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Abstract

Results from new analyses of eleven newly excavated 
animal bone assemblages from settlements in four re
gions in Stone Age Denmark (Vendsyssel, the Lim- 
fjord area, East Central Jutland and Northern Zea
land) are presented and discussed together with 
reviews of previously studied bone assemblages. Most 
of the settlements date from the Ertebølle culture 
(5400-3950 BC), but some include the preceding late 
Kongemose culture as well, while others extend into 
the Neolithic Funnel Beaker Culture. The study fo
cuses on exploitation of marine and terrestrial animal 
resources and early animal husbandry. Special atten
tion is given to indicators of seasonality on the settle
ments, as well as indicators of the surrounding habi
tat, derived from the animal bones. The inclusion of 
three cultural periods provides an opportunity to ana
lyse temporal change in the exploitation of animals, 
e.g., the introduction of domestic animals at the trans
ition to the Neolithic (Funnel Beaker Culture). High
lights among new results include the identification of 
exotic species, specialisations in fishing and hunting 
at the level of regions and individual settlements, tem
poral size-changes of red deer, extinction of species in 
Vendsyssel as a consequence of island formation and 
indications of local domestication of swine in Jutland.
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I

Introduction

1.1 Background and aims

Archaeologists have excavated animal bones on Dan
ish Stone Age settlements for more than a hundred 
years. Animal bones left by the Stone Age people pro
vide testimonies of hunting, fishing and animal hus
bandry. Analyses of the bones have contributed sig
nificantly to our understanding of the life of the Stone 
Age people. However, knowledge of their exploita
tion of animals as a resource remains fragmentary. Re
gional comparisons of the economical significance of 
fish, birds and mammals treated collectively are miss
ing. Furthermore, sieving of sediment has only recent
ly become a regular part of the excavation technique. 
Sieving ensures that small bones, in particular fish 
bones, are collected efficiently.

The purpose of this paper is to deliver a regional 
analysis, based on detailed study of new, high-quality 
bone assemblages (fish, birds, mammals), compared 
to archaeological interpretations of the sites and re- 
evaluation of earlier publications. The study period 
covers the Mesolithic Kongemose (6,800-5,400 BC) 
and Ertebølle (5,400-3,900 BC) cultures, as well as the 
Neolithic Funnel Beaker Culture (3,900-2,800 BC), 
with a special focus on the Ertebølle Culture. The in
clusion of three cultural periods provides an opportu
nity to analyse temporal change and to throw light on 
the most important cultural change in the Danish re
gion, viz., the transition from a hunting/fishing soci
ety to an agricultural one.

During the period under study, environmental 
conditions, and hence conditions for the wild fauna, 
were reasonably constant. In this light, major changes 
in the exploitation of animals will chiefly be due to 
cultural changes. A very obvious example is the intro
duction of domestic animals at the transition into the 
Neolithic (Funnel Beaker Culture). Since there are 
numerous examples of people remaining on the same 
settlements across this major cultural change, the 

analyses presented here can elucidate the relative im
portance of hunting and fishing before and after the 
introduction of domestic animals. Possible further 
changes over time, for instance as a result of the intro
duction of new hunting and fishing techniques (cf., 
e.g., Enghoff 1999a) will be examined as well.

This fundamental analysis of human exploitation 
of the fauna will provide a framework of reference for 
subsequent analyses using modern, technological ap
proaches such as isotope analyses.

1.2 The environmental setting

After the Weichselian glacial period Denmark was 
part of a large landmass with the coastlines situated 
far west of England and to the north in Kattegat. 
However, a rise in average annual temperature took 
place in the course of the Holocene period. A 
Holocene climatic optimum has been recognized in 
for example l8O analyses of carbonated sediments 
from a lake near the Baltic Sea (Gotland, Sweden). 
The Holocene warm period lasted from 9000 to 2500 
I4Cyr BC (Mörner 1980), during which time, mean 
summer water temperature was 1.5-2.0 °C higher 
than today. More recently, pollen analyses have been 
used to identify “a Holocene thermal maximum 
(HTM) ...., with generally 2-2.5°C warmer than 
present day annual mean temperatures between 
7000 and 4000 cal yr BP” (Antonsson 2006, Antons- 
son & Seppä 2007). Several other studies based on 
fossil chironomid midges (Brooks 2003) and stable 
isotopes support the presence of the HTM (Antons
son 2006).

The rising average annual temperature contribut
ed to a melting of the ice caps - in particular to the 
collapse and down-melting of the American ice shield 
(Tooley 1989); which in turn caused a major eustatic 
rise in sea level.

7



I ■ INTRODUCTION SCI.DAN.B. I

In the Danish region an onset of a very rapid rise 
in relative sea level was documented by K.S. Petersen 
(1981) starting around 6400 B.C. (cal.) at Vust in 
Northern Jutland. Christensen (1993, 1995, Chris
tensen et al 1997) documented the rise starting from 
7000 B.C. (cal.), in the Store Bælt area (particularly 
rapid rise during 6400 - 6200 B.C. (cal.)). Yu (2003) 
documented a high and stable sea level from 7500- 
6000 yr BP cal. at the south-eastern Swedish Baltic 
coast based on studies of the abundance of sea grasses 
(marine flowering plants) and stoneworts (green al
gae of the class Charophyceae).

In northeast Zealand the beach lines from the 
highest level of the Littorina transgressions occur 
about 5 m above present-day sea level (Christensen 
1982). Storebælt and Lillebælt were flooded by the 
sea during Early Atlantic times, where the marine 
connections between Kattegat and the Baltic Sea were 
established. In north-eastern Denmark the sea level 
rise was counterbalanced by the isostatic uplift of the 
formerly depressed land areas but nevertheless was so 
dramatic that Denmark was transformed into an ar
chipelago. The land area was strongly reduced but 
the length of the coastline was extended by several 
hundred kilometres, and Denmark including Zealand 
almost attained its present-day outline. The sea sur
rounding this newly formed Danish archipelago/pe- 
ninsula is known as the Littorina Sea, named after the 
common periwinkle, Littorina littorea, which dispersed 
all the way into the Baltic Sea (Aaris-Sørensen 1998), 
see Fig. 1. See also Noe-Nygaard (1995).

The dissolution of the land into islands may have 
resulted in the local disappearance of certain animal 
species as seen for Zealand (Aaris-Sørensen 1980a) 
and probably intensified regionalization. A similar 
process can be expected for northernmost Denmark 
which became particularly fragmented. For instance, 
present day Vendsyssel was a relatively isolated is
land.

Due to the high sea level, connections to the ocean 
were stronger, resulting in higher salinity and a more 
intense water exchange in the inner Danish waters 
than seen today.

The new long, highly variable coastline along the 
salty sea soon became populated by humans. The on
set of the Kongemose culture (6400-6200 BC) coin
cides with the steep sea level climb mentioned above 
(Christensen 1995). Numerous settlements were 
founded along the coasts, some of them with large 
shell middens (Andersen 2007).

The present publication focuses on the period 
from the late Mesolithic (Kongemose culture and 
Ertebølle culture) across the transition to the early 
Neolithic period (Funnel Beaker culture) in north
eastern Denmark. Throughout this period, a humid, 
warm, oceanic climate dominated. Dense primeval 
forest grew inland. The higher temperature and sa
linity in the sea resulted in increased marine resourc
es. Even though the transition to the Neolithic (3950 
BC) was marked by the beginning of a climatic dete
rioration, the temperature remained higher than to
day.
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Material and Methods

2.1 The sites

The sites on which the present paper is based can be 
grouped according to four regions of northern Den
mark (Fig. i):

• VENDSYSSEL: the north coast of the northern
most island (present-day Vendsyssel)

• LIMFJORD: the central part of the Limfjord area
• EC JUTLAND: the eastern part of central Jutland
• N ZEALAND: the northern part of the island of 

Zealand.

All four regions lie northeast of the Danish so-called 
“tiltline” (the o-contour around which the land has 
tilted up and down). The majority of excavated Dan
ish Stone Age settlements are situated in this part of 
Denmark. Settlements southwest of the “tilt-line” 
are now under water and therefore much less acces
sible.

Original studies on animal bones from n sites were 
conducted with special regard to the present paper. 
The locations of these sites, which will be referred to 
as the newly studied sites, are shown in Fig. i.

The newly studied sites were all excavated accord
ing to modern methodology including sieving of sed
iment, which is essential for the recovery of small ani
mal bones (e.g., fish bones).

The results of the author’s analyses of animal 
bones from the newly studied sites are presented in 
detail. For each region except Vendsyssel, the chap
ters dealing with the newly studied sites are followed 
by an account of previously studied sites from which 

considerable samples of animal bones have been ana
lysed previously. Sites from which only few animal 
bone fragments have been recovered are not included 
in these chapters.

2.2 Chronology and dating

All the newly studied sites have layers from the 
Ertebølle culture, but some also have layers from 
Kongemose culture, and some continue into the 
Neolithic Funnel Beaker culture. The cultural pe
riods can be referred to geological chronozones 
(Mangerud et al. 1974): The Kongemose and Erte
bølle cultures fall within the Atlantic chronozone, 
the Funnel Beaker culture falls within the Subbo
real chronozone (Aaris-Sørensen 1998) The cul
tural periods are abbreviated, mostly in the tables, 
according to Table 1.

A number of radiocarbon datings were made 
on material from the newly studied sites. Addition
al radiocarbon datings from the newly and previ
ously studied sites are available in the literature. 
Throughout the text, the datings are cited as cali
brated datings BC (±2 SD age interval) unless oth
erwise stated. Table 2 presents uncalibrated and 
calibrated datings from newly studied sites. The 
new C14 datings were calibrated according to Ox- 
cal 4.i(Intcalog and Marineog) (Bronk Ramsey 
2009) or Oxcal 3-i(Intcalo4 and Marineo4), see 
http://c14.arch. ox. ac.uk/embed.php?File=oxcal. 
html. According to Reimert et al. (2009) there is 
”no change to the curves from 0-12 cal kBP” be
tween the two versions.
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Fig. i. Denmark during the Atlantic period. The sites on which the present paper is based can be grouped according to 
four regions in northern Denmark, viz., Vendsyssel, the Limfjord region, East Central Jutland and Northern Zealand.
- A: Yderhede, B: Østenkær, C: Egsminde, D: Åle, E: Ertebølle (type site), F: Krabbesholm II, G: Visborg, H: Vængesø 
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Table 1. Abbreviations used in text and tables

BC Before Christ

BP Before present

cal calibrated

e early

EBK Ertebølle culture

KM Kongemose culture

1 late

m middle

MNI Minimum Number of Individuals

NISP Number of Identified SPecimens

sp. species, used in name tables after a Latin genus
name to indicate an unspecified species 
belonging to the genus, e.g., ‘Larus sp.’: an 
unspecified gull. See also ‘unspec.’

TRB Funnel Beaker culture

unspec. unspecified, used in tables to indicate identifica
tions to a higher level than species, e.g.
‘cyprinids unspec.’ for unspecified species of the 
cyprinid family

yr years

Z.M.K. The archaeozoological archive in the Natural 
History Museum of Denmark

2.3 The Z.M.K. archive

The Quaternary Zoology Central Register, Natural 
History Museum of Denmark, University of Copen
hagen (Z.M.K.) is the national registry for Danish 
archaeozoological materials. All materials receive a 

number preceded by “Z.M.K.”. These numbers are 
given in the description of each material (except for a 
few materials which have not yet been registered), fur
ther details are available at http://www.zmuc.dk/Ver- 
Web/DKC/NETDKC.xls. Unpublished reports re
ferring to these materials are also kept in the Z.M.K. 
archive.

2.4 Identification of animal bones

Bone fragments were identified primarily using the 
reference collection at the Natural History Museum 
of Denmark. In a few cases, specialised literature was 
consulted for particularly difficult groups of species, 
e.g. Enghoff (1991) for flatfishes, Bacher (1967) for 
swans, Woelfle (1967) for ducks, Lorch (1992) for pel
icans, and Otto (1981) for birds of prey (Accipitridae). 
Identification of mammal ribs (costae) was only at
tempted if the articular end was preserved.

The literature on the identification of domestic 
cattle vs. aurochs and domestic pig vs. wild boar is 
referred to in the chapters dealing with these species.

2.5 Taxonomy and nomenclature of 
animals

English names of species and higher categories of ani
mals are used throughout the text and tables. The cor
responding scientific (‘Latin’) and Danish names are 
to be found in Tables 3-6. For fish, English and scien
tific names follow Whitehead et al. (1984-1986), Dan
ish names follow Muus & Nielsen (1998) and Muus & 
Dahlstrøm (1967). For birds, English names follow 
Gill & Donsker (2010) while scientific and Danish 
names follow Meltofte & Fjeldså (2002). For mam
mals, English, scientific and Danish names follow 
Baagøe & Jensen (2007). In the regional species lists, 
species are listed according to a generally accepted 
taxonomic sequence - fish: Whitehead et al. (1984- 
1986), birds: Meltofte & Fjeldså (2002), mammals: 
Baagøe & Jensen (2007). In some cases, simplified 
names are used when this will not lead to confusion; 
for example, the Atlantic salmon and the Atlantic her
ring are referred to simply as ‘salmon’ and ‘herring’.

ii
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Table 2. Ci4-datings from the newly studied sites. Some of the datings taken from previous studies were re-calibrated by the 
author and are marked with “RECAL.” in the “References” column”

site species bone lab.no. Age (14C 
years 
BP)

Age 
(Rcorr)

Calibrated
age
(years BC)
68.2% 
probability
1 SD

Calibrated
age
(years BC)
95.4% 
probability 
2SD

Reference

Østenkær1 human frontale LuS 6617 6145 ±50 5210-5020 5220-4940

Østenkærl dog meta-tarsus LuS 5400 ± 50
6618

4340 -4180 4350-4050

Østenkær4 Red deer, 
layer f

meta-tarsus Poz-26158 5480±
40

4365-4265 4450- 4240

Østenkær4 Red deer, 
layer f

humerus Poz-26159 5040± 40 3950- 3780 3960-3710

Østenkær2 harp seal humerus LuS 5370 ± 50
6139

4970 ± 50 3796 -3666 3940- 3642

Østenkær5 wood AAR-1223 5380±100 4334 -4066 4443 -3980 P. Lysdahl, (pers, comm.) 
RECAL.

Yderhede3 spurdog Poz-16326 5440 ± 50 3950- 3770 4040 -3670

Yderhede4 roe deer Poz-16302 5210 ± 40 4045-3970 4230 -3950

Yderhede5 wood AAR-1222 6500±80 5530 -5374 5616- 5319 Christensen & Nielsen 
(2008) RECAL.

Yderhede5 red deer antler AAR-1999 6100±80 5207 -4934 5283-4800 Christensen & Nielsen 
(2008) RECAL.

Yderhede5 wood AAR-2461 6440±80 5478 -5343 5552 -5227 Christensen & Nielsen 
(2008) RECAL.

Yderhede5 red deer antler AAR-2462 6060±80 5193 -4843 5212- 4790 Christensen & Nielsen 
(2008) RECAL.

Yderhede5 dugout AAR-2463 6210±65 5293 -5059 5312 -5002 Christensen & Nielsen 
(2008) RECAL.

Yderhede5 charcoal AAR-2464 6080±100 5206 -4848 5293 -4748 Christensen & Nielsen 
(2008) RECAL.
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site species bone lab.no. Age (14C 
years
BP)

Age 
(Rcorr)

Calibrated
age
(years BC)
68.2% 
probability
1 SD

Calibrated
age
(years BC)
95.4% 
probability
2 SD

Reference

Egsminde AAR-8456 5905 ± 40

Egsminde AAR-8457 5595 ± 30

Egsminde5 mollusc
Ostrea/
Littorina

K-6539 5230170 4226 -3966 4256- 3818 Z.M.K. archive, RECAL.

Egsminde5 mollusc
Carditim

K-6540 4960170 3890-3655 3943-3640 Z.M.K. archive, RECAL.

Åle4 red deer tooth Poz-22587 6120 ±40 5210-4980 5210 -4950

Åle4 swine tooth Poz-22588 4575±35 3490-3130 3500 -3100

Åle4 domesticated
cattle

mandible Poz-22589 5010 ± 35 3920-3710 3950 -3700

Åle5 oyster K-5060 5350195 4322 -4053 4350 -3978 Andersen (1993), RECAL.

Åle5 oyster K-5061 5720±95 4685-4462 4778- 4362 Andersen (1993), RECAL.

Åle5 mollusc, 
oyster?

K-5303 5160±70 4044 -3810 4228 -3785 Andersen (1993), RECAL.

Ertebølle5 human tibia AAR-
8555/K-
4933

5790±30/
5340 ± 70

/4311-4053 /4333-3998 Fischer et al (2007), 
RECAL.

Ertebølle5 oyster K-4305 5200190 4228 -3824 4255- 3794 Andersen (1987), RECAL.

Ertebølle5 oyster K-4306 5550195 4496-4273 4667 -4173 Andersen (1987), RECAL.

Ertebølle5 oyster K-4307 5070190 3966-3773 4041- 3660 Andersen (1987), RECAL.
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site species bone lab.no. Age (14C 
years
BP)

Age 
(Rcorr)

Calibrated
age
(years BC)
68.2% 
probability
1 SD

Calibrated
age
(years BC)
95.4% 
probability
2 SD

Reference

Ertebølle5 oyster K-4308 5150±90 4045-3800 4230 -3714 Andersen (1987), RECAL.

Ertebølle5 oyster K-4309 5750±95 4708-4497 4798 -4368 Andersen (1987), RECAL.

Ertebølle5 oyster K-4310 5540±95 4489-4270 4613 -4078 Andersen (1987), RECAL.

Ertebølle5 oyster K-4311 5400±95 4344-4071 4446 -3995 Andersen (1987), RECAL.

Ertebølle5 oyster K-4312 5700±95 4682-4455 4767 -4352 Andersen (1987), RECAL.

Ertebølle5 oyster K-4313 5710±95 4683 -4459 4770 -4356 Andersen (1987), RECAL.

Ertebølle5 oyster K-4314 5430±95 4364 -4072 4456 -4042 Andersen (1987), RECAL.

Ertebølle5 oyster K-4315 5270±85 4230 -3990 4328- 3953 Andersen (1987), RECAL.

Ertebølle5 oyster K-4316 5370±90 4328 -4070 4358 -3988 Andersen (1987), RECAL.

Ertebølle5 oyster K-4317 5970±95 4978 -4728 5206 -4612 Andersen (1987), RECAL.

Ertebølle5 oyster K-4318 6019±95 5039 -4792 5208 -4719 Andersen (1987), RECAL.

Ertebølle5 charcoal K-4366 5800±95 4776 -4542 4900 -4451 Andersen (1987), RECAL.

Ertebølle5 oyster K-4519 5420±90 4356 -4074 4449 -4043 Andersen (1987), RECAL.

Ertebølle5 oyster K-4520 5500±90 4452-4260 4538-4068 Andersen (1987), RECAL.
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site species bone lab.no. Age (14C 
years
BP)

Age 
(Rcorr)

Calibrated
age
(years BC)
68.2% 
probability
1 SD

Calibrated
age
(years BC)
95.4% 
probability
2 SD

Reference

Ertebølle5 oyster K-4521 5510±90 4456 -4262 4546 -4070 Andersen (1987), RECAL.

Ertebølle5 oyster K-4522 5480±95 4448-4240 4501-4052 Andersen (1987), RECAL.

Ertebølle5 oyster K-4523 5580±95 4516 -4338 4681 -4254 Andersen (1987), RECAL.

Ertebølle5 oyster K-4524 5470±90 4447-4236 4490 -4052 Andersen (1987), RECAL.

Ertebølle5 oyster K-4525 5480±90 4448-4242 4498 -4054 Andersen (1987), RECAL.

Ertebølle5 oyster K-4526 5520±95 4461-4261 4580 -4066 Andersen (1987), RECAL.

Ertebølle5 oyster K-4527 5440±95 4440 -4076 4461 -4006 Andersen (1987), RECAL.

Ertebølle5 oyster K-4528 5460±95 4448 -4176 4488 -4048 Andersen (1987), RECAL.

Ertebølle5 oyster K-4529 5230±95 4228 -3962 4322 -3802 Andersen (1987), RECAL.

Krabbesholm II 
lag c3

eel Poz-12163 6070 ± 40 4640-4450 4710-4360

Krabbesholm
II lag c7

herring LuS 6655 5430 ± 50 3935-3775 3965 -3705

Krabbesholm
II lag c4

red deer Poz-12127 5150 ±40 4040-3820 4050 -3800

Krabbesholm
II4

Ox mt Poz-26157 4790±40 3640 -3520 3660-3380

Krabbesholm
II lag b1

swine LuS 6654 5430 ± 50 4340-4250 4365 -4070

T5
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site species bone lab.no. Age (14C 
years 
BP)

Age 
(Rcorr)

Calibrated
age
(years BC)
68.2% 
probability
1 SD

Calibrated
age
(years BC)
95.4% 
probability
2 SD

Reference

Krabbesholm
II lag c5

red deer AAR-9080 5160 ± 50 4041 -3822 4146 -3798 Andersen (2005), RECAL.

Krabbesholm II
lag 1/a5

red deer AAR-9081 5110 ±60 3971 -3803 4042 -3768 Andersen (2005), RECAL.

Krabbesholm
II lag d5

red deer AAR-9082 4970 ± 55 3890 -3663 3942- 3647 Andersen (2005), RECAL.

Krabbesholm
II2

harp seal LuS-6138 4395 ±60 3995± 60 2620-2459 2847- 2299 Bennike et al. (2008), 
RECAL.

Visborg4 domestic cattle Poz-22576 4775 ± 35 3640-3520 3650 -3380

Visborg4 sheep/
goat

Poz-22578 4910 ± 40 3710-3645 3770 -3630

Visborg4 sheep/
goat

Poz-22575 4700 ± 35 3630-3370 3630 -3370

Visborg5 domestic cattle mandibula
(BLN)

AAR-5004 4955±60 3786-3660 3941 -3640 Noe-Nygaard et al. 
(2005), RECAL.

Visborg5 domestic cattle me
(CQX)

AAR-5005 4925±55 3762-3651 3928 -3634 Noe-Nygaard et al. 
(2005), RECAL.

Visborg5 domestic cattle mt
(JDC)

AAR-5006 4650±55 3516 -3364 3632 -3196 Noe-Nygaard et al. 
(2005), RECAL.

Visborg5 oyster K-6417 5070±110 3970-3714 4224-3641 S.H. Andersen (pers, 
comm.), RECAL.

Visborg5 oyster K-6418 5590±75 4488-4354 4604-4269 S.H. Andersen (pers, 
comm.), RECAL.

Visborg5 oyster K-6419 5540±105 4497-4265 4680-4071 S.H. Andersen (pers, 
comm.), RECAL.

Visborg5 oyster K-6552 5770±75 4710- 4540 4788-4458 S.H. Andersen (pers, 
comm.), RECAL.
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III1

site species bone lab.no. Age (14C 
years
BP)

Age 
(Rcorr)

Calibrated
age
(years BC)
68.2% 
probability
1 SD

Calibrated
age
(years BC)
95.4% 
probability
2 SD

Reference

Visborg5 oyster K-6553 5100±70 3968-3800 4040-3712 S.H. Andersen (pers, 
comm.), RECAL.

Visborg5 oyster K-6875 5400±60 4338-4084 4350-4052 S.H. Andersen (pers, 
comm.), RECAL.

Visborg5 oyster K-6876 5040±70 3946-3774 3970-3667 S.H. Andersen (pers, 
comm.), RECAL.

Visborg5 oyster K-6877 5030±55 3942-3718 3956- 3706 S.H. Andersen (pers, 
comm.), RECAL.

Visborg5 oyster K-6878 4870±75 3760-3534 3911-3382 S.H. Andersen (pers, 
comm.), RECAL.

Visborg5 oyster K-7002 4950±70 3796- 3652 3944-3638 S.H. Andersen (pers, 
comm.), RECAL.

Visborg5 oyster K-7003 4820±65 3692-3522 3760-3377 S.H. Andersen (pers, 
comm.), RECAL.

Visborg5 oyster K-7004 5090±45 3958-3804 3976-3781 S.H. Andersen (pers, 
comm.), RECAL.

Visborg5 oyster K-7005 5510±70 4449-4270 4501-4181 S.H. Andersen (pers, 
comm.), RECAL.

Visborg oyster AAR-7645 5575±50 4045-3950 4230-3800 S.H. Andersen (pers, 
comm.).

Visborg oyster AAR-7646 5675±46 4045-3950 4230-3800 S.H. Andersen (pers.
comm.).

Visborg oyster AAR-7647 5006±45 3500-3190 3550-3100 S.H. Andersen (pers.
comm.).

Visborg charcoal AAR-5386 4945±45 3770-3660 3910-3640 S.H. Andersen (pers.
comm.).

Vængesø red deer LuS 7186 5110 ±50 3970-3800 4035 -3780
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site species bone lab.no. Age (14C 
years
BP)

Age 
(Rcorr)

Calibrated
age
(years BC)
68.2% 
probability
1 SD

Calibrated
age
(years BC)
95.4% 
probability
2 SD

Reference

Vængesø
III1

red deer LuS 7187 5570 ±50 4450-4360 4500 -4335

Vængesø
III

whale AAR-8300 5900±45 4359-4264 S.H. Andersen (pers, 
comm.).

Vængesø
III

whale AAR-8117 5435±55 3940-3714 S.H. Andersen (pers, 
comm.).

Lystrup Enge4 elk Poz-16304 5600 ± 50 4465-4360 4530 -4340

Lystrup Enge3 killer whale Poz-16305 6460 ± 50 5130-4900 5210-4800

Lystrup Enge3 killer whale Poz-16306 6740 ± 50 5410-5240 5480-5150

Lystrup Enge5 boat K-5730 6110±100 5209-4938 5298-4800 Andersen (1996), RECAL.

Lystrup Enge5 boat K-6012 6550±105 5618 -5384 5662 -5318 Andersen (1996), RECAL.

Lystrup Enge5 oyster K-4052 6150±100 5218- 4961 5318- 4838 Andersen (1996), RECAL.

Lystrup Enge5 hazel wood K-4053 6210±105 5302-5047 5464-4852 Andersen (1996), RECAL.

Lystrup Enge5 hazel wood K-4054 6190±100 5294 -5021 5366- 4850 Fischer et al. (2007), 
RECAL.

Lystrup Enge5 hazel wood K-4055 6290±100 5372-5076 5474- 5022 Fischer et al. (2007),
RECAL.

Kalvø5 oyster K-2508 3850±65 2456 -2208 2484- 2064

Nivågård6 cod LuS
7380

5400 ± 50 3915-3750 3950 -3685
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site species bone lab.no. Age (14C 
years
BP)

Age 
(Rcorr)

Calibrated
age
(years BC)
68.2% 
probability
1 SD

Calibrated
age
(years BC)
95.4% 
probability 
2SD

Reference

Nivågård1 red deer LuS
7378

5940±100 4945-4710 5055 -4550

Nivågård1 red deer LuS
7379

6435 1 50 5475-5360 5485- 5310

Nivågård1 red deer LuS
7381

6770 1 50 5720-5630 5740- 5615

Nivågård5 human child Ka-6610 6845 1 65 5791-5662 5876-5630 O.L. Jensen (pers, 
comm.), RECAL.

Nivå 105 human AAR-7058 6680160 5644-5544 5708- 5492 O.L. Jensen (2009), 
RECAL.

Nivå 105 human AAR-101476868146 5808-5710 5874-5661 O.L. Jensen (2009), 
RECAL.

Notes:
1 LuS terrestrial samples: Atmospheric data from Reimer et al (2004), Oxcal vers. 3.10. Bronk Ramsey (2005); cub r:4 sd: 12 prob uspfchron]
2 From Bennike et al. (2008)(INTCAL04)
3 Atmospheric data from Reimer et al (2004); Curve marine04; Marine data from Hughen et al (2004); Delta_R 0±60;
4 Atmospheric data from Reimer et al (2004); OxCal v3.10 Bronk Ramsey (2005); cub r:5 sd:12 prob uspfchron]
5 Recalibrated by the author OxCal 4.1. Bronk Ramsey (2009; r:5; Atmospheric data from Reimer et al (2009)
6LuS marine samples: Marine data from Hughen et al (2004); OxCal v3.10 Bronk Ramsey (2005); cub r:4 sd:12 intr uspfchron]
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Table 3. Species and collective groups of species of fish mentioned in this book. In addition to English, 
scientific and Danish names are given (after Whitehead et al. 1984-1986, Muus & Nielsen 1998 and Muus & 
Dahlstrøm 1967). The column ”Env.” (for environment) informs whether the fish is marine/saltwater (S), 
freshwater (F) or migratory (M). In the column ’’Notes” the symbol < means that the species is part of the 
collective group mentioned. Where there is no risk of misunderstanding, a shorter name may be used in other 
tables and in the general text, e.g., ’’mackerel” instead of ’’Atlantic mackerel”.

English name Scientific name Danish name Env. Notes

anchovy see European a.

Atlantic bluefin tuna Thunnus thynnus atlantisk tun S

Atlantic herring Clupea harengus sild S < clupeids

Atlantic horse-mackerel Trachurus trachurus hestemakrel

Atlantic mackerel Scomber scombrus almindelig makrel S

Atlantic salmon Salmo salar laks M < salmonids

Atlantic saury Scomberesox saurus makrelgedde S

black goby Gobius niger sort kutling s < gobies

black sea bream Spondyliosoma cantharus havrude s

bream see black sea b., common b., white b.

brill Scophthalmus rhombus slethvarre s < flatfishes

bull-rout Myoxocephalus scorpius almindelig ulk s

carp see common c., Crucian c.

cartilaginous fishes Chondrichthyes bruskfisk s

clupeids Clupeidae sildefisk S/M

cod Gadusmorhua torsk S < gadids

common bream Abramis brama brasen F <cyprinids

common carp Cyprinus carpio karpe F < cyprinids

common stingray Dasy atis pastinaca pilrokke S < cartilaginous fishes

Crucian carp Carassius carassius karusse F < cyprinids

cyprinids Cyprinidae karpefisk F

dab Limanda limanda ising S < flatfishes
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English name Scientific name Danish name Env. Notes

dragonet Callionymus lyra stribet fløj fisk S

eel Anguilla anguilla ål M

eelpout = viviparous e.

European anchovy Engraulis encrasicolus ansjos S < clupeids

European seabass Dicentrarchus labrax bars S

fifteen-spined stickleback Spinachia spinachia tangsnarre S

flatfishes Pleuronectiformes fladfisk s

flounder Platichthysflesus skrubbe s < flatfishes

gadids Gadidae torskefisk s

garfish Belone belone hornfisk s

gobies Gobiidae kutlinger s

goldsinny wrasse Ctenolabrus rupestris havkarusse s

greater weever Trachinus draco almindelig fjæsing s

grey gurnard Eutrigla gurnardus grå knurhane s < gurnards

grey mullet Chelon/Liza sp. multe s

gurnards Triglidae knurhaner s

haddock Melanogrammus aeglefinus kuller s < gadids

herring see Atlantic herring

horse-mackerel = Atlantic horse-mackerel

ling Molva molva lange s < gadids

mackerel = Atlantic mackerel

mako see shortfin mako

mullet see grey mullet

perch Percafluviatilis aborre F

pike Esox lucius gedde F

pikeperch Stizostedion lucioperca sandart F
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English name Scientific name Danish name Env. Notes

pipefish Syngnathidae nålefisk S

plaice Pleuronectes platessa rødspætte S < flatfishes

pollack Pollachius pollachius lubbe S < gadids

porbeagle Lamna nasus sildehaj s < cartilaginous fishes

rays Raja sp. rokke s see also thornback ray, < cartilagi
nous fishes

roach Rutilus rutilus skalle F < cyprinids

rudd Scardinius erythrophthalmus rudskalle F < cyprinids

ruffe Gymnocephalus cernuus hork F

saith Pollachius virens sej F < gadids

salmon see Atlantic s.

salmonids Salmonidae laksefisk M

sand-eel Ammodytes /Hyperoplus sp. tobis S

saury = see Atlantic s.

seabass = European sea bass

shad Alosa sp. stamsild M < clupeids

smoothhound Mustelus sp. glathaj S < cartilaginous fishes

shortfin mako Isurus oxyrinchus mako-haj S < cartilaginous fishes

spurdog Squalus acanthias pighaj S < cartilaginous fishes

stickleback see fifteen-spined s., three-spined s.

stingray = common stingray. < cartilaginous 
fishes

sturgeon Acipenser sturio stør M

swordfish Xiphias gladius sværdfisk S

tench Tinca tinca suder F < cyprinids

thornback ray Raja clavata sømrokke M < cartilaginous fishes

three-spined stickleback Gasterosteus aculeatus trepigget hunde
stejle

S/F/M
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English name Scientific name Danish name Env. Notes

topeshark Galeorhinus galeus gråhaj S < cartilaginous fishes

trout Salmo trutta ørred S < salmonids

tub gurnard Trigla lucerna rød knurhane S < gurnards

tuna = Atlantic bluefin tuna

turbot Psetta maxima pighvarre s < flatfishes

viviparous eelpout Zoarces viviparus ålekvabbe s

weis Silurus glanis malle F

white bream Blicca bjoerkna flire F < cyprinids

whitefish Coregonus sp. helt M < salmonids

whiting Merlangius merlangus hvilling S < gadids
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Table 4. Species and collective groups of species of birds mentioned in this book. In addition to English, 
scientific and Danish names of the birds are given (after Gill & Donsker 2010, and Meltofte & Fjeldså 2002). 
The column ”Env.” (for environment) informs whether the bird occurs on/at the sea (S), on/at freshwater (F) 
or whether it is terrestrial (T). Due to the high mobility of birds, the borders between the categories of environ
ment are, however, often somewhat blurred. In the column ’’Notes” the symbol < means that the species is part 
of the collective group mentioned. Where there is no risk of misunderstanding, a shorter name may be used in 
other tables and in the general text, e.g., ’’gannet” instead of ’’northern gannet”.

English name Scientific name Danish name Env. Notes

alcids Alcidae alkefugle S

arctic tern Sterna paradisaea havterne S

barnacle goose Branta leucopsis bramgås S/F/T <waterfowl

bittern see Eurasian b.

bean goose Anserfabalis sædgås S/F

black scoter Melanitta nigra sortand S/F < scoters, ducks, < waterfowl

black stork Ciconia nigra sort stork F/T

blackbird see common b.

black-headed gull Chroicocephalus ridibundus hættemåge S/F < gulls

black-legged kittiwake Rissa tridactyla ride S < gulls

black-throated loon Gavia arctica sortstrubet lorn S/F

brambling Fringilla montifringilla kvækerfinke T < finch

brant goose Branta bernicla knortegås S <waterfowl

buzzard see common b.

capercaillie see western c.

common blackbird Turdus merula solsort T < thrushes

common buzzard Buteo buteo musvåge T < raptors

common crane Grus grus trane T

common eider Somateria mollissima ederfugl S < ducks, < waterfowl

common goldeneye Bucephala clangula hvinand S/F < ducks, < waterfowl

common merganser Mergus merganser stor skallesluger S/F < mergansers, < ducks, < waterfowl

common moorhen Gallinula chloropus grønbenet rørhøne F
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English name Scientific name Danish name Env. Notes

common murre Uria aalge lomvie S < alcids

common pochard Aythyaferina taffeland F

common redstart Phoenicurus phoenicurus rødstjert T

common shelduck Tadorna tadorna gravand s/F/r <waterfowl

common tern Sterna hirundo fjordterne S/F

common wood pigeon Columba palumbus ringdue T

coot see Eurasian c.

cormorant see great c.

corn crake Crex crex engs narre

corvids Corvidae kragefugle

crake see spotted crake

crane see common c.

crow Corvus corone/cornix krage T <corvids

curlew see Eurasian c.

dabbling ducks Anas sp. svømmeænder S/F < ducks, < waterfowl

Dalmatian pelican Pelecanus crispus krøltoppet pelikan S/F

diver S/F

diving ducks Aythyinae/Merginae dykænder S/F < ducks, < waterfowl

domestic hen Gallus domesticus tamhøne T

ducks Anatinae/Aythyinae/
Merginae

ænder S/F < waterfowl

eagle T see golden e., white-tailed e.

eider see common e.

Eurasian bittern Bo taurus stellaris rørdrum F

Eurasian coot Fulica atra blishøne F

Eurasian curlew Numenius arquata stor regnspove F/T < waders

Eurasian jay Garrulus gnadarius skovskade T < corvids
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English name Scientific name Danish name Env. Notes

Eurasian teal Anas crecca krikand S/F < dabbling ducks, < ducks, < 
waterfowl

Eurasian sparrowhawk Accipiter nisus spurvehøg T < raptors

Eurasian widgeon Anaspenelope pibeand S/F < dabbling ducks, < ducks, < 
waterfowl

Eurasian woodcock Scolopax rusticola skovsneppe T < waders

European green wood
pecker

Picus viridis grønspætte T

European herring gull Larus argentatus sølvmåge S/F/T

European honey buzzard Pernis apivorus hvepsevåge T < raptors

finch Fringilla sp. finke T see also brambling

gannet see northern g.

garganey Anas querquedula atlingand F < dabbling ducks, < ducks, < 
waterfowl

glaucous gull Larus Hyperboreus gråmåge S

golden eagle Aquila chrysaetos kongeørn T < raptors

goldeneye see common g.

goose Anser/Branta sp. gås S/F/T < waterfowl

great auk Pinguinus impennis gejrfugl S

great black-backed gull Larus marinus svartbag S

great cormorant Phalacocorax carbo skarv S/F

great grebe Podiceps cristatus toppet lappedykker S/F < grebes

great spotted woodpecker Dendrocopus major stor flagspætte T

greater scaup Aythya marila bjergand S/F < waterfowl

grebes Podiceps sp. lappedykkere S/F

green sandpiper Tringa ochropus svaleklire F/T < waders

green woodpecker see European g. w.

grey heron Ardea cinerea fiskehejre S/F
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English name Scientific name Danish name Env. Notes

greylag goose Anser anser grågås S/F/T < goose, < waterfowl

gulls Larus sp. måger see common g., glaucous g., great 
black-backed g., herring g., lesser 
black-backed g., black-legged 
kittiwake

hawk unspec. Accipiter sp. høg T see also sparrowhawk, < raptors

hen see domestic hen

heron see grey h.

herring gull see European h. g.

honey buzzard see European h. b.

jay see Eurasian j.

kite see red kite

kittiwake see black-legged k.

lesser black-backed gull Larus fuscus sildemåge S

little grebe Tachybaptus ruficollis lille lappedykker S/F < grebes

longtailed duck Clangula hyemalis havlit S < waterfowl

loons Gavia sp. lommer S/F see black-throated 1., red-throated 1.

mallard Anas platyrhynchos gråand S/F/T < dabbling ducks, < ducks, < 
waterfowl

mergansers Mergini skalleslugere S/F see common m., red-breasted m.,
smew

mew gull Larus canus stormmåge S/F/T

mistle thrush Turdus viscivorus misteldrossel T < thrushes

moorhen see common m.

murre see common m.

mute swan Cygnus olor knopsvane S/F < swans, < waterfowl

northern gannet Morus bassanus sule S

northern pintail Anas acuta spidsand S
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English name Scientific name Danish name Env. Notes

northern raven Corms corax ravn T < corvids

nutcracker see spotted n.

osprey see western 0.

owl see tawny 0., Ural 0.

pidgeon see common wood p.

pintail see northern p.

pochard see common p.

rails Rallidae vandhøns F see coot, crake, moorhen, rail

raptors Falconiformes rovfugle T

raven see northern r.

razorbill Alca torda alk S < alcids

red-breasted merganser Mergus serrator toppet skallesluger S/F < mergansers, < ducks, < waterfowl

red kite Milvus milvus rød glente T <raptors

red-necked grebe Podiceps grisegena gråstrubet 
lappedykker

S/F < grebes

redshank or similar Tringa sp. klirer S/F < waders

redstart see common r.

red-throated loon Gavia stellata rødstrubet lom S/F

rook Corvusjrugpilegus råge T <corvids

ruff Philomachus pugnax brushane S/F < waders

sandpiper see green s., redshank

scaup see greater scaup

scoters S see black s., velvet s.

shelduck see common s.

smew Mergellus albellus lille skallesluger S/F < mergansers < ducks, < waterfowl

sparrowhawk see Eurasian s.

spotted crake Porzanaporzana plettet rørvagtel F
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English name Scientific name Danish name Env. Notes

spotted nutcracker Nucifraga caryocatactes nøddekrige T <corvids

storks F/T see black s., white s.

swans Cygnus sp. svaner S/F < waterfowl

tawny owl Strix aluco natugle T

teal see Eurasian t.

tern see arctic t., common t.

thrushes Turdus sp. drosler T

tufted duck Aythyafuligula troldand S/F < waterfowl

tundra swan Cygnus columbianus pibesvane S/F <waterfowl

Ural owl Strix uralensis slagugle T

velvet scoter Melanittafusca fløjlsand S < ducks, < waterfowl

waders Charadriiformes vadefugle S/F/T

waterfowl Anatidae andefugle S/F/T

water rail Rallus aquaticus vandrikse F

western capercaillie Tetrao urogallus tjur T

western osprey Pandion haliaetus fiskeørn T < raptors

white stork Ciconia ciconia hvid stork S/F

white-tailed eagle Haliaeetus albicilla havørn T < raptors

whooper swan Cygnus cygnus sangsvane S/F < swans, <waterfowl

Widgeon see Eurasian w.

Woodcock see Eurasian w.

wood pidgeon see common w. p.
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Table 5. Species and collective groups of species of mammals mentioned in this book. In addition to English, 
scientific and Danish names of the mammals are given (after Baagøe & Jensen 2007), the column ’’Notes” by 
means of the symbol < indicates that a species is part of the collective group mentioned. Where there is no risk 
of misunderstanding, a shorter name may be used in other tables and in the general text, e.g., ’’lynx” instead of 
’’Eurasian lynx”.

