeies found at the Kongemose site. 
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Cranium 28 2 2 2 
Mandibula 2 24 6 
Cornus 
Vertebra cervicalis 
Vertebra thoracica 2 
Vertebra lumbalis 
Vertebra caudalis 
Costa 19  
Sternum 
Scapula 4 3 
Humerus I I  3 
Radius 5 
Ulna 5 
Metacarpus 
Carpale 
Pelvis 10  4 
Sacrum 
Femur 16  2 
Tibia 8 2 2 
Fibula 
Patella 
Calcaneus 7 
Astragalus 5 
Metatarsus 
Tarsale 
Phalanges 14 3 
Metapodium (pedis et manus) 
Loose teeth 35 
Plastron and caparace 
Unidentified fragments 

Unidentified fragments 

NF 2 194 4 23 8 
EMNI 2 10  2 3 2 

finds of red deer are likewise common in Holstein, northem 
Germany. The absence of finds of red deer from Danish 
Preboreal sites possibly has a taphonomic cause. Most of the 
known Preboreal sites in Denmark from the Klosterlund and 
Gudenå cultures are situated on relatively high ground and 
along rivers, which reduces the preservation potentials of 
bones as compared to the bones from the later Maglemose 
culture lake-margin sites from the Boreal time. 

Modern biology 

Modem Cervus elaphus is free-living almost all over Den
mark. It is the largest cerviid and mayweigh up to 300 kg, the 
antlers alone up to 10 kg. Red deer is originally attached to 
open forest and grassland. The present-day distribution in 
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69 1 75 60 339 
26 88 42 190 
22 1 70 192 
36 106 7 149 
3 1  23 1 9 273 
35 235 7 277 
30 30 
68 102 60 249 

l 2 
68 74 5 1  201 
91 1 1 3 6 1  280 
30 127 35 198 
14 14 34 
33 l l2 145 
8 1 70 6 184 

40 201 36 292 
10 I I  

85 87 1 5  206 
52 232 63 359 

2 
I I  1 9  1 8  48  
2 1  50  22 1 0 1  
1 7  42 25 89 
28 59 88 

1 14 20 134 
365 2 95 479 

72 67 8 1  220 
23 136 67 261 

6 6 
200 200 

-700 

9 l l  3286 4 794 6 5939 
39 53 41 1 56 

large thick forested areas in Central Europe is hardly its 
natural habitat. Light forest cover, river valleys with trees, 
swamps and moorland, and open plain and heather areas are 
the preferred habitats (Biitzler 1986) .  It wants large grazing 
areas, preferably with lakes and bogs, where it enjoys mud 
bathing (Darling 1937; Bræstrup 1952; Christoffersen 1967) .  
The animal prefers a nearby open forest for cover, but herds 
also thrive weU in areas such as the Island of Rhum (Scot
land) with very little forest in the neighborhood (Clutton
Brock et al. 1982) .  The red deer has a gregarious way of life 
characteristic of animals adapted to areas with little cover. 

Grasses are the preferred and most important type offood, 
especially Molina, but Calluna,Juncus, Festuca,Agrostis, Vac
cinium, Carex, and Eriophorum are also important feeding 
plants all the year round (Bræstrup 1 952; Jensen 1967; Clut
ton-Brock et al. 1982) .  Clutton-Brock et al. ( 1 982) stated in 
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their comprehensive study of red deer on the Island ofRhum 
that many modem populations principally exist on grazing. 
However, comparison of their digestive anatomy and width 
of the incisors with those of other ungulates indicates that red 
deer are adapted to feeding on a mixed diet by browsing and 
grazing, a conclusion also reached by Hofmann ( 198 1 ) .  
Krause ( 1984) has examined the food selection o f  modem 
red deer in the Eifel region in Germany. He found that 1 7  
speeies o f  trees, 1 3  speeies ofbushes and scrubs, 8 species of 
herbs, 10 speeies of grasses, 4 speeies of fems, and 3 speeies of 
mosses were eaten. Red deer thus enjoys a widely variable 
diet from a great range ofhabitats, if allowed free migration 
and choice. 

In late winter theyoung buds from coniferous trees consti
tute an important addition to the diet of red deer on the 
Island of Rhum. Dwarfbushes such as Cal/una vulgaris may 
constitute 20-27% of the food on a yearly basis. Diet prefer-

Amose: Palaeontological descriptions 79 

ences of Danish red deer from two populations were investi
gated by a thorough analysis of rumen contents (Table 39) .  
One population is from the Oxbøl plantations of coniferous 
forest with heather and open land, whereas the other is from 
the mixed deciduous forest Rold Skov (Jensen 1967) (Figs. 
129, 1 30) .  

On the Island ofRhum the reed marsh is  especially impor
tant as food supply for the hinds in the late winter and early 
spring, and during mid summer for the stags (Clutton-Brock 
et al. 1982) .  The Molina grassland is the most stable during 
winter, but Cal/una is very important winter food both on 
the Island of Rhum and in Denmark, where it is commonly 
supplemented by lichens. 

The stags on the Island of Rhum are usually found on 
poorer feeding grounds than the hinds, such as heathland. 
The rumen contents of hinds are richer in protein and 
nitrogen during the winter months, compared with the stags. 

Table 9. Census ofbone elements from the various mammalian and amphibian speeies found at the Ulkestruplyng site. 
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Cranium 2 1 3  9 4 36 13 80 
Mandibula 3 3 2 3 4 1 1  7 7 9 50 
Cornus 22 2 25 
Vertebra cervicalis 38 5 35 8 88 
Vertebra thoracica 24 l 4 30 
Vertebra lumbalis 25 3 3 32 
Vertebra caudalis 3 2 5 
Costa 3 58 27 6 39 18 1 5 1  
Sternum 2 
Scapula 19  7 5 5 39 
Humerus 4 16  1 0  8 1 3  54 
Radius 12  5 5 2 5 3 1  
VIna 2 3 2 4 1 3  
Metacarpus 6 1 1  5 22 
Carpale 4 7 2 1 3  
Pelvis 3 2 9 2 4 7 28 
Sacrum 2 4 
Femur 2 2 2 6 12  1 2  37 
Tibia 3 2 1 7  7 4 7 4 1  
Fibula 2 2 5 
Patella 2 2 5 
Calcaneus 2 4 2 3 1 1  
Astragalus 5 5 2 l 1 3  
Metatarsus 5 1 1  3 2 5 26 
Tarsale 2 10  2 1 5  
Metapodium 1 1  3 3 1 7  
Phalanges 60 1 3  6 1 5  26 120 
Loose teeth 5 6 5 1 7  12  3 50 
Unidentified fragments 23 23 

Unidentified fragments O 

NF 1 3  27  9 1 3  16  4 4 1 7  1 5 7  3 2  183 158 1030 
EMNI 3 2 2 2 2 2 6 5 2 7 6 4 
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Table JO .  Variations in EM NI of  Cervus elaphus. From the four siles are listed: The EMNI based on various bone elements, the most frequent occurrence of  
different bone elements in different taphozones, and the percentage of  relrieved bones to  the expected number ofbones that should have been found, evaluated 
from the EMNl. 

Muldbjerg I Præstelyng Kongemose Ulkestruplyng 
Bone element EMNI Taphozone % EMNI Taphozone % EMNI Taphozone % EMNI Taphozone % 

Cranium 5 Il- (I )  100 1 1  Il- (I )  100 1 7  HIl) 32 4 11- (1) 67 
Mandibula 3 Il 60 8 Il 73 26 Il 49 4 I- (II )- (III) 67 
Scapula 4 80 5 45 45 Il 85 5 I 83 
Humerus 4 I-Il 80 3 I-Il 27 24 (I) -Il 45 5 Il 83 
Radius/u1na 5 I-Il 100 6 ( I ) -Il 55 38 ( I )-Il- (III) 72 3 I 50 
Femur 4 HIl) 80 5 Il- (I )  45 27 Il-(III ) - ( l )  51  2 (Il) 33 
Tibia 5 I-Il 100 8 I-Il 70 53 (I)-Il  100 6' (1)-11 1 00 
Metacarpus 5 ( I ) -Il 100 4 (I )-Il  36 32 Il 60 3' I 50 
Metatarsus 4' ( I ) -Il 80 3 I-Il 27 23' Il 43 3' 50 

, = Used in tool fabrication 

Table 11 .  The age structure of Cervus elaphus from the four sites based on EMNl. Subadults are included in the sum of adults. 

Muldbjerg I Præstelyng 
Juv age Juv age 

Tat. Adult Juv months Tat. Adult Juv mo nths 

Cranium 5 5 O 1 1  5 6 0-3, 2x2-3, 3x 12  
Mandibula 3 3 O 9 4 5 0-3, 2x3-5, 2x 12  
Scapula 4 4 O 5 4 0-3, lxSA 
Humerus 4 4 O 3 2 
Ulna/radius 5 5 O 6 4 2 3-5, 12  
Femur 4 4 - 1 1+ 1xSA 5 3 2 2--4, 12-14 
Tibia 5 5 l - l l + lxSA 8 3 5 0-3, 3-5, 3x 12-15  
Metacarpus 5 5 O 4 2 2 0-3, 3-5 
Metalarsus 4 4 O 3 3 O 
Max EMNI 5 5 1 1  5 6 

Subadult 
(24--48 months) 

Both hinds and stags chew bones and east antlers, especially 
during spring and early summer (Sutdiffe 1973; Clutton
Brock et al. 1982) .  During spring and summer, herbs and 
buds from deciduous trees and bushes constitute up to 20% 
of the food, but Gramineae is still the most important part of 
the diet. N early all the preferred food items demand light and 
open space. Clutton-Brock et al. ( 1982) and Clutton-Brock 
( 1 985) stated that reduction in size of feeding grounds by 
change in dimate, forestation, or increase in population will 
resuIt in more intense competition in the best foraging areas 
and a decrease in the quality of the total diet of the individual. 
This will eventually lead to a decrease in size of individuals. 
Males in particular will suffer reduction in both body and 
antler size (Clutton-Brock et al. 1982, p. 276) .  

The calves are bom in late May and early J une, a little later 
in the case of hinds giving birth for the first time. Normally 
only one calf per hind is bom. The success in raising a calf to 
the age of reproduction depends on the skill of the mother 
and the quantity and quality of the food available, as this 
determines the milk production of the mother and thus the 

Kongemose Ulkestruplyng 
Juv age Juv age 

Tat. Adult Juv months Tat. Adult Juv months 

1 7  12  5 2x3-5, 3x l4-16 4 3 0-3 
26 22 4 2x2-3, 2x 12-15 4 3 0-6 
45 45 O 5 4 0-3 
24 1 0  1 4  1xSA 5 4 0-3, SA 
38 3 1  7 0-3, 6, 14-16 3 2 0-3 
27 19 8 2-6, 3-6, 6xl4-16 2 0-3 
53 40 13  2x0-3, 2-6, 3-6, 9X l4-16 6 5 l 0-3 
32 26 6 2x3-5, 4xl4-16 3 3 O 
23 1 8  5 0-3, 4x3-6 3 2 0-3 

53 45 14 6 5 

growth rate of the calf. Decrease in the amount and quality of 
the food influences the weight of the newbom calf and 
increases the rate of late winter mortality of the 1/2-year-old 
animals. The quality and quantity of food may be reduced by 
increase in population size and by change in biotope induced 
by dimatic changes or by ecological succession of plant 
communities, as is seen in the postglacial forest development 
in Denmark. Male calves are more vulnerable and less resis
tant to reduction in quality and quantity of available food, 
and population increase is thus likely to reduce the male/ 
female ratio (Clutton-Brock et al. 1 982) .  The females are 
suseeptible to fecundation from an age of 1 1/2 year, although 
not all will bear a calf at such a young age. 

The antlers are rubb ed dean already in August, well before 
the rutting season, which starts in September-October. The 
stags start gathering with the hinds on the preferred mating 
grounds such as short greens and open areas around bogs or 
lakes. The hinds already have reduced their foraging areas 
with up to 45% so that more animals are gathered within a 
certain area, and they are further crowded by the males who 
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now guard them against less mature competing stags. Red
deer populations at different latitudes tend to breed at ap
proximately the same time of the year from mid September 
to November. 

The easiest time to hunt the red deer is during the rutting 
season when the population is gathered within limited areas 
and the males are in excellent feeding condition. The females 
who have given birth the same summer may, however, be in 
poor feeding condition, and not until May the following year 
will they have built up a new fat reserve, which makes them 
attractive prey. 

In July, August, and early September the males may gather 
in bachelor groups, which break up when the rutting season 
starts. During the rutting season the males may receive more 
or less severe injuries, especially in the exposed regions 
around the eyes and front legs. Several cases ofbroken front 
legs were recorded by Clutton-Brock et al. ( 1 982) ,  who also 
quoted Heptner et al. ( 196 1 )  for a description ofRussian red
deer rutting fights where stag mortality ranged between 1 3% 
and 29%. A smaller percentage of deadly wounds was re
corded for German red-deer populations (Miiller-Using & 
Schloeth 1967) .  

Size difference between the two sexes and antler size in
creases with increasing competition of access to the hinds 
and big harems. The limiting factor to size increase is the 
availability of food. The size difference between the sexes 
thus decreases if food is limited. If males are stunted by lack 
of food in their period of growth, they will be undersized for 
the rest oftheir lives (Clutton-Brock et al. 1982, p. 277) .  The 
size of females is less affected by lack of food. 

The decrease in body size as a result of food limitation is in 
fact a sort of adaptive morphology. When food is sparse, 
owing to either high population density or change of bio
tope, it is an advantage to be small, because less energy is 
needed and thus the risk of winter and early-spring starva
tion is reduced. Winter starvation is a common cause of 
death, especially for 1 - and 2-year-old males, because males 
have a type of metabolism where protein is burned to a 
higher degree than in females. Furthermore, males have 
smaller fat reserves and thus suffer from heat loss. 

In the social life, hinds and stags are segregated for most of 
the year. Hinds spend 80-90% of their time in parties that do 
not include any stag more than 3 years old. For mature stags, 
only 10-20% occur associated with hinds. Segregation oc
curs in both forest and moorland populations. The party size 
is smaller in winter than in summer. 

Most forest-dwelling red-deer populations occur in even 
smaller parties than those described from the Island of 
Rhum, and they are considerably smaller than in many 
mainland populations (Clutton-Brock 1985) .  According to 
Clutton-Brock et al. ( 1 982),  cerviid species that commonly 
inhabit closed canopy forest and are predominantly brows
ers tend to occur single or in small groups, both in the 
breeding season and throughout the rest of the year. This way 
of living is opposed to the large breeding groups found 
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among species occupying open grasslands and flood plains. 
The intermediate party size is found among species living in 
broken canopy forest, forest fringe, or deciduous woodland, 
where both grazing and browsing feeding strategies are pos
sible. In forest areas or at times with high hun ting pressure, 
red-deer stags tend to stand with a single female rather than 
defend whole harems. 

Reduction in body size maythus be caused by limited food 
resources or by reduction in diversity of available feeding 
habitats. Change in preferred biotope from more open grass
land to more forested surroundings, where it is less common 
to maintain large harems, reduces the need for large body 
size and large antlers. Reduction in body size is also noticed 
in the Central European red-deer populations through time 
(Pietschmann 1977) .  The size reduction does, however, oc
cur at different times in different areas since the Weichselian 
glaciation and does not seem to follow any pattern. The 
assumed causes for size reduction are mainly based on hu
man influence, resulting in decrease of the optimal habitat 
areas (Requate 1957; Boessneck 1 958; Pietschmann 1977) .  

SkeIet al elements 

Cranium 

MULDBjERG I 

Material. - Fifty-nine cranial fragments, including isolated 
teeth and antlers (Table 6; Pl. 2 ) .  Nine of the fragments 
represent an almost complete skull of a female (Pl. 4:2A-B) .  

There are 4 pieces o f  very porous and far from fully grown 
antlers, and l single small piece of hard, full-grown antler, 
which has been cut off distally. Since this hard piece was 
found in the same layer as the porous ones, the difference in 
the state of preservation is hardly due to difference in the post 
mortem diagenesis alone. It clearly reflects the different 
growth stages of the antlers and thus the time of killing. The 
porous pieces correspond to the August to early September 
growth stage, whereas the ready rubbed antler occurs in the 
October-January interval. 

There are 7 fragments of os maxillare (4 dextral and 3 
sinistral) and 2 isolated teeth from the sinistral side. The 
teeth, according to age, side, and number in the tooth row, 
belong to the missing half sinistral maxillare. On a single 
piece of os maxilIare, the teeth are poorly preserved, and the 
enamel has split off. The fragment probably came from a 
younger individual. The four dextral maxillary bones and the 
combined evidence from the rest of the cranial bones and the 
ontogenetic age of the maxillae give an EMNI of 5. Eight 
fragments of os occipitale were found, partly divided dorso
ventrally, partly laterally, and 5 fragments of os premaxillare 
(4 dextral and l sinistral) .  

The state of preservation is good, except for the high 
degree of fragmentation and the three accumulations of 
weathered antlers. Skulls of red deer have very thin walls and 
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are rather fragile. It is thus unlikely that the skuU fragments 
were exposed at the site for a very long period. This observa
tion coincides weU with the lack of traces of dog-gnawing. 

Biometry. - The very fragmented skull bones do not allow 
many measurements to be taken. They are similar in size to 
the two complete male skeletons (Mul.I 408 1 5  and Mul.! 
40424) and compare with the measurements from Præste
lyng (Appendix 2) .  

PRÆSTELYNG 

Material. -A total of l 05 cranial fragments (Table 7) :  8 pieces 
of os nasale, several ofwhich can be reassembled, 6 fragments 
of os premaxillare, 10 fragments (4 dextral and 6 sinistral) of 
os hyoides, 18 fragments (9 dextral and 9 sinistral) of os 
maxillare (Pl. 3 ) ,  7 pieces, not fully grown, of cornus, 9 
fragments from the os occipitale region, 7 fragments of os 
parietale, 1 1  fragments of os frontale, 8 fragments of os tempo
rale with processus zygomaticus, 5 fragments of os fugale, l 
fragment of os lacrymale, 3 fragments of os sphenoides, 2 
fragments of os bulla, l fragment of stylohyale, l fragment of 
processus styloides, 2 fragments of os squamosum, l fragment 
of alisphenoid, l fragment of os parietale + os frontale, and 4 
undeterminable cranial fragments of a newborn calf. 

In general the bones are weU preserved, except for the 
teeth. The cranial fragments have clearly been deposited in 
different types of sediment, mainly in gytt ja from taphozone 
Il, but some also in peat from taphozone I. The EMNI is I I  
( 1  newborn calf; 2 calves, 2-3 months old; upper jaws of at 
least 3 individuals, l year old; and 5 adults) .  

The number of  loose teeth, mainly represented by milk 
teeth or non-erupted teeth, is in accordance with the occur
rence of a large number of juveniles. In most cases the loose 
teeth can be referred to the age groups already established on 
mandibula and os maxillare fragments. 

The state of eruption of teeth in the juvenile jaws shows 
that the animals were killed between June-July and Novem
ber, the youngest being 0-3 months old and the next group 
12-15  months old. All the young jaws, which apparently 
were fragmented in the same way, show cut marks on os 
maxillare just behind os premaxillare. 

Biometry. - The skulls are highly fragmented, and the major
ity of the skuU bones are from young individuals. Therefore 
only a few measurements could be taken (Appendix 2 ) .  

Abnormalities. - Most of  the teeth have a very brittle enamel, 
as if they have been heated. 

KONGEMOSE 

Material. - A total of 68 1 cranial fragments, including 136 
loose teeth, 200 small undetermined fragments, and 1 70 
antler fragments (Table 8; Pl. 5 ) .  

There are 30 fragments of  os  maxillare ( 1 6  dextral and 14 
sinistral) ,  50 fragments from the occipitale region (6 dextral 
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and 8 sinistral, 1 6  single condylos occipitalis with a little of basi 
occipitale, 9 complete condylos occipitaliswith various parts of 
os sphenoidale still attached, 5 fragments of processus para
condylaris, and 6 fragments of os occipitale) . The frontal and 
parietal region is represented by 36 fragments (20 from os 
frontale, 6 of which com prise both the frontal bones but 
nothing of the rest of the skuU, and 16  very disintegrated 
fragments of os parietale) . The temporal region is repre
sented by 24 fragments ( 1 7  pieces of os temporale including 
processus zygomaticus and 7 pieces of os zygomaticus) . Os 
premaxillare is represented by 10  pieces (4 dextral and 6 
sinistral) .  There are 5 bones of os hyoidale and 4 of os nasale. 
Twelve out of the 1 70 fragments of antlers have parts of os 
frontale and os parietale still attached. 

The EMNI is 1 7, which is probably far too low. A more 
accurate estimate is seriously hampered by the very fragmen
tary state ofboth adult and juvenile skuU bones. 

The cranial bones are generally highly fragmented and 
poorly preserved (Figs. 74, 75) .  The bones represent both 
sexes, juveniles and adults. There are very few cut marks, and 
traces of dog-gnawing are virtually absent. All the antler 
fragments, except 2, are from antlers in velvet. The antler 
implements found at the site are, however, from rubbed 
antlers. Killing of animals may have occurred at nearly all 
seasons based on the antler development. The tooth erup
tion pattern seems to confirm this, although summer and 
autumn to early winter seem to prevail as hunting season. 
One piece of antler shows marks from burning. 

Biometry. - Only few measurements could be made due to 
the highly fragmentary nature of the material (Appendix 2 ) .  
The Kongemose material i s  larger in almost all comparable 
measurements than both Muldbjerg I and Præstelyng. 

Abnormalities. - None, except for one very senile os 
maxilIare. 

Description. - Os maxilIare: The 30 bones and the teeth are 
weU preserved, apart from the intense fragmentation in
flicted by man. Fragments of at least 15 individuals are 
represented. Three are juveniles with premolar milk teeth ml 

erupted and first cusp of m2 above the jaw. The estimated age 
is 14-16 months, by comparison with modern material. 
Fifteen fragments are from 8 adult to senile individuals, and 
7 fragments are from 4 subadults with ml and m2 in full use 
and m3 under eruption, indicating an age of25-28 months. 
The fragments have only a few cut marks on the maxillare 
bones just above the tooth row (Pl. 5 :3-7) .  

Os basi occipitale: The 50  fragments of  the occipital region 
are highly fragmented. There are fragments from fully grown 
adult individuals and young calves, all treated the same way 
(Pl. 5 :9) .  There are a few cut marks on condylos occipitalis. 

Bulla tympanica: A total of 16 separated bulla tympanica 
have been found. 

Os frontale and os parietale: The 36 fragments indicate the 
presence ofboth males and fem ales (Pl. 5: 1-2) .  A number of 
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the bones have a rose attached to them, and in one case an 
immature antler is present. The bones represent at least 2 
very young calves, 3-5 months old. The fragments seem to 
result from a scalping of the roof of the cranium. There are a 
few cut marks around the rose. 

Cornus: There are 1 70 fragments of antlers, none of them 
mature and ready rubbed, except for one or two. Twelve are 
still attached to the frontaVparietal bones (Pl. 5 :6) .  Nine 
fragments are from the base of the ander, where it splits up 
into 2 branches. Fifteen fragments are antler points. The 
remaining 137  fragments are minor pieces from all parts of 
the antler. The antlers represent a number of age groups, 
including young bucks as weU as strong, mature males. The 
appearance of the antler development indicates summer or 
early autumn as the most likely period of killing. Preserva
tion is mainly poor. 

Os temporale and os zygomaticus: The 24 pieces of bone 
from this part of the skull are highly fragmented and poorly 
preserved. There are fragments from both adults and juve
niles and 17 pieces of os temporale and 7 pieces of processus 
zygomaticus from the temporai region. 

Os premaxillare: Ten fragments from both juveniles and 
adults. Only one has a cut mark, and there are no traces from 
dog-gnawing. 

Os hyoides: Five fragments, only one of which has a cut 
mark. 

Os nasale: Four complete nasal bones, all from adults. 

U LKESTRUPL YNG 

Material. - Fifty-two fragments of cranium (Table 9; Pl. 6; 
Fig. 73) and 1 7  loose teeth (6 incisors, 2 canines, 1 canine 

1 cm 
H 

Fig. 35. Pointed and polished antlers from Cervus e/aphus from the Ulke
struplyng site. Note the broken point and the cut marks proximalJy. T = 

marks after tool fabrication. ULØ 16846 and ULØ 16002. 
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Fig. 36. Comparison of dimensions on skul! bones of Cervus elaphus from 
Muldbjerg l,  Præste\yng and Kongemose. Note the similarity between the 
Muldbjerg I and Præstelyng values and that they are general!y smal!er than 
those from the Kongemose site. The male signs indicate data from Mul.! 
40424 and 408 15 .  Data in Appendix 2. 

made into a pendant, 1 deciduous premolar, 5 premolars, 
two of which were unerupted, and 2 unidentified tooth 
fragments) .  From the cranium itself there are 2 os maxillare 
fragments ( l  dextral and l sinistral) (Pl. 6:5) ,  l complete os 
premaxillare, and 10 highly fragmented pieces of various 
parts of the cranium (2 os parietale, 5 os frontale, 1 os zygozo
maticum, and 2 os petrosum) ,  two ofwhich are from juvenile 
animals. Twenty-two fragments of antlers were found, 14 of 
which have been used as implements and have clear traces of 
wear distally or are waste from implement processing (Fig. 
35; Pl. 6: 1-2) .  One ander has been shed. The most commonly 
used part of the antler is the brow tine. The EMNl is 4, one of 
which is a very young animal. 

Biometry. - The very few measurements that could be taken 
are on bones from very big animals. The large dimensions 
combined with the number of antlers present indicate that at 
least some of the individuals found at the site are likely to 
represent stags. 
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Mandibula 

MULDBjERG I 

Material. - Eleven well-preserved mandible fragments can 
be reassembled to form 5 almost complete jaws (3 dextral 
and 2 sinistral) . The two pairs of mandibles (Mul.! 40424, 
408 15 )  are further described for comparative reasons. 

The state of preservation is good except for MuLI 5 1 724. 
This mandible has a longitudinal fracture, the teeth have 
fallen out, and the bone is porous, light coloured, and light
weight, showing peeling-off of bone layers. These features 
suggest surface exposure of the bones in taphozone I for 
some time during the period of occupation of the site. All 
mandibles are treated below under the same heading. 

The mandibles all belong to adult individuals with perma
nent teeth. The pattems of tooth eruption and wear com
pared to modem material indicate that two of the jaws 
belong to 5-8-year-old individuals, two jaws belong to 3-4-
year-old individuals, and one jawbone is from a 5-year-old 
individual. In addition, the Mul.! 40424 animal was about 4 
years old, and the Mul.! 408 1 5  was more than 6 years old. 

The estimated minimum number of individuals (EMNI) 
is 5, induding Mul.! 40424 and 408 15 .  

The mandibles are in  general only slightly fragmented 
(Figs. 78-79; Pl. 7 ) .  The fragmentation pattem is similar 
between pairs of mandibles, suggesting that Mul.! 32533 and 
5 1 1 72 come from the same individual. Mul.! 5 1 105 and 
5 1083 probably also belong to one individual. This is sup
ported by the nature of the pattem ofwear of the teeth and of 
the tooth eruption. 

Biometry. - The dimensions of the fossil mandibles are listed 
in Appendix 2 and compared with mandibles from the other 
sites in Figs. 37-41 .  The numbers of the different measure
ments given in the text and tab les are defined by Driesch 
( 1 976) . Particularly important is comparison of measure
ment l of the total length of mandible fromgonion caudale to 
infradentale in the fossil mandibles with recent animals de
scribed by Jensen ( 1 967) . The comparison shows that one of 
the complete male skeletons (MuLI 408 1 5-34) has dimen
sions in the upper end of the variation for this measurement 
for males in a modem population (Fig. 137) .  The measure
ments from the other complete male skeleton (Mul.! 40424-
198) is near the lower end of the variation for males in groups 
IV, V, VI, and VIII (Jensen 1967), whereas it dearly falls 
within the range in dimensions of males of gro up III charac
teristic of young males. Measurements of Mul.! 5 1 1 72 are 
also in the upper end of the variation of males. The measure
ments ofMuLI 5 1083 and 5 1 309 definitelyindicate individu
als older than 5 years. They fall within the range of distribu
tion of measurements from recent females. 

The mandibles from Mul.! thus seem to belong to l male 
and 2 females. 

Dimension 2 seems to confirm this condusion (Fig. 37) .  
The two very small dimensions are in all probability from 
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Fig. 37. Comparison of dimensions 1 , 2, 4, and 6 of mandibula from Cervus 
elaphus from the four sites. Note how similar the Muldbjerg I and Præste
lyng values are and that there is almost no overlap with those from the 
Ulkestruplyng site. The male signs indicate data from MuLI 40424 and 
408 15 .  Data in Appendix 2. 

females. The figure of 292 mm may represent a male or a 
female. 

Dimension 3 values are dustered, and an interpretation to 
age and sex is difficult to undertake. 

Dimension 4 gives 2 low values and l intermediate be
tween the safely identified males and the assumed females. 

Dimension 5 gives 2 10wvalues and 3 higher; the small size 
of the jaws is again remarkable. 

Dimension 6 ofMul.! 5 1 309, 5 1083 and 5 1 1 72 comes out 
with low values. The two males (Mul.! 408 15 ,  40424) are, 
however, dearly distinguished. 

Dimensions 7 and 7a ofMul.! 5 1083 and 5 1 105 are dearly 
the smallest. The measurements on Mul.! 5 1 1 72 and 5 1 309 
duster in a group lying between the two males and the two 
small measurements. 

Dimensions 9 and I l  show dense dustering, and a proper 
separation is difficult. 

The two known males are widely separated from the other 
mandibles in dimension 12 .  

Dimension 1 3  ofMul.! 5 1 309 and 32553 are low, whereas 
MuLI 5 1 083, 5 1 1 72 and 40424- 198 fall in an intermediate 
group together with one of the males but separated from the 
other male. 

Dimension 14 shows dustering comparable to that of 
dimension 13 .  
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Fig. 38. Comparison of dimensions 7 and 7a of mandibula from Cervus 
elaphus from the four sites. The male signs indieate data from Mul.! 40424 
and 408 15 .  Data in Appendix 2. 

Dimensions I Sa, b, and c of Mul.! 5 1 105, 5 l 309, 5 1 083 
and 40424- 198 form one group, which is separated from 
Mul.! 408 1 5-34. 

It can thus be concluded that, in addition to the two 
complete male mandibles, there are 3 probably female man
dibles, 1 male mandible, and 1 jaw (Mul.! 5 l 309) that has a 
size falling between the males and the assumed females. A 
clear overlap in mandible lengths ofmales and females is seen 
in modem material (Fig. l37) . 1t is thus not always possible 
to identify the sex by means of the mandible dimensions 
alone. 

Abnormalities. - Abnormal features are not recorded from 
the mandibles recovered on the site itself. Mul.! 408 1 5-34, 
however, shows a circular hole, 5 mm in diameter, with a 
healed rim on ramus mandibula. A 2 mm wide impression 
along the whole length of the buccal side of m2 and m3 was 
observed. An X-radiograph shows that there is no foreign 
object, such as flint, in the wound and that the lesion origi
nally had a diameter a little more than 10  mm (N oe-Nygaard 
1 990) . Damage to the teeth, which is interpreted as related to 
the hole, must have occurred at a time when the teeth were 
still lying in the jaw. The cause of the lesion is uncertain. It 
may be an old injury from hunting, an accident caused by 
chewing a branch at young age, a hole resulting from a 
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butting adversary, or it may result from an unknown type of 
accident in the one-year age during the secondary dentition. 
It is a most unusual place for a hunting wound in a deer, even 
for a miss-shot. Damage made by an aggressive brocket 
would probably have been larger, and a state of inflamma
tion would have followed and left some traces. 

Ifthe damage to the teeth and the mandible occurred at the 
same time, it must have happened when the animal was 
about 1 year old. At that stage the very porous thin exterior of 
ramus mandibula is fragile as a consequence of the bulge 
caused by the foundation of m2 and m3. The damage may 
thus result from pressure on the bone wall, which will cause 
a round fracture. The resulting splinters may then have 
injured the foundation of the teeth in the jaw. 

PRÆSTELYNG 

Material. - Thirty-four fragments of mandibles (Pl. 8-9) .  
They are generally well preserved, but a few have been 
subjected to chemophysical decay. All the mandibles are 
fragmented, but it has been possible to reassemble a large 
number of the fragments into 12 more or less complete 
mandibles (4 dextral and 8 sinistral) . The jaws are from 
animals 0-3 months old, about 1 year old, about 1 Vz year, 
and about 2 years old. These estimates are based on wear of 
the teeth, teething and by comparison with recent material. 

The mandibles seem to belong to relatively small individu
als, most of them possibly females, or young males (Figs. 37-
4 1 ;  Appendix 2 ) .  The EMNI is 9.  
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Fig. 39. Comparison ofdimensions 9, 1 5a, 1 5b, and 1 5e of mandibula from 
Cervus elaphus from the four sites. The male signs indieate data from Mul.! 
40424 and 408 15 .  Data in Appendix 2. 
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Fig. 40. Comparison of dimensions 3, 8, 8a, and Il of mandibula from 
Cervus elaphus from the four sites. The male signs indicate data from Mul.I 
40424 and 408 1 5. Data in Appendix 2. 

Biometry. - The main part of the jaws from Præstelyng are 
from juveniles, and it has accordingly only been possible to 
measure 4 mandibles from adult individuals that can be 
compared to corresponding bones from Muldbjerg, Konge
mose, and Ulkestruplyng (Appendix 2; Figs. 37-41 ) .  

Dimension 1 :  The two mandibles (PL 1 8690- 1 ;  PL  23553-
7, 23553-8) seem to belong to a male and a female, respec
tively (Pl. 8 :2A-B and Pl. 8 :3, and Pl. 9:3 combined with Pl. 
8:5A-B) .  This assumption is based on comparison with 
values for recent mandible lengths (Jensen 1967) .  

Dimension 2 repeats the very large difference between the 
values for the two mandibles mentioned above. 

Dimension 3 shows a correlation between pairs of mea
surements. PL 2 1 12-5 and 23533-7 have almost identical 
small dimensions, and since they are dextral and sinistral 
they may have come from one animal, probably a small 
female. PL 12410 and 1 8690- 1 are very similar and also 
belong to either side of the jaw and may thus belong to one 
individual. 

Dimension 4 shows a significant difference between PL 
1 8690- 1 and 23533-7. 

This is also the case in dimension 5, where PL 1 24 10  is 
almost identical to PL 1 8690- 1 ,  as in the case ofdimension 3 .  

Dimension 6 also shows a large difference between PL 
1 8690- 1 and 23533-7. 

Dimensions 7 and 7 a show the same difference, but the PL 
12410  values here lie doser to those of PL 23533-7. 

Dimensions 8 and 8a repeat the pattern with two big and 
two small values. 
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Dimension 9 of PL 1 24 10  and 23533-7 are similar and 
show low values, whereas PL 1 8690- 1 is considerably larger. 

Dimensions 1 1 , 12 ,  13 and 14 show a good correlation 
between PL 1 2410 and 1 8690- 1 ,  and between PL 2 1 12-5 and 
23533-7. 

In dimensions 1 5a, b, and c the same pattern recurs. 
Based on the mandibles, it can be conduded that the 

material indudes at least 1 adult female, 1 adult male, and 6 
juveniles of different ages. 

Abnormalities. -None of the mandibles shows abnormalities 
caused by hunting, stunting in growth, or disease. 

KONGEMOSE 

Material. - About two-thirds of the material from Konge
mose has been dosely examined, and the mandibles de
scribed represent a random selection of this material (Pl. 10 ) .  
The mandibles are consequently described more cursorily 
than those from Muldbjerg I and Præstelyng and are mainly 
used for comparison with the three other sites. The dimen
sions and the fragmentation pattern, however, are treated in 
the same detail as the material from Præstelyng and Muld
bjerg 1 .  

Gervus elaphus, mandibu la 
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Fig. 41. Comparison of dimensions 5, 12, 1 3 ,  and 14  of mandibula from 
Cervus elaphus from the four sites. The male signs indicate data from Mul.I 
40424 and 408 1 5. Data in Appendix 2. 
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Fig. 42. The juvenile mandible PL 1 550-4 (Cervus elaphus) .  Note the cut 
marks and the newly erupted dp4. 

A total of 88 fragments of mandibles are described (53 
dextral and 35 sinistral) .  All the jaws are well preserved. With 
only a few exceptions, the mandibles come from adult ani
mals with a full set of teeth. The crown of m3 in most cases is 
free of the edge of the jawbone, indicating an age more than 
3-4 years. Six to eight individuals are old animals, as shown 
by the strongly worn ml and P4 (the salvages of enamel have 
completely disappeared) .  This tooth pattern indicates an age 
of 8-10  years. The age group 0-6 months is represented by 
only 2 sinistral mandibles with dP2 and dP3 erupted (KS 42/ 
4-2 1 ,  KS 37/34-41 ) .  Their exact age is estimated at 2-3 
months, on the basis of Lowe ( 1967) (Appendix 2 ) .  Three 
jaws represent animals 12-15  months old (KS 4 1/27,5-28,0-
38, KS 42/3 1 - 1 39, KS 37/26-29) ,  and 2 mandibles (KS 38/32-
80, KS 37/3 1 -54) belong to animals that are about 24 months 
old. The EMNI is 26 based on ontogenetic criteria and 
number of mandibular elements from the dextral side. 

The reason for this apparent over-representation of old 
animals could be that the males in this age group possess the 
most impressive antlers (Clutton-Brock 1985) .  Such antlers 
are perfect for manufacturing bone implements, and the 
Kongemose culture, in particular the inland sites, presents 
beautiful samples of artifacts and decorated implements 
made from antler (Jørgensen 1956) .  

If the animals were killed for the antlers, they must have 
been hunted during the winter or at least in the late autumn. 
The Kongemose site has thus been occupied/visited during 
the winter, as shown by antlers, and in the summer, as 
retlected by the presence of newborn calves, as well as 1 - and 
2-year-old calves. 

The pattern ofbone fragmentation is very similar to that 
observed on jawbones of red deer from the contemporane
ous Star Carr site in England (Noe-Nygaard 1977, 1 987) .  

Biometry. - All the measurements were made on adult ani
mals corresponding to groups III to VII of Jensen ( 1 967) . 

The only measurements on mandibles from recent mate
rial comparable with the measurements proposed by 
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Driesch is no. l - length of gonion caudale to infradentale. It 
has only been possible to obtain this dimension from two of 
the jaws from Kongemose. On KS 37/33-4 (Pl. 1 0:2) thevalue 
is 296 mm and on KS 42/3 1 - 1 10 it is 285 mm (Appendix 2 ) .  
The value 296  mm clearly falls within the variation range of 
adult males; only one female from the modern material 
attains a similar size. The other value, 285 mm, also lies 
within the variation of adult males, and only few modern 
females reach this size. The two fossil mandibles may thus 
probably be from males. 

Dimension 2 (Appendix 2) also indicates 2 'males' with 
very high values. 

The figures in dimension 3 represent 4 individuals. The 
two smallest are from the two mandibles from which dimen
sions l and 2 were measured. The two others are very large 
and in all probability also from two male individuals. 

Dimension 4 also belongs to the two above-mentioned 
complete mandibles. 

Dimension 5 partly comes from the same two jaws, partly 
from the two additional jaws present in dimension 3, and the 
values are high. 

In dimension 6 the assumed two males also show high 
values. 

In dimension 7 the four measurements are similar (KS 39/ 
30-4, 37/33-4, 42/3 1 - 1 10, 39/27-66) .  Dimension 7a shows a 
different pattern. There is a splitting of the measurements 
into two groups, one around 1 20 mm and another around 
137  mm. The difference between the two groups is marked 
here; they possibly represent 4 males and 2 females. 

In dimensions 8 and 8a the values are clustered. 
In dimension 9 there are 4 small values ranging between 42 

and 44 mm, while I l  of the 19 values are higher than 50 mm. 
There are further 4 values around 48 mm that are difficult to 
place but may represent young males. 

In dimension I l , 5 of the 6 values lie within the range of 
males. The last value of8 1  mm is difficult to interpret as male 
or female. 

Dimension 12 could only be made on the four almost 
complete jaws, which are suggested as belonging to males. 

In dimensions I Sa, b, and c, one or two measurements can 
clearly be characterized as small, whereas all the rest are 
similar to or larger than KS 42/3 1 - 1 10 and KS 37/33-4. 

On the basis of the sizes of mandibles, it seems clear that 
most of the jaws may belong to males if it is accepted that the 
comparison with recent material for dimension l allows the 
interpretation of KS 37/33-4 and 42/3 1 - 1 10 as males. This is 
supported by the other measurements from the two bone 
elements whose values are among the highest. They clearly 
fall in a different group with larger dimensions than the other 
showing smaller values. 

Abnormalities. -Abnormalities other than natural wear were 
not observed, although many of the jaws come from old 
individuals. In ml in two different jaws from opposite sides, 
hoIes caused by caries were observed. They may have be
longed to the same individual. 
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ULKESTRUPLYNG 

Material. - Eleven fragments: 5 ram us mandibula (2 dextral 
and 3 sinistral) ,  4 fragments of corpus mandibula, pars inci
siva ( 1  dextral and 3 sinistral) and 2 larger fragments of corpus 
mandibula containing teeth (Pl. 6) .  

On UL0 23408 - 1  canalis mandibula has been opened. 
One of the mandible fragments is from a juvenile individual. 
The ontogenetic age of the juvenile jaw was estimated to 6 
months and the adult jaw fragment with teeth to about 31J2 
years (Richter 1 982a) . Apart from the two mentioned man
dibles, there are 2 jaws from individuals more than 31J2 years 
old, 1 jaw with more worn teeth than the foregoing, i.e. more 
than 4-5 years old, and a juvenile animal about 1J2 year old. 
This calf is likely to have been killed late in autumn, in 
November-December. On the basis of the jaws, the EMNI is 
estimated to 4. 

The mandible fragments are in very different stages of 
preservation. UL0 23408-2 (Pl. 6:7) and 23338-3 (Pl. 6 : 10)  
have a hard, shiny surface with very little peeling. The sedi
ment that fills canalis mandibula is a light gytt ja with a high 
content of CaC03, indicating burial in taphozone Ill. 

The broken-off, distal end of mandibula at UL0 VIII is 
also well preserved, without peeling and cracking. The en
closing sediment is a dark gytt ja with some sand. 

UL0 17559 (Pl. 6:9) ,  23320-7, 1 3632 and a fragment 
without number are in contrast highly disintegrated with 
deep crevasses and strong surface peeling in layers. The 
bones have been embedded in a humified sediment, prob
ablythe bog peat, in which they have been exposed to varying 
drying and wetting; typical taphozone I .  

Biometry. - The jaws are rather incomplete, and very few 
measurements can be made. 

Dimension 7 can be measured in two cases, and both ofthe 
figures are considerably larger than any others measured at 
the four sites (Appendix 2; Figs. 38--4 1 ) .  

Dimension 8 values are also very large. 
In dimension 9 the values fall within the range of variation 

of the material from Kongemose. 
In dimension 12 a very large value falls far outside any 

others of the measured values from the four sites, whereas the 
two others fall in the same range as the values from the other 
sites treated here (Figs. 38--4 1 ) .  

The same pattern as in dimension 12  is found in dimen
sions 13 and 14.  

In dimensions 1 5b and I Se the values again are high 
compared to the other sites. 

The measurements fall in two groups, and it is likely that 2 
females and 1 male were killed at the site; both sexes, how
ever, have very large values within their group. The measure
ments from the assumed females may fall within the range of 
males compared with the dimensions obtained on material 
from other sites. lf, however, all measurements were from 
males, there would have been an extraordinarily large range 
in the size of males in the adult population. 
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Scapula 

MULDBjERG I 

Material. - Two complete pairs of shoulder blades from the 
skeletons Mul.! 40424 and 408 15 ,  and l 3  fragments of 
shoulder blade. There are 4 fragments from the left side, 
each of which came from different shoulder blades; 4 are 
from the right side, and there are further 5 smaller fragments 
(Appendix 1 ) .  The shoulder blades are all adult and give an 
EMNl of4. 

Five of the 7 bones are broken into pieces (Fig. 82) .  They 
are split along margo dorsalis, and the whole area around 
fossa infraspinata is bulged and cracked, as described by N oe
Nygaard ( 1973) ,  indicating subaerial exposure with wetting 
and drying and desiccation. The poor preservation and the 
occurrence of a fire-brittled piece also suggest prolonged 
subaerial exposure, characteristics of taphozone I environ
ment. The greater part of the damage is caused by tension 
created by varying degrees of desiccation of the main part of 
the blade and the edges. A few have been gnawed by dog. 

Biometry. - Dimensions and comparison with those of the 
two males referred to above suggest that the 3 small blades 
from Mul.! all may derive from females or veryyoung males 
(Appendix 2 ) .  

PRÆSTELYNG 

Material. - Nine fragments of scapula: 5 sinistral and 2 
dextral from more or less complete shoulder blades, and a 
further 2 smaller fragments. The EMNI is 5. The bones show 
very different states of preservation. PL 6939 and PL 56 15 -
228 are very well preserved; they are complete and almost 
without traces of weathering. The rest of the shoulder blades 
are strongly cracked and bulged in the area of fossa supraspi
nalis. One fragment is very juvenile (PL 235 14-6) , the rest are 
from adults, except perhaps for PL 16644- 1 ,  which is very 
poorly preserved and has a porous margo dorsalis. This bone 
is very small and may thus come from a subadult. Scattered 
cut marks and signs of dog-gnawing are present (Fig. 82) .  

Biometry. - There are 2 larger, 3 smaller, and 1 intermediate 
scapulae (Appendix 2 ) .  lf we compare with the two males 
from Muldbjerg I, the two highest values from Præstelyng 
fall within the variation between MuLI 40424 and Mul.! 
408 15 .  The three other values are clearly smaller. It is thus 
likelythat PL 16644 comes from a juvenile individual and the 
two others from females. 

KONGEMOSE 

Material. - Seventy-four specimens of scapula: 45 from the 
right side and 29 from the left. At least 14 are clearly burned, 
as indicated by a blackish, highly polished surface and a 
generally better preservation than the unburned fragments 
from the same area. The EMNI is 45. The state of preserva
tion varies a great deal (Pl. 1 1 : 1-7) . Some scapulae are 
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complete and well preserved, and some are almost totally 
crumbled and destroyed. The different types of weathering 
are characteristic for different taphozones (pp. 7 1-73; Fig 33; 
Pl .  1 ) .  The bones from the upper littoral and terrestrial 
taphozone I are poorly preserved, as seen on Pl. 1 1 :4, 7. The 
bones deposited in taphozone Il are much better preserved. 
The initial pattem of preservation is, however, disturbed by 
a modem drainage-ditch cutting through the nearshore part 
of the lake sediments. Juvenile scapulae have not been found, 
but a few with incompletely fused tuberculum supraglenoi
dale were recovered. The butchering pattem of the scapulae 
indicates that two different techniques were applied (Fig. 
82) . There are several cut marks and traces from intense dog
gnawing on cavitas glenoidalis. 

Biometry. - The Kongemose animals are smaller than the 
animals from Ulkestruplyng in nearly all dimensions and 
larger than the animals from both Præstelyng and Muldbjerg 
I (Figs. 43-44; Appendix 2 ) .  Only in dimensions HS and 
DHA are the scapulae ofMuldbjerg I equally large or larger 
than those of Kongemose. In this particular case, the two 
measurements taken on the Muldbjerg I animals are both 
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Fig. 43. Comparison of dimensions DHA and HS of scapula from Cervus 
elaphus from the four sites. Note the dimensions of the two Muldbjerg I 
males 40424 and 408 1 5  compared to the values from Ulkestruplyng. Data 
in Appendix 2. 
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Fig. 44. Comparison of dimensions GLP, LG, BG, and SLC of scapula from 
Cervus elaphus from the four sites. Note the dimensions of the two Muld
bjerg I males 40424 and 408 15  compared to the values from Ulkestruplyng. 
Data in Appendix 2.  

from males (Mul.! 40424 and 408 1 5) ,  whereas the measure
ments from Kongemose most likely represent both sexes 
(Appendix 2 ) .  The Kongemose animals, generally speaking, 
seem to occupy an intermediate position in the progressive 
reduction in body size of Cervus elaphus through the Atlantic 
period. For discussion of size reduction, see later. 

Abnormalities. - There is one scapula from Cervus elaphus 
with an unhealed lesion (KS-OF-226; Pl. 46:3;  described by 
Noe-Nygaard 1974, 1 990; see also under 'Trace fossils' on 
hunting, pp. 1 79-180) .  

ULKESTRUPLYNG 

Material. - Nineteen specimens of scapula; 8 of these belong 
to juvenile animals (Richter 1 982a) . There are 3 dextral and 
4 sinistral scapulae. The state of preservation is mainly good, 
although most of the bones show cracking and bulging of 
fossa infraspinata. One of the shoulder blades (UL0 23380) is 
very damaged by desiccation and decalcification and shows 
intense peeling of the surface. The EMNI can be calculated to 
5, on the basis of a combination of right/left numbers and 
estimation of age. 

Traces from scraping occur dose to fossa subscapularis on 
5 of the 7 more or less complete shoulder blades (Fig. 82) .  
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N one of the shoulder blades seem to have been beaten into 
pieces, and there are no traces from dog-gnawing. 

Biometry. - There are too few measurements to allow a 
biometric analysis (Appendix 2 ) .  However, the main part of 
the animals that have been measured are much larger than 
the biggest M uldbjerg I male (M ul.I 408 15 ) .  The dimensions 
from Ulkestruplyng nevertheless fall into distinet groups. 
Three shoulder blades are very big, and 4 are somewhat 
smaller. Some of the fragments are probably from young 
animals (Figs. 43-44) .  

Humerus 

MULDBjERG I 

Material. - Nineteen fragments of humerus (Pl. 12 ) .  The 
state of preservation is rather poor, with a single exception 
(Mul.I 46908) . Not only are the bones highly fragmented (Pl. 
12: 1 )  (a single epiphysis piece could thus be reassembled 
from 6 fragments, Pl. 12 :2) ,  but the single fragments are wom 
and peeled. Most of them are from taphozone I. This inter
pretation is supported by the intensely dog-gnawed frag
ments. The few identifiable proximal ends are especially 
damaged. Fragments from 3 dextral and l sinistral humeri of 
adults occur, and a proximal loose epiphysis. The EMNI is 4. 

Biometry. - The differences in dimensions ofhumerus of the 
two males (MuLI 40424, 408 15 )  are considerable (Appendix 
2; Pl. 1 2:4-5) .  The only other bone that could be measured 
(MuLI 46908) has values lying very dose to the values for 
Mul.I 40424 and may most likely be a small male, but a large 
female may obtain similar dimensions (Fig. 45) .  

PRÆSTELYNG 

Material. - Twenty-five fragments ofhumerus (Pl. 1 3 ) .  They 
include 3 upper ends (2 dextral and l sinistral) ,  l loose 
fragment of caput, and 4 lower ends (2 dextral and 2 sinis
tral) ;  the rest are diaphysis fragments. The state of preserva
tion is good with only few exceptions (PL 1 1 660-2, 1 722 1 -2 ) .  
The fragments represent larger epiphysis ends and beaten
off pieces of diaphyses. The EMNI is calculated to 3 ( l  
juvenile and 2 adults) .  Many of the pieces of the proximal 
ends are strongly gnawed by dog. 

Biometry. - The dimensions ofhumerus are very small, even 
compared with those from the small male from Muldbjerg I; 
thus the bones may belong to females (Appendix 2; Fig. 45) .  

KONGEMOSE 

Material. - A total of 1 1 3 fragments of humerus were ex
amined (Pl. 14: 1-7) .  They include 67 from the dextral side 
(24 distal ends, 15 proximal ends, 14 loose proximal epi
physes, and 14 fragments of the diaphysis) and 46 from the 
sinistral side ( 1 5  distal ends, 12 proximal ends, 1 1  proximal 
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Fig. 45. Comparison of dimensions ofhumerus of Cervus elaphus from the 
four sites. Data in Appendix 2. 

loose epiphyses, and 8 fragments of the diaphysis) . The 
EMNI is 24. 

Preservation is good with a few exceptions, such as KS 3 1 /  
1 3 - 1 8, which has a peeled-off surface as well a s  several cut 
marks and split -offflakes. The 25 proximal epiphyses have all 
been intensely gnawed by dog along the edges and show dear 
marks of teeth on the joint surface. In some cases, large parts 
of the cancellous bone have been gnawed away. With the 
exception of 4, all proximal epiphyses were loose or just 
barely meeting the shaft with a dear open growth line. The 
majority of the examined humerus bones thus represent 
young individuals, and the age distribution of the assemblage 
is very different from that of the jawbones from Kongemose. 
The majority of the jawbones came from old animals. This 
difference in age gro ups is hardly due to a selective destrue
tion, e.g., by dog, as the juvenile humerus bones would have 
been far more attractive and more easyto destroythan bones 
from adults. Selective weathering of old bones does not seem 
to be the case, as reflected by the state of preservation of other 
bone elements from old animals. Man was most probablythe 
selective factor, having 'deposited' various bone fragments at 
different places. 

The EMNI of24 is probablywell below the actual number 
represented by the bone assemblage, considering the very 
large number of loose upper ends gnawed by dog. 

Biometry. - The uniform ontogenetic age of the bones is 
reflected in the Bt and Bd values, which show limited varia-
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tion. They fall within the lower range of the values from the 
Ulkestruplyng animals (Fig. 45; Appendix 2 ) .  

Abnormalities. - A single proximal dextral epiphysis from a 
juvenile animal with loose upper epiphysis has been hit by an 
oblique arrow, which has almost split the bone; the wound is 
unhealed (Pl. 47:2 ) .  

ULKESTRUPLYNG 

Material. - Sixteen fragments of humerus (Pl. 14:8-14) . 
They consist of l proximal sinistral end, 6 distal ends (4 
dextral and 2 sinistral), 5 fragments of diaphysis, and l 

isolated proxirnal diaphysis; a further 3 fragments came from 
juvenile animals. Four of the fragments have been burned 
(Richter 1 982a) . As a whole, the fragments are weU preserved 
from taphozone IL The EMNI is 5 (4 adults and l juvenile) .  
Distally there are cut marks on the joints but no  marks from 
dog teeth. 

Biometry. - The four measurements are very large, even 
compared to the biggest male from Muldbjerg I (Fig. 45) .  
There are, however, measurements from a single, smaller 
animal (UL0 16572) which is clearly an adult. There are thus 
probably 4 males and l female represented in the material as 
estimated from the sizes ofhumerus (Appendix 2 ) .  

Radiuslulna 

MULDBJERG I 

Material. - Forty-nine weU-preserved fragments of radius 
and ulna, all belonging to adult individuals. The epiphyses 
are closed proximally and distally. Although weU preserved, 
there are differences in preservation: some fragments are 
porous and have a light brown surface colour, whereas others 
have dark, hard, shiny surfaces. It is possible to reassemble 
the single bones of 5 right and 4 left radii and ulnae almost 
completely. This shows that virtually all the original frag
ments have been found (Appendix l ) .  The recombined bone 
fragments indicate an EMNI of 5 .  

Most of the proximal ends of ulna have been intensely 
gnawed by dog (Pl. 1 5 ) .  A number of cut and chop marks are 
seen, especially on the proximal ends (Fig. 84) . 

Biometry. - The difference in size of the two males from 
Muldbjerg I (Mul.! 40424 and 408 15 )  is considerable in all 
the measurements taken on radius and ulna (Appendix 2) .  
Comparison of the two males with the measurements on Bd 
from the rest of the material indicates that 2 or possibly 3 
bones came from animals smaller than male Mul.! 40424 
(Figs. 46-47), whereas 2 measurements are weU within size 
range of the two males (Mul.! 40424 and Mul.! 408 15 ) .  The 
same pattern is also seen in dimensions on BFd where 3 are 
smaller and 2 within the range of the two males. In dimen
sion Bp the measurements occur in pairs for sinistral and 
dextral elements, so that Mul.! 2067 1 - 1  and 20672- 1 , 32829-
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Fig. 46. Comparison of dimensions of radius of Cervus elaphus from the 
four sites. Data in Appendix 2. 
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Fig. 47. Comparison of dimensions of ulna of Cervus elaphus from the four 
sites. Data in Appendix 2. 
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Gervus elaphus metacarpus , 
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Fig. 48. Campa risan of dimensions of metacarpus of Cervus e/aphus from 
the four sites. Data in Appendix 2.  

l and 33 1 1 5, 27339 and 52534, and 50955 and 1 2342 have the 
same proximal width. There are bones from 3 individuals 
smaller than the two Mul.! males and 1 individual with 
measurements within the size range of the two males. The 
same pattem is found in the dimensions ofBFp. The sum of 
evidence suggests that there are bones from 3 females and l 
male. 

Abnormalities. - There is an extensive callus formation from 
a healed lesion on Mul.! 23 with two foramina nutritia in 
abnormal positions. Mul.! 23 is part of an almost complete 
radius/ulna (Mul.! 50995, 23, 1 582 and 32 1 79) (Pl. 1 5 :5 ) .  
The animal had thus been wounded well before its death. 

PRÆSTELYNG 

Material. - Thirty fragments of radius and ulna ( 1 2  from 
ulna and 18 from radius) (Pl. 16 ) .  From ulna there are 6 
diaphysial fragments (3 dextral and 3 sinistral) and 6 proxi
mal epiphyses (3 dextral and 3 sinistral) .  Two of the shaft 
pieces are from juvenile animals. Radius has been divided by 
blows into a cranial and a caudal fragment, resulting in 5 
cranial diaphysial fragments, 6 caudal fragments, 3 minor 
bone splinters, l caudal half proximal epiphysis, l distal 
epiphysis, and l complete radius from a juvenile bone with 
both epiphyses missing (Fig. 84) . The EMNI is 6 (4 adults and 
2 juveniles) .  The bones are generally well preserved with 
hard, shiny surfaces; only PL 24863, a juvenile radius, and PL 
13542- 1 8  are weathered and show peeling of the surfaces but 
no cracks. PL 4323-32 shows traces from fire. The proximal 
parts of both radius and ulna have been gnawed by dog. 
There are many cut marks, especially on ulna. 
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Biometry. - Only few measurements have been taken. They 
all fall within the lower end of the range of measurements 
taken on the Kongemose animals (Figs. 46-47; Appendix 2 ) .  

KONGEMOSE 

Material. - A total of 127 fragments of radius and ulna have 
been examined (Pl. 1 7: 1-10) .  There are 60 fragments from 
the dextral side ( 1 6  upper ends, 32 10wer ends, 6 diaphysial 
pieces, and 6 juvenile epiphysis) and 45 fragments from the 
sinistral side ( 1 8  upper ends, 23 lower ends, and 4 diaphysial 
pieces) .  In addition there are 2 juvenile epiphysis and a single 
lower end of radius from a very young individual, 0-3 
months old. Further, 1 9  small diaphyses and fragments of 
ulna and radius have been found. Generally speaking, the 
fragments are well preserved and are mainly derived from 
adult animals. The upper ends of radius as well as ulna are 
more weathered than the rest. Ulna is more strongly gnawed 
by dog than radius. This may reflect a prolonged stay of ulna 
on the surface at the place of slaughtering. The upper joint 
ends, which are unattractive to man, may have been fed to 
dogs, or man has removed lower ends and shafts for some 
other purpose. 

Three bones have a particularly speckled surface with 
small light-coloured spots, ca. 1-2 cm in diameter (Pl. 
52: 1A-B) .  Theyseem to have been used to beat on something 
pointed. All three bones clearly were embedded in the light 
gytt ja and were thus well protected, so it is hardly a result of 
weathering. It is, however, possible that it is a much later 
secondary phenomenon caused, for instance, by boring al
gae (R.G. Brornley, personal communication, 1 99 1 ) .  The 
EMNI is calculated to 38. 

Among the bones, 5 show weak signs ofhaving been bumt 
(KS 39/25- 10, KS-OF- 1 85, KS 37/32-67, KS 37/49-3, KS 42/ 
3 1 -80) . 

Biometry. - The dimension BPe for ulna and Bfd for radius 
shows a narrow range, and it is not possible to distinguish 
between males and females (Figs. 46-47; Appendix 2 ) .  

The dimensions Bp and Bd on radius and LO and DPA on 
ulna show a more scattered distribution. 

Although the number of bones measured is small, it ap
pears that two groups are present, one with smaller values 
and one with larger. It is thus possible that both males and 
females are represented. The few measurements made from 
Ulkestruplyng fall within the range of measurements from 
the Kongemose site. 

Abnormalities. - A single lower end of a radius has a forma
tion of callus after a healed injury just above the joint. 

ULKESTRUPLYNG 

Material. -Twelve fragments of radius (Pl. 1 7: 1 1A-B) .  There 
are 2 distal ends ( 1 left and l right) ,  1 proximal, sinistral 
epiphysis, 6 fragments of the diaphysis (4 dextral, l sinistral 
and l smaller piece) ,  and 3 isolated epiphyses (2 dextral and 
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l sinistral ) .  Five fragments belong to juvenile animals. There 
are 3 fragments of ulna (2 dextral and l sinistral) ,  and l bone 
comes from a juvenile individual (Richter 1 982a) . On the 
basis of radius bones, the EMNI is calculated to 3 .  

The state of preservation is  poor. This i s  particularly the 
case for a piece of an epiphysis, which has been split into 
small rectangular fragments and further shows deep longitu
dinal cracks. The bones have been broken into two across the 
diaphysis, and there are cut marks at the joint ends; l piece 
has been gnawed by dog. 

Biometry. - Too few measurements could be made, and it 
is not possible to undertake any biometric analysis (Ap
pendix 2 ) .  

Metacarpus 

MULDBJERG I 

Material. - Thirty-four fragments of metacarpus from adult 
animals ( 1 5  dextral, 1 7  sinistral, and 2 which cannot be 
assigned to side) (Pl. 18 ) .  There are 5 upper sinistral and 4 
upper dextral ends, 4 10wer sinistral and I l0wer dextral end, 
and a number of diaphyses fragments. The EMNI is 5. The 
bones are all well preserved, although differences in colour 
and surface weathering occur. A good example of difference 
in weathering of the same bone element is found in Mul.! 
9025e, 4646 1 ,  1 703, 3200 and 1 1 77, each fragment represent
ing a progressively better state of preservation from the 
proximal to the distal end (Pl. 1 8 :3A-D) .  Each bone has 
normally been divided into 6 pieces, thus at least 60 frag
ments was to be expected if all the 10 metacarpal bones from 
the EMNI of 5 were to be reconstructed. The recovery of 32 
fragments is thus only 50% of the number that was to be 
expected. Traces from dog-gnawing are common, and cut 
and chop marks are present. 

Biometry. - In the dimension Bd, the Muldbjerg I stag 
(408 1 5-6) is distinetly larger than both the 40424- 1 7  stag and 
the dimensions from the rest of the metacarpal bones. As the 
stag 40424 in all other measurements is in the lower end of 
the range for modem Danish stags, it is possible that at least 
two, maybe four of the measurements are from female 
bones. This pattem is repeated in dimension Bp (Appendix 
2; Fig. 48) .  

PRÆSTELYNG 

Material. - Sixteen fragments of metacarpus from both juve
nile and adult animals (Pl. 19 : 1-7) .  There are 8 fragments 
from the right side (2 distal ends, 3 proximal ends, and 3 
diaphysis fragments) and 8 left side fragments (3 from the 
distal end, 2 proximal ends, and 3 diaphysis fragments) .  The 
EMNI is 4 (2 adults and 2 juveniles) .  

The bones are generally well preserved, although some of 
the juvenile bones have a slightly weathered peeling surface, 
e.g., PL 19555-5 and PL 23563-7. The fragmentation pattem 
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Fig. 49. Comparison of dimensions of femur of Cervus elaphus from 
Kongemose, Præstelyng, and Muldbjerg L Data in Appendix 2.  

shows that each bone was divided into four fragments (Fig. 
86) .  The EMNI is 4, and each individual having 2 metacarpi 
corresponds to a total number of32 expected fragments. As 
only 1 6  fragments were recovered, only 50% ofwhat ought to 
have been there has been found. Cut and chop marks and 
traces of dog-gnawing occur. 

Biometry. - All the measurements of Bd and Bp are small 
compared with Muldbjerg I, Kongemose, and Ulkestruplyng 
and probably represent females and/or juveniles (Fig. 48; 
Appendix 2) .  

KONGEMOSE 

Material. - A total of238 fragments of metapodials: 1 1 2 from 
metacarpus (Pl. 19 :8-15 , 20--22) , 59 from metatarsus, and 67 
fragments that cannot safely be determined to either of the 
two types. 

The last gro up includes 42 loose distal juvenile epiphyses 
( 1 9  from each side and 4 paired) .  This means that there are 
loose epiphyses from at least 2 1  metapodial bone elements. 
There are 19 juvenile distal ends of metapodials laeking the 
epiphysis ( 1 0  metacarpus and 9 metatarsus) .  The number of 
loose epiphyses is similar to the number of juvenile meta
podials laeking epiphyses. The EMNI of juveniles is 10 .  
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The last group of metapodials consists of 14 distal epiphy
ses from adult animals, which have been split into a left and 
a right joint part. There are 7 from one side and 6 from the 
other, but they cannot be paired. Five diaphysis fragments 
cannot be further determined. 

The 1 12 fragments of metacarpus are distributed in the 
following way: 3 1  from the left side (30 distal epiphyses and 
1 proximal epiphysis) ,  23 from the right side ( 2 1  distal 
epiphyses and 2 proximal epiphyses) ,  and 48 diaphysial 
fragments (20 caudal pieces, 2 1  cranial pieces, and 7 tube-like 
diaphysial fragments) (Fig. 86) . There are further at least 10  
distal ends from juvenile animals with completely unfused 
epiphyses, which by comparison with modem, aged material 
indicates two age groups, one about 3-6 months and one 
about 14-16  months old. The EMNI is 32. 

The bones show nearly all types of preservation from hard 
and dark bones to those that are deeply weathered with 
peeling at many levels. It is clear that the bones have different 
depositional histories. Some may have been fractured and 
dumped in the water shortly afterwards, whereas others 
show signs ofhaving lain seattered on the surface around the 
settlement for some time. Most likely, they have been incor
porated in the peat on which the site is situated. The strong 
discrepancy between number of upper and lower ends may 
retlect that the upper ends with epiphyses have been used for 
some implement fabrication, e.g., bone knives, which may 
have been used in the skinning proeess (Andersen et al. 
1982) .  This interpretation is considered unlikely, as the thin, 
fine cut marks from skinning that occur on the bones cannot 
result from cutting with bone knives. Cut marks are concen
trated on the distal epiphyses (Fig. 86) . 

Traces of dog-gnawing are also concentrated at the lower 
end of the bones, indicating that this part either was given to 
dogs or was lying scattered around the site for some time. 
Nearly all the juvenile bones are strongly gnawed distally. 

Biometry. - The dimensions ofBd fall into two groups, most 
likely representing males and fem ales (Appendix 2; Fig. 48) . 
The sizes of Bd are similar to the those found at Ulkestrup
lyng, whereas the sizes from Muldbjerg I and Præstelyng are 
small compared with Kongemose and Ulkestruplyng. The 
Præstelyng and Muldbjerg I figures alSO fall in two groups, 
probably representing males and females. The difference in 
size of dimension Bd on UlkestruplyngiKongemose versus 
PræstelyngiMuldbjerg I is hardly a question of males versus 
females alone, as both sexes occur at the sites. The difference 
may be a question of large versus small individuals. This is 
supported by the small measurements on the Bd dimension 
of the biggest stag (Mul.! 40825) compared with those from 
Ulkestruplyng and Kongemose. 

ULKESTRUPLYNG 

Material. - Six poorly preserved fragments of metacarpus 
(Pl. 19 : 16-19) .  Five fragments are from the distal epiphysis 

FOSSILS AND STRATA 37 ( 1 995) 

(2 dextral and 3 sinistral) ,  and 1 fragment is from the caudal 
part of the diaphysis. The EMNI is 3 .  

Three of the distal fragments have been chopped off just 
above the joint. 

Biometry. - In spite of the poor state of preservation of some 
of the measured fragments, the Bd values are all higher than 
the Bd from Muldbjerg I and fall within the higher end of the 
range of values from Kongemose (Appendix 2; Fig. 48) .  

Femur 

MULDBjERG I 

Material. - Forty-two fragments of femur (Pl. 20) .  The state 
of preservation is generally good but variable, indicating 
burial on land in peat and in nearshore drifted gytt ja in 
taphozones I and Il, respectively. The bones are highly frag
mented and intensely gnawed by dog. The degree of frag
mentation can be illustrated by a dextral bone element which 
has been reassembled from 8 pieces (Fig. 87) .  Man-made 
traces are relatively rare, but may have been obliterated by 
dog-gnawing. It is possible to reassemble 6 more or less 
complete bones (3 dextral and 3 sinistral femora) , one of 
which derives from a juvenile individual with loose proximal 
and distal epiphyses (Appendix 1 ) .  The EMNI is 4 (3 adults 
and 1 juvenile) .  

Biometry. - Very few measurements have been made, owing 
to the high grade of fragmentation and dog-gnawing. These 
all fall within the lower end of the range of values from 
Kongemose, including those from the two males (Mul.I 
408 1 5  and Mul.I 40424; Pl. 20: 1 ) )  (Appendix 2; Fig. 49) .  

PRÆSTELYNG 

Material. - Twenty-nine fragments of femur (9 dextral, 1 5  
sinistral, and 5 that cannot be  referred to  any side) . Of  5 
sinistral distal fragments, 2 can be reassembled to a distal 
epiphysis with a completely open space between diaphysis 
and epiphysis (Pl. 2 1 :2-8) .  Comparison with modem mate
rial indicates an age of 12-14 months. One of the dextral 
distal diaphyses is from an animal 2-4 mo nths old (Pl. 2 1 :6 ) .  
The rest of the distal fragments are from adult animals. The 
three sinistral proximal epiphyses are from one adult, one 
12-14-months-old, and one 2-4-months-old animal. The 
EMNI is 5 .  

The preservation of the fragments indicate deposition 
in different environments or difference in duration of sur
face exposure before final burial. Cut marks occur on the 
joints and on the shaft. There are traces from dog-gnaw
ing (Fig. 87) . 

Biometry. - The dimensions of Bd and DC are small com
pared to Muldbjerg and especially Kongemose (Appendix 2; 
Figs. 49-50) .  The measurable fragments are few, however, 
and may derive from females or young animals, but un-
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Fig. 50. Comparison of dimensions of pelvis of Cervus elaphus from all four 
sites. Data in Appendix 2. 

doubted juveniles have been excluded from the measure
ments. However, the observed size differences between PL 
and KS are in accordance with size differences noticed in 
dimensions from other bone elements from the two sites. 

KONGEMOSE 

Material. - Eighty-seven fragments of femur (44 from the 
right and 43 from the left side) (Pl. 2 1 :9-18 ) .  Among the 
dextral fragments, 9 are from juvenile animals (6 distal and 3 
proximal) ,  29 are from adults ( 1 5  proximal epiphyses, 5 
distal epiphyses, and 9 diaphyses) ,  and 6 are from young 
animals with newly fused epiphyses and diaphyses (3 proxi
mal and 3 distal) .  From the left side, 1 1  fragments from 
juveniles were determined (3 proximal and 8 distal) ,  3 1  from 
adults ( 1 8  proximal and 9 distal fragments together with 4 
diaphysial fragments) and l from a young animal with newly 
fused epiphysis. The EMNI is 27. 

The age grouping shows that 8 out of the 27 were juveniles, 
and 6 of these were about l year old, whereas 2 were only 6 
months old. Three belong to the next age group, young 
animals with newly fused epiphyses. The rest were fully 
grown adults. 

The majority of the bones are well preserved and have the 
characteristics of preservation of either taphozone Il or Ill. A 
few show strong peeling, and black colouring from burning 
occurs on twelve. They seem to have been heated in the fire 
and left seattered around the site for a short period. They are, 
however, not very much decalcified as is the case with 
taphozone I bone deposits. Either the site was covered with 
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water shortly after it had been deserted, or the remains have 
been moved from the fire place into the water shortly after 
burning. 

There are several traces of dog-gnawing, and cut marks 
and chop marks occur (Fig. 87) .  

The fragmentation pattern is  very clear. The bones have 
been smashed against or hit with a hard object to break across 
the diaphysis. This resulted in either proximal or distal joints 
with a larger part of the diaphysis attached to it. 

Biometry. - The size difference in the adult material indicates 
that both males and females were present (Appendix 2; Figs. 
49-50) . It is not possible to separate the young and juvenile 
groups into males and females owing to the lack of adequate 
comparative material. 

Abnormalities. - A complete femoral bone was broken while 
the animal was alive, and osteomyelitis developed after infec
tion of the lesion (KS 33/3 1 - 1 ) . It is assumed that the break
age occurred after the leg was hit by an arrow (Pl. 47: lA-C) 
(see pp. 1 79-1 80 on hunting traces) .  

ULKESTRUPLYNG 

Material. - Only 6 small fragments of femur, representing at 
least l juvenile and l adult animal (Pl. 2 1 : 1 ) .  The bones are 
well preserved and show very few traces of human activity. 

Tibia 

MULDBjERG I 

Material. - Thirty-five fragments (Pl. 22:5-6) .  The state of 
preservation is good, although weathered fragments show
ing peeling are present. There are 5 lower ends (2 dextral and 
3 sinistral) ,  l upper sinistral epiphysis, and 28 diaphysial 
fragments ( 1 1  dextral, 12 sinistral, and 5 not assigned to side) 
(Appendix 1 ) .  Based on the ontogenetic age of the bones and 
the right-Ieft distribution criterion, the EMNI is calculated 
to 5 (3 adults and 2 subadults of different age) .  The bones are 
generally highly fragmented, especially the shafts, but also 
the upper epiphyses are split into cranial and caudal frag
ments. The fragmentation pattern is well illustrated by one of 
the bone elements reassembled from 8 fragments (Pl. 22:6C
H) .  Impact marks are abundant, whereas cut marks and 
traces of dog-gnawing occur more seattered. 

Biometry. - Comparison of the Bd values for tibia from all 
four sites indicates that the values from Muldbjerg I are in the 
lower end of the total range of values from Kongemose 
(Appendix 2; Fig. 5 1 ) .  Even the known fully grown male 
(Mul.! 408 15 )  falls in the lower end of the range. There are a 
few alm ost complete tibiae from Kongemose, and they are 
almost a third longer than bones of the same ontogenetic age 
from Muldbjerg I. Even if all tibiae from Muldbjerg I (except 
for the two known males) are from female animals, the size 
difference is remarkable. The cranial bones from Konge-
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Fig. 51 .  Comparison of dimensions of tibia of Cervus e/aphus from the four 
sites. Data in Appendix 2. 

mose further indicate the presenee of both males and fe
males. The Muldbjerg I dimensions are similar to those 
recorded from Præstelyng, whereas there is absolutely no 
overlap with those from Ulkestruplyng_ 

PRÆSTELYNG 

Material. - Fifty-five fragments of tibia (PL 22: 1-4) _  There 
are 29 fragments from the left side ( 1 2  proximal parts, 2 distal 
epiphysis, and 1 5  diaphysial fragments, either cranial or 
caudal parts) and 26 fragments from the right side ( 1 1  
proximal parts, 5 distal parts, and 1 0  diaphysial fragments, 
either cranial or caudal) _  The fragments are generally well 
preserved but have clearly been deposited in different envi
ronments, mainly in taphozone I and Il (Table 10) .  The 
combination of the left/right side and ontogenetic age crite
ria gives an EMNI of7 or 8 (one newly born, one 4-months
old, three 12-15-months-old, and 2-3 adults) .  Impact 
marks, cut marks, and traces from dog-gnawing are present 
(Fig. 88) .  Impact marks are especially concentrated on proxi
mal en ds, approximately 10 cm from the proximal joint 
surfaces, and laterally on the shaft. This fraeture pattern 
results in a cranial! caudal splitting of the diaphysis. 

Biometry. - The very few measurements that can be made are 
similar to those from Muldbjerg I and thus fall within the 
very lower end of the range of values from Kongemose and 
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Ulkestruplyng (Appendix 2; Fig. 5 1 ) .  The two Bd values may 
represent a female and a male, as reflected by the large 
difference in width. 

KONGEMOSE 

Material. - A total of232 fragments have been identified (PL 
23, 24.4-5, 24. 1 0--1 1 ,  24. 13 ) .  The state of preservation is 
generally very good, and bones from almost newborn calves 
are preserved. They show the general characteristics of 
taphozone Il preservation. Some fragments show, however, 
deep cracks and deep peeling of surface layers. The majority 
of these poorly preserved bones also show signs ofburning, 
and black and dark brown sod adheres to the bones. The 
poor preservation results from buming or from the bones 
having been lying seattered around the site for some time, 
exposed to dog-gnawing and desiccation, and eventually 
preservation in taphozone I. There are 107 dextral fragments 
represented by 24 proximal ends, 5 1  distal ends, and 32 
diaphysial fragments ( 1 6  cranial, 10 caudal, and 6 lateral ) .  
Included are 2 complete bones ( l  juvenile and l adult) .  Seven 
of the distal ends have loose epiphyses, whereas 9 proximal 
ends have loose epiphyses. Eight fragments show traces of 
fire. There are further 125 sinistral fragments represented by 
3 1  proximal ends, 52 distal ends, and 42 diaphysial fragments 
( 19 cranial, 12 caudal, and 1 1  lateral) . Eleven of the proximal 
ends have loose epiphyses. Furthermore, a num ber of loose 
epiphyses include 2 from almost newborn individuals. 
Eleven of the distal ends have loose epiphyses. Ten loose 
epiphyses were found, including l from a newborn calf. A 
total of 8 burned left fragments are recorded. The EMNI is 
53.  The majority of the individuals were adults (40) ,  at least 
2 calves were 0--3 months old, and at least 1 0  further juveniles 
with loose epiphyses occurred. 1t is likelythat a num ber of the 
loose epiphyses may fit the diaphyses laeking distal and 
proximal ends. The bones were fragmented by simple break
age or by rem oval of the epiphyses and splitting of the 
diaphysis (PL 23) .  Cut marks occur as well as traces from 
dog-gnawing. 

Biometry. -A large num ber of measurements could be taken 
from the adult tibiae (Appendix 2; Fig. S l ) .  

U LKESTRUPL YNG 

Material. - Seventeen fragments, 2 of which are from juve
nile animals (Pl. 24: 1-3, 6-9, 12 ) :  5 proximal ends (2 dextral 
and 3 sinistral) ,  I l  distal fragments (6 dextral and 5 sinistral) ,  
and l sinistral diaphysial fragment. Two of the bones show 
traces of fire (Richter 1 982a) . The EMNI is 6, including the 
juvenile animal. The bones are differentlypreserved owingto 
desiccation and to the very crude fragmentation, especially of 
the upper ends. The bones were deposited in taphozones I 
and Il. Seven of the distal ends have been meticulously cut or 
sawn off and are rather well preserved, whereas UL0 V -5 (Pl. 
24:2) and UL0 23387- 1 are fragmented, as seen in the 
Kongemose material, and have a peeling surface and deep 
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weathering cracks. Commonly the distal part of tibia has 
been carefully removed. A ring-shaped gro ove has been cut 
around the bone just above the joint, then 5-6 grooves 
perpendicular to the ring were cut before the bone was 
broken along the lines of weakness (Richter 1 982a, Fig. 136) .  

Biometry. - All the dimensions are in the upper end of the 
range found at Kongemose and show no overlap with Muld
bjerg I and Præstelyng (Appendix 2; Fig. 5 1 ) .  

Metatarsus 

MULDB)ERG I 

Material. - Thirty-seven fragments from adult animals (Pl. 
25) .  They include 1 1  sinistral fragments (3 proximal and 3 
distal ends and 5 pieces of the diaphysis) ,  and 1 8  dextral 
fragments (3 proximal and l distal end and 14 pieces of the 
diaphysis) (Appendix 1 ) .  The EMNI is 4. The fragments 
can be reassembled to form 6 more or less complete meta
tarsal bone elements. Each bone element consists of dia
physis fragments together with either the upper or the 
lower epiphysis. 

The state of preservation is generally good, and the bone 
surfaces are hard and brown. However, in some cases frag
ments of the same bone element shows differences in colour 
and weathering, indicating different depositional environ
ments (e.g., the bone consisting ofMul.! 49693, 1 5 13 , 1 992, 
6277, 1 52 1 ,  36108)  (Pl. 25: 1A-C) .  In a few cases the bones 
have been heated, as indicated by their blackish brown 
colour (e.g., Mul.! 1 3603, 1 1 85 )  (Pl. 25:4) . Nearly all the 
metatarsal bones have been fragmented by removal of the 
upper and lower ends and subsequent longitudinal splitting 
of the diaphysis. The proxirnal diaphysis has in some cases 
been split into a cranial and a caudal part during this proeess 
(Pl. 25:3, 7 ) .  Cut marks and a few traces from dog-gnawing 
occur, notably in the proximal parts. Crush marks are well 
developed around impact areas of shaft splitting (Fig. 89) . 
Mul.! 1 5585 is a piece of the diaphysis that has been carefully 
split away by cutting a deep groove on both sides of the 
resulting fragment. 

Biometry. - The dimension Bd is in all the values similar to or 
slightly larger than the values from the small stag M ul.! 40424 
(Appendix 2; Fig. 52) .  It is unlikely that all the metatarsal 
bones are from stags, considering the evidence from the 
cranial bones, where at least l female skull is recorded. All 
that can be said is thus that the bones come from relatively 
small animals. The Bp measurements show 3 figures with 
higher values and l with lower value than the stag Mul.! 
40424. 

PRÆSTELYNG 

Material. - Sixteen fragments from adult individuals (Pl. 
26: 1-5 ) .  There are 7 dextral fragments (2 upper and 2 lower 
ends and 3 epiphysial fragments) ,  8 sinistral fragments (3 
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Gervus elaphus, metatarsus centrotarsal e 

Bd DD Bp GB 

N 6 3 3 5 1 1 3 1 1 0  5 35 4 5 
mm 8 

§ 
! 

40 � 9 O § O O 
30 O § 8 
20 g O O 
1 0  

Mean 45 39 34 33 1 7  1 7  1 8  37 35 33 38 33 36 
!Sl ....I !Sl ....I !Sl ....I !Sl ....I Loc. ....I Cf) ....I => ....I � ....I => ....I Cf) ....I => ....I Cf) ....I => 
=> '" o... :::;;: => o... :::;;: => '" o... :::;;: => '" o... :::;;: 

0 1  - 20% 0 21 - 40% @ 41 - 60% . 61 · 80% . 81 - 1 00% 

Fig. 52. Comparison of dimensions of metatarsus and centrotarsale of 
Cervus elaphus from the four sites. Data in Appendix 2. 

upper and 2 lower ends and 3 epiphysial fragments) ,  and l 
epiphysial fragment that cannot be determined to side. The 
EMNI is 3 .  Half of the bones are very well preserved, whereas 
the rest are strongly weathered. The latter are light with a 
porous surface, and the joints are severely damaged by decal
cification and desiccation; they were clearly deposited in 
terrestrial peat in taphozone I (PL 1 843 1 and PL 1970 1 -3 )  
(Pl. 25) .  Each bone was divided into four fragments. Both cut 
marks and traces from dog-gnawing occur (Fig. 89) .  Some of 
the bones have a black tint at the joints, as if they have been 
burned. 

Biometry. - The two values of Bd are within the range of the 
values from Muldbjerg I (Appendix 2; Fig. 52) . One is very 
small and the two other larger than the small Muldbjerg stag 
(Mul.I 40424) . This may indicate the presenee of l female 
and 2 males. The two male bones may come from the same 
individual, as one is dextral and the other sinistral, and the 
measurements are very similar. The other lower ends are too 
damaged to be measured. 

KONGEMOSE 

Material. - Fifty-nine fragments of metatarsus have been 
examined, including 16 fragments from juvenile animals 
with loose distal epiphyses (Pl. 26:6-1 1 ) .  The bones are 
generally very well preserved, although the juvenile bones 
and three of the diaphysial fragments show slight traces of 
wear. There are 32 sinistral fragments (29 upper and 2 10wer 
ends and l diaphysis fragment) ,  1 9  dextral fragments ( 1 5  
upper and l lower end and 3 diaphysis fragments) ,  and 5 
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fragments from the diaphysis that cannot be safely deter
mined to side. The EMNI is 23 ( 1 8  adults and 5 juveniles) ,  
determined on the basis of juvenile bones and left/right -side 
criteria. The juveniles were 3-6 months old. Two of the 
juvenile bones ( 1 left and l complete right metatarsal) are 
from a very young, alm ost newborn animal. Comparison 
with modern material suggests an age of 2 months or less. 
The two bones almost certainly belong to the same indi
vidual. Except for these two bones, all the bones have been 
fragmented following the same basic pattern. The lower ends 
have been removed, and the diaphysis including the upper 
epiphysis has been split longitudinally into a cranial and a 
caudal fragment. It is remarkable that only 3 distal ends have 
been found, as opposed the 4 1  upper ends. Not more than 
5% of the fragments that would be expected from the EMNI 
combined with the fragmentation pattern has been re
trieved. Even the fact that only a fraction of the total amount 
of the bones have been dealt with in this study cannot 
account for this discrepancy. This pattern is not observed in 
the juvenile bones, where upper and lower ends occur in 
roughly the same numbers. The metacarpal bones show the 
opposite trend, with 63 lower and only 5 upper ends. 

Cut marks are common (Fig. 86) and traces of dog
gnawing occur. 

Biometry. - The dimensions ofBd, Bp, and DD indicate that 
the animals were larger than those from Muldbjerg I and 
Præstelyng. The dimensions of Cervus elaphus from Ulke
struplyng are, however, the largest (Appendix 2; Fig. 52) .  

ULKESTRUPLYNG 

Material. - Five fragments of metatarsus, poorly preserved 
and very different in appearance (Pl. 26: 12-17) .  They in
clude l sinistral, very deeply weathered piece of an upper 
epiphysis with the majority of the shaft attached, 2 distal 
sinistral epiphyses, which each has been split into two, right 
through the joint, l fragment from the caudal diaphysis, and 
l distally burned sinistral epiphysis. One fragment is from a 
juvenile. The EMNI is 3 (2 adults and l juvenile) .  Strong 
chop marks occur around the distal joint. The two lower 
diaphyses are waste products after implement processing 
(Richter 1982a) (Pl. 26: 12-17) .  A similar type of implement 
left -over was recorded at Star Carr (Clark 197 1 ) .  Cut marks 
and strong polish marks occur on the cranial side of the distal 
part of the diaphysis (Fig. 86) . 

Biometry. - The material is too small to allow a statistical 
treatment. One Bp value of 37 mm and two Bd values of 46 
and 43 mm (Appendix 2; Fig. 52) .  

Pelvis 

MULDB)ERG I 

Material. - Twenty-one well-preserved but fragmented 
pieces, including l sacrum. All are from adult, and cut marks 
are found on os pubis (Appendix 2; Fig. 50) .  
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PRÆSTELYNG 

Material. - Twenty-five fragments, including 6 of sacrum. 
The bones are from both juveniles and adults. Apart from 
human breakage, all bones are well preserved. Cut marks are 
especially common on os pubis and around acetabulum. 

KONGEMOSE 

Material. - A total of 20 l fragments of pelvis. There are 140 
dextral and 6 1  sinistral fragments. The bones are crudely 
fragmented. The proximal parts of ilium are gnawed by dog 
in many cases. 

ULKESTRUPLYNG 

Material. - Two well-preserved fragments from adult pelvis 
(Appendix 2; Fig. 50) . 

Vertebra 

MULDB)ERG I 

Vertebra cervicalis. - The 58 fragments of vertebra cervicalis 
(Pl. 27) are generally unweathered, but most have been 
intensely gnawed by dog. The vertebrae have been fractured 
rather carelessly, and a fragmentation pattern can only be 
recognized for the atlas. In most cases atlas has been divided 
by a ventral or dorsal blow into a left and a right half (Pl. 
27:2A-B) .  There are 5 fragments of atlas (4 from the right 
side and l from the left side) .  The left fragment and one of the 
right fragments can be reassembled to form a complete atlas 
(Mul.l 23088 and 1 1973) (Pl. 27:2A) . Eight fragments from 
epistropheus occur. They are rather carelessly broken; 2 frag
ments (MuLI 1 7  and 18 )  can be reassembled. The epistro
pheus bones are divided into 3 dextral-side cranial fragments 
and l sinistral cranial fragment. The EMNI is 4 calculated on 
the basis of the presence of epistropheus and atlas fragments. 
The rest of the cervical vertebrae are randomly fragmented, 
and only chop marks and impact marks occur. Only one 
vertebra (Mul.l 545) is from a subadult juvenile animal. 

Abnormalities. - One vertebra cervicalis (Mul.l 1 6323) seems 
to have indications of osteoporosis. 

Vertebra thoracica. - A total of 58 fragments of vertebra 
thoracica have been found. They are well preserved, apart 
from the rather crude type of fracturing. Both juvenile and 
adult vertebrae occur, but none from newborn or veryyoung 
animals. A number of vertebrae have loose discs that can be 
fitted to the corpus vertebrae (e.g., Mul.l 28425 with 36226) .  
All the bones have been fragmented in various ways (Pl. 
27:3A-B) .  There are 1 1  almost complete vertebrae that lack 
only processus spinosus, 8 of which have been found. Fifteen 
more or less intact corpus vertebrae were found without 
processus spinosus and the arch on which it is placed. The 
expected 1 5  fragments of processus spinosus with the vertebral 
arch are also present. The remaining fragments include 8 
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minor fragments and l loose disc. There are a few cut marks 
and a considerable number of chop marks. Traces of dog
gnawing are common on corpus vertebrae. Four fragments 
show traces ofburning. 

Vertebra lumbalis. - A total of 44 fragments of vertebra 
lumbalis. They are generally well preserved, in spite of abun
dant traces of dog-gnawing. All the vertebrae have been 
divided into 4 fragments (2 processus transversus, l processus 
spinosus, and l corpus vertebra). The fragmentation was done 
in a careless but rather forceful way (Pl. 27: 1A-B) .  There are 
fragments of 1 9  vertebrae from at least 3 individuals. Four
teen of the fragments can be reassembled to more or less 
complete vertebrae. The processus has been knocked off in a 
ventraI or dorsal direction, and the vertebral arch is com
monly also removed. The majority of the corpus vertebrae 
have chop marks and cut marks on the ventral side. N one of 
the vertebrae are from juveniles. 

PRÆSTELYNG 

Vertebra cervicalis. - A total of 77 fragments of vertebra 
cervicalis. They are generally only slightly weathered but are 
intensely gnawed by dog. The atlas and epistropheus show a 
systematic fractionation pattern, whereas the rest of the 
cervical vertebrae have been carelessly fractured. All the atlas 
vertebrae have been divided into two by a dorsal-ventral 
blow, whereas epistropheus has been divided by a lateral 
cranial-caudal blow (Noe-Nygaard 1988) ,  sometimes re
sulting in excessive fragmentation right across corpus verte
bra. There are 1 3  halves of atlas and 9 fragments of epi
stropheus. The EMNI is 7. 

Vertebra thoracica. - A total of 43 fragments of vertebra 
thoracica. The major part are well preserved and are from 
taphozone IL Three fragments are weathered6 and two are 
slightly burned. A number of loose discs from not fully 
grown animals occurs. The general fragmentation pattern 
shows separation of processus spinosus from corpus vertebra7 
by a blow inflicted in a ventral-dorsal direction. A few 
scattered cut marks occur. Nearly all fragments have been 
gnawed by dogs. 

Vertebra lumbalis. - A total of 64 fragments of vertebra 
lumbalis. The major part has been preserved in taphozone Il 
and are well preserved. One vertebra of a very young animal 
is strongly weathered and appears to have been left in tapho
zone I. Nearly all vertebrae have loose discs. The bones are in 
general carelessly fragmented, but a certain pattern appears. 
The whole arch of the vertebra has been knocked off by a 
strong lateral blow. Processus spinosus has been broken offby 
a ventral-caudal movement. Only a few scattered cut marks 
are noticed on the ventral side of processus transversus, and 
there are very few traces of dog-gnawing. 

Vertebra caudalis. - The three specimen of vertebra caudalis 
are undamaged and well preserved. 
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KONGEMOSE 

Material. - A total of572 fragments ofvertebra. There are 106 
vertebra cervicalis, 23 1 vertebra thoracica, and 235 vertebra 
lumbalis fragments. The bones have been crudely frag
mented, and no repeated pattern can be established, in 
contrast to what is found at Præstelyng and Muldbjerg I .  

ULKESTRUPLYNG 

Material. - Ninety-two fragments of vertebra: 4 atlas, 5 
epistropheus (including l juvenile) , 27 vertebra cervicalis 
(including 2 juvenile) ,  24 vertebra thoracica (including 8 
juvenile) ,  25 vertebra lumbalis (including 4 juvenile) ,  2 os 
sacrum, 3 vertebra caudalis (including l juvenile) ,  and 2 
minor fragments. 

Costae 

The ribs are subdivided into three groups, (I)  costae verae no. 
1-6, (Il) costae affixaeno. 7-10,  and (Ill) costaefluctuante no. 
1 1-14.  

The bones from Ulkestruplyng and Kongemose are de
scribed in succession, whereas the ribs from Muldbjerg I and 
Præstelyng are described in groups. Only if special characters 
are present are single ribs emphasized, as in cases of healed 
injuries caused by hun ting. Ribs are likely to get hunting 
lesions because the rib cage covers heart and lungs. 

An EMNI has not been calculated, and biometric investi
gations have not been attempted, as they were considered 
unlikelyto add further information to what is already known 
from the biometric analysis of other, more suitable, bone 
elements. 

MULDB)ERG I 

Material. - A total of 1 19 fragments of ribs. Group I consists 
of 42 (23 dextral and 19 sinistral) ,  group Il of 3 1  ( 1 7  dextral 
and 19  sinistral) ,  and gro up III of 23 ( 1 4  dextral and 9 
sinistral) fragments; 23 fragments cannot be more accurately 
determined. The EMNI determined for Muldbjerg I on the 
basis of the other bone elements is about 4 (Mul.! 40424 and 
Mul.! 408 1 5  not included) . The number of ribs of the three 
groups is in accordance with what could be expected from 4 
individuals. This is also the case for the distribution of 
fragments within the single groups. 

PRÆSTELYNG 

Material. - Eighty fragments, distributed as follows: 3 1  of 
group I, 21 of group Il, 26 of group Ill, and 2 fragments that 
cannot be referred to any of the groups. The preservation is 
generally good, although single ribs of group I are peeled off 
in their full length, split longitudinally, and have a light 
brownish, leached surface (Pl. 1 ) ,  which, however, shows 
none of the small rectangular peelings caused by deep 
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weathering recorded by Behrensmeyer et al. ( 1 986) and N. 
Noe-Nygaard & P.-H. Larsen (unpublished data) .  

KONGEMOSE 

Material. - A total of 102 fragments were determined and 
described. The bones are weU preserved with a dark brown 
surface, normaUy without peelings; a few, however, show a 
clear splitting, beginning in the distal end (Figs. 90- 9 1 ) .  
Sixty-two fragments can b e  placed in gro up I (23 sinistral, 30 
dextral, and 9 that cannot be identified with respect to side) ,  
25 in group Il (10 sinistral and 15 dextral) and 15 in group III 
(6 sinistral and 9 dextral) .  Cut and scrape marks are present 
but not frequent compared with, e.g., the Muldbjerg I site. 

ULKESTRUPLYNG 

Material. - Fifty-eight fragments of ribs. The bones are weU 
preserved and have a hard, shiny light brown surface colour; 
onlya few show beginnings of splitting distally. Thirty-one of 
the fragments can be placed in gro up I ( 1 8  dextral and 1 3  
sinistral) ,  I l  in gro up I l  ( 9  dextral and 2 sinistral) ,  and 8 in 
gro up III (5 dextral and 3 sinistral) . Based on the distribution 
of right- and left-side ribs it is evident that the material is 
incomplete, compared with an EMNI of 6 (Richter 1 982a) . 
In 32 cases caput costae were broken off. Fractures are few in 
number. Onlywhere the ribs from groups I and Il are fixed to 
the sternum or fastened to its prolongation by cartilage may 
distal insignificant fractures occur. As a whole, the bones are 
virtually complete. 

It is remarkable that the bones are from animals that were 
considerably larger than those from Kongemose, Præste
lyng, and Muldbjerg 1 .  It is also significant that marks pro
duced by cutting, chopping, and scraping are absent. 

A single injury, now healed, is found on UL0 16788, which 
might result from splitting-off of a bone splinter, possibly 
caused by a missed shot with a flint -pointed arrow or result -
ing from rutting fights (Noe-Nygaard 1990) . 

Phalanges 

MULDBjERG 

Material. - Twenty-three weU preserved phalanges from 
adult animals. With a few exceptions, all of them have been 
knocked open for marrow extraction. 

PRÆSTELYNG 

Material. - Thirty-nine phalanges, most of them marrow
fractured. Ten fragments are from young animals with loose 
epiphyses. 

KONGEMOSE 

Material. -A total of365 phalanges from both hand and foot. 
About two-thirds are marrow-fractured. Less than 10 cut 
marks occur. 
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ULKESTRUPLYNG 

Material. - Sixty phalanges. 

Carpal and tarsal elements 

MULDBjERG I 

Calcaneus. - The material consists of 2 dextral os calcanei. 
They are complete and derive from an adult and a young 
individual with fused but open epiphysial seams. The bones 
are preserved differently and were deposited in different 
environments. The more weathered bones have clear marks 
from dog-gnawing. Cut marks are present on both bones. 
The EMNI is 2. 

Biometry. - The GL dimensions on calcaneus clearly fall 
within the lower part of the range of GL from Kongemose 
(Appendix 2; Fig. 53) .  There are, however, in the Kongemose 
material measurements as small as those from Muldbjerg 1. 
They probably represent a young female individual. The 
smallest of the Muldbjerg I calcanei is from an adult indi
vidual. The small size indicates that it possibly stem from a 
female. 

Astragalus. - The material consists of 4 os astragali (3 dextral 
and l sinistral) from different animals, so the EMNI is 4. Two 
ofthem are small, and two are somewhat larger. Preservation 
is very different. Two are strongly weathered and light with 
peeling and cracking surfaces, whereas the other two are 

Gervus elaphus, astragalus calcaneus 
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Fig. 53. Comparisan of dimensions of calcaneus and astragalus of Cervus 
elaphus from the four sites. Data in Appendix 2. 
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Fig. 54. Scatter plot of GLI and GB of calcaneus of Cervus elaphus from 
Kongemose (white) and Muldbjerg l, Præstelyng, and Kongemose L, A, E 
combined (dark). Note the difference between the BoreaI and the Late 
Atlantic sites. 

heavywith smooth dark brown surfaces. Theyall showtraces 
ofburning. The two first were deposited in taphozone I, and 
the others in taphozone Il with only a short residence time at 
the site. 

Biometry. - The GL/GB index clearly falls into two groups, 
one long and broad (Mul.! 1 0970, 1 2459) and one that is 
smaller, notably in the GB dimension (Fig. 54) . The dimen
sions suggests the presence of2 males and 2 females (Appen
dix 2 ) .  All measurements from Muldbjerg I fall within the 
lower end of the range of the measurements from Konge
mose animals (Fig. 53) .  

Centrotarsale. - The material consists of l dextral and 2 
sinistral os centrotarsale. The bones are very differently pre
served; one was deposited in gytt ja and the other two in peat. 
One has very distinct cut marks. 

Biometry. - The dimensions of the older stag (Mul.! 408 15 )  is 
clearly larger than the other animals from Muldbjerg I and 
larger than those from Præstelyng (Appendix 2 ) .  

PRÆSTELYNG 

Material. - Fifty-one fragments of carpals, tarsals, and fibula. 
There are 1 5  carpals (4 dextral and l sinistral intermedium, 
3 dextral and l sinistral ulnare, and 6 carpal bones) ,  and 34 
tarsals. The tarsals include 9 calcanei (5 dextral and 4 sinistral 
including 3 from juvenile animals, 0-3 months old) with 
frequent traces of dog-gnawing, 9 astragali (6 dextral and 3 
sinistral, l ofwhich is deformed probably by rheumatism) ,  7 
other tarsals, 9 pateUa (4 dextral and 5 sinistral) ,  and 2 
sinistral adult fibulae (Figs. 52-53) .  None of the tarsals show 
traces ofburning in contrast to what is found at Muldbjerg L 
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Biometry. - The dimensions of  the 6 calcanei, the 9 astragali, 
and of centrotarsale are found in Appendix 2 (Figs. 53-54) .  

KONGEMOSE 

Material. - A total of 1 79 bones. There are 42 astragali (23 
sinistral, 17 dextral, and 2 fragmented) ,  and EMNl is 24. 
There are cut marks on 8 speeimens. There are 55 centro
tarsale (26 dextral, 25 sinistral, and 4 juvenile ) ,  and the EMNl 
is 29. There are 19 complete pateUae and 63 other tarsals. 

Biometry. - The dimensions of the calcanei, the astragali, and 
of centrotarsale are found in Appendix 2 (Figs. 53-54) .  

ULKESTRUPLYNG 

Material. - Eighteen fragments: 2 sinistral pateUa, 5 astragali 
(2 dextral and 3 sinistral) ,  2 calcanei C l  dextral and l sinis
tral ) , 3 other tarsals, and 6 carpals. Only l calcaneus is from 
a juvenile. 

Biometry. - The dimensions of the astragali are found in 
Appendix 2 (Figs. 53-54) .  

Discussion of biological data 

Biometric data - size, age, and sex structure 

Cervus elaphus is by far the most common mammalian prey 
at all four sites, both in number of fragments and in EMNl 
(Tables 6-9, 1 1 ) .  This is particularly clear at Muldbjerg I and 
Præstelyng. At Kongemose, both Sus seraJa and Capreolus 
capreolus are common and are almost equal in numbers to 
Cervus elaphus. · At Ulkestruplyng, Cervus elaphus is still 
dominant, but Capreolus capreolus, Sus seraja, Alces alces, and 
Bos primigenius are all weU represented. The pattern of spe
eies diversity at the two Late Atlantic-Early Subboreal sites 
(Præstelyng and Muldbjerg I) recurs at the three Late Atlan
tic sites (Vejkonge, Åkonge, and Nøddekonge) situated near 
Muldbjerg I (Gotfredsen 1990; p. 10 in this study) . The high 
representation of Cervus elaphus at the sites during the Late 
Atlantic period probably reflects that it was the dominant 
species in the neighbouring habitats and thus more easily 
hunted. The total absence of Bos primigenius and Alces alces 
in sites from this period suggests that they were no longer 
available, presumably not on Sjælland at all. This is in accor
dance with observations by Aaris-Sørensen ( 1980) .  At the 
Late Boreal site Ulkestruplyng, Bos primigenius is only rep re
sented by 1 73 fragments and Alces alces by 33 fragments. At 
Kongemose only 4 fragments of Alces alces have been found. 
The fragments from Kongemose (2 phalanges, 1 metatarsal, 
and l ulna) may even be stray elements, as the site deposits 
interfinger towards the southeast with Maglemose cultural 
remains. The largest Late Atlantic prey animal was thus 
Cervus elaphus. Although the conclusions are based on only 
30 sites from the Åmose area they seem to be consistent with 
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evidence from the rest of Sjælland and eastern Denmark 
(DegerbøI 1933, 1942; MøhI 1970; Aaris-Sørensen 1980) . Bos 
primigenius disappeared from Sjælland shortly after 6,000 
b.c. andAlces alces during the first phases of the Early Atlantic 
period. Thereafter, Cervus elaphuswas highly dominant in all 
the site deposits. 

Spatial distribution and preservation 

In this discussion of the Cervus elaphus material from the 
four sites, emphasis is placed on the variation in the EMNI 
calculated on the basis of different bone elements. Differ
ences in preservation of the various bone elements is ana
lyzed, and the biometrical data are commented upon. Fi
nally, the veryfew abnormalities of the bones are interpreted, 
and the season ofkill of the animals is established. 

Variations in EMNI 

The EMNI of Cervus elaphus calculated on different bone 
elements varies between 3 and 5 at Muldbjerg I, but is 
normally 4 or 5 (Table 10 ) .  The figures from Præstelyng 
show greater variation, between 3 and I l . At Muldbjerg I, 
cranium, radius/ulna, tibia, and metacarpus show the high
est EMNI, whereas mandibula, humerus, scapula, metacar
pus, and metatarsus show lower numbers. The EMNI at 
Kongemose varies between 1 7  and 53, with high numbers for 
tibia and low numbers for femur, humerus, and metatarsus. 
It is important, therefore, that the EMNI is based on the 
whole spectrum of bone elements of a species and not on a 
limited number of elements. When the different EMNI 
figures are compared with type of preservation and tapho
zone, it may be possible to interpret the differences as caused 
by selective secondary butchering of specific bone elements 
and duration of surface exposure. 

The three taphozones are not only characterized by differ
ent types of bone preservation but also by different bone 
assemblages. This is illustrated by the distribution of impor-
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tant bone elements of Cervus elaphus at the Muldbjerg I site 
(Table 12 ) .  

The number of  bones recovered from each taphozone at 
Muldbjerg I shows that about two-thirds of the material is 
from taphozone Il, which has a high preservation potential 
and low risk of redeposition (Table 12 ) .  About one-third of 
the material is from taphozone I, representing the terrestrial 
area around the site where bones may be subjected to physi
cal and chemical destructive forces for a shorter or longer 
period (Noe-Nygaard 1983, 1988) .  Only a minor part (5%) 
of the bones were deposited in taphozone Ill, represented by 
the relatively deep-water, fine-grained detritus gytt ja. A sig
nificant number of the bones from the terrestrial taphozone 
I consist of the more solid upper and lower epiphyses of 
specific bone elements. This is clearly reflected in the cases of 
radius and ulna, which show well-preserved proximal ends 
in taphozone Il, whereas distal ends found in taphozone I are 
less well preserved. The epiphyses from taphozone I may 
thus represent the selective destruction residual of the distal 
ends, where the less resistent parts such as fragmented dia
physes have disappeared. The presence of distal ends of 
radius and ulna in taphozone I may, however, also result 
from a butchering strategy, where the epiphysial ends have 
been chopped off during secondary butchering, fed to dogs, 
and thus prevented from entering the aquatic refuse dump 
directly. It is not possible to conclude which one of the two 
hypotheses is correct, and a combination of the two may also 
be considered. 

The taphonomic loss and the resulting bone assemblages 
are different in the different taphozones. It is thus necessary 
to sample all taphozones to get a reliable overall impression 
of the quality and quantity of the total fossil assemblage from 
a site. 

The time of habitation of Muldbjerg I, Præstelyng, and 
Ulkestruplyng was probably around 4-5 summer mo nths, 
suggested by the combined evidence of the seasonal indica
tors (Figs. 138-140) . The sites were left around October and 
overgrown by herbs and peat in the following spring and 

Table 12. The distribution in taphozones of various fragments of the same bone element. The analysis include 9 different bone elements. 

Cervus elaphus, Muldbjerg I Taphozone I Taphozone Il Taphozone III 
Number of fragments Number of fragments Number of fragments 

Bone element EMNI Total Prox Dist Diap Total Prox Dist Diap Total Prox Dist Diap 

Cranium 5 10  35 
Mandibula 3 2 9 l 
Scapula 4 7 4 2 
Humerus 4 6 5 1 2  2 10  3 2 
Radius/ulna 5 10  2 5 3 36 35 4 2 2 
Femur 4 10  4 2 4 33 3 29 
Tibia 5 9 l 4 4 25 l 24 
Metacarpus 5 5 l 3 l 26 8 2 16  
Metatarsus 4 6 2 3 3 1  4 26 

Total 65 1 1  1 5  20 2 1 1  1 6  7 140 1 1  2 4 
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summer. This resulted in some protection, and probably the 
annual terrestrial bone accumulations were sealed off in 
taphozone I. Taphozones Il and III were normally water
covered all year round. 

PRESERVATION OF SINGLE BONE ELEMENTS 

Mandibula is generally weU preserved at all the sites and 
shows the characteristics of rapid deposition, and thus pres
ervation in taphozone Il. An exception is Ulkestruplyng. 

Scapula is poorly preserved at M uldbjerg I and Præstelyng. 
The bones have dearly been exposed to desiccation and in 
many cases show features characteristic of surface exposure, 
such as deep cracks and traces from dog-gnawing, from 
deposition in taphozone I. The Kongemose scapulae are 
almost complete and show very few traces of dog-gnawing. 
The common cracking of the intra spinosum area is of recent 
origin. The type of preservation of the shoulder blades indi
cates that they were deposited in taphozone Il rather shortly 
after removal of the meat. A few have, however, been crudely 
chopped into three across the spine. They are very poorly 
preserved and were found at or dose to the site. 

Humerus is weaklyrepresented at all four sites, commonly 
poorly preserved, and strongly gnawed by dog. The majority 
of the bones show deep surface cracks and peeling of surface 
layers characteristic of bones that have been exposed at the 
site area for some time before being embedded in sediments, 
often in taphozone I. At the Kongemose site, however, some 
of the very weU-preserved distal ends of humerus were de
posited directly in taphozone Il. They have virtually no cut 
marks or traces of dog-gnawing. 

The proximal parts of radius and ulna are commonly 
present in a merging number. The type of preservation 
combines features of aU three taphozones. The upper part of 
the bones is often intensely gnawed by dog and found in 
taphozone I. One radius/ulna bone from Muldbjerg I is 
reassembled from fragments that vary from strongly wom 
and gnawed, to dark, hard bone fragments, to light, hard 
fragments deposited in calcareous gytt ja. This indicates that 
parts of the same bones were deposited in three different 
taphozones. It is most likely that the bone was fragmented at 
an early stage of the butchering process, and the distal part 
was cut off immediately and left behind, whereas the proxi
mal part was part of a lump subjected to later secondary 
butchering. 

Femur is poorly represented at all sites. The preservation 
of the retrieved bones indicates deposition in taphozone Il 
and, to a lesser degree, in taphozone I .  Most of the femora 
bones were probably left at or near the site and exposed to 
pre-burial destruction such as dog-gnawing. 

Tibia is weU represented and was mainly deposited in 
taphozone Il and less common in taphozone Ill. 

Metapodials give a very low EMNI for all four sites, prob
ably reflecting loss of material by implement processing. 
Metacarpus and metatarsus were mainly deposited in tapho-
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zone I .  At Ulkestruplyng the distal ends from metacarpus 
and metatarsus were exdusively retrieved from taphozone I. 
They are rather weathered, and several fragments show 
traces of fire. Among the bone implements from the site, 
'knives' made from the shaft of metapodials are weU known 
(Andersen et al. 1 982) .  The distal ends of the metapodials 
from Muldbjerg I and Præstelyng were fractured with much 
less care than at Kongemose, and the bones are more frag
mented. It is thus less dear if the bones from Muldbjerg I and 
Præstelyng were used in tool processing. 

It is obvious from the data above that a thorough tapho
nomic analysis and recognition of type and place of weather
ing is of major importance when biological and archaeologi
cal evaluation of the subfossil bone assemblage is made. 

EMNI at the sites 

Muldbjerg I was excavated in total, induding the habitation 
area and the refuse dump as weU as a large part of the deep 
lake bottom deposits. At this site the EMNI values for differ
ent bone elements show the smallest variation and the high
est number of complete bones that have been reassembled 
from scattered fragments (Tables 12, 34) .  

Præstelyngwas never excavated to  such an extent (Fig. 3 1 ) , 
but both part of the area ofhabitation and the dumping areas 
were examined. The bone material from the habitation area 
was partly destroyed by recent lowering of the groundwater 
level as weU as by ploughing and thus surface exposure. 
Differences in EMNI of the various bone elements are thus to 
be expected. 

Kongemose was excavated rather rapidly over a short 
period of time. The excavation induded both part of the 
assumed habitation area and the dump area, but the site was 
not completely excavated (Fig. 3 1 ) .  This is dearly reflected in 
the variation of EMNI values, and in the discrepancy be
tween the number of fragments found, and the number of 
fragments to be expected from the EMNI when the fragmen
tation pattem is considered. It is noteworthy that the num
bers of upper and lower ends of the metapodials are similar 
for juvenile bones, whereas they are highly different for the 
upper and lower ends of adult metapodials. This probably 
reflects that the young animals were killed mainly for food 
consumption, butchered, and deposited at or around the 
site, whereas adult metapodials may have been used for tool 
processing and the fragments taken away. 

Mainlythe habitation areas at Ulkestruplyng and onlypart 
of the dump area was excavated. The main aim of the 
excavation was to study the assumed hut foundations 
marked by thick bark layers and their immediate surround
ings. Bones left on the site itself give a rather biased picture of 
the potential material present on the site, as indicated by a 
predominant taphozone I type of preservation and dear 
variations in EMNI. 

The combined evidence from both Tables 10 and 12  
indicate that the bone types and assemblages in  taphozone I 



104 Nanna Noe-Nygaard 

and Il are different. Epiphysial fragments seem to dominate 
in taphozone I and diaphysial fragments in taphozone IL The 
highest taphonomic loss occurs in taphozone I, indicated by 
the lowest NF for bone elements assumed preferently to be 
found here. From Table 12  it appears that epiphysis of 
humerus, radius, tibia, and femur from the Muldbjerg I site 
are preferently found in taphozone I and less frequently in 
taphozone Il. This distribution pattem may explain the often 
high taphonomic loss on these bone elements, especially 
humerus and femur. These more meaty body parts have 
probably been subjected to secondary butchering, cooking, 
marrow fracturing, subaerial exposure, and, last but not 
least, destructive scavenging from dogs. This interpretation 
is further supported by the occurrence of epiphysial ends to 
diaphysial fragments in the two zones. In taphozone I, 8 
proximal ends, 9 distal ends, and 1 6  diaphysial fragments 
occur. In taphozone Il, 4 proximal ends, 4 distal ends, and 24 
diaphysial fragments occur (Table 12 ) .  In taphozone I a large 
number of destructive agents act on the bone assemblage, 
and only the more massive parts have survived, though often 
poorly preserved. The less resistant smaller diaphysial frag
ments are destroyed. 

The opposite trend seems to occur in case of metatarsus 
and metacarpus, the major part ofwhich are found in tapho
zone IL There is virtually no meat on these parts, and they 
have probably been disposed of rapidly, except for those used 
in implement processing. Bone fragments found in tapho
zone III are probably dumped randomly and erratically. 

As the highest number of the more solid parts are found in 
taphozone I, it is likely that a high number of diaphysial 
fragments were also originally deposited here. The lack of 
diaphysial fragments in taphozone I is probably due to 
intense physical and chemical destruction by man and dog. 

It is thus of major importance to excavate in all three zones 
when a proper estimation of the number of hunted prey 
animals is wanted. 

Abnormalities 

The animals appear to have been healthy at the time of 
killing, and very few traces resulting from hunting are re
corded; these are mainly from Kongemose. 

Special attention is directed to the presence of very old 
individuals at Kongemose. KS 35/27,0-27 ,5-7 4 is thus from a 
senile individual with completely wom teeth (Pl. 1 0:7) . The 
mandible Mul.! 408 1 5-34 has a healed lesion on ramus 
mandibula (discussed in detail on p. 85) .  The damage may be 
intlicted by man or caused by a natural accident. 

Minor lesions occur on ribs from all four sites. They are 
normally retlected by the presence of extended callus forma
tion or as small apophyses ofbone material, e.g., Mul.! 20 1 1 , 
Mul.! 24228 and UL0 16788 (Pl. 46:6, 1 1-12) .  

The lesions on costae of  Cervus elaphus from Kongemose 
are a l cm long furrow with a small wall on each side inside 
the rib from gro up I, and a formation of callus which in part 
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deforms the rib (Pl. 46:8, 1 0, 1 3 ) .  The first type was probably 
caused by a superficial, non-Iethal, grazing shot, or perhaps 
through 'bending' acquired in rutting fights, or at birth. It is 
remarkable that this type oflesion always occurs on the inner 
side of the rib, exactly where fracture due to compression 
should be expected, whereas a rib is normally so elastic that it 
can stretch a certain amount during extension. The other 
type of callus formation commonly occurs where fractures 
are seen, or where smaller splinters of bone have been split 
off, for instance caused by passage of an arrow (Pl. 46:6-13 ) .  

A scapula from Kongemose (KS OF-226) has an  unhealed 
lesion (Pl. 46:3) .  Another unhealed hunting lesion was ob
served on an upper loose epiphysis ofhumerus from Konge
mose (KS 40/32-7) (Pl. 47:2 ) .  The fragment was almost split 
into two by an oblique arrowhead. A fused radius and ulna 
from Muldbjerg I (MuLI 32 1 79, 50995, 1 582, 23) has a 
healed lesion, most likely a hunting damage from a graze 
shot. A healed lesion is also observed on the distal epiphysis 
of a radius from Kongemose. 

X-radiograph of a broken and subsequently deformed 
femur from Kongemose (KS 33/3 1 - 1 )  shows that the leg was 
affected by osteomyelitis after breakage (Pl. 47: 1 A-C) .  The 
bone was most likely broken during hunting, and the infec
tion from the wound later caused the osteomyelitis. 

Osteoporosis seems to have affected a vcrtebra cervicalis 
from Muldbjerg I. The cause of the disease is a specific type of 
malnutrition. The disease is found among domestic animals 
such as dog and cat as well as among modem herbivores. It 
seems to be caused by lack of calcium, phosphorus and 
nitrogen (protein) (Baker & Brothwell 1 980) . The disease 
occurs when feeding possibilities are poor, owing either to 
poor quality of food or to overpopulation resulting in insuf
ficient supplies of protein-rich food. If the Åmose area dur
ing the Atlantic period changed into a less varied forest 
biotope, the results of poorer food would be expected to 
occur in the Late Atlantic sites. 

Caries has been found in ml for the mandibles KS 39/27-
66 and KS 39/30-4; both jaws are most likely from the same 
individual. 

Size reduction 

Biometric data on nearly all measurable bone elements from 
Cervus elaphus give an overall impression of size reduction 
(Tables 1 3-15 ) .  It is clear, however, that the material from 
the four sites varies in number of bone fragments, and the 
highest EMNI from Muldbjerg I is 5, from Præstelyng 1 1 , 
from Kongemose 53, and from Ulkestruplyng 6. The size 
variation between the sexes retlecting sexual dimorphism 
plays a greater role in a small material. It is thus possible that 
the difference in size of individuals between sites is a result of 
overrepresentation of one sex. 

In the Muldbjerg I material, which includes two almost 
complete male skeletons (MuLI 408 1 5, 40424), comparison 
of dimensions of the various bone elements from the site, 
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Table 13 .  Student's t-test on mean values ofBd on humerus (A-F) and seL 

on scapula (G) from Cervus elaphus. DA. Between Muldbjerg I, Præstelyng, 
and Kongemose L, A, E combined, and Kongemose cIassicus. DB. Between 
Muldbjerg I, Præstelyng, and Kongemose L, A, E combined, and Ulke-
struplyng and other Åmose sites from the MagIemose culture combined. 
De. Between Kongemose cIassicus, and Ulkestruplyng and other Åmose 
sites from the MagIemose culture combined. OD. Between Muldbjerg I 
and Præstelyng combined, and Kongemose cIassicus. DE. Between Muld-
bjerg I and Præstelyng combined, and Kongemose L, A, E combined. OF. 
Between Kongemose classicus and Kongemose L, A, E combined. OG. 
Between Muldbjerg I, Præstelyng, and Kongemose L, A, E combined, and 
Kongemose classicus. 

A N X SD 95% 

1 st 28 50.44 4.23 48.79-52.08 
2nd 26 53.79 3.76 52.27-55.30 

F, t df df2 P sig 

F-test 1 .26 27 25 0.2876 
Hest 3.067 52 0.0037 yes 

B N X SD 95% 

1st 28 50.44 4.23 48.79-52.08 
2nd 8 59.38 3.86 56.57-62. 1 8  

F, t df df2 P sig 

F-test 1 .20 27 7 0.4293 
Hest 5.362 34 0.0000 yes 

C N X SD 95% 

1 st 26 53.79 3.76 52.27-55.30 
2nd 8 59.38 3.86 56.57-62. 1 8  

F, t df df2 P sig 

F-test 1 .05 7 25 0.42 1 8  
Hest 3.65 1 32 yes 

O N X SD 95% 

1 st 7 5 1 .57 7.02 45.07-58.07 
2nd 26 53.79 3.76 52.27-55.3 1 

F, t df df2 P sig 

F-test 3 .48 6 25 0.0122 
Hest 1 . 137 31  >0.05 no 

E N X SD 95% 

1 st 7 5 1 .57 7.02 45.07-58.07 
2nd 2 1  50.06 2.97 48.47-51 .64 

F, t df df2 P sig 

F-test 5 .61 6 20 0.00 1 8  
Hest 0.8 1 5  26 >0.05 no 

F N X SD 95% 

1 st 26 53.79 3.76 52.27-55.3 1 
2nd 2 1  50.06 2.97 48.47-5 1 .64 

F, t df df2 P sig 

F-test 1 . 6 1  25  20  0 . 1400 
Hest 3.706 45 <0.00 1 yes 

G N X SD 95% 

1 st 27 28.83 3.93 27.28-30.39 
2nd 52 3 1 .84 3.95 30.72-32.97 

F, t df df2 P sig 

F-test 1 .0 1  5 1  26  0.5025 
Hest 3.2 1 5  77 0.0023 yes 
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however, indicates that both sexes may be present as weU as 
young animals. 

The measurements selected for t-test on sample means are 
chosen because of the relatively large samples available and 
because of the existence of comparative subfossil material 
from the Åmose area. The comparative data are from Deger
bøl ( 1 942) and Gotfredsen ( 1 990) . 

An attempt to eliminate the effect of the small sample size 
of Cervus elaphus is done by lumping specimens from the 
three contemporaneous Late Atlantic sites from Åmose 
(Vejkonge, Åkonge and Nøddekonge) (G. Gotfredsen, per
sonal communication, 1 990) with the specimens from 
Muldbjerg I and Præstelyng to form one Late Atlantic 
sample. First the samples from the two almost contemporary 
Muldbjerg I and Præstelyng sites were tested against samples 
from the three Åmose sites Vejkonge, Åkonge and Nødde
konge, of similar age. The t-tests on the mean values of 
humerus (Bd), tibia (Bd) , and astragalus (GLl) show that 
there is no significant difference between the two samples, 
P >  0.05 (Tables l 3E, 14D, I SA) . 

The mean values of humerus (Bd) from Præstelyng and 
Muldbjerg I alone were tested against mean values from 
Kongemose. The mean values are not significantly different, 
p >  0.05 (Table l3D) ,  whereas Mul.! plus PL GLl on astraga
lus against KS GLl on astragalus shows significant difference 
on mean values (Table I Se) .  

The compiled data from KM L, A, and E were tested 
against KS for tibia (Bd) (Table 14E), astragalus (GLl) (Table 
l SB) ,  and humerus (Bd) (Table 1 3F) .  The three tests showed 
a significant difference between sample means. 

All Late Atlantic specimens are accordingly compiled into 
one sample and compared with the Early Atlantic specimens 
from the Kongemose site. When the sample means of the 
compiled Late Atlantic group ofMul.!, PL, KM L, A, E were 
tested against sample means from KS a significant difference 
was found for humerus (Bd) (Table l 3A), tibia (Bd) (Table 
14A), astragalus (Table l SD) ,  and scapula (SeL) (Table 
l 3G),  whereas the test on tibia (Bp) showed no significant 
difference (Table 14F) .  

These data were selected because they could be directly 
compared with similar data from Danish, Swedish and Nor
wegian subfossil material given by Ahlen ( 1 965) . He con
cluded on his material that the lumped specimens of astraga
lus from Danish Boreal Cervus elaphus compared with 
lumpedAtlantic data shows very highly significant difference 
in size, P < 0.00 1 .  The same result was obtained in tests 
between Atlantic and Subboreal data also from astragalus of 
Danish Cervus elaphus, whereas Danish and Swedish Boreal 
Cervus elaphus were not significantly different in size. Danish 
animals and animals from southem Sweden become re
duced in size from the Boreal to the Subboreal period, 
whereas the Norwegian Cervus elaphus maintain their large 
size during the Atlantic period. The same pattern recurred in 
the tests on mean values of tibia (Bd) and scapula (SeL) . 
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Table 14. Student's t-test on mean values ofBd on tibia (A-E) and Bp on 
tibia (F-H), from Cervus elaphus. DA. Between Muldbjerg I, Præstelyng, 
and Kongemose L, A, E combined, and Kongemose classicus. DB. Between 
Muldbjerg I, Præstelyng, and Kongemose L, A, E combined, and Ulke
struplyng and other Åmose sites from the MagIemose eu/ture combined. 
De. Between Kongemose classicus, and Ulkestruplyng and other Åmose 
sites from the MagIemose eu/ture combined. OD. Between Muldbjerg I 
and Præstelyng combined, and Kongemose L, A, E combined. DE. Between 
Kongemose classicus and Kongemose L, A, E combined. OF. Between 
Muldbjerg I, Præstelyng and Kongemose L, A, E combined, and Konge
mose classicus. OG. Between Muldbjerg I, Præstelyng and Kongemose L, 
A, E combined, and Ulkestruplyng. OH. Between Kongemose classicus and 
Ulkestruplyng. 

A 
1st 
2nd 

F-test 
t-test 

B 

1st 
2nd 

F-test 
Hest 

c 
1st 
2nd 

F-test 
t-test 

o 
I st 
2nd 

F-test 
Hest 

E 

1st 
2nd 

F-test 
t-test 

F 

1st 
2nd 

F-test 
Hest 

G 

1st 
2nd 

F-test 
l-test 

N 

33 
56 

F, l 

1 .47 
10.70 

N 

33 
12  

F, l 

2.84 
8.927 

N 

56 
12  

F, l 

1 .93 
2.346 

N 

9 
24 

F, l 

3.05 
0.773 

N 

56 
24 

F, l 

2.22 
9.579 

N 

13  
6 

F, l 

1 .37 
2.000 

N 

13  
2 

F, l 

2. 1 1  
4.089 

x 

40.37 
46.82 

df 

55 
87 

x 

40.37 
49. 17  

df 

1 1  
43 

x 

46.82 
49. 17  

df 

I l  

66 

x 

39.83 
40.57 

df 

8 
3 1  

x 

46.82 
40.57 

df 

55 
78 

x 

66.89 
7 1 .75 

df 

1 2  
17  

x 

66.89 
82.50 

df 

12 
13 

SD 

2.41 
2.92 

df2 

32 

SD 

2.4 1 
4.06 

df2 

32 

SD 

2.92 
4.06 

df2 

55 

SD 

3.43 
1 .96 

df2 

23 

SD 

2.92 
1 .96 

df2 

23 

SD 

5 . 13  
4.38 

df2 

5 

SD 

5 . 13  
3.54 

df2 

95% 

39.51-4 1 .22 
46.03-47.62 

P sig 

0. 1 2 1 5  
0.0000 

95% 

yes 

39.51 -41 .22 
46.78-5 1 .56 

P sig 

0.0105 
<0.05 

95% 

yes 

46.04-47.60 
46.82-5 1 .52 

P sig 

0.0544 
0.0207 yes 

95% 

37.20-42.47 
39.64-41 .49 

P sig 

0.0 1 70 
>0.05 

95% 

no 

46.04-47.60 
39.76-41 .37 

P sig 

0.0 19 1  
<0.05 

95% 

yes 

63.79-69.99 
67. 14-76.36 

P sig 

0.383 1 
>0.05 no 

95% 

63.79-69.99 
38.51-126.49 

P sig 

0.4902 
<0.01 yes 

H 

1st 
2nd 

F-test 
t-test 

N 

6 
2 

F, l 

1 .53 
3.098 

x 

7 1 .75 
82.50 

df 

5 
6 
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SD 

4.38 
3.54 

df2 

95% 

67. 14-76.36 
38.51-126.49 

P sig 

0.5398 
<0.05 yes 

Table 15. Student's t-test on mean values of GLI on astragalus from Cervus 
elaphus. DA. Between Muldbjerg I and Præstelyng combined, and Konge
mose L, A, E combined. DB. Between Kongemose classicus and Konge
mose L, A, E combined. De. Between Muldbjerg I and Præstelyng com
bined, and Kongemose classicus. OD. Between Muldbjerg I, Præstelyng, 
and Kongemose L, A, E combined, and Kongemose classicus. DE. Between 
Muldbjerg I, Præstelyng, and Kongemose L, A, E combined, and Ulke
struplyng and other Åmose sites from the MagIemose eu/ture combined. 
OF. Between Kongemose classicus, and Ulkestruplyng and other Åmose 
sites from the MagIemose culture combined. 

A 
1st 
2nd 

F-test 
t-test 

B 

1st 
2nd 

F-test 
t-test 

c 
1st 
2nd 

F-test 
t-test 

o 
1 st 
2nd 

F-test 
l-test 

E 

1st 
2nd 

F-test 
t-test 

F 

1st 
2nd 

F-test 
t-test 

N 

1 3  
20 

F, l 

1 .49 
1 .437 

N 

49 
20 

F, l 

1 .84 
10.522 

N 

13  
49 

F, l 

1 .24 
9.858 

N 

33 
49 

F, l 

1 .50 
13 .200 

N 

33 
8 

F, t 

2 . 10  
1 1 . 100 

N 

49 
8 

F, l 

1 .40 
2.946 

x 

46.25 
47.51  

df 

1 2  
3 1  

x 

55.48 
47.51 

df 

48 
67 

x 

46.25 
55.48 

df 

48 
60 

x 

47.01 
55.48 

df 

48 
80 

x 

47.01 
59.00 

df 

7 
39 

x 

55.48 
59.00 

df 

7 
55 

SD 

2.75 
2.25 

df2 

19 

SD 

3.06 
2.25 

df2 

19 

SD 

2.75 
3.06 

df2 

12 

SD 

2.50 
3.06 

df2 

32 

SD 

2.50 
3.63 

df2 

32 

SD 

3.06 
3.63 

df2 

48 

95% 

44.58-47.91 
46.41-48.60 

P sig 

0.2 1 1 5  
>0.05 no 

95% 

54.60--56.35 
46.4 1-48.60 

P sig 

0.0732 
0.0000 yes 

95% 

44.58-47.91 
54.60--56.35 

P sig 

0.3587 
0.0000 yes 

95% 

46. 1 2-47.90 
54.60--56.37 

P sig 

0. 1 14 1  
0.0000 yes 

95% 

46. 12-47.90 
56.59-6 1 .6 1  

P sig 

0.07 14  
0.0000 yes 

95% 

54.59-56.37 
56.39-6 1 .6 1  

P sig 

0.2253 
0.0049 yes 
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In all cases where mean values from either compiled data 
from Muldbjerg I and Præstelyng, Kongemose L, A, E or 
Kongemose data were tested against the mean values from 
the Ulkestruplyng data, there was a significant to highly 
significant difference between mean values (Tables l3B-C, 
14B-C, G-H, I SE-P) .  

The t-tests on the Åmose material thus all show significant 
difference between the Late Boreal-Early Atlantic and the 
Late Atlantic samples, indicating that considerable size re
duction of individuals took place during the Atlantic period. 
Mean values of tibia (Bd) from Åmose sites with the MagIe
mose culture are also compared with the lumped Late Atlan
tic data, and there is a highly significant difference in size 
between the samples (Table 14B) .  The t-test on the lumped 
data of astragalus (GLl) from Ulkestruplyng and the other 
Åmose Maglemosian sites compared with the lumped Late 
Atlantic data from Præstelyng, Muldbjerg I, and Kongemose 
A, E and L also shows very highly significant difference 
between the two samples (Table I SE) .  Comparison of mean 
values further shows that there is a significant difference in 
size between the Ulkestrup sample of tibia (Bd) and the 
Kongemose sample (Table 14C) . The t-test on mean values 
of astragalus (GLl) from a lumped sample from Ulkestrup
lyng and other Åmose Maglemosian sites compared with the 
mean values from Kongemose showed highly significant 
difference between the samples (Table I SF) .  This suggests 
that the onset of size reduction already started shortly after 
the habitation ofUlkestruplyng, 6,200 b.c., at the end of the 
Boreal period. 

An actual size reduction thus appears to have taken place 
from Boreal through Atlantic time. The mean values show 
that the reduction already started in the period between the 
habitation ofUlkestruplyng and Kongemose within a period 
of 600 years and continued for the following 2,500 years. 

Size reduction at other Amose sites 

Degerbøl ( 1 943) made a survey of the fauna from I l  sites in 
the Åmose basin. They were dated by their cultural remains 
to the Mullerup, Sværdborg and Magiemose cultures, all 
from the Boreal and very early Atlantic periods. Another 
group of habitations belonging to the late Ertebølle culture 
and early Mesolithic culture was dated to Late Atlantic and 
Early Subboreal time. Only 4 of the I l  sites were indepen
dently dated by pollen analysis. It is characteristic that several 
of the sites were first inhabited during Boreal time, then later 
during Early Subboreal time (Table 2; Appendix 2 ) .  Lumped 
data ofbones of Cervus elaphus from the two main habitation 
periods show a clear size reduction for similar bone ele
ments, although some contamination of the various cultural 
layers cannot completely be excluded. This pattem strongly 
supports the observations and conclusions of the biometric 
analysis of the material from the four sites presented here. 

The observed reduction in body size is further confirmed 
by a study of red deer, modem as well as prehistoric, in 
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Scandinavia (Ahlen 1965) .  The reduction that took place 
from the Boreal to the Subboreal period may be explained in 
at least three ways. First it may reflect an actual decrease in 
body size of the whole population. Second, a change in 
hunting methods towards selective killing of smaller animals 
may be an explanation. A third possibility may reflect experi
ments with domestication of red deer. Ahlen ( 1 965) does not 
stricdy distinguish between the subfossil red-deer pop ula
tions from the peninsula of Jylland and from the island of 
Sjælland. A comparison of body size of contemporaneous 
populations from the two areas shows that the animals from 
Jylland are much larger than those from Sjælland. The early 
Neolithic site Kainsbakke (2,200 b.c.) may serve as an ex
ample of the large animals from Jylland (Richter, personal 
communication, 1 992 ) .  Taking the red-deer population on 
Sjælland alone, the trend in size reduction is more pro
nounced, and it took place over a more clearly delimited time 
interval. Data from the four sites described here show that a 
measurable size reduction had occurred already from the 
Ulkestruplyng to the Kongemose animals. This indicates 
that the habitat change discussed on pp. 258-260 started 
around 6,000 b.c., coinciding with the onset of the Littorina 
transgression (Fig. 23) .  The size reduction continued 
through the next 2,000 years and resulted in a Late Atlantic 
population of small individuals. Dimensions of material 
from the Nøddekonge, Åkonge and Vejkonge sites (G. Got
fredsen, personal communication, 1 990), which are con
temporaneous with Muldbjerg I and Præstelyng, show the 
same small figures for similar dimensions on virtually all 
limb bones. This evidence may either imply a well-developed 
stock of domesticated red deer or, that the hunted wild 
population consisted of small animals. 

Against the domestication theory proposed by Troels
Smith ( 1957) and Ahlen ( 1 965) speaks the fact that all the 
red-deer individuals from the late Atlantic and early Sub
boreal sites are smaller on Sjælland. It is highly unlikely that 
the people on all these five sites depended only on domesti
cated red deer. The fact that all red-deer bones found at the 
sites mentioned are from small animals rather suggests prey
ing on a standing population of small animals. It is quite 
unlikelythat the late Ertebølle population only killed domes
ticated red deer and stopped hunting the wild population. 
Assuming hun ting still took place, a mixture of small domes
ticated and largerwild animals would be expected. This is not 
the case, and it is more likely that the standing wild pop ula
tion comprised small animals and that all red deer brought to 
the Late Atlantic sites were prey from hunting of the wild 
population. All tools found on the sites, e.g., bows and 
arrows, indicate that hunting was of outstanding impor
tance. The domestication hypothesis seems to lack any 
sound foundation. Not only did a strong size reduction 
occur, but the number of species also underwent a dramatic 
reduction during the Atlantic period, probably as an effect of 
island isolation, a concept defined by Mac Arthur ( 1 972) 
(Figs. 65-66) . 
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Ontogenetic age 

Determination of the age of individuals is based on the 
combined evidence from dentition of mandibular as weU as 
maxillary bones. Modem data on time of tooth eruption in 
upper and lower jaws of Cervus elaphus from Kalø Game 
Biological Station are listed in Appendix 2. The index used in 
the tab les is calculated as the length of the premolar row over 
the length of the total tooth row (N oe-Nygaard 1969) .  It is an 
easy way of estimating age on the basis of both upper and 
lower jaw. A tooth is considered erupted and measurable 
when all cusps have 5 mm of brown staining. In many 
modem studies, only tooth development of mandibles is 
recorded, but in a sparse and fragmentary archaeozoological 
material the upper jaw is equaUy important. At Præstelyng, 
for example, the number of maxillary bones is much larger 
than of mandibles. It is thus important to know how tooth 
development in the upper jaw relate to tooth eruption in the 
lower jaw. Fig. 55 shows that the index for the upper jaw is 
consistently higher than that of the lower jaw, but the differ
enee between the jaws is constant within the different age 
groups. Tooth eruption occurs a little earlier in the upper jaw 
(Appendix 2 ) .  It is thus possible to estimate the similar 
dimension for the up per jaw from the tab les on dentition and 
tooth row length in the lower jaw. It is then possible to use 
material from both upper and lower jaw dentition to estab
lish season of kili. 

Information on mandibular and maxillary dentition is 
also of importance in the construetion of an age profile of 
Cervus elaphus for the four sites, as only limited material is 
available. 

Finally it has been attempted to find evidences to docu
ment a summer-season kili (May-August) ,  as many of the 
sites in the Åmose basin were evidently inhabited during 
summer time. Unfortunately, most of the available data on 
modem animals represent animals kilied in the hunting 
season (October-January) . There is no difficulties in sepa
rating animals Y2, l Y2 and 21/2 years old on the basis of tooth 
dimensions alone (Fig. 55 ) .  Separation of animals 0-3 
months, l year, 2 years and 3 years old from animals 6 
months, 1 1/2 years, 21/2 years and 3Y2 years old, respectively, is 
difficult because of overlapping ranges of measurements. It is 
thus extremely difficult to separate l Y2- and 2-years-old 
subfossil animals on the basis of measurements on the cheek 
tooth row alone (the incisors have most often fallen out and 
are lost) . A reason for this difficulty is that the time of tooth 
eruption of the permanent m2 and m3 takes place over a 
three-month period, May, June and July. This implies that 
animals bom early in the season may have the m2 5 mm 
above the jaw, which means that it can be measured, whereas 
late-bom animals have a delayed tooth eruption. These 
animals will then figure in different age groups, although 
theywere bom in the same season and have roughlythe same 
age. Identification of summer-kilied animals thus requires 
other criteria in addition to the dimensions. Comparison 
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Fig. 55. Separation in age groups based on tooth index of the max:illa teeth 
of Cervus elaphus. Modem material. Kalø Game Biological Station. 

with animals of a known time ofbirth and death during the 
summer season gives the most reliable results. The indices 
calculated from the Muldbjerg I mandibles, induding the 
two complete male skeletons, all fall within the category of 
modem animals older than 27-30 mo nths (Fig. 55 ) .  The 
index calculated on the mandibular and maxillary bones 
from Præstelyng places them in younger age groups. 

Age structure 

The Muldbjerg I animals indude 3 adults, l juvenile and one 
subadult (Fig. 56; Table 1 1 ) . The age estimate is based on the 
tooth eruption pattem and time of epiphysial fusion of the 
long bones compared with aged modem material. The sub
adults are both older than 28 mo nths, the age at which full 
dentition is achieved. One juvenile was recorded. If all frag
ments of antlers belong to animals brought to the site, at least 
2 males are represented. One female skull was reassembled 
from fragments. This suggests the presenee of a total of 2 
males and l female adult with an addition of 2 individuals, 
which cannot be determined to sex. It is, however, not 
possible to determine ifthe unrubbed antlers belonged to the 
subadults. 

Two safely determined stags (a young individual, Mul.! 
40424, and an old, Mul.! 408 15 )  excavated dose to Muld
bjerg I, and deposited in the same type of sediment as the site 
dumps, give an indication of the size range of young and old 
individuals of the same sex in the Late Atlantic population. 
Comparison of measurements from the two males with the 
additional unsexed site material suggests that at least one 
male was present. Size differences in specific dimensions 
such as mandibles and radius/ulna, indicate that females also 
occur. The assumed occurrence ofboth males and females at 
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D) compared with the population structure of two modem populations 
(E-F) .  
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Muldbjerg I is eonfirmed by the dimensions of nearly all of 
the bone elements, all suggestive of 1 large (male) ,  2 small 
females, 1 subadult and 1 juvenile, in addition to the two 
eomplete male skeletons. 

Nearly all the measurements from Præstelyng represent 
very small animals. The jawbone data indieate that a number 
ofyoung animals are represented (2 aged 0-3 months, 1 aged 
3-5 mo nths, 3 aged 12-15  months, and 1 aged 28 months) 
together with 4 adults. A skull reassembled from several 
fragments is from a female. This can possibly be related to the 
presenee of a newbom ealf, whieh can hardly have been very 
far away from the mother. 

The skeietal material from Præstelyng is diffieult to evalu
ate biometrieally as many of the bones are from young 
animals. Measurements ofjuvenile bones are not included in 
the graphs (Figs. 36-53) ,  and are marked as juvenile in the 
tables in Appendix 2. The measurements fall within the range 
of the measurements from Muldbjerg I and within the abso
lute lower end of the range of measurements from Konge
mose. They are eompletely outside the range of values re
eorded from Ulkestruplyng, where dimensions on nearly all 
bone elements are eonsistently larger. 

At Kongemose, at least 45 adults and 14 juveniles ( 1 aged 
0-3 months, 4 aged 3-6 months, and 9 aged 14-16 months) .  
The distribution of  the different dimensions indieates that 
both male and female were present. The number of young 
animals makes it diffieult to clearly separate the two sexes. 
There seems, however, to be a dominanee of male individu
als. This assumption is based on the presenee of a large 
number ofunrubbed antler fragments ( 1 70) ,  and a consider
able number of implements made from fully grown antlers. 
This may support the hypothesis ofKongemose as a revisited 
hun ting station or possibly a dwelling site during the late 
autumn to winter period. The main purpose may have been 
to secure antlers of large size and good quality. The large 
number of east and unshed antlers clearly indieates a large 
number of males in the Kongemose sample, although the 
east antlers may have been eolleeted without killing the 
animals. However, east antlers are rapidly disintegrated on 
temperate forest floors. The presenee and number ofbones 
from 14 juveniles in total and 9 about 8-10  months old 
indieate that hunting for food also took plaee. 

The dimensions of tibia indieate that both sexes are repre
sented at the Ulkestrup site. The presenee of antlers that have 
been fashioned into flaking tools or half-finished tools indi
eates the presenee of males. Both sexes thus seem to be 
represented at Muldbjerg I, Kongemose, and Ulkestruplyng, 
whereas it is hard to determine for the Præstelyng site. 

A grouping of ontogenetie age from the four sites is eom
pared with age groups found in a naturai population killed in 
the hunting seasons 1955-1956 and 1961-1962 at 7 different 
localities in Denmark (Fig. 56) .  In the modem experiment, 
more than 1 ,000 animals were killed in 8 distriets (Jensen 
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1967) . It was attempted to make an unbiased kill so that all 
age groups were killed from both sexes. The lumped data 
diagram shows the age distribution of 450 animals in 7 of the 
8 districts (Jensen 1967) (Fig. 56) . Although age group I 
comprising animals aged 0-6 months is slightly under-rep
resented, the overall picture of the age grouping is probably 
a reliable reflection of the age distribution in the natural 
populations. The age groups in the fossil material are shown 
in a comparable way (Fig. 56) .  The material from Præstelyng 
shows roughly the same age distribution as the modem 
population, whereas it is quite different for the Kongemose 
population. The latter shows a clear bimodal distribution, 
with maxima at about 28 mo nths and 8 years, and the fossil 
population as a whole consists of mature and old individuals. 
This age grouping is very far from the age pattem in the 
natural population. The age distributions at Muldbjerg I and 
Ulkestruplyng are based on too few individuals to allow any 
firm conclusions. It is, however, clear that equal age groups 
of the two sites also occur in the Præstelyng material. The 
total lack of really old animals is common for all three sites, 
although the adults on Muldbjerg I are about 6-8 years old. 
There are no indications of special selection of certain age 
groups, and the data fit well with the assumption that the 
animals were killed in one or maybe two consecutive seasons 
for Ulkestruplyng. 

The age distribution of the Kongemose material, in con
trast, indicates selective killing of old animals together with a 
few young and juvenile animals. The selective killing of old 
animals probably reflects hunting in order to obtain their 
useful antlers. The antlers have to be fully grown and rubbed 
to be suitable for to ol fabrication. The males reach their 
maximum strength at an age around 8 years, when they have 
the most impressive antlers (Clutton-Brock 1985) .  The rut
ting fights take place in October, November and December. 
At the same time large herds of animals are gathered and 
includes both males and females. The age distribution of the 
modem samples (Fig. 56) combined with observations made 
by the hunters indicate that old animals are rarely encoun
tered and are few in number. To obtain the large quantity of 
old mature individuals, several hunting visits to the site at the 
same time of the year would be necessary. The mode around 
28-30 months in the age distribution of the Kongemose 
material includes juveniles, 0-3 months-old and 12-14-
months-old, 28-months-old animals, and animals aged 3-
31/2 years (Fig. 56) . The majority of these animals were 
probably mostly killed for their meat or soft skin, but hardly 
because of their antlers. The Kongemose site thus seems to 
have had two functions: a hunting site for meat supply, and 
a hunting station where raw material for implements was 
obtained. 

Time of killing 

The majority of the Præstelyng animals were killed in the 
period between late April and late September, as based on 
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tooth eruption pattem and development of unshed antlers. 
The juveniles include animals 0-2 mo nths, 3-4 months, 1 2  
months and 22-28 mo  nths old. The Muldbjerg I animals 
indicate an August-September season. One juvenile and one 
subadult are present, but these are unfortunately not rep re
sented by any mandible or skull fragments that would have 
permitted a more precise age determination. The juvenile 
animal from Ulkestruplyng is less than 3 mo nths old and was 
killed between May and August. Two seasons ofkill emerge 
from the Kongemose material. The very young ones were 
killed during the summer season from May to August. The 
old, mature animals with unshed antlers were most likely 
killed from October to January. There might have been an 
overlap between the two hun ting seasons, but evidence from 
other animal groups (fish, birds and roe deer) and fragmen
tation pattems seems to confirm two more or less separated 
seasons of occupation. The site thus had the function as a 
summer hunting camp and a late autumn-winter hunting 
station (See also pp. 265-266 and Figs. 1 38-139) .  

Capreolus capreolus (roe de er ) 

Previous finds 

Capreolus capreolus appears for the first time in Danish late
glacial and postglacial deposits in the Boreal pollen zone V. It 
has been found in human refuse heaps at Mullerup I, Sværd
borg and Ulkestruplyng on Sjælland and a number of other 
site deposits from the Maglemose culture (Winge 1903, 
1 924; Degerbøl 1 943; Nordmann 1944; Aaris-Sørensen 
1976) . The species is well represented, with about 30 indi
viduals at the British Preboreal site Star Carr (Clark 197 1 ,  
1 972; Noe-Nygaard 1977) .  The biotope preferred by roe deer 
was already present in Denmark during Preboreal times. It is 
thus very likely that the species already arrived in the Pre
boreal time although no Preboreal site deposits containing 
preserved organic material including bones is known from 
Denmark. The lack of finds is almost certainly due to tapho
nomic factors. 

Modern biology 

Capreolus capreolus lives in bushes, scrubs and low forests 
and occurs all over the countrytoday. Highest densities are in 
east and south Denmark. Roe deer prefers forested areas with 
dense undergrowth suitable for cover. The main mode of 
feeding is browsing; bramble, raspberry, rose twigs and 
shoots are major food components over the year (Jackson 
1980) . 

Jackson ( 1980) demonstrated a seasonal change in the 
dietary composition based on stomach-content analysis of 
roe deer over a year of a modem population (New Forest, 
Hampshire, England) . From January until March, browsing 
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on felled coniferous trees was the most important, but also 
heather, ivy, and small arnounts of grasses, herbs and fungi 
were eaten. Herbs and grasses were important from May to 
early winter. New spring leaves from deciduous broad
leaved trees, bilberry, holly, and forest-floor herbs, like ane
mone (Lydiksen 1972) ,  are also important and are con
sumed in appreciable quantities. Acorn forms a major food 
component from October until December. 