English name Scientific name Danish name Notes

Atlantic white-sided dolphin Lagenorhynchus acutus hvidskæving < whales

badger Meles meles grævling < carnivores

baleen whales Mysticeti bardehvaler < whales

bank vole Clethrionym us glareolus rødmus < vole family, < rodents

beaver see European beaver

beluga whale Delphinapterua leucas hvidhval <

blue whale Balaenoptera musculus blåhval < baleen whales, < whales

bottlenose dolphin Tursiops truncatus øresvin < whales

bottlenose whale see norhtern b. w.

brown bear Ursus arctos brun bjørn < carnivores

brown hare Lepus europaeus hare

carnivores Carnivora rovdyr

cat see European wildcat

cattle Bos taurus tamkvæg < ruminants

common dolphin Delphinus delphis almindelig delfin < whales

common shrew Sorex araneus almindelig spidsmus

Daubenton’s bat Myotis daubentonii vandflagermus

deer Cervidae hjort < ruminants

dog Canisfamiliaris hund < carnivores

dolphin see Atlantic white-sided d., bot
tlenose d., common d., white- 
beaked d.

domestic pig Sus domesticus tamsvin

domestic sheep Ovis aries får < ruminants
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English name Scientific name Danish name Notes

elk Ala alces elg < deer, < ruminants

Eurasian lynx Lynx lynx los < carnivores

European beaver Castorfiber bæver < rodents

field vole Microtus agrestis almindelig markmus < vole family, < rodents

fin whale Balaenopteraphysalus finhval < baleen whales, < whales

fox see red fox

goat Capra hircus ged < ruminants

grey seal Halichoerus grypus gråsæl < seals

grey wolf Canis lupus ulv < carnivores

harbour porpoise Phocaenaphocaena marsvin <whales

harbour seal Phoca vitulina spættet sæl < seals

hare see brown hare

harp seal Phoca groenlandica grønlandssæl < seals

hedgehog Erinaceus europaeus pindsvin

horse Equus caballus hest

killer whale Orcinus orca spækhugger <whales

long-finned pilot whale Globicephala melas grindehval <whales

lynx = Eurasian lynx

marten see pine marten

mole Talpa europaea muldvarp

mouse family Muridae indet. mus uspec < rodents

northern bottlenose whale Hyperoodon ampullatus døgling < whales

otter Lutra lutra odder < carnivores

Pig = domestic p.

pilot whale see longfinned p. w.

pine marten Martes martes skovmår < carnivores
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English name Scientific name Danish name Notes

polecat Mustela putorius ilder < carnivores

porpoise = harbour p.

pygmy shrew Sorex minutus dværgspidsmus

red deer Cervus elaphus kronhjort < deer, < ruminants

red fox Vulpes vulpes ræv < carnivores

red squirrel Sciurus vulgaris egern < rodents

ringed seal Phoca hispida ringsæl < seals

rodents Rodentia gnavere

roe deer Capreolus capreolus rådyr < deer< ruminants

ruminants Ruminantia drøvtygger < ungulates

seals Halichoerus grypus /
Phoca sp.

sæler see also common s., grey s., harp s., 
ringed s.

sheep = domestic s.

shrews Sorex sp. spidsmus see also common s., European

pygmy s-

sperm whale Physeter catodon kaskelot < whales

squirrel see red s.

swine Sus sp. svin includes wild boar and domestic pig

ungulates Ungulata hovdyr

vole family Cricetidae studsmus-familien < rodents

voles Microtus markmus see also field vole

water shrew Neomysfodiens vandspidsmus

water vole Arvicola terrestris mosegris < vole family

whales Cetacea hvaler

whitebeaked dolphin Lagenorhynchus albirostris hvidnæse < whales

white-sided dolphin = Atlantic w. d.

wild boar S us scrofa vildsvin <ungulates
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English name Scientific name Danish name Notes

wildcat Fells silvestris vildkat < carnivores

wolf see grey wolf

wood mouse Apodemus sylvaticus skovmus < mouse family

yellow-necked mouse Apodemusflavicollis halsbåndsmus < mouse family

Table 6. Species and collective groups of species of reptiles, amphibians and molluscs mentioned in this book. 
Names of reptiles and amphibians after Fog et al. (2001).

English name Scientific name Danish name

REPTILES REPTILIA KRYBDYR

slow-worm Anguisfi'agilis stålorm

grass snake Natrix natrix snog

smooth snake Coronella austriaca glatsnog

Aesculapian snake Elaphe longissima æskulapsnog

European pond turtle Emys orbicularis sumpskildpadde

AMPHIBIANS AMPHIBIA PADDER

garlic toad Pelobatesfuscus løgfrø

common toad Bufo bufo skrubtudse

natterjack toad Bufo calamita strandtudse

frog unspec. Rana sp. frø uspec.

frog/toad unspec. Anura indet. springpadde uspec.

MOLLUSCS MOLLUSCA BLØDDYR

blue mussel Mytilus edulis blåmusling

common cockle Cerastoderma edule hjertemusling

common periwinkle Littorina littorea aim. strandsnegl

oyster Ostrea edulis østers

pullet carpet shell Tapespullastra tæppemusling
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2.6 Presentation of identifications

Species lists for fishes, birds, and mammals are pre
sented per region in order to facilitate comparison 
between sites. In addition to the newly studied sites, 
information from certain previously studied sites is 
included in the lists (Tables 8-10, 20-22, 33-35, 52-54). 
Such additional sites were included if they were rela
tively well-studied, contained a high number of iden
tifiable animal bones, and/or showed particularly re
markable traits. The few identified finds of bones 
from amphibians and reptiles are presented in one, 
collective table (Table 63).

Entries in these tables are numbers of bones/bone 
fragments (NISP = Number of Identified SPecimens). 
For fishes, scales are indicated separately since these 
often occur in a dense, uncountable masse; counting 
scales would strongly distort relative frequencies be
cause not all fish species have robust or easily recog
nisable scales.

In some cases, where it is important for the discus
sion, the Minimum Number of Individuals (MNI) 
has been calculated, i.e., the lowest number of indi
vidual animals which can account for the recovered 
bone fragments. Calculations of MNI were based on 
the most frequently represented skeletal element, di
vided into left and right for paired elements and un
der consideration of the ontogenetic age of the skele
tal elements.

The representation of individual skeletal ele
ments on the newly studied sites is shown in detailed 
tables.

2.7 Interpretation of fragment numbers

When discussing the relative frequency of species (ex
pressed as NISP), as well as the representation of dif
ferent skeletal elements, it is important to consider 
preservation conditions and other taphonomic as
pects. For example, on sites with poor conditions of 
preservation, teeth, being covered in enamel, and the 
compact tarsals, which are the most robust skeletal el
ements, tend to be over-represented.

2.8 Estimating ontogenetic age of subfossil 
mammals

For several species of mammals, methods exist for es
timating the age of an individual based on character
istics of bones and/or teeth. Among the species rep
resented here, such methods have been employed for 
swine, red deer, roe deer, and ox. In some cases, 
where relevant for the interpretation of the material 
or calculation of MNI, epiphysal fusion on various 
skeletal elements of other species has been consid
ered as well.

When using tooth wear as an age criterion, it 
should be borne in mind that tooth wear is strongly 
influenced by the food eaten, especially by the con
tents of hard components in the food, see, e.g., Main
land (2001).

Swine

There is a large literature about estimating the indi
vidual age of prehistoric wild boar and domestic pig, 
some of which is reviewed here. One of the most used 
methods is based on the study of the eruption and 
wear of teeth. A number of authors have published 
age intervals for the eruption of specific teeth, e.g., 
Matschke (1967) and Habermehl (1961) for wild boar 
and Habermehl (1975) for domestic pig. Bull & Payne 
(1982: table 1) summarized information given by dif
ferent authors. Matschke (1967) and Habermehl (1961 
and 1975) gave different age intervals for the eruption 
of teeth in the upper and lower jaw, respectively. The 
sequence of eruption of individual teeth seems to be 
constant, but the actual ages of eruption differ be
tween wild boar and domestic pig, and between dif
ferent breeds of domestic pig. Bull & Payne (1982) 
concluded that data for slower-erupting modern pigs 
or for wild boar are probably most suitable for gen
eral application when analysing teeth and jaws from 
archaeological sites.

Magnell (2002) studied tooth wear in four recent 
wild boar populations and drew the inferences that:
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• tooth wear is symmetrical in most individuals (right 
side = left side)

• there are no significant differences between males 
and females up to 36 months old (almost all studied 
individuals were 36 months or younger) - there is 
thus no reason for attempting to distinguish sexes 
in analyses

• tooth wear patterns are quite similar between the 
studied free-living wild boar populations

• Mandible Wear Stages (MWS) and Tooth Wear 
Stage (TWS) are strongly correlated with age al
though individual variation is quite wide and in
creasing with age.

Magnell (2002) argued that wear on loose teeth may 
be included in age estimate studies as a supplement to 
entire jaws. The same argument was put forward by 
Rolett & Chiu (1994), among others. Thereby, as the 
number of age estimates per settlement increases, a 
more representative picture may be obtained, as well 
as a better basis for demonstrating significant differ
ences (Magnell 2002). One has to bear in mind, how
ever, that several loose teeth may derive from the same 
individual.

In modern domestic pigs, certain teeth (M2 and 
M3) develop earlier than in wild boar, whereas there 
is no difference concerning dP4 and Mi. No such dif
ference can be found between wild boar and wild 
boar/domestic pig hybrids (Magnell 2002).

Magnell (2002) compared tooth eruption according 
to Matschke (1967) using 57 wild boar lower jaw frag
ments of known age and found good correspondence. 
The one exception was M3 which erupts earlier in sev
eral wild boar populations than indicated by Matschke.

Magnell (2005a) developed a synthetic method 
for age estimation of wild boar on the basis of subfos
sil lower jaw teeth. Age is estimated on the basis of
1. developmental stages as seen on X-ray radiographs 

according to Carter & Magnell (2007) - Magnell 
2005a: table 2

2. eruption of lower jaw premolar and molars - Mag
nell 2005a: table 3

3. tooth wear stages (TWS) according to Grant 
(1982).

Magnell (2005a) subsequently referred swine frag
ments to four age classes: 
piglets (P) - 0-12 months 
yearlings (Y) - 13-24 months 
subadults (S) - 25-36 months 
adults (A) - > 36 months

The age groups were delimited on the basis of knowl
edge of wild boar behaviour in nature and the age 
grouping used by present-day hunters in northern 
Europe - they thus seem relevant also in discussions 
of the Stone Age hunters’ choice of prey.

As an alternative to tooth studies, age of prehis
toric swine (and other mammals) may be estimated 
on the basis of epiphysal fusion. Studies have been 
made on the ages of epiphysal fusion for various skel
etal elements of domestic pig or domestic pig + wild 
boar combined, which makes it possible to assign 
minimal ages to archaeological swine, see, e.g., Reitz 
and Wing (1999: table 3,5). The method is regarded as 
less reliable than the tooth eruption/wear one (Watson 
1978, Bull & Payne 1982, Magnell 2005b). Bull and 
Payne (1982) thus wrote that epiphysal fusion “can 
only be used with considerable caution, at least until 
better information is available. Fusion may be later in 
wild boar than in modern pigs”.

For age estimation of swine in the materials stud
ied, tooth eruption was described and interpreted ac
cording to Matschke (1967) and Habermehl (1961, 
1975) and tooth wear in lower jaw teeth was scored ac
cording to Grant (1982). Due to low numbers of pre
served lower jaws and lower jaw teeth, upper jaw teeth 
were also considered. Subsequently, the subfossil 
swine were divided into the four age groups (Piglets, 
Yearlings, Subadult, and Adults) as defined by Mag
nell (2005a, b). The assignments were made using ta
bles 3 and 4 in Magnell (2005a); his table 2 could not 
be used because the studied jaws were not X-rayed. In 
order to facilitate comparison with the results of Mag
nell, his age classes were used, rather than those pro
posed by Rolett & Chiu (1994). The results are shown 
in the diagrams, Fig.108).
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Where relevant, information on epiphysal fusion 
was also noted. Although this method of age estima
tion is regarded as inferior to the tooth-based one, 
some additional information was obtained, which is 
shown in Figs 109-110.

Several authors have used age-determined piglets 
as an indicator of seasonality. However, Lauwerier 
(1983) noted that under optimal conditions, wild boar 
can have several breeds per year. For this reason, pig
lets are not used as an indicator of seasonality in the 
present paper.

Red deer

The age of the red deer was estimated on the basis of 
lower jaw tooth eruption and wear (from dP4/P4 to 
M3) (Habermehl 1961) (Table 66, Fig. 123). Lowe 
(1966) tested various methods for age estimation of 
red deer and found that tooth eruption and wear give 
the best results. Brown and Chapman (1991) and Cart
er (2006) reassessed the ages of immature red deer 
based on radiographs of mandibular tooth develop
ment with a view to identification of season. This tech
nique has not been employed here - it can only be 
used on juvenile deer, and in any case, it was only pos
sible to establish age at death of the juveniles within a 

few months which is after all not very exact. Epiphysal 
fusion was used as a supplementary criterion in some 
cases but data on this are not included in Table 66).

Roe deer

The age estimations were made on the basis of tooth 
eruption and tooth wear, following Habermehl (1961), 
more specifically on loose dP4 and M3 and fragments 
of mandibles with one or more premolar and/or mo
lar teeth. The age estimates are listed in Table 69 and 
shown in Fig 131 where roe deer age is shown graphi
cally the same way as that used by Eriksson & Mag- 
nell (2001). Notice, however, that Eriksson & Magnell 
based their age estimates, not only on tooth eruption 
and tooth wear following Habermehl (1961) but also 
studied tooth development based on radiography fol
lowing Carter (1997, 2006). Furthermore, the age pro
files shown by Eriksson & Magnell (2001) are based 
on an estimate for each individual tooth.

Ox

Age estimates are based on mandibular tooth erup
tion and mandibular tooth wear. Age classes and cri
teria follow Habermehl (1975), wear stadia follow 
Grant (1982).

Table 7. Sources of size estimators for subfossil fishes.

species skeletal element(s) estimated size 
parameter

source

cod vertebrae 1-4 total length Enghoff (1994, in press)

cod praemaxillare, dentale total length Cardell (1995)

plaice / flounder / dab vertebra 1, os anale, 
basioccipitale

total length Enghoff (1994)

eel cleithrum, ceratohyale,dentale,
1st vertebra

total length Enghoff (1994)
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2.9 Measurements, size estimates and sexing

Fishes

A number of formulae have been published which al
low estimation of the total length of a fish based on a 
bone measurement (see Table 7 for sources).

Swine

For sorting a prehistoric swine bone sample into wild 
boar and domestic pig, measuring the width of mo
lars and measuring hind limb bones is recommended 
(Payne & Bull 1988). Traditionally (e.g., Degerbøl 
1944), the length of molar M3 has been used, but the 
length of molars decreases with age and thus depends 
of the individual’s age. This change is, however, 
smaller in M3 than in Mi and M2 (Payne & Bull 1982).

Magnell (2005a) recommended osteometric analy
sis for sexing subfossil swine remains rather than sep
arating males from females on the basis of canine 
teeth. According to Payne & Bull (1988), measure
ments from forelimb bones are best suited for separat
ing males from females. These authors recommend 
measurements of the humerus, especially the meas
urement HTC (as defined by Payne & Bull 1988) in 
the distal end of the bone, because this measurement 
is only moderately influenced by age-related changes 
and because this part of the humerus is often pre
served even on damaged fragments. Magnell (2005a) 
used combinations of measurements of humerus 
(HTC and BD), scapula (GLP and GP), tibia (Bd, 
Dd) and astragalus (GL1, BTp), as well as morpholo
gy of the canines, for separating the sexes.

The following measurements (as defined by Drie
sch, 1976, when not specified otherwise) were taken, 
where possible, on swine fragments from the newly 
studied sites (Table, 64, Figs 96-107).

• Astragalus: GL1, GLm, Bd, DI, Dm
• Calcaneus: GL, GB
. Tibia: Bd, SD
• Humerus: Bd, BT, HTC (Payne & Bull 1988)
. Scapula: BG, GLP, SLC
• M1+M2: L, WA and WP (Payne & Bull 1988)
• M3: L, WA and WP (Payne & Bull 1988), WM 

(Rowley-Conwy pers, comm.)

Red deer

The following measurements (as defined by Driesch, 
1976) were taken on all sufficiently well-preserved 
bone fragments (Table 65 and Figsii3-i2o) and serve 
as proxies for body size.

• lower M3 (L, length)
. scapula (GLP, BG, SLC)
• humerus (Bd, BT),
• metacarpus and metatarsus (Bd, Bp)
• astragalus (GL1, GLm, Bd)
• calcaneus (Gl)

Roe deer

The following measurements (as defined by Driesch, 
1976) were taken on all sufficiently well-preserved 
bone fragments and serve as proxies for body size 
(Table 67 and Figs 126-129).

• lower M3 (L),
• scapula (GLP)
• humerus (Bd)
• astragalus, (GL1, GLm, Bd)
• calcaneus (Gl)
• metacarpus (Bp, Bd)
• metatarsus (Bp, Bd).
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Ox

The following measurements (as defined by Driesch, 
1976) were taken on all sufficiently well-preserved 
bone fragments and serve as proxies for body size 
(Table 71 and Fig 134).

• lower M3 (L, Wa, Wm, Wp)
• lower dP4 (GL, L basis)
. scapula (GLP, LG, BG, SLC)
• humerus (Bd, BT)
• radius (Bd)

• ulna (BPC)
• carpale 2+3 (GB)
• metacarpus (Bp, Bd, DD)
• astragalus (GLI, GLm, Bd, Dm, DI)
• calcaneus (GL, GB)
• metatarsus (Bp, Bd)
• phalanx 1 (Bp, Bd, GL, SD)

Measurements of aurochs dP4 from Richter (1982a) 
were used for comparison in a few cases to decide 
whether the teeth in question were from aurochs or 
domestic cattle.
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3
Introduction to the regional analyses

This section contains the detailed presentation of the 
results of the new analyses of animal bones from the 
eleven focal sites: Yderhede and Østenkær in Vendsys
sel, Egsminde, Åle, Ertebølle (type site), and Krab
besholm II in the Limfjord region, Visborg, Vængesø 
III and Lystrup Enge in East Central Jutland, and 
Nivågård and Nivå io in Northern Zealand. The raw 
data on numbers of identified bones/fragments of 
each species or species group from each newly studied 
site are given in the regional tables for fish (Tables 8, 
20, 33 and 52), birds (Tables 9, 21, 34 and 53) and 
mammals (Tables 10, 22, 35 and 55) and the collective 
table for amphibian and reptile bones (Table 63).

In addition to the focal, ‘newly studied’ sites, un
published bone identifications are given for a few 
smaller assemblages: Krabbesholm I and Vinkelhage 
in the Limfjord Region (Tables 20-22), Frederiks 
Odde and Kalvø (a minor part of the material was 
published in Rowley-Conwy (1985)) in East central 
Jutland Region (Tables 33-35) and Italiensvej in 
Northern Zealand (Tables 52, 54)

The treatment for each region consists of a general 
introduction, detailed accounts of each of the newly 
studied sites in the region, summaries of information 
from previously studied sites with significant animal 
bones assemblages in the region, and a general re
gional discussion.
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Vendsyssel

The northernmost of the principal Danish islands was 
Vendsyssel which was surrounded by a large number 
of smaller islets. Around 12,500-12,000 yr BP the 
northern coast of Vendsyssel had been shaped by the 
sea into a marked coastal cliff extending from present- 
day Frederikshavn to Hirtshals. The spit Skagen 
Odde was formed north of the coastal cliff as the re
sult of alternating transgressions, regressions, and pe
riods of sedimentation (Nielsen & Christensen 1999, 
Nielsen &Johannessen 2004, 2008, 2009, Christensen 
& Nielsen 2008). Mollusc remains from Atlantic ma
rine sediments near Skagen (present-day northern tip 
of Vendsyssel) indicate water depths up to 100 m 
(K.S. Petersen 2004, K.S. Petersen et al. 2005, Nielsen 
& Johannessen 2009).

Three complexes of settlements have been regis
tered in the area north of the coastal cliff, viz., Yder- 
hede, Trynmose/Trynå and Østenkær, in addition to a 
few isolated settlements. All taken together, this adds 
up to a total of 20-30 settlements from the Ertebølle 
period (Lysdal 1985 and pers. comm.). Flint tools 
have been collected from all sites and animal bones 
have been recovered from two of them. There are no 
previously published finds of animal bones from 
Stone Age Vendsyssel; Yderhede and Østenkær are 
thus the northernmost known bone assemblages from 
the Danish Ertebølle period.

Yderhede was situated at a lagoon at the basis of 
Skagen Odde, on the flat area 300-400 m north of the 
coastal cliff; see Fig. 2. Nielsen & Christensen (1999) 
and Christensen & Nielsen (2008) demonstrated the 
first Atlantic transgression (The Early Atlantic trans
gression) at Yderhede where it reached a maximum 
soon after 5400 - 5300 BC (AAR-2461). It was fol
lowed by a regression reaching a minimum around 
5000 - 4900 BC (AAR-2462). During this period, a 
settlement was present at Yderhede. A sample of ani
mal bones excavated at Yderhede has been analysed, 

and the results are presented in the present publica
tion. The settlement at Yderhede came to an end in 
connection with a later transgression which probably 
reached its maximum only 200-300 years after the 
minimum of the abovementioned regression (Nielsen 
& Christensen 1999, Christensen & Nielsen 2008). 
Pollen analyses of sediment series from Yderhede 
have shown that after the end of the Yderhede settle
ment, the lagoon was closed and transformed into a 
lake which gradually became overgrown - a process 
accelerated by land upheaval. Several contemporane
ous settlements around the lagoon at Yderhede have 
been found, on the flat ground below the raised coast
al cliff as well as on the beach ridge facing the sea (P. 
Lysdahl, pers.comm.).

The general regression in the area continued, and 
as a result, several islets and shallows became con
nected. At the same time, beach ridges and smaller 
systems of land spits were sedimented due to wave ac
tion (Hauerbach 1992,1994, Nielsen andjohannessen 
2004, 2008 & 2009). During the late Atlantic period 
an area at Østenkær, on the incipient land Skagen 
Odde north of the coastal cliff, was inhabited for a 
long period (Fig. 2). Excavations at Østenkær have 
revealed a large assemblage of animal bones, which 
has been analysed and is presented here.

A site, Slåbakke, was discovered in 1995 by a Ger
man amateur archaeologist, Johan Müller, on an 
eroded coastal cliff facing the North Sea. Artefacts 
collected at this site date it to early Ertebølle culture, 
and the site has been interpreted as a hunting site on 
an island, far north of the protected inlets and lagoons 
further south (Ax 2007).

Still further north, a gyttja/peat sequence from a 
freshwater basin at Studeli Klit, just south of Kande- 
stederne, was studied by Christensen & Nielsen 
(2008). Using pollen analyses these authors could 
demonstrate that sedimentation in the lake began at
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Main land:

□ Pleistocene glacial till fluvial sand, 
marine sand and mud

Skagen Odde coastal elements:
I Pleistocene glacial till & fluvial sand

Late Pleistocene coastal sand

□ Glacial till & fluvial sand covered by 
thin Holocene coastal sand

I Lagoonal sand & mud 
□ Troldkær Spit system;

sand & gravel
I Strand plain; sand

□ Skagen Spit system; 
sand & gravel

Fig. 2. Location of Østenkær and Yderhede at the incipient Skagen spit formation (After Nielsen and Johannessen 
(2009), redrawn by S. Sølberg).

the end of the Atlantic period, and the tree pollen 
spectrum is virtually identical with that at Yderhede. 
This shows that wooded islands existed to the north 
of the Vendsyssel main island prior to the formation 
of Skagen Odde.

The sites Østenkær and Yderhede are of particular 
interest because of their extreme northern position in 
Vendsyssel and because they are the first Ertebølle 
sites in this part of Denmark from where animal bones 
have been analysed and thus provide the first evi
dence of the basis of human subsistence in the region 
at the time. Was the economy similar to that in the 

rest of the country, or is the selection of species influ
enced by the special geographical situation? The lists 
of animal species from Østenkær and Yderhede are 
also interesting from a faunal historical point of view, 
because they are evidence of the fauna from the Erte
bølle period in Vendsyssel. All species recorded from 
Østenkær represent the northernmost subfossil 
records in Denmark.

Identified fish, bird and mammal bones from the 
newly studied sites in Vendsyssel are listed in Tables 
8-10.
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Notes: Yderhede: see text concerning the porbeagle fragment. - Østenkær: the table does not include a large sample of 
burnt bones from which only one fragment (a porbeagle tooth) could be identified.

Table 8. Fish bones from sites in Vendsyssel. Entries are numbers of fragments. Numbers preceded by a slash 
indicate tentative identifications. Sequence of species after Whitehead et al. (1984-1986) (freshwater species 
inserted by the author). Some species names are simplified, for full English, Latin and Danish names, see Table 
3. Newly studied sites indicated with boldface, “s” indicates scales.

Y
de
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e

Ø
st

en
kæ

r

Y
de

rh
ed

e

Ø
st

en
kæ

r

Cultural period eEBK mainly Cultural period eEBK mainly
1EBK 1EBK

porbeagle /1 1 seabass 1

topeshark 2 1 greater weever 7

spurdog 168 eelpout 3

sturgeon 1 grey gurnard 5

whitefish 3 + 227s gurnard unspec. 1

salmon / trout 5 bull-rout 3

pike 9 flounder 2

eel 44 2 plaice / flounder / dab 277 1

three-spined stickleback 4 flatfishes unspec. 1

cod 1 2 identified fishes total 528 25 +227s

ling 5 unidentified fishes 68 12

gadids unspec. 3 fishes total 596 37 +227s
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Notes: Østenkær: The table does not include a large sample of burnt bones from Østenkær from which only a few fragments 
could be identified. These do not include other species than those shown in the list.

Table 9. Bird bones from sites in Vendsyssel. Entries are numbers of fragments. Numbers preceded by a slash 
indicate tentative identifications. Sequence of species after Meltofte & Fjeldså (2002). Some species names are 
simplified, for full English, Latin and Danish names see Table 4. Newly studied sites indicated with boldface.

Y
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ed
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r

Cultural period eEBK mainly Cultural period eEBK mainly
1EBK 1EBK

red-throated loon 1 duck, unspec. 3 23

black-throated loon 2 golden eagle 2

red-throated / black-throated 1 golden / white-tailed eagle 1
loon

Dalmatian pelican 5
capercaillie 3

herring / lesser black-backed 6
gannet 13 gull

cormorant 4 great auk 2

mute swan 1 murre 1

tundra swan 2 razorbill 2

whooper swan 2 murre/razorbill 3 3

swan unspec. 3 6/1 identified birds, total 15 76/1

goose unspec. 1 unidentified birds 7 56

teal / garganey 1 birds total 22 133
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Table io. Mammal bones from sites in Vendsyssel. Entries are numbers of fragments. Numbers preceded by a 
slash indicate tentative identifications. Sequence of species after Baagøe & Jensen (2007). Some species names 
are simplified, for full English, Latin and Danish names see Table 5. Newly studied sites indicated with bold
face. The table does not include a large sample of burnt bones from Østenkær from which few fragments could 
be identified; these do not include other species than those indicated below.

Y
de

rh
ed

e

Ø
st

en
kæ

r

Cultural period(s) eEBK mainly
1EBK

hedgehog I

squirrel I

water vole I I

wood / yellow-necked mouse 2

mouse unspec. 2

wolf 4/1

dog 12/1

wolf / dog I 2/1

fox II 6/1

dog / fox I 7

pine marten I V

otter I 3

wildcat I 4/1

swine 37 579

red deer 73Zl !552/32

roe deer 43/3 553

Y
de

rh
ed

e

Ø
st

en
kæ

r

Cultural period(s) eEBK mainly
1EBK

red deer / swine 2 23

OX 3 J3

aurochs / elk 2

ruminant unspec. J3

harp seal IO

ringed seal I

harbour / ringed / harp seal 4

grey seal 4/1 22/3

seal unspec. 6 93

killer whale 1/1

porpoise I

cetacean unspec. 6

identified mammals total 189/5 293l/4i

unidentified mammals 81 6310

mammals total 275 9282
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4.1 Yderhede (Z.M.K. 12/1993)

As mentioned above, Yderhede lies in northernmost 
Vendsyssel on flat ground in front of the late glacial 
coastal cliff that extends from Frederikshavn towards 
Hirtshals. The site was inhabited during a regression 
phase (minimum ca. 5000 cal yr BC, between the Ear
ly Atlantic and the High Atlantic transgressions). The 
settlement at Yderhede has been dated to ca. 5450- 
4850 cal yr BC, based on radiocarbon datings report
ed by Nielsen & Christensen (1999, Christensen & 
Nielsen 2008). The settlement belongs to the earliest 
Ertebølle culture. Two datings (Poz-16326, Poz-16302) 
were made on bones from the same culture layers as 
those dated by the authors cited above and indicate a 
younger age (cf. Table 2). There is no obvious expla
nation for this discrepancy, one possibility being that 
the dating results were influenced by consolidation of 
the bones although selection of non-consolidated 
bones was attempted.

Nielsen & Christensen (1999, Christensen & 
Nielsen 2008) made geobotanical studies on the site. 
Considering the extreme position of Yderhede on the 
border of the sea, results indicating a settlement on a 
newly formed beach ridge at an exposed coast were 
expected. The actual results were, however, quite dif
ferent. The pollen diagram (Christensen & Nielsen 
2008: fig. 3) is quite similar to the well-known stereo
type of the Atlantic chronozone known from other 
Danish sites further to the south and east: the settle
ment was situated on peaty soil with a refuse zone in 
gyttja deposited in a lagoon which was protected by 
beach ridges. High percentages of tree pollen (in 
comparison with herb pollen) indicate that forest had 
grown very close to the site, i.e., the forest must to 
some degree have extended to the flat land in front of 
the late glacial coastal cliff. If the flat land had been 
reedy as expected, the pollen percentages for grasses, 
sedges, bulrush etc. would have been higher. The ma
rine environment is documented by the presence of 
sea-grass and species of the goosefoot family 
(Chenopodiaceae).

According to T. Nilsson (pers.comm.), the Yder- 
hede settlement lay at a river mouth. In front of the 

site there was a stream across the beach ridge, con
necting the lagoon with the sea outside. There was at 
least one additional settlement on the flat ground be
low the cliff, and a whole suite (eight are known) of 
Ertebølle-settlements was located on the inner coast 
of the beach ridge. A radiocarbon dating of an antler 
axe from one of these (AAR-1999), 5283-4800 cal yr 
BC, shows that it is contemporaneous with Yderhede.

Favourable conditions for preservation of organic 
material prevailed in the refuse zone of the settlement. 
In addition to the animal bones numerous debarked 
stakes, a shafted antler axe, fragments of bows, clubs, 
and a boat were found (Nielsen & Christensen 1999),

Material and methods

The Yderhede settlement was excavated by Per Lys- 
dahl and Torben Nilsson of Vendsyssel Historical 
Museum.

The archaeological excavation was initiated be
cause of the digging of a duck-pond during the winter 
1992/1993. Objects including bones were collected 
from the excavated soil. This part of the bone materi
al is described as ‘casual finds’, but the ‘casual’ bones 
were found along with flint and antler tools which 
have been typologically evaluated as contemporane
ous with artefacts from the archaeological excavation 
itself (T. Nilsson pers. comm.). Sediment samples (ca. 
25 kg) were taken from the layer with cultural remains 
and were wet-sieved through a ca. 1 mm mesh. The 
studied fish bones derive from these samples. Two 
trenches, perpendicular to one another and measur
ing 12 xi and 20 x i m, were established in the refuse 
zone in the former lagoon during May-June 1993. The 
trenches provided two profiles through the layers. 
The gyttja in the trenches was excavated in 0.5 x 0.5 m 
squares. In 1995 a ca. 40 m2 area approaching but not 
reaching dry land at the time of settlement, was exca
vated. In most of this area, objects occurred in a layer 
of gyttja, together with the wooden objects men
tioned above.

All animal bones from Yderhede are thus from 
refuse layers. Bones from deeper layers are generally 
well preserved (most of the mammal bones were,
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Fig. 3. The fish bones from 
Yderhede are incredibly well 
preserved. Left: Three 
vertebrae from spurdog; 
middle: a cleithrum from 
plaice/flounder/dab and an 
urohyale form flounder; 
right: an os anale from plaice/ 
flounder/dab. - Scale units: 1 
cm.

I

however, consolidated after excavation). Fish bones 
are extraordinarily well preserved; for example even 
cartilaginous ridges on shark vertebrae have persisted 
(Fig. 3). Bones recovered during the systematic exca
vation are unfortunately poorly preserved because 
they derive from the area near the coast of the settle
ment which today lies directly under the topsoil.

Results

Bones from at least 13 species of fish, at least 4 species 
of birds, and at least 12 species of mammals were 
found at Yderhede (Tables 8-10).

Fish
Plaice/flounder/dab dominate the fish bone material, 
constituting more than half (53%) of the identified 
bones. Only flounder could be demonstrated with 
certainty. The most remarkable feature of the fish list 
is that about one third (32%) of the identified bones 
are from sharks (Fig. 3). This is highly unusual for a 
Danish Stone Age Settlement! No less than three spe
cies of shark occur: spurdog (strongly dominating), 
topeshark, and possibly porbeagle. The fragment ten
tatively identified as porbeagle is an articulating sur

face of a vertebra, showing the pattern of ribs from 
the sides of the vertebra. It most likely derives from 
porbeagle, but the related shortfin mako shark, which 
nowadays is a casual visitor to West Norway (Quéro 
1984), cannot be excluded at this ‘oceanic’ site.

All species on the list may have been caught in ma
rine or brackish water, and many of the species, e.g., 
eelpout, bull-rout and stickleback, are known to oc
cur close to the shore, or they occur at estuaries, e.g., 
sea bass and flounder. In this respect the Yderhede 
site agrees with the general impression of fishing dur
ing the Ertebølle period (Enghoff 1994). However, 
the spectacular element of sharks suggests fishing at 
somewhat deeper water and is probably due to the lo
cation close to deep water NE of the site. Palaeonto
logical findings such as mollusc remains from Atlantic 
marine sediments near Skagen (present-day northern 
tip of Vendsyssel) indicate water depths up to 100 m 
(K.S. Petersen 2004, K.S. Petersen et al. 2005, Nielsen 
& Johannessen 2009).

Spurdog, topeshark and porbeagle are common 
today in the North Sea, Skagerrak and the deeper 
parts of Kattegat. During the summer, spurdog also 
roams into the Belts and Øresund, and small shoals of 
porbeagle may even be seen in Øresund during au- 
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tumn (Otterstrøm 1917). Not a single bone from fresh
water fishes was found although a freshwater stream 
flowed into the lagoon close by.

The presence of European sea bass, a species with 
a southern distribution, indicates a warmer climate 
than today.

Table 11 shows which skeletal elements of each spe
cies were present. The vast majority of the fish bones 
are vertebrae. This is normal: the vertebrae apparent
ly are the most robust elements in the fish skeleton. 
The prevalence of vertebrae is extreme for the carti
laginous fishes (sharks) which are represented exclu
sively by vertebrae, even in large numbers. This is 
probably due to the calcification of central parts of 
the vertebral corpus in cartilaginous fishes, rendering 
these parts more resistant to decomposition than the 
elements which consist of cartilage exclusively and 
are not calcified.

A size-frequency diagram was constructed for the 
most dominant species group: plaice/flounder/dab 
(Fig. 4). The size range (19-36 cm) is reminiscent of 
that found at other Mesolithic sites in Denmark (Eng- 
hoff 1994).

Fig. 4. Size-frequency diagram for plaice/flounder/dab 
caught from Yderhede.

Platessa/Platichthys/Limanda, Yderhede (n = 14)

Table 11. Yderhede, fishes, skeletal elements. Some species names are simplified, for full English, Latin and 
Danish names see Table 3. Entries are numbers of skeletal elements. Numbers preceded by a slash (/) indicate 
tentative identifications

Head

Parasphenoideum 2

Praevomer 2

Basioccipitale 2
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Pteroticum 1

Neurocranium un spec. 1

Praemaxillare 1

Os anale

Dentale 2 1

Articulare 1 2

Quadratum 1 1

Pterygoidea 1

Hyomandiulare 1

Keratohyale 1 1 1

Urohyale 1

Shoulder girdle

Cleithrum 7

Pelvis

Basipterygium 3 1

Vertebrae /1 2 168 5 40 1 2 16 3 3 2 247 1

Others

11

Pelvic spine 1

Total 1 2 168 5 44 1 3 1 7 3 6 3 4 2 277 1
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Fig. 5. Bird bones from 
Yderhede. Left: Two frag
ments of ulna from swans; 
middle: radius, sternum and 
humerus from gulls (cannot 
be identified to species but at 
least as large as herring gull or 
lesser black-backed gull); 
right: fragment of humerus 
from razorbill or murre. - 
Scale units: 1 cm.

Birds
Bones from swans, ducks, gulls (herring/lesser black- 
backed gull size) and razorbill/murre were found 
(Fig. 5). Razorbill and murre are truly marine species, 
whereas the others may have been encountered at the 
sea as well as at freshwater.

The low number of bird bones may at least in part 
be due to the poor conditions of preservation in the 
systematically excavated quadrants.

Table 12 shows which skeletal elements of birds 
were found, and in Table 13 the species represented 
are assigned to functional groups.

Table 12. Yderhede, birds, skeletal elements. Some species names are simplified, for full English, Latin and 
Danish names see Table 4. Entries are numbers of skeletal elements.
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Trunk Radius 1

Coracoideum 1 Ulna 2 1

Sternum 1 Carpo-metacarpale 1

Scapula 1 Femur 1 1

Limbs Tibio-tarsale 2

Humerus 2 1 Total 3 3 6 3
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Table 13. Yderhede, birds, functional groups.

marine 
meat

freshwater 
meat

terrestrial tools/ornaments only 
meat

no. of 
fragments

swans X X X 3

ducks X X X 3

gulls X X X 6

alcids (auks etc.) X 3

Mammals
Although the mammal bone material is not very large, 
at least twelve species are represented. The composi
tion of the material, with red deer, roe deer and swine 
dominating, looks typical for the Ertebølle period. 
Since the settlement is from the oldest part of the 
Ertebølle culture, the swine bones are most likely 
from wild boar. For the same reason, the few bones 
from ox are most likely from aurochs.

In addition to these terrestrial meat animals there 
are bones from seals, including grey seal. There are 
also bones from various fur-bearing animals such as 
fox, pine marten, otter and wildcat.

Table 14 shows which skeletal elements of mam
mals were found. The species for which there are 
many bones are represented by elements from all 
parts of the skeleton. The just 11 seal bones also repre
sent the entire skeleton. This indicates that entire car
casses of these mammals were taken to the settlement. 
There are too few bones of the remaining mammal 
species for tendencies in the representation to become 
evident.

Comments on individual mammal species
Swine
The settlement at Yderhede is so old that swine bones 
from the site should certainly be from wild boar. 
Available measurements of molars and limb bones, 
however, do not provide an unambiguous confirma
tion of this assumption.

Only four bone fragments were suitable for age 
estimation. Three of these are from piglets, one is 
from a subadult individual (Fig. 108).

Red deer
Only a few measurements could be made on red deer 
bones from Yderhede (Table 65), but taken together 
with those from Østenkær they provide an impression 
of red deer size in Atlantic Vendsyssel, see p. 334fr. 
Fig. 114-122,124.

The age of the red deer killed at Yderhede was es
timated on the basis of tooth eruption and wear, see 
Table 66. The only three estimates which could be 
made indicate individuals with ages of 2 years, 3-4 
years, and 8-10 years, i.e. full-grown deer in their best 
age (red deer begin to decline after reaching 10 years 
of age). It looks as if the hunters at Yderhede have not 
focused on a particular age group of red deer.

Roedeer
The Yderhede material included measurable speci
mens of the following roe deer bones: lower posterior 
molar (M3), humerus, metacarpus, metatarsus, cal
caneus and astragalus. There are too few measure
ments for a meaningful analysis of the Yderhede ma
terial per se but the measurements form part of the 
general comparison and discussion of roe deer size 
(chapter 12.6, Table 67, Figs 126,127,129).

The age of the roe deer killed at Yderhede was es
timated on the basis of tooth eruption and wear, see 
Table 69 and Fig. 131. The few estimates, which could 
be made, indicate individuals with ages of 10-14 
months (2 specimens), 2 years (2) and 3-4 years (1). 
All that can be said about this is that roe deer of differ
ent ages were killed, and the 10-14 month-old ones 
contribute the information that activity on the site in
cluded the spring-summer period.
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Table 14. Yderhede, mammals, skeletal elements. Some species names are simplified, for full English, Latin and 
Danish names see Table 5. Entries are numbers of skeletal elements. Numbers preceded by a slash (J) indicate 
tentative identifications.
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Head

Cornu 2

Calvarium 1 4 1/1

Mandibula 1 1 2 1 4

Dentes 2 10 10 8/1 8/1

Trunk

Vertebra 
cervicalis

2 1 1

V. thoracalis 1 2 1

V. lumbalis 1 1 1

Costa 2 2

Sacrum 1

Scapula 1 1

Pelvis 1 1 3

Limbs

Humerus 2 8 5 2

Ulna 3

Radius+ulna 1

Carpale 4 1

Metacarpale 1 1 1

Femur 1 3 6 2

Tibia 1 4 2
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Patella 1 1 1

Astragalus 1 5 2

Calcaneus 1 2 5 2

Tarsale 1 3

Metatarsale 1 1 9 2 1

Metapodium 3 4/2

Phalanx 1 4 3

Phalanx 2 1 1 1

Phalanx 3 2 1

Phalanx unspec. 1

bone unspec. 1

Total 1 2 2 1 11 1 1 1 1 37 73/1 43/3 3 4/1 6

Discussion

The numerous fish bones found in the refuse layers 
must result from extensive fishing activity.

It seems that fishing has in part taken place in the 
lagoon, since many bones are from smaller marine 
fish species (eelpout, bull-rout, greater weever, grey 
gurnard, flounder) which occur near the coast all year 
or mostly in summer. Most of these species tolerate 
brackish water, including flounder which probably 
constituted the bulk of the catch. Eel, which is also 
quite well represented, could also have been caught in 
the lagoon. Since a stream opened into the lagoon, 
the eel may have been caught during their seaward 
migration in the autumn. Fishing for all these species 
may be conducted in an efficient manner using sta

tionary fish traps. Such traps may have been con
structed using the numerous debarked hazel-wood 
stakes found on the site.

The second most frequent fish species is spurdog. 
This small shark may also have been caught in the la
goon because during summer, schools of spurdog of
ten roam on shallow water (the grass-wrack zone). 
They also enter inlets and have even been caught in a 
river (Kolding Å) (Otterstrøm 1917). If a school of 
spurdog would have entered the lagoon, their way out 
may have been blocked by the Yderhede inhabitants 
who would then have been able to catch them, e.g., 
using harpoons.

However, shark fishing may also have taken place 
outside the lagoon, especially regarding topeshark and 
porbeagle. All three species of shark might have been 
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caught on deeper water (see above) using line and hook. 
However, no fishhooks have been found at Yderhede.

The complete absence of bones from freshwater 
fishes suggests that fishing was not conducted in lakes 
or streams inland.

A certain amount of bird hunting is suggested by 
the finds. The selection of birds (swans, ducks, gulls, 
auks) looks typical for a coastal settlement.

Among the mammals, the grey seal must have 
been hunted on the sea, unless there was breeding 
ground close by (although no remains from small ju
venile seals are present). Remains of boats and oars 
have been found in the lagoon, proving that the in
habitants did sail. One of the boat fragments is even 
of considerable size, ca. 4.4 m (possibly suggesting a 
seagoing boat). In addition, remains have been found 
of clubs which may have been used for killing seals.

The many bones of red deer, roe deer and swine 
(most likely wild boar) indicate hunting for meat in 
the inland forest. Red deer dominates among these 
three species (47% of the fragments identified to the 
three species); roe deer (29%) and swine (24%) are 
approximately equally abundant (Fig. 6).

Fur hunting was another important activity at 
Yderhede. Bones from otter, fox, pine marten and 
wildcat are present, and the fur of the seals was prob
ably used as well.

Intuitively it appears surprising that hunting from 
Yderhede, with its extremely ‘maritime’ geographical 
position, was so focused on the inland forest. Fig. 7 
clearly shows that the bulk of the meat was supplied 
by terrestrial rather than marine mammals. No less 
than 83% of the identified mammal bones are from 
terrestrial ‘meat species’, mostly red deer, roe deer, 
and swine, although there are also some aurochs(/cat- 
tle) bones. Fur-bearing animals, mostly terrestrial, 
answer for 9% of the identified bones, whereas marine 
mammals only contribute 6%.

The representation of skeletal elements shows that 
entire carcasses of the large mammals - red deer, roe 
deer, swine, and seals - were brought to the settlement 
and that remains from all parts of the body were present. 
This indicates at least semi-permanent occupation.

In spite of the good representativity of the assem
blage, there are too few fragments of mammals for de
tailed studies of hunting strategy. The age of the red 

Yderhede, n = 157

Fig. 6. Relative importance of red deer, roe deer and 
swine in the osteological material from Yderhede (based 
on NISP, n=i57).

Yderhede, n = 194

Fig. 7. Relative importance of fur-bearing animals, 
terrestrial meat animals, marine meat animals and others 
in the osteological material from Yderhede (based on 
NISP, n= 194).
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deer, roe deer and swine killed at Yderhede show for all 
three species that individuals in several age groups 
were hunted, i.e., there is no indication of selective 
hunting for particular age groups. The age-estimated 
red deer are all fully-grown individuals in their optimal 
life stage, there are no older, declining deer. Finds of 
artefacts made from antler, e.g., axes, prove that deer 
antler was coveted as a raw material.

Indicators of seasonality
No bones from seasonal fishes were found at Yder- 
hede, but most of the species present come closest to 
the coast during the summer half-year, e.g., flounder, 
greater weever, bull-rout, stickleback, sea bass and 
spurdog. Two roe deer jaws, from a 10-14 month old 
individual, show that roe deer was hunted during 
spring-summer. The fur-bearing animals suggest 
hunting during autumn-winter. Razorbill/murre sug
gests activity during the winter half-year where these 
species are more abundant. See Fig. 8.

Yderhede seasonality

Fig. 8. Yderhede, indicators of seasonality. Indicators 
from periphery to centre: summer fishes (blue); winter 
birds (black); fur-bearing animals (light brown, solid); 
roe deer, 10-14 months old (green, solid).

Indicators of habitat type
Red dear, roe deer and wild boar live in forest and for
est clearings (wild boar, in addition, prefers swamps 
and ponds). Pine marten and wildcat require large 
continuous forested areas. The rich representation of 
these species at Yderhede indicates forest quite close 
to the site. This is in agreement with the geobotanical 
studies by Christensen & Nielsen (2008) which show 
that the forest even extended down to the plain in 
front of the former coastal cliff.

Otter lives close to water; it prefers undisturbed 
streams but can also make do with lakes, inlets and 
lagoons.

The selection of fish species includes coastal spe
cies which tolerate both marine and brackish water 
(e.g., eelpout and bull-rout), some even prefer brack
ish water (e.g., flounder). Grey gurnard, on the other 
hand, is a marine species which normally does not en
ter inlets. There are also fishes from deeper water, such 
as porbeagle and topeshark. Marine mammals, such 
as grey seal, also indicate sea close to the settlements.

Gulls, auks and swans are expected in a maritime 
situation; auks are entirely marine.

Summarizing, the animal bones from Yderhede 
indicate continuous forests, brackish as well as non- 
brackish marine water.

Artefacts
Several artefacts found at Yderhede support the inter
pretations of fishing and hunting: boats, oars, hazel 
stakes (from stationary fishing gear?), clubs (for kill
ing seals?) and bows.

Tools such as axes, made from antlers, demon
strate use of this raw material.

4.2 Østenkær (Z.M.K. 7/1993)

At Østenkær east of Tversted there was, during the 
late Atlantic chronozone, an area which was inhabited 
during a large part of the Ertebølle culture. The settle
ment was situated on the incipient spit of land off the 
late glacial coastal cliff on the northern coast of the 
island of Vendsyssel. Between this land spit and the 
‘old’ land there was a lagoon area (present-day (Ug- 
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gerby-Tversted area), see Fig. 2. The Østenkær settle
ment was situated at a broad stream (unknown wheth
er fresh or salt water) which emptied into the lagoon 
(Lysdahl 1985 and pers. comm.).

The sites were known for many years for rich oc
currences of Ertebølle age flint tools. In 1983, a duck 
pond was made and huge quantities of tools, animal 
bones and amber came to the light.

The bone material from Østenkær is the northern
most assemblage from Danish Ertebølle culture / At
lantic chronozone excavated so far.

Material and methods

The Østenkær settlement was excavated in 1983 by 
Per Lysdahl of Vendsyssel Historical Museum. It was 
a rescue excavation triggered by the excavation of a 
duck pond which turned out to have been dug into a 
former, 15-20 m broad stream.

The excavation was in part a systematic excavation 
of squares in two areas (areas I and II), starting from 
the borders of the duck pond. The sieves used during 
the systematic excavation had a 7 mm mesh. In area 1, 
however, a 4 mm mesh was used for the layers con
taining archaeological finds. Objects found in each 
quarter square meter in area I were registered per nat
urally defined layer. In area II, the contents of organic 
material in the sediments caused the effective mesh 
size to be smaller than 7 mm, such that smaller objects 
were retained. Objects from area II were registered 
per square meter, as a rule also per layer, and in a few 
cases in three dimensions.

An east-west profile (profile N 10) was estab
lished through the northern part of the duck pond 
in area II (y=6i4). The profile shows the sequence of 
layers in the former stream, the bottom of which was 
ca. 1.6 m under the present surface. A sample, % m2 
(495/612 N0) was taken in connection with the es
tablishment of the profile in area II. Fish bones and 
scales were recovered from this sample by wet siev
ing through a 1.4 mm mesh. The upper part of layer 
f had been removed in connection with the excava
tion of the duck pond, the fish remains hence are 
from the lower 30 cm of layer f (P. Lysdahl pers. 

comm.). The fish bones from this sample were ana
lysed by Enghoff (1994).

A third component of the material was recovered 
through scrutiny of the soil heaps which had already 
been excavated for the duck pond when archaeolo
gists arrived. An attempt was made to sieve the soil 
heaps through a 7 mm mesh, but as this proved to be 
very difficult due to the type of sediment, the sediment 
was instead examined meticulously using hands and 
trowel, and all objects including bones were secured.

Information about excavation techniques was pro
vided by P. Lysdahl (pers. comm.).

The refuse from the settlement, which had been 
thrown into the stream, has been well preserved. 
Therefore a large number of excellently preserved 
bones (Fig. 9), as well as pieces of wood etc., have 
been recovered from this area (area II). The bone 
refuse which had been lying on dry ground (area I) is 
much less well preserved. Here, in the systematically 
excavated squares, a large number of small, burnt 
bone fragments were found (Table 15). Because the 
amount of burnt bone fragments was overwhelming, 
only selected samples, deriving from the different ex
cavated layers, were analysed in detail (identification 
of species and skeletal element, degree of burning, 
number and weight of fragments). The remaining 
samples were cursorily examined in order to establish 
whether their contents was similar to that in the sam
ples analysed in detail, where after the samples were 
weighed, and the number of fragments estimated 
based on results from the samples analysed in detail 
(Table 15). There were almost no unburnt bones in the 
area where the burnt bones were found, probably be
cause burnt bone has better chances of preservation 
than unburnt bone (P. Lysdahl pers. comm.).

Datings
Archaeological artefacts from Østenkær are from the 
upper Ertebølle culture.

A number of radiocarbon datings were made on 
material from Østenkær (Table 2). A human frontale 
from area II (Fig. 10) has been dated to 5220-4940 cal 
yr BC (LuS 6617), i.e., oldest Ertebølle culture. The 
dog bone from area II has been dated to 4350-4050 cal
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Fig. g. Animal bone sample 
from Østenkær.

yr BC (LuS 6618). The harp seal bone from area II 
has been dated to 3940-3642 cal yr BC (LuS 6139). 
Two red deer have been dated to 4450-4240 (Poz- 
26158) and 3960-3710 (Poz-26159) cal yr BC respec
tively. A pointed wooden stick has been dated to 4443- 
3980 cal yr BC (AAR-1223). The latter datings all 
correspond to uppermost Ertebølle culture.

Results

Bones from at least 9 species of fish, at least 15 species 
of birds, and at least 18 species of mammals were 
found at Østenkær (Tables 8-10).

Burnt bones
Apart from one fish tooth and one unidentifiable bird 
bone, all the numerous burnt bone fragments seem to 
derive from mammals. The following species were 
identified from the closely studied samples: bird un- 
spec., wildcat?, carnivore unspec., swine, roe deer, red 
deer and ruminant unspec. (Table 15). In the samples 
which were cursorily studied and weighed, one por
beagle tooth was found, as well as fragments of otter, 
wildcat, seal unspec., swine, roe deer and red deer. 
The porbeagle tooth was the only remnant of this spe
cies in the entire Østenkær material.

I

Fig. 10. Human left frontale from Østenkær, two views. Left: mesal view, showing fracture parallel to median plane. Right: 
oblique (tilted backwards) frontal view, the brow ridge to the right. Note the thickness of the skull. - Scale units: 1 cm.
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Most of the burnt bone fragments are white-burnt, 
but there are also partially burnt, black-burnt, and 
grey/white-burnt fragments as well as a few which 
bear no traces of having been burnt (cf. Nicholson 
1993). Most of the fragments that could be identified 
to a species or another category of animal are either 
from teeth (typically pieces of enamel) or from feet: 
phalanges, metapodials, carpals, tarsals or sesamoid 
bones. It seems that these small compact skeletal ele
ments survive burning better and are thus in a condi
tion sufficiently whole for identification. The burnt 

material also includes small fragments of skulls and 
vertebrae, but the vast majority seems to come from 
large limb bones which have become entirely frag
mented by the fire. Such fragments are not character
istic enough for identification; all one can determine 
is whether they are from large or small animals. Alto
gether it seems that the burnt fragments represent all 
parts of the animal skeletons. This leads to the conclu
sion that the burnt material represents mixed refuse, 
presumably mainly remains from meals.

Table 15. Østenkær, burnt bones.

Part 1: Burnt bones from samples that were analysed in detail. Categories of burning: o = unspecified. 1 = 
unburnt. 2 = partially burnt. 3 = burnt black. 4 = burnt grey/white. 5 = burnt white. Entries are of the form n/g 
where n = number of fragments and g = weight in g of n fragments.

Part 2. Results from remaining samples which were weighed but not analysed in detail. By comparison with the 
detailed results from part 1, it is possible to estimate the number of burnt bones from the rest of the samples.

PART i

Category of burnt bone

0 1 2 3 4 5 total

Layer Species

1 unspecified 1/0 6/3 39/19 46/22

2 unspecified 9/3 13/9 22/12

4 bird unspec. 1/0 1/0

4 swine 2/1 1/0 3/1

4 roe deer 1/1 1/1

4 red deer 1/0 1/0

4 unspecified 2/1 119/21 58/10 827/207 1006/239

4 Total 1012/241

6 swine 1/0 1/0 2/0 3/1 7/1

6 roe deer 3/0 3/0
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Category of burnt bone

0 1 2 3 4 5 total

6 red deer 1/1 1/1

6 red deer? 16/3 16/3

6 ruminant 3/0 9/1 12/1

6 carnivore? 1/0 1/0

6 unspecified 206/37 6/1 1067/242 1279/280

6 Total 1319/286

8 roe deer 1/1 1/1

8 red deer 3/1 3/1

8 wild cat? 1/0 1/0

8 unspecified 1/1 5/1 3/2 40/17 49/21

8 Total 54/23

no information swine? 1/0 1/0

do. roe deer 1/0 1/0

do. swine / roe deer 1/0 1/0

do. ruminant unspec. 1/0 1/0

do. mammal unspec. 39/9 28/7 172/42 239/58

no information Total 243/58

Part 2

Layer burnt bones from the analysed 
samples

burnt bones from the rest of the 
samples

Estimated total 
number of burnt 
bones from layer

Weight (g) Number (n) Weight (g) Estimated number n/g

1 22 46 181 (46:22)* 81=378 424/203

2 12 22 7 13 35/19

3-4 38
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Layer burnt bones from the analysed 
samples

burnt bones from the rest of the 
samples

Estimated total 
number of burnt 
bones from layer

Weight (g) Number (n) Weight (g) Estimated number n/g

4 241 1012 2981 12518 13530/3222

6 286 1319 1324 6106 7425/1610

7 3

8 23 54 47 110 164/70

unknown 58 243 24 101 344/82

Total 21922/5206

Fish
Most fish species in the Østenkær material are marine 
(porbeagle, topeshark cod, ling and plaice/flounder/ 
dab). Migratory fishes, which may be caught in fresh 
water as well as the sea, are represented by sturgeon 
and eel, and freshwater fishes are represented by pike. 
Whitefish occurs as a stationary form spending its en
tire life in the same lake, as well as a migratory form 
which enters fresh water from the sea in order to 
spawn - most likely the latter form in this case. Stur
geon, whitefish, pike, eel and flounder also occur in 
brackish water, see also Enghoff (1994). Table 16 
shows which skeletal elements of each fish species 
were present.

Porbeagle, topeshark and ling are normally deep
water species; ling occurs at 100-400 m depth, occa
sionally as deep as 1000 m, cf. the indications of 100 
m deep water at Skagen mentioned at Yderhede, 
Østenkær is the only Danish Stone Age settlement 
from where ling bones have been recovered. Ling was 
recently found in Bronze Age material (Enghoff in 
press) and becomes common in bone assemblages 
from the Middle Ages and later (Enghoff 1999a).

Sturgeon is also a remarkable species on a Danish 
Ertebølle site, being known only from two other 
Stone Age sites in the country, both belonging to the 
Kongemose culture, viz., Italiensvej on Amager (Eng

hoff 2004, this book chapter 7.3) and Nivå 10 (chapter 
7.2)

The find of whitefish at Østenkær lies outside the 
natural present-day distribution of this species which 
only reaches the Limfjord from the south (Curry-Lin
dahl 1985, S. Berg, pers. comm.).

The majority of the fish remains (23 bones, 227 
scales) were found in area II, 13 bones were found in 
heaps of soil excavated for the duck pond, or were 
picked up haphazardly, cf. “Material and methods”. 
The small number of fish bones may in part be due to 
poor conditions of preservation in area I, but also to 
the use of a very coarse mesh for the bulk of the sieved 
material.

Birds
The bird list is quite diverse, including divers, peli
cans, gannets, cormorants, swans, geese, ducks, ea
gles, capercaillie and auks. The relatively high number 
of gannet bones (next only to unspecified ducks) is 
remarkable; swans constitute the third-largest group. 
Table 17 shows which skeletal elements of each bird 
species were present and Table 18 shows to which 
‘functional’ group they belong.

The most exotic species by far is the Dalmatian 
pelican (Fig. 11) whose presence in the Østenkær ma
terial is probably due to the higher temperature dur-
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Table 16. Østenkær, fishes, skeletal elements. Some species names are simplified, for full English, Latin and 
Danish names see Table 3. Entries are numbers of skeletal elements.

po
rb

ea
gl

e

to
pe

sh
ar

k

st
ur

ge
on

w
hi

te
fis

h

pi
ke 75 co
d

fin
g

pl
ai

ce
 / H

o 
de

r / 
da

b

Head

Parasphenoideum 1 1

Dentale 1

Articulare 1 1 1 1

Suboperculare 1

Keratohyale 1

Detached teeth 1

Shoulder girdle

Cleithrum 1

Vertebrae 1 2 4 2 3 1

Others

Scute 1

Scale 227

Total 1 1 1 3 + 227 9 2 2 5 1

ing the Atlantic chronozone. Five pelican bones were 
found in squares 495-497/613, layer f. Since the five 
fragments were found rather close to one another, 
they may derive from one and the same wing, cf. Ta
ble 17.

The presence of truly marine birds, gannet, great 
auk, razorbill and murre, is also noticeable. The great 
auk, which is now globally extinct, seems never to 
have bred in Denmark and must have been a visitor to 
Østenkær. Razorbill and murre still breed in Den
mark (in the Baltic Sea), and in addition many indi

viduals overwinter in Danish waters (North Sea, Ska
gerrak, Kattegat). The two bones of great auk were 
found in layer f, squares 491/613 and 498/613.

Remarkably, all three European swan species are 
represented in the Østenkær material. Mute swan is 
rare in Danish subfossil bone samples although nowa
days, it is a common Danish breeding bird. Whooper 
swan and tundra swan occur only on the migration 
and as winter visitors (Andersen-Harild 2002).

Two bones from golden eagle also belong to the 
spectacular finds from Østenkær. This species had not
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Fig. n.Bone fragments from Dalmatian pelican found at 
Østenkær, compared with recent specimens.
Left: fragment of humerus. Right: fragment of ulna. - 
Scale 10 cm.

been known to have ever bred in Denmark until 1999 
when a couple raised two young. It has, however, 
been a regular visitor during the migration, most indi
viduals being seen during the spring migration 
(March-May), e.g., at the present-day northern tip of 
Vendsyssel, at Skagen where they may stay for several 
weeks before continuing their voyage over the sea 
(Mikkelsen et al. 2002). The situation could have 
been similar at the time of the Østenkær settlement 
which lay at the northern tip of Atlantic Vendsyssel.

Three capercaillie bones were found at Østenkær. 
The capercaillie is the giant among European forest 
birds, the size of a turkey. It is now extinct in Denmark.

Seventy-four out of the 133 bird bones from 
Østenkær were found in the excavated squares in area 
II, 57 were found in the heaps of soil excavated for the 
duck pond, and one unidentified bird bone was found 
among the burnt bones from area I. The small number 
of bird bones in area I is probably due to poor condi
tions of preservation in area I, cf. “Material and meth
ods”.

Mammals
The bulk of mammal bone fragments are from red 
deer, swine and roe deer, but red deer is clearly the 
most frequent, with ca. three times as many fragments 
as roe deer and swine. Aurochs is represented by a 
smaller number of fragments. The fur-bearing ani
mals are represented by squirrel, wolf, fox, pine mar
ten, otter and wildcat. Most of the mammal species 
are terrestrial, but there is a noticeable element of ma
rine species like several species of seals (ringed, harp, 
grey) (Fig. 12) and cetaceans (porpoise, killer whale).

The species include meat sources, fur-bearing ani
mals and a species (dog) presumably used for assist
ance during hunting. Table 19 shows which skeletal 
elements of each mammal species were present.

Most mammal bones (3646) were found in area II 
although the systematically excavated area I is more 
than twice as big, 2695 mammals bones were found in 
area I and 2941 in the heaps of soil excavated for the 
duck pond.

Comments to selected mammal species
Fur-bearing animals
Squirrel, water vole, wolf, fox, pine marten, otter and 
wildcat represent the fur-bearing animals at Østenkær. 
The pine marten and wildcat bones represent both ju
venile and adult individuals.

Cutmarks were found on bones from wildcat (ex
ternal side of a humerus) and pine marten (distally on 
the posterior side of a humerus and a tibia).

The water vole bone is a femur with the same col
our and other characteristics as the other bones; it is
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Table 17. Østenkær, birds, skeletal elements. Some species names are simplified, for full English, Latin and Danish names see
Table 4. Entries are numbers of skeletal elements. Numbers preceded by a slash (J) refer to tentative identifications.
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Trunk

Vertebra 
cervicalis

1

V. thoracalis 1 /1

Coracoideum 1 1 1 1 6

Sternum 1

Scapula 2

Clavicula 1

Pelvis 2

Limbs

Humerus 1 2 3 2 2 1 2 3 1 12 1 2 1 1 2 3

Radius 1

Ulna 1 5 1 2 1

Carpo-metacar-
pale

1 1

Femur 1

Tibio-tarsale 1 1

Tarso-metatarsale 1 1

Phalanx 1 1

Total 1 2 1 5 13 4 1 2 2 6/1 1 1 23 1 2 3 2 1 2 3
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Table 18. Østenkær, birds, functional groups. Numbers preceded by a slash (J) indicate tentative identifica
tions.

marine 
meat

freshwater 
meat

terrestrial 
meat

tools/orna- 
ments only

no.of
fragments

loon X X 4

Dalmatian pelican X X 5

gannet X 13

cormorant X X 4

swan X X X 11/1

goose X X X 1

teal/garganey X X 1

duck unspec. X X X 23

eagle X 3

capercaillie X 3

alcids (auks etc.) X 8

Fig. 12. Seal bones constitute 
a significant part of the 
Østenkær material. The 
picture shows a tibia from 
ringed seal (left), a humerus 
from harp seal (middle), a 
maxilla from grey seal (top 
right) and the ear region of 
the skull from grey seal 
(bottom right). - Scale 10 cm.
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Table 19. Østenkær, mammals, skeletal elements. Some species names are simplified, for full English, Latin and 
Danish names see Table 5. Entries are numbers of skeletal elements. Numbers preceded by a slash (/) indicate 
tentative identifications.

Cornu

Calvarium 1 1 1 20

2Praemaxillare

Maxillare 32

Os hyale

Mandibula 1 1 1 3 1 6 1 40

Dentes 1 1 103

Trunk

Vertebra 2 1 25
cervicalis

V. thoracalis 5

V. lumbalis /1 8

V. caudalis 1

V. unspec. 1

Costa 1 18

Sternum 2

Sacrum 1

Scapula 1 41

Pelvis 1 11

Limbs

Humerus 1/1 1 1 2 1 1 24

Radius 12/1 2 2 7
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Ulna 1 2 9

Radius+ulna

Carpale 9

Metacarpus 1 1 17

Femur 1 /1 2 3 24

Tibia 1 1 3 23

Fibula 11

Patella 9

Astragalus 9

Calcaneus 16

Tarsale 9

Metatarsus 1 1 16

Metapodium /1 10

Sesamoid

Phalanx 1 34

Phalanx 2 25

Phalanx 3 17

Phalanx unspec.

limb bone unspec. 1

Bone unspec

Total 1 1 1 4/1 2/1 12/1 6/1 7 17 3 4/1 579
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Head

Cornu 132/13 17

Calvarium 49 13 2 3 6 3 3

Praemaxillare 6 1

Maxillare 5 6

Os hyale 3

Mandibula 53 42 /1 1 2 1

Dentes 107/16 22 1

Trunk

Vertebra 
cervicalis

50 7 1 9 1

V. thoracalis 17 4 /1 8

V. lumbalis 29 3 1/1 4 1

V. caudalis

V. unspec. 4 1

Costa 46/3 13 /1 22 2

Sternum 11 1

Sacrum 11 2

Scapula 38 44 1 3

Pelvis 59 29 1

Limbs

Humerus 73 43 2 1 4 1

Radius 62 25 2 1
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Notes: tentatively identified ox bones may instead be from elk; the unspecified vertebra from cetacean is from a killer whale 
size-class.

Ulna 21 11 1 2 1/1 3

Radius+ulna 6

Carpale 30 1

Metacarpus 104 28 2 4

Femur 123 57 2 3

Tibia 120 65 1 1 4

Fibula 1 1

Patella 7 1

Astragalus 29 17 2

Calcaneus 31 11 1 4

Tarsale 34 4 3

Metatarsus 105 49 1 4

Metapodium 74 27 1

Sesamoid 5

Phalanx 1 49 6 3 13

Phalanx 2 23 4 4

Phalanx 3 31 1

Phalanx unspec. 1

limb bone unspec. 4

bone unspec. 1

Total 1420/19 536 13/2 10 1 4 22/3 93 1 1 7
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therefore regarded as belonging to the Stone Age set
tlement, rather than to a more recent individual which 
had burrowed into the settlement sediment.

Swine
The swine remains from Østenkær represent the en
tire skeleton (Table 19), meaning that entire animals/ 
carcasses were brought to the settlement.

Size: wild boars or domestic pigs?
The length of lower molar M3 from late Atlantic set
tlements in Jutland is ca. 35-54 mm and the width 
(WA) is ca. 16-23 mm (Fig- IO3)- These intervals are 
almost identical with those shown by Rowley-Convy 
& Dobney (2007) for late Mesolithic wild boar. Lower 
M3 lengths from Østenkær lie in the middle of this 
interval, suggesting that the Østenkær swine were in 
general wild boars. Payne & Bull (1988), however, re
commend using molar width rather than length for 
separating wild boar from domestic pig. Confusingly, 
the lower M3 widths from Østenkær are among the 
smallest found in the entire studied material. This is 
in conflict with the trend for wider swine teeth in Jut
land in the Late Mesolithic as suggested by Rowley- 
Convy & Dobney (2007).

Tibiae and astragali (bones without a great sexual 
dimorphism) are small compared to those from the 
older settlement Lystrup Enge (Mid-eastern Jutland, 
p. xx) (Figsioö, 107). Estimates of height at withers 
(81-95 cm) accordingly place the Østenkær swine as 
the smallest ones in the entire project material (Fig. 
hi). Estimates based on calcaneus are somewhat high
er (89-101 cm) (Figs in-112).

The narrow lower M3 and the small tibiae and as
tragali seem to suggest that the Østenkær swine were 
domestic. Considering the age of the settlements this 
appears unlikely, and it is contradicted by the lengths 
of lower M3 and by the size of calcanei. Might the 
Østenkær swine in fact have been particularly small 
wild boars, cf. that the Østenkær red deer were small? 
Noe-Nyggard (1995) and Magnell (2004) have dem
onstrated that the size of swine on Zealand decreased 
in late Atlantic. Noe-Nygaard (1995) regarded ’’in
creased density of the forest” as a possible cause, 

whereas Magnell (2004) interpreted the trend as the 
result of ’’genetic isolation”. Vendsyssel was an island 
at that time, so a genetic influence (island effect) on 
the size of swine (and red deer) is likely.

Sexing
The three swine humeri are of about the same size and 
are probably all from females (Fig. 9 6). Scatter plots 
for scapula (Fig. 97) interpreted after Magnell (2005b) 
indicate both males and (mostly) females in the 
Østenkær material.

Age determinaton
Twenty-eight age-determined swine bones from 
Østenkær show that ’’Yearlings” and ’’Adults” domi
nate (Fig. 108). Apparently only few individuals were 
killed at a very young age. There is only one single 
tooth (lower dP4, the hindmost deciduous mandibu
lar molar) which comes from a very small piglet. This 
tooth erupts during the piglet’s first month and since 
the Østenkær one only shows wear on the anterior 
cusps, this piglet cannot have been much more than a 
month old. There is also a scapula (x 516) and a tibia 
(x 546) of the same size as those from a recent 6-week 
piglet.

Hunting strategy
Combining the results of sexing and age determina
tion, the hunting strategy may tentatively be charac
terized as a focus on adult females, which will have 
formed groups together with their 1-2 year young, cf. 
Noe-Nygaard (1995).

Red deer
The red deer remains from Østenkær represent the en
tire skeleton (Table 19), meaning that entire animals/ 
carcasses were brought to the settlement.

The Østenkær red deer were relatively small, see 
the discussion of red deer in Vendsyssel in chapter 
12.4.

Red deer as old as 12-14 years were hunted by the 
Østenkær people, but most were 3-8 year-olds when 
killed (Fig. 123, Table 66). Only a single red deer calf 
bone could be age determined, viz., a lower jaw with
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the deciduous tooth dP4 coming from a 5-24 month- 
old individual. The estimated ages of the Østenkær 
red deer provide no information about the season in 
which they were killed.

Antlers: In addition to a considerable number of 
small antler fragments, like isolated prongs etc., there 
are eight fragments of red deer frontale carrying one 
or both antler roses. Such fragments provide informa
tion on whether the deer was carrying antlers when 
killed, or whether the antlers had been shed. Four of 
the eight fragments are from individuals with antlers 
and four from individuals who had shed the antlers 
before being killed. The four frontale fragments with 
antlers are from stout, presumably quite old individu
als. Nowadays, older red deer rub their antlers in July 
i.e., the antlers are fully formed by then, and they 
shed the antlers during February-March (Strandgaard 
1991). The frontale fragments showing shed antlers 
provide a more precise indication of season, since the 
new antlers start to grow shortly after the old ones 
have been shed. Two of the fragments with shed ant

lers are from quite young individuals. Nowadays, the 
youngest red deer shed their antlers in May (Strand
gaard 1991).

Several artefacts made from red deer antlers (Fig. 
13) were found at Østenkær.

Roedeer
The roe deer remains from Østenkær represent the en
tire skeleton (Table 19), meaning that entire animals/ 
carcasses were brought to the settlement.

Measurements of astragalus (n=9) suggest that 
both males and females were hunted (Fig.126). The 
Østenkær roe deer were small, and the material sug
gests that the small size is due to ecological rather 
than genetic factors, see discussion in chapter 12.6.

Fifteen out of 25 age-determined roe deer bone 
fragments were from 3-4 year-old individuals (Fig.131). 
The age information is not very informative with re
gard to hunting season. There are, however, two 6-10 
month-old individuals which suggest hunting activity 
during late autumn or (maybe rather) winter.
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Antlers: Quite a number of roe deer antler frag
ments were found. In addition to smaller fragments 
(isolated prongs etc.), there are 14 fragments of fron
tale with one or both antler rose(s). All but one of the 
14 fragments are from individuals with antler; only 
one is from an individual with shed antlers. Three 
fragments even retain the entire antler; two of these 
are so-called spike bucks (unramified antlers), and 
one is a six-point buck (each antler with three prongs) 
with stout antlers. The 13 fragments with antlers show 
that these roe deer were killed at some time between 
spring and early winter. There is a tendency for roe 
deer, the older they get, to rub their antlers earlier in 
the year, and subsequently to shed them earlier. The 
two spike bucks from Østenkær can be assumed to 
have been ca. one year old. Nowadays a one-year roe 
buck will typically rub its antlers around ist June and 
shed them in November-December (Strandgaard 
1991), so the two spike bucks must have been killed at 
some time between June and December. The six-point 
buck will have been of an age where present-day 
bucks rub in late March and shed in early October, 
presumably this individual was therefore killed dur
ing this interval. The ages of the ten remaining roe 
deer represented by frontale cannot be estimated, but 
if their ages are assumed to agree with the overall age 
distribution of Østenkær roe deer (most individuals 
3-4 years old when killed) it can be deduced that they 
were probably killed during the interval early April- 
November which is the period where 3-4 year-old 
modern roe deer wear antlers. The single frontale 
without antler is quite stout, i.e., it is probably from a 
mature to old individual which would have shed dur
ing October-November and can be assumed to have 
been killed during this period. Taking all the evidence 
together, the estimated hunting season for roe deer at 
Østenkær, estimated on the basis of antlers, spans 
most of the year, with only later winter (January- 
March) not indicated (cf. Schmid 1972). This is in 
agreement with an autumn-winter hunting season 
suggested on the basis of roe deer ages.

Ox
Thirteen fragments of ox bones were found at 
Østenkær, representing head, vertebrae and front 
legs. The lack of bones from the hind legs is presum
ably accidental.

The two measurements of the proximal width 
(Bp) of ox metacarpi from Østenkær (Table 71) fall 
within the range indicated for male aurochs but lie 
above the range for female aurochs and both sexes of 
domestic cattle, see chapter 12.8. These two metacarpi 
can therefore be identified as aurochs.

The material includes three fragments of proximal 
phalanges including a complete element and the 
proximal part of another. Compared with measure
ments given by Degerbøl & Fredskild (1970), the lat
ter can with certainty be identified as aurochs. The 
complete phalanx is far more delicately built, its prox
imal width being below the range for both sexes of 
aurochs and within the range for both sexes of domes
tic cattle. Its distal width and its largest length, how
ever, lie within the ranges for female aurochs and 
both sexes of domestic cattle. Measurements there
fore do not allow identification to either aurochs or 
domestic cattle.

All but one of the remaining fragments are stout 
and thick-walled and intuitively look like aurochs 
fragments. One premaxillary bone, in contrast, is 
very small and slender and must come from an excep
tionally small aurochs or from domestic cattle.

Summarizing, three of the 13 ox fragments from 
Østenkær are with certainty from aurochs, none is 
with certainty from domestic cattle.

Seals
The Østenkær seal fragments include ringed seal, 
harp seal, grey seal and unspecified seals. Cutmarks 
occur on humeri from grey seal and on a cervical ver
tebra and a phalanx of an unspecified seal. Sixteen of 
the fragments are from juveniles but could not be 
identified to species and therefore tell nothing about 
which species of seal bred near the settlement.
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Østenkær, n = 2716

Fig. 14. Relative importance of red deer, roe deer and 
swine in the osteological material from Østenkær (based 
on NISP, n=27i6).

Discussion
Judging by the number of bone fragments, red deer, 
swine and roe deer seem to have had the greatest im
portance for the food economy at Østenkær. Red deer 
dominates (58% of the bones identified to these three 
species); swine (21%) and roe deer (20%) are about 
equally well represented (Fig. 14). In addition there 
are many bones from marine mammals including the 
large killer whale which may have contributed a large 
quantity of meat, although only a few bones were 
brought to the settlement.

The substantial occurrence of fur-bearing animals 
like squirrel, fox, pine marten, otter and wildcat indi
cated that fur hunting was important.

Altogether, terrestrial meat animals answer for 
93% of the identified bones, marine meat animals for 
5%, and fur-bearing animals for 2% (Fig. 15). Consid
ering the marine location of the settlement, this is 
somewhat surprising. It should be underlined, how
ever, that for taphonomic reasons the significance of 
fishing, and hence the relative importance of marine 
vs. terrestrial food, is difficult to evaluate.

The birds from Østenkær are mainly aquatic (Ta
ble 18) but only some of them are definitely marine. In 
connection with the relatively large number of bird 

Fig. 15. Relative importance of fur-bearing animals, 
terrestrial meat animals, marine meat animals and others 
in the osteological material from Østenkær (based on 
NISP, n=2969).

bones found on the settlement, it is worth mentioning 
that an extraordinarily large number of transverse 
flint arrowheads have been found at Østenkær; ar
rows with this kind of head would have been suitable 
for bird hunting (Møhl 1978 referred to a swan hu
merus found with an embedded arrowhead of this 
type.)

A surprising element in the discussion of the im
portance of marine vs. terrestrial food at Østenkær is 
provided by C-13 analyses of two bone fragments 
from the site: a piece of a human skull (frontale) and 
a metatarsus from a dog. The human frontale was ra
diocarbon dated to 5220-4940 cal yr BC and had a 
dCiß-value of-20.I. The dog metatarsus was C14 dated 
to 4350-4050 cal yr BC and had a 3Ci3-value of -21.8. 
Both bone fragments were found in the same layer (f) 
in the refuse zone in the prehistoric stream - the great 
difference in radiocarbon age is thus quite remarka
ble. Even more remarkable are the 3Ci3-values. 
Fischer et al. (2007) analysed 3I3C (and 315N) in a 
number of terrestrial, freshwater and marine food 
sources and compared these with values from human 
and dog bones recovered at Danish Stone Age sites. 
Fischer et al. demonstrated a very clear pattern which 
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was interpreted as the food during late Boreal 
(Maglemose culture 7500 I4C BP), being predomi
nantly of terrestrial/freshwater origin, whereas during 
the Atlantic (Kongemose and Ertebølle culture, 7500- 
5150 I4C BP), food was very clearly of marine origin. 
In the Neolithic (5150-3400 I4C BP), food again be
came mainly terrestrial (this pattern was first demon
strated by Tauber 1981). E.B. Petersen (in prep.) 
agreed that the Mesolithic population of southern 
Scandinavia seems to become more and more ‘ma
rine’ through time, but argues that this is not due to 
the consumption of more marine food, it is rather the 
marine food itself that becomes more and more ma
rine through time, following the effect of the increas
ing salinity in Danish waters during the Atlantic pe
riod. E.B. Petersen (in prep.) notes that after 7000 
and until 5000 I4C yr BP, nearly all the human indi
viduals buried or deposited at the Danish coastal sites 
around the Sea of Kattegat show a high marine con
tent with 3I3C values, between -13.6 and -10.6 %o. The 
Østenkær settlement lies in the area within Denmark 
which gives the highest 3I3C values for coastal people 
living on a marine diet- this makes the low 3I3C value 
even more outstanding and indicates that the 
Østenkær man came from far away - from an area 
with lower values of 3I3C. This interpretation is sup
ported by the fact that the frontale is a stray bone and 
does not derive from a burial place, suggesting that 
the individual may have been a stranger (E.B. Pe
tersen in prep.). According to Fischer et al. (2007) 
3I3C values such as those seen in the human frontale 
and dog metatarsus from Østenkær, however, very 
clearly indicate terrestrial food. The human frontale 
value lies on the limit, suggesting that although this 
person mainly ate food of terrestrial/freshwater ori
gin, there was also an element of marine food. The 
above mentioned dog metatarsus, about a millenni
um younger than the human frontale and yet with a 
similar 3I3C value, complicates the picture - maybe 
the low 3I3C values are due to an as yet unidentified, 
‘local’ factor.

Measurements of bones from swine and ox show 
that the wild forms: wild boar and aurochs were 
present.

A study of mandibular teeth from swine, red deer 
and roe deer was made with a view to interpreting the 
hunting strategy. The analyses show that 56% of the 
swine were killed at an age of no more than 26 months; 
44% were older than 44 months, most of them signifi
cantly older. There are very few fragments of newborn 
piglets. Most of the red deer were killed while 2-8 or 
10-14 years old, only a single calf being represented. 
In agreement with this age spectrum, many tools 
made from red deer antler have been found, e.g., stur
dy antler axes (Fig. 13). Most of the analysed roe deer 
mandibles are from 3-4 year-old individuals, suggest
ing quite a selective hunting for this species. Only two 
fawns (6-10 months) are represented.

Indicators of seasonality
No remains of seasonal fishes were found.

The birds provide several hints to indicate autumn 
and winter. Remarkably, all three European swan spe
cies have been identified from Østenkær. In the 
present day, tundra swan arrives to Denmark in Octo
ber and overwinters if the winter is mild; this species 
is counted as a reliable winter indicator. Whooper 
swans also arrive during autumn (October/Novem- 
ber) and overwinter, i.a., in northern Jutland. How
ever, since the whooper swan has been known to 
change habits quickly in recent times and have bred 
in southern Sweden, even in Denmark with a few cou
ples since 2002, its presence in the Østenkær material 
is not a proof, but only a hint to activity during au- 
tumn/winter. Razorbill and murre overwinter abun
dantly in Danish waters and also suggest, but do not 
prove, autumn/winter activity.

Hunting for fur-bearing animals is most profitable 
during autumn and winter, while the fur is best devel
oped. Bones from juvenile pine marten provides a 
more precise indication: one tibia in which the proxi
mal epiphysis is separate indicates an age of 4-6 
months according to Trolle-Lassen (1986: table 1), this 
individual would thus have been killed during Au
gust-September. A pine marten femur with no fused 
epiphyses indicates an age below 4-8 months, i.e., the 
individual would have been killed between April and 
August-November.
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The estimated ages of red deer reveal nothing 
about season. However four frontales from individu
als which had shed their antlers indicate killing dur
ing February-March, and four frontales with antlers 
indicate the period between ca. July and February- 
March.

Two roe deer individuals aged 6-10 months sug
gest hunting during late autumn or (more likely) win
ter (December-April, roe deer fawns are born during 
May-June). A roe deer frontale with shed antlers 
shows that roe deer hunting took place during Octo
ber-November, whereas the 13 frontals with antlers 
could be from individuals killed at any time except 
January-March.

Summarizing the indicators of season (Fig. 16), 
there are some certain (tundra swan) and some proba
ble (auks) winter indicators among the birds. The pres
ence of fur-bearing animals also points to autumn/ 
winter. More specific indicators come from pine mar
ten (August-September and May-November), red deer 
(August-mid February and mid-February-March), roe 
deer (April-December and December-April), swine 
(May-June with reservation, cf. Lauwerier (1983)). One 
may thus conclude that there was activity on the 
Østenkær settlement during early spring (February- 
March), August-September and October-November. 
Several species in general suggest activity during au
tumn or spring, possibly through winter.

Indicators of habitat type
The maritime situation has influenced the species list. 
The marine fishes include several species of shark, in
cluding porbeagle, as well as ling, which lives at 100- 
1000 m sea depth. There is also a significant element 
of genuine marine birds, such as gannet, great auk 
(extinct), razorbill and murre. Marine animals are 
well represented, especially seals (three species). 
Harp seal and grey seal were frequent in Danish wa
ters at that time, while the ringed seal was a rare visi
tor from the Late Glacial relic population in the Bay 
of Bottnia. Porpoise and killer whale are further ma
rine mammals.

The presence of otter suggests an inlet, a lake or a 
slow-running freshwater stream. Pike is a freshwater

Østenkær seasonality

Fig. 16. Østenkær, indicators of seasonality. Indicators 
from periphery to centre: winter birds (black); fur-bearing 
animals (light brown, solid); pine marten, juvenile (light 
brown, chequered); red deer, shed antlers (red, solid); red 
deer, attached antlers (red, chequered); roe deer, 6-10 
months old (green, solid), roe deer, shed antlers (green
white, chequered); roe deer, attached antlers (green-black, 
chequered).

fish that may, however, wander into inlets or lagoons 
where fishes like flounder, eel, whitefish and sturgeon 
may also be encountered. The remarkable Dalmatian 
pelican is a fish-eater and will have been attracted by 
a lake, a lagoon or an inlet.

Other species indicate the presence of large, con
tinuous forests in the vicinity of the settlement, viz., 
capercaillie (extinct in Denmark) wildcat, and pine 
marten. Red deer and roe deer prefer open areas with
in forests.

Altogether the selection of species at Østenkær 
tells us that there was deep, marine water nearby, in 
addition to an inlet or a lagoon. It is more surprising 
that there seems to have been a large continuous for
est quite close to this maritime, exposed settlement.

The Dalmatian pelican indicates a climate warmer 
than today’s.
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4.3 Vendsyssel, general discussion

Quite a large number of species of fish, birds and 
mammals were found on the two studied settlements 
in Vendsyssel. The finds add significant new knowl
edge about the faunal history of the region. The selec
tion of species indicates that there were continuous 
areas of forest, as well as access to brackish water in 
inlets or lagoons and to the relatively deep sea close 
by. The presence of exotic species indicates a warmer 
climate than today, and the lists include several spe
cies which are now extinct in Denmark, or even en
tirely extinct (great auk).

The inhabitants of both sites went fishing, and 
they hunted birds, terrestrial mammals, and marine 
mammals. Considering that the settlements were the 

northernmost outposts bordering the sea, it is remark
able that although the fauna of the lagoons and the 
sea were exploited as well as that of the forest, the 
hunting effort seems to have been primarily directed 
to the forest, with red deer as the principal target. Iso
tope analysis of bones from humans and dogs sup
port the impression of primarily terrestrial hunting 
provided by the animal bones.