The food and feeding habits are significantly different 
from those of Cervus elaphus, which prefers open land sur
rounded by forest. The forest preference of roe deer is also 
reflected in slightly more negative ol3C values, measured on 
bone collagen from fossil roe deer, compared with the values 
obtained from contemporaneous red deer from the same 
area (Figs. 1 16-1 17, 120) .  In modern Denmark, field crops, 
especially turnips, are welcome supplements during winter 
time (Strandgaard 1972) .  

The calves are born at the end of  May or  early June. 
Commonly two calves are born at the same time, occasion
allythree, and rarely only one. The soft, white-spotted skin of 
the calves has a camouflage effect. In modern Denmark fox, 
dog and traffic are the most common causes of death. In 
Prehistoric Denmark wolf was probably the most important 
predator on both calves and adults (Sparck 1942, Bræstrup 
1 952) .  

The territorial behaviour of males already starts in April 
when the velvet has been rubbed off the anders. In young 
males the velvet is shed later in May. Territorial claiming 
behaviour includes antler rubbing, scraping the earth, scent 
marking, and aggression against other males with territorial 
demands. The most stationary territory holders are older 
males, but not all males tryto hold territories. The territory is 
defended until about the beginning of September, when the 
rutting season ceases. Strandgaard ( 1 972, p. 93) demon
strated that when a male more than 2 years old died, his 
territorywas shared bytwo 2-year-old bucks. Old males may 
be very strong territory holders, and sometimes they will 
possess the same territory for a life time. It is, however, also 
observed that in the main territory-holding season, the old 
strong bucks are the easiest to approach, preoccupied as they 
are. The actual mating season starts ultimo J uly and lasts into 
August. Roe deer is not a large harem holder, in contrast to 
red deer. It holds on to the females that use the territory as 
feeding range. The group of females in such an area may 
characteristically be an old female and the daughter from the 
year before. In the Kalø population the sex ratio is 3 .5 females 
to l buck (Strandgaard 1972) .  Around the beginning of 
September, a more peaceful way of living returns to the roe 
deer herds. The males begin to catch up the loss in weight 
they have suffered during the mating period. The females 
concentrate on caring for the fawns and gaining a thick layer 
of fat to protect against winter food shortage. 

The bucks shed their anders in November-December. 
The foetus in the pregnant females stop its development after 
a short while, and the actual development of the fertilized egg 
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does not begin until mid December. The fawns are born 5 
mo nths later in May, when the climate is warm and often dry 
and there is plenty of food for both the lactating mother and 
the vulnerable, newborn calf. This is the season where the 
females are most aggressive and show some sort of territorial 
behaviour. This attitude is especially directed towards the 1 -
year-old females, who still show some affinity to their moth
ers. In autumn and winter the animals may gather in larger 
herds of 5-7 animals. Roe deer is commonly led by a male, 
and the herd is much smaller and less well organized than the 
red deer herd. However, when it comes to defending the 
fawns the male roe deer is doing his duty with rage. For both 
red deer and roe deer, the larger gatherings mostlytakes place 
in late autumn and winter. 

SkeIetal elements 

Age estimates on cranial and mandible bones are based on 
the tooth eruption pattern, general wear of the tooth row, 
and the measured height of the enamel of the first cusp of ml , 
measured on the buccal side (Ashby & Henry 1979) .  Follow
ing Strandgaard ( 1 972) ,  the age determination is further 
based on comparison with modern material of known age 
from the Kalø Game Biological Station and tables given by 
Andersen ( 1 953 ) .  

Cranium 

MULDBJERG I 

Material. - Nine fragments of cranial bones, including 3 
antler fragments (2 from a fully grown antler and l which still 
would have had remains ofhide) (Pl. 28:9) .  In addition, there 
are 2 fragments of os premaxillare, l fragment of processus 
paracondylaris, and at least 3 teeth from the upper jaw. The 
fragments are well preserved and from adult animals. The 
unrubbed antler must have been obtained between late 
March and June, as new antlers start to grow in March and 
are rubbed in J une. The EMNI is 2. All the fragments are very 
small, and the number quite insufficient to be reassembled 
into complete crania. The enamel of the maxillare is well 
preserved, although desiccation cracks occur. 

PRÆSTELYNG 

Material. - Very few fragments of the skull are preserved, 
considering the EMNI calculated on the basis of other bone 
elements. There are 15 skull fragments and 3 100se teeth, and 
the EMNI is 3 .  The degree offragmentation is high, and some 
of the smaller fragments are rather weathered; most notably, 
the enamel of teeth from adults is splintered. This type of 
preservation is also found among the maxillare fragments of 
Cervus elaphus from this site. This type of cracking of the 
enamel may result from heating. It is possible that the brain 
has been heated in the skull, as is done with sheep in Iceland 
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today. The sinus maxilIaris has been cut open through os 
vomer. 

Biometry. - The material is too fragmented to allow any 
reliable measurements. Only on PL 1 3936- 1 have measure
ments 20 and 21 been made: 20 = 57 mm; 2 1  = 33 mm, 
falling within the range observed at Muldbjerg I and Ulke
struplyng. 

Abnormalities. - The os maxillare pars dens (PL 13936- 1 )  
shows pronounced absorption around the alveoli. This may 
be due to old age or tooth root infection commonly eau sed 
by a foreign object chewed into the gum. 

KONGEMOSE 

Material. - A total of 124 fragments have been examined (Pl. 
30: 1-7, 9-10) .  They are well preserved and were embedded 
in nearshore peat or drift gytt ja. There are I l  fragments of the 
frontal and parietal region, 4 of which still have unshed 
antlers (Pl. 30: 1-3, 5 ) .  Five fragments seem to belong to 
females, and 2 cannot be determined to either sex. There are 
10 fragments from the dextral side of parietal and frontal 
bones with attached antlers and 10 similar fragments from 
the sinistral side (Pl. 30:6) . In addition there are 22 antler 
fragments, 10 of which consist of only the most distal spines. 
Some of these are not fully developed and possess rugged, 
porous surfaces and indistinct sculpture. Seven of them 
show distinet cut marks proximally. There are 7 occipital 
fragments, including the occipital condylos and I l  fragments 
from the parietal and temporal region, 5 fragments of basi 
occipitale, l nasale dextral, l premaxillare dextral, 8 fragments 
ofjugale, stylohyale, and bul/a. There are further 1 5  fragments 
of os maxil/are (6 sinistral and 9 dextral) .  Four of the frag
ments of os maxil/are are from juvenile animals with pm l and 
pm2 still in the jaws. Among the 23 lo ose teeth, a number are 
milk teeth with strongly absorbed roots, and 2 are almost 
unused dpl or dp2 from newborn calves. 

The EMNl can be calculated to 19 on the basis of the rather 
undamaged crania and the frontal fragments with unshed 
antlers. Most of the fragments are from adult animals, but at 
least two are from juveniles ( l  male and l female ) .  At least 12  
males and 5 females are present. All the males have unshed 
antlers, and with the exception of two speeimens they are 
fully developed, strong, and with hard surfaces. A number of 
antler fragments appear to have been beaten off, and a few 
have been cut off. There are tooth marks distally on the not 
fully developed antlers, but apart from these there are virtu
ally no traces from dog-gnawing. Cut marks are very rare and 
seem to be randornly placed. The impact marks dividing the 
skull in proximal and distal fragments are placed in the 
temporal region. 

Biometry. - The antlers are large and well developed and stem 
from resident bucks, many of them 3 years old. It is worth 
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noting that the two antlers from the same skull have different 
circumferences. Cranial measurements from Kongemose 
are found in Appendix 2 .  

ULKESTRUPLYNG 

Material. - Eleven small fragments from the cranium, in
cluding 2 pieces from unshed antlers, which have clearly 
been knocked off. UL0 23360-4 is a fragment of os parietale 
with the base of the antler still attached to it. It is clear from 
the fragment that the removal of the antlers has been done 
rather carelessly. The fragment also shows signs ofburning. 
UL0 1 5869 is an os maxil/are from a juvenile individual 
which still has its milk teeth. This individual is about 4-5 
mo nths old, as the complete permanent tooth row is present 
already when the animal is l year old. 

Biometry. - The very few fragments do not render it possible 
to present a complete biometric analysis. Only UL0 17206, 
os maxil/are, which can be reassembled with UL0 23379 16, 
can be measured: Measurement 20 = 57 mm; 2 1  = 32 mm; 
22 = 27 mm. 

Mandibula 

MULDBjERG I 

Material. - Five fragments of mandibula, including 2 loose 
teeth. The well-preserved fragments are from adult animals. 
The ontogenetic age of two of the jaw fragments with teeth is 
3-4 years. The EMNl is 2. There are no cut marks, and very 
little fragmentation has taken place. One jaw is slightly 
burned. 

Biometry. - Measurements show a high degree of seatter but 
lie within the range seen at Præstelyng and Ulkestruplyng. 
The large spread in size probably indicates the presenee of 
both males and females (Appendix 2 ) .  

PRÆSTELYNG 

Material. - Four fragments of mandibula (2 dextral and 2 
sinistral) ,  l dml (loose without roots) ,  and l h. The tooth 
wear indicates an age of 1-2 years for one of the ml-bearing 
jaws and of 5-6 years for the other. The EMNl is thus 3 when 
the rootless dml is also considered. All the fragments are well 
preserved. There are very few cut marks, which are all placed 
on ramus mandibulae. The jaws have been knocked apart, 
and there are a few visible impact marks (Fig. 94; Pl. 29) .  

Biometry. - The animals at Præstelyng appear relatively small 
compared with modem material from Kalø, in spite of the 
limited amount of possible measurements. The observed 
size difference suggests that the material includes at least l 

male and l female. Comparison with the Muldbjerg I mate
rial shows great similarity in size (Appendix 2 ) .  
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KONGEMOSE 

Material. - Forty-one fragments, including 15 loose teeth, 
have been determined. GnIy 2 fragments and 1 unerupted 
m3 are from juveniles, the rest are from adults. There are 12  
fragments from the sinistral side and 14  from the dextral side. 
The teeth are 2 P2' 2 P3' 2 P 4' 3 m 1> 2 m3, 2 dp 4 and 2 fragments. 
The EMNI is 9. The mandibles are mostly casually frag
mented, but where there is a recognizable fragmentation 
pattem it corresponds to that observed on Cervus elaphus 
mandibles from Kongemose where corpus mandibularis has 
been knocked off. GnIy one jaw is neatly fragmented into 4 
pieces. There are very few other working marks. The appear
ance of the bones and their spatial distribution in the sedi
ments at the site suggest deposition in taphozone Il, in 
shallow-water peat. A few bones have rolled in the beach 
zone before being embedded in sediment (Pl. 30:7, 9-10) .  

Biometry. - The animals seem to be bigger than modem roe 
deer, by comparison with modem material, although few 
complete measurements can be taken (Appendix 2) .  

ULKESTRUPLYNG 

Material. - Seven mandible fragments, all from adult ani
mals (5 dextral and 2 sinistral) .  They are well preserved with 
teeth in place. The EMNI is 3 (Pl. 30:8 ) .  

Biometry. - GnIy a few measurements can be made from the 
mandibles (Appendix 2) .  They compare well with similar 
measurements from Præstelyng and Muldbjerg I. 

Scapula 

MULDBjERG I 

Material. - GnIy 2 pieces, Mul.! 25 19 1 ,  a small proximal 
fragment, and Mul.! 1 528, a poorly preserved sinistral scap
ula. The scapula is exfoliated distally into thin peels, in a way 
typical for destruetion caused by altemating wetting and 
drying and final desiccation. Cut marks are found at the 
collar of the blade. A chop mark is placed just beneath the 
joint (Fig. 95) .  

Biometry. -LG = 23  mm (Appendix 2 ) .  This value lies within 
the range of the LG values from Kongemose (Appendix 2 ) .  

PRÆSTELYNG 

Material. - Eight fragments of scapula (4 dextral and 4 
sinistral) ;  one of the dextral fragments is from a very young 
animal. The EMNI is thus 5 ( 1  juvenile and 4 adults) .  With 
one exception (PL 5612-2 15 ) ,  the fossa scapula is very poorly 
preserved, bulged and damaged. From the colour, weight, 
and type of damage it is clear that the blades were deposited 
under different conditions in different types of sediment and 
that some have been exposed on the ground at or near the site 
for some time. Four of the scapulae have tooth marks around 
the joint (Fig. 95) .  

Amose: Palaeontological descriptions 1 1 3 

Biometry. - The dimensions of the Præstelyng animals are 
small (Appendix 2 ) .  The SCL, HS and LD values all fall 
within the very lower end of the range for these measure
ments from Kongemose (Appendix 2 ) .  

KONGEMOSE 

Material. - Sixty-eight fragments of scapula. There are 43 
from the dextral side (38 with fossa articularis and 5 frag
ments of the blade) and 25 from the sinistral side, all ofwhich 
include fossa articularis (Pl. 1 1 : 10--1 1 ) .  Gne element is from 
a newbom animal and one is from a juvenile. The EMNI is 
39. 

The state of preservation is generally good. The majority of 
the bones are preserved in taphozone Il, whereas two are 
from taphozone Ill. Scrape and cut marks are few and 
seattered, and traces of dog-gnawing occur. Half of the 
material has been fragmented. The EMNI is based on left/ 
right distribution and ontogenetic age. 

Biometry. - The range in nearly all measurements indicates 
that both sexes were present. Comparison with dimensions 
from Præstelyng indicates that all the Præstelyng values fall 
within the very lower end and outside the range of similar 
measurements from Kongemose (Appendix 2 ) .  A few of the 
Kongemose scapulae reach the size of those from Ulke
struplyng. 

Abnormalities. - Unhealed lesions occur on 3 elements. 

ULKESTRUPLYNG 

Material. - Seven fragments of scapula ( 1  dextral and 6 
sinistral) . Gne fragment is from a very j uvenile individual, O--
3 mo nths old. The bones are very fragmented and poorly 
preserved. 

Biometry. - Gnly a few bones could be measured (Appendix 
2) ,  owing to the fragmentation. 

Humerus 

MULDBjERG I 

Material. - GnIy 2 fragments ( 1  upper epiphysis, and 1 lateral 
fragment of the diaphysis) .  The state of preservation of the 
diaphysis is very good, whereas the epiphysis is weathered, 
gnawed and further chopped into two. Both fragments are 
from adults. The EMNI is 1 .  

PRÆSTELYNG 

Material. - Eleven fragments, all well preserved, although a 
few are gnawed by dog. There are 3 proximal fragments ( 1  
dextral and 1 sinistral epiphysis that are from adults and so 
different in size and appearance that they most likely stem 
from different animals; and 1 juvenile proximal fragment, a 
loose sinistral epiphysis that had not yet taken root) . There 
are 4 distal fragments, all from adults (3 from the left and 1 
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from the right side) and 4 diaphysial fragments. The EMNI is 
4 (3 adults and l juvenile individual) .  Cut marks and impact 
marks from marrow fracturing occur (Fig. 95) .  

Biometry. - The values of Bt fall within the lover end of the 
range of values from Kongemose, except for PL 12460-5 
(Appendix 2). Comparison with Kongemose and modern 
material suggests that the humerus material from Præstelyng 
stems from l buck and 2 hinds. The presence of at least l 

buck is compatible with the find at the site of a pair of antlers, 
which have been cut loose from the skull. 

KONGEMOSE 

Material. -Ninety-one fragments. The preservation is gener
ally good, and only a few fragments are more seriously 
weathered, extensively gnawed by dog, and with surficial 
peeling. A few of the bones have a black tint and penetrating 
cracks, as if they have been heated in fire. 

There are 50 dextral fragments (30 distal ends with almost 
half the diaphysis attached to them, 1 3  proximal fragments 
with some diaphysis attached to them, and 7 diaphysial 
cylinders, mainly from the proximal part) . Only l proximal 
part ofhumerus with loose epiphyses is from a juvenile, 1 8-
22 months old. There are 4 1  fragments from the sinistral side 
(33 distal ends with almost half the diaphysis attached to 
them, 7 proximal ends with diaphysis attached, and l proxi
mal diaphysial cylinder) . The EMNI is 34 (33 adults and l 
juvenile ) .  The distal ends are clearly better preserved than the 
proximal ends, which are fewer and commonly gnawed by 
dog. Only 25-30% of the proximal ends are present, if distal 
and proximal ends are to match in number. The strongest 
weathering is also found among the proximal ends with 
light-brown colour, peeling and low bone weight as well as 
traces from extensive dog-gnawing. This indicates that the 
proximal ends spent longer time in the partly terrestrial 
taphozone I of the site area, whereas the distal ends with only 
two exceptions are hard, dark brown and heavy, indicating 
primary and rapid deposition and sediment coverage in 
taphozone Il. Very few marks made by man are present, and 
only a small number of cut marks around blow-impact areas 
occur. Three of the proximal epiphysis are split longitudi
nally. The fragmentation pattern is unrefined, as the shafts 
are simply broken across. 

Biometry. - The Bd dimensions in the Kongemose sample 
are clearly larger than the Bd dimensions from both Præste
lyng and Muldbjerg I, although they still are within the low 
end of the range (Appendix 2 ) .  The similar dimensions from 
Ulkestruplyng animals are all iarger than the animals from 
Kongemose. 

ULKESTRUPLYNG 

Material. - Ten fragments, 4 dextral ( l  proximal epiphysis 
and 3 diaphysial fragments) and 6 sinistral (5 distal epiphyses 
and l diaphysial fragment) (Pl. 30: 12-14) .  The newly fused 
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proximal epiphysis is from a subadult with the growth su
tures still open. The EMNI is 5. The bones are gene rally well 
preserved, except for a slightly burned fragment which shows 
peeling and deep longitudinal cracks. The majority of the 
bones were deposited in taphozone Il. The taphonomic loss 
is marked: at least 9 proximal and 5 distal epiphyses are 
missing. There are a few impact marks. 

Biometry. -Very few measurements could be taken (Appen
dix 2 ) .  

Radiuslulna 

MULDBjERG I 

Material. - Ten fragments (4 dextral and 6 sinistral) forming 
an alm ost complete left and right radius/ulna that may 
belong to the same adult animal. The EMNI is 1 .  The preser
vation is excellent apart from Mul.! 1 192, which is slightly 
weathered and light in colour. There are a few cut marks 
proximally on ulna and on radius around the impact area, 
resulting from splitting the marrow cavity open. Virtually no 
traces of dog-gnawing occur. 

Biometry. - The values ofBd from Muldbjerg I fall within the 
ranges of values from both Præstelyng and Ulkestruplyng 
(Appendix 2 ) .  The Bp values correspond to those ofPræste
lyng but are smaller than the very large one from Ulkestrup
lyng (UL0 234 10- 1 )  (Appendix 2) .  The size ofulna is also the 
same as at Præstelyng and Muldbjerg I. No measurableulnae 
were found at Ulkestruplyng. 

PRÆSTELYNG 

Material. - Nineteen fragments. Radius is represented by 9 
fragments (2 dextral proximal ends, 2 sinistral proximal 
ends, l sinistral distal end, l distal sinistral end from a 
newborn calf, and 3 diaphysial fragments) .  Ulna is repre
sented by 7 proximal ends (4 dextral and 3 sinistral olecra
non) and 3 fragments of corpus ulna. There are some dam
ages made by dog, and one piece is weathered and desiccated 
(PL 1 1 54 1 -8 ) .  The rest are well preserved, including also the 
bone from the newborn calf. The EMNI is 5 ( l  newborn, l 1-
3-months-old, and 3 adults) .  Almost 50% of the bones are 
gnawed by dog, and especially tuber olecranii is ruined or in 
part missing. Onlya few cut marks are present. Impact marks 
occur laterally on the diaphysis below the proximal epiphysis 
(Fig. 95) .  

Biometry. - The values of Bd and Bp are in very good 
accordance with the values of the same parameters from 
Muldbjerg I (Appendix 2) .  

Abnormalities. - PL 1 153 1 -5 .  The upper end of  radius shows 
extra thickness of the caudal part of the diaphysis, and ulna is 
firmly and unevenly attached to radius all the way to the 
proximal epiphysis. The bone has clearly been injured. 
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KONGEMOSE 

Radius. - A total of30 fragments occur. There are 14 from the 
dextral side (5 proximal ends, 7 distal ends, and 2 diaphyses) 
and 16 from the sinistral side (9 proximal ends, 6 distal ends, 
and 1 diaphysis ) .  One is from ajuvenile animal. The EMNI is 
9. The state of preservation is fairly good, although peeling of 
the surface is observed on eight fragments. Two were pre
served in taphozone I and two in taphozone Ill, whereas the 
rest have been preserved in taphozone IL The fragmentation 
is accidental. No cut or scrape marks are observed, and traces 
of dog-gnawing occur on only one fragment. 

Biometry. - The Kongemose radii are larger than the Præs
telyng speeimens. At Ulkestruplyng the breadths of the 
proximal ends are larger than at Kongemose, whereas the 
dimensions of the distal ends from Ulkestruplyng fall within 
the middle and lower end of the range at Kongemose (Ap
pendix 2 ) .  

Ulna. - A total of  14 fragments have been recovered ( 10 
dextral and 4 sinistral) . The EMNI is 10 .  All fragments 
indude the articulation and some indude processus olecra
non. Onlythis proximal part is preserved. Four fragments are 
from juvenile animals, whereas the rest are from adults. The 
state of preservation is good. 

Biometry. - The length of olecranon is smaller at Kongemose 
than at Præstelyng, whereas the smallest depth is similar. At 
Kongemose, the dimensions of the depths across processus 
anconaeus are smaller than the similar dimensions at Præste
lyng, whereas the breadths across processus coronoides in 
general are bigger in the Kongemose material than at Præste
lyng. No dimensions are available from Ulkestruplyng (Ap
pendix 2 ) .  

ULKESTRUPLYNG 

Radius. - A total of 5 fragments are found. There are 2 
proximal ends ( 1  dextral and 1 sinistral) ,  2 sinistral distal 
ends, and l juvenile sinistral diaphysial fragment. The EMNI 
is 3 (2 adults and l juvenile) .  The type of preservation 
indicates that some fragments were deposited in taphozone 
I and some in taphozone Il; l fragment shows taphozone III 
type of preservation. The bones are crudely fragmented. 
Impact marks are placed laterally dose to the upper epiphy
sis, breaking off the diaphysis. Cut marks from dismember
ing and a few tooth marks occur proximally. 

Biometry. - Three of the four measurements that could be 
taken are larger than the similar dimensions of animals from 
Kongemose, Præstelyng and Muldbjerg I (Appendix 2 ) .  One 
dimension on UL0 2337 1 -3  is, however, very small. 

Ulna. - A total of 2 proximal juvenile ends occur ( 1  dextral 
and 1 sinistral) .  The EMNI is l .  The fragments are well 
preserved; no cut marks and traces of dog-gnawing occur. 

Metacarpus 

MULDBjERG I 
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Material. - Five fragments (4 dextral and 1 sinistral) .  All 
pieces are well preserved and are from adult animals. The 
EMNI is l .  The bones have been marrow-fractured, and 
scrape marks are abundant on the diaphysis. An attempt to 
divide one of the bones has been made using the groove-and
splinter technique in the furrow between the two fused 
metacarpals. 

Biometry. - Only 2 fragments could be measured, Mul.I 
24203 Bp = 21 mm, and Mul.I 26864 Bd = 20 mm. 

PRÆSTELYNG 

Material. - Six fragments (3 dextral fragments of cranial 
diaphysis and 3 sinistral fragments from the proximal end) . 
They are well preserved with a hard dark brown surface, 
except for one slightly weathered piece. All fragments are 
from adults. The EMNI is 2. There are no distal epiphyses, 
and the upper epiphyses are split in a cranial and a caudal 
part together with the diaphyses. Impact marks occur later
ally at the diaphyses. 

KONGEMOSE 

Material. - Thirty-three fragments, 12 dextral (7 distal epi
physes with diaphyses attached to them, 3 proximal epiphy
ses and 2 diaphysial fragments) and 2 1  sinistral ( 12 distal 
epiphyses with attached diaphyses, 6 proximal epiphyses, 
and 3 diaphysial fragments) .  The majority are from adults, 
and only 4 fragments are from juveniles, 2 of which have 
different age ( 1  newborn and l 6-12-months-old) .  The 
EMNI is 1 3  ( 1 1  adults and 2 juveniles) .  The bones are 
generally well preserved, hard, heavy and dark brown. A few 
have a peeling surface and are light, indicating deposition in 
taphozone I, in terrestrial or semiterrestrial environments. 
Cut marks occur only on KS 40/33,5-25, where a deep 
circumference groove has been cut. Otherwise only impact 
marks occur along some of the diaphyses. The fragmentation 
pattern is rather crude and does not seem to follow any 
pattern, apart from getting access to the marrow cavity. 

Biometry. - The measurements made on Bd and Bp are 
similar to the measurements from Muldbjerg I and Præste
lyng but slightly smaller then the measurements from Ulke
struplyng (Appendix 2 ) .  

Abnormalities. - The complete sinistral metacarpus (KS 351 
27 -50) has a bulge on the cranial proximal diaphysis, resem
bling a healed fraeture from a partly broken leg or a damage 
from a serious kick. No flint was recorded by X -radiography. 
It is most likely that the lesion was not of human origin (Pl. 
47:4) .  Two of the upper epiphyses (KS 32/24-72 and 34/3 1 -
7 1 )  have drilled hoIes o n  the joint surface as if the marrow 
had been sucked out with a straw (Fig. 57; Pl. 52:2, 4-5) .  
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B 

Fig. 57. Drilled hoies in the proximal ends of a metatarsus A, C, E and a 
metacarpus B, D, F of Capreolus capreolus. 

U LKESTRUPL YNG 

Material. - Eleven fragments (2 proximal and 2 distal epi
physes, l complete bone and l diaphysial fragment, all dex
tral; l distal epiphysis and 4 diaphysial fragments, all sinis
tral) .  One of the sinistral diaphysial fragments is from a 
juvenile, and the rest of the bones are from adults. The EMNI 
is 4. The state of preservation varies from bones with hard 
and shining surfaces and light beige to dark brown colour, to 
bones with peeling surfaces. This variation in preservation 
indicates deposition in all three main taphozones. The bones 
are rather carelessly fragmented, and only cut marks are 
recorded. No traces of dog-gnawing occur. 

Biometry. - The few measurements made (Appendix 2) ,  
indicate rather large animals compared with the populations 
ofMuldbjerg I and Præstelyng, and the values fall within the 
upper end of range of dimensions from Kongemose. 
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Femur 

MULDBjERG I 

Material. - Six determinable fragments of femur from adults 
(2 from the dextral side, a proximal and a distal epiphysis, 
and 4 from the sinistral side) .  All fragments are rather small. 
The state of preservation is good, apart from the heavily dog
gnawed epiphyses. The EMNI is L 

Biometry. - The values of Bd and DC fall clearly within the 
lower end of the range of values from Kongemose. In fact, 
only l out of 32 measurements of DC at Kongemose has as 
low a value as that found on the Muldbjerg I roe deer. This 
pattem is repeated for the Bd value, where the only similar 
value comes from a juvenile individual with lo ose epiphyses 
(Appendix 2 ) .  

PRÆSTELYNG 

Material. - Twenty-three fragments, 12 from the left (4 
proximal epiphyses with some of the diaphysis attached to 
them, 2 distal epiphyses and 6 diaphysial fragments) and 1 1  
from the right side (4 upper epiphyses, 1 lower epiphysis and 
6 fragments from the diaphysis) .  The upper and lower ends 
have the light brown surface characteristic ofbones embed
ded in peat in taphozone L This is in contrast to the type of 
preservation recorded for the diaphysis fragments. They 
seem to have been dump ed directly into the lake. There are 
bones from almost newbom juveniles, less than 3 months 
old (Pl. 29: 16) ,  as weU as from adults. The EMNI is 7 (3  
juveniles and 4 adults) .  There are very few cut marks, but the 
bones are all fraetured. The bones have been intensely 
gnawed by dog. 

Biometry. - The values ofBd and Bp are very small compared 
to Kongemose and Ulkestruplyng (Appendix 2) but corre
spond weU to Muldbjerg L The values from Præstelyng show 
a bimodal distribution (very small values and one with larger 
values) .  It is likely that the adult animals at Præstelyng 
included at least l female, or a rather young animal, and 
possibly 4 males. The number of antlers seems to confirm the 
number of males interpreted from the values of femur. 

KONGEMOSE 

Material. - Eighty-five fragments: 47 dextral ( 1 8  distal ends 
including 5 loose distal epiphyses, 23 proximal ends, and 6 
tube-formed diaphyses) and 38 sinistral fragments (24 
proximal ends including 6 caput femuri that have been 
chopped off, 13 distal ends including only l loose epiphysis, 
and l diaphysial fragment) .  The general preservation is very 
good, although at least 20 bones are bumt black and some 
are weathered as in taphozone L Six loose distal epiphyses 
and l very young, 0-3 mo nths old, proximal end indicate 
the presenee of 6 juveniles. There are at least 1 8  adults, and 
the EMNI is 24. The fragmentation pattem is rather unre
fined. One complete bone can be reassembled from two 
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fragments, broken apart by a hard stroke placed on the 
middle of the diaphysis. A few impact marks occur on the 
proximal end, resulting in 3 fragments. Five caput Jemuri 
and l distal epiphysis have been chopped off. More than 10  
fragments show tooth marks from large canines (KS 37/24-
67, KS 43/32- 18 ) ,  and several of the distal and proximal 
epiphyses have been intensely gnawed by dog. There are very 
few cut marks, randornly scattered over the diaphyses. One 
bone (KS 37/40-20) has a double unexpectedJoramen nutri
tium placed cranially, proximally on the bone. No callus 
formation occur. 

Biometry. - A considerable number of bones can be mea
sured (Appendix 2 ) .  There is a clear distributions of dimen
sions, indicating that both sexes are represented. Compared 
with similar measurements in the Præstelyng material, the 
animals from Kongemose are clearly larger, and the Præste
lyng values fall within the very lower end of the range of the 
Kongemose measurements. The Kongemose dimensions 
are comparable to those of the Ulkestruplyng material (Ap
pendix 2 ) .  

Abnormalities. - Apart from the double Jommen nutritium 
on KS 37/40-20, no abnormalities are observed. 

ULKESTRUPLYNG 

Femur. - A total of 12 fragments of femur was found. There 
are 5 from the dextral side (2 proximal ends, l distal end, and 
2 fragments of the diaphysis) and 7 from the sinistral side ( 1  
distal end and 6 diaphysis fragments) .  The EMNI is 4 (2 
adults, l subadult, and l juvenile) .  The bones are weU pre
served, also the bone from the very juvenile individual, 0-3 
months old. One, however, was clearly deposited in tapho
zone I, and root systems has etched the surface of the bone 
(UL0 23423-3) .  The bones have been crudely broken, and 
either the upper end or the distal end was knocked off (Pl. 
30: 1 5, 1 7) ,  sometimes both, leaving the central part of the 
diaphysis as a tube. No cut marks are observed. Only UL0 
23408-3 was gnawed by dog. 

Biometry. - The dimensions of Bp, Bd, and DC are similar in 
size to those of Kongemose, and clearly larger than those of 
Muldbjerg I and Præstelyng (Appendix 2 ) .  

Tibia 

MULDBJERG I 

Material. - Fourteen fragments (7 from the dextral side and 
7 from the sinistral) . The seven dextral fragments can be 
reassembled to form a weU-preserved bone element from an 
adult. The 7 sinistral fragments stem from at least 2 tibiae, 
and one of the fragments is burnt white. The EMNI is 2, both 
adults. There are strong impact marks after marrow fractur
ing, no cut marks, and very few tooth marks from dog
gnawing. 
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Biometry. - The two Bd values are smaller and fall outside the 
range of the Bd values from Kongemose; they are much 
smaller than the values from Ulkestruplyng (Appendix 2 ) .  
The Muldbjerg I values fall, however, within the range of the 
values from Præstelyng. It is possible that the two measurable 
tibia bones from Muldbjerg I stem from a small, adult 
female, but sexual dimorphism is not as pronounced in 
Capreolus capreolus as in Cervus elaphus. 

PRÆSTELYNG 

Material. - Twenty-two fragments, 12 dextral (3 proximal 
ends, 2 distal ends, l complete juvenile bone and 6 diaphysial 
pieces) and 10 sinistral ( 1  proximal end, 2 distal ends, 1 
complete pull bone and 6 diaphysial fragments) .  The EMNI 
is 4 (2 adults, l juvenile about 2-3 mo nths old, and 1 pull) .  
The bones are generally weU preserved with differences indi
cating different taphonomic histories. Only a single cut mark 
is observed. 

Biometry. - All the values are very small and fall outside the 
range observed at Kongemose (Appendix 2) and Ulkestrup
lyng. They correspond, however, weU with the few values 
from Muldbjerg L From the osteological analysis it seems 
likely that there are bones from 4 adults in the tibia material 
(possibly 2 males and 2 females and/or young animals) .  

KONGEMOSE 

Material. - Fifty-two fragments, 26 dextral (3 proxirnal ends, 
13 distal ends and 10 larger fragments of the diaphysis) and 
26 sinistral (9 proxirnal ends, 12 distal ends, 3 larger frag
ments of the diaphysis, and 2 distal lo ose epiphyses) .  Five 
fragments are from juvenile animals. The EMNI is 16,  in
cluding 2 juveniles, based on left/right distribution and onto
genetic age. 

The state of preservation is good, and no consistent frag
mentation pattern can be observed. Peeling of the surface 
and slight traces ofburning is observed. Only a few cut marks 
and traces from dog-gnawing occur. Two fragments are 
from taphozone I, whereas the rest are from taphozone Il. 

Biometry. - The range in dimensions ofBd and Bp indicates 
presence of both sexes. The corresponding measurements 
from Ulkestruplyng fall within the upper end of the range of 
measurements from Kongemose, and the dimensions from 
both Muldbjerg I and Præstelyng are in the lower end of the 
range (Appendix 2 ) .  

ULKESTRUPLYNG 

Material. - Seven fragments, 4 dextral ( l  proximal end, 1 
distal end, and 2 diaphysis fragments) and 3 sinistral ( l  distal 
end and 2 diaphysis fragments) .  Five of the fragments are 
from juvenile bones. The EMNI is 4 (2 adults, 1 calf, 0-3-
months-old, and 1 subadult, a little younger than 12  
months) .  The bones are relatively weU preserved, they are 
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crudely broken (Pl. 30: 16 ) ,  and show no fragmentation 
pattern. Cut marks and traces of dog-gnawing are not ob
served. 

Biometry. - Four measurements are made of dimensions of 
Bp and Bd (Appendix 2 ) .  They fall within the upper end of 
the range of measurements from Kongemose and are much 
larger than those from Præstelyng (Appendix 2 ) .  

Metatarsus 

MULDBjERG I 

Material. - Nine fragments (5 dextral and 4 sinistral) .  There 
are 3 proximal dextral ends and 2 proximal sinistral ends. 
The EMNI is 2, both adults. The state of preservation is 
exceUent, and a number of fragments can be reassembled to 
form almost complete bone elements. The differences in 
colour (dark brown versus beige), the surface texture (hard 
shining versus porous) ,  and the weight (heavy versus light) 
of the bone indicate that the fragments were deposited in 
different taphozones. The reassembled bones allow recon
struction of the fragmentation pattern and estimation of the 
resultant number of fragments per bone element. There are 
cut marks at the proximal epiphysis. 

Biometry. - The measurements are too few to aUow any firm 
conclusions. The measured dimensions fall within the lower 
end of the range of the Kongemose material (Appendix 2) .  

PRÆSTELYNG 

Material. - Only 24 fragments, including both juvenile and 
adult bones (6 upper and lower ends, 1 5  fragments of the 
diaphysis, and 3 fragments belonging to very young ani
mals) .  One metatarsus is so young that metatarsal Il and III 
have just fused, indicating an age of 0-2 months. Another 
specimen has fully fused metatarsals but lo ose distal epiphy
ses, indicating an age of3-5 months. The EMNI is 4 (2 adults 
and 2 juveniles) .  The bones are differently preserved. The 
diaphysial fragments are in most cases weU preserved, 
whereas both upper and lower ends are weathered and 
porous with a rugged surface, characteristic of bones depos
ited in humified peat along the shoreline in taphozone I .  All 
the bones have been fragmented, and marks after dog-gnaw
ing occur on several, whereas cut marks are less common. 

Biometry. - The measurements are too few to allow any 
conclusions. The values are slightly smaller than the few 
measurements of the same bone elements from Muldbjerg I 
(Appendix 2) .  

KONGEMOSE 

Material. - Twenty-eight fragments, 13 dextral (6 proximal 
epiphyses with some shaft attached to them and 7 diaphysial 
fragments; there are no distal epiphyses) and 1 5  sinistral (5  
proximal epiphyses with some shaft attached to them, 5 
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distal epiphyses and 5 diaphysial fragments) .  Four of the 
fragments are from juveniles (2 dextral and 2 sinistral) .  The 
EMNI is 8 (6 adults and 2 juveniles, 1 and 4 months old) . The 
bones are generally weU preserved, but have clearly been 
deposited in different environments. The majority have hard 
dark brown shining surfaces and were deposited rapidly in 
nearshore aquatie sediments together with the juvenile 
bones. Five of the fragments have a porous peeling surface 
and have been subjected to exposure on the surface of the 
peat. The fragmentation is rather crude. The distal epiphysis 
is in most cases removed by a blow just above the joint, and 
the diaphysis is split laterally, commonly including splitting 
of the proximal epiphysis. The diaphysis, in some cases, 
appears as a fractured tube. Only impact marks are common, 
whereas only 2 cut marks are recorded. 

Biometry. - The measurements on Bp are similar to those 
from the other three sites (Appendix 2 ) .  The Bd measure
ments from Kongemose are generally larger than the Bd 
measurements from Præstelyng and Muldbjerg I, which are 
still within the range of measurements from Kongemose. Bp 
of both Cervus elaphus and Capreolus capreolus shows less 
variation and differences between the sites than measure
ments of Bd. 

Abnormalities. - One upper epiphysis has been drilled or cut 
open to the marrow cavity from the joint surface (Pl. 52.3, 6 ) .  

ULKESTRUPLYNG 

Material. - Eleven fragments, 6 dextral (5 diaphysial frag
ments and 1 proximal epiphysis) and 5 sinistral (all diaphy
sial parts) .  Two are from a very young individual, 0-3 
months old. The EMNI is 4 (3 adults and 1 juvenile) .  The 
bones have a varied type of preservation. The juvenile frag
ments are weU preserved and complete, apart from distal and 
proximal epiphyses. One of the adult bones (UL0 23358-5) 
has clearly been rolling in the beach zone and is rather worn. 
There are very few traces from human activity, apart from a 
number of impact marks. UL0 23323-3 is densely criss
cross-striated, and the marks resemble trampling marks 
more than scrape marks. No traces from dog-gnawing are 
recorded. The fragmentation pattern is rather crude. 

Biometry. - Only 2 proximal epiphyses are measurable (Ap
pendix 2 ) .  

Pelvis 

MULDBjERG I 

Material. - Only one small, poorly preserved pelvie fragment 
from acetabulum (Mul.l 14338) .  

PRÆSTELYNG 

Material. - Seven fragments (3 from the left side and 4 from 
the right) .  The EMNI is 4 (3 adults and 1 juvenile) .  The bones 
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from the adult animals are weU preserved, whereas the frag
ment from the juvenile is weathered and slightly bumt. Very 
few cut marks and tooth marks are present. 

Biometry. - The values fall within the lower end of the range 
of values from Kongemose. In particular, GL and LF are 
small. The available data do not allow any definite assign
ment as to sex (Appendix 2) .  

KONGEMOSE 

Material. - Forty fragments, 22 dextral and 18 sinistral, 
almost complete bones. Only less than 10 are broken, and 4 
can be reassembled. The EMNI is 18 .  The preservation is 
generally good: most of the bones were deposited in tapho
zone Il and a few in taphozones I and Ill. Cut marks occur, 
especially on os pubis. A number of os ilium were gnawed by 
dog. 

Biometry. - The range of dimension of LA and SH indicate 
that both males and females were present. Comparison with 
similar measurements from Ulkestruplyng shows that the 
Ulkestruplyng animals were larger. The measurements on 
LA from Præstelyng fall within the lower end of the range 
from Kongemose (Appendix 2 ) .  

ULKESTRUPLYNG 

Material. - Nine fragments, 5 dextral and 4 sinistral. The 
preservation is poor, although the bones are more or less 
complete. Theyall seem to have been deposited in taphozone 
I. All have been gnawed by dog, and cut marks occur on 
several bones. The EMNI is 3 (2 adults and I subadult) .  

Biometry. - Five pelvis fragments have been measured (Ap
pendix 2 ) .  The dimensions fall within the upper end of the 
range of Kongemose measurements (Appendix 2) ,  and 
they are larger than measurements from Præstelyng (Ap
pendix 2 ) .  

Vertebra 

MULDBJERG I 

Material. - Fifteen fragments: 10 of vertebra cervicalis (in
cluding l atlas and 3 epistropheus) ,  2 vertebra thoracica, 2 
vertebra lumbalis, and l unidentified fragment of vertebra 
from a senile individual. The EMNI is 2. The bones were 
divided by a dorsoventral stroke into a left and a right half. 
Cut marks occur on vertebra thoracica. A number of the 
bones were gnawed by dog. 

PRÆSTELYNG 

Material. - Forty-six fragments: 19 vertebra cervicalis (in
cluding 2 atlas and 3 epistropheus) ,  12 vertebra thoracica, and 
1 5  vertebra lumbalis. The vertebrae are weU preserved, al
though some are broken by man. One has been bumt. A few 
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have been gnawed by dog. Apart from impact marks, no 
working traces occur. 

KONGEMOSE 

Material. - Ninety-two vertebrae: 26 vertebra cervicalis, 3 1  
vertebra thoracica, and 3 5  vertebra lumbalis. The state of 
preservation is very good. The bones have been casually 
fragmented, and about one-third are complete. The EMNI is 
8 based on epistropheus. 

ULKESTRUPLYNG 

Material. - Eleven fragments, excluding l fragment of ster
num. There are 5 vertebra cervicalis, including l atlas and l 
epistropheus, l vertebra thoracica, 3 vertebra lumbalis, and l 
os sacrum. One fragment is from a juvenile. 

Costae 

MULDBJERG I 

Material. - Thirty-one fragments, 1 7  dextral (7 from group I 
costa vera, 7 from group Il costa affixae and 3 from group III 
costa jluctuante) and 14 sinistral (8 fragments from group I, 
2 from group Il, and 4 from group Ill ) .  The ribs are weU 
preserved, apart from the mechanical splintering mainly of 
the distal ends by dog-gnawing. Four of the ribs are, however, 
light and with peeling surfaces indicating deposition in a 
terrestrial environment. The ribs are all from adult animals. 
The right-side fragments are much less gnawed by dog and 
thus more complete than those from the left side. This may 
reflect the discharge of a complete rib cage which came to rest 
on its right side, whereas the left side was exposed to scaveng
ing from dog and other animals. The meat may have been 
removed before the whole rib cage was discharged. Only a 
few of the bones have cut marks or other human trace fossils. 
Nearly all of the ribs have no caputcostae, and they have most 
likely been chewed away or broken off. All distal ends are 
more or less chewed by dog. 

PRÆSTELYNG 

Material. - Forty-one rib fragments: 20 dextral (7 from 
group I costa vera, 7 from group Il costa affixae, and 6 from 
group III costa jluctuante) and 16 sinistral (6 costa vera, 6 costa 
affixae, and 4 costa jluctuante) ; in addition there are 5 frag
ments that cannot be ascribed to any one side. One adult 
stemum (PL 6925- 1 67) has cut marks (Fig. 67B) .  Preserva
tion is overall good, although some ribs are splintered distally 
by dog-gnawing. Some are weathered, however, and have a 
peeling surface. 

The ribs are mostly from adults, but a few ribs from 
juvenile animals are present. Many have cut, scrape, and 
sawing marks. The distribution and type of marks are much 
like those on Cervus elaphus ribs from Præstelyng, although 
relatively fewer in number (Fig. 96) . The more cranial ribs 
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have more cut and sawing marks. The ribs have been re
moved in two ways, either by breaking them loose so that the 
rib capitulum is missing, or by cutting and breaking the ribs 
7 cm from the vertebra collum. 

Abnormalities. - One dextral costa vera no. 3 (PL 8059-3)  has 
been broken and healed again (Pl. 47:5 ) .  The X-radiograph 
shows no signs of foreign elements present, and it is thus not 
possible to interpret the cause of the injury, which may be 
due to rutting fight or result from a graze shot. 

KONGEMOSE 

Material. - Sixty-eight fragments (27 from the right side, 1 9  
from the left side, and 22  small fragments which can not be 
assessed to any side) .  In addition a stemum (KS 33/3 1 - 1 7) 
with cut marks occurs. The bones are poorly preserved as 
they are highly fragmented and chewed by dog distally. They 
have been separated from the vertebra collum in a rather 
crude way, with rip-off of bone splinters as a result. Only 6 
cut marks and l scrape mark occur. Punctures as well as 
furrows of canine tooth can be observed. 

ULKESTRUPLYNG 

Material. - Twenty-seven fragments: 20 from group I costa 
vera ( 1 0  dextral and 10  sinistral) ,  4 from gro up Il costa afftxae 
(2 sinistral and 2 dextral) ,  2 dextral fragments from group III 
costa fluctuante, and l that cannot be assigned to side. One 
fragment shows traces from fire, and l is from a juvenile 
animal. The ribs are generally poorly preserved and split up 
distally. The surface is peeling in thin layers. Most of the 
bones are strongly gnawed by dog, and were deposited in 
taphozone L A few cut marks occur, e.g., proximally on UL0 
23368-3 and UL0 23377-7. UL0 23768-46 shows scrape 
marks on the ventral side. UL0 23370-6 shows 2 minor 
healed lesions on the ventral side. 

Abnormalities. - Two healed lesions on UL0 23370-6. 

Phalanges 

MULDBjERG I 

Material. - Nine fragments of phalanges from hand and foot 
occur. Some are marrow-fractured. The fragments can be 
reassembled to complete bones. Three are bumt. 

PRÆSTELYNG 

Material. - Twelve phalanges from hand and foot. Three of 
them are marrow-fractured, l is bumed, and cut marks 
occur on 3. Only 2 were gnawed by dog. 

KONGEMOSE 

Material. - Seventy-two fragments (40 phalanges I, 22 pha
langes Il, and 10 phalanges Ill ) .  The state of preservation is 
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good, and only 10  phalanges I have been fragmented. KS 39/ 
14-56 is from a juvenile animal. The majority is preserved in 
taphozone Il. 

ULKESTRUPLYNG 

Material. - Thirteen phalanges. 

Carpal and tarsal elements 

MULDBjERG I 

Material. - Five carpal bones and only 3 complete tarsal 
bones ( l  sinistral astragalus, l sinistral calcaneus, and l 
sinistral centrotarsale) . One is bumt. 

PRÆSTELYNG 

Material. - Eight carpal and 12 tarsal bones. The tarsals are 3 
astragali (2 dextral and l sinistral) ,  4 calcaneus (2 dextral and 
2 sinistral) ,  l dextral centrotarsale, and 4 patella. They are all 
adult, and are not fragmented. No cut marks are seen. Traces 
of dog-gnawing occur only on calcaneus. 

KONGEMOSE 

Material. - Fifty-seven tarsals: 17 astragali (7 dextral and 10  
sinistral) ,  2 1  calcanei ( 12 dextral and 9 sinistral) ,  8 centro
tarsale (4 dextral and 4 sinistral), and 1 1  patella. Apart from 
a few, the state of preservation is good, and there is no 
fragmentation. The EMNI is 12 ( 1 0  adults and 2 juveniles) . 

Biometry. - The dimensions of astragali from Kongemose 
and Ulkestruplyng are similar (Appendix 2 ) .  

ULKESTRUPLYNG 

Material. - Eleven tarsal bones: 5 astragali (3 dextral and 2 
sinistral) ,  3 calcanei (2 dextral and l sinistral) ,  2 centrotarsale 
( l  dextral and l sinistral) ,  and l calcaneus from a juvenile. 

Biometry. - The dimensions of the five astragali (Appendix 2)  
are similar to those measured from the Kongemose material. 

Discussion of biological data 

Capreolus capreolus was present in the Åmose area through 
the Boreal Atlantic and well into Subboreal times (Degerbøl 
1 943; Noe-Nygaard 1969; Richter 1982a; Aaris-Sørensen 
1988) .  The number of fragments and the EMNI of Capreo
lus capreolus is smaller than for Cervus elaphus (Muldbjerg I: 
Cervus elaphus EMNI 5 and Capreolus capreolus 2; Præste
lyng: Cervus elaphus EMNI 1 1  and Capreolus capreolus 6) .  
This i s  opposed to the Late Boreal Ulkestruplyng and Early 
Atlantic Kongemose sites, where the EMNI of the two spe
cies is more equal (Ulkestruplyng: Cervus elaphus EMNI 7 
and Capreolus capreolus 6; Kongemose: Cervus elaphus 
EMNI 53 and Capreolus capreolus about 39) .  The similarity 
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between EMNI of Cervus elaphus and Capreolus capreolus at 
the last two sites probably reflects the fact that both species 
were more or less equally accessible. At Muldbjerg and 
Præstelyng, Capreolus capreolus seems to have been less 
important. This difference between abundance of Cervus 
elaphus and Capreolus capreolus is repeated in figures from 
the Late Atlantic Åkonge, Vejkonge, and Nøddekonge sites 
(G. Gotfredsen, personal communication, 1 99 1 ) .  As the 
Muldbjerg I site represents the most complete and careful 
excavation of them all, the difference between Cervus ela
phus and Capreolus capreolus is not likely to reflect biased 
recovery. Furthermore, the state of preservation of the re
mains of the two species is similar. The unequal representa
tion of the two species at the five Late Atlantic sites may thus 
reflect a reduction of the standing population or increasing 
inaccessibility of Capreolus capreolus. If the hypothesis of 
increasing cover of dense high forest based on pollen analy
sis, lake-level changes, and stable C-isotope analysis (pp. 
258-260) is correct, the number of suitable fringe habitats 
for browsing would decrease, thus accounting for the re
duction in both population and body size of Capreolus 
capreolus. Cervus elaphus would, apart from feeding on the 
forest floor, feel attracted to enjoy the pleasure of social 
bathing, like wallowing in slush in the Åmose lake. Here 
they would further forage on, e.g., reed shots in the vegeta
tion along the rim of the lake, especially during winter, and 
thus be more easily accessible. 

Biometric data 

The size of Capreolus capreolus was gradually reduced 
through the postglacial period (P. Jensen, personal com
munication, 1 992) .  The Capreolus capreolus populations in 
central Europe show large body sizes during Mesolithic 
and Neolithic times compared with modem populations 
(Boessneck 1956) .  The same trend has been observed for 
the Danish Capreolus capreolus populations (Møhl 1 970; 
Aaris-Sørensen 1976; P. Jensen, personal communication, 
1 992) .  In order to identify the time period during which 
the size reduction took place, a total of 1 ,785 subfossil ani
mals from the Boreal and Atlantic periods from the island 
Sjælland and the mainland Jylland were examined and 
compared with modem material from Kalø. Six param
eters are chosen for comparison: humerus (Bd) , m3 (L), 
calcaneus (GL) , scapula (GLP) ,  and astragalus (Gl and Bd) . 
P. Jensen (unpublished thesis) demonstrated significant 
differences between Atlantic populations from Jylland and 
Sjælland on the basis of the six parameters. A significant 
difference was furthermore shown between Boreal and At
lantic populations from Sjælland. Finally there is a signifi
cant difference in size between Atlantic and modem Cap
reolus capreolus. 

In this study, Boreal and Atlantic animals are separated in 
order to throw further light on the period in which reduction 
in body size took place. To reduce the effect of differences in 
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habitat, only Capreolus capreolus from the Åmose basin is 
dealt with. The Late Atlantic Capreolus capreolus population 
from Præstelyng, supplemented with Muldbjerg I, is very 
small, so the data from an additional three Late Atlantic 
Åmose sites (Åkonge, Nøddekonge, and V ejkonge) (G. Got
fredsen, personal communication, 1 99 1 )  were added to the 
data from the nearby Muldbjerg I and Præstelyng. The 
dating of all the five sites ranges between 2,900± 100 and 
3,200± 100 b.c. At first the similarity between Capreolus 
capreolus from Præstelyng and Muldbjerg I, on one side, and 
the Vejkonge, Nøddekonge, and Åkonge, on the other side, 
was evaluated by a t-test (Gotfredsen 1990) . The test was 
made on mean values of scapula (GLP) and humerus (Bd). 
As expected for both cases, no significant difference is re
vealed. The Capreolus capreolus data were accordingly 
lumped for all five sites and considered as belonging to one 
Late Atlantic population, to be compared with the Early 
Atlantic Kongemose population. The t-test shows a signifi
cant difference in mean values of GLP on scapula (Gotfred
sen 1990) . The difference between mean values of GLP from 
Præstelyng Kongemose is highly significant, whereas the 
difference between means from Kongemose and from Ulke
struplyng is not significant. Between Præstelyng and Ulke
struplyng, the difference in GLP is significant (Table 1 7  A
C).  Mean values of humerus (Bd) show no significant 
difference between the three populations (Table 1 7D-F) .  
The main size reduction of Capreolus capreolus thus took 
place between the Early and Late Atlantic periods. This 
coincides with a period of maximum Åmose lake-level stand, 
contemporaneous with the maximum of the high forest 
cover and with the maximum rate of transgression in the 
Early and High Atlantic phase, the so-called Littorina trans
gressions, which further reduced the area of the island of 
Sjælland. The differences in body size of the two populations 
are not likely to result from biased sex representation, as the 
sexual dimorphism among Capreolus capreolus is not very 
pronounced (Strandgaard 1972) .  The Late Atlantic popula
tion in tum has a larger body size than the modem one. This 
leads to the conclusion that the body-size reduction on 
Sjælland continued during the Subboreal and Subatlantic 
periods. The overall body-size reduction from the Boreal 
period to modem time is likely to be a result of impoverish
ment of their preferred habitat and thus of optimal feeding 
possibilities. 

The age and sex structure 

The age structure of Capreolus capreolus (Table 16)  and 
Cervus elaphus is similar at the four sites. Only fragments 
from adult Capreolus capreolus are found at Muldbjerg 1 .  
Most of the measurements made reveal nothing about their 
sex. However, 2 pairs of antler are found ( 1  shed and l 
unshed) .  Comparable measurements on mandibles are scat
tered and may indicate presence ofboth male and female or 
of a young and an old male. 
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The age structure of the Præstelyng material, in contrast, 
shows that 75% of the animals were juveniles or subadults 
(just less than 12 months old) . This pattern is highly similar 
to that of Cervus elaphus from the same site. It may be 
assumed that both sexes were killed; at least one pair of 
unshed antler was found, and the very young fawns have 
been closely attached to their mothers. This assumption may 
be confirmed by differences in measurements, although only 
little sexual dimorphism can be demonstrated. 

The two juveniles (0-1 and 3 mo nths old) were both so 
young that they would have been accompanied very closely 
by their mothers. The few months' difference in age of the 
juveniles indicates the presence oftwo female adults. The 10-
I l -months-old subadult may be a yearling on its own or a 
last -year-bom fawn still following the mother. The daughter 
of the previous year is commonly following its mother until 
the new fawn is bom, although the mother starts being 
hostile some time before giving birth (Strandgaard 1972) .  
There are antlers from at least 2 males ( l  with an unshed 
ander) .  The maximum EMNI of 7 at Præstelyng is thus 
probably accounted for by 2 adult males, 2 adult females, l 
subadult about 10 months old, l fawn 2-3 months old, and 
l newbom. 

Only 2 fawns (l male with fawn antler, 3-6 months old, 
and l juvenile, 0-3 months old) are found in the material 
from Kongemose. Of the 39 EMNI, only 5 individuals still 
have loose epiphyses on the fem oral bones. These are not 
fused before the animals are 22-24 months old (Noe-Ny
gaard 1987) . None of the femora were from particularly 
young individuals. The overall impression is that the Capreo
lus capreolus fragments almost exclusively stem from adult 
animals, with only the two mentioned exceptions. 

The age determination of the Capreolus capreolus man
dibles from Ulkestruplyng is based on Habermehl ( 1 975; in 
Richter 1 982a) . One of the three jaws was from a 10-months
old subadult, the two other mandibles were from a young 
and an old adult. In addition, 18 fragments were from 
juvenile animals. By help of the epiphysial fusion times on 
modem material, two age categories were distinguished 
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(Noe-Nygaard 1987) .  A fewbones were from a 1-3-months
old fawn, and the other determinable bones can be related to 
a lO-months-old animal (Richter 1 982a) . Richter ( 1 982a) 
gives further interpretations of the age and sex structure of 
Capreolus capreolus from Ulkestruplyng. 

Time of killing 

It is possible to estimate the period of killing based on antler 
development, tooth eruption pattern, and epiphysial fusion 
by comparison with age-determined modem Danish Cap
reolus capreolus presented by Strandgaard ( 1 972) and Haber
mehl ( 1975) .  

Fragments of  unswept anders are found among the Muld
bjerg I cranial bones. Adult Capreolus capreolus males grow 
anders from late December until late March, and the fawns 
also grow a special type of ander, lasting into late April. The 
two unshed antler fragments may thus have been obtained 
from within the first 4 months of the year. The rather late 
state of development is suggestive of the last part of this 
period, around March and April. 

The age of the juveniles from Præstelyng indicates hun ting 
of the animals from between April (the 10-months-old sub
adult) , May-June (the newbom fawns) ,  and August-Sep
tember (the 3-months-old juvenile ) .  

Occupation of  the Kongemose site between May and 
September can be interpreted from the many fully grown 
swept and unswept antlers. A few not fully grown and un
swept anders indicate killing between late March and May. 
The EMNI, the number of fawns, and the period in which the 
animals may have been killed lead to the conclusion that 
selective hunting of adult males may have been practiced at 
the Kongemose site. The main hun ting period was between 
late March and October. This same pattern of Capreolus 
capreolus exploitation was found at the British site Star Carr 
(Clark 197 1 ;  Noe-Nygaard 1969; Clutton-Brock & Noe
Nygaard 1990). 

In summary the combination of sex and age at Præstelyng 
and Ulkestruplyng does not differ much from what could be 

Table J 6. The age structure of Capreolus capreolus from the four sites based on the EM NI. 

Muldbjerg J Præstelyng Kongemose Ulkestruplyng 
Total Adult Juv Total Adult Juv months Total Adult Juv months Total Adult Juv months 

Cranium 2 2 O 3 2 O 19  1 7  2 5 3 2 3 , 10  
Mandibula 2 2 O 3 3 O 9 9 l 3 3 O 
Scapula O 5 4 3 39 37 2 2, 6 6 4 2 
Humerus O 4 3 l 34 33 20 5 4 2 3, 10  
Ulnalradius O 5 3 2 0, 3 9 8 l 3 3 2 
Metacarpus O 2 2 O 1 3  I l  2 2, 6 4 3 l 3, 10  
Femur O 7 4 3 0, 3, 10  24 1 8  6 2, 12 - 14  4 2 2 3, 10  
Tibia 2 2 O 4 2 2 0, 3 16  14  2 3 , 4 4 2 2 3, 10  
Metatarsus 2 2 O 4 2 2 0, 2 8 6 2 1 , 4 4 3 3 

Max EMNI 2 2 O 7 4 3 39 37 6 6 4 2 
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expected in the surrounding natural population. Nothing 
firm can be concluded from the two species at Muldbjerg 1 .  
Selective hunting on males with fully grown antlers seems to 
have taken place at the Kongemose site. The otherwise shy 
males are rather preoccupied in the rutting season and may 
at that time be more easily approached and killed. 

Table 1 7. Student's t-test on mean values ofGLP on scapula (A-C) and Bd 
on humerus (D-F) from Capreolus capreolus. DA. Between Præstelyng and 
Kongemose classicus. DB. Between Kongemose classicus and Ulkestrup-
lyng. De. Between Præstelyng and Ulkestruplyng. OD. Between Præste-
lyng and Ulkestruplyng. DE. Between Præstelyng and Kongemose cIas-
sicus. OF. Between Kongemose classicus and Ulkestruplyng. 

A N X SD 95% 

1 st 5 26. 10 1 . 14 24.68-27.52 
2nd 47 28.30 1 .64 27.63-28.97 

F, t df df2 P sig 

F-test 2.08 46 4 0.2482 
t-test 2.9 10  50  0.0055 yes 

B N X SD 95% 

1 st 47 28.30 1 .64 27.82-28.79 
2nd 3 1 .00 

F, t df df2 P sig 

F-test 
t-test 1 .625 46 >0.05 no 

C N X SD 95% 

1 st 5 26. 10  1 . 14 24.68-27.52 
2nd 3 1 .00 

F, t df df2 P sig 

F-test 
t-test 3.923 4 0.0182 yes 

D N X SD 95% 

1 st 4 26.75 0.96 25.2 1-28.29 
2nd 4 28.00 0.82 26.69-29.3 1  

F, t df df2 P sig 

F-test 1 .38 3 3 0.3995 
t-test 1 .987 6 >0.05 no 

E N X SD 95% 

1 st 4 26.75 0.96 25.2 1-28.29 
2nd 56 27.23 1 .33 27. 16-28.30 

F, t df df2 P sig 

F-test 1 .93 55 3 0.3245 
Hest 1 .437 58 >0.05 no 

F N X SD 95% 

1 st 56 27.23 1 .33 27.37-28.08 
2nd 4 28.00 0.82 27. 1 8-28.82 

F, t df df2 P sig 

F-test 2.65 55 3 0.2271 
t-test 0.404 58 >0.05 no 
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Abnormalities 

The standing populations around all four sites seem to have 
been healthy, and only one example of disease is observed at 
Præstelyng. On one mandible (PL 1 3936- 1 ) ,  absorption of 
bone material has taken place, probably as a result of infec
tion. One complete metatarsus (KS 35/27-50) has a bulge in 
the proximal cranial part (Pl. 47:4 ) .  It appears as a healed 
lesion, the causes of which cannot be interpreted. No flint 
was found in the callus formation. 

SUS serafa (wild hoar) 

Previous fin ds 

Wild boar has been part of the Danish and Scandinavian 
Quaternary fauna since the Boreal time (Jonsson 1986) ,  
from whence it is represented by high numbers at the MagIe-
mosian Mullerup and Maglemose sites on Sjælland (Brønd-
sted 1957) .  Wild boar is also recorded from the British 
Preboreal site Star Carr (Clark 1 97 1 ) .  It is thus likely that the 
animal immigrated during the Late Preboreal time following 
the immigration of the first shadow-tolerant tree, the hazel. 

SUS seraJa is no longer part of the natural Danish fauna, 
although forest owners try to replant imported wild boar for 
hun ting purposes. 

Modern biology 

The European-Asiatic wild boar (Sus seraja) has a varied 
range ofhabitats and is today widely distributed. It dwells in 
forests in the neighbourhood of small lakes and swamps, and 
it is a good swimmer. It may also be found in plains where 
there are shelters, and even in mountainous regions, up to 
4,000 m altitude (Grzimek 1 972) .  

Wild boar i s  mainly vegetarian. Analyses o f  stomach con-
tents show that acorns and beechnuts constitute a consider-
able part of the food, but fern, rosebay, goutweed and hog-
weed are eaten in large quantities as well as grass. It is partly 
omnivorous, and carcasses and wounded animals from the 
size of a mouse to young red deer are also eaten (Grzimek 
1972) .  

Wild boar has a poor eyesight, but a good hearing and 
sense of smell. It normally hides when feeling insecure, but if 
threatened it may well behave very aggressively and try to 
impale the enemy using the sharp-edged canines. 

During the rutting season from November to January, 
strong fighting takes place between the males. Males and 
females of wild boar reach pubescence not earlier than the 
age of 8-10  month. The strongest males can gather a harem 
of up to 8 females but most often 2-3 females. The boars are 
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solitary most of the year and have the largest territory, 
whereas the females together with first-and second-year 
young form groups of 6-1 O individuaIs (Grzimek 1972) .  

The birth season is not as limited as, e.g., red deer in 
Central Europe, and the farrowing takes place in March and 
April (Grzimek 1972 ) .  In the Netherlands birth takes place in 
May (Winjgaarden-Bakker 1990) . The Danish fossil wild 
boar probably gave birth between mid April and mid May 
(Noe-Nygaard & Richter 1990) . In years with optimal feed-
ing conditions two litters may be born, and the onset of the 
birth season may fall earlier in the year. The female builds a 
nest lined with soft vegetable material, and after a gestation 
period of up to 140 days the farrow of 5-6 young are born. 
The bond between the mother and the young is tight, and the 
young stay dose to their mother, who in return is alert and 
prepared to def end the offspringj the younger the piglets the 
more fiercely the defence. 

The infant mortality is high, particularly for those that are 
born early in the year. Bad weather conditions, rain, cold and 
stormyweather are the main reasons for death at an early age. 
Up to 55% of all young die during their first 7 months 
(Grzimek 1972) .  

Skeietal elements 

MULDBjERG I 

Only 5 fragments of wild boar have been found. They are all 
worn permanent incisors of an adult animal. 

PRÆSTELYNG 

A total of 1 14 fragments of wild boar have been found. The 
bones are very fragmented but otherwise reasonably weU 
preserved, except for PL 29 17 .  Their distribution is shown in 
Table 7. At least 3 individuaIs are distinguished from the 
fragments ( 1  very young, 0-2-months-old, l young, and l 

adult) .  They may have had a mother-children relationship. 
At least the young one was not able to survive on its own, and 
at that age it was hardly out of sight of the mother. The 
offspring from the preceding year, especially if female, may 
also still have been with the mother. 

KONGEMOSE 

A total of 794 fragments are determined. Three age groups 
are distinguished (Table 18 ) .  There are 9 individuaIs from 
the infantile group, 0-4 months old, l from the very young 
group, 6-8 months old, and 12 juveniles, 12-15  months old, 
finally 19 adults, giving an EMNI of 4 1 .  The bones are 
generally very weU preserved, induding the large number 
that show traces of burning, although they appear with 
superficial peeling of the bone. The fragmentation pattern is 
random, caused by striking the bone against a hard object 
such as a stone, or by striking the bone with a stone. Very few 
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Table 18. Census on bone fragments from Sus seroJa from the Kongemose 
site based on NF and EMNI. The EMNI is divided into three age groups: 
adult, juvenile ( 12-18  months), and infantile (0-4 months) .  

Kongemose NF EMNI 
adult juv infant total 

Cranium 60 3 2 6 
Mandibula 42 5 3 4 12  
Vertebra 23 
Costa 60 
Scapula 5 1  1 9  4 9 32 
Humerus 61  1 5  1 3  5 33 
Radius 35 9 4 2 1 5  
Ulna 14 4 5 
Metapodials 8 1  
Pelvis 36 9 5 1 5  
Femur 1 5  2 4 2 8 
Tibia 63 16 7 7 30 
PatelIa + carpale 24 
Phalanges 95 
Calcaneus 22 
Tarsale 20 
Astragalus 25 
Loose teeth 67 

Total 794 19  13  9 4 1  

working traces occur, and traces of  dog-gnawing are scarce. 
There is a high number of poorly preserved but large canines 
from large males. The canines do not seem to have been used 
as raw material for tool proeessing. 

ULKESTRUPLYNG 

A total of 1 58 fragments have been determined. Three age 
groups can be distinguished. There are 4 individuaIs from the 
infantile group, 0-4 months old, l juvenile, 12-15  months 
old, and l adult. The EMNI is thus 6. The preservation is 
extremely good, with bones of newborn wild boar preserved. 
There are tooth marks, probably from dog, on 19 fragments, 
and 7 fragments have been used as raw material for to ol 
proeessing. There is no consistent fragmentation pattern. 

Cranium 

PRÆSTELYNG 

Material. - Eighteen very fragmented, but otherwise weU
preserved, skull fragments occur. There are l sinistral os 
incisivum induding i l, l os maxi/lare induding dp2, dp3 and 
dp4, l os frontale, 2 os parietale, one of which is from a very 
young animal, 3 os temporale, one ofwhich is veryyoung, 5 os 
occipitale, l os bulla, 2 os petrosum, and 2 processus styloides. 

KONGEMOSE 

Material. - Sixty fragments. Twenty-four of these are deter
mined, and 36 are minor undetermined fragments, mainly 
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from the os parietale and os occipitale regions. The determin
able fragments are from both juveniles and adults. There are 
14 fragments of os maxillare and os incisivum (7 dextral and 
7 sinistral fragments) ,  6 ofwhich are from adult animals and 
7 from juveniles from two age groups: infantile, 0-4 months 
old, and juveniles, 12-15  months old. Two of the adult 
fragments are from large males with alveoli from large ca
nines. The EMNl is 6 (3 adults, 2 juveniles, and l infantile) . 
There are 3 adult os frontale (2 sinistral, and l dextral) ,  4 
fragments of os parietale ( l  adult dextral, 2 infantile dextral, 
and l adult sinistral) ,  2 dextral adult os temporale, l adult os 
zygomaticum, and l adult os occipitale. The cranial bones are 
highly fragmented, but otherwise well preserved; this is also 
the case with the juvenile fragments. There are no working 
traces, apart from those caused by the strong blows almost 
crushing the cranium. 

Biometry. - Only 3 measurements on m3 could be taken. KS 
37125-5 1 :  40 mm; KS 26/30-20: 40 mm; and KS 25/28- 14: 44 
mm. These dimensions fall within the higher end of the range 
of measurements of m3 of wild boar. 

ULKESTRUPLYNG 

Material. - Thirteen fragments; 9 of them are from very 
young animals. The determinable fragments include l dex
tral premaxillare, and 6 fragments of maxillare ( l  dextral, 3 
sinistral, and 2 not assignable to either side) . The EMNl is 3 .  

Mandibula 

MULDBJERG l 

Material. - Only 5 fragments, all of them wom permanent 
incisors ofan adult. There are 2 il (Mul.! 241 15 ,  Mul.! 1 0659-
3) , 2 i2 (Mul.! 1 0659- 1 ,  Mul.! 10659-2) and l il (Mul.! 1662) .  
The teeth are poorly preserved, broken and with cracked 
enamel. There are no signs that they have been used as 
pendants, etc. 

PRÆSTELYNG 

Material. - One fragment of mandibula and 8 loose teeth (5 
incisors, l canine, l P2 and l not erupted juvenile m3) .  

KONGEMOSE 

Material. - A total of 794 fragments from adults, juveniles, 
and infantile. Three age groups can be distinguished based 
on the dextral mandible fragments: infantile, 0-4 months 
old; juvenile, 1 2-15  months old; juvenile, 1 8  months old; and 
adults (PIs. 3 1 : 1-3, 5, 8, 32: 10 ) .  The EMNl is 4 1  (Table 18 ) .  
Ontogenetic data on modem material are from Habermehl 
( 1 975) ,  and data on other subfossil material are from 
Degerbøl ( 1 943) and Noe-Nygaard & Richter ( 1 990) . 

The number of loose teeth is 67 (30 canine fragments, 10  
incisors, 6 premolars, 16  molars, and 5 milk teeth) .  The state 
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Fig. 58. The breadth and length of m3 from Sus seraja from various wild 
boar and domestie pig populations. The pigs from Kongemose are clearly 
Sus seraja, but the animal from Præstelyng falls within the lower end of the 
range of measurements. 

of preservation is very good for both juveniles and adult 
bones, whereas the teeth are rather damaged and the enamel 
is splintering. The latter feature and the proportion of 
bumed fragments (more than 20) indicate that the heads of 
wild boarwere heated in or over fire for some time, leading to 
destruetion of the teeth in the same way as was found for 
Cervus elaphus at Præstelyng. There are no working traces, 
except for strike marks. 

Biometry. - All the measurements on both m3 and m3 fall 
within the upper end of the range for these dimensions in 
wild boar (Fig. 58) .  Unfortunately, no comparable measure
ments could be made on wild boar from Ulkestruplyng. The 
onlymeasurable m3 in the Præstelyng material is 42 mm long 
and 1 7  mm wide. These figures fall within the lowest end of 
the range of wild-boar dimensions and are similar to the 
measurements from Sludegårds Mose, dated 4,060±90 B.C., 
and thus of exactlythe same age as Præstelyng (Noe-Nygaard 
& Richter 1 990) . 

ULKESTRUPLYNG 

Material. - Nine fragments (6 dextral and 3 sinistral) ,  7 of 
which are from very young animals. The infantile fragments 
include 3 mandibles having dp4 in situ and ml not erupted, l 
mandible without teeth and smaller than the other infantile 
mandibles, and l very small fragment having dp3 and dp4 in 
situ. All of these mandibles are from animals younger than 4 
months (Pl. 3 1 :6, 9, 1 1 ) .  There are 3 100se teeth ( 1  deciduous 
incisor and 2 permanent canines) .  



126 Nanna Noe-Nygaard 

Scapula 

PRÆSTELYNG 

Material. - Six fragments (4 dextral, l sinistral and l that 
cannot be assigned to side) ,  one from a juvenile animal and 
the rest from adults. The EMNI is 2. The state of preservation 
is good. Impact marks occur on l fragment, which also has a 
peeled surface. 

KONGEMOSE 

Material. - Fifty-one fragments, 3 1  dextral (induding 6 
fragments of the blade) and 20 sinistral. The EMNI is 32. 

There are 30 bones from adult animals ( 1 9  dextral and I l  
sinistral) ,  4 dextral fragments from juvenile animals, and I l  
from infantile animals (2 dextral and 9 sinistral) .  The EMNI 
is 32 ( 19 adults, 4 juveniles, and 9 infantile) based on left/ 
right distribution. 

The state of preservation is good, and apart from one 
fragment, which was deposited in taphozone I, the rest of the 
fragments are dearly from taphozone Il. Cut marks and 
traces from dog-gnawing are amazingly rare, and the bones 
are only slightly fragmented. 

Biometry. - The measurements on GLP range between 4 1  
mm and 5 1  mm. This indicates the presence of males and 
females, and probably a number of subadults. No dimen
sions for comparison are available from Ulkestruplyng and 
Præstelyng. 

Abnormalities. - A healed lesion is present on KS-OF-2 1 3  in 
the middle of margo caudalis (Pl. 32: 12 ) .  

ULKESTRUPLYNG 

Material. - Five elements (4 dextral and l sinistral) occur, all 
from infantile animals. The EMNI is 4. 

Humerus 

PRÆSTELYNG 

Material. - Three fragments (2 dextral distal ends and l 
sinistral distal ) .  The EMNI is 2 based on left/right distribu
tion. The state of preservation is good, and a few traces of 
dog-gnawing occur. Two of the fragments are from adult 
animals, and the third is from a very young animal. The 
bones are fractured distally with no consistent pattern. 

KONGEMOSE 

Material. - Sixty-one fragments, 27 dextral (22 distal ends, l 
proximal diaphysis, l loose proximal epiphysis, l loose distal 
epiphysis, and 2 fragments of the diaphysis) and 34 sinistral 
( 3 1  distal ends, l proximal end, and 2 distal epiphyses) .  The 
EMNI is 33.  

There are 26 adult fragments (8  dextral and 15 sinistral 
distal ends, l loose dextral proximal epiphysis, and 2 dextral 
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fragments of the diaphysis) ,  4 fragments from juvenile ani
mals, 12-15  months old ( l  dextral distal diaphysis, l dextral 
distal epiphysis, l dextral and l sinistral proximal diaphysis) ,  
20  fragments from juvenile animals, approximately 6 
months old ( 1 0  dextral distal epiphyses, and 10 sinistral 
diaphyses) and 8 fragments from infantile animals, 0--4 
mo nths old (3 dextral and 5 sinistral diaphyses) .  The EMNI 
is 33 ( 1 5  adults, 13 juveniles, and 5 infantile) ,  based on left/ 
right distribution. 

The state of preservation is generally good, and except one 
bone preserved in taphozone Ill, they are all from taphozone 
Il. No cut marks and very few traces of dog-gnawing are 
recorded. 

Biometry. - There are no size differences between the humeri 
from Ulkestruplyng and Kongemose (Appendix 2 ) .  No di
mensions for comparison are available from Præstelyng. 

ULKESTRUPLYNG 

Material. - Thirteen fragments, 6 dextral ( l  proximal end, l 
distal end, and 4 fragments of the diaphysis) ,  and 7 sinistral 
( 1  distal end and 4 fragments of the diaphysis) .  Ten frag
ments are from infantile animals. The EMNI is 5 ( l  adult and 
4 infantile) .  

Biometry. - The few Ulkestruplyng dimensions are similar 
to the dimensions ofhumerus from Kongemose (Appendix 
2 ) .  No dimensions for comparison are available from Præs
telyng. 

Radius 

PRÆSTELYNG 

Material. - Three adult fragments ( l  dextral distal end, l 
sinistral proximal end, and l sinistral distal) .  The EMNI is L 
The state of preservation is good. 

Biometry. - The Ed dimension of the only measurable speci
men from Præstelyng is below the range of variation from 
Kongemose. No dimensions for comparison are available 
from Ulkestruplyng (Appendix 2) .  

KONGEMOSE 

Material. - Thirty-five fragments, 2 1  dextral ( l l  proximal 
ends, 6 distal ends, 2 diaphyses, l loose proximal epiphysis, 
and l loose distal epiphysis) and 14 sinistral (6 proximal 
ends, 5 distal ends, l proximal diaphysis, l diaphysis, and l 
loose distal epiphysis) .  The EMNI is 1 5 .  

The fragments can be  divided into age groups: There are 23  
adult fragments ( 10 dextral and 6 sinistral proximal ends, 5 
dextral, and 2 sinistral distal ends) ,  9 fragments from juvenile 
animals, 12-15 mo nths old ( 1  dextral and l sinistral distal 
diaphysis, l sinistral proximal diaphysis, l loose dextral 
proximal epiphysis, 2 dextral and 3 loose sinistral distal 
epiphyses) ,  and 3 fragments from infantile animals, 0--4 
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months old (2 dextral and l sinistral diaphyses ) .  The EMNI 
15 (9 adults, 4 juveniles, and 2 infantile) based on left/right 
and proximal/ distal distributions. 

The state of preservation is generally good, and traces of 
dog-gnawing and cut marks are few. The bones are frag
mented in the middle of the element. 

Biometry. - No dimensions for comparison are available 
from Ulkestruplyng and only l from Præstelyng (Bd = 38 
mm) ,  which is smaller than the dimensions from Konge
mose (Appendix 2 ) .  

ULKESTRUPLYNG 

Material. - Five fragments: 3 dextral fragments ( l  proximal 
end and 2 fragments of the diaphysis) ,  and 2 sinistral frag
ments of the diaphysis. They are all from infantile animals. 
The EMNI is 2 .  

Ulna 

PRÆSTELYNG 

Material. - Three small, adult fragments ( l  dextral and 2 
sinistral) .  The state of preservation is good. The EMNI is 1 .  

KONGEMOSE 

Material. - Fourteen fragments, 7 dextral (4 proximal and 3 
distal ends) and 7 sinistral ( 1  almost complete ulna, 3 proxi
mal, and 3 distal ends) .  The EMNI is 5 .  

The bones are from adult animals, although the almost 
complete element is subadult, according to the suture clo
sure. The EMNI is based on left/right distribution. 

The state of preservation is good. There are no cut marks 
and only one trace of dog-gnawing. There is no clear frag
mentation pattern. 

Biometry. - No dimensions for comparison are available 
from Ulkestruplyng and Præstelyng. The Kongemose di
mensions are shown in Appendix 2 .  

Femur 

PRÆSTELYNG 

Material. - Five fragments (3 dextral and 2 sinistral) .  The 
state of preservation is good. The EMNI is 2, based on the 
ontogenetic age. 

KONGEMOSE 

Material. - Fifteen fragments, only 2 of which are from 
adults. The juveniles are grouped in two age groups from 0-
4 months (Pl. 32 : 14)  and 12-18  months (Pl. 32: 1 3 ) .  The 
EMNI is 8 (2 adults, 2 juveniles, and 4 infantile) .  There are 10 
dextral bones (6 distal ends, 3 proximal ends, and l fragment 
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of the diaphysis) and 5 sinistral (3 almost complete infantile 
bones, l proximal, and l distal juvenile end) .  The state of 
preservation is very good, also for the juvenile bones. None of 
the bones show signs of burning. The juvenile bones have 
simply been broken in two across the diaphysis. The infantile 
bones are more or less complete. The colour, surface struc
ture, and excellent preservation indicate deposition in 
taphozone Il. No working traces have been observed and, 
more surprisingly, no traces from dog-gnawing. 

Biometry. - Only 1 measurement could be taken. KS 30128-
13: Bp = 80 mm. 

ULKESTRUPLYNG 

Material. - Twelve fragments, 5 dextral (2 proximal ends, l 
distal end, and 2 fragments of the diaphysis) and 7 sinistral ( l  

distal end and 6 fragments of the diaphysis) .  Ten fragments 
are from infantile animals. The EMNI is 3 ( l  adult and 2 
infantile) .  

Tibia 

PRÆSTELYNG 

Material. - Nine fragments (6 dextral, 2 sinistral, and l that 
cannot be assigned to side) ,  mainly of the diaphysis. One is 
from a juvenile animal, whereas the rest are from adults. The 
material is well preserved. The EMNI is 2 .  

Biometry. - The dimensions ofBd fall within the lower end of 
the range of the dimensions from Kongemose but are slightly 
larger than those from Ulkestruplyng (Appendix 2 ) .  

KONGEMOSE 

Material. - Sixty-three fragments. Seventeen are from juve
niles and include 9 juvenile fragments from animals 6 
months and 12-15  months old (Pl. 32:7) ,  and 8 infantile 
fragments from animals 0-3 months old (Pl. 32:6, 8 , 10, 16 ) .  
The adult bones include 26 sinistral ( 16  distal ends, 5 proxi
mal ends, and 5 diaphysial fragments) ,  and 1 8  dextral ( 14 
distal en ds and 4 proximal) (Pl. 32:3-4, 9, 1 5 ) .  The EMNI is 
30 ( 1 6  adults, 7 juveniles, and 7 infantile) . The state of 
preservation is generally good, and even the bones of the 
newborn pig are well preserved. At least 10 of the adult bones 
are slightly burned, and their surfaces show superficial peel
ing. A few of the bones were deposited in taphozone III in 
calcareous mud, and a few show deep cracking and peeling 
characteristic of taphozone L The majority of the bones are 
dark brown with a hard surface and were dumped and 
preserved in taphozone Il (Fig. 33 ) .  There is no clear frag
mentation pattern. Most of the blows splitting the bone were, 
however, made on the proximal part of the diaphysis (Pl. 
32:7) . There are a few scattered cut and scrape marks on the 
diaphyses, but none around the joints. 
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Biometry. - There is no difference in size between the dimen
sions of tibia from Ulkestruplyng and Kongemose (Appen
dix 2 ) .  The tibia from Præstelyng fall within the lower end of 
the range of tibia dimensions from Kongemose. 

Abnormalities. - A healed lesion occurs at the distal joint of 
KS 30/32-4. 

ULKESTRUPLYNG 

Material. - Seven fragments, 4 dextral ( 1  proximal end, l 

distal end, and 2 fragments of the diaphysis) ,  and 3 sinistral 
( 1  distal end and 2 fragments of the diaphysis) .  Five of the 
fragments are from infantile animals. The EMNI is 4 ( l  adult 
and 3 infantile) .  

Biometry. - The dimensions o f  tibia from Ulkestruplyng are 
similar to the Kongemose dimensions. The dimensions from 
Præstelyng are slightly smaller (Appendix 2 ) .  

Metapodials 

PRÆSTELYNG 

Material. - Seven fragments, 2 of which can be reassembled. 
Apart from l metatarsale Il, only proximal ends are pre
served. One is from a juvenile animal, the rest are from 
adults. The state of preservation is good. 

KONGEMOSE 

Material. - Eighty-one metapodials, most of which have 
been crudely broken across. There are fragments from 
both adults and juveniles. The bones are well preserved 
(Appendix 2 ) .  

ULKESTRUPLYNG 

Material. - Thirteen fragments: 5 of metatarsus (2 proximal 
ends, l distal end, and 2 fragments of the diaphysis) ,  5 of 
metacarpus (4 dextral proximal ends and l distal end not 
assignable to either side) ,  and 3 of metapodium, not assign
able to either side (Appendix 2) .  

Fibula 

PRÆSTELYNG 

Material. - Two fragments ( 1  adult and l juvenile) ,  which 
cannot be referred to side. The EMNI is 2. 

ULKESTRUPLYNG 

Material. - Two fragments not assignable to either side. 
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Pelvis 

KONGEMOSE 

Material. - Thirty-six fragments, 22 dextral and 14 sinistral. 
The EMNI is 15 .  

There are 27 adult fragments ( 16 dextral and 1 1  sinistral) ,  
l dextral juvenile fragment, and 8 fragments from infantile 
animals (5 dextral and 3 sinistral) .  The EMNI ofadults is 9, of 
juveniles l ,  and of infantiles 5. The EMNI is based on left/ 
right distribution and ontogenetic age. 

The state of preservation is good; three bones are pre
served in taphozone III and the remaining in taphozone Il. 
The material is, however, highly fragmented with no consis
tent pattern. Cut marks and traces of dog-gnawing are re
markably rare. 

Biometry. - The Kongemose speeimens are smaller than the 
few measurable speeimens of from Ulkestruplyng, e.g., SH of 
the shaft of ilium. Dimensions of LA are, however, similar 
(Appendix 2) .  No dimensions are available for comparison 
from Præstelyng. 

ULKESTRUPLYNG 

Material. -Seven fragments (3 dextral and 4 sinistral) ,  2 from 
adult and 5 from infantile animals. The EMNI is 3 ( l  adult 
and 2 infantile) .  

Biometry. - The smallest height o f  the shaft of  ilium is slightly 
larger than at Kongemose, while the length of acetabulum is 
similar. No dimensions for comparison are available from 
Præstelyng (Appendix 2 ) .  

Vertebra 

PRÆSTELYNG 

Material. - Sixteen fragments. 

Vertebra cervicalis. - There are 7 fragments of vertebra cervi
calis. They include 2 fragments of atlas ( l  dextral and l 
sinistral, which are not from the same individual) ,  3 frag
ments of epistropheus (2 of which can be reassembled) , and 
2 small fragment of other cervical vertebrae. PL 2 1 12-34 is 
from a subadult animal. The EMNI is 2. The state of preser
vation is good, and no traces of dog-gnawing occur. The 
vertebrae have been fraetured, but only on atlas can a pattern 
be recognized. They have been divided by a dorsal-ventral 
stroke into a left and right half. 

Vertebra thoracica. - There are 2 well-preserved fragments of 
vertebra thoracica ( 1  juvenile and l adult) .  The EMNI is 2 .  

Vertebra lumbalis. - A total of 7 fragments of vertebra lum
balis have been examined. They are well preserved and show 
no consistent fragmentation pattern. Only a few cut marks 
occur. The EMNI is 1 .  



FOSSILS AND STRATA 37 ( 1995) 

KONGEMOSE 

Material. - Twenty-three fragments (2 1  adult and 2 sub
adult) .  There are 7 fragments of atlas, including l juvenile, 9 
fragments of vertebra thoracica, and 7 fragments of vertebra 
lumbalis. The EMNI is 7. The state of preservation is good. 
The vertebrae are fragmented without showing any pattern. 
No traces of dog-gnawing occur, except on a fragment of 
epistropheus (KS 41 /26-82) .  

ULKESTRUPLYNG 

Material. - Eighteen fragments: 2 of atlas, 2 of epistropheus, 
2 of vertebra cervicalis, 4 of vertebra thoracica, 3 of vertebra 
lumbalis, 2 of vertebra caudalis, l of os sacrum, and 2 frag
ments that could not be placed. Six fragments are from adult 
animals and 12  are from juveniles. 

Costae 

PRÆSTELYNG 

Material. - Thirteen fragments from all parts of the rib cage. 
No articular ends are present on any of the fragments. The 
fragments are from adult animals except one juvenile speei
men. The state of preservation is good, and traces of dog
gnawing occur. 

KONGEMOSE 

Material. - Sixty costae from all part of the rib cage. All but 
one are from adult animals. They are broken in a non
systematie way. There are only cut marks on 5 fragments, and 
traces of dog-gnawing on l fragment. The state of preserva
tion is good (Pl. 32: 1 ,  2A-B) .  

ULKESTRUPLYNG 

Material. - Eighteen fragments: 4 costa verae (2 dextral and 2 
sinistral) ,  6 costa affixae ( l  dextral and 5 sinistral) ,  l costa 
fluctuante not assignable to either side, and 7 fragments that 
could not be exactly placed. Six fragments are from adults 
and 12  are from juvenile animals. 

Phalanges 

PRÆSTELYNG 

Material. - Fifteen fragments: 4 phalanges I, 3 phalanges Il, 
and 8 phalanges Ill. The state of preservation is good. In 
addition, there are l patella, l intermedium, and l 

naviculare. 

KONGEMOSE 

Material. - Ninety-five fragments, well preserved, apart from 
being broken in two. In addition, there are l patella and 6 
well-preserved carpals. ' 

Amose: Palaeontological descriptions 129 

ULKESTRUPLYNG 

Material. - Thirty-four fragments: 9 phalanges I, 18 phalan
ges Il, and 7 phalanges Ill. One fragment is from a juvenile. 

In addition there is l dextral fragment of patella. 

Calcaneus 

PRÆSTELYNG 

Material. - Only l element, from the dextral side of a sub
adult animal. The state of preservation is good, and traces of 
dog-gnawing occur. 

Biometry. - The greatest width of calcaneus from Præstelyng 
is much smaller than in the material from Kongemose. None 
of these dimensions can be measured at the Ulkestruplyng 
material (Appendix 2 ) .  

KONGEMOSE 

Material. - Twenty-two calcanei: 6 dextral and 16 sinistral. 
The EMNI is 16 .  There are 1 3  elements from adults (4 dextral 
and 9 sinistral) ,  8 from juveniles (2 dextral and 6 sinistral) ,  
and l sinistral from an infantile animal. The EMNI of  adults 
is 9, of juveniles 6, and of infantiles 1 .  The state of preserva
tion is generally good, apart from l calcaneus that was 
preserved in taphozone I. Almost no fragmentation is ob
served. Cut marks and traces of dog-gnawing are rare. 

Biometry. - Dimension GL of calcaneus from Ulkestruplyng 
is smaller than at Kongemose. None of the dimensions are 
available from Præstelyng. Dimension GB of calcaneus from 
Præstelyng is much smaller than in the material from Konge
mose (Appendix 2 ) .  No dimensions for comparison of GB 
are available from Ulkestruplyng. 

ULKESTRUPLYNG 

Material. - Six carpal and tarsal bones: l sinistral ulnare, l 
dextral carpale, l dextral astragalus (Appendix 2) ,  and 3 
calcanei ( l  dextral and 2 sinistral) (Appendix 2) .  One frag
ment is from a juvenile. 

Astragalus 

PRÆSTELYNG 

Material. - Only l element, from the dextral side and possi
bly of a subadult animal, as reflected by the porosity of the 
bone. The EMNI is 1 .  The state of preservation is good. 

KONGEMOSE 

Material. - Twenty-five astragali (9 dextral and 16 sinistral) ,  
all complete, except for one, and all from adults. No working 
traces, except on l astragalus. 
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Discussion of biological data 

Age distribution 

Three age groups are recognized on wild boar at Kongemose: 
adults, 2 years old or more; juveniles, 12-18  months old; and 
infantiles, 0-4 months old (Table 1 8; Appendix 2) .  The size 
of canines and dimensions of m3 indicate that both males 
and females occur at the site. The age and number of the 
youngest animals and presence of at least 3 females may 
indicate that the mothers and their off spring were killed 
together. This may have taken place when the mothers were 
still accompanied by their 1 -year-old offspring from last 
season, with whom they in some periods of the year seem to 
have formed small herds (Grzimek 1972) .  The age groups 
indicated by the tooth eruption pattern is similar to the age 
structure interpreted from epiphysial fusion and size of the 
long bones. 

The age distribution of wild boar at Ulkestruplyng indi
cates 3 main age groups: adult; subadult; 12-15  months old; 
and infantile, 0-4 mo nths old. The newbom and infantile 
animals represent the largest group. These young bones have 
not been exposed to artificial fragmentation. They are bro
ken along the natural sutures, and the greater part of the 
diaphyses of the limb bones are preserved. However, the less 
calcified distal parts of the diaphyses, together with the 
epiphyses, are missing. 

Time of killing 

The infantile and most of the juveniles were killed between 
May and late August, assuming a time ofbirth in early May 
or late April. One juvenile was clearly killed around Novem
ber or December, by comparison with animals having a 
similar state of tooth eruption from, e.g., Sludegårds Mose 
(Noe-Nygaard & Richter 1 990) . 

At Ulkestruplyng the newbom and infantile wild boars 
were killed between April and late summer. 

Biometric data 

All the dimensions measured from Kongemose clearly indi
cate that the killed animals were wild boars of considerable 
size. They fall within the higher end of the range for wild 
boars in nearly all dimensions measured, e.g., m3 (Fig. 58) .  
They were clearly larger than those found at  Præstelyng and 
of the same size as the few that could be measured from 
Ulkestruplyng. The size decrease from 5,600 b.c. to 3,200 b.c. 
is clear, in spite of the sparse material and the very small 
num ber of measurements on the Præstelyng material. 

The importance of wild boar as a game animal is most 
striking at the Kongemose site. Wild boar is virtually absent 
at the Muldbjerg I site and of very minor importance as prey 
at Præstelyng. It occurs at Ulkestruplyng, where the majority 
of the killed animals are juveniles and a few infantiles. 
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At all three sites, bones of wild boar were treated different 
from bones of red deer. The marrow-fracturing technique 
as well as the number and position of working traces are 
different. 

It is somewhat curious that the late Atlantic animals seem 
to be smaller at a time when the forest, their favourite habitat, 
is supposed to have covered most of Sjælland. The anomaly 
may be explained by the increased density of the forest, 
which reduced flowering, and thus seed production, in the 
second and third canopy level. This reduces the production 
of mast in the forest and thus of suitable food for wild boar. 
The scarcity of material from the Præstelyng site could also 
account for the apparent small sizes. However, the same 
pattern is found at the three other Late Atlantic sites, Nødde
konge, Vejkonge, and Åkonge. 

The values of stable carbon isotopes in bone collagen of 
wild boar increase from Boreal to Late Atlantic time (Figs. 
1 34-135) .  This mayindicate that wild boar was forced to feed 
at the fringe of the forest, where light allows a diverse flora of 
high nutritional quality to grow. The forest -floor biotope of 
wild boar may thus have been reduced in both nutrition 
variation and quality, which may have affected the growth of 
the individuals in the population of wild boar. 

Alces alces (eIk) 

Modern biology and previous fin ds 

Elk was part of the Danish fauna already from the Allerød 
period. It constitutes part of the bone material from the late 
Palaeolithic Bromme site and the Trollesgave site (Mathias
sen 1946) .  It seems to have lived through the Younger Dryas 
(Aaris-Sørensen 1988) .  There are a few finds from the Pre
boreal period, e.g., from Skottemarke and Favrbo (Møhl 
1 978) .  It is quite common in deposits from the Boreal sites. 
The open grass- and herb-interspersed forest with lakes and 
fens was a highly suitable biotope for elk. Elk is a browser and 
feeds on plants from the lake vegetation and buds, twigs and 
leaves from Betula, Ulmus, Populus and Salix. In feeding 
strategy it has more in common with Capreolus capreolus 
than with the preferentially grass-eating Cervus elaphus. This 
is clearly reflected in the signal from stable carbon isotop es 
(p. 259) .  

At the onset of the Early Atlantic time, Sjælland becomes 
an isolated island, and the dense deciduous forest was 
spreading at a high rate (Iversen 1 967) .  The large game 
animals like elk and aurochs start a retreat away from Den
mark as their preferred biotop es were destroyed by foresta
tion. Elk was still part of the hunted fauna at the 
Ulkestruplyng site (6,200 b.c. ) .  The very small number of 
bones from the otherwise bone-rich Kongemose site (5,600 
b.c.) indicates a marked decrease in importance of hunted 
prey. This may reflect the decrease in its importance as a 
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hunted prey. The species then disappeared from Sjælland 
and is not found in any of the Late Atlantic sites. 

SkeIetal elements 

The number ofbones from Alces alces are very few at the four 
sites, apart from the 3 1  found at Ulkestruplyng described by 
Richter ( 1982a, b) ,  16  of which are bones from juvenile 
animals. A total of 4 fragments are found at the Kongemose 
site, and none are found at the Præstelyng and Muldbjerg I 
sites (Tables 6-9) .  

Kongemose 

Material. - Four fragments: 2 phalanges, l proximal ulna, 
and l proximal metatarsus. They are poorly preserved and 
may possibly be reworked material from a neighbouring 
Maglemose site. The phalanges were broken. The ulna was 
gnawed by dog (Pl. 33: 1-4) .  

Ulkestruplyng 

Material. - Thirty-two fragments: l sinistral juvenile man
dibula (Pl. 33 :5) ,  5 fragments of skull, including an almost 
complete shed antler, 5 fragments of radius (2 proximal 
sinistral ends, 2 distal dextral ends and l dextral fragment of 
the diaphysis) ,  6 juvenile phalanges, 2 pelvis fragments, 2 
patella, 3 juvenile metatarsi, 2 sinistral calcanei, and 6 costae. 
The EMNI is 2 ( l  very young individual and l adult, repre
sented only by the shed antler) . W orking traces and traces of 
dog-gnawing are present. The state of tooth development in 
the juvenile mandible corresponds to that of the contempo
rary aurochs calves from the site. Their age was estimated to 
be 4-10  weeks (Richter 1982b) .  The juvenile elk was of about 
the same age, and the deciduous teeth were hardly in wear. 
Elk calves are bom in late May to early June. The estimated 
time ofkili would be some time during late June to July. This 
is within the estimated period for the kili of the aurochs 
calves. 

Bos primigenius (aurochs) 

SkeIetal elements 

Ulkestruplyng 

Material. - Aurochs were only found at the Ulkestruplyng 
site. A total of 1 83 fragments were determined, 105 of which 
are from young animals. The 6 1eft mandibles from juveniles 
and bones from at least l adult determine the EMNI to 7. 
There are 7 fragments of mandibula, including 6 sinistral 
juvenile bones (Pl. 34: 1-2) ,  36 juvenile cranial fragments, 5 
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juvenile scapulae ( 3  dextral and 2 sinistral) ,  8 juvenile frag
ments ofhumerus (5 dextral and 3 sinistral) ,  2 fragments of 
radius, 4 juvenile fragments of ulna, 4 pelvis fragments, 4 
juvenile tibiae (Appendix 2 ) ,  2 metatarsus fragments (Ap
pendix 2) ,  l dextral juvenile centrotarsale, 2 astragali ( 1  
juvenile and l adult) (Appendix 2 ) , 7 os sesamoides ( 1  juve
nile and 6 adult) ,  1 5  phalanges, 35 vertebra fragments ( 1 3  
juvenile and 2 2  adult) ,  3 9  fragments o f  costa and 12  loose 
teeth. Twenty-six of the aurochs bones showed traces of deep 
tooth marks from dog-gnawing. Seven of the bones were 
used in tool fabrication (Richter 1 982a) . 

The unique find of 6 aurochs calves was described in detail 
by Richter ( 1982a, b) .  It will therefore only be summarized 
here. The six juvenile mandibles belong to veryyoung calves, 
4-10  weeks old, as determined by comparison with tooth 
wear, bone structure and closure of the tooth roots in mod
em animals (Richter 1 982b) . It appears that the deciduous 
teeth on modem domesticated calves show no signs of wear 
within the first four weeks after birth. Only after that time, 
dp's aboral cusp starts to show signs of wear. After eight 
weeks dp3'S also are in wear. Assuming that this pattem is 
compatible with the tooth eruption pattem found in au
rochs, 3 of the mandibles belong to animals aged 8-10  weeks, 
2 mandibles are from animals aged 4-8 weeks, and l has no 
teeth. 

It is not possible to know the exact time of the year that 
aurochs gave birth. However, they probably bred within a 
fairly limited season. Before artificial insemination started 
on modem cattle in Denmark, they had maximum birth rate 
at the end ofMarch and the beginning of April (Kjærsgaard, 
personal communication in Richter 1 982b) .  The aurochs 
calves, like their modem relatives, presumably did not take 
solid food the first month, and so a birth time in end of 
March and early April is reasonable. This will allow the calves 
to utilize the grass and herbs from the very beginning of the 
season. The early spring vegetation is very rich in nutrition 
and especially important for growth. Although a fixed date 
for the kili of the calves cannot be obtained, their estimated 
age is in accordance with the assumed time of occupation of 
the Ulkestruplyng site. Based on other evidence, it is placed 
sometime between late April to late August (Richter 1 982a) . 

Bos domestieus (domestic cattle) 

SkeIetal elements 

Muldbjerg I 

Material. - Twenty-two safely determined fragments; an 
additional I l  minor fragments, less than 4 cm in greatest 
length, may be from long bones of Bos or from a strong 
Cervus. There are l humerus (4 fragments) ,  2 radiii/ulnae (7 
fragments) (Appendix 2, Pl .  34:3 ) ,  2 femora (7 fragments) ,  2 
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tibiae (3 fragments) (Appendix 2) ,  and l acetabulum (Ap
pendix 2 ) .  The bones dearly stem from a rather large adult 
and a juvenile individual. The EMNI is 2. The bone elements 
present are rather insufficient to form the two individuals. 
There are no cranial fragments. The state of preservation is 
good, apart from intense dog-gnawing of the epiphysial ends 
and the high grade of fragmentation of the bone elements, 
which does not seem to follow any pattern. The bones have 
simply been smashed. From the surface colour and texture, it 
can be deduced that the different fragments have been de
posited in different type of sediments. The long bone shafts 
are deep brown and have been dumped near-shore or in the 
peat at the site, whereas the upper joints of, e.g., radius/ulna 
and the distal part of tibia have been deposited in fine
grained detritus gytt ja of deeper water in taphozone Ill. 
Traces of fire can be detected in five cases. There are numer
ous scattered cut marks all over the bones; impact marks and 
chop marks are equally common. 

Capra hircus/Ovis aries 
(goat/ sheep ) 

SkeIetal elements 

Muldbjerg I 

Material. - Only 3 fragments, all teeth and from juvenile 
animals. It is not possible to determine whether theyare from 
Capra or Ovis. 

Canis famiiiaris (domestic dog) 

Origin and human relationship 

The origin of dog has been dealt with more often and by 
more experts than that of any other species of domestic 
animal. This may be owing to the special rankamong dom es
tic animals which dog has occupied throughout its history 
and by which it has grown so dose to man. According to 
present evidence, the earliest definite record of domestic dog 
is from Bonn-Oberkassel in Central Europe, described ny 
N obis ( 198 1 ) .  The find is dated to 12,000 b.c. and belongs to 
the Magdalenian period (Benecke 1987) .  

Domestic dog (Canis familiaris) is  considered to be the 
oldest domesticated animal (Hatting 199 1 ;  Morey 1992) .  
Early finds from Iraq are dated to about 10,000 b.c. and are 
probably tamed wolf of the subspecies Canis lupus arabis. 
Domestic dog appears in an incredible number of varieties, 
which has resulted in long-Iasting discussions on its origin. 
Members of both the genus Vulpes, induding fox (Vulpes 
vulpes), and the genus Can is, induding wolf (Canis lupus) 
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and jackal (Canis aureus), have been mentioned as ancestors 
to domestic dog. The dispute on whether Canis familiaris 
originated from Canis aureus or Canis lupus was particularly 
long-Iasting (Clutton-Brock 198 1 ) .  It is the present consen
sus that all domestic dogs are descendants from Canis lupus 
and that domestication took place more or less contempora
neously in several places all over the world. The dose rela
tionship between wolf and dog can be documented geneti
cally. The time and pattern of tooth eruption of milk teeth of 
the two species are highly similar, as are tooth construction, 
time of shedding of fur, and organization ofblood proteins 
and enzymes (Davis 1 987) . 

Already the earliest known domestic dogs show traces of 
long-term domestication. Some of the best and most widely 
accepted distinguishing characters for separation of dog 
from wolf are: general reduction in body size; changes in 
relative growth of the skull bones, where the facial part tend 
to be shorter than the cranial part; crowding ofteeth; shape of 
the sagittal crest; shape of processus zygomaticus of maxilla; 
and a number of other characters (Benecke 1987) . 

By domestication man takes over control of breeding of 
the domesticated animal. Man also in most cases defines its 
territory and becomes more or less responsible for its food 
supply. Evolution of a domesticated species therefore results 
mainly from artificial selection, with natural selection play
ing only a subordinate role. The pro cess of domestication 
implies partial or complete separation of a breeding stock 
from its wild relatives. As defined by Meadow ( 1984), do
mestication is a process in which man has shifted attention 
from the dead animal to securing and selectively maintaining 
the offspring, the most important product of the domestic 
living animal. 

Most of the animals domesticated by man are social and 
have an extended juvenile period where social bonding oc
curs between young and mother, or young and other herd 
members, an imprinting period. It is possible to imprint the 
young on a substitute mother if the natural mother is re
moved. W olf cubs can be imprinted into a man-animal 
relationship (Davis 1 987) .  

In Denmark the oldest dated finds of Canis familiaris are 
from the Mesolithic Maglemose culture sites Sværdborg, 
Holmegård, Mullerup, and 0gårde (Degerbøl 1 927, 1 943; 
Aaris-Sørensen 1976) .  These are dated by pollen analysis to 
the Boreal period zone V and the Early Atlantic period zone 
VI. At present, no dated finds of domestic dog are recorded 
from the Preboreal period zone IV, but there are no finds of 
habitation sites with bone material from that period. Pre
boreal dog finds are, however, known from Yorkshire in 
England from the Mesolithic sites Star Carr (7,700± 160 b.c.) 
and Seamer Carr (c. 7,940 b.c.) (Clark 1 97 1 ;  Degerbøl 196 1 ;  
Clutton-Brock & Noe-Nygaard 1990) .  Denmark and En
gland were at that time connected by land and show many 
similarities in faunal immigration pattern. It is thus appro
priate to discuss the Preboreal dogs from Star Carr and 
Seamer Carr in some detail. 
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The Star Carr site was excavated in 1949-195 1 ,  and the 
results were published by Clark ( 197l ) ;  in this publication 
the bone material was described by F. C. Fraser and J .E. King. 
They found some cranial bones, a canine, a femur fragment, 
and a right tibia which they considered belonging to a young 
wolf. Degerbøl ( 1961 )  reexamined the bone material, and by 
comparison with Danish dog material from the Maglemose 
culture he proved that the bones were from two individuals 
(one young and one adult) of domestic dog. The young 
individual was about 9 months old (Clutton-Brock & Noe
Nygaard 1 990) .  The Star Carr material further contains 
skeletal remains of a wolf, whereas the Seamer Carr material 
induded atlas, axis, and two cervical vertebrae of a dog cub, 
about 9 months old (Clutton-Brock & Noe-Nygaard 1990) . 
The atlas from Seamer Carr and the occipital region from 
Star Carr fit almost too well together. They could have been 
from the same individual, as the sites were situated very dose 
to each other, only l km apart across the lake. This is almost 
too much of a coincidence, and it is more likely that the 
Mesolithic hunters kept dogs in some numbers and that the 
skull and neck represent two animals. The common presence 
of dog at Star Carr is supported by the high proportion of 
bones that had been gnawed by Canidae. The tooth marks 
are too large to be from fox, and it seems unlikely that a wild 
wolf would be so habituated that it would gnaw bones in 
dose proximity to a human camp. If wolfhad been feeding 
on the bones, these would also have been much more widely 
dispersed and fragmented. 

The Danish Maglemose dogs are characterized by a great 
variation in size. It was formerly assumed that two races of 
dog were present, a large hunting dog and a smaller dog 
attached to the living sites (Winge 1924; Degerbøl 1 933, 
1 939) .  At present, three size groups are distinguished, which 
may have had different functions for the Mesolithic hunters 
(Aaris-Sørensen 1988) .  The most prominent find of dog 
from the Maglemose culture are at the Holmegårds Mose site 
(Winge 1924), the Sværdborg sites (Winge 1 9 19; Aaris
Sørensen 1976) ,  the Mullerup sites (Winge 1904) ,  and the 
0gårde site (DegerbøI 1942 ) .  The dog bones from the Early 
Atlantic, Late Maglemose site Ulkestruplyng are here consid
ered to be from the same period. 

The dogs from the Kongemose culture, represented by 
the dog bones from Kongemose, are similar to the MagIe
mose dogs in both appearance and size (PIs. 36:9-10, l3 ;  
Appendix 2 ) .  The dogs from the Kongemose and Ertebølle 
cultures are generally smaller but still show a great variation 
in size. In the Ertebølle deposits, complete skulls are found, 
in contrast to the finds from the MagIemose period, where 
all the skulls of domestic dog are broken (Pl. 35 ) .  There are 
finds from both inland and coastal sites (Degerbøl 1 942) .  
The dog from the late Ertebølle Præstelyng site i s  very small 
(Figs. 59-6 1 )  and similar to the Neolithic dogs described 
from the Bundsø site (Degerbøl 1 939) .  No dog bones are 
preserved at Muldbjerg I, but the widespread bone destruc
tion by gnawing indicates the presence of at least a couple of 
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Fig. 59. Dimensions l, ID, and 1 1  of mandibula of Canis familiaris from 
Præstelyng, Kongemose, and Ulkestruplyng compared with dimensions of 
the Maglemosian Øgaarde dogs and the Early Neolithic dogs from Bundsø. 
All measurements, 1-20, are defined by Driesch ( 1 976, p. 60) .  Note the 
large size of Øgaarde compared with Bundsø dogs. The dimensions of the 
latter are similar to those of the Præstelyng dogs. Data in Appendix 2. 

dogs. The later Ertebølle dogs range in size from small fox
terrier types to large Greenland sledge-dog types. It is also 
the case with the dog skull found at the coastal site at 
Vedbæk 'Boldbaner' from the Younger Kongemose culture 
and the Ertebølle dog from Maglemosegårds Vænge. 

SkeIetal elements 

Præstelyng 

Material. - Nineteen fragments. Apart from fragmentation, 
preservation is generally good. The bones appear to be from 
the same animal, judged from size, ontogenetic age, and 
spatial distribution (Pl. 35 :  1-8B) .  The EMNI is l .  The bones 
are more or less complete and at least not intentionally 
broken. They were deposited both in taphozone I and in 
taphozone Il. The bones are from skull and body and indude 
l mandibula (Appendix 2) ,  1 vertebra cervicalis (Appendix 
2) ,  2 vertebra thoracica (Appendix 2) ,  9 costae, l radius 
(Appendix 2 ) ,  l femur, 3 fragments of tibia (Appendix 2) ,  
and l calcaneus. There are cut marks distally on the ribs. 

Kongemose 

Material. - Seven bones, belonging to at least 2 individuals (a 
young and an adult dog) , but there may be bones from 3 
individuals. The EMNI is thus 2 or possibly 3. There is l 
maxilla, 2 mandibulae ( l left and l right) (Appendix 2) ,  l 
dextral humerus, l os sacrum, l right ossa coxae, and l 
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Canis familiaris, mandibula 
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Fig. 61 . Dimensions 12,  14, 19, and 20 of mandibula of Canis [amiljaris. 
Data in Appendix 2. See also caption to Fig. 59. 

calcaneus. The bones are well preserved, although they are 
gnawed by Canidae. There are cut marks along margo ven
tralis on both mandibulae. Because of the special importance 
of dog to man, the bones are described individually in Ap
pendix 2.  

Ulkestruplyng 

Material. - Nine fragments: 3 fragments of mandibula (Ap
pendix 2) ,  5 isolated teeth, and l vertebra. The EMNI is 
probably 3 but at least 2. The bones are generally well pre
served, although one mandibula fragment is slightly bumt. 
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Biometry 

The dogs from U1kestrup and Kongemose are similar in size 
to and only slightly smaller than the average at the Magle
mosian 0gårde site (Figs. 59-6 1 ;  Appendix 2 ) .  They are, 
however, distinctly larger than the adult dog from Præste
lyng. The number of individuals represented at the four sites 
described here is so small that it is impossible to determine 
whether the single individuals from the various sites repre
sent end members of a size range of a dog population, or if 
they represent end members in an evolution of dog size from 
large dogs to small ones. 

Abnormalities 

The alveolus below P3 is partly filled with spongy tissue on 
one of the mandibles from U1kestruplyng (UL0 IX-59) (Pl. 
35: I l ) .  This indicates that P3 had been missing for some time 
(Richter 1 982a) . Degerbøl ( 196 1 )  pointed out that this was a 
common feature for dogs who had suffered hardships during 
growth. A modem analog is found among sledge dogs from 
Greenland. 

Discussion 

The fairly small number of dog bones from the otherwise 
rich bone material in refuse deposits from the Maglemose 
culture is surprising. Other puzzling questions are why all 
the dog skulls are fragmented at the Maglemose sites in 
contrast to the more or less complete skull from the Erte
bølle culture, how it was possible to separate and prevent 
interbreeding between the assumed three size groups found 
in Early Mesolithic sites, and why the dogs decreased in size 
during Neolithic time. 

It is also remarkable that so few juvenile bones are found in 
waste deposits, considering the number of cubs a single dog 
may produce during a year. It is difficult to imagine that the 
Maglemose people exerted extensive birth control. One pos
sibility is that the unwanted juveniles were eaten by man or 
by other dogs. Fat, hairless dogs were raised for consumption 
in Prehistoric South America and Mexico (Burleigh & 
Brothwell 1 978) .  The fragmented skulls from the MagIe
mose sites may be the result of consumption of dog brains, 
but it may also result from the method of killing when 
skinningwas the main purpose for butchering dog. Crushing 
the skull is observed among other animals mainly caught for 
their fur, e.g., Castor fiber, Lutra lutra and Martes martes, 
which occur at all four sites. Dogs scavenging on waste 
dumps, destroying large amounts of bones, may after all be 
the causal factor of the relatively small amount of dog bones 
found at the sites. 

A clear separation of Early Mesolithic dog into three dis
tinct size groups, as suggested by Aaris-Sørensen ( 1976) ,  is 
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hard to imagine. A vivid interbreeding of dogs attached to the 
site is more likely, although various size fashions have always 
attracted man. The size grouping is more probably artificial, 
reflecting the relatively sparse material in a dog population 
with great size variation. Skinning marks are found on Ulke
struplyng and Kongemose bones. The dear reduction in dog 
size in Neolithic time documented by Degerbøl ( 1 939, 1 96 1 ,  
1 962) may be  the result o f  a change in  the role of  dog from 
being mainly a hunting companion to a site scavenger. 
Although game hunting still plays an important role among 
the Neolithic farmers, agricultural products constitute an 
increasingly larger proportion of the diet. This transition to 
the agricultural way of feeding took place within a short 
period (Tauber 1981a, b; N oe-Nygaard 1988) .  The dog from 
Præstelyng already has the small size of the Neolithic dogs. 
The stable carbon isotop es change in both dog (Noe-Ny
gaard 1988) and man (Tauber 198 1 a) at the Mesolithic
Neolithic boundary. The 8!3C/J2C values in dog and human 
bone collagen from both coastal and inland Neolithic sites 
indicate a terrestrial diet. If this change in diet was further a 
change from animal food to vegetable food, the scavenging 
dog would then get less protein-rich food, which may ulti
mately result in smaller body size. After the introduction of 
agriculture in South America, dog largely fed on maize, 
reflected in the 8!3C/ 12C values of their bone collagen (Bur
leigh & Brothwell 1978 ) .  Change in fashion may, however, 
still have been the prime selection factor. 

Lutra lutra (oUer) 

Modern biology 

atter is a fish-catching member of the Mustelidae. It is 
specialized to live in or very near fresh, brackish, or salt water 
(Fog 1965; Bræstrup 1949; Conroy & Jenkins 1 986) . It has a 
flat head, short neck, long slender body, strong tail for 
swimming, and limbs with swim hide between the phalan
ges. Its short, thick, woollen fur is considered very attractive 
for clothing. The otter spends most of its time in water but 
migrates between different water systems, lakes, bogs, and 
rivers. It has a cave in soft boggish earth or under hollow tree 
roots, and stays dose to the reed vegetation around the rim of 
the lakes. atter is an opportunistic eater, feeding on what is 
present in the waters (Bræstrup 1949; Gormally & Fairley 
1982) .  The main food item is fish, but frogs, molluscs, and 
crustaceans are eaten when available. Also birds, especially 
ducklings, and water voles are taken. It prefers, where there is 
a choice, eel, salmon, and other fat and juicy fish. It often 
catches more than it can eat and leaves part of its meals. 

The preferred habitats of otter in Denmark are lakes and 
bogs with streams running through and restricted fjords as 
the most important (Jensen 1964) .  Running water secures 
fresh supply of fish all year round and makes it possible for 
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otter to  feed in  both lacustrine and brackish-marine envi
ronments. 

The optimal habitat is very well represented by the Åmose 
basin in the Mesolithic period. A large lake with boggy reed 
swamp is transected by the river Halleby A, connecting the 
lake system with the marine Storebælt. 

It takes more than 2 years for an otter to reach the repro
ductive age. Mating does not take place at a specific time of 
the year, but it is more common during the winter. The 1-3 
cubs are bom in early spring after 9 weeks of pregnancy. The 
young ones staywith their mother for a year. The nest is dose 
to the water and commonly has an entrance under the water 
surface (Bræstrup 1949) . atter is very rare in modem Den
mark and absent on Bornholm, and the number is still 
decreasing (Jensen 1964) .  

Previous finds 

atter has been part of the Danish fauna on Sjælland since 
early Boreal times, pollen zone V (DegerbøI 1933 ) .  At this 
time Denmark was part of a north European landmass. 
During the Atlantic time Sjælland became an island. The 
isolation and change in dimate and vegetation soon led to 
reduction in number of species and in individual size of 
various species, e.g., Martes martes (Winge 1 904; Degerbøl 
1 933; Aaris-Sørensen 1980) . Degerbøl ( 1 933) ,  however, did 
not find any significant difference in size between fossil and 
modem otter. 

Skeietal elements 

Muldbjerg I 

Material. - A total of 1 1 5 fragments. The bones are from 
adults and juveniles and in general verywell preserved, apart 
from the fracturing made by Mesolithic man. The juveniles 
are, however, less well preserved and seem to have been 
deposited in taphozone I. A mandible (Mul.! 48864) is light 
coloured, hard and heavy, and was deposited in taphozone 
Ill. The EMNI is 3 (2 adults and 1 juvenile) .  

Biometry. - The dimensions o f  the otter material from Muld
bjerg I are rather small, smaller than corresponding dimen
sions of the Præstelyng material. The adult Muldbjerg I 
animals may thus be females. 

Cranium. - There are 2 well-preserved cranium fragments ( 1  
rather complete skull of an adult animal and 1 maxillare 
fragment of a juvenile ). The EMNI is 2. The occipital region 
of the skull has been removed. There are cut marks across the 
frontal bones (Fig. 97) . 

Biometry. - The dimensions of otter cranium and mandibula 
from Ulkestruplyng, Kongemose, and Præstelyng are all 
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larger than the similar average dimensions from modem 
males. 

Mandibula. - There are 5 fragments of mandibula. Four of 
them can be reassembled to form a left and a right side of the 
jaw bones of 2 adult individuals. The EMNI is 2 .  The bones 
are well preserved and were dearly deposited in two types of 
sediments, one pair in deep-water calcareous organic sedi
ments from taphozone III and the other pair in shallow
water peat or drifted gytt ja in taphozone Il. They all show cut 
marks on corpus mandibulae, and the bones deposited in peat 
have a broken ramus mandibularis. 

Biometry. - Biometric data in Appendix 2. Further discus
sion on p. 138 .  

Scapula. - There are 3 fragments of scapula ( 1  adult and 1 
juvenile dextral scapula, and 1 juvenile sinistral scapula, 
probably from the same animal) . All fragments are well 
preserved. The EMNI is 2. A hole in one of the juvenile 
scapulae may be an unhealed lesion from an arrow. Cut 
marks are present dose to the fraeture. 

Humerus. - There is only 1 proximal, dextral fragment of 
humerus (Mul.! 2 164) .  It is porous, weathered, wom, and 
probably bumed. The EMNI is L 

Ulna. -There are 2 fragments ofulna ( l  juvenile and 1 adult) .  
The EMNl is 2 .  

Radius. - There is 1 well-preserved, dextral juvenile radius 
(Mul.I 1 030 1 )  with loose distal epiphysis. There are faint cut 
marks on the cranial side of the diaphysis. 

Pe/vis. - There are 3 well-preserved fragments of pelvis. A 
dextral and a sinistral fragment were deposited in peat or 
humified gytt ja, whereas the third one was deposited in 
calcareous organic mud. There are cut marks on all the 
pieces. The EMNI is 2 .  

Tibia. -There are 3 fragments ofjuvenile tibiae (2 dextral and 
1 sinistral) . The EMNl is 2. The bones are well preserved. 
One fragment has cut marks and tooth marks from canine, 
probably dog. 

Fibula. - There are 2 well-preserved fibula of juvenile ani
maIs ( 1  dextral and 1 sinistral) .  The EMNI is L 

Metapodials. - There is 1 metatarsal N (Mul.! 9095) and 1 
loose distal epiphysis of a metatarsal (Mul.! 45 10) ,  both of 
juvenile animals, and 1 well-preserved, sinistral calcaneus 
(Mul.! 4 1 9 1 1 )  with traces of dog-gnawing in the middle. 

Phalanges. - A total of 1 7  phalanges have been found. There 
are 4 juvenile (Mul.! 9753, Mul.I 23639, Mul.! 9738 and 
Mul.! 10289) , 3 bumed adult phalanges (Mul.I 26542, Mul.! 
26127 and Mul.! 26370) ,  and 10  phalanges from adult ani
mals (Mul.! 23319,  Mul.I 1049 1 ,  Mul.! 25740, Mul.! 9734, 
Mul.I 10280, Mul.I 1038 1 ,  Mul.I 1 0270, Mul.I 9933, Mul.! 
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10271 and Mul.I 9047) . The last has a cut markplaced distally 
and dorsally. 

Vertebra. - There are 48 very well-preserved fragments or 
complete vertebrae ( 1 2  vertebra cerviealis, 8 vertebra thora
ciea, 8 vertebra lumbalis and 20 vertebra caudalis) .  They are 
from both juvenile and adult animals. It is dear from the 
colour of the bones that they have been deposited in different 
types of sediments in the lake. A number of the vertebrae are 
light brown and from the calcareous organic mud, as are 
some of the other bone elements. The EMNl is 3, there being 
2 atlas and 3 epistropheus. Both cut and impact marks are 
present. Only vertebrae with traces from human activity are 
described in detail (Appendix 1 ) .  

Costa. - There are 2 5  fragments of ribs. They stem from both 
adult and juvenile animals, and are well preserved. Chop and 
cut marks occur on the proximal ends of 1 5  of the ribs. They 
have all been broken loose from the vertebrae by breaking 
collum costa and loosing corpus costa. 

Præstelyng 

Material. - Twenty-five fragments from juvenile and adult 
animals, all well preserved. There are 2 fragments from skull, 
7 fragments from a pair of mandibles, 2 scapulae ( 1  dextral 
and 1 sinistral) ,  2 humeri ( 1  dextral and 1 sinistral) , 2 ulnae 
( 1  juvenile dextral and 1 adult sinistral) ,  1 sinistral pelvis 
bone, 2 femoral bones ( l left and 1 right) ,  3 tibiae ( l left and 
1 right from an adult animal, and 1 dextral from a veryyoung 
animal) ,  2 fragments of costa, and 2 fragments of vertebra 
lumbalis. The EMNI is 2, based on the fragments from young 
and adult ( 1  large adult individual and 1 veryyoung animal) .  
A few of the adult limb bones are slightly weathered with 
peeling surfaces; the adherent sediment has a peat-like char
acter, indicating terrestrial or shallow-water deposition of 
the bones. There are cut marks from skinning and butcher
ing on a third of the bones from the adult animal. 

Biometry. - The dimensions of the jaw and the teeth of PL 
6925- 1 77 indicate that it is from a male, based on compari
son with modem material (Appendix 2 ) .  

Abnormalities. -The right canine in the mandibula is missing 
and has been so for some time before death, as the alveolus is 
filled with spongy bone tissue, which also deformed the outer 
side of the jaw bone (Fig. 62; Pl. 37:3A) . This looks very much 
like the type of bone deformation figured by Baker & 
Brothwell ( 1980, p. 148a) . The mandible swelling is thought 
to be due to low-grade inflammation of the tooth roots. It is 
not possible to tell when it was broken during the life of the 
otter. Broken teeth are rare in modem material, but when 
otter is caught in traps they may try to bite through the iron 
trap and thereby break their teeth (Jensen 1964) .  This is 
obviously not the case with the Præstelyng otter. The loss of 
the tooth may be a result of an accident independent of man 
or of an infection during change of milk teeth at an early age. 
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Fig. 62. Maxillare and mandibula from modem (e, El and fossil (A, B, Dl 
Lutra lutra from PræsteJyng. Note the cut marks on A and the caJlus 
formation around a broken canine on B and D. Scale x l .  

Kongemose 

Material. - Twenty-three fragments: 6 of mandibula (3 dex
tral and 3 sinistral) ,  2 of maxillare ( l  dextral and l sinistral) 
(Pl. 37:8-13 ) ,  3 ofscapula (2 dextral and l sinistral) (Appen
dix 2) ,  3 fragments of humerus (2 dextral and l sinistral) 
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(Appendix 2 ) , 4 fragments of pelvis (3  dextral and l sinistral) 
(Appendix 2) ,  l dextral femur (Appendix 2) ,  l dextral fibula, 
and 3 phalanges. All the fragments are relatively well pre
served, in spite of the fact that they were deposited in a peaty 
sediment in taphozone I and have been exposed to desicca
tion with moderate cracking as a result. The EMNI is 3. All 
the bones seem to be from adult animals, although there are 
differences in size. The material is rather biased, especiaUy 
regarding vertebrae, costae and phalanges. This lack ofaxial 
skeietal elements may be an excavation problem or a result of 
discharging of ribs and vertebrae at the place of catchment. 
As the general state of preservation is relatively good, differ
ential destruction of the skeietal elements is not likely. 

Biometry. - Only l mandibula (KS 26/29-3 )  and l p4 (KS 47/ 
23-23,5-9) from the maxillare bone can be measured (Ap
pendix 2; Pl. 37:8) .  The measurements are similar to those 
from Ulkestruplyng and Præstelyng. 

Ulkestruplyng 

Material. - Four fragments, aU from mandibles, well pre
served although some teeth are missing (Appendix 2; Pl. 
38:6-9; Fig. 1 00) The EMNI is 2. 

Biometry. -All the measurements made on the mandibles fall 
within the upper end of the range of modem material (Ap
pendix 2 ) .  Many of the individual teeth are missing (Richter 
1 982a) . Although the measurements are few in number, they 
tend to confirm that subfossil mandibles from Ulkestrup
lyng are larger than the modem ones. For further discussion, 
see below. 

Discussion 

From the otter material present at Ulkestruplyng, Konge
mose, Præstelyng, and Muldbjerg I it seems that fossil otter 
was slightly larger than modem otter. In order to illustrate 
the contradictive statements of Degerbøl ( 1 933) ,  Kurten 
( 1 968) ,  and Noe-Nygaard ( 1969), the fossil Danish otter 
material was reexamined and compared to modem Danish 
as well as fossil and modem Norwegian material. Degerbøl 
( 1 933)  compared Danish fossil and modem otter and con
cluded that no significant size difference could be observed. 
Kurten ( 1 968) was of the opinion that the oldest Danish 
fossil otter was smaUer than modem Danish otter. All the 
Norwegian material was collected and measured by Hysing
Dahl ( 1 959) (Appendix 2 ) .  The Danish fossil material found 
before 1 933 was measured and comprehensively described 
by Degerbøl ( 1 933) ;  additional Danish fossil material found 
after 1933 (Appendix 2) ,  as well as most of the Danish 
modem material, has been measured by the author (Appen
dix 2) .  

The sexual dimorphism is pronounced in aU skull mea
surements. The skull continues to grow even to an old age, 
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but since the growth is allometric, the relative proportions 
also change (Hysing-Dahl 1 959; Jensen 1964; Bree et al. 
1966) . This makes it difficult to distinguish between juvenile 
and adult or between male and female in fossil material. The 
tooth dimensions after full eruption seem, however, to be 
rather constant. As teeth are well preserved in the present 
fossil material, estimates of changes in size of the species 
through time are mainly based on tooth measurements 
(Appendix 2 ) .  

Results from Norwegian fossil and modem otter are 
used for comparison (Hysing-Dahl 1 959) .  The only skull 
dimension where the females have higher values than 
males in modem Norwegian material is in the postorbital 
constriction (Appendix 2) .  In all other dimensions the 
males have higher values, induding nearly all tooth dimen
sions (Hysing-Dahl 1 959) (Appendix 2 ) .  The greatest dif
ference between males and females is found in the thick
ness of ramus horizontalis below ml and the greatest length 
of ml .  There is, however, a great overlap in dimensions 
between young males and females, and Hysing-Dahl 
( 1 959) accordingly prefers to consider the fossil Norwegian 
material as one combined group of otters independent of 
sex. The Danish fossil material is dealt with in the same 
way here (Appendix 2 ) .  

Bree et  al. ( 1 966) demonstrated that the relation between 
the condylo basale length and the postorbital constriction is 
applicable in separating male from female and juvenile from 
adult animals. Furthermore, the postorbital constriction of 
the adult skull is smaller than in the juvenile. 

The Danish fossil material is in most cases fragmented, 
and the necessary measurements for separation of male and 
female, or juvenile and adult, are not possible to make. The 
observed difference between the Danish slightly larger fossil 
otter and the smaller modem Danish otter may thus in the 
extreme case reflect the presence of a greater number of 
males in the fossil material. 

The ratio of males to females is important for the interpre
tation of size changes through time when there is consider
able sexual dimorphism. In the Norwegian material, the 
dimensions of fossil otter are in all but two cases larger than 
those of modem Norwegian otter. The two exceptions were 
explained by weathering of the bone (Hysing-Dahl 1 959) .  
Fossil otter in both Norway and Denmark was thus appar
ently larger than the modem otter, or the fossil material 
contains an overweight of males. In the latter case, dimen
sions that most dearly reflect sexual dimorphism would be 
expected to show the greatest deviation from the assumed 
equally mixed male/female modem material. No such devia
tion was observed, neither in the Danish nor in the Norwe
gian material. Hysing-Dahl ( 1 959) thus assumed that the 
fossil Norwegian material induded both males and females 
in equal proportions, and the same may be assumed for the 
Danish material. 

Comparison between modem Danish and Norwegian 
otter indicates that Danish otter is slightly larger. A total of 1 7  
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complete modem Danish female skulls were measured (Ap
pendix 2 ) .  The comparison shows that the dimensions of 
Danish modem material are larger than the Norwegian in 9 
of the measurements, 2 are of equal size, and in 2 cases the 
Norwegian measurements are the largest. The comparison 
was made between samples containing equal numbers of 
males and females. The data from the reexamination of the 
Danish subfossil material, induding the new finds from 
Ulkestruplyng, Kongemose, Præstelyng, and Muldbjerg I 
(Appendix 2) ,  compared with the data on modem Danish 
material, show a significant difference in size (Fig. 63) .  This 
result is similar to the general trend of other mammal groups 
on Sjælland during the Atlantic period, such as is the case 
with pine marten (DegerbøI 1933) .  

Martes martes (pine marten) 

Modern biology 

Pine marten is very rare in Denmark. It is most frequently 
observed in Sjælland and Sønderjylland (Degn & Jensen 
1 977) . The preferred areas of the small population seem to 
have been the same over the last 60 years, based on informa
tion collected by Degn & Jensen ( 1 977) .  One of the more 
populated areas is in central Sjælland, where also a large 
population of squirrel is recorded. Outside Denmark, pine 
marten, which is a Boreal form, can be found westward to 
Ireland and eastward to Russia and Siberia. 

The preferred habitat is large old spruce plantations in 
dose connection with extensive deciduous forests. The ani-
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Fig. 63. Comparison of length of tooth-row pl_ml of Lutra lutra between 
modem Norwegian and Danish material plus fossil Norwegian and Danish 
material. Note the size difference between fossil and modem otters. 
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mal very rarely touches the ground, and it has long, strong 
claws suitable for climbing. The preferred type of food is 
small mammals, e.g., squirrels and mice, and to some extent 
birds and their nestlings and eggs (Fog & Fog 1 969) . 

The mating season is in June-July; the juveniles are bom 
from late March to early May, and they are fully grown one 
year later (Bræstrup 1949) . Some of the early bom females 
may be pregnant already in their first year. Pine marten has 
prolonged pregnancy, ensuring that the cubs are bom in a 
favourable time of the year. 

Previous fin ds 

Pine marten is recorded from the Danish Mesolithic Magle
mose culture dated to the Boreal period (Nordmann 1905; 
Degerbøl 1933) .  It is found at all four sites (Ulkestruplyng, 
Kongemose, Præstelyng, and Muldbjerg I ) .  

Skeietal elements 

Muldbjerg I 

Material. - Only 2 fragments ( l  left and l right calcaneus 
from an adult animal) .  The EMNI is 1 .  Cut marks are found. 

Præstelyng 

Material. - Sixteen fragments (Pl. 37; Appendix l ) :  2 sinistral 
mandibles, l dextral scapula, l dextral humerus, 2 ulnae ( l  
dextral and l sinistral) ,  2 femora ( l  dextral and l sinistral) ,  l 
dextral juvenile tibia, l dextral astragalus, 2 vertebra cervicalis 
( l  atlas and l epistropheus), 2 vertebra lumbalis, and 2 costae. 
All the bones, except the tibia, are from adult animals and are 
well preserved. The EMNI is 3 (2 adults and l juvenile) .  The 
juvenile tibia probably from an animal killed in July or 
August, 3-5 months old, based on an epiphysial-closure 
analysis (Trolle-Larsen 1986) . The bone has completely 
loose epiphyses. 

There are very few cut marks and tooth marks; these are 
found on the mandibles and on one of the ribs. 

Biometry. - The measurements taken on the two mandibles, 
especially those on m\, fall within the lower end of the range 
of subspecies Martes martes subfossil D proposed by Deger
bøl ( 1 933) (Appendix 2) .  The measurements on the Præste
lyng jaws are of the same size as in males of modem pine 
marten. It is thus difficult to establish whether the two jaws 
are females from the subspecies Martes martes subfossil D or 
if they are males. A population reduced in size was already 
present in the Early Neolithic at the Bundsø site (Degerbøl 
1 933) .  This site is situated in Jylland, and the reduction of 
species diversity and size during the postglacial time is much 
less pronounced on this peninsula compared to the island of 
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Sjælland. The size reduction might have started earlier on 
Sjælland. 

Kongemose 

Material. - Four fragments: 2 of cranium and 2 of tibia ( l  
adult and l juvenile) .  The EMNI is 2 .  The bones are well 
preserved, apart from human breakage. There are cut marks 
distally on both tibiae. 

Biometry. - The few measurements that could be made are 
shown in Appendix 2 .  

Ulkestruplyng 

Material. - Thirteen fragments (Pl. 38: 12; Appendix 1 ) :  l 
cranium, 2 mandibles, l scapula, l humerus, l radius, 2 
ulnae, l pelvis, 2 femora, and 2 fibulae (Richter 1 982a) . The 
EMNI is 2. The bones are well preserved. The following data 
are taken from Richter ( 1 982a) . 

Biometry. - The biometric data of the measurable bones 
from the Ulkestruplyng pine marten fall with in the upper 
end of the range of the measurements on subfossil material of 
Degerbøl ( 1933) and Trolle-Larsen ( 1 986), whereas Præste
lyng data fall within the lower end of the range of measure
ments (Appendix 2) .  In mandibula UL0 23367- 14  ml has 
the dimensions: L 10,7 mm; B: main cusp 4,4 mm; B: heel 4,7 
mm. The measurements and dimensions ofhumerus, radius 
and femur all fall within the upper end of the size range either 
because they are bones from males or just large animals. 

Use 

The fur of pine marten has in modem time been used for 
clothing. Cut marks interpreted as skinning marks indicate, 
by comparison with modem experimental skinning, that 
this has been the case on the Boreal site Ulkestruplyng, the 
Atlantic sites Kongemose and Præstelyng, and the Subboreal 
site Muldbjerg L 

Meles meles (badger) 

Skeletal elements 

Ulkestruplyng 

Material. - Sixteen fragments (Appendix l; Pl. 38) :  3 man
dibles ( 1  dextral and 2 sinistral) ,  two of which are from the 
same old individual; 3 fragments of cranial bones ( l os 
premaxillare, l maxillare with a molar, and l isolated inci
sor) ; l dextral scapula; l proximal sinistral humerus; l ulna; 
l radius; l sinistral femur; 2 tibiae ( l  sinistral and l dextral) ;  
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and 3 costae. The 2 mandibles from the same individual have 
very wom teeth and thus stem from an almost senile animal. 
The EMNI is 2. 

Biometry. - Measurements on mandible dimensions could 
not be made. The third mandible is smaller than that of 
modem badger. Degerbøl ( 1 933, 1 943) emphasized the 
small dimensions of the subfossil animals for which he 
erected the subspecies Meles meies meies. 

Use 

The fur is very soft and attractive, but also the meat is eaten. 

Felis silvestris (wild eat) 

Modern biology and previous finds 

Wild cat is a shy animal living in isolated forest areas in 
mountainous regions. It prefers pine forest and occurs today 
in Scotland and the Pyrenees. It is an ultimate predator and 
preys on other warm-blooded animals. 

It is found in deposits from the Boreal, Atlantic, and 
Subboreal periods. 

Skeietal elements 

Ko ngem ose 

Material. - Eight well-preserved fragments: 2 fragments of 
cranium (1 bulla tympanicus and 1 from the occipital re
gion; Pl. 4 1 ) ,  1 dextral scapula, 2 sinistral femora, 2 tibiae ( 1  
dextral and 1 sinistral) ,  and 1 radius. There are bones from a 
juvenile and an adult, and the EMNI is 2 (Pl. 4 1 :3-9) .  All 4 
limb bones have cut marks. The bones were all preserved in 
taphozone Il. 

Mustela putorius (pole eat) 

Skeletal elements 

Ulkestruplyng 

Material. - Only 1 isolated tooth. 
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Castor fiber (beaver) 

Modern biology 

Beaver is the largest rodent in the Danish fauna, reaching 
1 . 10 m in length. It occurs in North America, Canada, 
Siberia, Russia, South Norway, and in small isolated popula
tions in central Europe. It has been reintroduced in Sweden, 
where it breeds and spreads quite fast (Degerbøl 1 935; 
Knauth 1972) .  It is not a member of the modem Danish 
fauna and disappeared from the country in the Bronze Age. 

The preferred habitats are rivers and lakes surrounded by 
forest. It builds its lair of branches and twigs, the bark of 
which constitutes the main part of its food. The bark food is 
supplemented with leaves and buds, mainly from Populus 
tremula, Salix spp. ,  Betula pubescens, and under-water 
plants including water-lily shoots, eel-grass, and duck-weed 
(Wilson 1 97 1 ;  Knauth 1972) .  Branches are also stored on 
the lake or river bottom for winter supply. The entrance to 
the lair is under water, hidden, and connected by a long 
tunnel to the dry-tloored living chamber. Only one couple 
with their young ones are normally living in a 'hut'. Beaver 
has its activity period during tusk and night time. Beaver 
mates for life. 

The females are mature when they are 1 V2-2 years old, 
closest to 2 years (Wilson 197 1 ) .  The kits, 1-8 in a litter, are 
bom in the beginning ofMay at the size of a rat. They are fully 
furred with silky soft skin, have open eyes, and can swim 
already after a few days. They stay with the parents in the hut 
for two years. 

Previous finds 

A total of 1 90 finds of beaver are recorded in deposits from 
the Allerød to the Subatlantic period. Beaver-gnawed 
branches are found in old lake deposits from the Eem inter
glacial. Bone fragments ofbeaver was found in the site dump 
from Bromme dated to the Allerød period. Sticks gnawed by 
beaver were found in the Allerød layers and also at the 
bottom of the overlying beds from Younger Dryas in the 
freshwater deposits at Nørre Lyngby in North Jylland (Iver
sen 1942) ;  Preboreal finds have also been made (Aaris
Sørensen 1988) .  Bones of beaver are common at the 
Maglemose sites. 

At the Åmose sites, 27 fragments are from Ulkestruplyng 
and 1 70 fragments from Kongemose. Only 1 fragment has 
been found at Præstelyng. Late Atlantic finds are, however, 
recorded at other sites (Aaris-Sørensen 1988) .  At the early 
Subboreal Muldbjerg I site, 1 75 bone fragments were found, 
and beaver occurs throughout the Subboreal succession. 
The last finds are dated to the Bronze Age, early zone IX 
(Hatting 1969) .  
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SkeIetal elements 

Muldbjerg I 

Material. - A total of 1 79 fragments, including 56 100se teeth 
and fragments of teeth. The 26 fragments of cranium and 56 
teeth stem from at least 4 individuals, representing 2 adults 
and 2 juveniles, one ofwhich was veryyoung. The EMNI is 4. 
The bones from the adults are well preserved although in 
some cases strongly fragmented, whereas the juvenile bones 
are weathered and fragile. Some of the juvenile bones have 
been slighdy burned. There are only a few cut and impact 
marks. A thorough examination of all the loose teeth seems 
to confirm the above conclusion of 2 adults and 2 juveniles. 
The latter are of different age, but both are less than 2 years 
old, according to the age groups established by Hatting 
( 1 969) .  There are 4 fragments of scapula ( 1  right and l left 
from adult individuals, l dextral fragment from a juvenile, 
and l burned fragment) .  Humerus is represented by 5 frag
ments (3 dextral and 2 sinistral) .  Systematic fragmentation 
and a number of working traces occur (Fig. 1 0 1 ) .  There are 
very few traces of dog-gnawing. 

Biometry. - The few measurements that could be made are 
listed in Appendix 2. 

Præstelyng 

Material. - Only l juvenile tibia (PL 1 3 140) (Pl. 40:6) .  

Kongemose 

Material. - A total of 1 94 fragments were determined: 28 
cranial bones, 35 100se teeth, 24 mandibula bones ( 1 2  dex
tral, 9 sinistral and 3 fragments) ,  4 scapulae ( 1  dextral and 3 
sinistral) ,  1 1  humeri (5 dextral and 6 sinistral) ,  5 ulnae (3 
dextral and 2 sinistral) ,  5 radii (3  dextral and 2 sinistral) ,  16  
femora (9 dextral and 7 sinistral) ,  8 tibiae (3 dextral and 5 
sinistral) ,  l fibula, 10 pelves (3 dextral and 7 sinistral) ,  19  
costae, 2 vertebrae, 7 calcanei (4 dextral and 3 sinistral) ,  5 
astragali, and 14 phalanges. The cranial and mandible bones 
indicate an EMNI of 10 (Table 19 ) .  There are at least 2 fully 
grown adults and 2 newborn juveniles, and 6 juveniles of 
various age from fairly young to subadult. 

The bones are generally well preserved, although the cra
nial bones are very fragmented. Exceptions are the burned 
bone fragments, which have deep cracks and deep layered 
peeling. Working traces are few, apart from impact marks 
and cut marks on the mandibles. A few gnawing marks from 
dog occur, mainly on the limb bones. 

Cranium. - The 28 cranial fragments include I l  os maxilIa 
and os incisivum fragments from 7 juvenile individuals (2 
newborn with unerupted milk teeth, 2 young juveniles with 
only the first milk premolar in function, 2 older juveniles still 
using the milk teeth which are worn, the permanent teeth 
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Table 19. Census o n  bones from Castor fiber and EMNI based o n  various 
bone elements from the Kongemose site. 

sin dex NF EMNI 

Cranium 28 6 
Mandibula 9 12  24  10  
Vertebra 2 
Costa 19  
Scapula 3 l 4 3 
Humerus 6 5 1 1  6 
Radius 2 3 5 3 
Ulna 2 3 5 3 
Phalanges and metacarpus 14  
Pelvis 7 3 10  7 
Femur 7 9 16  10  
Tibia 5 3 8 5 
Fibula 
Calcaneus 3 4 7 5 
Astragalus 2 3 5 3 
Loose teeth 35 

Total 194 10 

visible in the jaw, and 3 maxilla fragments with fully erupted 
permanent teeth) .  In addition there are 17 very small frag
ments from the cranial part. The skull bones are intensely 
fragmented, are from all parts of the skull, and comprise 5 
fragments of os zygomaticum from animals of different age. 
Very few working traces have been observed (Pl. 40:7-9) .  

Mandibula. - The 24 specimens of mandibula include 10  
almost complete mandibles. The bones are generally very 
well preserved, including those from the youngest individu
als (Pl. 40:2) .  The seven burned mandibles are cracked and 
show deep-seated peeling. The age grouping based on man
dibulae shows l pair from a very young animal, 6 pairs from 
subadults, and 3 pairs from adults. Processus coronoides has 
been knocked off on all the mandibles, and many corpus 
mandibula are damaged around the incisiva. These damages 
appear to have been done intentionally. Clear impact marks 
are present on corpus mandibula, and cut marks occur across 
ramus mandibula towards angulus mandibula (PIs. 39:3, 6-7, 
8A-C, 10-12, 40:3 ) .  

Dens. - There are at  least 35 loose teeth, both incisors and 
premolars, from mandibula and maxilla. They are generally 
poorly preserved, with cracking of the enamel. 

Scapula. - There are 4 specimens, including l complete 
scapula. The fragments are poorly preserved, light in weight 
and colour, and show a peeling surface. 

Humerus. - The I l  fragments are well preserved, except for 
KS 25/26-2 1 ,  which is light and peeled from weathering. 
Three of the bones have completely fused epiphyses and are 
from adults; the 6 bones missing the proximal and distal 
epiphyses are subadults, less than 2 years old. KS 32/ 16-33 is 
the distal epiphysis of a dextral humerus and has clearly been 
burned. Some of the specimens have been broken, but 4 are 
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complete. The EMNI is 6 based on humerus numbers. Two 
fragments show traces of dog-gnawing. There are only few 
working traces. 

Radius. - The 5 speeimens are well preserved, 4 are complete, 
and l is a fragment. None of the fragments have fused distal 
epiphyses, but all have fused proximal epiphyses. The EMNI 
is 3. There are no traces of dog-gnawing, and only a few 
working traces occur. 

Ulna. - The 5 speeimens are well preserved except for KS 3 1 /  
20- 10.  Four are complete bones and l is from the proximal 
part of ulna. The EMNI is 3. Two of the bones are chewed 
proximally. Very few working traces occur. 

Pe/vis. - The 10 fragments are very poorly preserved, and four 
are gnawed intensely by dog. Virtually all were deposited in 
taphozone 1. The bones are from both adults and juveniles. 
The EMNI is 7. Very few cut marks occur. 

Femur. - The 16 speeimens are well preserved, dark and 
shining except for KS 41 / l6- 1 ,  40/28-39 and 36/27-27, which 
appear weathered and show the characteristics of deposition 
in taphozone L Only l fragment has an epiphysis fused with 
caput femura . The rest of the bones seem to be from grown 
subadults, except from a femur from a newborn, or maybe 
even foetal, individual. Ten of the bones are complete, and 
the others have been crudely broken across. The EMNI is 10  
( 1  newborn [Pl. 40:5 ] , 8 subadults [Pl. 40:4] , and l adult) 
based on the number of femoral bones. Six of the bones have 
been gnawed around the joints. Four of the fragments and 3 
of the complete femora have been slightly burned. Only few 
show working traces. 

Tibia. - The 8 specimens are well preserved, and 5 are 
complete bones. They are from subadult animals with un
fused distal as well as proximal epiphyses, except l adult 
bone. The EMNI is 5. Three of the bones have been slightly 
gnawed by dog. Only few working traces oceur. 

Tarsals, carpals and phalanges. - The bones are from adults as 
well as juveniles. The 7 ealcanei are rather damaged, owing 
either to burning, dog-gnawing, or desiccation. There are 5 
astragali, with a slightly weathered appearance, and 14 frag
ments of metacarpals and phalanges. 

Costa. - There are 19 fragments of costae from both sides, 
representing the eranial as well as the caudal part of the rib 
cage. The ribs are broken and without caput costae. KS 32/50-
5 and KS 37/38-5 have clear cut marks below caput costae on 
the ventral side. 