During the period under study, the red deer in 
Vendsyssel were smaller than red deer further south. 
This may be an effect of Vendsyssel having become an 
isolated island, or it may be a result of two independ
ent immigration events. (The pigs from Østenkær are 
also small compared with those from other sites - sec
ond evidence of ‘the island effect’?).
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5
The Limfjord region

During the chronozone Atlanticum, the topography 
around the present-day Limfjord was profoundly dif
ferent from the present situation. Due to the high sea 
level, the region was one of islands, inlets, bays and 
broad connections to the North Sea. As a consequence 
of this the water in the area was highly marine (K.S. 
Petersen 1987,1992, 2004). At the same time, because 
the temperature had risen to a sufficiently high level, 
it became possible for oyster {Ostrea edulis) to survive 
and reproduce (cf. Spärck 1924). The oyster thrived in 
the Limfjord area which accordingly is world famous 
for its shell middens (’’køkkenmøddinger”), which 
mainly consist of shells from oysters gathered by pre
historic people. The oldest shell middens in Denmark 
have been dated to ca. 5600 cal. BC (late Kongemose 
culture), e.g. Brovst layer 11 (Andersen 2007). This 
dating coincides with the fast sea level and sea tem
perature rise (P. Rasmussen pers. comm.). Shell mid
dens are only found in the north-northeastern part of 
Denmark (Andersen 2007: fig. 3.3).

The shell middens were in particular formed at the 
Ertebølle culture settlements which were strategically 
placed at inlets and bays which provided good fishing 
sites and oyster beds, see Fig. 17. Among the settle
ments shown on the map, Egsminde, Åle, Ertebølle 
and Krabbesholm II are treated in detail in the present 
book. That the saline seawater penetrated into the in
nermost branches of the inlet systems is proven by the 

Krabbesholm II shell midden. Oyster lived at Krab
besholm II during the entire period that the shell 
midden was in use, i.e., Ertebølle culture plus early 
and middle Funnel Beaker culture (Andersen 2005). 
Several of the Limfjord shell midden include layers 
from the early Neolithic. Some of these, e.g., Krab
besholm and Bjørnsholm, are “stratified shell mid
dens” sensu Andersen (1993, 2000, 2007), i.e., they 
span the transition from the Mesolithic Ertebølle cul
ture to the Neolithic Funnel Beaker culture.

The shell midden at Bjørnsholm is drawn into the 
discussion almost at the same level as the above-men
tioned sites. This is, among other things, due to the 
fact that the Bjørnsholm settlement area integrates 
with the Åle shell midden. Åle and Bjørnsholm are 
collectively referred to as ’’the Bjørnsholm complex” 
(Andersen 1993). Furthermore, Bjørnsholm was exca
vated (by S.H. Andersen and others) according to 
similarly modern principles as the settlements that are 
treated in detail. The fish bones from Bjørnsholm 
were analysed by Enghoff (1993), the bird and mam
mal bones by Bratlund (1993).

The discussion also involves a number of previ
ously published analyses of animal remains from ad
ditional sites in the Limfjord region. Identified fish, 
bird and mammal bones from the newly and previ
ously studied sites in the Limfjord region are listed in 
Tables 20-22.
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Fig. 17. The Limfjord region during the Atlantic period, showing the location of the newly and previously studied sites. - 
C Egsminde, D: Åle, E: Ertebølle (type site), F: Krabbesholm IE - 1: Bjørnsholm, 2: Aggersund, 3: Hjerk Nor, 4: 
Signalbakken, 5: Vinkelhage. Map by K. Rosenlund.

5.1 Egsminde (Z.M.K. 34/1995)

The Egsminde shell midden is situated at the prehis
toric Bjørnsholm inlet, ca. 4 km from the main Limf
jord (Fig. 17). The thin shell midden layer is predomi
nantly Mesolithic but there is a thin early Neolithic 
layer in the eastern part of the midden (S. H. An
dersen pers. comm.).

Material and methods

The Egsminde shell midden was excavated by Søren 
H. Andersen of Moesgård Museum during 1993- 

T995-
The settlement was excavated systematically, and 

all sediment from the cultural layers was sieved 

through 2-2.5 mrn meshes. Furthermore, all fireplaces 
were water-sieved through 1 mm and 0.5 mm meshes.

The animal bones are generally very poorly pre
served. The surface of the bones is usually corroded, 
meaning, i.a., that cutmarks could not be detected. 
Individually excavated and stored bone fragments 
were often crumbled into many pieces inside the plas
tic bags in which they were stored. Eight bone frag
ments were burnt.

The Ertebølle Culture layer in the shell midden 
has been dated to the interval from 5905 +/- 40 BP 
(AAR-8456) to 5595 +/- 30 BP (AAR-8457) and the 
Funnel Beaker Culture layer has been dated from 
5230 +/’ 7° BP (K-6539) to 4960 +/- 7° BP (K-6540). 
No new datings were made during the present 
project.
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Table 20. Fish bones from sites in the Limfjord region. Entries are numbers of fragments. Numbers preceded 
by a slash indicate tentative identifications. Sequence of species after Whitehead et al. (1984-1986) (freshwater 
species inserted by the author). Some species names are simplified, for full English, Latin and Danish names 
see Table 3. Newly studied sites indicated with boldface, “s” indicates scales (in flounder: dermal denticles = 
modified scales).
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eel 3 1638 W 172 1085 2 6460 154 2 1
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three-spined stickleback 49 W 120 792 754
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goby unspec. 6 10 2
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grey gurnard 2 11
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Notes: Ertebølle (type site): identifications by Winge (in Madsen et al. 1900) are indicated with W and are not included in 
the counts. - Bjørnsholm: unidentified fish bones were not counted.
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plaice / flounder / dab 3 35 W 5 9 147 9

flatfishes unspec. 2

identified fishes total 51 9462 + s 369 2706 2 11490 252 2+ 1

unidentified fishes 12 4032 62 478 1

fishes total 63 0 13427 + s 431 3184 2 3+ 1

Table 21. Bird bones from sites in the Limfjord region. Entries are numbers of fragments. Numbers preceded 
by a slash indicate tentative identifications. Sequence of species after Meltofte & Fjeldså (2002). Some species 
names are simplified, for full English, Latin and Danish names see Table 4. Newly studied sites indicated with 
boldface.
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5 ■ THE LIMFJORD REGION SCI.DAN.B. I

Å
le Er
te

bø
lle

K
ra

bb
es

ho
lm

 II

K
ra

bb
es

ho
lm

 I

Bj
ør

ns
ho

lm

Bj
ør

ns
ho

lm

A
gg

er
su

nd

H
je

rk
 N

or
d

Si
gn

al
ba

kk
en

V
in

ke
lh

ag
e

Cultural period EBK EBK EBK 1EBK eTRB EBK EBK mTRB EBK
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unidentified birds 1 109 (8) 5 49 6

birds total 1 133 8 79 11 257 7(9) (1)

Notes: No bird bones were found at Egsminde. - Ertebølle (type site): “W” indicates species identified by Winge (in Madsen 
et al. 1900), numbers in parentheses are from Ljungar (1996). - Krabbesholm I: “W” refers to records by Winge (1903,1904). 
- Bjørnsholm: It has not been possible to retrieve the fragment identified as Ural owl by Bratlund (1991); the Ural owl has 
never been recorded from Denmark. - Aggersund: Not all swan fragments could be identified as whooper swan with 
certainty, but since only whooper swan could be documented, Møhl (1978) assumed that all fragments are from this species.

Table 22. Mammal bones from sites in the Limfjord region. Entries are numbers of fragments. Numbers preceded by a slash 
indicate tentative identifications. Sequence of species after Baagøe & Jensen (2007). Some species names are simplified, for full 
English, Latin and Danish names see Table 5. Newly studied sites indicated with boldface.
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Cultural period(s) EBK+ EBK + EBK EBK EBK+ eTRB EBK eTRB 
eTRB

eTRB EBK EBK mTRB EBK
eTRB eTRB

hedgehog W

common shrew 1 1

pygmy shrew

mole 1

Daubenton’s bat 1

squirrel W 1

bank vole w

water vole w 1 2

field vole 1
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Cultural period(s) EBK + EBK + EBK EBK EBK + eTRB EBK eTRB eTRB EBK EBK niTRB EBK
eTRB eTRB eTRB

vole unspec.

yellow-necked mouse

wood mouse W

wood / yellow-necked mouse

mouse unspec. 1

rodent unspec. 2

wolf 1/1 w

dog 1 7/3 W 2 1 1 4 1 w 18 5 X

fox 2 17 W 2 18 14 X

dog/ fox 4 5 3

polecat W 1

pine marten 6 W w 1 26 27 X

badger W w 9 X

otter 3 2 W w 40 X

wildcat 1 6W 1 2 w 207 X

lynx 9W 12 3 X

swine 13 34 92/35W 12 26 10 4 1 3 W 5 117 98 >229 X

red deer 12/6 68/6 131/8W 3/1 12 5 8 1 4W 6 40 123 18 X

red deer / ox 2 1

elk W

roe deer 21/3 40 152/8W 1 6 1 7 3 W 9 4 1 X

roe deer / sheep / goat 4 2 2 6 2
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Notes: Ertebølle (type site): identifications by Winge (in Madsen et al. 1900) are indicated with W. - Krabbesholm I: numbers refer to identifica
tions by the author, “W” refers to records by Winge (1903,1904); the third column contains finds not assigned to a period; of the Neolithic ox 
fragments, a metatarsus, had a distal breadth (Bd) of 52.3 mm and on this basis can be referred to domestic cattle (cf. Table §§71).
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Cultural period(s) EBK + 
eTRB

EBK + 
eTRB

EBK EBK EBK + 
eTRB

eTRB EBK eTRB eTRB EBK EBK niTRB EBK

OX 1 20/2 1/W 4/1 8 23 3 2 2 W 4 87 >86 X

sheep 1 1 1 1 >50

sheep / goat 1 1 1 1

ruminant unspec. 1 1 3

ringed seal W

harbour / ringed / harp seal 1 X

grey seal 3 3 W 1 1 X

seal unspec. 3 3

bottlenose dolphin X

bottlenose / white-beaked 
dolphin

W

killer whale W

porpoise W

cetacean unspec. 8 X

identified mammals total 52/9 182/8 436/55 26/2 72 46 24 9 13 33 208 644 >396

unidentified mammals 516 ca.932 953 22 152 23 36 16 5 314

mammals total 578 ca.1122 1444 50 224 69 60 25 18 347 >396

Results

The small animal bone material includes at least sev
en species of fish (Table 20) and five species of mam
mals (Table 22).

Fish
The small fish bone material represents freshwater, 
migratory and marine species (Table 20). Freshwater 
fishes (cyprinids and perch) constitute two-thirds of 
the identified fish bones; the rest are mainly eel and
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Fig. 18. Relative importance of fur-bearing animals, 
terrestrial meat animals, marine meat animals and others 
in the osteological material from Egsminde (based on 
NISP, n= 61).

Egsminde, n = 55

Fig. ig. Relative importance of red deer, roe deer and 
swine in the osteological material from Egsminde (based 
on NISP, n=55).

herring. Many of the species can be found in brackish 
water, which is not surprising considering the settle
ment’s placement in the Bjørnsholm inlet which was 
fed by several streams. The occurrence of herring is 
noteworthy (cf. Krabbesholm II).

Apart from two head-bones from herring and 
cyprinids, the fishbones from Egsminde are vertebrae 
(Table 23). As the bones are poorly preserved, this 
over-representation of vertebrae might be due to the 
fact that the vertebrae are more robust than the rest of 
the elements in the fish skeleton.

Mammals
The small material is strongly dominated by ‘terres
trial meat’ animals (Fig. 18), and bones from swine, 
red deer and roe deer are approximately equally abun
dant (Fig. 19).

Swine, red deer, and roe deer are all represented 
by head as well as limb bones, suggesting that whole 
animals were brought to the settlement (Table 24).

The few measurements from swine and roe deer 
are considered together with measurements from oth
er sites; see the chapters on swine (p. 298) and roe 
deer (p.344), respectively.

Table 23. Egsminde, fishes, skeletal elements. Some 
species names are simplified, for full English, Latin 
and Danish names see Table 3. Entries are numbers 
of skeletal elements.
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Head

Prooticum 1

Keratohyale 1

Vertebrae 7 1 17 3 2 16 3 12

Total 8 1 18 3 2 16 3 12

Five swine bones could be age-estimated and were 
assigned to the age classes ‘piglets’ and ‘yearlings’ 
(Fig. 108).
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Table 24. Egsminde, mammals, skeletal elements. Some species names are simplified, for full English, Latin 
and Danish names see Table 5. Entries are numbers of skeletal elements. Numbers preceded by a slash (J) 
indicate tentative identifications. Bones listed under roe deer and marked with an asterisk may instead be from 
sheep or goat.
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X
0

Head

Cornu 2/3

Calvarium 1

Maxillare/ 1
mandibula

Mandibula 1 2

Dentes 1 6/2 13 /1 1

Trunk

Costa /1*

Limbs

Scapula 3

Humerus 1

Ulna

Radius

Carpale

Three roe deer were estimated to have been 2-4 
years old at death (Table 69).

Discussion
Fishing might well have been conducted in the Bjørn
sholm inlet with its contributing streams. The rela
tively many cyprinid bones suggest fishing similar to 
that at Ertebølle (type site) (Enghoff 1987).

The small material largely consists of the usual Meso
lithic ‘terrestrial meat’ animals. A single bone from dog 
completes a picture of ‘a hunter and his dog’ (Fig 20).
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er

X
0

Metacarpus 1

Pelvis

Femur 2

Tibia 1 /1

Fibula

Calcaneus /1*

Astragalus 1/1*

Tarsale

Metatarsus 2 1

Metapodium 1/3/1* 1

Phalanx 2 2

limb bone /1
unspec.

Total 1 11/2 21/3/4* 12/6 1

5.2 Åle (Z.M.K. 75/2002)

Åle is situated at the prehistoric Bjørnsholm inlet, 
close to its outlet into the Limfjord (Fig. 17). The Åle 
shell midden forms an extension to the NE of the 
large Bjørnsholm shell midden. The Bjørnsholm-Åle 
shell midden complex is the largest preserved shell 
mound area in Denmark (Andersen 1993). The Åle 

kitchen midden is ca.150 m long and ca. 25 m wide 
and is a so-called stratified shell midden. The mid
den is, however, quite shallow, thus differentiation of
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Fig. 20. The bones from 
Egsminde are poorly pre
served. Left to right: red deer 
metatarsus, roe deer astra
galus, swine molar (above) 
and distal tibia (below), dog 
tooth. (The picture combines 
the hunter’s prey and his 
assistant). - Scale units: 1 cm.

the layers is difficult, e.g., bones belonging to a par
ticular layer may have been trodden into a lower 
one.

The artefacts found at Åle include an exceptional 
piece, viz., a Danubian shaft-hole axe (first find of this 
type from northern Jutland) (Andersen 1993). This is 
taken as proof of long-distance contacts between this 
area and the continent (Fischer 1982), cf. the discus
sion of the human frontale from Østenkær, chapter 
4.2.

Material and methods

The Åle shell midden was excavated by Søren H. An

dersen of Moesgård Museum during 1987-1989.
The settlement was excavated systematically, in

cluding mapping of artefacts and bones in three di
mensions and sieving of all the sediment from the cul
tural layers through 2-2.5 mrn meshes. Furthermore, 
31 sediment samples from the cultural layers were wet- 

sieved through i mm and 0.5 mm meshes in the labo
ratory and examined under a stereomicroscope.

The animal bones are generally very poorly pre
served (Fig. 21). The surface of the bones is usually 
not preserved, meaning, i.a., that cutmarks could not 
be detected. Individually excavated and stored bone 
fragments were often crumbled into many pieces in
side the plastic bags in which they were stored. Seven 
bone fragments were burnt.

The Åle kitchen midden has been dated to 4778- 
4362 cal yr BC (lower Mesolithic level) and 4350-3978 
cal yr BC (upper Mesolithic level) (K-5061 and 
K-5060); the early Neolithic level has been dated to 
4228-3785 cal yr BC (K-5303) (Andersen 1993). Dat
ings based on animal bones dealt with in this project 
are given in Table 2 together with some datings al
ready published. The dating based on a red deer tooth 
extends the age of the Mesolithic settlements further 
back in time (5210-4950 cal yr BC (Poz-22587). The 
dating based on a wild boar/pig tooth, on the other
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Fig. 2i. Poorly preserved tibia and metatarsus from red 
deer found at Åle. Especially the tibia is glued together 
form many small fragments and the surface of the 
fragments is not preserved. - Scale units: i cm.

hand, extends the Neolithic settlement further for
ward in time (3500-3100 cal yr BC (Poz-22588)). The 
dated mandible from domestic cattle lies in the transi
tion from Ertebølle (Mesolithic) to Funnel Beaker 
(Neolithic) culture (3950-3700 cal yr BC).

Results

Apart from one unidentifiable fragment of a bird 
bone, all animal bones from Åle are from mammals - 
nine species, see Table 22.

Mammals
The most frequent species is red deer, followed by roe 
deer and swine. There are also a number of bones from 
ox of which one could be identified with certainty as 
domestic cattle (see below). There is a single bone 
from sheep, and one from sheep/goat. Fox, otter and 
wildcat represent the fur-bearing animals, while the 
marine mammals are represented only by grey seal.

Representation of skeletal elements
See Table 25. Most of the bones from fur-bearing ani
mals (phalanges and teeth from fox, fox/dog and 
wildcat) might derive from imported furs (however, 
these skeletal elements are among those with greatest 
chances of survival at a site with so poor conditions of 
bone preservation as Åle). It is only the ulnae from 
otter that provide a certain indication of fur hunting 
at Åle. A grey seal calvarium indicates seal hunting. 

Of swine, roe deer, and red deer, all body regions are 
represented, indicating that whole animals were 
brought to the settlement.

Size
Measurements of mammal bones from Åle are given 
in Tables 64, 65, 67 and 71.

The measured swine astragalus lies in the upper 
end of the range of astragalus measurements from 
Lystrup Enge (Fig. 98) and thus in all probability re
presents a wild boar. On the other hand, the width 
(WA) of an upper M3 is similar to that seen in Neo
lithic swine from Visborg (Fig. 104) and thus suggests 
domestic pig. Figs 99, 101, and 102 show how meas
urements of other molars compare with those from 
other sites.

The measured lower M3 of ox clearly indicates do
mestic cattle at Åle.

Age estimates
Swine

Age estimates were possible for five fragments, which 
represent all main age classes (Fig. 108). A piglet was 
dated to 3500-3100 cal yr BC, i.e., middle Neolithic 
(Table 2).
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Table 25. Åle, mammals, skeletal elements. Some species names are simplified, for full English, Latin and 
Danish names see Table 5. Entries are numbers of skeletal elements. Numbers preceded by a slash (J) indicate 
tentative identifications.
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Cornu 1/6
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Mandibula 2 4 2
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Trunk

Vertebra 3 1
cervicalis

V. thoracalis

V. lumbalis 1 3

V. caudalis

V. unspec.

Costa 1

1
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Sternum

Sacrum 1

Scapula 12 2

Pelvis
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Humerus 2 4 12/111 1
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Ulna 2

Radius+ulna

Carpale 6 2

Metacarpale 1 4 1

Femur 1 1 1

Tibia 5 2

Fibula 1

Patella

Astragalus 1 2 2 1 1

Calcaneus 3 4 2 1/1

Tarsale 1 2

Metatarsale 4 4

Metapodium 6 4

Sesamoid 1

Phalanx 1 1 3 1 1 5 1 1 1

Phalanx 2

Phalanx 3

Phalanx unspec.

limb bone unspec. 2 1 38

bone unspec. 183

Total 2 4 3 1 34 68/6 40 20/2 2 1 1 2 1 3 232
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Fig. 22.Fragments of a 
mandible of domestic cattle 
found at Åle. The square 
cavity in the lower right 
fragments is due to the 
removal of a sample for C-14 
dating. - Scale units: 1 cm.

Red deer

Three fragments allowed age estimation (Table 66, 
Fig. 123). The 5-6 year-old specimen (RFX) was dated 
to 5210-4950 cal yr (Table 2).

Roe deer

Two fragments derive from roe deer of ca. 2 years age 
(Table 69).

Ox
The domestic cattle fragment (OMI) (Fig. 22) is from 
a specimen of 4-8 years of age which was dated to 
395O'37°° cal yf c^- above. Another fragment 
(RGF) is from a 24-28 month-old specimen, which 
could not be consigned to either aurochs or domestic 
cattle (Table 73)

Discussion

The almost total lack of fish and bird remains is prob
ably due to poor conditions for preservation and/or 
the excavation technique. The small volume of mam
mal bones allows only a few considerations:

In spite of the small amount of material, the main 
functional groups of mammals are all represented 

(Fig. 23). The terrestrial meat animals, especially wild 
boar/pig, red deer, and roe deer are (as usual) strong
ly dominating, with red deer taking first place (Fig. 
24). Some of the fur-bearing animals may have been 
brought to the site as prepared furs (cf. above). The 
grey seal represents the marine meat animals. There 
are some domestic animals as well (sheep and domes
tic cattle have been documented), in agreement with 
the presence of Neolithic layers in the midden.

Indicators of seasonality
The Åle material is very poor in season indicators. 
The best hint comes from the otter, which seems to 
have been hunted from the site, and with great reser
vation most probably was killed during autumn or 
winter.

The Mesolithic-Neolithic transition: temporal 
change
The Mesolithic-Neolithic transition is represented in 
the Åle kitchen midden. The bulk of mammal bones 
seem to represent a typical Mesolithic hunter society, 
but domestic animals are present too. One bone from 
domestic cattle was dated to the transition between 
Mesolithic and Neolithic.
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Åle, n = 190

Fig. 23. Relative importance of fur-bearing animals, 
terrestrial meat animals, marine meat animals and others 
in the osteological material from Åle (based on NISP, n= 
190).

Åle, n = 148

Fig. 24. Relative importance of red deer, roe deer and 
swine in the osteological material from Åle (based on 
NISP, n= 148).

5.3 Ertebølle (type site) (Z.M.K.75/1984)

The locality Ertebølle is the type site of the late Meso
lithic Ertebølle culture. To avoid confusion, the term 
“Ertebølle (type site)” will be used when the locality, 
rather than the culture, is referred to.

Ertebølle (type site) is situated in the central Lim- 
fjord area, 8 km S of the prehistoric Bjørnsholm Fjord 
(Fig. 17). While the site was inhabited in the Meso
lithic, it lay on the shore of a small bay delimited by 
the headland Ertebølle Hoved and a system of beach 
ridges connecting a small island to the shore. There 
was a small spring at the site, a couple of freshwater 
lakes in the hinterland and 2-300 m west of the site, 
there was a natural shell bank from where oysters and 
other shellfish could be harvested (K.S. Petersen 1987, 
Andersen & Johansen 1987). The Ertebølle (type site) 
kitchen midden is at least 140 m long, ca. 20 m broad, 
and ca. 1.9 m deep (Andersen & Johansen 1987). See 
Andersen & Johansen (1987) and K.S. Petersen (1987) 
for detailed archaeological and geological informa
tion.

Animal bones from the 19th century excavation of 
Ertebølle (type site) (see below) were studied by 
Winge (in Madsen et al. 1900). Fish bones from the 
more recent excavations were treated by Enghoff 
(1987), and Andersen & Johansen (1987) published a 
list of mammal and bird species identified from this 
material by B. Bratlund. This material has been re
studied by the author and the results are presented 
below.

Material and methods

An area covering 308 m2 (approximately 18 X18 m) of 
the Ertebølle kitchen midden was excavated during 
1893-1897 (Madsen et al. 1900). Søren H. Andersen of 
Moesgård Museum excavated a 29 m long and 1 m 
broad trench cutting E-W through the midden, adja
cent to the southern limit of the old excavation, as 
well as two 20 x 20 x 121 cm column samples from the 
southern trench wall, during 1980-1984 (Enghoff 
1987). The trench included a sand-layer overlying the 
subsoil. This sand-layer, which contained artefacts 
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and animal bones, had not been excavated by Mad
sen et al. (1900). Even though animal bones were 
found throughout the excavated trench, there is a 
clear concentration of bone near the fireplaces (An
dersen & Johansen 1987: fig. 14).

Animal bones were hand-collected during the 19th 
century excavation. In the trench excavated a hun
dred years later, animal bones were hand-collected 
and recorded three-dimensionally.

Fish bones occurred partly in well-delimited as
semblages, partly in more extensive layers (Andersen 
& Johansen 1987: figs 12, 14), which were recorded 
three-dimensionally and collected in toto. These sam
ples were sorted under a stereomicroscope, meaning 
that no fish bones were lost. One of the column sam
ples was divided into 27 samples, following the geo
logical layers in the trench. From each of the 27 sam
ples, fish bones were recovered from 2000 g 
sub-samples, which were sieved through a series of 8, 
4, 2, and 0.5 mm meshes (Enghoff 1987).

Mammal and bird bones in the 20th century mate
rial are very strongly fragmented and the surface is 
usually not intact. The fish bones from the trench and 
column were mostly well preserved and some were 
even excellently preserved. Twenty-one mammal 
bones, three bird bones, and three fish bones showed 
signs of having been burnt. The bones from the old 
excavation are less fragmented - Winge (in Madsen et 
al. 1900) also referred to many whole bones.

Andersen & Johansen (1987) recorded 26 radio
carbon datings, all but one made on oyster shells 
(Andersen & Johansen 1987: fig. 17). Considering the 
high number of existing datings, no new datings 
were made in connection with the present project, see 
Table 2. The datings clearly demonstrate that the 
kitchen midden was accumulated over a period of 
700 years. It is essential to stress that all the dates are 
of a Mesolithic age. No Neolithic levels were ob
served in the excavated trench (Andersen & Johansen 

1987)-
Studies by Andersen & Johansen (1987) indicate 

that the kitchen midden was deposited during the re
gression between the High and Late Atlantic trans
gressions.

Results

The animal bones identified by Winge (in Madsen et 
al. 1900) and by me represent at least 28 species of 
birds and 23 species of mammals, see Tables 21-22. 
The fish bone material was treated in detail by Eng
hoff (1987) and is therefore not described here al
though it is taken into consideration in the discus
sion. The numbers of mammal and bird bones 
identified by Winge (in Madsen et al. 1900) and pre
sented in Tables 21 and 22 were extracted from 
Winge’s text. However, Winge did not give the num
bers in a consistent way; many of the numbers are 
thus minimum ones. In addition to fish, birds and

Fig. 25. Relatively many bones from lynx were found at 
Ertebølle. The photograph shows four lumbar vertebrae 
and a humerus. - Scale units: 1 cm.
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mammals Winge (in Madsen et al. 1900) recorded 
grass snake from Ertebølle (type site).

Birds
Winge (in Madsen et al. 1900) recorded no less than 
27 bird species from Ertebølle (type site), based on 
almost 600 identified bones. The newly identified 
bird bone material is more than an order of size small

er and largely includes the species which were most 
frequent in Winge’s material (Table 21). Ljungar 
(1996) restudied the material published by Winge. In 
Table 21, Winge’s identifications have been main
tained, but numbers according to Ljungar have been 
added in parentheses.

Table 26 shows the skeletal elements in the newly 
identified material. Table 27, which is based on both

Table 26. Ertebølle (type site), birds, skeletal elements. Some species names are simplified, for full English, 
Latin and Danish names see Table 4. Entries are numbers of skeletal elements and refer to the material identi
fied by the author.
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Trunk

Vertebra cervicalis 3

Coracoideum 1 1

Limbs

Humerus 1 1 1 1 2

Radius 1 1 1 1 1

Ulna 2 1 1 1

Carpo-metacarpale 1

Femur 1

Tibio-tarsale 1 1

Tarso-metatarsale 1

Phalanx unspec. 3

limb bone unspec. 88

bone unspec. 16

Total 2 1 1 8 3 3 3 2 1 109
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Table 27. Ertebølle (type site), birds, functional groups. Numbers of fragments are not given, see text and 
Table 21.

marine meat freshwater meat terrestrial meat tools/ornaments only

loons X X

grebes X X

gannet X

cormorant X X

grey heron X X

swans X X X

grey lag goose X X X

Brent goose X

mallard X X

widgeon X X X

goldeneye X X

scoters X X

ducks unspec. X X X

raptors X

herring gull X X X

great black-backed gull X

mew gull X X

capercaillie X

great auk X

razorbill X

owls X

great spotted woodpecker X

crow X

thrush unspec. X
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the old and the new material, shows that birds from 
all types of habitat were exploited, although water
fowl strongly dominate. The relatively large number 
of velvet scoter bones is noteworthy - these ducks 
were probably hunted during their moult migration, 
during which they nowadays occur numerously in 
very specific parts of the Danish waters, including 
part of the Limfjord. The strictly terrestrial capercail
lie is also well represented and there is a single bone 
of the extinct great auk as well.

Mammals
A total of 1444 fragments of mammal bones were 
found in the new excavation, but only roughly 1/3 of 
these could be identified (Table 22), cf. the poor state 
of preservation (see above). As with the birds, the ma
terial of Winge (in Madsen et al. 1900) is much larger 
than the newly analysed material, although exact 
numbers for mammals could not be extracted from 
Winge’s text. Roe deer is the most frequent species, 
followed by red deer and swine.

The bones represent a wide range of terrestrial fur
bearing animals (squirrel, wolf, dog, fox, pine mar

Fig. 26. Relative importance of fur-bearing animals, 
terrestrial meat animals, marine meat animals and others 
in the osteological material from Ertebølle (type site) 
(based on NISP, n= 491).

ten, polecat, badger, otter, wildcat, and lynx). The 
relatively high number of lynx bones is noteworthy 
(Fig- 25).

The marine animals are poorly represented, al
though there are two species of seals (ringed and grey), 
and two of cetaceans (killer whale and porpoise).

The terrestrial meat animals, especially swine, red 
deer, and roe deer, as usual constitute the majority 
(87%) of the mammal bone material (Fig. 26). Roe 
deer dominates, constituting 38% of the sum of these 
three species, while red deer constitutes 33% and 
swine 30%) (Fig. 27). The occurrence of elk is note
worthy. There are no indications of domestic animals 
other than dog.

Representation of mammal skeletal elements 
Table 28 shows the skeletal elements in the newly 
studied material.

For the fur-bearing animals, the numbers of bones 
in this material are small, but nevertheless they sug
gest that whole animals, rather than (partly proc
essed) furs were brought to the site. The relatively

Ertebølle (type site), n = 427

Fig. 27. Relative importance of red deer, roe deer and 
swine in the osteological material from Ertebølle (type 
site) (based on NISP, n= 427).
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Table 28. Ertebølle (type site), mammals, skeletal elements. Some species names are simplified, for full English, 
Latin and Danish names see Table 5. Entries are numbers of skeletal elements and refer to the material identi
fied by the author. Numbers preceded by a slash (J) indicate tentative identifications.

Q V
Pm PhV
V s

s
X

u S-( ShV V V
V V V S

g
V 2
0 X 0 Si
u u 0 S

Head

Cornu /6 3

Calvarium 1 1 1 1 1 23/35 4 4 11

Mandibula 1 2 1 4 10 13/1 9

Dentes 2 5 1 2 27 3 22 1

head unspec. 5

Trunk

Vertebra cervicalis 1 2 2

V. thoracalis 1 1

V. lumbalis 6 1 1

V. caudalis /1 1

V. unspec. 3 7/1

Costa 2 1 66/6

Sacrum 2

Scapula 1 1 10 4 1 4/58

Pelvis /1 1 3 4 1? 1

Limbs

Humerus 2 1 1 1 5/1 2 1/1

Radius 3 2 24 8 1

Ulna 1 2 /1 1 1 2 3 6 1

Carpale 1
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Total 1/1 17 5 7/3 6 2 6 9 3 1 92/35 153/8 131/8 1 2 939/14

Metacarpale 1 2 10 11

Femur 1 /1 1 1 13/3 10 1/1

Tibia 1 1 1 21/2 12 /1

Fibula 1 1

Limb bone unspec. 3/1 139

Patella 2

Astragalus 1 2

Calcaneus 1 2 2

Tarsale 1 7

Metatarsale 3 16/1 13

Metapodium 14 8 1

Sesamoid /1

Phalanx 1 2 1 4 1

Phalanx 2 1 3 5

Phalanx 3 2 3

Phalanx unspec. 1

bone unspec. 5 634

detailed accounts of skeletal representation by 
Winge (in Madsen et al. 1900) support this interpre
tation, as does the observation by Andersen & Jo
hansen (1987): that bones from animals killed for 
the fur (i.e. pine marten and wildcat) were found in 
clusters.

For swine, roe deer and red deer, all body regions 
are represented, indicating that whole animals were 
brought to the settlement. Also, bones from juvenile 
wild boar and juvenile red deer were found in small 
clusters (Andersen & Johansen 1987).
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Size of mammals
Measurements were only made on the newly excavat
ed material. Due to the high degree of fragmentation, 
there are few entries for Ertebølle in the measure
ments tables (Tables 64, 65, 67) and diagrams (Figs 
97,101,115,119,127-129).

The measured swine scapula clearly comes from a 
boar (Fig. 97).

Strid (2000) included measurements of wildcat 
bones from the old Ertebølle excavations in her analy
sis of wildcat dimensions. She found great similarity 
in size between Ertebølle (type site), Hjerk Nord 
(Limfjord Region), and Mejlgård (East Central Jut
land) and concluded that the wildcat population in 
this area seems to be fairly homogeneous.

Age of mammals
Swine

Ten age estimates were made based on tooth eruption 
and wear (Fig. 108). Both piglets, yearlings, adults 
(and also possibly subadults) are represented. One 
radius from a nearly newborn piglet was found.

Red deer

No estimates were possible based on tooth eruption 
and wear. However, there were many bones from very 
young red deer. By direct comparison with recent 
skeletons, there were at least two almost newborn in
dividuals, and also at least two ca. 6 month-old ones.

Roe deer

Four age estimates (Table 69) indicate animals from 
ca. i to 3-4 years old. In addition one maxillare from a 
ca. 6 month-old individual was found.

Discussion

When comparing the numbers of bones reported by 
Winge (in Madsen et al. 1900) with those reported 
here from the new excavations, the much larger size of 
Winge’s material is very evident. The difference can at 
least partly be explained by the much larger extent of 
the 19th century excavation: 308 m2, i.e., more than ten 
times as much as the 29 m2 ditch excavated recently.

Fishing
Surprisingly, Enghoff (1987) found that, despite the 
maritime situation, 71% of the fish bones from Erte
bølle (type site) were from freshwater fishes, especial
ly roach. The size frequency distribution of roach 
showed that they had been caught during a short pe
riod of time each year. Since the second-most frequent 
fish species is eel, the fishing was interpreted as au
tumn fishing for eel, with roach as a by-catch (Fig. 
28). Growth ring analyses of cod otoliths found to
gether with roach and eel in the shell midden sup
ported the conclusion that autumn was the main fish
ing season (Enghoff 1993). Fishing for marine species 
has also taken place, for instance, garfish were caught 
during the summer half-year. The range of fish species 
from Ertebølle (type site) would easily have been 
caught using stationary fish traps (Enghoff 1987). 
Five small fishhooks were, however, also found, so 
hook fishing was also conducted (perhaps for spur
dog?).

Exploitation of birds
Birds have apparently been hunted at sea, at freshwa
ter and on land, see Table 27. Gannet, Brent goose, 
great black-backed gull, great auk and auk unani
mously point to the sea; capercaillie has certainly 
been taken from the forest.

Exploitation of mammals
The mammal bones found at Ertebølle (type site) in
dicate that hunting was mainly done in the hinter
land. There are many bones from a wide range of fur
bearing animals, the most spectacular of which is the 
lynx, which is now extinct in Denmark. Roe deer, but 
also red deer and swine dominate in terms of numbers 
of bone fragments. There are few bones from marine 
mammals such as grey seal. The old material analysed 
by Winge, however, also contained ringed seal, killer 
whale and porpoise.

Fischer et al. (2007) measured öI3C in a human 
from Ertebølle (type site) and found (their fig. 4) that 
the food consumed by this human was of ca. 55% ma
rine origin.
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Fig. 28. The fishing from Ertebølle is interpreted as fishing for eel in late summer/autumn with a by-catch of roach. The 
photographs show vertebrae from eel (left) and roach, possibly also rudd (right).

Indicators of seasonality
Bones from garfish prove that fishing was taking place 
during the summer half-year, whereas roach and eel 
indicate late summer/autumn fishing, cf. above. Spur
dog is considered a summer vagrant in Danish waters 
(Otterstrøm 1917).

Tundra swan is a certain indicator of winter. Ra
zorbill is abundant in Danish waters during winter 
and thus also hints at this season.

The many bones from fur-bearing animals also 
suggest autumn/winter hunting because their fur is 
best at this time.

There are at least two newborn individuals of red 
deer, a species which nowadays gives birth during 
June. Two ca. 6 month-old red deer will have been 
killed around December. Finds of red deer antlers still 
fused with the antler rose suggests killing during the 
interval from June to February-March. A maxillary 
bone of a ca. 6 month-old roe deer indicated killing 
around November-December. See Fig. 29.

Carter (2006) estimated the age of death of juve
nile red and roe deer from Ertebølle (type site) based 
on radiographs of teeth in mandibles and found evi
dence that indicate that all were killed sometime be
tween February and October. Carter (2009) interpret
ed seasonality at Ertebølle (type site) based on 
radiographs of developing molars and premolars in 

jaws from juvenile swine found in the shell midden 
compared with previous results regarding developing 
dentition of red deer and roe deer. Carter (2009) con
cluded that the jaws are from swine killed sometime 
between October and April and went on to notice that 
“there appeared to be a lack of direct winter evidence 
at Ertebølle, but now the killing of deer and pig ap
pears to be taking place throughout the year support
ing the view of year-round human presence at the 
site”. Carter’s interpretation of the swine jaws is based 
on a March birthing period. However, Lauwerier 
(1983) emphasized that during optimal conditions 
(mainly food supply), wild boar may give birth to sev
eral successive litters in one year. It is easy to imagine 
that such optimal conditions for swine obtained in the 
Atlantic primeval forest, so maybe Carter’s evidence 
should be seen as a hint of a killing season rather than 
decisive proof, see also the discussion in chapter 12.3. 
The gathering of cockles seems to have taken place 
during May-October (Andersen & Johansen 1987).

Summarising, there are many indications of activ
ity on the Ertebølle (type site) settlement during 
spring, summer, autumn, and winter.

Indicators of habitat type
The numerous bones from freshwater fishes indicate 
fresh water near the settlement, in agreement with
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Ertebølle (type site) seasonality

Fig. 29. Ertebølle (type site), indicators of seasonality. 
Indicators from periphery to centre: garfish (blue, solid); 
saith otoliths (blue-white, chequered); eel in abundance 
(blue-black, chequered); winter birds (black); fur-bearing 
animals (light brown); red deer, newborn (red); red deer, 
6 months old (red, striped); red deer, attached antlers 
(red, chequered); roe deer, 6 months old (green).

K.S. Petersen (1987) who found signs of several lakes 
in the hinterland. The abundance of oyster shells, as 
well as finds of several marine fish species, shows that 
real (non-brackish) seawater was also accessible near
by. Finds of genuine seabirds, like e.g. gannet, point 
in the same direction, as do bones from porpoise and 
killer whale.

Pine marten, wildcat, lynx and capercaillie indi
cate hunting in continuous forests, and swine, roe 
deer and red deer indicate open areas in the forest. 
This is in agreement with analyses of charcoal found 
in the midden, which revealed oak, elm, birch, aspen, 
alder, hazel and willow (Madsen et al. 1900), indicat
ing a mosaic of forest and swamp forest.

Bone and antler tools
Andersen & Johansen (1987) reported one red deer 
antler axe, several sawed tines for pressure flaking, 

many bone points and a small fishhook. Winge (in 
Madsen et al. 1900) mentioned numerous finds of 
antler axes and bone points mostly made from 
metapodials of roe deer and red deer. More unu
sual tools include a fox bone bodkin and three 
bodkins made from wildcat ulna. Further bodkins 
were made from humerus, radius, ulna and tibia 
from, i.a., swans and gulls. The artifacts from Erte
bølle (type site) also include a couple of combs, 
four fish hooks made from bone and knives made 
from lower canine teeth of swine.

5.4 Krabbesholm II (Z.M.K. 50/2000)

Krabbesholm is situated at the outlet of the river 
Karup Å into Skive Fjord, one of the innermost 
branches of the Limfjord (Fig. 17). There was a 4 km 
long and 2-3 km wide estuary at the site at the time 
when it was inhabited, during the Atlantic and Sub
boreal chronozones. Two shell middens have been 
found at Krabbesholm, both lying parallel to the 
former Stone Age coastline: Krabbesholm I to the 
east and Krabbesholm II to the west. Both are so- 
called stratified shell middens with layers from the 
end of the Mesolithic Ertebølle culture as well as the 
beginning of the Neolithic Funnel Beaker culture 
(Andersen 1993, 2000, 2007).

Krabbesholm II is among the sites intensively 
studied in the present treatment. Results from Krab
besholm I are summarised below but are only margin
ally included in the general discussion. For a detailed 
account of the archaeology of the two Krabbesholm 
shell middens see Andersen (2005), from where the 
general information given below has been taken, if 
not otherwise stated.

Krabbesholm I

The Krabbesholm I shell midden (Z.M.K. 44/2000) is 
assumed to have measured ca. 30 x 15 m and to a depth 
of 1.2 m. This shell midden was studied towards the 
end of the 19th century, and animal bones from this ex
cavation were examined by Winge (1903, 1904), see 
Tables 21-22. Unfortunately, the material cannot be 
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placed in the shell midden stratigraphy and therefore 
cannot be divided into Mesolithic and Neolithic parts.

The Krabbesholm I shell midden has now largely 
disappeared due to gravel digging. Only a small rem
nant (io X io m) of the westernmost part has been 
preserved. A small bone sample from this part was ex
cavated by S. H. Andersen (j. no. FHM 4655), who 
also interpreted the stratigraphy of the site. The bones 
were identified by the author, see Tables 21-22.

The lower part of the shell midden is dominated 
by oysters (Ostrea edulis), belongs to the upper Erte- 
bølle culture and has been dated to 4.200-4.000 B.C. 
(cal.), whereas the upper part is dominated by cockles 
(Cerastoderma edulis), has been dated to 4.050-3.820 
B.C. (cal.) and thus represents the transition phase 
between Mesolithic and Neolithic.

Study of material from two test pits indicates that 
the Ertebølle layer in Krabbesholm I is thicker than 
that in Krabbesholm IE

Krabbesholm II

The Krabbesholm II shell midden today appears as a 
ca. 45 m long, ca. 12 m broad and ca. 1.2 m high bank, 
with a volume of ca. 5000 m3. A steep slope behind 
the shell midden leads onto a plateau on which the 
settlement itself is thought to have been situated. 
Refuse from the settlement would then have been 
thrown down to the beach below.

“The stratigraphy of the Krabbesholm [II] mid
den is very complex, consisting of both shell layers 
accumulated as a result of human activities, as well as 
layers of naturally deposited minerogenic material 
and re-deposited cultural debris. The midden con
tains both Mesolithic and Neolithic material, but in 
contrast to most Danish shell middens the Mesolithic 
layer is very thin, only about 20 cm, while it is the 
Neolithic shell layers that dominate. This means that 
Krabbesholm II is one of the best preserved Early 
Neolithic middens in Denmark, making it important 
for understanding the economy - including patterns 
of shellfish gathering - of the earliest agricultural so
cieties in Denmark and southern Scandinavia” 
(Nielsen 2007).

Fig. 30 shows a section through the midden, with 
the various layers. Layer B (Ertebølle culture) consists 
almost exclusively of shells from big oysters, whereas 
the layers from the Funnel Beaker culture either con
tained a mixture of oysters, cockles (Cerastoderma edule), 
mussels (Mytilus edulis) and periwinkles (Littorina sp.), 
or were dominated by oysters or mussels.

Krabbesholm II has remained untouched and 
protected until the excavations which took place in 
the 2000s.

Only a few flint tools and flint refuse were found 
in the kitchen midden, and tools from bone and ant
ler are rare, too. Archaeological artefacts are assigned 
to Ertebølle, lowest and lower Funnel Beaker and to 
Single Grave cultures (S.H. Andersen pers. comm.).

Material and methods

The Krabbesholm settlement was excavated by Søren 
H. Andersen of Moesgård Museum and John Si
monsen of Skive Museum, during 2000-2004.

Aim broad, 19 m long ditch was dug across the 
shell midden, perpendicular to the beach line. In as
sociation with the ditch, two column samples (50 x 50 
cm) were taken through the up to 1.5 m thick series of 
layers. In addition, four test pits were dug. The exca
vation was systematic and was done with trowels from 
top to bottom, and the three-dimensional positions of 
all artefacts and larger bones were recorded. The re
moved soil from the upper part of the midden (down 
to and including layer C) was sieved through a 4 mm 
mesh. One of the columns (the one adjacent to square 
105/101) has been studied. Samples of ca. 1.5 kg were 
taken from each 5 cm layer (delimitation of layers re
specting main layer boundaries) and sieved through a 
series of 19, 6, 2, and 0.5 mm meshes. The main pur
pose of these samples was retrieval of land snail shells 
(Nielsen 2007), but fish bones spotted in the process 
were retrieved as well. In spite of meticulous sorting 
of all layers, fish bones were found only in layer C of 
the sample.

Eight special samples (three in square 103/101 and 
five in square 110/101) were taken for geological analy
sis by K.S. Petersen. These samples were microscopi-
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Fig. 30. Krabbesholm II, section through the midden. A: subsoil sand. - B: Shell layer with oysters from the Ertebølle 
Culture. - C: Sand layer with artefacts, mainly from the Ertebølle Culture, but also the oldest Funnel Beaker Culture. - 
D. Shell layer with oysters from the oldest Funnel Beaker Culture, c. 3900-3700 BC. - E: Shell layer with ash horizons 
from the oldest Funnel Beaker Culture, c. 3900 BC. - F: Shell layer from early Funnel Beaker Culture, mainly mussel and 
oysters, c. 3700 BC. - G: Shell layer from the transition between Early and Middle Neolithic, Funnel Beaker Culture, c. 
3600- 3400 BC. - H: Washed-down layer from culture layers that originally lay higher up on the slope; including pottery 
from the Single Grave Culture. - J: Shell and ash layer dated to the Single Grave Culture, c. 2900-2500 BC. - K: Forest 
floor soil with shell fragments and scattered artefacts. - L: “Disturbed layers”. - Diagram by N. H. Nielsen.

cally examined, and all fragments of molluscs and 
vertebrates, mainly fish, were recovered.

The fish bones are very well preserved, but mammal 
and bird bones are poorly preserved, being washed 
out, fragile and strongly fragmented, with old as well 
as new fractures. Cutmarks were seen only on a small 
number of bones, but some of them showed tooth or 
“chew” marks.

A number of radiocarbon datings based on mus
sels, snails and bones have been used to date the lay

ers in the midden. These layers span the interval from 
ca. 4800-4700 cal yr BC (layer B) to ca. 2900-2500 cal 
yr BC (layer J). (Andersen 2005). Datings based on 
animal bones, some of which were also used by An
dersen (2005), are given in Table 2. The new datings 
mostly agree with the datings of the layers in which 
the bones were found, by Andersen (2005), with one 
exception, viz., the swine from layer B 4365-4070 cal 
yr BC (LuS 6654) which seems quite young in com
parison with the dating of layer B by Andersen (2005). 
It still falls within the Ertebølle period and may repre-
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sent a younger part of layer B than the one from which 
Andersen (2005) derived his datings. It should, how
ever, also be taken into consideration that LuS 6654 is 
from square 102/100 which lies in a part of the midden 
where the layers seem not to be so well delimited (Fig. 
30). The eel from layer C, 4710-4360 cal yr BC (Poz- 
12163), is considerably older than the other dated 
bones from layer C. Its age is consistent with An
dersen’s (2005) datings of layers but is in conflict with 
the above-mentioned dating (LuS 6654) from layer B.

Results

Bones from at least 18 species of fish, two species of 
birds and 14 species of mammals were found, see Ta
bles 20-22, 29. The latter table shows the distribution 
of bones over layers and cultures.

The majority of animal, in particular fish, bones 
were found in layer C which represents a mix of Erte- 
bølle and early Funnel Beaker culture (cf. above). 
The second-most productive layer is the Ertebølle 
layer, B.

The species composition of fishes and mammals in 
layers B and C are quite similar. Layer C includes ar
chaeological artifacts of Ertebølle age (N. Nielsen 
pers, comm.), so the similarity between the two layers 
in bone composition may be due to layer C (mainly) 
representing the Ertebølle culture.

The difference in numbers of bones, particularly 
fish bones, recovered from layers B and C, may be a 
result of differing excavation techniques. Whereas 
sieving was consistently employed in the upper layers 
of the shell midden, this was not done in the layers 
below layer C. The numbers from layers B and C are 
thus not directly comparable. It is possible that the 
density of bones in layer B is indeed much higher 
than in layer C. This is indicated by sediment samples 
examined meticulously by K. S. Petersen who recov
ered all bones. The results of this are shown in Table 
30 and Fig. 31; it is very clear that the sample from 
layer B is very much richer in fish bones than that 
from layer C.

The bone contents of the Neolithic layers are very 
modest; there are even no identified bones at all from

104



SCI.DAN.B. I 5.4 • KRABBESHOLM

Table 29. Krabbesholm II, distribution of fish, bird, and mammal bones according to layers of the shell 
midden. Entries are numbers of fragments. Numbers preceded by a slash indicate tentative identifications. See 
Tables 3-5. Description of layers according to Andersen (2005):
B: Shell layer with oysters from the Ertebølle Culture
C: Sand layer with artefacts, mainly from the Ertebølle Culture, but also the oldest Funnel Beaker Culture.
D. Shell layer with oysters from the oldest Funnel Beaker Culture, c. 3900-3700 BC.
E: Shell layer with ash horizons from the oldest Funnel Beaker Culture, c. 3900 BC.
F: Shell layer from early Funnel Beaker Culture, mainly mussel and oysters, c. 3700 BC.
G: Shell layer from the transition between Early and Middle Neolithic, Funnel Beaker Culture, c. 3600- 3400 BC 
H: Washed-down layer from culture layers that originally lay higher up on the slope; including pottery from 
the Single Grave Culture.
J: Shell and ash layer dated to the Single Grave Culture, c. 2900-2500 BC.
K: Forest floor soil with shell fragments and scattered artefacts.
L: “Disturbed layers”.

LAYER B C D E F G H J L not assigned 
to layer

Total

Cultural period EBK EBK/ earliest earliest early TRB Single mix
TRB TRB TRB TRB grave

FISHES

herring 42 427 9 8 486

anchovy 14 103 1 118

clupeids unspec. 1 1

whitefish 1 1 2

salmon/trout 5 17 22

roach 1 1

cyprinids unspec. 79 1 80

eel 172 1085 2 2 37 47 1345

garfish 94 3 97

three-spined stickleback 120 792 6 15 933

cod 8 8

cod/whiting 4 4

saith 1 1

gadids unspec. 2 20 3 4 29
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LAYER B C D E F G H J L not assigned 
to layer

Total

Cultural period EBK EBK/ earliest earliest early TRB Single ? mix
TRB TRB TRB TRB grave

perch 3 3

horse-mackerel 2 2

sand-eel 4 4

mackerel 1 26 1 28

black goby /1 /1

goby unspec. 10 10

eelpout 3 14 2 1 20

gurnard unspec. 2 2

flounder 4 3 7

plaice / flounder / dab 5 9 2 16

Total identified fishes 369 2706 2 0 0 0 2 0 60 81 3220

unidentified fishes 62 478 6 5 551

Total fishes 431 3184 2 0 0 0 2 0 66 86 3771

BIRDS

swan unspec. 1 1 2 4

duck unspec.. 1 1 1 3

Total identified birds 1 2 1 2 1 7

unidentified birds 5 2 7

Total birds 1 7 0 0 0 0 1 0 2 3 14

MAMMALS

common shrew 1 1 2

shrew unspec. 1 1

mole 1 1

Daubenton’s bat 1 1
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LAYER B c D E F G H J L not assigned 
to layer

Total

Cultural period EBK EBK/ earliest earliest early TRB ? Single ? mix
TRB TRB TRB TRB grave

squirrel 1 1 2

water vole 1 1

field vole 1 1

vole, unspec. 2/5 2/5

mouse unspec. 1 1 2

rodent unspec. 1 1

wolf 1 1

dog 2 1 3

fox 1 1 2

fox/dog 3 3

polecat 1 1

pine marten 1 1

wildcat 1 2 3

swine 12 26 5 2 3 1 5 25 79

red deer 3/1 12 4 1 /1 5 7 32/2

roe deer 1 6 1 2 10 20

OX 4/1 8 21 1 1 3 7 5 50/1

ox/red deer 1 1 3 5

sheep 1 1 1 3

sheep / goat 1 /1 1/1

roe deer / sheep / goat 6 2 3 2 13

ruminant unspec. 1 3 1 2 7

harp seal 1 1

grey seal 1 1
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LAYER B C D E F G H J L not assigned 
to layer

Total

Cultural period EBK EBK/ 
TRB

earliest
TRB

earliest
TRB

early
TRB

TRB ? Single 
grave

mix

Total identified mammals 26/2 72 38 3 5 1 7/1 0 29/6 59 240/9

unidentified mammals 22 152 19 4 0 0 21 1 97 107 423

Total mammals 50 224 57 7 5 1 29 1 132 166 670

Table 30. Krabbesholm II, fish and mammal remains in sediment samples studied by K.S. Petersen. Entries are 
numbers of fragments. The sample weights refer to the weight of material retained by the sieves. Six additional 
samples, representing Neolithic and questionable layers, were examined but only yielded a total of four fish 
bones, viz., two eel bones from the Neolithic layer D and two further eel bones from the questionable layer H.

Sample no 7803 7802 Sample no 7803 7802

layer B C layer B C

Cultural period EBK EBK/TRB Cultural period EBK EBK/TRB

Sample weight (g) 710 505 Sample weight (g) 710 505

Square 103/101 103/101 Square 103/101 103/101

Fishes three-spined stickleback 120 15

anchovy 14 1 flounder 4

herring 42 7 plaice / flounder / dab 5

clupeids unspec. 1 fishes unspec. 62 9

salmonids unspec. 5 Fishes, total 431 75

cyprinids unspec. 1 Mammals

eel 172 40 common shrew 1

saith 1 Daubenton’s bat 1

gadids unspec. 2 mouse unspec. 1

mackerel 1 mammal, unspec. 2

eelpout 3 1 Mammals, total 4 1
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Fig. 32. Bones from the southern species, anchovy, have been found at Krabbesholm II. Right: light brown anchovy 
vertebrae from Krabbesholm II. Left: Two vertebrae from a recent anchovy for comparison. - Scale bar 1 cm.

the Single Grave layer (J). The paucity of fish bones 
in the Neolithic layers is particularly striking: only 
four fish bones were found altogether although siev
ing was employed (large mesh size, however). In fact, 
these four fish bones were found during microscopic 
scrutiny of sediment samples by K. S. Petersen; more 
Neolithic fish bones would probably have been found 
if all sediments had been examined equally meticu
lously.

Fish
The fishes include several marine species, as well as 
migratory (whitefish, salmonids, eel) and freshwater 
(roach, cyprinids) ones. The most frequent species is 
eel, which constitutes 47% of the fish bones in layer B 
(Ertebølle culture) and 40% in layer C (Ertebølle + 

Funnel Beaker). The second-most frequent species in 
both layers is three-spined stickleback (33% in layer B 
and 29% in layer C), followed by herring (11% in layer 
B and 16% in layer C). The fourth species in the fre
quency rank is anchovy of which 188 bones were 
found (Fig. 32). This species is new to the Danish sub
fossil fauna and constitutes 4% of the fish bones from 
layers B and C. Gadids (including cod and saith) and 
flatfishes (including flounder) are present but have 
played minor roles. Seasonal fishes are represented by 
garfish, mackerel and horse-mackerel. Only one spe
cies, eel, was identified from Neolithic layers (2 
bones).

Bones from all body regions are present from the 
most abundantly represented species: eel, stickleback 
and herring (Table 31).
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Table 31. Krabbesholm II, fishes, skeletal elements. Some species names are simplified, for full English, Latin and Danish names 
see Table 3. Entries are numbers of skeletal elements.
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Head

Parasphenoideum 7

Praevomer 2 10

Frontale 2 19

Supraoccipitale 5

Basioccipitale 1 7 1 6

Prooticum 17

Pteroticum 1

Neurocranium unspec. 1 2 17 2

Praemaxillare 1 1 1

Maxillare 1 9 1

Dentale 1 21 1 5 1

Articulare 8 5

Quadratum 9 1

Palatinum 1

Praeoperculare 1 8

Interoperculare 2

Operculare 9 3 11

Suboperculare 4

Hyomandiulare 12 1 1 23

Keratohyale 2 11 1
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Epihyale 2 11

Urohyale 1 16

Branchialia 1 4

Shoulder girdle

Posttemporale 1 1 3

Cleithrum 11 4 1

Scapula 2

Coracoid 1

Pelvis

Basipterygium 82

Vertebrae 116 440 22 1 6 1111 92 8 21 2 1 4 27 17 7 2 194 7

Others

Spine 110

Scale 69 1 95 5

Pterygophore 85

bone unspec. 236

Total 117 469 22 1 1 79 1259 94 8 1 26 3 2 4 27 17 11 2 912 7 14

III
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Fig. 33. Size-frequency diagram for eel caught from Krabbesholm II.

Anguilla anguilla, Krabbesholm II (n = 43)

Size offish
Eel

Most eels were 20-50 cm long, although the total 
range is 15-79 cm (Fig- 33)- With a few exceptions, the 
measured eel bones were found in layer B (Ertebølle 
culture) and layer C (Ertebølle + Funnel Beaker), and 
there seems to be no difference between the size spec
trum of eel in the two layers - an argument in favour 
of the assumption that the fish bones in layer C do 
represent refuse from the settlement rather than a nat
ural sediment.

Cod and other gadids

Size estimates from bone measurements were only 
possible for three ist vertebrae from cod. These indi
cated total lengths of 21, 22, and 25 cm, sizes which lie 
within, but in the lower end of, the normal size range 
of cod from Danish Ertebølle culture sites (Enghoff 
1994). The remaining gadid bones, most of which 
were found in layer C, can, by means of a simple com
parison with skeletons of recent fishes, be seen to de

rive from small individuals (total length from less 
than 14 to ca. 25 cm in the case of layer C). The saith 
bone from layer B is from a very small individual too, 
and one of the gadid bones from the same layer is 
from a ca. 30 cm long individual.

Other species

Size estimates for other fish species were exclusively 
based on simple comparison with recent skeletons:

• The herrings, most of which are from layer C, are 
from very small juveniles, from ca. 10 cm long and 
from larger, 20-30 cm long individuals.

• Many anchovies have been ca. 13 cm long, but some 
are slightly smaller or slightly larger although all 
have been less than 17 cm long.

• Salmon/trout are represented by individuals less 
than 30 cm, as well as larger ones between 30 and 60 
cm.

• Of garpike, there are individuals of “normal” adult 
size as well as small ones ca. 20 cm long. The latter
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Fig. 34. The mandible from Daubenton’s bat found at Krabbesholm II (below) is the only Danish dated find of a bat as 
well as the only Danish subfossil bat fragment identified to species. A recent mandible of Daubenton’s bat is shown 
above for comparison. The length of the subfossil fragment is 8.6 mm.

will have been first-year juveniles since garpikes 
reach 20 cm length during their first summer 
(Poulsen 1968).

• Plaice/flounder/dab, perch and cyprinids are also 
represented by adult individuals of “normal” size, 
as well as rather small ones. Some cyprinids have 
been 30-35 cm long, but others only ca. 10 cm.

In general, the Krabbesholm II fish bone material is 
characterized by an exceptionally high representation 
of small fish. These are partly small individuals of spe
cies which may grow large, e.g., cod, and partly species 
which are always small, e.g., stickleback and anchovy.

Birds
There are only seven fragments of bird bones (Table 
21). Four are from swans and cannot be referred to a 
period, and three are from ducks, of which one is from 
the Ertebølle layer.

Mammals
Most of the mammal bones were found in layer B 
(Ertebølle culture) and layer C (Ertebølle + Funnel 
Beaker) (Table 22). The bones represent a wide range 
of fur-bearing animals (mole, squirrel, water vole, 
wolf, fox, pine marten, polecat and wildcat), two spe
cies of seals, as well as swine, roe deer, red deer, ox 
and sheep/goat. Swine is the most frequent species in 
the Ertebølle and Ertebølle + Funnel Beaker layers. 
The doubtless Funnel Beaker culture layers only con
tained swine, roe deer, red deer, ox and sheep.

The find of a mandible of Daubenton’s bat (Fig. 
34) is remarkable since this is the first dated find of a 
subfossil bat from Denmark. The bat bone was found 
by K. S. Petersen during his meticulous study of a 
sediment sample and the identification was confirmed 
by supervision of H. J. Baagøe.
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Representation of mammal skeletal elements
For most mammal species there are too few bones to 
spot possible trends in representation, see Table 32. 
Considering the low number of mammal bones this 
table is not divided into a Mesolithic and a Neolithic 
part - as suggested above, the majority of the bones 
probably represent the Ertebølle culture. For swine, 
roe deer, red deer and ox, however, all body regions 
are represented, indicating that whole animals were 
brought to the settlement.

Size of mammals
Due to the high degree of fragmentation, few mam
mal bones were suitable for measurement, see Tables 
64, 65 and 71.

The measurements of the swine mandibular tooth, 
lower M3 fall within the range for wild boar given by 
Degerbøl (1944) and Noe-Nygaard (1995), as well as 
the range for late Atlantic wild boar from Jutland giv
en by Magnell (2004). The distal breadth of the swine 
tibia likewise falls within the range for wild boar in 
Scania and Zealand given by Magnell (2004). Unfor
tunately, neither of these bones can be assigned to a 
cultural period.

The ox mandibular tooth, lower dP4, from the 
Neolithic (lowest Funnel Beaker culture) layer D can 
be referred to domestic cattle, since its length is small
er than all measurements of aurochs (as well as do
mestic cattle) given by Richter (1982a). The ox man
dibular tooth, lower M3, from layer C, also can be 
referred to domestic cattle - unfortunately layer C 
cannot be unequivocally identified to a particular cul
tural period.

Age of mammals
Swine

Age estimates were possible for three fragments, 
which are from piglets or yearlings (Fig. 108). None 
of these fragments could be assigned to a cultural pe
riod.

Ox
Age estimates were possible for two mandibles (Table 
73). One (A1365) is the Neolithic domestic cattle men

tioned above, which has been 15-18 months old. The 
other is from a specimen of at least 2 years of age, not 
assignable to a cultural period.

Discussion

The discussion refers to the findings from Krabbes
holm II. The scant evidence from Krabbesholm I (Ta
bles 21-22) suggests no significant differences from 
Krabbesholm II.

Fishing
The majority of fish bones are from layer C which ap
pears to represent a mixture of Ertebølle and Funnel 
Beaker cultures. As mentioned in the results section, 
the range and frequencies of species in layer B (Erte
bølle culture) looks like a “diluted” version of layer C, 
and layers B and C may therefore be considered as a 
whole and may - with caution - be discussed as Erte
bølle culture (alternatively, the Ertebølle culture type 
fishing continued across the border to Funnel Beaker 
culture). As also mentioned in the results section, the 
true density of fish bones may be much higher in layer 
B than in layer C.

It is characteristic of Ertebølle sites in the Lim- 
fjord region that eel bones are plentiful and Krabbes
holm II is no exception. A radiocarbon dating (Poz- 
12163) (Table 2) specifically indicates eel fishing 
during 4700-4300 cal Yr BC, i.e. Ertebølle culture. 
The second-most frequent species at Krabbesholm II, 
three-spined stickleback (Fig. 35), is also richly repre
sented at Ertebølle (type site) and Bjørnsholm (Eng- 
hoff 1987,1993). The high number of herring bones at 
Krabbesholm II adds a new aspect to Limfjord fish
ing during the Ertebølle period, and anchovy, number 
four on the frequency list, is so far an exclusive speci
ality. The radiocarbon-dated herringbone (3965 - 
3705 cal yr BC, Table 2) indicates herring fishing at 
the Mesolithic-Neolithic transition.

Small fish constitute an exceptionally high pro
portion of the material. This may be due to the situa
tion of the settlement at the mouth of an estuary 
where small fish, including juveniles, typically occur 
abundantly.
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Table 32: Krabbesholm II, mammals, skeletal elements. Some species names are simplified, for full English, 
Latin and Danish names see Table 5. Entries are numbers of skeletal elements and refer to the material identi
fied by the author. Numbers preceded by a slash (J) indicate tentative identifications.
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Fibula 1

Calcaneus 1 4

Metatarsale 1 1 1

Metapodium 1 2 1 1 1

Sesamoid 1

Phalanx 1 1 6 2

Phalanx 2 1 1

Phalanx 3 1 1
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Only two identified fish bones, both from eel, 
come from undisputed Neolithic (Funnel Beaker cul
ture) layers.

Exploitation of mammals
As is the case for fishes, most mammal bones are 
from layer C, and the range of species in layer B re
sembles that in layer C. Both layers include frag
ments of fur-bearing animals and “terrestrial meat 
animals” like swine, roe deer, red deer and ox, where
as only the terrestrial meat animals are represented 
among the few bones in purely Neolithic layers. Fig. 
36 shows the relative importance of swine, red deer 
and roe deer in layers B+C - swine is clearly the most 
frequently found species. Due to the low numbers, 
separate diagrams are not shown for layers B and C, 
but the relative frequencies of the three species are 
similar in the two layers. The representation of these 
species among the very few clearly Neolithic bones 
also is roughly similar to that shown in Fig.36. Ma

rine meat animals constitute a very small part of the 
mammals (Fig. 37).

Domestic animals (cattle, sheep) are present in the 
lowermost Neolithic layer and also in the Ertebølle/ 
Funnel Beaker mix layer C. Krabbesholm I also con
tains domestic animals, of which one ox and one 
sheep/goat derived from Neolithic layers, and one 
sheep/goat from a Mesolithic one (Table 29).

There are also bones from marine mammals: harp 
seal, grey seal (and a dolphin from Krabbesholm I). 
Of these, one harp seal bone was radiocarbon dated 
and can be assigned to the single grave culture (Ben- 
nike et al. 2008).

Indicators of seasonality
Garfish, mackerel and horse-mackerel are seasonal oc
cupants of Danish waters, being present only during 
the summer half-year. Bones from these species were 
found in layer B (Ertebølle culture) and layer C (Erte
bølle + Funnel Beaker), indicating that fishing took
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Fig. 35. Three-spined stickleback bones from Krabbesholm II. This was the second-most frequent fish species at Krabbes
holm II and was also abundantly represented at Ertebølle and Bjørnsholm - a common trait for the Limfjord region. - 
Scale bar 1 cm.

place during the summer half-year at Krabbesholm 
II. The presence of ca. 20 cm long garpike is signifi
cant: Garpike reach 20 cm length during their first 
summer and leave Danish waters at this stage in the 
autumn (Poulsen 1968). The small garfish might have 
been caught during autumn, possibly in connection 
with eel fishing which is also a typical autumn activity 
(Enghoff 1987).

Bones from fur-bearing animals indicate activity 
during autumn and winter. Bones (just a few from 
each species) from mole, squirrel, wolf, fox, pine mar
ten, polecat, wildcat and seals represent the fur-bear
ing animals at Krabbesholm II (Fig. 38) and were 
found in layers B (Ertebølle) and C (Ertebølle + Fun
nel Beaker) and in layers of dubious origin. A meta

carpus (me II) from dog showed cutmarks on both 
lateral faces, starting from the front; this suggests that 
the dog was skinned; this bone was found in layer B 
(Ertebølle culture).

The 15-18 month-old Neolithic domestic ox (see 
above) was likely killed during late summer-autumn, 
based on presumed birth during March-April, cf. 
Richter 1991).

Summarising, the juvenile garpike and the juve
nile ox are clear indications of activity in the autumn. 
The other indications of season (seasonal fish and 
furred animals) are less precise, but share the autumn 
as the active period (Fig. 39). One has to take into ac
count that different seasonal patterns may have pre
vailed in different cultural periods.
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Krabbesholm II, n = 135

Fig. 36. Relative importance of red deer, roe deer and 
swine in the osteological material from Krabbesholm II 
(based on NISP, n= 135).

Krabbesholm II, n = 139

Fig. 37. Relative importance of fur-bearing animals, 
terrestrial meat animals, marine meat animals and others 
in the osteological material from Krabbesholm II (based 
on NISP, n=i3g).

Indicators of habitat types
The presence of pine marten and wildcat indicates 
large, continuous forested areas. Analyses of charcoal 
from Krabbesholm II by C. Malmros indicate the 
presence of oak (Quercus), elm (Ulmus), hazel (Corylus), 
lime (Tilia), alder (Alnus) and mistletoe (Viscum) (An
dersen 2005), typical species of the Atlantic climax 

forest. Nielsen (2007) studied terrestrial molluscs 
from Krabbesholm II and concluded that “The envi
ronment around Krabbesholm II in the Mesolithic is 
therefore probably best explained as open wood
land”.

Many of the fishes from Krabbesholm II migrate 
between fresh and marine waters and/or occur in

Fig. 38. Polecat and squirrel hunted at Krabbesholm II. Left: mandible from polecat. Right: mandible from squirrel. 
Mandibles from recent specimens (white) are shown for comparison. - Scale units: i cm.
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Krabbesholm II seasonality

Fig. 39. Krabbesholm II, indicators of seasonality 
(excluding Neolithic layers). Indicators from periphery to 
centre: summer fishes (blue, solid); horse mackerel, 
juvenile garfish (blue, chequered); fur-bearing animals 
(light brown).

brackish water, but gurnard indicates truly marine 
water (cf. the presence of oysters) and roach suggests 
fresh water (although it may sometimes occur in 
brackish waters). The seals are certain indicators that 
marine resources were exploited.

Indicators of climate
The only significant climate indicator in the Krabbe
sholm II animal bone material is anchovy. Anchovy is 
a species with a southern distribution and indicates a 
higher sea temperature (Enghoff et al. 2007).

The Mesolithic-Neolithic transition: temporal 
change
Few species only have been recorded with certainty 
from the Neolithic layers: eel, swine, domestic cattle, 
sheep, roe deer and red deer.

Although there are only 2 bones of eel from the 
lowest Funnel Beaker culture, they suggest that the 
characteristic Mesolithic eel fishing continued across 
the Mesolithic-Neolithic boundary. The radiocarbon- 

dated herringbone (3965 - 3705 cal yr BC Cal., 2) fur
ther indicates herring fishing at the Mesolithic-Neo
lithic transition.

Bones from roe deer and red deer (including a 
dated red deer bone from layer D, Table 2, AAR-9082) 
show that hunting also continued, but domestic cattle 
and sheep are also present in the lowest Funnel Beak
er layer. Domestic animals are also present in the 
mixed layer C.

From Krabbesholm I, domestic animals (cattle 
and sheep/goat) were identified in Neolithic layers, 
the latter, however, also from a Mesolithic one (Table 
29)-

In addition to the findings of domestic animals, 
kernels of primitive wheat and barley have also been 
found as clear indications of farming (Andersen 
2005).

Everything taken together, the economy in the 
oldest phase of Funnel Beaker Culture on this site 
seems to be a kind of “hunting-fishing-farming”.

A radiocarbon-dated harp seal from 2847-2299 cal 
yr BC (Table 2,LuS 6138) indicates seal hunting dur
ing the Single Grave culture period.

Krabbesholm II differs from most other Danish 
kitchen middens by demonstrating a continued ex
ploitation of oysters during the Early Neolithic (3950- 
3350 cal. B.C.). In the Mesolithic and early Neolithic 
oyster layers, the average size of oyster is quite large 
(7-8.7 cm). However, a marked drop in size is seen in 
the superimposed Neolithic layers, and from then on, 
the average size of the oysters is less than 5 cm. Nielsen 
(2008) concluded that this is at least partly due to hu
man exploitation.

5.5 Previously studied sites in the Limfjord 
region

Bjørnsholm

The shell midden at Bjørnsholm was excavated 1985- 
91 under the supervision of S.H. Andersen and E. Jo
hansen, using the same types of excavation techniques 
as described under Egsminde, Åle and Ertebølle. In 
addition, Enghoff (1993) sieved selected samples 
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through a 0.6 mm mesh. Results from Bjørnsholm are 
thus highly relevant for the present discussion.

Bjørnsholm belongs to the stratified middens, 
containing layers from latest Ertebølle culture as well 
as earliest Funnel Beaker culture. K.L. Rasmussen 
(1993) and Andersen (1993) published twenty-three 
radiocarbon datings (taken from oyster shells). The 
datings span from early Ertebølle culture to early 
Funnel Beaker culture

Animal bones are preserved and have been exca
vated from both phases, and the relatively high 
number of bones from Funnel Beaker layers is partic
ularly noteworthy. Bjørnsholm therefore presents a 
unique possibility for interpreting the transition from 
Ertebølle culture to Funnel Beaker culture in terms of 
fishing, hunting and animal husbandry.

The fish bones from Bjørnsholm were analysed by 
Enghoff (1993) while other animal bones were ana
lysed by Bratlund (1993). Most rodent bones were, 
however, identified by Erik Otto Heiberg (unpub
lished, the Z.M.K. archive).

The list of fish species is highly diverse, see Table 
20. At least 28 fish species were caught during the 
Ertebølle culture phase at Bjørnsholm. The dominat
ing species is eel (56% of identified fish bones), appar
ently with by-catch of roach which is second on the 
list (14%). In addition there are many bones from 
gadids, three-spined stickleback (7% of the identified 
fish bones) and greater weever.

The same varied fishing at Bjørnsholm continues 
into the Funnel Beaker culture. In spite of a much 
smaller volume of material, at least 15 species are nev
ertheless represented. More specifically, the impor
tant eel fishing, including by-catch of roach, contin
ues.

Another interesting aspect of the Bjørnsholm ma
terial is the presence of several exotic fish species 
which nowadays have a southern distribution. This 
exotic element also continues into Funnel Beaker cul
ture.

Bratlund (1993) demonstrated that the economy at 
Bjørnsholm during the Ertebølle culture phase was 
based mainly on hunting for wild boar, roe deer and 
red deer, see also Tables 21-22. In addition, several 

species of fur-bearing animals, of which lynx and 
polecat deserve mention, were hunted. Marine hunt
ing is documented by remains from porpoise and grey 
seal, but there are only few fragments of each.

There are bones from at least 12-13 species of birds 
of which most may have been taken on or near water, 
but capercaillie and Ural owl point to inland hunting. 
Bratlund’s record of Ural owl is remarkable, as this 
species has never been recorded for Denmark. Unfor
tunately it has not been possible to retrieve the frag
ment identified as this species by Bratlund. Birds of 
prey are represented by white-tailed eagle and osprey.

The hunting pattern (wild boar, roe deer, red deer, 
fox, pine marten, birds) seems to continue into Fun
nel Beaker culture. But new species appear in these 
layers, viz., domestic cattle and sheep. The few bones 
of swine in this part of the material did not provide 
evidence for the presence of domestic pig.

Aggersund is a small, almost completely excavated 
Ertebølle culture site, including a shell heap, which 
was inhabited during a brief period of time. Three ra
diocarbon datings of oyster shells have been made, 
representing the bottom, middle and top of the shell 
heap: 4452 - 4005 cal yr BC (K-2638), 4450 - 3998 cal 
yr BC (K-2639) and 4488 - 4048 cal yr BC (K-2640). 
See Andersen (1978) for archaeological information. 
A minor, poorly preserved bone material was found 
and was identified by Møhl (1978). Sieving was not 
employed. Altogether, 465 fragments were identified, 
including not less than 257 fragments from whooper 
swan - an exceptionally high frequency of swan 
bones. Although only some of the 257 swan fragments 
could be identified to species, Møhl (1978) assumed 
that they are all from whooper swan, which is the only 
one whose presence could be positively demonstrat
ed.

In addition to swans, there are bones from fur
bearing animals, grey seal, swine, roe deer and red 
deer, see Tables 21-22. There are only a few fish 
bones in the material, probably due to the lack of 
sieving; these are from eel (Enghoff unpubl.) and 
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cod (Andersen 1978). On the other hand, a frag
ment of quite a large (ca. 7 cm) fishhook was 
found. Because of the many swan bones, Møhl 
(1978) interpreted the site as having been used 
during the winter half-year, because numerous 
whooper swans overwinter in Danish waters. He 
suggested that maybe the site was a special-pur
pose camp for hunting. There are a number of 
pine marten bones in the material - these could 
have been killed during the same period since 
their fur is best in autumn and winter. A ca. 1% 
year-old red deer (age estimated on the basis of 
teeth) was interpreted by Møhl (1978) as having 
been killed around the end of November. A large 
part of a complete marten skeleton was found in 
one square, which suggests a whole carcass dis
carded after skinning.

According to Andersen (1978) the artefact material 
does not differ either in choice of types or in its pro
portions from what is known from other contempo
rary sites. The faunal material, however, suggests a 
site with seasonal, possibly very specialised use.

HjerkNor

No proper excavation has been made this Ertebølle 
culture shell midden, but a large number of animal 
bones were collected by amateur archaeologists at low 
tide in 1937. Animal bones were identified by Hatting 
et al. (1973).

The site is known for it exceptionally high number 
of bones from fur-bearing animals. Out of a total of 
651 animal bones, 310 are from wild canids, mustelids 
and felids (Hatting et al. 1973), see Table 22. Such a 
high frequency of fur-bearing animals is only exceed
ed by the material from the Late Mesolithic site Ty- 
brind Vig, island of Funen (Trolle-Lassen 1987). Due 
to the unsystematic way in which the bones were col
lected, it is impossible to evaluate the relative impor
tance of fur-bearing animals compared with other 
species - maybe the amateur archaeologists have pre
ferred ‘beautiful’ carnivore bones and have left frag
ments of large bones from, e.g., red deer, behind.

The minimum numbers of individuals (MNI) of 

the fur-bearing animals are: four foxes, seven pine 
martens, one polecat, eight otters, four lynxes and 19 
wildcats (207 bones!). One of the fox skulls was inter
preted by Hatting et al. (1973) as deriving from a tame 
fox - maybe a pet, maybe used for breeding in a fur 
farm? Tame foxes are known from the Maglemose cul
ture site Holmegård on the island of Zealand 
(Degerbøl 1933) and the Ertebølle culture site Skate
holm in southern Sweden (Jonsson 1988). The lynx 
bones were found in an articulated condition and are 
from a large individual, probably a male.

The Hjerk Nor bones were studied by Strid 
(2000), with particular regard to cutmarks on bones 
from carnivores (canids, mustelids and felids). The 
bones are almost un-fragmented and very well pre
served and thus well suited for cutmark analyses. 
Strid could show that all the carnivore species except 
polecat were used for skinning at Hjerk Nor. The 
method employed seems to be the one known as 
“open skinning”. According to Strid, the meat from 
fox, badger, pine marten, otter, lynx and wildcat was 
also used. The bones are not burnt, so the meat must 
have been prepared without close contact to fire, or 
the bones were removed before cooking. Meat from 
carnivores may have been ’’emergency-food”, a phe
nomenon usually suggesting winter. Bones from juve
nile otters, however, suggest springtime.

Signalbakken

A shell heap was found at Signalbakken near Ålborg 
(Madsen et al.1900), as well as culture layers from 
middle Funnel Beaker culture (middle Neolithic A, 
ca. 3100 B.C., S. H. Andersen, pers. comm.). Animal 
bones from Signalbakken were identified by Winge 
(1903, and in Madsen et al. 1900). The bird bones 
were revised by Ljungar (1996).

Only one fish bone (garfish) was found. For birds 
and mammals, see Tables 21-22. The material compris
es only a few hundred bones. Nevertheless, the spe
cies represented give the impression of fishing and 
hunting for birds, furs and large meat animals: wild 
boar, roe deer and red deer, with a supplement of seal 
hunting, all in line with the Mesolithic tradition. Nu
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merous bones from sheep, domestic pig and cattle are 
remains from the animal husbandry on the site.

Notably, a bodkin made from a lynx tibia is among 
the artifacts.

Vinkelhage

A submarine Ertebølle culture site near Lemvig. The 
animal bones have been collected by amateurs, at ex
ceptionally low tides. Based on pollen analyses (I. Sø
rensen, archives of the Zoological Museum, Copen
hagen) the site has been dated to the 
Atlanticum-Subboreal border.

U. Møhl identified the animal bones (lists in the 
Z.M.K. archive). Vinkelhage is included here in spite 
of the unsystematic collection method and lack of 
quantitative information because it is the only mate
rial of faunal remains from the Ertebølle culture 
known from the western Limfjord region (and from 
western Jutland in general).

The impression gained is that hunting for birds, 
fur-bearing animals, large meat animals (wild boar, 
roe deer, red deer, aurochs) and marine mammals has 
followed similar traditions as in the rest of Mesolithic 
Denmark.

5.6 The Limfjord region, general discussion

Fishingin the Limfjord region

The following discussion is almost exclusively based 
on results from the sites analysed here, plus Bjørns
holm, because sediments were not sieved at the other 
sites in the region, as they were excavated before siev
ing became commonplace.

At least 30 species of fish have been identified from 
the Limfjord sites. Compared with present-day Den
mark, the variety of fish eaten was considerable.

Eel fishing seems to have been particularly impor
tant in the region (this does not hold for Egsminde 
and Åle, but these sites yielded no or very few fish 
bones in general). Also in historical times, The Limf
jord has been known as an important area for eel fish
ing (Rasmussen 1968). At Bjørnsholm and Ertebølle 

there was, in addition, considerable fishing for 
cyprinids, especially small roach; this has been inter
preted as by-catch to eel fishing (Enghoff 1987,1993). 
Based on size frequency distributions of roach (Eng
hoff 1987, 1993) and growth ring analyses of otoliths 
from gadids caught together with the eels and roach
es (Enghoff 1993) it has been shown that the fishing 
took place during a brief period of time each year, 
viz., during autumn, throughout the entire period 
while the shell middens were used. This inference 
makes sense because at this season the possibility for 
a great catch of eel is high because the eel migrate 
from fresh water into the sea, in the direction of the 
spawning area in the Sargasso Sea (Enghoff 1993, 
1994)-

A further noteworthy trait of the Limfjord fishing 
is the large number of three-spined stickleback caught 
at several sites: Ertebølle, Bjørnsholm and Krabbesh
olm II. This species constitutes 50% of 6697 identified 
fish bones in a column sample (square N) from the 
Ertebølle shell midden. In the Krabbesholm material, 
three-spined stickleback answers for ca. 30% of 3220 
identified fish bones, and in the Mesolithic part of the 
Bjørnsholm shell midden it constitutes 7% of 11,490 
identified fish bones. Thousand of three-spined stick
leback bones were found at the Late Mesolithic site 
Skateholm in Scania, southern Sweden, i.a. in thir
teen graves, in the form of preserved stomach-gut 
contents or placed in the graves as travel provisions. 
In one of the graves there were remains of at least 300 
individuals of this species (Jonsson 1986b). This find 
proves that this small fish was definitely used for con
sumption by the people of the Ertebølle culture. In 
historic times, three-spined stickleback has been 
caught and used for train oil production, especially in 
the White Sea and in the German “HafF’s (lagoons) 
in the Baltic Sea (Muus and Dahlstrøm 1967).

Fishing for gadids, cod and saith was also of some 
importance at Ertebølle (mainly saith) and Bjørn
sholm (mainly cod); gadids comprised 10% of the 
identified fish bones at both sites.

Greater weever was important at Bjørnsholm (6% 
of identified fish bones). Today, this species is particu
larly common in the eastern part of the Limfjord and 
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adjacent Kattegat, and it occurs frequently in bone as
semblages from the eastern Limfjord, e.g., Iron Age 
samples.

Herring was, interestingly, caught in considerable 
numbers from Krabbesholm II. There are also her
ring bones at Egsminde, Ertebølle and Bjørnsholm, 
but at a smaller scale. Herring bones in general do not 
become abundant in Danish fish bone samples until 
the Iron Age (Enghoff 1999a, in press).

An even more remarkable find is anchovy - a rela
tive of herring - no less than 118 bones of which were 
identified from Krabbesholm II. This is the first, and 
so far the only, subfossil find of anchovy in Denmark, 
and the find of this southern species indicates a warm
er climate than today (Enghoff et al. 2007). Four ex
otic, southern fish species from Bjørnsholm (stingray, 
sea bass, black seabream and smoothhound) also in
dicate a warmer climate during the Atlantic and Sub
boreal chronozones.

Fish individuals in the samples are generally small. 
They either belong to small species like stickleback 
and roach, or they are small individuals of species 
which may potentially grow large, e.g., cod (Enghoff 
T993’ T994> in press).

Bones from at least one species of seasonal fish 
(garfish, mackerel, horse mackerel) were found at all 
sites except Egsminde and Åle. This indicates fishing 
during the summer half-year. Cf., however, the discus
sion of autumn eel fishing above and the discussion of 
young garfish from Krabbesholm II being a by-catch 
to this eel fishing.

The very varied fishing for small fish, many of 
which occur close to the coast, at least during sum
mer, suggest fishing with stationary fish traps set on 
shallow water during the summer half-year (see also 
Enghoff 1993). The many eel bones, which are accom
panied by numerous bones from small roach, specifi
cally point to autumn fishing.

A small number of fishhooks have been found at 
some of the sites, e.g., Ertebølle and Bjørnsholm, 
proving that supplementary hook fishing also took 
place.

Two of the sites, Krabbesholm II and Bjørnsholm, 
were inhabited into the Neolithic. Unfortunately, 

there are only a few fish bones (eel) from Krabbesh
olm II, whereas there are 252 fish bones from early 
Funnel Beaker culture at Bjørnsholm. These finds 
suggest that the type of fishing characteristic of the 
Ertebølle culture continued into the Funnel Beaker 
culture: the same species dominate and seasonal spe
cies as well as southern species are present, i.e., a con
tinuation of the warmer climate is also indicated.