Vertebra. - One fragment of vertebra thoracica, with its arch 
knocked off, and l vertebra lumbalis of a juvenile. 

Ulkestruplyng 

Material. - Twenty-seven fragments, 1 3  of which are from 
juvenile animals (Richter 1982a) . They include l dextral 
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maxilla containing p2, ml and m2 (Pl. 38: 1A-B) ,  6 isolated 
teeth, l sinistral scapula, 4 humeri (2 dextral and 2 sinistral) ,  
l dextral ulna, 3 fragments from pelvis (l dextral and 2 
sinistral) ,  2 diaphysial fragments of femur ( 1  dextral and l 
sinistral) ,  l sinistral fibula, 3 almost complete tibiae (2 dex
tral and l sinistral) , 2 dextral metatarsal elements, 2 vertebra 
fragments ( l  thoracica and l lumbalis) , and l os sacrum. The 
EMNI is 2 ( l  juvenile and l adult) .  The juvenile is less than 2 
years old, as no epiphyses were fused to the diaphysis (Hat
ting 1969) . The bones are well preserved, apart from the 
adult pelvis fragment showing the colour and destruetion 
pattern characteristic of taphozone I (Fig. 33 ) .  There are cut 
marks only on the juvenile bones from various skeietal parts. 
No traces of dog-gnawing occur. 

Biometry. - Very few measurements are made. The first 
molar in ULØ 233 16- 10  is 15 mm long and 7 mm wide. 
These dimensions and the size of humerus are similar to 
those referred to the small subfossil speeies by Degerbøl 
( 1 943 ) .  

Discussion 

Beaver was an attractive prey at Kongemose and Muldbjerg 
1. The lower num ber of bones found at Ulkestruplyng and 
Præstelyng is probably due to differences in taphonomy. The 
Åmose lake basin, cut by a river and surrounded by forest, 
was an excellent habitat for beaver. Beaver in turn provided 
the hunter with soft and strong skin for clothing, raw mate
rial for a scraping type of to ol (Hatting 1970) ,  and meat for 
consumption. Marks from skinning, cutting, gnawing, and 
chewing and wear marks on the mandibles confirm the 
many different uses of beaver by man. 

The root base of the molariform teeth of 1-2-years-old 
beavers is still open (Nostrand & Stephenson 1964) .  Not 
until the age of 5 are all root bases closed. Hatting ( 1969) 
established four age groups: ( 1 )  juvenile animals, 0-2 years 
old, with entirely open -ended roots of the molariform teeth; 
(2)  young animals, 2-4 years old, with very little cementum 
around the root bases; (3 )  adult animals, 5-8 years old, with 
clearly visible cementum layers in the thick root covering 
cementum; (4) senile animals, more than 8 years old, with 
very thick cementum layer. The juvenile animals of the first 
group can be further subdivided into age gro ups based on the 
secondary dentition. 

In a 1 -month-old animal the milk premolars will appear. 
At the age of 51f2 months all molars have been erupted. The 
milk premolars are replace with permanent teeth at the age of 
10 months, generally during February and March. The epi
physes ofthe limb bones are fused at the age of2 years (Ognev 
1963 ) .  

The mandibles from Kongemose are for some reason cut 
open. It is thus possible to get a view of the roots of the teeth. 
The following age groups are identified on the basis of the 
criteria listed by Hatting ( 1 969) :  l individual younger than l 
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month, 1 individual younger than 5l/2 months, 2 individuals 
around 10  months, 3 individuals around 2 years, 2 individu
als between 2 and 4 years, and 1 individual between 5 and 8 
years. 

The Kongemose hunters seem to have preferred the 
younger individuals and their soft skin. The age grouping 
may, however, also reflect the easier accessibility of the inex
perienced kits. Females with newborn offspring was re
corded both at Kongemose and Muldbjerg I. They may have 
been a selected target, owing to the soft skin of the kit, or an 
easy target, as the mother would have tried to wait and rescue 
the newborn. 

Small mammais: rodents and 
insectivores, reptiles, and 
amphibians 
Tables 6-9 

A short review of the biology of the 
recovered species 

Rodentia 

ARVICOLA TERRESTRIS (WATER VOLE ) 
The preferred habitat of water vole is the open land around 
lakes and streams. It is common in bog areas and meadows, 
inland as well as coastal, and can be found in great numbers 
on small islands and headlands. The preferred food is mosdy 
vegetarian, with a wide selection of roots, although a duck
ling and a frog now and then may be added to the diet (Fog 
& Fog 1969) .  

This type of  environment is exacdy what i s  found in the 
Åmose area. The large number offinds at the Muldbjerg I site 
suggests that water vole was of some use to the inhabitants, 
although only few cut marks are observed. It is not likely that 
the large number is a result of natural mass mortality caused 
by drowning during sudden rise of water level or by freezing 
to death during severewinters. Water vole normallyplaces its 
nest cave well above the water level in dry, shielded areas. The 
scattered occurrence of the bone elements and the predomi
nance of skulls over postcranial skeletons also speak against 
natural death. If the animals died in their nests, the bones 
would occur in clusters without significant discrepancies 
between skeietal elements. Additional remains of small ro
dents are few, and they probably died a natural death at or 
around the site. 

MICROTUS AGRESTRIS (COMMON FIELD VOLE) 
Common field vole is attached to open grassland in the 
neighborhood of water. Grass tufts and rush are preferred 
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areas for nest building. The basic food is vegetarian, and grass 
is the preferred type of diet today as well as cereals, beet roots, 
and potatoes. During winter, bark is an important supple
ment to the food. The reproduction capacity is great, 16  
litters per year. 

ApODEMUS SYLVATICUS (YELLOW-NECKED FIELD MOUSE ) 
Yellow-necked field mouse has great adaptability and can be 
found in many different biotopes from meadows and fields 
to the edge of the forest and garden hedges, as well as in dune 
areas, whereas it is less common in forests. The basic food is 
vegetarian and includes supplement of nuts, seeds, etc. The 
diet is in many respects similar to that ofApodemus flavicollis. 
The breeding season is April to September, and the life span 
seldom exceeds 1 l/2 years. 

ApODEMUS FLAVICOLLIS (LONG-TAILED FIELD MOUSE ) 
The favourite habitat of long-tailed field mouse is forested 
areas, particularly deciduous forest. It is also found in old 
coniferous forests with virtually no farest-floor vegetation. 
The basic food is vegetarian, with spruce and pine cones as 
the preferred diet, together with hazel nuts, seeds, berries, 
and fruits. The breeding season is from April to October, and 
the average life span is 1 l/2 years. 

CLETHRIONOMYS GLAREOLUS (BANK VOLE) 
Bank vole is attached to areas with tree cover and is very rare 
in the open land. Forested areas, hedges, and parks with 
scattered trees are favourite biotopes. Such semiforested 
localities can also be found in farest edges and clearings and 
around lakes and bogs. The basic food is vegetarian, includ
ing seeds, herbs, nuts, buds, beans, and even bark in severe 
winters. The breeding period is from April to September, and 
the life sp an is less than 2 years. 

SCIURUS VULGARIS (SQUJRREL) 
Squirrel is, in contrast to the other rodents discussed here, a 
day-active animal. The preferred habitat is the trees ofboth 
coniferous and deciduous forest. The diet is chiefly vegetar
ian, but eggs and nest -bound birds are a common supple
ment. Seeds of spruce and pine cones constitute a large part 
of the diet. The nest is built in hollow trees, and the breeding 
period is from May to August. The squirrel has been part of 
the Danish fauna from the Prebareal time (Sparck 1942) .  

Insectivora 

ERINACEUS EUROPAEUS (HEDGEHOG ) 
Hedgehog is today found all over the country and in most of 
Europe. It probably immigrated at the end of Boreal time 
together with the large deciduous forest trees, oak, lime, 
alder, etc. The preferred biotope is open forest with plenty of 
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forest -floor vegetation, forest edges and gardens, where there 
are suitable surroundings for nest building and protected 
areas for winter hibernating. The young ones are born in 
summer and are fully grown after 3 mo nths. Already in 
October they start searching for winter cover, and they often 
dig down to 30 cm into a heap of leaves. In spite of good 
winter cover, they might during severe winters freeze to 
death in their winter lair. Their preferred diet is insects, 
worms, and fruits. There are no recorded cut marks on the 
bones from hedgehog from Muldbjerg I, but bones from 
Præstelyng show such marks. 

NEOMYS FODlENS (WATER SHREW) 
Water shrew lives in humid areas along lakes and rivers in 
forested areas. It swims with the aid of the hairy tail. It dwells 
in subterranean tunneIs. The preferred diet is insects, worms, 
and mice. It does not hibernate but has to eat all year round 
or depend on fat reserves achieved during the summer. The 
total life span is only around 16 mo nths, and it takes the 
young ones 1 1-12 months to grow to fertility. A female can 
only raise 2 litters during the summer, then it dies in October. 

Reptilia 

EMYS ORBICULARIS (EUROPEAN POND TORTOISE) 
Tortoise has today a southeast European, west Asian, and 
northwest African distribution and do es not breed in Den
mark. As tortoise hibernates partly buried in lake mud, it is 
not the winter temperature that delimits its distribution. A 
high summer temperature is, however, needed for the eggs to 
hatch. An average of 1 8°C for the warmest summer month is 
enough (DegerbøI 1945 ) .  Precipitation also seems to influ
ence the success of egg development. Too much humidity 
spoiIs the eggs. The optimal climatic conditions are thus 
warm and dry summers. The preferred habitat is lakes sur
rounded by high-lying, dry areas, not too denselyvegetated. 

In total, 275 finds of Emys orbicularis have been made in 
Denmark. The majority of finds include females with eggs, 
showing that they died during the summer. The oldest finds 
of E. orbicularis in Denmark is from the Boreal pollen zone V, 
indicating a high average summer temperature. There are 
relatively few finds from the Early Atlantic pollen zone IV 
and many from both zones VII and VIII (DegerbøI 1945 ) .  
The small number of  finds from zone VI may reflect increase 
in forest cover and rise in ground-water level and lake leve!, 
reducing the suitable areas of sun-exposed, warm, dry breed
ing grounds. In the Åmose area E. orbicularis is known from 
Boreal sites but not from Ulkestruplyng. The only finds of E. 
orbicularis at the four sites are from Kongemose. Here 6 
fragments occur in the excavated material, but numerous 
fragments have appeared on the bog surface after ploughing 
in the site area and are now lost as site material. Tortoise is 
not found at Muldbjerg I and Præstelyng. There are, how
ever, more than 10 finds from zone VIII at the 0gårde site in 
Åmose. 

SkeIetal elements 

Muldbjerg I 
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The small mammals are represented by 229 fragments of 
Arvicola terrestris (EMNI 46) ,  5 of Microtus agrestris (EMNI 
1 ) ,  12 of Apodemus flavicollis (EMNI 2) ,  3 of Clethrionomys 
glareolus (EMNI 1 ) ,  2 of Neomys fodiens (EMNI 1 ) ,  l of 
Rodentia sp. ,  4 of Erinaceus europaeus (EMNI 2) ,  and l well
preserved hypoplastron of Emys orbicularis (Pl. 4 1 ) .  There 
are, in addition, 8 fragments of frogs and toads, obviously 
members of the resident naturaI population. The only spe
cies that may have a special relation to the site is water vole, as 
cut marks are present on severaI bone elements (Pl. 42) .  

ARVICOLA TERRESTRIS 

Material. - The 229 fragments from water vole were all 
determined by E.O. Heiberg (personal communication, 
1 988) .  The EMNI of 46 is based on the number of cranial 
bones and teeth. There are 38 almost complete skulls and 65 
loose teeth; incisors are especially well preserved with pre
served staining (Pl. 42) .  All the bones are generally very well 
preserved, their fragile character taken in consideration. The 
census of the bone fragments, however, clearly demonstrates 
differences in representation of the single bone elements 
(Table 20) . Skulls and mandibles clearly outnumber the 
other bone elements, but a few elements from the postcranial 
skeleton are present. All the cranial bones are from large 
adult animaIs. A few of the jaw and skull bones have cut 
marks. 

Biometry. - The measurements on mandibles and limb 
bones, compared with modem material, showthat a number 
of different age groups are present, although large adults are 
the most frequent (E.O. Heiberg, personal communication, 
1 988) .  

Abnormalities. - Two of the jaw bones show traces of infec
tion around the incisors. One tibia has been broken but is 
neatly healed. 

ERINACEUS EUROPAEUS 

Material. - Four fragments; the EMNI is 2. The animaIs most 
likely died from naturaI causes, although they taste good and 
may have been eaten. 

Præstelyng 

The small mammals and reptiles at Præstelyng are repre
sented by 16 fragments of Arvicola terrestris (EMNI 3 ) ,  I l  of 
Microtus agrestris (EMNI 1 ) , 3 ofApodemus sylvaticus (EMNI 
2) ,  l of Apodemus flavicollis (EMNI 1 ) ,  1 1  of Erinaceus 
europaeus (EMNI 4) ,  and 2 of Sciurus vulgaris (EMNI l ) .  The 
only two species that are related to the site itself are Sciurus 
vulgaris and Erinaceus europaeus, as cut marks are present on 
mandibula and other bones (Table 2 1 ;  Pl. 4 1 : 1-2 ) .  There are 
also two fragments of frogs. 
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Table 20. Census on bone elements from small mammals, rodents, insecti-
vores, and amphibians from the Muldbjerg I site. 

v, � Cl � J; " <::$ " 'S t;" . � <::$ 'l:: f � g-g � <::$ g. � '-
� "'" ;:: 

� Cl " "" " 
v, " .� " eg., g. Cl .2! il ' 1:: E f " ;:: .� " " ..c ro 

Element 2 -S "'" '" <::$ ... " � Cl "'" Cl " eg., ;J � � o � ' 1:: ;:: � (sin/dex) � U � "'1 ""I 
Cranium 38 l 
Mandibula 33/35 0/ 1 1/0 2/ 1 2/0 
Scapula 2/1 O/ l 
Humerus 4/2 0/2 
Ulna 3/ 1 
Radius 2/1 
Pelvis 8/4 
Femur 6/ 1 1  2/1 O/ l 
Tibia 6/7 1/2 0/5 
Vertebra 
Dens I l  20/22 
Dens M l  O/ l 
Dens M2 0/2 
Dens M3 
Dens il 7/ 1 0  1 / 1  O/ l 0/ 1 
Dens m l  1 / 1  
Dens m2 O/ l 
Dens m3 
Unident. teeth 2 

NF 229 5 3 12  2 4 7 
EMNI 46 2 2 

Kongemose 

There are only 2 fragments of Arvicola terrestris and 6 frag
ments of Emys orbicularis. The tortoise fragments indude 4 
from the plastron ( l  hyoplastron, 2 hypoplastron, and l 
xiphiplastron) and 2 from the carapace (Pl. 4 1 ) .  They arewell 
preserved. 

Ulkestruplyng 

Only 13 fragments of Arvicola terrestris are found, and the 
EMNI is 3. No cut marks have been observed. 

Aves 

The material from the four sites consists of933 bones, 705 of 
which have been determined (Tables 22-26) . The state of 
preservation and the number of preserved bones vary from 
site to site. The bones are in general well preserved, except 
those that dearly have been killed by the inhabitants of the 
sites; the latter bones commonly lack the joints, and determi
nation to species is difficult or impossible. This is especially 
the case for species of water birds, in particular ducks. 
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Table 21 .  Census on bone elements from small mammais, rodents, insecti-
vores, and amphibians from the Præstelyng site. 

" � " " " . �  .l:: 'l:: . � <::$ t; 1 F . t:: � :c <::$ � � "'" ;:: .; '- " � " " ;:: g. � " ,. .2! E E � " . � 2 " " 1: Element "'" "'" <::$ '- ;J " Cl Cl ' E  ;:: 
(sin/dex) � � � ' t;  � � "'1 '" 
Cranium l 
Mandibula 2/2 2/4 0/1 
Scapula 
Humerus 0/ 1 0/ 1 
Ulna 1/0 
Radius 
Pelvis 1/0 1 / 1  
Femur 1 / 1  0/ 1 
Tibia O/ l 1 / 1  2/0 1/0 1 / 1  
Vertebra 0/4 
Dens I l  3/2 O/ l 
Dens Ml  
Dens M2 
Dens M3 
Dens il 1/0 1/0 
Dens m l  0/2 0/ 1 
Dens m2 
Dens m3 
Unident. fragments 

NF 16  1 1  3 1 1  2 2 
EMNI 3 2 4 

The bird bones from the sites indude some species not 
previously recorded from other contemporaneous deposits 
in the region. This does not mean, however, that the bird in 
question was confined to that area, but rather that other 
excavations and determinations have not been sufficiendy 
careful as regards bones in general and small bones in par
ticular. Payne ( 1972) demonstrated that unsieved animal 
bone collections from archaeological sites are 

'
severely de

pleted and biased against the recovery of smaller bones and 
bone fragments. Præstelyng and Muldbjerg I, however, have 
been excavated very carefully. This is probably the reason for 
new records of several species hitherto unknown from the 
Late Adantic time. Bird bones are, furthermore, fragile and 
relatively rare at many sites, except at specialized bird catch
ing and fishing sites, such as Store Lyng VI, and on inland 
kitchen middens in which abundant bird bones are present 
(J. Troels-Smith, pers. comm 1982) .  

A short introduction to the biology and distribution is 
given for all species found at the four sites, because knowl
edge concerning their habitat requirements is important in 
the interpretation of the palaeoenvironment in and around 
the Åmose lake. The main references on bird biology are 
Løppenthin ( 1 967), Voous ( 1 960) , and Gensbøl ( 1987) . The 
systematic description of the bird bones from Ulkestruplyng 
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Table 22. The preferred habitat and migratory habits of the speeies found at the four sites . •  = present, - = not present, () = maybe present. 

Speeies 

Podiceps cristatus 
Podiceps ruficollis 
Pelecanus crispus 
Ardea cinerea 
Botaurus stellaris 
Ciconia nigra 
Anas platyrhyncos 
Anas acuta 
Anas spatula 
Anas crecca 
Anas querquedula 
Anas penelope 
Bucephala c/angula 
Aythya fuligula 
Aythya marila 
Aythya ferina 
Tadorna tadorna 
Mergus merganser 
Mergus serrator 
Mergus albellus 
Anser anser 
Anser fabilis 
Cygnus olor 
Cygnus cygnus 
Cygnus bewickii 
Haliaeetus albicilla 
Buteo buteo 
Milvus milvus 
Milvus migrans 
Pandion haliaetus 
Tetrao urogallus 
Grus grus 
Fuliea atra 
Gallinula chloropus 
Rallus aquaticus 
Crex crex 
Numenius arguata 
Tringa ochropus 
Philomacus pugnax 
Picus viridis 
Corvus corone 
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() ()  • • • • • • •  () O ()  
() ()  • • • • • • • •  O ()  

- - . . . . . . . -
- - - . . . . . . -
- - . . () () () . . -
• • • • • • • • • • • •  
- - . . () () () () . . 
- - - . . . . . . -
- - . . () () () . . . 

• • • • • • • •  
- - . . () () () () . . 
· . . () () () () () . . . . 
() () () () . . . . . () () () 
· . . . - - - . . . 
- - - . . . . . . -
- - . . . . . . . -
• • • • • • • • • • • •  
· . () . . . . . . . .  . 
· . . - - - . . . 
- • • • • • • () O • 
() () • • - - - - • • • O 
• • • • • • • • • • • •  
• O O • - - - - • • • • 
· . . . - - - - - - . . 
- - • • O - • • 
• • • • • • • • • • • •  
- - • • - - O - • • 

- . . . - - () -
- - . . - - - . . . 

- - . . . - - . . . - -
() O () • • • • • • O O () 
• • • • • • • • • • • •  
- - . . . . . . . . 
- - - - . () () . . -
- - . . . . . . . . 
- - - . . . . . . 
- - - . . . . . . -
• • • • • • • • • • • •  
• • • • • • • • • • • •  

u = Ulkestruplyng, K = Kongemose, P = Præstelyng, M = Muldbjerg I 

is only briefly dealt with here, as Richter has already de
scribed the avian fauna from the site ( 1982a) . 

Muldbjerg I 

A total of 343 bird bone fragments were found; 32 1 ofthem 
are determined to species or family (Table 23) ,  and the EMNI 
is 79. The bones from Muldbjerg I show two types of preser-

vation, which to some extent also occur at Præstelyng and 
Ulkestruplyng. 

The first type includes complete bones having a hard, 
shining surface; they show no traces from human activity or 
tooth marks from carnivore predation. The other type in
cludes bones that have been intensely gnawed by dog and 
have numerous cut marks and possibly traces from tram
pling. The complete, well-preserved bones probably repre-
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Table 23.  Census ofbone elements from the birds found at the Muldbjerg I site. 
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Podiceps eristatus 
Podiceps rufieollis 2 
Ciconia nigra 2 l 2 4 3 l 1 5  
Anas platyrhyneos 12  3 5 18  5 10  9 2 4 7 1  1 0  
Anas acuta 3 2 5 3 
Anas spatula 2 4 l 
Anas creeea 2 4 4 l 2 l 1 7  3 
Anas querquedula 2 6 7 3 2 24 5 
Anas penelope 2 2 6 2 
Bucephala clangula 2 3 l 
Aythya fuligula 3 3 9 2 
Aythya marila 2 2 l 
Aythya ferina 6 l 2 3 2 4 20 4 
Tadorna tadorna 2 4 2 
Anas sp. 2 5 8 3 2 1  5 
Anas juvenile 2 2 3 12  19  3 
Mergus merganser l 4 2 10  4 
Mergus serrator 4 2 8 2 
Mergus albellus 2 4 
Anser anser 8 9 
Anser fabalis 2 2 
Anser sp. 2 
Cygnus olor 2 12  3 3 2 28 3 
Cygnus cygnus 2 4 
Cygnus bewiekii 
Cygnus sp. 
Haliaeetus albieilla 3 2 
Fuliea atra 2 3 4 4 1 6  5 
Gallinula ehloropus 2 
Rallus aquatieus 
Crex erex 
Tringa oehropus 
Philomaeus pugnax 2 2 
Pieus viridis l l 
Corvus corone 2 2 2 
Aves unident. frag. 2 2 2 5 8 22 4 

No. of bone elements 6 8 1 1  4 34 10  16  69 26 5 1  25 8 1 5  3 1  O 7 2 20 343 79 

sent part of the death assemblage formed by the natural 
accumulations of deceased local fauna. This interpretation is 
to some extent supported by the great number of undam
aged bones of very juvenile ducks. The bird bones from 
Muldbjerg I can thus be considered a composite assemblage 
including refuse from the site catchment and the bodies from 
the naturally deceased part of the fauna. This complexity is 
important to realize, as it has a significant influence on the 
interpretation of the importance ofbirds as diet supply and 
on conclusions concerning the season of occupation. 

Præstelyng 

A total of 1 63 fragments were found, 1 16 of which were 
determined to speeies or family; the EMNI is 34 (Table 25) .  

The avian fauna at Præstelyng is  similar to that found at 
Muldbjerg I in terms of speeies composition, diversity, and 
preservation. The site is characterized by the large number of 
juvenile bones. This is ofimportance in the determination of 
the season of occupation at Præstelyng (Fig. 138 ) .  

Kongemose 

There are 1 1 5 fragments ofbird bones (40 juvenile, 59 adult, 
and 16 indeterminate small fragments) representing only 1 2  
species (Table 25 ) .  The total number of  fragments deter
mined to speeies from both adults and juveniles is 48. The 
EMNI is 30. Numerous tooth marks can be seen, especially 
on the proximal and distal ends ofhumerus. 
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Table 24. Census of bone elements from the birds found at the Præstelyng site. 

<Il 
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Podiceps cristatus 
Pelecanus crispus 
Ciconia nigra 
Anas platyrhyncos 4 2 8 6 7 
Anas acuta 2 2 4 
Anas crecca 2 
Anas pene/ope 3 
Aythya ferina 
Tadorna tadorna 
Anas sp. 7 10  
Mergus serrator 
Anser anser 3 
Cygnus olor 
Cygnus cygnus 
Milvus milvus 
Pandidon haliaetus 
Grus grus 
Fuliea atra 2 3 
Aves unident. frag. 

No. of bone elements 4 3 3 6 16  3 14  29  

It is  characteristic that large birds such as crane, eagle, and 
stork are neady all represented by juvenile individuals, 
whereas bones from smaller birds, e.g., Anas platyrhynchos, 
mainly are from adults. The preservation of the bones is 
poor, as most of the bones are represented by diaphysial 
splinters, and only 7 complete bones have been found. This 
makes safe determination difficult or impossible. 

Ulkestruplyng 

A total of 3 1 3  fragments ofbirds have been excavated. Only 
177 bones have been determined; the remaining 136 frag
ments are small and incomplete (Richter 1 982a) . The EMNI 
is 39 (Table 26) .  A total of23 species are represented, some by 
very young individuals, as in the case of Ciconia sp. where it 
is impossible to make a safe species determination. Adult 
bones of Ciconia nigra are, however, present, showing that 
this species lived in the vicinity ofUlkestruplyng. Some of the 
species are only represented by a single bone fragment. 

The description of the individual bone fragments from the 
various species is omitted here, as this was partly done by 
Richter ( l 982a) . The determined bones are well preserved, 
whereas the indeterminable fragments lack both joints and 
are merely hollow tubes which make species determinations 
of closely related duck species impossible. 

Four of the bones have been partly burned, and at least five 
have been intensely gnawed by dog. Some of the damage on 
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22 
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the humerus of crista lateralis may be due to sediment com
paction and related factors acting on the thin bone wall of 
this protruding part. 

A femur from Podiceps cristatus has densely scattered small 
white spots on the surface. This type of modification is seen 
on a Cervus bone from Muldbjerg I and probably represents 
bioerosion inflicted by algae (R.G. Brornley, personal com
munication, 199 1 ) .  

Podiceps cristatus (great crested grebe) 

Biology and distribution 

Great crested grebe today occurs in several clirnatic zones 
within the Old Wodd and even discontinuously in the Palae
arctic zone. It avoids, however, the extreme zones of tundra, 
deserts and tropical rain forests. 

Great crested grebe prefers relatively large open fresh 
eutrophic waters with a protective marginal belt of reeds and 
rushes. It is sometimes met in rapidly flowing rivers and 
occasionally in brackish waters in estuaries. Wide stretches of 
open water seem to be an essential requirement of the bird. 

The preferred type of food is small fish, like roach and 
perch, together with insects and their larvae. It may also eat 
frogs and some water plants. 

The nest is built on more or less floating islands that may 
be anchored in the outer zones of the reed swamp, and the 



FOSSILS AND STRATA 37 ( 1 995) Amose: Palaeontological descriptions 149 

Table 25. Census of bone elements from the birds found at the Kongemose site. 
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Peleeanus crispus 1 l 
Ciconia nigra 2 2 2 
Anas platyrhyncos 5 2 9 3 
Anas crecea l l 
Anas querquedula 2 2 2 
Anas penelope 2 2 2 
Aythya ferina 3 3 3 
Anas juvenile 40 40 9 
Haliaeetus albieilla 2 2 6 2 
Buteo buteo 2 
Tetrao urogallus 2 5 
Grus grus 4 6 1 2  2 
Fuliea atra 2 2 
Corvus eorone l 
Aves unident. frag. 27 27 

No. of bone elements 2 O O O 5 13  2 6 3 O 2 1 0  O 2 67 1 15 3 1  

Table 26. Census o f  bone elements from the birds found a t  the Ulkestruplyng site. 
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Podiceps eristatus 3 2 4 2 3 2 2 2 1  3 
Ardea cinera 3 6 
Botaurus stellaris 2 2 l 
Cieonia nigra 2 3 4 14  2 
Cieonia sp. 3 4 1 1  2 
Anas platyrhyneos 4 2 l 3 1 5  2 
Anas spatula l 2 
Anas creeca 2 4 
Anas querquedula 
Aythya fuligula 2 5 
Anas sp. 
Mergus merganser 2 
Mergus serrator 2 
Mergus albellus l 1 
Anser anser 3 2 2 2 1 2  2 
Aeeipitridae 
Haliaeetus albicilla 2 2 5 1 1  2 
Milvus milvus 2 3 6 2 
Milvus migrans l l 3 l 
Fuliea atra 4 2 13  3 1 0  6 5 48 7 
Crex crex 
Scolopacidae 
Numenius arguata 
Pieus viridis l 
Corvus corone 5 
Aves unident. frag. 136 136 

No.  of bone elements 2 3 O 25 6 6 32 1 2  14  7 2 22 2 1  1 7  6 136 3 1 3  3 9  



1 50 Nanna Noe-Nygaard 

breeding season lasts from April to August. In present-day 
Denmark it is a partly migratory bird, depending on the 
severity of the winter. In cold winters it leaves the country in 
September, October, or November and returns in March or 
April. 

Great crested grebe has been found in Danish site deposits 
from the Boreal, Adantic, and Subboreal periods (Løppen
thin 1967) . It mayverywell have lived in Denmark already in 
Preboreal time, but its first appearance cannot be firmly 
dated, because of the lack ofPreboreal sites having preserved 
organic material. It was, however, part of the water-bird 
fauna at the English Preboreal site Star Carr (Clark 197 1 ) .  

MULDBjERG I 

Material. - Only 1 fragment, a dextral, distally damaged 
carpometacarpus (MuLI 152 l3 )  (Appendix 2 ) .  

PRÆSTELYNG 

Material. - Only 2 fragments: a well-preserved fragment of 
pelvis with a tooth mark (PL 16644-35) ,  and a dextral, poorly 
preserved juvenile davicula (PL 13917 ) .  

ULKESTRUPLYNG 

Material. - Twenty-one bones, representing at least 3 indi
viduals. It is one of the better-represented birds at the site and 
has probably been fairly common. Some of the bones prob
ably derive from naturally deceased birds from the lake; great 
crested grebe was probably not a preferred bird for con
sumption. This is confirmed by the completeness of the 
bones and the distribution of the recovered bone elements 
from all parts of the skeleton with only slight dominance of 
bone elements from the wing. 

Podiceps ruficollis (little grebe) 

Biology and distribution 

The present -day distribution oflittle grebe is dose to that of 
great crested grebe, but it has a more southern affinity and is 
totally absent in tundra and rare in the boreal region. 

The preferred habitat is in overgrowing, shallow freshwa
ter lakes with a dense vegetation. The eggs are laid in floating 
nests, and the breeding season is from April to August. The 
preferred food is insects, molluscs and small fish. 

Litde grebe is partly a migratory bird, depending on the 
severity of the winter. The preferred migratory time is Sep
tember-December. 

The earliest appearance at a Danish site is in deposits from 
the Atlantic period and also in Subboreal deposits (Winge 
1925) .  Although no finds are recorded from the Boreal 
period it is very likely that it had immigrated to Denmark 
already at that time. In England it occurs at the Preboreal site 
Star Carr (Clark 197 1 ) .  
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MULDBjERG I 

Material. - Only 2 finds, a well-preserved, sinistral humerus 
(MuLI 521 18 ) ,  and a well-preserved dextral tibiotarsus with 
distinct cut marks distally (MuLI 33 1 1 8 )  (Appendix 2 ) .  

Pelecanus crispus ( crested pelican) 

Biology and distribution 

The crested pelican has a highly discontinuous distribution 
in the Palaearctic, in Mediterranean steppe, and in desert 
dimatic zones. It formerly nested in western Europe in large 
estuaries, and it is known to have nested in Hungary in the 
last century (Løppenthin 1967; Voous 1960) . 

The preferred habitat is marshy shores of large lakes and 
inland seas and deltas, where it prefers areas with dense reed 
marshes. The nests are large platforms in thick reeds or shore 
vegetation and occur in colonies (Voous 1960) . Today the 
crested pelican breeds in southeastern Europe and is distrib
uted from the Balkan peninsula in the west to Mongolia in 
the east. The Persian Gulf constitutes its southern limit. 

The pelican feeds on freshwater organisms, especially fish, 
and thus requires access to larger lakes or rivers. It is very 
tolerant to varying temperatures and may therefore be met 
far from home on stray visits. 

Løppenthin ( 1967) expressed the opinion that crested 
pelican probably bred in Denmark in the postglacial warm 
period, but as Hatting ( 1963) correcdy stated, 'as long as no 
juvenile bones are recovered, there is no proof of it' . 

The bone from Præstelyng stems from an adult and thus 
does not contribute to the question of breeding or non
breeding. The small total number of finds speaks against the 
assumption of the pelican being a regular breeding bird in 
Denmark, as it lives in colonies and thus a larger number of 
bones should then have been expected (Hatting 1 963 ) .  Nei
ther dimate nor biotop es in the Atlantic and Subboreal in 
Denmark were prohibitive, and breeding thus cannot be 
exduded. 

The oldest Danish finds described in the literature are 
from the Adantic period (Hatting 1 963) .  One was made at 
Syvhøje and another at Vedbæk, both coastal localities. The 
finds of pelican at Præstelyng and Kongemose in deposits 
from the Atlantic period are the only inland occurrences 
recorded so far. 

Four finds are recorded from the Subboreal period, one of 
which is from an inland site at Sandhuse. One find is un
dated. This brings the total number up to 8. 

The finds of crested pelican in Denmark are rather unique 
for northern Europe; there are only 2 finds from England 
until now. One of these belongs to the pre-Roman Iron Age 
(Hatting 1 963) and another, more recent find, to the Bronze 
Age. 
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PRÆSTELYNG 

Material. - Four well-preserved fragments: 1 ulna, 1 ulnare, 
1 scapula, and 1 vertebra (Appendix 1, p. 307). 

KONGEMOSE 

Material. - Until now, only 1 dextral ulnare has been found 
at Kongemose. The bone is complete and well preserved. 

Ardea cinerea (grey heron) 

Biology and distribution 

Grey heron has a Palaearctic distribution within the temper
ate zone, with a few scattered populations in the subtropical 
zone. It breads in colonies, and the preferred habitats are 
lakes and fjords with rich fishing possibilities and seattered 
high trees for nest building. It avoids dense forest and may 
build its nest in dense reed swamps or on cliffs. Most of the 
recent Danish grey heron population consists of migratory 
birds that stay in southem Europe during winter, but a few 
resident individuals may be met with at winter time as well 
(Joensen 1969) . 

Grey heron is known from Boreal deposits in the form of 
juvenile bones (Richter 1 982a) . Winge ( 1 925) recorded grey 
heron from Atlantic and Subboreal deposits. 

ULKESTRUPLYNG 

Material. - Six bones: 3 vertebrae, 1 coracoid, 1 humerus, 
and 1 tibiotarsus. Two of the fragments are from juvenile 
birds. The EMNI is 2 

Botaurus stellaris (bittern) 

Biology and distribution 

Bittem belongs to the Palaearctic fauna. It occurs in most 
European countries and eastward into southem Siberia. 

The preferred habitat is dense reed vegetation around 
larger lakes or brackish fjords, where the colours and pat
tems of the feathers almost make the bird invisible. The main 
diet is frogs, fish, insects and crustaceans. 

Bittem breeds in Denmark, and the migrating birds arrive 
in March and leave in September-November. Some couples 
ofbittem are wintering in Denmark, but suffer during severe 
winters. The eggs are laid in late April and hatch in late May. 
The nest is placed in the dense reed vegetation. 

Subfossil finds are known from the Boreal and the Sub
boreal periods (Winge 1925; Degerbøl 1 943; Løppenthin 
1967) . Bittem occurs at the Ulkestruplyng site but not at any 
of the sites from the Atlantic period. This is somewhat 
puzzling, as the Åmose lake should probably have had the 
right qualities to sustain a population. The lack of finds of 
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bittem from the Atlantic period may be incidental, but it may 
also result from the continuous rise of lake level, which 
flooded the reed swamp again and again during the Atlantic 
period. 

ULKESTRUPLYNG 

Material. - Two well-preserved fragments of stemum. The 
EMNl is 2 .  

Ciconia nigra (black stork) 

Biology and distribution 

Black stork has today a much wider natural distribution than 
white stork. It breeds in a belt that extends without interrup
tion from the Elbe river in northem Germany to Asia Minor; 
and from there on it occurs to Manchuria in the east except 
for the steppe areas, as it requires forested land. Black stork is 
now an extremely rare breeding bird in Denmark, and only 
two or three couples have been recorded during the last 20 
years (Jespersen 1 949) . 

Black stork builds its nest in high tree crowns and prefers 
open space between the trees to give room for its large wings. 
Access to lakes or larger watercourses is vital, as fish consti
tute its main food, supplemented by frogs, insects and crus
taceans. 

Black stork arrives in the beginning of April from its winter 
quarters and lays its eggs in late April or early May. The eggs 
hatch in about 40 days, which means that the young can be 
expected early in June. It do es not leave the breeding area 
until late in the autumn and may still be seen in September or 
even October. 

Black stork has been able to live in Denmark severaI 
millennia before white stork, and it is reported from Late 
Boreal deposits (Løppenthin 1 967), from where bones have 
been found in Holmegaards Mose (Winge 1 904, 1 924) . 
Finds from the Subboreal period have also been recorded. 

Bones of black stork are, however, difficult to distinguish 
from those of white stork. The bones are of about the same 
size and shape, and fragments cannot be determined to 
speeies without recourse to environmental data. There are 
subtle differences, especially in humerus but also in tibia, 
ulna, femur, and, not least, in stemum. Unfortunately, few 
modem complete skeletons have been available for compari
son (Ciconia ciconia: A 793 adult male, A 74 adult female; 
Ciconia nigra: A 76, A 963 males) ,  and a biometrical analysis 
has not been possible. Differences between the two speeies in 
humerus morphology are visible in tuberculum mediale and 
crista lateralis: the first part is more swollen and rather 
pneumatic and the last meets the shaft in a more acute angle 
in white stork than in black stork. In ulna from white stork, 
olecranon is more straight and slightly tilted in a caudal 
direction. In black stork, olecranon is curved in a cranial 
direction. In femur of white stork, the distal joint is a con-
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tinuation of the diaphysis, whereas in black stork the joint is 
almost at right angle to the shaft. In white stork, the proximal 
joint of the tibia is perpendicular to the diaphysis, whereas in 
black stork it is tilted in a cranial direction. In sternum there 
are clear differences in the position and shape of manubrium 
sternum, labium ven trale, and labium dorsale, but these are 
difficult to recognize in broken material. 

The finds from Præstelyng and Muldbjerg I prove that 
black stork was also present in the Atlantic period. The 
relatively scarce subfossil remains of black stork do not 
necessarily retlect its true abundance, but the bones of a 
juvenile from Præstelyng shows that the species was breeding 
here. 

MULDBjERG I 

Material. - Fifteen well-preserved fragments representing 
several bone elements. All seem to belong to the same adult 
individual, as indicated by the even left/right side distribu
tion, similar ontogenetic age, and similar preservation. 
There are no traces from human activity or dog-gnawing. 
Several of the bones seem to have broken in situ after depo
sition. 

PRÆSTELYNG 

Material. - Five fragments, well preserved although the joints 
are miss ing on all elements. They may all be from the same 
very young, presurnably nest -bound, individual. The EMNI 
is 1 .  

KONGEMOSE 

Material. - Two well-preserved fragments of tarsometatar
sus from very young individual (Appendix 1 ,  p. 307) .  

ULKESTRUPLYNG 

Material. - Fourteen bones: 1 coracoid, 1 scapula, l hu
merus, 2 ulnae, 1 carpometacarpus, 3 fem ora, 1 tibiotarsus, 
and 4 tarsometatarsi. The total EMNI is 4 (2 adults and 2 
juveniles) .  Eleven additional fragments of Ciconia sp. are 
mainly from juveniles and difficult to determine. 

Anas platyrhynchos (mallard) 

Biology and distribution 

Mallard is widely distributed as a breeding bird practically all 
over Europe. It is more abundant in northern and central 
Europe than farther south. In the winter it seeks warmer 
regions, but it is hardy and do es not leave the summer 
dwelling place until the frost forces it away. In Denmark it is 
the most common breeding duck. It prefers relatively shal
low water with luxurious vegetation (GensbøI 1987) and is 
found in lakes, on moors, and in ponds in forested county, or 
almost everywhere where there is some free water. 
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The eggs are laid in March or April and hatch in about 4 
weeks. However, nests containing eggs can be found as late as 
in June; these belong to birds that had their first brood 
destroyed. Most of the Danish mallards are migratory and 
leave late in November or even as late as December , when the 
winter cold comes. They return as soon as the ice on the lakes 
is gone in the early spring. Some stay during mild winters and 
are joined by ducks migrating from northern Norway and 
Siberia. 

In Denmark mallard is represented by bones from Boreal 
period to the present. Løppenthin ( 1 967) considers it pos
sible that mallard was able to find sufficient food already in 
Late Glacial time near to the ice front. Late Glacial finds from 
Holstein support this hypothesis (Krause 1937) .  On Sjælland 
mallard is found in Maglemosian site deposits from early 
Boreal time (DegerbøI 1943 ) .  

MULDBjERG I 

Material. - Seventy-one fragments (Appendix 2 ) .  The EMNI 
is 10 .  A majority of the coracoid, the metacarpi, the ulnae, the 
radii, and half of the humeri are complete bones. There are 1 8  
humeri, 1 2  coracoid, 5 radii, 10 ulnae, 9 carpometacarpi, 2 
pelves, 3 scapulae, 5 sterna, 1 cranium, 1 mandibula, 4 
tibiotarsi, and 1 tarsometatarsus. A few tooth and cut marks 
occur on the otherwise very well-preserved bones. 

PRÆSTELYNG 

Material. - Forty-two specimens. Many of the bones are 
complete, but several of the humeri are broken, or the upper 
joint is missing. The state of preservation is very good, even 
in juvenile bones. Five bones are from veryyoung birds. Two 
pieces can be reassembled. On the basis of the bone material, 
the EMNI is estimated to 8 (6 adults and 2 young ones, one 
of which was newly hatched and one somewhat older) . 

KONGEMOSE 

Material. - Nine fragments: 5 coracoids from adults, 
scapula, 2 humeri, and 1 ulna (Appendix 1 ,  p. 308 ) .  

ULKESTRUPLYNG 

Material. - Fifteen fragments: 4 coracoid, (2 dextral and 2 
sinistral) ,  1 scapula, 2 humerus, 1 radius, 1 carpometacarpus, 
1 pelvis, 1 femur, 3 tibiotarsus, 1 tarsometatarsus. The EMNI 
is 2 .  

Anas acuta (pintail) 

Biology and distribution 

Pintail belongs to the Palaearctic fauna, which is distributed 
in the holarctic, boreal, and temperate zones. The breeding 
areas are generally more northern than those of the mallard. 

Preferred habitats are freshwater pools, marshes, and 
moors with extensive stretches of shallow waters with open 
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areas. The nest is on dry land. Pintail feeds by dabbling, like 
mallard, but the food has a higher vegetable content. The 
wintering areas are as far south as Central Africa and south
ern Asia. In present-day Denmark it may be met with as a 
breeding bird, and as a migratory bird in September-No
vember and March-April. 

Bones from pintail are known in Danish deposits from the 
Boreal and Subboreal periods and have now been safely 
identified from the Atlantic period. 

MULDBjERG I 

Material. - Five bones: 2 sinistral ulnae and 3 sinistral cora
coids (Appendix 1, p. 308 ) .  

PRÆSTELYNG 

Material. - Ten fragments, all well preserved; both juveniles 
and adults occur. The EMNI is 4.  

Anas spatula ( shoveler) 

Biology and distribution 

Shoveler is holarctic, in boreal, temperate, Mediterranean 
steppe, and desert dimatic zones. The preferred habitat is 
shallow freshwater pools and abandoned creeks with 
eutrophic water and with muddy bottom with luxuriant 
macrophyte vegetation surrounded by moors and wet 
meadows (GensbøI 1987) .  The diet is a mixture of animal 
and plant food. The nest is on land under low bushes in grass. 
Shoveler breeds in Denmark, arriving in April and leaving in 
October. 

Danish subfossil finds of shoveler are from the Boreal, 
Atlantic, and Subboreal periods (Winge 1 924, 1 925; 
Degerbøl 1942; Møhl 1957; Løppenthin 1967) .  

MULDBjERG I 

Material. - Four fragments: 2 distal, fragile fragments of 
humerus ( 1 1eft and 1 right) ,  1 complete sinistral tibia, and 1 
complete dextral ulna (Appendix 2 ) .  

ULKESTRUPLYNG 

Material. - Only 2 bones ( 1  coracoid and 1 humerus) .  The 
EMNI is l .  

Anas crecca (teal) 

Biology and distribution 

Teal breeds all over the Palaearctic region. It is a migratory 
bird that spends the winter in middle and southern Europe 
or even in North Africa. In Denmark teal mainly breeds in 
small eutrophic freshwater lakes and moors with a luxuriant 
shore vegetation. It is mainly found near freshwater, but 
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outside the breeding season it also occurs at the coasts. The 
food is a mixture of small animals and plants. 

Teal arrives from its winter quarters in March and April 
and leaves in September or October; a few may stay during 
the winter. The nest is placed in dense vegetation, sometimes 
at a distance from the water. The eggs are laid in the middle 
ofMay and hatch after a month. 

Løppenthin ( 1 967) believed that teal probably immi
grated already at the end of the Late Glacial or Early Preboreal 
time. The species has been recorded from Holstein from the 
Late Glacial period (Krause 1 937) .  

Finds of subfossil bones have been recorded from the 
Boreal (Richter 1 982a) , Atlantic (Noe-Nygaard 1969) ,  and 
Subboreal periods (Aaris-Sørensen 1988) . Bones of this spe
cies are easily confused with those of Anas querquedula 
(Løppenthin 1967) . 

MULDBjERG I 

Material. - Seventeen fragments (Appendix 1 ,  p. 308 ) .  The 
EMNI is 3. The bones are very well preserved, and only the 
sternum, 1 humerus, and the tibia are broken. There are no 
visible cut or chewing marks on the bones. 

PRÆSTELYNG 

Material. - Two davicula (Appendix 1 ,  p. 308 ) .  

KONGE MOSE 

Material. - One humerus (Appendix 1, p.  308) .  

ULKESTRUPLYNG 

Material. - Only 4 fragments: 2 coracoid ( 1  dextral and 1 
sinistral) , 1 ulnare, and 1 carpometacarpus. The EMNI is l .  

Anas querquedula (garganey) 

Biology and distribution 

Garganey belongs to the Palaearctic fauna, which is distrib
uted over the boreal, temperate and Mediterranean zones. 
The preferred habitat is small freshwater pools, lakes, and 
creeks and shallow eutrophic waters with affluent vegetation 
and surrounded by moors and wet meadows. The food is 
partly vegetable and partly animal. Garganey breeds in May, 
and its nest is placed in high grass dose to water. It arrives in 
April and leaves again in September to winter in Africa. 

In Denmark garganey has been recorded from Boreal 
deposits (Richter 1 982a) and from late Atlantic and Sub
boreal deposits. It is not always easy to distinguish between 
bone fragments of garganey and teal. There are, however, 
differences in the dimensions of coracoid, carpometacarpus, 
and possibly ulna (Richter 1 982a) . Especially sternum shows 
differences in the cranial part. It is thus well documented that 
both teal and garganey were part of the water fowl fauna in 
the Åmose lake. 
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MULDBjERG I 

Material. - Twenty-four fragments: 1 cranium, 2 coracoids 
( l  dextral and 1 sinistral) ,  1 sternum, 6 humeri (5 dextral 
and 1 sinistral) ,  1 dextral radius, 7 ulnae (3 sinistral and 4 
dextral, one of which is juvenile) ,  3 carpometacarpi, 1 dex
tral femur from a juvenile, and 2 dextral tibiotarsi (Appen
dix 2) .  

The EMNI is  at least 5, of which 1 i s  juvenile. The bones 
are very well preserved, although a few are broken. Some of 
the bones have cut marks. The dark brown staining indi
cates deposition mainly in taphozone Il. Only Mul.l 10877, 
52336, 5224 1 and 34377 were deposited in light gytt ja, 
taphozone Ill. 

KONGEMOSE 

Material. - Two well-preserved ulnae (Appendix 1 ) .  

ULKESTRUPLYNG 

Material. - One coracoid has safely been determined to Anas 
querquedula. The EMNI is 1 .  

Anas penelope (widgeon) 

Biology and distribution 

Widgeon is widespread as a breeding bird throughout the 
northern part of the Palaearctic region and also breeds in 
Denmark. It is a very common migrating guest from mid
March to late April and again from late August until mid
November. During the breeding period the bird lives at fresh 
waters; the rest of the year it occurs along the coasts. 

Subfossil bones are known from Holstein, where they are 
dated to the Late Glacial time (Løppenthin 1967) . More or 
less reliable finds are known from Boreal, Subboreal, and 
Subatlantic periods, and there is also a find from the late 
Atlantic Præstelyng site (Noe-Nygaard 1969) .  

MULDBjERG I 

Material. - Six fragments (Appendix 2 ) :  1 cranium, 2 dextral 
coracoids, 2 sinistral ulnae, and 1 dextral femur. The bones 
are from adults and well preserved, except for the coracoid. 
The EMNI is 2. A single bone shows cut marks. 

PRÆSTELYNG 

Material. - Seven fragments, from adults and juveniles, frag
mented but not weathered. The EMNI is 3 .  

KONGEMOSE 

Material. -Two fragments ofcarpometacarpus (Appendix 1 ,  
p. 300) .  
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Bucephala clangula (golden -eye) 

Biology and distribution 

Golden-eye is a holarctic species that almost exclusively 
occurs in the boreal zone. The preferred habitats are lakes 
and rivers in wooded, mainly coniferous, areas but also in 
woods of willow and birch. The diet is mainly animal food, 
such as molluscs, fish, and crustaceans. The nest is placed in 
a natural hole high in a tree, commonly abandoned wood
pecker nests. In Denmark it is today a migratory bird and a 
winter guest. 

The first safely dated finds of golden-eye are from the 
Atlantic and Subboreal periods (Winge 1925; Degerbøl 
1943 ) .  According to Løppenthin ( 1 967),  the favourite habi
tats of the species were present already from the Preboreal 
time. 

MULDBjERG I 

Material. - Three complete bones (Appendix 2 ) :  2 tarso
metatarsi ( 1  dextral and 1 sinistral) and 1 dextral tibiotarsus 
from a juvenile. The EMNI is 2 .  

Aythya fu ligu la (tufted duck) 

Biology and distribution 

Tufted duck has a trans-Palaearctic, boreal and temperate 
distribution. The preferred habitats are freshwater lakes, 
ponds, and quiet windings of slowly flowing rivers with rich 
shore and bottom vegetation. The food is predominantly 
small animals but also includes some plants. The bird dives 
to a depth of2--4 m. The breeding season is from late April to 
May-June. The nest is placed on small islands where the 
species may gather in colonies. In Denmark it is a relatively 
common breeding bird, and a restricted number may be 
regarded as sedentary. The majority of tufted duck met with 
in Danish lakes are either migratory or stray birds. The oldest 
known find of tufted duck in Denmark is from the Boreal 
period (Winge 1925; Richter 1 982a) . Løppenthin ( 1967) 
suggested that it was not a breeding bird in the Atlantic and 
Subboreal periods because of the lack of suitable habitats. 
The finds of tufted duck from both Præstelyng and Muld
bjerg I, however, are suggestive of the presence of a standing 
population in the late Atlantic period. The Åmose lake habi
tat probably met most of the habitation requirements of the 
species. 

MULDBjERG I 

Material. - Nine bones, one of which is from a juvenile 
(Appendix 2 ) :  3 coracoids (2 sinistral and 1 dextral) ,  1 dextral 
humerus, 1 sternum fragment, 3 ulnae (2 dextral and 1 
sinistral) and 1 dextral femur. The bones are generally well 
preserved, except for the coracoids, which are slightlyweath-
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ered at the joints. There are no cut marks or other traces of 
human activity. 

It is fairly difficult to distinguish between Aythya fuligula 
and Aythya ferina, but measurements on modern material of 
humerus, ulna, and metacarpus from the two species dem
onstrate a size difference, tufted duck having smaller and 
shorter bones. It is then dear that both species are present in 
the Muldbjerg I material, also taking the sexual dimorphism 
into consideration (Table 27) . 

ULKESTRUPLYNG 

Material. - Five fragments: l mandibula, l coracoid, l hu
merus, and 2 ulnae. The EMNI is l .  

Aythya marila ( scaup) 

Biology and distribution 

Scaup has an almost circumpolar, holarctic distribution and 
mainly occurs in boreal, but also in temperate, zones. The 
preferred habitat is open freshwater lakes. The food is mainly 
animal, and insects play a major role. The nest is on the 
ground, in herbs under bushes. In Denmark it is a migratory 
bird and may be encountered from October to April, espe
cially along the coast. 

Subfossil finds of scaup are from the Atlantic and Sub
boreal periods (Løppenthin 1967; Brøndsted 1 957; Winge 
1925) ,  but the species has probably never bred in Denmark 
and is only to be considered a winter guest. 

Table 27. Biometric data on modem material ofAythya fuligula and Aythya 
ferina, compared with dimensions on fossil bones from the one or the other 
of the two species from the Muldbjerg I site. A. fuligula seems to be smaller 
in nearly all dimensions than A. ferina. The dimensions on the Muldbjerg 
I material thus indicate that they belong to A. ferina. All measurements 
taken are GL. 

Recent (all males) 
Aythya fuligula Aythya ferina 

humerus ulna humerus ulna 
adult 63.4 7 1 .0 adult 66.0 74.2 
adult 64.5 70.4 adult 66.0 
juv. 62.5 68.5 juv. 67.6 74.0 

adult 63.0 adult 68.4 74.0 
65.0 7 1 .3 
64.0 7 1 .6 
63.0 70.0 
65.0 

metacarpus metacarpus 
44.6 44.8 
43.5 46.5 
43.3 46.0 
42.8 
44.5 
42.5 

Fossil 
Aythya 

MuLI 470 MuI.! 471 
humerus ulna 

67.0 74.4 

MuLI 1440 
metacarpus 

45.5 
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MULDBJERG I 

Material. - Two dextral ulnae (Mul.! 32795 and 1 1496) 
(Appendix 2 ) .  The bones are almost complete with slight 
damage to the proximal joint. There are no cut marks. The 
EMNI is 2 .  

Aythya ferina (pochard) 

Biology and distribution 

The breeding area for pochard extends from the British Isles 
and the Netherlands in the west, through southern Scandi
navia, and eastward to the Balkan peninsula and as far as 
Lake Bajkal. Its northern limit is about 60° northern latitude. 
During winter the species may be met with as far south as 
North Africa. In Denmark pochard only breeds sparsely, 
although it is the most common diving duck. 

Pochard feeds on vegetable matter and is a freshwater bird. 
During the breeding season in early May, the species seeks 
smaller lakes with dense vegetation along the shores, where it 
places its eggs dose to the water. Hatching takes 3-4 weeks. 
The young appear in the beginning of June. Most pochard 
seen in Denmark are migratory birds, arriving in April and 
leaving again in September-October. A few, mainly male, 
birds spend the winter in Denmark. Most of these are prob
ably guests from Sweden and other countries east of Den
mark. Hørring ( 1 9 19) and Løppenthin ( 1 967) both believed 
that pochard was a latecomer in the Danish fauna. Subfossil 
finds were previously unknown, except perhaps for a single 
doubtful record from England (Bell 19 15 ) .  

The bones from Præstelyng and Muldbjerg I have been 
determined with certainty and are the first subfossil records 
from Denmark. It is perhaps significant that the finds are 
from the Åmose basin, where the ecological conditions were 
exceedingly good for pochard. 

It is thus very likely that pochard has lived in Denmark at 
least from the Atlantic and Subboreal times. 

MULDBJERG I 

Material. - Twenty fragments, induding both juveniles and 
adults (Appendix 2; Table 27) .  A collection of wing bones 
(Mul.! 1 5556) appears to be part of faeces, judging from the 
way the bones are splintered. The appearance and preserva
tion of the other bones indicate that they have been deposited 
in different taphozones. The majority are from zone Il, 
whereas 5 bones are from taphozone Ill. There are l cra
nium, l davicula, 6 coracoids (5 sinistral and l dextral) ,  l 
dextral humerus, 2 dextral radii, 3 ulnae (2 sinistral and l 
dextral) ,  2 carpometacarpi ( l  sinistral and l dextral) , and 4 
tibiotarsi (2 sinistral and 2 dextral) .  Cut marks are not 
observed. 

PRÆSTELYNG 

Material. - One mandible fragment (Appendix l ,  p. 309) .  
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KONGEMOSE 

Material. - Three humerus fragments (Appendix 1, p.  309) .  

Tadorna tadorna ( shelduck) 

Biology and distribution 

Shelduck is a common breeding bird from the British Isles 
and the Netherlands in the west over temperate Europe to 
USSR and central and south Siberia in the east. It also occurs 
north of the Arctic Circle. It winters in southern Europe and 
North Africa. 

In Denmark shelduck prefers to breed in the inner part of 
fjords and sounds on small islands. It is normally a coastal 
bird, but it may also breed in larger, open inland lakes. 

Shelduck arrives from its winter quarters in the beginning 
of March. The eggs are laid in the end of May or the begin
ning ofJune. They hatch after 26-28 days. The winter migra
tion to the south begins in September or October, but a 
limited number stay in Denmark during the winter. 

Shelduck feeds exclusively on animal food, such as crusta
ceans, worms, and insects, which it obtains by diving. 

Remains of shelduck have been reported from the Sub
boreal and Subatlantic periods in Denmark (Løppenthin 
1967) . According to Løppenthin ( 1 967), the climate and the 
environment at that time were acceptable to the species. He 
suggested that this is actually the variety that today occurs in 
Central Asian steppe areas. This suggests a certain degree of 
openness in its habitat. 

The occurrence of shelduck in late Atlantic time, as shown 
by the find at Præstelyng, does not, however, prove that the 
species was breeding in the Åmose. Although the bone be
longs to a relative!y young individual, it may represent a bird 
that foraged on its way to the winter quarters. 

MULDBjERG I 

Material. - Four rather damaged fragments (Appendix 2 ) :  2 
humeri ( 1  left and 1 right) ,  1 scapula, and 1 fragment of 
sternum. The EMNI is 2 ( l  juvenile and 1 adult) .  Cut marks 
and small tooth marks are present. 

PRÆSTELYNG 

Material. - One juvenile coracoid (Appendix 1 ,  p. 309) .  

Unidentified duck species 

Material. - Anas spp. from Præstelyng, Muldbjerg I, Ulke
struplyng, and especially from Kongemose mainly com
prises bones from juvenile birds that cannot be identified to 
species. There are, however, clearly juvenile bones from 
more than 10 species. At Muldbjerg I there are 21 fragments 
of Anas sp. from 5 individuals. The 9 humeri from Præste-
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lyng derive from 5 individuals representing at least 4 species. 
The 8 undetermined ulnae are almost without joints, and so 
are the 7 radii, which are furthermore partly broken and 
belong to at least 3 species. The 5 tibiotarsi also are from at 
least 3 species. There are 2 femora from 2 different species. 
Two metacarpi are without joints. One beak has been found. 

Mergus merganser (goosander) 

Biology and distribution 

Goosander is a holarctic form with almost circumglobal 
distribution in the boreal climatic zone and a few places in 
the temperate zone. 

The preferred habitats are normally large freshwater lakes 
with clear water, and fast runn ing sparse!yvegetated streams, 
but it also thrives well in brackish fjords. It lives in wooded 
areas and nests in hollow trees. The main type of food is fish 
and small crustaceans, frogs and insects. 

In Denmark goosander rarely breeds. The first eggs are 
hatched quite early in April. In October and November a 
large number of migratory birds arrive from the north and 
stay on until February and March. 

Goosander is found in deposits from the Boreal, Atlantic 
and Subboreal periods (Winge 1 925; Richter 1 982a; Løppen
thin 1967) . 

MULDBJERG I 

Material. - Ten fragments, generallywell preserved (Appen
dix 2 ) :  4 sinistral humeri, 1 sinistral radius, 1 sternum, 1 
dextral coracoid, 1 dextral scapula, and 2 fragments of pelvis. 
Three of the bones are from juveniles. The scapula has cut 
marks. 

U LKESTRUPL YNG 

Material. - Two fragments: 1 humerus, and 1 ulna. 

Mergus serrator (red-breasted 
merganser) 

Biology and distribution 

Red-breasted merganser is now holarctic, circumpolar but 
was probably earlier a low-arctic species extending to more 
southerly regions until the forest spread northward. 

In Denmark red-breasted merganser is a very common 
breeding bird. It nests on small islands and islets in inner 
parts of fjords and in lagoons; only very rarelywill it breed in 
freshwater lakes. 

The eggs are not laid until the end of May and the begin
ning of June, and they hatch in about 30 days. From the 
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middle of July, red-breasted merganser can be seen with its 
flock of ducklings, some of which are carried on the back of 
the mother. 

The food consists almost exclusively of small tish, prawns 
and crabs. When the nest is placed inIand, this food is 
supplemented with worms and insect larvae. The bird stays 
in Denmark all year round. 

Finds of subfossil bones occur from Atlantic, Subboreal 
and Subatlantic time. It cannot be decided if the bones from 
the Atlantic and Subboreal periods came from migratory or 
from resident birds. The warm and moist climate of these 
periods does not seem to have been favourable to the species, 
although suitable habitats were abundant. 

MULDBjERG I 

Material. - Eight well-preserved fragments, 2 of which are 
from young birds (Appendix 2 ) .  The EMNI is 2. There are 4 
humeri (2 left and 2 right) ,  2 pelvis fragments, I left carpo
metacarpus, and 1 left tarsometatarsus. There are faint cut 
marks on one of the humeri. 

PRÆSTELYNG 

Material. - Three bones: 2 from juveniles and 1 from an 
adult. The EMNI is 2 .  

ULKESTRUPLYNG 

Material. - Two bone fragments ( 1  humerus and 1 femur) .  
The EMNI is 1 .  

Mergus albellus ( smew) 

Biology and distribution 

Smew belongs to the Palaearctic fauna. The distribution is 
trans-Palaearctic and almost exclusively in the boreal cli
matic zone. The preferred habitats are freshwater lakes and 
quiet running waters in forested areas. The nest is placed in 
hollow trees. The food is mainIy tish, crustaceans and insects. 
In Denmark it occurs as a winter guest. It arrives in October
November and leaves in March. 

There are onIy a few subfossil tinds from the Boreal period 
(DegerbøI 1942; Richter 1 982a) , the Atlantic period (Deger
bøl 1 943 ) ,  and one tind from the Late Ertebølle site 0lby 
Lyng (Møhl 1 970) .  The tind from Muldbjerg I extends its 
subfossil occurrence back into the Subboreal period. 

MULDBjERG I 

Material. - Four complete, well-preserved bones from adults 
(Appendix 2 ) :  1 dextral humerus with cut or tooth marks 
distally (Mul.! 50609) ,  1 scapula broken distally (MuLI 
32477) and 2 radii ( 1 left (Mul.! 32588d) and 1 right (MuLI 
32588g) ) .  The EMNI is 1 .  
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ULKESTRUPLYNG 

Material. - OnIy 1 fragment of smew has been recorded from 
Ulkestruplyng, and special care was taken to avoid confusing 
it with golden-eye (Richter 1 982a) . The EMNI is 1 .  

Anser anser (greylag goose) 

Biology and distribution 

Greylag goose belongs to the Palaearctic fauna. It has a 
discontinuous trans-Palaearctic distribution in the boreal 
temperate steppe and desert climatic zones. 

The preferred habitats are lowland marshes, moors, and 
eutrophic lakes with adjoining grassland and reed marshes. 
The presence of grassy areas is most important, as a majority 
of the food consists of grass supplemented with a certain 
amount of marsh plants. 

Greylag goose breeds in Denmark. It arrives at the breed
ing places in March and leaves the country again in Septem
ber-October. The nest is placed in the reed rim around lakes 
or on small islands in the lake, occasionally in protected 
coastal areas (GensbøI 1987) . In Denmark greylag goose is 
known to breed in Tissø in small colonies. It is also known to 
gather in large packs in the fjord Saltbæk Vig, mainly for 
foraging. Both localities are within a few kilometers from the 
Åmose lake. 

There are subfossil tinds of Anser anser from early Boreal 
time (Winge 1925) and from the period after land occupa
tion in Subboreal time (Løppenthin 1967) .  The tind from 
Muldbjerg I suggests that Tissø and Saltbæk Vig already at 
that time appeared attractive to greylag goose. 

MULDBjERG I 

Material. - Nine fragments (8 vertebrae and 1 sinistral man
dibula) ,  well preserved. The EMNI is 1 .  

PRÆSTELYNG 

Material. - Four fragments, one from a juvenile. The EMNI 
is 2 .  

ULKESTRUPLYNG 

Material. - Twelve fragments ( 1  cranium, 3 coracoid, 2 
scapulae, 2 humeri, 1 radius, 1 tibiotarsus and 2 tarsometa
tarsi) . The EMNI is 2.  

Anser fabalis (bean goose) 

Biology and distribution 

Bean goose belongs to the Palaearctic fauna. It has a trans
Palaearctic distribution in the boreal and tundra climatic 
zones. The preferred habitat is low-lying marshes around 
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lakes in tundra and coniferous forests. The food is grass and 
marsh plants. The nest is placed on small islands in lakes 
under trees and bushes or on inaccessible rocky slopes. In 
Denmark it is a migratory bird that can be met with in 
September, October, and November, and again in March 
and April. A few may winter. 

A single doubtful find has been recorded from the Sub
boreal period (Degerbøl I939) .  Bean goose has hardly been a 
breeding bird in Denmark after the Preboreal time (Løppen
thin 1968) ,  and there are no finds from that time. The find 
from Muldbjerg I is not indicative of the presence of a 
breeding population. 

MULDBjERG I 

Material. - Two well-preserved, complete bones from adults 
(Appendix 2) :  1 sinistral radius (MuLI 48278) and 1 dextral 
femur (MuLI 10722) .  

Unspecified goose fragments 

MULDBjERG I 

Material. - There are 2 fragments that cannot be safely 
determined to species (Appendix 2) .  Mul.! 23148 is the 
central part of a dextral tibia, and MuLI 1979 is a tiny 
fragment of davicula. The tibia fragment has dear cut marks. 

Cygnus olor (mute swan) , Cygnus cygnus 
(whooper swan) ,  Cygnus bewickii 
(Bewick's swan) 

Biology and distribution 

Whooper swan has been recorded from the Late Glacial 
Hamburg culture (Krause & Kollou 1943; Løppenthin 
1967) .  Sites from this period occur just south of Denmark 
and it is possible that stray birds may have visited and even 
bred in southwestern Jylland. From the Boreal period it is 
found at the Maglemose culture site Ulkestruplyng (Richter 
1982a) . In the Atlantic time there are several finds of both 
adults and juveniles (Løppenthin 1967) .  

Mute swan has been recorded from the Boreal period at 
the Maglemose Culture sites induding Ulkestruplyng (Rich
ter 1 982a) . In the Atlantic period there are numerous finds of 
both juveniles and adults (Løppenthin 1967; Møhl 1 978, 
1984). Mute swan was a breeding bird already in pollen zone 
VI, and it was found in both zone VII and VIII (MøhI 1984) . 
Nine of the 16  described finds are from the Åmose basin. 

Bewick's swan is first identified from the late Atlantic 
period and is found at the Muldbjerg I site together with the 
two other swan species. 
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Mute swan has a discontinuous Palaearctic distribution in 
the temperate boreal and steppe dimatic zones. It has the 
most southern distribution among the three swan species, 
and in mild winters it stays in Denmark and feeds along the 
coast; it is thus mainly a resident. The preferred habitats are 
shallow-water pools and lakes and slowly flowing rivers. It 
prefers areas with dense vegetation of reeds and other water 
plants. The preferred food is water and marsh plants such as 
Myriophyllum, Chara, Potamogeton, and Ruppia supple
mented by minute aquatic animals. The nest is placed on 
small islands and the birth period is from late April to early 
June. 

Whooper swan has a more northerly distribution. It is 
Palaearctic and almost exdusively restricted to the boreal 
dimatic zone. The preferred habitat is very much the same as 
that of the mute swan, although it seems to prefer waters 
surrounded by forest, especially coniferous and birch forest. 
The preferred food is grass and submerged water and marsh 
plants, but also animal food is consumed in considerable 
quantities. The nest is placed on islands in lakes and without 
much shelter. The breeding period is from late April to June. 
In Denmark it is a migratory bird and occasionally a winter 
guest. It leaves the birth areas in October-December and 
returns already in early March-April. 

The biology of Bewick' s swan resembles that of whooper 
swan. It has, however, a holarctic distribution in the tundra 
and in boreal temperate zones. The preferred habitat is 
shallow tundra pools with rich bottom and reed vegetation. 
In all respects it is very dose to the whooper swan, but it 
seems less able to walk and thus less adapted to grazing 
(Voous 1960), whereas it probably eats thin-shelled freshwa
ter molluscs. It is a migratory bird, wintering at the coastal 
areas of the Pacific and Atlantic oceans. The birth period is 
May to June, and the breeding areas are in the northern part 
of the Russian tundra. The migratory periods are from 
October to December and in March-April. In Denmark it 
only occurs as a winter guest during the migration period. 

CYGNUS OLOR (mute swan) 

MULDBjERG I 

Material. - Twenty-eight fragments (Appendix 2) :  12 hu
meri, 1 sternum, 1 coracoid, 2 mandibulae, 1 phalange ped., 
1 femur, 1 pelvis, 2 tibiae, 3 ulnae, 3 radii, and 1 scapula. The 
EMNI is 3. The fragments are well preserved, but the upper 
joints are intensely gnawed by dog. Several of the bones show 
cut marks. 

PRÆSTELYNG 

Material. - Only a sinistral tibiotarsus from a juvenile (PL 
3843- 1 84) .  
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CYGNUS CYGNUS (whooper swan) 

MULDB)ERG I 

Material. - Four fragments: 1 sternum, 2 ulnae, and l femur 
(Appendix 1 ,  p. 309) .  

PRÆSTELYNG 

Material. - One tibiotarsus (Appendix 1 ,  p. 309) .  

CYGNUS BEWICKII (Bewick's swan) 

MULDB)ERG I 

Material. - One adult metacarpale Il and nr (Appendix 1 ,  p.  
309) .  

Unidentified swan fragments 

MULDB)ERG I 

Material. - One fragment ofhumerus (Appendix 1 ,  p. 309) .  

Haliaeetus albicilla (white-tailed eagle) 

Biology and distribution 

The present distribution covers the trans-Palaearctic in tun
dra, boreal temperate, Mediterranean steppe, and desert 
climatic zones (Voous 1960) .  It has an irregular distribution 
in Europe, which may represent the remains of a former 
continuous distribution on the continent. It is thus rather 
cosmopolitan in behaviour. This may be confirmed by the 
common finds of white-tailed eagle in Danish Postglacial 
deposits. 

The favourite habitats are wide rivers, lakes, and pools in 
estuaries and sea coasts, in wooded areas as well as open land. 
The main types of food are fish, water birds, hares, and 
carrion. 

The nest is most often placed in the top of a tree in the 
forest, but may occasionally be placed near to the ground. 
The eggs and juveniles are to be found from March to May. 

The eagle may either be stationary or migratory, the move
ments rather dep ending on the availability of open water for 
hunting grounds. 

White-tailed eagle is found in the site deposit from the 
Magiemose culture, which covers the late Preboreal time and 
the whole of Boreal time (Løppenthin 1967) . 

White-tailed eagle has been reported from the Åmose 
basin by Degerbøl ( 1943) .  It has been found at the M uldbjerg 
I site and at several other contemporaneous sites from the 
same area, e.g., Kongemose KLM (G. Gotfredsen, personal 
communication, 1 99 1 ) .  The Åmose lake area has probably 
offered a great variety of hunting possibilities and nesting 
grounds. It is thus not unexpected to find both juvenile and 
adult individuals in the site deposits. 
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MULDB)ERG I 

Material. - Only 3 fragments, derived from 2 individuals 
(Appendix 2 ) .  The EMNI is 2 ( 1  juvenile and l adult) .  Bones 
well preserved apart from traces of intense dog-gnawing of 
the joints. 

KONGEMOSE 

Material. - Seven fragments: 1 humerus, 3 ulnae, 2 tibiotarsi, 
and 1 carpometacarpus. The EMNI is 3 (2 adults and 1 
juvenile) .  

ULKESTRUPLYNG 

Material. - Eleven fragments: 2 humeri, 2 femora, 1 tibio
tarsus, l tarsometatarsus, and 5 phalanges. The EMNI is 2 ( 1  
adult and l juvenile) .  

Buteo buteo (buzzard) 

Biology and distribution 

Buzzard is holarctic and is found predominantly in the 
boreal and temperate climatic zones and mountain regions. 
It may also be found in steppe, desert and savannah zones. 

The preferred habitats are wooded regions, flat lowlands, 
mountains, and deciduous as well as coniferous forests. It 
avoids dense forests and chooses rather thin forests border
ing river valleys or moorlands. 

The diet is most varied. Mice constitute the main part of 
the food, but moles, frogs, gastropods, rats, and worms are 
also important. The nest is placed in trees at the edge of the 
forest or on mountain slopes. The eggs are hatched in the 
beginning of June, sometimes later. 

Buzzard is a common breeding bird in Denmark. It is 
migratory and may arrive already in February to the nesting 
area. It leaves the country in October. 

Subfossil finds ofbuzzard are known in Denmark from the 
late Atlantic, Subboreal, and Subatlantic periods (Løppen
thin 1 967; Winge 1 925) .  The find from Kongemose is thus 
one of the earliest records of the species in Denmark. 

KONGEMOSE 

Material, - Two poorly preserved fragments: 1 humerus and 
l ulna (Appendix 1, p.  3 10) .  

Milvus milvus (red kite) 

Biology and distribution 

Red kite occurs over wide parts ofEurope as a breeding bird. 
It breeds in Scandinavia up to 61°N and southward to the 
Canary Islands and North Africa. Farthest north the kite is a 
migratory bird that stays in the Mediterranean countries 
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during the winter, whereas in England and southem Europe 
it is a mostly resident. 

In Denmark red kite us ed to be a common breeding bird 
but is todayvery rare due to intense shooting. Its present -day 
distribution is thus strongly dependent on cultural condi
tions. 

Red kite feeds on living animals as well as carcasses. In 
country areas that are too intensively farmed, it is extermi
nated; its natural interest in tame poultry has not made it 
popular among the farmers. 

When red kite was one of the more common migratory 
birds of prey in Denmark, it arrived already in March and 
early April. The eggs are laid in April, and the young ones are 
hatched 30 days later. Southward migration takes place in 
September and October. 

The only previous finds of red kite in Denmark so far 
consist of two bones of young individuals from Maglemose 
culture sites, indicating that it bred here already in Boreal 
time (Løppenthin 1967) . 

The bone from Præstelyng belongs to the late Atlantic 
period and is the first record from this period, where also the 
beginning of forest clearing sets in. The bird is relatively 
tolerant of the environment, but its preferred habitat consists 
of not toa dense forest with open areas. The Åmose basin 
satisfied these demands. 

The bone, which is from an adult individual, is, however, 
difficult to determine with absolute certainty. It has been 
carefully compared with bones of common buzzard, honey 
buzzard, and black kite, and red kite is clearly the most 
probable determination. 

PRÆSTELYNG 

Material, - Two fragments: 1 pelvis and 1 tarsometatarsus 
(Appendix 1 ,  p. 3 10) .  

U LKESTRUPL YNG 

Material. - A total of 6 fragments occur. There are 2 radii, 3 
carpometacarpus ( 1  sinistral and 2 dextral) ,  and 1 tibio
tarsus. The EMNI is 2 .  

Milvus migrans (black kite) 

Biology and distribution 

Blackkite belongs to the Old World faunal type and occurs in 
all climatic zones except tundra. 

The habitats are very varied and include low land and hilly 
districts, riverain forests, banks of rivers, and lakes over
grown with trees. In Europe it is more dependent on fresh 
water than the red kite. 

The food is freshwater fish but also carcasses of small 
mammals and birds, as well as garbage from streets and 
markets. The nest is placed in trees. 
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In Denmark black kite is a rare bird, but it is occasionally 
seen during the summer. 

The find from Ulkestruplyng is the first subfossil record of 
the species in Denmark (Richter 1 982a) . 

ULKESTRUPLYNG 

Material. - Three bones: 1 humerus, 1 radius, and l tar
sometatarsus. The determination was based on a combina
tion of size and morphological characters of the proximal 
joint (Richter 1 982a) . 

Pandion haliaetus (osprey) 

Biology and distribution 

Osprey has a wide distribution in Europe. It is practically 
cosmopolitan and lives in all main regions. In the farthest 
north, however, it is only migratory. It spends the winter in 
tropical Africa. The osprey was probably a breeding bird in 
Denmark through the last 9,000-10,000 years until it disap
peared in the beginning of this century (Løppenthin 1967) .  
In the temperate zone osprey is a riverside and lake bird, and 
in the tropics it prefers oceanic coasts. 

The preferred habitat in the breeding season is peaceful 
lakes with large fish com ing up to the water surface. The nest 
can be either on the ground or in trees, depending on the 
local conditions. In Denmark the eggs were laid late in April 
or in the beginning ofMay, and the hatching period is 24-28 
days. The young ones are fed in the nest with fish, which are 
torn to pieces by the parents. When osprey still lived in 
Denmark it was a regular migratory bird, arriving in April
May and leaving in August-September. 

Bones from osprey are identified from Boreal and Sub
boreal sites, and with the tind from Præstelyng also from an 
Atlantic site (Løppenthin 1967) . 

PRÆSTELYNG 

Material, - One humerus (Appendix l, p. 3 10) .  

Tetrao urogallus (capercaillie) 

Biology and distribution 

Capercaillie is distributed in the west and central Palaearctic 
regions, mainly in the boreal climatic zone, but it is also 
scattered in the temperate zone. 

Capercaillie is a marked forest bird. The preferred habi
tat is extensive, shady, heavy coniferous and broad-Ieaved 
forests with dense undergrowth in the vicinity of bogs. The 
food is almost exclusively vegetarian: leaves, buds, berries, 
and nuts. The nest is placed on the ground under dense 
vegetation. 
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The species is no longer part of the Danish fauna. It is 
known from the Boreal, Atlantic, and Subboreal periods 
(Winge 1925; Degerbøl l943; Løppenthin 1967) .  There are 
1 5  finds from the Atlantic period alone. It seems to have been 
rather common and esteemed as additional food supply. The 
cut marks on the bones indicate that it was killed by man. 

KONGEMOSE 

Material. - Five fragments: 3 of sternum, 1 humerus, and 1 
femur (Appendix 1 ,  p. 3 10) .  

Grus grus ( crane) 

Biology and distribution 

Crane occurs from the Scandinavian Peninsula in the west to 
the Amur River in the east,extending northwards into the 
Subarctic region. It migrates to warmer places in South 
Europe during the winter, and birds from northem Europe 
spend the winter in North Africa (Hørring 1926) .  

The favourite habitat for crane is large moors. It  may also 
live in woodlands or steppes, but moorland must be nearby. 
It feeds on berries, buds, seeds, and insects. 

In Sweden the eggs are laid in May and hatch after about 30 
days. Already in August the birds begin to assemble in large 
flocks as an introduction to their long journey south, which 
takes place in September-October. 

In Mach and April, or even early May, crane passes over 
Denmark on its way to the breeding places in the north. 

Løppenthin ( 1 967) suggested that crane came to Denmark 
already in the Late Glacial, since there are reliable finds of 
crane in Holstein, Germany. There is no fossil record, how
ever, before the Boreal period. Crane then lived here con
tinuously until sometime in the last century. In the material 
from the Boreal period, juvenile bones are present, which 
shows that crane was breeding. 

PRÆSTELYNG 

Material. - At Præstelyng 2 bones are found ( l  adult and l 
juvenile ) .  The EMNI is 2. 

KONGEMOSE 

Material. - Twelve fragments. The EMNI is 2 ( 1  adult and 1 
juvenile) . The bones are destroyed by dog-gnawing. 

Fuliea atra (coot) 

Biology and distribution 

Coot is a widespread breeding bird over the greater part of 
Europe and Asia. It occurs as far north as the Polar Circle. In 
the northemmost part of its distribution it is probably mi-
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gratory. In  Denmark it is a common breeding bird all over 
the country. It occurs at all larger and smaller lakes, ponds in 
moorland and lagoons with sufficient vegetation, but also in 
more open waters. Its main food is plants, but it also takes 
gastropods and worms. 

In cold winters it can be forced to live at the coasts. The 
eggs are laid in April and May, and the hatching time is 3 
weeks. If the first brood is destroyed another is produced, 
and in some cases small cootlings may be met with as late as 
July. 

Subfossil finds are known from the Boreal period, whereas 
the species is not recorded from the Atlantic or Subboreal 
periods (Løppenthin 1967; Aaris-Sørensen 1 988) .  The finds 
from Muldbjerg I, Præstelyng, and Kongemose show that it 
lived in the area during most of the Atlantic and early 
Subboreal times. 

MULDB)ERG 

Material. - Sixteen well-preserved fragments: 1 sternum, 2 
ulnae ( 1  dextral and 1 sinistral) ,  1 dextral radius, 1 sinistral 
carpometacarpus, 3 femora (2 dextral and 1 sinistral) ,  4 
tibiotarsi (2 dextral and 2 sinistral) ,  4 tarsometatarsi (3  
dextral and 1 sinistral) (Appendix 2 ) .  The EMNI is  5 .  Cut 
marks and traces of fire are present. 

PRÆSTELYNG 

Material, -Eleven specimens: 1 scapula, 3 coracoid, 1 ulna, 2 
carpometacarbi, 1 tibia, 1 tarsometatarsus, and 2 vertebrae 
(Appendix 1 ,  p. 3 10) .  

KONGEMOSE 

Material, - Two tibiotarsi (Appendix 1, p.  3 10) .  

ULKESTRUPLYNG 

Material. - Forty-eight fragments: 1 cranium, 4 coracoid ( l  
dextral and 3 sinistral) ,  2 scapula, 1 sternum, 1 3  humeri (7 
dextral and 6 sinistral) ,  3 radii, 1 ulna, 1 pelvis, 1 0  femora (6 
dextral and 4 sinistral) ,  6 tibiotarsi, 5 tarsometatarsi, and 1 
phalanges. The EMNI is 7. 

Gallinula chloropus (moorhen) 

Biology and distribution 

Moorhen occurs almost all over the world, except Australia, 
and in all climatic zones except the tundra. It lives in freshwa
ter lakes, bogs, and even marl pits, with thick reed and rush 
vegetation. It is well adapted to swim and to walk on land. 

The nest is placed in the dense vegetation around the lakes. 
The breeding season starts in April. The first breed is hatched 
in late April and the second in July. Moorhen leaves Den
mark in October-November. 
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The 2 bones from the Subboreal period are the first subfos
sil record of this bird in Denmark. Subfossil finds are, how
ever, recorded from the British Isles (BelI 1 9 1 5 ) .  

MULDBjERG I 

Material. - A juvenile sinistral humerus (MuLI 13712 )  and a 
dextral femur (Mul.! 52 1 38) (Appendix 2 ) .  

Rallus aquaticus (water rail) 

Biology and distribution 

Water rail is a Palaearctic speeies with a discontinuous trans
Palaearctic distribution in the boreal temperate and Medi
terranean steppe zones. It dwells in densely vegetated bogs 
and swamps where it conceals itself in the reed and rush 
vegetation. It can swim but is often seen running on the 
leaves of water lilies. The food is water insects, small fish, 
worms, gastropods, and some vegetable food. 

The nest is placed in the reed swamp dose to open water. 
The eggs are hatched in late May. Water rail is migratory, 
arriving in March and leaving for the Mediterranean in 
September -October. 

Subfossil finds are very sparse. U. Møhl (personal commu
nication, 196 1 ,  in Løppenthin 1967) has found a bone from 
the lron age. In contrast to Løppenthin' s ( 1 967) suggestions 
of a very late immigration in historical time, the find of a 
water rail at the Muldbjerg I site indicates immigration as 
early as the Subboreal period. 

MULDBjERG I 

Material. - One well-preserved, complete dextral tibiotarsus 
(Mul.! 4653 1 )  (Appendix 2 ) .  

Crex crex (corncrake ) 

Biology and distribution 

Cornerake belongs to the European fauna; it occurs in the 
western and central Palaearctic and in the boreal temperate 
steppe. Cornerake lives on natural grassland, damp mead
ows, and grassy marshes. It may also be found in dry grass
land and in grassy dearings in forests, where it lives on the 
ground, hiding itself and its eggs in high vegetation. The 
speeies is not attached to waters as are the other Ralliformes. 
The food consists of insects, worms, gastropods, and seeds. 

The eggs are laid in May, and already in August-Septem
ber the bird leaves Denmark for its wintering places in the 
southem parts of Asia and Africa. 

The earliest record of cornerake from Denmark is from 
Ulkestruplyng (Richter 1 982a) . Winge ( 1 925) described it 
from the Subboreal period. Løppenthin ( 1967) suggested a 
late immigration, as late as in the lron Age. The finds from 
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Ulkestruplyng and Muldbjerg I indicates a much earlier time 
of immigration, as early as in the Late Boreal period. 

MULDBjERG I 

Material. - One radius (Mul.! 49246) .  The tiny bone is 
complete and very well preserved (Appendix 2) .  

U LKESTRUPL YNG 

Material. - One tarsometatarsus. 

Numenius arquata (curlew) 

Biology and distribution 

Curlew is almost trans-Palaearctic, occurring in boreal, tem
perate, and steppe dimatic zones. The habitats are open 
marshy grasslands, moors, and swampy and dry heath land. 
The nest is on the ground in grass and herbs. The diet consists 
of a variety of small animals and insects living on the ground 
and in the topmost soil layers; berries and seeds are also 
eaten. 

In Denmark curlew is mostly a migratory bird; occasion
allya few couples breed and stay during summer. The migra
tion starts in March and continues in April and early May. 
Curlew returns already in July and August on its way to 
Ireland, England, and northem France, where it winters. 

The find from Ulkestruplyng is the first subfossil find from 
Denmark. The preferred habitat of curlew was available in 
many places in the country in the Boreal period. 

ULKESTRUPLYNG 

Material. - A well-preserved complete radius. 

Tringa ochropus (green sandpiper ) 

Biology and distribution 

Green sandpiper has an almost trans-Palaearctic distribu
tion in the boreal dimatic zones. The habitat is swampy 
ancient forests dominated by pine and spruce. It prefers a 
lichen -covered ground, rotten tree trunks, and especiallywet 
alder woodland. The food is mainly water and marsh insects, 
larvae, and gastropods. The nest is most often placed in trees 
in abandoned nests of wood birds and squirrels. 

In Denmark it is a common migratory bird that may stay 
on for a summer. It winters in southem temperate, subtropi
cal, and tropical regions. It can be met with in Denmark in 
April-May and again in July-September, rarely later. 

Subfossil green sandpiper has not hitherto been recorded 
from Danish deposits. Severai of the preferred habitats of 
modem green sandpiper occur in and around the lacustrine 
Åmose basin. In the sediment profiles from Muldbjerg I, 
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thick layers of tilted alder stems and roots indicate the pres
ence of a well-developed alder swamp. 

MULDBjERG I 

Material. - A complete well-preserved sinistral humerus 
(MuLI 5089 1 )  (Appendix 2 ) .  

Philomacus pugnax (ruff) 

Biology and distribution 

Ruff is of the Palaearctic faunal type, with a trans-Palaearctic 
distribution in the temperate, boreal and tundra dimatic 
zones. 

The preferred habitats are grassy marshes and meadows 
dose to the sea, but also the marginal vegetation zone of 
muddy shores of eutrophic freshwater lakes. The nest is built 
on small grassy elevations. The food is mainly animals such 
as insects, small gastropods, and crustaceans. 

Ruff occurs in Denmark as a breeding as well as a migra
tory bird. It winters in temperate subtropical and tropical 
regions. The species is mentioned in the faunal record from 
the Late Glacial Ahrensburg find at Stellmoor in Holstein 
(Krause & Kollou 1943) .  According to Løppenthin ( 1 967) it 
is likely to have immigrated in Denmark in early Atlantic 
time. Finds are known from the Atlantic time (Winge 1925) ,  
but it  is  doubtful whether it  was a true breeding bird. With 
the find of ruff from Muldbjerg I its presence in the Sub
boreal period is documented. 

MULDBjERG I 

Material. - Two tibiotarsi: l complete dextral bone (Mul.I 
49470) and l broken sinistral (Mul.I 48225)  (Appendix 2 ) .  

Picus viridis (green woodpecker) 

Biology and distribution 

Green woodpecker has a western Palaearctic distribution in 
boreal, temperate, and Mediterranean dimatic zones. The 
preferred habitats are broad-leaved mixed forests and riv
erain forests with willow and poplar. The food is ground
living insects, especially grass ants. The nest is placed in tree 
trunks of deciduous trees. The eggs are hatched in late May. 
Green woodpecker is a sedentary bird and is breeding in 
Denmark. 

A single Danish subfossil find has been recorded from the 
Subboreal time (Winge 1 9 12 ) .  The find from Muldbjerg I is 
thus in accordance with what is hitherto known. The de
mand for old rotten deciduous trees and thick layers of 
mouldy leaves should easily have been met in the forest 
around the Åmose basin. 
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MULDBjERG I 

Material. - One complete tibiotarsus from an adult. 

ULKESTRUPLYNG 

Material. - One complete coracoid from an adult. 

Corvus corone (hooded crow) 

Biology and distribution 

Crow belongs to the Palaearctic fauna, with a trans-Palae
arctic, boreal temperate, and Mediterranean distribution. 
The habitat is very varied but is commonly associated with 
trees. The bird enjoys open land with groups of trees or forest 
rims opening towards larger lakes and bogs. 

Crow is an omnivorous bird that takes anything from 
vegetable food to garbage and living animals, such as young 
hares and birds. The nest is nearly always placed in trees. The 
eggs are hatched in April. Crow is either a stationary or a stray 
bird in Denmark. 

Bones from crow are found in Boreal deposits (Richter 
1 982a) and also in Younger Atlantic, Subboreal, and Subat
lantic deposits (Løppenthin 1 967; Winge 1925;  Møhl 1957) .  
It  is  mainly found in faunal remains from coastal settlements, 
but large lakes like the Åmose lake may have been sufficiently 
open to be an attractive habitat. 

MULDBJERG I 

Material. - Two fragments, both from dextral tibiae (Appen
dix 2 ) .  One is almost complete from an adult (MuLI 46 l32) ;  
the other is  from the proximal part of the bone (MuLI 
32030) .  The EMNI is 2. 

KONGEMOSE 

Description in Appendix 1 .  

ULKESTRUPLYNG 

Material. - Five fragments: l sternum, l humerus, l radius, 
l femur, and l tibiotarsus. The EMNI is 1 .  

Undetermined juvenile fragments 

PRÆSTELYNG 

Material. - A total of 1 8  fragments could only be determined 
to the family Anas sp. A relatively large number of the 
undeterminable bones come from veryyoung individuals, in 
which many characteristics have not yet been developed. 
This is the case with the following numbers: PL 5612-59: a 
juvenile rib; PL 1 550-38, PL 6936-27: two fragments of 
sternum; PL 7556-9 1 ,  PL 7556-92, PL 1 550- 14, PL 3404, PL 
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6436- 1 70: five sterna; PL 6436- 177: a fragment ofhumerus; 
PL 56 15 -38, PL 6436-97, PL 56 15 - l 35, PL 56 1 5- 1 2 1 ,  PL 
6936- 165, PL 5615-4, PL 677 1 ,  PL 7705, PL 6936- 164: juve
nile fragments ofhumerus. Further 4 1  undeterminable bird 
bones occurred. 

Discussion of the bird remains from the 
four sites 

The bird remains yield important information on a range of 
subjects. The habitat preferences of the various species give 
dues concerning the palaeoenvironment, which makes it 
possible to analyze palaeoenvironmental time trends (Table 
22) .  The season of occupation of the four sites can be inter
preted, and different types of habitations are indicated by 
absence or presence of certain bird remains. Finally, the data 
give direct evidence on man's utilization of birds (see pp. 
232-235) .  

The 42 species recorded from the four sites constitute 
more than 70% of the total bird fauna of the Atlantic time 
(Table 4) ,  as 55 species are known from this period (Aaris
Sørensen 1988) .  The last num ber also indudes birds typicaUy 
living by the sea and thus not to be expected in lacustrine 
environments. 

Nine species are new for the Atlantic fauna in the Åmose 
material: Ciconia nigra, Anas acuta, Anas penelope, Aythya 
fuligula, Tadorna tadorna, Anser anser, Milvus milvus, Pan
dion haliaetus, and Fuliea atra. Three of these species are new 
for the whole Postglacial period. Five species are new for the 
Subboreal period: Mergus albellus, Fuliea atra, Gallinula 
chloropus, Rallus aquatieus, and Philomacus pugnax; and five 
are new to the Danish subfossil fauna: Aythya ferina, Milvus 
nigra (Richter 1982a) , Gallinula chloropus, Numenius ar
quata, and Tringa ochropus. The finds of Pelecanus crispus at 
Kongemose and Præstelyng are the first inland finds. The 
Åmose basin has obviously been an eldorado for birds be
cause ofits great variety ofhabitats. The num ber of migrating 
birds (Table 22) points to the Åmose bog as a popular 
intermediate station on both south- and northward migrat
ing routes. The local hunters have thus been used to supply 
their diet with bird meat. However, cut marks, traces of dog
gnawing, etc., have been recorded on only 20% of the bird 
bones (Figs. 105-106) .  

The large number ofbird species found at  the sites repre
sents, however, only a fraction of the number of species that 
most likely lived there. Only about 40% of the species living 
at a modern lake with similar appearance and characteristics 
were found in late Boreal - Atlantic deposits in the Åmose 
basin. The majority of the 'missing' species are small species 
of the family Sylviidae (warblers) .  Also missing are a number 
of species from the family Accipitridae (hawks) .  In contrast, 
the dabble feeding birds are present in great numbers, as 
exemplified by dabbling ducks, swans and geese. 
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The taphonomic aspect ofbird preservation also has to be 
considered. Schafer ( 1972) outlined the sequential order of 
disintegration of a bird carcass in running water: First, legs 
and pelvis are disconnected and transported away. Second, 
the skull and the cervical vertebrae are separated from the 
body. Third, wings, coracoid, davicula, and sternum are kept 
together as a unit for a long time. Fourth, the skull breaks 
between the nasal and frontal bones resulting in loss of the 
upper part of the beak. 

This pattern of disintegration of a naturally dead bird 
would result in a better preservation potential for wings, 
coracoid, davicula and sternum. The elements of the wing 
bones will probably be protected by hide, tendons, and 
feathers for some time, and they are easily washed by waves 
into the vegetation zone where rapid sedimentation will 
further improve the preservation potential. Wing bones are 
the most common bone elements at all four sites, although 
tibiae are also relatively common. Cut marks on these bone 
elements show, however, that at least some of the bones are 
from birds that have been butchered by man, although many 
of the wing bones probably represent birds that died natu
rally in the lake. 

Ericson ( 1 987a, b) noted the general similarity in bone
element representation between bone assemblages from 
naturally dead birds and bird assemblages from Stone Age 
sites. In both cases there is an overabundance of bone ele
ments from wings. He mentioned the bird bones from Ulke
struplyng as an exception to the rule. The evidence, however, 
dearly demonstrates that the birds from Ulkestruplyng, as 
weU as those from Præstelyng, Muldbjerg I, and Kongemose, 
foUow the pattern at other Stone Age sites and in naturally 
formed bone assemblages. There is a dear dominance of 
anterior over posterior bone elements at all four sites (Figs. 
105-106) .  This contrasts with sites characterized by domes
tic fowl, where posterior skeleton elements dominates (Eric
son 1 987a, b) .  

Livingston ( 1989) demonstrated that a more complicated 
set of factors than those mentioned by Ericson ( 1 987a, b) 
were probably responsible for the preservation of the various 
avian bone elements. She argued that the properties of the 
bones themselves is of major importance. In her study, 
anterior elements of geese and dabbling ducks (Anas) form a 
relatively high percentage, 50% of the sample. These birds 
feed in marshy areas and shallow water with emergent veg
etation. They are strong fliers and readily take flight from the 
water when scared. The wing bones are thus rather robust 
compared to those of diving birds of similar size. The diving 
birds have more fragile bones and tend to live in more open 
waters. The anterior bone elements from these birds are with 
a few exceptions less common. 

Livingston ( 1989) thus conduded that morphological fac
tors such as bone density probably have a major effect on 
bone-element preservation. This is supported by similarity 
in element preservation of the three sites she compared. One 
of the sites is of Tertiary age, one is an archaeological cave 
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deposit, and one is from an archaeological lake site; this 
indicates that neither fluviatile transport nor human activity 
were the sole underlying factor in the bone survivorship and 
representation. 

The taphozone in which the bird bones were deposited 
also has to be considered. The taphozone of the individual 
bones is thus recorded from the four Åmose sites. The bone 
assemblage deposited on land by man in taphozone I will 
most likely derive from the more meatypart of the birds such 
as sternum, femur, and tibia, belonging to the posterior part 
and possibly including humerus from large birds. In general 
the whole wing seems to have been cut off the small birds and 
dumped together with head and feet in the shallow water 
along the vegetated shores of the lake, taphozone Il. The 
presence of cut marks on the proximal part of the humerus 
support this interpretation. This type ofbutcheringwas done 
before cooking. It is also in this zone that the natural bone 
assemblages tend to concentrate, and it may thus be antici
pated to contain a bone assemblage relatively enriched in the 
anterior elements from, e.g., dabbling ducks and geese (cf. 
Livingston 1989) .  Bird bones with working traces will only 
rarely be deposited in the deeper waters of taphozone Ill, and 
diving birds will show a relatively higher representation in a 
natural death assemblage from this zone. 

The preservation potential is by definition different in the 
various taphozones. The bird bones left on land in tapho
zone I are exposed to man, dog, and other scavengers. They 
are walked on and exposed to physical and chemical destruc
tive forces and will thus likely be underrepresented in the 
bone sample. Furthermore, today only limited or no areas 
representing the terrestrial part of the habitations are pre
served and/or excavated. 

The majority of the bones are fouod from the nearshore 
sediments of taphozone Il and represent the refuse that was 
disposed of shortly after the kill of the animals. At Ulke
struplyng, all but one of the bird bones have been found 
embedded in drifted gytt ja (Richter 1 982a) . This type of 
sediment is a nearshore, relatively high-energy type of sedi
ment characteristic of the upper part of taphozone Il. The 
depositional environment coincides with the place where 
bones of naturally dead birds are preferentially deposited. 
As pointed out by Ericson ( 1987a, b) ,  this mixture of hu
man-related bones and bones from the naturally dead ani
mals will hamper conclusions on human diet proportion 
and season of occupation. 

When comparisons are made between various bird bone 
deposits, it is important to know the depositional environ
ment of the bones. The bone assemblage may thus be from 
the terrestrial part of the site or from the lacustrine refuse 
layers. The dominance of posterior bone elements at sites 
with domestic fowl is most likely a result of the excavation 
strategy. The first domestic fowl in Denmark is recorded 
from the Bronze Age. The size, the richness in finds, and the 
more complicated structure of the Bronze Age sites result in 
concentration of excavation efforts on the habitation area 
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itself, the houses, and the immediate surroundings, but 
seldom the complete area of the site. This is in contrast to the 
attempted 'total' excavations of Muldbjerg I, Præstelyng, 
Kongemose, and Ulkestruplyng. The recorded bone assem
blage of domestic birds is almost exclusively derived from 
meal remains, and the bias towards dominance of posterior 
elements is thus to be expected. 

The majority of the 40 species recorded from the Åmose 
sites are represented only by relatively few bones (Figs. 105-
106; Tables 23-26) . Exceptions are Anas platyrhynehos, Fu
liea atra, Cygnus olor, Anas querquedula, and Podiceps eris
tatus. The majority of the preserved bones are from wings, 
including coracoid and sternum. There are, however, bone 
elements from all parts of the skeleton in the material (Figs. 
105-106) .  

The preservation of the bones is  in most cases very good 
for all sites, except for Kongemose. The range in physical 
preservation from complete and very well-preserved bones 
to well-preserved, but gnawed and partly crushed bones 
support the conclusion that the bird bone assemblage is 
composite and includes skeletons from naturally dead birds 
living in or around the lake and remains after birds killed by 
man. It is thus not safe to base any food-economic assump
tions on the bird-bone material alone. 

Nearly all the 42 species ofbirds are in one way or another 
connected with water, and most of the species prefer lakes 
with a thick reed vegetation along the shores. Many of the 
species dive after food, which may include vegetable, mol
luscs, insects, and fish. Nearly all species have their nests on 
the ground at the lake margin, in the reed belt or even on 
floating islands in the outer part of the reed swamp. It is thus 
hardly surprising that the birds represented by the highest 
numbers from both Ulkestruplyng and Muldbjerg I are 
generalists that can thrive in large open lakes as well as in 
smaller lakes and bogs (Table 28) .  This is very much the case 
for the three most common species, Anas platyrhynehos, 
Fuliea atra and Cygnus olor. The remaining species at Ulke
struplyng include birds preferring large open lakes and at 
Muldbjerg I the remaining birds prefer smaller lakes and 
bogs (Table 28) .  

There are, however, exceptions to the water-dependent 
species. Corvus corone, represented by finds at both Ulke
struplyng and Muldbjerg I, builds its nest in trees and is 
basically attached to forested areas. Cieonia nigra, Haliaeetus 
albieilla, Milvus milvus, M. migrans, and Bucephala clangula 
prefer to place their nest in trees. 

The different habitat requirements of the 42 bird species 
indicate an overall palaeoenvironmental picture of a large 
eutrophic lake with smaller bays and enclosures. The lake 
was dissected by a slowly running water course and was lined 
by a thick reed swamp and surrounded by forest. It sustained 
a large fish, mollusc, and insect fauna which again depended 
on a high organic productivity and rich vegetation. 

The presence of certain species at one site and their ab
sence at the other sites may be a coincidence or reflect 
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preservation, but it may also indicate differences in the 
biotopes, as demonstrated in Table 29 between Ulkestrup
lyng and Muldbjerg I .  

The time trend in bird fauna composition, when tapha
namie factors are considered, thus shows a tendency from 
dominance of birds that habituate large apen water bodies 
and littoral apen waters at Ulkestruplyng, to birds with a less 
apen type of habitat such as shallow lakes with thick reed 
swamp, moor bogs and swampy areas closed in by forest 
(Table 29) .  This pattern is clearly seen when the speeies lists 
from Ulkestruplyng are compared with those from Muld
bjerg I (Table 29) .  All the speeies found at Ulkestruplyng, 
except for Numenius arguata, prefer habitats with large apen 
lakes. At Muldbjerg I, ten out of twelve species restricted to 
this site prefer habitats containing small lakes with luxuriant 
vegetation and bogs. 

Rallus aquaticus clearly prefers smaller eutrophic lakes 
with dense vegetation along the rim. It moves on the floating 
leaves of water lilies of the rim vegetation. Its presenee at 
Muldbjerg I is a good indicator of the appearance of the 
Åmose lake at that time. Seeds of water lily are found in the 
sediment layers containing the main part of the macrophyte 
deposits in the coarse- to medium-grained detritus gytt ja. 
Rallus aquaticus is absent from Ulkestruplyng where other 
Rallidae have been found. 

Bucephala clangula (Muldbjerg I) occurs in habitats near 
lakes and rivers in wooded regions with birch and willows. 
The forests are important as the bird has its nest in trees, 
commonly abandoned woodpecker nests. 

Tadorna tadorna and Aythya marila, which are not present 
at Ulkestruplyng but occur at Muldbjerg I, may be stray birds 
from the nearby coast. The coastal region is their preferred 
habitat and is the breeding place of A. marila, whereas it is 
part of the migratory route for T. tadorna. Their presenee 
may indicate the increasing proximity of the coastal line 
during the Atlantic Littorina transgressions. This assump
tion is confirmed by the preliminary results from 013Corg 
measurements on bone collagen from the various speeies 
from the four sites. Both average values and values from a 
single speeies occurring at all four sites show a marked 

FOSSILS AND STRATA 37 ( 1 995) 

change from more negative values around -23%0 from birds 
at Ulkestruplyng to less negative vales around -19%0 at 
Muldbjerg I .  

The temporal change in avian fauna probably indicates an 
overgrowing of the Åmose lake area from the Boreal to the 
Subba real time. The larger number of birds with forest 
affinity at the Muldbjerg I site reflects the closing of the forest 
around the lake. 

More than 65% of the speeies are common to all four sites, 
as the lake itself is the most important part of the habitat for 
nearly all the speeies. 

The only bird that no langer occurs in Denmark is Pele
canus crispus, requiring large apen lakes and rather warm 
summers. Ciconia nigra is very rare, and sa are Pandion 
haliaetus and Haliaeetus albicilla. The last two can be ob
served during migration, but the overpopulated country 
leaves no space for birds of that size and with their territorial 
claims. 

A large part of the birds can be killed all the year round, as 
they may occur both as residents and as migrants in Den
mark. But the majority of the species are migratory, occur
ring only during spring, summer, and early autumn (Table 
22) .  The difficulty of demonstrating the connection between 
the dead animals and the habitation sites precludes, however, 
firm conclusions on time of occupation of the various sites 
on the basis of the bird fauna. 

The number of juvenile bones representing a large num
ber of speeies from Ulkestruplyng, Kongemose, Præstelyng, 
and Muldbjerg I and the presence of cut marks indicate that 
the sites at least were populated during the main breeding 
period from April to August (Fig. 1 38 ) .  The fact that only 
three (Aythya marila, Bucephala clangula, and Mergus al
bellus) of the 42 speeies are from birds known today only as 
winter guests also suggests a summer death for these birds. 
The winter guests, however, may have been killed in early 
spring befare leaving for the northern breeding places in 
early April, or they may have simply died from natural causes 
during the winter and have nothing to do with the refuse 
from the sites. 

Table 28. A rank ordered census of the most common birds at the Ulkestruplyng and Muldbjerg I sites. Only species 
represented by more than 10 bone fragments are included. Note the increasing number of species preferring lake-bog 
environment from the Ulkestruplyng site to the Muldbjerg I site. 

Ulkestruplyng Muldbjerg I 

Species NF Habitat Species NF Habitat 

Fuliea atra 48 General Anas platyrhyncos 7 1  General 
Podieips cristatus 2 1  Open Cygnus olor 28 General, lake bog 
Anas platyrhyncos 1 5  General Anas querquedula 24 Lake bog 
Ciconia nigra 14 Trees, lake bog Anas sp. 2 1  Lake bog 
Anser anser 12  Lakes, grass areas Anas creeea 1 7  Lake bog 
Haliaeetus albieilla 1 1  Open Fuliea atra 1 6  General 
Cieonia sp. 1 1  Trees, bog Ciconia nigra 1 5  Trees, lake bog 
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Table 29. Differences in speeies representation between the Ulkestruplyng site and the Muldbjerg I site. 

Speeies present at Ulkestruplyng, but not 
at Muldbjerg I, and their prefered habitat. 

Species 

Ardea cinera 
Botaurus stella ris 
Milvus milvus 
Milvus migrans 
Numenius arguata 

Habitat 

Large open lakes 
Large open lakes 
Large open lakes 
Large open lakes 
Grass 

The fourth and fifth line of evidence on the utilization of 
birds by man will be dealt with in some detail under 'Trace 
fossils' (pp. 232-235) .  But the very small number of bird 
remains found at Kongemose is worth mentioning here. The 
bone assemblage at this site is otherwise by far the richest, 
and the degree of preservation is excellent. This anomalous 
pattem suggests that Kongemose represents a special type of 
hunting site with emphasis on meat and antlers from large 
adult males of Cervus elaphus. 

Pisces (fish) 

Introduction 

A total of 3794 bones from 10 species of fish have been 
determined from the four sites. The species are: Esox lucius, 
Tinca tinca, Abramis brama, Cyprinus carpio, Perca fluviatilis, 
Scardinius erytrophthalmus, Rutilus rutilus, Silurus glan is, 
Carassius carassius, and Squalus acanthias. The distribution 
of species and bone elements from the four sites as well as the 
NF and EMNl are shown in Tables 30-33. Pike is by far the 
most common fish at all the sites. It is therefore dealt with in 
some detail, as the large number ofbones allows conclusions 
on season of occupation of the sites. The rest of the fish bones 
are more summarily described, except where special bones 
have been used as tools. It is also possible to get some 
information on preferential size of the fish caught. Absence 
and presence of fish bones may reflect taphonomic factors 
but may also result from the different functions of the sites. 
The ecology of the various fish adds to the picture of the 
environment in and around the lake. Finally, both pike and 
spurdog have provided raw material for tool fabrication. 

Speeies present at Muldbjerg I, but not at Ulkestruplyng, 
and their prefered habitat. 

Species 

Anas acuta 
Anas penelope 
Aythya ferina 
Tadorna tadorna 
Anser fabilis 
Cygnus olor 
Cygnus cygnus 
Podicips ruficollis 
Aythya marila 
Rallus aquaticus 
Gallinula chloropus 
Philomacus pugnax 
Bucephala clangula 

Muldbjerg I 

Habitat 

Smaller lakes and bogs 
Smaller lakes and bogs 
Smaller lakes and bogs 
Large open lakes 
Bogs 
Large open lakes, smaller lakes and bogs 
Large open lakes, smaller lakes and bogs 
Smaller lakes and bogs 
Larger lakes 
Smaller lakes and bogs 
Smaller lakes and bogs 
Lakes wi th grass 

Around 3,000 bone fragments offish were excavated, includ
ing 8 almost complete skeletons of pike. A total of 1 ,335 
bones were determined. Most of the undetermined frag
ments are less than 3 mm in size. The EMNl is 1 87, 138  of 
which are pike (Table 30) .  

Præstelyng 

Around 5,000 bones were found and examined, and 1 ,540 
are determined to species. More than 3,000 of the fragments 
are tiny 0.5-2 mm bits of fin rays and scales, and about 400 
are larger, undeterminable fragments, e.g., peels from large 
operculae. By far the most common fish is pike, both in terms 
of NF ( 1 ,435) and EMNl ( 1 80) (Table 3 1 ) .  

Kongemose 

There are only 250 fragments of fish bones at Kongemose. 
The 1 70 determined fragments are from 3 species. The 
EMNI is 2 1  (Table 32) .  Pike is most commOll, and dental 
bones from this species outnumber all other bone elements. 
The state of preservation is good. The small number is thus 
hardly due to taphonomic loss but probably reflects a lack of 
interest in freshwater fishing. The Kongemose people may 
have had other reasons for living at the site, such as big-game 
hunting, or possibly the main season of occupation was late 
in the year when fish was not such an obvious and easytarget. 
Traces of dog-gnawing or working traces have not been 
recorded. 

Ulkestruplyng 

A total of 1 ,782 bones of fish have been recorded, 838 of 
which are determined to species. There are 8 species, and the 
EMNl is 77. Pike is the dominant species, represented by 776 
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Ta ble 30. Census on fish bones from the various species found at the Muldbjerg I site. The three columns for each species denote bones from the left side, right 
side, and of indeterminable symmetry, respectively. 
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costa 2 
lacrymale 
scapula 
partly complete skeleton 2 l l 
spine 2 
pharyngeale l l l 5 4 
squama 10 l 9 
NF 1066 136 28 51 
EMNI 138 16 4 9 

bones and an EMNI of 66 (Table 33) .  There may be a 
taphonomic excavation bias, as only large bones from large 
individuals occur (Richter 1 982a) . This hypothesis is sup
ported by the discrepancy between left - and right -side dental 
bones, which number 48 and 66, respectively. Cut marks and 
traces of dog-gnawing have not been observed. 

4 
12  

2 
2 

2 5 
l 

2 
l l 

2 
3 

l 
l 

l 
2 
l 

l 

l 
l 

:.ti o 
'e. '" 

'l:: ...?l . � '" 'l:: " i: '" " � " '" 
� ' 1:: " 'C � " � C,j � 

3 l 
1 1  3 l 2 2 

l 
2 l l l 
4 l 
l 
5 l 3 l l 
l l 

2 
l l 
2 l l 
3 l 

2 

l 
l l 
l l 

2 
l l 
2 
l 

l 
l 2 

l 
l 
l 

6 2 
l 1 1  

25 
134 25 2 1  
1 2  3 2 

Esox lucius (pike) 

Biology and distribution 
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Pike has a wide distribution in Europe, Siberia, and eastern 
North Ameriea. In Denmark it occurs in lakes, rivers, ponds, 
bogs, and even brackish lagoons. It has a high tolerance to 
changes in pH. It is a solitary carnivore that hides in sub
merged vegetation, where it lurks on its prey. The eyes are in 
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Table 31 .  Census on fish bones from the various speeies found at the Præstelyng site. See explanation in Table 30 . 
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dentale 1 80 1 78 19  377 
vertebra 1 82 4 2 2 l 19 1  
cleithrum 34 1 02 2 l 6 4 3 152 
articulare 52 55 2 2 I I I  
palatinum 39 29 22 90 
parasphenoid 85 l 3 89 
ectopterygoid 38 38 6 l 83 
maxillare 26 39 4 69 
dens 2 66 68 
preoperculum 27 1 7  5 2 5 6 5 l 68 
basihyale 56 2 l 3 62 
frontale 12  1 3  1 5  l 4 1  
operculum 3 6 3 5 8 3 2 2 l l 34 
quadratum 8 1 1  l l l 22 
hyomandibulare 4 7 2 l l l 16  
branchiostegal 4 7 1 1  
ceratohyale 6 4 10  
pelvis l 2 l l 4 l 10  
interoperculum 2 4 l l l 9 
vomer 8 8 
supracleithrum l 3 3 7 
epihyale l 3 l l 6 
ceratobranchiale 2 3 5 
hypobranchiale 5 5 
spine 2 l l l 5 
suboperculum 2 l l l 5 
entopterygoid 2 2 4 
lacrymale l l l l 4 
metapterygoid l 2 l 4 
urohyale l l 2 4 
coracoid l l l 3 
costa l l 2 
dorsal spine 2 2 
pharyngobranchiale 2 2 
angulare l l 
os pharhyngos l l 
parietale l l 
proetmoid I l 

supramaxillare l l 
squama 4 l 381  l 387 
unidentified frag. l l 2 
NF 1463 43 4 453 l l l 3 4 1 973 
EMNI 1 80 8 2 6 l l l l l 201 

In addition: a concentrated compilation of pike bones from at least 3 individuals. 
Further very small bones from pike (cleithrum l cm etc.) ,  possibly eaten fry. 
l maxillare + l ectopterygoid, l articulare, min. l individual. 
4 dentale + l ectopterygoid + 2 cleithrum, min. 3 individuals. 

a position enabling it in particular to spot prey swimming 
above it, whereas bottom dwellers are slightly safer. Pikes 
only gather in larger groups during the mating season in 
March and April, when they occur in very shallow water and 
can be almost hand picked (Otterstrøm 19 14; Pfaff 1 950) . 

The species has been found in Eemian interglacial deposits at 
Hollerup (Iversen 1 967) .  In late-glacial deposits it occurs at 
the Bromme site, dated to the Allerød period. It is thus part 
of the interglacial fauna and an early immigrant after the 
Weichselian glaciation. 
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Table 32. Census on fish bones from the various speeies found at the 
Kongemose site. See explanation in Table 30. 
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dentale 12 1 7  l 30 
vertebra 1 0  5 5 20 
articulare l 4 l l 7 
cleithrum 3 3 6 
maxillare l l l 3 
parasphenoid 3 3 
basihyale l l 2 
palatinum l l 2 
ectopterygoid l l 
frontale l l 
hyomandibulare l l 
premaxillare l l 
quadratum l l 
supracleithrum l l 
supramaxillare l l 
squama 2 2 
NF 65 9 3 5 82 
EMNI 1 7  l 3 l 22 

MULDBjERG I 

Material. - Of the EMNI of fish from Muldbjerg I, 73% are 
pikes. They are represented by a large amount of well
preserved dental bones, almost equally dextral and sinistral. 
It is possible to calculate the approximate size of the fish 
based on the height of the distal part of the mandibula (Noe
Nygaard 1987) .  The majority of the pikes appear to have 
been 35-70 cm in length (mean about 55 cm) (Fig. 64) .  This 
limited size range indicates selective killing of fish of a certain 
size and strongly suggests that the accumulation of most of 
the fish bones was due to human activity (see discussion 
below) . This interpretation is supported by the observation 
that 1 7  pike teeth were cut out of jaws found at the site (p. 
235) .  

PRÆSTELYNG 

Material. -Pike constitutes about 70% of the fish individuals 
retrieved from Præstelyng, perch and tench being the second 
and third most common (Table 3 1 ) .  The dental bones are the 
most frequent and occur in equal numbers of left and right. 

Fish bones from Præstelyng form the basis of the discus
sion of problems regarding accumulation ofbones of mixed 
origin. The condusions are, however, valid for fish accumu
lations from the other sites as well. 

No. 40 30 20 1 0  

FOSSILS AN D  STRATA 3 7  ( 1 995) 

Modern poisoned catch 
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Fig. 64. Comparison of size distribution between Esox lucius from a modem 
lake and the two fossil populations from Muldbjerg I and Præstelyng. 

Small accumulations ofbones from juvenile fish have been 
found, induding bones from nearly all of the skeieton, e.g., 
PL 2620, PL 6875 and PL 3843- 166. The mode of occurrence 
indicates that they may represent stomach contents or faeces. 
Pike often eats its own offspring. 

Abramis brama (bream) 

Biology and distribution 

Bream is common in fresh and brackish waters all over 
Europe from the Ural mountains to the Atlantic Ocean. It 
prefers larger nutrition-rich lakes and slowly running 
denselyvegetated water courses with muddy bottom. Bream 
gather in shoals, and the larger individuals occur at the 
bottom in the deeper part of the sublittoral zone in the 
deeper vegetation belt. They feed on crustaceans, bivalves, 
insect larvae, and organic matter from the bottom, com
monly dose to a river inlet. The mating season is in May and 
June, when they gather in large gro ups (Larsen & Bach
meister 1 986) .  Bream occurred in the Boreal period in the 
Åmose lake (Troels-Smith 1957) and later in the Atlantic 
(when it is fairly common) and Subboreal times up to 
modem times. The single operculum from Ulkestruplyng is 
one of the earliest finds. 

MULDBjERG I 

Material. - Abramis brama is the second most abundant of 
fish that is presumed to be caught at the site; the EMNI is 16 .  
The most common bone element is  operculum. 
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Table 33. Census o n  fish bones from the various speeies found at the Ulkestruplyng site. See explanation in Table 30. 
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vertebra 256 l 
ceratohyale 16  25  85  
dentale 48 66 2 
articulare 1 7  20 2 
cleithrum 14 12  2 
dens 30 
palatinum 13  10 4 
parasphenoid 27 
hyomandibulare 6 6 6 
frontale 8 4 4 l 
operculum 3 l l l 
vomer 1 7  
quadratum 6 5 l 
entopterygoid 8 5 
clavicula 8 
ectopterygoid 5 4 
metapterygoid 4 2 l 
preoperculum l 3 
maxillare 2 3 
pterygoid 5 
suboperculum 2 2 
parietale 3 
pelvis l 
pharyngobrachiale 
proetmoid 2 l 
supracleithrum 2 
basioccipitale 2 
epibranchiale 2 
epihyale l l 
epipterygoid 2 
interoperculum 
prooticum 
pterotic l 
supraoccipitale l 
urohyale 
squama 3 3 
unidentified frag. 
NF 794 6 
EMNI 66 l 

Perca fluviatilis (perch) 

Biology and distribution 

" 
. ::1  12 � " � .t:l 
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6 2 
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6 3 
l l 

The species is widely distributed in lakes, rivers, and creeks in 
Europe, Asia, and North Ameriea. It also occurs in brackish 
waters in the Baltie Sea. It is highly suseeptible to oxygen 
deficiency and thus to organic pollution. It normally gathers 
in shoals and occurs in the reed vegetation but also where 
currents pass gravel and sand bottoms. It is a carnivore and 
preys on crustaceans, and especially on fish juveniles which it 
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4 2 5 276 
l 2 130 

l 1 1 7  
l 4 1  

3 2 33 
l 3 1  

l 28 
l 28 
l 2 3 24 

1 7  
3 3 l l l 1 7  

1 7  
l l 14 

1 3  
l 9 

9 
l 8 

l 6 
5 
5 
4 
3 

l 3 
l 2 3 

3 
3 
2 
2 
2 
2 

l l 
l l 

l 
l 

l l 
7 13  

l l 2 
36 14 4 4 8 875 
3 3 l l 77 

pursuits. Perch mates in March-May (Pfaff & Bruun 1950) .  
The speeies has been found in the Eemian interglacial fresh
water deposits at Hollerup and other localities in Jylland 
(Degerbøl 1945) .  It also occurs in late-glacial and postglacial 
lacustrine sediments (Degerbøl 1945 ) .  

MULDBjERG l 

Material. - Perca fluviatilis is the third most common fish at 
the site. The EMNl is 12 ,  based on counts of operculum. 
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Tinca tinca (tench) 

Biology and distribution 

The species is distributed in Europe, Asia, and western Sibe
ria. Tench prefers standing or slowly runn ing waters and 
may tolerate slightly brackish conditions. The preferred 
habitat is densely vegetated lakes in warm shallow to me
dium-deep water with muddy bottom (Larsen & Bach
meister 1 986) . It avoids light and enters shallow water only 
where reed swamp shields it from light. It feeds at the bottom, 
preferentiaUy on infaunal or epifaunal bivalves such as Pisid
ium sp., and also deans the plants for their epifauna of 
gastropods, in particular Bithynia ten tacu lata, and insect 
larvae. Tench mates in May and June, when it goes into 
shallow water where it is more easy to catch. It normally 
occurs in deeper waters during winter, where it hibernates in 
periods. The earliest record of tench is from the Late Boreal 
sites, and it occurs throughout the Atlantic and Subboreal 
periods (DegerbøI 1945; Richter 1982a) . 

Carassius carassius (crusian carp) and 
the closely related Cyprinus carpio (carp) 

Biology and distribution 

Crusian carp and carp are distributed in the warmer regions 
ofEurope and Asia, China, and Japan. They occur in densely 
vegetated, warm, standing and slowly moving water bodies. 
The preferred habitat is soft -bottom lakes, where they occur 
in the vegetation-zone area with water-lilies. They may also 
be found in running warm water over gravel bottom. They 
hibernate in muddy bottoms in deep water. The preferred 
diet is phyto- and zooplankton, worms, insect larvae, small 
crustaceans, gastropods, and bivalves. The favourite food 
item is the worm Tubifex rivulorum. They mate in May and 
June but are active already in March. The two species have 
been found in Late Boreal site deposits such as Ulkestruplyng 
(Richter 1982a) , and they occur throughout the Atlantic and 
Subboreal periods until today (DegerbøI 1945 ) .  

Rutilus rutilus (roach) 

Biology and distribution 

Roach is distributed throughout Europe north of the Alps 
and Pyrenees and far northeastward into Russia and Siberia. 
It prefers slowly running waters or lakes in the vegetation 
zone, where it gathers in shoals. Hard, graveUy bottoms are 
preferred and soft bottoms avoided. The fish feeds on insect 
larvae, crustaceans, and gastropod eggs, but also on airborne 
animals. It also eats plants such as Myriophyllum and Chara. 
Roach mates in April and May in shallow, warm waters 
(Larsen & Bachmeister 1986) .  
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Scardinius erytrophthalmus (rudd) 

Biology and distribution 

Rudd is distributed throughout most of Europe, eastward 
into the Ural Mountains and southward into northern Italy. 
The preferred habitat is standing or slowly running waters in 
the shallow part of the vegetation belt. Rudd feeds on plants 
such as Ceratophyllum, Potamogetan, Chara, Myriophyllum, 
and Helodea as weU as insect larvae, crustaceans, and gastro
pods. It mates in April-July in shallow, vegetated areas. The 
earliest finds of rudd in Denmark are from the Early Atlantic 
time (Rosenlund 1976) . It also occurred in Late Atlantic and 
Subboreal times and persists until today. 

Silurus glanis (catfish) 

Biology and distribution 

The main distribution today is in lakes in Central and East 
Europe into Siberia and south to the Black Sea. The species is 
however, missing in France, Italy, Spain, Belgium, Denmark, 
Norway, and Britain (Pfaff & Bruun 1950) .  The preferred 
habitat is deep-water lakes with only slight light penetration. 
Catfish wants warm, boggish waters. It hides and lurks in 
hoies in deep-water mud bottoms and between the roots of 
water-lilies. It is a carnivore, active at night, and senses its 
prey with the barbels. It is the largest bone fish in European 
freshwater lakes and is very greedy: as adult it eats frogs, fish 
(also ofits own species) ,  water voles, mice, and juvenile birds. 
Catfish mates in May-July. The fat has been us ed as oil for 
lamps (Otterstrøm 19 14) .  Subfossil catfish is known from 
Danish deposits since the Boreal period and through Atlantic 
and Subboreal times. The last recorded killed individual in 
Denmark was from Sorø Sø in 1 799. It was identified from all 
four sites in the Åmose basin but is represented by only few 
fragments. 

Squalus acanthias ( spurdog) 

Biology and distribution 

Spurdog is a small marine shark. The fem ales can reach a 
length of 1 10 cm in Danish waters. In the summer spurdog 
occurs in the Danish Straits and 0resund, but it can also be 
encountered as a rare winter visitor. Spurdog prefers day 
bottom and keeps dose to it. Remains of spurdog at settle
ment sites and in kitchen middens probably represent sum
mer catches. Spurdog has two dorsal fins, each preceded by a 
stout spine. The second spine is the largest. The spines are 
built as a tooth consisting of dentine covered with an enamel
like substance and have a furrow nearest to the fin connected 
with a poison gland (Pfaff & Bruun 1950) .  
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PRÆSTELYNG 

Material. - The find of spurdog is dealt with in some detail as 
it indicates communication between inland and coast and 
also demonstrates a new type of tool (see also p. 235) .  

PL 5612-54. A second dorsal spine, 45 mm long, covered 
with enamel for 3 1  mm. The spine is broken proximally, and 
severai deep cuts are seen across the two ridges bordering the 
poison furrow. The distal part of the spine has been rounded 
and polished (Fig. l l l ; Pl. 49:9 ) .  

Discussion and comparisons between 
the four sites 

Pike is present in high numbers at all four sites. Bream is very 
poorly represented except at Muldbjerg I, where it is the 
second most common. This possibly retlects an increasing 
eutrophication through the Atlantic period and an overall 
basinward progradation of the vegetation belt. This is in 
accordance with other evidence, e.g., from the stable carbon 
isotopes in sediment and bone collagen from lacustrine 
animals. In both cases the Ol3C values become increasingly 
more negative. The fish bone assemblages at Ulkestruplyng, 
Præstelyng, and Muldbjerg I are similar, whereas the one at 
Kongemose differs markedly in number of individuals. 
Bones from cranium, mandibula, and shoulders are by far 
the most common elements at all sites except Ulkestruplyng, 
where vertebrae dominate (256 vertabrae were found; at 
Præstelyng 182 vertebrae, at Muldbjerg I 66, and at 
Kongemose only 10  vertebrae were found) . The difference 
may be due to a taphonomic bias but may also retlect the fact 
that more than 90% of the bone material at the other three 
sites is from dump deposits of taphozone IL Dump deposits 
probably contain mainly unwanted parts of the fish. A pike 
head has very little meat and very sharp teeth. It is likely that 
the fish was decapitated right at the lake shore before the 
meaty part was brought to the dwelling site for cooking. This 
interpretation is supported by two lines of evidence. The 
number of paired cranial bones is almost the same for the left 
and right side, indicating that the whole head was dumped at 
one time. Separation of body skeleton and head bones is 
observed at other sites, where vertebrae are the most com
mon bone elements and skull bones are rare. The cranial 
bones only represent 1-2% of the total number of fish bones 
at the coastal site 0lby Lyng, which is of approximately the 
same age as Præstelyng (Møhl 1 970) .  The material of the 
Åmose basin may thus represent dump deposits along the 
lake shore, and the fish bones from 0lby Lyng and 
Ulkestruplyng may be the equivalent terrestrial dump in 
taphozone I .  

The main question is whether all fish bones retrieved from 
a site are necessarily leftovers from meals of man. The fish 
bones found during an excavation are normally thought to 
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represent leftovers of meals. Most of the material was, how
ever, deposited on the lake bottom. The refuse from the site 
may thus be mixed with carcasses of fish that died of natural 
reasons. 

A rim, up to 5 m wide, of dead tloating fish with uptumed, 
air-filled stomachs is commonly observed along the margins 
of modem lakes. Such mass mortalities may have several 
causes, including lack offood and, more commonly, suffoca
tion beneath a thick late-winter ice cover or due to lack of 
oxygen caused by biological overproduction and decay dur
ing warm summers. 

Pike is a predator at the top of the food pyramid, whereas 
perch and the other fish species constitute its potential prey. 
Consequently, the ratio of the two groups in the site deposits, 
with pike predominant, does not retlect the composition of 
the natural fauna of fish in the lake. Population census 
counts in modem lakes have been made by poisoning and 
retrieval of the total population (Malin & Enros 1 956; Ber
zins 1 958; Larsen 196 1 ,  1 969a, b) .  Larsen ( 196 1 )  investigated 
a modem lake comparable to the Åmose lake with regard to 
size, depth, pH, and general setting. He counted 1 6,692 fish 
from the lake, distributed as follows: roach 1 3,73 1 ,  perch 
1 ,522, rudd 1 ,263, pike I l l , tench 69, eel 5, and crusian carp 
1 .  The abundance of the species is in accordance with a 
normal ratio between prey and predators. Although not all 
the fish may have been collected and counted, the missing 
fish would not markedly change the ratio between prey and 
predator. Thus the dominance of pike in the Åmose site 
deposits indicates either man's food preferences or special 
fishing methods applied. Pike is relatively easy to catch 
during spring and early summer when it inhabits the shal
low, warm waters near the lake shore, where the mating 
dance takes place. There are, however, other possible reasons 
for the large number of pike bones. The bones have a con
spicuous shiny black surface, which may lead to a collecting 
bias in greenish bog deposits. The careful excavation tech
nique applied at Præstelyng and Muldbjerg I, however, di
minishes collecting bias to a minimum. Pike bones may also 
be more resistant to scavengers, weathering, and diagenesis 
than bones of other fish. 

In order to evaluate the intluence of man on the deposition 
of fish bones at the Præstelyng site, comparison is made to a 
Cromer interglacial lake deposit situated near Voigtstedt, 
Germany (Deckert 1 965) .  The possibility ofhuman interfer
ence at Voigtstedt is negligible. Thousands of bones from 
various vertebrate species were retrieved from the site. The 
shallow-water lake had a few deeper pools and a small stream 
running through it. There are about 550 identified fish 
bones, representing eight species. More than half of the 
fragments are from pike. It is striking that pike is the domi
nant fish both at Voigtstedt and at Præstelyng. Furthermore, 
the distribution of the fragments of the various skeietal 
elements is very similar, at least for the five most common 
elements. The difference between the two deposits is that 



174 Nanna Noe-Nygaard FOSSILS AND STRATA 37 ( 1 995) 

Felis silvestris 

Martes martes 

Cervus elaphus 

Capreolus capreolus 

Castor fiber 

Meies meies 

Sus scrofa 



FOSSILS AND STRATA 37 ( 1 995) 

Martes martes 

Gapreolus 
capreolus 

Gastor fiber 

Sus scrofa 

A mose: Palaeontological descriptions 1 75 

Gervus 
elaphus 

Lutra lutra 

Fig. 66. Speeies and speeies diversity at the Late Ertebølle site Præstelyng and the Early Neolithic site Muldbjerg L Note the difference in speeies diversity and 
body size between the two faun as. 

very few body skeletal remains were retrieved at Voigtstedt. 
This may be due to sampling bias, or the small parts may have 
been removed by current action. Deckert ( 1 965) interpreted 
the distribution ofbone fragments for the different species as 
a response to differing resistance to mechanical wear. 

The quantitative composition of the various species of the 
subfossil faunas in the Cromer lake and the Mesolithic lake 
are dosely similar, whereas they differ markedly from the 
quantitative composition of the species in the modem lake 
described by Larsen ( 196 1 )  (Fig. 64) .  This suggests that the 
distribution of the various species cannot simply be ascribed 
to a human factor but may just as weU be the result of 
mechanical and chemical biasing factors (cf. Deckert, in 
Kahlke 1965 ) .  

I t  i s  thus necessary to use other lines of  evidence to  associ
ate fish bones at Præstelyng directly with human activities. 
This is attempted by studying the population structure of the 
Præstelyng pike and examining the season at which they 
died, by annual growth ring analysis. 

The relation between distal height of the dental bone and 
the total length of 14 animals has been analyzed. The corre
lation coefficient is highly significant (r = 0.900) .  The size 
distribution of the Præstelyng population, as calculated 

Fig. 65 (opposite page) .  Speeies and speeies diversity at the Late Magle
mose-culture site Ulkestruplyng. Compare with Fig. 66. 

from the distal heights of the dental bone, dearly differs 
from that of the modem poisoned lake. The dominance of 
individuals of a limited size range (30-70 cm) suggests selec
tive killing of fish and strongly implies that the accumulation 
of fish bone was due to human activity. The same argument 
is valid in case of the Muldbjerg I population, with a similar 
size range (35-70 cm) (Fig. 64) . The narrow size range may 
result from the method of killing. Finds of severaI ErtebøUe 
fish spears and hooks and a few traps have been made from 
the lake area (Troels-Smith 1953) .  The restricted size range 
may indicate that the fish were caught by other means than 
fish trap, as the latter method seems to produce a bone 
population from a wide range of animal sizes (Enghoff 
1989) .  The use of fish spear strongly biases the catch in 
favour oflarger fish, as they are easier to hit. Pike is approxi
mately two years old before it matures, at which time it has 
reached a length of about 27-48 cm for males and 3 1-49 cm 
for females (Frost & Kipling 1 967) . The very large pike may 
have been too cunning to catch, or they may have inhabited 
less easily accessible parts of the lake. The pikes caught at 
Præstelyng most likely represent mature individuals, which 
could easily be obtained at their spawning grounds at shal
low water near the rim of the lake. 

The size composition of pike at Præstelyng might, how
ever, be the result of a catastrophic mass mortality of specific 
age groups. In order to eliminate some causes for natural 
death, the season of kill of the fossil pike was estimated by 
annual growth ring analysis of 79 weU-preserved vertebrae, 
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following the method of Casteel ( 1976) and V oorhies ( 1 969) .  
A sample of  100 modem pikes was collected throughout one 
year. The development of the outermost annual increment 
on the atlas, on a pre-caudal vertebra, and on the tenth 
caudal vertebra from behind was compared with the preced
ing fully developed annual layer of the same type. The white 
'summer' growth layer was divided into three segments. The 
annual increment of deithrum and basihyale was tested as 
well for comparative reasons. The data on the fossil pike 
indicate that the majority of the fish were killed within their 
season of growth. By direct comparison between fossil and 
modem pike, it is apparent that the majority of the fossil 
vertebrae were derived from fish killed in the summer sea
son, predominantly May-August. From Frost & Kipling 
( 1 967), and Casteel ( 1976) it is dear that the time of growth 
of pike depends largely on ontogenetic age, on the general 
condition of the individual, and on the abundance of food 
available. Considering the possibility of extra growth rings 
and a variation in the time of development of summer layers, 
the only dear condusion is that the fish were killed at a time 
within their main growth season. This season coincides with 
the season for habitation of the Præstelyng site, deduced 
from other seasonal indicators. 

The limited size range of the pikes and their season of 
death suggest that this species, and possibly others, were 
killed by humans and that, consequently, fish constituted a 
major part of the food economy at the site. 

These lines of evidence indicate that the majority of pike 
bones and other fish, dump ed in the lake dose to the Præste
lyng and Muldbjerg I sites, represent the remains of catehes 
made by people at the site. They probably decapitated the 
prey immediately, at the edge of the lake. 

Conclusions 

The palaeoecological reconstruction of the type and charac
ter of the Åmose lake is based on the combined evidence 
from the specific ecological demands of the various speeies 
and the size of the individuals. The emerging overall picture 
is that of a large, alkaline, meso- to eutrophic lake with a wide 
differentiated vegetation zone. The bottom was mainly soft 
and muddy, but there were probably more firm and sandy 
places dose to the river inlets. 

The vegetation has been that of the Potamogeton-type of 
lake, with all the character plants providing excellent living 
conditions for a large variety of molluscs, especially gastro
pods, characteristic of the favourite localities of, e.g., trench. 
Plants like Startiotis aloides, Ceratophyllum trifoliata, and 
Potamogeton natans were all common members of the lit
toral and sublittoral zones of the Åmose lake. 

In the sparse material of the Kongemose site, rudd is the 
second most common fish. The Kongemose site is situated 
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dose to the delta built by Sandlyng Å and have thick deposits 
of Chara. This is in accordance with the ecological demands 
of rudd, which is otherwise far from common in the Åmose 
fish assemblages. The lake was greatly variable in depth, 
accommodating shallow-water fish as well as fish preferring 
deeper-water environments, such as bream. In places near 
the river inlets and dose to the main river-course of Åmose 
Å, slowly moving waters provided extra nutrition in the form 
of terrestrial plant material. More warmth-demanding spe
eies, such as cat fish and rudd, lived in more shallow-water 
areas warmed by the sun. 

The interpretation of the lake environment based on the 
fish fauna is corroborated by the data on sedimentology and 
especially by the pollen-analytical data on the Åmose basin 
(Jørgensen 1963, 1 982) .  The majority of the fish bone dep os
its at both Præstelyng and Muldbjerg I were most likely a 
result of selective killing by man. It is assumed that this goes 
for the fish accumulations on Ulkestruplyng and Konge
mose as well. At the Late Atlantic Åmose site Åkonge, a single 
bone ofwels has been found (L Enghoff, personal communi
cation, 1993 ) .  

The presence of  a to  ol made from a marine animal at an 
inland site like Præstelyng is noteworthy but not unique. 
Limb bones of grey seal have been identified from the Magle
mose-culture site Øgaarde, also situated in the Åmose basin 
(Degerbøl 1943 ) .  The spurdog tool was probably made at the 
coast and either brought to Præstelyng by the people who 
made it or obtained from these people by those living at 
Præstelyng. 

There are several reasons for man to catch spurdog: it has 
a tasty firm white flesh, and it may provide two types of raw 
material. The liver is very fat and has been suggested to have 
been used as an oil source for the blubber lamps found at the 
Ertebølle sites (Mathiassen 1935) .  The two dorsal spines are 
composed of very hard and strong material, excellent for a 
small tool used in precision work in casu as a combination of 
a needle and an awl (Noe-Nygaard 197 1 ) .  A further discus
sion on the habitation pattem of the people at the Atlantic 
inland sites is found in the final synthesis (pp. 282-283) .  

Short summary of the fauna 

A more detailed report of the faunal composition and 
changes in the Åmose basin during the Flandrian period is 
presented under 'Synthesis' (pp. 269-283) .  

The Åmose mammalian fauna from the Boreal period was 
highly diverse. with faunal elements from both forest and 
open land biotopes. During the Atlantic period the isolation 
of Sjælland as an island and the increasing forest cover 
prevented immigration, and the type and variety of feeding 
habitats were impoverished, resulting in decrease of mam
malian diversity and body size (Figs. 65-66) .  
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The avian fauna was quite diverse both in the Boreal and 
Atlantic periods. There is, however, a change in species 
representation, from species preferring open water and large 
lakes towards species adapted to smaller lakes with lush 
macrophyte vegetation. The fish fauna is more or less con
stant during the period. Man seems to have exploited fish as 
a supplement to the main diet comprising mammalian, bird, 
and vegetarian food. 
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The human population seems to have used the Åmose 
basin and surroundings only during the summer seasons. 
Only in the case of the Kongemose site did hunting visits take 
place during late autumn and early winter. The two main 
habitation periods were in the late Boreal to early Atlantic 
period and in the latest Late Atlantic to Early Subboreal 
period. In the intervening Atlantic time there were very few 
habitation sites in the Åmose area. 



Trace fossils 

The aim of this chapter is to identify, describe, and interpret 
the various types of modifications and marks made on ani
mal bones by man. 

Trace fossils are the basic units of the discipline ichnology 
(e.g., Bromley 1990) .  The structures described in this chapter 
fall comfortably within the definition of trace fossils, and so 
an ichnological terminology may be used. 'Bioerosion', a 
term introduced by Neumann ( 1966), refers to the erosion 
or degradation of hard substrate, including rock, shell, and 
bone by organisms. In many cases it is, however, possible to 
give a much more precise interpretation of the marks than in 
conventional ichnology, which describes the work of ani
mals. The individual units are referred to as 'traces' in ichno
logical literature but are here terrned 'marks' in accordance 
with archaeozoological usage. 

Analysis of man-made bioerosion may be compared with 
a sedimentary facies analysis. The single mark, such as a cut 
mark left on bones, shows that a sharp object has cut into the 
bone, probably after the death of the animal. Recognition of 
repeated patterns in occurrence and position of specific 
marks on different bone elements may indicate the more 
precise circumstances under which they were formed. The 
following analysis is focused on hunting, butchering, and 
'eating' marks, supplemented by a few accessory mark types 
caused by trampling and dog-gnawing. 

Two basic sets of information can be achieved from exca
vated bone assemblages. One is based on bones regarded as 
'body fossils' , the other is based on the 'trace fossils' on the 
bones as a measure of human activity. 

Bones treated as body fossils give direct information on 
faunal composition, speeies diversity, population dynamics, 
and seasonal variations in these factors (pp. 264-268) .  

The type and distribution of man-made marks on bones 
provide important information on hunting, skinning, dis
memberment, filletting, butchering, and marrow-fraeturing 
traditions of the preferred prey animals and ultimately on the 
type of to ol applied. This is especially the case at sites that 

have been inhabited only for a short period of time and 
where there has been little or no mixing with younger cul
tures. Insight can furthermore be gained of bone-tool pro
cessing and even into bone art at the various sites. 

Comparison of the marks made by man and patterns of 
their position at different sites illustrates that the cutting-up 
of an animal is basically dictated by the anatomy of the prey 
animals and of their use to man. The marrow-fracturing 
proeess, however, seems to vary from site to site, indicating 
different traditions for marrow extraction through time and 
at sites with different functions. 

Material 

Mesolithic man has dump ed his refuse in or around the 
Åmose lake throughout 5,000 years, between ca. 7,000 B.C 
and 2,000 B.C The Mesolithic subfossil bone material from 
East Denmark is exceptionally well preserved. This facili
tates the observation and interpretation of the different 
marks left by man or beast. It differs significantly in that 
respect from much archaeozoological and other vertebrate 
remains described in the literature. Taphonomic studies are 
thus remarkably biased towards extremely poorly pre
served, wf'athered and transported material commonly 
found in fluvial deposits (e.g., Behrensmeyer 1 975; Voor
hies 1 969) .  

The following is not intended to be a complete review of, 
e.g., cut marks, as this has already been covered very ad
equately by Binford ( 1 98 1 ) ,  who also gave a comprehensive 
bibliography on the subject. A number of papers have dealt 
with this aspect, such as Driesch & Boessneck ( 1 975) ,  Brain 
( 198 1 ) ,  and Bonnichsen ( 1 979) .  Instead, the aim is to illus
trate by carefully worked examples the type and amount of 
information that can be extracted from the various kind of 
marks left on bones by man. 
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Man -made trace fossils 

on bones 

Hunting marks 

The type of marks to be expected from hunting activities 
indudes healed and unhealed bone fractures. The repeated 
appearance of certain types of fractures on special skeietal 
elements suggests that the injuries were actually a result of 
hunting. The size of the fracture, its general appearance, and 
the angle at which it was inflicted yields information on the 
skill of the hunter, the type ofweapon used, and the hunting 
method. 

Healed and unhealed lesions are easy to distinguish. The 
healed lesion has a rounded, smooth, and slightly bulging 
rim, except for cases where the wound was infected (PIs. 45: l ,  
3, 5,  l ,  46:4-5) .  The thickening of  the rim is due to callus 
formation, which is part of the healing procedure. Very 
often, one or possibly two tiny hoIes or channels occur in or 
dose to the callus. They may be cloacae and serve as offlet for 
puss in the period ofhealing of an infected injury (Pl. 45:3) or 
they are simply channels conducting extra nutrition in the 
pro cess ofhealing. 

U nhealed lesions are not particularly easy to recognize, as 
they can be confused with other types of mechanical bone 
destruction, such as damages caused by marrow fracturing, 
or even accidents of modem date. Characteristically, on one 
side the rim of the fracture is sharp and dean, while on the 
other side the rim is bordered with radiating scars produced 
by ripped-off bone splinters. The two opposing sides have 
been interpreted as the impact side and the exit side (Noe
Nygaard 1974, Pl. Ill ) .  This interpretation was confirmed by 
modem experiments, where various types of Stone Age 
arrows were shot at living targets (Fischer et al. 1 984; Noe
Nygaard, unpublished data; Vemming-Hansen, unpub
lished data) . The experiments also showed which type of 
arrow heads had the most fatal effect, as reflected by the size 
of the fracture. 

The healed lesion is commonly smooth on both sides but 
at times rather uneven or almost ragged on one side (Pl. 
47:6) .  This indicates from which side the weapon penetrated. 
The exit side of the fracture will often be characterized by the 
ripping-off of numerous bone splinters, as noticed in the 
case of the unhealed fracture. The splinters may cause infec
tions or just irritate the healing process, especiallywhere they 
rub against other skeletal elements during movement, such 
as shoulder blades against rib cage (Pl. 47:6) .  The relatively 
smooth side is thus the impact side (Pl. 47:6A-B) ,  and the 
uneven side is the exit side (Pls. 45: 1 ,  47:6) .  

The shape of the healed lesion may also give an indication 
of the type of weapon used in the hunt and the angle at which 
the wound was inflicted (Noe-Nygaard 1974) .  
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The position of healed and unhealed fractures further
more indicates which part of the animal was the preferred 
target of the hunters and where the prey were most vulner
able to attack. 

Most of the registered fractures inflicted on bones occur 
on the following skeletal elements in decreasing order of 
frequency: scapula, ribs, vertebrae, and, notably in the case of 
wild boar, Sus seraja, on the skull (Noe-Nygaard 1 974) .  
Injuries on  the front limb bones are rarely found, although 
they may well have occurred. An example of an unhealed 
fracture is the humerus of red deer from Kongemose, KS 40/ 
32-57 (Noe-Nygaard 1974) (Pl. 47:2) .  Later marrow fractur
ing may obliterate original hun ting injuries on the long 
bones. We know from modem experiment that an oblique 
arrowhead may easily penetrate right through the humerus 
of a wild boar (Fischer et al. 1 984; Vemming-Hansen, per
sonal communication, 1 986; Noe-Nygaard 1990) .  The re
sulting fragments are, however, very difficult to distinguish 
from fragments produced by marrow fracturing. Careful 
examination of the impact area may reveal the difference 
between the hunting marks, with their dean sharp rim, and 
the impact marks from marrow fracturing, with a rim bor
dered by tiny irregular bone splinters. An X -radiograph of a 
femur of Cervus elaphus deformed by osteomyelitis (Pl. 
47: 1A-C) revealed that the bone had been broken and that 
the poor healing of the fracture probably caused this serious 
deformation. The most likely cause for breaking a femur that 
is well-protected in the body is a shot cutting right through 
the bone. 

The frequency of injured bones tells us that hun ters in 
prehistoric times, as nowadays, preferred to take aim imme
diately behind and slightly below the shoulder blades. The 
prehistoric hun ter knew very well where to place a shot in 
order to kill an animal. The heart, lungs, and big blood vessels 
are placed behind the shoulder blade, and a successful shot 
placed here will lead to fatal intemal bleeding and to the 
quick death of the animal (N oe-Nygaard 1 974, Fig. 23) .  

The distribution of unhealed and healed injuries on, e.g., 
shoulder blades gives some indication of which areas are the 
more likely to create fatal injuries when hit (Noe-Nygaard 
1974, Fig. 22) .  The healed injuries show that the animal did 
survive the hunt in which it received these particular injuries. 
The distribution of the two types of injury is significant. The 
healed fractures are scattered around the rim of the blade, 
whereas the unhealed fractures are clustered within a limited 
area. Animals on which both healed and unhealed fractures 
are found have thus been hunted at least twice in their life. 

In fossil samples, the proportion of healed to unhealed 
injuries changes through time (Noe-Nygaard 1974) .  Healed 
lesions were not recorded from the Palaeolithic reindeer 
hunters' sites from the Hamburg culture, whereas numerous 
unhealed fractures were observed. At younger Danish sites 
from the Boreal Maglemose Culture, a few healed fractures 
occur, but there are still more unhealed fractures. At the 
Danish Ertebølle sites, healed fractures outnumber unhealed 
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fractures, at least at the sites on Sjælland. This trend may be 
a result of change in hunted animal species and in palaeo
environment towards more extended forest cover. This led 
to a change in the living habits of the human population. The 
reindeer hunters probably followed the large, migrating, 
open-Iand reindeer herds on which they were totally depen
dent (Rust 1 937; Clark 1967) . The hunting then would have 
presented no problems. The technique was probably to 
isolate a small gro up of individuals from the main herd and 
then kill and slaughter all of them. In this type of hun ting, 
precision shooting was of minor importance, and the ani
mals in the isolated group stood a very small chance of 
surviving. Mesolithic game animals lived in smaller herds 
and in more or less forested areas; thus more skill and effort 
had to be put into the discovery, tracing, and chasing of 
wounded prey. The dense forest in Atlantic and Subboreal 
time did not favour a nomadic way oflife for the hunters. Red 
deer and, in particular, roe deer are rather sedentary in their 
way of living, and this was reflected in the life style of the 
hunters. It is thus very likely that the same gro up ofhunters 
preyed on the same herd of animals for some time and thus 
created chances for re-shooting the same animal. 

The size and the shape of the fractures may aid identifica
tion of the type of weapon used and supplement the infor
mation obtained in the rare cases where the weapon is still 
buried in the bone (Pl. 47:2) .  The size of the fractures com
pared with the dimensions of possible weapons gives an 
indication ofwhether it was an injury inflicted by an arrow or 
a spear. The modem kill experiment revealed, however, that 
in the case of oblique arrowheads, the size of the fractures was 
much larger than the dimensions of the transverse arrow
head (Fischer et al. 1 984) . The first type of arrow virtually 
exploded large fragments off from the exit side, leaving a very 
large fracture (Vemming-Hansen, personal communica
tion, 1 986) . In other respects, the size of the fracture is 
suggestive of the weapon used. 

The angle at which an animal was hit gives information on 
the type of hun ting technique. A few of the fractures were 
clearly inflicted from above the animal, indicating that the 
hunters were placed in a shelter, possibly in a tree, or that the 
animal was either kneeling, or trapped in a pit when it was 
hit. The various characteristics of injuries listed above thus 
give a wide range of information on hun ting habits, skill, and 
weapons of the hunter/gatherer communities. 

Different types of marks recorded on 
the bones 

The following account deals with the marks inflicted on the 
bones after the death of the animal and the processes respon
sible for the outline and position of the various marks. All 
marks from the various bone elements from a species are 
superimposed on one standard bone element. This is to 
separate marks and position of marks of importance from 
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randornly imposed cuts and scratches. The mark census is 
only applied on bone material from small distinct sites with 
relatively short time ofhabitation. 

The marks here emphasized are cut marks, scrape marks, 
sawing marks, impact marks, and chop marks; furthermore, 
an attempt is made to explain the action by which they were 
created, e.g., by comparison with modem analogies. An 
important reference is Binford's ( 1 98 1 )  book on bones, 
which describes a number of modem examples of skinning, 
butchering and marrow-fracturing processes and the marks 
derived thereby. 

Cut marks 

In the simplest form, a cut mark is a more or less straight 
gro ove with a V-shaped cross-section (Fig. 67; Pl. 49:2-3, 8, 
1 0-1 1 ) .  The bottom of the 'V' may, however, approach a 'U' 
shape when the cutting tool has been moved in the track a 
number of times. The upper walls of the gro ove become 
striated perpendicular to the long axis of the cut, reflecting 
the uneven edge of the cutting implement, whereas the 
bottom of the cut may show longitudinal striation (Noe-

Cut marks 
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Fig. 67. Cut marks on sternum of DA Cervus elaphus (Mul.I 1 596) and DB 
Capreolus capreolus (PL 6925- 167) .  See also Pl. 49: 1 1 .  
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Nygaard 1 969; Binford 1 98 1 ) .  SEM micrographs of cut 
marks confirm this general morphology (Shipman 198 1 ;  
Behrensmeyer e t  al. 1 986) . 

Cut marks have a varied appearance determined by the 
process by which they were formed. They are typically pro
duced during skinning and often appear as series of sub
parallel, superficial cuts in areas where the skin was firmly 
attached to the bone, e.g., on the skull (Pl. 48) or at the lower 
ends of the metapodials. Binford ( 198 1 ,  p. 1 06) also pictured 
typical skinning marks. Cut marks formed during dismem
bering are often deeper and more pronounced; they are 
typically found around and on joint surfaces, especially in 
and on the femur-pelvis joint, humerus-scapula joint and 
on atlas vertebra - occipitale condyle. The position of the 
dismembering cut marks is seen on Pl. 48: 1-2 from red deer 
from all of the four sites. Cut marks are also found in 
connection with cutting-up of the animal and secondary 
butchering (Pl. 49:2-3, 9-10) .  A complete review of dis
membering marks is given by Binford ( 198 1 ) .  

Scrape marks 

The cut marks that stem from removal of meat by filletting 
often appear as a series of shallow subparallel, smooth
walled gro oves (Figs. 68, 82) . They may cover large surface 

Scrape marks 

Fig. 68. Scrape marks on a scapula of Cervus elaphus. See also Pl. 49:4-6, 12 .  
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areas, as on several Muldbjerg, Kongemose, and Ulkestrup
lyng shoulder blades (Pl. 49:4--6, 12 ) .  This type may be 
termed 'scrape marks' .  In some cases the single grooves 
dissolve into a series of dots, which under magnification 
appear to be min ute chop marks. This type of micro-chop
mark is formed when the knife looses its touch with the 
surface and slips and bumps instead of cutting. This is most 
likely to happen when the bone is covered with tissue and 
meat. These marks thus confirm the interpretation of the 
scrape mark. A good example from the Præstelyng site was 
shown by Noe-Nygaard ( 1 990, Fig. 14B) . 

All the various types of cut marks are produced by move
ments on the bone perpendicular to the cutting edge of the 
implement, resulting in micro-wear-striation on the flint 
tool paralleI to its short axis. This type of micro-wear is found 
on knives from the Muldbjerg I site (Rasmussen 1987) .  The 
distinctness of the striae on the edge of the knife depends, 
among other things, on the force of the cut, as the striae to 
some extent stem from traction over the knife blade of 
min ute flint chips broken from its edge. 

Sawing marks 

Sawing marks leave a broad trace or several traces crossing 
each other at an acute angle (Fig. 69) .  They have terraced 
walls with crossing striae in the longitudinal direction and a 
broad, uneven bottom trace (Pl. 49:9) . Sawing marks are 
produced where the cutting implement is moved paralleI to 
the cutting edge of the tool. Micro-wear-traces on the edge 
of the flint tool are parallel to the long axis of the knife, as 

Sawing marks 
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Fig. 69. Sawing marks on costae from Cervus elaphus from Præstelyng. See 
also Pl. 49:8-9. 
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shown by Rasmussen ( 1 987) on knives from the Early Neo
lithic site Muldbjerg L Sawing marks are often found at the 
attachment surface area of particularly tough tendons or in 
complicated, closed joints, as those around the tarsals. They 
are also seen on bones that have been deliberately prepared 
to break at a certain point. The ribs from the Mesolithic 
Præstelyng site have well-defined sawing marks at their dis
tal ends, (Pl. 49:9-10) where they were intended to break at 
the distance of the width of a fillet from the spine (Noe
Nygaard 1969, 1977, 1987) .  

Chop marks 

Chop marks are deep grooves tilted in the direction of the 
chop direction and with a well-defined demarcation (Fig. 70; 
Pl. 49: 1 ) .  A cross-section of a chop mark has the form of a 
tilted 'V' where one leg is broken off half-way up. The 
shortest wall of the groove is smooth or has fine striations 

Chop marks 
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Fig. 70. Chop marks on the distal part of a Cervus elaphus tibia from 
Præstelyng. See also Pl. 49: 1 .  
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parallel to the chop direction. The longest leg of the 'V' is 
smooth nearest to the bottom of the gro ove, but the bone 
wall is split -off about half-way up, leaving a rugged irregular 
scar more or less parallel to the surface of the bone. A chop 
mark is caused by a rather strong blow in a direction forming 
an acute angle with the length of the bone (Pl. 49: 1 ) .  Chop 
marks also occur at the more massive ends of the long bones, 
resulting from relatively careless marrow fragmentation. 

Impact marks (stroke marks) 

lmpact marks are represented by two characteristic types of 
traces. On the impact side, the rim of the fraeture is bordered 
by a series of minute fragments, 1-3 mm in size (Fig. 7 1 ) .  
These small flakes, which consist o f  material from the bone 
surface, are commonly found still attached to the rim of the 
fraeture. On the opposite side of the bone wall, the fraeture 
has the appearance of a mussel, somewhat resembling the 
type of fraeturing found on flint. The fraeture may show a 
radial striation starting at the impact point. This last type of 
fraeture is that most often found on thick -walled limb bones 
from larger mammals such as red deer and wild boar (Fig. 
72) .  lmpact marks occurwhere bones are hit bya semi-blunt, 
pointed instrument. This can take place in two ways. Either 
the implement hits the bone, which is stabilized on a hard 
surface, or the bone is used as a club and is beaten against a 
pointed object. The first method allows a precise position of 
the blow and thus of impact marks, fraetures, and type of 
fragments. Impact marks of this type are found on bones 
from Præstelyng and Muldbjerg I (Pl. 50) .  They are formed 
in connection with marrow fraeturing and are especially 
common on the metapodial bones, which are often used in 
tool fabrication. The second method is less precise; great 
force is used, and the bone is split into two. This type ofbone 
fragment is found at the Kongemose site and at a few occa
sions at the Ulkestruplyng site. The Kongemose site probably 
represents a hunting camp characterized by more casual 
marrow fraeturing. The three others were probably seasonal 
living sites characterized by more elaborated treatment of the 
prey animals. 

Actions by which working marks 
are inflicted 

Skinning marks 

Cut marks on bones made during removal of skin are not 
different from those made during other proeesses such as 
butchering. Oniy the repeated pattern of position of the 
marks, combined with knowledge ofwhich skeletal elements 
are likely to be affected by skinning proeesses, render it 
possible to recognize skinning marks. Bones are affected 
during skinning where skin and bone are separated only by 
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Impact marks 

D 
Fig. 71 . Impact marks. DA. On the distal part of a Cervus elaphus humerus 
from Præstelyng. DB. On the diaphysis of Cervus elaphus tibia from 
Præstelyng; note the mussel-like fraeture on the exit side of the impact 
mark. 

tendons and very little meat. This is particularly the case with 
the skull in the area near the snout and around the keel of the 
mandibulae. Another example is the area around the base of 
the anders or the ears. Skinning marks are often found on the 
traditional fur-bearing species from Danish prehistoric sites 
(Figs. 73-75, 97-100; Pl. 48) .  The species in question are 
beaver, otter, pine marten, wild cat, fox, and wolf (Noe
Nygaard 1969; Hatting 1973; Trolle-Larsen 1986) .  
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Fig. 72. Crude breakage of a Cervus elaphus tibia from Kongemose. The 
impact was on the bulged lateral side proximally. 

Butchering marks 

The term butchering is almost exdusively applied to dis
membering activities. Two types can be distinguished. The 
first type is equivalent to dismembering, while the second 
type is more or less equivalent to the later process of cutting 
of larger parts into manageable lumps suitable for food 
processing. Butchering has been dealt with by many authors, 
e.g., Bonnichsen ( 1 973),  Noe-Nygaard ( 1 977), Binford 
( 1 978, 198 1 ) ,  Frison ( 1971 )  and Guilday et al. ( 1 962) .  

Dismembering. - Marks from dismembering are expected to 
be found at or dose to the major joints, especially the dosed 
hinge. This is the case whether the killed animal is butchered 
on the spot where it died or at the living site after transport. 
Cut marks left from dismembering may be deep and distinct 
(Figs. 67, 80--82; Pl. 48:2, 4) . They are, however, relatively 
rare in the investigated material. This observation is com pat -
ible with experiments made by Shipman ( 198 1 ) ,  who 
showed that it was possible to skin an animal without leaving 
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U l kestru plyng Gervus elaphus, cran i u m  

33 fragments � 
� 
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Legend 6 6.  Natural weathering " c:,. c:,. 
" " "  

" -0'..." Fine cut marks � Sawing marks 
" 

x x x Gnaw marks - Micro chop marks 

) ) )  I mpact zone � Pol ish 

I I I Chop marks Cut marks on internal side I l ,  

'----- Deep cut marks � Healed les ion 

� Fracture zone � Scrape marks 

Fig. 73. Fragmentation pattern and working traces based on skull frag
ments from Ulkestruplyng. The symbols and notations refer also to the 
following figures (Figs. 74-106) on working traces and fragmentation 
patterns. The total number of man-made traces on the various bone 
elements from each site has been superimposed on one example of each 
bone element. Big numbers indicate the number of fragments of a specific 
type; small numbers the frequency of occurrence of a specific working 
trace. White letters in black circles refer to the type of activity responsible 
for the marks. S = skinning marks; C = cleaning marks; D = dismembering 
marks; T = to ol processing marks; E = eating marks. Larger black letters 
refer to fragment types at the respective sites (see text) .  
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any marks on the bones. On the humerus and scapula from 
Muldbjerg I, Præstelyng, Kongemose, and Ulkestruplyng, 
typical cut marks from dismembering have been noted at 
several places (Fig. 82) . On the cavita glenoidalis and the 
coUar of scapula, a duster of dear deep cut marks reflects that 
they were intentionally placed in order to release humerus 
from scapula. This ball-hinge is weU protected, and cutting of 
the tendons and musdes cannot be made without hitting the 
edge of cavita glenoidalis. It is, however, possible to twist out 
caput humeri without causing much damage to the joint 
surface after loosening the tendons and sinews. The proxi
mal ends ofhumerus are, accordingly, not particularly dam
aged in contrast to the joint of scapula. The distal joint of 
humerus is a hinge-joint, which is very endosed and tightly 
fitted to the proximal part of ulna. In material from Konge
mose and Ulkestruplyng, dear cut marks from dismember
ing of the ulna from the humerus have been distinguished. 

Kongemose 
Gervus elaphus, cran i u m  

337 fragments 

Fig. 74. Fragmentation pattern and working traces based on cranial bones 
of Cervus elaphus from Kongemose (see also Fig. 75) .  Only larger and 
significant fragments are recorded. Note the numerous marks around the 
rose and on the anders. For notations and symbols, see Fig. 73. 
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Kongemose 

~ 

337 fragments 

4 

Cervus elaphus, 
cran i um 

Fig. 75. Fragmentation pattern and working traces based on cranial bones 
of Cervus e1aphus from Kongemose (see also Fig. 74) . Only larger and 
significant fragments are recorded. Note the numerous marks around the 
rose and on the antlers. For notations and symbols, see Fig. 73. 

This type of mark, however, is not noticed on the humerus 
from Præstelyng and Muldbjerg L The absenee of dismem
bering cut marks here may be accidental, or it may reflect a 
different method of dismembering, for example by breaking 
the bone above and below the joint, by filletting the meat, or 
by using bone implements in butchering. The last explana
tion is unlikely, considering the relatively large number of 
flint knives excavated at the two sites. 

Dismembering marks of the mandibles are found mainly 
on the ramus mandibularis, processus coronoides, and, espe
cially, on the gonion caudale (Figs. 78-8 1 ) .  Theywere formed 
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by the cuts disarticulating the mandibula from the skull and 
are found on mandibulae from all four sites. It is, however, 
clear that the frequency of dismembering marks and other 
cut marks is different at Muldbjerg I, Præstelyng, Konge
mose, and Ulkestruplyng. At the first two sites, 22% and 
27%, respectively, of the jaw bones bear dismembering cut 
marks, as opposed to the last two sites where only 1 5% and 
I l  % show dismembering cut marks. This pattern may reflect 
the fact that butchering at Kongemose and Ulkestruplyng 
took place very shortly after the kill of the animals, whereas 
the prey butchered at Præstelyng and Muldbjerg I had been 
killed somewhere else and was butchered later at the site 
when the body was stiff or cold. This hypothesis is supported 
by the evidence from the different marrow-fracturing tech
niques applied at the two groups of sites. Butchering of 
frozen carcasses can be ruled out, as a number of seasonal 
indicators at the last two sites point to summer and autumn 
as the most likely time of occupation. 

Butcheringfor food processing. - Marks caused by this second 
type of butchering are more often found on larger prey 
animals such as red deer, than on smaller animals, as for 
example roe deer. It is difficult to distinguish between the 
marks that derive from the two types of butchering, but 
removal of less meaty part of a bone element most likely 
results from secondary butchering, which aims at reducing 
the size of the dismembered pieces. A possible example is the 
ribs from Præstelyng, which have been cut/sawn off at the 
width of the fillet (Noe-Nygaard 1 969, 1 977) (Fig. 69) .  

Filletting marks 

Filletting marks are shallow cut marks or even scrape marks 
that are commonly found in parallel or subparallel bundles 
running along the length of the bones. They are expected to 
be found on bones normally covered by a good layer of meat. 
A good example is offered by cut marks placed on the fossa 
supraspinata of scapula (Figs. 68, 82; Pl. 49: 12 )  and on the 
dorsal side of the ribs (Fig. 9 1 ;  Pl. 49:4-6) .  Some of the marks 
on the mandibulae may also stem from removal of the meaty 
chewing muscle. The filletting marks are produced when the 
meat is cut free from the bone. Filletting may take place just 
after the kill of the animal to facilitate transport of the bag, 
especially when a number of animals have been killed at the 
same time and at some distance from the main camp site. 
Filletting may also take place where smoking and drying of 
meat for storing is performed, and to facilitate food prepara
tion. The filletting marks on scapula could very weU belong 
to the smoking-drying process. The blade is not very heavy, 
so there is not much gained bytaking it out at the kill site. The 
filletting marks are found on the inner and outer side of 
blades at all four sites. In Denmark, the Late Boreal and 
Atlantic climate was a little warmer than today. If the meat 
was stored, it had to be filleted before it was dried or smoked, 
to avoid rotting. 
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Marrow fraeturing 

In addition to impact marks, marrow fraeturing is accompa
nied by two types of cut and scrape marks. Binford ( 1 978, 
198 1 )  mentioned that befare marrow fraeturing, the bones 
are cleaned and scraped for adhering tissue and meat, in 
order to prevent the bone from slipping during fraeturing. 
The Nunamiut eskimos aften heat, not burn, the bone in 
order to get a crisp dry bone surface on which the blows are 
to be inflicted. SeveraI examples of application of this proee
dure can be found in the Kongernase material. The area 
around the impact fraeture is aften ' cleaned', cut and scraped 
for bone splinters, etc., befare the marrow is eaten (e.g., Figs. 
84-86, term C) . 

The pattern of fragmentation clearly differs at the four 
sites; again Muldbjerg I and Præstelyng resemble each other, 
while Kongernase and Ulkestruplyng have same patterns in 
common. The fragmentation patterns are illustrated in Figs. 
73-92. Marrow fragmentation of, e.g., humerus is per
forrned very differently at the four sites. At Kongernase either 
the upper or the lower epiphysis is removed, each with the 
larger part of the diaphysis attached to it. This results in two 
large fragments and a 2-5 cm lang tube of the shaft (Noe
Nygaard 1977, 1979, 1988 ) .  The fragmentation of the bones 
was undertaken in a rather violent way, and only rarely are 
the small bone flakes from the impact area present. This area 
was crushed, and the resulting bone splinters were sa small 
that they have not been retrieved, recognized, or perhaps not 
even preserved. This is also reflected in the very small num
ber ofbone elements that can be reassembled from this site in 
spite of the fact that it contains by far the highest number of 
retrieved, well-preserved bones. The fragments from Ulke
struplyng are few but of the same type as at Kongernase. The 
fragmentation pattern ofhumerus bones at Muldbjerg I and 
Præstelyng have same features in common. The number of 
significant fragments per bone element is higher (4 or more) ,  
and the applied technique is different. In the case of Konge
mose, the bone has most certainly been used as a club and has 
been beaten against a sharp object, or a crude hammer has 
made the percussion impacts (Fig. 72) .  The impact marks on 
the Muldbjerg I and Præstelyng bones were produced by an 
object hammered against the bone at severaI positions, re
sulting in an apening of the marrow cavity along its full 
length and resulting in at least two diaphysial fragments 
added to the two upper and lower epiphyses. This pattern is 
repeated in the marrow fracturing of a number of other lang 
bones from these two sites. According to Binford ( 1 978, 
198 1 ) ,  marrowfracturing is performed differentlyat hunting 
stands/camps and living sites by the Nunamiut eskimos, and 
the actual fracturing at the two Iaealities is traditionally 
performed by men in the first case and by women in the 
second. The different techniques and the resulting number 
of fragments may thus be explained in two ways. Either the 
sites are of different types, or the people from the Kongernase 
culture traditionally dealt with bones in another way and/or 
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with other tools compared to the people of the Late Ertebølle 
culture. A combination of these two explanations is possible. 

Thus the observed difference between butchering strate
gies at Muldbjerg-Præstelyng and Kongemose-Ulkestrup
lyng may reflect differences in butchering related to tradi
tions (Noe-Nygaard 1977), but it may also reflect differences 
in butchering methods perforrned at hunting and catchment 
sites in contrast to more stationary living sites. Binford 
( 1978, 198 1 )  has pointed out that the butchering of a stiff or 
frozen animal is conducted differently from butchering of a 
newly killed animal. This difference in treatment of the prey 
also applies to the marrow fracturing of the bones. 

Trampling 

TrampIing and other obliterating marks are few and essen
tially absent in most of the preserved material from the lake 
sediments of the Åmose basin. This indicates a rapid burial of 
the bones shortly after the kill and eating of the animal. Rare 
exceptions may be recorded on ribs from Præstelyng and 
Muldbjerg I, where irregular parallei superficial scratches 
with vague polish occur on the most curved part of the bone. 
These marks might be a result of trampling or the sliding of 
the rib cage over the ground. They are not obvious results of 
skinning, dismembering, or filletting (Fig. 9 1 ) .  It is thus 
possible, using material from this type of deposit, to differen
tiate between the cut marks produced by man and the 
random marks caused by trampling and related processes. 

The bones described here were dumped at the lake margin 
or in the lake, where they were rapidly covered by sediment. 
The difference in preservation of fragments embedded in 
different sediment types is evident (see pp. 69-71 ) .  Frag
ments of the same bone element deposited in water-Iogged 
organic mud, as opposed to fragments deposited in peat, 
show highly different surface texture and colour (Pl. l ) .  The 
fragments deposited in the lake have a hard, shining surface 
and a collagen content as high as a fresh modern bone. Such 
fragments have hardly any marks that can be ascribed to 
trampling activity. The few bones left on land in peat have a 
yellowish and sometimes weathered surface with scratches 
that could possibly be due to trampling, as defined by 
Behrensmeyer et al. ( 1986) . 

The combined information of the recurrent patterns and 
positions of the various marks, their shape, profile, and 
orientation are diagnostic features separating trampling 
from human cut marks. The temporaI succession of crossing 
and touching scratches and marks can be analyzed on excel
lently preserved material such as that studied here. It is 
obvious that cut marks have been applied first, and this may 
aid in separating them from possible trampling marks. Fi
nally, the stratigraphic position and the nature of the embed
ding sediment gives an indication of the time that elapsed 
between the point at which the prey was brought to the site 
and the final burial of the bones. 
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Gnawing marks from dog 

Presence of dog can be traced at nearly all site types in 
Denmark throughout the Mesolithic, Neolithic, and later 
times. As dog, during its known occurrence in Denmark, has 
always been associated with man, is it reasonable to consider 
traces left on bones by dog in connection with a description 
of the various types ofbone modifications caused by human 
activity (Pls. 1 :8 ;  49:5; 5 1 ) .  

Dog activity o n  bone can b e  traced by the round blunt 
impressions inflicted by the cone-shaped canines in the 
surface of the bone, by U-shaped shallow furrows with 
min ute crushing marks in the bottom of the furrow, by the 
complete gnawing-away of joints to leave an uneven, ragged 
surface, and by splintering of the long-bone shafts. 

The first type is easily recognizable. It is, however, difficult 
to determine whether it is caused by dog, fox, or wolf. A 
reliable distinction between tooth marks from these animaIs 
is not possible, according to modern experiments, although 
Jensen ( 1 985) suggested some guide lines. Binford ( 198 1 )  
drew attention to the second type o f  tooth marks, which he 
called 'scores' . He pointed out that this type was often misin
terpreted as cut marks inflicted by man. However, they have 
a different profile from cut marks (Pl. 5 1 :2-3) ,  their position 
on the bones show a random distribution, and they are most 
often located perpendicularly to the long axis of the bones 
and following the curvature of the bone. Scoring is a result of 
either turning the bone against the teeth or draggingthe teeth 
across relatively compact bone. An extreme type of scoring is 
termed 'furrowing' and refers to the effect of repeated jaw 
action with canine or carnassial teeth on relatively cancellous 
bone tissue (Haynes 1 980) .  In some cases the tissue has been 
almost completely gnawed away. The blunt point of the 
canine pressed against the bone surface may result in two 
types of fractures, termed 'punctures' and 'pits' by Binford 
( 198 1 ) .  The difference between the two is merely a question 
of the type of bone and the strength with which the canines 
have bitten. 'Punctures' are defined as bone collapse under 
the pressure of the canines (Pl. 1 : 8 ) .  They occur in areas 
where the bone surface is underlain by cancellous tissue, as 
opposed to the type 'pits', which are often found on the 
thicker and stronger bone surfaces of the long bone shafts. 

Systematic description of 
working traces on selected 

speCles 

The preceding account was based on a meticulous study of 
nearly all bone elements from nine mammal species, birds, 
and fish from the four sites, as described in the following 
sections. The number of fragments from the species treated 
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in this chapter may not coincide with the numbers listed in 
the census of species (Tables 6-9) .  Small and insignificant 
fragments have been omitted in this context. I have not 
necessarily interpreted all cut, scratch, sawing, and chop 
marks found on the bones. I do not think that all of them are 
ofimportance; many have most likely been inflicted acciden
tally and are cuts and scrapes that do not add to the knowl
e�ge of the behaviour of prehistoric man. The method ap
phed where the taphonomic loss is estimated is from 
Noe-Nygaard ( 1 977, 1988) .  The few man-made bone modi
fications on dog have been briefly mentioned in spite of the 
small num ber of fragments from Canis familiaris. The total 
NF and the EMNI per bone element per species per site are 
listed in Tables 6-9. The EMNI calculations of Cervus elaphus 
on the basis of single bone elements are listed in Table 10 .  

Owing to the relatively few fragment data collected from 
the Ulkestruplyng site, this site is not always included in the 
final comparisons between the sites. All the data from the 
Ulkestruplyng site are available, however, in the systematic 
descriptions. Each chapter includes an intermediate com
parison between the four sites. 

Cervus elaphus 

Cranium 

Muldbjerg 1. - The fragmentation has been rather violent, 
and the cranial bones occur as small fragments, with the 
exception of the maxillar bones (Fig. 76) .  The three maxillar 
bones present are complete with teeth. Canalis maxillaris has 
been knocked open so as to gain access to the alveus cavity 
(Pl. 2 ) .  One female cranium has been reassembled almost 
completely, allowing interpretation of the fragmentation 
strategy. After rem oval of the occipital region, the skull was 
divided horizontally into a dorsal part including the frontal 
and parietal bones and a ventraI part including the maxillary, 
premaxillary, and nasal bones. 

Very few cut marks were found, only one on os hyoideum 
and one on a frontal bone. A single chop mark was found on 
the base of a poorly developed conus fragment. The few 
cranial fragments do not allow further conclusions on frag
mentation and butchering pattern. The cranial bones were 
smashed, and the tongue was removed. The fat from canalis 
mandibularis was taken out, probably for consumption. 

Præstelyng. - The bones are generally well preserved but very 
fragmented (Fig. 77) .  The maxillar bones with teeth seem to 
have been heated, which cracked the enamel of the teeth. The 
general fragmentation pattern can be inferred by the refitting 
of an almost complete female cranium from the Præstelyng 
site. The cranium was first divided by a horizontal stroke 
(probably in the thin-walled and highly fragmented tempo
ral region) into an upper part including the frontal and 
parietal bones including possible antlers, and a lower part. 
Thereafter the lower part was divided into two, a left and a 
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M u ld bjerg Gervus elaphus, cran i u m  
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Fig. 76. Fragmentation pattern and working traces based on cranial bones 
of Cervus elaphus from Muldbjerg I. Note on H the strange fraetures above 
the dental row of maxillaris: the type offragment as weU as the opening into 
sinus maxilIaris. Note also the very consistent way of fraeturing the skuU 
and the position and number of the different working marks. For notations 
and syrnbols, see Fig. 73. 

right side. Os nasale was broken off from os maxilIare, which 
occurs as a rather consistent fragment type. The basi occipi
tale was knocked off from the occipital region, in contrast to 
what was the case at the Muldbjerg I site. 

W orking traces were recorded especially on os maxilIare, os 
frontale, and os stylohyale. The cut marks on os maxillare and 
os frontale are most likely skinning marks, whereas the cut 
marks on os stylohyale are more likely to be butchering marks 
and derive from removal of the tongue from the jaws. Traces 
of dog-gnawing are recorded on os stylohyale, indicating that 
the leftovers from the tongue meal were fed to the dogs. 

Kongemose. - The fragmentation pattern is the result of a 
rather violent and casual way of smashing the cranium. A few 
types of fragments, however, were repeatedly produced 
(Figs. 74-75) .  

The basi occipital region is  very fragmented. The bones 
have been divided into a left and a right piece and further split 
into three layers by two lateral blows: a dorsal roof of the 
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cranium, a middle layer, and a caudal layer comprising 
condylos occipitalis. The upper dorsal layer extends through 
the whole cranium and thus separates the cranium from os 
frontale and parietale, a bony plate. Os temporaie and os 
zygomaticum are likewise very fragmented. The temporale 
region is highly fragmented and is most likely the region 
where the blows for the separation of the roof of the cranium 
were placed. 

Of the 25 fragments of os maxilIare, only 5 have cut marks, 
4 of which are on the jawbone just above the tooth row. 
Juveniles were treated the same way as adults. The cut marks 
may be unsuccessful attempts at finding the plane between 
the teeth in order to press the jaws open with a knife to get 
access to the tongue. The tongue is, however, more easily 
reached by cutting up from below through the mandible 
arch. The cut may have been caused by removing the skin 
from the cranium. Removal of nerve fat from the cavity can 
be ruled out, as the maxillar bone was never cut open. 

There are very few other cut marks, and they are concen
trated on os frontale around the base of the antler, where also 
violent chop marks are present on some of the antler frag
ments. The cut marks are likely to be from the skinning 
proeess, whereas the chop marks originated from rem oval of 
the antler from the skull or parts of the spines from the antler. 
None of the antlers found in the site refuse have been of any 
use in tool fabrication, as they all stem from unshed antlers of 
which 1 70 fragments were found. From the archaeological 
material, impressive tools have been fabricated from fully 
grown antlers, such as an axe with oblique cutting and large 
flint flakers (Jørgensen 1956) .  The very few ready-rubbed 
antler fragments thus do not correspond in number with the 
antler to ols found at the site. 

The small EMNl of Cervus elaphus on the basis of cranial 
bones and the lack of waste products of rubbed antler indi
cate that the heads from some of the hun ting bag were left at 
another place, probably dose to where the killing took place, 
whereafter a dismemberment of antlers took place. The 
antlers were removed and stored outside the site area. The 
whole action would have taken place in the late autumn and 
maybe winter. The animals kiIled in the summer type of 
season were probably brought to the site and butchered 
there, as indicated by the very immature state of some of the 
retrieved antler fragments. 

To sum up, the EMNl based on the very fragmented 
cranial bones is much lower than that calculated from the 
other Cervus bone elements from the Kongemose site. This 
indicates that the skulls were butchered somewhere else. It 
has not been possible to reassemble any of the fragments, in 
contrast to the material from Muldbjerg I and Præstelyng. 

Ulkestruplyng. - Threre are 35 cranial fragments, exduding 
1 7  loose teeth. The seattered fragments do not allow de
duction of the fragmentation pattern. The only repeated 
pattern noticed is that of violent chop marks at the bases of 
the antlers. These marks are placed either just above the 
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Fig. 77. Fragmentation pattern and working traces based on cranial bones of Cervus e/aphus from Præstelyng. Note the very consistent way of fraeturing the 
skul! and the position and number of the different working marks. For notations and symbols, see Fig. 73. 

rose or just below. Fourteen of the antler fragments have 
been chopped off at the base and polished at the pointed 
end where numerous scratehes and cuts are seen. These 
indicate intensive use and wear. Some of the damage at the 
points confirms their proposed use as flint flakers. 

Comparison between the four sites. - The mode of frag
mentation is similar for the Muldbjerg I and Præstelyng 
sites, although differences occur, e.g., the separation of the 
occipital region (Figs. 76-77).  The fragmentation pattern 
at the Kongemose site is different, and the skulls are more 
fragmented (Figs. 74-75) .  Working traces are common 
only on the Præstelyng material. But when working traces 
occur on the Muldbjerg I and Kongemose material, they 
are found on similar places and bones as in the Præste
lyng material, on os maxillare, os frontale, os stylohyale, 
and, at rare occasions, condylos occipitalis. The ruthless 
treatrnent of the cranial bones at the Kongemose site may 
reflect on overall interest in antlers as raw material for 
tool pro cess ing. 

Mandibula 

Muldbjerg 1. - As a whole, the jaws are only slightly broken, 
and the pattern of fragmentation is similar in paired speci
mens; e.g., Mul.I 5 1 105 and 5 1083 are fragmented in much 
the same way and were probably derived from the same 
individual. This can also be said for Mul.I 32533 and 5 1 1 72.  
The wear of teeth and state of tooth eruption on the last two 
mandibles support this suggestion. The pattern is produced 
by a strong blow directed against ram us horizontalis below 
mz (Fig. 78) .  In this way an area of impact about 3 cm in 
diameter is produced. Often the blow has been strong 
enough to split and occasional cleave the basal part of ramus 
horizontalis. Can alis mandibularis was thus laid open, and 
the fatty tissue around the main nerve could be extracted. 

In some cases a mandible is broken just above gonion, and 
strong cut marks are often found there. Likewise, fine cut and 
scrape marks are common on ramus horizontalis between il 

and pz (Fig. 78) .  Each jaw is broken into 2-3 pieces. As the 
EMNI is 3, there ought to be six mandibles, and as the 
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Fig. 78. Fragmentation pattern and working traces based on Cervus elaphus 
mandibles from Muldbjerg I Note the position of the impact area of the 
crueial blow under or behind m2 and how it influenees the resultant 
fragments. For notations and symbols, see Fig. 73. 

fragmentation produces 2-3 pieces per jaw, then the total 
expected number of fragments would be somewhere be
tween 12 and 18 .  As 1 1  determinable fragments have been 
recovered, this demonstrates a high percent of retrieval (61-
91%) .  

On the mandible from MuLI 408 1 5, the very edge of  the 
jaw between gonion caudalis and gonion ventralis has been 
damaged by weathering. Similar damage has been recorded 
on musk-ox jaws in East Greenland that have only partly 
been covered by sediment (N. Noe-Nygaard & P.-H. Larsen, 
unpublished data) . 

It is remarkable that no ne of the jaws from the M uldbjerg 
I site shows traces of dog-gnawing. This might indicate a 
rap id sediment/water burial away from the site area and thus 
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protection from dog activities. The hun ters may have left the 
unmanageable skull and jaws as offal after rem oval of the 
tongue and marrow. The jaws may also have been left as a 
votive offering to please the Gods, as was the case with the 
wild-boar jaws from Sludegårds Mose dated 4,000 B.C. 
(Noe-Nygaard & Richter 1 990) . 

Præstelyng. - The jaws are rather fragmented, but the frag
mentation follows a distinct pattern (Fig. 79) .  The fragments 
were produced by a strong blow just below the interval 
between m2 and m3 on the buccal side. By this procedure 
corpus mandibulae is broken right across, and, by the 
strength of the blow, cleaved parallel to the row of the teeth. 
The distal part of the mandible with the incisors is sometimes 
broken. One gets the impression that it is somewhat at 
random whether canalis mandibulae is laid open or not. The 
same fragmentation technique was applied to the two juve
nile jaws (0-3 months) .  Each mandible was broken into 2-4 
pieces. 

In only two cases, the region between gonion caudale and 
gonion ven trale has been damaged by natural weathering 
processes. Consequently, the jaws in most cases cannot have 
been uncovered for any longer period. In spite of this, some 
of the bones bear signs of dog-gnawing. 

There are relatively many traces of cutting, chopping, and 
scraping, especially just below processus condylaris; it is ex
actly he re that one would try to cut the jaws free during 
partitioning. The other working traces are distributed almost 
randornly and may as well have been caused by trampling. 
The three fragments of pars incisors on corpus mandibularis 
have been produced by breaking apart of the mandibles. The 
pattern of splint�ring of the pieces indicates a pressure from 
the lingual side towards the buccal side, presumably to pull 
out the tongue. 

Kongemose. - Three different, almost equally common 
methods were used in the partitioning of the jaw (Fig. 80) . 
Although a clear pattern is recognizable, the choice of 
method A, B, or C appears random. On the other hand, the 
variation may be the result of winter versus summer type of 
fragmentation, as described by Binford ( 1 978) .  

I f  the fractures, as it would appear, have been caused by 
strokes, these are likely to have been carried out with a stone, 
with vehemence but unskillful inaccuracy. 

A strong blow was delivered low on the buccal side of 
ramus horizontalis just below m3, causing the bone to split 
lengthwise parallel to the row of teeth (Fig. 80) . The jaw was 
then often further broken perpendicular to ramus horizon
talis either just before P2 or before P4. Three jaws are almost 
complete. 

Traces of chopping, cutting, and scraping are found on all 
the jaws (Fig. 80), but no traces from dog-gnawing were 
found. Since only very few of the fragments can be reas
sembled, and the number ofjaws from the right side is much 
higher than jaws from the left, the material has high tapho
nomic bias and is very incomplete. Consequently, any pos-



FOSSILS AND STRA TA 37 ( 1 995) 

Fig. 79. Fragmentation pattern and 
working traces based on Cervus elaphus 
mandibles from Præstelyng. Note the 
position of the impact area of the crucial 
blow under or behind m2 and how it 
influences the resultant fragments. For 
notations and symbols, see Fig. 73. 

Præstelyng 

sible conclusions on the amount of bag brought to the site 
would be very uncertain. 

The estimates on time of occupation and age distributions 
also have to be taken with some reservation. 

Ulkestruplyng. - Although there are only I l  fragments, ra
mus mandibulae has been broken off in five cases. The 
fracture zone lies just under m3. Four further fragments of 
the distal ends of corpus mandibulae, pars incisiva, have been 
found. Of the two parts of mandibulae with a complete tooth 
row, one lacks margo ventralis, which has been clearly beaten 
off (UL0 23408-2) .  Generally, the jaws are broken into 
pieces with a splintered uneven fracture; no distinct fracture 
zone or impact area can be recognized. 

There are very few and scattered cut marks on ramus 
mandibulae and one or two chop marks. The few working 
traces are situated just over gonion dorsalis (Fig. 8 1 ) .  None of 
the mandibles bear traces of dog-gnawing, in spite of the fact 
that dog bones have been retrieved from the site. 

Comparison between the Jour sites. - At the Muldbjerg I site 
the pattern of fragmentation is clearly produced by precision 

Juven i le 
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blows directed against a smaller localized area between ml 
and m2 on margo ventralis. The injuries on the four jaws 
belong to the same type, and the final appearance of the 
resulting fragments is determined by the precision of the 
blow and how near to margo ventralis itself it was placed. 

Single scattered working traces are present, these being 
positioned under caput mandibulae and proximally in rela
tion to Joramen mentale. The first one is a dismembering cut. 
The second may stem from removal of the tongue after the 
jaw has been removed from the skull (Noe-Nygaard & Rich
ter 1 990) . 

As mentioned, however, the jaws from Muldbjerg I may 
have been part of a sacrificial offering. The tradition of 
offering offal seems to be widespread in Europe, following 
the Band ceramic culture (C. Ebbesen, personal communi
cation, 1989) .  

Many of the fragment types from Ulkestruplyng are also 
present among the fragments from the Kongemose site. At 
the two sites, as at Præstelyng, juvenile jaws are treated in the 
same manner as jaws from adults. Furthermore, some of the 
jaws from Kongemose and all those from Ulkestruplyng are 
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normally broken and split up in a very irregular way along 
jagged fraetures. In contrast, the fraetures found at Præste
lyng and Muldbjerg I are straighter. In some �ases, �orp�s 
mandibulae of the Kongemose jaws has been splIt longltudl
nally by a number of percussions (Fig. 80; Pl. 10) .  

In conclusion, there is  a clear difference in the pattern of 
fragmentation at Kongemose and Ulkestruplyng as opposed 
to Præstelyng and Muldbjerg L The last two show great 
similarity in precision blows with crushing rims around the 
injury. However, the resulting fragments reveal some varia
tion (Figs. 78-79) .  

I t  i s  also remarkable that there are very few cut, chop, 
sawing, and scrape marks and traces of dog-gnawing ?n the 
bones, in spite of the fact that dog was present at all sItes. 

) 

Scapula 
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Fig. 80. Fragmentation pattern 
and working traces based on 
Cervus e/aphus mandibles from 
Kongemose. Note the three 
modes ofbreaking up mandibles. 
The A-mode is very similar to 
what was practiced at the 
Preboreal site Star Carr 
(England) .  The C-mode is 
comparable with what was 
practiced at the Ulkestruplyng 
site (Fig. 8 1 ) .  For notations and 
symbols, see Fig. 73. 

Muldbjerg 1. - Fragments of 7 shoulder blades have been 
recovered, 2 of which are almost complete and the other 5 
intensely fragmented (Fig. 82) .  Margo ventralis has been 
broken by a blow directed against the inner side of scapula. 
The single fragments are small. It is unlikely that this is due to 
weathering, as the state of preservation is comparatively 
good. The shoulder blades appear to have been crushed, 
perhaps for use in soup stock or the like. 

From Fig. 82 it appears that there are three types of cut 
marks, each with a characteristic distribution. Cuts of the 
first type are deep and short and concentrated around col
lum, where also a small number of chop marks are found. 
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Fig. 81 .  Fragmentation pattern and working traces based on Cervus elaphus 
mandibles from Ulkestruplyng (cf. Fig. 80) . For notations and symbols, see 
Fig. 73. 

The second type of marks are longer, more superficial, and 
irregularly scattered over the greater part of the bone. The 
third type is found on cavitas glenoidales itself. These marks 
are short, flat-lying and subparallel to the surface. 

Working traces of types 1 and 3 most likely originate from 
partitioning and type 2 from later filletting, pehaps when 
meat was removed for drying (Fig. 82) .  Only a few traces 
from dog-gnawing occur. 

Præstelyng. - Of the 9 shoulder blades, only one (PL 7942-43) 
shows signs ofhaving been crushed. The rest consist ofwhole 
bones, although some edges and spines are missing; this is 
probably due to weathering. Two small ioose-lying flakes 
were found as well. 

Cut marks are concentrated around collum but occur also 
in a few cases on the blade itself. Taken as a whole, there are 
only few working traces, and the bones have only been 
slightly affected by dog-gnawing (Fig. 82) . 

If the traces are referred to working processes, the signs on 
collum and cavitas glenoidales are most likely derived from 
dismembering of scapula from humerus during primary or 
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secondarypartitioning. The micro-chop-marks on the blade 
itself might be the result of removal of meat from the bone. 
As the site is argued to be a summer dwelling place inhabited 
from April to late September (pp. 267-268 ) ,  most of the 
seven killed animals were undoubtedly eaten on the spot. 

Kongemose. - Of the 74 examined fragments of shoulder 
blades, 34 were almost complete (Fig. 82, types A and E) .  

The scapulae are weathered. During desiccation of the 
shoulder blades, tension between the more solid spines and 
edges and the thinner central part has resulted in breakage of 
fossa supraspinata (Noe-Nygaard 1 973) .  

The bone material from Kongemose has been kept in store 
for 30 years under very unsatisfactory conditions, which 
means that stones and bones were in the same bags and 
subjected to warming and drying-out in an unstable envi
ronment. Such treatment will particularly affect the fragile 
fossa supraspinata. Much damage is therefore dearly of mod
em date. The broken shoulder blade fragments (Fig. 82 types 
B--D and F) tend to be found among the fragments that are 
most poorly preserved and show cracks and peelings. This 
means that only traces on cavitas glenoidales have been 
counted, where later destruetion has not obliterated the early 
man-made traces. In spite of the bad state of preservation, 
five fragment types can be distinguished. The B-, C-, D-, and 
F-type fragments have been intensely broken, and in five 
cases cavitas glenoidales itselfhas been broken off. 

Most of the cut marks are located along the edge of cavitas 
glenoidales, and some occur scattered on collum of scapula. 
They probably stem from the liberation of humerus from 
scapula and are thus traces of dismembering (Fig. 82) . In 
four cases there are many parallei traces of scraping length
wise on the shoulder blade on fossa subscapularis. Further cut 
marks are seattered across the ventral side of the blades, 
where they were probably caused during the removal of the 
meat; such marks are especially common on the complete 
shoulder blades. 

It appears that after filletting of the shoulder meat some of 
the shoulder blades were shortly afterwards thrown into the 
lake. This sequence of events would also explain their rela
tively better state of preservation. Other pieces of shoulder 
meat seem to have been prepared for eating on the spot, and 
the scapula itself has then been beaten or trampled into 
pieces or may have been fed to the dog. 

In many cases dogs seem to have gnawed the bones, as 
indicated by marks at the distal end of the scapulae. The state 
of preservation of the bones has, however, prevented safe 
identification of marks from dog-gnawing on margo cau
dalis. Generally speaking, most of the traces from gnawing 
are found on the smaller, more solid fragments. 

Ulkestruplyng. - Of 7 larger fragments of scapula, 5 occur as 
whole blades. These, however, have desiccation cracks along 
margo dorsalis and fossa infraspinata. Two fragments consist 
of the ventral part of scapula, induding a smaller part of the 
blade, spina scapulae and the articular socket (Fig. 82) .  
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Fig. 83. Fragmentation pattern and working traces based on Cervus elaphus 
humerus from the four sites. Note the highly fragmented bones from 
Muldbjerg I and the large number ofworking traces from Kongemose. For 
notations and syrnbols, see Fig. 73. 

Fig. 82 (opposite page) .  Fragmentation pattern and working traces based on Cervus elaphus scapula from the four sites. Note that scraping marks are present 
on scapula from all four sites. The scapulae from Muldbjerg I have been rather crudely fragmented. For notations and syrnbols, see Fig. 73. 
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Cut marks and other injuries are found on the edge of 
cavitas glenoidalis, a single trace is found on collum scapulae, 
and 5 other shoulder blades contain many longitudinal cuts 
or scraping marks on fossa subscapularis (Pl. 49: 12 ) .  In two 
cases, longitudinal cut marks also occur along spina scapulae. 
The traces along cavitas glenoidalis and on collum of scapula 
were probably caused by dismemberment of the bone and 
the proximal part of humerus. It is, however, difficult to 
dec ide whether this is due to primary or secondary partition
ing. The traces of cutting and scraping on the backside of the 
shoulder blade and spina scapulae could easily have been 
eau sed by filletting of the meat. The breakage of two shoulder 
blades looks accidental and may result from simple bone
weathering. 

Comparison between the four sites. - Common to all the sites 
are cut marks on cavitas glenoidalis and collum. These prob
ably all stem from the proeess of separating humerus from 
scapula and may either derive from primary or secondary 
partitioning (Binford 198 1 ) .  It is most reasonable to con
clude that they are traces from secondary partitioning, as all 
the bones were recovered at the site. 

Traces of dog-gnawing have been observed on scapula 
from all the four sites. They are most common around the 
joint area. There are very distinet scrapings and cut marks on 
the back side of the shoulder blades from Muldbjerg I, 
Ulkestruplyng, and Kongemose. In some cases they occur on 
both sides of the blade. These are interpreted as scrape marks 
from filletting. 

Cut marks have been noticed below acromion on shoulder 
blades from Muldbjerg I, Kongemose, and Præstelyng. It is a 
difficult place to remove meat from. 

The highest num ber of filletting traces seems to occur at 
the sites that were inhabited latest in the autumn and where 
the collecting of food for storage may have been practiced. 
Com mon to all four sites is the contrast in fragment size 
between alm ost complete and highly fragmented shoulder 
blades. Very few of the last type were recovered at Præstelyng 
and Ulkestruplyng. The fragments from Muldbjerg I and 
Kongemose have clearly been fragmented according to a 
particular pattern, resulting in some very characteristic 
pieces. The purpose of the crushing of a number ofblades is 
not quite clear. Dog may be responsible for the crushing. 

Humerus 

Muldbjerg I. - Nineteen small fragments ofhumerus occur. 
Based on EMNI, fragments of at least 8 bones are to be 
expected, but only 4 partly complete bones could be as
sembled. As the bones have been extensively crushed, it is not 
possible to reconstruct the expected minimum number of 
fragments per bone element. Considerably less than 50% of 
the fragments that ought to have been present have been 
retrieved, most of them no more than 4 cm in their longest 
dimension (Fig. 83) .  
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The working traces seem to occur in an unsystematic 
manner over the proximal part of the diaphysis. Many of the 
assumed cut marks are probably only scratehes or trampling 
marks. Two clear chop marks occur, probably representing 
failed attempts to break the bone longitudinally. Nearly all 
the pieces have been intensely gnawed by dog, particularly 
the proxirnal joint area (Fig. 83) .  

Præstelyng. - The upper and lower ends of the humerus bone 
were beaten off, after which the diaphysis was split or 
crushed. The fragments of the diaphysis are small, but not so 
casual in shape as those from Muldbjerg I (Fig. 83; Pl. 12 ) .  

As the EMNI i s  3, at least 6 humeri were to  be  expected, and 
considering the pattern of fragmentation, it is evident that 
less than half (2 1 fragments) of the fragments to be expected 
have been recovered. 

W orking traces are most numerous in the proximal part of 
the diaphysis just below caput humeri, although a few have 
been noted more distally (Fig. 83) .  Traces of dog-gnawing 
are of widespread occurrence and are concentrated around 
the proxirnal and distal epiphyses. 

Kongemose. - The bones have been rather carelessly frag
mented and comprise 2 1 10wer ends including a larger part of 
diaphysis. They have been broken by a blow on the lateral 
side ofhumerus. Depending on where the impact occurred, 
the resulting fragments would be distal epiphysis including a 
large piece of the diaphysis (Fig. 83,  type A) or a proxirnal 
epiphysis including a large piece of the diaphysis (Fig. 83, 
type F) .  The first type of fragment matches with short upper 
ends and shows strong impact marks just belowthe epiphysis 
(Fig. 83, type B) ;  the last type matches with type E. The 
diaphyses occur as short pieces that later might be split 
lengthwise or preserved as bone pipes (Fig. 83, types D and 
G) .  A special type of fragmentation occurs in C. Humerus 
has been cleaved in a caudal and a cranial part right through 
the distal epiphysis. 

Generally, the bones were broken at the middle in such a 
way that either the lower or the upper end is preserved with 
a larger piece of the diaphysis attached (Fig. 83) .  The frag
mentation proeess results in production of several smaller 
fragments of the diaphysis. 

The cut marks are preferentially placed around the joint 
between the lower end ofhumerus and upper end of radius 
and ulna. There are clear cut marks on the caudal side of the 
lower epiphysis ofhumerus on 16 of the 40 lower ends (Fig. 
83, type I ) .  In several cases, cut marks occur on the diaphysis 
at about the middle. There are always some cuts just at the 
edge of the fraetures on the diaphysis, and these have been 
interpreted as cleaning marks. These cuts on the diaphysis 
probably come from a combination of meat-scraping pro
cesses and cleaning up of a crushed impact area. They may 
also derive from the cleaning of the bone surface before the 
blow against the diaphysis was inflicted. The cleaning would 
then have helped in splitting the bone with more precision. 
Very few cut marks have been noticed proximally; they may 
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have been obliterated here by the intense gnawing of the 
proximal joints by dog. The cut marks on the distal epiphysis 
may be interpreted as dismembering marks. The lower ends 
ofhumerus are only weakly gnawed in contrast to the upper 
ends. Distal epiphysis is always totally fused with the diaphy
sis, thereby becoming more solid and probably less attractive 
to dog. Another explanation for the non-gnawed distal epi
physes could be that theywere removed for grease extraction 
or soup-boiling and then later discharged directly into the 
lake. 

One bone (KS 3 1 / 1 3-18)  has a peeled-off surface and 
several cut marks and split -off flakes. The bone seems to have 
been used as a substratum for something subjected to beat
ing (as an anvil) ,  or it may have been used as a hammer. On 
another bone (KS 39/30-55) ,  a laterally directed blow was 
delivered through the diaphysis. The widening of this injury 
on the diaphysis has been carefuUy and accurately done by a 
breaking off small chips of bone. This stands in contrast to 
the other marrow-fracturing attempts. 

Ulkestruplyng. - Five distal ends were found. They have been 
carelessly beaten off, and as a result different lengths of the 
diaphysis adhere to them. The bones have been knocked 
open in the middle of the diaphysis and twisted by holding 
the two ends. The fragments are either lower and upper 
epiphysis with diaphysis attached. Smaller fragments of the 
diaphysis occur as weU (Fig. 83) .  

There are very few traces of partitioning, and those found 
are only seen on the distal end of the joints. No traces from 
dog-gnawing are present. The bones have clearly been split 
for marrow in a rather heavy manner. 

Comparison between the four sites. - Bones from juveniles and 
adults have been treated the same way at the four sites, and all 
the humeri have been split for marrow extraction. 

The separation of lower and upper ends of humerus oc
curs at all four sites. The manner in which this fractionation 
was performed is, however, different. At Muldbjerg I a crush
ing of the diaphysis took place after the lower and upper ends 
had been removed (Fig. 83) .  At Præstelyng a lengthwise 
splitting of the diaphysis after the removal of the meat has 
resulted in much larger single fragments (Fig. 83) .The hu
meri from Kongemose have almost been broken right across, 
resulting in joints with larger pieces of adhering bone on 
them and in a crushing of the middle of the diaphysis. At 
Ulkestruplyng there are almost no fragments of diaphyses. 
The diaphysial fragments, which adhere to the epiphyses, 
bear signs of splitting by torsion of the joint ends. 

Relatively few working traces are found on any of the 
bones. The largest number of cut marks are on humerus 
bones from Muldbjerg I and Præstelyng. These marks are 
concentrated on the upper end of humerus, placed on the 
diaphysis under caput humeri. They are probably related to 
the removal of meat and/ or dismembering. The few clear cut 
marks on the distal trochlea ofhumerus from Ulkestruplyng 
in all probability derive from dismembering of humerus 
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from ulna and radius. These cut marks are only found on 
Ulkestruplyng material. On material from Ulkestruplyng 
and Præstelyng, cut marks were found on the caudal side of 
the diaphysis just above the joint. Such traces may be due to 
filletting (Binford 198 1 ) .  

The few scattered traces o f  scraping and cutting o n  the 
diaphyses resemble trampling marks. 

The almost total lack of signs of partitioning of the upper 
and lower ends of humerus may be explained if the whole 
limb was filletted. It is also possible, however, to dismember 
a complete animal without injuring the bones (Shipman & 
Rose 1983) .  

Radiuslulna 

Muldbjerg I. - A clear fragmentation pattern occurs, further 
emphasized by the large number of fragments that can be 
reassembled to form more or less complete bone elements 
(Table 34) .  Lateral blow marks are placed just below the 
proximal epiphysis and just above the distal epiphysis, which 
occasionally are removed first (Pl. 1 5 ;  Fig. 84) .  

Ifthe strokes are correctlyplaced, the diaphysis would split 
open, resulting in a caudal and a cranial fragment. If the 
strokes are less skillfully placed, a number of lateral strokes 
will result along the diaphysis to open into the marrow 
cavity. The number of fragments per bone element varies 
between 3 and 5, most often 5 .  

The fragments of one bone element clearly have different 
colours and have been deposited in different taphozones 
(Table 12 ) .  The working traces are numerous at the epiphy
ses as weU as on the diaphyses. There are dismembering 
marks, filletting, and probably eating marks (Fig. 84) . Traces 
of dog-gnawing are especially frequent on the proximal part 
ofulna. 

Præstelyng. - The fragmentation pattern (Fig. 84; Pl. 16)  
indicates that at  least 6 fragments may derive from l radius/ 
ulna bone element: l proximal and l distal epiphysis of 
radius and at least 2 more proximal fragments of the diaphy
sis; ulna is broken into 2 fragments. The taphonomic loss is at 
least 50% (EMNI 5; Table 7 ) .  

The cut marks are concentrated around incisura trochlearis 
and most likely were caused by the dismembering of radius/ 
ulna from humerus. The scrape marks around one of the 
impact areas of a fracturing blow, termed cleaning marks, 
may derive from cleaning away bone splinters after the blow 
or from cleaning the bone surface before the blow. The fact 
that some of the scrape marks continue on both sides of the 
impact area seems to support the second interpretation. It is 
remarkable that only l upper and 1 10wer epiphysis of radius 
are present. Especially ulna is gnawed by, dog and this may 
account for the deficiency of ulna olecranii (Pl. 5 1 ) .  

Kongemose. - The majority o f  the 1 2 7  fragments are distal 
parts of radius with a longer piece of the shaft attached to it, 
sometimes more than half of the diaphysis (Fig. 84, type D, 



198 Nanna Noe-Nygaard 

Cervus elaphus, rad ius/u lna 

A 

GJ 
E 

6 

D 

F 
M u ldbjerg I 

49 fragments 

Kongemose 

1 38 fragments 

B 

c � H 8 

4 30 
G 

A Q]] F 

FOSSILS AND STRATA 37 ( 1 995) 

P ræste lyng 

30 fragments 

U l kestru plyng 

5 fragments 

5 7 

A vJ 

i:% Q DV E 

A 

c 

Fig. 84. Fragmentation pattern and working traces based on Cervus elaphus 
radius/ulna from the four sites. Note the large number ofworking traces on 
the bones from Muldbjerg L For notations and symbols, see Fig. 73. 
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30 fragments) .  The short proximal ends of radius (Fig. 84, 
type H, 26 fragments) probably belong to this type of mar
row fracturing. The impact area is placed on the lateral edge 
of the spongy tissue. 

Fragments of the proximal epiphysis with a larger piece of 
the diaphysis attached to it (type G) occur in smaller number 
(8) ;  pieces such as E ( 1 6  fragments) and F (7 fragments) in 
Fig. 84 probably also belong to this type. These consist ofvery 
dosely broken-off distal epiphyses. When both lower and 
upper ends were beaten off very near to the epiphyses, a 
cylinder (like C) was probably produced. There are remark
ably few and only small pieces of the diaphyses (A, B) .  

There is  great similarity in the fragment types at  Konge
mose and those found at the huntingislaughtering place 
described by Binford ( 198 1 ) .  The way of fragmenting in a 
hun ters camp is somewhat different from that found at a 
proper dwelling site (Binford 1 98 1 ) .  

The number o f  cut marks is small, considering the amount 
of bones, and only a few are proximal. These result from 
dismembering of humerus from ulna and radius. Distally a 
few more occur, but they have a scattered distribution, only 
with a certain concentration on the epiphysis. These traces 
may be due to filletting before transportation of the meat, or 
they may have been produced by scraping dean the area 
where the bone was hit. 

The EMNl is 38, based upon radius and ulna. On the basis 
of humerus it is only 24. This may indicate that radius and 
ulna were left behind at the place of slaughtering after the 
marrow had been taken out, and that humerus, or parts of it, 
was carried away to the site area. 

Five of the bones had dearly been affected by fire. Binford 
( 198 1 )  records that bones are often heated but not burned 
before fragmentation for marrow extraction. This may well 
have been the case here also. 

Ulkestruplyng. - Only 5 fragments show signs of the frag
mentation processes. The lower and upper ends were beaten 
off very dose to the joint in the spongy tissue itself. The only 
larger piece of diaphysis confirms this technique, as it is a 
large cylinder (Fig. 84). 

The fragmentation of the joint ends was carried out as a 
combination of cutting, sawing, and beating (Fig. 84), judg
ing from the position of cut marks, which in some places 
have the character of sawing marks. This sort of marrow 
fragmentation is different from that of the three other sites. 
Olecranon has been beaten off. Traces of dog-gnawing are 
present on only a single piece. 

Campa risan between the four sites. - The limited Ulkestrup
lyng material allows few condusions concerning fragmenta
tion, partitioning, and filletting, but some of the fragment 
types also occur at Kongemose. 

Generally speaking, radius and ulna have been more frag
mented at Muldbjerg l and Præstelyng than at Kongemose. 
At Muldbjerg l the diaphyses have been beaten into frag-
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ments by blows placed laterally, and the impact marks are 
more forcefully inflicted and less systematically placed than 
is the case with Præstelyng. At Præstelyng the lower and 
upper ends correspond to what is found at Muldbjerg l, but 
the diaphyses have been split with greater care. The lateral 
blows on the diaphysis were placed doser, and this means 
that the bone was divided lengthwise in a caudal and a cranial 
part. The diaphysis fragments show a recognizable shape 
from piece to piece (Fig. 84; Pl. 16 ) .  

The almost complete absence of fragments of  diaphyses 
from Kongemose is due in part to the applied method of 
breaking the bone into two. Further bias may be due to the 
fact that only about 2/

3 
of the material has been examined. 

There is a dear difference in fragmentation pattern be
tween Kongemose and Muldbjerg L This may be due to 
differences in the bone treatment at a dwelling site as op
posed to a hunting station, or it may be due to difference in 
the treatment of prey between the two cultures. 

Cut marks from Muldbjerg l are much more numerous 
than at the other sites, considering the small number of 
bones. They seem to be placed on carefully selected spots, just 
below and on the proximal epiphysis, and just below and on 
the distal diaphysis, which is also where the impact areas are 
placed. 

Dismembering traces occur on both ulna and radius. Most 
of the cuts lie on ulna from Muldbjerg L Some cut marks are 
interpreted as filletting marks. A single lower end of radius 
has dearly been exposed to fire. At Præstelyng very few lower 
and upper ends were found, most of them being relatively 
delicately split pieces of diaphyses of radius and ulna. 

Metacarpus 

Muldbjerg I. - Of the 34 fragments examined, 1 0  can be 
reassembled to form two almost complete bones. This allows 
us to reconstruct the course of the fragmentation. First the 
distal epiphysis was removed by two opposed, laterally 
placed blows, 3 cm above the joint. Then the proximal 
epiphysis was removed by two lateral blows not quite oppo
site each other, and lastly an attempt was made to divide the 
diaphysis tube by two pairs of laterally placed blows (Figs. 
85-86). This often resulted in at least four fragments and 
some small bone splinters per bone element. The pattern of 
fragmentation is consistent on nearly all fragments. The 
upper epiphysis is in only one case divided into a caudal and 
a cranial part. 

Nearly all cut marks are located in the lower end of the 
bone. Those just above the joint are probably skinning 
marks. The other more scattered marks are probably traces 
from rem oval of tissue to facilitate bone fracturing. 

Traces from dog-gnawing are found at the distal and 
proximal joints and around fracture zones. 

Præstelyng. - Of the 16 fragments, only 3 can be reassembled 
to form an almost complete juvenile bone. The fragmenta-
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Fig. 85. Fragmentation pattern of Cervus elaphus metacarpus from the four 
sites. Note the very few proximal epiphyses at the Kongemose site. For 
notations and syrnbols, see Fig. 73. 
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tion pattern, which results in 3--4 pieces per bone, is very 
simple (Fig. 85) . Firstly the distal epiphysis was removed, 
then the diaphysis induding the proximal epiphysis was 
divided into two fragments, a caudal and a cranial fragment, 
each bone thus divided into 3--4 pieces. This pattern is 
consistent in the rest of the fragments, and the number of 
upper and lower ends is similar. Taphonomic loss is 25-50%. 

There are very few cut marks. The two observed just above 
the distal joint are possibly skinning marks; the other two 
have a somewhat random distribution. 

Traces from dog-gnawing are frequent. This indicates that 
the bones have been accessible for some time at the site. 

Kongemose. - In all, 1 12 fragments have been examined for 
working traces (Fig. 85) .  The most remarkable observation is 
the lack of proximal epiphyses: only 3 fragments and 2 
halves, as opposed to 6 1  distal epiphyses, are at hand. This is 
the opposite trend of that recorded from the metatarsal 
bones (Fig. 89) .  The mode offragmentation is removal of the 
distal and, in some cases, proximal epiphysis (Fig. 85, types 
E-G), followed by division of the diaphysis in caudal and 
cranial parts (Fig. 85, types C-D) .  The blows separating the 
epiphysis from the diaphysis and the ones dividing the dia
physis appear to have been rather violent, judging from the 
size of the impact area and the number of bone splinters 
around it. There seems to be no principal difference between 
fragment types E and F. In only two cases, deep circular cuts 
seem to predestinate the type E. The remaining fragments of 
types E and F seem to occur randornly and are rather a result 
of the position of the impact marks. The lowest position of 
the impact marks results in type E. The fragments of type F 
result from a blow just 1-2 cm higher up. An analogous 
explanation may be offered for the production of types C, D, 
and A: they are basically variations of the same procedure. 
The distal juvenile epiphysis is fragmented in the same way as 
the adult type F. 

Skinning, dismembering, and filletting marks are present. 
The rather circumferential superficial cut marks just above 
the distal epiphysis are interpreted as skinning marks. They 
occur where the skin adheres so dose to the bone that it is no 
longer possible to pull it off, only to cut it off. The very deep 
grooving in that same area is, however, an attempt to influ
ence the position of the fraeture zone. Meticulous removal of 
the lower epiphysis might secure long, straight, and undam
aged diaphysial fragments, which later on may be used in 
implement proeessing. Some of these tools have been fou�d 
at the site. The fabrication of this type of tool may also explam 
the lack of upper epiphyses, as these function as a kind of 
handle. This may in fact lead to the condusion that when 
upper epiphyses are found theyare leftovers from unsuccess
ful implement proeessing. 

The cut marks just under the proximal epiphysis are traces 
from dismembering. The area is reasonably easy to find, and 
separation from the carpals are facilitated by the rather flat 
joint surface. 
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The minute chop marks on the diaphysis above canalis 
metatarsi most likely result from the deaning of the bone 
before the marrow fraeturing took place. Filletting is out of 
the question, as virtually no meat is present on the meta
podials. 

Traces of dog-gnawing are most frequent around the distal 
joint and along the edges of fraeture zones. 

Ulkestruplyng. - Only 6 fragments were found (Fig. 85) .  The 
small number prevents the establishment of fragmentation 
pattern. One type, however, seems to occur at both Ulke
struplyng (Fig. 85C) and Kongemose (Fig. 85E) . This frag
ment is probably a residue from tool proeessing leaving the 
maximum of straight bone shaft as raw material for imple
ment fabrication. 

Comparison between the four sites. -The very small fragments 
of the distal epiphyses, often chopped off under canalis 
metatarsi, are well represented at both Kongemose and Ulke
struplyng. This specific type is not found at Muldbjerg I or at 
Præstelyng, where type G is the prevailing type. The forma
tion of Kongemose type E is most likely connected with the 
proeessing of an implement of some sort where the straight 
strong bones from the metapodials are the preferred raw 
material. The known type of tools manufactured from meta
podials are bone knives, harpoons, and a graving-tool like a 
bodkin (Brøndsted 1958; Mathiassen 1943 ) .  They are char
acteristic especially for the Maglemose culture and the Early 
Kongemose culture. The type of fragments from Muldbjerg 
I dearly shows that this bone element was not in use any 
more as a raw material for tool proeessing. The available 
fragment from Præstelyng gives the same impression: the 
bone element has only been fractured to facilitate marrow 
extraction. The upper epiphyses are virtually absent at 
Kongemose and Ulkestruplyng, whereas they occur at 
Præstelyng and Muldbjerg I in numbers comparable to the 
numbers of distal epiphyses. The upper joint was part of the 
possible tools at Kongemose and Ulkestruplyng, whereas it 
did not have any use at Præstelyng and Muldbjerg I. 

Cut marks occur distally and are found at all four sites on 
eight of the fragments. There are few dismembering marks 
(Fig. 86) . The joint has possibly been cut open between the 
cen tro carpale and the other carpal bones, or the upper part of 
the metacarpus has been chopped off and thus the impact 
marks under the joint are in fact dismembering marks. 

Traces of dog-gnawing are present at all four sites and are 
concentrated to the distal ends. In most patterns, Ulkestrup
lyng and Kongemose are most alike and Præstelyng and 
Muldbjerg I resemble one another, although the very casual 
fragmentation pattern is almost unique for the Muldbjerg I 
site. 

Femur 
Muldbjerg 1. - The 42 fragments can be reassembled i�to 2 
almost complete bones, still leaving a number of smgle 
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Fig. 86. Position of various working traces on Cervus elaphus metacarpus from the four sites. Note the large concentration of marks, especially on the distal 
ends. For notations and symbols, see Fig. 73. 

fragments but enough to reveal the fragmentation pattern. 
Generally, the epiphyses have been knocked off very dose to 
the joint and the diaphyses are split rather carelessly. On the 
well preserved juvenile bone, the diaphysis has been kept as a 
tube. Cut, chop, and other working marks are few (Fig. 87),  

but many of the bones are strongly gnawed by dog, especially 
around the joint. 

Præstelyng. - Only few of the 29 fragments can be reas
sembled into more complete bone elements. It is, however, 
possible to distinguish a basic pattern (Fig. 87) .  The proximal 
and distal epiphysis are removed. Normally, an attempt has 
been made to divide the diaphysis into a caudal and a ventrai 
part resulting in 2-4 fragments. The position of the impact 
marks and the skill of inflicting them are essential for the 
resulting number of diaphysial fragments. The very young 
bone has just been broken right across the diaphysis. 

Few cut marks occur, although dismembering marks as 
well as deaning marks can be detected. Purposeful impact 
marks occur. Traces of dog-gnawing are present and found 
in the usual position around the joints but also at the edges of 
the diaphysial fragments. 

The careful deaning of the meat before hitting the bone 
indicates a high degree of skill. 

Kongemose. - The overall fragmentation pattern can be seen 
on Fig. 87. One or more major blows on the diaphysis 
separates the proximal from the distal end, resulting in two 
fragments. Occasionally a minor part of the shaft will appear 
as a tube, sometimes divided into two. The marrow-fractur
ing proeess was crude and violent. None of the fragments can 
be reassembled, and there are very few (2)  minor fragments. 
This way of treating the femoral bone is comparable with the 
treatment of radius and some tibia from the Kongemose site. 
On one of the distal fragments the impact area is well pre
served, and the shape indicates that a pointed instrument was 
applied. 

Numerous cut marks below caput on the proximal end are 
dearly from the dismembering proeess, and so are the distal 
cut marks and probably the chop marks at the same place. 
The seattered cut and scrape marks on the diaphyses may 
stem from deaning of the bone before fraeturing it or from 
the consumption proeess. Twelve fragments show traces of 
heating. This may eventually be the first step before marrow 
fraeturing. Similar prefracturing heating has been described 
by Binford ( 1 978) .  

Ulkestruplyng. - There are too few fragments to allow the 
recognition of a pattern. 
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Fig. 87. Fragmentation pattern and position of working 
traces on Cervus elaphus femur from the four sites. Note the 
difference in breakage between Muldbjerg I and Kongemose 
femora. For notations and symbols, see Fig. 73. 
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Comparison between the four sites. - The treatment of the 
bone material from Kongemose is significantly different 
from the way femur is treated at Præstelyng and Muldbjerg I, 
where the resulting fragments are 3-4-8 as opposed to 2-3. 
In principal, the bone treatment is similar at the last two sites, 
but the treatment of the diaphyses differs. The Muldbjerg I 
bones are more smashed. The Præstelyng bones are treated 
with more skill and care, thus avoiding introducing bone 
splinters into the attractive marrow. The recurrent traces 
from light burning are only found in the Kongemose mate
rial. The mode of fracturing the Kongemose material is 
similar to that described by Binford ( 1978) for the Nunamiut 
Eskimos on temporary hun ting stations. 

Tibia 

Muldbjerg 1. - Twenty-five of the 35 investigated fragments 
can be reassembled to form 4 more or less complete tibial 
bones, which allows a dose reconstruction of the fragmenta
tion pattern (Fig. 88) .  First, the distal epiphysis has been 
knocked offby one or two lateral blows (type A); second, two 
lateral blows have been placed just below the proximal epi
physis, which may result in two types of fragments (Fig. 88, 
types NB) . By locating them very dose to the joint surface, 
fragments of type NB are produced, whereas a type C, as seen 
in Præstelyng, results from slightly more distally placed 
impact marks. At Muldbjerg I, all upper ends are represented 
by type NB in contrast to Præstelyng (Fig. 88), where both 
types are present. The proximal and some distal impact 
marks have been inflicted with such violence that the diaphy
sis is split open, resulting in a number of small shaft frag
ments (up to 6 or 7) .  OnIy occasionally are further impact 
marks inflicted on the middle of the shaft. This pattern of 
fragmentation results in a minimum of 8 pieces per bone 
element. 

Cut marks are few and placed just around the joint distally 
and proximally below the epiphysis, both deriving from 
dismembering attempts. A few are found on the shaft around 
the edge of the fragments, most likely resulting from scraping 
off the bone tissue and splinters from the zones ofbreakage 
before fraeturing and/or deaning of bone splinters after 
fraeturing. Seattered traces from dog-gnawing are present. 

Præstelyng. - The 55 fragments are mostly well preserved, 
allowing analysis of the fragmentation procedure. 

The marrow fragmentation begins by knocking off the 
distal ends with one or two laterally placed blows. Then the 
proximal part is removed or split by a lateral blow, always 
placed on the convex side of the tibia, and the diaphysis is 
cracked open by a series ofblows from the side. 

This general fragmentation pattern results in a minimum 
of 7-8 pieces per bone element; of the expected 1 12-128 
fragments, only 42% are present. 

The pattern is dosely compatible with that at Muldbjerg I, 
except for the proximal epiphyses at Muldbjerg I, which have 
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been split into a cranial and a caudal part. At Præstelyng, in 
contrast, the position of the blows under the proximal epi
physis often results in separating the complete upper end 
from the rest of the diaphysis, onIy chipping off the margo 
canalis and tuberositas tibiae. All the impact marks on the 
proximal end are placed laterally, dose to the joint and on the 
side near the centre of the body on the slightly bulged area 
here. The more cranially the stroke is placed, the more likely 
it is to split off margo canalis. Also, the age of the animal 
seems to be of significance. The rather young animals from 
Præstelyng seem more prone to split off along margo can alis. 

The number of cut marks, etc., is small. Around the 
proximal impact area, however, a number of superficial cuts 
and scrapings are found. These most likely derive from 
deaning of the bone before hitting it in order to control the 
area of impact. The few distally placed cut marks most likely 
were caused by the dismembering act. Traces from dog
gnawing occur proximally. 

Kongemose. - Two types offragmentation pattern are appar
ent. The first produces two fragments per bone element by 
simple breaking-off of the shaft. The second produces four 
fragments: the epiphyses are knocked off and the diaphysis is 
broken in two by a strong lateral stroke (Fig. 88; Pl. 23) .  Both 
modes are distinctly different from that used at Præstelyng 
and Muldbjerg I, in which at least 7-8 fragments are pro
duced. Working traces are found all over the bones but are 
most frequent at the distal ends. Impact marks, however, 
occur proxirnally as well (Fig. 88) .  The dismembering cut 
marks are frequent and are placed right on the distal epiphy
ses. Cleaning marks around the impact area are quite fre
quent as well. The violence with which the bones have been 
hit and the precision with which they have been broken (Fig. 
88) probably required deaning of the bone before the blow 
was inflicted. Traces from meat removal (encirded letter E) ,  
eating marks, are common on the shaft. A number of the 
bones have dearly been burned, presumably to facilitate 
fracturing, as described by Binford ( 1978 ) .  There are traces 
of dog-gnawing all over the bone but concentrated around 
the major fraeture zones. 

Ulkestruplyng. - The relatively few fragments ( 1 7) available 
make the reconstruction of the fragmentation pattern rather 
loosely based. It resembles, however, that found at Konge
mose. The tibia diaphysis was used for some sort of imple
ment processing, as indicated by the care with which the 
distal ends were removed. A deep groove was cut just above 
the distal joint in order to determine the place of breakage 

Fig. 88. Fragmentation pattern and position of working traces on Cervus 
e1aphus tibia from the four sites. Note the difference in fragmentation 
pattern between Muldbjerg I and Kongemose bones. Note also the similar
ity in mode of fragmentation between Muldbjerg I and Præstelyng bones. 
For notations and symbols, see Fig. 73. 
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(Fig. 88; Pl. 24) . Two unsuccessful attempts indicate that the 
distal end was removed by knocking it against a hard object 
with the intention of breaking the bone along the groove 
following the circular precut. 

Apart from the ones derived from the implement proeess
ing, a few cut marks are present distally. They are possibly 
dismembering marks. A few scrape marks are seen on the 
diaphysis. No traces of dog-gnawing occur. 

Comparison between the four sites. - The Muldbjerg I and 
Præstelyng bones are fragmented in a very similar way with 
only minor differences, whereas they both differ profoundly 
in fragmentation pattern from that of the Kongemose site. 
At the latter site, large bone fragments are found broken 
only through the shaft, though by complete splintering of 
the impact region, which makes it impossible to reassemble 
any of the otherwise well-preserved fragments. The frag
ments from Ulkestruplyng are too few to establish a local 
pattern, but they all fit with the pattern of fragments found 
at Kongemose. 

At Muldbjerg I and Præstelyng the upper ends predomi
nate, whereas at Kongemose the lower ends are more com
mon. This discrepancy could be due to differences in mar
row extraction tradition or butchering strategies, leaving 
various parts of the bag at different places. Alternatively, the 
remaining proximal epiphyses from Kongemose may still be 
concealed in the two-fifths of the material that has not yet 
been investigated. A third possibility is that the upper, more 
meaty part of tibia together with femur was removed from 
the site as a meat supply to the main camp which probably 
was situated at the coast (see later discussion under 'Stable 
carbon isotopes', pp. 26 1-262) .  

Me ta ta rsus 

Muldbjerg 1. - Ten of the 37 fragments have been reas
sembled to form two almost complete bones, allowing a 
reconstruction of the succession of fragmentation. First the 
distal epiphysis was knocked off (Fig. 89, type A; Pl. 25) .  
Traces on Mul.! 36 108 indicate that the bone was placed on 
a sharp edge on the caudal side, while a blow with a pointed 
implement was directed towards the area just above the 
canalis metatarsi distalis, where the bone has the smallest 
circumference and is almost massive. The fraeture developed 
a little above the impact area, and the distal joint was sepa
rated. Then the proximal joint was removed by a lateral blow 
2 cm below the joint surface. This type of blow may or may 
not divide the upper end, induding the epiphysis in a cranial 
and a caudal part. After this an attempt was made at opening 
the diaphysis tube by a series oflateral blows, which resulted 
in at least 5 diaphysial fragments and small bone splinters; a 
rather poor bone splintering technique. 

This pattern of fragmentation can be recognized in the rest 
of the metatarsal fragments, indicating a general pattern of 6 
fragments per bone element. 
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The cut marks are placed just under the proximal joint and 
a few on the distal epiphysis. The proximal cut marks are 
dearly a result of the dismembering of the metatarsus from 
the tarsal bones. The distal marks are probably connected 
with the deaning of the bone before fraeturing to ok place. 
This indudes rem oval of the meat and eventually pre-cutting 
where the blow to rem ove the distal end is placed. Carpals 
and tarsals are shown on Fig. 93. 

Præstelyng. - The general succession of fragmentation starts 
with the rem oval of the distal epiphysis by a lateral blow 2 cm 
from the joint surface (Fig. 89, type A) . The proximal part of 
the bone has normally been divided into a cranial and a 
caudal part (Fig. 89, types B-C) . In this proeess the proximal 
epiphysis is often broken off (Fig. 89, type D) ,  so the resulting 
average number of fragments per bone element is 3--4. The 
amount of upper and lower ends is equal, indicating that the 
prey has been brought entire to the site, and dismembering, 
filletting, and marrow fraeturing must have all taken place 
there. 

No cut marks are observed proximally, and there are no 
visible signs of the dismembering procedure. Only in one 
case are traces of dog-gnawing present. 

Kongemose. - Most of the 59 fragments consist of cranial and 
caudal proximal ends, usually with the diaphysis attached 
(Fig. 89, types A-B) .  Type C is probably the result of a failed 
attempt to split the bone into types A and B. Types F and G 
are most common among juvenile bones, whereas type H is 
only found in adult bones. Types D, E, and I are random 
fragments produced when the ideal fragmentation proeess 
fails. The bones were split by first removing the distal epiphy
sis as dose to the joint as possible, either by rough chopping 
or by simply beating the bone against something sharp and 
hard. Crush marks proximally on type H and distally on 
types A, B, and C confirm the interpretation. Thereafter the 
proximal part of the bone was divided through strokes on the 
diaphysis fairly dose to the proximal epiphysis and one or 
two further strokes along the lateral side of the diaphysis (Pl. 
26) . Very few minor fragments are recorded. 

It is remarkable that such a small number of distal epiphy
ses have been found. This may have several causes. As only 
three-fifths of the Kongemose bones have been dealt with, 
the missing lower ends may be in the part not yet examined. 
The examined material is, however, picked at random, 
whereas the material from the systematically excavated ditch 
north-south 37 (Fig. 3 1 )  has been examined in total. It is thus 
hard to believe that the missing distal ends all are concealed 
in the unknown part of the material. The missing lower ends 
may have been piled in a small separated area for later tool 
fabrication or marrow extraction. They may also have been 
left somewhere outside the site area, e.g., where the animals 
were killed. In the bone element metacarpus the opposite 
pattern is seen. Almost no proximal ends are found, whereas 
numerous distal en ds are present. 
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Fig. 89. Fragmentation pattern and position of working traces on Cervus elaphus metatarsus from the four sites. Note the density of working traces on the 
metatarsi from Kongemose. For notations and symbols, see Fig. 73. 
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The cut marks concentrated on the upper ends just below 
the joint are dismembering traces (Fig. 89) indicating sys
tema tie separation of the metatarsals from the tarsals. There 
are further scattered cut marks, scrape marks, and micro 
chop marks on the diaphysis, all interpreted as traces from 
meat and tendon removal. The impact marks are numerous 
and due to marrow fraeturing, especially at the upper end of 
the bones below the joint. If a blow here is successful, only 
this one is needed to form fragment types A, B, and C after 
removal of the distal end. However, if the proximal end 
breaks off, as in type I, two lateral blows on each side are 
necessary to divide the diaphysis, to form fragments like 
types D and E. Some of the scrape and cut marks are dissected 
by fraetures from the marrow-splitting proeess, implying 
that those marks precede the fragmentation. Very few traces 
of dog-gnawing occur, and only on the juvenile bones. 

Ulkestruplyng. - The material is very incomplete (Fig. 89) .  
The overall pattern suggests that the epiphysis was chopped 
off after a circumference furrow had been cut and sawn very 
dose to the joint itself. This provides the optimal length of the 
straight diaphysis suitable for tool production. Bone knives 
of metapodials are known from this period. Two of the 
fragments are burned. There are several cut marks distally on 
the joints, which most likely are traces of dismembering. 
There are few, if any, traces of dog-gnawing on the bones. 

Comparison between the four sites. - Principal condusions 
concerning skinning, partitioning, filletting and fragmenta
tion in this case been have not been drawn for Ulkestruplyng 
as the material from this site is very scarce. The treatment of 
the metatarsus ofUlkestruplyng is very different from that at 
any of the other sites but resembles bone treatment at other 
Maglemosian sites and among others the preboreal Star Carr 
site from Great Britain. 

The complete half metatarsus type of fragment is found at 
Kongemose but never at Præstelyng or Muldbjerg 1. Gener
ally, metatarsus is much more fragmented at Præstelyng and 
Muldbjerg I than at Kongemose. A bone element at the 
Kongemose site will normally be divided into 3 fragments, at 
Præstelyng 4-5 fragments, and at Muldbjerg I up to 6 frag
ments. At Muldbjerg I the fragments are smaller than at the 
other two sites, and they are more casual in shape. A lot of 
crushing and beating effort has been applied, indicating a 
technique much less elegant than that used at the Konge
mose site. 

There is much more balanee between the numbers of 
upper and lower en ds at Præstelyng and Muldbjerg I than at 
Kongemose. This indicates that the metatarsal bones from 
Kongemose may derive from a taphonomically more biased 
sample than the two other sites. This condusion is further 
supported by the number of fragments that can be reas
sembled at the three sites (Tables 34-35) .  It is possible to 
reassemble two almost complete bones from Muldbjerg 1 .  
None of the fragments from Kongemose so far has been 
reassembled. 
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Table 34. Number of fragments that were reassembled from different bone 
elements compared with the total number of fragments from the Muld-
bjerg l site. 

Muldbjerg l Number of Number of 
fragments assembled 

fragments 

Cervus elaphus Cranium 59 43 
Mandibula 1 1  6 
Humerus 1 9  7 
Radius/ulna 49 43 
Femur 42 29 
Tibia 35 26 
Costa 1 19 16  
Vertebra 160 38 
Pelvis 20 4 
Phalanges 23 4 
Metacarpus 34 27 
Metatarsus 37 25 
Scapula 1 3  2 

Capreolus capreolus Metatarsus 9 5 
Metacarpus 5 2 
Mandibula 3 2 
Radius 6 6 
Tibia 1 4  9 
Femur 6 2 

Bos domesticus Humerus 4 3 
Radius 7 6 
Tibia 3 2 
Femur 7 4 

Castor fiber Cranium 26 6 
Radius 5 2 
Mandibula 25 2 
Pelvis 5 2 

Lutra lutra Mandibula 5 6 
Ciconia nigra 1 5  8 
Cygnus olor 28 5 

Table 35. Number of fragments that were reassembled from different bone 
elements compared with the total number of fragments from the Præste
lyng site. 

Præstelyng Number of Number of 
fragments assembled 

fragments 

Cervus elaphus Metacarpus 16  6 
Metatarsus 1 6  3 
Tibia 55 15 
Radius/ulna 30 6 
Vertebra 187  2 

Capreolus capreolus Femur 23 4 
Metatarsus 24 6 
Cranium 1 1  2 

Lutra lutra Mandibula 7 7 
Cranium 2 2 

The location of the blows to divide the bone also varies 
between the sites. By and large, the cut marks are in the same 
position on the metatarsals at all three sites, though they are 
very few at Præstelyng and more frequent on bones from 
Kongemose and Muldbjerg 1 .  The most frequent recurrent 
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type of mark at the three sites is just above the distal joint. 
These at times circumferential cut marks he distally on the 
metatarsus and carpus. They are not very deep and have 
hardly anything to do with the more violent fragmentation 
process. These traces are more likely a result of skinning. 
From my own experience in skinning animals, the hide is 
always fixed around the distal part of the metapodials and has 
to be cut free, often by a circumference cut. The scarcity of 
cut marks on the diaphysis is probably due to the poor food 
value of the nearly meatless metapodials, although they 
contain good marrow. They may, however, serve as raw 
material for implement processing, as demonstrated in the 
case ofKongemose and Ulkestruplyng. Traces of dog-gnaw
ing at the diaphyses are present around the fracture zones. 

The two very different ways of marrow fracturing prac
ticed at, on one hand, Kongemose and, on the other, Præste
lyng and Muldbjerg I may also be the result of the strength 
applied in fracturing. If the stroke is powerful enough, a few 
precise blows will be sufficient to divide the bone; if less 
strength is put into the blow, more beating is necessary and 
less control of the pattern of the resulting fragments can be 
expected. The difference in fragment size is well illustrated by 
the fragment-Iength diagrams (Figs. 1 07-1 10 ) .  It may be 
speculated that the difference in mode of marrow extraction 
might be explained as the result of men's work at a hunting 
camp as opposed to women's work at a living site. 

Costae 

Muldbjerg I. - In all three groups of ribs from adults the two 
most common types of fractures (occurring in 79 out of 1 19 
fragments) are situated just below caput costa and within a 
distance of about 5 cm below caput, respectively. These two 
types of damages are probably derived from the same sec
ondary butchering process, in which the ribs were broken 
loose from the spinal column. Only in 14 cases were there 
chop or cut marks to indicate where the break was to occur. 
In 44 cases out of 100 there is clear breakage distally on the 
ribs, particularly in groups Il and Ill. The ribs have been cut 
or broken free from sternum and the cartilage prolonging it. 
In many cases the distal ends of groups I and Il (where 
cartilaginous tissues dominate) show severe destruction: 20 
out of25 had been extensively gnawed by dog and were split 
caudally-cranially. 

Thirty-six fragments have an extraordinary number of 
deep scrape and cut marks on the inner side. These distinct 
traces presurnably come from the cleaning of the abdominal 
cavity for heart, lungs, liver, and stomach. They may also 
stem from the eating process. 

The outer side of the ribs in group Il have shiny pohshed 
areas. Ribs of all three types have cut and scrape marks on the 
outer side, just below cap ut, which were probably made 
during filletting. 

Three healed injuries were registered in group I and IL 
They all iook as if theywere caused by a splitting off of a small 
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piece of the rib. The injury later healed, to produce a little 
callus and eventually a foramen for the draining of puss (Figs. 
90-9 1 ;  PIs. 45-46) .  These lesions may be light injuries of 
hunted animals. They very much resemble healed, small 
wounds produced by arrows penetrating the chest between 
the ribs. Similar damage was found in modern experiments 
(Fischer et al. 1 984) . Wounds produced during rutting fights 
are also a possibility, although rutting lesions tend to concen
trate on forelimbs and eye regions (Clutton-Brock 1 985 ) .  

The fragmentation patterns show great similarity to  other 
contemporaneous sites in the Åmose region, e.g., the Nødde
konge, Spangkonge, and Vejkonge sites, which are carbon-
14 dated to around 3 ,000 b.c. (G. Gotfredsen, personal 
communication, 1 990) . 

Præstelyng. - Eighty fragments of ribs were examined. There 
is a very consistent breakage pattern. The proximal 3-7 cm 
was separated from the rest in all three rib groups. Clear 
precutting and sawing marks occur on the dorsal side of one
third of the ribs. At some ribs the distal 3 cm were broken off 
as well. This pattern indicates secondary butchering aiming 
to determine the size of the ribs and to get rid of the long 
unmanageable distal parts. The length of the upper ends of 
the ribs indicates that the width of the fillet steak determined 
their size. The precut ribs have scars after bone splinters on 
the ventral side produced by the final breakage of the rib. 

Working traces occur all over the ribs but are most com
mon in group I and on the proximal part. Deep cut and 
sawing marks occur on the dorsal side as well as a few 
indistinct scrape marks (Pl. 49:3, 9-10) .  Traces of dog
gnawing occur on the distal ends of the ribs and around the 
areas of breakage (Figs. 90-9 1 ) .  A few of the ribs have 
polished areas, as if they had been rubbed against skin. 

Kongemose. -All the 100 fragments of ribs come from adults. 
In 72 cases, caput costa was broken off, generally just below 
caput (Fig. 90) . The distal end of costa was broken off in 45 
cases. A lengthwise splitting of the bone was initiated from 
the distal ends in 65 cases. This type of destruction may well 
have been started by dog -gnawing of the cartilaginous tissue. 
Traces of dog-gnawing, mostlytooth marks, are found in this 
region. 

The bones have been broken 6 cm from cap ut in 19 cases, 
but no cut marks were found in the area. It is likely that the 
breakage is a deviation from the one where the fracture is 
placed just below caput. A concentration of cut, chop, and 
scrape marks and, in a few cases, signs of dog-gnawing are 
found in group I costae, where they are attached to sternum. 
Some are found on the upper part of the ribs just below the 
caput. It is remarkable that so few working traces are seen on 
the ribs from Kongemose, compared with the number found 
at Præstelyng and Muldbjerg I (Fig. 9 1 ) .  The pattern of 
fragmentation and the frequency of working traces are very 
similar to those found at Ulkestruplyng. 

Five ribs with healed injuries were found. Damage is oftwo 
kinds: ( 1 )  a 1 cm long furrow with a small wall on each side 
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inside the rib from group I; and (2) a formation of callus 
which in part deforms the rib. The first type could have been 
made by a near-surface grazing shot, the effect ofwhich was 
soon overcome, or perhaps through 'bending' acquired in 
rutting fights or at birth. It is remarkable that this type of 
damage always occurs on the inner side of the rib, exactly 
where one should expect to get a fraeture owing to compres
sion, whereas a rib is normally so elastie that it can stretch a 
certain amount during extension. The other type of callus 
formation often occurs where fraetures are seen, or where 
smaller splinters of bone have been split off, for instance as a 
result of the passage of an arrow. 

Ulkestruplyng. - The 50 ribs from Ulkestruplyng seem to be 
broken more at random. Some are broken right through 
caput costa, some further distally. However, more than half of 
them have been broken 1-3 cm from the joint, and on no ne 
of them precutting was found. The type ofbreakage indicates 
that the ribs were simply torn off. 

There are seattered cut and scrape marks on the dorsal side 
on ribs from all three groups. Two ribs have a healed lesion in 
the form of a 1 cm long light narrow furrowwith bulged rims. 
The damages appear as if the ribs had been 'bent' and only 
partly broken. They both occur on the ventral side of the ribs. 

Comparisan between the four sites. - In common for all the 
rib material from three sites is the fraeture lying just below 
or through caput costa. At Præstelyng the ribs have been 
pre-cut or sawed 7 cm from caput (Fig. 69) .  The breakage is 
thus more ventrally placed than at the other sites. The 
breakage of the distal ends of group I, where they are con
nected with sternum, is also common for all four sites. The 
break may occur near the distal end or a little more proxi
mally on the rib. 

The greater part of the ribs at all four sites have thus been 
broken into two pieces, sometimes three; this type of work
ing traces belongs to dismemberment and primary butcher
ing. At Kongemose, however, many complete ribs were 
recovered, especially such as belong to groups Il and Ill. This 
also holds good to a certain extent for Ulkestruplyng. 

It is remarkable that chop, scrape, saw, and cut marks are 
much more scarce in the Kongemose and Ulkestruplyng 
material than in that from Muldbjerg I and Præstelyng. 
There are widely spread cut and scrape marks on the inner 
side of the ribs at Muldbjerg I; the same type of marks also 
occur at the other three sites, but only rarely. Most chop, 
scrape, saw, and cut marks lie proximally on the rib and are 
in all probability a consequence of getting the meat off the 
ribs; they are in other words traces of secondary butchering, 
filletting and/ or eating. At Præstelyng and Muldbjerg I, shiny 
and polished parts of the surface of ribs are seen in group Il. 
It appears as if something soft had been rubbed over them, 
perhaps skin. Traces of dog-gnawing occur distally on the 
ribs of groups Il and nr and along fractured surfaces. 
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Two types of healed injuries are found. One is a ca. 1 cm 
long fissure with slightly bulging edges (Pl. 48) .  It is found on 
the inner side of the rib and generally where this makes its 
strongest bend. It may have been caused by non-lethal arrow 
wounds, but, since they are rather common, it is more 
probable that they are what today is called a 'bent rib'. The 
damage can be seen on material from Muldbjerg I, Konge
mose, and Ulkestruplyng. The other type of injury has pro
duced small apophyses of bone and thickened ribs through 
the formation ofcallus. These are onlymetwith at Muldbjerg 
I, and only in three cases. They occur seattered on some 
speeimens of the first rib. 

These types of dam age were presurnably made by stray 
arrows, as demonstrated on modern material by P. Vem
ming-Hansen (personal communication, 1986) .  They are 
found in that part of the chest which covers the most vital 
organs (Noe-Nygaard 1974, 1975, 1 988) . 

The fragmentation of ribs at Præstelyng differs markedly 
from the others by the care by which they have been broken. 
This may have hun ting or technical reasons or may be due to 
cultural or traditional habits. 

Vertebra 

Muldbjerg 1. - The 58 vertebra cervicalis are highly frag
mented, and very little pattern may be observed (Pl. 27) .  
Only atlas has regularly been divided by a ventral-dorsal 
blow into a left half and a right half. There are only few cut 
marks. This is in contrast to the uncountable tooth punc
tures, furrows, and extensive destruetion of bones by dog. 
The appearance and position of chop marks indicate that 
virtually all strokes came from the ventral side. This interpre
tation is confirmed by a number of chop marks on the dorsal 
inner surface of canalis spinosus. This mode offragmentation 
indicates that the body was lying on its back when the 
butchering of the vertebrae took place. The chop marks may, 
however, also be a result oflater eating and may represent fat 
extraction. 

The 58 fragments of vertebra thoracica have been treated 
rather brutally. In only a few cases has any pre-cutting before 
fragmentation taken place. Fragmentation was usually per
forrned by simply chopping off the processus spinosus, either 
the more distal part alone or induding the arch (Fig. 92) . 

About 15  of the vertebrae have been fragmented by a 
dorsal-ventral blow or chop that broke through the arch and 
sometimes also through the corpus vertebra (Pl. 27) . In I I  
cases only, the spinosus has been knocked off leaving the 
fragment types D and E. There are relatively few cut marks, 
and they seem randomly placed, whereas the numerous 
chop marks occur at two distinct locations with the aim of 
removing the processus spinosus. There are numerous tooth 
marks from dog canine teeth leaving both punctures and 
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Fig, 91 .  Distribution of working traces on Cervus elaphus costa from the four sites. Note the healed lesions on Muldbjerg I,  Kongemose, and Ulkestruplyng 
costae. For notations and symbols, see Fig. 73. 
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Fig. 92. Fragmentation pattern and working traces on Cervus elaphus vertebra lumbalis et thoracica from the Muldbjerg I site. For notations and symbols, see 
Fig. 73. 
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Fig. 93. Working traces on Cervus elaphus astragalus, calcaneus and centro
tarsale from the four sites. For notations and symbols, see Fig. 73. 

furrows. All the fragmentation that has taken place serves the 
purpose of removing the unmanageable spines. 

The 44 fragments of vertebra lumbalis comprise processus 
spinosae, processus transversae and corpus vertebra. In par
ticular is corpus vertebra gnawed by dog. Cut marks are 
common on processus transversa just around the breakage 
(Fig. 92) .  Even on the tarsals, working traces can be observed 
(Fig. 93) .  

Capreolus capreolus 

The examination of roe-deer bones for bone modifications 
have revealed very few working traces. Only impact marks 
from marrow fracturing occur in abundance. The account 
on working traces will thus be less detailed. Generally, dis
membering marks are almost absent, and so are butchering 
and filletting marks. Skinning marks, however, are found 
on the metapodials. Traces of dog-gnawing are present, 
especially on the bones of femur and humerus. Where a 
fragmentation pattern is detectable, it has much in com
mon with that found for fragmentation of Cervus elaphus 
but is less consistent. 

Cranium and mandibula 

Muldbjerg 1. - There are 9 fragments of cranium and 5 
fragments of mandibula (Fig. 94) .  Generally the mandibles 
are very little fragmented and canalis mandibularis is not 
cut open (as was found on Cervus elaphus) . The only dam
age that stem from dismembering is the fragmentation of 
coromon. 

Præstelyng. - The few, very fragmented skull bones present 
no detectable pattern of fragmentation. Only the treatment 
of PL 1 3936- 1 shows some resemblance with the fragmenta
tion pattern found for Cervus elaphus from Præstelyng. No 
cut marks are observed on actual skull bones, whereas all the 
antlers show cut and sawing marks distally; clearly they have 
been carefully removed. The very brittle and cracked enamel 
on adult maxilla teeth may result from heating of the bone 
and teeth during food preparation. (The same brittle appear
ance of maxilla teeth enamel is noticed on teeth from Cervus 
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Fig. 94. Fragmentation pattern and working traces on mandibles of Capreolus capreolus from the four sites. For notations and syrnbols, see Fig. 73. 
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elaphus. ) Teeth from the mandibula in contrast are well 
preserved, including the very fragile juvenile teeth (Pl. 3 ) .  

The four mandibula fragments form no detectable pat
tern. The jaws have been broken open to expose canalis 
mandibularis in a slightly disorganized way. There are very 
few cut and scrape marks, and all are situated on ramus 
mandibularis (Fig. 94) .  The maxillare has been opened into 
canalis maxillare via vomer. (Canalis maxillaris was opened 
from the outside on the Cervus elaphus skulls. )  

Kongemose. - The 124 skull fragments show a clear fragmen
tation pattern, resulting in rather large fragments (Pl. 5 ) .  The 
majority of the individuals are fully grown males with strong 
antlers. But although there are a few cut marks on the 
proximal ends, the antlers do not seem to have been used in 
to ol fabrication to any larger extent. There are very few 
scattered cut marks on the skull, and none can be interpreted 
as skinning marks. The cranium was hit by one or two blows 
in the temporal region, which divided it in a proximal and a 
distal part and further in a caudal and a cranial part; later the 
occipital region was split offby a blow. Basically the cranium 
was divided in four major fragments (Pl. 5 ) .  Either both the 
antlers are present on the frontal and parietal bones, or they 
are broken apart along the frontal suture in a left and a right 
piece. It may be incidental which type of fragmentation 
results, as this is probably a question ofhow firmlythe frontal 
bones are fused. The way the skull is cut open and the very 
bad state of preservation of the enamel of the teeth in the 
maxilla bones may indicate that the skull itself may had been 
heated. Alternately, the skulls may have lain scattered around 
on the surface for some time but the lack of traces of dog
gnawing does not support this explanation. The preservation 
of the mandible teeth is quite different and much better. It is 
noteworthy that all the fragments are found within a limited 
area in the main refuse layer. 

The 4 1  fragments ofmandibulainclude 1 5 loose teeth. The 
jaws are rather casually broken, but the most frequent frac
ture is the one that separates ramus horizontalis from ramus 
mandibularis, the fracture being placed behind the m3. The 
few cut marks are placed just below processus condylaris. The 
jaws seem to have been broken into pieces rather than 
fractured according to a distinct pattern. The same patterns 
of casual fragmentation are found on juvenile bones. 

There is a marked difference in the EMNI as deduced 
from the cranial fragments as opposed to mandible frag
ments. The treatment of the two bone elements is also 
rather different. 

Ulkestruplyng. - The few fragments do not allow recognition 
of any fragmentation pattern. Both canalis maxillaris and 
canalis mandibularis have been cut open, the former in the 
same way as was observed on maxilla fragments from 
Præstelyng. The four mandible fragments show some simi
larity in fragmentation. At Præstelyng and Ulkestruplyng the 
impact marks seem to have been inflicted on the lingual side. 
This is in contrast to Cervus elaphus mandibles from the same 

Amose: Trace fossils 2 1 5  

sites, where the impact marks are placed o n  the buccal side. 
The pattern on Capreolus indicates a complete separation 
before fragmentation. 

Comparison between the sites. - There is a very clear difference 
between the fragmentation pattern of the cranium of Muld
bjerg I and Præstelyng, one one side, and Kongemose and 
Ulkestruplyng, on the other. The Kongemose fragments are 
large, easily determinable, and have very few traces ofhuman 
activity apart from impact marks. The few skull fragments 
from Ulkestruplyng are of the same size and shape as those 
found at Kongemose. The few fragments from Præstelyng 
and Muldbjerg I are small and cannot be reassembled. As for 
Kongemose and Ulkestruplyng, there are virtually no traces 
from human activity apart from impact marks, which are 
only recognizable at Kongemose. At all sites, unshed antlers 
are found, and thus a hunting season is indicated between 
April and September. The difference in treatment of the 
bones between Kongemose and Ulkestruplyng, on one hand, 
and Præstelyng and Muldbjerg I, on the other hand, indi
cates a difference in type of settlement and/or butchering 
strategy between the two inhabitant groups. The condition 
of the skulls at Kongemose does not reflect any long-distance 
transportation of prey. The head with the still attached 
unshed antlers would have been awkward to transport. It is 
more likely that the skulls were chopped off dose to the area 
of capture and dropped as refuse soon after the brain and 
tongue were eaten. 

Scapula 

Muldbjerg I and Præstelyng. - There is one scapula from 
Muldbjerg I and 8 from Præstelyng (Fig. 95) .  Most damage is 
due to desiccation and gnawing by dog. The very few cut 
marks appear with one exception to have been made casu
ally. The one cut mark and the chop mark placed on collum 
seem to indicate that dismemberinghas taken place at Muld
bjerg L Dog-gnawing is especially frequent around cavitas 
glenoidales. Juveniles and adults received the same treatment. 

Kongemose. - Half of the material is artificially fragmented 
with no consistent pattern. In some cases the fragments 
consist of only fossa articularis and collum, in other elements 
spina scapula is removed. The few scrape and cut marks are 
placed in a rather casual manner. Six elements have traces of 
dog-gnawing, some of which are very distinct. Most of the 
material is from adult animals, but one is from a juvenile and 
one is from an infantile animal. The state of preservation is 
generally good: two are preserved in taphozone Ill, while the 
rest is from taphozone Il. Peeling of the surface caused by 
burning has been observed in 22 elements. Unhealed lesions 
have been observed in three cases, one of which is on an 
infantile roe-deer scapula (KS 38/36-3) .  

The scapula fragments have very different type of preser
vation. Bones of animals that were probably eaten at the site 
itself are likely to have been exposed to weathering just after 
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the animals were killed, same 7,600 years aga, and thereafter 
again from 1 950 to 1 986. 

Kongemose was probably inhabited in several periods, 
during the winter as well as during the summer (Figs. 1 38-
139) .  The animals may therefore have been used for several 
purposes: they gave meat for immediate consumption and 
for storage, and antlers as well as bones were collected for 
preparation of implements. Furthermore, the skin of the 
newbom calves may have been attractive in summer time. 

Humerus 

Muldbjerg 1. -Only 2 fragments ofhumerus from Muldbjerg 
I are present; this does not allow a study of fragmentation 
patterns. The preservation shows that they have been depos
ited in different types of sediment. The epiphysis has the 
spotted yellow light appearance from preservation in peat 
(taphofacies I ) ,  whereas the diaphysis is dark and hard as is 
characteristic for deposition in the nearshore dark organic 
mud (taphofacies Il) .  Both types of fragments can be recog
nized, however, among the fragment types found in the 
humerus material from Præstelyng. 

Præstelyng. - The I l  fragments represent a very small part of 
the expected 8 humeri (EMNI 4) .  The taphonomic loss on 
humerus at both Muldbjerg I and Præstelyng is thus very 
great. The juvenile and the adult bones have both been 
treated the same way. The upper and/or lower ends have 
been broken off, and the diaphysis has been twisted off and 
beaten apen (Fig. 95) .  

A few cut marks are concentrated around the joint or just 
above it on the cranial side. Their position seems to indicate 
both dismembering and meat scraping. The proximal part of 
the epiphyses has been deeply gnawed by dog. 

Kongemose. - The bones were all broken rather crudely. The 
most common made of fragmentation results from a hard 
blow inflicted at the middle of the diaphysis, dividing the 
bone in two. The other made, represented by 20 fragments of 
distal ends, implies removal of the distal epiphysis quite dose 
to the joint itself after the joint has been exposed by a 
longitudinal chop to remove the epicondyle. This procedure 
also resulted in two fragments, a small distal and a larger 
proximal. As mentioned, a number of the distal ends have a 
black surface tint which, moreover, is peeling in thin, sharply 
defined layers. The taphonomic bias is obvious; only 25-
30% of the upper epiphyses of the expected 68 proximal ends 
are present. Traces of very heavy dog-gnawing indicate that 

Fig. 95. Fragmentation pattern and working traces on selected Capreolus 
capreolus bone elements from the Muldbjerg I and Præstelyng sites. O l .  
Scapula, l from Muldbjerg I and 8 fragments from Præstelyng. 02. Frag
ments of humerus from Præstelyng. 03. Fragments of radius/ulna from 
Muldbjerg L 04. Fragments of radius/ulna from Præstelyng. For notations 
and symbols, see Fig. 73. 
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these parts o f  the bones were left o n  the surface o f  the site 
dump or directlyfed to dags. Spiral fractures on 10 fragments 
indicate that same of the humeri have been twisted in order 
to break them. 

It thus appears that three different methods of breaking 
apen the marrow cavity have been applied to the Kongemose 
material. This may indicate a different tradition of marrow 
fracturing and thus possibly an accumulation from several 
hunts over same time and by different hunting parties. Cut 
marks are onlyrecorded in four cases, and these are indistinct 
and scattered. Different modes of fracturing the same bone 
element have also been recorded on the Cervus material from 
Kongemose (Fig. 83) .  

Comparison between the sites. - The taphonomic loss on 
humerus is considerable at all four sites. The upper ends are 
particularly under-represented in comparisan with the 
EMNI at the respective sites. Nearly all the proximal epiphy
ses show traces of dog-gnawing. The upper ends are com
pletely gnawed away in six cases in the Kongemose material. 
It thus seems dear that this part of the bones was exposed for 
same time on the site surface. Many of the bones from 
Kongemose have been slightly burned or heated in apen fire. 

The marrow-fracturing technique at Kongemose is differ
ent from those at Præstelyng and Muldbjerg I. At the last two 
sites, proximal and distal epiphyses were separated and the 
diaphyses were carelessly split longitudinally, resulting in at 
least 4 fragments of the shaft. One humerus would thus yield 
a total of at least six fragments. The Kongemose fragmenta
tion results in two fragments, a proximal and a distal epiphy
sis with diaphysis attached to it. The Ulkestruplyng way of 
marrow fracturing is best compared with that applied at 
Præstelyng and Muldbjerg I, where most aften ane humerus 
is split into four fragments. 

There are virtually no human trace fossils, apart from 
impact marks, on any of the bones from the four sites. At 
Kongemose, the proximal ends of humerus are gnawed by 
dog. 

Radiuslulna 

Muldbjerg 1. -The fragments can be reassembled to form two 
complete radii/ulnae, ane from the left and ane from the 
right side, which almost certainly originate from the same 
animal. The appearance and measurements seem to confirm 
this condusion, and sa do es the uniformity of marrow 
fracturing of the bones (Appendix 2; Fig. 95) .  The distal ends 
are characteristically not separated from the proximal ends, 
and the fragments are from the cranial part of the diaphysis. 
Each radius is divided into two main pieces and same minor 
splinters (Fig. 95) .  Ulna is divided into two. The EMNI is 1 ,  
and the retrieval of  fragments i s  almost 100%. 

There are dear cut marks that originate from dismember
ing of radius/ulna from humerus. These are placed proxi
mally just under and on the joint. Cut and scrape marks are 
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seen around the impact area for the impact marks; these are 
most likely cleaning marks from rem oval of meat and tissue 
before splitting of the bone. 

Præstelyng. - The general pattern of fragmentation demon
strates that the two epiphysial ends were broken off by a 
lateral blow and the diaphysis is divided in two. As there are 
at least 4 fragments per bone element of radius and 2 of ulna, 
and the EMNI is 5, a total of 60 fragments would result from 
the marrow splitting process, as compared to the actual 
number of 19 .  Taphonomic loss is thus about 70%. 

Cut marks are found just under and on the proximal 
epiphysis of radius and on the caudal side of olecranon and a 
few just above the joint itself. Theyall most likely derive from 
the dismembering process. 

Kongemose. - In general, the state of preservation of the 
radius fragments is fairly good, but distinct peeling of the 
bone surface is observed on one-third of the material. There 
is no consistent fragmentation pattern. The incidental frag
mentation sometimes resulted in longitudinal fissures along 
the diaphyses. KS 37/ 1 1 - 1 7  was more carefully separated 
from the diaphysis. Most of the material was preserved in 
taphozone Il, two in taphozone I and two in taphozone Ill. 
Traces of dog-gnawing occur in one radius fragment, but no 
cut or scrape marks. 

The state of preservation of the 14 ulna fragments (EMNI 
10) is generally good; only slight peeling is observed. The 
fragments are from in taphozone Il, apart from KS 19/20- 1 8  
(taphozone I ) .  All fragments consist o f  the proximal part of 
the element, indicating that they were broken off the radius/ 
ulna complex by hand, which also explains why no cut marks 
are observed. However, two processus olecranii are split open 
(KS 36/27-27,5- 18 ,  KS 52/20-6) .  Distinct traces of dog
gnawing occur on two fragments. 

Ulkestruplyng. - The 7 fragments of radius/ulna have much 
the same outline as those from Præstelyng. There are cut 
marks proximally on radius. 

Comparison between the sites. - The mode of fragmentation 
at Ulkestruplyng, Præstelyng, and Muldbjerg I is the same. At 
Muldbjerg I, however, the blow is inflicted rather cranially/ 
laterally on the diaphysis, which prevents radius from break
ing into an upper and a lower end. At Ulkestruplyng and 
Præstelyng, the blow is placed more caudally, proximally on 
the diaphysis, which results in breaking off the proximal end, 
after which the diaphysis is broken open and the distal end 
removed. At Kongemose, in contrast to these three sites, the 
bones have been crudely broken into two fragments, upper 
and lower. There are dismembering cut marks proximally on 
radius/ulna from all four sites. 

Metacarpus 

Kongemose. - The fragmentation pattern is not very clear (33 
fragments; EMNI 13) .  Normally the bones are broken right 
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across the diaphysis. The shafts are only occasionally mar
row-fractured. The splitting of the bone is very casually done, 
resulting in 2-3 fragments per bone element. Sometimes the 
upper epiphysis is laterally split. There are about twice as 
many distal ends as proximal ends ( 1 9  versus 9) and twice as 
many elements from the right compared to the left side (2 1  
versus 12 ) .  None of  the otherwise well-preserved fragments 
can be reassembled, so at least 42% of the material is missing. 
Cut marks are only recorded in two cases, one of which is a 
deep circumference cut in the middle of a diaphysis. Two of 
the upper epiphyses have a drilled hole in the joint surface, 
the use of which is unknown. It was probably not used for 
marrow extraction, as the bone is split as well (Pl. 52:3, 5-6) .  

Femur 

Muldbjerg 1. - The 6 fragments, all presumably belonging to 
one individual, provide no information on the fragmenta
tion pattern. Possible working traces are further obscured by 
intense dog-gnawing. The fragments seem different from 
those at Præstelyng. 

Præstelyng. - The 23 fragments (EMNI 6) reveal a clear 
pattern of fragmentation. The upper and lower epiphyses are 
broken off; clear impact marks indicate where the blows have 
been placed. The diaphyses, which are separated from the 
epiphysis, have then been divided into a caudal and a cranial 
fragment. Sometimes this splitting ofthe diaphysis has failed, 
resulting in the formation of a number of small cylinders. 

There are very few and faint cut marks, at either end just 
below the joints. They are probably due to filletting. 

Comparison between the sites. - Generally the fragmentation 
pattern at Muldbjerg I and Præstelyng is a tripartition of the 
bone elements, upper ends, lower ends, and shaft, whereas 
that at Kongemose and Ulkestruplyng is a division in two 
larger fragments, an upper end and a lower end. There are 
very few working traces at the two young sites, in contrast to 
the two old sites. The Kongemose femur bones have cut 
marks from dismembering (on the joint surfaces) as well as 
filletting (just under and above the joint) . Traces of dog
gnawing at the joints are frequent at all four sites. Trampling 
may have occurred on some of the shaft fragments from 
Kongemose. 

Tibia 

Muldbjerg 1. -The 14 fragments from 2 individuals represent 
only 40% of the expected number (each bone was frag
mented into at least 6-7 pieces) .  The basic marrow-fractur
ing procedure is the same for Muldbjerg I and Præstelyng, 
although the type and number are slightly different. In both 
cases two violent blows were located laterally under the 
proximal epiphysis, resulting in a division of the upper part 
of the bone including the epiphysis. The distal epiphysis was 
then removed and the remaining diaphysis divided by later-
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ally placed blows, often resulting in a number of shaft pieces 
either from the caudal or the cranial part. Only impact marks 
are recorded. 

Præstelyng. - The 22 fragments from at least 4, probably 6, 
individuals represent about 50% or less of the expected 
number ( each bone was fragmented in about 6 pieces) . Apart 
from impact marks, cut marks are found on one specimen. 
No traces ofdog-gnawing occur. Bones from theveryyoung! 
newborn animals were not broken. Bones from the 3-
month-old individual were treated exactly as the bones from 
the adults. 

Kongemose. - The bones have been cmdely fragmented with
out a consistent pattern. The 52 fragments (EMNI 16)  are 
generally large parts of either end with a great deal of the 
diaphysis. The preservation is good, although almost all of 
the material has surfaces peeled off, caused by burning. Most 
of the material has been dumped and preserved in taphozone 
Il, except for two fragments, which are in taphozone I. Very 
few cut marks and traces of dog-gnawing occur. 

Metatarsus 

Muldbjerg 1. - The fragmentation pattern (9 fragments; 
EMNI 2) indicates: first, one or two lateral blows on the 
diaphysis 3-4 cm under the proximal epiphysis, leading to 
transection of the proximal epiphysis and division of the 
diaphysis in a cranial and a caudal part; second, rem oval of 
the distal epiphysis. If the first blow is correctly placed, the 
resulting fragments per bone element are three. lf the first 
blow fails to dissect the diaphysis, a number of blows are 
inflicted along the diaphysis resulting in a number of lateral 
cranial-caudal elongated bone splinters. 

Cut marks interpreted as dismembering marks are located 
proximally on Mul.! 32198.  There are also micro chop 
marks, scrape marks, and furrowing between the two fused 
metatarsals. lmpact marks are clear and placed in similar 
positions on the different diaphysial fragments. Traces of 
dog-gnawing occur on both proximal and distal ends. 

Præstelyng. - The fragmentation pattern (24 fragments; 
EMNI 4) is very similar to that of Muldbjerg I, though the 
bones seem to have been fragmented by more lateral blows, 
resulting in a greater number of diaphysial fragments. 
Traces of dog-gnawing are recorded proximally. Very few 
cut marks occur. 

Kongemose. - The fragmentation pattern (28 fragments) is 
not very clear. The bones are cmdely fragmented, normally 
resulting in three fragments per element. The distal diaphysis 
is knocked off, and in some cases the bone seems to be twisted 
apart; in other cases laterally placed impact marks help 
splitting the diaphysis. There is a surplus of bone fragments 
indicating that the calculated EMNI of 8 is too low and the 
taphonomic loss unaccessible. A few of the fragments have 
scattered cut marks. Curiously, there are no tooth marks. 
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One upper epiphysis was forcefully penetrated through the 
joint surface into the marrow cavity. 

Ulkestruplyng. - No distinct fragmentation pattern can be 
detected from the I l  fragments. In most cases the epiphysial 
ends have been removed, after which the diaphyses have 
been reduced either to tubes or to longitudinally split dia
physial fragments. The resulting number of fragments per 
bone element may thus vary between 3 and 5.  Nearly all the 
epiphyses are missing and a high taphonomic loss is to be 
expected. 

There are no cut marks or any other working traces, apart 
from a few impact marks. The bones seem to have been 
simply broken. There are no traces of dog-gnawing. 

Comparison between the sites. - The Ulkestmplyng and the 
Kongemose modes of fragmentation resemble each other. 
The pattern comprises removal of epiphyses and then rather 
unrefined breaking of the diaphyses or in some cases leaving 
the diaphyses as tubes. The mode of breakage, as at the 
Kongemose site, appears to be a form of twisting. The mode 
ofbreakage is more transverse at Ulkestmplyng. 

Bone treatment at Ulkestmplyng and Kongemose differs 
from that at Muldbjerg I and Præstelyng. At the last-men
tioned sites, a distinct marrow-fragmentation pattern can be 
detected. The pattern of splitting roe-deer metatarsals is 
comparable with that of splitting red-deer metatarsals. The 
distal epiphysis is removed, and the upper epiphyses are 
divided in two, including part of the diaphyses. 

Common for all four sites is that no cut marks or traces of 
dog-gnawing are recorded. This indicates rapid disposal and 
sediment cover. 

Costae 

Muldbjerg 1. - The 3 1  costa fragments from Muldbjerg I are 
characterized by very little fragmenting (Fig. 96) .  Only the 
proximal 2 cm of the bone has been broken off and only 
rarely after pre-cutting. There are only 7 upper ends to the 24 
lower ends, so most likely an unknown part of the bones have 
been, e.g., removed by dog and/or chewed by man. The 
bones are generally well preserved and have moderate dam
age caused by dog. Tooth marks are present, however, and so 
is distal longitudinal splitting. Very few cut marks and no 
scrape marks are present. 

Præstelyng. - The 41 costa fragments from Præstelyng have 
been very carefully fragmented with pre-cuttings proximally 
aimed at predicting the position of the fracture. This is 
probably a res ult of secondary butchering when partitioning 
of the rib cage took place. Scrape marks on the distal part of 
the ribs on the inner side are also present on seven fragments. 
The same pattern was found in the treatment of costae from 
Cervus elaphus. 

Kongemose. - The 68 fragments have been randomly and 
cmdely fragmented; six have cut marks. The only pattern, if 
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Capreolus capreolus, costa 
Præste lyng 

Group I 

3 

3 

3 

41 fragments 

Fig. 96. Fragmentation pattern and working traces on costae of Capreolus 
capreolus from the Muldbjerg I site. For notations and symbols, see Fig. 73. 

any, that can be detected is the breaking off of the capitulum 
costae at various distances from the vertebra collum. There are 
numerous examples oflongitudinally splintering of the ribs, 
probably due to dog or human gnawing. This type of damage 
renders the bone more susceptible to weathering. The pres
ervation of the ribs is generally bad, but it varies according to 
the amount of chewing they have been subjected to. Four of 
the ribs show traces of fire. 

Ulkestruplyng. - The 27 fragments are generally well pre
served. As at Kongemose, they have all been broken loose 
from vertebra collum by breaking off caput costa. All the 
bones have been chewed distally. Only three bones have cut 
marks. Some of the dog tooth marks are quite tiny and may 
be the work of puppies. 

Comparison between the sites. - At the Muldbjerg I and 
Præstelyng sites, the ribs from Capreolus are treated much 
the same as those from Cervus. The difference in fragmenta
tion pattem between Muldbjerg I and Præstelyng is repeated 
in the Capreolus costae: very careful pre-cutting at Præste
lyng and a more casual breaking of the ribs at Muldbjerg I .  
The difference in fragmentation pattern is evident by com
parison of Muldbjerg I and Præstelyng with Kongemose. 
The ribs at Kongemose are crudely broken loose by the loss of 
either caput costae and/or tuberculum costae, and the avail
able fragments are small and splintered, most likely by dog. 
Breaking off the ribs obviously took place after the meat had 
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been prepared. It is not possible to pull out the ribs when 
fresh meat is still attached to them. The pre-cutting at 
Præstelyng indicates that the distal part of the ribs was 
removed before food preparation. 

Phalanges 

Kongemose. - The state of preservation of the 72 elements 
is good, apart from two, which are preserved in taphozone 
I (KS 37125- 142, KS 45/ 16 - 12 ) .  Two are from taphozone 
III (KS 37/47-3, KS 37/ 1 5- 14) and the rest from taphozone 
Il. Only ten of the phalanges have been fragmented, but 
no fragmentation pattern is apparent. No cut or scrape 
marks occur, but two elements show distinct traces of 
dog-gnawing. 

Astragalus 

Kongemose. - The astragali have been preserved in tap ho
zone Il, and all but one are well preserved. Three elements are 
somewhat bumt and a fourth is totally burnt, showing a 
white colour (KS 35/37-23) ;  this is the only element that has 
been fragmented. There are no cut or scrape marks, only a 
single impact mark. Traces of dog-gnawing occur on two 
elements. 

Conclusion 

Three main observations are highlighted for the bone modi
fications found on Capreolus capreolus from the four sites: 
(A) The fragmentation pattern of the various bone elements 
is less distinct than for Cervus elaphus. (B) Where the frag
mentation pattern can be detected it resembles that applied 
to the Cervus elaphus bones from the same site. (C) There are 
considerably fewer cut, scrape, and chop marks than on the 
material from Cervus elaphus. 

The differences in bone treatment between Capreolus and 
Cervus bones, less pronounced at Kongemose, are probably 
due to the smaller size of roe deer. It is much easier to break 
the bones apart at the joints, and therefore butchering and 
dismembering marks are few, except around the enclosed 
joint of the elbow. 

On one sternum from Muldbjerg I, deep cut marks were 
found perpendicular to length of the bone. The cut marks 
most likely derive from the primary cutting up of the animal. 
A similar sternum with cut marks from Cervus elaphus was 
found at Præstelyng. At Muldbjerg I the Capreolus ribs are 
only broken off, but at Præstelyng they are precut and 
systematically broken. A few femoral bones have faint cut 
and scrape marks, indicating occasional filletting at Præste
lyng. There are no signs on the bones of Capreolus capreolus 
to indicate that they have been used as raw material in 
implement processing. It appears that in at least some cases 
the antlers have been cut off. 
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Sus seraJa 

Præstelyng 

Cranium and mandibula. - The skull and mandible bones are 
highly fragmented into pieces of 2x3 cm. This prevents a 
firm estimate of EMNI. The bone fragments are otherwise 
well preserved, but no fragmentation pattern can be estab
lished. There are no traces ofhuman activity apart from bone 
smashing and burning of bones. A few traces from dog
gnawing occur. 

Scapula. - The state of preservation of the six fragments is 
good, although three have been burned, and peeling off of 
surface is observed in one. The fragmentation seems rather 
incidental. Impact marks are observed on one fragment, but 
no scrape or cut marks nor traces of dog-gnawing occur. 

Humerus. - All three fragments are well preserved and from 
the distal part of the diaphysis. There is no consistent frag
mentation pattern, but impact marks have been observed on 
one fragment. Traces of dog-gnawing occur in the juvenile 
fragment. 

Radius. - The three fragments are well presenoed and might 
be from the same individual. The fragmentation is inciden
tal, and there are no traces of dog-gnawing nor cut or other 
marks. 

Ulna. - The three small fragments are from adult animals. 
The state of preservation is good and there are no traces of 
dog-gnawing nor cut or other marks. 

Femur. - No fragmentation pattern can be conduded on the 
five fragments. The state of preservation is good; one frag
ment is burned, and the juvenile fragment has been gnawed 
by dog. 

Tibia. - The nine fragments are too few and varied to reveal 
any fragmentation pattern. Impact marks are, however, ob
served on two fragments of the diaphysis.The state ofpreser
vation is good, except that one fragment shows slight surface 
peeling and slight burning. There are cut marks or traces of 
dog-gnawing. 

Fibula. - One of the two elements is from an infantile animal 
and is not fragmented. The state of preservation is good and 
no cut marks or traces of dog-gnawing occur. 

Vertebra cervicalis. - The seven vertebra cervicalis are highly 
fragmented, mostlywithout anypattern. Atlas has, however, 
been divided by a dorsoventral stroke into a left and a right 
half. There are no cut marks and no traces of dog-gnawing. 

Vertebra thoracica. - There are only two elements preserved, 
with no consistent fragmentation pattern. Traces of dog
gnawing occur in one element, but no cut marks. 

Vertebra lumbalis. - Three of the seven fragments can be 
reassembled to form an almost complete element, displaying 
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a few cut marks. There are two loose epiphyses with no 
characteristics and cut marks in one small fragment. There is 
no consistent fragmentation pattern, and no traces of dog
gnawmg occur. 

Costa. - The state ofpreservation of the 13 fragments is good. 
Two fragments are burned, but no peeling of surface is 
observed. Cut marks are numerous, and one fragment has 
impact marks. Traces of dog-gnawing occur in two cases. 

Metapodials. - The seven fragments are well preserved. Apart 
from one metatarsale Il, which can be reassembled to form a 
complete element, the elements have been fractured more or 
less in the middle, and only proximal ends are preserved. Six 
of the fragments are burned. There are no cut marks or traces 
of dog-gnawing. 

Calcaneus. - The single element is well preserved and not 
fragmented. It is from a subadult animal, laeking the epiphy
sis. The state of suture dosure cannot be established, due to 
the heavily gnawing of this area. Distinet traces of dog
gnawing occur. There are no cut marks. 

Astragalus. - The single element is well preserved and has not 
been fragmented. There are no cut marks or traces of dog
gnawing. 

Phalanges. - The state of preservation of the 1 5  fragments is 
good. Phalanges I is not fragmented, 2 out of 4 phalanges Il 
are split more or less longitudinally and all of phalanges III 
are fragmented more or less in the middle. Five fragments 
have been dose to fire. No cut marks or traces of dog
gnawing occur. 

Kongemose 

Cranium. - Sixty fragments were found and 24 determined. 
The taphonomic loss is very high. The �ones are highly 
fragmented and neither working traces nor traces of dog
gnawmg occur. 

Mandibula. - There are 42 fragments. The only recurrent 
pattern observed is the rather crude removal of os incisivum. 
The rest of the mandibles have been crudely broken into 
pieces. Canalis mandibularis has been exposed and the fat 
extracted. There are no cut marks, not even on ramus mandi
bularis where traces of dismembering are expected to be 
found. The mandibles apparently were not cut free from the 
cranium until perhaps after food preparation. The many 
cases ofburned mandibles and cracked teeth enamel indicate 
heating in fire. It is possible that the head of the wild boar was 
removed only after the grilling of the animal, whereby meat 
and mandibles could easily be removed without much cut
ting. No traCes of dog-gnawing occur. 

Scapula. - The 5 1  fragments are very well preserved, belong
ing to taphozone Il, except for one speeimen from tapho
zone Ill. The scapulae are remarkably complete, and only in 



222 Nanna Noe-Nygaard 

one case is artificial fragmentation evident. Cut and scrape 
marks are very few: a few longitudinal and transversal cuts 
on margo caudalis and 2 dose to the glenoid cavity. Traces 
of dog-gnawing are only observed on five elements. Peeling 
of the surface occurs in seven elements. In addition, two 
cases of unhealed lesions in fossa infraspinata have been 
observed (KS 37/30-44 and KS 37/3 1 - 1 ) .  KS 37/30-44 also 
shows signs of bioerosion as tiny concavities, presumably 
caused by boring algae. 

Humerus. - Preservation of the 6 1  analyzed fragments is 
good with a few exceptions; the uppermost surface layer is 
peeled offin four fragments and show slight burning patches. 
The majority of the bones are dark brown with a hard surface 
and have been dump ed and preserved in taphozone Il. Only 
one has been deposited in taphozone Ill, in calcareous mud. 

GeneraUy the bones are broken at the middle or distal 
ends, and proximal ends are highly under-represented. 
There are no cut marks. Five adult distal ends show dear 
marks of teeth, and parts of the canceUous bone have been 
gnawed away by dog. There are no traces of dog-gnawing on 
the juvenile and infantile fragments. 

Radius. - Preservation of the 35 analyzed fragments is good 
with a few exceptions: the uppermost layer is peeled off on 
three fragments, and ten have slightly burned patches. Ex
cept for one fragment, which has been deposited in tapho
zone III in calcareous mud, the bones are dark brown with a 
hard surface and have been deposited in taphozone IL 

Traces of dog-gnawing occur in two fragments and cut 
marks in three, placed at the proximal end of the diaphyses, 
dose to the joint. The bones are generally broken in the 
middle, resulting in proximal and distal ends and small 
fragments of the diaphysis. 

Ulna. - The 14 analyzed fragments are weU preserved; the 
bones are dark brown with a hard surface and have been 
deposited in taphozone Il. Only one fragment has a peeled 
surface, and four have slightly burned patches. There are no 
cut marks, and only one fragment shows traces of dog
gnawing. 

There is no consistent fragmentation pattern; some bones 
have been broken by crude chopping, while some have 
simply been broken off by hand. 

Femur. - There are remarkably few femoral bones, and only 
2 of the 1 5  analyzed fragments are adult; the rest are juvenile 
and infantile. There is no consistent fragmentation pattern. 
The infantile bones are complete. Except for a dear chop 
mark proximally on KS 38/32-32, no working traces occur. 
Only the adult proximal epiphysis has been gnawed by dog. 

Tibia. - Sixty-three fragments were analyzed; there is no 
general fragmentation pattern. The bones, also of juveniles 
and infantiles, have been crudely knocked open dose to the 
proximal epiphysis. The few cut and scrape marks are placed 
on the diaphyses and are in most cases interpreted as deaning 
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marks. The bones seem to have been scraped dean before 
fracturing. There were no cut marks from butchering and 
dismembering around the joints. At least ten of the bones 
were slightly burned, probably to facilitate marrow fractur
ing. Traces of dog-gnawing are uncommon. 

Pelvis. - The 36 analyzed fragments are weU preserved, hav
ing dark brown surfaces. Three have been deposited in 
taphozone III and the rest in taphozone Il. The pelves are 
highly fragmented, but without a consistent fragmentation 
pattern. There are remarkably few marks on the bones; one 
element has cut marks dose to acetabulum, and two have 
impact marks. Traces of dog-gnawing occur in one frag
ment. Surface peeling is found in four fragments and one is 
burned. 

Calcaneus. - Preservation of the 22 analyzed elements is 
generally good, the bones having been deposited in tapho
zone Il, except for one that is dried-out and cracked and has 
been deposited in taphozone I. In five elements there is slight 
peeling of the surface, indicating slight burning. Fragmenta
tion has only been observed in one element, along the caudal 
margin. Traces of dog-gnawing occur in five juvenile and 
one adult element. There are no cut marks. 

Comparison between the sites 

The fracturing technique on Kongemose wild boar re
sembles, if anything, the one applied to the bones of Cervus 
elaphus. For example, the tibiae have been rather casually 
broken and chopped. In contrast to what was found on 
Cervus elaphus bones, however, the few scattered cut marks 
are placed on the diaphyses and not around the joints. Thus 
marks from dismembering were not found. The majority of 
the limb bone elements are from juveniles; this is especially 
dear in the case of femur. The taphonomic loss on femur is 
extremely high, and an obvious condusion is that part of the 
wild boar prey was removed from the site, maybe as smoked 
or salted meat reserves, as the general state of preservation is 
good. Both skuUs and mandibles are fragmented into irregu
lar pieces. The almost complete lack of other working traces, 
the high percentage of black burned bones, and the small 
number of bones gnawed by dog all indicate that wild boar 
was not butchered and prepared in the same way as red deer. 
An explanation could be that the boar was roasted whole 
over fire, and the bones were disposed off directly after crude 
marrow fracturing. The lack of recurrent pattern is probably 
due merely to the very strong and compact structure of wild 
boar bones. A lot of strength is needed to smash the bones 
into pieces, and the resulting fragments are of rather different 
size and shape. 

There is no sign in the Kongemose material of secondary 
smashing of bone fragments into small (2x3 cm) pieces, as is 
found in the Præstelyng material. The way of dealing with 
wild boar bones at the two sites is very different. This con
firms the hypothesis of the two sites having different nmc-
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tions or culturally based fragmentation tradition. The high 
degree of destruetion of the canine teeth seems to indicate 
that they were not used as raw material for tool fabrication. 

Canis familiaris 

Comparisan of dags from the three sites 

Trace fossils. - Working traces are to be seen on both man
dibles from Kongemose, on one of the mandibles from 
Ulkestruplyng, on the pelvie bone from Kongemose, and 
finally on one of the ribs from Præstelyng. 

The cut marks placed on margo ventralis of the Konge
mose mandibula are not particularly deep marks. They are 
typical surficial skinning marks on mandibles, placed where 
the fur is difficult to pull off (Pl. 36: 12-13 ) .  The position of 
the marks is exactly where marks from similar proeesses are 
found on pine marten, otter, red deer, and roe deer man
dibles. This indicates that the fur of dog was used at both 
Kongemose and Ulkestruplyng. No such marks were found 
on the mandibles from Præstelyng. 

There are scrape marks on the inner side of the pelvie bone, 
which seem to indicate rem oval of the intestines from the 
body cavity. This interpretation fits well with the cut marks 
on the rib from Præstelyng, indicating opening of the rib 
cage from the ventral side. Some of the bones have dearly 
been burned. 

When compiling all the evidence from the human activity, 
it seems dear that dogwas not only a hunting companion but 
also provided skin and, most likely, meat to prehistorie man. 
Degerbøl ( 1 943) also argued that the very scarce number of 
complete dog skulls from the Mesolithic period may by a 
result of dogs being used for consumption. In fact, complete 
skulls are first found in the later kitchen middens from the 
Neolithic period (Degerbøl 1 96 1 ) .  In particular, the skulls 
from the Bundsø dogs are well preserved (DegerbøI 1939) .  In 
Mexico, around 600 A.D., small hairless dogs were fattened 
for human consumption by overfeeding, and evidence from 
stable carbon isotopes indicates that maize was fed to the 
dogs (Burleigh & Brothwell 1978 ) .  Today dog is eaten in 
China and in some African countries. Self-sufficient scav
enging animals like dog and pig provided a readily exploit
able source of meat when this was otherwise in short supply. 

The butchering marks and the relatively small number 
of dog bones retrieved from the sites, many of which are 
gnawed by canids (probably dog) , may suggest that dog 
had the role of scavenger, also on carcasses from their own 
speeies, and thus assisted in keeping the site area tidy. In 
this way dog also removed and chewed an unknown part 
of the bone material, especially from small and medium 
size animals. 

Lutra lutra 

Muldbjerg I 
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There is total of 1 1 5 fragments (EMNI 3; 2 adults and l 
juvenile) ;  cut and chop marks were found on about 25 of 
them. The bone elements represent most of the skeIeton, but 
there are rather few limb bones, and femur is completely 
missing. It is dear, however, from both the bone element 
representation and working traces left by man, that the 
animals were skinned and butchered at the site. They were 
either caught in the neighbourhood and transported home 
before skinning or they were caught very dose to the site. 

The pattern contrasts with that of bone elements from the 
other fur animals at the site. For example, virtually no post
cranial skeIetal elements from water vole have been found. 
The voles were most likely skinned where they were caught, 
leaving only the skull and the mandibles in the skin. 

The skull of the otter was smashed and this is likely to be 
the result of a trap arrangement for dubbing their heads 
(Figs. 97-98) .  Trolle-Larsen ( 1986) recorded the same type 
of skull smashing from Tybrindvig. She interpreted it to be a 
result of brain eating. However, the violence of the skull 
crushing would result in a lot of bone splinters in the pre
sumed attractive brain and thus render it unpleasant to eat. If 
the brain was intended as food, more care would be expected 
in opening the brain cavity. I thus interpret the pattern of 
fragmentation at Tybrindvig as well as at Muldbjerg I as the 
res ult of a specific type of killing either by trap or by head 
smashing with a dub. 

Most of the cut marks on skull and mandibula are from the 
skinning proeess, as well as the breaking off and cut marks on 
pelvis. These last marks might also derive from primary 
butchering, which may have been the cause of the cut marks 
on and the breakage of the ribs as weU. The ribs have been 
twisted loose from the joints on the vertebrae. Juvenile and 
adult individuals seem to have been treated in the same way. 
The light -coloured skeleton from taphozone III was found in 
dose association with a bit of rope (J. Troels-Smith, personal 
communication, 1 969) .  The two items might have nothing 
to do with each other, or they may indicate that the otter was 
kept as a pet or a decoy animal. 

Præstelyng 

Twenty-five fragments were analyzed. Cut marks occur on 
eight adult bones (Figs. 97-98) . Bone elements are present 
from all of the skeleton, but vertebra and costa are dearly 
under-represented. Nevertheless, it appears from the bone 
representation and the position of cut marks that at least the 
adult otter was brought to the site, where it was skinned and 
butchered. The braincase was completely smashed to such 
an extent that it is difficult to tell how, why, or when it was 
done. Processus condylaris was broken when the jaw bones 
were twisted out of their joints on the skull. The two ribs were 
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Mu ldbjerg Lutra lutra, total Fig. 97. Fragmentation pattern and 
working traces on various bone 
elements of Lutra lutra from 
Muldbjerg I (see also Fig. 98) .  For 
notations and symbols, see Fig. 73. 

1 20 fragments 

broken off from the vertebrae and have thereby lost their 
caput costae. The rest of the bones are complete, but both 
skull and mandibula have typical cut marks from skinning, 
and the rest of the postcranial skeleton show clear cut marks 
from dismembering. Pelvis has been butchered, and the 
distal cut marks on scapula may be a res ult of meat rem oval. 

Kongemose 

The 23 fragments and an EMNl of 3 leave fewer fragments 
per individual than at Præstelyng and Muldbjerg L The 
taphonomic loss is therefore considered greater and the 

3 

pattern of working traces thus less significant. The overall 
impression of the fragmentation pattern is a more ruthless 
treatment of the bones. Cranium and mandibula are highly 
fragmented, resulting in small, rather damaged pieces of 
bone. Among the bone elements, only vertebra and costa are 
missing; they may have been dump ed as one unit and have 
not yet been found. Bone-element representation, skinning 
marks, and butchering marks (Figs. 99) all indicate that the 
whole carcass has been brought to the site and treated there. 
Traces of dog-gnawing are found on only one tibia. The 
skeletal parts do not seem to have been lying scattered 
around for very long before deposition in the lake. 
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Fig. 98. Fragmentation pattern and 
working traces on various bone elements 
of Lutra lutra from Præstelyng. Note the 
many butchering and dismembering 
marks on the bones compared with 
those from Muldbjerg I (Fig. 97) .  For 
notations and symbols, see Fig. 73. 

Fig. 99 (below) . Fragmentation pattern and 
working traces on various bone elements of 
Lutra lutra from Kongemose (cf. Fig. 100) .  
For notations and symbols, see Fig. 73. 

Kongemose 

Præste lyng 

I 
2 ;' 

Lutra lutra, total 

25 fragments 

Lutra lutra, total 

18  fragments 
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U lkestru plyng Lutra lutra, mand ibu la  

4 fragments 

� = 1 ·  d 

Fig. 100. Fragmentation pattern and working traces on various bone 
elements of Lutra lutra from Ulkestruplyng (cf. Fig. 99) .  For notations and 
symbols, see Fig. 73. 

Ulkestruplyng 

Only four mandible fragments have been found. One of 
them is white-burned; the three other bones are complete, 
and and only few traces from human activity occur (Fig. 
100) . 

Comparison between the sites 

The working traces found on otter from Muldbjerg I and 
Præstelyng are compatible. Fragmentation and cut marks on 
skuU and mandibula are similar. There are more cut marks 
on the limb bones from Præstelyng than on the correspond
ing bone elements from the Muldbjerg I site. The axial 
skeleton is very weU represented at the Muldbjerg I site and 
almost absent at Præstelyng, although the EMNI is not very 
different at the two sites (3 and 2) .  The Kongemose material 
is fragmented to a greater degree, whereas the cut marks are 
located more or less in the same areas as cut marks on the 
Muldbjerg I and Præstelyng otters. The presenee of nearly all 
types of bone elements at the four sites and the lack or 
systematie absenee of specific bone elements suggest that the 
killed otters were brought to the habitation sites and, as 
indicated by the position of the cut marks, skinned and 
butchered there. 

Otter, as weU as beaver, pine marten, and dog, has been 
skinned at the site, in contrast to what seems to have been the 
case with water vole (see below) . The meat from otter was 
probably fed to dog and thus worthwhile bringing home, 
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although very few traces of dog-gnawing were recorded. 
(Beaver meat is readily eaten by humans; pine marten bones 
are very weU preserved and show no traces of dog-gnawing; 
water vole was probably eaten too, but was of less value and 
thus more carelessly dealt with.) 

Although the Kongemose material treated here is only part 
of the total number ofbones present at the site, it is notewor
thy that the EMNI is only 2-3 at all four sites. Probably otter 
was also shy in the Atlantic period and not very accessible, 
and the Åmose water complex was rich in hiding places. 

Martes martes 

Præstelyng 

There are bone elements from most of the postcranial skel
eton apart from the metapodials and phalanges. Very few of 
the bones are fragmented. The two mandibles are both 
broken through the alveoli of the canine and in front ofit. On 
one of the mandibles ramus mandibularis is broken as weU. 
Both femoral bones are broken right through the diaphysis. 

Cut marks, probably from the skinning proeess, occur on 
the keel of corpus mandibularis. Scrape marks are present on 
one of the ribs. Although the material is rather incomplete, 
the way of dealing with pine marten is compatible with the 
way of dealing with otter; in both cases the animals have 
probably been brought to the site whole and skinned and 
butchered there. Very few cut marks and traces of dog
gnawing have been noted on the pine marten material. It is 
thus most likely that they were disposed of shortly after 
skinning. The meat was probably not fed to dog, in which 
case the fragile bones would have been in less good condition 
and showed tooth marks. The phalanges and claws probably 
remained in the skin as theywere not represented among the 
bones. The same conclusion was reached by TroUe-Larsen 
( 1 986) after examination of pine marten material from the 
Atlantic site Tybrindvig on Fyn. 

On the other hand, Degerbøl ( 1942) described pine mar
ten bones from the ErtebøUe site Dyrholmen that bore nu
merous cut marks, and mandibles with fragmentation of 
corpus mandibularis. This may indicate that pine marten 
sometimes has been eaten by man, or the strong sinews in 
canalis mandibularis have been of some use, e.g., as thread. 

The bones seem to have been dealt with in the same way at 
the three sites Ulkestruplyng, Kongemose and Præstelyng, 
whereas no signs of human activities can be spotted on the 2 
fragments from Muldbjerg I. 

Fig. 101 .  Fragmentation pattern and working traces on various bone 
elements of Castor fiber from the Muldbjerg I site. Note the many butcher
ing and dismembering marks on the Muldbjerg I material compared with 
the Kongemose material (Fig. 102) .  Note also the characteristic breakage of 
the mandibles, indicating the use of the incisors as a tool. For notations and 
symbols, see Fig. 73. 
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Castor fiber 

Muldbjerg I 

W orking traces were found on nearly all bone elements, but 
not very many. Apart from the cranium, only some of the 
bones were broken. The butchering was done in a crude way 
by chopping the pelvis open and chopping off the humerus 
bones. All the crania have been carelessly divided by a dorso/ 
ventrai blow in a left and a right side (Fig. 10 l ) .  There are 24 
mandibula fragments, 4 big pieces of the lower jaw and 20 
very small (2x2 cm) fragments of mandibula, mainly from 
juvenile animals. Processus coronoides has been removed 
from the jaws and so has the tooth row in one case. This may 
indicate that the jaws have been transferred into a kind of 
to o!, probably of a scraper type where the sharp enamel edge 
has been used. There are 3 fragments of the protrusion of 
ramus mandibularis just under the alveoli of the incisors 
indicating that something has been pressed towards the 
outer side of the alveolus. Partitioning of the skull may have 
helped in removal of the maxillary incisors, which later may 
have been used as an instrument. The humerus bones have 
been treated rather violently; numerous chop marks are seen 
and proximal and distal epiphyses have been removed by 
chopping them off. Dismembering marks were found on 
radius and ulna, cut marks were found on acetabulum. The 
majority ofthe cut marks are from skinning and dismember
ing proeesses, but cut marks from removal of the meat also 
occur. There are infrequent traces of dog-gnawing. Some of 
the bones have been burned, especially the juvenile ones. 

Kongemose 

W orking traces were found on 2l bones apart from traces 
resulting from fraeturing. Except for the cranial bones, the 
skeietal elements were only rarely broken. The number of 
working traces is small and are found on nearly all bone 
elements. Only skull and mandible bones seem to have been 
broken in a systematie manner. Apart from smashing the 
braincase as is seen with otter and pine marten the facial part 
including the maxillary bones and the bones of jugale have 
been broken off (Fig. 102) .  In the case of otter, a crushed 
braincase has been interpreted as a result of brain-eating 
(Trolle-Larsen 1986) . However, it may also have been the 
result of capture in a head-smashing type of trap. The animal 
may simply have been hit by a club in order to kill it without 
having to pierce through valuable skin with a spear or an 
arrow. All the mandibles lack their processus coronoides, 
which has been broken off. Apart from one mandible, all 
adult or subadult jaws have fraetures along the alveolus of the 
incisors. In three cases the protrusion on the keel of the 
mandible has been broken off. The incisors are most often 
present in the exposed alveol us. 

The strange appearance of the beaver mandibles led to a 
small experiment. Water-vole jaws were held upside down 
and the incisors were used as a min ute seraper. The splitting 
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of the incisor alveoli and the break off of the protrusion 
below the alveoli were similar to those observed on some of 
the beaver mandibles from Kongemose and very similar to 
the beaver mandibles pictured by Hatting ( 1969, her Fig. 1 ) .  
She argued that the mandibles may have had a wooden 
handle and been used as a type of scraper as is seen among the 
Alaska eskimos. The removal of processus coronoides would 
convert ramus mandibularis into a good handle. In the man
dibles described by Hatting ( 1 969), processus condylos and 
sometimes processus angularis also have been removed. 
However, on some of the mandibles, fine impact marks lie 
along the alveoli and along the ramus mandibularis. Hatting 
( 1 969) wrote that the Alaska Ingalik eskimos remove the 
incisors entirely from the jaw to use them as a tool. The 
carefully placed impact marks on some of the mandibles 
from Kongemose seem to indicate similar removal of the 
sharp enamel-edged incisors. 