Exploitation of birds in the Linford region

The vast majority of bird bones from the Limfjord re
gion are from the large excavated part of the Ertebølle 
(type site) shell midden from where H. Winge ana
lysed bones (in Madsen et al. 1900). Winge identified 
an impressive number of bird species - at least 28 - 
from this material. Most of these are aquatic (marine 
and/or freshwater), some of them: gannet, Brent 
goose, great black-backed gull, razorbill, murre and 
great auk, are exclusively marine. Gannet and great 
black-backed gull were re-found during the new exca
vation at Ertebølle (type site), the former was also 
found at Bjørnsholm. The presence of these truly ma
rine birds supports the interpretation of the aquatic 
environment of these settlements as truly marine, cf. 
the introduction to the region. As gannet was also 
found in Funnel Beaker culture layers, the maritime 
environment can be supposed to have persisted into 
this period, as is also indicated by the find of oysters 
in the Krabbesholm II shell midden.

A few of the bird species: capercaillie, great spot
ted woodpecker and owls are 100% terrestrial and 
must have been hunted in the forest in the hinterland. 
Birding in the Limfjord region thus seems to have 
been quite versatile, taking advantage of the various 
biotopes near the settlements.

Swan hunting seems to have been a common fea
ture of the Limfjord sites. Aggersund is an extreme 
case in this respect, featuring exceptionally many 
whooper swan bones (Møhl 1978). Aggersund has 
been interpreted as a special site for swan hunting 
during winter. The swan hunting seems to have con
tinued into early Funnel Beaker culture, as swan 
bones occur in layers from the Ertebølle-Funnel Beak
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er transition on Krabbesholm II and in early Funnel 
Beaker layers on Bjørnsholm. Early Neolithic swan 
bones have also been found on Signalbakken.

Most of the bird species identified from the Limf- 
jord region materials occur in Denmark during most 
of the year. Tundra swan, found at Ertebølle (type 
site) and Signalbakken, is the exception, being a cer
tain indicator of winter activity on these sites.

Exploitation of mammals in the Limfjord region

Fur hunting was apparently conducted from all the 
Limfjord region sites (the absence of bones from fur
bearing animals in the small Egsminde material is not 
regarded significant). The target species included fox, 
pine marten, otter, wildcat, mole, squirrel, wolf, pole
cat, badger and lynx, the first four being more abun
dant. Lynx was, however, also found at several sites. 
In addition to those included in Table 22, it was found 
at Virksund (Winge 1904) and must have been rather 
common in the region at that time in order to get so 
well represented in the bone samples. Wolf has been 
found only at Ertebølle (type site) and Bjørnsholm 
among the settlements considered. Bones of brown 
bear were found at Virksund, viz., fragments of the 
upper jaw and calvarium, molars and two metacarpi 
(Winge 1904); it cannot be ruled out that these frag
ments have been attached to a fur imported to the lo
cality. In comparison with other regions, the Limfjord 
region stands out as the one in which fur hunting has 
been of the highest importance (Figs 18, 23, 26,37, cf. 
Figs 7’T5> 42> 54, 66,73,79).

The find of Daubenton’s bat at Krabbesholm II is 
quite exceptional, being so far the only dated, subfos
sil Danish find of a bat identified to species level.

It is also remarkable that so many species of mice 
and voles have been identified from the Bjørnsholm 
midden. It is, however, difficult to establish, how 
many of the species actually belong to the original 
midden material, owing to their fossorial habits.

Hunting for large meat providers: swine, roe deer 
and red deer, is another general feature of the region’s 
sites, even Aggersund which seems to have been a 
special swan-hunting site.

Bones from ox were found at almost all studied 
sites in the region. In most cases it is impossible to 
refer them unequivocally to either the wild aurochs or 
domestic cattle (see chapter 12.8). Aurochs was not 
demonstrated beyond doubt at any of the sites stud
ied here. Unfortunately there are no ox bones in the 
newly (1979-1984) excavated material from Ertebølle 
(type site) although Winge (in Madsen et al. 1900) 
mentioned both aurochs and domestic cattle from the 
old Ertebølle (type site) material.

The huge elk has been found only in the Ertebølle 
(type site) shell midden, again in the large material 
studied by Winge (in Madsen et al. 1900).

Seal bones have been found, but not in large quan
tities. Winge (in Madsen et al. 1900) reported ringed 
seal from Ertebølle (type site) (one certain and one 
tentatively identified bone), but in general it is grey 
seal which is known from the region’s sites. In addi
tion there is a single find of harp seal from Krabbesh
olm II, however, this is from the middle Neolithic Sin
gle Grave Culture (Bennike et al. 2008). The cetaceans 
are represented by porpoise and killer whale. Winge 
(in Madsen et al. 1900) identified both species from 
Ertebølle I (type site), porpoise has also been found 
at Bjørnsholm. Apparently, hunting for marine mam
mals did not play a major role, in spite of the pro
nouncedly maritime condition in the region during 
the Atlantic chronozone.
Bones from dog, the hunter’s companion, have been 
found at almost all sites in the region.

Domestic cattle bones have been identified from 
several of the sites that include layers from the early 
Neolithic, viz., Åle, Krabbesholm I, Krabbesholm II, 
Bjørnsholm and Signalbakken. One lower jaw frag
ment from Åle has been radiocarbon dated to the 

Ertebølle-Funnel Beaker transition (see chapter 12.8) 
and the domestic cattle fragments from Krabbesholm 
II were found in early Funnel Beaker culture layers. 
Bratlund (1993) found domestic cattle in Funnel 
Beaker layers at Bjørnsholm (and in the uppermost 
Ertebølle culture layer, but Bratlund wrote that this 
fragment is rather connected with Funnel Beaker cul
ture). Winge (in Madsen et al. 1900) identified do
mestic cattle from Ertebølle (type site).
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Sheep is a second domestic mammal in the mate
rial. Sheep remains were found at Åle and Krabbesh

olm; at the latter site there are sheep finds from the 
Ertebølle-Funnel Beaker transition, as well as from 
early Funnel Beaker layers (see also chapter 12.9). 
Bratlund (1993) found sheep in early Funnel Beaker 
layers at Bjørnsholm. More than 50 sheep bones were 
found at Signalbakken. Goat has not been identified 
from any of the sites.

As in the case of aurochs/cattle, distinction be
tween wild (boar) and domestic (pig) swine is prob
lematical, see chapter 12.3. Traditionally, the distinc
tion has been made on the basis of tooth and bone 
measurements. Unfortunately there are few measura
ble fragments of the crucial teeth and bones from the 
early Neolithic layers of the studied sites. As a conse
quence, domestic pig has not been demonstrated 
from any of these, or from Bjørnsholm.

Summary of the Ertebølle culture - Funnel Beaker culture 
transition

The fishing, the swan hunting, the fur hunting and 
the hunting for large, terrestrial meat mammals (wild 
boar, roe deer, red deer) seems to have continued 
from the Ertebølle culture into the early Funnel Beak
er culture, albeit maybe at a lower intensity. At the 
same time, animal husbandry began. Domestic cattle 
and sheep have been demonstrated at some of the 
studied sites (Åle, Krabbesholm II, Bjørnsholm) and 

some others, and domestic pig was found by Winge 
(in Madsen et al. 1900) at Ertebølle (type site).
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6
East Central Jutland

Like Vendsyssel and the Limfjord region, East Central 
Jutland looked quite different from today in the At
lantic and early Subboreal chronozones, due to the 
high sea level (Fig. 40).

Mariager Fjord reached far into the land, and set
tlements with kitchen middens were placed along its 
shores. These included Visborg on the northern 
shores and Åmølle on the southern shore, whereas 
Havnø was situated on a barrier island right off the 
mouth of the fjord. The present-day peninsula Djurs
land (Jutland’s ‘nose’) was an archipelago. For exam
ple, northern Djursland was a large island with inlets, 
bays and surrounding islets, separated from the rest 
of Djursland by the strait Kolindsund, which extend
ed from Randers Fjord in the west to Kattegat in the 
east. The large kitchen midden Mejlgård was situated 
on the north coast of this island, at an inlet. Numer
ous shell heaps lay along the shores of Kolindsund, of 
which Dyrholmen in the western end is best known. 
The early Neolithic settlement Ørum Å lay on the 
north side of Kolindsund, the settlement Nederst on a 
small island in the strait itself. From the peninsula 
Helgenæs (possibly an island then) on the south side 
of Djursland, a number of settlements, Vængesø I- 
III, situated at a small inlet of the eastern side of Hel
genæs, have been excavated.

Slightly more to the south the former inlet Egå 
Fjord cut into the land just north of Århus. Numer
ous settlements were situated along this inlet, includ
ing Lystrup Enge on the north coast of the innermost 
part of the inlet. Another inlet, Brabrand Fjord - to
day a lake - lay ca. 8 km further south, also with sev
eral settlements. Still further south, a number of set
tlements, in part with shell heaps, lay along the inlet 
Norsminde Fjord, nearly all of them lay on the north 
coast, e.g., Flynderhage, Norsminde and Frederiks 
Odde. The islet Kalvø in Norsminde Fjord was in
habited as well.

In addition to these coastal sites, an inland site, 
Ringkloster, located on the prehistoric shore of Lake 
Skanderborg at the height of Norsminde Fjord, has 
been excavated. There are few inland settlements 
from this period in Jutland. When Ringkloster was 
published, it was the first of its kind in 50 years (An
dersen 1998). A number of previously studied sites in 
East Central Jutland from where animal bones have 
been recovered in significant numbers are summa
rised and included in the discussion. Identified fish, 
bird and mammal bones from the newly and previ
ously studied sites in East Central Jutland are listed in 
Tables 33-35.

6.1 Visborg (Z.M.K. 24/1995)

The Visborg shell midden lies on the north coast of 
Mariager Fjord (Fig. 40). The kitchen midden was ca. 
700 m long and 30-35 m broad, with a cubic content 
up to ca. 4000 m3 (Andersen, 2007). The Ertebølle 
culture layers in the midden are dominated by oyster 
shells as usual, but the oyster dominance continues 
into the early Neolithic layers (Andersen 2007), as at 
Krabbesholm II (p. 102). Like Krabbesholm II the 
Visborg Midden is also a stratified kitchen midden. 
The site was studied by A.R Madsen in 1888. The 
exact position of this old excavation could not be lo
cated during the new excavations.

Material and methods

The bone material treated here was excavated under 
the supervision of Søren H. Andersen in the years 
1995-2002.

Apart from initial test digs in 1995 the excavation 
was done in a systematic way: thin horizontal layers 
were excavated and objects were recorded in three di
mensions. The excavated sediment, including ‘shell
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Kattegat

Fig. 40. East Central Jutland during the Atlantic period, showing the location of the newly and previously studied sites. 
- G: Visborg, H: Vængesø III, I: Lystrup Enge. - 1: Vængesø I, 2: Vængesø II, 3: Nederst, 4: Havnø, 5: Åmølle, 6: 
Dyrholmen, 7: Mejlgärd, 8: Ørum Å, g: Brabrand Sø, 10: Norslund, 11: Flynderhage, 12: Frederiks Odde, 13: Norsminde, 
14: Kalvø, 15: Ringkloster. Map by K. Rosenlund.
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Table 33. Fish bones from sites in East Central Jutland. Entries are numbers of fragments, “x” indicates 
presence where a number is not available. Numbers preceded by a slash indicate tentative identifications. 
Sequence of species after Whitehead et al. (1984-1986) (freshwater species inserted by the author). Some 
species names are simplified, for full English, Latin and Danish names see Table 3. Newly studied sites indi
cated with boldface, “s” indicates scales (in flounder: dermal denticles = modified scales).
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Notes: Unidentified fish bones from Vængesø III and Norsminde were not counted.
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Table 34. Bird bones from sites in East Central Jutland. Entries are numbers of fragments. Numbers preceded by a slash indicate 
tentative identifications. Sequence of species after Meltofte & Fjeldså (2002). Some species names are simplified, for full English, 
Latin and Danish names see Table 4. Newly studied sites indicated with boldface.
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greylag goose W w

goose unspec. 1 3 2 10 2

shelduck 1

teal 1 1
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m&l
EBK

TRB EBK

mallard A 1 14 2W

pintail 1

garganey X

dabbling duck unspec. 2 5 2

eider 1 1 6

black scoter 11 7 1W

velvet scoter 6 W 15 3

scoter unspec. 1 4

goldeneye 1

smew 1 X 2

red-breasted merganser 6 1,W 1 2

common merganser 1 1

merganser/smew 13 2

diving duck unspec. 3 67 25

duck unspec. 1 2 14 7

waterfowl unspec. 4

honey buzzard 1W

white-tailed eagle 1 3 1 3 5

buzzard 1

golden/white-tailed eagle 1

raptor unspec. 1

capercaillie 7W 1 10 3W 1
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Notes: Åmølle and Ørum Å: ”W” indicate species identified by Winge (in Madsen et al. 1900), numbers are from Ljungar (1996).
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EBK EBK (+TRB)

crane 1

woodcock 1

wader unspec. 1

mew gull /kittiwake 3

herring gull

herring / lesser black-backed gull 2

great black-backed gull W

great black-backed / glaucous gull 3

gull unspec. 2/1 1 2 4 156

great auk 3 19

murre 4 w 1 1

razorbill / murre 1 9 1 2

alcid unspec. 1 2

owl unspec. 1

wood pigeon 1 2W

thrush unspec. 1

crow / rook 1 3 1 1

finch unspec. 1

identified birds, total 16/1 2 14 181/6 30 18 47 3

unidentified birds 43 8 12 221 52 40 21 13 2

birds, total 60 10 26 408 82 180 + 87 24 815
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EBK&
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red-throated loon 1

great / red-necked grebe 2

cormorant 1 28 10

mute swan 1

tundra swan 11

whooper swan 5 2

swan unspec. 4 20 X 1 3 8 2

brant goose 1

teal 3

mallard 2 1 4

teal/garganey 1

dabbling duck unspec. 5

red-breasted merganser 1

duck unspec. X X 1 31

waterfowl unspec.

honey buzzard

white-tailed eagle 1 3 3

capercaillie 1

wader unspec. 1

herring gull 1

herring / lesser black-backed 7
gull
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eTRB EBK 1TRB&
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EBK&
EBK/TRB

great black-backed gull 2 2

gull unspec.

gull/tern 1

arctic / common tern 2

razorbill 2 1

razorbill / murre X 13

identified birds, total 13 95

unidentified birds 10 4 95

birds, total 23 190 10

Table 35. Mammal bones from sites in the East Central Jutland region. Entries are numbers of fragments, “x” indicates presence 
where a number is not available. Numbers preceded by a slash indicate tentative identifications. Sequence of species after Baagøe 
& Jensen (2007). Some species names are simplified, for full English, Latin and Danish names see Table 5. Newly studied sites 
indicated with boldface.
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hedgehog 1

water shrew 1

mole 7

squirrel 2 1 2 >1 1
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TRB EBK (TRB) (+TRB) EBK

beaver 4 1 1

bank vole 7 1 2

water vole 1 1 30 X 1

field vole 1

vole unspec. 1 1/2 1 1

vole family unspec. 13 1

wood/yellow-necked mouse 1 1 5

mouse unspec. 4 1 4 9 X

rodent unspec. 1 3

brown bear 1 2 >1

wolf 1 1 >10 3 >1 1

dog 10 25 77/8 2 X 31 31# 7 >10 24 >10 >15 >9

wolf/dog 2

fox 3 28/5 2 1 5x 4 4 3 2 >1

dog/fox 4 1 1 64/1 9

polecat 1 1

pine marten 3 5 84 1 7 3 11 7 1 >10

badger 5 5 1 2 >9 18 >1 1

otter 1 1 5 4 2 1 3 14 2 1

wildcat 9 1 14 3 2 3 13 16 1 >1

lynx 1 3 >1

carnivore unspec. 3 7 3
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EBK EBK/e m & 1 + EBK m&l (+TRB) EBK

TRB EBK (TRB) (+TRB) EBK

swine 254 62/1 34 158 380 X 62 43 >6x >8 >537 >50 >65 >40

red deer 203 80/1 27 25/2 500 X 12 27 >2x >76 >576 >50 >14 >100

elk 18 47 33 >5

roe deer 102/2 51 9 91/3 178 X 29 18 >2x >8 >229 >10 >6 >10

roe / red deer / elk 10

roe deer / sheep /goat 3 2

red deer / elk 1 1 20

red deer / ox 17 7 7 2

red deer /swine 5 1 1 5

OX 22 34 8 7 314 X 17 7 4x >12 >116 >10 >106 >31

ox / elk 64

ox / elk / red deer 1 57

ox / red deer / swine 1 2

sheep 2 >40

sheep / goat 4 >2x

ruminant unspec. 1 3 21

horse X >1 1

ungulate unspec. 50 15 4 105

harp seal 2 8/1 2 1 1

ringed seal 1

harbour seal 1

habour / harp / ringed seal 1 1 3 X 2 >1

138



SCI.DAN.B. I 6.1 • VISBORG

V
isb

or
g

V
isb

or
g

V
isb

or
g

V
æ

ng
es

ø 
II

I

Ly
st

ru
p 

En
ge

V
æn

ge
sø

 I

V
æn

ge
sø

 II

N
ed

er
st

H
av

nø

Å
m

øl
le

D
yr

ho
lm

en

M
ej

lg
år

d

Ø
ru

m
 Å

Br
ab

ra
nd

 S
ø

Cultural period(s) m & 1 
EBK

e TRB 1
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+ 
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EBK m & 1 
EBK 
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mainly EBK 
m&l (+TRB) 
EBK

m&l
EBK

TRB EBK

grey seal 19 1 7 55/1 X 1 1 >10x >11 >10 10 >1

seal unspec. 7 1 2 255/5 3 28 6 >2 >8

whitebeaked dolphin 3/1 2/1 15

whitebeaked / white-sided 
dolphin

3/1

common dolphin 7

dolphin unspec. >1

bottlenose dolphin 3 6 >1

killer whale 1 1 172/3

killer / pilot whale 1

porpoise 6 X 20 3 >1

beluga whale >1

bottlenose whale /1

sperm whale 1

fin whale /1

baleen whale unspec. 1

cetacean unspec. 6 72 X 13

identified mammals total 766/2 270/2 128 931/30 1990/6 248

unidentified mammals 2037 650 270 1477 2286 1170 >1

mammals total 2805 922 398 2438 4284

Notes: Lystrup Enge: The entry of 1 bone of wolf refers to 12 fragments of the same calvarium; the 5 badger bones include 1 calvarium of which 
ca. 50 small fragments were found; one of the three bottlenose dolphin bones was found in the top soil - Nederst: 22 out of 31 dog fragments are 
from one individual. - Havnø: numbers from Winge, x indicates species recorded by Andreasen (see text). - Ringkloster: numbers from U. Møhl, 
x indicates species identified by Rowley-Conwy (see text).
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squirrel 1

beaver X 2 3 x

water vole X

brown bear 1 X

wolf 3 4 X 2x

dog 12 97 X X 3 22 x

fox 8 10 1 3 1 X

polecat 1 4x

pine marten 8 179 17 142 x

badger 5 10 2x

otter 4 6 X 4 6 26 x

wildcat 6 8 X 1 X 4x

lynx 1 X

swine 215 527 3 6 10 3 7 106 1070 x

red deer 171 299 2 7 1 6 33 229 x

elk 5 10 9x

roe deer 86 158 X 7 32 x

roe deer / sheep /goat 2 4

red deer / ox 1 79

OX 182 274 2 X 5 9 10 592 105 x

sheep X 9

sheep / goat 37
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EBK& 
EBK/ 
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horse 1 2

harp seal 15 2

ringed seal 3

habour / harp / ringed seal 18 1 9

grey seal 13 26 X 1 4

seal unspec. 89 3 3

whitebeaked dolphin 4

dolphin unspec. 9

bottlenose dolphin 6 1

killer whale 7

porpoise 1 6

cetacean unspec. 9 19 X

identified mammals total 896 1652

unidentified mammals 28 73 3166

mammals total 4063
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matrix’, was sieved on the site, usually through 2-2.5 
mm. Several samples were subsequently wet-sieved 
(0.2 mm mesh). Several pits and fireplaces were 
found.

The bone fragments are in general very light and 
leached out. The surface of most fragments is strongly 
corroded or missing altogether. Many fragments have 
fallen into pieces inside the container in which they 
are kept. In some cases, attempts have been made to 
restore the fragments by gluing the pieces together or 
by embedding them in wax. According to S. H. An
dersen (pers, comm.) the layers with animal bones 
were situated close to the surface and therefore have 
been subject to leaching and compression caused by 
heavy agricultural machines. Andersen further in
forms that during the excavation, crushed bones from 
large birds (swan size) were often observed but not 
collected. Due to the poor preservation of the bone 
surface, possible cutmarks could - with a few excep
tions - not be observed. Two red deer bones have 
been gnawed by mice. Very few fragments are burnt.

Part of the bone material from the first years of ex
cavation was identified by Liv Ljungar (unpublished 
lists in Z.M.’s archives), the rest by the present author, 
who also reviewed Ljungar’s identifications of fish, as 
well as a few other bones. The results presented here 
thus concerns all material excavated in the 1990s.

Quite a number of radiocarbon datings have been 
made on objects from the Visborg midden, see Table 
2. The datings range from middle Ertebølle culture to 
early Funnel Beaker culture.

Results

Bones were retrieved from Ertebølle culture as well as 
Funnel Beaker culture layers, see Tables 33-35. Alto
gether, at least 7 species of fish, 4 species of birds and 
16 species of mammals were found.

Fishes
Due to the poor conditions of preservation, many fish 
bones are assumed to have been lost in the soil.

Apart from eel, which can be caught in marine, 
brackish and fresh water, all the species are ma

rine, including gadids, greater weever and plaice/ 
flounder/dab which are the most frequent ones 
and are represented in both Ertebølle and Funnel 
Beaker culture layers.

J

Fig. 41.Swan hunting is characteristic of the Visborg 
settlement. Left top and middle: fragments of ulna and 
tibiotarsus from unidentified swan. Left bottom: fragment 
of furcula from whooper swan. Right: humerus from 
whooper swan. The fragments shown represent Meso
lithic as well as Neolithic layers. - Scale units: 1 cm.
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Table 36. Visborg, fishes, skeletal elements. Some species names are simplified, for full English, Latin and 
Danish names, see Table 3. Entries are numbers of skeletal elements.
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Head

Parasphenoideum 2

Basioccipitale 1 1

Otholithi 2

Maxillare 1

Dentale 1

Articulare 1

Palatinum 1

Praeoperculare 1

Hyomandiulare 1 1

Urohyale 1

Shoulder girdle

Posttemporale 2

Supracleithrale 1

Cleithrum 3 3

Vertebrae 4 6 54 48 2 7 38

Others

Os anale 3

bone unspec. 1

Total 8 1 9 60 51 2 8 47
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Table 37. Visborg, birds, skeletal elements. Some species names are simplified, for full English, Latin and 
Danish names see Table 4. Entries are numbers of skeletal elements. Numbers preceded by a slash represent 
tentative identifications.

Mesolithic Neolithic Meso- or Neolithic

fl QC3 Q Q V
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aS Pm Pm as
Sh aS as fl
V fl fl 3
Pm s S
0
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£

fl
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V■w
0

£ «5 as

Head 1

Calvarium 1

Trunk

Vertebra unspec. 1

Coracoideum 1 1 2

Scapula 1

Clavicula 2 1

Limbs

Humerus 4 1 1 1 5 1

Radius 1 1 2 2

Ulna 1 2 1

Carpo-metacarpale 2/1

Femur 1

Tibio-tarsale 1

Tarso-metatarsale 2 1

Phalanx unspec. 1

limb bone unspec. 14 6 2

bone unspec. 16 1 1 8

Total 2 9/1 3 1 1 43 2 8 1 11 2 12
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Table 38. Visborg, birds, functional groups. Numbers preceded by a slash (1) indicate tentative identifications.

marine meat freshwater 
meat

terrestrial 
meat

tools/ 
ornaments 

only

no. of
fragments,
Mesolithc

no. of
fragments, 
Neolithic

no. of
fragments, 

Meso/
Neolithic

swans X X X 11/1 2 2

scoters X X 1

ducks unspec. X X X 4 1

razorbill / murre X 1

Although head and shoulder girdle bones of 
the most frequent species are present, the majority 
of the fish bones in the material are vertebrae (Ta
ble 36). This is possibly an outcome of the poor 
conditions for preservation, see discussion in 
chapter 9.

Amphibians and reptiles
Numerous frog bones and one bone of slowworm 
were found in the Mesolithic layer. In the Neolithic 
layers, garlic toad and unspecified frogs were found. 
A bone of natterjack toad was found in the mixed 
Mesolithic-Neolithic layer. The frog bones from the 
Mesolithic layer seem to derive from one individual 
and the Neolithic garlic toad bones apparently are 
from two individuals - perhaps an indication that 
they are remains of animals which burrowed into the 
sediment and maybe died during hibernation.

Birds
Most of the bird bones are from swans, including 
whooper swan. In addition there are a few bones from 
ducks, including scoter/velvet scoter and a fragment 
from razorbill/murre. One limb bone (probably a hu
merus) had been cut in two and had several cutmarks 
at the cut point (Fig. 41). Swan bones were present in 
layers from Ertebølle as well as Funnel Beaker cul
ture. The skeletal elements are mostly limb bones, see 
Table 37, and most bones are from aquatic species (Ta
ble 38).

Mammals
Most mammal bones are from Ertebølle culture lay
ers, but almost 1000 are from funnel Beaker culture 
layers, see Table 35.

Several species of mice are represented, but be
cause of their fossorial behaviour, it is not certain 
whether they lived on the site while the midden was 
formed. Fur-bearing animals from the Ertebølle cul
ture layers include fox, wildcat, pine marten and otter 
- the two latter are also present in Funnel Beaker lay
ers.

Twenty-eight seal bones from Ertebølle culture 
layers are from harp seal and grey seal. Only two seal 
fragments are from Funnel Beaker layers and include 
grey seal. One whale fragment, a piece of the calvar
ium of a killer whale, was found in an Ertebølle cul
ture layer.

The vast majority of mammal fragments are from 
the large ‘meat animals’, swine, roe deer and red deer 
(Fig. 42). This holds true for Funnel Beaker as well as 
Ertebølle culture although, whereas swine is the most 
frequent of the three in the Mesolithic, red deer domi
nates the Neolithic material (Fig. 43). However, one 
may assume that the Ertebølle period’s swine are 
mostly wild boars, while those from Funnel Beaker 
layers are mostly domestic pigs. Measurements of 
swine teeth from Visborg show that swine appears to 
fall into two distinct groups, see Fig. 103, which pre
sumably corresponds to wild boar and domestic 
swine. If this is true, there are a few domestic pigs al-
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Visborg, Mesolithic, n = 744 Visborg, Neolithic, n = 281

■ marine meat
□ others

Fig. 42. Relative importance of fur-bearing animals, terrestrial meat animals, marine meat animals and others in the 
osteological material from Mesolithic Visborg (based on NISP, n= 744) and Neolithic Visborg (based on NISP, n= 281).

ready in the late Mesolithic phase. Three hind limb 
bones (astragali) from Mesolithic layers seem to de
rive from wild boar (Fig. 98,107). See also the general 
discussion of swine, p. 310.

Of the 18 fragments of elk retrieved from the Erte- 
bølle culture layers, eleven were found in a 1 x 0.5 m 
heap close to a fireplace. They include one cervical 
vertebra, one rib, bones from right and left foreleg

Visborg, Mesolithic, n = 552

Fig. 43. Relative importance of red deer, roe deer and swine in the osteological material from Mesolithic Visborg (based 
on NISP, n= 552) and Neolithic Visborg (based on NISP, n= 191).

■ red deer
■ roe deer
□ swine

27%

Visborg, Neolithic, n = 191
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(radius, ulna articulated as well as a carpal bone) as 
well as one tarsal and some phalanges. They are prob
ably from one and the same individual and represent 
remains from a meal (Fig. 44). At the same fireplace, a 
similar assemblage of swine bones was found (1 hoof, 
i first phalanx, 1 astragalus, 1 molar).

The Visborg material includes 62 fragments of ox. 
Both species are regarded as likely to occur at Vis
borg, but although four fragments (astragalus, cal
caneus, metacarpus and metatarsus) could be as
signed to domestic cattle with certainly, the presence 
of aurochs could not be demonstrated, see Tables 71- 
72. One of the domestic cattle fragments is from an 
Ertebølle culture layer, two from Neolithic layers and 
one cannot be placed. One of the Neolithic cattle 
fragments has been radiocarbon dated, see Table 2. 
Noe-Nygaard et al. (2005) published radiocarbon 
datings of three ox fragments from Visborg; these 
were all from Funnel Beaker culture. Noe-Nygaard et 
al. (2005) studied öI3C and öI5N values of these bones 
and found agreement with expected values for do
mestic cattle. See also chapter 12.8.

Four fragments belong to goat or sheep but can
not be identified to species. One is from Ertebølle cul
ture layers and three from Funnel Beaker ones. Two of 
the latter have been radiocarbon dated to Neolithic 
times, see Table 2.

Tables 39-40 show the representation of mammal 
skeletal elements of the different species in Mesolithic 
and Neolithic layers. Fur-bearing animals and seals 
are mainly represented by teeth in Mesolithic as well 
as Neolithic layers. There are also some limb bones 
from pine marten, otter and wildcat, suggesting the 
presence of whole carcasses of these species on the set
tlement. The many bones from swine, roe deer, red 
deer and ox seem to derive from all over the skeleton, 
for the Ertebølle and Funnel Beaker layers alike, again 
suggesting whole carcasses. Teeth and tarsal bones 
are particularly robust skeletal elements and are rela
tively well represented on this site where conditions 
for bone preservation are poor.

No difference in the representation of skeletal ele
ments between Ertebølle culture and Funnel Beaker 
culture layers is apparent.

Fig. 44. A selection of elk bones found together near a 
fireplace at Visborg. Fragments of ulna, two radii and a 
cervical vertebra. - Scale units: 1 cm.

Size of mammals

Size criteria were used to distinguish between wild 
boar and domestic pig, and between aurochs and do
mestic cattle, see above. It is noteworthy that at least 
one individual of domestic cattle from Visborg seems 
to have been very small, see chapter 12.8.

Measurements of red deer bones from Visborg 
have been used in the discussion of size differences of 
red deer between the studied regions, and size chang
es over time. Red deer from eastern Jutland (includ
ing Visborg) seem to have been larger than contem
poraneous red deer from Vendsyssel, see Fig. 122,124 
and chapter 12.4.
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Table 39. Visborg, Mesolithic part, mammals, skeletal elements. Some species names are simplified, for full English, Latin and 
Danish names see Table 5. Entries are numbers of skeletal elements and refer to the material identified by the author. Numbers 
preceded by a slash (/) indicate tentative identifications.

Head

Cornu 2 9

Calvarium 1 1 5 1 22 2 2 1

Mandibula 1 1 16 1 8

Dentes 7 12 1 1 2 2 2 4 2 1 13 5 94 8 30

Trunk

Vertebra 
cervicalis

1 5 1 1 2

V.thoracalis 1 1

V.lumbalis 1

V.caudalis 1

V. indet 1 1

Costa 1 1 /1 1

Scapula 2 1 2 1 1

Pelvis 2 2 1 2

Limbs

Humerus 2 1 20 7/1 5 2

Radius 4 7 8 5 2

Ulna 8 1 2 2

Radius+ulna 1

Carpale 4 8 8 1 2
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bone unspec. 1

Metacarpale 4 5 7 16 1

Femur 1 1 2 13 2

Tibia 1 3 6 9 1 3

Fibula 1

limb bone unspec. 4 2

Astragalus 4 5 6 1

Calcaneus 2 1 1 7 10 1

Tarsale 5 1 4 1

Metatarsale 3 1 8 11 1 1

Metapodium 1 7 12 7

Sesamoid 5 2 1

Phalanx 1 20 8 7 4

Phalanx 2 1 13 4 4 1/1

Phalanx 3 5 2 1

Phalanx unspec. 1 4 31 1

Total 7 13 1 4 10 3 4 3 1 9 3 2 19 1 7 254 102/2 203 18 22/1 3 1 
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Table 40. Visborg, Neolithic part, mammals, skeletal elements. Some species names are simplified, for full 
English, Latin and Danish names see Table 5. Entries are numbers of skeletal elements and refer to the material 
identified by the author. Numbers preceded by a slash (/) indicate tentative identifications.
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Head

Cornu 3 1

Calvarium 1 4 3 1

Mandibula 1 3 1 4 1 1

Dentes 1 1 5 1 24 14 11 2

Trunk

Vertebra 
cervicalis

1 1 1

V. thoracalis 2

V. unspec. 1

Costa 1 1 2

Scapula 1 2

Limbs

Humerus 2 1 2 2

Radius 1 3 2 3 1

Ulna 1 1 1

Carpale 1 9 4 1

Metacarpale 1 7 4

Femur 1 2 2 3 1

Tibia 1 4 2 2 2 1

Fibula 1 1

limb bone unspec. 4
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Patella 1

Astragalus 2 1 3

Calcaneus 2 2 1

Tarsale 1 2 3

Metatarsale 8 3 3 1

Metapodium 1 3 3 1

Sesamoid 2 1

Phalanx 1 6 2 6/1 2 2

Phalanx 2 2 4 1 4

Phalanx 3 1 2 1

Phalanx unspec. 3 7 2 1 2

bone unspec. 1 4

Total 1 1 1 5 1 1 1 62 51 80/1 1 34 7 4 2 15

Measurements of roe deer bones from Visborg are 
similarly used for the general discussion of roe deer, 
chapter 12.6.

Age of mammals
The poor conditions for bone preservation at Visborg 
should be borne in mind when interpreting the find
ings on mammal ages, since bones from juvenile indi
viduals are particularly prone to not having been pre
served.

Swine

Most of the age-determined swine fragments from 
Visborg belong to the category ‘yearlings’ (Fig.108). 
This holds for Ertebølle as well as Funnel Beaker lay

ers. One mandible, however, is from a ca. 10 week-old 
piglet.

Red deer

Most mandibles and loose teeth are from adult indi
viduals with their permanent teeth (Table 66). There 
is, however, a single mandible from an almost 11 
month-old individual and a loose deciduous tooth 
(dP4) from a 2-27 month one (that looks like a recent 
individual of 19 months). A mandible is from a ca. 2 
year-old individual. All other age-estimated red deer 
fragments are from mature animals aged 3-5, 6-8 and 
8-10/12 years.
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Elk

All elk fragments have fused epiphyses and are thus 
from adult individuals.

Roe deer

The two roe deer mandibles in the material are from 
4-5 and 5-7 year-old individuals.

Ox
Almost all fragments are from adult individuals. 
There is, however, one radius and one second phalanx 
where the epiphyses are not fused and which there
fore are from juveniles.

Discussion

Fishing was probably more important than suggested 
by the modest number of fish bones. Small fishes in 
particular (e.g., stickleback, herring, small eel) are as
sumed to be under-represented. Most of the fish 
bones found are from gadids, plaice/flounder/dab 
and greater weever. Eel might have been caught in 
brackish or fresh water but all species might have 
been caught in the sea. Bullrout and eelpout indicate 
fishing near the coast and one bone from garpike indi
cates fishing during the summer. No difference in the 
composition of the fish bone material between Erte- 
bølle and Funnel Beaker culture layers is apparent, so 
fishing seems to have continued unaltered over the 
Mesolithic-Neolithic transition.

As with the fish, birds are probably under-repre
sented because of poor conditions of preservation. 
Swan hunting seems to have been important for the 
Ertebølle culture and Funnel Beaker inhabitants at 
Visborg, which fits with the present-day role of Ma
riager Fjord as one of Europe’s most important over
wintering sites for whooper swan (Andersen-Harild 
2002). The find of scoter/velvet scoter also fits with 
present-day conditions, since both these duck species 
are nowadays abundant along the East coast of Jut
land, especially N of Djursland during the shedding 
period in late summer /autumn (Joensen & Pihl 2002).

The mammal fragments indicate fur hunting (fox, 
pine marten, otter, wildcat) during Ertebølle and 

Funnel Beaker culture periods. The large meat ani
mals, roe deer, wild boar, red deer and elk, seem to 
have been main hunting targets during the Ertebølle 
period. Aurochs could not be demonstrated among 
the ox remains. An elk bone assemblage was found 
close to a fireplace, probably representing remains 
from a meal. The ‘meat hunt’ continues into Funnel 
Beaker culture as far as roe deer, red deer and possibly 
wild boar are concerned. Hunting for marine animals 
also took place. Since the settlement was inhabited 
also during the earliest Neolithic, the find of remains 
of domestic animals is no surprise. Domestic pig, do
mestic cattle and sheep/goat have all been found in 
the Neolithic layers. A few fragments of domestic pig 
and one from domestic cattle have been referred to 
Ertebølle culture layers. However, the composition of 
the Visborg kitchen midden is complicated and iso
lated misinterpretations cannot be excluded (S.H. 
Andersen, pers. comm.). Further radiocarbon datings 
are needed in order to elucidate these problems com
pletely.

Indicators of seasonality
The presence of garfish, albeit only a single bone, 
proves activity during the summer half-year.

The many bones from fur-bearing animals, on the 
other hand, suggest hunting during autumn or win
ter. Whooper swan is known to overwinter in the area, 
but since swans are known to change habits and since 
whooper swan may also occur at other seasons, it is 
no certain winter indicator. Razorbill/murre likewise 
provides a hint, but not a proof of winter activity.

Among the few juvenile mammals in the material, 
a ca. ii month-old red deer suggests hunting during 
April/May. Two Mesolithic red deer antler fragments 
still sitting on the frontal bones would come from in
dividuals killed in the period from ca. July to Febru- 
ary/March.

Summarizing, the material indicates activity dur
ing spring (April/May) and more broadly during the 
summer as well as the winter half-year (Fig. 45). 
Spring activity is also supported by the peak of oyster 
collecting activity in March-April at Neolithic Vis
borg (Milner 2002).
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Visborg, Mesolithic, seasonality

Fig. 45. Visborg, Mesolithic layers, indicators of seasonal
ity (excluding Neolithic layers). Indicators from periph
ery to centre: garfish (blue); winter birds (black), 
fur-bearing animals (light brown), red deer, 11 months old 
(red), red deer, attached antlers (red, chequered).

Indicators of habitat type
Fishes and marine mammals indicate that the sea - ei
ther the nearby inlet or the open sea (Kattegat) of the 
East Jutland coast - has been exploited.

Neither fishes nor birds indicate fishing or hunting 
at freshwater. Most of the bird species identified may 
occur at the coast as well as in freshwater, see Table 
38. Otter may have been hunted at fresh water, but 
also occurs at remote, nutrition-rich inlets (Madsen 
1991). It is therefore not a certain freshwater indicator, 
like the elk, although the latter prefers humid, swampy 
areas and likes to eat lake vegetation.

The presence of pine marten and wildcat indicates 
dense forest nearby. The large meat animals, rumi
nants as well as wild boar, will also have been taken 
from the terrestrial hinterland.

Domestic animals: pig, cattle and sheep/goat sug
gest that during the Funnel Beaker phase, there would 
have been open areas at the settlements where the 
animals were kept.

Fig. 46. Fragments (Ci4-dated) of domestic animals from 
early Funnel Beaker culture found at Visborg. Left: tooth 
from sheep/goat. Right: fragment of metatarsus from 
domestic cattle. - Scale units: 1 cm.

The Mesolithic-Neolithic transition: temporal 
change

The Visborg bone material provides a significant con
tribution to the elucidation of how fishing, hunting 
and animal husbandry were conducted around the 
transition from late Ertebølle culture to earliest Fun
nel Beaker culture in east-central Jutland.

The fishing, which took place near the coast dur
ing the summer half-year, seems to have continued in 
an unaltered manner into the earliest Funnel Beaker 
culture. The continuity includes the presence of the 
locally common species greater weever.

The site Kainsbakke, on Djursland, represents the 
middle Neolithic (Pitted Ware culture) in the region. 
Fishing at Kainsbakke still followed the pattern so 
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typical of the Ertebølle culture (Enghoff 1994) and 
still had the greater weever as a local speciality (Rich
ter 1987). Although fishing thus seems to have 
continued unaltered from Ertebølle to middle Neo
lithic times in the region, it was probably less intense 
during the Funnel Beaker period than during the 
Ertebølle one.

Swan hunting, which will have been particularly 
profitable in this region, also took place both in Erte
bølle and earliest Funnel Beaker culture.

Mammal hunting, including fur hunting, terres
trial meat hunting and marine meat hunting, likewise 
seems to have continued unaltered into the Funnel 
Beaker culture. However, animal husbandry gained 
significance in the Funnel Beaker period although a 
few domesticated animals seem to have been present 
already during the Ertebølle culture period (Fig. 46).

Altogether the Mesolithic-Neolithic transition 
seems to have been quite gradual at Visborg. The 
‘Ertebølle’ traditions for fishing and hunting were 
maintained, and the typical Neolithic animal hus
bandry already started in the latest Mesolithic.

6.2 Vængesø III (Z.M.K. 41/2000)

Vængesø III lies on the peninsula Helgenæs on the 
east coast of Jutland (Fig. 40). The site features re
mains of a large kitchen midden in a dip in the terrain; 
the rest of the midden has been destroyed by plough
ing. The settlement presumably lay close to the beach, 
on the coast of an inlet on the east coast of Helgenæs 
near the present-day connection to the mainland. 
There are possible traces of three dwellings. The 
kitchen midden belongs to the Ertebølle culture but is 
overlaid by a very thin early Neolithic layer. There are 
two clearly different layers in the settlement area: a 
shell layer (very large oysters, cockles and periwin
kles) and under this, a black culture layer which lies 
directly on top of a layer of yellowish melt-water sand. 
There is also a hearth zone with several fireplaces.

It is not known whether Helgenæs was an island at 
the time when the settlement was inhabited, or wheth
er it was connected with the mainland over a narrow 
land bridge. At least three further settlements/kitchen 

middens (Vængesø I, II and IV) lay at the same inlet; 
see “Previously studied sites in the Limfjord Region” 
for Vængesø I and II.

Material and methods

The bone material treated here was excavated on the 
northern part of the settlement in the years 1998 and 
2003-2005 under supervision of Søren H. Andersen 
(Moesgård Museum). The present author took part 
in the excavation in 2005.

An additional bone material was excavated in the 
southern part of Vængesø III by P. Asingh (Ebeltoft 
Museum). A few bones from large whales deriving 
from this material have been identified by J. Møhl 
(Natural History Museum of Denmark, University of 
Copenhagen), see below.

The excavation was systematic and was done with 
trowels and the three-dimensional positions of all ar
tefacts and larger bones were recorded. Considerable 
amounts of fish bones were found, in some places in 
dense concentrations. The excavated sediment was 
not sieved consistently on the site. Instead, well-de
limited assemblages of fish bones were collected as 
units. In addition, a number of soil/shell samples 
were taken home and sieved through a 2 mm mesh. 
Furthermore, the present author sieved a number of 
sediment samples from different parts and layers in 
the midden through meshes down to 1 mm. These 
samples constitute an experiment, to demonstrate 
which skeletal elements and species are retained by 
different meshes. Furthermore, these samples assure 
that remains of even the smallest species are retained 
and they show what is missed by the general retrieval 
of fish bones. See further below. One sample (X369) 
was sieved through 2 mm, 1 mm, 0.5 mm and 0.25 mm 
meshes.

Animal bones from Vængesø III are apparently 
well preserved. However, they easily break by touch, 
and there are many fresh fractures. Cutmarks were 
found on several mammal bones, see below.
63 bone fragments, mostly of fish bones, were burnt 
to various degrees; 12 were white-burned.
Several bones bear marks of dog gnawing, including 
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some from swine, seal and cetacean. Information 
about the excavation, the interpretation of layers etc 
is by S. H. Andersen, (pers. comm.).

Several datings of objects from Vængesø III are 
available. A whale bone from the Ertebølle culture 
layer was dated to 4359-4264 cal yr BC (iSD) (AAR- 
8300) and a whale bone from the covering early Neo
lithic layers to 3940-3714 cal yr BC (iSD) (AAR-8117). 
A red deer bone from the shell layer was dated to 
4035-3780 cal yr BC (LuS 7186) and another red deer 
bone from the black culture layer to 4500-4335 cal yr 
BC (LuS 7187), see also Table 2.

Results

Bones from at least 18 species of fish, at least 21 species 
of birds and at least 22 species of mammals were 
found at Vængesø III (Tables 33-35). In these tables, 
bones from the two layers and the fireplace zone are 
pooled since all fractions of the material are from the 
Ertebølle culture.

Fishes
Most of the species are marine, viz., spurdog, thorn
back ray, herring, cod, whiting, saith, pollack, greater 
weever, mackerel, eelpout, grey gurnard, tub gurnard, 
bullrout, turbot/brill, plaice and flounder. Two spe
cies, viz., eel and three-spined stickleback, occur in 
marine, brackish and fresh water. Not a single bone 
from an exclusive freshwater fish is present.

The fishing at Vængesø III has apparently been 
dominated by gadids and flatfishes: Ca. 49% of the 
identified fish bones are from gadids, of which cod is 
much more abundant than pollack, saith and whiting, 
and 34% are from plaice/flounder/dab (plaice and 
flounder demonstrated with certainty). It is worth no
ticing that 10% of the fish bones are from herring and 
5% from gurnards (grey and tub).

The bones summarized in Table 33 were recovered 
using various collection methods: in some place, only 
hand-collecting, in other fine sieving but were added 
for the sake of simplicity. If the relative frequencies of 
fish species are evaluated within a sample where sedi
ment was sieved consistently, the pattern looks quite 

different: Fig. 47 and Table 41 clearly show the influ
ence of mesh size on relative frequencies. If all sedi
ment is sieved through a 1 mm mesh, the frequency of 
herring raises from 4% to 23%, whereas gadids and 
plaice/flounder/dab drop to 35% and 40%, respective
ly. The latter relative frequencies must be regarded as 
more trustworthy because all preserved bones, even 
the smallest ones, are considered in the calculations.

One 10-litre sediment sample from the black cul
ture layer and one 10-litre sample from the shell layer 
were both sieved through down to 1 mm mesh. A com
parison of the fish bone contents in these samples 
thus allows a direct comparison of the two layers. The 
10-litre sediment from the black culture layer con
tained 11,275 identifiable fish bones (Table 41), com
pared to only 103 identifiable fish bones in the 10-litre 
shell layer sample (Table 42) - a difference by factor 
100.

Table 43 shows which skeletal elements of each 
fish species were present. The frequent species are 
represented by bones from the entire skeleton, i.e., 
the skeletal representation does not indicate any type 
of processing of the fish.

The find of two spines from spurdog and one of 
the characteristic ‘thorns’ of thornback ray are note
worthy. Such spines and thorns are covered in enamel 
and therefore belong to the skeletal elements of carti
laginous fishes with the best chances of preservation. 
Two vertebrae of spurdog indicate that conditions for 
preservation at Vængesø III were quite good.

Size estimates of cod were made on the basis of 
measurements of premaxillaries, dentaries and verte
brae 1-4 (Fig. 48). The cod span the size range 15-50 
cm, but most were only 15-25 long. The figure also 
shows the influence of mesh size on the size distribu
tion of cod and underlines the importance of using at 
least a 2 mm mesh in order to get a representation of 
the smallest individuals and thus obtain a correct pic
ture of the cod fishing.

The length distribution of plaice/flounder/dab, 
based on measurements of first vertebra and os anale, 
is shown on Fig. 49.

Three cod otoliths from the black culture layer 
were sufficiently well preserved for growth rings to be
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Fig. 47. Vængesø III. The diagram illustrates the influence of mesh size on the relative frequencies of herring, gadids, 
flatfish and others. A 10-litre sediment sample was sieved through 3 mm, 2 mm and imm mesh and the recovered fish 
bones were added for each step. Inserted is a photo showing typical examples of herring vertebrae retrieved on the three 
different sieves.

Vængesø III, cod, total length estimated from vertebra measurements Fig. 48. Vængesø III.
Size-frequency diagram
for cod retrieved on
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3mm, 2mm and imm 
mesh respectively. 
Inserted is a photo of 
cod vertebrae found on 
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Table 41. Vængesø III, Identified fish bones from 2 1 of sediment (= 1/5 of sample x 7175 from the black culture 
layer). Some species names are simplified, for full English names see Table 3. For each species or species group, 
the number of fragments retained by the 3, 2 and 1 mm meshes are given, as well as the total.

Species/species 
group

3 mm 
mesh

2 mm 
mesh

1 mm 
mesh

Total Species/species
group

3 mm 
mesh

2 mm 
mesh

1 mm 
mesh

Total

thornback ray 1 1 grey gurnard 1 1

herring 40 317 159 516 gurnard unspec. 8 12 1 21

eel 2 1 3 bull-rout 1 1

cod 24 37 8 69 plaice 4 1 5

pollack 8 1 9 flounder 4 7 11

saith 4 3 7 plaice / flounder / dab 750 138 1 889

pollack / saith 1 1 turbot / brill 2 1 3

whiting 1 1 flatfishes unspec. 5 5

gadids unspec. 203 442 54 699 flatfishes total 765 139 9 913

gadids total 232 491 63 786 Total in 2 1 subsample 1057 964 234 2255

greater weever 9 2 11 (Total scaled to 10
(11275)

eelpout 2 2 1 sample)

gadids total 31 40 7 78

Table 42. Vængesø III, Identified fish bones from 10 1 of sediment (sample x 7176 from the shell layer). Some 
species names are simplified, for full English names, see Table 3. For each species or species group, the number 
of fragments retained by the 3, 2 and 1 mm meshes are given, as well as the total.

Species/species group 3 mm 
mesh

2 mm 
mesh

1 mm 
mesh

Total Species/species group 3 mm 
mesh

2 mm 
mesh

1 mm 
mesh

Total

herring 7 1 8 greater weever 2 1 3

eel 1 1 2 gurnard unspec. 1 1

cod 5 2 7 three-spined stickleback 1 1 2

saith 1 1 plaice / flounder / dab 5 2 2 9

pollack / saith 1 1 flatfishes total 5 2 2 9

gadids unspec. 26 36 7 69 Total in 10 1 sample 39 51 13 103
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Platessa/Platichthys/Limanda, Vængesø III (n = 48)

Fig. 49. Size-frequency diagram for plaice/flounder/dab 
caught from Vængesø III.

discernible after being broken. They all have a broad 
summer growth zone peripherally and it can therefore 
be assumed that they were caught in late summer/ 
early autumn.

Birds
The material is strongly dominated by cormorant 
which constitutes 43% of the identified bird bones. 
Mergansers are also quite well represented: 11% of 
identified bird bones and including common mergan
ser, red-breasted merganser and smew. Grebes consti
tute 9% and razorbill/murre (only the latter demon
strated with certainty) constitutes 7%.

Most of the species occur at sea as well as at fresh 
water, but some are exclusively marine, viz., gannet 
and murre (Table 45). Crow/rook and the unspecified 
passerine are the only exclusively terrestrial species. 
Crow would typically occur near refuse heaps.

Of the abundantly represented cormorant, bones

Table 43. Vængesø III, fishes, skeletal elements. Some species names are simplified, for full English, Latin and 
Danish names see Table 3. Entries are numbers of skeletal elements.

Head

Parasphenoideum 41 1 3 1 7 6 15

Praevomer 1 18 1 5 3 19

Frontale 2

Lacrymale 4

Basioccipitale 2 37 1 21

Dermethmoid 4

Prooticum 13

Pteroticum 8 1
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4205

un,spec.

Otholithi 41 3 15 13

Neurocranium
unspec.

1 6 24

Praemaxillare 32 4 32 1 20

Maxillare 2 20 1 19 21

Dentale 1 19 2 6 14 1 1 12

Articulare 1 39 3

Quadratum 28 1 28

Palatinum 16 5

Pterygoidea 12 1 50

Praeoperculare 4 1

Interoperculare 3

Operculare 1 3 1 7

Symplecticum 8

Hyomandiulare 15 9

Hypohyale 9

Keratohyale 1 9 10

Epihyale 1 2

Urohyale 2 6 24

Branchialia 18 43

Branchiostegale 6

Angulare 6

Viscerocranium 8 15 12
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Others

Shoulder girdle

Posttemporale 18 1 3 13

Supracleithrale 24 1 21

Cleithrum 1 7 2 39

Postcleithrum 1

Scapula 1

Pelvis

Basipterygium 2 15

Vertebrae 2 623 4 141 4 17 2463 59 5 2 142 1 9 1670 5
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42
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Os anale 100

spine 2

scale 1 7

pterygophore 43 1

fin ray 3

bone unspec. 93

Total 2 1 642 6 314 5 9 34 2830 65 5 2 323 1 5 10 8 14 2197 5
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Table 44. Vængesø III, birds, skeletal elements. Some species names are simplified, for full English, Latin and 
Danish names see Table 4. Entries are numbers of skeletal elements. Numbers preceded by a slash represent 
tentative identifications.

= ô
0 T*

V■w -2

■w 0 0U
P p 42t- ■w
'M 44 Q - ’S - C ■ w C
TJ fS 0 ’S c« 0
V 
U s 0 V ’S 0

Sh Æ rt

Head

Calvarium 4

Mandibula 7

Trunk

Vertebra 
cervicalis

2 1 2/1

V. thoracalis 2

V.unspec. 1

Coracoideum 1 1 2 1 9 1 5 1

Sternum 2

Scapula 1 1 5

Pelvis 2

Limbs

Humerus 1 1 4 12 1 1

Radius 1 1/2

Ulna 1 1 9/1

Carpo-metacarpale 1 4 1

Femur 1 1

Tibio-tarsale 1 1 1 1 2 9/1 1

Tarso-metatarsale 2 7

Phalanx unspec. 3 1

Total 2 1 5 2 2 2 22 4 79/5 4 1 1 6 1
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Radius+ulna 1

Head

Calvarium 1

Trunk

Vertebra 
cervicalis

1 2

V. thoracalis 2

V. lumbalis 1

V.unspec. 1

Costa 3

Coracoideum 1 5 2 2 1 1 1 2 2

Sternum 1 1

Scapula 1 3 1 1 2

Clavicula 1

Pelvis 1 1 2

Limbs

Humerus 3 3 4 1 1 1/1 1 1 11

Radius 1 11

Ulna 2 1 1 1 1 12

Carpo-metacarpale 1 3

Femur 1 1

Tibio-tarsale 2 2 1 1 8

Tarso-metatarsale 1

Phalanx unspec. 3
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limb bones unspec. 98

bone unspec. 59

Total 6 1 13 14 1 3 2 3 2/1 4 9 1 1 221

Table 45. Vængesø III, birds, functional group. Numbers preceded by a slash (/) indicate tentative identifications.

marine
meat

freshwater
meat

terrestrial
meat

tools/ornaments 
only

no. of
fragments,

loons X X 8

grebes X X 17

gannet X 4

cormorant X X 79/4

swans X X X 3

teal X X 1

eider X 1

velvet scoter X X 6

ducks unspec. X X X 15

merganser/ smew X X 21

raptors X 1

great black-backed / glaucous gull X 2

kittiwake / mew gull X X 3

gulls unspec. X X X 3

razorbill / murre X 13

crow / rook X 1

finch unspec. X 1
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Fig. 50. Many seals were hunted from Vængesø III, most grey, but also harp seals. The picture shows fragments from 
head, limbs and vertebral column found at Vængesø III, including several ear bones (bulla) from both species. - Scale 
units: 1 cm.

from head, body, wings and legs are present. The rep
resentation of elements of the remaining species is 
more scattered. There are however, quite a number of 
coracoids, humeri, and tibio-tarsi among the identi
fied bones, which is probably because the skeletal ele
ments are among those with most species-specific 
characteristics. See Table 44.

Mammals
The rich mammal material includes mice, several spe
cies of fur-bearing animals, seals, swine, roe deer, red 
deer, ox and several species of cetaceans.

What is really remarkable about this material is 
that seals dominate with 322 fragments (33% of the 
identified mammal fragments). Both harp seal and 
grey seal are present (Fig. 50).

The second-most frequent mammal is swine (157 
fragments, 16% of identified mammal bones). Roe 
deer is also well represented (9%), as is dog (8%). For 
many fragments, it is not possible to distinguish be
tween dog and fox (dog and fox together constitute 
19% of the identified mammal bones). Pine marten 
constitutes 9%, but red deer surprisingly only 3%.

The variety of cetaceans is also remarkable (Fig. 
51): white-beaked dolphin, killer whale, sperm whale 
and porpoise. White-beaked dolphin is a coastal spe
cies, unlike its relative Atlantic white-sided dolphin 
which prefers cooler, deeper water and is more shy. It 
is therefore no surprise that it is white-beaked dolphin 
that has been identified and probably those bones 
identified as white-beaked/Atlantic white-sided dol
phin all belong to the former species.
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Fig. 51. Cetacean bones from Vængesø III. Top: tooth 
from killer whale. Middle: lower hemal arch from a sperm 
whale vertebra. Bottom: Four vertebrae of porpoise. - 
Scale units: 1 cm.

The dogs from Vængesø III
Remarkably many bones from dog were found, both 
in the black culture layer and in the shell layer. They 
include 12 fragments of lower jaws from adult and ju
venile dogs. The jaws from the grown-up individuals 
are generally of a size reminiscent of a sledge dog. 
Those limb bones which are complete enough to give 

Fig. 52. Dog bones from Vængesø III. Top: lower jaw 
(mandibula) from an adult dog. Bottom: three lower jaws 
and one upper jaw (maxilla) from at least two whelps. - 
Scale units: 1 cm.

an impression of size, on the other hand, indicate 
dogs the size between a modern Lapp Spitz and the 
larger sledge dog.

Almost all dog bones have fused epiphyses and 
most of the jaws have permanent teeth; they thus seem 
to be from adult dogs. There are, however, also three 
lower jaws and three fragments of the calvarium of very 
young whelps. The whelp fragments were found to
gether in the black layer, but as there are two right low
er jaws, they represent at least two individuals (Fig. 52).

One of the adult lower jaws shows a row of paral
lel cutmarks, indicating that this dog was skinned. 
One radius is cut distally, the cut surface appears al
most polished and there are several cutmarks close by.

Representation of skeletal elements
Table 46 shows the recovered skeletal elements from 
each species. Among the fur-bearing animals, fox, 
dog, wildcat and pine marten are represented by 
bones scattered over the entire skeleton, indicating 
that whole carcasses of these species were present on
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Table 46. Vængesø III, mammals, skeletal elements. Some species names are simplified, for full English, Latin and Danish names 
see Table 5. Entries are numbers of skeletal elements and refer to the material identified by the author. Numbers preceded by a 
slash (J) indicate tentative identifications.
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Vertebra 
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V. lumbalis 2 2 4 13

V. caudalis 1/1 2 6 1 2

V. unspec. 17
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Sacrum 2

Scapula 1 1 1

Pelvis 2 2 2 1 3 1 2 5

Limbs

Humerus 2 /2 3/1 2 2 5 8 8

Radius 1 1 2 3 1 5 5 7/1

Ulna 1 1 3 1 1 5 4 1 2
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Carpale 1 1 1 1

Metacarpale /1 4 17/1 2 5 4 11 3

Femur 1 /1 1/1 1 3 1 1/1 8 5/1

Tibia 1 1 5 11 1 7 9/1

Fibula 2 2 1 3

Astragalus 2 1

Calcaneus 1 /1 2 1 1 1 1 1

Tarsale 1 1

Metatarsale 1 3 4 3 1 8 3

Metapodium 5 1 2 1 3 7

Phalanx 1 1 9 6 1 3 8 3

Phalanx 2 2 2 17 1

Phalanx 3 1 7 1

Phalanx unspec 14 1

Total 7 1/2 1 2 1 1 28/5 64/1 77/8 5 5 14 84 1 7 8/1 3 55/1 255/5 91/3
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Head

Calvarium 4/1 26 1 1 1 33

Bulla 1

Mandibula 1 14 2

Dentes 1/1 20 2 1 10

Trunk

Vertebra cervicalis 1 7 1 1 2

V.thoracalis 1 1

V.lumbalis 1 2 /1 1 1 6

V.caudalis 1 1 1

V. indet 2 1 1 63

Costa 1 1 2 1 /1 3 277

Sternum 2

Pelvis 1 3

Limbs

Humerus 1 9 4

Radius 3 2 2

Ulna 3 2

Carpale 2 11

Metacarpale 1 2

Femur 1 1 3 1

Tibia 1 1 3 2 1
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Fibula 1

limb bone unspec. 1 68

Patella 1 1

Astragalus 2

Calcaneus 1 1

Tarsale 1

Metapodium 2 12

Sesamoid 2

Phalanx 1 9 1

Phalanx 2 2 8

Phalanx 3 5

Phalanx unspec. 7

Bone usp. 1 2 1001

Total 25/2 5 158 7 6 3/1 3/1 1116 1475

the settlement. The same is probably true of otter, al
though there are only three otter bones. Polecat is 
represented by only a single bone, but since it is a pel
vis, it is more likely to derive from a whole carcass 
than from, e.g., a fur. The bones from squirrel and 
badger, in contrast, may well derive from an imported 
fur.

There are many bones from head, body and limbs 
of seals, i.e., entire individuals were brought to the 
settlement. The same is true of swine, roe deer, red 
deer and ox.

The bones from porpoise and dolphin similarly 
represent head and body and thus indicate entire in
dividuals on the site.

Vertical and horizontal distribution of mammal bones
About equal numbers of mammal bones were recov
ered from the black culture layer and the shell layer. 
Most species occur in both layers with natural excep
tions among those represented by only one or a few 
bones. For instance, sperm whale was found only in 
the shell layer. For most species, the frequencies seem 
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to be similar in the two layers, but there are excep
tions. Dog/fox seems best represented in the black 
culture layer (28% vs. 11% in the shell layer) and seals 
show a similar pattern (41% vs. 29%). Pine marten 
shows the opposite pattern, constituting 16% of the 
identified mammal bones in the shell layer and only 
1% in the black culture layer. The difference for pine 
marten may be due to a fortuitous find of a heap of 
carcasses in one layer, cf. below.

Bones from dog, fox, seals and cetaceans are scat
tered over large parts of the midden. In contrast, 80 
bones from pine marten were found within a 2x2 m 
area, all of which, except six, lay in the shell layer. The 
most frequent skeletal element in this assemblage is 
tibia. Four tibiae are from the left side, i.e., MNI = 4. 
Cutmarks on mandibles support the interpretation of 
this assemblage as remains of skinned martens.

Sex and size
Measurements on selected bones of swine, roe deer, 
red deer and ox form part of the base of the general 
discussions of these species. One measured humerus 
of swine seems to be from a male (boar) (Fig. 96). The 
single measured lower third molar is clearly from a 
wild boar (Fig. 103). One red deer astragalus is from a 
very large individual (Fig. 115).

Age
Swine

Analyses of teeth in lower jaws demonstrated only 
piglets and yearlings (Fig. 108). There is, however, a 
loose molar worn down to the roots, which must come 
from an old swine. Two limb bones are from individu
als no more than 6 weeks old.

Red deer

Only one jaw fragment without teeth and two frag
ments of loose teeth are available, i.e., not much of a 
basis for age estimates. One radius is from an indi
vidual of the same size as a recent foetus/newborn red 
deer. The remaining fragments are from fully-grown 
deer.

Roe deer

Of nine lower jaws, only one (found in the black cul
ture layer) is from a juvenile individual (0-5 months 
according to Habermehl 1961, ca. 1 month based on 
comparison with recent material). The remaining jaws 
are from the shell layer and are from individuals of 2, 
2-4 and 7-11 years of age. Most bone fragments have 
fused epiphyses and seem to be from adult individu
als; exceptions are 1) the lower jaw mentioned above, 
2) four fragments of humerus, ulna and pelvis which 
were found within one square meter in the same layer 
and probably derive from one individual of ca. 1 
month of age (comparison with recent specimens), 3) 
two further fragments with unfused epiphyses, com
ing from individuals more than one month old.

Ox
All fragments have fused epiphyses and seem to come 
from fully-grown individuals.

Cutmarks
Cutmarks were found on bones from dog (lower jaw, 
radius), fox (cervical vertebra), wildcat (lower jaw), 
pine marten (four out of seven lower jaws), seals (fe
mur and phalanx), possibly porpoise (caudal verte
bra), roe deer (rib, tibia, metapodium) and swine 
(rib, phalanx)

Discussion

Fishing
The huge amount of fish bones from a wide range of 
species shows that fishing was an important activity at 
Vængesø III, especially during the part of the Erte- 
bølle culture period where the black layer was depos
ited (ca. 4500-4300 BC). The fishing would have been 
focused on the sea, since all species could have been 
caught there.

The dominating species were flounder, plaice and 
gadids, especially cod. The cod caught by the 
Vængesø III people were small, mostly 15-25 long. 
Herring also played a significant role; the sieving ex
periments indicate a higher importance than suggest-
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Fig. 53. Birding at Vængesø III was strongly dominated by cormorant. The picture shows a selection of bones from 
different parts of the cormorant skeleton found at the site. - Scale units: 1 cm.

ed by the numbers on the collective species list (Table 
33). Greater weever is a further characteristic species 
from Vængesø III, which is in line with its present- 
day abundance in this part of the Danish seas.

The most remarkable aspect of the fishing at 
Vængesø III, however, is the relative high number of 
fragments from gurnard, tub as well as (and mostly) 
grey gurnard. The frequency of gurnard bones in the 
Vængesø III material by far surpasses what has been 
seen on other contemporaneous sites. Gurnards are 
truly marine species which do not enter brackish wa
ter and thus provide a certain proof that fishing took 
place in the sea proper.

The low number of eel bones is worth noticing, 
especially in the light of the high frequency of eel in 
the Limfjord region sites. Conditions for preservation 
of fish bones were good a Vængesø III, and intensive 

sieving of sediment has been done; thus, the paucity 
of eel must be real.

Growth zones in cod otoliths, and the presence of 
mackerel, suggest fishing during the summer half- 
year.

Exploitation of birds
The number of bird bones in the material (more than 
400) is large in comparison with those from the other 
sites studied. There is thus no doubt that birding has 
been important at Vængesø III. Bones from cormo
rant (Fig. 53) dominate strongly; perhaps there was a 
cormorant colony nearby - this may even have been 
one of the attractions of the location?

Most of the birds on the list occur at different 
kinds of water, but species like gannet and murre are 
certain indicators of birding at sea.
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Exploitation of mammals
The very large number of seal bones indicates that 
seal hunting has been important (cf. Fig. 54). This is 
a most unusual trait: bone samples from this period 
are generally dominated by swine, red deer and roe 
deer in all regions. The Vængesø III seal bones are 
partly from harp seal, but mostly from grey seal, and 
there are juvenile individuals. This suggests that there 
might have been a breeding colony of grey seals near
by - maybe another attraction (cf. cormorant, above).

Swine is the most frequent among the usual three 
large ‘meat animals’ (Fig. 55). Some of the swine 
bones could be identified as wild boar, which is not 
surprising, considering that the site belongs to Erte- 
bølle culture. It looks as if the swine hunting has been 
focused on piglets and yearlings (Fig. 108). Roe deer 
follows swine in frequency, and individuals represent
ing the entire age range have been hunted. There are 
remarkably few bones of red deer, but the presence of 
bones from the entire skeleton indicates that whole 
carcasses were brought to the settlement. It is uncer
tain whether Helgenæs was an island while the settle
ment was inhabited, but in any case red deer seems 
not to have been abundant.

Fur-bearing animal bones constitute a large frac
tion. There are particularly many bones from pine 
marten (Fig. 56) including an assemblage which may 
represent discarded carcasses of at least four skinned 
individuals.

The high number of dog bones is difficult to ex
plain. Why would the Vængesø III people have need
ed more dogs than the inhabitants of other Ertebølle 
culture settlements? The dogs were probably used for 
hunting, but hunting was an important activity at all 
Ertebølle culture sites. The most special feature of the 
hunting at Vængesø III is the great importance of 
seals. Perhaps the dogs were used for seal hunting? 
The correlation between frequencies of dog(/fox) and 
seal bones mentioned above (“Vertical and horizontal 
distribution of mammal bones”) tentatively supports 
this idea. The same combination of many seals and 
many dogs is seen in the material from Vængesø II 
(see Table 35).

Bones from at least four species of cetaceans add 
to the maritime character of the site. In addition to 
small cetacean like porpoise and white-nosed dol
phin, there are remains of large whales: killer whale 
and sperm whale. Porpoise, dolphin and possibly

1%

Vængesø III, n = 956

Fig. 54. Relative importance of fur-bearing animals, 
terrestrial meat animals, marine meat animals and others 
in the osteological material from Vængesø III (based on 
NISP, n= 956).

58%

9%

Vængesø III, n = 273

33%

■ red deer
■ roe deer
□ swine

Fig. 55. Relative importance of red deer, roe deer and 
swine in the osteological material from Vængesø III 
(based on NISP, n= 273).
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Fig. 56. Pine marten bones from Vængesø III representing all body regions: jaws, vertebrae and limbs. - Scale units: 1 cm.

killer whale were found in the black culture layer as 
well as the shell layer, whereas sperm whale was found 
only in the latter.

Indicators of seasonality
The Vængesø III material includes various indicators 
of seasonal activity. The material is clearly divided 
into two layers which might exhibit different seasonal 
patterns, and the indicators are therefore summarised 
separately for the two layers.

The black culture layer
A foetal/neonatal red deer proves activity in June. Ap
proximately the same time is indicated by bones from 
one-month-old roe deer (young are born in May/ 
June). Three cod otoliths indicate late summer/early 
autumn. Mackerel indicates fishing during the summer 
half-year. Spurdog is generally regarded as a straying 

summer visitor in Danish waters (Otterstrøm 1917), al
though some spurdog over-winter. Also the small cod 
suggest summer fishing. A roe deer frontale with antler 
shows that the individual was killed between spring 
and early winter. The many fur-bearing animals, on the 
other hand, suggest autumn/winter hunting. Also 
murre suggests late autumn/winter activity, as this spe
cies occurs abundantly in Danish waters, including 
Kattegat, during this period (Lyngs 2002).

More tentative indicators include seals and cormo
rants which are both abundant in the material. The 
most frequently represented seal, grey seal, until re
cently bred in Denmark; its young were then born in 
January (Tougaard 1991), and grey seal would have 
been an easy kill at this time. Nowadays, the earliest 
cormorants establish themselves in their colonies dur
ing January-February, and the last leave them again 
during August-September (Hald-Mortensen 2002).
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Vængesø III seasonality

Fig. 57. Vængesø III, indicators of seasonality. Indicators 
from periphery to centre: summer fishes (blue, solid); cod 
otoliths (blue, chequered); murre (black, solid); cormo
rant colony (black, chequered); fur-bearing animals (light 
brown); red deer, newborn (red); roe deer, 1 month old 
(green, solid); roe deer, attached antlers (green, cheq
uered); grey seal, 6 months old (grey).

Summarizing, there are specific indicators for ac
tivity around June and during late summer - early au
tumn. In addition there are several more general signs 
of activity during the summer. Fur hunting, possibly 
also seal and murre hunting suggest activity during 
autumn/winter. See Fig. 57.

The shell layer
Some of the indicators are the same as those found in 
the black culture layer, cf. above: Spurdog (summer). 
- A roe deer frontale with antler (between spring and 
early winter). - Murre (late autumn/winter). - Seals 
(January). - Cormorant (January-February to August- 
September). A further indicator is provided by velvet 
scoter, which today is abundant along the east cost of 
Jutland during June-October/November (moulting) 
(Joensen & Pihl 2002).

There are no very specific indicators of season in 
the shell layer, but several hints point to activity dur
ing the summer half-year and autumn/winter.

There are no clear differences between the season
al indicators in the shell layer and those in the black 
culture layer.

Indicators of habitat types
The nature of fishing at Vængesø III shows that there 
was easy access to real (non-brackish) seawater. On the 
other hand, the fishes do not at all indicate fresh water.

The birds in the material in general occur near all 
types of water, except gannet and murre which are ex
clusively marine and provide another proof of sea (Ta
ble 45). A few bird bones are from terrestrial species, 
however. There was probably a colony of cormorant 
in the area. Cormorants prefer to build their nests in 
trees, but may also build on the ground.

The many bones from pine marten and wildcat in
dicate continuous forests nearby, probably on the 
Helgenæs peninsula/island itself.

Seals and cetaceans are abundant in the material 
and of course constitute additional evidence of the 
proximity of the sea.

The preponderance of marine resources at Vængesø 
III agrees with evidence from stable isotopes (I3C and 
I5N) in human bones from Vængesø I and II, see “Pre
viously studied sites in East Central Jutland”.

Temporal change
The two discernible layers in the Vængesø III midden 
are both from then Ertebølle culture period. There 
are no significant differences between fishing and 
hunting indicated by the bones in the two layers. 
(There is a third, upper layer from the Neolithic peri
od, but no animal bones were recovered from it.)

6.3 Lystrup Enge (Z.M.K. 29/1983)

The Lystrup Enge settlement was situated in the inner 
part of a ca. 5.5 km long and 1.5 km broad, shallow- 
watered inlet which opened into Århus Bugt (Fig. 
40). The settlement lay on a sand-gravel bar (180 m 
E-W by 25-60 m N-S) ca. 130 m from the northern 
coast of the inlet, presumably separated from the 
coast by a lagoon. A brook opened east of the settle
ment which thus had easy access to fresh water. The 
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studied site is one among at least 22 settlements which 
have been located at the same inlet.

The excavations at this site include the settlement 
itself and a refuse zone in the inlet. The settlement 
layers on land have been redeposited (to a limited de
gree) during a transgression that followed the inhab
ited period, but layers in the sediment off the settle
ment have remained untouched.

Generally, conditions for preservation of bones 
were not good. The best conditions occurred in the 
under-water sediments off the settlement where re
mains of a kitchen midden have been found in the 
form of a thin layer of shells from marine molluscs. In 
this layer, even fish bones have had fair chances for 
preservation.

Numerous (588) pointed hazel wood stakes have 
been registered in the refuse zone. Sixty-seven of these 
remain insitu, i.e., rammed vertically into the sea floor 
as deep as 65 cm. The stakes are 1-3 m long and have 
been interpreted as remains of stationary fishing gear. 
Remains of two dugout boats have been found in the 
same area. One of these (‘Lystrup 1’) was made of as
pen wood; it was probably ca. seven meters long by ca. 
60 cm broad and had remains of one or two fireplaces. 
The ‘Lystrup 1 boat has been dated to 5210-4910 BC 
cal. (K-5730) and is thus contemporaneous with the 
settlement. The second boat (‘Lystrup 2) has been dat
ed to 5570-5340 BC cal. (K-6012) and is thus older than 
the main settlements, although it still belongs to the 
Ertebølle culture. An oar blade has also been found.

The sediments from the settlements contain mass
es of marine mollusc shells, especially from oyster, 
common cockle, blue mussel, pullet carpet shell and 
common periwinkle. They have been interpreted as 
remains of a re-deposited kitchen midden.

The above information has been extracted from 
Andersen (1996).

Material and methods

The settlement was excavated by B. and P.E. Dams
gård in collaboration with S.H. Andersen, Moesgård 
Museum during the period 1981- 2005 (Andersen 
I996)-

More than 3500 m2 have been excavated and a very 
large sample of objects has been recovered. The cul
ture layer was thin (5-20 cm) and was not subdivided. 
Excavated objects were referred to square meter fields 
but were not recorded in three dimensions. Sediment 
from all excavated fields was consistently sieved in the 
field through a 5 mm mesh, and soil samples were fur
ther sieved through a 1 mm mesh.

As mentioned above, conditions for preservation 
of bone were in general not good. As the surface of 
the bones is missing or is poorly preserved, observa
tion of cutmarks was difficult, and cutmarks were seen 
on only seven fragments. Some bones are so-called 
‘rubber bones’ of which only the organic components 
have been preserved. The bones in general are strong
ly fragmented. The surface of most fish bones is cov
ered by precipitated iron salt which has impeded 
identification to species.

An identification of all recovered fragments from 
mammals, birds, amphibians and reptiles was at
tempted. As the number of fish bones is immense, a 
number of m2 squares was selected from where all fish 
bones were analysed in detail. The remaining, much 
larger, fish bone material was examined more superfi
cially in order to gain an impression of whether the 
pattern was similar to that shown by the material ex
amined in detail.

Considering that the majority of the bone material 
was deposited under water, a minor contamination of 
the human refuse with fish dead from natural causes 
cannot be excluded. It is, however, estimated that 
such a possible contamination would not have been 
large enough to influence the interpretation.

Identification of mammal, bird, reptiles and am
phibians has been done by Ulrik Møhl (4% of the 
bones) unpublished lists in Z.M.K. archives, Bo Kil
deager (3%) unpublished list in Z.M.K. archives, Liv 
Ljungar (35%) unpublished lists and manuscript in 
Z.M.K. archives, and the present author (58%). All 
fish bones were identified by the author. Carl Kinze 
helped with identification of cetacean bones.

A number of datings from the settlement are avail
able, see Table 2. They show that the site was inhab
ited during a period from ca. 5700-4340 cal yrs BC,
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Fig. 58. Tope shark vertebrae 
from Lystrup Enge. - Scale 
units: 1 cm.

which corresponds to early Ertebølle culture in Jut
land (Andersen 1996).

Results

Bones from at least 20 species of fish, at least one 
species of amphibian, at least two species of reptiles, 
at least 14 species of birds, and at least 27 species of 
mammals were found at Lystrup Enge (Tables 33-35).

Fishes
Thanks to the consistent sieving of sediment, the fish 
bone material is very large. As mentioned above, the 
identified fish bones represent only part of the exca
vated fields. However, the more superficial examina
tion of the remaining material gave the impression 
that the analysed fields are representative of the gen
eral pattern in the entire material.

Most of the fish bones are from marine fishes, and 
gadids appear to have been most important of all, as 
their bones constitute c. 75% of the identified fish 
bones. Most of the gadid bones are from cod, but 
whiting and saith are also represented. The poor con
ditions of preservation at Lystrup Enge may have con
tributed to the dominance of gadids in the material, 

because gadid bones are among those most likely to 
be preserved in archaeological contexts (Lepiksaar & 
Heinrich 1977).

Flatfish (plaice and flounder) were also important 
(23% of identified fish bones).

Each of the remaining species is presented by far 
less bones than the two above-mentioned groups. 
The presence of no less than four species of shark 
(porbeagle, smoothhound, tope shark [Fig. 58] and 
spurdog) is remarkable. The sharks might have 
played a much larger role at the site than indicated by 
the numbers of recovered bones because their carti
laginous skeleton has a low chance of preservation. 
On the other hand, porbeagle is represented by 17 
teeth which, due to their enamel cover, are much 
more robust than other shark skeletal elements (Fig. 
59). The presence of 59 bones from herring is also 
noticeable, considering the conditions for preserva
tion, since the thin, fatty bones of herring do not ‘sur
vive’ well in the soil.

There are only 19 bones from freshwater fishes, de
riving from pike and cyprinids. In addition there are 
some bones from eel and salmon/trout which are mi
gratory species occurring in all types of water.

Vertebrae strongly dominate the fish bone materi-
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Fig. 59. Shark teeth (porbea
gle) from Lystrup Enge. - 
Scale units: i cm.

Table 47. Lystrup Enge, fishes, skeletal elements. Some species names are simplified, for full English, Latin and Danish names see 
Table 3. Entries are numbers of skeletal elements. Entries marked with an asterisk indicate bones which were not found within the 
analysed squares but by a rapid assessment of material from non-analysed squares.
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Parasphenoideum 13 8
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dermethmoid 4

Prooticum 1
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Praemaxillare 18 20

Maxillare 13 23 2

Dentale 1 20 1* 10

Articulare 10

Quadratum 30 1

Palatinum 1

Pterygoidea 1

Operculare 2

Hyomandiulare 2

Epihyale 1

Urohyale 1 2

Detached teeth 17

Shoulder girdle

Posttemporale 4

Supracleithrale 1 4

Vertebrae 4 33* 7 58 6 15 4 85 11 194 1* 6398 14 21 3 36 1 2064

Others

Os anale 8

spine 1

Total 17* 4 33* 8 59 6 15 4 86 12 269 2* 1* 6581 14 21 3 36 1 1 2 2097
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Fig. 60. Vertebrae from 
Aesculapian snake - a 
southern species - found at 
Lystrup Enge. This is so far 
the only subfossil Danish find 
of this species. - Scale units: 1 
cm.

al. Notable numbers of other bones are only present 
for the most frequent groups: gadids and plaice/ 
flounder/dab (Table 47). The unbalanced representa
tion is probably due to taphonomic loss.
The subfossil cod from Lystrup Enge were 20-65 cm 
long, most individuals lying in the interval 30-45 cm 
(Enghoff 1994).

Plaice/flounder/dab lengths varied between 20 
and 35 cm, the majority being 25-30 cm long (Enghoff 
1994)-

Amphibians and reptiles
One of the few amphibian bones could be identified 
to common toad; the others can merely be referred to 
the collective groups of toad or toad/frog.

Fourteen reptilian bones were identified to grass 
snake, and 25 to Aesculapian snake (Ljungar 1995), 
see Fig. 60. The latter species is of particular interest, 
as it does not occur in Denmark now. Its main distri
bution is southern Europe, but there are isolated oc
currences further north, including Germany. Three 
individuals were caught in Denmark (Zealand) dur
ing the 19th century, the last in 1863 (Fog et al. 2001)

Birds
The small bird bone material contains many species 
- a few fragments of each and no clear dominance of 
any species (Table 34). The species includes divers, 
grebes, cormorant, stork, swan, various ducks, rap
tors, crane, woodcock, alcids, corvids and a thrush, 
representing a wide variety of habitat (Table 49). 
Most of the identified bird bones are coracoideum 
and limb bones (Table 48).

Mammals
The long list of mammals includes mice, hedgehog, 
fur-bearing animals (squirrel, wolf, fox, pine marten, 
otter, wildcat and lynx), seals, swine, roe deer, red 
deer, elk, ox and cetaceans.

Most of the mammal bones (25%) are from red deer, 
followed by swine, ox, roe deer, killer whale and elk. 
The remaining species are represented by few bones.

The find of 172 fragments from killer whale is 
unique (almost as many fragments of killer whale as 
of roe deer!). No other Danish Ertebølle culture set
tlement comes anything near this number. Further 
cetacean species from Lystrup Enge include white
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Table 48. Lystrup Enge, birds, skeletal elements. Some species names are simplified, for full English, Latin and 
Danish names see Table 4. Entries are numbers of skeletal elements. Numbers preceded by a slash represent 
tentative identifications. The entry for calvarium/common merganser refers to bulbae ossiae.
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Humerus 11 11 1 2

Radius 2 1

Ulna 1 6

Femur 1

Tibio-tarsale 1

Tarso-metatarsale 1 1 1 1
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Table 49. Lys trup Enge, birds, functional groups

marine 
meat

freshwater 
meat

terrestrial 
meat

tools/orna- 
ments 
only

no. of 
fragments,

loons X X 1

grebes X X 1

cormorant X X 1

stork X 5

swans X X X 1

goldeneye X X 1

scoters X X 4

merganser/ smew X X 2

waterfowl unspec. X X X 4

raptors X 2

crane X 1

woodcock X 1

wader unspec. X X X 1

razorbill / murre X 1

crow / rook X 3

thrush unspec. X 1

beaked dolphin and bottlenose dolphin. Identifica
tion to species of cetacean bone fragments is generally 
difficult, and the poor state of preservation of the 
present material does not help. It is therefore no sur
prise that many fragments of cetacean bones could 
not be identified to species. One vertebra epiphysis 
has, however, been referred to northern bottlenose 
whale, and one metacarpal/carpal tentatively to fin 
whale, both by U. Møhl. A very large rib probably 
also derives from a large baleen whale.

In the other end of the size spectrum, the mouse, 
vole and shrew bones from Lystrup Enge in general 

are of the same colour as the remaining bone mate
rial - a hint that they probably are from animals 
which lived on the site together with the Stone Age 
humans.

Representation of mammal skeletal elements
Table 50 shows which skeletal elements of the different 
mammal species were found. Of the well-represented 
species: red deer, swine, roe deer, ox, elk and killer 
whale, bones from the entire skeleton were found, indi
cating that entire carcasses were brought to the site.

The single pine marten bone, a lower jaw, might
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Table 50. Lystrup Enge, mammals, skeletal elements. Some species names are simplified, for full English, Latin and Danish names 
see Table 5. Entries are numbers of skeletal elements. Numbers preceded by a slash (J) indicate tentative identifications.

Cfi
3 ■w 
0

QV 
Pm

Q 
V 
Pm

u 
Q S P
§ 3

V
5 

+M
w «5 P

d-»
p i

5
0
e

V

0 0
£ P U £

Head

Cornu 12

Calvarium 1 1 33 3

Mandibula 1 1 1 1 1 32 5

Dentes 1 2 112 3 1 1 1 1 2 44 10

Trunk

Vertebra 8 5
cervicalis

V.thoracalis 3 2

V.lumbalis 6 4

V.caudalis 1

V. indet 3 4

Costa 5 2

Sacrum 1

Scapula 6 9

Pelvis 1 9 12

Limbs

Humerus 1 1 29 34

Radius 1 1 13 5

Ulna 1 9 1

Radius+ulna 1

Carpale 8
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Fig. 61. Killer whale vertebrae from Lystrup Enge. - Scale units: i cm.

derive from an imported fur or ornament, but 
might as well be the only remaining fragment of a 
whole carcass.

Bones from head and body of otter and badger 
were found, suggesting whole carcasses rather 
than imported furs. Badger is represented by nu
merous pieces of a calvarium, a lower jaw without 
teeth found in a different part of the midden, a 
loose tooth and a very well preserved humerus 
(Fig. 92). A humerus of a seal also suggests a whole 
carcass, since the humerus usually does not remain 
attached to seal furs.

Wolf and dog
Several pieces of a wolf calvarium were found. The 
carnassial tooth (P4) is broken, but although it thus 
could not be measured accurately, it has been ca. 26 
mm long. This lies within the known range for subfos
sil Danish wolves (Aaris-Sørensen 1977), as well as the 
range for Mesolithic wolves in the southern Baltic re
gion (Benecke 1993).