Most of the cut marks are skinning marks, but a few of 
them seem to be butchering marks. Many of the bones have 
clearly been burned. Only few traces of dog-gnawing occur. 

Ulkes trup lyng 

The taphonomic loss is rather high and the 27 bone frag
ments do not suggest a meaningful pattern of fragmentation 
(Fig. 103) .  The only cranial fragment comparable with the 
type found at Muldbjerg I is an upper half of the maxillary 
bone. The few cut marks are placed on pelvis, humerus and 
tibia, and seem to be merely chewing and meat removal 
marks. The juveniles have not only been skinned but also 
butchered. The bones of adult beaver have no marks, and the 
animals may not have been captured but may have died 
naturally and later drifted into taphozone Il where most of 
the dumped bone material occurs. The adult individual may 
also have been too old and thus unattractive for consump
tion. 

Comparison between the sites 

Mandibles of beaver have been modified, but in different 
ways, into a scraper type of to ol at both Kongemose and 
Muldbjerg I. The skulls have been highly fragmented at both 
sites, which I consider a result of the killing method rather 
than of ritual brain-eating. At all three sites with beaver, both 
cut and scrape marks are due to the skinning proeess. Bones 
are found from all parts of the body, indicating that butcher
ing and skinning took place at the sites. Comparison with 
beaver mandibles from other Mesolithic sites from the 
Åmose basin, like the Maglemose site 0gårde, shows a more 

Fig. 1 02. Fragmentation pattern and working traces on various bone 
elements of Castor fiber from the Kongemose site. Compare with similar 
figure from the Muldbjerg I site (Fig. 10 l ) .  For notations and symbols, see 
Fig. 73. 
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U l kestruplyng 

conscious effort in tool fabrication at Maglemose sites. Nev
ertheless, removal of processus coronoides, opening of the 
alveoli of the incisors and fractures owing to unusual wear all 
indicate tool processing on the basis of beaver mandibles 
both at Muldbjerg I and Kongemose. No doubt the fur has 
been removed and likely used for c1othing. The randornly 
placed uneven cut marks on the shaft of the meat-carrying 
bones indicate that the meat has been eaten as well, and so 
does the number of black burned bones. 

Small mammals 

Arvicola terrestris 
Muldbjerg I. - There are 229 fragments (EMNI 46) of water 
vole, almost exclusively skulls, mandibulae and teeth. This 
taphonomic bias calls for an explanation. Table 20 shows the 
distribution of the various skeletal elements. Although the 
teeth are the most resistant, different preservation potential 
cannot alone account for the discrepancy between the pres
ence of 38 rather fragile skulls and the lack of postskeietal 
elements. From the figures, 80% of the skull bones are 
present, whereas only 5% of the forelimbs, and only 1 5% of 
the hind legs, etc., have been found. The incisors are well 
represented, being strong and well attached in the alveoli. 
The molars are present in a decreasing rank order from ml to 
m3; m3 is the smallest of the molars and thus likely to escape 

Castor fiber 
1 1  fragments 
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Fig. 103. Fragmentation pattern and 
working traces on various bone elements of 
Castor fiber from the Ulkestruplyng site. 
For notations and symbols, see Fig. 73. 

discovery where the sediment has not been sieved. This 
pattern ofpreservation ofteeth as well as postcranial skeleton 
is general for all the small rodents present at the four sites. 
The pattern is most distinguishable at Muldbjerg I and 
Præstelyng, where the total number of fragments from small 
rodents is highest (Table 20 compared with Table 2 1 ) .  

It is difficult to tell whether the difference in representation 
of the single bone elements is a question ofhuman selection 
or chemophysical destruction, as it is not possible to deter
mine the spatial distribution of the fragments. Nor is it 
known whether the bones from Arvicola terrestris have any
thing at all to do with the habitation. Water vole is part of the 
local fauna, having a preferred habitat dose to water. The 
considerable number of skeietal elements found around the 
site may be the result of a severe winter kili-off of the hiber
nating population. The biometrical analysis reveals, how
ever, that the majority of skulls belong to large adult animals, 
c1early not a representative selection of a natural population. 

The presence of cut marks on both mandibula and skull 
(Pl. 42) further indicates that the collection and kili of the 
animals were done by humans. The cut marks were found on 
about 10% of the bones: 4 crania, 5 mandibulae, 5 femora, 2 
tibiae, and l pelvic bone, in positions suggesting skinning 
(Fig. 104) .  The fur is soft and delicate and might have been 
used for baby-c1othing. The meat might also very well have 
been eaten. Meat from large rodents is considered very 
delicate in, e.g., Ghana, where bush rats are consumed 
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Arvicola terrestris 
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Fig. 1 04. Working traces, mainly skinning marks, on various bone elements 
of Arvicola terrestris from the Muldbjerg I site compared with the traces 
inflicted by a modem skinning experiment on a water vole. Note the similar 
position of the marks. For notations and symbols, see Fig. 73. 

grilled, with red pepper. If man was not interested in the 
meat, dog surely would have been. The exploitation of the 
meat would also account for the discrepancy between cranial 
and postcranial skeletal elements. 

The animals were most likely caught in traps, possibly a 
sort of a net trap to avoid damage to the skins. They were 
possibly skinned at the lakeside, the body was removed for 
consumption, and the skull was disposed of. This procedure 
could explain the difference in preservation of cranial bones 
versus bones from the body. 

The kili of water voles might also be connected with play 
and training of children, but this and other speculations are 
in the realm of imagination. The data merely tell us is that 46 
water voles were caught at Muldbjerg I and skinned for some 
purpose. 
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Other rodents 

The presenee of the other rodents and the amphibians most 
likely have nothing to do with the site as such: Apodemus 
sylvaticus, Apodemus flavicollis, and Clethrionomys glareolus 
are clearly forest-living animals. They may be leftovers from 
meals or stomach contents from fox, owl, heron, or pike. 
They may just happen to have died when migrating in these 
surroundings. Shrew is unattractive even to scavengers, ow
ing to its musk glands, and thus may avoid post-mortem 
destruetion in spite of its fragile skeieton. 

The presenee of small rodents and squirrel with special 
forest preferences, however, indicates the proximity of the 
forest cover of larger deciduous trees. 

Erinaceus europaeus 

Muldbjerg. - Cut marks were found on 3 of 1 1  bone frag
ments from hedgehog, indicating its use to man. Most likely, 
some of them have been roasted on fire and eaten, their 
spines wrapped up in clay. 

Præstelyng. - No cut marks were found on hedgehog bones 
and this, combined with the small number of fragments, 
might indicate that they were oflittle or no use to the people 
on Præstelyng. 

Sciurus vulgaris 

Præstelyng. - Cut marks were found on the squirrel man
dibula and in a position compatible with the skinning marks 
found on the bones from the modem experiment on water 
vole (Fig. 104) .  The mandibula was further gnawed by a 
small camivore, e.g., a dog puppy. It is thus likely that 
squirrel fur was used by the inhabitants of Præstelyng. 

Comparison between the sites. - In order to interpret the cut 
marks found on the skull and mandibula of water vole from 
especially the Muldbjerg I site, a modem skinning experi
ment was made by E. Heiberg (personal communication, 
199 1 )  on a male water vole weighing 285 g, body measure
ment 195 mm, and tail l lO mm. The animal was cut open 
ventrally from the mandibula to the tail root and along the 
limbs, the distal part of which was cut off. Cut marks (Fig. 
104) were inflicted by a sealpel, rather faint and superficial. 
The cut marks on jugale were inflicted during rem oval of the 
chewing muscles in order to separate the mandibles from the 
skull. The resulting fur is rather long, measuring 28x 1 7  cm, 
and very soft, the perfeet clothing material for a baby or child 
(Pl. 4 1 :2 ) .  No matter how good the skin-workers were, the 
skin from beaver, otter, and deer would be too stiff for the 
soft body of a baby. 

The position and type of cut marks show a pattem that is 
recognizable from other typical fur-animals (Noe-Nygaard 
1969; Trolle-Larsen 1986; and others, e.g., Hatting 1973) .  
The few cut marks on  the bones from the modem experi-
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ment all agree with the position of cut marks found on the 
fossil material (Fig. 104) .  

It  is  thus most likely that water vole was used as a fur 
animal, especially at the summer season sites like Muldbjerg 
I, Præstelyng and Ulkestruplyng, whereas it is practically 
absent from Kongemose which was mostly used at a later 
time at the year. Of course, the presence or absence of small 
mammals might also be a question of excavation practice 
and thus a taphonomic problem. Hedgehog was present at 
both Muldbjerg I and Præstelyng and was most likelyeaten at 
both sites. Cut marks, however, were only found on the 
Muldbjerg I fragments. Squirrel was found only at Præste
lyng, and only two fragments have cut marks. 

Aves 

A number of species were exploited by man as a welcome 
supplement to the diet (Tables 23-26) .  Birds such as Pandion 
haliaetus, Haliaeetus albicilla, Bu tea buteo, Milvus milvus, and 
Milvus migranswere hardly eaten, but theywere probably fed 
to dog after skinning. A number of tooth marks and splinter
ing of long-bones seem to confirm this assumption. Their 
use to man was probablythe feathers for arrows and the beak, 
skull and claws for decoration. 

Muldbjerg I 

In total, 284 bones were examined for fragmentation pattern 
and cut marks (Figs. 105-106) .  The bones were rarely frag
mented, only Haliaeetus albicilla and Cygnus olor were in
tensely fragmented. The proximal end was removed on six 
humerus bones. Theywere simply broken off, and all ofthem 
were chewed by dog. The breakage of humerus may thus 
have been caused by dog assisted by man. The distal ends of 
humerus were broken off and/or chewed as well. Six bone 
fragments show traces from burning. The bones of the 
smaller birds are extremely well preserved and nearly always 
complete, only rarely gnawed by dog. Bones from juvenile 
ducks are also well preserved and show no traces of human 
intluence. The few cut and scrape marks occur only on bones 
from large birds, like Haliaeetus albicilla and Cygnus olor, 
whereas none are observed on, e.g., Ciconia nigra. The small 
number of traces ofhuman activity, especially on the various 
duck and other water birds, seems to indicate that not all 
birds found were the hunters bag but may have died from 
natural causes. 

Præstelyng 

There are 160 fragments (EMNI 34) . Three of the bones have 
clearly been burned. Sixteen humerus bones were demol
ished by chewing around the joints either by man or dog, but 
very few other bones bear traces from human activity. Bones 
of Pelecanus crispus and Cygnus sp., however, show several 
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scrape marks and cut marks. In this and other respects, the 
bird bone assemblage from Præstelyng shows great resem
blance to that of Muldbjerg I. There is a great number of 
juvenile bones, which are almost impossible to determine to 
species; most of them are probably from ducklings of differ
ent species. 

The relative difference in occurrence of the various bone 
elements is comparable to that found at Muldbjerg I, where 
especially the femoral bones are underrepresented. The de
struction pattern and the burned bones, however, clearly 
indicate that at least some of the bird species were caught and 
eaten. The underrepresentation offemur is probably because 
they are completely chewed away by man and dog. The small 
number of femoral bones in the sample thus cannot be taken 
uncritically as an indication of a non-human intluence in the 
formation of the bone assemblage, as claimed by Ericson 
( 1 987a, b) .  There is, however, a considerable number of 
complete, hard, shining bird bones which appear to have 
been deposited in taphozone Il as a result of natural mortal
ity. This same pattern is also seen at the Muldbjerg I site. 

Kongemose 

Of the 1 1 5 fragments, only 48 were determinable (EMNI 3 1 ) . 
The three individuals of eagle have clearly been captured and 
butchered at the site, as was also the case with swan and black 
stork. With a few exceptions, the rest of the bones are so 
damaged by the ruthless breaking-off of the epiphyses, that I 
find it likely that they too belong to the discharge from the 
site. 

As the bones at Kongemose are otherwise very well pre
served, and as the bird bones are found mainly in taphozone 
Il, in drifted detritus gytt ja, there is no obvious natural 
reason for the intense destruction. Furthermore, with only 
seven complete bones as compared with the number of 
complete bones found at the three other sites, the best 
explanation is human activity. All the cut marks and the two 
examples of scrape marks are found on bones from large 
birds, and none are recorded from the few juveniles. 

The ratio of anterior and posterior bone elements is com
patible with the distribution found at the other sites de
scribed in this paper. The posterior skeleton constitutes 
about 22% of the total sum of posterior and anterior ele
ments. 

There are very few cut marks found on humerus, ulna, and 
tibiotarsus, although traces of gnawing are present (Fig. 106) .  
This may indicate that chewing by man and dog was respon
sible for much of the epiphysial destruction and diaphysial 
splintering. 

The very few bird bones found at Kongemose, the prepon
derance of large birds and birds of prey, and the strange 
preservation, with virtually no complete bones, differ very 
much from what is found at the other sites. The inhabitants 
of Kongemose clearly did not base their food economy on 
bird capture. Occasionally they killed a duck, a crane, or a 



FOSSILS AND STRATA 37 ( 1 995) Amose: Trace fossils 233 

3 
xx 

[ 
4 \ 

l '  I i " 

v 

, � )(�x.:..�x \.,x 3 
1 0  A 2 C 

284 fragments 

2 

E 
M u ldbjerg 

F G 

� 2  
\ 
\ 

1 7 1 fragments 

P ræstelyng 

�
1 

1 1
'It

� 

H 2 

Fig. 105. Census of fracture and cut marks on various avian bone elements from the Muldbjerg I and Præstelyng sites. For notations and symbols, see Fig. 73. 
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Fig. 106. Census of fraeture and cut marks on various avian bone elements from the Kongemose and Ulkestruplyng sites. For notations and symbols, see 
Fig. 73. 
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capercaillie and ate it. The three eagles have probably been 
killed purposely, but hardly for consumption. The down 
from the juveniles may have been used as clothing, their 
feathers for arrow-processing, and their claws and beaks for 
decoration. 

Ulkestruplyng 

It is remarkable how few of the bones that bear recognizable 
traces of human activity. Only 10 of 1 77 determined bones 
have cut marks, and 4 show traces of fire, such as a femur 
from Podiceps cristatus, a coracoid from Anas crecca, and a 
couple of bones from Mergus merganser. Cut marks occur 
most frequently on humerus and coracoid following the 
pattem observed from Muldbjerg I, Præstelyng, and Konge
mose. As is the case with the other sites, it is not possible to tell 
which birds belong to the site refuse and which have died 
from naturai causes. 

The cut marks on Milvus migrans indicate that it was 
caught by man, but it was hardly for consumption. Maybe 
the claws and feathers had some use in arrow fabrication and 
personal decoration. 

Pisces 

Esox lucius 

- M uldbjerg I. - Of the 42 loose teeth of pike found, 1 7  had been 
cut loose from the jaw and had traces of wear perpendicular 
to the length of the tooth. The edges of the teeth show scars 
after small chips that have sprung off, and some of the points 
are polished and broken (Pl. 53 : 1-8) .  In a further five cases 
the teeth have been cut off, but no traces of wear can be 
detected. 

In an experiment to understand the use of these teeth, 
modem and fossil (Mul.! 50304) pike teeth were used to drill 
hoIes in a 4 mm thick leather belt. They lasted long and were 
effective. Only at the 6th hole did the outermost 2 mm of the 
point of the tooth break. The produced wear marks were 
identical to those found in the fossil material. It is thus most 
likely that the enamel-covered, sharp teeth of pike occasion
ally were cut out of the jaws and used as small drill points in, 
e.g., leather working. 

At Præstelyng a similar type of implement was created 
from the front-spine from a spurdog (Noe-Nygaard 197 1 ) .  

Squalus acanthias 

Præstelyng. - The second dorsal spine of spurdog has been 
cut off, as indicated bytwo clear cut marks placed proximally 
on the caudal side of the spine (Pl. 53: l DA-C) .  The distal part 
of the spine has been rounded, shortened, and polished to a 
degree where the poison furrow has disappeared (Fig. I l l ) .  
Fine striations occur perpendicular to  the long axis o f  the 
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spine. There is no doubt that it was used as a small drilling 
tool. It has been suggested that the spine was used to make 
hoIes in leather and that the furrow was used to guide the 
'thread' through the hole (Fig. I l l ) .  An experiment with a 
modem spine of spurdog used as a drill through a 5 mm thick 
leather belt fullyconfirmed its strength and capabilityfor this 
purpose (Noe-Nygaard 197 1 ) .  

Conclusion 

Both the spurdog spine-tool at the Præstelyng site and the 
pike-tooth tools at the Muldbjerg I site seem to have had 
similar functions. They both show wear marks at the points 
and either damage or polish perpendicular to the long-axis of 
the spine and teeth, indicating drilling as a primary function. 
Both tools are effective in leather work. 

Summary and discussion 

The palaeontological analysis of a natural fossil bone assem
blage or an archaeozoological bone assemblage gives basic 
information on the number offragments, number of species, 
and number of various bone elements within the various 
species. Subsidiary information that may be obtained, such 
as preservation, age grouping, diseases, and mo de of killing, 
is also based on the fragments as the basic element. 

Whatever the purpose of archaeological excavation, the 
basic limit in the palaeontological and the archaeozoological 
interpretations is the number of identified specimens (frag
ments) (NF) .  This is the case in subsistence analysis, recon
struction of palaeoenvironments, and in comparison of pal
aeoecology and feeding strategy between different human 
cultures. The term NF has been the most commonly used 
unit for indicating relative frequency of different species 
(Grayson 1979, 1984) .  The application of NF alone in 
archaeozoological frequency analysis has been questioned 
and criticized by a number of authors (Uerpmann 1 973; 
Noe-Nygaard 1977, 1 987; Grayson 1979, 1 984) . 

The advantage of using the number of excavated and 
identified fragments is that it is easy to relate this number to 
the determination of bone elements and speeies. It is also 
easy to add further numbers if new excavations or finds 
occur. The disadvantages are unfortunately many. The NF 
value is highly dependent on natural fragmentation caused 
by physical and chemical factors as well as on the fragmenta
tion pattem inflicted by man. The latter varies from site to 
site, from culture to culture on the same speeies. The pattem 
may also vary between speeies from the same site (Noe
Nygaard 1977, 1987) .  The variation of strength in different 
bone elements may influence the preservation potential and 
thus the final number of fragments (Voorhies 1969; Gifford 
198 1 ) .  The preservation potential may also vary between 
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different species owing to size differences and chemical 
properties, such as high content of fat. Different taxa may 
have different numbers of bones. 

Species brought whole to the site are likely to be better 
represented than species partly butchered at the kili site, such 
as animals kilied for their fur (Chaplin 197 1 ;  Payne 1972) .  
The applied excavation technique, the completeness of the 
excavation, and the application of sieving of the removed soil 
also influence the number of fragments. Finally, one of the 
more important disadvantages is that the unit NF is not an 
independent unit. There are no means by which to estimate 
the exact number of fragments produced by one individual; 
thus NF does not indicate the number of individuals origi
nally brought to the site (Grayson 1979, 1984) . Many statis
tical tests operate with the assumption that the sample unit 
being tested is representative for the whole fossil assemblage 
under examination. An understanding of the fragmentation 
pattem, however, equips the examiner with a to ol to produce 
a rough minimum estimate of the size of the taphonomic loss 
(Noe-Nygaard 1977, 1979) .  

The completeness of the excavation of a fossil deposit is 
vital for both NF and EMNI. Totally excavated sites are few; 
only Muldbjerg I is as completely excavated as possible. The 
other sites in this analysis are either only partly or insuffi
ciently excavated (pp. 65-69) .  Only very few totally exca
vated sites have been examined for the distribution pattem of 
the bone fragments. Are the bones dump ed at one place, 
spread evenly or randornly distributed? Knowledge of the 
bone distribution pattem is very important when faunal 
information on a limited sample from a site is extrapolated 
for the complete site, as stated in the chapter on taphozones 
(pp. 65-73) .  The spatial distribution of the bone fragments at 
the Muldbjerg I site may be reconstructed on the basis of 
existing profiles and coordinates on fragments (Table 36; 
Fig. 1 12 ) .  Unfortunately, the profiles and data on the spatial 
position of the fragments at Muldbjerg I have not been 
available. 

Some of the above stated reservations may be corrected for 
by modem experiments on strength and density of various 
bone elements (Brain 1967; Voorhies 1969; Binford & Bert
ram 1977) .  The fragmentation-pattem analysis at various 
sites may help to estimate the expected number of fragments 
per animal, especially where species frequencies between 
different sites are compared (Noe-Nygaard 1977, 1987) .  
Shotwell ( 1955) defined a corrected number of specimens 
incorporating differences in number of bones in various 
animals. Payne ( 1 972) made sieving experiments that clearly 
demonstrated the loss of bone material that takes place 
under ordinary excavations. Not only are small animals 
under-represented, but the relative frequency between large 
animals such as Bos, Gvis, Can is, Vulpes, etc. may be changed 
radically by sieving the removed soils. 

The arguments listed here demonstrate that the quantifi
cation unit is not independent, and even the most careful 
taphonomic examination cannot possibly reveal the degree 
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Table 36. Spatial distribution of some of the reassembled bone fragments of  
various bone elements of Cervus elaphus from the Muldbjerg site. 

Element Bone no. E N Level 

Femur 50836 -2. 1 0  1 5.28 } 
-2. 1 8  1 5 .24 24.02 
-2. 14  12.32 

50489 -4.08 5 . 1 8  24.00 
-4. 1 6  5 . 1 8  23.95 
-4. 1 2  5.35 23.98 

Femur, distal 36035 -2.83 -1 .80 23.97 23.93 

Cap ut femora 49 127 2.62 -14.50 23.80 23.77 

Tibia 49699 4.29-4.3 1 16.60-16.72 23.95 23 .94 

Tibia 9745 1 1 .96 4.65 23.93 
1 1 .95 4.53 23.92 

14437 1 7.38 6.82 24.28 
17.42 24.26 

17 100 17.48 8.32 24.25 
5 17 10  a-d 16.30 19. 1 1  23.93 

16.44 19.25 23.95 
50828 -2 - -3 14.50-15 .00 surface 

Ulna 23 12.90 10.32 24.34 
13.00 10 .31  

10582 8.00 10.00 
9.00 1 1 .00 

32479 0.54 0.52 23.92 
0.54 0.60 23.97 

50995 17.37 1 5.75 23.94 
17.40 1 5.65 23.95 
1 7.46 1 5.59 23.94 

Vertebra cervicalis 3 1 760 6.33 0.91 
6.41 0.93 23.91 

5 1 1 52 18 .06 16.97 24.03 
18 . 10  1 6.99 23.99 
1 8.09 1 6.94 

Vertebra cervicalis 34404 6. 1 5  0.90 plough. layer 

Vertebra cervicalis 5 1056 5.00-6.00 16 .50-17.00 plough. layer 

Vertebra cervicalis 52048 7.92 22. 1 6  23.88 
7.90 22.23 23.87 

Vertebra cervicalis 16387 1 7.72 5.02 24.3 1 

Vertebra cervicalis 4490 1 3 .2 1  -7.38 23.87 

of interdependency. Grayson ( 1 984) gave a constructed ex
ample on how much changes of fragmentation alter the 
statistical X2-test. His example includes two strata ( 1  and 2)  
containing two species (Bos and Ovis) .  In stratum l there are 
30 Bos and 40 Gvis fragments and vice versa in stratum 2. The 
x2-test shows no significant difference between the bone 
samples of the two strata. If, however, all the bones were 
further fragmented in 10 pieces per fragment, the x2-test 
would show significant difference between the two bone 
samples. 

The use of fragmentation pattem to deduce the strategy 
employed to break the bones is highlighted on pp. 237-238 
and by Noe-Nygaard ( 1 977, 1987) . The number of frag
ments (NF) is the basic unit on which analyses of species 
representation, population structure, micro evolution, sea
sonality, and EMNI are based. The NF is thus one of the 
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parameters used but not the sole base for estimation of 
species frequencies. 

The MNI (the minimum number of individuals) ,  or 
EMNI (the estimated minimum number of individuals) ,  is 
defined as the number of individuals necessary to account 
for all the skeletal elements (fragments) from a specific 
species in the excavated material. White ( 1 973) calculated 
the MNI by using the most frequently occurring bone ele
ment. He realized that this was an absolute minimum, and 
later White & Chaplin ( 197 1 )  suggested induding estimates 
on sex, ontogenetic age, and bone dimensions in the MNI 
calculations, changing the term to EMNI. Thus, the latter 
parameter indudes a subjective estimate that may depend on 
the skill of the researcher. The EMNI is less sensitive to 
fragmentation and differential bone destruction. Loss of 
small bone fragments by failure to sieve excavated soil will be 
of minor importance for larger animals, whereas small ani
mals will still be under-represented. 

In contrast, the abundance of rare taxa at a site has a 
tendency to be exaggerated within a collection, as pointed 
out by Payne ( 1972) and later by Grayson ( 1 978) .  There are 
certain disadvantages using EMNI: the method is partly 
subjective and rather slow, and the EMNI figure will have to 
be completely recalculated if more material is retrieved from 
the same site. 

The following four statements explain the interdepen
dence between the number of retrieved bone fragments 
(NF), estimated minimum number of individuals (EMNI) ,  
and butchering and marrow-fracturing techniques. ( 1 )  The 
NF per individual of a species depends on the butchering and 
marrow-fracturing techniques employed. (2) Differences in 
butchering and marrow fracturing of different species at a 
site result in different proportions between NF and EMNI. 
(3 )  Differences in proportion of NF to EMNI of a species at 
different sites may, taken with care, express the degree of the 
taphonomic overprint, other things being equal. If the pro
portion is small, the overprint is strong, and vice versa (Noe
Nygaard 1977, 1 979) . 

Discussion of the results from the 
four sites 

Patterns of fragmentation 

The bone treatment and, especially, fragmentation pattern at 
the Muldbjerg I and the Præstelyng sites are strikingly similar 
for nearly all bone elements of the various species. A similar 
pattern is recognized at three contemporaneous sites: 
Vejkonge (3, 100 b.c. ) ,  Nøddekonge (2,900 b.c.) and Spang
konge (3,000 b.c. ) ,  all situated dose to Muldbjerg I (see also 
p. 10) .  Apart from the general similarity, there are consistent 
minor differences between these five sites. There are subtle 
differences in fragmentation pattern and butchering tech
niques, most dearlyvisible on Cervus bones from Muldbjerg 
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I and Præstelyng. They are probably due to differences in 
butchering and marrow extraction traditions. 

In contrast, there is a great disparity in fragmentation 
pattern between the Muldbjerg I and the Præstelyng sites, on 
the one side, and the Kongemose site (which is similar to the 
Star Carr site) ,  on the other (Table 37) .  Between Kongemose 
and Ulkestruplyng there is some similarity, though not a 
general one. 

Table 37. The calculated number of fragments (NF) of each bone element 
of Cervus elaphus from Præstelyng and Star Carr. The difference in NF is 
due to the difference in marrow-fracturing technique at the two settle
ments. The numbers of fragments listed from Præstelyng are minimum 
number. 

Præstelyng Star Carr 
Bone element No. NF Total NF Total 

Calvarium I 10  10 10 10 
Mandibula 2 4 8 2 
Vertebra 24 2-3 60 24 
Costa 28 2 56 28 
Femur 2 4 8 2 4 
Tibia 2 4 8 2 4 
Humerus 2 4 8 2 4 
Radius 2 3-4 6-8 2 4 
Ulna 2 2 4 2 4 
Fibula 2 I 2 2 
Acetabulum 2 3 6 2 
Sternum 
Scapula 2 2 2 
Sacrum I 2 2 I I 
Metacarpus 2 3 6 3 6 
Metatarsus 2 4 8 2-3 4-6 
Tarsal 5 2 10 2 10  
Carpal 5 2 10 2 10 
Phalanges 12  4 48 2 24 

Total 263 146 

By dividing the NF of a species with the EMNI of the same 
species, we obtain the number of fragments available per 
estimated individual. Comparing this with the total number 
ofbone fragments each individual can produce if everything 
were preserved, knowing the mode of fragmentation, we can 
make a very rough estimate of the minimum taphonomic 
loss (Noe-Nygaard 1977, 1 987) for comparison between 
different sites. It is obvious, however, that differences in 
fragmentation pattern within a species can by itself change 
the figure for taphonomic loss (Noe-Nygaard 1977, 1990) . It 
is thus necessary to take the fragmentation pattern into 
account when calculating the num ber of fragments that a 
single individual of, e.g., Cervus elaphus would produce. A 
red deer from Kongemose will produce on average 190 
fragments, whereas one from Muldbjerg I will produce an 
average of 268 (Table 37) .  The numbers in Table 37 are 
approximations, as there are many sources of error, the size 
of which cannot be estimated. For example, in the calcula-
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tion of fragments on Muldbjerg I and Præstelyng nearly all 
fragments are counted because many can be reassembled 
(Tables 34-37) to form more or less complete bones. At 
Kongemose the applied marrow-fracturing technique imply 
production of a small number of rather large fragments and 
a larger number ofminute undeterminable bone splinters, so 
he re only the large fragments are counted. 

Another source of error may occur if the taphonomic bias 
is too pronounced. For example, in the case of Cervus ela
phus metatarsals from Kongemose, virtually no distal en ds 
but numerous fragments of the shaft are found. As the 
joints normally form the basis for estimating minimum 
num ber of individuals, a small EMNI will result. The high 
number of diaphysis fragments per EMNI will give the 
wrong impression of a high percentage of recovery per bone 
element. 

Sites with a high ratio of juvenile animal bones, which are 
normally less fractured than adult bones, are not in this 
rough estimate based on NF over EMNI. A high amount of 
juvenile bones in a site deposit will make the taphonomic loss 
appear higher than it is. The minimum taphonomic loss 
based on Cervus elaphus bones from Præstelyng is rather 
high, around 73%, and higher than that ofboth Kongemose 
and Ulkestruplyng. This may be partly due to the high 
number of juveniles at the Præstelyng site but probably also 
a result of the incomplete excavation of the site. The amount 
of bones that can be reassembled do es not support a loss of 
that order of size. 

Knowledge of the marrow-fracturing technique is thus of 
paramount importance when estimating and comparing the 
minimum of taphonomic loss among different sites. Other 
taphonomic factors of equal importance are listed in Noe
Nygaard ( 1988) .  

Reassembling 

A great number of bone fragments can be reassembled at 
Muldbjerg I, in particular, and at Præstelyng. In contrast, 
almost no fragments can be reassembled at the bone-rich 
Kongemose (Tables 34-36; Fig. 1 12 ) .  This discrepancy may 
reflect a strong taphonomic bias or differences in the marrow 
extraction procedure. 

The fragmentation pattem at Kongemose and, to some 
extent, Ulkestruplyng is clearly different from that at Muld
bjerg I and Præstelyng, in that bone elements from the 
former sites are broken into significantly fewer fragments 
than those from the latter (Figs. 78-93) .  

At Kongemose, longbones were basically divided into two 
by a crushing blow on the shaft, except for the metapodials, 
which were split longitudinally and dealt with more care
fully. They were later used in tool processing. Crushing of 
the bone shaft prevents reassembly of the fragments. A 
modem experiment (Pl. 54) on fox bones clearly illustrates 
why reassembling of the Kongemose longbones is almost 
impossible. 
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A comparable mode of fracturing of longbones has been 
described from elk (Alces alces) at Skottemarke (Møhl 1978) .  
Skeietal elements from six individuals, including one juve
nile, were retrieved from a bog at Skottemarke on Lolland. 
They are dated to 7,450± 140 b.c. Bones from all over the 
body were represented, except for metacarpals and metatar
sals. Humerus and femur were fractured right across the 
diaphysis, as at Kongemose. The mo de ofbreakage indicates 
that the bone was used as a club and hammered against a 
sharp/pointed object, probably a stone. Here many of the 
fragments can be reassembled, and the smaller diaphysial 
fragments can be reconnected with the major fragments. The 
shoulder parts were filletted with scrape marks on both sides. 
The similarity in fractionation pattern both with the English 
Star Carr site (7,559±2 1O  b.c.) and with most of the Konge
mose material (5,600± 120 b.c.) is striking. At Skottemarke, 
no site arrangement or other animals were found. The com
pleteness of the reassembling of bone fragments indicates 
that the animals were butchered and fragmented at or near 
where they were found. The Skottemarke find thus bears all 
the characteristics of a hunting camp. The similarity in mode 
of fragmentation at the three sites, widely spaced in time and 
geographic position, indicates that the function of the site is 
the determining factor for the fragmentation pattem. All 
three sites seem to have had the function of a hun ting camp, 
in contrast to a more stationary seasonal living site. 

Another similarity between the three camp sites is the time 
of occupation. The Skottemarke animals were killed during 
winter around December (Møhl 1978) .  Both Star Carr and 
Kongemose have elements that suggest summer as well as 
late autumn - early winter occupation (Fig. 138 ) .  It would 
therefore seem possible that the similarity in bone treatment 
is a combination of characteristics for late-season to winter 
hunting camps. 

The interpretation that Star Carr and Kongemose are at 
least partly hunting camps is strongly supported by the 
evidence from stable-carbon-isotope measurements on 
dog-bone collagen. Dog bones retrieved from the Konge
mose site and the Seamer Carr site (adjacent to and contem
porary with Star Carr) were analyzed and showed marine 
influenced values, indicating that neither Kongemose nor 
Seamer Carr (and probably not Star Carr) were stationary 
sites (Clutton-Brock & Noe-Nygaard 1990) .  The crude and 
simple breakage of longbones has been observed at hunting 
camps of modem Nunamiut eskimos (Binford 1978) .  

The diagrams of maximum length of fragments (MLF; 
Figs. 107-1 10) clearly confirm the observed difference in 
marrow-fracturing procedure between the sites. The maxi
mum lengths are considerably greater at Kongemose ( 1 8-
9 1  %) than at Muldbjerg I and Præstelyng, and the difference 
cannot only be ascribed to the greater body size of the 
Kongemose animals. The Kongemose bone fragments gen
erally consist of few large bone fragments and an undeter
minable amount ofbone splinters. Tiny fragments l cm and 
below are found in large quantities at all sites. At the Muld-
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Fig. 107. Distribution patterns of maximum fragment length of various 
bone elements from Cervus elaphus from the four sites. DA. Mandibula. 
DB. Humerus. De. Scapula. DO. Radius and ulna. Note the difference in 
maximum length of fragments between, on one side, Præstelyng and 
Muldbjerg I and, on the other, Kongemose. 

bjerg l site, hundreds of fragments weigh less than 0.0 l g each 
on average, and other hundreds of fragments weigh less than 
1 .0 g each on average. 

Reassembling is not only an indication of how complete 
the site has been excavated but also represents a means to 
reconstruct the actual action and succession of marrow 
fragmentation of the long bones. At the Late Atlantic Åmose 
sites the violent impact marks, placed on the proximal and 
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distal epiphysis, clearly were intended to rem ove the joint 
areas. The series of more sophisticated impact marks along 
the shaft aim at exposing the marrow cavity. On tibia from 
Muldbjerg l and Præstelyng, for example, the distal epiphysis 
is removed first. The second impact mark on the upper end 
of tibia is always placed on the convex side below the joint. lf 
this blow is perfectly placed, the whole shaft will split. lf not, 
only the proximal epiphysis will be removed, and a series of 
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Fig. 1 09. Distribution patterns of maximum fragment length of various 
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more or less forceful blows along the shaft will be necessaryto 
expose the marrow cavity. Generally, the fewer the impact 
areas, the fewer the bone splinters that will have to be cleaned 
away. Cleaning marks are quite common around impact 
areas. The actual act of fragmenting seems to vary between 
various sites and cultural groups. This is most clearly illus
trated by the difference between the mo de of fragmentation 
at Kongemose versus that applied at Præstelyng and 
Muldbjerg L Reassembling of fragments improves the basis 
for the calculation of EMN1. 

Thus size and type of fragments confirm the clear differ
ence between the Muldbjerg I and Præstelyng sites on one 
side and the Kongemose site on the other (Figs. 76-93, 107-
1 10) .  The fragments from the Ulkestruplyng site have most 
in common with those found at Kongemose, but they do not 
coincide in all respects. 

The bone implements from the two oldest sites are, how
ever, of different types, compared with Præstelyng and 
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Muldbjerg L The way of producing flint flakes and axes, e.g., 
changes in the Late Ertebølle sites from soft core production 
to hard core production (M. Staff ord, personal communica
tion, 1994) .  This means that different raw material was used, 
and thus are the retrieved waste products from tool fabrica
tion of different shapes and types. 

Another example of difference in bone treatment is the 
fragmentation method applied to the Cervus mandibulae at 
Kongemose versus Ulkestruplyng. The Ulkestruplyng man
dibula has been rather carelessly broken into three main 
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fragments, whereas distinct percussion marks on corpus 
mandibularis separate margo ventralis from corpus mandibu
la ris pars incisores on the Kongemose mandibular. It is quite 
clear, however, that more than one mode of fragmentation 
have been applied at Kongemose (Figs. 80-8 1 ) .  This may be 
a result of visits to the Kongemose sites by different family 
groups having different traditions. Alternatively, the site may 
have functioned as a habitation site during summer periods 
and as a hunting station in late autumn and winter. 

Working marks 

Working traces on bones made by humans subsisting on 
hunting can be recognized from at least eight types of activi
ties: ( 1 )  hunting, (2) skinning, (3 )  dismembering, (4) fillet
ting, (5)  marrow fracturing, (6) bone-grease extraction, and 
(7) bone-juice (stock) boiling, and (8)  tool fabrication. 

As shown by Binford ( 1978, 1 98 1 ) ,  the pattern offragmen
tation varies a lot even within the same culture. In his study 
on the Nunamiut eskimos, Binford ( 1 978) demonstrated 
that the mode of partitioning of killed bag is dependent on 
whether it takes place at the dwelling site or at the place of the 
hunt. Also of importance is whether it is done in summer or 
winter (when the meat is frozen) and whether by a male or a 
female. The subsequent filletting follows various patterns 
depending on whether the meat is to be eaten right away or 
is to be dried, etc. The marrow-fracturing of bones is almost 
independent of the skinning and filletting. The extraction of 
bone-grease mainly takes place from particular bones, e.g., 
humerus and femur, which are collected over a period of 
time before processing. 

In Mesolithic Denmark it was not necessary to produce 
larger stocks of meat for winter consumption. On the one 
hand, winter was not very cold nor long, and on the other, 
there were good opportunities for winter hunting. The bac
teria taking part in meat putrefaction are veryactive when the 
average temperature is 1 5-37°C, and hence it is necessary to 
cut thin slices for rapid drying if the meat is to be preserved. 
Already at 6--15°C the bacterial activity is reduced, and meat 
drying is a less risky pro cess (Binford 1978) .  Meat would 
have kept badly in the mild damp Danish Atlantic climate, 
although drying and smoking of steaks was probably known. 
It is hard to tell if the pemmican type of preservation was 
applied at the Mesolithic sites, but generally I think that the 
winters were too short and mild and game too easily acces
sible to encourage the more refined preservation strategies. 

A crude census of the number and distribution of the 
various working traces reveals that 55% of the examined 
Cervus bone fragments had marks of various human activi
ties. The census is based on information from Figs. 73-93. 

The percentage is a little lower at Ulkestruplyng but sur
prisingly similar at Muldbjerg I and Kongemose. This indi
cates that the position and number of working traces is 
dictated by the anatomy of the butchered animal rather than 
habits of prehistoric man. Dismembering marks are most 
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common around the hinge joint between radius-ulna and 
humerus, on the joint between humerus and scapula, and on 
mandibula. Not surprisingly are impact marks from marrow 
and tool splitting most common on metacarpals and meta
tarsals. Cutting, cleaning, and eating marks are most fre
quent on humerus and femur. Skinning marks occur on the 
metapodials and around the rose of the frontal bones. Fillet
ting marks are most common on scapula and costa, and 
perhaps some of the cleaning and eating marks on humerus 
and femur are in fact traces of filletting. The term cleaning 
marks was introduced, as many of the shallow cuts and 
scrape marks were concentrated around the impact marks 
from marrow fracturing, e.g., on tibia. 

Working traces on Castor fiber represent skinning marks, 
butchering marks, and dismembering marks (Figs. 10 1-
103) .  The dismembering marks are located on the proximal 
radius/ulna and the distal humerus as well as on the proximal 
femur. Butchering marks are present on the mandibles and 
pelvis. A few skinning marks occur on the cranium. The type 
and distribution of the various man-inflicted marks reflect 
the double use of beaver as fur-animal and meat supply, in 
contrast to otter and pine marten, which were primarily fur 
producers. 

Working marks on otter are mostly skinning marks at all 
sites except at the Kongemose site. They are placed on corpus 
mandibula and on the nasal and frontal bones. Scrape marks 
of filletting of scapula occur at the three sites. Dismembering 
cuts are found at Præstelyng on the proximal ulna, humerus, 
and tibia and on the distal scapula and humerus. It is obvious 
that the animals from Præstelyng and Kongemose have been 
butchered, whereas this does not seem to be the case with the 
Muldbjerg I otters. 

Only selected bone elements from Capreolus capreolus 
have been analyzed, and only from Præstelyng and Muld
bjerg I. The number ofworking traces are very few compared 
with Cervus elaphus, but where present they are placed at a 
comparable location to those on Cervus. Dismembering 
marks are to be found at the proximal ulna and radius and 
correspondingly at the distal humerus. Dismembering of the 
mandibles leaves clear traces on ram us mandibula. The fewer 
working traces probably reflect the small size of the animal, 
which requires less butchering activity to dismember. A 
number of Capreolus capreolus metapodials have been split 
for marrow extraction at the Præstelyng and Muldbjerg I 
sites. A few (5 )  metapodials have been drilled open through 
the proximal epiphysis (Pl. 52) probably to facilitate sucking 
of the marrow. Generally, roe deer bones are of less value as 
raw material for to ol pro cess ing, so less care has been taken in 
the bone treatment. Furthermore, it is much easier to tear the 
bone elements apart, which will ieave no traces. 

Working traces on Aves are very few compared to the 
number of examined bones. Most of them are interpreted 
as eating traces. They are placed on bones from the most 
meaty part of a bird: humerus, femur, and tibiotarsus. Re
markably few femoral bones are found. A number of bones 
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B 
Fig. ] ] ] .  Modem and fossil spurdog spines. DA. Top: The spurdog spine from Præstelyng (PL 5612-54), which has been pointed and tumed in to a tool. 
Bottom: A modem spurdog spine for comparison. DB. The point of the Præstelyng spine, compared with a modem one. De. A possible way of using the 
Præstelyng spurdog spine tool. (From Noe-Nygaard 197 1 . )  

have clearly been gnawed by dog. The spongy tissue in the 
femur may have been so attractive that the dogs probably 
chewed the whole bone into splinters and ate them. A few 
cut marks on the distal tibiotarsus may be dismembering 
marks. 

There are two cases of working traces on Pisces bones. One 
is from Muldbjerg I, where pike teeth have been cut out, and 
the second case is a cut -off spurdog spine from Præstelyng. 
Seventeen pike teeth were cut out and appear as single teeth 
with a little jaw bone adhering to them (Pl. 53 ) .  They show 
wear marks from having been used in a drilling movement. 
The spurdog spine has probably been used as a type of needle 
(Fig. I l l ) .  

Bioerosion by dog 

Both man and dog are capable of removing and destroying 
large quantities ofbone material (Brain 1967; Binford 198 1 ) .  
Stallibrass ( 1 990) pointed out that the degree o f  dog-gnaw
ing is dependent on the availability of food. A modem 
experiment showed that dog-gnawing is more intense dur
ing winter when less food is available. Brain ( 1 967) stated 
that the poverty of the Hottentot ensures that no edible part 
of a goat is overlooked as food. The bones are thrown to the 
dogs when everything has been eaten, and the longbones are 
broken with a stone for marrow extraction. His experiment 
of counting bone accumulation in a modem Hottentot 
village, where man and dog were the only predators, showed 
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Fig. 1 12. Principles of stratigraphic correlation based on reassembling of 
bone fragments. 

that skull fragments were especially numerous. One of the 
reasons is the durability of the bones, which he showed to be 
closely related to the time of fusion of the various epiphyses. 
Taking humerus as an example, the proximal epiphysis of 
goat is fused at the age of 1 7  months whereas the distal end 
fuses at the age of 3-4 months. In the Hottentot sample, no 
proximal epiphyses of humerus were found, whereas 82 
distal ends were found. 

A crude census was made of gnawed bones in relation to 
retrieved bones from various bone elements. About 6.5% 
of the bones were gnawed at Ulkestruplyng, about 13% at 
Kongemose, about 1 7% at Præstelyng, and about 2 1  % at 
Muldbjerg 1. It generally appears that dog-gnawing was 
more common at the younger sites than at the older sites. 
The figures should be taken with caution, however, as, e.g., 
the number of juvenile animals brought to the site is likely 
to imply a higher taphonomic loss and thus biasing the 
record of dog-gnawing. When the observations from the 
Hottentot village (Brain 1967) are applied to the fossil bone 
samples from the four sites, these would predict the highest 
taphonomic loss at Præstelyng, where 7 out of I l  individu
als are juveniles. It was further to be expected that more 
bones would be gnawed at the Præstelyng site, but the 
percentages of registered gnawed bones is lower than at the 
Muldbjerg I site. At Præstelyng, however, I think that a high 
unknown percentage of the gnawed juvenile bones has 
been completely removed by bone chewing and are thus 
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omitted from the census on bones chewed by dog. In short, 
dog is a more important factor than man in determining 
how many and which parts of the bones from the captured 
prey will be embedded in sediment and thus stand a chance 
of preservation. 

Conclusions 

Bones from archaeological excavations yield three different 
types of information: ( l )  As fossils they reflect the interplay 
between genetic qualities and environment in the course of 
life of single individuals of different species. From the fossils 
we may derive information conceming diet, mode of loco
motion, way of reproduction, etc. (2) As trace fossil, the 
marks on the bones made by man and other creatures, such 
as dog, mice, birds, snails, etc, reflect activities such as 
hun ting, cutting, eating, gnawing, rasp ing, locomotion, and 
trampling. (3)  Reassembled fragments may even be used to 
tie contemporary deposits from land and lake together (Fig. 
l l2 ) .  

Physical and chemical decomposition leaves traces that 
later can be documented through isotope investigations and 
observations under the scanning electron and light micro
scopes (Gifford 198 1 ) .  

The analysis o f  the treatment o f  bones may further indi
cate the nature of the site, the time of the year the kill took 
place, and the specific butchering tradition within a family 
group of people. 

Modem hun ting analogues, well described by Binford 
( 1978, 198 1 ) ,  are invaluable in the interpretation of the 
processes that form the various types of marks. Modem 
butchering experiments on roe deer, red deer, hare, badger, 
and several species of birds, in combination with informa
tion from the literature, make it possible to undertake de
tailed interpretation of the origin of the various marks and to 
aid in distinguishing between systematically placed types of 
marks and randomly occurring unimportant marks. 

Marks caused by skinning, dismembering, filletting, food 
processing, marrow fracturing, tool fabrication, trampling, 
and dog-gnawing can thus be clearly recognized. From as
sumed modem ethological analogues we infer that the fol
lowing processes took place after killing of the prey. It was 
almost immediately subjected to skinning and dismember
ing, and maybe filletting. Then the cutting up for food 
processing to ok place, followed by marrow fracturing, to ol 
fabrication, gnawing by dog and, in some cases, possibly 
trampling. 



Stable carbon isotop es in bone collagen 

Information on human diet in prehistoric time has tradi
tionally been obtained either from the combined study of 
palaeoenvironment and ecology or from examination of 
refuse from living sites, particularly bone fragments and 
implement-wear patterns. 

In recent years, analysis of carbon and nitrogen isotop es in 
human bone collagen, often supplemented by studies of 
trace elements such as strontium, zinc, and copper, has 
provided an alternative method for studying diet. These 
additional sources of information are very useful, as a num
ber of taphonomic factors have acted on bone material and 
have removed a large unknown part of the prey animals and 
plant material originally brought to the site by the hunters 
(see the chapter on human trace fossils, pp. 1 78-243) .  

The taphonomic loss ofbone fragments in  Danish Meso
lithic material, from the kill of the animals to the retrieval of 
the residual bones, often amounts to more than 75% ofwhat 
could at least be expected from the EMNI (Noe-Nygaard 
1977, 1979, 1988) .  The high percentage of retrieval (50-
70%) from Muldbjerg I is exceptional. The bone material 
forming the basis for evaluation of the diet ofMesolithic man 
is thus in general strongly biased. Furthermore, the lack of 
information on the plant food in the diet is profound. 

In recent years, a number of investigations on the l3C/l2C 
and I SN/14N isotopic ratios in bone collagen of prehistoric 
man and accompanying dog have been performed in order 
to reveal the preferred type of nourishment and its relative 
importance in the average diet (Tauber 1981a; DeNiro & 
Schoeninger 1983; Krueger & Sullivan 1984; Schoeninger & 
DeNiro 1984; Sealy & Van der Merwe 1985; Sealy et al. 1987; 
Noe-Nygaard 1988; Clutton-Brock & Noe-Nygaard 1990) . 

The l3C/ 12C ratio in human and dog bone collagen reflects 
the l3C/ 12C ratio composition of the food. Knowledge of the 
C-isotope composition of the prey animals utilized by man is 
thus highly relevant. The basic vegetable food eaten by the 
selected prey determines the isotopic ratio in every level in 
the food chain. 

The difference in l3C/1 2C isotope ratio of the various food 
items is a result of difference in fractionation of the stable C
isotope in the C02 cycle in nature. 

The stable-carbon-isotopic ratios of the terrestrial C3 
(Calvin photosynthesis) and C4 (Hatch-Slack photosynthe
sis) plants are different, owing to their different pathways of 
photosynthesis (Troughton 1974) .  The C3 and C4 plants are 
so termed because they fix atmospheric C02 into 3 and 4 
carbon molecules in the first step of the photosynthesis. C3 
terrestrial plants and marine plants also have different car
bon isotope ratios. This is due to differences in fractionation 
of the two isotopes l3C and 12C during photosynthesis, as 
well as to differences in isotopic composition of the source 
carbon, which is marine HC03- versus atmospheric C02. 
These differences are maintained in the subsequent meta
bolic processes within the plants and at higher levels in the 
food chain in herbivore and carnivore animals, and ulti
mately in man (Van der Merwe & Vogel 1978; Van der 
Merwe 1982) .  

Experiments indicate that whereas the olsN values show a 
3%0 increase for each step up in trophic level, the ol3C values 
are almost unchanged through the various trophic levels 
(Ambrose & DeNiro 1986b) .  The ol3C values of marine 
animals typically range between -9%0 and -19%0, with a 
mean around -14%0. The ol3e values of terrestrial animals 
range between -16%0 and -22.5%0, with an average around 
-19%0. Terrestrial C3 plants, which are the food of terrestrial 
herbivores, range between -23%0 and -3 1 %0, with an aver
age around -28%0 (DeNiro 1987) .  The turnover rate of 
living bone collagen of man is approximately 10 years (Van 
der Merwe & Vogel l978; Stenhouse & Baxter 1979; Chris
holm & Schwarcz 1982);  the l3C/ 12C ratios of collagen in 
human bone therefore reflect the composition of the long
term diet of man. This contrasts with the evidence from meal 
residuals in terms ofbone fragments from prey and domestic 
animals from often temporary habitation sites (Noe-Ny
gaard 1988) .  

It  is  then possible to distinguish between North European 
human populations predominantly living on a marine
dominated diet versus a diet based on terrestrial C3 plants 
and animals. It has also been possible in North and South 
America to distinguish between populations dependent 
mainly on C4 plants versus people living on a C3-plant diet 
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(Van der Merwe & Vogel 1978; Chrisholm & Schwarcz 
1982) .  

The scarcity of prehistoric human skeletons in Denmark, 
especially from different types of Mesolithic sites, makes it 
desirable to find suitable supplementary material in order to 
detect the feeding habits of our ancestors and significant 
changes in their diets. 

Prehistoric Danish dog is suitable in that it adds further 
information on the possible human diet (Noe-Nygaard 
1988; Clutton-Brock & Noe-Nygaard 1990) .  

The ol3C values ofMesolithic man and dog show a bimo
dal distribution ofmeans, -13 .5%o and-2 1 .6%0 ol3e. This is 
indicative of marine food as a majority of the diet for the first 
mode and terrestrial food for the second. The change in OUC 
value in human bone collagen at the Mesolithic-Neolithic 
transition (Tauber 198 1a, b, 1 986) could also be demon
strated in the oUC values from bone collagen from dog from 
the same periods (Noe-Nygaard 1 988) .  

The C-isotope values of the food items eaten by man and 
dog are investigated in order to evaluate the main sources for 
their diets. Bone collagen from more than 350 samples of 
prey animals from the four Åmose sites Ulkestruplyng, 
Kongemose, Præstelyng, and Muldbjerg l are examined for 
their l3C/12C ratio. 

This investigation shows that the C-isotopic ratio in 6 of 
the 12 species examined from the Åmose lake changed 
through time. Five of the 7 species showed the highest OUC 
values in the Boreal period and the lowest at the transition 
from the Atlantic to the Subboreal period. One species 
showed the opposite trend, and one showed marked differ
ence from one site to the others. The changes suggest either 
a shift in diet or a change in the l3C/12C ratio in the plant food 
eaten by the animals. The latter possibility may retlect the 
climatic changes from the Boreal period to the Atlantic 
period. 

Methods 

The l3C/12C ratio has been measured in bone collagen from 
the following species offossil prey animals: red deer, roe deer, 
wild boar, eik, aurochs, cow, dog, otter, pine marten, beaver, 
and pike, supplemented by 100 measurements from modem 
red deer and pike. The fossil collagen was cleaned ofhumic 
acid (method of Schoeninger & DeNiro 1984 and Ambrose 
& DeNiro 1986b) ,  extracted (method of Longin 197 1 ,  later 
evaluated by Chrisholm et al. 1 983, and modified by DeNiro 
1985 and Ambrose & DeNiro 1986a) , and combusted 
(method of Stump & Frazer 1 973, modified by Northfelt et 
al. 198 1 ) .  lsotopic measurements were made on a Finnigan 
MAT 250 mass spectrometer, and the results are reported 
using the conventional notation ol3C PDB = ( ( l3C/ 12C 
sample / J3C/12C standard)-1 ) x l OOO%o using the PDB stan
dard (Craig 1953 ) .  The precision of the isotope measure
ments is better than 0.05%0. 
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Material 

Fossil mammal and fish bone material 

Stable carbon isotopes have been measured in bone collagen 
from more than 350 bone samples. These were taken mainly 
from the most abundant species common to the four sites, 
UIkestruplyng, Kongemose, Præstelyng, and Muldbjerg l 
(Tables 3-6) . The aim was to investigate the average, range, 
and changes in oUC values for each known animal food item 
contributing to the diet of the prehistoric man and dog living 
at the four sites. A few species having little food value, such as 
pine marten and otter, have been measured as well (Figs. 
125-126, 1 34-135) .  

Severai factors have to be considered when dealing with 
fossil material, even where it is as well preserved as the 
present material (the percentage of collagen in the fossil 
bones is up to 40% of the collagen present in modem 
material) . The factors are ( 1 )  the intluence of humic acid 
impregnation on the C-isotope values, (2) the variation of C
isotope values in bones of Cervus elaphus of different ontoge
netic age, and (3)  possible differences in C-isotope values 
between various bone elements from the same individuals. 

The importance of humic impregnation. - The intluence of 
humic acid on l 3C/ 12C ratios was tested on a sample of 35 
bone fragments compiled from the four sites. The ol3C 
values were measured on bones uncleaned for humic acid 
and later compared with cleaned samples from the same 
bone fragment. 

Fig. 1 1 3 shows that, with only one exception, the ol3C 
values from the samples not cleaned for humic acid are lower 
than the cleaned ones. The difference between cleaned and 
uncleaned is of the order of 0.26%0 for all four sites. Fossil 
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collagen from the four sites Ulkestruplyng (UL0),  Kongemose (KS), 
Præstelyng (PL), and Muldbjerg I (MuLI) .  Note that bones not cleaned for 
humic acid show slightly lower values than the same bones cleaned for 
humic acid. 
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Fig. 1 14. Differences in 813C/12C values of Cervus elaphus bone collagen 
between adult and juvenile animaIs from the same sites. DA. Fossil UL0, 
KS, PL, and Mul.l. DB. Recent Oxbøl (OXB) and Buderupholm (BUD).  
Note the slightly lower 813C values of the juvenile animals. 

bones thus have to be cleaned ofhumic acid before combus
tion, as stated by DeNiro ( 1 985) .  This is particularly impor
tant when the results are compared with data from modem 
unhumified material. The change in bI3e values owing to 
humic-acid impregnation seems to be of the same size order 
at all four sites. This indicates that the time gap between the 
oldest and youngest sites is of less importance than that 
between the youngest site and the present day. The effect of 
humic-acid impregnation during the last 5,000 years has 
obliterated the possible differences in degree of humic-acid 
alterations between the sites. 

Another possible explanation of the similar change in bI3e 
values may be that the impregnation with humic acid took 
place shortly after the final burial of the bone and was 
completed within a few tens of years. After that time no 
further impregnation took place. All the bones measured are 
from taphozone Il, where humification takes place rapidly as 
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Fig. 1 15. Student's t-test, range, mean values, and 95% confidence interval 
of 813C/l2C measurements on Cervus elaphus bone collagen from the four 
sites Ulkestruplyng, Kongemose, Præstelyng, and Muldbjerg l. Mul.I/PL P 
> 0.05; Mul.I/KS P < 0.0 1 ;  Mul.I/UL0 0.05 > P >  0.0 1 .  

the overgrowth of  the lake proceeds. At any one time the 
bones would probably have been subjected to the same 
humification processes and are thus likely to show the same 
difference between cleaned and uncleaned samples. 

The influence of ontogenetic age on olJC values for CERVUS 

ELAPHUS. - Samples ofbone material were taken from 7 fossil 
juvenile and 7 fossil adult individuaIs of the same species 
from the same sites to test the possible effect oflactation and 
whether the juvenile and adult bones can be used at random 
for b13e measurements. Samples from the modem red-deer 
material were tested the same way for comparison (see later) . 

It is evident from Fig. 1 14A that the variation in b13e 
values of juvenile bones from the same species is consider
able. There can be up to 3%0 difference in bl3e between 
juveniles and adults of the same species from the same site. 
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Fig. 1 1 7. Range and mean values of  /il3C/l2C measurements on Capreolus 
capreolus bone collagen from the four sites. Note the contrasting trend 
from older sites to younger sites, compared with that ofCervus elaphus (Fig. 
1 16) .  

The o13e values from juvenile bones are, with only one 
exception, 0.5%0 lower than the ol3e values achieved from 
adult bones. This pattem is repeated in the modem red-deer 
material (Fig. 1 14B) . It is therefore inadvisable to mix juve
nile and adult bones at random when calculating average 
o!3e values for specific species. 

The range and mean of 813C of single speeies and 
eomparison between sites 

CERVUS ELAPHUS (red deer) . - Measurements from the four 
sites are given in Figs. 1 1 5-1 16  and Table 38. The t-tests of the 
values from adult bone (no juvenile bones were used, be
cause of the consistent differences in ol3e values between 
juvenile and adult bones from the same site) show no signifi-
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Fig. 1 1 8. Student's t-test, range, mean values, and 95% confidence interval 
of /il3C/l2C measurements on Cervus elaphus from Mul.l/ULØ compared 
with OXB/BUD. Note the significant difference between Mul.l and ULØ (P 
< 0.05) and between OXB and BUD (0.05 > P > 0.0 1 ) .  Note also the 
similarity in values between Mul.! and BUD, and ULØ and OXB, respec
tively. 

cant difference between the sample means from Muldbjerg I 
and Præstelyng, whereas the differences between Muldbjerg 
I, Kongemose, and Ulkestruplyng are highly significant 
(0.0 1 < P <  0.05 and P <  0.0 1 ,  respectively; Fig. 1 1 5 ) .  The total 
range of values in the fossil material is within that of modem 
Danish red deer (Figs. 1 16, 1 1 8 ) .  There is thus a significant 
change in ol3e values in bone collagen of Cervus elaphus 
from the same terrestrial depositional system within a period 
of2,400 years. This change took place between 5,600 b.c. and 
3,200 b.c. (see further below) . 

CAPREOLUS CAPREOLUS (roe deer) . - The data from roe deer 
(Table 38) were dealt with in the same way as those from red 
deer (Fig. 1 17 ) .  The t-test showed no significant difference in 
Ol3e values between Muldbjerg I and Præstelyng, and Muld-
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Table 38. - Numbers, C-isotope range and mean of the 1 2  speeies analyzed from the four sites. 

Cervus elaphus 

Site 

Ulkestruplyng 
Kongemose 
Præstelyng 
Muldbjerg I 

Capreolus capreolus 

Site 

UL0 
KS 
PL 
MUL.I 

Sus serofa 

Site 

UL0 
KS 
PL 
MUL.I 

Alces alces 

Site 

UL0 
KS 
PL 
MUL.I 

Bos primigenius 

Site 

UL0 
KS 
PL 
MUL.I 

Bos domestieus 

Site 

UL0 
KS 
PL 
MUL.I 

Total Adult Juv 

1 6  
2 8  
1 5  
16  

1 3  
16  
12  
16  

3 
12  
3 
O 

Total Adult Juv 

14 
26 
16  
1 1  

1 2  
1 7  
1 5  
1 1  

2 
9 
l 
O 

Total Adult Juv 

1 0  
23  
16  

8 
2 1  
1 4  

2 
2 
2 

Total Adult Juv 

3 3 o 

Total Adult Juv 

5 3 2 

Total Adult Juv 

3 3 o 

Min Max Mean 

-22.92 -2 1 .85 -22.53 
-23.27 -2 1 . 7 1  -22.76 
-24. 1 1  -22.82 -23.57 
-24.24 -22.43 -23 .57 

Min Max Mean 

-24.55 -22.09 -23.56 
-24.25 -2 1 .76 -22.80 
-23.66 -2 1 .60 -22 .72 
-23.37 -2 1 .09 -22.53 

Min Max Mean 

-23.03 -2 1 .40 -22 . 1 7  
-23 . 1 5  -20.87 -2 1 . 7 1  
-23.86 -20.55 -2 1 .79 

Min Max Mean 

-23.52 -22.9 1 -23.26 

Min Max Mean 

-23.79 -22.97 -23 .44 

Min Max Mean 

-22.66 -2 1 .99 -22.22 

bjerg I and Kongemose, respectively, whereas the difference 
between between Muldbjerg I and Ulkestruplyng is highly 
significant (P < 0.0 1 )  (Fig. 1 1 9) .  

At Ulkestruplyng the ol3e values for roe deer are lower 
than those for red deer (Fig. 120) ,  whereas at Præstelyng and 
Muldbjerg I red deer on average has lower values than roe 
deer (Figs. 1 16, 1 1 7, 1 20; difference highly significant at P < 
0.0 1 ) .  At Kongemose there is no significant differences be
tween the two species. 

Canis familiaris 

Site 

UL0 
KS 
PL 
MUL.I 

Lutra lutra 

Site 

UL0 
KS 
PL 
MUL.I 

Martes martes 

Site 

UL0 
KS 
PL 
MUL.I 

Meles meies 

Site 

UL0 
KS 
PL 
MUL.I 

Castor fiber 

Site 

UL0 
KS 
PL 
MUL.I 

Esox lucius 

Site 

UL0 
KS 
PL 
MUL.I 

Total Adult Juv 

2 
2 
l 
3 

2 
2 
l 

3 

o 

O 

O 

O 

Total Adult Juv 

2 

4 
5 

2 
l 

3 
4 

O 
O 

Total Adult Juv 

2 2 O 

2 2 O 

Total Adult Juv 

2 2 O 

Total Adult Juv 

2 
2 

4 

2 
2 

4 

O 

O 

O 

Total Adult Juv 

10  
2 
1 0  
1 2  

Min Max Mean 

-25.22 -2 1 .85 -23.54 
-16.97 -14.00 -1 5.49 

-2 1 .60 
-22.66 -2 1 .99 -22.22 

Min Max Mean 

-25 . 14  -23.74 -24.44 
-22.43 

-23.09 -22.66 -23.41 
-26.70 -22.95 -25.35 

Min Max Mean 

-20.82 -20.82 -20.82 

-20.72 -19.61 -20 . 1 7  

Min Max Mean 

-20.48 -20.41 -20.45 

Min Max Mean 

-22.45 -22.25 -22.35 
-22.83 -2 1 . 74 -22.29 

-24.5 1  -22.55 -23.84 

Min Max Mean 

-22.56 -19.85 -2 1 .49 
-25.92 -25.83 -25.88 
-26.44 -22.65 -24.96 
-27.42 -2 1 .87 -24.67 

SUS SCROFA (wild boar). - The wild boar is ofless importance 
in the human diet than both red deer and roe deer, as 
estimated from the bone representation. At Ulkestruplyng, 
however, it is as important as roe deer. At Kongemose it is 
also reasonably weU represented, but roe deer is dominant in 
terms of fragments and EMNI. At Præstelyng it is present in 
a subordinate number, and at Muldbjerg I it is almost non
existent. 
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Fig. 1 1 9. Student's t-test on sample means on Capreolus capreolus between 
Mul.! and UL0 and between KS and UL0. There is a significant difference 
between Mul.I and UL0 (P < 0.0 l ) ,  but not between KS and UL0. 

Forty-nine 8l3e measurements are represented in Fig. 
1 2 1A and Table 38. There are no significant differences 
between sample means for the three sites. The mean values 
for wild boar compared are dearly higher than those for 
both red deer and roe deer. This may reflect the omnivorous 
feeding habit of wild boar. It eats small mammals and in
sects and all sorts of vegetable food. This highly varied diet 
may also account for the uniform 8l3e values through time, 
as changes in vegetation caused by climatic changes affect 
omnivorous animals less than more narrow-spectred eaters 
such as herbivores. 

ALCES ALCES (eik). - Elk is represented by 33 fragments at 
Ulkestruplyng. From Kongemose, 2 phalanges and l distal 
metapodium have been determined to this species. These are 
the only fragments of elk at an otherwise rather large, bone
rich site. There is a faint risk of contamination with an older 
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Fig. 120. Student's t-test on sample means on Capreolus capreolus and 
Cervus elaphus from the same sites, Muldbjerg I and Ulkestruplyng. There 
is a significant difference in 0l3C/12C values between the two speeies at both 
sites. 

Mag1.emosian site at the edge of the refuse. The two phalanges 
are thus treated with some skepticism. Only 3 elk bones from 
Ulkestruplyng have been measured for their 8l3e values; the 
range is between -23 .52%0 and -22.9 1 %0, with a mean of-
23.26%0. This is a rather lowvalue compared with that of red 
deer from Ulkestruplyng, whereas it is compatible with the 
8l3e values found for roe deer (Fig. 1 1 8 ) .  Elk is a browser, like 
the very selective browsing roe deer, and prefers mixed 
forests with pine and broadleaved trees. In the summer it 
supplements its diet with plants from lakes and moors or 
from dose vicinity of lakes. The almost trunk-like mouth is 
verywell adapted to browsing, whereas grass is seldom eaten. 

Bos PRJMIGENJUS (aurochs). - Aurochs is only found at Ulke
struplyng. Five bones, 2 of which are from juveniles, have 
been measured for their 8l3e values; the range for adults is 
between -23.79%0 and -22.97%0, with a mean of -23.44%0 
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Fig. 122. Range and mean values of  five 3l3C/12C measurements on bone 
collagen from adult and juvenile Bos primigenius from Ulkestruplyng. 
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(Fig. 122) . The two juveniles have lower values than the 
adults. Comparison with the oJ3C values obtained for both 
red deer, roe deer, and eik indicates that aurochs obtained 
most of its food from the same sources as roe deer and eik, 
which are known to be forest -feeding animals. The mean 
oJ3C values for all three species are very similar, with 
-23.44%0 for aurochs, -23.56%0 for roe deer and -23 .26%0 
for eik. As known from written sources, aurochs inhabited 
the large forests ofBialowiza in Poland, among others. It was 
here that the last aurochs was killed in the last century 
(Degerbøl & Fredskild 1970) . 

Bos DOMESTICUS (cow). - Domestic cow is only recorded from 
Muldbjerg 1 .  Three bones, all from adults, have been mea
sured for their oJ3C values; the range is between -22.66%0 
and -2 1 .99%0 with a mean of -22.22%0 (Fig. 123) .  The t-test 
on sample means of Bos primigenius and Bos domestieus 
showed a significant difference (P < 0.0 1 ) .  It is obvious that 
there are too few measurements for any firm conclusions, 
but the data may suggest that the cow from Muldbjerg I had 
its food from sources with higher Ol3C values than the 
aurochs (Figs. 1 22-123) .  The mean ol3C value from red deer 
from Ulkestruplyng is very close to the mean value of cow 
from Muldbjerg I, -22.47%0 and -22 .22%0, respectively, but 
significantly different from red deer from Muldbjerg I, with 
a mean value of -23.53%0. 

Pollen diagrams suggest that the early agriculture after the 
eIm decline was based on forest clearing by slash-and-burn, 
followed by planting of cereals. Later, cattle were feeding on 
the abandoned exhausted fields (Iversen 1967; Troels-Smith 
1960b) .  If this interpretation is correct, the grasses and herbs 
eaten by Muldbjerg I cows would have grown on cleared, 
open grounds compared to the more enclosed forest -bottom 
vegetation. 

CANIS FAMJLlARlS (domestie dog) . - Measurements of ol3C 
from Ulkestruplyng, Kongemose, and Præstelyng (no bones 
ofdogwere found at Muldbjerg I) are represented in Fig. 1 24. 
One of the two jaw bones from Ulkestrup had very little 
collagen and shows signs ofhaving been slightly burned; this 
is probably the reason for its very low value (-25.22%0 ) 
relative to the other bone, as burning alters the l3C/12C ratio 
(DeNiro 1985) . The ol3C values from two different dogs 
from Kongemose are -16.97%0 and -14.00%0 (Clutton
Brock & Noe-Nygaard 1990) . The specimen from Præste
lyng has a ol3C value of -2 1 .60%0 and has further been 14C_ 
dated to 3,2 1O± 100 b.c. (Noe-Nygaard 1988) .  

It  is  striking that the dogs from Præstelyng and Ulke
struplyng have ol3C values that are normal for predators 
who exploit terrestrial resources, whereas the ol3C values of 
the dogs from Kongemose are characteristic for animals 
that mainly eat marine food. The dogs at the sites were 
undoubtedly highly dependent on the same type of food as 
man (Noe-Nygaard 1 988) . This suggests that the people at 
Præstelyng and Ulkestruplyng had their main food from 
terrestrial sources whereas those at Kongemose had theirs 
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Fig. 123. Range and mean values of three o13C;12C measurements on bone 
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Fig. 124. Range and mean values of 313c;12C measurements on bone 
collagen from Canis familiaris from the three sites ULØ, KS, and PL. Note 
the difference between ULØ and PL, on one side, and KS, on the other. 
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Fig. 125. Range and mean values of o13C;12C measurements on bone 
collagen from Lutra lutra from the four sites. 
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from manne sources (see also Clutton-Brock & Noe
Nygaard 1990, p. 650) .  

The similarity in Ol3C values of dog feeding on a terrestrial 
diet and wild boar from the same sites should be noticed. 
Both animals have a wide range of suitable food items in 
their diet. 

Lutra lutra (otter) . - Measurements ofol3C from all four sites 
are represented in Fig. 125 and Table 38. The number of 
measurements is clearly insufficient to allow a conclusive 
interpretation. Otter is an opportunistic predator but prefers 
fish, especially fatty ones. It thrives in bogs, lakes, and brack
ish waters (Gormally & Fairley 1982) . The measurements of 
otter bones suggest that otter obtained most of its food from 
freshwater animals. A possible exception is the otter from 
Kongemose, which has a higher Ol3C value than the others 
and may have supplemented its diet with saltwater fish 
caught at the river outlet into Storebælt. 

MARTES MARTES (pine marten). - The two Ol3C values from 
Ulkestruplyng (-20.82%0) and Præstelyng (-20.72%0 and -
19.6 1 %0) are in good accordance with each other, indicating 
a rather uniform type of diet through the whole period. Mice, 
squirrels, young birds, and bird eggs are the most common 
prey (Fig. 126) . 

MELES MELES (badger). - There are two Ol3C measurements 
from Ulkestruplyng, -20.41 %0 and -20.48%0 (Fig. 1 2 1B) .  

CASTOR FIBER (beaver). - Values of  ol3C from Muldbjerg I ,  
Kongemose, and Ulkestruplyng are represented in Fig. 127  
and Table 38 .  In  spite of  the low number of  measurements, 
there seems to be a tendency towards lower ol3C values at 
Muldbjerg I compared with Ulkestruplyng and Kongemose, 
which are rather similar. The food ofbeavers consists ofbark, 
twigs, and smaller branches, which were present throughout 
the period. The possible change in Ol3C values from Ulke
struplyng to Muldbjerg I may suggest a change in stable-C
isotope ratio in the food items themselves, in casu the bark. 

Esox LUCIUS (pike). - Fig. 128 shows ol3C values of pike from 
the four localities. A t-test on sample means shows a highly 
significant difference between the populations at Ulkestrup
lyng and Muldbjerg I (P = 0.0002) .  

Pike i s  a second -order predator. The preferred type of  food 
is fish like roach, perch, and rudd, as well as a certain amount 
of ducklings, water voles, amphibians, and insects. The bone 
record from the sites shows that these food items were 
available both in the Late Atlantic lake and in the Early 
Subboreal lake. The change in l3CJl2C ratios through time is 
thus hardly due to change of food items but rather to a 
change in the l3CJl2C ratio in the food eaten. Ifthis is true, the 
isotopic composition of the base of the food chain, the plant 
material, must have changed to more l3C-depleted food 
items from the time of habitation at Ulkestruplyng to the 
time ofhabitation at Muldbjerg L 
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Fig. 126. Range and mean values of lilJC/12C measurements on bone 
collagen from Martes martes from ULØ and Mul.I. 
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Fig. 127. Range and mean values of lilJC/12C measurements on bone 
collagen from Castor fiber from ULØ, KS, and MuI.1. 
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Fig. 128.  Range and mean values of liI3C/l2C measurements on bone 
collagen from Esox lucius from the four sites. Note the very negative values 
for Lutra lutra and the similar trend through time (Fig. 125) .  
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Modern material 

C-isotopes of two modem red-deer populations. - In 1955 the 
game-biological station at Kalø conducted a large-scale 
study on the feeding habits and type of food eaten by red deer 
in Jylland. From 1954 to 1956, 500-600 animals were shot 
(Jensen 1 967) . The total length of the jaw bones was mea
sured, and the ontogenetic age was estimated from tooth 
eruption and wear. The stomach content was examined for 
the composition of the vegetable content. 

A large number of mandibles and same of the metapodials 
were retained from three localities ( 1 )  Buderupholm (RaId 
Skav) , an extensive deciduous forest with same common 
spruce (Fig. 129) ;  (2) Løvenholm, a deciduous forest in a 
cultivated landscape; and (3)  Oxbøl, a coniferous plantation 
surrounded by heather and dunes (Fig. 130) .  No animals 
were obtained from the apen birch forest (Fig. 1 3 1 ) .  The 
killed animals represented both sexes and virtually all age 
classes from newbom to senile. 

Bone samples were drilled from mandibula and metacar
pus bones of 45 animals mainly from Oxbøl and Buderup
holm. The samples were taken from both males and females, 
adults and a few juveniles. The l3e/12e ratio was measured 
on the bone collagen from bone samples. 

Results 

The modem material from Buderupholm shows an average 
b13e of -23 .49%0, ranging from -24.07%0 to -22.59%0, and 
from Oxbøl an average of -22.29%0, ranging from -23 . 1 3%0 
to -22.29%0. These figures are similar to the average and 
range obtained from the fossil material. Ulkestruplyng 
shows an average of -22.47%0, Kongemose -22.74%0, Præs
telyng -23 .48%0, and Muldbjerg I -23.53%0 (Fig. 1 1 7) .  This 
indicates that only very little change of the overall b13e value 
may have taken place in the fossil material owing to diage
netic alterations. 

The observed differences in mean bl3e values between 
juveniles and adults from especially Buderupholm, between 
metacarpus and mandibula from the same population, and 
between the Oxbøl adult population and the Buderupholm 
adult population were tested by t-tests on sample means. The 
variation in bl3e values in juvenile (less than l year) bone 
collagen from Oxbøl and Buderupholm is 0.7%0 and 0.6%0 
(Figs. 1 14B, 132) .  The difference between the sample means 
between adults and juveniles at Buderupholm is highly sig
nificant (p = 0.000 1 for t= 4.982 with 25 degrees offreedom) 
(Fig. 132) ,  whereas no significant difference was detected for 
the Oxbøl animals. These last juveniles might have been 
slightly older and thus less addicted to milk and more to grass 
and herbs. 

The consistently lower bl3e values ofjuvenile bones com
pared to adults from the same species may result from the 
juvenile bones being slightly more subjected to diagenesis, 
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Fig. 129. Buderupholm deciduous forest. 
Note the barren forest floor. 

Fig. 13 1 .  Modem Betula forest, open
spaced with grass. 

Amose: Stable carbon isotopes 253 

Fig. 1 30. Oxbøl plantation and heather. 
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Fig. 132. Student's t-test on sample means between samples of mandibula from OXB and BUD (P < 0.0 1 ) ;  metacarpus and mandibula from OXB (P > 0.05); 
male and female mandibulae from BUD (P > 0.05) and from OXB (P > 0.05); and between juvenile and adult mandibulae from BUD (P < 0.0 1 ) .  

owing to  their more porous bone structure in  the case of  the 
fossil material. In the case of modem red-deer bones, this 
explanation can be ruled out, and the difference in ol3C 
values is more likely due to the supplement of milk still 
obtained from the mother. The lowest ol3C values from bone 
collagen should then be characteristic of the youngest calves, 
and the value should gradually increase with increasing age. 
Juvenile bones thus have to be avoided, or treated separately, 
in analyses of stable C-isotopes. 

The ol3C values measured on mandibula and metapodial 
bones from the same animal from Oxbøl and Buderupholm 
do not differ significantly (Fig. 132) .  The t-test between 
metapodials and mandibulae from the Oxbøl locality shows 
no significant difference between the sample means (P = 

0.9020 for t = 0.069 with 38 degrees of freedom) . This result 
applied to fossil material indicates that ol3C values from 
different bone fragments from the same species can be safely 
compared. 

The ol3C values of males and females from the same 
localities show no significant difference between sample 
means (P = 0.34 16  for t = 0.974 with 25 degrees offreedom 
for the Oxbøl population; Fig. 132) .  Thus the slightly differ
ent food selection for stags and hinds (Clutton-Brock 1985) 
seems to play no role. Similar results were obtained by White 
( 1 993) on Nubian human bone collagen. 

Measurements on modem red-deer bones from Oxbøl 
and Buderupholm show a significant difference in ol3C 
values between the two populations (Fig. 1 1 8 ) .  

The study of red deer undertaken at  the game-biological 
station Kalø included stomach-content analyses (Jensen 
1967, pp. 122-165) .  The overall impression of food selection 
at the two localities was that red deer chooses more or less the 
same type of food although a few differences occur (Table 
39) .  Graminae (grasses, especiallywavy hair grass) constitute 
more than 50% of the yearly amount of food at both locali
ties, though the distribution is not equal over the year. The 
Buderupholm red deer eat 65% grasses during spring and 
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Table 39. The distribution and quantity of plant material in the stomach content of modem Cervus elaphus from Oxbøl and 
Buderupholm. The scheme is based on compiled figures from a four-month period. Data are from Jensen ( 1 967) .  

No. of samples Buderupholm (%) total number 
Species >50 5-50 1-5 < l of samples >50 5-50 

Bark 3 3 6 
Common spurce 2 5 4 1 1  
Silver fur 6 2 8 
Pine 
Juniper 
Creeping willow 
Broom 
Deciduous trees and bushes 2 3 5 
Heather 5 9 6 20 

Scrub l l 4 6 
Wavy hair grass 12 6 3 2 1  
Other species o f  grass 2 4 8 14  
Sedge l 3 5 9 
Woodrush 6 8 16 

Unspecified grasses 5 l 8 
Sorrel 3 7 5 2 1 7  
Herbs 9 6 2 1 7  
Fungi 5 6 3 14 
Lichen 6 6 
Moss 4 1 1  1 5  
Fem 7 7 
Grain 

Field crops 

summer, whereas the animals from Oxbøl only have 40% 
grass in their diet during the same period. These differences 
level out through the year. 

The quantity of the sub-vegetation ofherbs such as sorrel 
and bro om and some species of grasses and woodrush are 
more pronounced in the Buderupholm forest. 

Lichens are dearly more important in the Oxbøl pop ula
tion, where in some years they constitute up to 10% of the 
food. Field crops like turnips and potatoes are minor food 
items, whereas leaves ofbarley and winter crops may consti
tute up to 10%, especially in the Buderupholm population. 

Investigations of the l3C/12C ratio in the plant species eaten 
were initiated in 1989 by the author to provide a firm basis for 
interpretation of the observed difference in bl3C values be
tween the two populations. A picture starts to emerge that 
those plant species found in Buderupholm that are only 
rarely recorded at Oxbøl belong to the forest-floor type of 
vegetation. The lower bl3C values for animals living in a 
deciduous forest are thus likely to derive from the forest
floor vegetation. 

This assumption is strongly supported by Ambrose & 
DeNiro's ( 1986a) study of the 15N/14N and l3C/12C ratios in 
East African animals with five different types of feeding 
adaptations: grazer, browser, omnivorous, frugivorous, and 
carnivore. The animals adapted to a forest-floor feeding 
habit are those with the lowest bl3C values, around -24.5%0 
(Ambrose & DeNiro 1986a, p. 399) .  Animals living in the 
forest also show a vertical isotope gradient towards lower 
values from the top of the canopy through the lower canopy 
to the forest floor. 

Oksbøl (%) total number 
1-5 < l of samples 

2 3 

4 6 

7 4 6 1 7  
l 

l 3 4 
3 1 1  4 6 24 

l 5 12  1 8  
9 5 4 3 2 1  

5 4 6 16  
2 7 1 1  

4 2 7 
5 5 9 19  
6 7 7 2 1  

3 9 12  
3 3 

4 6 

2 2 4 

Discussion 

Six out of the 12  subfossil species examined (Cervus elaphus, 
Capreolus capreolus, Bos sp. ,  Canis familiaris, Castor fiber and 
Esox lucius) show changes in bl3C values through the 3 ,500 
years from Late Boreal to Early Subboreal time. All except 
Capreolus capreolus and Canis familiaris show a tendency 
towards lower values with decreasing stratigraphic age (Figs. 
1 34-- 135 ) .  

Diagenesis 

Diagenesis is defined as the sum of the physical, chemical, 
and biological processes that operate in the post-mortem 
depositional environment. The possibility that the general 
decrease in bl3C values in bone collagen from Late Boreal to 
Early Subboreal time is a result of decomposition of collagen 
can be exduded, because the amount of collagen in the fossil 
bones from the whole period from all four sites is up to 40% 
of the amount found in fresh bone of today. Also, the change 
in bl3C values for Capreolus capreolus shows the opposite 
trend of that observed for Cervus elaphus. A third argument 
is that the average bl3C value (-22.46%0) in red deer from the 
oldest site is very dose to the average value (-22.68%0) in the 
modem red deer from Oxbøl. The experiment on the effect 
of humification (Fig. 1 1 3 )  corroborates the condusion that 
differences in diagenetic bone decomposition are unlikely to 
have caused the difference in bl3C values in bone collagen in 
animals from the two marginal sites, Ulkestruplyng and 
Muldbjerg I. 
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Temperature 

The rate of fractionation is partly determined by tempera
ture (Hoefs 1 980) . Temperature differences during plant 
growth-season at the two modem localities Oxbøl and Bude
rupholm might conceivably be responsible for the differ
ences in 8l3e values in the plant material eaten by the two red 
deer populations, and thus for the difference in 813e values in 
the bone collagen. The different temperatures at the major 
growth seasons for grasses and herbs might average out, 
however, over a period of, say, five years. During springtime, 
the more sheltered Buderupholm localitywill probably have 
the highest temperatures. This time of the year is also the 
time where the forest-floor vegetation is growing at the 
highest rate. Later in the summer and early autumn, when 
the canopy is dosed, the forest floor is quite dark and coo1. 
Oxbøl has a more exposed position towards the North Sea. 
This is reflected by a cooler spring season, whereas the 
summer and early autumn can be rather warm and mild, 
owing to the heat stored in the sea. The main growth season 
for herbs and grasses at Oxbøl is late spring to early autumn, 
at the warmest time of the year. Taking the time-averaging 
effects into account, temperatures are thus probably not 
responsible for the difference in 8l3e values found in bone 
collagen from red deer at the two localities. 

The effect of differences in temperature during the main 
growth season of the plants eaten by Cervus elaphus at the 
four subfossil sites is difficult to evaluate. The sites are quite 
dose to each other, and geographically based temperature 
differences cannot be expected. Only differences in mean 
temperature at the times of occupation of the four sites may 
have played a role. 

Pollen data (Fig. 2) show that the temperature from Late 
Boreal through Atlantic time was rather uniform, winter and 
summer ave rages both be ing about l°e higher than today 
(Iversen 1964) .  Warm-Ioving plant species, dimate indica
tors such as mistletoe, ivy, and holly all arrived in Denmark 
at the end ofBoreal time and stayed on through Atlantic time 
until the Atlantic-Subboreal transition. At this time, just 
before the onset ofland cultivation, there is a marked dedine 
of eim and ivy at several localities all over Denmark. 

This dedine is interpreted as due to the start of leaf
feeding by domestic animals (Troels-Smith 1960b) .  A de
dine in temperature has also been proposed (Iversen 1958) ,  
but available data do not support a temperature difference 
between the sites large enough to account for a difference in 
mean 813e values from red-deer bone collagen of more 
than 1%0. 

Soil 

Different soil types may possibly influence the composition 
of the e02 used by plants and thereby differences in 1 3e/ 12e 
ratio in the vegetation eaten by red deer at Oxbøl and 
Buderupholm. This interpretation is considered inadequate 
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to explain the difference in 813e values in bone collagen from 
the two localities, but data are not yet available to rule out this 
factor completely. 

Marine influence on the soil from Oxbøl can be ruled out, 
however, as the pine plantation and heather grow on sandy 
outwash plains from the Saale and Weichselian glaciations, 
which had not been invaded by the sea in Flandrian times. 

Differences in soil types cannot be responsible for the 
difference in 813e at the subfossil localities, because the sites 
are dose to each other (Fig. 3 ) ,  and the surrounding vegeta
tion at any one time has been growing on the same type of 
boggy soil. The high forest growing at some distance from the 
lake, grew on the same type of Weichselian till and glacio
fluvial deposits through the entire time of occupation of the 
Åmose basin. 

Change of isotope ratio in fodder plants 

A possible explanation of the change in l3e/ 12e ratio in the 
red-deer bone collagen through time is that the ratio con
comitantly changed towards lower 8 l 3e values in the food 
plants. 

Such a change could either be a result of change in the ratio 
between l3e and 1 2e in the atmosphere or in the type and 
place of growth of plant food available to the animals. 

The dimate of the Atlantic period in Denmark appears to 
have been rather stable, according to pollen analysis (J ørgen
sen 1963; Iversen 1960, 1 967) .  The summer and winter 
temperature and humidity seem to have been a little higher 
than today. The North European ice cap had retreated to the 
alm ost present -day position. The influence of man was not 
yet intensive enough to affect the composition of the atmo
sphere in the region. There is no evidence of excessive volca
nism that could temporarily have altered the e02 content 
and stable isotope composition in the air for a while. 

The depletion in bl3e for red-deer bone collagen from 
Ulkestruplyng to Muldbjerg I time is more than 1 %0. This is 
of the same order of magnitude as the atmospheric 813e 
depletion from 1 800 A.D. to 1980 A.D., which is estimated to 
be about 1 ,5%0 (Peng 1985) or 2%0 (Francey & Farquhar 
1982) and is essentially a res ult of combustion of fossil fuel 
low in 813e. When industrialization and deforestation 'only' 
lead to a decrease of 1 .5%0, it is unlikely that a dimatic event 
in the Atlantic period could be responsible for the recorded 
depletion of813e. The e02 dissolved in the sea as He03 - and 
in carbonates on land together with carbonates bound in the 
biosphere act as one immense buffer, so that small-scale 
changes in summer-winter temperature and humidity are 
levelled out. The 813e values in the collagen from fossil red 
deer are already an average value of at least some years' food 
intake and minor changes between summer and winter; 
differences from year to year are thus equalized. Experiments 
made by Hiroko Koike (personal communication, 1 989) on 
sika deer in Japan kept on a known stable diet indicate that 
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the enrichment in ol3C from food to bone collagen was 
4.5%0 for this species. Conventionally, 5% enrichment is 
being applied (Cormie & Schwarcz 1994) .  

The other interpretation i s  that the gradual depletion in 
ol3C values in bone collagen from red deer at Ulkestruplyng 
over Kongemose and Præstelyng to Muldbjerg I was caused 
by ol3C changes in the plant material eaten by red deer. 

Vogel ( 1 978a, b) and Van der Merwe et al. ( 1 98 1 )  drew 
attention to the effect of restricted air circulation, and 
thereby recirculation of COz, under the canopy of a dense 
forest. Working in South America, they found an average 
ol3C of-25.5%0 for C3 plants (range -30%0 to -2 1 %0) .  These 
figures are in good accordance with a number of C3 plant 
measurements recorded by DeNiro ( 1 985) ,  Peng ( 1 985) ,  
and many others. Van der Merwe et al. ( 198 1 )  pointed out 
that the sub-vegetation on the forest floor under a dense tree 
cover had ol3C values as Iow as -35%0 and in the lower 
canopy down to -30%0. These very low ol3C values mea
sured in two types of rainy forest from Amazonia were 
originally published by Medina & Minchin ( 1 980) and later 
dealt with by Van der Merve & Medina ( 1 989) .  The very low 
figures were interpreted as a combined effect of recirculation 
of COz and the l3C impoverishment of COz released from 
rotten leaves in the surface layers of the forest floor. 

A new due to the very depleted oJ3C values of some sub
forest vegetation was given by Francey & Farquhar ( 1982) 
and Francey et al. ( 1 985) .  They pointed out that during the 
daytime, COz in the air is generally depleted by less than 4 
p.p.m.v. in a dense coniferous forest and in a tropical rain 
forest. Higher depletions, up to 40 p.p.m.v., occur only at 
special occasions at nighttime under stable conditions and in 
vegetation dose to the forest floor. These authors also dem
onstrated a 2%0 depletion in ol3C value within one species 
(wheat) grown in shade as opposed to unshaded. This 
strongly indicates that low light levels cause measurable 
changes in the oJ3C values. This is explained by the lower 
irradiation rate of assimilation and, to a lesser extent, re
duced stomatal conductance in the shaded plants. The result 
is an increase in the COz concentration in the leaf intercellu
lar space, which results in lower ol3C values in the plant. 

Forest-floor vegetation in a dense forest is thus likely to 
have rather low ol3C values resulting from both the shade 
effect, recirculation of COz, and the effect of rotten leaves on 
the soil surface. 

The change in ol3C values in red-deer bones of the Åmose 
area - from the Late Boreal through the Atlantic to the very 
Early Subboreal period - is thus likelyto result from a change 
in the l3C/IZC composition of the vegetation eaten by the 
deer. This may reflect an ongoing forestation and a resulting 
reduction of the grass-covered lowlands between the high 
forest trees and low-lying lake area. Such a development 
would have forced red deer to seek food in more and more 
uniform forested biotopes, induding the forest floor. The 
vegetation was here depleted in ol3C, owing to recirculation 
of COz, increasing shade, and rotten leaves. 
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This interpretation gains support from the sedimentologi
cal and stable-isotope evidence. The sediment record indi
cates an ongoing rise in the Åmose lake level during the 
Atlantic period interrupted by shortlasting regressive epi
sodes. The ol3C values of organic components in the lake 
sediments become increasingly negative during the same 
period. The organic matter in the lake is a combination of 
transported terrestrial organic matter and organic produc
tion in the lake itself. The ol3C values from organic matter 
reaches values as Iow as -32%0 (Figs. 15 ,  16 ) .  

The changes in  ol3C values in  bone collagen through time 
can thus be considered an indirect indication of increase in 
forest cover during the Atlantic period on Sjælland, which 
would create less varied feeding habitats. The decline in red
deer body size in the same period supports the assumption of 
less varied feeding possibilities (see pp. 107-108) .  This may 
be the result of a more restricted season with high-quality 
food that promotes body growth (Guthrie 1 984) . Such a 
habitat may be met with in the uniform and forested area 
surrounding the Muldbjerg I site. The change in ol3C values 
of roe-deer bone collagen through the Atlantic period goes 
from lower to higher ol3C values. The change of the forest 
type towards a rather dense forest would probably have 
forced roe deer to seek foraging in more open areas along the 
rim of the forest where a shrub and bush vegetation occurs. 
This results in significantly higher ol3C values in roe deer 
compared to red deer from Muldbjerg I and Præstelyng. 

The dear picture from the Ulkestruplyng red deer as open
plain grazers compared to the Præstelyng and Muldbjerg I 
forest herbivores changes through the Atlantic period. Roe 
deer and red deer were both dependent on forest foraging; 
red deer tumed into a forest-bottom eater with some brows
ing; roe deer had become a selective forest rim browser in the 
Late Atlantic period. The shift seems to coincide with the 
habitation of the Kongemose site, where the ol3C values of 
red deer and roe deer are similar. 

Values of olJe from fossil pike (Esox WCIUS) 
compared with modern pike 

The ol 3C values from the fossil material of pike are all rather 
low (Fig. 128) .  The averagevalues are significantly lower than 
those from the land mammals from the same sites. The 
youngest fossils have the lowest values, confirmed on test on 
sample means (Fig. 133 ) .  The difference between the ol3C 
values ofland mammals and fish at, e.g., Præstelyng is up to 
2%0. The lower values of pike are interpreted as a result of an 
increase ofland-derived plant material and thus an increase 
in decomposing organic matter and in depleted COz. Fur
ther, a decrease in translucency due to increasing eutrophica
tion leads to more negativevalues in the plants growing in the 
lake. These plants constitute the bottom of the food chain for 
a high-order predator like pike. At the time ofhabitation of 
the Muldbjerg I site, the rim of the lake moved towards the 
center of the basin. The area of the lake had decreased by 
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Fig. 1 33. Students Hest on sample means of Esox lucius from Mul.I and 
ULØ shows that they are significantly different (P < 0.0 1 ) .  

many square kilometers, and the forest was steadily covering 
more and more of the surrounding landscape compared to 
the situation in the Early Atlantic time (Fig. 136) .  

For comparative study, 77 samples of modem pike, rep re
sented by male, fem ale, and a few juvenile specimens caught 
at five different localities in mid-Jylland were analyzed. 
Three samples from the river Mølleå, Sjælland, all derived 
from the same fish, were tested for ol3e values on collagen 
from skin, scale, flesh, and bone. The fractionation between 
bone collagen and meat was here 3 .28%0, the meat being 
more negative. 

The difference between average ol3e values from the five 
Jylland localities is only 1 %0, and that between ol3e values 
from the four lake localities is even smaller. This indicates a 
similar lake-water composition and free mixing with atmo
spheric e02. Gjerssø is a deep and slightlyprotected lake, and 
pike from it have the lowest ol3e values. The lake Tangen Sø 
is larger and more openly situated. The average ol3e values 
are higher than the values from Gjerssø, but the difference is 
not significant. They are comparable with the values ob
tained from the river Gudenå. The very dosely spaced ol3e 
values recorded from the lake Juulsø might be a result of an 
additional food supply from a connected fish nursery from 
which surplus water was let into the lake. The ol3e value of 
fish fodder is -22.30%0, and the average value for the fish
bone collagen from Juulsø is -22.39%0. However, some 
fractionation is to be expected between food and collagen, so 
fish food may not be the whole explanation. 

The bone collagen from Mølleå pike has a o13e value of-
19.83%0, which is significantly higher than any value found 
at the five Jylland localities, although Mølleå is also situated 
in a moraine landscape from the Weichselian lee Age. A 
possible explanation is that pike from the short Mølleå may 
have eaten fish that had obtained some of their food from the 
brackish waters at the river mouth. All the ol3e values of 
modem pike are higher than the fossil values, indicating 
lower values of the prey for pike in the Åmose lake. The 
overgrowing of the lake, which tumed it into an extensive 
bog, may have changed the isotopic composition of the water 
towards lower ol3e values. The water plants and algae, which 
form the base of the food chain, are likely to change carbon
isotope composition when the hydrological environment 
changes. 
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The difference in ol3e values between flesh, -23 . 12%0, and 
bone collagen, -19.84%0, amounts to 3 .28%0 for the Mølleå 
pike. The food eaten by man in this case would have had a 
ol3e value of -23 . 1 2%0. Ifthis l3e depletion in bone collagen 
versus flesh is applicable to the fossil bone collagen, and if the 
lower bone collagen o13e values of the fossil pike are not 
caused by diagenetical changes through time, the fish meat 
eaten through Atlantic time will have contributed with 
rather low Ol3e values (to the average food ol3e values) of 
man and/or dog at inland sites of the Mesolithic on Sjælland. 
It is thus likely that man and/or dog from inland sites, who, 
judging from the amount of fish bones found, were highly 
dependant on aquatic sources, will show fairly low bone 
collagen ol3e values. At Ulkestruplyng, pike flesh would 
have had the value of -24.77%0, whereas at Kongemose the 
value would have been -29. 1 5%0, taking the enrichment 
from flesh to bone collagen from the Mølleå fish as a norm. 
At Præstelyng, from where more than 10,000 fish bones have 
been recorded, the pike flesh would have had a value of -
28.24%0, and at the Muldbjerg I site, with 3,000 recorded fish 
bones, the flesh value would have been -27.85%0. Unfortu
nately no human bones have been found at the four sites, 
only dog bones, of which the collagen ol3e values are as seen 
in Fig. 124. 

Evaluation and interpretation of changes in 
stable isotope ratios through a time span of 
3,500 years 

Ambrose & DeNiro ( 1 986a) , analyzing ol3e values in bone 
collagen of East African forest mammals, demonstrated a 
gradient of increasing values from the forest floor to the top 
of the canopy. Grass-eating savanna animals have higher 
Ol3e values than the forest -eating animals, owing to the 
distribution of e3 and e4 plants in the two habitats. The grass 
vegetation in East Africa mainly consists of e4 plants with 
average o13e values of -12 .5%0, whereas the forestvegetation 
has an average of -26.5%0. This difference is dearly reflected 
in the o13e values herbivorous animals of the two habitats. 
eormie & Schwarcz ( 1 994) also argue that the canopy effect 
might have influenced the carbon isotope values of the 
white-tailed deer that they examined. 

In Denmark, e4 plants are virtually absent from the flora. 
The difference between grass eaters and forest browsers is 
thus much smaller and within the range of e3 plants. It is 
therefore hard to detect from the overall variations within 
plant species. Nevertheless, a dear pattem seems to emerge 
from the fossil data. 

The Late Boreal Ulkestruplyng site was inhabited in a 
period of warm, dry continental dimate, as indicated by 
pollen analysis and sedimentological data from the Åmose 
basin (Jørgensen 1982) .  A pine-hazel forest was interspersed 
with grazing grounds, and the high forest trees - oak, lime, 
elm, and alder -only immigrated late in the period. Red deer 
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Fig. 134. Average /)13C/12C va!ues of the Late Borea! - Early Atlantic fauna superimposed on a landscape reconstructed from biological data such as pollen 
analyses and fauna! analyses. 

obtained most of their food on the grass plains using the 
forest as a cover and food reserve. This is reflected in signifi
cantly higher ol3e values compared with the forest-living 
selectively browsing roe deer from the same site (Fig. 1 34) .  
The forest habitat of species with lower ol3e values is  cor
roborated by the ol3e values found for moose and aurochs 
(Fig. 1 34) .  Wild boar have the highest and most stable ol3e 
values through time of all the animals mentioned (Figs. 1 34-
135 ) .  This may be a result ofits omnivorous diet. The results 
and explanation are in accordance with those published by 
Ambrose & DeNiro ( l 986a) , who treated the effects of e3 
and e4 plant diets on the stable-carbon-isotope values for a 
number of mammals from different biotopes. Pine marten 
preying on animals living in the forest canopy have higher 
ol3e values than the roe deer living on the floor of the forest. 
Otter has rather low ol3e values, average -24.44%0, and the 
average bone-collagen value of the fish it eats is -2 1 .49%0. By 
using an enrichment factor of3 .28%0 from meat ol3e value 
to bone-collagen ol3e value, as found for the modem pike 
caught in Mølleå, the pike meat at Ulkestruplyng would have 
a ol3e value of -24.77%0. The corresponding difference 
between bone collagen and flesh of otter, however, is not 

known. The meat of the other fish species, rudd and roach, 
eaten by otter would probably have even lower ol3e values. 
This pattem of freshwater fish having rather low ol3e values 
is found again also at the three younger fossil sites (Fig. 135 ) .  
The values from beaver are higher than those from otter. The 
bark eaten by beaver will have ol3e values of the same order 
as those found in forest trees but also leaves and buds are 
eaten as well as water covered vegetation. The lower values 
for Castor fiber from Muldbjerg I seem to confirm that the 
plants eaten grow in more shaded environments. 

At the time of occupation of the Kongemose site, about 
600 years later than the Ulkestruplyng settlement, the Litto
rina transgression began. The sea-level rise submerged low
lying parts, resulting in a groundwater-level rise and thus a 
relative lake-level rise submerging low-lying grass and shrub 
areas (Fig. 136) .  An archipelago was formed, and Sjælland 
became an island. The high forest trees became progressively 
dominant in the pollen spectrum (Iversen 1 960; Jørgensen 
1963 ) .  From this period the ol3e values of red deer and roe 
deer are very much alike (Figs. 1 16, 1 1 8, 120) . No significant 
difference between mean ol3e values from the two species 
can be detected, as opposed to what was found for roe-deer 
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Fig. 135. Average /il3C/12C values of the Late Atlantic - Early Subboreal fauna superimposed on a landscape reconstructed from biological data such as pollen 
analyses and faunal analyses. 

versus red-deer collagen ol3e values from Ulkestruplyng and 
later from Muldbjerg L There is a highly significant differ
ence in ol3e value of roe deer between Ulkestruplyng and 
Kongemose. This may be explained by a change in forest 
composition into a more dosed forest, forcing roe deer to 
select its food along the edge of the forest where higher ol3e 
values of plant material are to be expected. The differences in 
ol3e values of wild boar, otter, and beaver between the 
localities are not statistically significant. 

The ol3e values of pike decrease dramatically from Ulke
struplyng to Kongemose. This may result from lake-level rise 
accompanying the eustatic sea-level rise, causing drowning 
oflow-lying forest and herb grounds. This will iead to inten
sive putrefaction and decomposition of submerged plant 
material, producing e02 depleted in l3e. 

The patterns ofinterspecific l3e/12e ratios found at Præs
telyng and Muldbjerg I are almost identical. Red deer has the 
lowest ol3e values and roe deer higher values (Figs. 1 35, 1 16,  
l l 8, 120) .  More than 2,500 years have elapsed since the 
occupation ofUlkestruplyng and Kongemose. An extensive, 
stable, mixed, lime-oak, dimax forest was established (Iver
sen 1960) . The dimate was Atlantic, as the result of the 
Littorina Sea transgression and the development of an archi-

pelago much like present -day Denmark. The curves for 
Graminae, Herbaceae, and eyperaceae are receding in the 
pollen diagrams (Jørgensen 1963) ,  and both red deer and roe 
deer were probably forced to seek their food in or in dose 
vicinity of the foresto 

There is a significant change in ave rage ol3e values from -
22.53%0 to -23 .57%0 in red-deer bone collagen from Ulke
struplyng to PræstelyngiMuldbjerg I (Figs. 1 34-135 ) .  As
suming an increase of 5 . 1  %0 between food eaten and the 
bone collagen, a value characteristic of humans and large 
herbivores (Van der Merwe & Vogel 1 978) ,  the average ol3e 
value of the food eaten by the red deer at Ulkestruplyng is 
around -27.6%0, whereas the average ol3e for food at Muld
bjerg I is -28 .6%0. Both figures are lower than the average 
value for e3 plants and significantly lower for the red deer 
from the youngest site. 

Wild boar still has significantly higher ol3e values than 
both red deer and roe deer. Otter has very low ol3e values at 
both Præstelyng and Muldbjerg I, -25.35%0 and -23.4 1 %0, 
probably reflecting the low ol3e values of the food eaten. 
This is confirmed by the fossil data on pike from both 
Præstelyng and Muldbjerg I with mean values of -24.96%0 
and -24.67%0, respectively. 
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Fig. 136. Schematic illustration of  the influ- Atlant ic 
ence of  changes in  relative sea leve! and lake 
level on the availability of grazing grounds. 

Conclusions 

Boreal 

The animals of the forest habitat in the Boreal time had lower 
ol3C values than the coeval grass-eating animals. Further, a 
difference in ol3C values is found in animals eating at the 
forest tloor between Late Boreal and Late Atlantic time. Otter 
and pike from all four sites have rather low ol3C values, but 
lowest at the youngest sites. At Muldbjerg I the potentially 
grass-eating red deer has lower ol3C values than the special
ized browsing roe deer. 

The marked change in C-isotope ratio through Atlantic 
time in bone collagen from red deer is interpreted as a result 
ofincreasing forestation of the area around the Åmose basin. 
This condusion is supported by results from two modem 
populations of red deer in two different biotopes. The mod
em population, living in broadleaved deciduous forest, has 
the lowest ol3C values. Current research by the author on the 
diet of modem red-deer populations aims at casting light on 
whether the forest -tloor vegetation (a major part of the food 
of the Buderupholm forest population) has lower ol3C val
ues than the vegetation from the open grassland (the food of 
the Oxbøl population) .  

The suggested dosing o f  the Atlantic forest is further 
supported by the size reduction of red-deer individuals from 
the Late Boreal to Early Subboreal time. A marked size 
difference has also been detected between the two modem 
populations: the animals from Oxbøl are larger than those 
from Buderupholm (Fig. 137) .  According to Clutton-Brock 
( 1 985) ,  red deer prefers open land with forest cover, 
favourable possibilities for grazing and herb-eating. An in
crease in forestation limits the variety and quantity of high
quality plant food available for the standing population. 
Decrease in food and food quality as a result of uniformity of 
the biotope will iead to reduction in both body weight and 
size of antler. The antler size reduction is the result of dimin
ishing harem size. 

Open lake 

en a 

The stable-C-isotope ratio in bone collagen allows docu
menting the diet of subfossil animals and, hence, environ
ments. The procedure is apparently reliable and offers valu
able means of investigating environmental changes in arid 
areas where bone or tooth material is available (Moody 
1989; see also Price et al. 1 986) . Although the dimate-re
lated change of environment in Denmark is less pro
nounced, the postglacial dimatically induced change in sea 
level and submerging of low land is dearly retlected in 
changes of ol3C values in bone collagen in the standing 
population of mammals. 

The data on domestic dog, present at three of the sites, are 
of special interest as a great similarity was demonstrated in 
the ol3C/12C ratio ofbone collagen from dog and man living 
on the same site (Noe-Nygaard 1 988) .  The ratio in prehis
toric man can add to our knowledge of preferred nourish
ment and of the importance of various food gro ups in the 
average diet (DeNiro & Schoeninger 1 983 ) .  Thus, the corre
sponding ratio in dog bones, when no human bones are 
found, may give an indication of the preferred type of food 
eaten by both man and dog at a specific site. 

The characteristic terrestrial ol3C values found in dogs 
from the two inland sites Præstelyng and Ulkestruplyng are 
not surprising, as all the bone material is from terrestrial 
animals, except for the needle-shaped spine from a spurdog 
shark from Præstelyng (Noe-Nygaard 1974) (Pl. 53) .  It is 
more surprising that the dogs from the Kongemose site have 
partly marine ol3C values (Fig. 124) .  

A similar phenomenon has been observed at the British 
Preboreal inland site Seamer Carr, which is situated dose to 
the well-known contemporaneous site Star Carr, dated to 
9,940± 100 B.P. (OxA- I030) (Clutton-Brock & Noe-Ny
gaard 1990) . Here two sarnples from one or two dogs, less 
than one year old, gave ol3C values of dear marine affinity 
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Fig. 137. Difference in  size of  Cervus elaphus from the two modem Danish populations from Buderupholm and Oxbøl. Modified from Jensen ( 1 967) .  Lines 
show ave rages of measurements from 200 animals from Oxbøl. Dots show single measurements from animals from Buderupholm. 

(Seamer Carr l :  Ol3C = -14.67%0; Seamer Carr 2: Ol3C = 

-16.97%0) .  The two samples from Kongemose were KS 300: 
Ol3C = -16.97%0; KS 30 1 :  Ol3C = -14.00%0. 

To test that the marine ol3C values from the Seamer Carr 
dogs were not a result of later diagenesis of bone material, a 
sample of red deer from this site was measured as a control. 
The oJ3C value, -22 .65%0, is in good accordance with the 
values found for Danish Boreal red deer. It is thus unlikely 
that the higher collagen o13C values of the Seamer Carr dogs 
are due to diagenesis, and it may be assumed that they reflect 
a diet enriched in marine food. For comparison, it may be 
mentioned that two samples of bone collagen from Green
land coastal eskimo people who lived on marine diets gave 
o13C values of -13%0 (K-350) and -12%0 (K-35 l )  (Tauber 
198 1 a) .  

The actual enrichment in ol3C from food to  bone collagen 
is notyet known for dog (Noe-Nygaard 1988; Clutton-Brock 
& Noe-Nygaard 1990) . If the lO-months-old dog from 
Seamer Carr obtained most of its food from marine animals, 
it is clear that it did not spend most of its life at the Seamer 
Carr inland bog. It is much more probable that the dog was 
living near the coast and accompanied a group of hun ters on 
their inland hun ting expedition to the lake side, where large 
populations of ruminants could provide the essential re
sources of skins, antlers, and bone as well as meat. This 

hypothesis compares well with data from the Kongemose 
culture (5,6 10± 120 b.c. (K- 1 528) ,  Tauber 1 970) ,  although 
the site is about 1 ,800 years younger than the Preboreal Star 
Carr (9,700± 160 B.P. [OxA- 1 l 76] ) and Seamer Carr 
(9,940± 100 B.P. [OxA- 1030] ) .  

The faunal assemblage, age grouping and especially pat
terns ofbutchering are very similar at Star Carr and Seamer 
Carr, and the 14C datings of the two closely situated sites are 
almost identical; thus the people inhabiting the two sites 
probably belonged to the same ethnic group. 

In 1974 the bone material from Star Carr was examined, 
and the similaritywith the Kongemose site in fragmentation 
pattern resulting from butchery was demonstrated (Noe
Nygaard 1977, 1 987) .  In addition, it was shown that both 
sites were visited throughout the year. Evidence for the 
summer season occupation or visits was the presence of 28 
frontal and parietal bones with unshed antlers from roe deer 
at the Kongemose site, and a number of very juvenile birds, 
some still nest bound. The same pattern is observed at Star 
Carr. 

The tooth-eruption pattern on red deer from the Konge
mose site shows that the animals were killed at the age of 4 
months, 16--18  months, and 25 mo nths, which indicates that 
the site was also visited in the late autumn and winter. This 
pattern was also found at Star Carr. 
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Severai other examples from both sites indicate seasonal 
hunting. The whole setting of the Kongemose site on a small 
peninsula in a very peaty environment (Jørgensen 1956) is 
in itself suggestive of temporary habitations rather than 
permanent occupation. A similar interpretation of the Star 
Carr settlement based on the same type of evidence was put 
forward by Noe-Nygaard ( 1977, 1987) ,  Clutton-Brock & 
Noe-Nygaard ( 1990), and Andresen et al. ( 1 98 1 ) .  The rarity 
of fish and bird bones also support the short-stay hypoth
esis, and since 10,000 small fragments of bone have been 
retrieved from the Kongemose site, their near absence is not 
due to taphonomic processes. The great similarity in pre
served fauna and in bone modifications at Seamer Carr, Star 
Carr, and Kongemose most likely reflect their similar func
tions as hunting camps. 

In a recent review of Star Carr, Legge & Rowley-Conwy 
( 1 988) have postulated that the site was used only in the late 
spring and summer. This interpretation is, however, not 
supported by the excavated bone material from Star Carr, 
which clearly has severai indicators of late autumn-winter 
occupation as weU. 
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Binford ( 1 984) also suggested that the Kongemose butch
ering pattern reflected a hunting camp. The present study of 
the faunas in the Åmose lacustrine basin includes a detailed 
analysis of all possible bone modifications inflicted by man 
(chapter on human trace fossils, p.  243) .  This confirms that 
different ethnic groups have different butchering traditions, 
which further depends on the function of the various sites. 

Evidence shows that there are different types of sites in 
the same lake basin. One type is characteristic of seasonal 
permanent habitations, whereas another type, e.g., the 
Kongemose site, was visited again and again throughout the 
year; these were probably hunting stations. This interpreta
tion is supported by stable-carbon-isotope measurements 
of dog bones from the two types of sites. Dog bones from 
the more permanent seasonal habitations have terrestrial 
ol3C values, whereas the Kongemose hunting-site dogs had 
enriched ol3C values, indicative of a predominantly marine 
diet. This suggests that the population had another, more 
permanent place of living on the coast (Clutton-Brock & 
Noe-Nygaard 1990) .  



Seasonal indicators and season of occupation 

Only death assemblages derived from catastrophic mass 
mortality or natural attritional mortality may be used di
rectly in reconstruction of the natural population structure. 
Bone assemblages influenced by seasonal mortality, includ
ing hun ting, may give useful information on the ecology of 
the involved species but is too biased to give reliable informa
tion on population dynamics. 

The recognition of type and time of bone accumulations 
made by man at different localities may, however, yield 
information on the habitation pattem of prehistoric man 
and his ability to exploit available resources, site types, and 
functions. Different animal species are accessible in the vari
ous seasons through the year, and the human interest in 
those animals commonly changes through the seasons. Deer 
antlers as weU as fur and meat are among the main targets 
during late autumn to winter. Birds, fish, and soft skins from 
juvenile animals may be targets, as weU as meat, during the 
summer. The bone assemblage produced by man may thus 
reflect the season of killing. Many species, especially of the 
bird fauna, are migratory and thus only available at certain 
times of the year. Summer breeding bird stock of migrating 
species, and juveniles ofboth birds and mammals, are sum
mer indicators. Winter indicators are fewer and less easily 
recognized. There are, however, a few migrating winter 
guests among the birds. Ready rubbed, unshed antlers of red 
deer and elk may also be used in accessing a time of occupa
tion. The preservation potential of the bone remains also 
changes with season and type of site. 

Interpretation of season of occupation at the four sites is 
based on presence of migrating species (especially birds) ,  
epiphysial fusion, tooth eruption, and shed and unshed 
antlers. These methods were described in detail by Noe
Nygaard ( 1 988) and are not dealt with further here. Only the 
results from the analysis of the four bone assemblages are 
discussed in some detail below. 

Muldbjerg I 

CERVUS ELAPHUS 

The age estimates (based on tooth eruption [Appendix 2 ]  
and epiphysial fusion compared with modem material of 
known ontogenetic age) show 3 adults, l subadult more than 
28 months old, and one juvenile. The time of occupation 
cannot be precisely established from this material, but the 
juvenile is probably from September, maybe as late as Octo
ber. Fragments of unrubbed antler indicate a period between 
March-April and August. 

CAPREOLUS CAPREOLUS 

There are no juveniles of roe deer at the site, so also in this 
case the less accurate seasonal indication of shed and unshed 
antlers has to be used. There are fragments of l shed and l 
unshed antler. The last one is far from fully grown, with 
imprints ofblood vessels and a rough porous surface. Antlers 
are grown from December to March-April, and they are 
ready rubbed from March-April to late October. Rubbed 
and unrubbed antlers can only be obtained at the same time 
in the early spring, when old males and subadult males shed 
antlers with about a month of transposal. The presence of 
both shed and unshed antlers is, however, also consistent 
with an accumulation period of a year. 

Aves 

The presence of a large number of juvenile bones from a 
number of species at all four sites indicates that they were 
killed during the summer period. A number of the juvenile 
bones have cut marks, indicatingthat theywere obtained and 
used by man during the April-August interval. The fact that 
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Fig. 138.  The season of occupation of the four sites interpreted from state of tooth eruption and antler development of Cervus e/aphus and Capreolus capreolus. 
Ticks indicate start of the months. Note the possibility of two habitation periods at Kongemose. 

only 3 out of 42 speeies are from known winter guests also 
suggests a summer kill season for most of the birds. The 
presenee of all three swan speeies at Muldbjerg I indicates 
that they were either here as winter guests or that they were 
killed during migration. Juveniles of the following species are 
found at Muldbjerg I: mallard, shoveler, garganey, tufted 
duck, pochard, shelduck, goosander, red-breasted mergan
ser, white-tailed eagle, coot, and mo or-hen. 

Pisces 

Annual growth increment lines of the vertebrae of Esox lucius 
show that growth in most cases was interrupted during 
March-September, as at Præstelyng (N oe-Nygaard 1983) .  If 
the fish were killed by man, this indicates occupation during 
the summer season. 

Conclusions 

The time of occupation ofMuldbjerg I is less firrnly delimited 
than for Præstelyng, as no fawns of Cervus elaphus or Capreo
lus capreolus were found. The most diagnostic indicators are 
the large number of juvenile birds, which may or may not all 
have been killed by man. There is, however, little evidence 
that the site was occupied during winter. Piles ofhazel nuts, 
bunches of willow branches all cut at the same time of 
summer (estimated from growth-ring analyses; Troels
Smith 1957) ,  and human excrements with strawberry and 
raspberry seeds indicate habitation during the summer half 
year. The rather limited number oflarge, meaty animals and 
the large number ofbirds, fish, and molluscs indicate habita
tion for only part of the year, from May to somewhere in 
September (Fig. 138 ) .  The two complete skeletons of stags, 
assumed to be connected with the Muldbjerg I site, had ready 
rubbed unshed antlers. 
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Præstelyng 

CERVUS ELAPHUS 

Six of the I l  EMNI were juveniles: 2 were 0-3 mo nths old, l 
was 3-5 months old, and 3 were 12-15  months old. As fawns 
are born in late May and early June, the juveniles thus 
indicate a time of killing and site occupation between May 
and late September. There are three fragments of unshed 
antlers, which can be obtained from March to September. 

CAPREOLUS CAPREOLUS 

There are three fawns of different age from roe deer: one 
almost newborn (less than l month old), one 3 months old, 
and one 10 months old. The fawns are born late in May. The 
three juveniles may thus have been killed late during March
September. Three fragments of fully grown, unshed antlers 
may have been obtained between March and November. 

Sus SCROFA 

Bones from a nearly newborn pig are found. Wild boar give 
birth in March-April. The Præstelyng pig may have been 
obtained from April to August, based on tooth eruption 
pattern. 

Aves 

A large number of juvenile birds are found, as at the Muld
bjerg I site. They include black stork, mallard, widgeon, 
shelduck, red-breasted merganser, crane, and coot. 

Pisces 

A year-ring analysis of pike vertebrae (Noe-Nygaard 1983, 
1988) shows that the majority of the pikes were caught 
between March and June, and especially during April-May, 
although vertebrae from pikes killed throughout the year 
also occur. The combination of a high kill in April and May 
and a clear size selection of the killed animals indicate that 
man was responsible for the spring killing (Fig. 64) .  The same 
type of argument can be applied to the fish killed at the 
Muldbjerg I site. 

Conclusions 

The time of occupation is clearly delimited to April-Septem
ber by the evidence cited. 

Kongemose 

CERVUS ELAPHUS 

There are at least two very young individuals of Cervus 
elaphus, a small number compared to the total EMNI of 53.  
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The young ones are between 3 and 5 months old, indicating 
that theywere killed sometime between August and October. 
Another eight individuals, 14-16 mo nths old, would have 
been killed between J uly and October. There are 1 70 frag
ments of antler and a number of tools fabricated of antler 
(Jørgensen 1956) .  Most fragments were from unrubbed, 
unshed antlers. Twelve antlers were still attached to the 
frontal and parietal bones. These antlers were clearly not the 
ones that were used for tool fabrication. The very impressive 
antler implements and the maturity of most animals indicate 
that antlers and, of course, meat were main targets for some 
of the visits at the site. Only a few fragments from to ol 
processing of fully grown antlers have been found, however, 
suggesting that to ol fabrication did not take place at the site 
itself. The complete antlers were probablytransported to the 
main habitation site, where the actual fabrication of tools 
took place. The unshed, not ready rubb ed, but almost fully 
grown antlers indicate late summer and early autumn killing, 
whereas the unshed fully rubbed antlers indicate killing in 
late autumn and winter. 

CAPREOLUS CAPREOLUS 

There is one 0-3-months-old fawn, which may have been 
killed between May and August, and one male fawn, 3-6 
mo nths old, which could have been killed August-October. 
Unshed antlers outnumber the shed ones (47 versus 20) .  
Shed antlers may be  obtained fresh in  late November to 
January, indicating that Kongemose was visited during the 
winter, whereas the unshed antlers show that hunting also 
took place from April to August. Shed antlers would not last 
long on the ground in a humid, warm climate. 

Sus SCROFA 

There are bones from at least three very young wild boars 
captured during the summer period. 

CASTOR FIBER 

The large number of beaver bones include two juvenile 
individuals, one of which is almost newborn, or maybe even 
a foetus, indicating capture in spring - early summer. 

Conclusions 

The cited evidence indicates that the time of occupation of 
Kongemose was from May to somewhere in December, 
possibly January, probably split into two seasons. 

Ulkestruplyng 

A few antlers, both shed and unshed, from red deer and roe 
deer are in the bone material. The fragments of shed antlers 
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Fig. 139. The first triangle shows the type of prey to be expected at different seasons. The next five triangles show the type of prey retrieved at five different sites 
and the thus interpreted time of occupation. 

are so few and poor that they may not really belong to the 
refuse. Unshed antlers of roe deer and red deer can be 
obtained at the same time, from September to December. 
Juveniles, only a few months old, of red deer, roe deer, and 
wild boar, as weU as a young elk calf and 2-months-old 
aurochs calves, indicate a time of killing from April to Au
gust. Juvenile birds are present from six species: cornerake, 
coot, white-tailed eagle, garganey, black stork, and bittern. 
They indicate a season ofkilling between May and Septem
ber. The period of occupation may thus range from April to 
September. 

Comparison between the four sites 

Juvenile red deer occurred at all the sites. Unshed, ready 
rubbed antlers are found at all the sites, except Præstelyng, 
though in large quantities only at Kongemose. All four sites 
were thus at least occupied from late May to September. 

The unshed antlers from Capreolus capreolus from the four 
sites are weU developed, except for an unrubbed antler frag
ment (Mul.! 1932) .  The time of strong territory-holding 
behaviour is when old, mature bucks are least on their guard 
towards man, and when the animals are weU fed. The pres
ence and development of the antlers suggest that the four 
sites were all inhabited from April to September. Although 
shed antlers may be eolleeted during all seasons of the year, 

the quality of raw material for implement proeessing de
creases rapidly when the shed antler is left on the ground 
subject to weathering and biological destruetion (Sutcliffe 
1973 ) .  The shed antlers were found among the refuse from 
the site, and it can thus be assumed that they were collected 
by the inhabitants and used for tool fabrication. They were 
probably collected shortly after shedding. This conclusion is 
in accordance with the presenee of a number of unshed 
antlers from red deer, whieh may have been obtained during 
October-January. Roe deer fawns, 0-3 months old, are 
found at all the sites, except Muldbjerg L Juvenile pigs are 
found at all the sites, except Muldbjerg L 

Very young birds occur at all four sites, but are numer
ous only at Præstelyng, Muldbjerg l, and Ulkestruplyng. 
This indicates that they were actively hunted here, whereas 
bird hunting was of minor importance at Kongemose, 
where both adult and juvenile birds are scarce. Almost half 
of the bird bones at Kongemose seem, however, to come 
from juveniles, and therefore cannot easily be determined 
to speeies. 

Seasonal analysis has only been undertaken on pike from 
Muldbjerg l and Præstelyng. It shows a clear bias towards 
spring - early summer fishing. At Kongemose very few fish 
bones oceur at all (Fig. 1 39; Table 32) .  

The overall picture of the four sites is  that they were all 
inhabited from April-May to late August. Præstelyng and 
Ulkestruplyng may have been occupied a little earlier and 
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Muldbjerg I a little later (Fig. 138) .  The small amount of 
animals killed, and the uniform bone treatment at the sites, 
except Kongemose, indicate that the other three sites were 
only in use during one, or possibly two, summer seasons. 
They were clearly habitation sites, where all sorts of activities 
occurred: hun ting, fishing, bird catching, tool making, 
clothes fabrication. At Kongemose, in contrast, habitation 
seems to have occured during two seasons, a summer and an 
autumn - early winter season. The habitation period may 
have been from May to around December. The clear differ
ence in bone treatment, revealed by the marrow-fragmenta
tion analysis, indicates that different groups of people were 
responsible for the bone treatment and in agreement with 
the assumption of two habitation periods. The large amount 
of bones from the main prey animals also indicate longer 
time accumulation of the bone material. The raise in lake 
level during the Early Atlantic time may have tumed the 
Kongemose site into a swamp and thus put an end to what is 
here suggested to be a combination of a revisited hunting 
camp and a seasonal summer habitation (Figs. 138-139) .  
The change in habitat may also have forced the people to find 
other places to live and changed what was started as a sum
mer habitation site to become only a revisited hun ting camp. 
The majority of red deer of Kongemose were killed during 
the late autumn to winter period. The main purpose for 
slaughtering in this period was to get meat and to secure 
antlers of large size and good quality. 
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A rough estimate of habitation season may also be ob
tained from the relative importance of the various types of 
prey that were brought to the sites (Fig. 139) .  Three cat
egories are identified, including fur-bearing animals like 
otter and beaver, meat-producing animals, and fish and 
birds. The three sites Ulkestruplyng, Præstelyng, and 
Muldbjerg I all have very similar pattem of preferred prey, 
fish, birds, and young game. Kongemose and the British 
Star Carr site (Clutton-Brock & Noe-Nygaard 1990) show 
a similar pattem, where game, antlers, and fur dominate 
and fish birds and juvenile game are subordinate. Fish and 
bird catching mainly take place during summer, whereas 
large amounts of game and ready rubbed antlers may re
flect late autumn and winter hunting. Ulkestruplyng, 
Præstelyng, and Muldbjerg I are thus mainly summer 
hunting sites, whereas Kongemose and Star Carr are more 
complex, with autumn-winter hunting and subordinate 
summer habitation and hunting. This may indicate that 
the two latter sites were permanent habitations all year 
round. But the clear differences in mode of marrow frac
turing and the stable-isotope signal of dog eating marine 
food do not really fit the permanent-habitation hypothesis. 
It is more likely that the sites were revisited at different 
times of the year for different purposes. The people inhab
iting both Kongemose and Star Carr may have lived more 
permanently along the coast. 



Synthesis 

This synthesis of the late glacial - postglacial Åmose lake 
basin is based on all available data on palaeogeography and 
palaeodimate, sea- and lake-level changes, flora, fauna, hu
man occupation, and inter-relationship between man and 
environment (Fig. 140) . I do not attempt to present a com
plete overview of the palaeoecology of each chronozone, but 
rather to outline the framework for the events that took place 
in the Åmose basin from the Late Weichselian Bølling inter
stadial to the onset of the Early Subboreal period. There is no 
information on fauna and flora from the Late Weichselian of 
the basin, and emphasis is accordingly placed on the stable
isotope and sediment data from this time interval. Data are 
also lacking on the Preboreal fauna, and local pollen dia
grams only go back to the Late Preboreal time. Results from 
the isotope and sediment analyses are accordingly high
lighted also for this period. 

This chapter only gives selected literature references; more 
complete references are given in the respective chapters. 

The late Middle and Late Weichselian 
( 14,000-13 ,000 to 1 0,000 E.P. )  

Pa laeogeograp hy 

During the Oldest Dryas times, 14,000-13,000 B.P., the 
Younger Yoldia Sea, which covered the modem Skagerrak 
and part of the North Sea, only transgressed the northern 
part of modern Jylland, and reached southward to northern 
Sjælland. In northern Jylland, the highest beach levels from 
the Younger Yoldia Sea occur 50 m above present-day sea 
level. 

The margin of the inland ice was still situated very dose to 
Denmark; the ice covered the area of the present-day Baltic 
Sea and reached west- and northwestward to southem Sjæl
land and Falster and into the 0resund. The freed land was 
characterized by numerous lakes and stagnant ice masses. 

During the Bølling interstadial, around 12,500 B.P., 
northern Jylland was uplifted because of isostatic rebound. 
The ice margin receded to a position in southern Sweden, 
and an ice-dammed freshwater lake was formed in the Baltic 
region, the 'Baltic ice lake', which prevailed from 12,600 to 
1 0,300 B.P. (Bjorck 1995 ) .  

During the Older Dryas ( 12,200-12,000 B.P . )  and the 
Allerød interstadial, 12,000-1 l ,000 B.P., the ice margin re
treated further northward, and the Oslo Fjord area and 
southern Sweden became ice free. The isostatic uplift was so 
rapid in the Allerød period that a relative sea-level fall oc
curred, and no land area of present-day Denmark was then 
covered by the sea. The Baltic area was still covered by the 
freshwater lake having its outlet through 0resund into the 
Yoldia Sea. Towards the end of the Allerød Chronozone, at 
1 l ,200 B.P., a marked short-lasting regression of the Baltic 
ice lake occurred (Bjorck 1995) ,  resulting in a land bridge 
between Skåne and Denmark. 

During Younger Dryas time, 1 l ,000-1O,000 B.P., the ice 
margin prograded southward again. The Yoldia Sea covered 
areas north of Denmark, and the Baltic region was still 
covered by the Baltic ice lake, where an early Younger Dryas 
transgression took place in areas with relatively low rates of 
uplift. 

At the transition between the Younger Dryas and the 
Preboreal periods, a rapid melting of the ice occurred, and 
central Sweden became ice free. The ice-dammed Baltic lake 
was tapped across Sweden into the Yoldia Sea, which later 
penetrated into the Baltic region and turned the former 
freshwater lake into a marine embayment. Outside the Baltic 
region, the Yoldia Sea still covered most of the present -day 
Skagerrak. 

Climate 

The 8180 record of the Cap Century and Byrd Station ice 
cores shows marked changes at 1 3,000 and 13 ,500 B.P. 
(Johnsen et al. 1990) . At Cap Century, the last interstadial 
ended 13 ,000 B.P., a few hundred years before the onset of 
the main increase in the 8180 values. The Allerød dimate 
amelioration is indicated by a marked 8180 excursion, which 
ended 1 l ,000 B.P. (Dansgaard et al. 1989; Johnsen et al. 
1990) .  

The 8180 retumed to more negative values immediately 
after the Allerød interval, and a rapid increase in 8180 
marked the transition to the Flandrian period at about 
1 0,700 B.P. (Dansgaard et al. 1 989) .  Apparently the onset of 
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Amosen 
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the Holocene warming took place within maybe only 50 
years in South Greenland, where the temperature rose by 
7°e. The dust content in the Late Weichselian part of the ice 
co re is also recorded in the Dye 3 deep ice core (Dansgaard et 
al. 1989) and in GISP 2 (Taylor et al. 1993) .  The dust content 
curve shows two excursions, one during the Oldest Dryas 
and a smaller one during the y ounger Dryas period, suggest -
ing dry and stormy weather conditions in the most severe 
glacial periods. In contrast, more humid and calm weather 
conditions prevailed in the milder Bølling and Allerød inter
stadials, indicated by low values for dust in the atmosphere 
and increasing ECM values (Dansgaard et al. 1989; Taylor et 
al. 1993 ) .  

Flora 

The vegetation in the Oldest Dryas indicates high arctic 
climate conditions. The Bølling interstadial is marked by an 
increase in Artemisia pollen followed by increases in the 
pollen curves of Hippophae and Betula pubescens (Kolstrup 
1982) .  Limnophytes also increased. 

A short return to arctic vegetation to ok place in the Older 
Dryas, followed in the Allerød interstadial by a second in
crease of Artemisia pollen and the subsequent introduction 
of an open-pioneer forest of Betula pubescens and Pin us. 

The cold and dry weather returned in the younger Dryas, 
and the pioneer forest was replaced by a park-tundra vegeta -
tion, where a few scattered trees remained on protected and 
sunny habitats, and large areas were covered by grass. 
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The surface of the newly formed immature soil was thus 
more or less covered with vegetation at two occasions during 
the Late Weichselian period, in the Bølling and Allerød 
interstadials. The arctic solifluction stopped and soil and 
humus formation was initiated in the upper soil layers dur
ing these time intervals. 

The Amose lake basin 

The bottom topography of the open lake Åmose basin is 
revealed by a dense grid of geoelectrical and geo radar profiles 
(Fig. 9) (T. Albrechtsen, personal communication, 199 1 ) .  
The basin can b e  subdivided into at least four deep sub
basins surrounded by more shallow areas. A Gilbert-type 
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delta with steep large-scale foresets prograded into the lake 
basin in front of the river Sandlyng Å. 

The Late Weichselian glaciofluvial sediments consist of 
pebbly coarse-grained sand with cobbles and boulders. They 
occur at the bottom of the deep profiles in the transect line 
O l (Fig. 8) and along the rim of the basin. The beds are 0.5-
5 m thick. This facies is in the deeper parts of the basin 
overlain by laminated layers of silt and clay deposited in an 
ice-dammed lake. The rhythmic occurrences of silt and clay 
beds at a depth of 9-5 m below the present bog surface 
probably represent varves. At two levels, however, the glacial 
lake deposits are intercalated with clay gytt ja, which are 14C 
dated to the late-glacial Bølling and Allerød interstadials, 
respectively (Figs. 13 , 2 1 ) .  
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Geochemistry 

The Late Weichselian succession is examined for its content 
of carbonate, organic matter, clastic sediment content, and 
the stable isotop es of Ol3Corg, Ol3Ccarb, and 0180 (Figs. 15-
16) .  It is possible to establish six local isotope zones, charac
terized by different patterns of excursions on the isotope 
curves. The Late Weichselian zones are termed la, lb, l e, 2, 
and 3. Zone la more or less covers the Older Dryas period. 

A shortlasting excursion in 0180, Ol3Ccarb, and Ol3Corg 
occurs in isotope zone lb. The sediment data for this zone 
show a small increase in organic matter. The sediment con
sists of alternating clay and silt laminae with closely spaced 
bioturbated laminae of organic matter. This leve!, between -
5 m and -4.5 m, has been 14C-dated on a bulk sediment 
sample to 1 3,370± 1 55 B.P. This date corresponds to the first 
amelioration in the Bølling period. The decrease in 0180 and 
013Ccarb values indicates onset of authigenic organic and 
carbonate production in the lake, and probably a rise in lake 
level and thus shorter residenee time in the open Åmose lake. 
The interpretation of the sediment and isotope data is in 
good accordance with the information from pollen analysis 
from the southern part of Sjælland indicating onset of a 
vegetation cover and a general increase of freshwater plants 
(Kolstrup 1982) .  

At the beginning of isotope zone le, all the isotope curves 
return to values similar to those of isotope zone la, followed 
by a slow decrease to more negative values. The decrease is 
similar to what was found for the Bølling interstadial. This 
indicates that local production of both carbonate as a bio
induced precipitate and organic matter had already started 
in the lake during isotope zone l c, which more or less covers 
the Older Dryas period. The temperature seems to have 
increased already during the later part of the Older Dryas. A 
similar trend was found in the 0180 curve from Grænge 
Mose from the same period (Iversen 1954; Kolstrup & Buch
ardt 1 982; Koistrup 1 982, 1 99 1 )  and also in the Swiss lake 
Gerzensee (Dansgaard & Oeschger 1989) .  

All geochemical parameters in isotope zone 2 change, and 
two distinet excursions occur around -3.90 m and -3.50 m 
(Figs. 15-16) .  They are marked by a strong increase in 
organic matter and by very negative 013Corg values. The 
increase in 0180 values probably reflects an increase in tem
perature and thus surface warming and evaporation. A de
crease in allochthonous carbonate may have occurred owing 
to onset of vegetation cover on land. The carbonate content 
and the Ol3Ccarb both decrease, probably reflecting decreas
ing influence of allogenic carbonate from older, Cretaceous, 
and Danian limestones with positive ol3C values. The sedi
ments of isotope zone 2 are 14C-dated to the Allerød period, 
12,OOO± 130 B.P., and a water moss sample from the same 
interval is accelerator-dated to 1 1 ,880±90 B.P. 

The interpretation of the carbonate and Ol3Ccarb excur
sions is in accordance with the information from the pollen 
diagrams from Sjælland covering the same period. They 
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show increasing vegetation cover and immigration of a pio
neer forest which resulted in binding of the surface soils and 
reduction of the amount of surface sediments being washed 
into the lake. The fine-grained deep-water clay gytt ja reflects 
a rise in lake level probably resulting from rapid melting of 
the surrounding dead-ice bodies partly covering central 
Sjælland. 

The boundary to isotope zone 3 is very sharp, and all 
geochemical parameters change back to the values of isotope 
zone l e. The content of clastic material increases, organic 
matter and carbonate decrease, and the 013Corg, 013Ccarb, and 
0018  values all increase, the 013Ccarb to positive values, re
flecting increased input of allogenic carbonate with positive 
values. The decrease in organic matter and increase in clastic 
material indicate that the organic production in and around 
the lake had decreased, that the vegetation cover was de
stroyed, and that the surface sediments were washed into the 
lake. The deposits con sist of alternating beds of silt and clay, 
with very small amounts of organic material and only rare 
traces of bioturbation. Isotope zone 3 covers the Younger 
Dryas period. The data from the pollen diagrams indicate 
partial return of a sparse arctic vegetation (Koistrup 1982) .  
The pioneer forest almost disappeared. 

Similar shortlasting but marked excursions in the 
Younger Dryas are found in the 0180 curves from ice cores 
from Greenland Dye 3 and in lake Gerzensee. The climatic 
change from Allerød interstadial to Younger Dryas was rapid 
and profound. 

The characteristics of each isotope zone defined in A 20 1 
can also be seen in profile PL Il and in B 404 (N. Noe
Nygaard & U.W. Christensen, unpublished data) .  Marked 
changes in the isotope curves may thus be used at least as a 
local stratigraphic tool applicable in the correlation of lit
toral or sublittoral deposits and profundal deposits within 
the basin. Similar isotope changes from Swedish lakes, 
however, indicate climate-induced changes and thus a 
wider applicability of the istope zone stratigraphy. Evi
dence from sediments, flora, and fauna have to be incor
porated in the interpretation of the causes of the various 
excurSlOns. 

Preboreal time ( 1 0,000-9,000 B.P. )  

Pa laeogeograp hy 

After the tapping of the Baltie ice lake at the transition 
between the Late Weichselian and the Flandrian Preboreal 
period, salt water penetrated into the Baltie, and a short
lasting marine Younger Yoldia Sea was established (Stabell & 
Thiede 1986) . It lasted from 1 0,300 to 9,500 B.P. (Bjorck 
1995) .  This major transgression in the Baltie and establish
ment of the marine Younger Yoldia Sea marked the onset of 
Preboreal times. During this period, land connection from 
Sweden to Denmark was established. Isostatie rebound 
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caused uplift of central Sweden already during the Preboreal 
period, and the connection to the sea was closed. The fresh
water Ancylus Lake was formed in the Baltic with outlet first 
through Svea River across central Sweden and later via Dana 
River through Storebælt. The Ancylus Lake lasted from 9,500 
to 8,000 B.P. (Bjorck 1995 ) .  The sediments in the Storebælt 
area alternated between semiterrestrial, lacustrine, and flu
vial. 

Climate 

The 0180 isotope records from ice cores show a major 
excursion of about 3.5%0 at the transition between Younger 
Dryas and Preboreal time, indicating an abrupt increase in 
temperature of about 7°e. The dust content is hardly mea
surable, suggesting a more humid climate (Dansgaard et al. 
1989) .  The Preboreal climate in Denmark is characterized by 
rapid warming and immigration oftrees and warmth-loving 
plants (Iversen 1967) . 

Flora 

The Younger Dryas - Preboreal boundary is marked by a 
strong increase in Artemisia and Empetrum, and large parts 
ofDenmark were rapidly covered by a pioneer forest oflight
demanding trees like Betula pubescens and Pinus interspersed 
with grass and scrub vegetation (Iversen 1967). 

The Amose lake basin 

The boundary between isotope zones 3 and 4, corresponding 
to the Late Weichselian Younger Dryas and Flandrian Pre
boreal boundary, is clearly reflected in all geochemical pa
rameters. 

The clastic content of the sediments drops from 80% to 
10%, the carbonate content increases to 60%, and the or
ganic matter increases through zone 4 to about 30%. All 
isotope values show a clear decrease in the order of 2%0 or 
more (Figs. 1 5-16) .  The Preboreal sediment type is a fine
grained authigenic characean algal gytt ja. 

A distinct coarse clastic bed occurs at the Younger Dryas 
Preboreal boundary. The grains of the boundary bed may be 
up to cobble size in the profiles from the littoral and sublit
toral zones, whereas the bed is finer-grained in the more 
profundal profiles. The bed can be traced throughout the 
entire basin and is interpreted as resulting from a tapping of 
the Åmose lake at the onset of the Preboreal period. The 
tapping occurred when dead ice blocking the outlet towards 
Tissø melted away. The shift of the outlet from a position of 
25.4 m above present-day sea level to one at 2 1 .4 m resulted 
in a rapid lowering of the Åmose lake level, which initiated 
sediment gravity flows from the late-glacial deltas in front of 
the four rivers running into the lake. The rapid basinward 
shift of coarse littoral sediments is thus interpreted as the 
result of a forced regression. The unconformity below the 
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low-stand sediments is the lacustrine analogue to a marine 
sequence boundary. Clasts of water moss and bivalved Unio 
in the clastic bed are dated to lO,970±90 B.P. and lO,740±90 
B.P., respectively, indicating a late Younger Dryas age of the 
clasts (Fig. 2 1 ) . The sediments overlying the boundary bed 
are dated to the Mid and Late Preboreal by pollen analysis. 
The conventional l4C age is 9, 1 70± 100 B.P., and the accelera
tor age in profile A 20 l is 9,250±90 B.P., also indicating a Late 
Preboreal age of the onset of the characean gytt ja deposits. 

Isotope zone 4 more or less covers this period. After the 
marked excursion at the Younger Dryas - Preboreal bound
ary, all isotope parameters stabilize at values considerably 
more negative than found in the Younger Dryas lake sedi
ments. The isotope values clearly reflect a complete change 
from allogenic to authigenic sedimentation. Virtually all the 
Preboreal lacustrine sediments were produced in the lake. 
The organic matter is mainly of algal origin, but also the 
sparse submerged lake and terrestrial vegetation contributed 
to the sediment. The carbonate was either precipitated di
rectly from the water in warm shallow areas or biogenically 
induced in the lake. 

The abrupt climatic change at the Younger Dryas - Pre
boreal boundary recorded in the Greenland ice cores and in 
the marine realm are clearly reflected also in the lake sedi
ments and in the isotope data from the Åmose basin. 

Boreal time (9,000-8,000 B.P. )  
pollen zone V 
Pa laeogeograp hy 

Melting of the residual Weichselian ice continuously added 
meltwater to the sea. The isostatic uplift was, however, so 
rapid that Denmark was never flooded and was still con
nected to the north European landmass. Semiterrestrial sedi
ments and palaeosols were formed in the more shallow parts 
of the Storebælt channel. Seismic data provide evidence of 
valley incision in the deeper part and subsequent infilling 
with coarse-grained fluvial sediments at a depth of about 40-
50 m below present -day sea level. Valley erosion and palaeo
sol formation indicate a period of low relative sea level 
(Mathiassen 1995) .  The 0resund channel was, however, 
already being transgressed during Late Boreal times. In the 
Baltic region the freshwater Ancylus Lake persisted with an 
oUtlet via Dana River through Storebælt into the open sea. At 
the end of the Boreal period sedimentation changed in 
Storebælt from terrestrial and fluvial to lacustrine gytt ja 
deposits indicating a rise in base level (Fig. 24) . 

Lacustrine sediments of the Amose basin 

Sedimentation in the Åmose basin during the Early Boreal is 
a fine characean detritus gytt ja with a rich gastropod fauna 
(Fig. I l , profile PL Il) . The content of clear-water and light-
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demanding characean algae decreased towards the end of the 
Boreal period, and profundal deposits of fine detritus gytt ja 
rich in carbonate precipitates were formed. During the very 
late Late Boreal times erosion and non-deposition occurred, 
and there is a hiatus of up to 200 years. The sediment record 
from the basinal profile (A 20 1 )  shows alternating layers of 
calcareous mud and dark humified layers from which Pisid
ium burrows penetrate down into the calcareous mud (Fig. 
17 ) .  At the assumed end of the Boreal period the number and 
thickness of the humified bioturbated layers increased, re
tlecting a fall in lake level. 

Lake level 

The Boreal lake-level curve of the Åmose basin shows a 
shortlasting fall at the Preboreal-Boreal boundary (Figs. 16 ,  
22) . In the Early - early Late Boreal interval a relatively high 
lake level occurred, whereas an abrupt fall took place just 
before the Late Boreal- Early Atlantic pollen zone VI bound
ary corresponding to the second forced regression. 

Geochemistry 

Isotope zone 5 (profile A 20 1 in Fig. 1 5, PL III in Fig. 16)  
covering the Boreal period is  characterized by a more or less 
stable trend without significant tluctuations in content of 
carbonate content, clastic and organic matter, ol3Corg, 
013Ccarb, and 0180. There is, however, an end Preboreal, Early 
Boreal and Late Boreal excursion indicated by an increase in 
013Ccarb and 0180, an increase in clastic material, and a 
decrease in carbonate. These excursions are interpreted as 
resulting from falls in lake level leading to erosion of earlier 
deposited shoreface sediments. The increase in 013Ccarb and 
0180 may thus result from reworking of late-glacial sedi
ments with more positive O values or from longer retention 
time of the lake water and thus enrichment of the surface 
waters with 180. The precipitated carbonate will be increas
ingly enriched with l3C, as the 1 2C is preferently used in the 
photosynthesis. If this interpretation is correct, the Pre
boreal-Boreal transition is marked by lake-level fall. If the 
Boreal - Early Atlantic boundary is correctly placed, the 
lowest lake level seems to have occurred slightly before the 
end of the Boreal period (A 20 l ) .  The onset of base level rise 
had already started at the end of the Boreal period. This 
pattern may be recognized in the more nearshore profile (PL 
Ill ) ,  but dating is poor and identification of correlative 
surfaces difficult. 

Climate 

The climate was continental, warm, and dry in the Boreal 
period. W armth -demanding plants like mistletoe, holly, and 
ivywere tlowering. The turtle Emys orbieularis lived and bred 
in the Åmose area. Pelecanus erispus is found in several site 
deposits. Silurus glanis probably also immigrated in this 
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period. The average temperature was 2°C higher than today, 
whereas the average winter temperature was about the same 
and not lower than -1°C (Iversen 1967) . 

A comparison of the relative lake-level curve of the Åmose 
basin with the contemporary relative sea-level curve is not 
possible on the basis of the available data. The Vedbæk 
beach-level curve starts in the Atlantic time (Fig. 23) .  A rise in 
base level in Late Boreal times in the Storebælt channel 
occurred, however, contemporaneously with the onset of 
lake-level rise in the Åmose basin. 

Flora 

Pollen analysis gives a picture of a forest consisting mainly of 
Corylus and Pin us, with subordinate Betula. Corylus and 
Pinus are the most common forest trees at the beginning of 
the Boreal period, but during the Late Boreal period nearly all 
the climax forest trees had immigrated, and they started to 
dominate the forest at the end of the Boreal period. The forest 
was still open, interspersed with grass and herbs (Iversen 
1967) . A decline in the herb-pollen curve, however, occurred 
already when the shading Corylus became more dominant. 

Pollen zone V is characterized by the marked Corylus 
maximum in diagrams from the Åmose basin (Jørgensen 
1963, 1 982) .  Corylus had existed both as undergrowth in a 
Pinus and Betula forest and in separate communities. Light
demanding plants, such as Hippophae and Helianthemum 
and the trees Sorbus and Viburnum, still occurred. 

A decline in the limnophyte curve occurs immediately 
above the boundary between pollen zones IV and V, coin
ciding with an increase in the pollen destruction curve. 
This decline is accompanied by a shortlasting increase in 
clastic material and also in charcoal dust (Jørgensen 1963) .  
The tloral data all support the interpretation of a short
Iasting fall in lake level at the beginning of the Boreal pe
riod based on sedimentological and stable-isotope data 
from isotope zone 5 .  

Fauna 

The mammalian fauna of the Boreal forest was highly diverse 
(Fig. 65) .  Alces alces and Bos primigenius were still common, 
and the typically forest -dwelling Cervus elaphus, Capreolus 
capreolus, and Sus seraJa became characteristic. Ursus aretos, 
Lynx lynx, Canis lupus, Vulpes vulpes, Meles meles, Lutra 
lutra, Martes martes, and Felis silvestris were also part of the 
fauna. The only domestic animal at that time was Canis 
Jamiliaris. Erinaceus europaeus, Castor fiber, Seiurus vulgaris, 
and Mustela putorius occur in the archaeological site material 
together with a num ber of bird species, nine species of 
freshwater fish, and several species of amphibians and rep
tiles such as Emys orbieularis (Degerbøl 1 933; Nordmann 
1944; Iversen 1967; Aaris-Sørensen 1988) .  

At the Boreal Åmose sites, such as 0gaarde, all the above
mentioned species have been found (Degerbøl 1 943 ) .  The 
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Åmose lake and the herb- and grass-vegetated rims sur
rounded by forest offered a great variety of suitable habitats 
and foraging areas. 

The Ulkestruplyng site is 14e-dated to the Late Boreal 
period, and the archaeological material places it as a late 
Maglemosian site, whereas the pollen dating gives an Early 
Atlantic age (Jørgensen 1982) .  Most of the above-mentioned 
species, except Ursus aretas and Canis lupus, are present in the 
site deposits (Fig. 65; Table 3 ) .  A number of the bird species 
are new for the Late Boreal and Early Atlantic periods. 

The type of bone preservation varies at the site, and most 
of the material is from taphozone I, corresponding to the 
place of the actual habitation. The bones from the habitation 
area are rather weathered, with cracked and peeled surfaces, 
and many show traces of buming. The large number of 
juvenile bones of nearly all encountered species, however, 
indicates good preservation potential in some areas. Only a 
small part of the lake dump area was excavated. The bone 
material is accordingly expected to be rather incomplete. 
This is confirmed by the variation in EMNI from 2 to 6 
calculated on the basis of different bone elements of Cervus 
elaphus (Table 10 ) .  The animals from Ulkestruplyng appear 
in general to have been very healthy, and onlyminor human
intlicted damages on ribs are recorded. The biometrical data 
on nearly all dimensions from the entire fauna of large 
mammals at Ulkestruplyng indicate a large body size ofboth 
male and female individuals compared to the Late Atlantic 
faunal assemblages (Figs. 36-41 ,  43-54; Tabes 1 3-15) .  The 
bone material from the Early Atlantic Kongemose site is by 
far the most extensive in terms of NF and EMNI. It has 
therefore been used as a standard for comparison of material 
from the other sites. Dimensions of bones from Ulkestrup
lyng always fall within the upper end, or above the range, of 
measurements from Kongemose. Adult and juvenile bones 
from both sexes occur in the Ulkestruplyng material and 
represent Alces alces, Bos primigenius, Cervus elaphus, Cap
reolus capreolus, Sus seraja, and Castor fiber. A large number 
of juvenile birds is also found. The high number of juvenile 
animals and their lower preservation potential may have 
biased the total bone sample. 

The season of occupation of the site is reconstructed from 
the time of killing of the various animals. Juvenile animals of 
species with known short breeding season and the temporary 
summer presence of migratory birds are particularly useful 
seasonal indicators (Table 22) .  The occurrence of juvenile 
calves, 0-3 months old, of Bos primigenius, Alces alces, Cap
reolus eapreolus and Cervus elaphus, and of piglets from Sus 
seraJa indicates that hunting at Ulkestruplyng took place 
during the four summer months (Figs. 138-139) .  This sea
son of occupation is confirmed by finds of very juvenile 
individuals of a number of water birds. 

The l3Cf12e ratio in bone collagen of mammals and fish 
from Ulkestruplyng shows terrestrial ol3e values for all 
species (Fig. 1 34) .  The values were, with a few exceptions, 
higher (less negative) than comparable values from Late 
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Atlantic Åmose faunas. The ol3e values on Cervus elaphus 
from Ulkestruplyng are similar to values from modem roe 
deer from the Oxbøl heather-pine plantation (Figs. 1 16, 
1 18 ) .  The higher ol3e values of Cervus elaphus from Ulke
struplyng compared with the Late Atlantic fauna are inter
preted as resulting from a diet obtained in the more open 
Boreal forest and the surrounding grass- and herb-covered 
areas. Values of ol3e in modem Cervus elaphus from two 
Danish localities, Oxbøl and Buderupholm, seem to indicate 
that animals from the open heather-pine plantation at Ox
bøl have high er values than animals from the large deciduous 
forest ofBuderupholm. The trend in the ol3e values of fossil 
Capreolus capreolus is opposite to that found for fossil Cervus 
elaphus. The values change from lower at Ulkestruplyng to 
higher at the Late Atlantic sites. This trend is interpreted as 
resulting from a change in choice of habitat, and thus of 
feeding grounds, from shaded but open forest vegetation to 
the more exposed vegetation of the forest rim. The change in 
habitat selection resulted from establishment of the shade
producing climax forest and from tlooding of the lowlying 
grass- and herb-covered areas around the Åmose lake. The 
o13e values of Bos primigenius are low and seem to indicate 
that aurochs was feeding in or near the forest, whereas the 
higher values for Bos domestieus indicate that it was feeding 
on open-space grass cover. This may be an indirect indica
tion of forest clearance otherwise interpreted from pollen 
diagrams. 

The ol3e values of Canis Jamiliaris are very low, indicating 
a terrestrial origin of their food. This is in contrast to the 
marine values obtained from the dogs of Kongemose, de
scribed under the Early Atlantic period. The combined bio
logical evidence from the faunal remains and the ol3e values 
of the bone collagen may thus be used to reconstruct the 
palaeoenvironment. 

Palaeoenvironment 

The differences in habitat preferences of the diverse Late 
Boreal fauna of Ulkestruplyng indicate the availability of a 
varied selection ofhabitats. They include forests, more open 
grass- and herb-vegetated plains, and low lying meadows 
around lakes and water courses. 

The habitat requirements of the bird fauna give an overall 
palaeoenvironmental picture of a large nutrition-rich lake 
with smaller bays and enclosures. The lake was dissected by 
the slowly running waters of the river Åmose Å. It was 
rimmed by a vegetated zone of reeds and other plants (Fig. 
33) .  The meso- to eutrophic lake sustained a mollusc, insect, 
and fish population, which served as food for many of the 
bird species. The species distribution and frequency seem to 
indicate that the Late Boreal lake was large and more open 
than the Late Atlantic one (Tables 28-29) .  

The fish fauna confirms this reconstruction of the lake 
environment and also indicates variations in the bottom 
sediments and topography. Abramis brama dwells on soft 
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bottoms, in deep-water. Scardinius erytrophthalmus prefers 
the characean vegetation in dear, slowly running water, and 
Esox lucius and Tinca tinca favour the vegetation zone of a 
Potamogeton lake type with its opportunities for hiding. 
Shallow-water areas were important to the warmth-de
man ding Silurus glanis and Scardinius erytrophthalmus. 

Culture 

A large num ber of sites belonging to the Maglemose culture 
occurred around lakes and along rivers. The most prominent 
Maglemose culture sites on Sjælland are from the bogs at 
Maglemose, Åmose, Tissø, Sværdborg, Holmegård, and 
Lundby. Hut floors, hearths, and an innumerable amount of 
bones and stone tools are found. The bone tools are particu
larly numerous and of high quality. 

Traces of human activity on bone fragments of prey ani
mals from Ulkestruplyng yield important information on 
Late Boreal hunting strategies, butchering, skinning, fillet
ting, marrow fraeturing, and eating. Only a few hunting 
traces have been recorded, e.g., a rib which was hit by a shot, 
broken, and healed, with callus formation as a result. The 
fragmentation pattern resembles that of the British Pre
boreal Star Carr site, and there are similarities to the frag
mentation pattern of the younger Kongemose site. Most of 
the bones are broken in a rather crude way, resulting in large 
fragments. Exceptions are metapodials and tibia, which were 
differently treated, probably because theywere used in bone
tool fabrication. The distal epiphyses were carefully removed 
very dose to the joint by a cut and groove technique (Pl. 24) .  
A number of  distal ends from both bone elements were white 
burned. 

The fragmentation technique used at the Late Boreal site 
Ulkestruplyngwas significantly different from that applied at 
the Late Atlantic sites. The fragmentation pattern may thus 
be used to identify the cultural affiliation of the site deposits. 
Filletting marks are quite common on both shoulderblades 
and ribs. This may indicate that meat was dried or smoked 
for conservation purposes. Red deer, beaver, and otter were 
skinned, leaving characteristic cut marks across the nasal and 
frontal bones and on the caudal side of the mandibles (Figs. 
73, 100) . Cervus elaphus antlers were cut or chopped off and 
used in to ol proeessing (Figs. 35, 73) .  

I t  is noteworthy that only very few bird bones have any 
working traces (Fig. 106, bottom) .  The presenee of a large 
number of bird bones, fish bones, and bones of both juve
niles and adults ofboth sexes of mammals indicates that the 
site was a more permanent summer base camp where hunt
ing, fishing, and trapp ing took place. This interpretation is 
supported by the large finds of waste products of bone and 
antler fragments from to ol fabrication. 
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Early Atlantic time (8 ,000-7,000 B.P. )  

Pa laeogeograp hy 

A very rapid high of sea-level rise occurred during this period 
(Liljegren 1982) .  The associated transgressive phase is called 
the Early Littorina transgression (Iversen 1937) .  The con
temporary beach displacements curves from Vedbæk, Sjæl
land, are more than 3 m above present -day sea level (Fig. 23) .  
The relative sea-level rise took place simultaneously with 
continuous isostatie uplift. During that period, Denmark 
changed from being part of the north European landmass to 
an area of islands and peninsulas almost attaining its present
day shape. In the Storebælt channel a rise in base level to ok 
place already at the very end of the Boreal period, and shortly 
thereafter a gradual change from lacustrine detritus gytt ja to 
brackish-water days and silt with brackish-water bivalve 
faunas occurred. The relative sea-level rise was extremely 
rapid, from -30 m to +3 m in about 1 ,000 years. In the Baltie, 
the Ancylus Lake became brackish in Early Atlantic times 
and fully marine later in the Atlantic period. 

Lacustrine sediments of the Amose basin 

A thin bed of a transgressive littoral deposits of sandy coarse 
drifted gytt ja with complete gastropod shells erosionally 
overlies the regressive Late Boreal deposits of bioturbated 
sand with broken gastropod shells (Fig. 1 1 , profiles PL I-Ill) .  
The erosionally based regressive unit is interpreted to  derive 
from the second episode of forced regression in the late 
Boreal period (Fig. 26) . The basal unconformity is a lacus
trine sequence boundary that can be recognized in many 
lacustrine basins in southeastern Scandinavia. The hiatus 
covers several hundred years. The second transgressive sur
face of erosion is overlain with a sharp boundary by fine 
calcareous deep-water detritus gytt ja. The thickness of the 
Early Atlantic fine detritus gytt ja is only 10-15  cm in the PL 
Il profile. 

Lake level 
I 

The succession, thickness and deep-water type of deposits 
indicate a rapid lake-level rise resulting in basinal starved 
deep-water deposits followed by a period of high-stand 
which lasted to the end of zone VI (sensu Jørgensen 1963) ,  
when an abrupt fall in lake level occurred. A similar rap id rise 
in water level is also recorded from other East Danish lake 
systems, e.g., Holmegårds Mose (Andersen et al. 1983) .  The 
Pinus forest on former dry land along the lake was sub
merged, and peat spread, covered, and preserved the tree 
stumps. 
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Geochemistry 

Isotope zone 6, characterized by instability and frequent 
changes in the isotope values and other geochemical param
eters, is described here, although it covers both the Atlantic 
period and the earliest Subboreal period (Figs. 1 5-16) .  The 
instability is interpreted to result from rapid changes in lake 
level. There are four more prominent excursions in the 
curves of o13Corg and 0180, coinciding with ch�ges in t?e 
content of organic matter, carbonate, and dastlC matenal 
(Figs. 15-16, 27) .  The four excursions are interpreted to 
mark rises in lake level. Palynology and 14C dates, although 
few, seem to indicate that these excursions coincide with the 
transgressive phases of the Early Atlantic, High Atlantic, Late 
Atlantic, and Early Subboreal Littorina transgressions (in the 
sense ofIversen 1 937) .  The first lake-Ievel rise occurred in the 
Early Atlantic period and the next in the Middle Atlantic 
period (Fig. 27) .  A subsequent Late Atlantic rise in lake level 
occurred contemporaneously with the onset of the last ma
rine transgressive phase (shown at the top of the diagram in 
Fig. 27) .  

The periods characterized by rapid lake-Ievel rise show 
increase in organic matter and decrease in 013Corg values. The 
increase in organic matter is interpreted to result from an 
increased input of terrestrial organic material from the sub
merged rim of the lake, supplemented with an increase in the 
organic production in the nutrition-enriched lake. The

. 
de

crease in 013Corg is interpreted as resulting from a combm
.
a

tion of the increased input of already depleted terrestnal 
organic material and an increase in algal production with 
generally low ol3C values in an increasingly light-depleted 
water column. The increase in algal production is confirmed 
by an increase in Botryococcus and Pediastrum at places in �e 
Åmose basin (Jørgensen 1963) .  The slightly later decrease m 
0180 is interpreted to retlect high water level and to result 
from increased intluence of surface rainwater as the resi
dence time decreased. It is also assumed that mixing of the 
water column in periods with high water level was less 
efficient, and temporary stratification probably occurred. 

At stabilized high water-Ievel carbonate production in
creased, 013Ccarb decreased, 0180 increased, organic matter 
content decreased, and 013Corg increased. 

The recent destruction of the lake sediments by ploughing 
has unfortunately made it impossible to sample strata 
younger than the Early Subboreal. 

Climate 

The climate changed during this period from continental to 
maritime type. The warmth-demanding plants present al
ready in the Boreal period continued into and became domi
nant in the Atlantic period. Faunal species that today have a 
southern distribution, like Pelecanus crispus, Emys orbicu
laris, and Silurus glan is, are still found in the habitation-site 
deposits. The increasing vicinity of the sea changed the 
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climate from dry to humid. Iversen ( 1967) considered it to be 
the warmest period with an average summer temperature 
during Flandrian times 2-3°C higher than today. The pres
ence of tlowering Hedera further indicates mild winters. 
Both Hedera and Viscum are found in zone VI in Åmosen 
(Jørgensen 1 963) .  

Flora 

The dimax trees of the high forest immigrated already dur
ing the later part of the Boreal period. They established 
themselves in the Atlantic-time Pollen zone VI, the Older 
Lime period. They ousted the Corylus-Pinus forest. Corylus 
could not compete with lime on nutritious soils, and Pinus 
only survived on very poor soils. The dense forest consisted 
of shade-tolerant trees covering large areas of Sjælland and 
North and East Jylland. Under the canopy of the dimax 
forest, very little forest -tloorvegetation could thrive and only 
within a short season; only a few shade tolerant herbs grew as 
sub-vegetation. Shrubs and bushes mainly occurred at the 
rim of the forest. 

The main trends of the regional tloral development can be 
recognized in the Åmose pollen diagrams (Jørgensen 1963, 
1982). The pollen curves give a dear picture of how the 
dimax trees ( Ulmus, Quercus, Tilia) ousted the pioneer trees 
(Betula and Pinus) and Corylus (Iversen 1960). Alnus is not 
affected by this competition, as it grows on soil toa moist for 
other dimax trees. The increasing shade is retlected in the 
decrease in pollen from herbs and light-demanding trees. 
The dimax forest trees and Corylus decreased simulta
neously in the later part of zone VI. Alnus and, shortly 
thereafter, Betula increased up to the transition between 
pollen zones VI and VII (Jørgensen 1963) or a� t?� very 
beginning of pollen zone VIla (Jessen 1938) .  ThlS IS mter
preted to res ult from a rapid rise in lake level. A marked 
decrease in limnophyta, amphiphyta, and Cladium pollen, 
however, occurred just after the transition between zones VI 
and VII (Jørgensen 1963) .  This coincided with an increase in 
the curve showing degree of pollen destruction indicating a 
rapid shortlasting fall in water level, corresponding to the 
third forced regression (Fig. 26) .  

Fauna 

The fauna on Sjælland underwent great changes during the 
Atlantic period (Figs. 65-66) . A number of species from the 
Boreal fauna disappeared, although a few have re-immi
grated in modem time. The number of large mammal spe
cies is especially reduced, and Ursus arctos, Lynx lynx, Alces 
alces, Bos primigenius, Mustela putorius, and Meies meies 
disappeared in the later part of zone VI (Aaris-Sørensen 
1980) . 

There are very few sites or faunal remains in the Åmose 
basin from the Atlantic period. This is probably the result of 
changing high-water level in the Åmose lake. There are, 
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however, a few finds from the high-lying till areas surround
ing the lake. 

The Kongemose site (5,600 b.c.) is one of the few Early 
Atlantic sites. It is situated on an elevation of glaciofluvial 
deposits less than a hundred meters west of the Late Glacial 
and Early Preboreal Sandlyng A delta deposits (Fig. 8) .  The 
regional reduction in number of species is reflected in faunal 
differences in the site deposits ofUlkestruplyng and Konge
mose. In spite of the very large well-preserved number of 
bone fragments found at Kongemose, Meies meies and Bos 
primigenius (known from Ulkestruplyng) do not occur, and 
Alces alces is only represented by four fragments, which may 
even be stray bone fragments from earlier Maglemose habi
tations. The general preservation of the 5,000 bone frag
ments is very good, apart from human fragmentation, and 
bones from newborn calves of Cervus elaphus and newborn 
Sus seraJa are preserved. The few bird bones are in a very poor 
shape, and almost all lack the epiphysial ends. Juvenile bird 
bones are common and poorly preserved, so that species 
determination is not always possible. Fish bones are large 
and poorly preserved, and their num ber is also very low 
compared with the thousands found at, e.g., Muldbjerg I and 
Præstelyng. Fish and bird bones at Kongemose seem prima
rily to have been deposited in taphozone I, whereas most 
mammal bones were deposited in taphozone Il and a few in 
zone Ill. In spite of the relatively good preservation of the 
bone material, large differences in EMNI from 53- 17  on 
Cervus elaphus occur. The variation in EMNI of Cervus 
elaphus is based on estimates on different bone elements. The 
variation in EMNI indicates the incomplete state of the 
material (Table 10) .  

A number of lesions are recorded on the bones, most of 
them inflicted by man, as diseussed below. A number of 
mandibular teeth from a very old individual had caries in the 
ml . A broken leg was infected by osteoporosis, and a num ber 
of ribs show healed lesions after breakage, which may result 
from rutting fights. 

The biometrical data from the large Kongemose material, 
especially on Cervus elaphus, serves as the standard for com
parison of other, less affluent, bone assemblages from Ulke
struplyng, Præstelyng, and Muldbjerg I. The large number of 
measurable bone elements makes it possible to estimate the 
size range of the common speeies and, in many cases, to 
distinguish between males and females. Cervus elaphus from 
Kongemose are in general larger than those from the 
younger sites Præstelyng and Muldbjerg I. The largest 
Kongemose animals are similar in size to those from Ulke
struplyng. There is thus no evidence for body-size reduction 
of the various mammais, although the smallest Kongemose 
animals are similar to the Præstelyng and Muldbjerg I ani
mals. 

The age distribution of Cervus elaphus is unusual, charac
terized by a high number of animals 8 years old or more, 
whereas rather few juveniles are found (Table 1 1 ; Fig. 56) . 
This is interpreted as the result of selective hun ting of mature 

FOSSILS AND STRATA 37 ( 1 995) 

animals in order to obtain good raw material of antlers and 
bones, e.g., metapodials for tool fabrication. 

The time of occupation of the Kongemose site is estimated 
on the basis of antler development of Cervus elaphus and 
Capreolus capreolus and the age of the juvenile bones of 
Cervus elaphus, Capreolus eapreolus, and Castor fiber. The 
combined evidence indicates two seasons of occupation, one 
during the four summer months and another in the late 
autumn, or possibly early winter (Figs. 1 38-139) .  There are 
only a few bird bones, and they are of moderate help as 
seasonal indicators. A number of juvenile bones from crane, 
white-tailed eagle, and black stork confirm summer occupa
tion. The very few fish bones found suggest that fishing was 
not of great importance for the inhabitants. 

The 13 C! 12e ratio in bone collagen from mammals and fish 
show that the Kongemose values lie between Ulkestruplyng 
and Late Atlantic values (Figs. 1 14, 1 1 6, 1 1 7, 1 2 1A) . The 813e 
values of Cervus elaphus are thus lower than those from 
Ulkestruplyng but higher than those of the Late Atlantic 
Præstelyng and Early Subboreal Muldbjerg I. There is a 
significant difference between 813e measured on Cervus 
elaphus and Capreolus eapreolus at both Ulkestruplyng and 
Præstelyng-Muldbjerg I (Fig. 120) .  The 813eorg values of 
Cervus elaphus and Capreolus eapreolus from Kongemose are 
not significantly different, in contrast to what is found at 
Ulkestruplyng as well as the Muldbjerg I and Præstelyng 
sites. This is interpreted as reflecting the ongoing changes of 
the palaeoenvironment around the Åmose lake. 

Palaeoenvironment 

The climax forest with its restricted forest-floor vegetation 
was in the proeess of being established. The high base level 
resulted in submergence of the herb- and grass-vegetated 
rim zone of the lakes and along sea shores. The changes in 
isotope values in the Kongemose bone material compared 
with Ulkestruplyng corroborates the change ·in forest com
position indicated by the pollen diagrams. The 813e values of 
dog bone collagen from two individuals from Kongemose 
suggest that their main diet was of marine origin. The inhab
itants of the Kongemose site probably lived mainly on a 
marine diet, as it is most likely that dog and man from the 
same site had similar diets and thus similar 813e values. The 
combined evidence from butchering technique and isotopic 
data suggests that the people from Kongemose spent most of 
their life at the coast and probably only used the Åmose site 
as a hunting ground in late summer and autumn. The coast 
was thus within reach of the Kongemose people. 

The speeies diversity had already dropped, reflecting the 
gradual reduction in habitat diversity. The fish bones at 
Kongemose are few in number, but the most common 
freshwater fish are represented, indicating the presence of 
vegetated mud bottom, less muddy areas with running wa
ter, and deep-water areas. The bird bones are also few in 
number and include a large number of juveniles. The bird 
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fauna is dominated by forest-dwelling birds like Haliaeetus 
albicilla, Buteo buteo, Tetrao urogallus, Ciconia nigra, Corvus 
carane, and Grus grus, the last with a second preference for 
large moors. Birds living in dense reed vegetation are also 
found, but they are not as dominant as at the younger sites. 
The bird fauna indicates the proximity of the forest and lake 
or moor areas. 

Cu Itu re 

A large number of sites from the Kongemose culture, also 
called 'The old coastal culture', are found along the coast in 
the northeastern part ofDenmark, whereas they occur below 
present -day sea level in the southeastern part of the country. 
It is represented by the large coastal sites Carstensminde, 
Villingebæk, some of the Vedbæk sites, and by the inland 
Kongemose site in the Åmose basin, the type locality of the 
culture. The Kongemose people were very skilled in fabrica
tion of bone tools, and their flint flaking technique was 
excellent. 

The rich bone material from the classic Kongemose site 
allows significant conclusions on fragmentation pattern and 
types and distribution of working traces. A number of 
Kongemose bones show damages after hunting in the form 
of healed and unhealed lesions. The proximal epiphysis of 
humerus from Cervus elaphus cleaved by an oblique arrow
head (Pl. 47:2) ,  the healed lesion on the scapula from Capreo
lus capreolus (Pl. 46: 1 ) ,  the infected, broken femur from 
Cervus elaphus probably fractured by an arrow (Pl. 47: 1A
C), and the healed lesions on various ribs (Pl. 46) suggest an 
intense hunting activity. The fragmentation pattern is in 
most cases crude and unsophisticated. The bones are broken 
right across by a stroke with a pointed implement, and in 
some cases it appears as if the bone was used as a club that was 
hit against a pointed object. Two modes of fragmentation 
pattern of the skull seem to occur (Figs. 74-75) .  

The limb bones are most often simply broken, except for 
some tibial bones and a number of metacarpals and tarsals, 
which seem to have been more carefully treated. The last two 
elements were used as raw material for tool fabrication. A 
large number of the bones were black-burned or sod
stained. The mode of fragmentation implies that only two 
major fragments were produced per bone element, but frag
ments from the same bone can rarely be reassembled owing 
to crushing of bone material around the impact area. 

W orking traces are relatively rare at Kongemose. Excep
tions are those found on the metapodials, where cut and 
chop marks after skinning and tool proeessing occur. There 
are remarkably few working traces after dismembering. The 
evidence from both bone fragmentation and working traces 
show a complex pattern indicating two modes of dealing 
with the bones. Binford ( 198 1 )  pointed out that the frag
mentation pattern and working traces may vary within the 
same culture depending on season of killing and type of 
habitation. The mode of bone treatment at a hunting camp 
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differs from that of a seasonal hunting site ( in this study) . In 
the first case, the bones were commonly crudely broken, 
whereas they were more meticulously treated at the more 
permanent site. 

The different modes ofbone treatment at Kongemose may 
thus indicate that the site had been visited for different 
purposes. Data on season of occupation (pp. 265-268) ,  
stable isotopes in dog bone collagen, and differences in bone 
treatment indicate that the Kongemose site was used as a 
seasonal hunting settlement, at least in one or a few seasons, 
but for the major part it was a hunting camp revisited by 
coastal-living people of the Kongemose culture. 

Late Atlantic - Early Subboreal period 
( 7,000-4,900 E.P. )  

The very rapid rise in sea level continued until late in the Late 
Atlantic period, when the rate started to decrease; the beach 
displacement curve at Vedbæk levels out at +5 m. The beach 
displacement curve from about 6,000 B.P. to 4,900 B.P. 
shows several fluctuations between 4 and 5 m (Fig. 23). The 
coastal areas of modern Denmark were submerged. 

The changes in relative sea level may result from pulses of 
eustatic rise during a period of constant isostatie uplift. The 
pulses may be the result of rapid melting of marine ice 
shelves. The changes in relative sea level may also result from 
pulses of isostatie rebound during a period of constant sea 
level or constant slow rate of sea-level rise. The excursions of 
the beach-displacement curves are marked, shortlasting, and 
reflect a succession of rapid transgressive-regressive phases, 
which are termed the High, the Late, and the Subboreal 
Littorina transgressions. The Storebælt channel and the Bal
tie were now fully marine. 

Lacustrine sediments of the Amose basin 

The deep-water deposition of fine calcareous detritus gytt ja 
continued to the zone VI-VII boundary. Most of the sedi
ment consists of disseminated plant material and green algae 
such as Pediastrum and Botryococcus. Occasionally very well
preserved land-derived plant material occur. There is virtu
ally no clastic material, neither in the relatively nearshore 
Præstelyng profiles nor in the more basinward A 20 1 profile. 
Complete gastropod shells occur seattered in the sediment 
but may also occur in beds, 1-3 cm thick, together with 
broken shells. In PL Il a slightly thicker bed of mixed sand, 
gastropod shells, and drifted material occurs at the base of 
zone VII (Fig. 2 1 ,  bed 7) .  This bed was deposited during a 
regression and is interpreted as representing the third forced 
regression. The basal unconformity is thus a lacustrine se
quence boundary (Fig. 26) .  The regressive unit has very 
sharp lower and upper boundaries and is eneased in fine 
deep-water gytt ja. The regressive event can be traced in all the 
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geochemical parameters in both the PL profiles and the 
deep-water profile A 20 1 .  In A 20 1 the fine-grained detritus 
gytt ja covering isotope zones 4-6 can be divided into three 
units on the basis of frequency and distinctness of the biotur
bated humified levels. At the transition between units 2 and 
3, there is a change from distinct to indistinct, blurred bur
rows, which appear as if they were made in a somewhat 
thixotropic sediment. At the boundary, the curve for dastic 
material shows a small increase. This change in the deep
water deposits is interpreted to reflect the correlative level of 
the third forced regression. The slight increase in dastic 
material corresponds to the regressive deposits in Pl Il, 
whereas the blurred burrows can be correlated with the 
sediments deposited during the following flooding and 
transgression. 

At the end ofisotope zone 5, a new regression occurred. In 
the more nearshore profiles PL I and Il it is represented by a 
bed ofhumified mixed sand, gytt ja, and drifted material, 8-
10 cm thick. The regression covered a period of about 1 00-
200 years, from about 3,400 B.C. to 3,200 B.C. The archaeo
logical material indudes site deposits from the Præstelyng 
habitation found in the nearshore deposits. The basinward 
equivalent in A 20 1 is presumably marked by a water-moss 
peat layer (Fig. 2 1 ,  bed 5) .  This correlation is based on the 
similarity in the excursions of the geochemical parameters in 
the two profiles below the bed. This is the last distinctly 
regressive succession dearly incased in deep-water detritus 
gytt ja. The regressive sediments may have been deposited 
under a fourth forced regression. 

This fourth regressive unit is rather thick in the nearshore 
profiles compared to the previous units. Progradation of the 
lake rim had probably commenced, reflecting that the rise in 
base level and water level had ceased. The regressive deposits 
may thus result from a fourth forced regression superim
posed on a prograding high-stand system. 

The regressive deposits were flooded during a rise in lake 
level early in pollen zone VIII. The humified coarse drifted 
gytt ja ofbed 9 in Pl Il was overlain by fine detritus gytt ja with 
a sharp boundary. In A 201 the fine detritus gytt ja ofbed 7 is 
interrupted by a gastropod shell bed, which can be recog
nized in many of the profiles over the entire basin. The shell 
bed probably represents a shortlasting lake-Ievel fall. It is also 
reflected in the geochemical parameters. 

Lake leve! 

The Middle Atlantic to Subboreal lake-Ievel curve both in PL 
Il and A 20 1 reflects a general high lake level marked by fine 
deep-water sediments in nearly all the profiles. The lake-Ievel 
curves also reflect changing water level, and three transgres
sive phases are recognized. They are interpreted to reflect 
changes in base level induced by rises in relative sea leveI. The 
changes in relative sea level coincide with the three last 
Littorina transgressions (in the sense of Iversen 1937) .  
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Geochemistry 

The geochemical parameters of isotope zone 6 are described 
under the Early Atlantic period, induded in the interpreta
tions ofbase-Ievel and lake-Ievel changes. 

Climate 

The Atlantic time was probably the warmest interval of the 
Flandrian period, and a number of faunal and floral indica
tors for warm dimates occur. Many have later disappeared 
from Denmark. The average summer temperature was 
probably 2-3°C above present-day average. The precipita
tion was still higher than during Boreal times, but seems to 
have decreased compared with the precipitation in the Early 
Atlantic. The Sphagnum curve reflecting precipitation thus 
shows a decrease. 

Flora 

The high forest trees continued with very few changes and 
formed a stable dense dimax forest during most of pollen 
zone VII .  The pollen curves for the dimax forest, however, 
show some instability from the Middle to the Late Atlantic 
period. Pioneer trees and dimax trees seem to have com
peted over the space along the lake rim. At the end the dimax 
forest won the battle (Iversen 1967) .  The vegetational insta
bility is interpreted to result from lake-Ievel changes (Iversen 
1967) .  A marked dedine inAlnus and Hedera occurred at the 
end of pollen zone VII at the transition to the Subboreal 
period. The Ulmus dedine, which also marks the boundary 
between pollen zone VII and VIII, is interpreted to reflect 
introduction of leaf feeding (Iversen 1 949, 1967; Troels
Smith 1960b) .  Man was from now on a major factor in 
determining the extent and composition of the natural for
est. The Ulmus dedine is dated to 3 ,000 b.c., which also 
marks the transition from the Mesolithic to the Neolithic 
culture. The Atlantic forest covered most of Sjælland, and the 
water courses acted as corridors connecting the sparse graz
ing areas around lakes and beaches. 

Fauna 

A depauperation of the fauna on Sjælland took place already 
at the transition between the Boreal and Early Atlantic peri
ods, and the decrease in species diversity continued during 
Middle and Late Atlantic times, probably as a result of the 
island isolating effect (Fig. 66). 

The main theme in island ecology is the relationship of 
species to area. The environmental heterogeneity and habitat 
diversity dedine, immigration is hindered, and empty niches 
after local extinction events cannot be filled (Mac Arthur & 
Wilson 1967; Mac Arthur 1972; Williamson 198 1 ) .  

The two largest species, Bos primigenius and Alces alces, 
and four predator species, Ursus arctos, Mustela putorius, 
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Meles meies, and Lynx lynx, disappeared from Sjælland dur
ing a short time interval covering the Boreal through Early 
Atlantic period (Aaris-Sørensen 1980) .  

M ustela putorius today lives on the culture steppe and is far 
from a forest animal. It favours areas around lakes and rivers 
where it preys on frogs and fish as well as small rodents. It is 
known from the Boreal Maglemose culture site Ulkestrup
lyng on Sjælland, whereas in modem Denmark it only occurs 
in Jylland. 

Meies meies prefers well-drained soils for its subway sys
tems, and it dislikes extensive wooded areas where admission 
to meadows and fields is impeded. Badger is only found at 
Ulkestruplyng, probably the youngest find on Sjælland be
fore its reintroduction in Historical time (B. Kildager, per
sonal communication, 1989) . 

Ursus aretos prefers areas with varied vegetation. It is 
mainly vegetarian, and roots and berries is the main diet. It 
seeks running water for fishing purposes, and prefers the 
open type of forest, with meadows and lakes. 

Lynx lynx is very well adapted to hunt in snow-covered 
areas and prefers coniferous forests with large lakes. 

Mustela putorius and Meies meles are present at Ulkestrup
lyng. Ursus aretos and Lynx lynx have not been found there, 
but they do occur at other Åmose sites from the Maglemose 
culture. 

The disappearance of the four predator speeies from Sjæl
land within 600 years reflects not only a reduction in number 
of their preferred prey but also a change in habitat as well as 
human hun ting pressure on a stationary population with 
limited immigration and emigration possibilities. The 
change of the Sjælland area from being part of the northwest 
European landmass to an island covered with dense forest 
resulted in a reduction in habitat diversity and in character of 
plant communities. 

The drastie impoverishment of different types ofhabitats 
available for the standing mammal population such as Cer
vus elaphus, Capreolus capreolus, and Sus seraJa further led to 
a reduction in body size, in addition to the decrease in 
number of individuals. 

The depauperation of the Åmose fauna is clearly demon
strated in the bone material from the four sites. The first 
incipient size decrease occurred already from Ulkestruplyng 
to Kongemose and continues at the Late Atlantic Præstelyng 
site, dated at 3,200 E.e. The wild fauna of the Early Subboreal 
Muldbjerg I site, dated at 2,900 E.e., is similar to that found 
ofPræstelyng, but there the first domestie animal appeared, 
Bos domestieus and Ovis/ Capm. Sus seraJa is only represented 
by five incisors at Muldbjerg I, and it is not possible to tell 
whether they are from a wild or a domestie pig. 

The most important larger mammals at Præstelyng and 
Muldbjerg I are Cervus elaphus and Capreolus eapreolus, at 
Præstelyng also Sus seraja. In general, the 3,300 bone frag
ments from Præstelyng and the 3,200 determined bone 
fragments from Muldbjerg I are very well preserved, apart 
from being fractured by the inhabitants of the sites. Preserva-
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tion varies, depending on place of deposition in taphozones 
I, Il or Ill. The occurrence ofjuvenile bones ofboth birds and 
mammals indicates a high preservation potential, provided 
that the bones were embedded in sediment shortly after they 
were discarded by humans. Fish bones are numerous, and 
only part have been determined, including 1 ,400 from 
Muldbjerg I and 2,000 from Præstelyng. The high variation 
in EMNI from the various bone elements of Cervus elaphus at 
Præstelyng, 3-1 1 as compared with 3-5 at Muldbjerg I, 
indicates a higher taphonomic bias at Præstelyng. 

The biometric data on Cervus elaphus and Capreolus ca
preolus from both sites clearly demonstrate a significant 
decrease in body size from the time ofhabitation of Konge
mose to the time of occupation ofPræstelyng and Muldbjerg 
I. There is no size difference between the animals from 
Præstelyng and Muldbjerg I and other Late Atlantic sites 
from the Åmose basin. Both males and females are rep re
sented in the bone material. Two complete male skeletons of 
Cervus elaphus, found in the same sediment layer in the 
vicinity of Muldbjerg I, have significantly smaller dimen
sions than the Kongemose material. 

At Præstelyng more than half of the EMNI of Cervus 
elaphus and Capreolus capreolus are juveniles, whereas juve
niles are, with one exception, absent at Muldbjerg I. The age 
structure at Præstelyng may be one of the reasons for the 
higher taphonomic loss compared with Muldbjerg I, as 
juvenile bones are more fragile. 

The time of occupation of the Præstelyng site is clearly 
delimited to between April and the beginning of September. 
For the Muldbjerg I site the time of occupation is less well 
defined, as no juveniles of Capreolus capreolus and only one 
of Cervus elaphus occur. The habitation period was probably 
between May and late September, as indicated by seeds, twigs 
from a fishing trap, and bones of juvenile birds. 

The l3C/l2e ratio in bone collagen from most of the 
mammal species at the two sites shows very negative values, 
with Capreolus capreolus as an exception. There is a very clear 
trend from less negative 813e values in the Ulkestruplyng 
material to more negative values at the younger Præstelyng 
and Muldbjerg I material. A further decrease in 813e values 
occurs even between Præstelyng and Muldbjerg I in Cervus 
elaphus and other speeies. This trend probably reflects an 
environmental change from open forest with grass and herbs 
to a dense forest with very little open space and a very sparse 
herbal vegetation. The animals were forced to seek most of 
their food in the forest, where the plants are growing in 
shade. Shaded plants have more negative 8J3e values than 
plants of the same speeies grown in light (Farquhar et al. 
1989) .  Decomposition ofputrefying leaves on the forest floor 
yielded depleted e02 values, and recirculation of e02 under 
the canopy possibly led to further depletion of 813e in the 
forest-bottom vegetation and thus in the animals that lived 
from it. The 8l3e of the dog from Præstelyng has clear 
terrestrial values, and the inhabitants of the site may thus 
have had mainly a terrestrial diet. 
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Palaeoenvironment 

The pollen diagrams indicate that a dense stable dimax forest 
prevailed during the Atlantic period until man started to 
dear it. The change in type and density of the forest from 
Boreal to Atlantic times is supported by evidence from stable 
isotop es in bone collagen of the animals who lived in and 
around the forest. 

The uniformity of the Atlantic forests caused a decrease in 
species diversity as well as body size of the surviving species. 
The bird species occurring at Muldbjerg I but absent from 
Ulkestruplyng are all characteristic of small boggish lakes 
surrounded by forest (Tables 28-29) .  The ratio between 
healed and unhealed lesions as an expression of recapturing 
of the same animal is 85% in the Atlantic period (Noe
Nygaard 1974) .  The figure is based on data from the entire 
country, but most of the information is, however, from 
Sjælland. The high number of recaptures indicates limited 
mobility ofboth man and animal and a high escape rate for 
wounded animals. This pattern is indicative of a dense forest, 
where the animals can easily escape and hide. The small size 
of Cervus elaphus also supports this interpretation. Forest
living red deer does not keep as large a harem as those in the 
open land, and thus large body and antlers are less important. 

Culture 

A large number of sites in the Åmose area are contemporane
ous with Præstelyng and Muldbjerg I, and some has been 
excavated to investigate the changes from the Mesolithic 
hun ter and gatherer culture to the N eolithic farming culture. 
A large number of contemporaneous coastal Ertebølle sites 
are represented by large shell middens, e.g., at Ertebølle, 
Meilgaard, and Sølager. The inland sites Præstelyng and 
Muldbjerg I represent summer hunting camps, but already 
at the Muldbjerg I site domestic animals, or parts of them, 
were brought in, maybe as an additional food reserve. 

The fragmentation pattern is almost identical at the two 
sites, although there are minor consistent differences. The 
fragmentation pattern is, however, very different from the 
one seen at Kongemose and Ulkestruplyng. The large limb 
bones were carefully fragmented. The proximal and distal 
epiphyses were divided by a series of lateral strokes into 
caudal and cranial fragments. Almost every bone that con
tained marrow or particularly fat tissue was fragmented. 
The meticulous fragmenting may indicate careful exploita
tion of all available hunting bag, probably a result of less 
affluent game reserves. The difference in fragmentation pat
tern between Muldbjerg I and Præstelyng probably reflects 
a difference in fragmentation tradition between the two 
populations. 

Very few bone lesions occur at any of the two sites, al
though a number of costae and a single scapula from Muld
bjerg I shows healed lesions. 
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Cultural development from Late Boreal 
to Early Subboreal times 

The palaeoenvironmental changes of the Amose area 
through Late Boreal, Atlantic, and Early Subboreal times 
may have played a role in the change in food economy from 
Mesolithic hunting-gathering to Neolithic farming. Infor
mation from northern Europe is particular useful for under
standing this transition, because of the abundance and qual
ity of finds. Evidence for farming appears suddenly across 
southern Scandinavia around 3, l 00 b.c. with the appearance 
of domesticated plants, animals, new ceramics, large tombs, 
etc. Farming and domestication were initiated in northern 
Germany and Poland, only a few hundred kilometers away, 
already by 4,500 b.c. and were not introduced into Denmark 
until about a 1 ,000 years later (Gebauer & Price 1 990, 1 992; 
Price 199 1 ) .  This delay may reflect lack of suitable dated sites 
from the intervening period, or it may reflect the presence of 
successful fishing-hunting communities who had little im
mediate use for domesticated plants and animals. 

But what did finally force the southern Scandinavian 
hunter-gatherer population to adopt the agricultural way of 
life? 

Two of the four sites in the Åmose area, Ulkestruplyng and 
Kongemose, predate evidence for contact with farmers. 
Præstelyng probably represents the 'import' and transition 
period between 3,600 and 3, l 00 b.c. , when crude potterywas 
used but traces of farming still were lacking (Price 199 1 ) .  
Muldbjerg I represents the earliest farming period with do
mesticated animals and thin-walled pottery of the funnel
neck type. There is nothing in the archaeozoological or 
archaeological material from the four sites that indicates 
colonization by new people or different ethnic groups. Many 
of the archaeological artefact types and the butchering and 
marrow-fracturing techniques are the same at Præstelyng 
and at Muldbjerg L Thus an indigenous adoption of farming 
is the most likely explanation for the introduction of agricul
ture and domestication in Denmark. 

Very little change in dimate, notably temperature, seems 
to have occurred in the first half of the Subboreal period, and 
dimate indicators for warm dimate persisted from the pre
ceding Atlantic period. Other environmental changes than 
dimate may, however, have triggered the cultural change, as 
indicated by the changes in the fauna found at the Late 
Atlantic and Subboreal sites compared to Late Boreal and 
Early Atlantic sites in the Åmose basin. The bone material 
from the two pre-agricultural sites indicates a great diversity 
in species and in number and size of individuals. At the 
'import' and transition period at Præstelyng the individuals 
are small, and a dear decrease in species diversity of larger 
mammals had occurred. This trend is also noted in the faunal 
evidence from Muldbjerg I, where also the first domestic 
cows and sheep occur. The evidence from stable carbon 
isotopes in bone collagen of the prey animals indicates a 
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change in foraging environment from the Early Atlantic 
open forest interspersed with grass and herbs at the time of 
occupation of Ulkestruplyng to the Early Subboreal more 
closed, less variable forest type found at the time of occupa
tion of Præstelyng. 

The marrow-fracturing technique also changes. It was 
performed rather crudely at Ulkestruplyng and Kongemose. 
Only those bones serving as raw material for tool fabrication 
were dealt with in a careful way. At Præstelyng all the bones 
were split for marrow in a consistent way. Very little of the 
raw material was used for tool fabrication. At Muldbjerg I the 
bones were likewise carefully split, but not as skillfully as at 
Præstelyng. The marrow-containing bones from domestic 
animals were crushed without any regular pattern of frag
mentation, indicating a different way of dealing with domes
tic animals. 

The pollen analysis indicates an increasing dominance of 
high forest trees through the Atlantic period. 

The sedimentary record and the stable-isotope analyses of 
the sediments show that the Åmose lake level has fluctuated. 
In periods, the entire lake-shore area was flooded, whereby 
the grass- and herb-covered foraging areas and living sites 
were submerged. 

The overall impression is that multiple palaeoenviron
mental changes during the Atlantic period led to increase in 
forest cover and decrease in species diversity and size of the 
natural population. 

The changing sea level and the lake level in the Åmose 
basin may have affected the biotop es so that the prey 
population decreased and became less easy to hunt. The 
Præstelyng people appear less affluent than those of Ulke
struplyng and Kongemose. The habitation of Præstelyng 
and the later Muldbjerg I occurred at the time when the 
transgression reached its maximum. The Præstelyng 
people had contact with the coast, as indicated by the find 
of the spurdog implement. Thus the effects of the changing 
environment may have been the trigger for Mesolithic man 
to aim for a more stable type of food supply provided by 
farming products. 

Changes in human population density cannot be identi
fied on the basis of the available material. It does not seem 
likely, however, that Mesolithic overpopulation was the rea
son for farming. 
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Dansk sammendrag 

Det foreliggende arbejde er en syntese af et sen- og post
glacialt lakustrint bassins sedimentologiske, geokemiske og 
økologiske udvikling. Der er lagt speciel vægt på indflydelsen 
af ændringer i klima og søniveau på flora, fauna og men
neskelig bebyggelse i og omkring Åmosen i det vestlige 
Sjælland. 

Efter indledningen (kapitlet 'Introduction', p. 5-1 1 )  
gennemgås den sedimentologiske o g  geokemiske udvikling 
gennem sen- og postglacial tid (kapitlet 'Geological setting', 
p. 12-64) .  Der opstilles seks lokale isotopzoner på basis af 
markante ændringer i Ol3C og 0180 kurverne. Isotopstrati
grafien muliggør korrelation af brednære aflejringer med 
aflejringerne i den dybe del af søen. Det synes ligeledes at 
være muligt at korrelere fra søbassin til søbassin indenfor en 
større region. 

Kapitlet 'Description of the four sites and general taphon
omy' (p. 65-73) giver en generei introduktion til de fire 
bopladser, hvis knoglemateriale beskrives i detaljer i dette 
arbejde. De fire bopladser er dateret til 6200± 120 b.c. (Ulke
struplyng) , 5600± 120 b.c. (Kongemose) ,  3200±lOO b.c. 
(Præstelyng) ,  og 2900±80 b.c. (Muldbjerg I). De tapho
nomiske faktorer der indvirker på det aflejrede knoglemate
riale er endvidere beskrevet for de fire bopladser. 

Kapitlet 'Palaeontological descriptions' (p. 74-177) inde
holder den systematiske og biologiske beskrivelse af de ialt 77 
arter af hvirveldyr, der er fundet under udgravning af 
bopladserne. Der er beskrevet 23 arter afpattedyr, 41 arter af 
fugle, 10 arter af fisk, l art af krybdyr og 2 paddearter (Tabel 
3-5) .  Knogleelementernes fordeling indenfor de enkelte 
arter fra de forskellige bopladser fin des i tabel 6-9. Endvidere 
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er de enkelte arters økologi og aldersfordeling gennemgået. 
De årstidsmæssige beboelsestidspunkter for de enkelte bo
pladser er søgt fastlagt ved hjælp af tandfrembrud, epiphyse
tilvoksning og udvikling af opsats for arterne Cervus elaphus 
og Capreolus capreolus. Fiskeknoglerne er også anvendt til 
såvel årstidsbestemmelse som palæomiljørekonstruktion. Et 
markant fald i artsdiversitet og en reduktion i kropsstørrelse 
for visse arter fandt sted i perioden fra 5600 b.c. til 3200 b.c. 
og tilskrives en begyndende ø-effekt. 

Kapitlet 'Trace fossils' (p. 1 78-243) omhandler de mærker 
og spor, som mennesker har afsat på deres byttedyrs knogler 
ved jagt, pelsning, partering og marvfragmentering. Frag
menteringsmåden er konsistent inden for de enkelte bo
pladser, men forskellig fra boplads til boplads. Ulkestrup
lyng, Præstelyng og Muldbjerg I har været egentlige 
sommerjagt bopladser, hvorimod Kongemose bopladsen 
synes at have været besøgt både sommer og vinter og har 
formodentlig været en jagtstation. Vinterjagten synes især at 
have været koncentreret om ældre kronhjorte med meget 
store opsatser. Snit-, hug- og savespors placering synes især 
at være bestemt af hvilke led, der er vanskelige at få fra 
hinanden, og hvilke knogler, der har kvalitet som råmateriale 
for redskabsfremstilling. 
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Kapitlet 'Stable carbon isotopes' (p. 244--268) omhandler 
tolkningen af de stabile kulstofisotoper i knoglekollagen. I 
knoglekollagen afspejler 813Corg værdierne de pågældende 
dyrs fødevalg. Ændringer i 813Corg værdier for samme art 
gennem tiden, for eksempel fra Sen Boreal tid til Sen Sub
boreal tid afspejler ændringer i artens fødesammensætning. 
Ændringer i seks af de elleve undersøgte arters fødevalg 
påvist gennem isotopstudier, tolkes som resultat af ænd
ringer i palæomiljøet omkring Åmosen. Disse er formo
dentlig kontrolleret af havniveauændringer og resulterende 
ændringer i søniveau og afspejler en stigende udbredelse af 
klimaksskoven. Ændringer i 813Corg værdierne hos enkelte 
arter indgår således i tolkningen af forandringer i palæo
miljøet. 

Kapitlet 'Seasonal indicators and season of occupation' (p. 
264--268) beskriver sæsonindikatorer og deres anvendelse i 
fastlæggelsen af beboelsestidspunktet for de enkelte bo
pladser. 

Kapitlet 'Synthesis' (p. 269-283) er en afsluttende syntese 
af de foregående kapitler, hvor klima, hav- og søniveau, 
sedimentation, flora, fauna, og menneskelige aktiviteter ind
går i en dynamisk model for den sen- og postglaciale udvik
ling af Åmose bassinet på Sjælland. 
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Appendix l 
Detailed systematie description of the various bone elements from the different speeies 

Cervus elaphus (red deer) 

Cranium 

Muldbjerg I 

Mul.l 86, 932, 2005, 24681, 129188, 513 1 9, 24368, 
1 6472. - Os premaxi/lare dextral, os maxillare dextral, os 

frontale dextral and sinistral, os parietale dextral and sinis· 
tral, os occipitale sinistral, os lacrymale dextral and vorner. 
The fragments can be reassembled to form a relatively 
complete skull of a female. Apart from the fragmentation 
itself, the state of preservation is good. The teeth are rather 
wom, belonging to an individual more than 5 years old. The 
skull was clearly split by a blow against os temporaie , 
imploding the cranial wall, whereafter the occipital region 
was hit by a lateral blow, splitting os occipitale in cranial 
and caudal parts (Fig. 76; Pl. 4.2A-B). 

Mul.l 28409a, 2849b, 31736. - The 3 fragments can be 
reassembled to form a dextral and a sinistral os maxillare 
with an attached palatine arc. All teeth are present except 
p2 sinistral. The jaws belong to an adult animal, 3-5 years 
old, with an only sligbtly wom complete set of teeth. There 
are no cut marks, but there is a clearly marked impact area 
in the palatine roof. The blow has split the skull in two parts. 
There are no traces from dog·gnawing (Pl. 2.3) .  

MuI.1 28730a, 30682, 10467. - A sinistral fragment con· 
sis ting of os maxiilare, os lacrymale and part of os jrontale. 
The bones are well preserved, except for os lacrymale, 
which is wom probably by rolling in water. The jaw belongs 
to an adult, and all teeth are wom, althougb not completely 
down. There are cut marks on os jrontale. The jaw has 
clearly been crushed just above the tooth row with small 
blows (Fig. 76C, H). There are no traces from dog·gnawing 
(Pl. 2.4, 4.3) .  

Mul.l 263 1 9, 2631 9b, 2631 9a, 26298. - A fragment of os 
occipitale consisting of condylos occipitalis, os occipitalis 
pars basi/aris, foramen magnum and processus styloides. 
The bone is weU preserved, heavy and massive, and belongs 
to an adult. There are strong cut marks on condylos oceipi· 
talis and on basi occipitalis itself (Pl. 4.4). 

Mu1.l 9814, 17368. - Os maxi/lare dextral fragment. The 
bone is well preserved and belongs to an older individual 
with very wom teeth. The piece is divided rigbt througb 
os palatinum. Canalis maxiilaris has been opened just 
above the tooth row by means of repeated small blows (Pl. 
2.2A-B). 

Mul.l 32574, 5235. - A fragment of the upper part of os 
occipitale. The piece is well preserved and belongs to a 
small adult. It has been split by a blow against crista 
occipitalis in order to divide the skull into two, and the 
whole lower part condylos occipitalis has come off. 

Mul.l 10687. - A fragment of a sinistral part of os occipitale. 
The bone is weU preserved and comes from an adult. It has 
been split by a blow througb crista oceipitalis in right and 
left halves (condylos oceipitalis and processus styloides). 

Mul.l 29336, 6592. - A fragment of the dextral part of os 
occipitale. The bone cornes from an adult and is weU 
preserved. It has been split by a blow througb crista occipi· 
talis in a rigbt and a left half. The bone is furtherrnore 
divided by a cut/blow into upper and lower parts (Fig. 76). 
There are clear cut marks on basi occipitalis. 

Mul.l 936, /071 9, 51797, 3270a. - A fragment of basi 
oceipitalis and os sphenoidale. The piece consists of 5 
fragments, which were cut rigbt througb dorso·ventrally 
dividing the bone into a right and a left half. The bone is well 
preserved, but the pieces show different degrees of preser
vation. Mul.l 1 0 7 1 9  has a dark and hard surface, the others 
are ligbt; Mu1.l 3270a and Mu1.l 936 have porous surfaces, 
but are not very wom; Mul.l 5 1 797 is ligbt, but has a hard 
and shining surface. The differences are probably owing to 
different burial histories. There are cut marks on the sinis· 
tral condylos oceipitalis (Mul.l 936). 

Mul.l 133031. -A skull fragment from the dextral side of os 
tempora/e pars squamosum and a part of os frontale with 
the brow ridge preserved. The bone is well preserved. The 
fragment was formed by a blow against os jrontale, which 
has divided it in rigbt and left parts. Cut marks occur on os 
jrontale. 

Mul.l 127398. - A small fragment from the rigbt side of os 
frontale. 

Mul.l 49546, 49547. - A fragment of the sinistral os 
maxi/tare pars premotaris. The bone is very fragile, and the 
enamel of the teeth has come off. The teeth are wom, and 
there is initial resorption of the jaw around the teeth roots. 

Mu1.l 23J08. - Fragment of os maxillare dextral with m2, 
m

3 
and �4. It is weU preserved and comes from a streng 

adult. M is not fully erupted and only sligbtly wom on the 
foremost cusp. The animal was about 3 years old. 

Mu1.l31651, 31636. - Ospremaxillare dextral with a small 
piece of os maxi/lare. The bone is dark and hard, and is well 
preserved. 

Mul.l 1 1 148, 20256, 3824. - Os premaxillare dextral with 
a small fragment of os maxiilare. The piece is weU preserved 
although sligbtly wom. It is ligbt and porous distally. 

Mul.l l l I0, 1 /09, 2007. - Reassembled fragments consist· 
ing of os premaxiltare sinistral with a piece of os maxi/tare. 
The bone is well preserved and dark in colour. Mul.l 2007 
is ligbt spotted and in a different state of preservation from 
the others. 

Mul.l 1286; Mul.l 16034; Mul.1 17060. - Three fragments 
of os maxi/lare (l dextral and 2 sinistral). The pieces form 
the contact between os maxillare and os premaxi/lare. The 
bones are well preserved, brigbt spotted and a little wom 
distally. 

Mul.l 1 1 793; Mul.1 14943. - Two distai, left parts of os 
premaxillare. The bones are only in part weU preserved. 
They have a wom, porous surface. 

Mu1.l30098; Mu1.l29040; Mu1.l28583·1; Mul.l 161 15. -
Four fragments of the distal part of os nasale (I dextrai and 
3 sinistral). The bones are well preserved and broken 
proximally. 

Mul.l 1626. - Os llJIoideum with cutmarks, well preserved. 

Mul.l 23179. - An isolated tooth, p2 sinistral. 

Mul.l 1698. - An isolated canine. 

Mul.l 25801; Mul.l 50948; Mul.l 25877; Mul.l 25967. -
Fragments of unshed, not fully developed antlers. Poorly 
preserved, very porous and light, and sometimes partly 
disintegrated. No traces of human activity have been 
observed. 

Mul.l 51335. - A piece of an almost fully grown antler. It 
has been treated with same instrument distally, where it is 
wam and shinywith deep U·shaped furrows. The antler has 
been artificially pointed, and is later broken. 

Præstelyng 

PL 7556·2. - Sinistral fragment of os maxillare with the 
teeth m

3
_p2 and a small piece of os /acrymale. The jaws are 

ratber weU preserved, except for desiccation cracks. The 
enamel of the teeth has come off in several spots. The adult 
animal has full dentition and was more than 28 months old 
when killed. The premolars clearly show wear, but are not 
wam down. 

PL 14790·1 .  - Sinistral fragment of os maxillare with the 
teeth m2_p2. The jaw is well preserved althougb it has very 
thin walls due to the change of teeth. The enamel of the 
teeth is preserved. The second dentition premolars show 
slight signs ofwear, but their roots are still open; m

l 
is in full 

wear, whereas m2 only shows staining on the upper 3 mm 
of the cusp; m

3 
is broken in the cavity in the jaw. The age of 

the animal can be estimated to about I 3- 1 5  months. Cut 
marks occur distally, and the bone has been broken right 
througb os palatinum. 

PL 4323·26. - Dextral fragment of os maxillare with the 
teeth dp2-<lp4 The bone has very thin walls, due to change 
of teetb. The milk-teeth are strongly wom, and the non
erupted permanent teeth lie just beneath the almost re· 
sorbed jawbone ready for eruption; m2 has just penetrated 
the gum and the foremost cusp shows l mm of brown 
staining. The animal was 3-4 months old. The bone was 
broken along the middle of os palatinum. The jaw has 
further intentionally been carefuIly opened around the 
roots of the teeth, exposing the cavity sinus maxiilaris (Pl. 
3 . 1 ) .  

PL 7556·4. - Sinistral fr�ent o f  os maxi/lare with the 
teeth dp2-<lp4 and m 

l
_m . The bone is well preserved 

although the bone walls are very thin, owing to the second
ary dentition. The milk·teeth above p2 and p

3 
are more or 

less absorbed, so much that only the crown is left and the 
cusps of the permanent teeth extend above the edge of the 
jaw, but would not have been exposed above the gum; m

l 

is in full wear, m2 only in part. The non erupted m
3 

has 
fallen out of the jaw. The age of the animal is estimated at 1 4  
months. There are cut marks distally, and the piece has 
been divided rigbt througb the palatine bone. An opening 
has been made from the extemal side into thedental roots 
and the cavity above them, sinus maxilIaris (Pl. 3.6) .  

PL 1 6644·2. - Sinistral fragment with the teeth p
l
_p2. The 

bone is well preserved and paper thin due to redentition (Pl. 
3.2) .  The teeth p2_p4 have just erupted througb the jaw, but 
not througb the gum. The bone substance between the 
teeth is almost resorbed; a dp4 was still covering the new 
tooth, when the animal was alive, but is not preserved; m

l 

is in fuU wear and m2 is not fully erupted vet. The age of the 
animal is estimated to 14 months. The piece is weU pre
served and has been split rigbt througb the paiatine bone. 
Cut marks occur distally and an apening into sinus maxi/
tarts has been made. 

PL 1 1 703-2; PL 1 1 703·1; PL 1 1 703·10. - PL 1 1 703·2 is a 
sinistral fragment with the teeth p2_m2 (Pl. 3 .5) .  The jaw 
has very thin walls, but it is well preserved and light in 
colour. The premolars have just penetrated the strongly 
resorbed jawbone. The teeth have relativeir open roots. A 
piece ofmilk-tooth is preserved above p4, m is in wear, and 
m2 has not quite penetrated the jaw. The animal is the about 
14 months old, just like PL 1 6644·2. The jaw is split rigbt 

through os palatinum, and the jaw has been opened into 
sinus maxilIaris. Cut marks are present distally. PL 1 1 703· 
I is a jaw fragment with p2, PL 1 1 703· 1 0  is a p

3
. 

PL 5612·216. - A dextral fragment of os maxi/lare with the 
teeth p2_m2. The thin·walled jaw and the teeth are well 
preserved in spite of a strong resorption of the jawbone 
around p2_p4, due to the process of second dentition. The 
premolars are in eruption, and only p2 has penetrated the 
jaw, whereas staining of the cusps has only just begun in p

3 

and p4 (Pl. 3.7) .  The animal is sligbtly older than PL 1 1 703· 
2, probably 1 4- 1 5  months. The jaw has been split througb 
os patatinum, and is opened into sinus maxiIlaris. Cut 
marks occur distally. 

PL 4294. - Dextral fragment of os maxi/lare of an adult with 
the teeth p2_m 

l
. All the teeth are somewhat wom but well 

preserved (Pl. 3 .3) .  The animal belongs to the 3-5 year 
group. The bone is somewhat cracked and brigbtly dotted 
due to weathering, otherwise it is hard and weU preserved. 
The jaw has been split rigbt through os palatinum, and has 
been opened into sinus rnaxiltaris; the bone has been 
broken between m 

l 
and ml. There are cut marks distally. 

PL 7995·1 .  - Sinistral fragment of os maxillare from an adult 
with the teeth p2_m

3 
(Pl. 3.4) .  All the teeth are somewhat 

wom, and the animal is more than 5 years old. The bone is 
well preserved, but split rigbt through os palatinum. The 
jaw has subsequently been forced open to expose sinus 
maxiilaris. Cut marks occur distally. 

PL 20625. - Dextral fragment of os maxillare with the teeth 
dp

3
_m2. The jaw is well preserved and bleached; the 

enamel of the teeth has only been slightly damaged; dp
3 

and 
dp4 were fully in operation and are faintly wom. M

l 

extends only 4 mm above the gum; m2 just reaches the edge 
of the jaw. The tooth eruption indicates that the animal was 
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1 2- 1 4  months old. The jaw has been broken in front of dp
3 

and behind m
2 

The bone is split right through os palati· 
num. Sinus maxi/farts has been opened. 

PL 7968·1 .  - Dextral fragment of os maxillare of an almost 
newbom calf, 0-3 months old atmost (Pl. 3.8) .  Dpl-dp

4 
are 

almost unworn. The jaw is weU preserved and has been split 
through os palatinum. Sinus maxillaris is exposed. 

PL 4323·44. - A proximal, dextral fragment of os maxi/lare 
without teeth from a juvenile animal. The piece is well 
preserved with cut marks caudally. 

PL 4285. - Dextral fragment of os maxi/lare with m
3 

from 
an adult. The jaw is bleached from exposure to light befare 
burial. Impact marks clearly indicate that the jaw has been 
intentionally broken. 

PL 2020 l. - Dextral fragment of os maxi/lare with m
l 

and 
ml still preserved. The piece contains the alveolus for m

3
. 

The jaw is from an adult and is well preserved. It shows 
further weU-preserved cut marks within sinus maxillaris. 

PL 6436·189. - Dextral fragment of os maxi/lare with 
preserved teeth ID l _m

3 
from an adult, 3-4 years old. The 

bone is weU preserved. An opening was made to sinus 
maxi/farts. 

PL 23533·10. - Dextral fragment of os maxillare with ml 

and m
3 

in situ. The bone is poorly preserved, and the teeth 
have fallen out. 

PL 5612·217; PL 6936·130; PL 2544; PL 6544; PL 5615· 
232; PL 2430; PL 6936·97; PL 2446-/; PL 6925·169. -
Nine almost complete bones of os hyoideum (5 dextral and 
4 sinistral pieces). They are all well preserved, but the ends 
have been gnawed. This gnawing of the cartilaginous part 
may have been performed by man. If it was made by dags, 
everything would probably have been gnawed into pieces 
and nothing preserved. 

PL 9321; PL 23514·18; PL 6936·5; PL 1020·2/0; PL 6436· 
93; PL 6887·27; PL 1 970J./8; PL 6936· 1 1 1. - Eight 
fragments of os zygOfTliJ.ticus (4 dextral and 4 sinistral). Six 
of the bones are weU preserved with a hard and smooth 
surface. PL 6887·27 and PL 235 1 4· 1 8  are light and poraus, 
wam, and decalcified and blistered on the surface. 

PL 6925·172; PL 1 1420·2; PL 5612·21; PL 23553·23; PL 
7556·52; PL 6550; PL 1 9831, 4274. - Eight fragments ofos 
nasale (3 dextral and 3 sinistral and 2 smaller pieces). The 
bones are weII preserved except for PL 1 983 1 · 1  and PL 
4274, which can be reassembled, and are weathered and 
have a light-coloured, blistered surface. Remains of peat still 
occur on the bones. There are clear cut marks distally on PL 
4274 and proximally on PL 1 983 H. On PL 6925·1 72 
there are cut marks both distally and proximally. PL 5 6 1 2· 
2 1 9  appears to have been distally shortened (Pl. 4.5) .  The 
distal end has got the shape of a groave, the edge itself has 
a polish as if it had been in use (PI. 4.5) .  

PL 6925·170; PL 7556·1 14; PL 6436·182; PL 4323·41; PL 
23557·8; PL 23550·4. - A total of 6 almost complete os 
premaxillare (3 sinistral and 3 dextral). Three bones belang 
to very- young individuals and are only slightly weathered 
with brightly dotted and porous surtaces. PL 23557·8 have 
cut marks proximally on the area where os premaxil/are 
adheres to os maxillare. The rest of the cut marks mainly 
occur on the juvenile os premaxillare. 

PL 23557·2, 23553·5. - A larger fragment consisting of os 
occipitale, os frontale, os sphenoidale, os ethmoidale and 
basi occipitale. The reassembled pieces show different 
preservation indicating different places of deposition. PL 
2355 7-2 has clearly been rolled in water and is weathered. 
Scattered cut marks occur on condylos occipitale. There are 
strong chop marks at the place where os parietale leads into 
os occipitale. The cut marks on os parietale slope towards 
the skuII cavity (PI. 4. 1 ) .  The chop marks on the correspond· 
ing dark and welI·preservedfrontale also slope towards the 
skuII cavity (PI. 4. 1 ) .  There are cut marks distally onfrontale 
as weU as on the underside ofjossa rnandibu/aris. 

PL 5615·231, 1550·23. - A dextral welI·preserved skuII 
fragment consisting of os sphenoides, os squamosum and 
os parietale. The fragment has strong impact marks along 
the fracture zone. 

PL 12480·3. - A well·preserved fragment of os sphenoides 
with chop marks and internal cut marks. 

PL 1 1 86a. - A skuII fragment of basi occipitale from a 
newbom calf. Basi occipitale is not vet fused with condylos 
occipitalis . 

PL 2517. - A sinistral fragmerIt of os occipitale including 
condylos occipitalis. The fragment has been chopped off 
dorso/ventrally. 

PL 23514·13; PL 21 12·13. - A dextral fragment from os 
occipitale including condylos occipitalls. 

PL 1 1 420·3. - A dextral fragment of basi occipitalis includ· 
ing condylos occipitalis. The bone is from a juvenile animal. 

PL 7556·1 15. - A dextral fragment of basi occipitalis 
including condylos occipitalis. The bone is from a juvenile 
animal. Cut marks occur below condylos occipitalis. 

PL 7962·3. - A sinistral fragment of basi occipitalis includ· 
ing condylos occipitalis from a very young individual, less 
than 5 months old. 

PL 2470. - A fragment of os ethmoidale. 

PL 2485. - A dextral fragment of os squamosum and/ossa 
fTliJ.ndibula. 

PL I 932b·13. - A sinistral fragment of condylos occipitalis 
from a very young animal. The two epiphysial parts are not 
vet fused. This normally takes place within a month after 
birth and the animal is thus newbom. Preservation is rather 
poor. 

PL 6436·183. - A sinistral fragment of os sqUilmosum and 
processus zygOfTliJ.ticus. The fragment is wam, probably by 
water transport. 

PL 1 1 484·1. - A juvenile dextral os bulla. 

PL 1 9701·5. - A dextral fragment of os frontale from the 
area around the eve. 

PL 6436·173. - A os parietale fragment. 

PL 1550·39. - A dextral os parietale fragment. 

PL 1550·20, 1550·1 6. - A sinistral fragment of the os 
parietale and os frontale from a 0-3 months old calf. The 
bone surface is very porous. 

PL 23560·8, 23560·7. - A dextral fragment of the os 
parietale and os frontale from a calf, 0-3 months old. Cut 
marks are present on the distal part. The state of preserva
tion is poor. 

PL 24268. - A dextral fragment of the os parietale and os 
frontale from a calf, 0-3 months old. The bone is decalcified 
and poorly preserved. 

PL 7556·56. - A rather wam fragment of os sphenoides 
from a newbom calf. 

In addition to the above mentioned bones a number of 
cranial fragments are recorded, including 3 smaller maxil
Iare fragments. They do not possess any specific characters 
and are not described here. 

Isolated teeth - DENS. - A total of 78 isolated, fallen·out teeth 
were recovered. Twa can be fitted into the hoies in the jaws 
where they came from. The rest represent 12 premolars (6 
dextral, 5 sinistral and I undetermined as to left or right). I 
canine tooth, 26 incisors ( 1 6  dextral and 1 0  sinistral). 8 
milk·teeth and 1 0  isolated enamel fragments. The teeth are 
poorly preserved and occur mainly as enamel coulisses, 
probably representing juvenile teeth where only little den
tine is present between the thin and fragile enamel ridges. 
Jaws and teeth are particularly fragile in the period of 
dentition. 

Ant/ers - CORNUS. - Seven fragments of antlers were found. 
They all come from incompletely developed porous imma
ture antlers without the slightest sign of the later granulated 
surface. The antlers have just begun to be forrned and 
represent animals that were killed during the summer. 

Mandibula 

Muldbjerg I 

Mul.l SI l 05, 51085, 28723. - The mandible consists of 3 
fragments, which can be reassembled to form an almost 
complete sinistral mandible from an adult individual (PI. 
7.8).  All teeth from Pl to m3 are present, i l -i3 have fallen 
out, and the crown of m3 is not fulIy erupted but shows 
initial wear. Corpus fTliJ.ndibula has been hit by a powerful 
blow below mz' which has split off gonion and part of 
corpus rnandibula. There are clear marks of crushing 
around the place where the bone was hit (Fig. 78; PI. 7.8).  
The blowwas given from the buccal side. Ramus rnandibu/a 
has been broken off above gonion caudale, and there are 
clear chop mal ks on the rear edge of gonion. Fine scrape 
marks are seen on the buccal side of corpus rnandibu/a 
below pz-m I ·  
Mul.l 51309. - The fragment derives from the dextral side 
of an adult animal (PI. 7.5) .  All teeth from Pl to m3 are 
present, whereas i l -i3 are missing. The crown ofm3 is only 
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just free o f  the jaw, which belongs t o  a weU grown indi
vidual. Corpus mandibula has been hit on the buccal side by 
a hard blow below P4. The blow has split part of corpus 
rnandibu/a apart and left a long row of bone splinters around 
the injury {Pl. 7.5) .  Processus coronoides is broken off. 

Mul./ 51 083. - The sample is an almost complete jaw from 
the dextral side of an adult animal. All teeth from Pl to m3 
are missing. The crown ofm3 is onlyjust free of the jaw. The 
animal was more than 36 months old, by comparisan with 
age categories defined by Lowe ( 1 967) (Noe·Nygaard 
1 969). Corpus fTliJ.ndibula has been hit with a strong blow 
between m I and mz on the buccal side. The blow was sa 
powerful that corpus mandibula was fractured parallel to 
the row of teeth (Pl. 7.7A-B). Splinters of bone accur 
around the injury. There are deep marks from carvings just 
around gonion caudale and fine cut and scrape marks on 
corpus fTliJ.ndibula between the alveoli of i 1 and Pl . 

Mul.l 51 172, 51318. - The jaw consists of 2 fragments, 
which can be reassembled, from the sinistral side of a 
mandible of an adult (Pl. 7.6).  The two fragments are very 
different in colour and state of preservation. MuI.I 5 I 1 72 is 
light brown and has a somewhat weathered sUrface, 
whereas Mul.l 5 1 3 1 8  is very dark brown and has a hard, 
smooth surface. All the back teeth, except P3, are present, 
and i I to i3 are laeking. The crown of m3 is clearly above the 
jawbone. The age of the animal is estimated by the tooth· 
wear, especially on m I and m3, to be at least 6-8 years, 
since there is an initial resorption of bone material around 
the teeth. Corpus rnandibu/a has been beaten off at a length 
from pz to m3' The precise location of the blow cannot be 
determined (PI. 7.6).  There are c1ear cut marks just above 
gonion caudale . 

Mul.1 32533, 30953. - The fragment is from the dextral 
side of an adult animal. The piece is weU preserved and 
consists of 2 fragments of different colour, Mul.I 30953 
being light, and Mul.I 32533 dark (PI.  7.2) .  When reas· 
sembled they constitute the basal part of corpus fTliJ.ndibula 
and the bone from processus coronoides to gonion caudale 
on corpus TTIIlndibula.. Teeth are not preserved. The whole 
appearance of the jaw indicates a manner of fragmentation 
that corresponds to that described above. 

Mu1.l40815·34; Mu1.l40815·35. - WeU·preserved dextral 
and sinistral mandibles from an adult male (PI 4.6.  1 , 3 ) .  The 
two jaws have a different surface colour. Mul.I 408 I 5·34 
has a very light beige stain, whereas Mul.I 408 I 5·35 has the 
normal dark brown humus colour. Mul.I 408 I 5·34 has a 
slightly wam appearance, which probably reflects a more 
shallow burial in the sediments. All molars and premolars 
are preserved, the crowns are weU above the jawbone and 
theywere all fuUy in use. The incisors are laeking. The teeth 
are worn, and the age of the animal is equivalent to stage 7 
to 8 of Lowe ( 1 967) and thus weU over 6 years. Processus 
coronoides has been broken off on Mul.I 408 1 5·35, this 
seems to have taken place recently during excavation. The 
few cut marks are also of a recent date. Angulus fTliJ.ndibula 
is damaged on both mandibles due to natural weathering 
proeesses. On Mul.I 4081 5·35 a small eircular healed injury 
is placed on the lower part of ramus mandibu/a. The 
osteometric measurements are shown in Appendix 2 and 
Figs. 3 7-4 1 .  

Mul.l 40424·1 79; Mul.l 40424· I 98. - Dextral and sinistral 
weU·preserved mandibles from an adult male (PI. 7.4). Both 
jawbones have the same state of preservation with a dark 
brown, hard, shining surface. All the molars and premolars 
are preserved, whereas the incisors are missing. The 
crowns ofboth m3 and mz are not free of the jawbone on the 
buccal side, and the molars are not much wom. The age of 
the animal is estimated to about 4 years by comparison with 
recent material and the features described by Lowe ( 1 967). 
There are no traces of human activity on the bones. The 
osteometric measurements are shown in Appendix 2 and 
Figs. 37-4 1 .  

Præstelyng 

PL 18690·1, 23519·4, 23519·3. - A dextral mandible 
consisting of 3 fragments, which have been reassembled to 
form ane piece (PI. 8.2A-B). Preservation is reasonably 
good, although a certain decaleification has taken place 
around mz and processus coronoides. The mandible cornes 
from an adult and m3 is almost free of the jawbone. The 
animal was more than 30 months old. The whole tooth row 
from pz to m3 is present, and only il and i3 have fallen out. 
Corpus rnandibula has received a powerful blow on the 
buccal side just below the area between m3 and mz. It has 
divided the rnandible into 3 pieces, ane consisting ofgonion 
caudale and the proximal part of corpus fTliJ.ndibula with 
m3, one consisting of the basal part of rnargo ventralis and 
ane consisting of the upper part of corpus rnandibula with 
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pars molIlris carrying the remaining teeth (PI. 8.2A-B). 
Processus coronoides has been broken off. There are tioy 
splinters around the impact area, and there are numerous 
cut marks on the lingual side of gonion caudale and a couple 
of small chop marks under ml ' 

PL 23553·7, 23553·8. - A dextral adult jaw consisting of 2 
well'preserved fragments which have been reassembled. 
All the teeth Prm3 are still in place in the jaw. The crown 
of m3 is still not free of the edge of the jawbone (PI. 8.3, and 
PI. 9.3 reassembled with PI. 8.5A-B). The age is estimated 
to 28-35 months on the basis of dentition and wear 
compared with modem material (Appendix 2) .  Corpus 
mandibulIl has received a powerful blow on the buccal side 
just below the area between m2 and m3 ' It has split off 
gonion caudale and the proximal part of corpus mandibula 
with m3 and cleaved the rest of corpus mandibulIl laterally, 
but not divided it ioto 2 separate pieces. The impact area 
itself is about 2 cm in diameter with bone splinters around 
the hole. There are strong cut marks on corpus mandibula 
below m2 as on the buccal side ofgonion cauda.le. 

PL 12410, 12318. - The jaw is represented by 2 well· 
preserved fragments (PL 1 2 4 1 0, 1 23 1 8) .  Together they 
constitute the main part of a sinistral mandible, in which 
only gonion and the distal part of corpus mandibulIl are 
missing (PI. 8.6A-B). The complete tooth row from P2 to m3 
is preserved, ID3 is still not free of the jaw. The animal was 
30-36 months old. Corpus mandibulIl has been hit by a 
powerful blow on the buccal side just below the area 
between m2 and m3 ' The blow broke the jawjust in front of 
m3' Corpus mandibulIl has further been broken just in front 
of P2' There are strong cut marks on and below processus 
condylaris, on corpus mandibula, and around the impact 
area (Fig. 79). 

PL 2 1 12·5, 12480·4, 12480·1. - A sinistral mandible 
consisting of 3 fragments in very different states of preserva
tion. Ramus mandibulIl (PL 2 1 1 2·5) is dark, hard and 
coherent. Corpus mandibulIl is broken in two pieces (PL 
1 2480·4, 1 2480· 1 ),  which both have a light, peeled off and 
deformed appearance. Put together they constitute a whole 
mandible in which only the molar row of teeth is preserved 
(PI. 8AA-B). Because of deformation of the distal part it has 
only been possible to take a limited Dumber of measure
ments. The crown of m3 and the back part of m2 is still not 
above the edge of the jawbone. This corresponds to class 5 
of Lowe ( 1 967). The animal was more than 30 months old, 
probably about 3-4 years of age. Corpus mandibulIl is 
broken just below m3 and just in front of P4' The mandible 
has been split parallel to corpus mandibulIl. There are 
strong cut marks on coronion and on gonion cauda/is. 

PL 12264, 1 6986·2. - A sinistral mandibula fragment 
consisting of 2 pieces (ramus mandibula and the keel on 
corpus mandibulIl (PL 1 2264) and a piece of corpus man· 
dibula with m3 and m2 in place (PL 1 6986·2) ) .  The bone 
tissue is light coloured and possesses a porous surface, 
showing peeling·off in places. The greater part of corpus 
mandibula is missing, and the jaw has been hit such that at 
least 3 pieces have resulted. The mandible is from a reia· 
tively young individual. The crown of m3 is only half way 
through the jawbone, and the crown of m2 is still not free of 
the bone. The animal is 26-28 months old and belongs to 
class 2 of Lowe ( 1 967).  The bonytissue around m3 is clearly 
porous, which is the typical appearance during dentition. 
The bone has been hit just in front of m2 with a blow struck 
from the buccal side. Corpus mandibulIl is longitudinally 
fissured (Pl. 9.4). Coronion is broken off, and there are fine 
cut marks just below processus condylaris and on the rear 
edge of rarnus mandibu/a. Gonion caudale has been broken 
off and crushed, but this may have resulted from natura! 
weathering. No teeth marks occur on the bone. 

PL 3435·1, 3435·3. - A dextral fragment consisting of 
corpus mandibula with m l o m2 and m3 in place (Pl. 9.2).  
The bone is poraus, especially around m3 which is not fully 
erupted. The surface shows several peelings of bone tissue. 
The state of teething is very similar to that found in PL 
1 2264, and the two mandibles probably come from the 
same individual. M3 is only halfway above the jawbone, the 
third cusp has not come into use vet, and the crown of mz 
is not free of the jaw. The animal was 26-28 months old, 
class 2 of Lowe ( 1 967). Corpus mandibulIl is broken be· 
tween ml and m2 and the distal end of the jawhas not been 
found. The blow was made from the buccal side, and the 
breaking off took place from the lingual side (Fig. 79). 
Ramus mandibulIl has come off. The keel of corpus mandib' 
ula has been beaten off. Cut marks have not been observed 
on the bone. 

PL 23525·3. - A dextral fragment consisting of ramus 
mandibula with an m3 (Pl. 9.5A-B). The bone is poorly 
preserved and has a wam appearance. The jawbone is 

porous around m3, which has only just begun to break 
through with a 5 mm crown above the edge of the bone 
and with the third cusp below it. The mandible is clearly 
bulging around m3' The jaw belongs to an animal 22-26 
months old, and comes from a sturdy individual (Lowe 
1 967; Noe·Nygaard 1 969) (Appendix 2) .  There is a clear 
impact mark just below the area between m3 and m20 and 
there are tooth marks from a carnivore, probably dog, on 
corpus mandibula. Gonion caudale has been damaged as 
on PL 1 2264, possibly by dog. There are chop marks on 
processus condylIlris. 

PI 1 9555·1. - A dextral fragment consisting of ramus 
mandibula with m3 as enamel coulisses in the jaw and with 
m2 2 mm over the edge of the jawbone (Pl. 9. 1 ) .  The roots 
on m2 are not fully grown and are rather hollow. The 
mandible is weU preserved with a characteristic porous 
surface, which indicates juvenile bones. The state of teeth
ing shows that the animal was about 12 months old (Noe· 
Nygaard 1 969). The mandible has been broken by a blow 
just below the area between ml and mz and rarnus mandib
ula has been split away from the jawbone. The fracture 
occurs on the lingual side of rarnus, which is paper thin 
because of the breaking through of the teeth. The distal 
point ofcoronion is broken. The jaw is of the same age as PL 
1 9555·8 which is a sinistral speeimen. The two mandibles 
may come from the same animal. 

PL 23568·2, 23553·1 9, 23568·9. - A dextral lower frag· 
ment, consisting of 3 pieces. The bone is rather poraus, 
light in colour and with a peeled·off surface. The piece is 
light weight and has clearly been exposed to weathering 
and decalcification. It consists of rarnus mandibula and the 
proximal part of corpus mandibulIl showing the alveolus of 
a still unerupted m3' The jaw is clearly bulging around the 
alveolus, similar to what is observed on PL 23525·3. The 
animal was probably 22-26 months old. Ramus has been 
broken belowthe area between m3 and m2' There are a few 
cut marks above rarnus mandibula but no traces of dog
gnawing. This is suggestive of a relatively short exposure on 
the site. The decalcification of the bone may then have 
taken place in the sediment after deposition. 

PL 23553·1 9. - The fragment is a piece of corpus mandib· 
ulIl. It shows that the keel on corpus mandibula has been 
beaten off. 

PL 1 9555·8. - A fragment from the sinistral side of the jaw 
consisting of rarnus mandibula which has been broken off 
ventrally. The alveolus of m2 is distinct, the alveolus of m3 
form an angle with rarnus, and no teeth are left. The jaw is 
otherwise weU preserved with a porous surface, especially 
where the teeth have been in eruption. The direction of the 
alveoli suggests that the animal was about 1 2  months old, 
the same age as PL 1 9555· 1 .  There are 3 deep cut marks 
across rarnus mandibula. 

PL 1550·4. - Right jaw with the preserved teeth dP20 dP3 , 
dP4 and ml still in the jaw and not in eruption (Pl. 9.6A-B). 
The jaw is weU preserved. It is juvenile and has a porous 
surface. The tartar acid stained cusps of dP4 and companson 
with recent material indicate that the animal was kiUed 
early in October or a HUle earlier, which means that it was 
2-4 months old (Noe·Nygaard 1 969). The ventraI part of 
corpus mandibulIl has been beaten off by a blow directed 
against corpus just below ml , whereby the whole keel was 
split off (Fig. 42). The row of teeth in front of dP2 has been 
broken off and the jaw thereby divided into 3 pieces. There 
are strong chop marks on coronion, and possibly a few 
gnawing marks and cut marks across rarnus mandibula. The 
piece is fragile due to burning. 

PL 23563·1 0, 23565·9. - Right mandible with dP20 dP3 and 
m, still in the jaw, without roots and not in eruption (Pl. 
9.7 A-B). The two fragments can be reassembled. The jaw is 
weU preserved, juvenile, and with a poraus surface. The 
pattern of tooth eruption, the colouring of the teeth in use 
and comparisan with recent material indicates that the 
animal was 3-4 months old (Noe·Nygaard 1 969). The 
animal is a little older than the animal with mandible PL 
1 440·4. The ventraI part of corpus mandibulIl has been 
broken off with a blow just below ml on the buccal side in 
the sarne way as PL 1 350A. Coronion is broken off distally. 
There are no signs of tool marks. 

PL 6942·12. - A dextral fragment from the distal end of a 
mandible with teeth dP3 and dP4 in it (Pl. 8 . I A-B) .  The 
crowns are weU above the edge of the jaw and show clear 
signs ofwear. The jaw is well preserved. Corpus mandibula 
has been broken offbetween dP4 and ml , and is further split 
parallel to the tooth row. There are strong cut marks along 
the surface of breakage and below dPJ. There are traces 
from dog-gnawing on the inner side along the line of 
breakage. 
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PL 23553·9; PL 23514-7; PL 23520·7. - Three broken·off, 
distal ends of corpus mandibula with incisores a/veoli. PL 
23553·9 is a sinistral fragment with an unerupted i l ' PL 
235 1 4·7 is from the dextral side, and PL 23520·7 is from 
the sinistral side. 

PL 7556·1 08; PL 1 020·356; PL 4269, 12768. - Three 
beaten·off, ventraI keels of corpus mandibulIl (Fig. 79). PL 
7556· 1 08 and 1 020·356 are from the dextral side, and PL 
4269 reassembled with PL 1 2768 are from the sinistral 
side. 

PL / 1432·3; PL 3843·1 95. - A small piece of bumed bone 
from corpus mandibulIl (PL 1 1 432·3) and a small piece of 
dextral jaw containing dP3 (PL 3843· 1 95) .  The tooth has 
barely been in wear and the fragment is thus from a very 
young animal, probably 2-4 months old. 

Kongemose 

The following 5 sinistral fragments of mandibles had very 
root·wom teeth. They come from individuals 8-1 0 years 
old. The mandibles are fragmented in the same way and 
consist of the part of rarnus horizontalis in which the 
teeth are located and where the caudal part has been split 
off (Pl. 1 0) .  

KS 41 /30·46. - A sinistral mandible from a n  old individual. 
The row of teeth from P4 to m3 is preserved, but only 2 mm 
of the crown is left on m, and all central salvages of enamel 
in P4 and ID 1 have disappeared. The age of the deer was thus 
close to 1 0  years (Pl. 1 0.5A-B). 

KS 42/35·1 8. - A sinistral lower jaw with P2 to m3 
preserved. M, is sa wam that onIy a weak trace of enamel 
ridges is left. There is a crown 4.5 mm high on m l ' P 4 is 
also much worn. The age of the deer was 8-1 0  years (Pl. 
1 0.6A-B). 

KS 42/31·136. - The fragment consists of the sinistral row 
of teeth from P2 to m2' The teeth are worn, especially ml 
and Pz. The central salvages of enamel can no langer be 
seen, and the height of the crown on m, is about 3 mm. The 
deer was about 1 0  years old. 

KS 34/37·1 .  - The sinistral row of teeth from P2 to P4 is 
preserved. P3 and P4 are verywam, P4 is quite hollowed out 
and enamel salvages are not preserved; the height of the 
crown of P4 is 6 mm. The degree of wear corresponds to an 
age of 10 years or more. 

KS 37/28·150. - The sinistral row of teeth from P2 to ml ' 
Ml is stronglywom and without ventral salvages of enamel. 
The height of the crown is 3 mm on the buccal side, and 4-
5 mm on the lingual side. The age of the animal is estimated 
to 8-1 0  years. 

KS 40,5·41/27-60. - Fragment of sinistral corpus mandib· 
ula with Pz, P3 and P4 preserved. They are all much wam, 
and without salvages of enamel in the middle of the tooth. 
The bone is weU preserved. The fragment derives from a 
small individual, more than 1 0  years old. 

KS 35/27,0·27,5·74. - Fragment of the dextral corpus 
mandibula andpars molaris with m l ,  m2 and m3 preserved. 
The jaw, coming from a very old animal, is weU preserved, 
but the teeth are sa wam that no enamel is preserved and 
the surface of mastication consists of the polished shiny 
jawbone itself. (Pl. 1 0.7) Only the proximal part of m 1 is still 
preserved. The jaw is not very big sa it presurnably comes 
from a female. The age is estimated to 1 5- 1 7  years by 
comparison with recent material from Kalø. 

KS 39/27·66. - Sinistral mandible of an adult individual. P2 
to m3 are preserved, but the crown of m3 is still not ruHy 
erupted. The age was thus 3-4 years (Pl. I OAA-B). There 
are evidence ofcarries in the root of ml , and of m i  in KS 39/ 
30·4. The state of preservation is very different on the 
buccal and the lingual side. The buccal side is shiny and 
hard, whereas the lingual side shows several layers of 
peeling, thus present traces of preservation in both tapho
zone I and Il. 

This pattern of weathering has been observed on recent 
skeietans of muskox from Jameson Land, East Greenland 
(Noe·Nygaard & Larsen, unpublished data). It is proctuced by 
partial burial of the mandibles in sediment. The surface 
facing upwards shows peelings caused by frost and thaw 
action, whereas the face lying downwards in the sediment 
is protected and stays fresh for severaI hundred years. 

By analogy, it is possible that KS 39127·66 has been 
exposed to crumbling on the surface befare it was incorpo
rated in the lake sediments. 

KS 37/29·63. - A sinistral mandible of an adult individual 
with P3 to m3 in the jaw; the crown of m3 is free from the 
edge of the jawbone. The teeth are somewhat worn, espe· 
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cially m l ' The age of the animal was somewhat more than 
4 years (cf. Lowe 1 967; Noe-Nygaard 1 969) (Pl. 1 0.3) .  

KS 45/3/-/ .  - A fragment of the sinistral side of the jaw. 
The piece consists of the distal part of the mandible. The 
premolars and the incisors are missing. 

KS 42/3/-/ / O; KS 37/33-4. - Twa complete lower jaws, 
one from the sinistral, and one from the dextral side of the 
animal. The jaws fit well together and in all probability 
belong to the same individual. The ealour of the jaws, 
however, is very different, probably indicating that they 
have been embedded in different types of sediment. The 
CfOwnS of the teeth are not free of the edge of the jawbone. 
The animal was 3-5 years old (Pl. 1 O . l A-B, 1 0.2).  

KS 42/2-2/. - A sinistral jaw fragment from a very juvenile 
animal. Ml was still present in the jaw, only dP3 is in place 
and on1y slightly wam. The outer 3 mm of the cusp has a 
brownish stain. The animal was only 3 months old. 

KS 37/34-41. - A sinistral jaw fragment from a very young 
animal with dP2 and dP3 still in place; they are very Jittle 
wam, but has a brown stained calour. The individual was 
2-3 months old. 

KS 33/33-4. - A fragment of sinistral corpus mandibula 
from an adu1t individual with ml and m2 in place. The piece 
is well preserved with marks of breaking on the lingual side 
a10ng the teeth. 

KS 45/3/-/ .  - A fragment of the sinistral part of corpus 
mandibula from an adult individual. The distal end shows 
peeling-off and the teeth are missing. The jaw has been 
broken between P4 and ml , and there are cut marks around 
Joramen mentale. The piece has scratehes and blunt impact 
marks from strokes all over. The piece shows marked signs 
of trampling. The sediment in the cavity of the jaw is swamp 
peat present in taphozone I. 

KS 37/26-29. - A fragment of sinistral corpus mandibula 
with ml in place. M2 is still only partiy above the edge of the 
jawbone, and only the first cusp has colour stain from 
tartaric acid. The jaw is weU preserved and belangs to a large 
juvenile individual. The jawbone is still porous below m2 
and a1veolus m3' Estimated age is I year. 

KS 42/30-11 .  - A fragment of the distal, sinistral corpus 
mandibula from an adult individual. The jaw is weU pre
served, a1though the teeth are missing. 

KS 37/26-20. - An adult, dextral lower jaw, with a worn 
corroded surface possibly reflecting physical wear during 
transport. Below m I and P4 there are dear paired tooth 
marks, probably from gnawing by mice. This may indicate 
that the jaw was exposed for same time befare it was 
embedded in the lake sediments. 

KS 39/30-4. - A dextral mandible of an adult individual 
with Prm3 preserved. The crown ofm3 is not fully erupted, 
and the animal was about 3-4 years old. This teething 
pattem and the evidence of caries corresponds exactly to 
what is found KS 39/27-66, and the two jaws probably 
belang to the same animal. 

KS 37/25-47. - A fragment of a dextral corpus mandibula 
with a wam m3 in place. The piece shows same peeling and 
the tooth is cracked. The bone is from an adult animal and 
has been broken between ml and m2; margo ventralis has 
been beaten off. 

KS 37/26-35, 37/26-1 6. - The two pieces can be reas
sembled and constitute the dextral corpus mandibula and 
pars molaris from an adult individual with P3 and P4 in 
place. The piece is poorly preserved with cracks and peel· 
ings. The enamel of the teeth is broken off. Several plant 
remains stick to the jaw. 

KS 35/29- 1 1, 35/29-16. - The two pieces can be reas
sembled to form the dextral corpus mandibula of an adult 
individual. Preservation is good, but the teeth are missing. 

KS 38/32-80. - A fragment of the distal, dextral corpus 
mandibula with P4, m l and m2 preserved. P 4 is under 
eruption and not wam, and m2 is only partly in use. The 
animal was 24-26 months old. 

KS 42/3/-/39. - A fragment of the dextral, distal part of the 
mandible from a juvenile individual with dP2 and dP4 in 
place. The jaw is not weU preserved and the enamel 
lamellae are broken off in patches on the wam teeth. The 
rootless tooth foundations to P3 and P4 are seen. The animal 
was about I year old. 

KS 42/31-1 1 1. - A fragment of dextral corpus mandibula 
with margo ventralis broken off. The whole row of teeth 
from P2 to m3 are present in the weU-preserved mandible. 

The main part of ml is wam down to the den tine. The jaw 
is from an animal 8- 1 0  years old (PI 4.9. 1 A-B). 

KS 37/31-54. - A fragment of the dextral corpus mandibula 
with P4, m l and m2 preserved. P 4 has just erupted and is 
unwom. The jaw is well preserved. The jaw fragment is 
similar to KS 38/32-80 and is 24-26 months old. 

KS 41-42/27,0-27,5-8. - A fragment of the distal, dextral 
corpus mandibula from an adult animal with P2 to P4 in situ. 
The jaw is weU preserved, but P3 and P4 are wam. 

KS 42/30-4. - A fragment of the distal, dextral corpus 
mandibula from an adult individual. The jaw is weU pre· 
served with P3 in place; it corresponds to KS 42/30- 1 1 ,  
which is a left mandible. 

KS 37/32-/ / /. - A fragment of a dextral corpus mandibula 
which is broken between m3 and m2' Pz, P3, P4 and ml  are 
all preserved and the jaw is weU preserved, hard and shiny. 
M I is strongly wam. The animal was at least 5--6 years old. 

KS 37/32-/04. - A fragment of the dextral corpus mandib
ula with margo ventralis beaten off. P2, P3, P4 and ml are 
preserved. The animal was 3-4 years old. 

KS 49/39-18; KS 37/32-99; KS 33/31-8x; KS 37/32-97; 
KS 30/28-4; KS 37/30-26; KS 42/35-20. - Seven sinistral 
fragments of ramus mandibula broken off just below corpus 
mandibula. They are all weU preserved and belang to 
individuals of different sizes and ages. 

KS 37/25-46; KS 50/30-4; KS 28/32-5; KS 37/29-4. -
Four well·preserved dextral adult fragments of corpus man· 
dibula and pars incisiva. 

KS 34/31-28; KS 21/26-33; KS 37/35-1 9; KS 30/31-12. -
Four well'preserved sinistral adult fragments of corpus 
mandibula and pars incisiva. 

KS 35/28-6; KS 41/30-42; KS 39/30-82; KS 37/29-62; KS 
42/26-8; KS 33/31-20. - Six fragments from the dextral 
side of the jaw, consisting of ramus mandibula broken off in 
the middle or dista1ly in relation to processus angularis. The 
pieces are well preserved and belang to juvenile as weU as 
adult animals. 

KS 39/28-3/; KS 37/32-1 0 I; KS 42/35-/ 6; KS 33/29-24; 
KS 35/32-/ 1 .  - Five weU-preserved adult fragments of 
margo ventralis (3 dextraI and 2 sinistral). 

KS 36/34-6; KS 33/29-27; KS 33/29-25; KS 35/32-1 O; KS 
4//30-53. - Five weU-preserved adult fragments of proces
sus angulariswith a small piece of margo ventralis (3 dextral 
and 2 sinistral). 

KS 41/37-10; KS 37/32-98; KS 41/37-5; KS 41/27, 7-28, 
0-38. - FourweU-preserved fragments from the dextral side 
of processus angularis. Three have very porous surfaces and 
are from juvenile individuals. One of the bones is believed 
to belang to a 1 year old animal. 

KS 41/30-52; KS37/27-69; KS37/46-1; KS 35/27-34; KS 
39/31-43. - Five weU-preserved sinistral adult fragments of 
processus angularis. 

Scapula 

Muldbjerg f 

Mal.! 32506. - An almost complete dextral shoulder blade 
from an adult. The bone is cracked and broken abovefossa 
injraspinille. Spinil scaputa is a1so partially broken. There 
are cut marks on the neck of the bone margo spinalis. 

Mul.! /27. - An almost complete dextral shoulder blade 
from an adult. The piece is somewhat cracked and dorsally 
bulged with numeraus cracks. Spinil scapula is partial1y 
broken. The edge of ca'litas glenoidalis is very wam. A 
single tooth mark is seen. 

Mul.! 15959, 1 0554. - A fragment composed of two pieces 
of margo caudalis of a dextral bone from an adult (Pl. 1 1 .8).  
The piece is weU preserved and shows a c1ear impact mark 
from where an instrument was puUed from the fossa sub· 
scapu/aris side towards the fossa injraspinilta. side. There 
has been considerably flaking off a10ng margo caudalis. 

Mul.! 4. - A fragment of a sinistral scapula from an adult. 
Margo caudalis has been broken off. Fossa injraspinata is 
highly fissured and cracked. Spina scapula is partiy broken. 
The piece is poorly preserved with peelings and bulges. Cut 
marks occur on both sides of the blade, alongspina scapula, 
and around the neck of the blade. Part of tuberculum 
supragonoidale has been cut off. 

Mul.! 25348. - The joint of a shoulder blade from the left 
side of an adult. The state of preservation is relatively good. 
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A violent blow has broken the caput o ff  completely and has 
caused damage to fossa supraglenoidale. There are a few 
tooth marks from dog. 

MuJ./ 13382. - A piece of margo ventralis from a left side 
shou1der blade of an adult (Pl. 1 1 .9) .  Margo ventralis has 
been beaten off from an otherwise well·preserved shoulder 
blade. The bone has been affected by fire on the inner side. 
All blows or cuts seem to have been directed at the inner 
side of the bone. 

Mu1.l48. - A piece of margo dorsalis and spina scapula from 
a left shoulder blade. Spina scapula is poorly preserved, and 
there are peelings and a tendency to saftening of the bone. 
The piece has clearly been broken into pieces. There are 
scattered scratches on spina scapula. 

MuJ./ /059; MuJ./ /0885-5; Mul.1 1377; Mul.1 /376; Mul.1 
29474. - These are all minor fragments of shoulder blades 
with scattered cut marks and showing very different states 
of preservation. 

Præstelyng 

PL 6939. - An almost complete sinistral scapula from a large 
adult. Dnly margo dorsalis is slightly damaged, but other
wise the bone is weU preserved. There are cut marks on the 
caudal part of collum. The bone shows traces of fire on the 
inner side. 

PL 5615-228. - An almost complete sinistral scapu1a from 
an adult. Margo dorsalis has been slightly damaged, and 
tuberculum supraglenoidale has been gnawed or cut off. 
Traces of dog-gnawing occur a10ng cavitas glenoida.lis. A 
few scattered cut marks are found on the blade. 

PL /6644-1. - An almost complete sinistral scapula of a 
younger individual. The area around margo ventralis is very 
porous and partiy destroyed by desiccation. The fragment is 
poorly preserved. The remains of sediment attached to the 
bones consist of swamp peat and thus from taphozone l. 
There are scattered cut marks all over the bone, but they 
increase in number around collum. In places the cut marks 
on the inner side of the blade have the appearance of 
polished bone. The whole edge of cavitas glenoidalis has 
been gnawed by dog. 

PL 7942-43. - A fragment of the ventraI part of a sinistral 
shoulder blade of an adult. The fragment has clearly been 
shattered into pieces. Traces from the impact are seen on 
the inner side of the shou1der blade a10ng margo ventralis. 
Peelings and desiccation cracks occur locally, and very fine 
mkro cut marks occur dorsally on the collum. Traces of dog· 
gnawing accur a10ng the edge of cavitas glenoidalis. 

PL 25360-2. - An almost complete shoulder blade from the 
dextral side of an adult. The piece is relatively well pre
served with the exception of margo dorsalis, which is 
cracked and fissured. The shoulder blade is from a small 
individual, probably a female. Cut marks occur, and part of 
tuberculum supraglenoidalis has been gnawed away. 

PL 1 1420-/.  - An almost complete dextral shoulder blade. 
The bone is poorly preservect with cracks and larger peel· 
ings·off along margo dorsalis and scattered over the bone. 
The bone is small, and tuberculum supraglenoidalis is 
missing. It may have come off as an isolated epiphysis or it 
may have been gnawed away by dog. The bone probably 
comes from a relatively young individual. There are cut 
marks in several places and chop marks are found on 
collum. Teeth marks occur dorsally. 

PL 23514-6. - A poorly preserved, sinistral scapu1a from a 
very young individual, 0-3 months old. It has been pre· 
served in taphozone I. Tooth marks occur proximally. 

PL 3435-49; PL 23525-5. - Twa smaller fragments of 
scapula with scattered cut marks. 

Humerus 

Muldbjerg f 

Mul.! 1610, 10233, 1 1371, 1 987, 1 1 014, 1 6224. - A 
diaphysis fragment from the right side of an adult is reas
sembled from 6 small fragments in very different states of 
preservation (Pl. 1 2.2) .  Mul.l 1 6 1 0  and 1 0233 have light, 
hard and shiny surlaces, whereas Mul.l 1 1 0  1 4  is somewhat 
wam and possesses a light-and-dark mottled surlace. Scat
tered cut marks accur all over the piece. The marks are 
randomly distributed and may be the result of trampling. 
The single fragments show clear crushing edges with small 
bone splinters and cracks. 

Mul./ 1556. - A diaphysis fragment from the right side of an 
adult (PI. 1 2.6).  The piece has been wam and shows a lot of 
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scratehes and cut  marks. A blow has been inflicted in  the 
middle of the piece, which proximally has been strongly 
gnawed by dog. 

Mul.l 46908. - A diaphysis fragment with the distal joint 
from the leftside ofan adult (Pl. 1 2.3). The piece is verywell 
preserved and is light in ealour with a shiny, hard surface. 
Traces of ligbt gylt ja are still attached to the piece. The 
fragment has been hitacross the middle of the diaphysis just 
above the epiphysis. 

Mu1.l5006. - A fragment of the dextral caput humeri which 
has been split dorso-ventra11y. The piece is weU preserved 
and belongs to an adult. Numerous marks of dog teeth are 
seen on the surface of caput. 

Mul.l 2872. - A fragment of a loose epiphysis of a dextral 
caput humeri split dorso-ventrally. The piece is weU pre
served and comes from a not fully grown individual. Numer· 
ous tooth marks can be seen on the surface of the joint and 
along the edge of it. 

Mul.l 301 14·1. - A fragment of the proximal part of the 
diaphysis with remains of the proximal end of the jOint, 
which shows that the epiphysis has not vet taken root. The 
piece has been split dorso·ventral1y. The fragment is porous 
and is rather poor1y preserved. It has been gnawed by dog. 

Mu1.l2009; Mul.l 28217; Mu1.l 49094; Mul.l 1245; Mul.l 
1456; Mu1.l 29035; Mu1.l 24142; Mul.l 18949 {Pl. 12. J}. 
- All these pieces are diaphyses belonging to adults. Their 
state ofpreservation is variable, and some are hard, whereas 
others are peeled. Mul.l 29035 comes from the proximal 
part of the diaphysis, and shows cut marks and traces from 
dog·gnawing. 

Præstelyng 

PL 23514-1. - A fragment of the proximal part of a sinistral 
diaphysis with the epiphysis still attached (Pl. 1 3.3A-B). 
The piece is not well preserved and comes from an adult. 
Clear crush marks are seen around an impact area which 
partiy divided the bone into fragments. judging from the 
type of fraetures, the bone was later wrenched apart. 

PL 3435·1 .  - A fragment of the proximal part of a dextral 
epiphysis with the surface intact. The bone is sligbtly 
weathered and is elearly bumt black proximally. The frag' 
ment come from a juvenile animal with a loose proximal 
epiphysis. Scattered cut marks occur and the bone has been 
gnawed proximally by dog. 

PL 18750·1. - A fragment of the proximal part of a dex· 
tral diaphysis. The bone shows signs of wear and is from 
an adult. There are dear traces of crushing along the 
proximal edge, and the piece has been hit to break it. 
Scattered scratches and cut marks occur, probably caused 
by trarnpling. 

PL 3435·24. - Half of a dextral caput of an epiphysis split 
dorso·ventrally. The piece is well preserved. The surface 
shows elear marks of dog teeth. 

PL 7942-45. - A fragment of a sinistral distal epiphysis 
ineluding part of the diaphysis from an adult individual (Pl. 
1 3 . 1  A-C). The growth zone between diaphysis and epiphy· 
sis is slill partiyvisible. The bone is ligbt and peeling ofbone 
surfaces in severaI layers characteristic of taphozone I 
occurs. The bone has been broken by placing two blows on 
the lateral distal part of the diaphysis just above the joint. 
Cut marks occur on the joint surface where also a few tooth 
marks are found. 

PL 23563-2. - A fragment of a dextral distal epiphysis 
including part of the diaphysis from an adult individual (Pl. 
1 3 .4). The growth zone botween diaphysis and epiphysis is 
completely elosed. The bone is ligbt and peeling character· 
istic of taphozone I occurs. The bone has been partly broken 
by pladng two blows on the lateral distal part of the 
diaphysis. The blows were partly a fallure and the impact 
area is clearlyvisible. Cut marks are observed on the cranial 
side, traces after dog·gnawing of the joint area occur. 

PL 2351 9·2. - A fragment of an adult dextral diaphysis with 
distal epiphysis still attached. The piece is well preserved, 
and there is a veryclear impact area with small chips around 
placed laterally above the epiphysis (Pl. 1 3 .2A-B). 

PL 15549. - A fragment of an adult sinistral diaphysis with 
distal epiphysis. The distal end of the bone is poorly pre· 
served and bone peels occur. The bone has been broken and 
the position of the stroke mark is elearly seen. There are fine 
cut marks caudally above the joints. 

PL 1 1660·2. - A fragment of a dextral, distal diaphysis with 
the articular surface towards the epiphysis. The epiphysis 
itself is missing, and as the joint is a hinge-joint, the bone is 

clearly from an animal about l year old. The bone is 
relatively well preserved, but is distally strongly gnawed by 
dog. The place in whieh the breaking blow was placed can 
be clearly seen. 

PL 7556·1 13, 1550·8, 1550·29. - A fragment consisting of 
3 pieces from a sinistral diaphysis withforamen nutritium. 
The piece only represents half of a diaphysis, it is well 
preserved and comes from a fully grown adult. The diaphy
sis has been split along its length, and in two cases the 
striking marks can be seen. There are numerous saw marks 
around the muscular attachment crista humerL 

PL 16676·/. - A fragment of a half, dextral diaphysis with 
foramen nutritium. The well'preserved piece is from a fully 
grown adult. 

PL 6936·2. - A fragment of a half, sinistral diaphysis with 
foramen nutritium. The piece is well preserved and appears 
to have been broken across. 

PL 2351 / -2. - A fragment of a half, dextral diaphysis with 
foramen nutritium. The bone is peeled and has a brownish 
hue. 

PL 23514·2. - The fragment is well preserved and belangs 
to an adult. Proximally it has been gnawed by dog and shows 
numeraus cut marks. 

PL 23543·1 .  - A fragment of a half, dextral, proximal 
epiphysis. The piece is weU preserved and belongs to an 
adult. Impact marks are clearly seen on the bone, and the 
proximal part shows traces of dog·gnawing. 

PL 23555·3; PL 24849; PL 3435·1 9;PI 17221·2; PL 1 6867· 
3; PL 1550. - The fragments are all small pieces belanging 
either to the lower or the upper part of the epiphysis. The 
three upper parts are well preserved, in contrast to PL 
1 6867·3, 1 722 1 ·2 and 24849, and the latter bone has been 
sligbtly bumt. 

Radius/ulna 

Muldbjerg I 

Mu1.l32179, 50995, 1582, 23. - The fourfragments can be 
reassembled into a nearly complete right radius and ulna 
from an old animal (Pl. I S .SA-B). Radius and ulna are 
almost completely fused. This may in part result from callus 
formation from a healed lesion. The preservation is good 
althougb the distal and proximal ends have different 
colours; the proximal end is ligbt brown with a very hard 
and shiny surface, whereas the distal end is stalned dark and 
sligbtly decaldfied around the epiphysis. The bone has been 
fractured by a blow placed laterally in the middle of the 
diaphysis dividing itinto an upper and a lower epiphysis and 
two diaphysis fragments. The impact area is very well 
defined and is surrounded by marks from several misplaced 
blows, which have resulted in the removal of only small 
chips of bone (Pl. 50.2). There are cut marks elose around 
the joints and traces from intense dog·gnawing of the upper 
end of ulna. A callus fonnation has taken place around the 
fusion area of radius and ulna. Two foramina nutritia are 
situated in callus. 

Mul.! 23717, 144, 23716, 20671·1, 24318. - The five 
fragments can be assembled into a nearly complete left 
radius from an adult individual (Pl. I S.3A-B). The preserva· 
tion is very good, althougb different proximally and distally. 
The distal fragment is light brown with a porous, slightly 
decalcified surface, whereas the proximal end and the 
majority of the epiphysis have a dark brown staln and a hard 
shiny surface. The bone was divided into upper and lower 
ends, and a diaphysial part, and there are cut marks and 
scrape marks around the impact area of the main blow,. 
Another impact area is seen just below the proximal epiphy· 
sis. An area around the impact marks on the diaphysis 
shows traces of burning. There are a few scattered tooth 
marks. 

Mul.!552, 6, 20672·1, 7, 1595, 5. - The six well'preserved 
fragments can be reassembled to form a nearly complete 
rigbt radius/ulna from an adult individual (Pl. 1 5 .6). Ulna 
has not been fused to radius and only the distal epiphysis 
and the shaft are present. The bone has a unifonnly good 
state of preservation with a hard brown surface. Cut marks 
are present just below the proximal epiphysis and on the 
caudal part of the shaft. Tooth marks are seen near the 
fracture zone on the diaphysis. Two impact areas after 
blows on the lateral side of the diaphysis are recorded. 

Mu1.l 52534, 1 997, 6062, 6061, 1248, 28224. - The six 
preserved fragments can be reassembled to form an almost 
complete rigbt radius/ulna from an old individual (Pl. 
l S . I A-B). Preservation is partly good. Ulna is nearly fused 
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with radius in its full length. The fragments represent 4 
different types of preservation. Mul.! 52534, the proximal 
joint including the proximal part of the diaphysis, is ligbt 
brown in colourwith a hard shiny sUrface, and spots of light 
organic mud can still be seen in the bone cavities; MuLI 
28224 has a wam, deeply peeled surface, probably reneet· 
ing a prolonged period of exposure befare it was covered 
with water; the distal jOint, Mul.! 6062, has a ligbt colour, 
but a very porous surface indicating a slight decalcification; 
finally Mul.! 1 997 and 1 248 have a hard, almost black 
appearance probably indieating ligbt buming. 

The bone has been hit on the diaphysis at two places 
separating the bone into proximal and distal ends, and four 
fragments. In addition to crushing around the impact area, 
cut marks are seen proximally on ulna where a1so scattered 
gnawing marks occur. 

Mul.1 12341, 12342, 12343, 1 974, 1 6. - The five well· 
preserved fragments can be reassembled to form an almost 
complete left radius/ulna from an adult individual (Pl. 
I S .2A-B). However, the distal joint has been removed. The 
state of preservation of the different fragments varies. The 
proximal epiphysis of ulna and the diaphysis fragment 
(Mul.! 1 243 1 )  of radius have a wam, porous, ligbt brown 
coloured surface, whereas the remaining fragments have a 
dark brown, shining, hard surface. The fragments were 
probably embedded in sediment at different times and or 
place. Twa chop marks occur on the diaphysis (Fig. 84); 
scrape marks occur longitudinally on the cranial side of the 
shaft of radius. Olecranon has been gnawed by dog and is 
almost removed. Two areas of impact after a diaphysis
dividing blow are recorded (Pl. I S .2B). 

Mul.! 24667, 908, 32829·1, 32732. - The four well· 
preserved fragments can be reassembled to form an almost 
complete dextral radius from an adult individual (Pl. 1 5.7).  
The bone lacks the distal joint. The state of preservation 
varies arnong the fragments. The cranial part of the diaphy' 
sis of the radius is ligbt brown and has a pa raus surfaee as 
opposed to the other well·preserved fragments. Very clear 
cut marks occur below the proximal epiphysis. Crushed 
areas and bone splinters are seen around the impact area of 
two blows that divided the bone into at least five fragments. 

Mul.! 27339, 1 0882. - The two fragments constitute the 
proximal part of a weU'preserved right radius/ulna from an 
old animal with completely fused radius and ulna (Pl. 
l S .4A-B). The colour of the two fragments differ. The 
diaphysis is dark coloured and the proximal joint area is 
ligbt coloured. There are cut marks around the impact area 
of ane blow. Olecranon is gnawed by dog. 

Mu/.! 1296, 1295. - The two weU·preserved fragments are 
from the caudal part of the diaphysis of a sinistral radius and 
ulna from an adult individual. Two areas with crushed bone 
show where blows split the bone. 

Mu1.l28685, 1436 1·1, 6625. - Three differently, butweU· 
preserved fragments of the dextral diaphysis of radius and 
ulna from an adult individual. The cranial part is sligbtly 
weathered and has a ligbt beige colour. Crush marks occur 
at both ends. Chop marks are seen on ulna. 

Mul.l 10855. - A fragment of the caudal distal part of a weU
preserved dextral radius. Impact marks and a few tooth 
marks are seen. 

Mul.! 1 1 93. - A fragment of the diaphysis of a weU· 
preserved dextral ulna. Chop marks and tooth marks occur. 

Mul.!1 6407. - A weU'preserved fragment of the caudal part 
of a sinistral diaphysis from an adult animal. 

Mu1.l 6673. - A weU·preserved fragment of the caudal part 
of a diaphysis from an adult animal. 

Mul.l 8769; Mul.l 27297. - Twa fragments of the lower 
left epiphysis of a weathered sinistral radius. The two 
fragments may be from the same bone. The radius is 
cleaved dorso·ventrally. The joint area shows traces of 
intense dog-gnawing. 

Mu1.l 6607. - Awell'preserved fragment of the distal part of 
radius and dextral ulna. The fragment is from an adult 
animal, as radius and ulna are completely fused. An impact 
mark is seen just above the spongy tissue of the epiphysis. 

Mul.l 331 15; Mul.l 33019. - Twa fragments from a weU· 
preserved proximal part of a sinistral radius and ulna from 
an adult animal. Chop marks and cut marks are seen just 
below the ioint of radius, and olecranon is almost gnawed 
away. Gnawing marks are abundant also on the distal parts. 

Mul.l 1436/ ·2; Mul.! ! 977. - Twa small fragments from 
radius and ulna respectively. On Mul.! 1 977 a number of 
cut marks are placed along the shaft. 



298 Nanna Noe-Nygaard 

Mul.! 9348-1_ - Six well-preserved bones which constitute 
the sinistral carpale, carpale Ill, N, V, ulnare, intennedium 
and radiale. 

Præstelyng 

PL 3435-8, 4323-32. - An almost complete well-preserved 
distal end of a sinistral radius and ulna from an adult 
individual (Pl. 1 6.7 A-B). The bone has been split apen by a 
series of blows along the diaphysis. Traces of dog-gnawing 
oceur distally. There are scrape marks around the most 
distal impact mark. 

PL 6936-88, 1 1 131_  - The majority of the well-preserved 
diaphysis of a sinistral radius from an adult animal (Pl. 
1 6.6A-B). A series of impact marks has divided the diaphy
sis ioto a cranial and a caudal part. A few cut marks are 
present and a numher of scratehes and furrows from dog 
teeth are present all over the bone. 

PL 6936-143, 7942-57_ - The dextral distal part of the 
diaphysis of radius. The bone is weU preserved except for 
traces from intense dog-gnawing of the distal part. The bone 
is from a subadult animal. 

PL 13542-18. - The dextral distal cranial part of the 
diaphysis of radius from an adult animal. The bone is light in 
colouT and weathered with res ul ting peeling of the surface 
(Pl. 1 6.9)_  

PL 13542-10_ - The half of a sinistral caudal proximal 
epiphysis of radius from an adult animal. The bone has a 
light spotted surlace colour (Pl. 1 6.4). 

PL 2112-11 .  - A complete dextral diaphysis of radius from 
a juvenile animal (Pl. 1 6.3A-B). The age of the animal is 3-
4 months. Both epiphyses were loase and are missing. The 
surlace is weathered and shows deep peeling. Deep tooth 
marks with punctures are present proximally. 

PL 24863. - The distal end of the dextral diaphysis of a 
radius from a very juvenile animal, about 3 months old. The 
bone has been marrow·fractured, was gnawed by dog dis· 
tally. It is very poorly preserved with deeply peeled surface. 

PL 1 1703-5; PL 6936-71. - Both fragments are weU-pre
served cranial distal parts of the dextral diaphysis of radius 
of adult animals (Pl. 1 6.8) .  

PL 18877; PL 13542-4; PL 1 1420-5. - Three fragments of 
the caudal part of the diaphysis from adult animals. The two 
first are from a sinistral radius, and the last from a dextral. 
They are all relatively weU preserved with only slight 
surface peeling. 

PL 11531-1; PL 3435-47; PL 3435-58. - These are minor 
diaphysial fragments of radius from adults. 

PL 23557-3. - The sinistral proximal part of a weU-pre
served ulna from an adult. Olecranon has been broken off 
from the diaphysis. There are few traces of dog-gnawing (Pl. 
1 6. I A-B) .  

PL 13542-1. - The sinistral proximal part o f  a weU-pre
served ulna from a young animal with still loose tuber 
olecranii. There are cut and chop marks on incisura troch· 
learis (Pl. 1 6.5) .  

PL 3435-69. - The dextral proximal part of an intensely dog
gnawed ulna from a very young animal. Most of olecranon 
has been chewed away. Cut marks are present. 

PL 24902. - The sinistral proximal partofulna from an adult 
animal. The bone is slightly weathered distally and oleera
non is almost chewed away (Pl. 1 6 .2A-B). 

PL 16232-1. - The dextral proximal part of an ulna which 
has been almost totally destroyed by dog-gnawing. The bone 
is from an adult animal. 

PL 18491-1. - A small fragment from the proximal sinistral 
part of ulna. The fragment has been chopped off. 

PL 1550-17; PL 23553-14; PL 3435-26; PL 25177; PL 
3843-185; PL 16946-1. - Six fragments of corpus ulna, the 
three first from the dextral side and the last three from the 
sinistral side. They are generally weU preserved even if two 
of the fragments are from very young animals, I left and I 
right. They have all been broken off from oleeranon. Very 
minor traces of dog·gnawing are observed. 

Metacarpus 

Muldbjerg J 

MuJ.l 28262, 697, 146, 1617. - The 4 fragments can be 
reassembled to ane sinistral metacarpus. All the pieces are 
weU preserved with a hard shiny surface. Both jointends are 

present as is the cranial part ol the epiphysis (Pl. 1 8.6) .  The 
bones belong to an adult with fuUy closed zone of growth 
between epiphysis and diaphysis. The bone has been di
vided into 6 fragments by a series of blows along the 
diaphysis. In this way the lower and the upper ends came 
off, and the diaphysis was split longitudinally and divided 
into a number of smaller fragments (Fig. 86). Cut marks 
occur all over the distal end of the jOint, and fine cutting 
traces occur scattered on the diaphysis. 

MuJ.l 1523, 1 1794, 23504, 50988, 18129. - The bone 
consists of 5 pieces that can be reassembled into ane left 
metacarpus. The pieces are weU preserved, except for the 
distal joint roU which has been knocked off and is somewhat 
weathered with a porous surface. 80th joint ends are 
present along with 3 fragments of the diaphysis, which is 
stiU not quite complete (Pl. 1 8.5,  1 8.9) .  The bone comes 
from an adultwith an almost closed zone of growth between 
the diaphysis and the epiphysis. The bone has been divided 
into 6 fragments by a series of blows along the diaphysis. In 
this way it was divided longitudinally, and at a particular 
spat it was broken right across (Fig. 86).  The lower and 
upper ends have been beaten off. Cut marks occur just 
above the distal epiphysis. Bulges from impacts are clearly 
seen along the diaphysis. 

MuJ.l 29077. - The piece comes from the proximal left 
epiphysis of an adult. The fragment is weU preserved, but 
has been beaten across just below the joint surface. A single 
cut mark occurs on the cranial side (Pl. 1 8 . 1 0) .  

MuJ.l 17101, 1 6455, 51488. - A  fragment o f  the dextral 
proximal joint end of metacarpus and the proximal diaphy· 
sis of an adult (Pl. 1 8.2A-B). The fragment consists of 3 
pieces which can be reassembled. They are weU preserved 
in spite of a strong crushing around places of impact. Twa 
blows on the diaphysis just below the proximal diaphysis 
have been so strong that the joint itseIl is fissured and split 
into a cranial and a caudal part. Seattered marks of teeth 
occur just below the articular surface. 

MuJ.l8776, 40034. - A fragment of the distal joint end, and 
the cranial part of the diaphysis from the dextral metacar
pus. The sample consists of two pieces which are weU 
preserved, although the joint roUs are mechanically wom. 
The fragment belangs to an adult with almost closed seams 
of growth between the epiphysis and the diaphysis. The 
diaphysis has been split longitudinally into a caudal and a 
cranial part by a row ofblows along the diaphysis. Cut marks 
occur around the bulge of impact and on the caudal side just 
above the joint roll. 

MuJ.l 2960. - The proximal end of a weU-preserved right 
metacarpus from an adult. A strong impact mark is situated 
immediately below the articular surface. Densely spaced 
marks of teeth occur just below the articular surface. 

MuJ.l14566. - The caudal part of the diaphysis from a right 
metacarpus (Pl. 1 8.8) .  The piece is somewhat peeled and is 
fissured longitudinally. Chop marks occur caudally. 

MuJ.l 2003. - A fragment of the caudal part of a weU
preserved left diaphysis. 

MuJ.l 81. - The cranial part of a weU'preserved left dia· 
physis. 

MuJ.l 10661-16. - The cranial part of a weU-preserved left 
diaphysis. 

MuJ.l 1779, 1615, 14653. - A fragment of the distal 
epiphysis with the cranial diaphysis attached, belonging to 
a well·preserved lett metacarpus of an adult. The piece 
consists of 3 fragments that can be reassembled. They were 
produced by blows agalnst the diaphysis just above the 
epiphysis. There are cut marks and impact bulges especially 
on Mul.I 1 4653. 

MuJ.l 1434. - The upper end of a left weU-preserved 
metacarpus from an adult (Pl. 1 8 . 1 ) .  The joint itseIl seems to 
have been wam by rolling in water. 

MuJ.l 49881. - The upper end ol a weIl-preserved left 
metacarpus from an adult. There are strong cut marks all 
over the piece and traces of dog-gnawing occur caudally just 
below the joint flat. 

MuJ.l 1 177, 46461, 9025e, 1 703, 3200. - A fragment of 
the right proximal joint end and the cranial diaphysis from 
an adult. The piece consists of five fragments that can be 
reassembled. They are very differenUy preserved and have 
different colours (PI 4 . 1  7.3A-D). The proximal end is wom 
and shows a peeled surlace. Several very strong bulges from 
impacts encircled by crush marks occur on the diaphysis 
pieces. Cut and chop marks occur cranially just below 
articular surface. 
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MuJ.l 1405. - A weU·preserved caudal part o l  the diaphysis 
from a right metacarpus. 

MuJ.l8970. - A weU-preserved cranial part of the diaphysis 
from the right metacarpus with scattered teeth marks (Pl. 
1 8.4).  

MuJ.l 10753-50, 32365. - A weU-preserved cranial part of 
the diaphysis from a lett metacarpus, that can be reas· 
sembled with the distal end of a weU-preserved left metac
arpus. Strong cut and chop marks oceur just above the joint 
end on the lateral side. 

Præstelyng 

PL 16201, 1 9555-5, 3569, 1 9555-1 9. - The distal two 
thirds of a sinistral metaearpus of a juvenile individual. The 
lower epiphysis is not fused to the diaphysis, and it appears 
as two separate joints. The bone surface is porous and 
rugged, typical of a juvenile bone. The surlace is slightly 
weathered with superficial peeling of the outer bone laver. 
The bone has been split longitudinally along the diaphysis 
(Pl. 1 8.7) .  There are cut marks distally on the diaphysis. 

PL 1 1 660-8. - The distal epiphysis of a sinistral metacarpus 
from an adult individual. The joint surface is slightly wam 
and shows signs of desiccation. There are cut marks distally 
on the epiphysis, and traces produced by gnawing mice on 
the joints (Pl. 1 8.3) .  

PL 1 6438-4. - The cranial side of the sinistral weU-p re
served diaphysis from an adult individual. Marks from dog
gnawing and cutting occur distally. 

PL 7948-1x. - The cranial proximal rather weU-preserved 
sinistral diaphysis including the cleaved proximal epiphysis 
from an adult individual (Pl. 1 9.6) .  The impact areas of the 
blows that divided the epiphysis are very weU defined. 
Peaty material occurs in the marrow cavity, and a slight 
peeling has started on the otherwise hard, well-preserved 
bone indicating deposition in taphozone I. 

PL 13642-2, 3542. - The cranial distal two thirds of a partly 
well·preserved dextral diaphysis from a juvenile metacarpal 
bone. The singie joints are not vet fused to the diaphysis. 
The surface is rugged, characteristic of juvenile bones, and 
superfieial peeling of the bone surlace has started. Traces 
from dog·gnawing occur scattered on the surfaee. 

PL 21 12- 1 1 .  - A dextral weU-preserved distal epiphysis 
from an adult individual (Pl. 1 9.5) .  The joints are intensely 
gnawed by dog. The fragment has been knocked off and the 
impact area of the blow is present. 

PL 3843-180, 1020-361. - Two fragments that can be 
reassembled to form a proximal dextral epiphysis with a 1 5  
c m  long diaphysis (Pl. 1 9.2) .  The fragment including the 
diaphysis has been split longitudinally into a cranial and a 
caudal part. Traces from dog-gnawing occur proximally. The 
almost black coloured proximal end indicates slight bum· 
ing. Cut marks occur proximally. 

PL 1 1 660-3; PL 23563-7; PL 18426-2; PL 18339. - Three 
dextral diaphysial fragments, all of which are caudal upper 
ends, ane with the proximal epiphysis still attached, and 1 
sinistral fragment (Pl. 1 9.4).  All show cleaving marks along 
the diaphysis. Twa of the pieees have been gnawed by dog. 
No cut marks are observed. PL 1 8426-2 shows impact 
marks from failed marrow fracturing. The implement 
slipped during the blow, and only a small surficial bone chip 
came off. 

Ulkestruplyng 

ULØ 23383-6; ULØ 14359; ULØ 23362-9 {PI. 1 9. 1 7,  
1 9. 1 9}. - Three distal epiphyses, the first two from the right 
and the last from the left side. The first two are also very 
poorly preserved, light, peeled and poraus, and seem to 
have been deposited in peat in taphozone I.  They have all 
clearly been chopped off just above the joint. Cut marks are 
present on the joint surfaces. 

ULØ V6; ULØ 23387-2. - Two distal epiphyses of one left 
and ane right metacarpus, including part of the diaphysis. V· 
6 is weU preserved with only slight peeling. The other is 
highly damaged and dark stalned by humic acid from 
taphozone I .  

ULØ 23428-1. - A well-preserved part of the caudal end of  
the diaphysis from an adult. Twa clear impact marks are 
present. 
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Femur 

Muldbjerg J 

Mu1.l23078, 50836, 50489, 49094. - The four fragments 
can be reassembled to an almost complete, well·preserved 
sinistral femuf from a subadult animal. Comparison with 
modem material indicates an age elose to 2 years. The 
proximalepiphysis is present but not vet fused (PI. 20.5).  
The distal epiphysis has just been fused, but with apen 
seams between epiphysis and diaphysis. The bone walls are 
thick and the bone is from a strong animal with well 
developed musele attachments. Both epiphyses are strongly 
gnawed by dog and furrows and punctures are present. 

Mu1.l 36035, 31891, 32849, 24166, 24171. - The five 
fragments can be reassembled to an almast complete, weU
preserved sinistral femur from a juvenile animal with UD
fused and missing epiphyses (PI. 20.2). Comparisan with 
modem material indicates an age between 6 months and 1 
year. The diaphysis has been intensely gnawed by dog. 

Mul.l l lOOO, 18993, 1 0751·41, 16034a, 42012, 10946, 
1 6035, 1 9809. - These eight fragments form a partly 
complete femur from an adult animal (PI. 20.3A-B, 20.8). 
The different fragments show very different preservation 
ranging from hard shining surfaces, same showing slight 
peeling, to rugged weathered surfaces elearly indleating 
different depositional environments. The joints of the bone 
have been strongly gnawed by dog except for the highly 
fragmented diaphysis (PI. 20.8). 

Mul.l 45859, 1 966, 1 1 150, 13395. - The four fragments 
form an almost complete sinistral diaphysis from an adult 
animal (PI. 20.9). Both epiphyses have been knocked off. 
The preservation varies among the different fragments. The 
diaphysis is highly fragmented, and the surface of the bone 
has a strange wavy structure possibly caused by strong heat. 

Mul.l 13048, 2144, 52842, 1530. - The four fragments 
form an almost complete dextral diaphysis from an adult 
animal, and both epiphyses have been knocked off (PI. 
20.6). The preservation varies among the different frag' 
ments. The diaphysis is highly fragmented. A few tooth 
marks and a cut mark are present. 

Mul.l 6722, 3939·188, 817d, 6794. - The four fragments 
form an almost complete dextral diaphysis from an adult 
animal. Both epiphyses have been knocked off (PI. 20.7). 
The fragments show different states of preservation reflect· 
ing deposition in different sediment types. The proximal 
end of the diaphysis has been strongly gnawed by dog. 

Mul.l 49537. - A well·preserved dextral epiphysis from a 
femur of an adult animal. The fragment has been separated 
from the diaphysis by a powerful blow. The joint surface has 
been gnawed by dog. 

Mul.l 26156. - A slightly weathered proximal dextral 
epiphysis from a femur of an adult animal. Twa heavyblows 
dose to the joint have separated the fragment from the 
diaphysis (PI. 20AA-B). There are numerous tooth marks 
on caput femora and trochanter jemora. 

Mul.l 49127. - A hard, well·preserved dextral caput Je· 
mora. The fragment has been chopped off by a strong blow. 
A few tooth marks are seen. 

Mu1.l420 12. -A hard, well·preserved dextral distal epiphy· 
sis of a femur from an adult animal. The epiphysis has been 
divided longitudinally into a left and a right fragment. The 
bone has been gnawed by dog (Pl. 20.3A-B). 

Mul.l 4281; Mul.l 1 995. - Twa well·preserved diaphysis 
fragments from the cranial distal part of dextral femora from 
adult animals. The bones have been gnawed by dog. 

Mul.l 1602. - A proximal caudal fragment from a sinistral 
femur from an adult animal. 

Mul.l 13459; Mul.f 10373·1 1; Mu1.l28504; Mul.1 53258; 
Mul.l 1346/; Mul.l 31897. - These are all minute frag· 
ments of the diaphysis of fem ur. Mul.l 3 1 897 and Mul.! 
53238 have both been Iightly burned. 

Præstelyng 

PL 1 001-49. - A proximal dextral well'preserved fragment 
from an adult. Trochanter major has been gnawed away by 
dog. The growth area between epiphysis and diaphysis is 
still visible butclosed (Pl. 2 1 .4). The bone was deposited in 
taphozone Il. 

PL 1 9555·9, 1 9555·11 .  - The two fragments lit together 
and consist of the distal dextral well·preserved epiphysis 
and the distal pari of the diaphysis. The epiphysis is unfused 
(Pl. 2 1 .5) .  Comparisan with modem material indicates that 

the animal was 1 2- 1 4  months old. There are chop marks on 
the two condyles, probably reflecting dismembering activi· 
ties. There are no traces from dog·gnawing, suggesting rapid 
deposition probably in taphozone Il. 

PL 1 7221·5; PL 6936·9; PL 6 936·8. - Fragments of two 
dextral and one sinistral distal epiphyses, two condylos 
l1i.teralis, ane Jassa supratell1i.ris. The last fragment is poorly 
preserved and gnawed by dog. The others are well pre· 
served in spite ofbeing unfused, and show taphozone II type 
preservation. 

PL 7556·109 (PI. 21.7); PL 2356/·1 .  - The two fragments 
are from a well·preserved dextral very young femur, prob· 
ably the same bone. Comparison with aged material indi· 
cates an age of 2-4 months. The fragments cannot be fitted 
together as a minor part of the diaphysis is missing. The 
proximal part has no cut or impact marks. The distal 
fragment has four small chop marks and elear impact marks. 

PL 15360; PL 17353·1; PL 6936·3;PL 5091; PL 1 9831·3. 
Five, mostly dextral fragments from the cranial pari of the 
diaphysis. All are well preserved except ane (PL 1 7353· 1 )  
(Pl. 2 1 .2). The last shows peeling and is light, suggestive of 
deposition in taphozone l. All the fragments have ane or 
two clear impact marks placed laterally. Canine tooth marks 
OCCUf on PL 6936·3. 

PL 14745·1; PL 1020·349; PL 18336; PL 7979·6. - Mainly 
dextral fragments from the caudal part of the diaphysis. All 
are well preserved except one (PL 1 8336). The poorly 
preserved fragment shows both longitudinal cracks and 
peeling, characteristic of taphozone I. A few scattered cut 
marks OCCUf. All have impact marks. PL 7979·6 is dark from 
being bumt distally. 

PL 6936·90, 7942·50. - The fragments fit to form two 
thirds of a cylinder of the central part of the diaphysis. There 
are grooves from canine teeth all over the surface. 

PL 2351 9·1 .  - A sinistral well'preserved proximal end of a 
femur from an adult animal (Pl. 2 1 .3). The fragment has cut 
marks on the caudal side below caput Jemora. Trochanter 
majar has been gnawed away. There are two dis tinet impact 
marks below the epiphysis. 

PL 24885. - A loose distal well·preserved sinistral epiphysis 
from an animal 1 2- 1 4  months old. There are elear cut 
marks on condylos lateralis and medialis. 

PL 24514 1.  - A proximal, slightly worn sinistral pari of the 
diaphysis. The proximal epiphysis was never fused and is 
missing (Pl. 2 1 .7).  The animal was 1 2- 1 4  months old. 
There are cut marks an the caudal side just below caput 
Jemora. 

PL 14012·1. - A distal well'preserved part of the diaphysis 
with unfused epiphysis. The bone comes from an animal, 
1 2- 14  months old. The joint area has been gnawed by dog, 
and punctures and furrows are present. There are two dear 
impact marks laterally on the shafr (Pl. 2 1 .8).  

PL 14745·25;PL 18187; PL 24515;PL 1550·30;PL 1 1479· 
I. - Five fragments all from the caudal part of sinistral 
diaphysis from femur. They are all weU preserved except 
ane (PL 245 1 5), whleh has light texture characteristic of 
bones from taphozone l. No traces from dog·gnawing or cut 
marks are present 

PL 1 1 703·9. - The cranial part of a well·preserved sinistral 
diaphysis from an adult animal. Twa clear impact marks are 
present. 

Tibia 

Muldbjerg J 

Mul.l 49699, 16139, 15908, 1 6259, 10878, 1 6 160, 
1 6459, 15875. - The eigh! fragments can be reassembled 
to a variably preserved almost complete dextral tibia from 
an adult animal (Pl. 22.5A-B). The distal and the proximal 
parts of the bone are very dark and have been burned. The 
diaphysis, broken into 6 fragments, is light coloured and 
same of the pieces show superflcial peeling. The different 
fragments were clearly deposited in different sedimentary 
environments. The proximal part of the bone has been 
gnawed by dog. 

MUI.1 5171 0c, 14431, 17100, 9745, 5171Ob, 5171 Oa, 
50828. - The seven fragments can be reassembled to form 
an almost complete sinistral tibia from a juvenile/subadult 
animal with a completely loose upper epiphysis (Pl. 22.6A
H). The preservation is generally good with only minor 
peeling, although the distal epiphysis has a rugged porous 
appearance. Cut marks and impact marks are present and 
the epiphyses have been slightly gnawed by dog. 
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Mul.1 25965, 12459, 25876, 1576, 25965a. - The five 
fragments can be reassembled to form an almost complete 
dextral tibia and only the upper epiphysis is laeking. The 
well'preserved bone is from an adult animal. The distal 
epiphysis has been slightly burned. Only very few cutmarks 
occur. 

Mul.l 24935, 30756, 20938. - The three fragments form 
an almost complete diaphysis of a dextral tibia. It is well 
preserved and is from an adult animal. The bone is heavy 
and thlek walled. Furrows from dog canine teeth and a few 
cut marks occur around ane of the impact areas. 

Mul.1 1329, 6588. - The two fragments form the distal 
epiphysis of a sinistral tibia from a small, adult individual. 
The area around the joint is rather weathered and slightly 
crushed, whereas Mul.l 6588 is quite well preserved. 
Minor traces from dog·gnawing occur dista1ly. 

Mul.l 1 63366k. - The distal part of the sinistral, juvenile 
shalt of tibia with no epiphysis attached to it. The bone is 
slightly weathered. A few cut marks and traces of dog· 
gnawing occur. 

Mul.1 40828. - A proximal caudal fragment of the sinistral 
diaphysis of tibia. The bone is weU preserved apart from 
weU incised traces of dog·gnawing proximally. 

Mul.l 10948; Mul.f 1 1076; Mul.f 1 1 048. - These three 
similar fragments are from the proximal caudal fragment of 
the dextral diaphysis of an adult tibia. The bone is strongly 
gnawed by dog proximally. 

Mul.l 10759·12. - A well·preserved diaphysial fragment 
from a sinistral adult tibia. 

Mul.l 1629. - A diaphysial fragment of an adult tibia. Traces 
of dog-gnawing accur proximally, but otherwise the bone is 
well preserved. 

Mul.l 2993·352. - A proximal cranial fragment from the 
diaphysis from an adult animal. The bone shows traces from 
dog·gnawing. 

Mul.l 1 1 12. - Diaphysial fragment from an adult tibia. 

Mul.1 5171 0d. - Diaphysial fragment from the proximal 
cranial part of a sinistral tibia. 

Præstelyng 

PL 7556·1, 1 6644·18. - The two fragments from a well· 
preserved proximal part of a dextral tibia including the 
epiphysis from a well grown adult (Pl. 22. 1A-B) .  The bone 
has an impact mark placed laterally 12 cm below the joint 
surface, and a few cut marks occur just below or at the joint 
area. A few scattered dog tooth marks and furrows OCCUf. 
PL 23549·1 .  - The slightly weathered proximal fragment of 
a dextral tibia from a ca. I S  months old animal (Pl. 22.2). 
The age estimate is based on direct comparisan with mod· 
em material of known age. The suture below the epiphysis 
and the diaphysis is still apen but fused caudally. The bone 
has an impact mark placed laterally 1 0  cm below the joint 
surface. A few cut marks and a few canine tooth marks are 
present. 

PL 23516·3, 13542·12. - The fragments can be reas· 
sembled to form a well·preserved proximal part of a dextral 
tibia with a loose unfused epiphysis of a ca. 4 months old 
animal. The age is estimated by direct comparison with 
modem material of known age. The tuberositas tibiae is 
missing on the epiphysis. The bone has been crushed apen 
by a blow placed in the same area as on the two former 
fragments. The epiphysis shows traces from dog·gnawing. 

PL 20012. - A proximal dextral part of tibia that is well 
preserved apart from being strongly gnawed by dog on the 
joint surface. The bone is from an adult, but the epiphysial 
area is destroyed sa proper description is not possible. 
Marga canalis has been knacked off. 

PL 1 1479·2; PL 17974; PL 13542·1 6; PL 6936·95. - Four 
similar fragments of margo canalis from dextral tibiae. The 
first three are from animals 1 2- 1 5  months old, whereas 
the last was 4-5 months old. The first two are well pre· 
served, and the last two are weathered and have a peeling 
surface. All four fragments have clear impact marks later· 
ally. Three of the fragments have cut marks just around the 
area of the blow. 

PL 18757·2. - The distal part of a well'preserved dextral 
tibia from an adult animal. The bone is from a large strong 
animal. 

PL /364. - The distal part of a weathered water·worn 
dextral tibia from a small, adult animal (Pl. 22.4). The 
fragment has cJearly been knocked off, and marks of blows 
and 2 elear chop marks OCCUf. 
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PL 12383. - The fragment of the distal part of a dextral tibia 
from a juvenile animal with a complete, loose epiphysis. 
The bone is weU preserved, but has been split by a series of 
lateral blows. 

PL 21 12-1, 3435-1 6. - Twa well-preserved proximal cra
nial fragments from the diaphysis of a tibia of an adult 
animal. 

PL 23560-16; PL 7942; PL 1 932b-14; PL 21 12-9; PL 
1 1 703-6; PL 14745-7; PL 20492. - Seven fragments from 
the caudal part of the diaphysis of tibia. All are very well 
preserved apart from PL 1 932b- 1 4, and from adult animals 
except PL 20492 and PL 23560- 1 6. All the fragments have 
clear impact marks laterally. 

PL 7993-3; PL 17961; PL 2639; PL 14745-I I; PL 13549-3. 
- Five lateral fragments from the diaphysis of tibiae from 
adult animals. The fragments are slightly weathered, and 
the surfaces are peeling. PL 1 4745- 1 1  is heavily gnawed 
distally. 

PL 6936-13. - The dextral distal fragment of the diaphysis 
lacking the epiphysis which has not been fused at all. The 
bone is very porous and light and cornes from a very young 
animal. Cornparison with modem material indicates an age 
of about 1 month or less. 

PL 2356 1-1 .  - The dextral distal fragment of the diaphysis 
lacking the epiphysis, which has not been fused at all. The 
bone is from a very young animal, probably newboffi, or at 
maximum 1 month old. 

PL 1020-359, 3435-10, 3435-13. - The proximal part of 
the sinistral diaphysis and the proximal epiphysis from a 
young animal. Tuberositas tibiae have not been fused and 
are missing. The bone is weU preserved with the porous 
rugged surface characteristic of juvenile bones. A dear 
impact markoccurs on the diaphysis immediately below the 
joint surface. 

PL 124 1 1, 6436-1 84, 4323-31. - The three fragments form 
part of the well-preserved proximal epiphysis of a sinistral 
tibia of an adult animal. The tuberosilas !ibia and margo 
canalis have been knocked off. 

PL 3435-53, 21 12-8, 21 12-4, 1020-347, 1 6438-2. - The 
five fragments corrstitute an almast complete weU-pre
served leit diaphysis from an adult animal (Pl. 22.3).  This 
diaphysis can be reassembled with the proximal epiphysis 
described above_ The marks from the blows that split the 
shaft are seen together with a few seattered cut marks_ 

PL 18334. - The fragment of the proximal end of a sinistral 
tibia from an adult animal_ The bone is poorly preserved 
with deep peelings and a chalky surface. 

PL 10848. - A well-preserved fragment of the distal epiphy
sis of a sinistral tibia from an adult individual. The epiphysis 
has been divided into two lateral fragments_ A numher of 
distinct cut marks occur on the surface of the joint. 

PL 25670. - A well-preserved fragment of the distal epiphy
sis of a sinistral tibia from a juvenile animal without fused 
epiphyses_ There is an impact mark laterally. 

PL 9944; PL 17221-1; PL 16644-6; PL 23553-16; 23529-3. 
- Five cranial proximal fragments of sinistral diaphyses. The 
first and third fragments are from juvenile animals with 
unfused tuberositas tibiae, the rest are from adults. PL 
1 722-1  and PL 1 6644- 1 are in a very poor state of preserva
tion, whereas the rest are weU preserved. All fragments 
have c1ear impaet marks laterally. 

PL unnumbered; PL 13549-3; PL 21 12- 1 9. - Three caudal 
fragments from sinistral diaphyses. All are weU preserved 
and from adult animals. Furrows after dog-gnawing, and 
impact marks are present on all three fragments. 

PL 1 1419-14; PL 16867-2; PL 7942-49. - The three frag
ments are from sinistral diaphyses. The first is from a 
juvenile animal, the two others are from adults. They are all 
rather weU preserved. 

Metatarsus 

Muldbjerg I 

Mul.l 33017, 8047a. - The two fragments form the distal 
end of a sinistral well-preserved metatarsus of an adult 
individual (Pl. 25.3,  25.5) .  Marks from blows are seen on 
the diaphysis. A large number of minute bone chips occur 
around the impact area of the blow that cleaved the epiphy
sis from the diaphysis. A single cut mark is situated on the 
actual joint surface. 

Mul.I 13603, 1 1 850. - The two fragments form the distal 
end of a partly mechanically wam sinistral metatarsus of an 

adultindividual (Pl. 25.6, 25.4).  A large part of the diaphysis 
is attached to the distal epiphysis, and a numher of impact 
marks aceur on the latter. There are deep cut marks around 
the diaphysis just above the joint. 

Mul.I 9326a, 1 6991, 15091. - The three fragments form 
the proximal end of a poorly preserved sinistral metatarsus 
of an adult individual. The upper part is light with a rough 
peeled surface as opposed to the distal part, which has a 
hard dark surface. The proximal epiphysis is split through 
the joint to produce a cranial and a caudal part. Impact 
marks are present along the diaphysis, and cut marks accur 
just below the proximal epiphysis. 

Mul.I 3322a. - A well-preserved fragment from a proximal 
sinistral epiphysis and diaphysis of an adult individual. Bone 
splinters occur in large numbers around the mark caused by 
the blow that split off the diaphysis and separated of the 
epiphysis from the diaphysis. 

Mul.l 28863. - A well-preserved fragment of a sinistral 
epiphysis of an adult individual. The bone has been broken 
across at the point where canalis metatarsus starts. 

Mul.1 25057. - A strongly weathered fragment from a 
sinistral caudal epiphysis of an adult individual. 

Mul.l 36108, 1513, 1 992, 1521, 49693, 6277. - An 
almost complete dextral metatarsus formed by 6 fragments 
from an adult individual (Pl. 2 5 . 1 A-C). The two epiphyses 
have been knocked off and the diaphysis has been divided 
into a cranial and a caudal part. The laterally placed blows 
have further divided the diaphysis into smaller fragments. 
Deep cut and chop marks occur around the diaphysis just 
above the distal epiphysis right through caflålis metatarsus, 
which also shows bone crushing. The diaphysis fragments 
are differently preserved. Some are hard and dark, whereas 
some show c1ear traces of peeling_ 

Mul.l 29449, 2000, 944, 2004. - A relatively large and 
weU-preserved fragment from a proximal dextral metatar
sus of an adult individual_ The proximal epiphysis is broken 
into a crania! and a caudal fragment (Pl. 25.2) .  Crushing of 
bone accurred around the mark after the blow that caused 
the breakage of the bone. Scattered cut marks are seen, and 
traces from dog-gnawing occur around fracture zones. 

Mul.l 49894, 12565. - A proximal, well-preserved dextral 
metatarsus of an adult individual. Marks from blows occur, 
and the diaphysis is broken into a caudal and a cranial part. 

Mul.l 16991, 9326a, 15091. - A cranial part of a well
preserved dextral diaphysis of an adult individual. The 
diaphysis consists of 3 fragments_ Marks from blows occur 
along the shaft, and cut marks are situated dose to the distal 
epiphysis. 

Mul.l 9338a; Mul.I 9338b; Mul.I 1 1 0  I l; Mul.l 14784; 
Mul.l 1405 (PI. 25.7). - Five loose fragments from the 
cranial part of the diaphysis. 

Mul.l 29790; Mul.l 249; Mul.l 25692; Mul.I 6705; Mul.l 
1627; Mul.I 15585; Mul.l 29095. - Seven loose fragments 
from the caudal part of the diaphysis. 

Præstetyng 

PL 4323-30, 23569-7 (Pl. 26.4), 16955 (Pl. 26. 1). - The 
three fragments can be reassembled to form an almost 
complete dextral metatarsus, where only the caudal part of 
the diaphysis is missing. The three fragments show differ
ent preservation. The proximal and distal epiphyses are 
light brown with a poraus surface, and peat material can be 
scraped out from both fragments. The diaphysial fragments, 
in contrast, are very weU preserved with a hard dark brown 
surface, and same light organic mud is still adhering, 
indicating burial in calcareous fine mud in taphozone Ill. 
Cut marks occur distally. 

PL 17682. - A caudal part of a sinistral diaphysis of an adult 
individual. The fragment is dark brown and weU preserved. 
The metatarsal bone has been split along its full length 
induding the upper epiphysis. Marks of four blows accur 
along the shaft, otherwise no cut marks or traces of dog
gnawing are present. 

PL 1 9701-3. - A distal dextral epiphysis of an adult indi
vidual. The fragment is poorly preserved, deformed and 
possibly slightly burned. 

PL 1 9701-2. - The caudal part of a dextral poorlypreserved 
diaphysis. 

PL 17221-6. - Half of the proximal sinistral epiphysis of an 
adult. The fragment is weathered (Pl. 26.5) .  
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PL 18531. - A very poorly preserved sinistral distal epiphy
sis from an adult. The joint is almost disintegrated. There is 
a cut mark distally all around the bone. 

PL 24922. - A distal sinistral well-preserved epiphysis from 
an adult individual. Clear impact marks occur on the shaft, 
which is attached to the epiphysis (Pl. 26.3) .  A cut mark all 
around the bone is present as on PL 1 853 1 .  

PL 5615-232. - The cranial part of a well-preserved sinistral 
diaphysis of an adult individual. There are marks from two 
laterally placed blows. 

PL 20440-4. - The caudal part of a slightly weathered 
sinistral diaphysis of a not fully grown individual. 

PL 5099. - The proximal part of a sinistral epiphysis of a 
small adult individual. The fragment is well preserved with 
a hard shiny surface. 

PL 18518-1. - The cranial part of a well·preserved proximal 
sinistral epiphysis from an adult individual (Pl. 26.2).  The 
black stain may indicate light burning. 

PL 1 1479-5; PL 25154; PL 3507. - Three epiphysial frag
ments, not further determinable. 

Costa 
The ribs are subdivided into three groups, Il costae verae 
no. I ---D, Il) costae affixa.e no. 7- 1 0, and Ill) costaef/uctu
ante no. 1 1 - 1 4 .  

Muldbjerg I 

Group l. - The state of preservation is fairly good, although 
same (Mul.1 856 1 ,  20890, 6275, 2 9 1 6 1 a  and 3 1 455)  are 
light in colour and porous, and have also begun to fissure 
dista1ly, with torsion and peeling as a consequence. About 
50% of the fragments show clear signs of having been 
gnawed by dog, and same of the distal cracking and destruc
tion may thus reflect gnawing. All the ribs are from adults, 
except for Mul.! 3 1 44 1 ,  which fil with Mul.! 3 1 455.  This 
rib is juvenile, has a poraus surface, and has been split 
cranially/caudally by dog-gnawing, and clear marks of a 
strong canine occur distally. On Mul.! 2 9 1 6 1  there are very 
strong traces of scraping on the inner side of the rib (Fig. 
9 1 ) .  This feature has been found on three other ribs. On 
Mu1.l 2067 1 -2 there are deep cut marks and a single chop 
mark on the upper side of the rib just below its bend. All the 
ribs have been deliberately broken, most commonly just 
below the caput costae (Figs. 90-9 1 ) .  On Mul.! 1 1 9 a 
protuberance occurs 2 cm below caput costae on the rib. 
There is no trace of flint in the regenerated callus. 

Group Il. - The state of preservation is better than in group 
l .  Most ribs are weU preserved, although a few (e.g. Mul.! 
2008 and 29 1 6 1 b) (Pl. 49.5) have a light, blistered surface, 
are very light in colour, and are split at the ends. The better 
preservation may simply reflect that a significantly smaller 
number of bones in this group were gnawed by dog. All the 
bones come from adults and they have all been deliberately 
broken. Several cut, chop and scrape marks occur. The 
bones are only moderately gnawed by dog. MuLI 2 0 1 1 
shows an increased formation of callus distally with a 
forarnen to drain off puss (Pl. 46.7),  but no flint remains 
were discovered by X-radiography. Mul.I 24228 also shows 
an apophysis-like callus protuberance (Pl. 46. 1 2) probably 
caused by a slight injury of the rib. MuI.! 3 9 1 9  and 299 1 5  
can b e  reassembled to form a coroplete rib, but the two 
fragments are very different in colour and preservation_ The 
proximal part (Mul.! 3 9 1 9) is lighter and has been daroaged 
proximally, whereas the distal part is almost black, hard and 
shiny, and has notbeen gnawed by dogs even distally. Clear 
chop marks occur just around the spat where the bone was 
broken, distally on the upper part and proximally on the 
lower end. Differences in colour and disintegration indicate 
that the distal part of the rib was removed early in the 
pracedure of partitioning and thrown into the water, 
whereas the proximal part, probably still with meat on it, 
was cooked at the site and thereafter lett on the surface for 
some time. 

Group Ill. - The ribs are weU preserved with only a few 
exceptions (Mul.I 1 1 683 and 2 7682b). The bones all come 
from adults and have all been broken. There are almost no 
signs after dog-gnawing, and the distal ends are intact and 
show virtually no tendency to longitudinally splitting. Al
most all bones of this group have weU developed marks from 
scraping on the inner side of the rib, like in Pl. 49.4-6. 

Præstelyng 

Group I. - The bones are falrly weU preserved with hard, 
shining surfaces with a few exceptions, e.g. PL 2279. This 
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bone is  split up distally and shows deep peeling of  the 
surlace. Cut marks occur distally on 7 costae, and proxi
mally on l ooly. Seattered scrape and faint cut marks occur 
all over the dorsal side of the ribs. All ribs in this group are 
from adults. Traces of dog-gnawing are found on 6 ribs. 

Group Il. - The ribs are weU preserved and accur as 
fragments 6 cm and 20 cm lang. The long distal fragments 
are almast without cut and scrape marks, or traces of dog
gnawing (Figs. 90--9 1 ) .  The distal bone fragments were 
probably thrown into the lake shortly after butchering. The 
majority shows taphozone Il type of preservation. On the 
proximal parts of the ribs, however, numerous cut, scrape, 
and polish marks accur. The cut marks are deep and 
proceed half way into the dorsal part of the rib. Nearly all the 
ribs are broken along this cut (Pl. 49.2). 

Group l/I. - These ribs are less well preserved, especially 
the distal ends where peeling and splitting up occur. This 
may be due to early surface exposure, or it may result from 
dog-gnawing. Tooth marks are found distally e.g. on PL 
6936·1 46. Group III costae were also divided into 6 cm lang 
fragments, cut and broken off from the long distal part. The 
scars after bone splintering that aceur on the ventral side of 
the ribs below the deep cut grooves indicate that the 
breakage movement was from out side towards the stom
ach. The same pattem is seen in group Il. Nearly all working 
traces are fouod on the proximal part, where cut marks, 
chop marks, and polish marks accur. A couple of ribs from 
this group are from juvenile animals e.g. PL 6936-1 46. 

Description of particuiJJ.r/y weathered costae. - PL 1 1 726 
and PL 24407 have a rougb and partially peeling surlace, 
but no large·scale peeling and splitting, as demonstrated on 
Pl. I . l .  

PL 2703·2 shows a beginning large·scale peeling, has a 
very rougb surlace and a ligbt colour distally. 

PL 3534- 1 ;  PL 5 6 1 3- 1 1 ;  PL 2 1 674; PL 1 5263b are ligbt 
yellow in calouf, have a rough surface with a beginning 
splitting of the ribs. Peeling is developed as long big onion· 
like flakes, the smalter anes leave behind sub-surfaces at 
various leveis. 

PL 2279; PL 7556- 1 1 6; PL 6859-2; PL 1 020·352 are 
either totally split, or they peel up like pages in a book, 
beginning distally (Pl. 1 .7). 

PL 24362 has cut marks distally. 

Calcaneus 

Muldbjerg l 

Mul.f 134. - A dextral calcaneus from an adult individual. 
The bone is well preserved with a dark and hard surlace. 
There are deep cut marks on the cranial proximal end. 

Mul.f 15330. - A dextral calcaneus from a young individual. 
The bone is weathered with peeling and cracking of the 
surlace. It shows many tooth marks proximally, and cut 
marks laterally. 

Astragalus 

Muldbjerg I 

Mul.f 1358; Mul.f 10970. -A leftand a rigbt astragalus with 
ligbt, cracked surlaces. The polygonal way of cracking may 
result from heating in fire. 

Mul.1 12459; Mul.1 20 1 98. - Two well-preserved astragali 
from adults. The first one has clear, seattered tooth marks 
on the surface. 

Capreolus capreolus 
(roe deer) 

Cranium 

Muldbjerg l 

Mul.f 25968. - AnUer fragment from an unrubbed anUer 
with a rougb porous surlace and far from fully developed. 
The fragment has been broken off. 

Mul.f l 985. - A small fragment of anUer with hard shining 
surlace from a newly rubbed anUer. 

Mul.f 1532. - The larger part of a dextral only parUy rubbed 
antler with impressions from blaod vessels on the proximaJ 
part, indicating death in the spring (Pl. 28.9). 

Mul.f 43620. - A well-preserved fragment of processus 
paracondyiJJ.ris of an adult animal. 

Mul.f 28576. - A well·preserved fragment of os premaxi1-
iJJ.re of an adult animal. 

Mul.f 666. - A collection of well-preserved teeth from the 
upper jaw of an adult animal: pZ, p

3
, m

l
, and mZ. 

Mul.f 2189. - A well-preserved dextral fragment of os 
premaxiliJJ.re of an adult animal. 

Mul.f 667; Mul.f 46 l 7. - pZ and m
3 

Præstelyng 

PL 23560·6; PL 23560·5; PL 23560-3; PL 14416 (Pl. 
29. 1-5). - Two complete anUers, I fragment of anUer 
from the dextral side, and I fragment which cannot be 
ascribed to any side. PL 23560·5 and PL 23560-3 have 
been cut off at the base. The material is sligbUy weathered, 
and the surface is rough and porous characteristic for 
deposition in peat on land, taphozone l. Well developed 
cut marks oceur at the base. 

PL 13936· l. - The sinistral half maxilIare and the distal part 
of processus zygomaticus. The teeth ID3, mz, and ml are 
still in place. The fragment is sligbUy wom, and the enamel 
of the teeth is splintered. The maxillare is from an individual 
with wam teeth, the enamel heigbt in m I is only 2 mm, and 
the jaw bone shows clear resorption around the alveoli. The 
animal was 5-6 years old by comparison with modem 
material. 

PL 22376. - A dextral fragment of parielaie of an old 
individual. Sutures are not detectable. The fragment is well 
preserved. A few scrape marks are present. 

PL 6 1 95; PL 61 91. - A well-preserved sinistral fragment of 
maxilIare. The bone came from a newbom individual. PL 
6 1 9 1  is a dp

z 
which fits into the jaw. The tooth has no roots 

and only I mm of the well-preserved paper-thin enamel is 
stained. 

PL 24626. - A dextral pZ of an old individual. 

PL 23507. - A sinistral fragment of os temporalis, which is 
weathered and porous. 

PL 23507-4. - A dextral poorly preserved fragment of os 
temporalis. 

PL 23534-9. -A dextral fragment of os temporalis with part 
of processus retrotympanicus. 

PL 23534-4. -A sinistral fragment of os occipitale including 
processus juguiJJ.ris. 

PL 13774-8. - A sinistral fragment of os parietale from a 
juvenile animal. 

PL 1 6644-7. - A sinistral well-preserved fragment of os 
temporalis. 

Mandibula 

Muldbjerg l 

Mul.f 1 1 8. - A dextral fragment of mandibula without 
processus anguiJJ.ris and olecranon (Pl. 28.2). The well
preserved jaw is from an adult. The heigbt of the enamel on 
the firstcusp ofm I is 4 mm corresponding to an age of about 
4 years, or slightly older. The bone has not been knocked 
apen, and a fraeture on ramus rrl11ndibularis is almost 
certainly of modem date. 

Mul.f 53231.  - Mandibula, ,inistral distal fragment from an 
adult individual (Pl. 28. 1 ) . The bone is well preserved but 
without i } ,  iZI and i3' The bone is partly white burned 
proximally where a fraeture is found. The heigbt of the first 
cusp of ID l on the bucca! side is 4 mm indicating an age of 
about 4 years or sligbtly more, as Mul.l 1 1 8. 

Mul.f 1510. - Mandibula, sinistral fragment from ramus 
mandibuiJJ.ris broken just behind m3 (Pl. 28.3). Olecranon 
is missing. The well-preserved bone is from an adult. 

Mul.f 25492. - M3 sinistral, somewhat wom. 

Mul.f 23058a. - P3 dextral, somewhat wom. 

Præstelyng 

PL 23560-24. - Mandibula, dextral fragment with P4, m l ,  
mz, an d  m3' The bone i s  poorly preserved, and its cavities 
are filled with peat material. The teeth are wam, especially 
ml ,  where the enamel on the first cusp on the buccal side is 
only 2 mm higb corresponding to an age of 5-6 years (Ashby 
& Henry 1 979). 
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PL 23561-5. - Mandibula, proximal dextral fragment with 
processus articuiJJ.ris. The fragment is well preserved with a 
few cut marks across ramus TTldndibularis. 

PL 17566. - Mandibula, proximal sinistral fragment. The 
fragment is well preserved and includes ramus mandibu
iJJ.ris togetherwith the proximal ramus horizontalis with mz 
and m3 in place (Pl. 29.5) .  

PL 3435-2. - Mandibula, proximal sinistral fragment. The 
fragment is very weU preserved and indudes ramus TTldndi
buiJJ.ris together with the proximal half of ramus horizon· 
talis containingm3, mz, and ml (Pl. 29.6). The heigbtof the 
first cusp of ro l on the buccal side is 8 mm corresponding to 
an age of 1 -2 years (Ashby & Henry 1 979). A few cut marks 
are present on ramus TTldndibularis. Margo ventralis has 
been knacked off. 

PL 9947-2. - A loose 13, 

PL 1 6438- 14. - A loose dP4, dextral, without roots. 

Scapula 

Præstelyng 

PL 7942-42. - A fragment of the dextral scapula from an 
adult animal. The fossa scapuiJJ. is very poorly preserved, 
and shows bulging and blading althougb the colour indi
cates deposition in humified organic mud. 

PL 1550-1 .  - A fragment of the dextral scapula from an 
adult. It is relatively well preserved, but the distal rim of the 
blade is damaged. 

PL 18757-1 .  - A  fragment of the dextral scapula from a very 
juvenile animal. What is left is relatively well preserved, 
especially considering the young age. The major damaging 
factor has been dog, and the whole joint and distal rim of the 
blade has been gnawed away. 

PL 23568-7. - A fragment of the dextral scapula from an 
adult. It is relatively well preserved apart from destruetion 
by dog-gnawing, especially around the joint and along the 
distal rim of the blade. A few cut marks occur on the inner 
side of the blade. 

PL 7942-41.  - A very well-preserved fragment of the 
sinistral scapula from an adult. A couple of cut marks occur 
on the inner side of the blade. 

PL 24506. - An almost complete sinistral scapula from an 
adult. The state ofpreservation is good in spite of deposition 
in peat (Pl. 1 1 . 1 2) .  

PL 5612-215. - A complete sinistral scapula from an adult. 
The state of preservation is very good, and the bone has a 
dark shining brown surface. A few tooth marks occur 
around the joint where processus glenoides has been 
chewed away (Pl. I l .  I 3) .  

PL 24856. - An alrnost complete sinistral scapula from an 
adult. The state of preservation is good, althougb the joint 
area is alrnost completely gnawed away. A few cut marks 
occur on the inner side of the blade. 

Humerus 

Muldbjerg l 

Mul.I 28788 d. - An upper dextral epiphysis fragment. The 
bone is light and weathered, and peat sediment is attached 
to it. Tooth marks occur. 

Mul.I 1470. - The lateral fragment of the dextral diaphysis 
from an adult. The bone is weU preserved with traces of dog
gnawing proximally. 

Præstelyng 

PL 1020-346. - The proximal part of the sinistral humerus 
from an adult. The bone is weU preserved with dear impact 
marks close to the spongy tissue in the epiphysial region. 
Tooth marks occur in the same area. 

PL 7942-46. - The proximal part of the dextral hurnerus 
from an adult (Pl. 28.7).  The bone is well preserved al
thougb trochanter major is sligbUy wom. Two clear impact 
marks accur below the epiphysis. 

PL 5615-241. - A loose proximal epiphysis of a sinistral 
humerus from a juvenile animal. The fragment is weU 
preserved but ligbt in weigbt. The seams from the fusion of 
trochanter TTldjor and caput humeri are still visible. 

PL 23560-10. - The distal part of a sinistral humerus from 
an adult. The bone is weU preserved, but impact marks after 
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fraeturing and tooth maries are present as weU as cut marks 
close around the jOint. 

PL 1401 1-2_ - The distal part of a sinistral humerus from an 
adult. The bone is weU preserved. Cut marks are present on 
the lower cranial part of the diaphysis_ 

PL 1 1703-7 - The distal part of a dextral humerus from an 
adult. The bone is well preserved. Impact maries and cut 
marks aceur. 

PL 6963-1 62. - A minor fragment from the upper proximal 
spongy tissue of the joint area. The fragment is weU pre
served and stems from an adult. 

PL 6436-1 81; PL 28885; PL 4297; one without number. -
Four weU-preserved diaphysial fragments of humerus from 
adults. 

Radius/ulna 

Muldbjerg l 

Mu1.l2975, 30704, 478, 28745. - The four fragments form 
an alm ost complete sinistral weU-preserved radius from an 
adult animal (PI. 28.5) .  The bone has been knocked open by 
a lateral blow on the middle part of the diaphysis. A number 
of cut marks and scrape marks occur around the impact 
area, and a number of cut marks are present below and 
around the proxirnal epiphysis. 

Mu1.l30681, 17295. - The two fragments form a complete 
dextral weU-preserved radius from an adult animal (PI. 
28.8).  The bone has been knocked apen by a lateral blow on 
the middle part of the diaphysis. The two fragments have 
different colours, and their final depositional environment 
were most likely different. There are cut marks around the 
impact area across both fragments. Cutting and scraping 
have thus been undertaken befare marrow fraeturing took 
place, and most Iikely result from c1eaning of the bone 
befare fragrnentation. A few cut marks occur praximally 
(Fig. 95) .  

Mul.1 1 1 92. - A proximal weU-preserved fragment of ole
cranon from a sinistral ulna of an adult. There are cut marks 
on incisura trochlearis. 

Mu/.J 30749. - A fragment of the distal sinistral corpus 
ulna. The fragment is broken at both ends and stem from an 
adult animal. 

Mu/.J 30750. - A fragment of the dextral oleeranon, broken 
distally (PI. 28.6).  It belangs to an adult and has a few cut 
marks caudally. 

Mul.1 24571. - A fragment of the distal part of a dextral 
corpus ulna. The bone is broken in both ends. It is weU 
preserved and stems from an adult animal. 

Præstetyng 

PL 1 1531-5, 1 1531-4. - The two weU-preserved fragments 
which fit together are the proximal ends of radius and ulna 
from the dextral side. The bones are from an adult. The 
radius and ulna have been fused until 2 cm from the 
proximal epiphysis of radius. This could be owing to high 
ontogenetic age of the animal. A thickening of the caudal 
bone wall of radius with callus fonnation on the inner side 
is, however, more suggestive of old bone fracture as reason 
for the extended fusion of radius and ulna. A few canine 
taoth marks occur. 

PL 16232-2; PL 6936-129; PL 1 020-353. - The 3 weU· 
preserved fragments are all from the proximal part of 
dextral ulnae. The first is from a juvenile animal, and tuber 
olecranll is missing and had not vet fused with olecranon. 
The age of the animal is about 1 -3 months by comparisan 
with modem material. The second specimen has also lost 
tuber olecranii but here owing to dog·gnawing. 

PL 7946-1; PL 6936-128; PL 12480-9. - The 3 weU
preserved fragments are all from the proximal part of 
sinistral ulnae. The second fragment has been gnawed by 
dog and tuber olecranonis missing. There are cut marks on 
the caudal side of the fragments which all stem from adult 
animals. 

PL 14745-15; PL 6936-86; PL 6936-87. - These are all weU
preserved fragments from corpus ulna. The two first from 
sinistral and the last from a dextral ulnae. 

PL 24814; PL 23557-1 1; PL 2491. - These bones are all 
well-preserved proximal fragments from radii, all from the 
sinistral side and from adult animaIs. They show same 
traces of dog-gnawing, however, and PL 248 1 4  has been 
very destructively gnawed. 

PL 1 1541 -8. - A sinistral radius distal fragment. The bone is 
from an adult and is poorly preserved and decalcified. 

PL 7942-53; PL 12394; PL 1 1541-8. - These are diaphysial 
fragments of radius. The two first are from the right side and 
the last is from the leit. One fragment is gnawed by dog. All 
fragments are from adult animals. 

PL 16946-2. - The distal part of a weU-preserved dextral 
radius from a newbom calf. 

Metacarpus 

Muldbjerg l 

Mu/.J 24203. - The sinistral proximal epiphysis of a weU
preserved metacarpus from an adult. 

Mu/.J 16336 05 or 1 6336-5 (number unelear). - A fragment 
of the cranial, proximal dextral epiphysis of a weU-pre
served metacarpus from an adult. 

Mul.1 29365, 1 9298. - The two fragments can be reas
sembled to a weU-preserved dextral diaphysis ofmetacarpus 
from an adult. The entire surface is covered with scratches 
which appear as longitudinal scrape marks. Groove-and
splinter technique has been practiced in the furrow that 
separates the two fused metacarpals in order to divide the 
bone dorso/ventrally. 

Mu/.J 26864. - The sinistral distal epiphysis of a weU
preserved metacarpus from an adult. 

Præstelyng 

PL 23514-12, 20866. - Twa fragments of a sinistral metac
arpus from an adult. The well-preserved fragments are 
preserved differently, but can be reassembled to fonn a 
complete proximal epiphysis with a piece of the diaphysis 
attached to it. PL 235 1 4- 1 2  is dark brown with hard shining 
surface and four impact marks laterally on the diaphysis. PL 
20866 is light brown, has a porous surface, and appears 
water roUed. 

PL 6936-148. - A relatively weU-preserved proximal sinis
traI epiphysial fragment from an adult. The bone surface 
shows slight peeling and must have been exposed on the 
ground for same time. 

PL 7556-1 07. - A cranial proximal fragment from a sinistral 
diaphysis of an adult. The bone surface is brown and 
lightbrown, spotted, and slightly poraus. Small pointed 
tooth marks occur proximally. 

PL 7942-51. - A weU-preserved caudal distal fragment of a 
dextral diaphysis from an adult. 

PL 5612-221. - A weU-preserved cranial fragment of a 
dextral epiphysis from an adult. The bone surface shows 
initial stages of surface peeling. 

Femur 

Muldbjerg I 
Mu/.J 1439. - The proximal weU-preserved epiphysis of the 
dextral femur from an adult individual. The bone seems to 
have been knocked into two or twisted apart from the lower 
epiphysis, presurnably Mul.l 1 0829. Trochanter major is 
gnawed away. 

Mul.1 10829. - The distal, weU-preserved epiphysis of a 
dextral femur from an adult. The bone is fragmented by a 
spiral fracture, and is heavily dog·gnawed around the joint 
surface. 

Mu/.J 1608, 1607 - The two fragments can be reassembled 
to form part of a lower caudal, well'preserved diaphysis 
from an adult. 

Mu/.J 23320. - A sinistral eaputjemora from an adult. The 
fragment has been chewed away by dog and is slightlyworn. 

Mul.1 1 9. - The distal, half epiphysis from a sinistral femur 
of an adult individual. The slightly wam fragment has been 
gnawed by dog. 

Præstelyng 

PL 4323-46; PL 8261 -2. - Twa fragments from the proxi
mal, sinistral epiphysis, and a majority of the diaphysis of a 
well-preserved femur of an adult. Clear impact marks occur 
laterally on the diaphysis (PI. 29.8).  

PL 2454. - The proximal, sinistral epiphysis of a weU
preserved femur from an adult. A few cut marks occur 
below eaputjemora. 
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PL 6936-75. - The proximal, sinistral epiphysis and the 
majority of the cauda! diaphysis of a well-preserved femur 
from an adult. Clear impact marks occur below the epiphy
sis (PI. 29. 1 0) .  

PL 13542-1 1. - The proximal, sinistral epiphysis of  a weU· 
preserved femur from an adult. 

PL 1 932-361. - The distal, sinistral epiphysis of a femur 
from an adult. The line of fusion between the epiphysis and 
the diaphysis can, however, still be seen. A couple of cut 
marks accur on the caudal side just above the joints. 

PL 4323-35. - The distal, sinistral epiphysis of a femur from 
an adult. The bone is slightly burnt (PI. 29. 1 1 ) .  

PL 1 1 871; PL 1271; PL 1550-25. - The fragments are all 
from sinistral diaphyses from adult animals. They have hard 
shining surfaces and are weU preserved. 

PL 7556-1 1 1, 6925-1 75. - The two fragments are reas
sembled to form an otherwise well-preserved, dextral fe· 
mur without epiphysis of a juvenile animal. The bone has 
received a blow at the diaphysis which divided it into two. 
A few tooth marks are present. 

PL 3843-182. - The proximal, dextral fragment of a weU· 
preserved femur from an adult. There are a few cut marks 
just below caputjemora (PI. 29.9).  

PL 6925-168. - The distal, dextral fragment of a weU
preserved femur from an adult. A few cut marks are found 
caudally below the joint. 

PL 7556-1 09. - The dextral, proximal half fragment of a 
wom femur from a juvenile animal with unattached epiphy
sis. The lack of the epiphysis and the rugged appearance of 
the bone indicate a very young age for the animal. The age 
is estimated to at maximum 3 months by comparisan with 
modem material. 

PL 23539-1.  - The proximal, sinistral fragment of an exten
sively gnawed femur from a rather young adult. The epiphy
sis is completely chewed away. The bone is slightly weath
ered, and a light peeling has started. 

PL 2351 9-6. - The proximal, sinistral fragment of an exten
sively gnawed femur from a juvenile animal. The epiphysis 
is completely gnawed away. 

PL 6936-89. - The cranial part of a dextral diaphysis 
inc1usive joramen nutritium from a well-preserved femur 
from an adult animal. There are severai impact marks 
present after marrow fraeturing. 

PL 6936-94; PL 21 12-46; PL 1 14 1 9-18; PL 6936·93; PL 
9497. - Five smaU diaphysial fragments, ane of which is 
from a juvenile animal. The pieces are generally well 
preserved. 

Tibia 

Muldbjerg l 

Mu1.l 6614, 6615, 1436, 6777, 27181, 1506, 6608. - The 
7 fragments all belang to ane dextral, well-preserved tibia 
from an adult animal. The type of preservation of the 
proximal and distal ends is different. Distally the bone has a 
colour and surface appearance typical for peat embedded 
bones, whereas the bone is slightly weathered proximally. 
Nearly all fragments are present from the bone, making it 
possible to reconstruct the fragmentation pattem. Impact 
marks occur. 

Mul.l 1580, 1512. - Twa fragments from the cranial part of 
the diaphysis from a sinistral tibia. The preservation of the 
two pieces is different. The proximal (Mul.l 1 580) is slightly 
weathered with beginning peeling of the surface. A few 
scratehes occur which may result from trampIing. Mul.l 
1 5 1 2  has a hard shining dark surface. 

Mul.l 6774. - A distal, sinistral weU'preserved epiphysis 
from an adult animal. Impact marks are present. 

Mu1.l52894. - A fragment of a distal, white burnt epiphysis 
from an adult individual. 

Mul.l 1 1509; Mul.1 2013; Mul.l 6366. - Three fragments 
from the caudal part of the diaphysis from ane or more 
femora. The fragments are weU preserved. 

Præstelyng 

PL 24882. - A proximal fragment of a dextral, weU-pre
served epiphysis of a tibia from an adult animal. A lateral 
impact mark is present. 

PL 13606-2. - A complete dextral tibia from a very young 
animal. The bone has a quite loose epiphysis, and a rugged 
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porous surface characteristic o f  very young bones. The age 
is estimated to be around 2 months by companson with 
modem material. 

PL 9944. - The cranial, dextral fragment of a well-preserved 

bone from an adult animal. Twa lateral marks show that a 

blow separated it from the rest of the bone. 

PL 23560-14; PL 7942·47. - Twa distal, dextral fragments 
of well-preserved bones from adult animals. The difference 
in colour indicates different type of embedding sediment. A 
few U-shaped shallow furrows across the bone were caused 

by dog canines. 

PL 23553-17. - A proximal fragment of a well-preserved 
diaphysis from a juvenile animal. The epiphysis has been 
quite loase and was not faund. Comparison with modem 
material suggests that the animal was 3--4 months old. 

PL 23419; PL 3435-16; PL 2793-3; PL 2351 9-18; PL 7942-
48; PL 9300. - All fragments are from dextral diaphyses of 
various tibia bone elements. They are very weU preserved 
with hard shining surfaces, except for PL 234 1 9  which is 
weathered, water folled, and has a peeling surface. Impact 
marks are present laterally on all the fragments. 

PL 6936·1 12. - A sinistral pull tibia. The bone is either from 
a weU developed foetus or a newbom animal. The bone is 
only well ossifted in the diaphysial part. 

PL 23563-8. - The proximal, sinistral fragment of a well
preserved bone from a juveniJe. The age is estimated to 2-
3 months. 

PL 1550·21; PL 23553-25. - Two distal, sinistral fragments 
of well·preserved tibiae from adult animals. 

PL 1 1440-1; PL 7942-52; PL 12183; PL 8646. - Four 
fragments of various sinistral tibiae. They are all well 
presetved and with dark, hard surfaces. Several impact 
marks are present. 

PL 18876; PL 2793·5. - Two well·preserved fragments of 
sinistral tibiae, both with light brown calour. Several impact 
marks occur. 

Metatarsus 

Muldbjerg / 

MuU 6606, 6775. - The two well-preserved fragments can 
be reassembled to form an almost complete dextral metatar· 
sus from an adult animal. Five impact marks placed laterally 
were caused during marrow fraeturing of the bone. Two cut 
marks occur on the shaft. 

MuU 32198. - A proximal, dextral well-preserved epiphy
sis of a metatarsus from an adult. The bone has cut marks 
just below the joint surface, and scrape marks on the 
diaphysis. Deep furrows occur in the groove between the 
two fused metatarsals, and micro·chop marks below the 
joint. Ordinary chop marks are also present. 

MuU 284646. - A proximal dextral, cranial well-preserved 
epiphysis of a metatarsus from an adult individual. 

MuU 6778. - A well-preserved dextral, diaphysial fragment 

from the cranial part. 

MuU 1435, 28853. - An almost complete sinistral well· 
preserved metatarsus from an adult. Four dear impact 
marks occur. 

Mul.1 15851. - A well-preserved caudal fragment of the 
diaphysis of metatarsus from an adult. Marks after dog
gnawing occur distally. Impact marks are present along the 
lateral side. 

MuU 12893. - A minute fragment of the cranial part of the 
proximal, sinistral epiphysis of the metatarsus from an adult 
individual. 

Præstelyng 

PL 6925-165. - A loose capitulum of a very young metatar
sus. The animal was less than 2 months old. The fragment 
is weU preserved. 

PL 24857, 24405, 24957. - The three poorly preserved 
fragments can be reassembled to form the dextral, distal 

diaphysis from a small adult with the epiphysis preserved. 

The joint has been gnawed by dog. 

PL 5615-235, 3843-181, 3843·213. - The three well
preserved fragments can be assembled to form an almost 
complete sinistral metatarsus from an adult animal, only 
lacking the distal epiphysis. Impact marks after marrow 

fracturing occur laterally on the bone. 

PL 25131. - A poorly preserved distal part of the sinistral 
diaphysis from a juvenile individual. The distal epiphysis 

had not vet been fused to the shaft and is missing. 

PL 1 6644-16; PL 25082. - Two caudal fragments of a 

sinistral and a dextral diaphysis including the proximal 

epiphyses. The bones are poorlypreserved and showweath
ering and colourtypical for bones embedded in peat. Both 
fragments have dear impact marks. 

PL 23563·13. - A well-preserved fragment of the lateral 
part of a dextral diaphysis of a metatarsus from an adult 
animal. Tooth marks from dog occur proximally. 

PL 7964-1 .  - A well-preserved dextral metatarsus from a 
very young animal. Metatarsal Il and III have just fused and 
the epiphyses are loose. The age is estimated to between O 
and 2 months. 

PL 3843-1 98. - A well-preserved dextral fragment of the 
caudal part of the diaphysis from an adult. 

PL 23563-18. - A well-preserved dextral fragment from the 
lateral part of the diaphysis from an adult. The bone has 
been gnawed by dog proximally. 

PL 24845. - A well-preserved dextral fragment from the 
cranial part of the diaphysis from an adult. 

PL 23516-4. - A weIl-preserved sinistral fragment from the 

caudal part of the diaphysis. There is an impact fracture 
from a stroke. 

PL 25173-3. - A well-preserved dextral fragment from the 
lateral part of the diaphysis. It is dog-gnawed proximally, 
and a cut mark occur distally. 

PL 23539-5. - A well-preserved sinistral fragment from the 
caudal part of the diaphysis showing early stages of weath· 
ering and peeling. 

PL 1 1420·4. - A well-preserved sinistral fragment from the 
caudal part of the diaphysis. Marks after dog-gnawing occur 
proximally. 

PL 24913. - A well-preserved sinistral fragment from the 
cranial part of the diaphysis from a juvenile animal. 

PL 23563-14. - A well-preserved sinistral, lateral fragment 

of the diaphysis. Marks after dog-gnawing occur proximally. 

PL 24070-2. - A well-preserved dextral, cranial fragment of 
the diaphysis. 

PL 24897. - A weathered and peeled sinistral lateral frag
ment of the diaphysis. Marks after dog-gnawing occur 
proximally. 

PL 251 17·1. - Metatarsal Ill, a loose distal epiphysis from 
the dextral side. The bone is well preserved and was not vet 
fused to the diaphysis. 

Pelvis 

Præste!yng 

PL 6458. - A complete, well-preserved sinistral pelvis from 
a young animal. The bone was deposited in limnic calcare· 

ous organic mud which still adheres to it. 

PL 13904. - An almost complete, well-preserved sinistral 
pelvis from an adult. Pubis has been knocked off. 

PL /225-8. - A sinistral fragment of acetabulum. The bone 
is light in colour and slightly weathered. A couple of tooth 
marks are present. 

PL 3843-202. -Acetabulum and the proximal part of i/ium 
of a well·preserved sinistral pelvis from an adult. The distal 
end of ilium has been heavily gnawed by dog. 

PL 24839. - A liny fragment of a sinistral acetabulum from 
an adult. The fragment has been heavily gnawed by dog. 

PL 21 077-1; PL 1 9555·26. - Two poorly preserved minute 
sinistral fragments of pubis and acetabulum from a young 
animal. 

Sus seraJa (wild baar) 

Præstelyng 

Cranium 

PL 23514. - A sinistral fragment of os incisivum including 
i 1 of an old adult individual. The fragment is weathered and 

has a slightly peeling surface. 
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PL 21 12-10. - A dextral fragment of os maxillare including 

dp2, dp
3 

and dp
4 

of a very young individual. The premolars 
are hardly wom, and the age of the animal is estimated to 

about 1 -2 months by comparison with modem material. 

The bone shows slight traces of fire, and the enarnel of the 

teeth is cracked (Pl. 3 1 .7) .  

PL 3435-23. - A well-preserved fragment of os frontale of 
the eyebrow area of an adult. 

PL 6936-161 .  - A sinistral fragment ofosparietale fragment 

of a veryyoung animal, presurnably from the sarne as PL 22-
1 0  and PL 6936- 1 2 1 .  The bone is fragmented but well 
preserved. 

PL 3435·41, 3435· 14. - Os parietale and os occipitale 
which can be matched. The well-preserved fragments of a 
young, but not juvenile individual are highly fragmented. 

PL 24834-2. - A well-preserved sinistral fragment of os 
occipitale of an adult individual. Condylos occipitalis is 
heavily gnawed by dog. 

PL 24835-1; PL 25089. - The dextral and sinistral proces
sus styloides of an adult and a young individual. 

PL 1 6644-8; PL 13774-8. - Two well-preserved fragments 
of os petrosum. 

PL 3843-189; PL 3435-55. - Two well'preserved dextral 

fragments of condylos crani4lis of an adult and a young 
animal. 

PL 3435-48. - A well-preserved fragment of os temporaie of 
a young animal. 

PL 17840; PL 6936-121. - Fragments of os temporaie of a 
juvenile animal. The fragments are weU preserved in spite 
of the porous bone structure. 

PL 1020-360. - A well-preserved dextral adult fragment of 
os occipitale including os zygomaticus. 

Mandibu/a 

PL 7306. - A sinistral fragment of os dentale. The bone is 
well preserved and of an adult with fully erupted and wom 
m3 (1 42 mm, m 1 7  mm) (Fig. 58). Canalis mandibui4ris has 
been knocked open (Pl. 3 1 .4). 

PL 10529. - A sinistral canine from the mandible. The tooth 
is of an adult female and slightly damaged on the enarnel 
part. 

PL 23558-5; PL 3843-1 92; PL 23543-8; PL 3435·25; PL 
/042/. - Loose incisors of different age. 

PL 3435-50. - A young P2 ' 

PL 22-33. - A very young m3' It is not erupted, and has 
virtually no roots. 

Humerus 

PL 1020-352. - Distal fragment of the diaphysis of humerus 

of an adult animal. 

PL 1020·348. - Distal fragment of the diaphysis of humerus 
of an adult animal (Pl. 32. 1 1 ) .  

PL 1 1 909·7. - Distal part o f  the diaphysis o f  a very young 
animal. Traces from dog·gnawing occur. 

Radius 

PL /894/. - Dextral, adult fragment of radius, consisting of 
the distal end. 

PL 16699. - Sinistral, adult fragment of radius, consisting of 
a part of the proximal end. 

PL 13542-4. - Sinistral fragment of radius, consisIing of the 
distal caudal part. 

Ulna 

PL 23534-3. - Sinistral fragment of ulna consisIing of parts 
of processus coronoides lateralis and incisura semilunaris . 

PL 16644- 1 1 .  - Proximal fragment of a sinistral ulna (Pl. 
32.5) .  

PL 3435-35. - Diaphysial fragment of a dextral ulna. 

Femur 

PL 24072-1 .  - Fragment of the distal articulation from the 
sinistral side. The fragment is of an adult animal and has 
been bumed. 

PL 17066. - Diaphysial fragment from the proximal part. 

The fragment is from the dextral side of an adult animal. 
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PL /2223. - Distal part of a juvenile diaphysis, showing 
traces of dog-gnawing. 

Tibia 

PL /020-358. - Distal fragment of a dextral tibia. 

PL 12383. - Fragment of the distal half of the diaphysis of a 
dextral tibia of a juvenile animal. 

PL 1 9555-13; PL 1 1 660-1; PL 7864; PL 7942_ - Diaphysial 
fragments from the dextral side_ PL 7864 has impact marks. 

PL 1021-339; PL 14012-2. - Diaphysial fragments from the 
sinistral side. 

PL 1 9555-5. - Diaphysial fragment, which cannot be as
signed to side. The fragment has impact marks. 

Fibula 

PL 21 12-15_ - Fragment of the distal part of fibula of an adult 
animal. 

PL 101 9-3. - An almost complete fibula of an infantile 
animal. 

Vertebrae 

VERTEBRA CERVTCALI$ 

PL 2112-40. - Fragment of atlas of an adult. The element is 
fragmented by a dorso/ventral stroke. 

PL 1550-20. - Fragment of atlas of an adult. The element is 
fragmented by a dorso/ventral stroke. 

PL 2112-21, 2112-34. - Corpus of epistropheus which can 
be reassembled with the caudal epiphysis. The neural arch 
is chopped off. The element is from a subadult animal. 

PL /4745-/ 9. - Adult fragment of epistropheus, consisting 
of the post-zygapophysis and the caudal margin of foramen 
costa-transversum. 

PL 4323-53. - Adult fragment of vertebra cerviealis Ill, 
consisting of zygapophysis. 

PL 1550-34. - Fragment of vertebra cerviealis N, consisting 
of part of the neural arch including pre- and post-zygapophy
ses. 

VERTEBRA THORACICA 

PL 17475_ - Adult fragment of the neural arch with zygapo
physes and processus spinosus. Traces of dog-gnawing cc
cur at the tip of processus spinosus. 

PL 1550-28_ - Juvenile fragment of corpus and part of the 
neural arch. 

VERTEBRA LUMBALIS 

PL 14745-6, 13606-/0, 14745-8. - The three fragments 
can be reassembled. PL 1 4745-6 is an almost complete 
element, PL 1 3606· 1 0  is the proximal epiphysis, and PL 
1 4745·8 is the distal epiphysis. The element is from a 
juvenile or subadult animal. Processus spinosus is chopped 
off. 

PL 6936-1 10. - Fragment of vertebra lumbalis VI, consisting 
of the major part of the neural arch, including processus 
spinosus. 

PL 20545_ - Fragment consisting of pre-zygapophysis and a 
small fraction of the neural arch. 

PL 13832_ - Diseus of vertebra lumbalis_ 

PL 23582-1. - Diseus of vertebra lumbalis. 

Bos domesticus (domestic 

cattle) 

Muldbjerg I 
Mul.l 46981, 1581, 37309_ - The well-preserved frag
ments constitute the proximal part of the diaphysis and the 
proximal epiphysis of a dextral radius and ulna of an adult 
animal (PL 34_3)_  The fragments are very different in 
colour and appearance. MuLI 46981 is light brown, very 
heavy and non destrueted, MuLI 37309 is more brownish 
and intensely gnawed by dog distally and MuLI 1 58 1  is 
dark brown with beginning of peeling of the surface layers. 
There are numerous seattered cut marks all over the bone 
surfaces. 

Mul.l 27824, 1 1 86, 986, 6661. - Four well and homoge
neously preserved fragments from the diaphysis of a sinis· 
tral radius of an adult animal_ MuLI 986 and 27824 are 
slightly burned distal ly. There are seattered cut marks and 2 
impact marks. Ulna has been ripped off. 

Mul.l 31648. - The proximal fragment of an adult dextral 
humerus (PL 34.2).  The fragment has numerous impact 
marks and has been smashed. The proximal epiphysis has 
been intensely gnawed by dog and caput humeri is missing. 

Mu1.l 4124, 31 648, 1 960. - A diaphysis fragment of hu
merus from the right side of the animal. The piece is 
reassembled from 3 relatively well-preserved fragments. 
The bone has extremely thick walls, and is very strongiy 
built. Several cut marks and traces of crushing attempts are 
seeo; proximally it has been intensely gnawed by dog. 

Mu1.l60 18. - The well-preserved distal part of the diaphysis 
from a femur of a juvenile animal. The fragment has been 
intensely gnawed distally and the epiphysis is missing. 
Scattered cut marks occur. 

Mu1.l 24708, 16 13, 1 1 1 1, 10952h_ - The well-preserved 
fragments can be reassembled to form the proximal part of 
the diaphysis of a dextral femur of a juvenile animal_ The 
ontogenetic age of the former fragment and these is the 
same, and the fragments maywell come from the same bone 
element. The bone element has been split longitudinally 
into 4 lang bone splinters, which are intensely gnawed 
proximally where almost the cannelous tissue has been 
chewed away. Twa of the fragments are burned proximally_ 

Mu1.l 6143. - A well-preserved loose dextral caputfemora 
of a juvenile individual (PL 34.5).  The fragment has been 
moderately chewed by dog. 

Mu1.l32897. - A well-preserved sinistral condylos lateralis 
from a dextral femur of an adult animal (PL 34.6).  Condylos 
/ateralis has been split longitudinally into a left and a 
rightcondyle_ There are cut marks on the joint surface and 
the fragment has been gnawed by dog_ 

Mul.l 44836. - The well-preserved distal epiphysis of a 
dextral tibia of a juvenile animal with apen seams between 
diaphysis and epiphysis. The bone has been gnawed by dog. 

Mul.l 3090, 1 672_ - Twa well-preserved fragments from 
the dextral diaphysis of tibia of an adult animal. There are 
several impact marks distally and the fragments have been 
slightly burned. 

Mul.l 690. - A dextral well-preserved acetabulum of an 
adult individual (PL 34.7).  The way os Wum, os ischium and 
os pubis have been !mocked off resemble the modern 
slaughter treatment given to pelvis bones. There are deep 
cut marks on ischium and ilium, pubis is intensely gnawed 
by dog. 

Mul.l 13767; Mul.l 84977; Mul.l 12154; Mul.l 48000; 
Mu1.l29068. - These fragments are all safely determined to 
belang to lang bones of Bos domestieus. They are small and 
incansistenee in form and shape, and gnawed by dog. 

Mul.l 18256; Mu1.l 53238; Mul.l 1 96O; Mu1.l 6995; Mul.l 
1 964; Mul.l 2893-354. - These are all small insignificant 
fragments of lang bones of presumably Bos, but where 
Cervus e/aphus may be a possibility 

Capra hircus/OVis aries 
(goat/ sheep) 

Muldbjerg I 
Mul.l 1616_ - A sinistral juvenile m2, which had hardly 
been in use. 

Mul.l 1758. - A sinistral juvenile m l > just erupted. 

Mu1.l23058_ - A sinistral juvenile m3 with a tiny fragment 
of the jaw bone. The tooth has not been in use. 

Canis jamiliaris (domestic 

dog) 

Præstelyng 

PL 23546-1. - A dextral well-preserved mandibula of an 
adult individual. The teeth pz, P3. P4 and ml and the canine 
are still in place (Figs. 59-<> l ;  PL 36. 1 ;  Appendix 2) _  The 
premolar teeth are not placed in a single row but are turned 
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and overlap, exhibiting the characteristic tooth pattern of 
domestic dog. 

PL 23568-8_ - A dextral well-preserved complete radius of 
an adult (PL 36.6; Appendix 2) .  The bone has a hard shining 
surface, and shows no traces from human activity. 

Pl 23563-1 1_ - A fragment of the diaphysis of the dextral 
femur of an adult animal. The fragment is weU preserved, 
and the fragmentation seems to be post-depositional. 

PL 24805, 24806. - Twa weathered fragments from a 
sinistral tibia (PL 36.7-8). The fragments can be reas
sembled to form one coroplete bone. The bone was found in 
the sublittoral peat and appears very light in colour and 
weight (l L3 g) compared with PL 23563-6 ( 1 8.05 g)_ 

PL 23563-6. - A complete well-preserved dextral tibia of an 
adult animal (PL 36.5; Appendix 2). The bone was found in 
gytt ja and weighs 1 8.05 g. 11 probably belangs to the same 
individual as the tibia described above. The difference in 
weight of the two tibiae results from difference in preserva
tion in the !wO types of sediment. 

PL 23568-1 1 _  - A dextral well-preserved complete calca
neus of an adult animal. 

PL 23572-4. - A complete vertebra cemealis no. IV of an 
adult individual (PL 36.2;  Appendix 2) .  

PL 23568-10; PL 8262-1. - A complete vertebra thoraeiea 
and a fragment of spinosus thoracica of an adult individual. 
The bones are well preserved (PL 36.3; Appendix 2) .  

PL 23563-17; PL 23557-13; PL 24490-11/; PL 23563-16; PL 
24827; PL 24815; PL 23563-15; PL 1 6885; PL 24803. -
Nine ribs from all parts of the rib cage (PL 36.4).  They are 
generally weU preserved, but a few are weathered and were 
deposited in peat. Cut marks can be seen distally on PL 
23563 - 1 7 .  

Kongemose 

KS 37/1 1-8. - A well-preserved fragment from a sinistral 
maxilla including the alveoli of c, p

2
, p

3 
and p

4
. The bone 

appears porous, and is probably of a young individual. 

KS 40/28-34. - An almost complete dextral mandibula of 
an adult individual. Only processus coronoides has been 
broken off, and the teeth have fallen out (PL 3 6 . 1 0; Appen
dix 2) .  The proximal part of corpus mandibularis and ramus 
mandibu/aris has been gnawed intensely by a Canidae 
probably dog, as indicated by the dimensions of the tooth 
marks. There are numerous cut and scrape marks along 
rna.rgo ventralis. 

KS 40/28. - An almost complete sinistral mandibula of an 
adult individual. Ramus rna.ndibularis is, however, broken 
off. There are no teeth left in the jaw. Corpus mandibu/aris 
has been gnawed, probably by dog (PI. 36_ 1 3 ;  Appendix 2) _  
There are dear cut  marks along fTlilrgo ventralis. The jaw is  
of  the same size as  KS 40/28-34, but they do not fil together 
and are almost certainly from two individuals. 

KS 25/28-4_ - A complete, well-preserved dextral humerus 
of a large adult animal. There are cut marks on epicondylos 
medialis. Caput humeri has been gnawed away. 

KS 39/33-2. - A dextral, well-preserved ossa coxae of an 
adult individual. Ischium has been gnawed, probably by 
dog. There are scrape marks on the ventrai side of ilium (Pl. 
36.9) _  

KS 35/29-53_ - A well-preserved os sacrum of an adult 
individual. The bone has been gnawed caudally. 

KS 40/28-41. - A sinistral well-preserved calcaneus of an 
adult individual. 

Ulkestruplyng 

ULØ IX-59. - An almost complete, well-preserved, sinistral 
mandibula of an adult individual. The teeth are, however, 
missing (PI. 3 6 . 1 1 ;  Appendix 2) .  The a1veolus of P4 shows 
resorption of dental bone indicating that the tooth has was 
lost some time befare the death of the anima1. 

There are 5 loose teeth, which all fil into mandible UL0 
IX-59. 

ULØ /V-372. - A slightly bumed fragment of the distal part 
of a dextral rnandibula. All teeth are missing except for part 
of m l  which is splintered. There are c1ear cut marks on 
margo ventralis (PI. 3 6 . 1 2 ;  Appendix 2 ) .  

ULØ 23371-12. - A minor fragment o f  corpus mandibu/aris 
from a sinistral mandibula. Only the alveolus from PI and P2 
is present. 



FOSSILS AND STRATA 37 ( 1 995) 

ULØ 111. - A complete, well-preserved epistropheus of  an 
adult animal. There is a faint sign of black burning on the 
arch. 

Lutra tutra (otter) 

Muldbjerg I 
Cranium 

Mul.l 1598. -A well-preserved skull of an adult animal with 
all the permanent teeth present and worn. The occipital and 
part of the parietal region have been knocked off. Clear cut 
marks are placed on the nasal and frontal bones (Fig. 97). 

Mul.l 49586. - A poorly preserved dextral proximal frag
ment of maxillare and premaxillare of a juvenile animal. The 
teeth i l ,i2, j

3
, p

l
, p2, and p

3 
are only slightlyworn, and the 

jaw bone is very porous and light. 

Mandibula 

Mu1.l 45614, 25469. - Two weU-preserved, adult dextral 
mandibula fragments that can be reassembled (Pl. 37.5) .  
The teeth i 11 ill i3, c, Pz, P3, P4, ID It and m2 are present. 
Ramus mandibularis is broken. There are dear cut marks on 
the base of corpus mandibulae. The bone was deposited in 
peat. 

Mu1.l32717. - A weU-preserved sinistral fragment of man
dibula of an adult animal (Pl. 37.7). The teeth c, P I >  P3, and 
ID 1 are present. Ramus mandlbularis is broken. There are 
clear cut marks on the base of corpus mandibul3.e. The bone 
was deposited in peat. 

Mul.l 48864. - A complete dextral mandibula of an adult 
animal (Pl. 37.4). The bone has a light colour and is weU 
preserved. It was deposited in light deeper water gytt ja in 
taphozone Ill. All the teeth are present, although the canine 
is broken in its socket. There are cut marks on corpus 
mandibulae and just below caput mandibul3.e. 

Mu1.l48865. -A weU·preserved complete sinistral mandib
ula of an adult animal (Pl. 37.2). It was deposited in fine 
detritus gytt ja in taphozone Ill. All the teeth are present. 
There are cut marks on corpus mandibul3.e and just below 
caput mandlbulae. 

Scapula 

Mul.l 1 674. - A sinistral distal scapula fragment of a 
juvenile animal. The bone is weU preserved and paper thin. 
The area around the hinge is broken off, and the hinge itself 
is missing. 

Mul.l 6073. - A complete dextral scapula of a juvenile 
animal. The bone is well preserved and paper thin. Cut 
marks occur on fossa injraspinata, which has a fraeture 
resembling an arrow perforation (Fig. 97). 

Mul.f 4282. - A well-preserved distal dextral scapula frag· 
ment of an adult animal. 

Ulna 

Mul.f 2733. - A dextral proximal fragment of ulna of an 
adult animal. The bone is bumed and fraglle. 

Mul.1 10277. - A dextral proximal distal fragment ofulna of 
a juvenile animal. 

Pelvis 

Mul.f 4872. - A sinistral pelvis of a juvenile animal. The 
bone is well preserved although os pubis has been damaged. 
There are cut marks on os ischium. Traces of dog·gnawing 
are present. 

Mul.l 3506. - A dextral pelvis of a juvenile animal. The 
bone is well preserved although os pubis has been damaged. 
There are cut marks on acetabulum. Traces of dog-gnawing 
are present. 

Mul.l 4615·1.  - A well-preserved, sinistral pelvis of an 
adult. Os pubis is broken. There are cut marks on acetabu
lum and on os ischium. 

Tibia 

Mul.1 3086. - A juvenile dextral diaphysial fragment of 
tibia. The bone is well preserved, but has been gnawed by 
dog proximally, where cut marks also occur. 

Mul.l 2661. - A well-preserved loose dextral proximal 
epiphysis of a juvenile. 

Mu1./ 6087. - A well-preserved loose sinistral distal epiphy
sis of a juvenile. 

Fibula 

Mul.1 5065. - A well·preserved sinistral fibula of a juvenile 
individual. Both epiphyses were loose and not found. 

Mul.f 723. - A weU-preserved dextral fibula of a juvenile 
individual. Both epiphyses were loose and not found. 

Vertebra 

Mul.f 1594. - A complete and well·preserved adult atl3.s. 
Cut marks are present ventrally. 

Mul.f 2841. - A well-preserved juvenile fragment of atl3.s. 
Cut marks are present ventrally. 

Mul.1 6033. - An almost complete and weU-preserved 
epistropheus of a juvenile animal. 

Mu1.l 48992-F. - A fragment of epistropheus. The arch has 
been knocked off. The bone is light brown and weU pre
served. 

Mul.1 32627. - An almost complete, well-preserved epi
stropheus of an adult animal. 

Mul.1 48633. - A well·preserved arch of vertebra thoracica 
which has been knocked off. There are cut marks on the 
cranial side. 

Mu1.l 740. - A fragment of vertebra lumbalis. Impact marks 
are present ventrally, and the blow divided the bone into a 
left and a right side. 

Præstelyng 

PL 7963·4, 10516. - The well-preserved fragments of 
cranium can be reassembled to form the maxillare, the 
palatinum and part of os zygomaticum of an adult individual 
(Pl. 37. 1 ) . The incisors and canines are present together 
with the right side premolars and molars. There are cut 
marks on the maxillare rightbehind the ml (Figs. 62A, 98). 

PL 3843-186, 6925-177, 24252·2, 6925·1 90, 6925·1 93, 
3843-21 9, 6436-91 (Pl. 37.3A-B). - The 3 mandibula 
fragments and the 4 100se teeth can be reassembled to form 
an almost complete pair of mandibles of an adult animal 
with m2, m

l
, p

4
, and p

3 
present. The canines and incisors 

are miss ing. The dextral alveoli from the canine is filled 
with spongy tissue which forms a bulge on the outer side of 
the jaw (Fig. 62B, D).  The two halves of the mandibles seem 
to have been deposited in different types of sediment, one 
near shore and one in the deeper water deposits of marly 
calcareous organic mud. There are cut marks on margo 
ventralis, and processus condylaris has been broken. 

PL 24490-1. - A complete, well-preserved dextral scapula of 
an adult animal. Cut marks occur proximally under the joint 
on the inner side of the blade and distally on the inner side 
Biometric data in Appendix 2 .  

PL 24603. - A camplete, well·preserved sinistral scapula of 
a juvenile animal. 

PL 24490·11. - A complete, well-preserved sinistral hu
merus of an adult animal. There are caudal cut marks 
distally. 

PL 24269. - A complete, slightly weathered dextral hu
merus of an adult animal. The bone is water rolled and the 
surface has started peeling. From the adhering sediment it 
can be seen that the bone was deposited in a peaty near· 
shore type of sediment, taphozone I-Il. Biometric data in 
Appendix 2. 

PL 24564. - A complete, well-preserved dextral ulna of an 
adult animal. There are cut marks on olecranon near the 
joint and in the joint itseU (Fig. 98). Biometric data in 
Appendix 2. 

PL 7537. - A well-preserved sinistral ulna diaphysis of a 
juvenile animal. The bone is from a very young individual as 
both the distal and the proximal epiphyses are loose and 
missing. 

PL 1 9555-6. - A complete, mainly weU·preserved dextral 
femur of an adult animal. The distal part of the bone is 
weathered and peeling. The adhering sediment is peat from 
taphozone l. Biometric data in Appendix 2. 

PL 24272. - A complete, weathered sinistral femur of an 
adult animal. The bone is light spotted and peeling. The 
adhering sediment is peat. 
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PL 24420. - A complete, well-preserved sinistral tibia of an 
adult animal. Slight peeling of the surface has started. 
Biometric data in Appendix 2. 

PL 1 9831-2. - A complete, well-preserved dextral tibia of 
an adult animal. Slight peeling of the surface has started. 
Caudal cut marks are present proximally. Biometric data in 
Appendix 2. 

PL 13140. - A well-preserved diaphysis of a dextral tibia of 
a veryyoung animal. 80th epiphyses are loose and missing. 

PL 24391. - A left side of pelvis of an adult animal. The 
fragment is poorly preserved, weathered and with peeling 
of surface layers. The adhering peat sediment indicates 
deposition on land or close to the rim of the lake. There are 
cut marks on os ischium. Biometric data in Appendix 2.  

PL 1550-146; PL 8960. - Well-preserved fragments of 
costa. PL 1 550-1 46 has been broken loose from vertebra 
collum and has lost caput costa. 

PL 1020-388; PL 1 9555-35. - Well-preserved fragments of 
vertebra lumbalis from adult animaIs. 

Martes martes (pine marten) 

Muldbjerg I 
Mul.l 2246. - A slightly weathered adult dextral calcaneus 
dextral. The colour is light brown. 

Mul.l 2248. - A well-preserved sinistral calcaneus sinistral 
of an adult animal. The colour is light brown. Cut marks are 
present distally. 

Præstelyng 

PL 4300. - A sinistral fragment of dentale with the teeth P2, 
P3, P4, and m l .  The bone is well preserved although ramus 
mandibul3.ris and the canine in its alveolus are broken off. 
Canine tooth marks are present on corpus mandibularis. 
The teeth are a slightly worn. 

PL 5615-1 .  - A sinistral fragment of dentale with a very 
fragmentary canine tooth and Pz, P3, P4, m l and m2' The 
well-preserved bone is from an adult and the teeth are 
worn. Corpus mandibul3.ris has been broken just in front of 
the canine. There are dear cut marks on the keel of corpus 
mandibularis. The bone was deposited in humified coarse 
detrilus gyttja. 

PL 4323-45. - A well-preserved dextral scapula of an adult 
animal. It is only slightly weathered along the margin. 

PL 7075. - A well-preserved dextral humerus of an adult 
individual. 

PL 5612-212. - A well-preserved dextral ulna of a large 
adult individual deposited in humified coarse detritus 
gytt ja. 

PL 1401 1 -6. -A well-preserved sinistral ulnafragment ofan 
adult. 

PL 5612·68. - A well·preserved sinistral proximal fragment 
of femur of a small but adult animal. The bone has been 
broken at the middle of the diaphysis. 

PL 5612-67. - A well-preserved proximal dextral fragment 
of femur of an adult. The bone has been broken across the 
diaphysis like PL 561 2·68. 

PL 7936. - A weU·preserved proximal dextral fragment of a 
very juvenile tibia. The bone has been broken across the 
diaphysis. 

PL 5615-249. - A weU-preserved dextral astragalus of an 
adult. 

PL 23560-21. - A weU·preserved atl3.s of vertebra ceNi
calis l .  

PL 6925·1 64. - A well-preserved epistropheus of vertebra 
cervlcalis Il. 

PL 5612-157; PL 5612-60. - Twa well-preserved vertebra 
lumbalis. Cut marks occur distally. PL 561 2-60 is of a 
juvenile animal. 

PL 5615·5; PL 6750-2. - Twa ribs. PL 561 6-5 has been 
broken laase from the axis and corpus costa has been 
broken off. There are scrape marks on the inner side of 
the ribs. 
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Castor fiber (beaver) 

Muldbjerg I 
Cranium 

Mul.! 6321. - An almost complete well·preserved cranium 

of an adult, almost senile animal. Os pala.tinum and os 
maxilla.re have been divided by a blow separating the rigbt 
side of the cheek, teeth and os bulla. from the rest of the 
cranium, only p

3 
is present (Appendix 2). 

Mul.! 2345, 16168, 16134. - The well'preserved frag' 
ments can be reassembled to form the os maxillare of an 
adult animal, including all teeth from pl to p

4
. The maxillare 

has been divided by a blow in a left and a right piece, in the 
same way as Mul.I 632 1 .  

Mul.! 16336 c i, 24427, 13587. - The 2 rather fragile 
fragments can be reassembled to form an incomplete frag
ment of a juvenile animal. Os maxiIlare, os palattnum and 
os frontalehave been divided by a blow into a left and a rigbt 
side. Only pl and p2 from the rigbt side are present. The 

brain box itself has been smash ed, and the occipital region 
and the left os jugale are missing . 

Mul.! 1 6 1 9. - A weathered fragment of the dextral os 
frontale, os nasale and os maxillare of a very juvenile 
animal. The cranium has been divided into !wo by a dorso/ 
ventral blow. There are traces of burning. 

Mul.! 1375. - A weathered fragment of a sinistral os 
temporaie of a juvenile. Chop marks are present, and the 
bone has been bumed. 

Mul.! 3879. - A well·preserved sinistral processus zygo· 
maticus of a juvenile animal. Chop marks occur on the 
frontal part. 

Mul.1 1 1 625. - A well'preserved dextral fragment of os 
temporaie of a very young animal. The bone has been 

burned. 

Mal.! 1357. - A well·preserved sinistral fragment of os 
temporaIe of a juvenile animal. The bone has been burned. 

Mul.1 1 1284. - A well·preserved dextral fragment of os 
premaxil/are of a juvenile. 

Mul.1 18627. - A sinistral fragment of os occipitale and os 
parietale of a juvenile animal. 

Mul.l 16172. - A sinistral fragment of os temporaie of a 
juvenile animal. 

Mul.1 6015. - A well·preserved dextral fragment of os 
temporaie and os parietale of an adult animal. The fragment 
is a result of a splitting of the cranium in a left and a right 
side. 

Mul.1 I0264. - A well'preserved fragment of sinistral pro· 
cessus zygomaticus of an adult animal. 

Mal.! 2488. - A sinistral fragment of os nasale of an adult 
animal. 

Mul.! 10808. - A sinistral fragment of os premaxillare of an 
adult animal. The bone has been cleaved into a right and a 
left side. 

Mul.! 28682·6. - A sinistral fragment of os occ/pitale of a 
juvenile animal. The bone has been burned. 

Mul.1 41 926. - A fragment of os occ/pitale of an adult 
animal. The bone has been burned. 

Mu/.J 16665; Mul.! 9796·26; Mul.1 10201·30; Mul.1 
10750·82. - They are all minute fragments of cranium of a 
Castorfiber. 

Mandibula 

Mul.! 1 9385. - A sinistral fragment of mandibula of a 
juvenile animal. Processus coronoides and the tooth row 

have been broken or beaten off, and corpus mandibula has 
been cut apen from the lingual side. There are cut marks on 
the proximal part of corpus mandibula (Pl. 39.4). 

Mul.! 1 9495. - A sinistral mandible fragment of the tooth 
row with P4, ml and m2' There are impact marks below the 
teeth. 

Mu1.1 6322. - A sinistral fragment of mandibula of an adult, 
almost senile animal, probably belanging to the skull Mul.I 
632 1 .  Coronion and processus coronoides is broken off 

leaving scars after bone splinters on the outer side. The 
teeth are heavily worn, and the incisors have a very sharp' 
edged pattern after wear (Pl. 39.2). 

Mul.1 28661.  - A sinistral proximal fragment of mandibula 

of a very juvenile animal. Processus angularis is penetrated 
and processus coronoides is broken off. Strong cut marks 
occur at processus articula.ris (Pl. 40. 1 1 ) .  

Mu1.1 24885. - A sinistral proximal fragment o f  mandibula 

of an adult individual. There are cut marks below processus 
articu/aris and on ramus mandibularis. Corpus mandibu
/arts has been broken in front of m3, and processus coro
noides is broken off (Pl. 39.5) .  

Mul.1 I0753·51; Mul.1 I0457·34; Mul.! 10887-140; Mul.1 
10887·133; Mul.1 10458·65; Mul.! 10661 ·45; Mul.1 
10885·88; Mul.! 1 1337; Mul.! 1 1 074; Mul.1 10661·47; 
Mul.! 10456·80; Mul.! 10887·139; Mul.! 30395; Mul.1 
18626; Mul.1 10661·20; Mul.! 10850·10; Mul.! 10887· 
142. - All these fragments are small bone fragments from 
mandibula (2x2 cm). The fragments are mostly from juve· 
nile bones. 

Mul.! 15332; Mu/.J 32803; 1 withoat number. - Three 
small fragments from the distal part of corpus mandibula.ris 
around the alveoli of the incisors. The fragments have been 
broken off (PI 4.38.9). 

Mul.! 5092; Mul.! 4054; Mul.1 6050. - These are all milk 
teeth from a mandibula with completely open teeth roots of 
a very young animal. A number of teeth have not vet been 
in use, they have blunt crowns and no enarnel pattern. 

Dens 

Mul.! 36647; Mul.1 10201·26. - A dextral fragment of i l 

and a sinistral juvenile i I . 
Mu1.128638; Mu1.1 1 0662·57. - A sinistral and a dextral P4 
with open roots, less than 2 years old (Halting 1 969). 

Mu1.1 16057; Mu1.1 1 0661 ·43; Mu1.1 16 134; Mu1.1 1 066/· 
4. - Twa dextral and !wo sinistral p

4
. 

Mul.1 17613; Mul.1 16058. - A rigbt and a leit ml . 

Mu1.1 23217. - Two sinistral juvenile teeth (m2 and m
3
) 

with apen roots. 

Mul.! 1 9331; Mul.! 10887·147; Mul.! 10887·146. - Three 
sinistral and l juvenile m2. 

Mul.! 6664. - A dm
3 

with totally absorbed roots. 

Mul.1 10662·58. - A sinistral juvenile m
3 

with apen roots 
and no traees of wear. 

MuI.!36647; Mu1.! 8251; MuI.! 9957·48; Mul.! l 020 1·23. 
- Twa juvenile i 1 and 2 i fragments of enamel. 

Mul.! 10201·20; MuI.! I0661·44; Mul.! 10201·21.  - Twa 
dextral and I sinistral P4' 

Mul.1 24889; Mul.! 10887-148. - Twa adult sinistral ml ' 

Mal.! 10887·149. - A dextral adult m2' 

Mul.! 10661·42; Mul.! 10201· 19. - Twa dextral adult m3' 

Mul.! 6663; Mul.1 10201·22. - Twa sinistral juvenile m3' 

There are, in addition, 1 6  enarnel fragments from incisors, 
and 7 fragments of indent teeth. 

Scapula 

Mul.! 28682a. - A well'preselVed, sinistral fragment of 
scapula of an adult animal. Caput scapula and the distal 
border of the edge are sligbtly damaged. 

Mul.! 52563. - A well'preserved, dextral complete scapula 
of an adult animal. 

Mu1.1 1468. - A dextral proximal fragment of scapula of a 
very juvenile animal. The fragment is weathered. 

Mul.1 30631. - A quite black burned fragment of scapula. 

Humerus 

Mu1.1926. - A well·preselVed complete dextral humerus of 
an adult. 

Mul.! 16373. - A well'preserved sinistral humerus frag· 
ment of an adult. Caput humeri has been removed. Tooth 
marks oeeur proximally. 

Mul.1 12345. - A sligbtly weathered sinistral humerus 

fragment of a juvenile. Gapu! humeri has been removed. 
There are deep cut marks distally on the epiphysis on the 

eranial side, and chop marks on the distal joint surfaee. 

Mul.1 12869. - A well·preserved dextral fragment of hu· 
merus of an adult individual. Both epiphyses have been 
removed by force. Cut marks are present on the eranial side. 

FOSSILS AND STRATA 37 ( 1 995) 

Mul.! 6125. - A well·preserved dextral humerus fragment 

of a juvenile animal. Both the proximal and distal epiphyses 
have been removed, but the pro xi mal ane is present. There 
are strong chop marks on the caudal side of the diaphysis 
where also cut marks are present. Tooth marks oeeur 
proximally. 

Radius 

Mul.1 97. - A well'preserved sinistral radius of an adult. Cut 
marks occur distally on the cranial side. Traees of dog
gnawing are present. 

Mu1.131 92. - An almost complete, well·preselVed sinistral 
radius of an adult animal. The distal epiphysis has been 
chopped off, cut marks occur distally on the diaphysis. 
Traces of dog·gnawing are present distally. 

Mul.! 9958·34, 9958·33. - Two fragments forming an 
almost complete well·preserved dextral radius fragment of a 
juvenile animal. There are cut marks proximally and distally 
on the diaphysis. 

Mu1.124764. - An almost complete well·preserved sinistral 
radius of an adult animal. The distal epiphysis has been 
gnawed away, and dear tooth marks are present on the 

diaphysis. 

Ulna 

Mul.! 97. - A complete well·preserved sinistral ulna of an 
adult animal. There are cut marks distally on the diaphysis. 
The bone has been gnawed proximally. 

Mu/.J 23963. - An almost complete well'preserved dextral 
ulna of an adult individual. There are strong cut marks 
distally and proximally on the joint itself. Olecranon has 
been chopped off, and traces of dog·gnawing and tooth 
marks are present all over the bone. 

Mul.1 9082. - A well'preserved sinistral proximal fragment 
of ulna. 

Pelvis 

Mu1.! 151 1. - A  well·preserved dextral fragment of pelvis of 
an adult animal. Iliuro and aeetabulum are almost complete, 
whereas ischium and pubis have been chopped off. There 
are cut marks around the areas with chop marks. Tooth 
marks are present. 

Mu1.1 1661.  - A well'preserved dextral fragment of os ilium 
which has been knocked off rather rougbly. The bone is 
from a large adult. Cut marks and tooth marks are present. 

Mul.1 1268, 1270. - The fragments can be reassembled to 
form a well·preserved sinistral os ilium and os ischium 
which has been knocked off rather rougbly. The bone is 

from an adult, smaller than Mu!.l 1 661 . Several cut marks 
are present around acetabulum and on ischium. 

Mul.! 801 6. - A dextral fragment of os ilium. The bone has 

been gnawed by dog. 

Femur 

Mu/.J 6280. - A complete, well·preserved dextral femur of 
a large adult animal. Both the distal and proximal epiphy
ses are strongiy gnawed by dog. There are strong chop 
marks caudally on the diaphysis. Cut marks are present 
both proximally under caput jemora and distally on the 
diaphysis. 

Mul.!30326. - A well'preserved sinistral fragment offemur 
of a young animal with still loose proximal caput femora 
epiphyses. The distal epiphysis has been completely 
gnawed away by dog. 

Mul.1 2382. - A sligbtly weathered sinistral fragment of 
femur. The bone has several deep chop marks and cut 
marks. Both epiphyses has been gnawed away. 

Mu1.1 13729. - A sligbtlyweathered dextral fragment of the 

diaphysis. The epiphysis has been completely gnawed 
away. The bone was deposited in a peaty sediment, lover 
taphozone I .  

Mu1.1 17823. - A well·preserved proximal dextral fragment 
of femur of an adult animal. The bone has been chopped 
apen, and extensively gnawed by dog, and the proximal 

epiphysis has been gnawed away. A few cut marks are 
present below caputjemora. 

Mul.1 37144. - A well·preserved fragment of trochanter 
major of an adult animal. The fragment has been chopped 
off by a blow rigbt througb the trochanter. 
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Mul.l 49896. - A weU'preserved fragment of  the distal 
epiphysis of an adult animal. The fragment has been 
chopped off. 

Tibia 

Mul.l 36. - A slighUy weathered and peeled sinistral tibia 
of an adult animal. The proximal epiphysis has been 
gnawed away, punctures and furrows after ctog-gnawing 
occur distally. 

Mul.l 1 1 980. - A weU·preserved sinistral diaphysis of tibia 
of an adult animal. Chop marks are numerous all over the 
fragment. The proximal epiphysis has been chopped off, 
and the distal epiphysis has been gnawed away. 

Mul.l 1577. - A slighUy weathered and peeled fragment 
from the dextral diaphysis of tibia. The proximal epiphysis 
has been gnawed away, the distal epiphysis has been 
chopped off. Chop marks occur on several places on the 
diaphysis. 

Mul.l 1735. - A weU'preserved sinistral diaphysis frag' 
ment of a very juvenile animal. The epiphyses have been 
loose. The marginal ends of the diaphysis show tooth 
marks from dog. 

Fibula 

Mul.l 9958·32. - A well·preserved dextral diaphysial frag' 
ment of fibula. The bone has been bumed. A few cut marks 
are present distally. 

Mu1.l28534. - A well·preserved sinistral fragment of fibula. 
The proximal end has been broken off possibly due to dog· 
gnawing, and many tooth marks occur both proximally and 
distally. There are cut marks proximally on the caudal side 
of the diaphysis. 

Mu1.l 945. - A weU'preserved sinistral diaphysial fragment 
of fibula. Both marginal ends have been gnawed away by 
dog. Cut marks are present proximally on the cranial side. 

Tarsals and phalanges 

Mul.l 30040. - A weU·preserved dextral metatarsal lV of a 
large adult animal. Traces of dog·gnawing are present all 
over the bone. 

Mul.l 481 98. - A weU·preserved dextral metatarsus of an 
adult animal. Deep chop marks and traces of extensive dog· 
gnawing are present all over the bone. 

Mul.l 1 632. - A weU·preserved dextral metatarsal lV of an 
adult animal. A few tooth marks are present. 

Mul.l 3623. - A sinistral proximal fragment of metatarsal 
111. Cut marks are present cranially proximally. 

Mul.l 52203. - A weU'preserved dextral phalanges I of an 
adult animal. 

Mul.l 7041.  - A well·preserved sinistral phalanges of an 
adult animal. Cut marks are present, eventually from skin· 
ning of the animal. 

Mul.l 6240. - A well·preserved dextral pateUa. 

Mul.l 3051. - A weU·preserved sinistral talus. Cut marks 
and traces of dog·gnawing are present. 

Mul.l 10752·1 1. - A weU·preserved sinistral ealcaneus of 
an adult animal. 

Costa 

Mul.l 564; Mul.l 1438; Mul.l 947. - Three fragments of 
costa. The first has cut marks proximally. 

Vertebra 

Mu1.l 40419. - A weU·preserved aUas. 

Mul.l 10143; Mul.l 1 0287; Mul.l 10235; Mul.l 48853. -
Four vertebra thoracica. 

Mul.l 46136; Mul.l 574; Mul.l 41844. - Three vertebra 
lumbalis. 

Mu1.l 6244; Mu1.l 46150; Mu1.l 6082; MuI.l 48992·GeI 6; 
Mul.l 6159; Mul.l 50980; Mul.l 6154; Mul.l 581; Mul.l 
3507; Mul.l 4533; Mul.1 6234; Mul.l 6 160. - Twelve 
vertebra caudalis. 

Mul.1 10458-79; Mul.! 10457·40; Mul.l 10660·66; Mul.l 
! 0457·36. - Undetermined fragments from Castorfiber. 

Pelecanus crispus (crested 

pelican) 

Præstelyng 

PL 6925·178. - A dextral fragment of ulna (PI. 43. 1 A-B). 
The fragment consists of the proximal part of the bone, 1 34 
mm lang, with the articulation surface preserved, but partly 
wam. It eontalns 7 marks of the quills of the big flight· 
feathers. Largest breadth (AB) is 33.5 mm, the breadth of 
the artlculalion surface (BG) is 31 mm. 

PL 6746·9. - A dextral, weU'preserved adult ulnare. 

PL 18640·1. - A proximal fragment of a dextral adult 
scapula. 

PL 1 6000·2. - A vertebra cervicalis. 

Ciconia nigra (black stork) 

Muldbjerg I 
Mul.! 528274. - A stemum. 

Mul.l 52825·1 .  - A dextral clavicula. 

Mu1.l32834. - A vertebra lumbalis. 

Mul.l 51754; Mul.! 32385. - A dextral and a sinistral 
scapula (Appendix 2).  

MuI.l 52827·la; Mu1.l 52827·lb (PI. 43. 12). - Twa frag· 
ments from a dextral humerus (Appendix 2) .  The bone is 
slighUy damaged proximally (PI. 43.2). 

Mul.l 52826·2b, 52826·2a; Mul.l 52827·3a, 528273b. -
WeU·preserved adult fragments of radius (Appendix 2) .  The 
first 2 fragments (Mul.l 52826·2b, 52826·2a) can be reas· 
sembled and are from a dextral radius. The last 2, which also 
can be reassembled, are from a sinistral radius. 

Mul.!52832; Mu1.l52827·2b, 528272a. - WeU·preserved 
adult fragments of ulna (Appendix 2). Mul.l 52832 is from 
the sinistral side. Mul.l 52827·2b and 52827·2a can be 
reassembled and are from the dextral side (Pl. 43. 1 2) .  

Mul.l 52826·1. - A complete, weU·preserved dextral libio· 
tarsus from an adult (Appendix 2).  

Præstelyng 

PL 6 925·179. - A dextral diaphysial fragment of humerus 
withoutepiphyses, which maynot vet have been fused. The 
bone is from a veryyoung individual (Pl. 43.4). Comparisan 
with modem material suggest that it in all probability comes 
from a nestlingi humerus and stemum are the bones that 
ossify first. 

PL 14469. - A dextral ulna without epiphyses from a very 
juvenile individual. 

PL 14745·9. - A dextral tarsometatarsus from a very juve· 
nile individual. 

PL 1 7355·4. - A sinistral tarsometatarsus from a very 
juvenile bird. The epiphyses are missing. 

PL 18849. - A sinistral tibiotarsus from a very juvenile bird. 
The epiphyses are missing. 

Kongemose 
KS 33/27·1. - A well·preserved diaphysial fragment of a 
juvenile tarsometatarsus (Pl. 44. 1 2) .  

KS 0/0·12. - An almost complete tarsometatarsus from a 
very young individual. The proximal epiphysis has been 
broken off (Pl. 44.23). 

Anas platyrhynchos (mallard) 

Muldbjerg I 
Mul.l 1 1 78; Mu1.l 3045; Mu1.l 42743; Mul.l 1278; Mul.l 
943; Mul.l 251 1; Mul.l 24098; Mul.l 3033; Mul.l 49791; 
Mul.l 49105 (same on PI. 43. 14-22). - Ten sinistral 
fragments of humerus. Four of them are complete bones 
with no traces of human or other predatory activity. On 3 
fragments the proximal epiphyses have been chewed away, 
and tooth marks are present where both the proximal and 
the distal epiphyses have been removed. ane fragment 
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shows marks that may be  interpreted as  cut marks, but they 
may also be canine marks from a smaller animal. 

Mul.l 1 7179; Mu1.l52 1 I I;Mu1.l4505;Mu1.l50902;Mul.l 

25407; Mu1.l37573; Mul.l 1 1 996; Mu1.l32818 (some on 
PI. 43. 14-22). - Eight dextral fragments of humerus. Three 
are complete bones with no traces of human activity. There 
are 3 distal ends where the proximal parts have been 
broken off, 1 almost complete humerus where the distal 
epiphysis has been chewed away, and I diaphysial fragment 
with cut marks proximally. 

Mu1.l24251;Mu1.l31 1 6;Mu1.l31765;Mu1.l 49813; Mul.l 
38179; Mul.l 51120; Mul.l 1 9734; Mul.l 32816. - Eight 
almost complete sinistral coracoid. Only Mul.1 1 9734 has 
been slighUy damaged proximally. Only I bone has a cut 
mark distally. 

Mu1.l32041; Mu1.l 32029; Mul.l 17213; Mul.! 52108. 
Four complete dextral coracoids. No cut marks have been 
observed. 

Mul.l 33829; Mul.l 49852; Mul.! 1 7177; Mul.l 50899; 
Mul.l 4506; Mul.! 1 991; Mul.! 3043; Mul.l 6009. - Eight 
complete, dextral adult ulnae. They are well, but differently 
preserved. Mul.1 3043 has a cut mark distally, and ane 
shows destruction of the proximal end which may result 
from gnawing. The bones have clearly been deposited in 
different environments, 3 in taphozone III and 3 in tapho
zone Il, whereas the place of deposition of the last 2 is 
uncertain. 

Mu1.l 49450; Mu1.l 49171.  - Twa well'preserved sinistral 
adult ulnae. Mul.1 49 1 7 1  is complete, whereas Mul.1 
49450 lacks the distal epiphysis. 

Mul.l 171 78; Mu1.l 50901. - Twa well·preserved dextral 
adult radii. Mul.1 1 7 1 78 is a distal end, and the other is 
complete. Mul.1 5090 I shows the type of preservation 
characteristic of taphozone Ill, light grey·green organic 
mud. 

Mu1.l 49299; Mu1.l 25948; Mu1.l 24252. - Three sinislral 
adult radii. Mul.1 49299 is a complete bone. The other two 
are I distal and I proximal fragment, both with cut and 
scrape marks. 

Mul.l 171 83; Mu1.l3043; Mu1.l48848; Mul.!30266; Mul.l 
6010; Mu1.l25504. - Six well'preserved dextral metacarpi 
(2 juvenile and 4 adult). Theywere, however, deposited in 
different types of sediment. On 3 speeimen the thin metac· 
arpus Il is broken, but there are no cut marks or traces of 
gnawing. 

Mul.l 1 71 81; Mu1.l 49874; Mul.l 49034. - Three weU· 
preserved sinistral metacarpi. Twa are complete, and 1 is 
represented by the proximal half of the bone. The incom· 
plete (MuI.1 49874) has cut marks distally, and Mu1.1 1 7 1 8 1  
has faint cut o r  tooth marks distally. 

Mul.l 46297; Mul.l 51 053. - Two dextral well'preserved 
tibiae from adults. Mul.1 5 1 053 has cut marks distally. 

Mul.l 34683; Mul.l 1 9094. - Twa sinistral well·preserved 
tibiae from adults. 

Mul.l 51 925; Mul.l 3034. - Twa well'preserved dextral 
scapulae, I of which is juvenile. Both are broken distally. 

Mu1.l 51 1 1 1. - A sinistral weU'preserved scapula from an 
adult. 

Mul./ 48240. - A sinistral mandibula from an adult. 

Mu1.l29363. - An almost complete eranium where onlythe 
nasalis is missing. 

Mu1.l 45718; Mu1.l 49677. - Twa pelvis fragments. Mul.1 
457 1 8  is from a juvenile. 

Mul.l 341 72; Mul.l 16033; Mul.1 45573; Mul.l 34172; 
Mu1.l 50786 (PI. 43. 13). - Five well·preserved, bUl broken 
fragments of stemum. Mul.1 45573 has looth marks on 
crista stemum. 

Mul.l 49094. - A sinistral well·preserved juvenile meta· 
tarsus. 

Præstelyng 

PL 1550·213. - A cranial fragment composed of frontale 
and a piece of postorbital sinistral from an adult. 

PL 7673. - A craniai fragment composed of frontale and a 
fragment of postorbital sinistral from an adult. 

PL 1020·184. - A cranial fragment with part of nasale from 
an adult. 
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PL 21 12-151_ - A cranial fragment, occipitale sinistral from 
a young individual with still-apen seams. 

PL 1020-209_ - A sinistral fragment of scapula from an 

adult. 

PL 3435-4; PL 14745; PL 15649; PL 13388; PL 21 12-150, 
21 12-152. - Six weU-preserved but broken fragments of 
sternum. The last two can be reassembled. One fragment is 
from a juvenile bird. 

PL 7556-58; PL 3843-220; PL 23553-27. - Three com
plete, well-preserved dextral coracoid from adults. 

PL 6887; PL 13936; PL 1020-370; PL 23514-16; PL 16451. 
- Five complete sinistral coracoid, the last is from a juvenile 
bird. Twa are gnawed proximally. 

PL 3843-188. - A complete clavicula from an adult. 

PL 2031 9; PL 1 1479-7; PL 1020-366; PL 2 1 12-35; PL 
17355-10; PL 23572-5; PL 7556-104. - Seven fragments of 
humerus, the last is dextral and the others are sinistral. 
They are from adult birds except for one. The proximal 
epiphyses are missing on 5 of the 7 bones, but the greater 
part of the diaphysis are present. The presence of impact 
marks, cut marks, and traces of dog-gnawing suggest that 

the bird was kiUed by man (Fig. l OS, bottom). 

PL 6925-180. - A dextral fragment of ulna. Most of the 
diaphysis is preserved but the distal and proximal ends are 
miss ing. The bone cornes from a very YOling hird, which 
makes a definite determination difficult since the rnuscular 
attachments cannot be seen at all. 

PL 3508. - A dextral fragment of ulna from an adult. Impact 
marks are present. 

PL 15105-9. - A complete, well-preserved dextral ulna from 

a juvenile. 

PL 5615-120. - A dextral fragment of radius from an adult. 
The epiphyses are missing. 

PL 23572-6; PL 7979-12; PL 6936-126. - Three sinistral 
fragments of carpometacarpus from adults. The last two are 
broken and the upper epiphyses are missing. 

PL 20102;PL 18610-1; PL 7979-2; PL 13786; PL 1550-40. 
- The first and the last are dextral fragments of tibia from 
very young individuals, probably newly hatched birds, the 
rest are sinistral fragments from adults. 80th diaphyses are 
missing on PL 1 550-40. Cut marks occur on PL 7979-2. PL 
1 3786 shows traces of gnawing. 

PL 2112-28; PL 1550-36; PL 6925-186. - Three fragments 
of tarsometatarsus. The first is a sinistral fragment from an 

adult with both epiphyses missing. The two last are from 
juveniles, one dextral and one sinistral. 

Kongemose 

KS 35/28,5-29-32; KS 38/30-9; KS 37/51-1; KS 38/30-
10. - Four well·preserved complete coracoids from adults. 
The first three are from the dextral side, the last is from the 
sinistral. 

KS 1 9/13-5. - The proximal end of a dextral coracoid. 

KS 34/31-2. - A sinistral scapula from an adult. The bone is 
almost complete and weU preserved. 

KS 39/30-76; KS 38/30-8. - The distal ends of 2 well
preserved sinistral humeri from adults. 

KS 45/28-2. - The proximal half of a dextral ulna from an 
adult. Several scattered tooth marks are present. 

Anas acuta (pintail) 

Muldbjerg I 
Mu/.J 17175; Mu/.J 50063. - Twa sinistral adult u1nae. 
Mul.l I 71 75 is well preserved apart from the missing 
proximal epiphysis. Mul.l 50063 is darker in colour and 
shows slight peeling of the outer layer. 

Mu/.J 1 1 0884-21. - A sinistral coracoid from a juvenile. 
There are tooth marks proximally and distally. The tooth 

punctures are small and may not be from dog teeth, or if sa 
then from a puppy. 

Mu/.J 4890. - A sinistral coracoid from an adult. The 
proximal epiphysis is chewed away. There are cut and 
scrape marks on the shalt. 

Mu/.J 513 1 1 .  - A well-preserved sinistral coracoid from an 
adult. 

Præstelyng 
PL 14385; PL 7979-12. - A dextral and a sinistral mandib
ula from adults. 

PL 6887-23; PL 1 7782-1. - Twa dextral, well-preserved 
juvenile coracoid. The first lacks the proximal epiphysis. 

PL 3435-52; PL 24753; PL 23569-2; PL 13943-1 1. - Twa 
dextral and two sinistral fragments of humerus. The last is 
a sinistral juvenile bone. Two fragments are lacking the 
proximal epiphyses. Cut marks occur proximally on three 
bones. 

PL 6746-46. - A sinistral, juvenile diaphysis of carpometa
carpus. 

PL 15071. - A dextral larsometatarsus from a juvenile bird. 

Anas spatula (shaveler) 

Muldbjerg I 
Mu/.J 15154-1; Mu/.J 15154-2. - Twa weathered distal 
adult fragments of humerus ( l ieft and l right). In addition, 
Mul.l 1 5 1 54 includes a dextral ulna showing cut marks 
distally. The proximal epiphysis is slightly damaged. 

Mu/.J 32523. - A complete sinistral tibia from a young bird. 

Anas crecca (teal) 

Muldbjerg I 
Mu/.J 32766; Mu/.J 51287; Mul.151287-1; Mu/.J 32701. -
Four complete coracoids (3 dextral and I sinistral). 

Mu/.J 42515-1,2,3. - Twa mandibles and a crushed cra
nium. The destruction is caused by sediment compaction. 

Mu/.J 8444; Mu/.J 32740; Mu/.J 23785; Mu/.J 51 696. -
Four fragments of humerus ( l  dextral distal fragment (Mul.l 
8444) and 3 complete sinistral bones). 

Mul.1 52338. - A dextral complete ulna. 

Mu/.J 34379. - A dextral complete radius. 

Mu/.J 48565. - The broken distal part of a dextral tibia. 

Mu/.J 32905; Mu/.J 28989. - Twa complete sinistral meta
carpi. 

Mu/.J 52702. - A fragmented sternum. 

Præstelyng 

PL 1 020-2 1 1; PL 14745-28. - A sinistral and a dextral 
fragment of clavicula from adults. The EMNI is I .  

Kongemose 
KS 42/26-6. - The distal part of a humerus from an adult. 
The diaphysis is splintered in a waysuggesting that the bone 
has been chewed. 

Anas querquedula (garganey) 

Muldbjerg I 
Mu/.J 1597. - A well-preserved cranium from an adult. 

Mu/.J 39650; Mu/.J 2488. - Twa well-preserved coracoids. 
Mul.l 2488 has a pointed small tooth mark distally, hardly 
from a dog. 

Mu/.J 52332. - A well-preserved almost complete sternum. 

Mul.! 49614; Mu/.J 45978; Mu/.J 35588; Mu/.J 34377; 
Mu/.J 52336; Mu/.J 52241. - Six well-preserved humeri. 
The first 5 are dextral, and the last is sinistral. Three of the 
humeri were deposited in light-grey fine-grained gytt ja. 
Mul.! 52336 and Mul.l 52241 are complete bones, a 
dextral and a sinistral. The other fragments are all distal 
ends, broken ,n the middle of the shalt. Mul.l 45978 is 
juvenile. 

Mu/.J 32498. - A well-preserved dextral radius from a 
juvenile. 

Mu/.J 34376; Mu/.J 32588e; Mul.1 6317; Mu/.J 10877; 
Mu/.J 325881; Mu/.J 32588b; Mu/.J 49597. - Dark and weU-
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preserved complete ulnae. The first 4 are dextral, one of  
which (Mul.l 63 1 7) is from a juvenile. The last 3 are 
sinistral. There is a cut mark on Mu1.I 34376, but it appears 

to be of recent date and is thus not recorded on Fig. 1 05 .  

Mul.1 32793; Mu/.J 32588c; Mul.l 32588/ - Well-pre
served complete metacarpi. The 2 first are dextral, the last 
is sinistral. The first 2 have several cut marks. 

Mul.l 51 131. - A dextral juvenile femur. 

Mul.l 42232. - A dextral juvenile tibiotarsus. 

Mul.l 32588h. - A complete dextral tarsometatarsus. 

Kongemose 

KS 42/31-4; KS 38/32-54. - Twa well'preserved sinistral 
ulnae from adults. The EMNI is 2.  

Anas pene/ape (widgean) 

Muldbjerg I 
Mul.l 51786. - A very well-preserved cranium from an 
adult. 

Mul.l 10972; Mu1.l 49762. - Twa dextral coracoids. They 
are somewhatweathered with a light brown, rugged surface 
and broken distally. 

Mu1.l48238; Mu1.l 49762. - Twa complete sinistral ulnae 
from adults. 

Mul.l 51015. - A complete dextral femur from an adult. 
There are cut marks distally. 

Præstelyng 

PL 1 1534-3. - A fragment of sternum from an adult. 

PL 1 1479-15. - A dextral coracoid from an adult. 

PL 3435-12; PL 18423-1; PL 6436·96. - Three fragments of 
humerus. The first is from an adult. The last two are 

proximal fragments from juveniles, l dextral and l sinistral, 
they lack the proximal epiphyses (PI. 44.4). 

PL 241 9. - A sinistral diaphysial fragment of ulna without 

the proximal end. 

PL 6025-181. - A dextral diaphysial fragment of tibia from 
a very juvenile bird. 80th epiphyses are missing. The tooth 
marks present are different from those nonnally ascribed to 
dog, they are smaller and scattered in a casual way. They 
may be the work of atter. 

Kongemose 

KS 36/36-36,5-26. - A complete well-preserved dextral 
carpometacarpus from an adult. 

KS 47/29,5-12. - A fragment of the diaphysis of a sinistral 
carpometacarpus from an adult. 

Bucephala elangula 
(galden-eye) 

Muldbjerg I 
Mu1.l46297. - A well-preserved dextral tibiotarsus from a 
young bird. 

Mul.l 32768; Mul.l 46709. - A left and a right well

preserved complete adult tarsometatarsi. 

Aythyajuligula (tufted duck) 

Muldbjerg I 
Mul.1 32473; Mul.l 42896; Mul.l 17594. - Three adult 
coracoids. They are slightly weathered at the articulation 
surfaces, and especially the last fragment is damaged with 
minute tooth marks around the proximal joint. 

Mul.l 51255. - A well-preserved complete dextral hu
merus. 

Mul.l 32494; Mul.l 50848; Mul.l 45657. - Three weU
preserved coroplete ulnae from adults. 
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Mul.l 38274. - A fragment of  the cranial part of sternum 
from a juvenile. 

Mu1.l49478. -A slightlyweathered dextral femurwith liny 
scrape marks proximally. 

Aythya ferina (pochard) 

Muldbjerg I 
Mul.l 1297. - A cranial fragment from the parietal frontal 
region. 

Mul.l 46924. - A weU·preserved light·coloured clavicula. 

Mul.148227; Mu1.l32497; Mul.18865; Mu1.l52229; Mul.l 
24096. - All the coracoids are weU preserved and from 
adults except for Mul.! 24096. Mul.! 48227 is the only 
sinistral coracoid. The state of preservation indicates that 
Mul.! 48227, Mul.! 52229 and Mul.! 32497 were depos' 
ited in calcareous fine detritus gytt ja. 

Mu1.l 471. - A  right humerus from an adult. The proximal 
epiphysis is physically damaged and may have been 
chewed. 

Mul.l 46 106; Mu1.l241oo. - Twa dextral radii, the latter is 
juvenile. The bones are slightly weathered and broken 
proximally. 

Mul.l 470; Mul.1 9140; Mul.l 15556. - The first sinistral 
ulna is very weU preserved and complete, whereas the 
other, dextral ulna is slightly damaged proximally. The last 
sinistral ulna belongs to an accumulation of wing bones. 

Mul.l 1440; Mul.1 15556. - Twa complete and perfectly 
preserved sinistral carpometacarpi from adults. 

Mu1.l 32821; MuI.l 37647; Mu1.l 2518; Mu1.l 39947. -
Four adult tibiotarsi. A dextral (Mul.! 3282 1 )  and a sinistral 
(Mul.! 39947) complete bone deposited in taphozone III 
have proximal ends, which are damaged cranially. A sinis
traI (Mul.! 2 5 1 8) and a dextral bone (Mul.! 37647) are mere 
fragments of distal ends; they are slightly wam around the 
joints. 

Mul.1 15556. - Accumulation of bones from a wing, same of 
the bones are splintered in a way which suggests that they 
derive from faeces of perhaps pike. 

Præstelyng 

PL 5612·88. - Sinistral fragment of the proximal part of a 
mandible from an adult. 

Kongemose 

KS 35/32·44; KS 44/30·2; KS 37/28·126. - Three dextral 
distal ends of humerus with more or less diaphysis attached 
to them. They are all from adults. 

Tadarna tadarna (shelduck) 

Muldbjerg I 
Mul.l 17182. - A dextral scapula lacking the distal end. 

Mul.l 32819b. - The proximal part of stemum from a 
juvenile. The bone was embedded in light, fme-grained 
gytt ja of taphozone Ill. 
Mul.l 17180; Mul.l 46290. - Twa distal fragments of 
humerus. The first has been gnawed proximally and tiny 
tooth marks are present. The proximal joint on the second 
humerus has been gnawed away. Mul.! 1 7 1 80 has a cut 
mark on the cranial side of the proximal shaft. 

Præstelyng 
PL 5614·2. - A complete dextral coracoid from a younger 
individual. 

Mergus merganser 

(goosander) 

Muldbjerg I 
Mul.l 52028; Mu1.l 32822; Mu1.l 51124; Mul.l 12443. -
Four humeri. The first is from a very juvenile bird, the next 
is from a young ane, and the last 2 are from adults. On Mul.! 
32822 there are cut marks proximally and distally just 
above the distal epiphysis. 

Mul.l 32817. - A dextral scapula from a young bird. The 
bone has cut marks proximally. 

Mul.1 l. - A sinistral radius from a very juvenile bird. 

Mu1.l51026. - An almost complete sternum from an adult. 

Mu1.l 29171; Mu1.l 503. - Twa slightly fragmented pelves 
(I juvenile and l adult). 

Mergus serrator (red-breasted 

merganser) 

Muldbjerg I 
Mu1.l 39551; Mul.1 39450; Mu1.l 32499; Mu1.l 32478. -
Four humeri. The 2 first (a dextral and a sinistral) are from 
a young bird and the distal ends are damaged. Falnt cut 
marks are seen proximally on Mul.! 3955 1 .  The last 2 (a 
dextral and a sinistral) are from adults. 

Mu1.l32485; Mul.1 48382. - Twa slightly damaged pelves. 
The first is from a juvenile. 

Mul.l 25343. - A sinistral carpometacarpus from an adult. 

Mul.l 3043. - A sinistral tarsometatarsus from an adult. 

Præstelyng 
PL 13386. - An almost complete sinistral coracoid from a 
juvenile. 

PL 6925·185. - A fragment of the proximal part of clavicula 
from a juvenile. This means that the speeies probably bred 
here in the Atlantic period. 

PL 741 1 /. -A sinistral fragment of a tibia from an adult. The 
proximal and distal ends are miss ing. Cut marks are seen 
proximally and centrally. 

Anser anser (greylag goose) 

Muldbjerg I 
Mul.1 36530. - A sinistral fragment of mandibula from an 
adult. 

Mul.l 32346; Mul.1 32867; Mul.l 32790; Mul.1 32791; 
Mul.132779; Mul.132773; Mu1.l32769. - Seven vertebrae 
from the neck. The last is a vertebra thoracica. 

Præstelyng 
PL 20408. - The proximal part of a sinistral humerus from 
an adult. The bone has been broken and is intensely gnawed 
proximally. 

PL 1 9860. - The distal part of a sinistral humerus from an 
adult. There are numerous cut marks distally and the bone 
is corroded. 

PL 5615·38. - A sinistral fragment of humerus from a very 
juvenile bird. 

PL 15324. - A pelvie bone from an adult. 

Cygnus olor (mute swan) 

Muldbjerg I 
Mul.1 1 6730, 1371; Mul.l 24609; Mul.l 20431. - Four 
dextral fragments of humerus (Pl. 43.6). The first two can 
be reassembled. The bones are broken right through at the 
middle, and the epiphyses are completely gnawed away. 
Minor irregular scratehes can be observed on the diaphyses. 
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Also a few deep cut marks can be seen around the breakage 
areas. 

Mul.l 41916; Mul.1 10634; Mul.l 25704; Mul.l 1 6458; 

Mul.l 1614; Mul.l 17814, 12225, 1 1 149. - Eight sinistral 
fragments of humerus (Pl. 43.7) .  The last three can be 
reassembled. The bones are casually broken right through 
the diaphyses, which bear scattered cut rnarks and 
scratehes. 80th epiphysial ends are completely gnawed 
away, and single punctures after canine teeth occur. Mul.! 
1 0634 shows signs of buming. 

Mul.l 29939 (Pl. 43. 1 1); Mul.l 10950; Mul.l 1 1 900. -
Three fragments of ulna, the first two are from the dextral 
side, the last from the sinistral side. Mul.! 29939 and 1 1 900 
are very dark brown with hard shiny surfaces, clearly a 
taphozone Il type ofpreservation, whereas Mul.! 1 0950 has 
a light brown spotted surface with slight traces from peeling 
characteristic of bones of taphozone I. The epiphyses have 
been completely gnawed away on ane of them and cut 
marks occur proximally. 

Mul.l 3669; Mul.l 17812; Mul.l 17723. - Three sinistral 
fragments of radius from 3 different individuaIs. They all 
lack the epiphyses which have been gnawed away. There 
are cut marks proximally on Mul.! 3669 and scrape marks 
along the diaphyses on all three specimens. They show a 
slightly weathered surface with incipient peeling. 

Mul.l 33681. - A dextral femur which has been cleaved 
longitudinally. There are clear tooth marks from canine 
teeth, and the cleaving may weU be the result of dog· 
gnawing. 

Mul.l 27989; Mul.l 1578. - Twa diaphysial fragments of 
tibia from the left and right side. The fragments have been 
proximally broken across the shaft, the epiphyses have been 
removed by gnawing. The fragments are from taphozone Il. 
Mul.l 281 9. - The cranial part of sternum with clear tooth 
marks. 

Mu1.l 51796; Mu1.l 51 616. - Both speeimens are dextral 
mandibles, and part of the horn cover from a beak is still 
present. 

Mul.l 32949. - A well·preserved dextral scapula. 

Mu1.l 33320. - An almost complete weU'preserved dextral 
coracoid, only slightly chewed proximally. 

Mul.l 43680. - A phalange from the foot. 

Cygnus cygnus 
(whooper swan) 

Muldbjerg I 
Mul.1 30289 (Appendix 2). - A large fragment of sternum. 
The bone is fragile and has desiccation cracks. 

Mul.l 6 1 76; Mul.l 1 1 013. - Two poorly preserved frag· 
ments of sinistral ulnae, a diaphysial fragment and a proxi· 
mal part. 

Mul.l 46905. - An almost complete sinistral femur. The 
distal epiphysis is missing. Preservation corresponds to 
taphozone Ill. 

Præstelyng 
Only a dextral tibiotarsus from an adult (PL 1 5323). 

Cygnus bewickii 
(Bewick's swan) 

Muldbjerg I 
Mul.l 50371. - A complete weU·preserved metacarpus Il 
and III from the sinistral side (Appendix 2).  No cut or tooth 
marks occur. 

Unidentified swan fragments 

Muldbjerg I 
Mul.l 1 6458. - A diaphysial fragment of humerus. 
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Haliaeetus albici/la 
(white-tailed eagle) 

Muldbjerg I 
MuU 39831. - A dextral proximal fragment of humerus 
from an adult. The bone is intensely gnawed proximally. 

MuU 29233. - A sinistral fragment of scapula from a 
juvenile (Pl. 43.3). The bone is intensely gnawed distally. 
Clear punctures are recognizable. 

MuU 521 1 7. - A sinistral phalange I from an adult. 

Kongemose 

KS 0/0-14. - An almast complete sinistral humerus from a 
sub·adult (Pl. 44.3). There are punctures and chewing 
marks proximally. 

KS 37/30·1 0. - The proximal diaphysis of a sinistral ulna 
from an adult (Pl. 44.7). There are longitudinal scrape 
marks. 

KS 37/26·2. - A well·preserved distal end of a sinistral ulna 
from an adult (Pl. 44. 1 8) .  

KS 37/30·11 .  - A distal end of a weathered ulna from and 
adult (Pl. 44. 1 3) .  The bone is gnawed proximally. 

KS 41/30·86. - The proximal diaphysis of a well·preserved 
sinistral tibiotarsus from a juvenile. Chap marks are 
present. 

KS 39/33·29. - A very juvenile proximal part of tibiotarsus 
(Pl. 44.20). 

KS 33/33·3. - An almost complete sinistral carpometa· 
carpus from an adult (Pl. 44.2 1 ) .  The distal epiphysis has 
been broken off. 

Buteo buteo (buzzard) 

Kongemose 

KS 35/34,5·35·23. - The proximal end of a sinistral hu· 
merus of an adult. The epiphysis is damaged by chewing. 

KS 42/30·5. - The dextral epiphysis from an adult ulna. 
Chewing marks occur proximally. 

Mi/vas mi/vas (red kite) 

Præstelyng 

PL 6936·141. - A fragment of pelvis from an adult. 

PL 9838. - A dextral tarsometatarsus from a juvenile. 

Pandion haliaetus (osprey) 

Præstelyng 
PL 1550·1 /. - A well·preserved fragment of a dextral 
humerus from an adult. The complete diaphysis is present 
but the epiphysis has been broken off. A few cut and scrape 
marks aceur. 

Tetrao urogallus (eapereaillie) 

Kongemose 

KS 38/34·34,5·21, 38/34·34,5·22. - Two cranial frag' 
ments of sternum from an adult. The fragments can be 
reassembled. The EMNI is I .  
KS 38/39·3. - A cranial fragment of sternum from an adult. 

KS 39/35,5·31. - An almost complete sinistral humerus 
from an adult. Chewing marks are present proximally on 
erista humeri (Pl. 44.2). 

KS 34/28·20. - A well·preserved dextral diaphysis of a 
femuf from an adult. 

Grus gruS (crane) 

Præstelyng 

PL 686 1. - A fragment oftibia from a veryyoung individual, 
with certalnty still a nestling (Pl. 43.9). The bone is some· 
what damaged by rolling in water. 

PL 6925·187. - A sinistral fragment offemur, the outer side 
of a well-preserved caputjemuri, trochanter major from an 
adult. The impact area after a stroke is surrounded by bone 
splinters. Fine scratching occurs distaIly on the piece. This 
suggests that this bird was caught by man. 

Kongemose 

KS 31/31·20. - The upper end of a sinistral humerus from 
an adult (Pl. 44. 1 ) .  The edge and part of the joint have been 
gnawed away by dog. 

KS 35/28·1. - The distal end of a sinistral humerus from an 
adult. A canine tooth mark occurs distally (PI. 44. 1 7) .  

KS 34/28·4. - The proximal end of  a humerus from a very 
juvenile individual (PI. 44.5). There are clear cut marks 
distally on the diaphysis. 

KS 37/34·6. - The diaphysis of a dextral humerus from a 
very juvenile individual (Pl. 44.9). The bone is very fraglle, 
and has a few cut marks. 

KS 37/29·78. - A diaphysial fragment of a dextral radius 
from an adult (Pl. 44. 1 5) .  

KS 37/38·4. - The upper end of a well·preserved dextral 
femur from an adult (Pl. 44.6). 

KS 38/31'12. -The distal dextral epiphysis and diaphysis of 
a well'preserved tibiotarsus from a sub·adult (PI. 44.22). 

KS 37/28·123. - The diaphysis from a well'preserved 
dextral tibiotarsus from a very juvenile individual (PI. 
44. 1 9) .  There are cut marks distally. 

KS 42/31·92. - The proximal sinistral diaphysis of a 
tibiotarsus from a very juvenile individual (Pl. 44. 1 6) .  

KS 37/20·20. - The well'preserved distal epiphysis of a 
sinistral tibiotarsus from an adult. 

KS 42/31·12. - A diaphysial fragment of tibiotarsus from a 
very young individual (Pl. 44.8). 

KS 42/31·1.  - The diaphysis of a dextral tibiotarsus from a 
strong adult (Pl. 44. 1 0) .  
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Fulica atra (eoot) 

Muldbjerg 

Mul.l 34066. - A fragment of the distal part of sternum. 

Mul.l 32780; Mul.l 33964; Mul.1 1 0573. - Three femora. 
The distal epiphysis has been removed on Mul.! 32780 (a 
dextral femur), and there are cut marks proximally. All the 
bones are weU preserved with hard shining surfaces. The 
last sinistral bone shows traces of fire proximally. 

Mul.l 33993; Mul.l 1 0425; Mul.l 1 0428; Mul.l 32982. -
The 2 first dextral tibiae are both fragments that lack 
proximal ends, and the first one has cut marks distally. The 
sinistral tibiotarsi are complete bones. All 4 bones are weU 
preserved, the last one is from a juvenile, the others are 
from adults. 

Mu1.l 32753; Mu1.l 340 1 9; Mul.1 33664; Mu1.l 30288. -
The first sinistral and the foUowing two dextral tarsometa
tarsi are from juveniles, whereas the last one is from an 
adult. The adult bone is slightly damaged proximally, but 
the rest are complete. There are a few cut marks on Mul.I 
340 1 9. 

Mul.l 32386; Mul.l 45982. - Two almost complete ulrrae. 
The first is a dextral ulna from a juvenile, and the second is 
a sinistral from an adult. 

Mul.l 32724. - A complete well·preserved sinistral radius 
from an adult. 

Mu1.l 49689. - A sinistral well·preserved carpometacarpus 
from an adult. 

Præstelyng 

PL 3577. - A dextral fragment of scapula from a juvenile. 

PL 7556·38; PL 12981; PL 1 1454·2. - Three dextral 
coracoid bones, the first is from a juvenile, the two others 
are from adults. 

PL 14916·1. -A well'preserved, complete dextral ulna from 
an adult. 

PL 4323·56; PL 14512. - Two complete, sinistral carpo· 
metacarpi from adults. 

PL 6436·92. - A dextral fragment of tibia from a juvenile, 
perhaps a newbom. The proximal part of the bone is 
missing. 

PL 21225. - A dextral tarsometatarsus from a juvenile. 

PL 1 1536·2; PL 5612·1 63. - Two vertebrae. 

Kongemose 

KS 33/33·2; KS 34/28·21. - The first is an almost com· 
plete dextral tibiotarsus from an adult, only the proximal 
epiphysis is broken. The surface of the bone is slightly 
peeling. The second fragment is a sinistral, diaphysial frag
ment of tibiotarsus. 

COIVUS corone (hooded erow) 

Kongemose 
KS 39/31·52. - A complete radius from an adult. The EMNI 
is 1 .  



Appendix 2 

Measurements (in mm) as defined by Angela von den Driesch ( 1 976) .  

Cervus elaphus 
Cranium 
Muldbjerg J 5 9 1 5  1 6  1 8  1 9  20 2 1  22 23 25 26 27 28 30 34 35 36 37 38 39 

408 1 5 ·  sin 1 33.0 2 1 1 .0 1 38.0 2 1 3.0 1 75.0 1 1 3.0 1 07.0 64.0 43.0 5 1 .0 1 1 1 .0 78.0 95.0 29.0 1 92.0 54.0 70.0 1 24.0 85.0 

408 1 5 ·  dex 63.0 43.0 

98 1 4  sin 1 04.0 62.0 45.0 

30682 sin 1 08.0 65.0 46.0 

28409 a sin 68.0 1 

3 1 736 dex 1 06.0 67.0 45.0 1 98.0 

49546 dex 45.0 

23108 dex 63.0 

5 1 3 1 9  dex 64.0 

263 1 9  59.0 27.0 2 1 .0 

393 1 6  1 1 2.0 69.0 47.0 53.0 1 1 1 .0 65.0 1 1 8.0 1 59.0 1 07.0 82.0 

Muldbjerg I 4 6 8 1 0  I l  1 4  24 29 32 33 40 41  

393 1 6  1 86.0 40.0 1 88.0 1 86.0 1 1 8.0 250.0 48.0 32.0 1 59.0 1 1 4.0 1 1 4.0 1 45.0 

Præstelyn� 20 2 1  2 2  22x Vw 

7556·2 1 1 0.0 67.0 47.0 45.0 23.012 1 . 5  

7995·1 1 05.0 64.0 47.0 45.0 23.0120.0 

6436· 1 89 66.0 24.0120.0 

4285 24.0/2 1 .0 * The measurements are raken on dp2 dp4 

23553 26.0/24.0 20 h2 · h3 

20201 6 1 .0 21 m l - m3 

1 4790 1 48.0 50.0 22 p2 · p4 

4323·26 • 52.0 48.5 22x p2 - p4 alveole measurements 

4294 • 50.0 48.0 Vw m3 

7968 1 • 53.0 54.0 

7556-4 * 48.0 

1 6644·2 • 49.0 

1 1 703·2 • 49.0 

Kongemose 20 21 22 26 28 31 l/w m l  

30/32 5 85.5 

33/31·4x 1 22.5 75.6 52.9 25.3120.3 

35/3 1 · 1 8  1 2 1 .4 73.2 53.6 23.3120.6 

42135 4 68.9 

40128·23 7 \ .0 2 1 .9120.8 
37/32-105 79.7 26.3 
33/33·7 64.4 24.3 

37128· 1 5 6  59.7 20.4 

35/32·9 2 1 .4122.6 

33/30·5 68.2 2 1 .3122.6 

38/36·6 75.0 24. 1 1 2 1 . 9  

37/29·70 52.4 

42/30 1 0  72. 1 

42/30·8 80.7 

35/3 1 · 1 9  juv 56.1  broken 

Dimensions of cranium from Cervus elaphus from the Muldbjerg I site, including those from the two males 408 15  and 40424 (in table: Mul.! 393 16) ,  from 
the Præstelyng site (note the high number of juveniles) and from the Kongemose site. 
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Cervus elilphus 
Mandibula 
Muldbje!:B: I 1 2 3 4 5 6 7 " 8 &. 1 1  12 13 14 I Sa 1 5b I Se 
40424· 1 98 276.0 294.0 6 1 .0 2 1 5.0 1 87.0 2 4 1 . 0  1 26.5 1 24.0 80.0 79.5 47.0 79.0 1 0 1 .0 97.0 1 45.0 4 1 .5 32.0 30.0 
40424- 1 79 277.0 294.5 62.0 2 1 5.0 1 87.0 242.0 1 25.5  79.5 48.0 79.0 95.0 97.0 1 43.5 43.0 3 1 .0 29.5 
4081 5·34 293.0 3 1 1 .0 66.0 226.0 1 93.0 245.0 1 26.0 1 24.0 79.0 79.0 47.0 82.0 1 1 2.0 1 02.0 1 5 1 .0 45.0 35.0 33.0 
4081 5·35 293.0 3 1 1 .0 67.0 243.0 1 94.0 244.0 1 25.0 79.0 46.0 88.0 1 07.0 46.0 37.0 33.0 
5 1 105 280.0 2 0 1 .0 1 1 5.0 1 1 0.0 69.5 69.5 48.0 79.0 38.0 27.5 
5 1 1 72 288.0 297.5 65.0 2 1 8.0 1 86.0 233.0 1 2 1 .0 1 20.0 70.0 69.5 48.0 78.0 1 02.0 98.0 1 44.0 39.0 
5 1 309 273.0 292.0 63.0 2 1 2. 0  1 80.0 233.5 1 1 9.0  1 20.0 75.5 76.0 46.0 82.0 99.0 93.0 4 1 .0 28.5 
5 1 083 270.0 2 8 1 . 0  65.0 202.0 1 76.0 2 1 3.5 1 1 4.0  1 1 1 .5 70.0 70.0 45.0 78.5 1 05.0  98.0 1 45.0 37.5 27.0 
32553 1 04.5 93.0 1 4 1 .5 

Præstelr!!� 3 7a 8 &. 9 1 0  l Oa 1 1  1 2  1 3  14 I Sa 1 5b I Se 
1 2 4 1 0  sm 62.0 1 82.0 1 1 8.0 73.0 72.0 46.0 26.0/ 1 1 .5 20.0/ 1 2.0 1 0 1 .0 99.0 40.5 3 1 .0 28.0 
2 1 1 2·5 sm 57.0 70.0 70.0 27.0/ 1 1 .0 2 1 .0/ 1 2.0 9 1 .0 88.0 1 3 1 .5 38.0 28.0 
1 8690-1 dex 289.0 305.0 65.0 223.0 1 84.5 240.0 1 27.0 1 20.0 79.0 -75.0 59.0 28.0/ 1 4.0 2 1 .0/ 1 2.5 89.0 1 1 3.0 1 0 1 .0 4 1 . 5  35.0 27.0 
23533·7 dex 254.0 266.0 56.0 1 85.0  1 72.0 2 1 7.0 1 1 7.0 1 1 4.0 72.0 78.0 47.0 24.0/ 1 1 .0 20.0/ 1 2.0 74.5 93.0 89.0 1 36.0 40.5 29.0 23.5 
1 2264 juv sm 52.0' 25.0/ 1 1 .0 99.0 90.0 45.5 
1 9555-8 juv sm 
3435 1 juv dex 73.0 67.0 24.0/ 1 1 .0 1 9.0/ 1 2.0 
23525-3 juv dex 30.0/ 1 1 .0 95.0 88.0 1 27.5 43.0 
1 9555-\ juv dex 43.5 
23568-2 juv dex 46.0 84.0 80.0 1 1 7.5 
23563· 1 0  juv sin" 35.0' 67.0' 5 1 .0' 
1 550·4 juv sin* 70.0* 55.0' 25.0/ 1 0.0· 
6942· 1 2  juv dex· 52.0· 24.0/9.0· 

1 550-4 juv dex dp2-m I alveolus 59.0 
dp2-dp4 crown 53.5 
dp2-dp4 alveolus 90.0 
dp4 1 26.0 
dp4 b 1 0.0 
dp4 k 9.0 

Konsemose 1 2 3 4 7a &. 1 0  l Oa 1 1  1 2  13  I Sa 1 5b I Se 
42/3 1 · 1 1 0  sm 285.0 300.0 66.0 2 1 7.0 1 96.0 257.0 1 29.0 1 29.0 80.0 79.0 50.0 3 1 .0/ 1 4.0 2 1 .0/ 1 3 . 5  83.0 1 1 4.0 1 05.0 46.0 34.0 3 1 .0 
39127·66 sm 79.0 1 94.0 79.0 79.0 3 1 .0/ 1 4.0 2 1 .0/ 1 4.0 1 1 3 .5 1 1 0.0 4 1 .0 3 1 .0 
37129·63 sin 1 26.0 76.0 76.0 48.0 30.0/ 1 4.0 20.0/ 1 3 . 0  32.0 30.0 
4 1 /30·46 sin 8 1 .0 80.0 32.0/ 1 5.0 20.01 1 3 . 0  
42135· 1 8  sin 1 20.0 1 1 8.0 76.0 76.0 44.0 33.01 1 5.0 20.01 1 3.5 
4213 1 · 1 36 sin 50.0 20.0/ 1 3.0 
34/37·1 sin 52.0 8 1 .0 
37128· 1 50 sm 53.0 2 1 .0/ 1 3.0 
4213 1 · 1 1 sm 5 1 .0 30.0 27.0 
37128· 1 54 sin 33.0/14.5 
39/30·4 dex 78.0 204.0 1 32.0 1 33.0 78.0 78.0 54.0 4 1 .0/14.0 2 1 .0/ 1 3.5 1 1 8.5 1 1 1 . 0  43.0 32.0 29.0 
37/33·4 dex 296.0 309.0 70.0 246.5 1 99.0 276.0 1 27.0 1 28.0 79.0 79.0 53.0 32.0/ 1 4.0 22.5/ 1 3 . 0  89.0 1 1 1 .0 1 05.0  49.0 34.0 30.0 
37126·20 dex 1 34.0 1 34.0 82.0 80.5 53.0 33.0/ 1 4.0 22.0/ 1 2 . 0  43.0 35.0 29.0 
37/32· 1 1 1  dex 45.0 92.5 4 1 .0 3 1 .0 
38/32·80 dex 6 1 .0 
4213 1 · 1 1 1  dex 1 20.5 1 20.0 78.0 74.0 43.0 32.0/ 1 5.0 
4 1 ·42127·27.5·8 dex 48.0 93.0 28.5 
37/3 1 ·54 dex 60.0 3 1 .0 
37/32 · 1 04 dex 47.5 
37/35·21 dex 34.0/ 1 3 . 8  
37126·35 dex 48.0 36.0 
40.5·4 1 /27·60 dex 42.5 
4213 1 · 1 3 9  dex 56.5 23.5 
37125·47 dex 35.5/ 1 5 . 0  
35127·27.5-74 dex 3 1 .0/1 1 . 5  46.0 29.0 

U1kestrul!:l:t.!!� 1 2  13 14 1 5b I Se 
1 7559 · 1 38.0 · 1 25.0 · 1 82.0 
VIII 1 0 1 .0 92.0 · 1 36.0 

1 06.0 96.0 1 42.0 
23338·3 1 46.0 ·88.0 57.0 
23408·2 · ] 44.0 87.0 58.0 36.0 33.0 

Dimensions of mandibula from Cervu5 elaphus from the Muldbjerg I, Præstelyng, Kongemose and Ulkestruplyng sites. 
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CelVus elaphus 
Scapula 
Muldbjerg l BG LG SLe GLP DHA HS Ld Ulkestruplyng BG LG SLe GLP DHA HS 

40424·60 sin 38.0 38.0 30.0 50.0 245 .0 247.0 1 47.0 5742 juv sin 40.0 40.0 28.0 53.0 

408 1 5·2 sin 42.0 45.0 36.0 60.0 270.0 277.0 1 68.0 2335 1 ·2 sin 48.0 49.0 35.0 60.0 26 1 .0 250.0 

4 sin ·3 1 .0 ·35.0 ·27.0 ·41 .0 23408· 1 sin 40.0 42.0 33.0 54.0 267.0 

3926 1 dex 37.0 38.0 30.0 50.0 246.0 247.0 23380·1 sin 41 .0 32.0 47.0 
408 1 5·43 dex 42.0 45.0 36.0 60.0 23346·1 dex 49.0 50.0 35.0 60.0 286.0 292.0 

32506 dex 35.0 40.5 28.0 49.0 1 1 379 dex 47.0 48.0 39.0 6 1 .0 307.0 309.0 
127 dex 30.0 35.5 26.5 45.0 juv dex 32.0 36.0 28.0 47.0 

Præstelyng BG LG SLe GLP 

7942·43 sin 37.0 38.0 30.0 49.0 Humerus 
1 6644· 1 juv sin 27.0 30.0 24.0 Muldbjerg 1 Bd Bp Bt Sd GL GLe 
561 5·228 sin 29.0 33.0 23.0 40424·38 sin 5 1 .0 65.5 46.0 25.0 24 1 .0 2 1 1 .0 
6939 sin 37.0 38.0 32.0 49.0 408 1 5·3 sin 6 1 .0 8 1 .0 49.0 29.0 265.0 232.0 
23560·2 dex 34.0 36.0 27.0 46.0 46908 din 50.0 47.0 22.0 
1 1 420· 1 dex 29.0 32.0 23.0 40424·39 dex 5 1 .0 66.5 45.0 25.0 24 1 .0 2 1 2.0 

408 1 5·45 dex 60.0 82.0 50.0 29.0 264.0 231 .0 
Kongemose BG LG SLe GLP DHA HS 
26/30·2 sin 41 .0 45.0 33.5 56,4 Præstelyng Bd Bp Bt 

37125·56 sin 39.8 35.5 235 1 9·2 47.0 42.0 

41 137· 1 1  sin 30.5 42.0 32.8 48,4 1 5549 4 1 .0 39.0 

37127· 1 27 sin 47.8 40.8 28.0 50.0 235 14·1  55.5 

4 1 127.5-28. 1  1 sin 36.0 43.8 27.3 5 1 .2 7942·45 41 .0 38.2 

43/32·53 sin 3 1 .0 36.5 24.0 46.0 23563·2 43.3 39.8 

·OF· 1 8  sin 36.2 41 .0 3 1 .2 5 1 .2 
37/3 1 ·8 sin 33.2 Kongemose Bd Bp Bt Sd 
·OF·207 sin 36.0 39.8 3 1 .0 49.8 238.0 249.0 40/32·56 sin 6 1 .0 53.0 28.0 

·OF·2 1 8  sin 44.0 46.0 38.0 60.0 33129·26 sin 5 1 .0 45.0 2 1 .5 

40/32· 1 7  sin 42.5 49.0 32.5 60.2 278.0 33/3 1 ·4 I x  sin 

35129· 1 0  sin 34.0 40.8 30.0 5 1 .2 ·OF·62 sin 54.0 49.0 

37/36· 1 sin 37,4 41 .2 3 1 .2 52.2 2 1 2.0 22 1 .0 37126· 1 08 sin 57.0 48.0 

35/3 1 ·2 sin 44.0 45,4 37.0 58.0 37127·6 sin 56.0 48.5 

43/32·52 sin 42.0 49.0 37.0 60.0 33/30·45 sin 5 1 .0 46.0 

-OF· I 9 sin 39.0 45.0 33.0 55,4 37127·95 sin 54.0 49.0 

·OF·2 1 0  sin 38.0 42.5 33.5 5 1 .2 22 1 .0 43/32·5 sin 5 1 .0 49.5 

39/30·32 sin 33.0 27.2 37/3 1 ·76 sin 53.0 47.0 

34129·57 sin 37.8 40.0 30.2 48.0 37128·33 sin 50.5 45.0 

37124·7 sin 40.2 39.0 48.0 39/30· 1 1 2  sin 52.0 46.5 

33129·6 sin 40.0 47. 1 40/30·52 sin 67.0 

37/40·3 sin 41 .0 43.8 54.0 36129·38 sin 60.0 

37125·71  sin 34.0 35127· 1 8  sin 67.0 

42126·20 sin 43.5 36127·27.5·4 dex 58.0 49.0 28.0 

37/ 1 2·6 sin 40.2 37/30·80 dex 6 1 .0 52.5 

1 912 1 · 1 0  sin 3 1 .6 34/3 1 ·41  dex 59.0 48.5 24.5 

4 1 1 1 6· 1 7  sin 40.0 37127·83 dex 44.0 

·OF·20 dex 34.0 35128· 1 9  dex 48.5 1 9.0 

37/9·5 dex 35.3 40.8 53.7 4213 1 ·65 dex 48.0 45.5 

37125· 1 0  dex 30.8 24.2 36127·27.5·5 dex 53.5 48.0 

37122·8 dex 41 .3 53.3 32/ 1 6· 1  dex 46.0 

1 9124· 1 3  dex 37.9 ·OF·225 dex 56.0 49.0 

3 1 122·2 dex 4 1 . 1  39127·38 dex 49.0 44.0 

4 1 128·40 dex 37.0 4 1 . 7  32,4 52.3 ·OF· 1 67 dex 50.0 44.0 

37122· 1 3  dex 34.9 39126·2 dex 50.0 43.5 2 1 .5 

43/32·54 dex 37.0 40.9 52.1 37/30·8 1 dex 55.0 47.0 23.5 

37124· 1 1  dex 27.9 37/1 3·22 dex 59.0 5 1 .5 

37125·73 dex 38.8 42,4 32.3 40/30·45 dex 55.5 47.0 23.5 

3 1 16·3 dex 32.9 ·OF·222 dex 53.0 47.0 

45/3 1 ·6 dex 30.7 40127·27 dex 52.5 46.0 

35/32· 1 4  dex 32.7 55.9 40127·3 1 dex 20.5 

44/30· 1 3  dex 38.9 4 1 .7 3 1 .5 54.0 40/1·6·85 dex 65.0 

37128·60 dex 40.7 28.8 5 1 .0 38/32·86 dex 1 9.5 

3 1 137·26 dex 26.7 
·OF·206 dex 38.0 38.3 30.5 49.1 Ulkestruplyng Bd Bp Bt 

42/3 1 · 1 0  dex 33. 1 1 6572 sin 5 1 .5 49.0 

·OF·223 dex 42.8 29.0 52.1 233 1 4· 1 9  sin 56.0 53.0 

·OF·208 dex 36.0 43.0 28. 1 5 1 .5 23320 sin 79.5 

3 1 /37·25 dex 42.8 33.0 53.0 23405· 1  dex 63.0 58.0 

39/3 1 ·27 dex 47,4 42.0 38.0 62.8 1 7443 dex 62.0 56.0 

·OF·2 1 4  dex 39.0 30.0 2332 1 ·2 dex 60.0 54.0 

37127· 123 dex 35.8 27.6 
·OF·2 1 8  dex 38.0 60.0 
37/3 1 ·6  dex 35.0 42.0 29.0 5 1 .0 242.0 
37/30·49 dex 40.2 40.0 39.2 57.8 

·OF·2 1 5  dex 35.0 43.0 28.2 50.2 247.0 

37/33·77 dex 35,4 44.0 30.0 53.0 248.0 245.0 

4 1 136· 1 dex 39.0 48.0 32.2 59.0 265.0 

39125· 1  dex 35.0 40.5 30.0 50.5 

34/3 1 ·25 dex 40.8 48.0 35.0 6 1 .0 

4 1 126·3 dex 36.0 42.0 29.2 50.2 

·OF·2 1 9  dex 36.5 41 .4 3 1 .0 5 1 .0 

37/30·54 dex 34.5 26.6 208,4 

Dimensions of scapula and humerus from Cervus elaphus from the Muldbjerg I, Præstelyng, Kongemose and Ulkestruplyng sites. 
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Cervus elaphus 
Radius Ulna 
Muldbierg 1 Bd BRi Bp BFp BPe DPA SD U PL GL Muldbierg 1 BPe DPA SDO LO GL 
40424·70 sin 43.0 38.0 49.0 46.0 26.5 225.0 232.0 248.0 40424·82+49424·78 sin 28.0 44.0 4 1 .0 62.0 299.0 
32829· 1 prox sin 46.5 43.0 408 1 5·4 sin 3 1 .5 48.5 43.0 76.0 3 1 8.0 
6607 dist sin 37.0 32.5 40424·66+40424·84 dex 28.5 44.0 39.0 62.0 300.0 
2067 1 · 1  prox+237 1 6  dist sin 43.0 38.0 50.0 45.0 408 1 5·47 dex 3 1 . 0  49.0 42.0 75.0 320.0 
27339 prox (radius+ulna) sin 43.0 39.5 24.0 39.0 
50995 prox+32 1 79 dist (ulna) sin 40.0 35.0 45.5 4 1 .5 27.0 
408 1 5·5 sin 48.0 42.0 56.0 50.0 32.5 239.0 25 1 .0 264.0 Præstelyng BPe DPA SDO LO 
40424·40 dex 43.0 38.0 49.0 46.0 27.0 228.0 233.0 249.0 1 3542·1 sin 26.0 39.5 
52534 prox+6062 dist (ulna) dex 37.0 33.0 44.0 40.0 25.0 23457·3 sin 26.0 4 1 .5 36.0 58.0 
1 2342 prox+ 1 2341 (ulna) dex 45.0 40.5 26.0 38.0 24902 sin 23.0 
331 1 5  proX+330 1 9  (ulna) dex 47.0 42.0 26.5 3435·69 dex 2 1 .0 
20672· 1 prox+552 dist dex 45.0 40.0 50.0 45.0 
408 1 5·46 dex 48.0 42.0 57.0 50.0 3 1 .0 239.0 253.0 263.0 

Kongemose BPe DPA SDO LO 
44/30·40 sin 28.5 44.5 36.0 65.0 

Præstelyng Bd BRi Bp 40126·92 sin 33.0 5 1 .5 46.0 
4323·32 dex 42.5 38.0 0/0· 1 0  sin 32.0 46.0 
1 3542· 1 0  dex 50.0 40/32'60 sin 32.0 

37/29·41 sin 3 1 .5 45.0 
37/31 ·94 sin 29.0 

Kongemose Bd BFd Bp BFp BPe DPA eD SD LO 37/40·23 sin 3 1 . 0  43.0 
37/44·1 prox (radius+ulna) sin 62.0 58.0 36.0 60.0 38.0 2 1 .0 89.5 ·OF·283 sin 29.5 45.0 39.0 
41 /275·28 . 1 90 prox sin 47.0 44.0 43125·39 sin 30.0 
41 /27.5·28 1 9  prox sin 50.5 47.0 40/32·37 sin 27.0 
40/32·64 prox sin 53.0 50.0 37124·94 dex 32.0 48.0 4 1 .5 77.0 
34/3 1 ·63 dist sin 48.5 47.0 4 1 135·20 dex 30.0 48.0 40.0 66.5 
33/27·22 dist sin 50.0 48.0 39127·37 dex 30.5 48.0 
38/30·43 dist sin 49.0 47.5 39/3 1 · 1 7  dex 29.5 
38/32·90 dist sin 48.0 46.0 
41 1275-28.30 dist sin 45.0 44.0 
3 1 16·5 dist sin 52.0 49.0 Ulkestruplyng BPe 
3717· 1 0  dist sin 55.0 52.0 23362·3 dex 25.0 
37125 · 129 sin 55.0 52.0 
41 1275-2822 sin 48.0 46.0 
45/3 1 ·60 prox dex 47.0 43.0 
37/47·6 prox dex 56.0 5 1 .0 
37125· 1 04 prox (radius+ulna) dex 55.0 49.5 3 1 .5 
35128·2 1 dist dex 53.0 50.0 
39/3 1 ·7 dist dex 49.5 46.0 
37/27· 1 03 dist dex 47.0 46.0 
37128·55 dist dex 48.0 45.0 
37/4 1 ·5 dist dex 48.0 46.0 
38/3 1 ·2 1  dist dex 54.0 50.0 
4 1 126· 1 4  dist dex 46.5 43.0 
37/32·81  dist dex 49.0 47.0 
37/ 12 · 12  dist dex 52.5 49.0 

Ulkestruplyng Bd BRi Bp BFp 
23358· 1 3  prox sin 58.0 50.0 
23348·2 dist sin 50.0 41 .0 
20685 dist juv sin 42.5 38.0 
1 6259 dist dex 58.0 47.0 
23380· 1 6  dist iuv dex 43.0 39.0 
1 3806 prox iuv dex 45.0 

Dimensions of radius and ulna of Cervus elaphus from the Muldbjerg I, Præstelyng, Kongemose, and Ulkestruplyng sites. 
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Cervus elaphus 
Tibia 
Muldbjerg l Bd Bp Dd SD CD U GL Ulkestruplyng Bd Bp Dd 
40424-1 sin 42.0 66.0 35.0 20.0 26.0 287.5 3 1 6.0 1 7593 juv sin 44.0 36.0 
51 71 Oe prox+ 50828 dist sin 38.0 60.0 33.0 1 5293 80.0 
1 329 sin 36.0 29.0 85.0 
408 1 5-53 sin 46.0 73.0 22.0 30.5 307.0 335.0 1 6555 54.0 
40424· 1 85 dex 42.0 66.5 35.0 1 9.0 26.0 287.0 3 1 7.0 23346-2 5 1 .0 
1 2459 dist dex 40.5 32_0 1 4953 47.0 
1 0878 dist dex 38.0 3 1 .0 23360-6 47.0 

23380 5 45.0 
Præstelyng Bd Bp Dd V-5 45.0 
1 020-359 sin 60.0 23422-1 48.0 
6436- 1 84 sin 67.0 23387·1 47.0 
1 8337 sin 65.0 23357- 1 56.0 
23549·1 dex 65.0 
1 8757·2 dex 4 1 .0 

1 364 dex 35.0 29.0 Femur 
Muldbjerg I DC Bd Bp GL GLC 

Kongemose Bd Bp Dd SD CD 40424 1 99 sin 30.0 63.0 76.5 282.0 267.0 
33/24-20 sin 80.0 50836 prox sin 30.0 
38/32-87 sin 67.0 408 1 5-52 sin 34.0 68.0 87.0 299.0 286.0 
37/33-2 1 sin 70.0 40424-98 dex 3 1 .0 62.0 78.0 282.0 267.0 
37/30-74 sin 46.5 36.0 49 1 27 prox dex 30.0 
4 1 89 sin 47.0 40.0 26156 prox dex 30.5 
35/28- 1 3  sin 44.0 37.0 
34/3 1 -24 sin 49.0 41 .0 25_0 29.5 Præstelyng DC Bd 
-OF- 1 94 sin 5 1 .5 48.0 235 1 9- 1  prox sin 29.5 
26/30-24 sin 45.0 39.0 1 9555- 1 1 dist sin 60.0 
36/34-22 sin 50.5 40.5 1 007-49 prox dex 30.0 
37/40- 1 8  sin 49.0 41 .0 24885 dist dex 5 1 .5 
-OF-233 sin 49.5 40.0 
37/26-82 sin 47.0 38.0 Kongemose DC Bd Bp Sd 
-OF- I 73 sin 47.0 41 .5 39/30-56 sin 66.0 
40/26-94 sin 42.0 36_0 39/30-57 sin 75.0 
-OF-234 sin 46.0 39.5 33/3 1 -42x sin 77.0 
34/29-5 1 sin 50.0 42.0 37/ 1 2- 1 1 sin 66.0 
37/24-57 sin 47.0 38.5 38/29-20 sin 35.5 29.0 
37/44-2 sin 49.0 42_0 37/35-33 sin 37.0 30.0 
35/27-46 sin 43.0 38_0 -OF-88 sin 36.0 82_0 26.0 
-OF- 1 87 sin 47.0 42.0 4213 1 -59 sin 35.0 82.0 
39/25-71 sin 46.0 37.5 37/28-24 sin 73.0 
4 1 /36-4 sin 45.0 36.0 39/3 1 -4 sin 3 1 .5 
37/32-74 sin 44.0 37.0 37/34- 1 8  sin 35.0 
36/29-30 sin 46_0 36.0 370 sin 36.0 
40/27-32 sin 39.5 34.5 34/37-5 sin 36.0 
37/35 - 130 sin 48.0 40.0 37/28 39 sin 36.0 
4 1 /26- 1 6  sin 45_0 36.0 42/3 1 ? sin 35.5 
34/28-46 sin 45_0 37.0 39/46- 1 1  sin 3 1 .5 
37/38-8 sin 48.0 40.0 l????? sin 3 1 .0 
37/27- 1 1 2  sin 42_0 35.0 39/26-7 sin 32.5 
-OF-273 sin 42.0 34.0 35/32 - 13  * sin 37.2 
3 1 /26- 1 3  sin 43.0 35.0 34/28-42 * sin 3 1 .6 74.0 

33/29-44 dex 72.0 34/29-52 * sin 68.9 

37/25- 1 1 9  dex 70.5 37/1 3-72 * sin 68.8 
33/29-2 1 dex 7 1 .0 34/28-38 * sin 28.3 64.3 

37/3 1 -3 dex 5 1 .0 38.0 23.0 30.5 39/30-95 * sin 63.3 

43/32-7 dex 5 1 .5 38.0 24.5 30.5 37/37-20 * sin 32.5 80.0 

34/35-2 dex 52.5 40.5 26.0 3 1 .0 40/32-33 dex 73.0 

-OF- 1 97 dex 50.5 41 .5 35/27-45 dex 72.0 

37/2 1 -56 dex 47.0 39.0 38/32-85 dex 7 1 .0 

38/37-26 dex 52.0 4 1 .0 30/32-8 dex 66.0 

37/39-92 dex 49.0 39.0 37/39-8 dex 33.5 

37/36-7 dex 48.0 39.5 35/32-2 1 dex 34.0 

42/20-63 dex 48.0 38.0 40/26-97 dex 38.0 
33/27-2 1 dex 46.0 39.0 37/25- 1 1 7 dex 34.0 
39/27-35 dex 48.5 41 .0 37/25-53 dex 3 1 .0 
34/31 -40 dex 48.5 40.0 37/28-38 dex 36.0 
39/26-6 dex 49.0 38.0 37/30-58 dex 30.0 
32/30-4 dex 47.0 38.0 4 1 /28-2 1 dex 35.0 

-OF- 1 99 dex 49.0 37.0 39/32-9 * dex 3 1 .9 76.6 

-OF- I 88 dex 45.5 39.0 32/28.5-29.4 * dex 63.9 25.3 

40/27-26 dex 50.0 41 .0 3 1 /26- 1 1 * dex 34.9 

38/32-88 dex 48.0 4 1 .0 37/26-79 * dex 66. 1 

1 9/33-4 dex 48.0 39.5 42/30- 1 7  * dex 38.4 94.0 

4 1 -42/27-27.5-2 dex 44.0 38.0 4 1 /30-59 * dex 35. 1  

4 1 137- 1 4  dex 46.0 37.0 34/29-47 * dex 27.9 68.2 

43/32- 1 0  dex 43_0 36.5 32/33.5-34. 1 * dex 35.0 89.9 

43/25-5 dex 44.5 38.0 
37/32-7 1 dex 45.0 38.0 
37/27-89 dex 46.0 39.0 
37/26-87 dex 4 1 .0 33.0 

Dimensions of fem ur and tibia from Cervus elaphus from the Muldbjerg I, Præstelyng, Kongemose and Ulkestruplyng sites. 



316  Nanna Noe-Nygaard FOSSlLS AND STRATA 37 ( 1 995) 

Cervus elaphus 
Calcaneus Centrotarsale Astragalus 
Muldbjerg I GL GB Muldbjerg I GB Muldbjerg l Bd GU GLm DI Dm GB GL 
408 1 5·56 1 1 0.0 34.0 49895 sin 35.0 408 1 5·57 32.0 48.0 46.0 26.0 28.0 
40424· 1 1 3  1 1 9.7  32.7 847 dex 33.2 40424· 1 68 29.8 48.6 455 255 25.9 

15330 dex 9804 27.7 8847c 375 1 358 sin 26.2 44.3 40.9 23.7 26.3 44.6 

1 34 dex 9 L2 27.3 40424·205 33.9 201 96 dex 26.6 43.2 4 1 .0 23.0 24.6 26.7 42.8 
408 1 5·58 40.0 1 2459 dex 305 48.9 4604 265 27.2 29.3 48.8 

1 0970 dex 27.8 44.3 425 2404 25.7 26.8 45.3 
Præstelyng GL GB 
7556· 1 1 8  1 02.9 3 1 .5 Præstelyng GB 
23563 5 98.9 30.0 23520· 1 35.8 Præstelyng Bd GU GLm Dl Dm 
2605 95.3 28.7 1 722 1 ·3 36.3 3435·20 25.8 44.0 42.9 24.0 24.2 
23563·3 25.9 1 3560· 1 1  30.6 6936-78 30.3 48.6 45.8 26.2 285 
23529·2 25.7 2351 4·9 285 1 1 703·4 30. 1 46.9 445 26.6 27.9 
23563·4 25.2 1 1 893 3004 46.3 42.7 25.0 26.0 

6436· 1 86 30.6 50.2 4604 27.0 27.8 
Kongemose GB 1 6 1 46 28.3 43.8 42.7 2304 25. 1  

Kongernase GL GB 34/32· 1 6  sin 42.8 235 1 6·2 30.7 50.3 46.2 27.0 27.9 
3 1 16· 1 4  sin 1 1 8.7  3 1 .0 33/30· 1 3  sin 4 1 .6 2 1 12 · 14  25.2 42.4 39.3 225 2 1 .8 
32/33.5·34·2 sin 122 . 1  405 34/32· 1 4  sin 39.0 
33/30·22 sin 1 1 2.8 33.1  33/30· 1 5  sin 39.3 
35/32·23 sin 1 20.0 36.8 4 1 -42/27·27.5- 1 5  sin 39.2 Kongemose Bd GU 
36/3 1 ·4 sin 94.2 24.6 33/33·9 sin 37.0 38.5129.5·3 sin 335 53.9 
34/32· 1 0  sin 1 24.2 37.2 37/ 1 3·62 sin 42.6 36129· 1 2  sin 32.0 55.3 
36/29· 1 0  sin 1 095 33.9 40/26·72 sin 4 1 .0 48/30-4 sin 33.3 54.2 
3 1 / 1 3· 1 5  sin 1 00.8 3 1 .6 33127·29 sin 36.8 34/32 ' 13  sin 33.8 56.3 
39/25·5 sin 97.6 34.8 41 127.5-29 50 sin 36.0 ·OF·92 sin 29.8 50.9 
37/28· 1 29 sin 1 1 8 .9 335 34129·41 sin 375 41 128·55 sin 3 1 .0 53.9 
41 /35·7 sin 1 1 45 35.3 25126· 1 0  sin 35.9 37/3 1 ·62 sin 35.2 6 1 .5 
37/30· 1 05 sin 1 1 2.2 37.6 36/31 1 3  sin 35.4 37/24·54 sin 33. 1 55.4 
-OF· 1 2  sin 1 1 7 .5 35.1 34/32· 1 5  sin 39.9 37/3 1 ·6 1  sin 34.0 58.6 
37/3 1 ·63 sin 1 23.5 37.3 40128 · 10  sin 37.6 38/32·37 sin 37.6 6 1 .8 
42/32·52 sin 1 1 3.7  33.7 39/3 1 ·49 sin 36.7 37/7· 1 1 sin 33.8 54.0 
46/ 1 6· 1 2  sin 1 1 5 .7  36.4 32129.5-30· 1 1  sin 39.2 39/29· 1 5  sin 33. 1 54.9 
36/3 1 ·3 sin 97.2 25.8 37/34· 1 5  dex 39.2 4 1 135·8 sin 32. 1  53.7 
37/34·7 sin 96.6 32.8 38,5129.5·4 dex 35.7 37/8·2 1 sin 35.3 585 
39/35 .5-36 3 sin 1 1 5 .5 32.6 3 1 133·5 dex 33.7 37125· 1 49 sin 34.6 58.6 
3 1 127· 1 6  sin 1 09.6 34.0 3 1 15 1 ·2 dex 36.2 39/30' 1 1 6  sin 29.8 48.9 
37/34· 1 0  dex 109 . 1  365 42/30 dex 38.8 33/33· 1 2  sin 305 5 1 .9 
35127·27.5-7 1 dex 1 09.5 34.6 45129·5 dex 44.7 43/32·67 sin 3 1 .7 49.4 
38.5/28·28.5-2 dex 1 1 2.6 30.4 35/34.5·35·7 dex 385 32/30·8 sin 34.8 58. 1 
38/3 1 ·2 dex 1 26.0 40.9 36/3 1 · 1 2  dex 40.9 37/8·22 sin 30.0 5 1 .8 
35/27·27.5-5 dex 1 2004 39.3 33/37·2 dex 34.4 38/30· 1 3  sin 33.8 55.2 
40/26·70 dex 97.3 3 1 5  37/27· 1 3  dex 34.2 39/30· 1 1 7  sin 32.2 55.5 
37/27·8 dex 1 1 2.8 32.7 3 1 / 1 9· 1 1 dex 4 1 .0 32/335·345 sin 355 58.5 
3 1 15 1 · 1  dex 97.2 34.4 4 1 136.5·37·7 dex 3 1 .8 26129·5 dex 34.4 62.4 
42/30·38 dex 1 1 3.8 39.6 39/35.5·36· 1 5  dex 36.8 37/1 4·56 dex 33.0 56.3 
32/ 1 6·28 dex 95.9 25.2 9.35 N27·27.5·4 dex 345 39/3 1 ·46 dex 33.9 56.0 
25/26·3 dex 82. 1 25.8 22/ 1 6·8 dex 4 1 .6 42126·65 dex 30.9 52.3 
43/25·42 dex 99.3 30.3 42/32·29 dex 37.8 37127·77 dex 325 57.0 
39/30·39 dex 1 20.9 35.3 3 1 127·29 dex 37.8 36/29·1 1 dex 305 5 1 .0 
38/30· 1 1  dex 1 1 45 35. 1 43/20 dex 385 ·OF·2·3 1 1  ? dex 35.0 55.8 
37/ 1 4·51  dex 99.6 35. 1 37/39· 1 25 dex 35.2 56.9 
33/30·2 1 dex 1 04.3 27.9 39/33· 1 3  dex 34.8 56.9 
39/26·28 dex 1 27.6 38.2 ·OF·41 dex 3 1 .5 55.0 
·OF·274 dex 1 2 1 .8 37.8 37/ 1 3·61  dex 32.3 55.2 
1 9/36· 1 dex 98.7 26.8 36/35·20 dex 30.6 50.8 
42/3 1 · 1 4  dex 1 23.2  37.0 4 1 137· 1 3  dex 33.0 53. 1 
38/30· 1 2  dex 1 1 2 . 7  34.9 1 9125· 1 1 dex 30.6 53.6 
39/35.5-36 2 dex 92.3 3 1 .6 36/3 1 ·23 dex 34.0 54.0 
32/30·6 dex 99.6 33. 1 38/37·4 dex 36.0 59.6 
35127· 1 6  dex 1 1 1 .9 33.0 42/30·40 dex 34.0 56.0 
37/41 ·6 dex 1 1 1 .4 33.8 37/36·22 dex 365 57.8 
385128·28.5·1  dex 96.3 32.4 37128 · 128 dex 35. 1  57.2 
3 1 / 1 7·4 dex 1 09.8 3 1 .2 39126·38 dex 29.2 525 
34/37·7 dex 1 1 7.8 35.8 33/30·35 dex 34. 1 54.2 
33/29·6 dex 1 1 8.8 35.0 41 /35·9 dex 34. 1 59.2 
37/50·1 dex 1 1 6.7 36.0 3 1 /3 1 ·7 dex 35.8 57.6 

42/32·30 dex 34. 1 55.2 
1 9/36·3 dex 3 1 .6 53.3 
40126·69 dex 35.7 58.6 

Ulkestruplyng Bd GU GLm 
233 1 6·4 37.0 59.0 54.0 
23376·6 38.0 58.0 55.0 
23322·3 37.0 59.0 54.0 
2331 2·2 34.0 55.0 53.0 
23377-3 33.0 55.0 52.0 

Dimensions of calcaneus, astragalus and centrotarsale of Cervus e/aphus from the Muldbjerg I, Præstelyng, Kongemose, and Ulkestruplyng sites. 
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CelVus elaphus 
Metatarsus Metacarpus 
Muldbjerg l Bd Bp DD SD GL Muldbjerg l Bd Bp DD SD GL 
40424-99 sin 32.0 3 1 .0 1 8.5 1 8.5 260.0 40424-71 sin 34.5 35.0 1 8.0 20.0 235.0 
3322a sin 34.0 408 1 5-6 sin 38.0 38.0 1 9.0 29.0 236.0 
28863 sin 32.0 28262+ 1 46+ 1 6 1 7+697 sin 34.5 35.0 
331 7+8047a sin 36.0 1 9.0 1 8.0 1 523+ 1 1 794+23504+50988+ 1 8 1 29 sin 3 1 .0 1 6.0 
1 3603+ 1 1 85 sin 32.0 1 779+ 1 4653+ 1 6 1 5  sin 35.0 1 6.0 
40424- 1 39 dex 32.0 3 1 .0 1 8.5 1 9.0 260.0 29077 sin 34_0 
29449+944+2000+2004 dex 35.0 4988 1 sin 35.5 
49894 dex 30.0 1 434 sin 3 1 .0 
361 08+ 1 52 1  +61 77+ 1 5 1 3  dex 34.0 34.0 1 7.0 259.0 32365 sin 33.0 

+ 1 992+49693 40424·5 1 dex 35.0 35.0 1 7.5 2 1 .0 235.0 
1 1 77+4646 1 +9025e+ 1 703 dex 33.0 
5 1 448+ 1 6455+ 1 7 1 0 1  dex 33.0 

Præstelyng Bd DD 2960 dex 3 1 .0 
24922 sin 36.2 1 7 . 1  8776+40034 dex 35.0 
1 6955 dex 36.3 
1 970 1 -3 dex 28.4 

Præstelyng Bd Dp 
2 1 1 2- 1 1 35.2 

Kongemose Bd Bp DD 1 1 660-8 29.4 
33/29-41 sin 34.5 1 1 660-3 30.4 2 1 .8 
38/37-2 sin 34.5 
37/3 1 -84 sin 35.0 
35/29-25 sin 35.5 Kongemose Bd Bp DD 
-OF-80 sin 38.0 -OF- I 64 sin 38.0 
33/33·25 dex 36.5 39/30-58 sin 34.5 
40/30-46 dex 33.5 37/28-26 sin 42.0 
37/3 1 -22 dex 3 1 .5 40/32-52 sin 40.5 
33/33-26 dex 3 1 .5 4 1 /36-7 sin 38.5 
35127-6 1 dex 34.5 37123-30 sin 37.0 
-OF-201 37.0 1 7.0 37/49-4 sin 42.0 
33129-23 39.0 44/30-36 sin 4 1 .5 
34128-49 4 1 .0 37129-35 sin 38.0 
33/30-65 juv 30.0 39/30-72 sin 41 .5 

-OF-237 dex 34.5 1 5.5 
28/32- 1 3  dex 37.0 

Ulkestruplyng Bd Bp 40/26-86 dex 39.0 20.0 
1 6398 46.0 37/25- 1 1 0  dex 38.5 1 8.0 
23327-3 45.0 32/33.5-34 dex 38.5 
23358- 1 2  46.0 37.0 4/30-60 dex 40.0 
23359-2 45.0 33/3 1 -46x dex 38.0 1 8.0 
23364-8 44.5 4 1 /30-67 dex 39.0 1 7.0 
2337 1 - 1 1 43.5 38129-30 dex 35.0 1 6.0 

42/30-46 dex 43.0 1 8.0 
3 1 /26- 1 9  dex 40.0 

Pelvis 37/62 dex 34.0 
Muldbjerg 1 LS LFo se SB lA LAR GL 37/37- 1 9  dex 37.5 
40424- 1 80 sin 95.6 62.3 27.6 1 3.3 48.6 298.3 32/32- 1 0  dex 34.5 
408 15 - sin 1 09.0 68.0 28.0 1 6.0 56.0 40.0 353.0 37/30-60 dex 40.0 
40424-207 dex 96.8 6 1 .3 27.7 1 3.2 48.5 297 . 1  33/33-34 dex 35.5 
408 1 5- dex 1 09.0 65.0 29.0 1 5.0 54.0 38.0 -OF-42 39.0 

37/3 1 - 1 8  36.5 
32/ 1 6-2 38.5 

Ulkestruplyng LS LFo SH lA 33/27-28 39.5 
2332 1 -3 1 24.0 68.0 58.0 48/30-23 34.5 

2332 1 - 1  66.0 56.0 39/25- 1 7  35.5 

23353- 1 38.0 6 1 .0 37/29-46 36.0 

24.0 43.0 48/30-2 1 40.0 20.5 
39/30- 1 05 36.5 1 5 .5 

33/30-48 36.0 
37124-56 39.0 
37/38- 1 4  40.5 

Ulkestruplyng Bd 
V-6 40.0 
23362-9 39.0 
23383-6 40.5 
1 4359 39.0 

Dimensions of metacarpus, metatarsus and pelvis of Cervus elaphus from the Muldbjerg I, Præstelyng, Kongemose, and Ulkestruplyng sites. 
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Cervus elaphus 
dextral jaws measured in mm 
Age: 0·6 months 

Age 
Locality 
Sex 
Dead 

Toothrow dp2-m l 
Milktoothrow dp2-dp4 
length m l  
width m l  
height m l  
1ength dp4 
width dp4 
height dp4 

1ndex dp2·dp4/dp2·m l 

Remarks 

Age: 7· 1 2  months 

Age 
Locality 
Sex 
Dead 

Toothrow dp2·m l 
Milktoothrow dp2-dp4 
length m l  
width m l  
height m l  
length dp4 
width dp4 
height dp4 

1ndex dp2·dp4/dp2·m l 

Remarks 

3 months 
Buderupholm 
male 
7 9· 1 955 

Mane Maxi. 

49.0 505 
49.0 505 

1 95 1 7.0 
1 0.0 1 3.0 
1 0.0 95 

1 .00 1 .00 

First (USP 
of m l  3 mm 
above jaw. 
Ml not above 
the jaw. 

8 months 

female 
1 2·2· 1 966 

Mane Maxi. 

69.5 70.0 
49.5 50.0 

1 9 5  50.0 
1 2 5  1 65 
8.5 85 

0.71  0.71 

Outer 1/3 of 
the cusp of 
M I  stained. 
M2 visible 
in the jaw. 
Duter 1 /2 of 
the cusp of 
ml stained. 

4 months 
Oksby 
m�e 
9 · 10 1 956 

Mane Maxi. 

48.0 
48.0 

205 
9.0 
9.0 

1 .00 

Cusps of m l  
2 m m  above 
the jaw. 

8 months 
Buderupholm 
male 
8·2·1 956 

Mane Maxi. 

7 1 .0 
52.0 . 

22.0 . 
l LO . 
8.5 

0.73 . 

auter 1 /3 of 
the cusp of 
Ml stained. 
M2 visible 
in the jaw. 
Outer 1 /2 of 
the cusp of 
ml stained. 

4 months 4 months 4 months 
Kærgård Buderupholm Buderupholm 
female male male 
1 0 1 0· 1 955 28·9· 1 955 27·9· 1 955 

Mane Maxi. Mane Maxi. Mane Maxi. 

68.0 . 65.0 67.0 
52.0 485 485 

22.0 22.0 2 1 .0 
1 0.0 1 1 .0 9.0 
85 85 8.0 

0.76 0.75 0.72 

First (USP First (USP Both cusps 
of m ]  in of m l  just of m l  in 
use. lo use. use. 

8 months 8 months 9 months 
Oxbø1 Bordrup 

female female male 
7· 1 · 1 954 6·2·1 954 23·3· 1 956 

Mane Maxi. Mane Maxi. Mane Maxi. 

70.0 69.0 67.0 655 72.5 
485 475 48.5 45.5 58.0 

2 1 .0 155 2 1 .0 1 5 .0 23,0 
1 0.0 1 3.0 1 0.0 1 2.0 1 0 5  
8.5 85 7.0 7.5 6.0 

0.69 0.69 0.72 0.69 0.80 

m2 can be Both eusps Full crown 
seen through of Ml just of m l  not 
the jaw, above the above the 
I mm of the jaw, 2 mm jaw. 
outer cusp stained. Cusps of m2 
is stained. M2 and m2 not above 

can be seen the jaw. 
through the 
jaw. 

4.5 months 5 months 
B1!bjerg PL Buderupholm 
female male 
1 6· 1 0· 1 968 3·1 1 · 1 955 

Mane Maxi. Mane Maxi. 

68.0 58.0 64.0 
5 1 .0 49.0 47.0 
1 9.0 . 
1 1 .0 . 

24.0 1 1 .0 20.0 
1 1 .0 1 7.0 95 
1 2.0 1 2.0 85 

0.75 0.84 0.73 

First (USP Second (USP 
of ml above of m !  just 
the jaw. in use, 

stained. 

I I  months 11 months 
Sølager Kærgård 
male female 
26·6· 1 955 1 1 ·5 · 1 956 

Mane Maxi. Mane Maxi. 

70.0 69.0 695 
5 1 .5 49.5 SLO . 
1 9.5 205 
8.0 1 6.0 

1 3.5 
225 1 4.5 23.0 
1 1 .5 1 5.0 95 
3.0 6.0 65 

0.74 0.72 0.73 

Full crown Full crown 
of m l  not of m l  not 
above jaw. above jaw. 
Cusps of m2 Cusps of m2 
not stained. not stained. 
Cusps of M2 Cusps of M2 
5 mm above 5 mm above 
the jaw. the jaw. 
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5 months 

female 
1 8· 1 1 · 1 954 

Mane Maxi. 

68.0 69.0 
485 485 

2 1 .0 1 6.0 
1 0.0 1 2.0 
85 8.0 

0.71 0.70 

m2 and N12 
just appeared. 
Onlyfirst 
cusp of MI 
free of jaw. 

12 months 
Kørg!rd 
male 
1 5·8·1 955 

Mane Maxi. 

9 1 .0 885 
475 47.0 
1 95 1 9.0 
95 1 75 

1 3.0 
22.0 15 .0 
1 0.5 1 3.0 
3.5 4.5 

0.52 053 

Full crown 
of m !  not 
above jaw. 
Cusps of m2 
stained 1 -2 
mm. 
Crown of M l  
above jaw. 
Cusps of M2 
stained 5 mm 

5·6 months 

female 
26· 1 1 · 1 954 

Mane Maxi. 

745 73.0 
55.0 52.0 

24.0 1 7.0 
1 1 .0 1 45 
9.0 9.0 

0.74 0 .7 1  

First cusp 
of Ml is 
stained. 
m2 and M2 
barely 
stained. 

12 months 
lægersborg 
female 
lune 1 952 

Mane Maxi. 

68.0 67.0 
48.0 475 

205 1 6.0 
1 0.0 12.5 
5.5 5.5 

0.71 0.71  

dp's  very 
wom. 
Cusps of m2 
stained 3 mm 
Crown of m l  
above jaw. 

6 months 6 months 
Kalø Kamburger 
male female 
1 9· 1 2 · 1 965 22· 1 1 · 1 894 

Mane Maxi. Mane Maxi. 

685 7 1 .0 655 635 
5 1 .0 505 585 52.0 

23 1 6 5  2 1 .5 1 7.0 
95 1 4.0 95 1 35 
75 85 9.0 9.0 

0.74 0.71 0.89 0.82 

Second cusp Onlyfirst 
of MI in use cusp of m l  
3·4 mm is 1 /5 

stained. 

12 months 
Vrøgum 
m�e 
27·7· 1 955 

Mane Maxi. 

97.0 92.0 
54.0 50.0 
20.5 20.0 
85 1 4.5 

25 1 5 .5 
l LO 1 3.0 
7.0 7.0 

0.56 054 

Full crown 
of m l  not 
free of jaw. 
Firstcusps 
of m2 and M2 
stained 3 mm 
Crown of M l  
not free o f  
the jaw. 

Biometric and tooth eruption data on mandibula and maxillare from modem,
. 
age-determined material of Cervus elaphus (group 0-6 mo nths, 7-12 months) .  
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Cervus elaphus 
dextral jaws rneasured in mm 

Age: 1 3·24 months 

"" 1 3 months 1 3 months 1 3 months t S months 1 5 months l S months 1 6 months 1 7 months 1 8 months 1 8 months 1 8 months 
locality Kæ� Kæ� Buderupholm Iklrdrup Oksby Vro""" Buderupholm Poultryshop 
S" female m" female femaJe female m>. m" female female m" 
Il<.d 1 9-7-1 955 2 1 -7 - 1955 5-8-1955 1 7-9-1955 24-9-1955 3-9-1950 28-9-1955 8- l l - } 944 8-1 1 - 1 944 22-12·1 944 

Mand. Maxi. Mmd Maxi. Mand. Maxi Mand. Maxi. Mand. Maxi. Mand, Maxi. Mand Maxi Mand. "'". Mand. Maxi. Mand. Maxi Mmd M� 

Toothrowp2·m2 9 1 .0 90.0 94.0 94.0 85.0 8 1 .0 89.0 85.5 90.0 86.0 95.5 8 1 .0 84.0 82.0 85.0 82.5 85.5 82.5 92.0 .. 
Milktoothrow p2-<1p4 49.5 48.0 52.0 49.0 47.0 40 5 47.0 44.0 49.5 45.5 SO.5 45,0 45.0 43.0 40.5 43.5 40.5 43.0 5 1 . 5  .. 
length m l  2 1 .0 23.0 20.0 20.5 1 8.5 20.0 1 9,0 [ 8.0 20,5 22.0 2 1 .5 18.0 1 8.5 1 8.5 .. 
width m l  1 1 .0 1 1 .0 1 0.5 1 1 .0 1 0.0 1 6.0 9.0 1 5.0 1 0.0 15.5 9.0 8.0 8 0  14.5 .. 
height ml 12.5 14.0 12.0 1 3.5 1 1 .5 12.0 ## 
length dp4 23.0 15.5 225 1 5.0 20.0 1 5.0 20.0 1 5.0 2 1 . 0  14.5 23.0 20.0 20.0 14.0 20.5 14.0 2 1 .5 1 5 .0 22.5 .. 
width dp4 1 0.5 14.0 1 1 .0 1 3.0 1 0.0 1 2.0 1 0.0 1 3.0 10.5 1 2.5 1 0.5 1 0.5 95 [ 3.0 9.5 1 3.0 10.5 1 3.5 1 0.5 .. 
heightdp4 3.0 65 5.0 6 0  55 7.0 5 5  65 3.5 7 0  7 0  55 7 0  7.2 6 5  65 4 5  55 55 6 5  

Index p2-dp4/p2·m2 0.54 0.53 0.55 0.52 0.55 0.57 0.53 0.51 0.55 0.53 0.53 0.56 0.54 0.52 0.55 0.53 0.54 0.52 O.SD .. 

Remarks Crown of m l  Crown of m l  Crown of m l  Crown o f m l  Crown of m l  Crown of m l  Crovms of m l  Crowns of m l  Crown of m l  m2 and M2 
not above not above not free of not totaUy not totally not yetlree and m2 not and mZ not not yet just erupted 
thejaw. thejaw. )3W. free ofiaw. free ofjaw. ofjaw. free ofjaw free of jaw. yetabove above the Onlythe 
Only 2 mm OnJy 2 mm The first Ml fm of M l freeof Onlyfirst the jawbone jawbone. firstcusp 
of the first ol the first cusp ol m2 jaw. ]aw. (usp alm2 al M2 is 
cusps ol M2 cusps of M2 is stained M2 and m2 Onlythe stained stained 
and m2 are and m2 are 2 mm. in use, the firstcusp M l is above 
stained. stained. M2 not yet cuspsare of m2 is thejawbone, 

stained stained. stained. ml natyet 
M3 and m3 No stains of The dp's are 
nat above the cusps ol verywom. 
thejaw. Ml. 

Age: 1 3-24 months 

"" 1 8 months 1 8 months 21 months 
locality Kaie Pouluyshop 
5" m" male lemale m" 
"e.d 19· 1 2·1 965 6· 12· 1951  1 2·)·1 956 441966 

Mand. Maxi. Mana. Maxi. Mmd Maxi. Mand. Maxi. 

Toothrow p2·m2 90.5 89.0 94.5 89.5 93.0 1 1 1 .0 1 1 0.2 
Milktoothrow p2-dp4 49.5 46.0 50.0 47.5 SLO 44.0 43.0 
length m l  1 9.5 1 9.0 1 9.5 18 .0  1 7.0 
width ml 16.0 1 6.0 \0.0 I \ .0 1 5.0 
height ml 12.0 12.0 [ 3.0 14.0 
length dp4 2 1 .0 1 5.5 22.0 1 6.0 22.5 20.0 1 3.0 
width dp4 1 1 .5 1 4.5 1 0.5 1 3.5 1 0.5 10 .0 15.0 
height dp4 5.5 7 0  6.5 6.5 4.0 4.5 6.0 

lndex p2ilp4/p2·m2 0.55 0.52 0.53 0.53 0.55 0.40 0.39 

Remarks The cusps of Thecrownof Crowns of m l  Onlyfirst 
m2 anaM2 m l  natyet and m2 not cusp of m3 
arestained. abovethe free ofjaw. abovejaw, 
Thecrown jawbone. Cusps ofm3 natyet 
ol m l  is not The cuspsof 3 mm above stainea 
abovethe m2 and M2 the jaw,but m3 is hoUow. 
jawbone. are stained notstained. 
Firstcusp 2 mm. 
ol m3 is The ap's are 
above the 
jawbone 

Biometric and tooth eruption data on mandibula and maxillare from modem, age-determined material of Cervus elaphus (group 13-24 months) .  
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CelVus elaphus 
dextral jaws measured in mm 
Age: >24 months 

Noe 25 months 26 months 27 months >28 months 30 months 30 months 41 months 4 years ? 8· 1 0 years 10 years 

Locality Sflager hede Bltbjerg PI. Buderupholm Jutland Vrfgum Oxbft Hagelgtrd 

Sex female female male female female male female female male female 

Dead 22·8· 1 955 2·8· 1 968 28·9· 1 955 wint. 1 958·59 3 9· 1 956 1 4· 1 1 · 1 954 2·1 1 · 1 946 9 1 0· 1 954 wint. 1 9S8-59 

Mand Maxi. Mand Maxi. Mand Maxi. Mand Maxi. Mand Maxi. Mand Maxi. Mand Maxi. Mand Maxi. Mand Maxi. Mand Maxi. 

Toothrow p2-ro3 ### ### ### ### ### ### ### ### ### ### ### ### ### 96.5 ### ### ### 96.5 

Milktoothrow p2-p4 47.5 45.0 47.5 47.0 46.0 43.5 40.5 4 1 .5 44.0 47.5 46.5 48.5 40.5 40.0 44.0 43.5 37.5 39.5 

length m l  1 9.5 1 8.0 2 1 .0 1 9.0 1 9.5 20.5 1 9.0 1 8.5 1 8.0 1 9.0 1 8.5 1 8.0 1 8.0 1 6.5 1 7.5 1 5 .0 1 8.5 1 4.5 

width m l  1 0.0 1 4.5 1 2 .0 1 9.0 9.5 9.0 1 6.5 9.0 1 5.5 9.0 9.5 1 6.0 9.0 1 6.5 9.0 1 5.5 9.0 1 3.5 

height ml 12.0 1 1 .0 9.0 1 0.0 7.0 9.0 9.0 1 1 .5 1 3.0 8.0 7.5 1 1 .0 1 2.0 4.5 2.0 3.5 3.5 

length p4 1 6.0 1 6.0 

width p4 1 1 .0 1 7.0 

height p4 1 0.0 1 1 .0 

lndex p2-p4/p2·m3 0.41 0.42 0.40 0.40 0.40 0.38 0.44 0.37 0.42 0.41 0.39 0.45 0.39 0.41 0.38 0.43 0.35 0.41 

Remarks CTOwn of m l  CTOwn of Permanent Permanent m l , m2 +  Permanent M3 not fully M3 still in 

is free of ro3 not free premolars premolars ro3 not fully premolars in in use. growth. 

the jawbone. of jaw. just in use. just in use. above the U5€. mZ + m3 

Crown of m2 Only the two Only the two jawbone. not fully in 

is not free. firstcusps firstcusps M2 + M3 U5€. 
Cusps of m3 of m3 of m3 not fully in 

are stained. stained. stained. use. 

Permanent 

p's are not 

yet wom. 

Ml and M2 

are free of 

the jawbone. 

M3 is not in 

U5€. 

Biometric and tooth eruption data on mandibula and maxillare from modem, age-determined material of Cervus elaphus (group >24 months) . 
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Cervus elaphus 
Calcaneus Tibia 
Site Culture GL Site Culture Bd 
0gilrde Maglemose/Late Ertebølle 1 33.0 1 24.0 1 1 6.0 Magleø 47.0 

1 3 1 .0 1 2 1 .0 1 1 4.0 Vinde-He1singe Ear1y MagIemose 54.0 
1 30.0 1 2 1 .0 1 1 2.0 52.0 
1 28.0 1 2 1 .0 1 1 1 .0 Hal1ebygilrd Late ErtebIlle 42.8 
1 27.0 1 1 9.0  1 09.0 38.5 
1 26.0 1 1 7.0 1 04.0 4 1 .0 
1 26.0 1 1 6.0 1 03.0 

Vinde-He1singe Ear1y MagIemose 1 34.0 1 28.0 1 26.0 
Hallebygård Late Ertebølle 1 05.0 

Drfsse1ho1m Late Ertebølle 1 03.0 99.5 Humerus 
Site Culture Bd Bt 
Magleø 55.0 50.0 

55.0 49.0 

Astragalus 5 1 .0 48.0 
Site Cu1ture GL 50.0 46.0 
0gårde Maglemose/Late Ertebølle 63.0 60.0 52.0 48.0 45.0 

63.0 60.0 52.0 46.0 43.0 
63.0 60.0 52.0 45.0 42.0 
62.0 60.0 5 1 .0 43.0 43.0 
62.0 60.0 5 1 .0 Ki1degilrd Late ErtebIlle 52.0 47.0 
62.0 60.0 50.0 48.0 44.0 
62.0 58.0 50.0 47.0 43.0 
62.0 58.0 50.0 Hesse1bjerggård Late MagIemose 55.0 
62.0 58.0 49.0 Vinde-He1singe Ear1y MagIemose 62.5 53.0 
62.0 58.0 49.0 55.0 
6 1 .0 57.0 49.0 60.0 50.0 
6 1 .0 57.0 49.0 60.0 54.0 
6 1 .0 57.0 48.0 Hallebygilrd Late Ertebille 55.0 50.0 
6 1 .0 57.0 48.0 49.0 45.5 
6 1 .0 57.0 48.0 50.0 48.5 
6 1 .0 56.0 48.0 43.5 
6 1 .0 56.0 48.0 43.0 40.0 
6 1 .0 56.0 47.0 Tingbjerggård Late ErtebIlle 50.0 47.0 
60.0 55.0 46.0 
60.0 55.0 45.0 
60.0 54.0 45.0 

60.0 54.0 44.0 Radius 
60.0 54.0 42.0 Site Cu1ture Bd 
60.0 53.0 4 1 .0 Hesse1bjerggåfd Late MagIemose 55.0 
60.0 52.0 49.0 

Magleø 60.5 52.5 48.5 
59.5 52.0 48.0 

58.0 50.5 46.8 Metacarpus 
57.3 50.0 46.5 Site Culture Bd Sd Bp GL 
57.3 50.0 46.0 MagIeø 42.6 25.5 43.8 270.0 
56.0 50.0 44.5 Hesse1bjerggørd Late MagIemose 45.0 
53.0 49.5 44.5 
53.0 48.8 
52.8 48.8 

Kildegård Late Ertebølle 52.0 49.0 
5 1 .0 48.5 

Hesselbjerggilrd Late Ertebølle 60.5 57.0 
Vinde-He1singe Ear1y MagIemose 66.0 62.0 58.0 
Hallebygilrd Late Ertebølle 57.3 49.0 46.0 

54.3 48.5 45.8 
52.8 48.5 45.5 
52.0 48.0 45.5 
5 1 .0 48.0 45.0 
5 1 .0 48.0 44.5 
5 1 .0 48.0 44.5 
50.5 47.7 44.5 
50.5 47.5 44.5 
50.0 47.3 4 1 .0 
49.5 46.5 
49.0 46.5 

Tingbjerggård Late Ertebølle 53.7 5 1 .5 47.7 
53.0 50.5 46.5 
52.5 50.2 46.2 
52.4 49.0 
52.0 49.0 

Dimensions of various bone elements from Cervus elaphus from Åmose sites of different age. Note the size difference between Maglemose animaIs and Late 
Ertebølle animaIs. The 0gårde and Maglemose sites were inhabited both in the Late Maglemose period and in the Late Ertebølle period. Note the time-
correlated size difference. Data are from Degerbøl in Mathiassen ( 1 943) .  
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Capreolus capreolus 
Cranium Scapula 
Koo8emose 31 32 40 Mu1dbjerg l LG 
36/27·27.5·28 sin 75.0 1 528 sin 23.0 

32/29.5-30.6 sin 67.0 

38/32·79 sin 55.0 

3 1 /32· 1 sin 80.0 Præste1l:!!g HS GL GLP Ld SLC 
42/32·53 sin 75.0 5 6 1 2 ·2 1 5  sin 1 28 .0  2 1 .0 79.0 1 6.0 

34/28 · 1 4  sin 70.0 24506 sin 1 36.0 24.0 28.0 1 6 .0 

4 1 126·76 dex 67.0 7942-41 sin 1 26.0 2 1 .0 26.0 1 4.5 

36/27·275 dex 80.0 24856 sin 2 1 .0 25.5 1 6 .5 

43/32·58 dex 90.0 7943·42 dex 2 1 .0 26.0 1 5 . 0  

43/25·1  dex 70.0 1 550· 1 dex 20.0 25.0 1 6.0 

42/3 1 ·46 dex 70.0 1 8757·1  juv dex 1 6.0  

48/30· 1 3  dex 77.0 23568·7 dex 1 6.0 

37/1 4·6 dex 90.0 

32/ 1 6·36 dex 87.0 

32/30·4 dex 55.0 Kongemose HS DHA Ld SLC GLP LG BG 
37/1 4·8 dex 90.0 37/33·78 sin 1 45 .5  1 47 .0  1 7.0 29.0 24.5 20.5 

33/30· 1 dex 5 1 .0 69.0 37/39·9 1 sin 1 56.0 1 7.5 30.0 24.5 22.0 

37/3 1 · 1 0  dex 50.0 66.0 33/3 1 · 1 3x sin 1 43.5 1 48 . 0  1 6 .5 28.0 23.0 2 1 .0 

40.5·4 1 /27·66 mal 57.0 66.0 75.0/67.0 34123·35 sin 1 50 . 0  1 8 .0 23.5 2 1 .0 

32127·64 mal 55.0 75.0 85.0175.0 33/29·9 sin 1 5 .5 26.5 22.0 1 9 .5 

26/30·9 mal 59.0 74.0 77.0170.0 38/32·58 sin 1 8 .5 3 1 .0 23.5 2 1 .0 

32/30·24 juv 53.0 50.0/35.0 35127·27.5·75 sin 1 39 . 0  1 6 .5 26.0 20.0 1 9 .0 

40128· 1 2  sin 1 7.0 28.0 22.5 20.5 

35129·7 sin 1 6.0 30.5 24.5 2 1 .5 

Mandibula 35129·8 sin 1 38.0 1 7.0 28.0 23.0 1 9.0  

Mu1dbjerg l 9 1 0  I l  1 3  1 5a 1 5b 1 5 e  37/30-48 sin 1 6.5 

53231  sin 26.0 1 1 .0/9.0 39.0 1 7.0 1 5 .0 37/33·8 1 sin 1 6 .5 27.0 22.0 20.5 

1 5 1 0  sin 40.0 58.0 26/30· 1 sin 1 7.5 28.5 23.0 1 9.5 

1 1 8 dex 65.5 37.0 27.5 1 1 .0/8.0 56.0 22.0 1 7.0 1 8 .0 37128·69 sin 1 7 .0 29.0 22.0 20.5 

4 1 /27.5-28 9 sin 1 6.5 26.5 2 1 .5 20.0 

37127· 1 34 sin 1 7.0 27.5 23.0 2 1 .5 

PræstelY!!B 3 1 0  1 3  1 4  39129· 1 0  sin 1 6 .0 27.0 22.0 

1 7566 sin 38.0 52.0 74.0 33/27· 1 6  sin 1 6.5 20.5 
23560·24 dex 1 1 .0/8.0 4 1 -42127·27.5·6 sin 1 7.5 28.5 23.0 20.5 

3435 2 dex 45.5 39.0 1 2 .0;8.0 59.0 36/27·27.5· 1 7  sin 1 7.0 28.5 22.0 

39126·64 sin 29.5 24.5 2 1 .5 

1 9/ 1 8·4 sin 28.5 23.0 20.5 
Kon�emose 3 1 5 a  138/36·3J sin 1 2.5 

4 1 128· 1 2  dex 44.3 22.0 37128·66 dex 1 46.0 1 9.2 29.8 24.5 22.0 
38/32·46 dex 29.8 37/33·80 dex 1 53.5 1 59.0 1 7.5 30.0 24.0 22.0 
28/3 1 ·8 dex 27.0 40/33.5 - 1 3  dex 1 5 1 .2 1 57.0 1 9 .0 3 1 .5 24.5 22.5 
35127·36 dex 30.6 32/30.0·3 1 dex 1 7.0 27.5 22.0 2 1 .0 
37/32· 1 1 3  sin 28.8 35/32· 1 7  dist dex 1 8 .7 30.5 24.0 22.0 
35128·28.5·25 sin 27.2 37129·99 dist dex 1 8 .5 29.0 22.0 2 1 .7 
40/33.5· 1 5  sin 37.5 36.5 23.9 37/32·34 dex 1 53 . 0  1 7.0 27.5 23.0 2 1 .0 
37/28· 1 52 juv sin 30.5 40/33.5 · 1 2  dex 1 56.5 1 6 .5 28.5 22.0 20.5 
37/38·2 sin 39.0 2 1 .7 33/3 1 · 1 7x dex 1 43.0 1 48 .0  1 6 .8 27.5 22.0 20.5 

35128· 1 1  dist dex 1 5 .0 25.2 20.0 20.0 

33/30·4 dist dex 1 7.0 28.0 20.5 
U1kestru�ll:!!g 9 1 5b 1 5 e  33/3 1 · 1 4x dex 1 7.0 28.2 2 1 .5 20.5 
2337 1 · 1  29.0 1 8 .0  1 6.0  38/32·6 dex 1 7. 1  
23375·1  29.0 1 7.0 1 5 . 0  36/35·3 dex 1 7.8 28.8 22.0 20.5 

42/30·69 dist dex 1 8.7 29.0 23.0 2 1 .0 

42/30·67 dex 1 46.0 1 50.0 89.0 1 8.2 29.5 23.5 2 1 .0 

39129· 1 dex 1 8 .0 29.0 23.5 20.0 

33/3 1 · 1 6x dex 1 43.5 1 5 1 .5 1 7.5 28.0 2 1 .5 

40127·22 dex 1 49.0 1 56.5 1 8 .0 22.0 22.0 20.0 
42/3 1 ·6 dex 1 8.5 3 1 .0 24.0 2 1 .5 
30/3 1 · 1  dex 1 46.0 1 8 .3 28.5 22.0 2 1 .5 
42/3 1 ·8 dex 1 39 . 0  1 5 .2 26.0 

37/32·38 dex 1 6.5 28.0 22.5 20.0 
36129·7 dex 1 5 .0 27.0 20.5 1 9 .3 
4 1 / 3 1 ·24 dex 1 6 .0 20.0 
37126·47 dex 1 7.5 28.0 22.0 2 1 .0 

35/32· 1 5  dex 1 8.0 28.0 2 1 .5 2 1 .5 
35/32· 1 6  dex 1 7.3 20.0 
26/30·3 dex 28.7 20.5 
37/ 1 8· 2 1  dex 29.0 22.0 20.0 
37/32-42 dex 20.5 
4 1 126·7 dex 20.0 

37/33·79 dex 1 43.0 1 7.0 23.0 2 1 .0 

35127·26 dex 1 46 . 0  1 8.0 29.0 24.0 22.0 

U1kestru�ll:!!g GLP 
23376·24 3 1 .0 

Dimensions of cranium, mandibula and scapula of Capreolus capreolus from the Muldbjerg I, Præstelyng, Kongemose, and Ulkestruplyng sites. 
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Capreolus capreolus 
Humerus 
Kongemose GL Bp SD Bd Bt MC Præstelyn� Bt Bd Bp Kongemose Bp Bd 
39/30- 1 1 1  sin 1 2_2 28.7 25.0 1 5.5 1 2460-5 sin 25.0 28.0 37124-63 sin 25.2 
38/39·5 sin 1 4.2 29.8 24.5 1 6.3 1 401 1 -2 sin 24.0 26.0 37125- 1 3 1  sin 24.8 
36/27-27.5-6 sin 25.5 22.0 1 4.6 23560· 1 0  sin 23.5 26.0 37124-69 sin 26.0 
39/28-43 sin 1 3.4 30.0 24.5 1 5.6 1 020-346 sin 3 1 .0 42132-20 sin 26.2 
37126-92 sin 1 3.4 29.5 25.0 1 5.7 1 1 703-7 dex 23.0 27.0 37124-62 sin 26.7 
42126-35 sin 1 2.0 27.5 22.0 1 5.0 7942-46 dex 32.0 39127-52 sin 22.9 
39/25· 1 6  sin 25.0 22.0 1 4.6 35124.5-35-3 sin 27.4 
42/3 1 -55 sin 1 3.3 27.5 23.5 1 5.8 33/31 -50x sin 26.9 
30/32-7 sin 1 3.7 27.4 23.5 1 5.8 Ulkestruplyng Bd 37/ 1 6 - 1 5  sin 26.0 
38/32-92 sin 1 3.5 27.4 23.5 15 .3 23394- 1 29.0 35128-28.5-33 sin 25.3 
46/ 1 6 - 1 8  sin 1 3.5 28.0 24.3 1 6.0 28.0 37/1 5-42 sin 26.2 
33/3 1 - 5 1 x  sin 28.3 23.4 1 6.8 23323·36 27.0 41 126-45 sin 26.4 
37/34-32 sin 1 2.6 28.8 24.9 1 5.7 23350-1 28.0 37122-69 sin 24.7 
37127-87 sin 27.3 23.5 1 5.8 36129-36 sin 24.4 
42/32-24 sin 27.7 22.8 1 4.6 39127-39 sin 26.2 

37/32-85 sin 29.0 25.0 1 7.0 Metacarpus 36127-27.5-8 dex 25.8 
40/27-35 sin 24.8 2 1 .9 1 4.0 Kongemose Bd Bp SD DD 26/30-25 dex 25.2 
36127-27.5-7 sin 25.3 23.0 1 4.7 37/3 1 -23 sin 2 1 .5 40.5-4 1 /27-43 dex 27.6 
30/32- 1 0  sin 28.0 24.3 15 .8 4 1 /3 1 - 1 33 sin 22.7 38/32-36 dex 26.1  
37/37- 1 7  sin 27.5 25.4 1 6.6 37125- 1 09 sin 2 1 .0 37/33-42 dex 22.8 
34/28-58 sin 25.7 2 1 .8 1 4.3 37/1 3-80 sin 23.0 34/3 1 -66 dex 26. 1  
37/ 1 6- 1 0  sin 1 5.8 35/3 1 -44 sin 22.4 42/30-6 1 dex 24.4 
37125- 1 1 2 sin 28.0 24.0 1 5.6 34129-68 sin 1 9.8 4 1 /3 1 - 9 1  dex 25.2 
34129-63 sin 27.0 22.0 1 5.0 36129-35 sin 22.0 37/ 1 6- 1 7  dex 25.3 
39129-6 sin 28.0 24.5 1 5.3 37/42-2 sin 23.9 35/3 1 -63 dex 28.0 
42/32-23 sin 26.3 22.5 1 4.9 37/30-89 sin 20. 1 37/32-52 dex 24.6 
( 1 912 1 -4- 1 2 )  ? sin 23.5 1 5.3 4 1 /3 1 - 1 2  sin 20.8 9.3 35127-29 dex 26.4 
45/ 1 6-8 sin 1 6.0 35127-27.5-77 sin 20.8 9.3 32129.5-30-26 dex 
37123-33 sin 26.0 23.0 1 5.4 42/3 1 -6 1  sin 22.5 9.8 E28/N28.5-29-4 dex 
39125-75 sin 29.0 24.0 1 5.8 38/32-3 1 dex 20.3 39128-44 dex 
43/35-8 sin 3 1 .0 37129 or 27/ 1 07 dex 1 9.4 
42/3 1 - 129  sin 32.0 26/30-29 dex 2 1 .0 9.0 
37/32-70 sin 34.0 42/3 1 -70 dex 2 1 .5 9.7 U1kestrup1yng Bp Bd 
38.5128-7 sin 33.5 34/32-34 dex 20.0 8.5 2337 1 -3 2 1 .0 
35129-24 sin 34.5 37126- 1 09 2 1 .6 9.9 234 1 0- 1  25.0 
34/3 1 -55 sin 32.5 35/27-50 20.7 2 1 .0 1 2.2 8.8 22246 28_0 
35127-43 sin 1 2.3 27.8 25.0 1 6.4 37124-72 2 1 .5 23415 - 1  28.0 
42130 21  sin 27.8 24.0 1 5.3 40/33.5-25 2 1 . 7  
40/30-56 dex 27.0 24.0 1 5.6 34/3 1 -7 1  2 1 .2 
25126.5 dex 29.0 25.5 1 6.7 

42/35-5 dex 1 2.5 29.0 24.3 1 6. 1  Ulna 
37128- 1 1  dex 12 .6 27.5 23.0 1 5.2 Ulkestrup1yng Bd Bp GL Mu1dbjerg I Lo SDo DPA BPC 
37/32-68 dex 1 1 .7 29.0 24.5 1 5.4 541 1 22.0 22.0 1 69.0 1 1 92 sin 35.0 2 1 .0 24.5 1 3.5 
33/3 1 -43x dex 1 3.6 27.8 25.0 1 5.4 23395-7 22.0 30750 dex 35.0 2 1 .0 25.0 1 4.0 
37/3 1 -89 dex 27.0 23.4 1 5.5 23395-3 22.0 
37/36- 1 1 dex 28.0 23.5 23364-7 2 1 .0 
37127- 1 0 1  dex 30.8 25.0 1 7.0 Præste1yng Lo SDo DPA BPC 
37/45-3 dex 1 2.4 27.8 23.5 1 6.4 1 2480-9 34.5 1 9.0 2 1 .5 1 4.5 

45/29-8 dex 27.8 24.5 1 5 . 1  Radius 1 020-359 33.5 1 9.0 23.0 1 5.0 
40126- 1 04 dex 27. 1 23.0 1 4.6 Mu1dbjer� 1 GL Bp Bd 6936- 129  22.0 1 2.5 
38/37-3 1 dex 30.0 26.0 1 6.0 2975 sin 1 53.0 24.0 24.0 7946-1 35.0 22.0 24.5 1 5.0 
4 1 /3 1 - 1 8  dex 28.9 24.2 1 5.9 3068 1 dex 1 53.0 24.0 24.0 6936- 1 2 8  23.5 1 3.5 

40/30-65 dex 25.5 2 1 . 1  1 4.2 1 1 53 1 -4 33.0 20.0 23.0 1 3.0 
33/3 1 -54x dex 26.8 23.4 1 5.0 
37/3 1 -33 dex 27.2 23.5 1 5.6 Præste1yng Bp Bd 
37/32-7 1 dex 28.8 24.3 1 5.0 23557- 1 1  23.5 Kongemose Lo SDo DPA BPC 

42/3 1 -63 dex 28.9 25.0 1 6.7 249 1 24.5 34/32-23 dex 30.4 20.7 24.4 1 3.2 

35/3 1 -45 dex 1 3.4 29.5 24.3 1 5.8 1 1 54 1 ·8 24.5 35129-28 dex 30.7 23.8 27.2 1 5 . 1  

42132-22 dex 27.8 24.0 1 5.5 1 1 53 1 -5 24.5 36/3 1 - 1 3  dex 30.3 2 1 .2 25.2 1 5.7 

40/30-60 dex 25.2 22.4 1 4.3 34128-42 dex 28.8 2 1 .9 26.9 1 6.6 

35/3 1 -47 dex 1 2.7 28_0 23.4 1 5.9 38.5/28 28.5 8 dex 32.0 2 1 .4 25.4 1 5.0 
E31/N1 7-4 dex 24.5 1 5.8 35127-44 dex 22.5 24.3 1 3.8 
1 9/20- 1 7  dex 27.0 1 5.6 1 912 1 - 1 4  dex 29.8 2 1 .5 26.2 14.4 
27/ 1 6- 1 8  dex 25.0 1 6.0 36127-27.5- 1 8  dex 1 5.0 

37/5 1 -5 dex 27.2 24.0 1 5.0 37/38- 1 9  dex 22.4 

33/3 1 -58x dex 28.0 23.5 1 6.5 52120-6 dex 1 4.6 

42/32- 1 1  dex 33.5 1 3.8 34/3 1 -74 dex 28.9 22.2 26.1 1 5 . 1  

37/3 1 -72 dex 3 1 .5 1 9120- 1 8  dex 1 3.0 

37129-43 dex 34.5 37/1 5-40 dex 20.9 23.0 1 5 .2 

35/28-25 dex 33.0 39125-24 dex 22.9 1 4.9 

34128-53 dex 32.0 
37/30-71  prox+ dex 1 3.3 27.5 1 6.5 

39/3 1 -40 dist 

Dimensions of humerus, metacarpus, radius and ulna of Capreolus capreolus from the Muldbjerg I, Præstelyng, Kongemose, and Ulkestruplyng siles. 
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Capreolus capreolus 
Femur 
Mu1dbjerg l Bd De U1kestrup1yng Bp Bd De 

1 0829 dex 35.5 23353·2 47.0 20.0 

1439 dex 1 8.0 23347·2 48.0 2 1 .0 
4 1 .0 1 8.0 

2 1 220 20.0 

Præste1yng Bp Sd De 23409·1  36.0 

3843 sin 38.5 1 7.0 1 7629 39.0 

6925· 1 68 sin 35.5 23390·3 38.0 

826 1 ·2 dex 4 1 .0 1 9.0 

2454 dex 4 1 .0 1 9.0 

1 3542· 1 1  dex 4 1 .0 1 8.0 Pelvis 
6936·75 dex 42.0 1 9.0 Præste1yng LA LFo SB GL 

1 932·36 1 dex 34.5 1 6458 sin 29.0 30.0 9.0 1 69.0 

4323·35 dex 35.0 1 3904 sin 27.0 29.0 7.0 
1 2258 sin 27.0 
3843·202 dex 27.0 7.0 

Kongemose Bp Bd De SD eD GL GLe 

37/36·4+37/37·2 1 complete 45.0 40.0 1 9.5 1 6.0 1 7.0 205.0 222.0 
34128·49 prox sin 43.0 1 8.6 Kongemose LA LFo SB LS SH GL 

37127·8 1 prox sin 46.0 20.0 42/30' 1 6  sin 28.5 8 . 1  1 9.0 

39125·79 prox sin 43.5 1 9.0 33/30·2 sin 29.0 32.0 8.7 1 8.5 

37128·22 prox sin 45.8 1 9.5 37126·43 prox+37126·45 dist sin 33.5 8.2 1 9.0 

42/30·56 prox sin 20.7 37/39·2 sin 28.5 33.8 8.7 1 9.2 

30128· 1 4  prox sin 43.0 1 9.0 45/3 1 ·8 sin 27.5 27.0 7.0 1 7.5 

37/32·83 prox sin 45.5 1 9.5 33/33· 1 3  sin 27.5 33.0 7.3 1 8.2 

37127· 1 05 prox sin 45.0 20.0 40128·35 sin 28.0 7.8 1 8.0 
33/31 ·47x prox sin 44.5 20.0 37127· 1 24 changed pato10gica1 sin ·30.5 7.0 20,4 

34/37·3 prox sin 44.5 1 9.0 33/3 1 ·3 sin 27.0 6.6 1 7.8 

37124·88 prox sin 1 8.0 39/30·79 dis!+39/30·80 prox sin 28.5 6.6 1 7,4 
39/30·73 prox sin 20.0 4 1 /35·3 sin 29.5 8.5 1 9.0 
30128·2 prox sin 20.5 36/35·5 sin 28.5 8.3 1 9.2 
36/34·2 1 prox, burned sin 2 1 .5 37127· 1 36 sin 30.0 8.4 1 9,4 
42/30· 1 8  prox sin 1 9.0 38/32·59 sin 27.5 8.7 1 9.0 
4 1 /3 1 ·92 prox sin 20.5 4 1 /36.5·37· 1 3  sin 28.5 
40/27·65 100se epi prox sin 1 8.2 39127· 1 4  prox sin 8.2 1 8.0 
35129·26 dist sin 38.0 3 1 /9·5 prox sin 7.2 1 7.5 
33/30·62 dist sin 37.5 1 3.8 1 6.0 34/30·49 dex 30.0 38.0 7.2 64.0 1 8.0 
37/33·24 dist sin 40.0 33/3 1 ·4 dex 26.0 34.5 7.2 1 5.5 
40/30·59 dist sin 39.0 39/30·35 dex 25.0 8.3 1 6.5 
37/35·26 dist sin 42.2 42/32·8 dex 29.0 35.0 7.0 1 6.0 
37129·52 dis! sin 43.0 34129·34 dex 28.5 32.0 6.9 1 7.0 1 87.0 
37126·88 dist sin 38.0 38/36·2 dex 3 1 .0 35.5 8.2 1 9.5 
36/34·25 dist sin 40.5 4 1 128·66 dex 27.0 7.7 2 1 .0 
37/32·77 dist sin 40.5 37/3 1 ·5 1  dex 29.0 7.6 1 9.0 
35/32· 1 8  prox dex 1 9.9 38.5128·2 dex 27.0 7.2 1 8 .0 
40127·24 prox dex 47.0 20.0 43/32·66 dex 28.0 8.0 
41 /36·5 prox dex 20.2 34/32·8 dex 3 1 .5 
4 1 /3 1 · 1 4  prox dex 2 1 .5 36/3 1 ·5 dex 27.0 
32/30·36 prox dex 42.0 1 8.5 33129·5 dex 7.0 1 7.5 
37/40·20 prox dex 46.0 20. 1 34/29·59 dex 7.3 1 7.5 
37/38·29 prox dex 42.5 1 9.3 48/30· 1 6  dex 8.4 1 8.0 
37127· 1 1 1  prox dex 46.0 1 9.3 
4 1 126·30 prox dex 1 8.0 
41 127,5·28·20 prox dex 44.0 1 9.0 Ulkestruplyng LA SH 
4 1 / 3 1 · 1 5  prox dex 2 1 .6 23364· 1 30.0 1 8.0 
4 1 /30·78 prox dex 20.2 23367·3 30.0 20.0 
34/30·30+34/30·47 prox dex 1 9.0 1 7568 29.0 20.0 
39127·29 prox dex 20.5 23376·2 30.0 1 9.0 
37/26·93 prox dex 42.7 1 8.5 23372-2 1 9.0 
34/3 1 ·73 prox dex 1 8.8 
4 1 /30·6 1 dist dex 39.5 1 4.9 1 6.2 
42/32· 1 8  dist dex 40.5 
38/37·30 dist dex 42.7 
37/30·99 dist dex 37.0 
41 ·42127·27.5·3 dist dex 37.0 
40127·29 dis! dex 38.0 
32/32· 1 1  dist dex 37.5 
43125·33 dist dex 40.0 
37/1 3·25 dist dex 36.5 
3 1 126·26 100se epi dist dex 37.5 
43/35· 1 2  100se epi dist dex 38.8 
4 1 /3 1 · 1 7  100se epi dis! dex 40.0 
42/37·7 loose epi dist dex ·35.0 

Dimensions of fem ur and pelvis of Capreolus capreolus from the Muldbjerg l, Præstelyng, Kongemose and, Ulkestruplyng sites. 
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Capreolus capreolus 
Tibia Astragalus 
Muldbjerg 1 Bd Dd Kongemose GU GLm Bd 
271 8 1  24.0 20.0 40127·54 30.0 29.5 1 9.0 
6774 24.0 39/30-48 29.5 29.0 1 8.5 
28853+ 1 435 sin 22.0 64/ 1 7· 1  29.0 28.0 1 7.0 

25126· 1 7  29.5 27.5 1 8.5 
37/25· 152  33.5 30.5 1 9.0 

Præstelyng Bp Bd 39/3 1 ·38 34.0 32.0 20.0 
23553·25 sin 26.0 35128·28.5·27 29.0 28.0 1 8.5 
1 550·2 1 sin 26.0 37122·79 32.5 3 1 .5 20.5 
24882 dex 40.0 1 4/ 1 8·5 29.5 1 8.0 
23560· 1 4  dex 24.0 34/34- 1 1  29.0 28.5 1 8.0 
7942·47 dex 24.5 4 1 /30·20 28.5 28.0 1 7.5 

1 912 1 20 30.0 28.5 1 7.5 
37/ 1 5 · 1 6  3 1 .0 30.0 1 8.5 

Kongemose Bp Bd Dd SD CD 37123-5 30.0 29.0 1 8.0 
43/32-8 prox sin 44.0 37127- 1 2  32.5 30.0 1 9.5 
35/3 1 -35 prox sin 47_0 30/3 1 -2 29.0 28.0 1 8.0 
40126- 1 00 prox sin 43.0 
37/38-27 prox sin -40.0 
40/32-53 prox sin 47.2 Ulkestruplyng GU GLm Bd 
42/32- 1 9  dist sin 29.0 23.0 1 7.0 1 5 .0 5751 3 1 .0 30.0 20.0 
E34/N31 -45 dist sin 28.5 23.0 1 6.3 1 3.0 23408-7 3 1 .0 29.0 1 9.0 
E35/N27-27.5-8 dist sin 28.5 22.0 23395- 1 3 1 .0 29.0 1 9.0 
40127-39 dist sin 26.3 20.2 23378-6 -30.0 30.0 1 9.0 
36/27-27.5-9 dist sin 27.5 2 1 .3 1 5874 29.0 27.0 1 8.0 
50/30-8 dist sin 27.0 20.0 
1 9 / 1 7- 1  dist juv sin 26.0 2 1 .0 
39125-74 epi dist juv sin 27.5 22.0 
37/ 1 3-81  dist sin 27.8 2 1 .5 
38/32-34 prox dex 1 5.3 1 3. 7  
37/30-59 prox dex 44.5 
42/30- 1 6  prox dex 43.0 
26/32-6 dist dex 26.2 1 9.5 1 6.0 12 .8  
42/3 1 -66 dist juv dex 27.5 22.5 1 6.3 1 3.7 
37/34-3 1 dist dex 25.8 20.0 15.0 12 .5 
33129-45 dist dex 29.0 2 1 .3 1 5.3 1 3.5 
33/3 1 -48x dist dex 27.5 1 9.9 
34/3 1 -44 dist dex 27.0 20.0 
28/32- 1 5  dist dex 26.3 1 9.6 12 .5 
37125- 123 dist dex 25.4 1 9.6 
35128·28.5-32 dist dex 27.8 2 1 .0 
3712 1 -66 dist dex 27.0 2 1 .2 
44/ 1 6- 1 4  dist dex 27.6 20.5 

Ulkestruplyng Bp Bd 
23377-1 44.0 
7044 28.0 
23361 -2 27.0 
1 6454 26.0 

Metatarsus 
Muldbjerg 1 Bp Bd 
28853+1 435 sin 22.0 
32 1 98 dex 20.0 
6606 dex 2 1 .0 

Præstelyng Bp Bd 
561 5·235+3843· 1 8 1  +3843-2 1 3  1 9.5 
24857+24405+ 1 1 536-1 1 9.0 

Kongemose Bp Bd DD 
40127-30 sin 24.6 
35/32-25 sin 24.3 
34/3 1 -48 sin 22.4 1 0.2 
37/28-53 sin 24.3 
33/3 1 -49x sin 1 9 . 1  
40/32-44 dex 1 9.3 
33/3 1 -57x dex 1 9.2 
39/33-7 juv dex 1 7.0 
42126-41 1 7.9 

Ulkestruplyng Bp 
2 1 742 20.0 
23380-24 20.0 

Dimensions of tibia, metatarsus and astragalus of Capreolus capreolus from the Muldbjerg I, Præstelyng, Kongemose, and Ulkestruplyng sites. 
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Sus seroja 
Humerus Tibia Ulkestruplyng GL 

Kongemose Bd Bp SD Præstelyng Bd SD 23423-1 94_0 

40/37.5-38-4 425 1 9_0 1 020 358 35.0 1 9.0 23423 2 92.0 

35134.5-35-2 47.3 22.2 1 40 1 0  36.0 2 1 .5 

26/29-34 44.2 

37/36-6 465 Astragalus 
39/30-59 47.4 Kongemose Bd SD Præstelyng GLI GLm 

32/29.5-30 5 23.0 33/30-53 38.2 1 5929 445 41 .5  

35/28-20 53.6 37/37- 1 5  39_8 

37/43- 1 5 1 .3 41 -42127 27.5-1 35.6 23.0 

405-4 1 /27 26 425 36/34 29 35.4 Ulkestruplyng GLI GLm 

45/3 1 -49 46.2 37/1 3-73 39.2 234 1 7- 1  5 1 .0 47.0 

38/30-44 46.5 43/32-30 36.4 24.5 

37/40- 1 7  48.0 22.0 35/34.5-35-4 37.8 26.5 

37/34.5-35-1 48.6 23.2 34/30-34 43.0 Pelvis 
30/32-6 45.4 33/3 1 6 34.7 Kongemose lAR LA SH SB 

34/30 33 54.8 37/8-8 38.5 33/29-2 33.0 37.7 

34129-50 52.2 37/3 1 -74 40.0 24.7 34/3 1 -26 33.6 40.2 

36135-35.5-3 54.4 37/ 1 0- 1 9  38.0 33129- 1 7  37.4 42.4 

43/20-2 46.0 30/32-9 36.6 33/3 1 - 1 2x 37.6 4 1 .7 

33/37-23 38.0 30/32-2 36.9 42.4 

37/33-30 39.2 41 /37.5-38 3 35.4 42.2 27.0 1 3.4 

Ulkestruplyng Bd 35129 2 1  39.6 40/32- 1 8  26.4 125 

23376 5 -46.0 36/3 1 -20 36.0 32127-275- 1 4  355 40.2 

2331 4-5 45.0 37/8-5 37.2 40/30-38 345 38.0 29.8 1 3.8 
33120 32.0 37128-59 35.0 40.2 26.2 12 .7  

34/30 29 38.2 37/33- 1 38.2 43.3 33.3 1 3_6 

Ulna 34/30-46 37.0 
Kongemose DPA BPe 32127-27.5-4 385 24.6 

3 1 /27-48 sin 42.5 24.0 25128-3 375 Ulkestruplyng LA SH 

45/3 1 -46 dex 525 285 32128.5-29-6 34.2 23368-33 32.0 

37/3 1 -21  dex 46.0 24.5 1 7622 4 1 .0 40.0 

42/32-7 dex 26.5 
37/32-66 dex 46.0 25.0 Ulkestruplyng Bd 

5422 33.0 

23328-2 34.0 Bos primigenius 
Radius Tibia 
Præstelyng GB Ulkestruplyng Bd 

1 8941 38.0 Metatarsus 92.0 
Kongemose Bp Sd GL 
37/40- 1 6  1 9.2 

Kongemose Bp Bd 34129 62 1 9.2 Metatarsus 
38/3 1 -4 sin 38.0 37/40- 1 5  20.6 Ulkestruplyng Bp Bd SD GL 
42126-27 sin 335 37/34-29 1 9.6 20.8 1 1 8 .0 22238 7 1 .0 75.0 4 1 .0 292.0 

37126 95 sin 38.0 37/3 1 -87 195 2 1 .0 1 09.6 22232 -57.0 -6 1 .0 36.0 280.0 
39/3 1 -9 sin 40.0 3412847 1 9.0 
37/33-22 sin 40.0 45/3 1 -56 1 8.4 

37129-37 dex 38.0 37/3 1 85 1 8.9 Astragalus 
3 1 /27-32 dex 32.5 32/27 27.5-40 1 7.9 Ulkestruplyng GLI GLm 
37/3 1 -20 dex 35.0 79.0 73.0 
35/3 1 -39 dex 37.0 
35129-34 dex 34.5 Ulkestruplyng Bp Sd 
37/29-90 dex 36.5 23327 52 1 7.0 

1 912 1 - 1 3  dex 36.0 3307 20.0 Bos domestieus 
44/30-35 dex 38.5 Acetabulum 
26/32-8 dex 42.0 Muldbjerg l LA 
37129-41 dex 42.0 Calcaneus 690 72.0 
29/1 7-2 dex 40_0 Præstelyng GB 

1 547 2 1 .0 

Tibia 
Metacarpus Muldbjerg I Dd 
Kongemose GL Bp Bd Kongemose GL GB 44836 juv 48.0 
46/3 1 -35 95.2 20.2 33129 7 97.6 26.8 
34128-52 1 9.6 33/3 1 -29X 1 06.5 28.2 

42/26-42 23.0 40/36- 1 6  1 04.5 28.5 Ulna 
39/32-54 23.3 37124-53 1 07.2 28.0 Muldbjerg l LO SDO DPA 
22127-27.5-47 2 1 .4 37/36-20 1 0 1 .0 25.9 4698 1 95.5 50.0 6 1 .0 
32127.5-28.5-45 1 8.3 33/30-32 1 03.2 28.7 
32127-27.5-42 195 34/284 1 03.6 

32127.5-28.544 1 8.0 24/28-3 1 07.2 27.2 Radius 
25128 23 1 7.4 34/3 1 -8 1  1 06.2 27.7 Muldbjerg l Bp BFp 

35/3 1 -65 97.0 26.0 4698 1 78.5 67.5 

Dimensions of various bone elements of Sus seraJa from the Præstelyng, Kongemose, and Ulkestruplyng sites; from Bos primigenius from the Ulkestruplyng 
site; and from Bos domestieus from the Muldbjerg I site. 
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Canis jamiliaris 
Mandibula 
Præstelyng I 2 3 4 5 6 9 1 0  I 1  12  1 3  1 4  m l w 1 7  1 8  1 9  20 
23564- 1 dex 1 1 8.5 1 1 6_0 1 1 2 .5 1 00_0 97.5 1 02.0 67.0 64.0 59.5 33.0 33.5 27.0 20.0 1 8.5 8.0 1 0.0 46.0 20.0 1 5.0 

Kongemose 7 8 9 10  I l  12  14  19  20 
40/28-34 76.5 73.0 68.0 38.0 36.0 3 1 .5 22.0 22.0 1 8.5 

77.0 73.0 68.0 38.0 36.0 3 1 .0 2 1 .5 22.0 1 9.5 

Ulkestruplyng I 2 4 5 7 8 9 1 0  ] ]  12  1 4  1 8  1 9  20 
IX-59 1 34.0 1 33.0 1 1 5.0 1 09.0 76.0 70.0 65.0 33.0 38.0 3 1 .5 20.0 57.0 24.0 1 8 .0 
N-372 40.0 23.0 

Egaarde I 2 4 5 7 8 1 0  ] ]  14  1 4b 1 8  1 9  20 
H 7.2 1 59.0 1 56.0 1 38.0 1 29.0 84.0 80.0 38.5 43.5 23.5 9.0 27.0 24.5 
V F 6.3 1 43.0 1 43.0 1 26.0 1 20.0 -75.0 -73.0 -36.0 -38.0 24.9 1 0.0 53.0 28.0 22.5 
Il G 6. 1  ] ] 8 .0 1 1 5.0 77.5 -72.0 -37.0 -38 .0 -22.0 25.0 1 9.3 
H 4.2 1 36.0 1 35.0 1 1 8 .0 1 1 3.0 76.2 72.5 37.6 38.0 23.5 8.8 25.2 2 1 .5 
1I 1 3. !  1 1 6 .0 1 1 0.0 73.6 69.5 34.5 37.0 2 1 04 8.9 25.7 2004 
XI O l A  1 1 1 .0 1 06.0 -71 .0 -68.0 -37.0 -24.0 22.5 1 8.6 
IX A 2. 1  70.0 -3 1 .0 -40.0 -24.0 2 1 .5 20_0 
V F 3.3 1 04.0 -65.0 -27.0 36.5 1 8.9 704 2 1 .0 1 8.0 
Il o 8 . 1  79.0 -57.0 29.0 29.0 -20.0 1 8.0 15.0 
N H 5. 1  74.3 37.8 38.0 22.6 8.5 26.5 22.5 

Vertebra tboracalis 8-9 Radius 
Præstelyng H Præstelyng GL Bp Bd 
23568- 1 0  29.5 23568-8 dex 1 32.0 1 4.5 1 8.0 

Vertebra cervicales IV Tibia 
Præstelyng GLPa Bp acr Bp ard Præstelyng GL Bp Bd Od 
23572-4 33.0 30.0 27.5 23563-6 dex 1 44.5 28.0 1 6.5 1 3.0 

Castor fiber 
Cranium 
Muldbjerg I l 2 3 5 6 7 8 10  12  1 3  14  15  1 6  1 7  1 8  1 9  
6321 dex 1 5 1 .0 1 42.0 1 36.0 63.0 36.0 53.0 7 1 .0 49.5 33.0 8 1 .0 47.5 49.0 95.0 1 05.0 25.5 28.0 
2345 dex 34.5 
1 6 1 68 sin 34.0 

Kongemose 9 10  ] ]  1 6  1 9  Tibia 
36/35- 1 2  30.9 43.0 Muldbjerg I Bp 

juv 33. 1 6 1 .0 36 sin 1 9.0 

Mandibula Humerus 
Muldbjerg I l 2 3 4 5a Muldbjerg I Bp Bd 
6322 sin 1 20.0 37.0 68.0 30.5 926 dex 23.0 26.0 
24885 45.8 43.5 1 6373 sin 25.0 
28661 or 28681 42. 1  39.7 

Radius 
Kongemose 2 4 5a Muldbjerg l Bp Sd GL 
40127-7 34.6 24674 sin 1 1 .5 
36129-6 94.8 33.0 55.9 22.9 37.6 41 .9 97 dex 1 1 .5 1 0.0 78.5 
40126- 1 1 36.9 
32/29.5-30-9 3504 47.0 44.3 

4 1 128-52 3404 Ulna 
34/30-4 35.1 Muldbjerg [ GL DPA SOO 
4 1 /3 1 - 1 07 33.0 43.5 39.2 97 sin 1 05.0 1 4.5 1 1 .5 
37126-5 37.0 
37/28- 1 49 34.9 4604 45.8 

39/30-81 34.7 Scapula 
34/37- 1 0  3204 Muldbjerg [ HS SLe GLP BG 

37/40- 1 33.8 52563 dex 87.0 1 3.0 1 8.0 1 2.0 
28682a sin 85.0 12.0 1 9.0 1 2.0 

Dimensions of various bone elements of Canis familiaris from the Præstelyng, Kongemose, Ulkestruplyng, and 0gårde sites, and from Castor fiber from the 
Muldbjerg I and Kongemose sites. 



328 Nanna Noe-Nygaard FOSSILS AND STRATA 37 ( 1 995) 

Lutra tutra 
Cranium 
Muldbjerg I 9 1 3  15  1 6  1 7  3 1  32 33 36 P4 MI 
1 598 48.5 46.0 30.0 24.0 7.5 1 3.0 23.0 20.5 25.5 1 1 .0/8.5 7.0/ 1 2.0 

Maxillare 
Præstelyng 1 3  1 3a 1 7  36 
7963-4 52.2 5 1 .0 1 4.0 30.0 

Mandibula 
Muldbjerg I 8 10  1 1  14  1 4a 1 8  1 9  20 

3271 7  sin 35.0 1 7.0 1 7.0 1 3.0 1 3.0/7.0 1 3.0 1 1 .0 
48865 sin 7 1 .0 72.0 36.5 1 8.0 1 9.0 1 3.0 1 3.017.0 35.0 1 2.0 1 2.0 

456 1 4  dex 36.0 1 7.0 1 8.0 1 3.0 1 3 .017.0 1 3.0 1 1 .0 

48864 dex 72.0 72.0 38.0 1 8.0 1 9.0 1 3.0 1 2.0/6.0 34.0 1 2.0 1 1 .0 

Præstelyng I 4 5 6 7 8 9 10  1 1  1 2  1 3  1 4  1 8  19  20 

6925·1 77 77.6 76.4 74.5 66.2 64.2 66.7 35.0 32.9 29.2 1 6.3 1 5 .8 12.4 1 1 .9 1 1 .6 36.1  1 3.9 1 3.4 

Kongemose 4 5 6 7 1 3  14  18  1 9  
26129·3 65.8 62.5 65.8 36.3 12.9 1 1 .9 36.0 1 3.6 

Ulkestruplyng l 2 4 5 8 1 4  1 8  20 
23368·24 75.0 72.0 66.0 63.0 36.0 1 4.0 39.0 1 4.0 
2 1 985 75.0 73.0 65.0 64.0 36.0 1 2.0 39.0 1 5.0 
2336· 1 75.0 72.0 66.0 63.0 35.0 1 2.0 38.0 1 5.0 

Scapula Femur 
Præstelyng HS GLP SLC Præstelyng GL Bd DC 
24603 69.7 1 7.7 1 5.5 24272 89.8 23.5 1 2.5 
24490 I 7 1 .8 1 9 . 1  1 6.9 1 9555·6 24.0 

Kon�emose GLP SLC Kongernase GL GLC Bp DC Bd 
37125·8 1 1 9 . 1  1 6.9 33/30·27 83.5 85.0 22.7 1 0.5 22.0 

Humerus Tibia 
Præstelyng GL MC Bd Dp Præstelyng GL Bp U Bd SD/CD 
24269 9 1 .2 1 6.8 1 7.5 2 1 .7 24420 1 00.9 24.6 96. 1 1 7.0 7.0 
24490 ]] 9 1 .6 1 7.4 1 9.5 2 1 . 1  1 983 1 ·2 1 02.0 25.0 94.6 1 7.7 7.5 

Kongemose GL Dp MC Bd Pelvis 
41 135 22 77.3 1 7.8 1 4.8 1 5.5 Præstelyng LAR 
0/0·3 76.2 1 7.9 1 3.8 1 5 .3 24391 1 5.9 
9/1 6·7 1 6.3 1 8.0 

Kongernase LAR 

Ulna 34/32·9 1 6.7 
Præstelyng GL DPA SDO 37/37· 1 28 1 3.5 
24564 77.0 1 2.6 1 1 .5 37/3 1 ·46 1 4.8 

37123·25 1 5.4 

Dimensions of various bone elements of Lutra lutra from the Muldbjerg I, Præstelyng, Kongemose, and Ulkestruplyng sites. 
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Norwegian modern atter material 
Female 
Mandibula 

MaxilIare 

Male 
Mandibula 

Maxillare 

No. 

Total length 

Molar p2-m2 

Premolar pZ-p4 

Molar m l -m2 

Ramus hor. width under m l  

Length m l  
Width m l  

Length m2 

Width m2 

Length of palate 

Molar P I ·M l  

Length P4 

Width P4 

Length M I  
Width M I  

Molar CMI 

No. 

Total length 

Molar p2-m2 

Premolar p2-p4 
Molar m l -m2 

Ramus hor. width under ID 1 
Length m l  

Width m l  

Length m2 

Width m2 

Length of palate 

Molar P l -M l  

Length P4 

Width P4 

Length M I  

Width M I  
Molar C-Ml 

Danish modern atter material 
Female 
Mandibula 

MaxilIare 

Male 
Mandibula 

Maxillare 

No. 
Total length 

Molar p2-m2 

Premolar p2-p4 

Molar m l ·m2 

Ramus hor. width under ID 1 
Length m l  

Width m l  

Length m2 

Width m2 

Length of palate 

Molar P I ·M I  

Length P4 

Width P4 

Length M I  

Width M I  

Molar C·MI 

No. 

Total length 

Molar p2-m2 

Premolar p2-p4 

Molar m l -m2 

Ramus hor. width under m l  

Length m l  

Width m l  
Length m2 
Width m2 
Length of palate 
Molar P I ·M I  
Length P4 
Width P4 
Length M I  
Width MI 
Molar C-Ml  

326 

66.5 

34.4 

1 6.7 

1 7.4 

6.2 

1 3.2 

6.7 

6.0 

286 290 291 

67.8 70.9 68.1 

34.9 34.5 33.4 

1 6.9 1 6.9 1 6.5 

1 8.0 1 8.2 1 7.2 

6.8 6.8 6.8 

1 3.9 1 3.3 1 3.0 

6.5 6.6 6.3 

5.4 5.7 4.5 

292 293 302 281 282 283 

68.8 69.6 68.4 69.4 67.1 7 1 . 1  

34.3 33.4 32.0 34.6 32.5 34.8 

1 6.8 1 6.3 1 6.0 1 7.0 1 6.2 1 6.5 

1 7.2 1 7.2 1 5 .6 1 8.2 1 7 . 1  1 7.9 

6.4 6.8 7 . 1  6.6 6.6 6.8 
1 3.0 12.7 12.1 1 3.6 12.2 1 3.4 

6.4 6.4 6.4 6.6 6.1 6.5 

4.1  5.5 5.3 5.5 4.0 5.2 

29.1 3 1 . 1  

1 1 . 1  1 1 .6 

30.2 28.5 29.7 

I LO 1 0.9 1 0.9 

29.1  

1 0.7 

7.9 

7.3 
1 1 .2 

29.4 

1 0.3 

7.6 
7.3 

1 1 .2 

29.6 

1 1 .3 

8.4 

7.6 
1 1 .6 

28.0 

10.7 

7.8 

6.9 
1 0.8 

30.5 

1 1 .3 

8.3 
7.3 

1 1 .5 

8.0 8.1 
7.5 7.4 

I LO 1 1 .8 

8.2 7.9 8.1 
7.7 7.4 7.4 
12.3 I LO I LO 

276 277 

68.1  68.7 

32.8 32.5 

16.7 1 6.5 

1 6.5 1 6.8 

6.9 7.4 

1 2.6 12.8 
6.3 6.1 

28.6 

1 0.9 

8.2 
6.9 
I L l  

5.0 

28.2 

1 0.8 

8.2 
6.9 
I LO 

306 307 289 285 295 297 300 284 273 275 287 

78.0 67.3 68.0 76.8 72.3 72.2 70.8 70.5 77.3 77.7 76.0 
35.6 32.7 34.4 36.6 34. 1 35.4 33.2 35.4 35.8 37.5 35.4 

1 8 . 1  1 6.5 1 7.2 1 8.0 1 7.4 1 7.5 1 6.3 1 7.4 1 7.5 1 7.6 1 7.7 

18.1 1 6.7 1 7.2 1 7.8 1 8.7 1 7.4 19.1 18 .7  1 8.9 1 9.2 

8.0 6.6 7.5 8.5 7.1 7.6 7.7 7.7 8.6 8.0 7.5 

1 3. 1  1 2.8 1 3.0 1 4.0 1 3.0 14 . 1  1 3.0 1 4.0 1 4.5 1 4.2 14.3 

6.5 6.6 6.7 7.0 6.8 7.0 6.6 7.0 7.0 7.1 6.7 

5.5 5.5 5.8 5.6 5.9 6.0 5.7 6.3 5.7 5.8 6 . 1  

3 1 .5 

1 1 .5 

9 . 1  

7.4 

1 2.2 

504 

69.0 

34.5 

1 8.3 

1 7.2 

6.2 

12.9 

6.2 

4.9 

47.8 

3 1 .0 
I LO 

8.4 

6.7 

I LO 

28.7 

1 0.8 

8.4 

7.4 

1 1 .8 

30.2 3 1 . 9  

1 0 . 9  1 1 .5 

8 . 1  8 .9  

7.3 7.9 

12.0 12.4 

30.5 32.3 29.9 

I LO 1 1 .3 1 0.5 
8.2 8.2 
7.7 7.9 7.4 

1 1 .8 1 2.9 1 1 .7 

497 645 646 644 
67.3 60.0 6 1 . 1  6 1 .0 
33. 1 

1 7.6 1 7.7  

1 7.0 1 7.5 1 7.0 1 7.0 

6.2 7.3 7.0 7.9 

1 2.9 1 3.0 12.7 1 2.9 

6.4 6.2 6.1 6.2 

5.4 4.9 5.3 5.5 

47.0 42.6 41.1 42.8 

30.0 29.0 29.2 28.5 

1 0.7 1 1 .2 1 0.9 1 0.3 
8.1 8.0 

I l A  I L l  1 1 . 1  1 0.8 

18 

69.3 
32.2 

1 7 . 1  

1 5 . 8  

6.5 

1 1 .7 

5.3 

3.9 
5.2 

49.0 

29.2 

I L l  

7.7 

6.5 

1 0.8 

34.2 

4555 
7 1 . 7  

33. 1 

1 6.9 

1 7.2 

6.6 

12.5 

504 

5.6 
6.0 

49.2 

28.6 

1 0.9 

7.8 

6.8 

1 1 .6 
34. 1 

3 1 . 6  

1 1 .7 

8.8 

8.0 
12.3 

3 1 .8 

1 2.0 

9.2 

7.6 

1 2.8 

3 1 .2 

1 1 .7 

8.8 
7.9 

1 2.5 

3 1 22 4528 3277 
70.6 70.9 67.4 

33.8 33.1 33.8 
1 7.6 1 6.5 1 7.0 

1 6.9 1 7.5 1 6.6 

7.1  7 .6 7.6 

1 3.0 1 2.7 12.7 

5.6 6.2 5.4 

5.2 4.4 4.5 

5.5 5.4 5.2 

5 1 .2 50.0 5 1 .3 

29.7 29.0 28.6 

1 0.7 1 0.0 1 0.8 

8.0 8.3 7.9 

7.0 7.6 6.7 

1 1 .3 1 1 .8 1 0.8 

35.5 34.3 3304 

CN CN CN CN CN CN CN 

1 833 1 672 

76.6 76.8 

36.6 37.0 

1 8.5 1 9.2 

1 8.9 1 904 

7.4 7.2 

1 4.5 14.5 

7.0 7.1 

5.8 6.1 
54.5 54.0 
32.0 32.5 
1 1 .5 12.2 
8.8 8.0 

12.8 12.4 

753 20 5273 

70.0 76.5 80.7 

35.4 34.0 38.4 

1 7.9 1 7.4 1 9.9 

1 8.0 1 7.7 1 9.5 

6.5 8 . 1  8 . 7  

1 3.5 1 3.0 1 5.0 

6.6 5.4 7.0 
4.2 5.6 

5.3 5.6 6 . 1  
47.0 5 3 . 3  56.4 
30.4 3 1 . 1  33.7 
1 1 .2 1 1 .5 1 2.4 
8.5 8.5 1 0 . 1  
7 . 5  6.7 8.2 
1 1 .9 1 1 .7 12.7 

4557 

75.0 

35. 1 

1 8.3 

1 8 . 1  

7 . 1  

1 7.0 

6.2 
5.6 
6 . 1  

52.6 

3 1 .5 
1 1 .5 

8.5 
704 

12.3 

3270 

72.4 

36.0 

1 8.8 

1 8.5 

7.1 

1 3.8 

6.7 
5 . 1  
5 . 8  

50.7 

32.4 
1 1 .9 
8.4 
7.5 
1 1 .9 

3 1 09 

8004 

37.0 

22.0 

1 9.0 

8.3 

1 4.4 

7.5 
5.2 
6.0 

57.5 
3 1 . 8  
1 1 .8 
9.2 
7.8 
12.5 

m 

76.1 

36.2 

1 9.0 

1 8.6 

7.6 

1 4.5 

6.7 
5 . 1  

5 . 9  
53.3 
3 1 .9 
1 1 .8 
8.9 
7.5 
12.3 

30.8 

1 1 .5 

9 . 1  

7 . 7  

12.2 

3 1 43 2582 

70.3 68.5 
34.4 33.0 

1 8 . 1  1 7.4 

1 704 1 6.3 

7.2 7.3 

13.1 1 3.0 

6 . 1  6 .0 

5 .3 4. 1  

5 .6  4.6 

5 1 .9 47.9 

2904 28.6 

1 0.9 1 0.7 

8.0 8.5 

7.4 7.0 

1 1 .6 1 1 .3 

34.6 34.0 

min 
70.0 

34.0 

1 7.4 

1 7.7 

6.5 

1 3.0 
5.4 
4.2 
5.3 

47.0 
30.4 
1 1 .2 
8.4 

6.7 
1 1 .7 

max 

80.7 

38.4 

22.0 

1 9.5 

8.7 

1 7.0 

7.5 
5.6 
6 . 1  

57.5 
33.7 
12.4 

1 0 . 1  
8.2 

1 2.8 

3 1 08 

69.0 
32.5 
1 6.6 

1 6.6 

6.3 

12.5 

5.6 
4.6 

4.7 

46.0 

28.8 

0.6 

7.3 

7.0 
1 0.9 

33.1  
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m 

68.7 

33.7 

1 6.6 

1 7.3 

6.8 
1 3.0 

6.4 

5.2 

min max 

66.5 7 1 . 1  

32.0 34.9 

1 6.0 1 7.0 

1 5.6 1 8.2 

6.2 7.4 
12.1 1 3.0 

6.1 6.7 

4. 1 6.0 

20.3 28.0 3 1 . 1  

I LO 1 0.3 1 1 .6 

8.1 7.6 8.4 
7.3 6.9 7.7 

1 1 .3 1 0.8 1 2.3 

ro min max 

73.4 67.3 78.0 

35. 1 32.7 37.5 

1 7.4 1 6.3 1 8. 1  
1 8.2 1 6.7 1 0.2 

7.7 6.6 8.6 
1 3.6 1 2.8 1 4.5 

6.8 6.5 7.1 

5.8 5.5 6.3 

30.9 

1 1 .3 

8.7 

7.7 

12.2 

3 1 04 

7 1 . 1  

33.6 

1 7.8 

1 6.8 

6.5 

12.8 

5.8 

3.9 

4.8 

50.5 

30.3 
I LO 

7.6 

7.0 
1 1 . 1  

35.6 

28.7 32.3 

1 0.5 1 2.0 

8.1 9.2 

7.3 8.0 

1 1 .7 12.0 

ro min max 

67.7 60.0 7 1 .7 
33.4 32.2 34.5 

1 7.4 1 6.5 1 8.3 

1 6.9 15.8 1 7.5 

7.0 6.2 7.9 

12 .7  1 1 .7 1 3 . 1  

5.9 5.3 6.4 

4.6 3.0 5.6 
5.2 4.6 6.0 

47.7 4 1 . 1  5 1 .9 

29.3 28.5 3 1 .0 

1 0.7 9.6 1 1 .2 

8.0 7.3 8.5 

7.0 6.5 7.6 
1 1 .2 1 0.8 1 1 .8 

34.3 33.1  35.6 

Male+female 
m 

70.9 

34.4 

1 7.0 
1 7.7 

7.2 

1 3.3 

6.6 

5.5 

30.1 

I L l  

8.3 
7.5 
1 1 .7 

Male+female 
m 

70.7 

34.6 

1 8 .0 

1 7.5 

7.2 

1 3 .4 
6.2 
4.8 
5.4 

49.7 
30.2 
I L l  
8.3 
7.2 
1 1 .6 
34.3 

min max 

66.5 78.0 

32.0 37.5 

1 6.0 1 8 . 1  
1 5.6 1 9.2 

6.2 8.6 

12.1 1 4.5 

6 . 1  7 . 1  

4 . 1  6.3 

28.0 32.3 

1 0.3 1 2.0 

7.6 9.2 
6.9 8.0 
1 0.8 1 2.9 

min max 

60.0 80.7 

32.2 38.4 

1 6.5 22.0 

1 5.8 1 9.5 

6.2 8.7 

1 1 .7 1 7.0 

5.3 7.5 
3.9 5.6 
4.6 6.1 
41.1 57.5 
28.5 33.7 
9.6 1 2 .4 
7.3 1 0 . 1  
6.5 8.2 
1 0.8 1 2.8 
33.1 35.6 

Biometric data on mandibulae and max:illare from Norwegian and Danish modem female and male Lutra lutra, including mean, maximum, and minimum 
values from combined male and female data. Norwegian data are from Hysing-DahI 1959; Danish data are from Degerbøl 1933. 
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Danish fossil otter material 

Mandibula No. 1 4 l O  I 1  1 2  1 3  14  1 5  1 6  

Total length 7 1 .0 73.0 73.2 77.5 7 1 .3 75.0 

Molar p2·m2 35.0 35.0 35.7 36.8 38.4 35.6 36.0 

Premolar p2·p4 1 8.5 19 . 1  20.4 1 8.8 

Molar m l ·m2 1 7.6 1 8.5 1 8.0 20.2 1 8.2 1 8.9 1 8.7 

Ramus hor. width under ml 6.2 7.2 7.3 6.8 6.3 6.8 6.8 7.6 7.5 7.7 7.7 7.5 8.8 7.2 

Length m l  1 3.5 1 2.4 1 3 . 1  1 3.2 1 2.5 1 2.9 1 3.2 1 3.4 1 3.8 14.2 14.4 1 4.6 1 4.0 1 3.9 1 3.8 1 4.0 

Width m l  6.9 6.4 6.7 6.7 6.7 6.4 6.5 6.9 7.0 7.3 7.0 6.0 6.8 6.6 

Length m2 3.8 4.0 5.0 

Width m2 5.4 6.0 

Mandibula No. 1 7  1 8  1 9  20 21  22 23 24 m min max 

Total length 75.0 77.5 75.0 74.0 72.0 72.0 73.9 7 1 .0 77.5 

Molar p2·m2 36.0 35.8 35.0 36.5 36.5 38.0 36.0 35.0 36. 1 35.0 38.4 

Premolar p2·p4 1 8.0 1 9.0 1 9.0 1 9.0 1 8.0 1 7.0 1 8.7 1 7.0 20.4 

Molar m l ·m2 1 7.2 1 7.5 1 8.0 1 8.0 1 7.0 1 7 .0 1 8 . 1  1 7.0 20.2 

Ramus hor. width under ro 1 7.0 7.5 6.5 7.5 7.5 7.5 7.2 6.2 8.8 

Length ml 1 2 .0 12 .5 1 2.0 12.5 1 3.0 1 2.0 1 3.0 1 3.0 1 3.2 12.0 1 4.6 

Width m l  6.0 6.0 7.0 6.0 7.0 7.0 6.6 6.0 7.3 

Length m2 4.2 4.2 4.0 4.2 3.8 5.0 

Width m2 4.6 5.0 5.0 5.2 4.6 6.0 

Maxillare No. 25 26 27 28 29 30 31  32 33 34 35 36 m min max 
Length of palate 50.0 50.0 52.7 55.4 53.0 52.3 52.2 49.0 5 1 .8 49.0 55.4 
Molar P I ·MI  30.0 3 1 .6 32.5 33. 1 32.8 30.6 3 1 .6 3 1 .0 3 1 .7 30.0 33. 1 
Length P4 1 1 .2 1 0.7 1 1 .0 1 1 .8 1 1 .2 1 1 .5 1 1 .6 1 1 .4 1 2.3 1 1 .3 1 1 .0 1 1 .5 1 1 .4 1 0.7 1 2.3 
Width P4 8.0 8.2 9.3 8.7 8.3 9.1 9 . 1  8.8 8.7 8.0 8.5 8 .6 8.0 9.3 
Length MI 7.3 7.5 8.0 8.0 7.5 7.0 8.0 7.6 7.0 8.0 
Width MI 1 1 .9 1 1 .7 1 1 . 1  1 1 .3 1 1 .9 1 2.0 1 2.2 1 1 .3 1 1 .0 1 2.0 1 1 .6 I LO 1 2.2 
Molar C·MI 37.7 36. 1 35. 1  36.3 35. 1  37.7 

No. Locali!y Bone no. Age 
Langeland 26 Mesolithic 
Sværdborg 3 2 Mesolithic 
Sværdborg d. 3 Mesolithic 

4 Sværdborg s. 4 Mesolithic 
5 Sværdborg 4 5 Mesolithic 
6 Haveise 6 Mesolithic 
7 Kassemose 7 Mesolithic 
8 Sølager 6 1 0  Mesolithic 
9 Sølager 4 1 3  Mesolithic 

10  Ertebølle 2 22 Mesolithic 
I 1  Ertebølle 3 23 Mesolithic 
1 2  Ertebølle 4 24 Mesolithic 
1 3  MagIeby, St. Amose Ertebølle 
14  Ogårde Maglemose 
1 5  Falster, N.  Vedby lone V 
1 6  Ulkestruplyng, Amose ULE 23368·24 lone VI 
1 7  Ulkestruplyng, Amase ULE 2 1 985 lone VI 
1 8  Præstelyng, Amose PL 3843· 1 86 lone VII 
1 9  Ulkestruplyng, Amose ULE 23336· 1  lone VI 
20 Kongernose, Amose KS 26/29·3 Zane VII 
21 Muldbjerg l ,  Amase Mul.! 48865 lone VIII 
22 Muldbjerg l ,  Amose Mu1.! 48864 lone VIII 
23 Muldbjerg l, Amose Mul.! 456 1 4  lone vm 
24 Muldbjerg I, Amase Mul.! 327 1 7  lone VIII 
25 Sværdborg 25 Mullerup V 
26 Langeland 26 Mesolithic 
27 Ertebølle 96 27 Mesolithic 
28 Ertebølle 97 28 Mesolithic 
29 Ertebølle 97 29 Mesolithic 
30 Falster, N. Vedby Zone V 
3 1  Fyn, Bred. unknown 
32 Esrum unknown 
33 As.torp, Amose unknown 
34 Fyn, Rynkeby unknown 
35 Præstelyng, Amose PL 1 05 1 6  lone VII 
36 Muldbjerg l ,  Amose Mul.! 1 598 lone VIII 

Biometric data on mandibulae of Danish fossil Lutra lutra from the Mesolithic and Early Neolithic periods, and on maxillare from different cultural periods. 
Data are new and from Degerbøl 1933.  
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Martes martes 
Cranium Ulna 
Kongemose 25 27 28 40 Præstelyng GL DPA SDO 
no number 1 9.0 1 1 .6 9.6 1 7.9 5612 ·2 1 2  67.8 9.7 7.0 

Mandibula Ulkestruplyng GL DPA SDO 
Præstelyng 1 2  1 3  1 4  1 8  1 9  LlB m l  Heal m l  23367· 1 5  75.2 1 0.9 8.5 
5615 · 1  1 7. 1  1 0.7 9.8 26.5 1 0.4 1 0.9/4.8 4.6 23393 juv 89.9 7.6 
4300 1 5.9 1 0.3/4.7 4.5 

Femur 
Ulkestruplyng I 2 4 5 8 14  18  20 Præstelyng Bp De 
23367· 1 4  62.0 59.0 54.0 52.0 33.0 1 0.0 28.0 1 2.0 561 2·68 1 5.6 8.0 

561 2-67 1 5.5 7.8 

Scapula 
Præstelyng HS GLP SLe Ulkestruplyng Bp De 

4323-45 45.9 I LO 1 0.2 23353·8 1 6.9 8.3 

Ulkestruplyng HS GLP SLe Pelvis 
23405 50.4 1 3.0 1 0.3 Ulkestruplyng LAR 

23353 7 1 0.8 

Humerus 
Præstelyng Dp Bd GL Tibia 
7075 12.6 1 5.4 7 1 .0 Kongemose Bd 

39/27·4 1 0.8 

Radius 
Ulkestruplyng GL Atlas 
1 7423 6 1 .8 Præstelyng BFcd l BFcd2 

23560·2 1 1 3.5 20.0 

MeIes meIes 
Mandibula 
Ulkestruplyng I 2 4 5 8 14  1 8  20 

23364·3 92.0 9 1 .0 78.0 77.0 38.0 1 4.0 4 1 .0 1 7.0 

23370·20 1 4.0 1 7.0 

233 1 6· 1 0  74.0 7 1 .0 40.0 15.0 1 6.0 

Scapula 
Ulkestruplyng HS GLP SLe 
23370·9 84.0 20.8 1 7.7  

Humerus 
Ulkestruplyng Dp 
23362· 1 7  26.5 

Radius 
Ulkestruplyng Bp 
2336 1 ·7 1 3.0 

Dimensions of various bone elements of Martes martes from the Præstelyng, Kongemose, and Ulkestruplyng sites, and from Meies meies from the 
Ulkestruplyng site. 
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Muldbjerg I 
Podiceps eristatus 
Carpometacarpus 

Podiceps rujieollis 
Humerus 

Tibiotarsus 

Cieonia nigra 
Scapula 

Humerus 

Tibiotarsus 

Radius 

Ulna 

Anas p/atyrhynehos 
Scapula 

Coracoid 

Femur 

Humerus 

Carpometacarpus 

GL Bp Old 

1 0.4 

GL Bp se Ild 
54.2 9.6 2.4 5.7 

GL Od la se Ild 
55 53.3 6.0 

Die 

20.9 

2 1 .0 

GL Bp se Bd 

200.9 39.6 1 45 29.8 

GL Od la Ild Dip se 
254. 1 1 6.9 247.0 1 4.0 25.4 7 . 1  

GL B d  se 
22 1 .8 9 . 9  3.9 

9.6 3.9 

GL Did se Bp Dip 

Die 

1 0 5  

1 1 .5 

1 1 .2 

1 3.8 

1 4.3 

20.0 23.7 

GL BF 1m Bb 

56.3 20.5 5 1 .B 

55.4 205 52.0 20.9 

53.9 1 8.9 5 1 .2 

1 9 5  

1 7.4 

57.3 1 9 5  

57.0 20. 1  

1 9.7 

2 1 .4 

1 8.3 

53.4 

53.3 20.6 

20.9 

23.2 

GL se Bd Od 

3.6 7.9 

GL Bp se Bd 

90.0 205 6.7 13 .8 

6 .3 14.9 

97.9 2 1 .0 7.0 1 5.0 

98.4 22.0 7.0 1 5.2 

98. 1 2 1 .8 6.9 1 5.2 

5.6 1 4.0 

1 4.3 

Radius 

Vlna 

Anas acuta 
Coracoid 

Vlna 

Anas spatu/a 
Humerus 

Ulna 

Tibiotarsus 

Anas ereeea 
Coracoid 

Humerus 

Carpometacarpus 

Radius 

Urna 

GL Bd se 
7 1 .3 5.3 3.0 

73.4 4.3 2.9 

7 1 .8 5.2 2.8 

5.2 3.2 

5.4 

GL Oid se Bp Dip 

80.8 9.6 4.8 9.0 1 1 .5 

77.6 4.7 9.3 1 1 .8 

795 10.3 4.9 9.9 1 2 5  

1 0.2 5 . 1  9 5  

79.0 1 0.2 5.3 1 0.4 1 2.6 

77.8 9.8 45 9.7 l LB 

82.0 10.1 4.9 1 0.0 1 1 .7 

83.9 1 05 5 . 1  10.0 1 2.7 

4.9 

GL BF 1m Bb 

49.9 1 7.3 47.8 

GL Old se Bp Dip 

82.9 9.6 5.4 9.8 1 1 .6 

1 0.6 5.2 

GL Bp se Ild 
5.7 1 2.6 

6 . 1  1 2.8 

GL Did se Bp Dip 

85 

GL Od la se Ild DIP 
67.0 7.4 64.0 3.2 7.3 1 1 . 1  

GL BF 1m Bb 

35.4 1 3.4 33.3 

1 1 .4 

32. 1 1 1 .2 30.8 

335 1 3.2 3 1 .7 

GL Bp se Bd 

4.1  8.4 

58.0 1 2 . 1  4.1  8.9 

5B.7 1 2 5  4.3 9.0 

3.8 9.0 

GL Bp Did 

37.7 8.8 4.8 

40.0 7.3 3.7 

GL Bd se 
55.0 2.0 

GL Did se Bp Dip 

55.6 55 3.2 6.4 7.7 

Carpometacarpus 

Tarsometatarsus 

Tibiotarsus 

Radius 

Ulna 

Anas pene/ope 
Femur 

Ulna 

Bueepha/a e/angu/a 
Tibiotarsus 

Tarsometatarsus 

Aythya juligu/a 
Coracoid 

Femur 

Humerus 

Ulna 

Aythya jerina 
Coracoid 

GL Bp Old 

43.9 9.9 55 

43.9 9.7 5.8 

43.7 9.9 55 

GL Bd se Bp 

33.3 3.2 

GL Od 5e Bd Dip 
6.2 6.0 

25 95 

GL Bd se 
58.4 4.3 2.0 

GL Did se Bp Dip 
58.0 7.7 35 6.8 8.9 

5 1 . 1  6.6 3.2 6.0 7.7 

60. 1 8 . 1  35 7.5 9.2 

59.8 8.1 3.6 7.1 8.8 

8.0 3.6 75 

GL se Bd Dd 1m Bp Dp 

44.4 3.7 9.4 6.0 42.9 8.6 6.7 

GL Old se Bp Dip 

74.0 9.8 3.9 8.8 1 1 .0 

7 1 .4 9.1 8.7 1 1 .0 

GL Od la se Ild Dip 

8 1 .0 8.4 77.0 3.8 8.2 1 1 .8 

GL Bd se Bp 
35.7 8.4 3.8 85 

35.9 8.0 3.7 7.9 

GL BF 1m Bb 

425 

42.4 

GL se Bd Od 

44.0 1 0.0 6.0 

GL Bp se Bd 

85.9 1 B.2 5.7 1 2.6 

GL Oid se Bp Dip 

6 1 .0 8.2 3.6 75 9.0 

8 . 1  35 7.6 

68.4 8.0 3.9 7.4 9.6 

GL BF 1m Bb 

45.8 1 6 . 1  42. 1  

46.0 1 6.4 42.8 

45.3 

20.6 6.4 44.7 1 6.0 4 1 .4 

65 1 4.3 

84.9 1 8.2 5.8 1 2.9 

86.5 1 8.9 5.8 1 2.9 
6.7 1 3.6 

94. 1 20.0 7.2 14.8 

GL Bp Did 

62.0 1 3.6 7.3 

6 1 .9 1 3.4 7.0 
60.2 1 2.8 7.0 

595 1 3 . 1  6.9 
55.9 1 3.0 7.0 

1 1 .5 
58.4 1 3.4 7.0 

1 3.3 

55.8 125 65 

Anas querquedula 
Coracoid 

Humerus 

GL BF 1m Bb 

14.8 39.9 
32.0 

GL Bp se 
63.6 1 4.0 4.8 

63.6 1 3.7  4.6 

4.6 

8d 

95 

9.7 

9.8 

1 0.0 

45 1 0.0 

4.1 9.6 

Humerus 

Carpometacarpus 

Radius 

Ulna 

GL Bp se Bd 
5.1 1 1 .7 

GL Bp Oid 
45.6 1 0.3 5.9 
48.8 1 1 .0 6.0 

GL Bd se 
63.3 4.4 2.6 

2.6 

GL Oid se Bp Dip 
8.0 3.9 75 

74. 1 8.0 4.0 7.9 9.8 

8.3 4.0 

Dimensions of various bone elements of Podiceps eristams, Podiceps rufieollis, Cieonia nigra, Anas platyrhynehos, Anas aeuta, Anas spatula, Anas creeea, Anas 
querquedula, Anas pene/ope, Bucephala clangula, Aythya fuligula and Aythya ferina, all from the Muldbjerg I site. 
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Muldbjerg I 
Aythya marila Cygnus olor Crex crex 
Ulna GL Old se Bp Olp Scapula GL Die Radius GL Bd se 

77.0 9.0 4.8 12.4 8.8 159.6 26.6 37.6 2.7 1 .2 
9 . 1  4 .3  

Coracoid GL BF 1m Bb 

99.8 95.8 Tringa ochropus 
Tadarna tadarna Humerus GL Bp se Bd 

$capula Die 37.6 9.2 3 . 1  6.7 

1 0.7 Cygnus cygnus 
Femu! GL se Sd Op 

Humerus GL Bp se Sd 23.4 15.8 Philomacus pugnax 
7.2 14.8 Tibiotarsus GL Od La se Bd Olp 
6.9 14.3 5.2 2.4 4.9 

Cygnus bewickii 4.7 2.0 4.6 
Carpometacarpus GL Bp Old 7.4 

Mergus merganser 1 09.0 22.0 12.7 
Scapula Die 

12 . 1  Corvus corone 
Haliaeetus albicilla Tibiotarsus GL Od La se Bd Olp 

Coracoid GL BF 1m Bb Scapula Die 93.4 8.4 9 1 .2 4.5 9.0 1 3.3 
68.8 2 1 .7 65.4 22.8 26.6 1 3.9 

Humerus GL Bp se Sd Phalanx 1 cent. GL L 
6.5 46.0 44.8 

93.0 20.4 6.8 15 .0 
90.3 20.0 6.2 14.0 

Fulica atra 
Radius GL Bd se Femur GL se Bd Od 1m Bp 

77.4 5.6 2.9 4.6 9.7 8.4 53.4 1 0.6 
4.4 9.8 

52.4 4.7 10.0 50.5 1 0.5 

Mergus serrator 3.6 7.9 6.0 
Humerus GL Bp se Bd 

72.4 1 6.7 4.5 10.4 Carpometacarpus GL Bp Old 
4.1  39.3 7.9 5 . 1  
4.5 

72.2 1 6.3 4.5 10.4 Tarsometatarsus GL Bd se Bp 
57.7 8.9 3.0 8.6 

Carpometacarpus GL Bp Old 2.9 8.3 
46.0 1 1 .4 58.4 8.7 3.0 8.4 

8.7 3.8 
Tarsometatarsus GL Bd se Bp 

45. 1  9.0 4. 1 Tibiotarsus GL Od La se Bd Olp 
8.2 3.9 
9.7 4.4 

Mergus albellus 4. 1 
Scapula Die 95.5 8.0 93.9 3.9 7.9 12.0 

1 0.2 
Radius GL Sd se 

Humerus GL Bp se Bd 6 1 .0 3.3 1 .8 
72.7 15 .7 4.7 10 . 1  

Ulna GL Old se Bp Olp 
Radius GL Bp se Bd 3.8 6.3 7.1 

55.6 2.2 3.9 6.3 3.4 
2.3 

Gallinula chloropus 
Anser jabalis Humerus GL Bp se Bd 
Femur GL 1m Sd Od se Bp Op 50.3 1 1 .9 3.6 7.4 

83.0 79.4 20.4 10.8 8.2 20.9 14.5 
Femur GL se Sd Od 1m Bp Op 

Radius GL Bd se 48.5 3.8 8. 1  5.8 46. 1 8.7 6.0 
1 65.3 1 0.8 5 . 1  

Rallus aquaticus 
Anser sp. Tarsometatarsus GL Sd se Bp 
Carpometacarpus GL Bp Old 40.5 5.4 2.3 5.0 

66.3 15.4 8.9 

Dimensions of various bone elements from Aythya marila, of various bone elements from Tadarna tadarna, Mergus merganser, Mergus serrator, Mergus 
albel/us, Anser fabalis, Anser sp., Cygnus olor, Cygnus cygnus, Cygnus bewiekii, Haliaeetus albieilla, Fuliea atra, Gallinula ehloropus, Rallus aquatieus, Crex erex, 
Tringa oehropus, Philomaeuspugnax and Corvus eorone, all from the Muldbjerg I site. 
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Plate l 
Abbreviations: UL0 = Ulkestruplyng, KS = Kongemose, PL 
= Præstelyng, MuLI = Muldbjerg L 

Bone-destruction types from different weathering catego
ries. Category I: 9 and 15 .  Category Il: 10, l l , and 12 .  
Category Ill: 1 , 3, and 13 .  Category IV: 2, 4 ,  5, 6, 7 ,  and 8. All 
from Cervus elaphus except where noted. 

Costa, PL 24407, x l .6. 

2 Costa, MuLI 23327a, xO.7. 

3 Costa, Mul.! 23668, xO.7. 

4 Costa, Mul.!, 548, xO.7. 

5 Costa, KS 39/30- 18 .  

6 Costa, MuLI 3 144 1 ,  xO.7. 

7 Costa, MuLI 23327x, xO.8. 

8 Mul.!, 24526, x l .  

9 Mandibula from Lutra lutra, Mul.! 48865, x l .  

1 0  Mandibula from Castor fiber, KS 4027/7, xO.7. 

Il Mandibula from Castor fiber, KS 36/29-6, xO. 7. 

12  Pelvis, MuLI 49203 and Mul.! 349 14, xO.4. 

13  Pelvis, KS UL0 V-2, xO.7. 

14 Metacarpus, MuLI 1 6 1 7, xO.5. 

15 Tibia, MuLI 40424, xO.4. 
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Plate 2 

Cranial fragments of Cervus elaphus from the Muldbjerg I 
site. 

l A complete cranium from Mul.! 40424, xO.2. 

2 Maxillare, Mul.! 9814, lingual (A) and buccal (B) side, 
xO.8. 

3 Maxillare, Mul.I 28409a, xO.8 

4 Maxillare, Mul.! 30682, xO.8. 

5 Maxillare, Mul.I 3 1 736, xO.8. 
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Plate 3 

Aseleetion ofleft and right maxillary bones of Cervus elaphus 
from Præstelyng. Note the similarity in breakage pattern and 
the tooth eruption stage. 

PL 4323-26, xO.9. 

2 PL 16644-2, xO.9. 

3 PL 4294, xO.7. 

4 PL 7995- 1 ,  xO.7. 

5 PL 1 1703-2, xO.8. 

6 PL 7556-4, xO.8. 

7 PL 56 12-2 16, xO.7. 
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Plate 4 

Selection of more or less complete Cervus elaphus skulls from 
Muldbjerg I (Mul.!) and Præstelyng (PL) . 

The basal part of a rather crudely fractured cranium, PL 
23557-2 (below) , 23553-5 (above) . The two pieces have 
been deposited in different taphozones, the upper one in 
the beach zone between taphozone I and Il, and the 
lower one in taphozone Il, xO.5. 

2 An almost complete female cranium from Muldbjerg I 
(MuLI 86, 932, 2005, 2468 1 ,  129188, 5 1 3 19, 24368, 
16472) .  DA. Dorsal view. DB. Lateral view. 

3 Part of a skull, MuLI 28730a, xO.6. 

4 The occipital region, Mul.! 263 19, xO.7. Note the cut 
marks. 

5 Nasale that has been shortened distally, PL 56 12-2 19, 
xO.8. 
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Plate 5 

Cranial fragments of Cervus elaphus from the Kongemose 
site. 

KS 30/32-5, xO.5. 

2 KS 42/30- 10, xO.55. 

3 KS 36/27-27.5-48, xO.8. 

4 KS 37/29-66, xO.8. 

5 KS 33/3 1 -4x, xO.5. 

6 Unnumbered, xO.55. 

7 KS 33/30-5, xO.8. 

8 KS 40/28-23, xO.8. 
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Plate 6 

Cranial ( 1 ,  2, 3, 5) and mandible (4, 6-10) fragments of 
Cervus elaphus from the Ulkestruplyng site. Note cut and 
chop marks at the base of the antlers on 1 , 2, and 3. All xO.s. 

UL0 16002. 

2 UL0 16846. 

3 UL0 16680. 

4 UL0 23408-2. 

5 UL0 23376- l .  

6 UL0 23393 - l .  

7 UL0 23408-2. 

8 UL0 233 1 3-7. 

9 UL0 1 7559. 

10 UL0 23338-3. 
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Plate 7 

Cervus elaphus mandibles from the Muldbjerg I site. Note the 
difference in colour of the two fragments in 2 and 6, indicat
ing different depositional environments. All fragments xO.5.  

Mul.! 408 1 5-35. Right mandible of the older of the two 
complete stag skeletons. 

2 Mul.I 20957 - 1 ,  32533. 

3 Mul.! 408 15 -34. Left mandible of the same individual as 
1 .  

4 Mul.! 40424- 198. Left mandible of the complete skeleton 
of the younger stag. 

5 Mul.I 5 1 309. 

6 Mul.! 5 1 3 1 8, 5 1 1 72. 

7 Mul.! 5 1 083. Right mandible from the buccal (A) and 
lingual (B) sides, showing impact and exit fraeture from 
the blow opening can alis mandibularis. 

8 Mul.! 5 1 105 .  

FOSSILS AND STRATA 37 ( 1 995) 



FOSSlLS AND STRATA 37 ( 1 995) Amose: Plates 347 



348 NannaNoe-Nygaard 

Plate 8 

Mandibles of Cervus elaphus from the Præstelyng site. Note 
the similarity in fragmentation pattern. In 2, PL 235 19-3 and 
235 19-4 are from the transition between taphozones I and Il, 
and PL 1 8690 is from the deeper part of taphozone Il; note 
the difference in colour and preservation. Such differences 
owing to place of deposition can also be seen in 4. All 
fragments xO.5.  

PL 6942- 12 ,  lingual (A) and buccal (B) side. 

2 PL 235 19-4, 1 8690- 1 , 235 19-3, lingual (A) and buccal 
(B) side. 

3 PL 23553-7. 

4 PL 12480- 1 ,  2 1 1 2-5, buccal (A) and lingual (B) side. 

5 PL 23553-8, lingual (A) and buccal (B) side. 

6 PL 124 10, 1 2428, buccal (A) and lingual (B) side. 
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Plate 9 

Mandibles of Cervus elaphus from the Præstelyng site. l ,  5, 6 
and 7 are from juveniles; note that even these have been 
marrow-fractured. Cut marks occur on both 6B and 7B. 

PL 19555- 1 ,  xO.5. 

2 PL 3435- 1 ,  lingual side, xO.5. 

3 PL 23553-7, lingual side, xO.5. 

4 PL 1 6986-2, lingual side, xO.5. 

5 PL 23525-3, buccal (A) and lingual (B) side, xO.5.  

6 PL 1 550- 1 ,  lingual (A) and buccal (B) side, x l .  

7 PL 23563-9, 23563 - 10, lingual (A) and buccal (B) side, 
x l .  

8 PL 7968- 1 ,  juvenile maxillare, xO.8. 

Numbers 1-5, xO.5, numbers 6-7, x l ,  number 8, xO.8. 
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Plate 1 0  

Mandibles of Cervus elaphus from the Kongemose site. Note 
the striking difference in fraeturing technique between, e.g., 
Præstelyng (Pl. 9)  and Kongemose mandibles. Note also the 
very worn teeth on 5-7. All xO.5.  

KS 42/3 1 - 1 1 1 , buccal side(A) and from above (B) .  

2 KS 37/33-4. 

3 KS 37/29-63. 

4 KS 39/27-66 buccal (A) and lingual (B) side. 

5 KS 4 1 /30-46, buccal side (A) and from above (B) .  

6 KS 42/35- 18 .  

7 KS 35/27.0-27.5-74. 
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Plate I l  
Selection of scapula from Cervus elaphus ( 1-9) and Capreo
lus capreolus ( 10-13)  from Kongemose (KS) ,  Præstelyng 
(PL) , and Muldbjerg l (Mul.!) . Note the difference in preser
vation and the randomly shaped fragments. Specimens in 5 
and 1 1-13  are almost complete. 

KS-OF-59, xO.4. 

2 KS 46/29-5, xO.4. 

3 KS 37/40-3, xO.4. 

4 KS 46/29-5, xO.4. 

5 KS 37/33-77, xO.4. 

6 KS 39/40-3, xO.4. 

7 KS 39/3 1 -27, xO.4. 

8 Mul.! 1 5959, 10554, xO.5. 

9 MuLI 1 3382, xO.5. 

10  KS 38/36-3, xO.9. 

1 1  KS 37/33-8, xO.5. 

12  PL 24506, xO.6. 

1 3  PL 5612/2 1 5, x0.45. 
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Plate 1 2  

Bone fragments of humerus from Cervus elaphus from the 
Muldbjerg I site. Note the high degree of fragmentation. 

Various bone splinters, xO.9. 

2 Reassembled diaphysis, Mul.I 1 1 371 ,  10233, 16 10, xO.9. 

3 Mul.I 46908, xO.8. 

4 The complete humerus from the male Mul.I 408 15 ,  xO.5.  

5 The male Mul.I 40424, xO.5. 

6 Mul.I 1 556, xO.7. 
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Plate 1 3  

Selection ofhumerus from Cervus elaphus from the Præste
lyng site. 

Distal end of humerus (PL 7942-45) ,  xO.8. Note the 
distinet position of the impact area of the stroke. Note 
also the small bone splinters around the impact area. 

2 Distal end ofhumerus (PL 235 19-2) ,  xO.8. 

3 Proximal end ofhumerus (PL 235 14- 1 ) ,  xO.7. 

4 Distal end ofhumerus (PL 23563-2) ,  xO.7. 
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Plate 14  

Selection ofhumerus from Cervus elaphus from the Konge
mose (KS) and Ulkestruplyng (UL0) sites. All the Konge
mose fragments xO.5, and the Ulkestrup Lyng fragments 
xO.6. Note the difference between KS and UL0 of the distal 
fragments. 

KS 34/29-53. 

2 26/30-28. 

3 KS 42/30- 18 .  

4 KS 33129-26. 

5 KS 36127-27.5-4. 

6 KS 34/3 1 -42. 

7 KS 40/32-56. 

8 UL0 23320-5. 

9 UL0 16572. 

10  UL0 1 7796. 

1 1  KS 37/30-8 l .  

12  UL0 17443 . 

1 3  UL0 2332 1 -2.  

14 UL0 233 14- 1 9. 
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Plate 1 5  

Selection of radius and ulna from Cervus elaphus from the 
Muldbjerg I site. Note the completeness of the reassembled 
bones, the uniform position of the various impact marks, 
and also (e.g., lB) the differences in preservation indicating 
deposition in different taphozones. Note in 6 and 7 the 
proximally placed cut marks after dismembering. 

Ulna, MuLI 6062 and others, xO.4. 

2 Ulna, Mul.! 12343 and others, xO.5.  

3 Radius, Mul.! 144, xO.4. 

4 Radius and ulna, Mul.! 27339, 10855, xO.5. 

5 Radius and urna, MuLI 50955, 1 582, xO.4. 

6 Radius, MuLI 6, 7, xO.4. 

7 Mul.! 908 and others, xO.4. 
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Plate 1 6  

Selection of ulna of Cervus elaphus from the Præstelyng site. 
Note the fragmentation pattern. 

PL 23557-3, A x l .5,  B xO.6. 

2 PL 24902, A x l .5, B xO.5. Note the furrows after dog
gnawing. 

3 PL 2 l l2- l l , A x l .5,  B xO.5.  Note on 3A the punctures 
after dog canines. 

4 PL 13542- 10, x l .  l .  

5 13542- 1 ,  xO.5. 

6 PL 6936-88, xO.5. 

7 PL 3435-8, xO.5. 

8 PL 6936-7 l ,  xO.6. 

9 PL 13542- 18 ,  xO.8. 
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Plate 1 7  

Selection of radius and ulna of Cervus elaphus from the 
Kongemose (KS) and Ulkestruplyng (UL0) sites. Note the 
fragmentation pattern at Kongemose and how it differs from 
the ones at Muldbjerg I (Pl. 1 5 )  and Præstelyng (Pl. 16 ) .  All 
xO.6. 

KS 37/25- 104. 

2 37/29-47. 

3 KS, no number 

4 KS 40/32-60. 

5 KS 36/27-27.5- 13 .  

6 KS 33/3 1 - 10.  

7 KS 26/29-35. 

8 KS 33/27-22. 

9 KS 34/3 1 -63. 

10 KS 38/30-43. 

1 1  UL0 23362-3. 

FOSSILS AND STRATA 37 ( 1995) 



FOSSILS AND STRATA 37 ( 1 995) Amose: Plates 367 

6 

9 



368 NannaNoe-Nygaard 

Plate 1 8  

Selection of metacarpus of Cervus elaphus from the Muld
bjerg I site. Note the fragmentation pattern and the location 
of impact marks. Note also the difference in preservation of 
different fragments from the same bone element. 

Mul.! 1434, xO.9. 

2 Mul.! 1 7 10 1 , 5 1448, 16455, xO.9. 

3 Mul.! 3200, 4646 1 ,  9025e, 1 1 77. 

4 MuLI 8970, xO.6. 

5 Mul.! 1 1 794, xO.6. 

6 MuLI 16 17, 28262, 146, 697, xO.6. 

7 Mul.! 40424, xO.7. 

8 Mul.! 14566, xO.8. 

9 Mul.! 1 1 794, x 1 .2 .  

10 MuLI 29077, xO.8. 
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Plate 1 9  

Selection of metacarpus of Cervus elaphus from the Præste
lyng (PL) , Kongemose (KS) and Ulkestruplyng (UL0) sites. 

l PL 1 3642-2, xO.6. 

2 PL 3843- 1 80, xO.6. 

3 PL 1 1660-8, xO.6. 

4 PL 1 1660-3, xO.5. 

5 PL 2 1 1 2- 1 1 ,  xO.6. 

6 PL 7948- 1x, xO.6. 

7 PL 19555-5, xO.5. 

8 KS 37/30-60, xO.6. 

9 KS 39/30-72, xO.6. 

10 KS 33/30-60, xO.6. 

1 1  KS 35128- 1 5, xO.6. 

12 KS 40126-86, xO.6. 

1 3  KS-OF- l64, xO.6. 

14 KS 41 /36-7, xO.6. 

1 5  KS 37126- 1 10, xO.6. 

16  UL0 V-6, xO.5. 

1 7  UL0 14359, xO.5. 

18  UL0 23383-6, xO.5. 

19 UL0 23362-9, xO.5. 

20 KS 37/37- 19, xO.6. 

21 KS 37/52, xO.6. 

22 KS 44/30-36, xO.6. 
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372 NannaNoe-Nygaard 

Plate 20 

Selection of  femur of  Cervus elaphus from the Muldbjerg I 
site. Note the highly fragmented diaphyses and the intensely 
dog-gnawed epiphyses. 

MuLI 40424-98, xO.4. 

2 Mul.I 32849, xO.5.  

3 MuLI 420 12 ,  A xO.4, B xO.5.  

4 MuLI 26 1 56, A xO.6, 4 xO.8. 

5 Mul.I 50836, xO.6. 

6 Mul.I 2 144, xO.8. 

7 Mul.I 6794, xO.8. 

8 Mul.I lO75 1 -4 1 ,  xO.8. 

9 Mul.I l 3395, xO.8. 
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374 NannaNoe-Nygaard 

Plate 2 1  

Selection of femur of Cervus elaphus from the Præstelyng 
(PL) , Kongemose (KS) and Ulkestruplyng (UL0) sites. Note 
the difference in fragmentation pattern between the Konge
mose and the Muldbjerg I material (Pl. 20) .  

Number l is from Ulkestruplyng. Numbers 2-8 are from 
Præstelyng and all, xO.6, except 6 which is, xo. 7. Numbers 9-
18  are from Kongemose. 

UL0 1720 1 ,  xO.6. 

2 PL 1 7353- 1 ,  xO.6. 

3 PL 235 19- 1 ,  xO.6. 

4 PL 1007-49, xO.6. 

5 PL 19555-9, xO.6. 

6 PL 7556- 1 1 1 , xO.7. 

7 PL 7556- 109, xO.6. 

8 PL 140 12- 1 ,  xO.6. 

9 KS 37/35-33, xO.6. 

10 KS 38/29-20, xO.5. 

1 1  KS 33/29-25, xO.6. 

12 KS 4 1 /30-59, xO.6. 

13 KS 34/29-52, xO.6. 

14 KS 33/3 1 -42, xO.8. 

15 KS 39/30-57, xO.8. 

16 KS 42/3 1 -7 1 ,  xO.6. 

17 KS 37/46- 1 1 , xO.6. 

1 8  K S  42/3 1 ,  xO.6. 
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376 NannaNoe-Nygaard 

Plate 22 

Selection of  tibia of  Cervus elaphus from the Muldbjerg I 
(Mul.I) and Præstelyng (PL) sites. Note the fragmentation 
pattern, position of impact marks, and the difference in 
preservation of the fragments (e.g., in 5A-B) .  

PL  7556- 1 , 16644- 18 ,  xO,6. 

2 PL 23549- 1 , xO.7. 

3 PL 2 1 1 2-4, xO.5. 

4 PL 1 364, xO.9. 

5 MuLI 16259, 49699, xO.7. 

6 Mul.I 5 1 7 1 Oc, 1 7 l00, A-B xO.4, C-H xO.3. 
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378 NannaNoe-Nygaard 

Plate 23 

Selection of  tibia o f  Cervus elaphus from the Kongemose site. 
Note the very characteristic fragmentation pattern on the 
bones as weU as the difference from the fragmentation pat
tern at the Muldbjerg I and Præstelyng sites (Pl. 22) .  All xO.5. 

KS 32/29.5-30.0-4. 

2 KS 33/29-44. 

3 KS 40/32-58. 

4 KS 37/3 1 - 1 8. 

5 KS 3 1 /27-53. 

6 KS 42/35-2. 

7 KS 37/3 1 -79. 

8 KS, unnumbered. 

9 KS 33/29-2 l .  

10 KS-OF- 122. 

II KS 37/30-74. 

12 KS 36/24-22. 

1 3  37/40- 18 .  

14 KS 37/44-2. 

15 KS 38.5/39-266. 

16  KS-OF-233. 
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380 NannaNoe-Nygaard 

Plate 24 

Selection of tibia of Cervus elaphus from the Kongemose 
(KS) and Ulkestruplyng (UL0) sites. Note the similarity of 
fragments 3 and 13 and the Kongemose fragments 10 and I l .  

Note also the working traces on the distal tibia from Ulke
struplyng. The epiphysis has been removed by cutting a deep 
groove around the bone. 

UL0 23357- 1 ,  xO.8. 

2 KS-OF unnumbered, xO.6. 

3 UL0 V-5, xO.7. 

4 KS 38.5-39/26.6, xO.4. 

5 KS 3 1 1 10- 14, xO.6. 

6 UL0 23346-2, A xO.9, B xO.6. 

7 UL0 23380-5, xO.6. 

8 UL0 23360-6, xO.9. 

9 UL0 1655, xO.6. 

10 KS 37/2 1 -56, xO.5. 

I I  KS 40/37-32, xO.5.  

12  UL0 14953, A xO.6, B xO.8. 

1 3  KS-OF- 1 87, xO.5. 
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382 NannaNoe-Nygaard 

Plate 25 

Selection of  metatarsus of  Cervus elaphus from the Muld
bjerg I site. Note the fragmentation pattern and the similarity 
between the Muldbjerg I site and the Præstelyng site (Pl. 
26: 1-5) .  

Mul.! 49693, 1 5 13 , 36108, A xO.5, B xl ,  C xO.8. 

2 A. Mul.! 29449, 944, x l .  

B .  Mul.! 2944 1 ,  x l .  

3 Mul.! 8047a, xO.7. 

4 Mul.! l l 850, x6. 

5 Mul.! 330 17, xO.7. 

6 Mul.! 1 3603, x l .2 .  

7 MuLI 1405, xO.6. 

8 Mul.! 30106, xO.8. 

9 MuLI 2999, xO.8. 

10 MuLI 6369, xO.5. 

I I  Mul.! 20 196, xO.8. 
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384 NannaNoe-Nygaard 

Plate 26 

Selection of metatarsus of Cervus elaphus from the Præste
lyng (PL), Kongemose (KS) and Ulkestruplyng (UL0) sites. 
Note how the distal epiphyses have been cut before breakage. 
Note the fragmentation pattern and compare it with the 
pattern on metacarpus (Pl. 19 ) .  

PL 1 6955, xO.8. 

2 PL 1 85 1 8- 1 ,  xO.8. 

3 PL 24922, xO.8. 

4 PL 23569-7, xO.8. 

5 PL 1 722 1 -6, xO.8. 

6 KS no number, xO.6. 

7 KS 33/33-25, xO.6. 

8 KS 40/30-46, xO.6. 

9 KS 33/33-26, xO.6. 

10 KS 34/28-49, xO.9. 

1 1  KS 33/29-23, xO.8. 

12  UL0 23364-8, xO.8. 

1 3  UL0 23327-3, xO.8. 

14 UL0 23358- 12 ,  xO.8. 

1 5  UL0 23371 - 1 1 ,  xO.8. 

16  UL0 23359-2, xO.8. 

1 7  UL0 16398, xO.8. 
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386 NannaNoe-Nygaard 

Plate 27 

Different fragmentation patterns applied to the various ver
tebra types of Cervus elaphus from the Muldbjerg I site. 

l A. Selection of vertebra lumbalis fragments, xO.3. 

B. Mul.l 24375, x2.2 .  

2 A. Mul.l 23088, xO.8. 

B. Selection of vertebra cervicalis, xO.4. 

3 A. Selection of vertebra thoracica, xO.4 

B. Vertebra thoracica, Mul.! 128 and Mul.! 1 1703, xO.9. 
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388 NannaNoe-Nygaard 

Plate 28 

Selection of  cranial and limb bones o f  Capreolus capreolus 
from the Muldbjerg I (Mul.l ) ,  Præstelyng (PL) , and Konge
mose (KS) sites. 

MuLl 5323 1 ,  xO.8.  

2 MuLl 1 1 8, xO.8. 

3 Mul.l 1 5 10, xO.8. 

4 MuLl 3068 1 ,  xO.8. 

5 MuLI 28745/478, xO.8. 

6 Mul.l 30750, xO.9. 

7 PL 1020-346, xO.8. 

8 KS 37/33-32, xO.6. 

9 Mul.l 1 532, xO.8. 

10 MuLl 1 506, xO.9. 

Il PL 12480-5, xO.7. 

12  Mul.l 1 l92, x l .  

13  Mul.l 66 15 ,  xO.8. 

14 PL 8059-3, xO.7. Note the callus formation from the 
healing of a damaged rib. 

15 Mul.l 6777, xO.9. 

16  Mul.l 12225, xO.6. 

17  Mul.l 25968, xO.9. 
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390 NannaNoe-Nygaard 

Plate 29 

Selection of cranial and limb bones of Capreolus capreolus 
from the Præstelyng site. 

Antler, PL 14416, xO.5. 

2 Antler, PL 23560-3, xO.5. 

3 Antler, PL 23560-5, xO.5. 

4 Antler, PL 23560-6, xO.7. 

5 Mandibula, PL 1 7566, xO.7. 

6 Mandibula, PL 3435-2, xO.7. 

7 Mandibula, PL 2356 1 -5, xO.7. 

8 Femur, PL 826 1 -2, xO.7. 

9 Femur, PL 3843 - 1 82, xO.7. 

10 Femur, PL 6936-75, xO.7. 

1 1  Femur, PL 4223-35, xO.7. 

12 Tibia, PL 1 3606-2, xO.7. 

13 Tibia, PL 1 550-2 1 ,  xO.7. 

14 Tibia, PL 23560-14, xO.7.  

15 Tibia, PL 7942-47, xO.7. 

16  Juvenile femur, PL 7556- 1 1 , xO.8. 
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392 NannaNoe-Nygaard 

Plate 30 

Selection of  cranial and limb bones of  Capreolus capreolus 
from the Kongemose (KS) and Ulkestruplyng (UL0) sites. 
Note the uniform skull breakage of the Kongemose speci
men, and the casual way of fragmenting the limb bones. Note 
also the unshed antlers. 

KS 40.5-41 /27-66, xO.5. 

2 KS 39/27-64, xO.5. 

3 KS 26/30-9, xO.4. 

4 KS 33/30- 1 ,  xO.4. 

5 KS 32/30-24, xO.4. 

6 KS 34/28- 14, xO.4. 

7 KS 37/28-28.5-25, xO.7. 

8 UL0 2337 1 - 1 ,  xO.7. 

9 KS 37/32- 1 1 3, xO.7. 

10  KS 40/33 .5- 1 5, xO.8.  

1 1  Tibia UL0 23377- 1 ,  xO.6. 

1 2  Humerus, UL0 unnumbered, x l .  

1 3  Humerus, UL0 17686, xO.6. 

14 Humerus, UL0 23394- 1 ,  xO.6. 

15 Femur, UL0 17629, xO.7. 

16  Tibia, UL0 7044, xO.7. 

1 7  Femur, UL0 23353-2, xO.7. 
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394 NannaNoe-Nygaard 

Plate 3 1  

Selection ofjawbones of Sus seroJa from the Præstelyng (PL), 
Kongemose (KS) and Ulkestruplyng (UL0) sites. Note the 
fragmentation pattern and the young age of the Ulkestrup 
Lyng animals. 

KS 4 1 -42/27-27.5-7, xO.6. 

2 KS 40/27-4, xO.5. 

3 KS 43/30- 18 ,  xO.7. 

4 PL 7306, x l .  

5 KS 34/32-4, xO.s. 

6 UL0 23325, xO.9. 

7 PL 2 1 12 - 10, x l .  

8 KS 37/56, xO.8. 

9 UL0 4 1 1 ,  xO.9. 

10 KS 33/30-5, xO.s .  

1 1  UL0 3965, xO.9. 
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396 NannaNoe-Nygaard 

Plate 32 

Selected bones from Sus seraJa from the Præstelyng (PL) 
and Kongemose (KS) sites. Note the unsystematic fragmen
tation pattern and the presence of severaI age categories, 
e.g., 13 and 14. 

Costa with cut marks, KS 37/30- 16, x l .4. 

2 Costa with cut marks, KS 37/28- 103, A x 1 .3, B xO.6. 

3 Tibia, KS 37/37- 1 5, xO.8. 

4 Tibia, KS 30/32-9, xO.8. 

5 Ulna, PL 16644- 1 1 , x l .  

6 Tibia, KS 32/28.5-29.5, xO.5. 

7 Tibia, 37/26-90, xO.8.  

8 Juvenile tibia, KS 37/43-3, xO.5. 

9 Tibia, PL 1020-358, xO.6. 

10  Tibia, KS 38/32-89, xO.5. 

1 1  Humerus, PL 1020-348, x l .  

12  Scapula, KS-OF-2 13  with an unhealed and a healed 
lesion. 

13 Juvenile humerus, KS 39/30-65, xO.9. 

14 Infantile humerus, KS 39/30- 100, xO.9. 

1 5  Tibia, KS 37/3 1 -74. 

16 KS 35/29-35, xO.9. 
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398 NannaNoe-Nygaard 

Plate 33 

Selection o f  bones o f  Alces alces from the Kongemose (KS) 
and Ulkestruplyng (UL0) sites. 

Metatarsus, KS 38-38.5/38- 1 ,  xO.5. 

2 Phalanges, KS 42/30-22, xO.5. 

3 Phalanges, KS 39129-7, xO.5 .  

4 Ulna, KS 37/44- 1 1 , xO.5. 

5 Mandibula, UL0 23326-2. 
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400 NannaNoe-Nygaard 

Plate 34 

Juvenile mandibles of Bos primigenius from the Ulkestrup 
Lyng site. 

UL0 23362-2, xO.5. 

2 UL0 23348- 1 ,  xO.5. 

Radius/ulna of Bos domestieus from the Muldbjerg I site. 

3 Mul.! 1 58 1 ,  xO.4. 

4 Mul.! 3 1 648, xO.7. 

5 Mul.! 6 143, xO.6. 

6 Mul.! 32897, xO.5 .  

7 Mul.! 690, xO.5. 
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402 NannaNoe-Nygaard 

Plate 35  

Selection of bones from Canis familiaris. Note the difference 
in preservation and colour between l and 2. 

From the coastal Ertebølle site, xO.7.  

2 From the inland Sværdborg I site, xO.7. 
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404 NannaNoe-Nygaard 

Plate 36 

Selection of  bones of  Canis familiaris from the Åmose sites 
Præstelyng (PL) , Kongemose (KS) ,  and Ulkestruplyng 
(UL0) .  Note the difference in size between the dogs from the 
different sites. 

Scale on 9, xO.6, and on the rest, xO.8. 

PL 23564- 1 ,  xO.8. 

2 PL 23572-4, xO.8. 

3 PL 23568- 10, xO.8. 

4 Costa from Præstelyng, xO.8. 

5 Tibia, PL 23563-6, xO.8. 

6 Radius, PL 23568-8, xO.8. 

7 PL 24805, xO.8. 

8 PL 24805, xO.8. 

9 Pelvis, KS 39/33-2, xO.6. 

10 Mandibula, KS 40/28-34, xO.8. 

I I  Mandibula, UL0 IX-59, xO.8. 

12 Mandibula, UL0 IV-372, xO.8. 

13 Mandibula, KS no numbers, xO.8. 
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406 NannaNoe-Nygaard 

Plate 37  

Cranial and mandibula bones o f  Lutra lutra from the four 
sites. Note the position of cut marks in 1 and 7, as weU as the 
callus formation around the canine alveolus in 3A. 

PL 7963-4, x 1 . 1 .  

2 Mul.! 48865, x l . l .  

3 PL 3843 - 1 83, x l . l .  

4 MuLI 48864, X l .  l .  

5 Mul.! 456 14, x l .2 .  

6 PL 6925- 177, x l .  l .  

7 Mul.! 327 17, X 1 .2 .  

8 KS 26/29-3, x l . l .  

9 KS 35/28.5-29-3, X 1 . 1 7. 

10 KS 41 -40/27-27.5-9, x 1 . 1 .  

1 1  KS 37/22 - 10 1 ,  x l .  l .  

12  KS 37/2 1 - 10, x l . l .  

1 3  KS 19/20-2, x l . l .  

FOSSILS AN D  STRATA 3 7  ( 1 995) 



FOSSILS AND STRATA 37 ( 1 995) Amose: Plates 407 

5 

1 1  

1 2  

1 0  



408 NannaNoe-Nygaard 

Plate 38  

Various bone fragments from MeIes meIes ( 1-5 ) , Lutra Iutra 
(6--9), and Martes martes from Ulkestruplyng (UL0) ( l2 ) 
and Præstelyng (PL) ( l0-1 l ) . 

UL0 23380- 1 ,  x l .  l .  

2 UL0 23372-33, x l . l .  

3 UL0 233 14- 1 ,  x l . l .  

4 UL0 23370-70, xO.8. 

5 UL0 2148 1 ,  xO.9. 

6 UL0 23368-24, x l . l .  

7 UL0 23336- 1 ,  x l . l .  

8 UL0 2 1985, x l . l .  

9 UL0 23389- 1 ,  x l .3 .  

10  PL 56 15- 1 ,  x l .2. 

I I  PL 4300, x 1 .2 .  

12  UL0 23367- 14, X 1 .2 .  
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410 NannaNoe-Nygaard 

Plate 39 

Various mandible and maxilla fragments of  Castor fiber 
from the Muldbjerg I (Mul.I) ,  Kongemose (KS) ,  and Ulke
struplyng (UL0) sites. Note how the incisor channel has 
been opened in 7, 8, and 10. Note the traces of wear on 
number 2.  

UL0 2337 1 -7, x L I .  

2 Mul.I 6322, x l .9. 

3 KS 32/29.5-30-9, x 1 .25. 

4 Mul.I 19385, xO.7. 

5 Mul.I 24885, xO.7. 

6 KS 36/29-6, xO.7. 

7 KS 40/26- 1 1 , x l .  

8 KS 40/27-2, A, xO.6, B-C, xO.9. 

9 Mul.I 32803, x l .  

10  KS 32/27-27.5-9, xO.7. 

1 1  KS 37/28- 149, xO.7. 

12  KS 41/3 1 - 107, xO.7. 
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412 NannaNoe-Nygaard 

Plate 40 

Various bone elements of Castor fiber from Præstelyng 
(PL) , Kongemose (KS) ,  and Muldbjerg I (MuLI) .  Note the 
juvenile bones from Kongemose (5)  and Præstelyng (6) .  
Note also the cut marks in Il  and the opening of the incisor 
channel in 10. 

KS 3 1 /3 1 - 10, x l .4. 

2 KS 39/28-3, x l .  

3 KS 36/29-6, x l .  

4 KS 3 1 /28-44, xO.9. 

5 KS 40/30-9, xO.9. 

6 PL 1 3 140, x l .  

7 KS no number. 

8 KS 3 1 /26-34-39. 

8 KS 3 1 /26-34-39, x l .  

9 KS 38/38-38.5-8, x l .  

10  KS 37/45- 1 ,  x l .25. 

1 1  MuLI 2366 1 ,  x l .6. 
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414 NannaNoe-Nygaard 

Plate 4 1  

Bones from Erinaceus europaeus ( l-2) ,  Pelis silvestris (3-9) ,  
and Emys orbicularis ( 10-15 )  from Muldbjerg I, Præstelyng, 
and Kongemose. 

PL 6936- 140, x2. 

2 PL 1550-32, x2. 

3 An occipital region, KS 38.5-39/26- 10, x l .7. 

4 Radius, 38 .5/39, x 1 .2 .  

5 KS 39/27-7, xO.8. 

6 KS no number, xO.7. 

7 KS 34/3 1 -72, xO.7. 

8 KS 34/28-2, xO.7. 

9 KS 39/27-45, xO.7. 

10  KS 34/32-4 1 ,  xO.8. 

I I  39/33- 19, xO.8. 

12  KS 37/40-5, xO.8. 

13 Mul.! 6659, xO.8. 

14  KS 40/37.5-38.5, xO.8. 

1 5  KS 41/37.5-38- 1 7, xO.9. 
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416 NannaNoe-Nygaard 

Plate 42 

Bones of Arvicola terrestris from the Muldbjerg I site. Num
ber 2 is a modem fur from water vole. Note the cut marks on 
the bones in 1 , 3, and 4. 

MulJ 3 1 769, x6. 

2 Modem fur, xOA. 

3 MuLI 42 130, x2.5.  

4 MulJ 49670, x5. 

5 MulJ 4943 1 ,  x5. 
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418  NannaNoe-Nygaard 

Plate 43 

Various bone elements of different speeies of Aves from 
Muldbjerg I (Mul.l)and Præstelyng (PL) . 

Pelecanus crispus, proximal ulna, PL 6925- 178, xO. 7. 

2 Ciconia nigra, humerus, Mul.I 52827- 1b, xO.6. 

3 Haliaeetus albicilla, juvenile scapula Mul.I 29233, xO.7. 

4 Ciconia nigra, juvenile humerus, PL 6925- 179, xO.6. 

5 Cygnus Dior, humerus Mul.l 1371 ,  xO.6. 

6 Cygnus Dior, humerus Mul.! 4 19 16, xO.7; note that the 
bone has been gnawed. 

7 Cygnus Dior, humerus Mul.! 25704; note the traces of 
dog-gnawing. 

8 Cygnus Dior, humerus Mul.l 4 19 16; note the traces of 
dog-gnawing in the proximal region. 

9 Grus grus, very juvenile tibiotarsus PL 686 1 ,  x l .  

10 Cygnus Dior, humerus Mul.! 1371 ,  xO.7; dog-gnawed. 

1 1  Cygnus Dior, ulna Mul.! 29939, xO.5. 

12 Ciconia nigra, ulna Mul.! 52827-2a, 52827-2b, xO.5.  

13  Anas platyrhynchos, sternum Mul.l 34 172, xO.9. 

14-22 A selection of humeri of Anas platyrhynchos from 
the Muldbjerg I site. Note how complete most of them 
are. 
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420 NannaNoe-Nygaard 

Plate 44 

Various bone elements of different species of Aves from 
Præstelyng (PL) and Kongemose (KS) .  

Grus grus, humerus, KS 3 1 /3 1 -20,  xO.6. 

2 Tetrao urogallus, humerus, KS 39/35.5-36-3 1 ,  xO.9. 

3 Haliaeetus albicilla, humerus, KS 0/0- 14, xO.55. 

4 Anas penelope, juvenile humerus, PL 6436-96, x 1 .2. 

5 Grus grus, humerus, KS 34/28-4, xO.75. 

6 Grus grus, femur, KS 37/38-4, xO.75. 

7 Haliaeetus albicilla, ulna, KS 37/30- 10,  xO.9. 

8 Grus grus, tibiotarsus, KS 42/3 1 - 12,  xO.6. 

9 Grus grus, humerus, KS 37/34-6, xO.6. 

10 Grus grus, juvenile tibiotarsus, KS 42/3 1 - 1 ,  xO.6. 

1 1  U ndetermined fragment, example of the state of preser
vation, KS 37/28- 14, xO.8. 

12  Ciconia nigra, juvenile tarsometatarsus, KS 33/27- 1 ,  
xO.9. 

1 3  Haliaeetus albicilla, ulna, KS 37/30- 1 1 , xO.75. 

14 Ciconia nigra, tibia, KS 37/27-27.5, xO.9. 

15 Grus grus, radius, KS 37/29-78, xO.6. 

16  Grus grus, tibia, KS 37/20-2, xO.6. 

17  Grus grus, humerus, KS 35/28- 1 ,  xO.6. 

18  Haliaeetus albicilla, ulna, KS 37/26-2, xO.75. 

19 Grus grus, juvenile tibiotarsus, KS 37/28- 123,  xO.75. 

20 Haliaeetus albicilla, juvenile tibiotarsus, KS 39/33-29, 
xO.75. 

21 Haliaeetus albicilla, carpometacarpus, KS 33/33-3, xO.7. 

22 Grus grus, tibiotarsus, KS 38/3 1 - 12,  xO.75. 

23 Ciconia nigra, tibiotarsus, KS 0/0- 12 ,  xO.9. 
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422 NannaNoe-Nygaard 

Plate 45 

Various healed and unhealed hunting damages. 

Healed lesion on a Cervus elaphus scapula, Star Carr, 
Preboreal, x l .  

2 Unhealed lesion on a Cervus elaphus scapula, KS 40/30-
39, xO.5.  

3 Healed lesion with cloacae, Cervus elaphus, Star Carr, 
Preboreal, x6. 

4 Newly healed lesion on Bos primigenius, Langeland, Bo
real, A xO.2, B x6. 

5 Healed lesion, Cervus elaphus, Grindløse, Atlantic, xO.3.  

FOSSILS AND STRATA 37 ( 1995) 
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Plate 46 

Healed and unhealed lesions inflicted during hunts. 

Healed lesion on Capreolus capreolus scapula, KS 37/3 1 -
50, xO.5.  

2 Healed lesion on Cervus elaphus scapula, Jordløse Mose, 
Atlantic, xO.5. 

3 U nhealed lesion on Cervus elaphus scapula, KS -OF-226, 
the exit side, xOA. 

4-6Unhealed lesions on modem Ovis aries vertebrae from 
bow-and-arrow shooting experiment (Fisher et al. 
1984), x l .  

7 Healed breakage on modem Cervus elaphus costa, xO.9. 

8 Healed lesion on Cervus elaphus costae, Kongemose, 
x l .5 .  

9 Healed bend/les ion on the ventral side on a Cervus ela
phus costa, Kongemose, xO.9. 

10 Healed lesion with callus thickening on Cervus elaphus 
costa, Kongemose, xO.7. 

1 1  Healed bend/lesion on the ventral side of a Cervus ela
phus costa, Kongemose, xO.7. 

1 2  Healed lesion with an apophysis on a Cervus elaphus 
costa, MuLI 1 19, xO.7. 

13 Healed lesion with an apophysis on a Cervus elaphus 
costa, Mul.l 24228, xO.8. 

14 Healed bend/les ion on the ventral side of a Cervus ela
phus costa, MuLI 33826a, xO.6. 
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Plate 47 

Lesions inflicted during hunt. 

lA A badly healed lesion with osteoporosis on a Cervus 
elaphus femur, KS 33/3 1 - 1 ,  Kongemose. 

A. xO.4. 

B. X-radiograph, xO.4. showing that the bone was bro
ken prior to the osteoporosis infection. 

C. Distal part of the femur, x l .  showing the porous 
character of the callus formation. 

2 Unhealed fracture with an oblique arrow head in situ in 
the epiphysis ofhumerus from Cervus elaphus, KS 40/32-
57, x l .  

3 A newly healed fracture on a Cervus elaphus sternum, KS 
33/3 1 - 1 7, xO.8 . .  

4 Healed lesion on metacarpus from Cervus elaphus, KS 
35/27-50, xO.5 . .  

5 Healed lesion with strong callus formation on costa from 
Cervus elaphus, PL 8059-3, xO.8 . .  

6 Badly healed lesion on a scapula from Ring Kloster, 
xO.25. 
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Plate 48 

Various types of cut marks (emphasized by chalk smear) .  

Cut marks from dismembering on the caudal side of 
olecranon from a Cervus elaphus ulna, MuLI 6062, x l .5 .  

2 Cut marks from dismembering on the proximal end of a 
Cervus elaphus radius, Mul.! 908, x l .5 .  

3 Cut marks from skinning on the distal caudal side of a 
Cervus elaphus metapodial, Mul.! 3200, x l .5 .  

4 Cut marks from skinning on the distal part of a Lutra 
lutra mandibula, Mul.! 48864, x4. 

5 Cut marks from dismembering of a Lutra lutra mandib
ula, Mul.! 48865, x4. 
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Plate 49 

Cut marks, scrape marks and chop marks. 

Chop mark in a Cervus elaphus sternum, Mul.! 1 19 1 ,  
x 1 .2. 

2 Cut marks from butchering on the distal part of a Cervus 
elaphus costa, MuLI 26660, x l . l .  

3 Cut marks from butchering on the shaft of a Cervus 
elaphus costa, Mul.! 29662, x 1 .4. 

4 Scrape marks on a Cervus elaphus costa with traces of 
dog-gnawing in the distal part, MuLI 24428, xO.8. 

5 Scrape marks on a Cervus elaphus costa with traces of 
dog-gnawing in the distal part, MuLI 29 16 1a, xO.7. 

6 Scrape marks on a Cervus elaphus costa; note the peeling 
of the weathered surface, xO.8. 

7 lndistinct cut marks after eating or filletting on a Cervus 
elaphus rib, Mul.! 2 1 55 1 ,  xO.8. 

8 Cut marks or distinct sawing marks from butchering of 
a Cervus elaphus limb bone, KS 40/33 .5-25, xO.5. 

9 Sawing marks from butchering of a Cervus elaphus costa, 
PL 8059-3, xO.6. 

10  Cut marks in the proximal part of a Cervus elaphus costa, 
KS 39/28-7, xO.7. 

I l  Cut marks on a Capreolus capreolus sternum, PL 6925-
167, xO.8. 

1 2  Scrape marks on the inner side of a Cervus elaphus 
scapula, UL0 2335 1 -2, xO.5. 
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Plate 50 (this page) 

Impact marks and failed chop marks. 

Forceful impact mark on the diaphysis of a radius from 
Cervus elaphus, Mul.! 552, x l .8 .  Note the minute frac
tures and fragments along the border of the impact area. 

2 Failed blow on the shaft of a radius from Cervus elaphus, 
Mul.I 1 582, x l .8 .  Note the shallow chips of bone that 
have been ripped off as the blowing implement slipped. 

3 Impact mark on the distal part of a radius from Cervus 
elaphus, PL 4323-32, x l .5 .  

4 Impact mark on the distal part of a radius from Cervus 
elaphus, Mul.! 50995, x 1 .8 .  Note the similar position and 
shape of the impact marks that succeeded in dividing the 
bone shaft. 

Plate 5 1  (opposite page, left) 

Different marks from dog-gnawing. 

Olecranon half chewed away on a Cervus elaphus ulna, 
Mul.! 1 582, x2. Note both punctures and deep furrows. 

2 'Scores' as defined by Binford ( 1 98 1 )  on a Cervus elaphus 
ulna, Mul.I 330 19, x l .7. 

3 'Scores' and crushing on a Cervus elaphus radius, Mul.I 
552, x l .8 .  

Plate 52 (opposite page, right) 

Bones with unusual traces of activity. All from the 
Kongemose site. 

Radius/ulna from Cervus elaphus, xO.5. The bone surface 
has small etched root -like spots. These are interpreted as 
algal etching (R.G. Brornley, personal communication, 
199 1 ) .  

lB Enlargement o f  l ,  x l .3 .  

2-6Metacarpals (2, 4, 5 )  and metatarsals (3 ,  6) of Cervus 
elaphus (2)  and Capreolus capreolus (3-6) with hales 
drilled through the surface joints, xO.9. 
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Plate 53 

Teeth of  Esox lucius from Muldbjerg I ( 1-8) .  Note that the 
teeth have been cut out of the jaw. Note also the broken 
points and traces of a drill function along the edges of the 
teeth. 

Mul.l 50699, x8. 

2 Mul.l 5 1 444, x3.5 .  

3 Mul.l 50707, x4. 

4 Mul.l 50304, x4. 

5 Mul.l 5 1 580, x4. 

6 Mul.l 50270, x4. 

7 Mul.l 50754, x8. 

8 Mul.l 52000, x8. 

Spines from Squalus acanthias (9-10) ,  9 modem, lOA-D 
from Præstelyng. Note the reshaping of the point compared 
with the modem speeimens, and note also the polish on the 
fossil ones. 

9 Modem, unnumbered, xO.8. 

10 A. Dr.M. e1 13 ,  x2.5 .  

B. Dr.M. e1 13 ,  x2,5. 

C. PL 5612-54, x l .  

D .  PL 5612-54, x l .  
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Plate 54 

Limb bones from a modem fax. The bones broken right 
across as a result of a car accident. Note the number of tiny 
fragments occurring around the breakage area. 
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