A fragment of the fused lower jaw halves of wolf or 
dog has also been found. A large part of the right half 
is present, until behind the carnassial tooth (Mi); of 
the left half the anterior part, including the canine 

tooth, is present. This fragment seems to derive from 
an old individual with a powerful jaw. The right side 
premolar (P3) had been missing for a long time when 
this animal died, since the alveole has disappeared en
tirely. The right sectorial tooth is ca. 26.5 mm long, 
which is below the known minimum value (27.0 mm) 
for subfossil Danish wolves (Aaris-Sørensen 1977), as 
well as that (26.8 mm) for Mesolithic wolves from the 
southern Baltic region (Benecke 1993). On the other 
hand, the tooth is longer than the longest known Me
solithic dog in the southern Baltic region (24.8 mm), 
so whether this fragment is from wolf or dog, cannot 
be determined (although the measurement comes 
closest to wolf). The possibility of a wolf-dog hybrid 
should also be kept in mind. Unfortunately, the frag
ment is too incomplete for a discriminant function 
analysis after Benecke (1987).

Indisputable dog bones include a radius and an 
ulna.

Horse at Lystrup Enge?
There are six fragments from horse in the Lystrup 
Enge material. Three of these, however, were found in 
the upper part of the ploughing horizon, and for two 
others there is no information available. There is thus
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Fig. 62. Killer whale teeth from Lystrup Enge. Three 
different types of individuals: Top: unworn teeth with 
open roots; middle: unworn teeth with closed roots; 
bottom: severely worn teeth with closed roots. - Scale 
units: 1 cm.

no compelling evidence that horse was present at 
Stone Age Lystrup Enge, although the horse occurred 
on a number of Ertebølle culture settlements in Jut
land and Funen after 3-4000 years’ absence from Den
mark (Aaris-Sørensen 1998).

Cetaceans (whales and dolphins)
The number of cetacean fragments (257) from Lys
trup Enge is much higher than in any other Danish 
Stone Age material. Toothed cetaceans (killer whale, 
white beaked dolphin, bottlenose dolphin, possibly

Fig. 63. Vertebra from white-beaked dolphin found at 
Lystrup Enge. - Scale units: 1 cm.

northern bottlenose whale) as well as baleen whales 
(unspecified, possibly fin whale) are present.

Killer whale

The very many (175) fragments of killer whale in
cludes fragments of calvarium, mandibles, os hyoi
deum, teeth, cervical vertebrae, thoracic vertebrae, 
lumbar vertebrae, caudal vertebrae, ribs, sternum 
and metacarpus (Fig. 61). Apparently, whole whales 
were present, and it is of interest to estimate the 
number of individuals: was it a single stranded whale, 
or several individuals perhaps representing remains 
of organised whaling? An estimate of the minimum 
number of individuals (MNI) was done by C. C. 
Kinze, based on the numerous (78) teeth present. 
The number of teeth alone is proof that more than 
one individual is represented, since the killer whale 
has 20-24 teeth in each jaw (Kinzeiggi). Further
more, the teeth could be sorted into seven, possibly 
eight ‘types of individuals’ based on root closure and
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Table 51. Killer whale teeth from Lystrup Enge, distribution on ‘individual types’. Analysis by C.-C. Kinze. The 
number of +’s in the “open root” column indicates the degree of openness.

Individual open root wear tooth 
type

no. of 
teeth

notes

1. adult female no no 7 20 teeth too small for male

2. adult female no yes 8 16 teeth too small for male

3. adult female yes (++) yes 4 3 teeth too small for male

4. juvenile yes (+++) no 1 12

5. juvenile yes (++) no 3 15

6. juvenile yes (+) no 5 8

7. adult yes (%+) no 6 2

8. young male? yes (++) yes 2 1 deviating, with special, very oblique wear.

wear (Table 51). It thus seems that the killer whale 
remains are not from just one or a few individuals 
(Fig. 62). Of the remaining skeletal elements, os hy
oideum indicates at least three individuals, since 
three fragments of the same right side element of this 
bone are present. All taken together MNI = seven, 
maybe eight. No other Danish site has yielded any
thing near the number of killer whale bones found at 
Lystrup Enge.

The killer whale bones were scattered over a large 
area. Teeth from the different individuals are mixed 
more or less all over the area, i.e., the teeth from each 
individual were not found close together, as would have 
been expected if a head or jaws had been left to rot.

Two of the killer whales have been radiocarbon 
dated, and the datings place them in earliest Ertebølle 
culture.

White beaked dolphin

Two vertebrae and possibly a rib are from this species. 
The rib has the right size, but there are no diagnostic 
morphological characters on this skeletal element. One 
of the vertebrae is from a full-grown individual, the 
other is from a juvenile larger than newborn (Fig. 63).

Bottlenose dolphin

Three vertebrae, including two thoracic vertebrae, are 
from bottlenose dolphin. One of the thoracic verte
brae is from the ploughing horizon and is thus of un
certain provenance.

Size of mammals
Swine

Considering that the Lystrup Enge site has been dat
ed to early Ertebølle culture, all fragments of swine 
from the site should, a priori, be assumed to derive 
from wild boar. In support of this assumption, the rel
evant measurements (cf. (Payne & Bull 1988) all lie in 
the upper end of the size range for the studied sites 
(Figs 102,103).

Separation of males and females of swine is best 
done on distal measurements of humerus (Payne & 
Bull 1988). Fig. 96 is a scatter diagram of two such 
measurements; the data points from Lystrup Enge in
clude eight in the very high end and one in the very 
low one, thus suggesting eight boars and one sow, see 
further chapter 12.3.

188



SCI.DAN.B. I 6.3 • LYSTRUP ENGE

Red deer

In comparison with contemporaneous sites in other 
regions, the red deer from Lystrup Enge were large, 
see Figs 114-120. It is a general trend that, during At
lantic times, red deer from Eastern Jutland were larg
er than those from Vendsyssel, see chapter 12.4. Red 
deer from the middle Neolithic Kainsbakke, Djurs
land, are large as well, i.e., the large size in Eastern 
Jutland prevailed into the Subboreal chronozone.

Sexual dimorphism in red deer is substantial. 
Eriksson & Magnell (2001) interpreted their scatter 
diagrams over measurements of astragali as reflecting 
this dimorphism. Ona scatter-diagram over red deer 
astragalus measurements (Fig.115) those from Lystrup 
Enge fall in two separate clusters which are assumed 
to represent females and males, respectively.

Roe deer

Measurements of roe deer from Lystrup Enge are 
consistent with range and means for ’’mainland At
lantic” parameters 3 and 6 published by Jensen 
(1993), i-e-’ Ae roe deer are large, as they seem to 
have been generally on Boreal and Atlantic sites in 
Jutland. The Lystrup Enge roe deer also seem to be 
of the same size as those from Østenkær (Vendsys
sel), unlike red deer, where there is a clear size differ
ence, see chapter 12.6.

P. Jensen (1993) studied size differences between 
male and female roe deer in a recent population and 
found that the largest sexual difference is found in as
tragalus distal breadth. Fig. 126 shows length and 
breadth measurements of roe deer astragali from the 
studied sites. Measurements from Lystrup Enge are 
represented in both point swarms, suggesting that 
both males and females are represented at Lystrup 
Enge.

Ox
About half of the 314 fragments of ox were identified 
as aurochs based on a qualitative evaluation of size 
and robustness, and most probably all ox fragments 
from Lystrup are from aurochs, considering the dat
ing of the site to lower Ertebølle culture.

Precise measurements could be done on 14 ox 

fragments, representing both sexes, and all clearly fall 
in the aurochs range (e.g., Table 71, Fig.134). Among 
the metacarpus measurements from Lystrup Enge, 
the one of 81.4 mm can with certainty be assigned to 
aurochs male, whereas the two others (65,4 and 68,2) 
fall inside the ranges for both aurochs and domestic 
cattle. The maximum length could be measured on 
one ox calcaneus which, comparing with information 
in Degerbøl & Fredskild (1970) could be seen to fall 
within the range for female aurochs. Nine of the meas
urable fragments are astragali, and plotting these 
measurements in a scatter diagram where the meas
urement ranges of male and female aurochs and Neo
lithic domesticated cattle are also shown, clearly dem
onstrates that all nine astragali are from female 
aurochs.

Domestic cattle could not be demonstrated.

Age of mammals
Swine

Thirteen fragments of swine bones were suitable for 
age estimates. All age group are represented, the ma
jority of fragments representing adults, see Fig. 108.

Red deer

One deciduous tooth is from a max. two year-old in
dividual, and two jaw fragments are from two and 
three-four year-old red deer. Most of the red deer 
killed at Lystrup Enge, however, were older, ca. 8-10 
years (Fig. 123).

Roe deer

Two roe deer were less than 6-10 months old when 
killed, three were 10-14 months old, and one individu
al reached 3-4 years, see Table 69, and Fig. 131.

Ox
Only five fragments were suitable for estimating of 
the individual’s age at death. Although none of the 
fragments in question have been directly referred to 
aurochs, they in all probability do come from aurochs 
(cf. above), (Table 73). Very little can be deduced 
from the estimated ages, except perhaps that the in
habitants at Lystrup Enge hunted aurochs of more 
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than 2 years of age. A small number of ox fragments 
are from juvenile animals, including a fragment of hu
merus which seems to derive from a newborn calf.

Discussion

Fishing
Thousands of preserved fish bones from a wide range 
of species show the great importance of fishing in the 
inlet or at sea at Lystrup Enge. Bones from gadid 
dominate strongly (74 % of the identified fish bones), 
but the poor conditions for bone preservation on the 
site may have favoured the generally very resistant 
bones from this family. Nevertheless, gadids (repre
sented by cod, whiting and saith) must have been a 
major food resource. Plaice and flounder were, how
ever, also important. The most special feature of the 
Lystrup Enge fishing is the many species of cartilagi
nous fishes, including large species like porbeagle (up 
to 3^ m) and topeshark (up to 2m). Eelpout and bull
rout bones prove fishing close to the coast. The long 
list of species in combination with the generally small 
size of the fish suggests non-selective fishing with sta
tionary fish traps set near the coast. This interpreta
tion is supported by the find of almost 600 pointed 
hazelwood stakes, supposed to be remains of fish 
weirs, off the coast at Lystrup Enge.

Exploitation of birds
The identified bird bones represent a wide selection 
of species from various biotopes. Exploitation of 
birds has probably been of some importance, despite 
the moderate number of bone fragments. The poor 
condition for bone preservation probably has played 
a role here. Birds probably provided a welcome varia
tion in the diet and in addition provided raw material 
for various purposes, e.g., feathers for arrow fletching 
and bones for tools.

Exploitation of mammals
Hedgehog, squirrel, beaver, wolf, fox, pine marten, 
badger, otter, wildcat, lynx and seals were especially 
hunted for their furs (or spines, in the case of hedge
hog), but several of these species would also have

Fig. 64, Metapodia from big game found at Lystrup 
Enge. Top left: elk; top right: red deer; bottom: metatar
sus and metacarpus of aurochs. - Scale units: 1 cm.

been suitable for eating. The surface of the bones was 
in general not very well preserved, and cutmarks were 
thus difficult to see. In a few cases, however (phalanx 
of lynx, calvarium of badger), they were seen and in
dicate that the animals were skinned.

The traditional large meat animals, red deer, roe 
deer and wild boar, were very important hunting tar
gets at Lystrup Enge. Aurochs and elk were also on 
the “hit list” on this site (Fig. 64). The vast majority of 
bones from this group of animals are from red deer, 
followed by wild boar and aurochs. Roe deer is also 
well represented, and there are quite a number of elk 
bones. See Figs 65 and 66. This impression of the
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Lystrup Enge, n = 1058

Fig. 65. Relative importance of red deer, roe deer and 
swine in the osteological material from Lystrup Enge 
(based on NISP, n= 1058).

Lystrup Enge, n = 1998

Fig. 66. Relative importance of fur-bearing animals, 
terrestrial meat animals, marine meat animals and others 
in the osteological material from Lystrup Enge (based on 
NISP, n=2oo2).

“meat hunt” agrees well with the expectations for a 
mid-Atlantic site in Jutland.

Roe deer may have been more important than sug
gested by the material. Their bones being smaller 
than those of the other species, their chances of pres
ervation are also smaller, which is important at a site 
with such poor conditions for bone preservation as 
Lystrup Enge.

Based on bone measurements it was shown that 
both female and male red deer were hunted. The pre
ponderance of 8-10 year-old red deer among those 
killed may be due to a preference for large animals, 
which yield more meat and large antlers (see chapter 
12.4). This interpretation is in good accordance with 
the many finds of tools (axes made from red deer ant
ler at Lystrup Enge (S. H. Andersen, pers. comm.).

Although both sexes of wild boar are represented, 
there seems to be an overweight of boars, which ap
pears surprising, since boar meat is not regarded as 
very tasty nowadays. All age groups of wild boar were 
hunted, but the number of preserved jaws suggests a 
preponderance of adult animals.

Also of roe deer, both sexes were hunted, appar
ently all ages up to about 3-4 years.

Bone measurements show that female aurochs 
were hunted, and tooth analyses add that especially 
individuals two or more years old were hunted. There 
are a few limb bone fragments, which appear to be 
from juveniles, including one from a roughly new
born calf. (Bones from juvenile animals may be un
derrepresented, cf. poor conditions for preservation.)

The large number of cetacean bones lends a par
ticular flavour to the Lystrup Enge material and is in
deed unique to this site. Remains of at least seven 
(eight?) individual killer whales are present, in addi
tion to at least two individual white beaked dolphins 
and one bottlenose dolphin. Northern bottlenose 
whale and fin whale may also be represented. Such a 
large number of cetacean bones are known from no 
other Danish Stone Age site. Radiocarbon datings 
place two individual killer whales in the period where 
the Lystrup Enge site was inhabited. It is impossible 
to know whether the inhabitants hunted the whales 
actively, or whether the remains are from stranded 
whales. Against the latter theory speaks the fact that 
although killer whales let themselves strand in order 
to come near seals, they are able to return to the sea 
(C.-C. Kinze, pers. comm.). A possible scenario is
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Lystrup Enge seasonality

Fig. 67. Lystrup Enge, indicators of seasonality. Indicators 
from periphery to centre: summer fishes (blue); alcids 
(black, solid); stork and crane (black, chequered); fur
bearing animals (light brown); roe deer, 10-14 months old 
(green), roe deer, attached antlers (green, chequered); elk, 
shed antlers (purple); aurochs, newborn (dark brown).

that the whales for whatever reason came into the in
let, that the Lystrup Enge inhabitants then closed off 
the inlet mouth, and that they subsequently killed the 
whales. In our days, killer whales are regularly seen in 
the North Sea and in Skagerrak, and flocks of them 
may roam into the inner waters (Kinze 1991). White 
beaked dolphin has been observed repeatedly in the 
Danish part of the North Sea and Skagerrak (Kinze 
1991). Bottlenose dolphin is regarded as a southern 
visitor in Danish waters, but one stranding in the 
Århus Bay - close to Lystrup Enge - was recorded in 
1976 (Kinze 1991). Also northern bottlenose whale 
and fin whale are known from Danish waters in our 
day (Kinze 1991). Taken together, the large number of 
individual cetaceans, representing several species, 
does suggest active hunting rather than strandings.

A small number of seal bones provide a further in
dication that hunting for marine mammals was prac
ticed at Lystrup Enge. Teeth from porbeagle could be 
interpreted as hunting for these large sharks, using 
similar methods as for cetaceans and seals.

Indicators of seasonality
A fragment of an aurochs humerus seems to be from a 
newborn calf. This indicates activity during March- 
April, assuming that aurochs calves were born at this 
time of the year (cf. Richter 1982a).

There are several indications of activity during the 
summer half-year, e.g., seasonal fishes like garfish and 
mackerel. Furthermore, there are four fragments of 
roe deer antlers still attached to the rose, and since roe 
deer generally shed their antlers in autumn and have 
new, fully-grown antlers in spring (Strandgård 1991) 
these finds suggest that the roe deer in question were 
killed during the summer half-year. Bones from storks 
and cranes which arrive during spring and leave dur
ing August-October (Fjeldså 2002) also indicate sum
mer half-year activity.

Winter activity is tentatively, but not unequivo
cally indicated by bones from alcids and scoter, as 
well as bones from fur-bearing animals. A skull frag
ment of elk in which the rose is present but the antler 
is absent points to March (Schmid 1972), although it 
should be borne in mind that the shedding period 
varies with age. See Fig. 67.

Indicators of habitat types
Many bones from strictly marine fishes like gurnard 
and sharks indicate the presence of true seawater. Some 
marine species, like flounder and herring, may enter 
brackish waters. Bones from strictly freshwater species 
indicate lakes and/or streams nearby, in agreement 
with other evidence on the presence of a brook empty
ing into the sea near the site. The migratory fishes, 
which are also represented in the material, may have 
migrated between sea and freshwater at this location.

The birds from Lystrup Enge are mostly coastal 
marine (diver, grebe, cormorant, swan, goldeneye, 
scoter, merganser, white-tailed/golden eagle), but 
there are also genuine marine birds, like gannet and 
alcids. Crane, stork and woodcock suggest woodland 
and bog.

Big game and fur-bearing animals indicate hunt
ing in woodland with open spaces. Beaver and water 
vole indicate fresh water, whereas otter may have been 
found in freshwater or at the inlet.
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The many species of sharks and cetaceans, includ
ing some very large ones, were probably present as a 
result of the high water level of the period. They further 
indicate high salinity close to the settlement, despite its 
situation quite far into the inner Danish waters.

Analyses of charcoal (firewood) by C. Malmros 
showed that the forest included elm, oak and lime’, 
also ivy, hazel, crab apple, hawthorn, bird cherry and 
common dogwood were present (Andersen 1996).

Indicators of climate
Species which today are distributed south of Den
mark (Aesculapian snake, smoothhound, bottlenose 
dolphin) indicate a warmer climate at the time the 
Lystrup Enge settlement was inhabited.

Lystrup Enge in a few words
The Lystrup Enge settlement was the base for rich 
fishing, mainly taking place in the inlet off the settle
ment. A wide spectrum of bird species from many bi
otopes was also exploited. Hunting for fur-bearing 
animals and big ‘meat game’, including elk and au
rochs, took place in the wooded hinterland.

The most special feature of the Lystrup Enge ani
mal bone material is the many bones from several spe
cies of shark, combined with an extraordinarily large 
element of cetacean bones representing several spe
cies but mostly killer whale.

The animal bones prove activity at the site specifi
cally during spring (March-April), but more gener
ally also during both the summer and winter half- 
years.

6.4 Previously studied sites in East Central 
Jutland

Vange-sø I (Z- M. K. igo/iygg)

Vængesø I is situated at the same inlet on the penin
sula Helgenæs as described under the newly studied 
site Vængesø III. The settlement has been completely 
excavated and has been referred to late/latest Erte- 
bølle culture, based on artifacts; it is regarded as con
temporaneous with the regression between the High 

Atlantic and Late Atlantic transgressions. Animal 
bones excavated on Vængesø I were identified by U. 
Møhl (Natural History Museum of Denmark, Univer
sity of Copenhagen), but information on the number 
of fragments per species is not available, see Table 35. 
Bones from fish, birds and smaller terrestrial mam
mals are lacking. According to Andersen (1975a) this 
is due to poor conditions of preservation (but lack of 
sieving may also have contributed!). In addition to 
bones from fur-bearing animals and swine, roe deer, 
red deer and ox, the material contains seal and por
poise bones. The only seasonal indicator in the 
Vængesø I material is a roe deer frontale with antler, 
indicating the period between spring and early win
ter.

Fischer et al. (2007) studied stable isotopes (I3C 
and I5N) in bones from a human, radiocarbon dated 
to Ertebølle culture (4778-4544 cal yr BC [re-calibrat- 
ed by the author]) (5805 ± 45 I4C yr BP; AAR-4499/ 
BCH198: ßßa+b), from Vængesø I. The values for 
both isotopes fit into the intervals defined for humans 
living exclusively from marine food according to 
Fischer et al. (2007: fig. 4).

Vængesø II (Z. M. K.gg/2 000)

A third settlement at the above-mentioned inlet, 
Vængesø II has been archaeologically dated to late/ 
latest Ertebølle culture, but with a Neolithic element, 
too. A profile and a small area have been excavated 
(S.H. Andersen, pers. comm.). Mammal and bird 
bones from Vængesø II were identified by P. Rowley- 
Conwy (Durham University) (unpublished report, 
numbers of fragments supplied by S, H. Andersen, 
pers.comm.) and the fish bones by the present author, 
see Tables 33-35. The mammals include fur-bearing 
animals, the usual large terrestrial meat species (roe 
deer, red deer, swine, ox), and sheep. In addition 
there are seals, including the harbour seal which is 
rare in Danish Stone Age bone samples (Aaris-Sø- 
rensen 1998). The cetaceans are represented by por
poise and white-nosed dolphin. The bird bone mate
rial is dominated by cormorants, but there are also 
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bones from various species of ducks and alcids, and a 
white-tailed eagle. The fish bone material is dominat
ed by flatfishes and gadids, with a few sharks, herring 
and greater weever. Fischer et al. (2007) studied sta
ble isotopes ('-C and I5N) in bones from two humans 
found on Vængesø II and dated close to the Mesolith
ic-Neolithic transition. One was dated to 5500 +/- 70 
I4C yr Bp and calibrated to 4497-4175 cal yr BC (K- 
3920/BCH ig8:45a+b); the other to 5540 +/- 65 I4C yr 
BP and calibrated to 4518-4260 cal yr BC (K-3921/ 
BCH 195: 13+14) (calibrated by the author from pub
lished I4C years BP). The values for both individuals 
fall a little outside the ‘marine’ range of öI3C, so they 
have thus subsisted almost but not entirely on marine 
food, according to Fischer et al. (2007: fig. 4).

Nederst (Z-M.K. 70/1989)

This settlement, represented by a shell heap, was situ
ated on an island in the former sound Kolindsund in 
the Atlantic chronozone. Excavations were made dur
ing 1988-1993 under the supervision of E. Kannegaard 
Nielsen, Djursland Museum. Based on artifacts the 
material has been dated to Ertebølle culture (both the 
early and late parts). A subsample of the fish bone ma
terial (6476 identified bones) from this excavation 
was studied by Enghoff (1994) and subsamples of the 
mammal and bird bone materials were identified by 
K. Aaris-Sørensen (unpublished lists in Z.M.K. ar
chive); see Tables 33-35. The fish bone material is 
dominated by eel (38% of identified fish bones), fol
lowed by gadids (23%), plaice/flounder/dab (21%) 
and herring (14%); there are no freshwater fishes. 
Mallard, white-tailed eagle and an owl have been 
identified from the few bird bones. The mammals in
clude various mice and fur-bearing animals, grey seal 
and the usual meat animals: roe deer, red deer, swine 
and ox.

Havnø(Z-M.K. 61/1997)

This site is also a shell heap (ca. 100 x 25 m), on the 
north side of Mariager Fjord, situated on a former is
land off the mouth of the Fjord and dated to middle 

and late Ertebølle culture. Winge (in Madsen et al. 
1900) published on bones excavated in the late 1890s; 
the mammal material is unremarkable (fur-bearing 
animals, seals, swine, roe deer, red deer and ox, and a 
few domesticated animals from the uppermost lay
ers). The bird bone material from these excavations, 
which were re-identified by Ljungar (1996), is quite 
diverse, influenced by the marine situation; thus, for
est birds are missing (as noted by Winge) and rarities 
like Dalmatian pelican and great auk are present. Ani
mal bones from a newer test dig were identified by 
T.N. Andreassen (mammals and birds) and the 
present author (fish) (unpublished reports in the 
Z.M.K. archive). This material seems to contain a 
Neolithic element, domesticated animals being 
present along with the traditional fur-bearing and 
meat animals (such an element may also be present in 
the material studied by Winge, cf. the content of do
mesticated animals). The newer fish bone material 
(deriving from sediment samples) is dominated by 
eel, but there are also many small herring bones and 
scales (dermal denticles) from flounder. S.H. An
dersen has conducted still newer excavations during 
the 2000s but bones from this material have still not 
been analysed.

Åmølle (Z- M.K. 3/1893)

This shell heap is located on the south side of Mar
iager Fjord, at the mouth of Kastbjerg Å. It has been 
dated to mainly middle and late Ertebølle culture and 
was accumulated on the beach below a hillside. Ani
mal bones were identified by Winge (in Madsen et al. 
1900). The mammals include fur-bearing animals, 
grey seal and “meat animals” (swine, roe deer, red 
deer, ox). Winge did not give exact numbers of frag
ments for each species, so the numbers in Table 35 are 
approximate. Ljungar (1996) re-identified the bird 
bones, of which there are only 18, but which represent 
several species, including one bone identified as hon
ey buzzard - an uncommon species on lists of subfos
sil material.
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Dyrholmen (Z-M.K. 8/1930)

This site is a shell heap / kitchen midden at a narrow 
inlet in the western end of Kolindsund (see above un
der Nederst). Based on artifacts the kitchen midden 
can be divided into three cultural phases: early Erte- 
bølle, late Ertebølle and late Ertebølle with an early 
Neolithic component. The considerable bone materi
al (5-6000 fragments) recovered at Dyrholmen and 
identified by M. Degerbøl (in Mathiassen et al. 1942) 
was, however, not divided according to these phases. 
There is only one fish bone (spurdog) and 125 bird 
bone fragments, the remainder is from mammals. The 
bird bones were re-identified by Ljungar (1996); the 
material is strongly dominated by swans (93 frag
ments) and both tundra swan and (mostly) whooper 
swan are present. The mammals include a selection of 
fur-bearing animals, the usual meat animals (wild 
boar, roe deer, red deer) but also elk and aurochs. The 
marine mammals are represented by harp seal and 
three species of cetaceans: harbour porpoise, bot
tlenose dolphin and common dolphin. A considera
ble number of tools made from bone or antler were 
found, including three antler axes with the wooden 
handle preserved, bone bodkins, a fishhook, bird 
bones sharpened in both ends (fish gorges?) etc. Also 
wooden leister prongs were found.

Mejlgård (Z.M.K. 4/1861, Z.M.K. 101/1960, Z.M.K. 
120/1972)

Mejlgård is a shell heap / kitchen midden on the 
north coast of Djursland, facing the open sea, al
though situated on a shallow beach. The shell heap 
measured ca. 125 X20-30 m and has been dated to 
middle and late Ertebølle culture. It was material 
and observations from this shell heap that led J .J. A. 
Worsaae to enter into his diary for 1850 the first writ
ten interpretation of these oyster shell heaps as 
refuse from human activities (Madsen et al. 1900). 
Animal bones from Mejlgård have been identified by 
several researchers. The first excavated material, 
which is also the largest, was studied by Winge 
(1904, Petersen et al. 1889). Several smaller bone 
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samples from more recent test digs were identified by 
U. Møhl and partly (Z.M.K. 101/1960) published in 
Andersen (i960); Møhl’s other identifications 
(Z.M.K. 120/1972 and Z.M.K. 124/1973) are in un
published lists in the Z.M.K. archive. Winge did not 
publish exact numbers of fragments per species, so 
the numbers in Tables 33 and 35 are approximate. 
The bird bones were re-evaluated by Ljungar (1996); 
therefore Table 34 includes exact numbers. One dat
ing (aurochs bone) is available: 5115 ± 70 BP 
(Ua23i3o). The fish bone material is dominated by 
eel, but there are additional species, both freshwater 
and marine, as well. The bird bone material is large 
and is dominated by swan bones (525 out of 815 frag
ments); both tundra swan and whooper swan are 
present. The mammals include a range of fur-bear
ing animals, large meat animals (roe deer, red deer, 
wild boar, ox), three species of seals and three spe
cies of cetaceans (bottlenose dolphin, harbour por
poise and beluga whale.

ØrumÅ(Z.M.K. 2/1889)

This is an early Neolithic shell heap on the north side 
of Kolindsund (see above, under Nederst). When the 
shell heap was excavated in 1895, there was only a 
small remnant left, the rest had been destroyed by 
gravel extraction. Animal bones were studied by 
Winge (in Madsen et al. 1900) who, however, did not 
give exact numbers of fragments per species; the 
numbers in Table 35 are therefore approximate. The 
bird bones were re-evaluated by Ljungar (1996). A 
wide range of fur-bearing animals is represented, to
gether with wild meat animals like roe deer and red 
deer and domesticated animals, e.g., sheep. There is a 
wide selection of wild birds, but not a single fish bone. 
Several tools made from bones of various animals 
were also found.

Brabrand Sø (Z-M.K. 18/1903)

This site lies at the east end of the present lake, Bra
brand Sø. According to archaeological typology and 
radiocarbon datings, the find at Brabrand Sø is all 
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Ertebølle culture, but includes early, middle and late 
Ertebølle (S.H. Andersen (pers. comm.). A horse 
bone has been dated to 4514 - 4080 cal yr BC (K-2651). 
The Mesolithic site lay on a small island in a 10-12 km 
long, narrow inlet. The site was excavated in 1903-04 
and the recovered material was regarded as refuse 
from a nearby settlement. The animal bone material 
was published by Thomsen & Jessen (1906) and the 
bird bones were re-identified by Ljungar (1996). The 
mammal material is strongly dominated by red deer, 
but there are also many fragments of wild boar, roe 
deer and ox. Fur-bearing animals are well represent
ed, and there are also bones from grey seal and com
mon dolphin. The paucity of bird and especially fish 
bones is probably due to lack of sieving. Conditions 
for preservation must have been excellent since a 
large number of tools made from bone, antler and 
wood have been recovered. The presence of leister 
prongs and at least 108 3-4 m long, pointed wooden 
stakes of which some were still standing vertically in 
the former sea bottom, indicating stationary fishtraps, 
more than suggests that fishing has not been unim
portant.

Sites at Norsminde Fjord
In Atlantic times, Norsminde Fjord ca. 20 south of 
Århus was 6-7 km long and opened into Kattegat. 
Odder Å empties into the bottom of the fjord. The 
water depth along the north coast, where almost all 
the settlements lay, was ca. 9 m, while there was a 
shallow bay at “Kysing Fjord”. Investigations have 
been made since 1945, and at least 15 sites have been 
registered, of which some have been excavated and 
have provided animal bone samples. The settlements 
are concentrated in two areas, one around Flynder
hage in the middle of the fjord, and one around Nors- 
minde near the opening into Kattegat. Of the sites 
mentioned here, Norslund and Flynderhage belong 
to the Flynderhage ‘cluster’, Frederiksodde and 
Norsminde to the Norsminde ‘cluster’ (map in An
dersen 1991).

Norslund (Z.M.K. 141/1964)

This stratified Ertebølle settlement was excavated 
during 1958-63 by S.H. Andersen and C. Malmros; it 
is dated to early and middle Ertebølle culture (An
dersen & Malmros 1966,1981, Andersen 1991).

Most of the kitchen midden had been dug away 
when the archaeological excavations started, but ca. 
85 m2 were excavated. Animal bones from Norslund 
were identified by U. Møhl (Andersen & Malmros 
1966); bird bones were re-identified by Ljungar 
(1996). There are bones from fur-bearing animals, the 
‘usual’ meat animals, and seals and cetaceans, includ
ing harbour porpoise. The not very abundant bird 
bones are from cormorant, swans, ducks, white-tailed 
eagle, greater black-backed gull and alcids. The fish 
bone material is dominated by cod. In addition, 115 
artifacts made from bone and antler were found.

Flynderhage (Z.M.K. 119/1971)

The site was situated ca. 120 SW of Norslund, on the 
tip of a small headland; it consists of a ca. 600 m2 area 
with artefacts, a 100-200 m2 shell heap on a slope go
ing down to the fjord and submarine sediments with 
refuse. The shell heap was studied under the supervi
sion of S. Gabrielsen, Århus Museum, during 1945-47. 
Most of the site was destroyed by gravel digging in 
the 1960s. A harp seal bone from Flynderhage has 
been dated to 5625 ± 50 (Lus-6133) (Bennike et al. 
2008). The entire bone material was identified by U. 
Møhl (unpublished manuscript in the archives of the 
Natural History Museum of Denmark). It consists of 
ca. 1600 fragments deriving from systematic excava
tions and 1100 fragments excavated by amateur ar
chaeologists.

Møhl identified a large number of fur-bearing ani
mals including spectacular species like brown bear, 
wolf and lynx. Wild boar, roe deer, red deer and ox 
were also exploited at Flynderhage. Hunting for ma
rine mammals is documented by bones from several 
species of seals and an impressive spectrum of ceta
ceans: bottlenose, common and white-nosed dolphin, 
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killer whale and harbour porpoise. The bird bones 
are from cormorant, swans, ducks, white-tailed eagle, 
herring gull, razorbill and capercaillie. Only three 
fish bones were found, representing as many species 
including the unusual horse mackerel.

Frederiks Odde (Z.M.K. 31/1999)

This is a shell heap in the Norsminde cluster, measur
ing ca. ioxioxo.50 m and belonging to the late Erte- 
bølle culture (Andersen 1991). Two small bone sam
ples deriving from an excavation by Søren H. 
Andersen were identified by the author (Tables 33 and 
35). There are bones from swine and cattle, as well as 
herring, eel, cod and pollack (first find of pollack in a 
bone sample from Jutland). The total lengths of the 
cod were estimated to 18-38 cm (Enghoff 1999c).

Norsminde (Z.M.K. 103/1974 and (23/1987))

In connection with reconnaissance at the coast of 
Norsminde an entire, undisturbed shell midden was 
found in 1972, even including a stratigraphic sequence 
covering the transition Late Mesolithic/Early Neolith
ic. An excavation was undertaken from 1972-1989 by 
Moesgård Museum in collaboration with the Institute 
of Archaeology and Ethnography, Cambridge, see An
dersen (1991) for details of the excavation and inter
pretation of the archaeological material. More than 30 
radiocarbon datings have been made and show that 
the entire midden was accumulated over a period of 
700-800 C14 years. The lower part is dated to 3820 ± 
100 BC (K-2187) 4436 -3974 cal yr BC, the top horizon 
to 3090 ± 90 BC (K-2663) 4032-3651 cal yr BC.

The Norsminde site is a shell midden with two 
different occupation layers. The earliest habitation 
belongs to the Ertebølle culture, while the latest 
represents the Funnel Beaker culture. The occupa
tion may very well have been continuous, and 
thereby covered the Meso-/Neo-transition (but 
such an assumption is impossible to prove). The 
shell midden was systematically excavated and 
may be rated as totally excavated. The soil was not 
sieved in the field. A number of bulk samples were 

sieved in the laboratory, in part through a 0.5 mm 
mesh screen. Mammal and bird bones were identi
fied by U. Møhl (unpublished lists in the Z.M.K. 
archive); in addition P. Rowley-Conwy has identi
fied bones from the site. The lists in Tables 34-35 
represent the sum of their efforts and merely indi
cate presence of species, since numbers of identi
fied fragments are unknown. The fish bones were 
identified by the author (Enghoff 1991).

From the Mesolithic part of the material, a modest 
number of fur-bearing animals have been identified, 
as well as beaver, the usual deer, swine and ox, plus 
seal and cetacean. The Neolithic part also includes 
bones from the wild terrestrial and marine fauna as 
well as domesticated animals like sheep and cattle. 
There are very few bird bones.

The fishing from Norsminde stands out as being 
dominated by flatfishes, especially flounder. The sec
ond most important group is gadids, including cod 
and saith. Bones from common dragonet represent 
the only find of this species from Danish Stone Age 
sites. All fishbone except one were found in the Meso
lithic layers.

Milner (2002) analysed oyster shells from Nors- 
minde and presented histograms showing the fre
quency of estimated death of the oysters from Meso
lithic and Neolithic layers. Whereas there was a strong 
peak in March-April in the Mesolithic layers, with 
only very few oysters representing other months, the 
Neolithic layers showed a more equal distribution 
from March to August, suggesting less pronounced 
seasonality in oyster collecting.

Kalvø (Z-M. K. 32/1999)

During the Atlantic chronozone, Kalvø was an island 
(ca. 200 x 100 m) in Norsminde Fjord, near the fjord 
mouth. Systematic excavations at Kalvø were conduct
ed during 1963,1968 and 1975; in addition, some unsys
tematic collections are available. Sifting was not em
ployed. Part of the material is predominantly from 
Ertebølle culture; another portion is Neolithic, more 
precisely, culture layers from latest Funnel Beaker Cul
ture (MN V), overlaid by layers from Single Grave Cul- 
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ture. A single C-14 dating based on oyster shells is avail
able: 2484-2064 cal yr BC (K-2508) (Andersen 1983).

Bone material from both portions was identified 
by the author (Enghoff 1999b), see Tables 33-35. Pre
liminary species lists and analyses based on Kalvø ma
terial were previously published by Andersen (1983) 
and Rowley-Conwy (1985) but since the bones identi
fied by these authors could not be located, the entire 
material was identified from scratch.

The small material deriving predominantly from 
Ertebølle culture contains relatively many (17) bones 
from pine marten, representing at least two individu
als. In addition the wild fauna are represented by 
bones from otter, grey seal, roe deer and red deer. 
There are also several fragments from swine and ox, 
which give the impression of deriving from small indi
viduals. They are probably from domesticated ani
mals and probably represent a Neolithic element of 
the otherwise Mesolithic portion of the material.

The identified bones from the Neolithic layers 
have been pooled in Tables 33-35 because they could 
not be assigned to different phases with certainty. The 
small fish bone material (n= 179) contains nine species 
of fish, all marine except the migratory eel. Gadids, 
especially cod dominate but interestingly, there are 
also bones from haddock, a species which is rare on 
Danish Stone Age sites. The total length of the cod 
was estimated to 42-81 cm (n= 20). These Neolithic 
cod were significantly larger than typical for those 
from Ertebølle culture sites (Enghoff 1994). The Ka
lvø material even includes some cod vertebrae (other 
than numbers 1-4 which were measured) which, by 
simple comparison with recent material come from 
ca. i m long individuals. This is quite remarkable be
cause this represents the oldest Danish find of large 
cod with the exceptions of Nivågård (Fig. 69), Nivå 
10 (Fig. 77) and Grisby on the island of Bornholm 
which represents a particular case because of the 
rocky coasts (Enghoff 1995). The lengths of plaice/ 
flounder/dab were also estimated and were found to 
be 26-40 cm (n= 13). Interestingly, one bone from grey 
mullet was present; this is a southern species known 
only from a few Danish finds. There are only few finds 
of fish bones from this period, making the Kalvø ma

terial particularly interesting - it is a pity that no siev
ing was done on this site, since this method could 
have recovered a really large sample.

There is also a wide range of bird species in the 
Neolithic material. Waterfowl are particularly well 
represented and include whooper swan as well as 
mute swan (a rarity in Danish subfossil samples), and 
there is also razorbill/murre, cormorant and gulls.

Both wild and domesticated mammals are present 
in the Neolithic layers. The wild ones are beaver, fox, 
otter, ringed seal, harp seal, grey seal and red deer. 
Seal bones constitute a remarkably large part of the 
identified mammal bones, and the presence of the 
rare ringed seal is remarkable. The red deer bones 
seem to represent entire carcasses.

The vast majority (92%) of the identified mammal 
bones in the Neolithic layers unsurprisingly are from 
domesticated animals: cattle, pig, sheep and horse, 
with cattle dominating (65%). Based on measure
ments of metacarpus and metatarsus most of the cat
tle bones could be referred to domesticated cattle 
(Enghoff 1999b, Rowley-Conwy 1985). Analyses of 
teeth showed that most individuals of domesticated 
cattle were slaughtered at an age of ca. 2-3 years, sug
gesting that meat was the main resource exploited 
from the cattle (Enghoff 1999b, Rowley-Conwy 1985). 
Analogous analyses of swine teeth show that these 
were generally slaughtered at a relatively young age, 
around 2 years. Measurements of the lower posterior 
molar (M3) fall within the size range for domesticated 
cattle and outside the size range for wild boar; how
ever, only the length of M3 was measured.

Ringkloster (Z.M.K. 111/1970)

The Ringkloster settlement lay at lake Skanderborg at 
the shore of a prehistoric narrow branch of the lake. In 
addition to Ringkloster, there were several other Stone 
Age settlements at Lake Skanderborg. Ringkloster 
was by far the largest inland settlement in this region 
and functioned as a sort of “central site”. The settle
ment covered the whole Ertebølle culture of the later 
part of the Atlantic and the beginning of the Early 
Neolithic Funnel Beaker culture of the Subboreal, i.e. 
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5400-3550 BC. The sequence covers the Mesolithic- 
Neolithic transition, which at Ringkloster is dated to 
3940-3820 BC (Andersen 1998, K.L. Rasmussen 1998). 
Pollen analyses indicate that at the establishment of 
the Ertebølle settlement the landscape was character
ized by stable woodland and a modest herb flora. 
Some time after the founding of the settlement chang
es in the vegetation become apparent in the form of a 
marked decline in elm (Ulmus) and lime (Tilia) fol
lowed by a slight increase in a number of apophytes 
(plants growing in disturbed land). Around 3900 cal 
BC, at the transition from the Atlantic to the Subbo
real, there are several indications of a reduction in the 
water level in the lake (a dryer climate) and ribwort 
(Plantago lanceolata) appears as a new species in the pol
len diagram documenting the presence of agriculture 
in the area (P. Rasmussen 1998).

The settlement was excavated during 1969-1985 
under the supervision of S.H. Andersen. A total of 
500 m2 was excavated in the swamp, and 1600 m2 on 
land, including both habitation on dry land and the 
“dump zone”. All objects were recorded in three di
mensions. Selected samples were water-screened (2.5 
mm mesh). In the dump zone, conditions for preser
vation were excellent. For example, many straight, 
pointed hazel sticks were found in the former lake 
and are assumed to represent fish trap remains. A sub
stantial part of the animal bone assemblage was ex
amined by U. Møhl and was presented by Andersen 
(i975b)-

The entire assemblage was analysed by Rowley- 
Conwy (1998) but since this author published mini
mum number of elements (MNE) and not the number 
of fragments (NISP) his information is not directly 
comparable with that given for other sites. The num
bers given in Table 35 are therefore based on Møhl’s 
identifications, while species identified by Rowley- 
Conwy in the entire material are indicated by ‘x’. The 
overall impressions of the material according to the 
two accounts are, however, similar. Fishbones were 
identified by Enghoff (1998a).

Cyprinids including the only subfossil Danish find 
of white bream, pike (up to 130 cm long) and perch 
dominate but one of the most interesting aspects of 

the Ringkloster fishbone material is the element of 
marine fishes: cod, saith/pollack and plaice/flounder/ 
dab (Enghoff 1998a). Together with finds of oyster 
and bottle-nosed dolphin these fishes prove contact to 
the sea coast. Fischer et al. (2007) measured I3C and 
I5N in a dog bone from Ringkloster. The values ob
tained indicated that this dog had a significant pro
portion of marine food in its diet. K.L. Rasmussen 
(1998) measured I3C in four dog bones. Three showed 
a clearly terrigenic isotope ratio (öI3C), while the 
fourth was definitely affected by a marine diet.

Ringkloster is situated equally far away from the 
contemporary settlements at Brabrand, Norsminde 
and Horsens Fjord. The species of marine fishes 
found at Ringkloster were also found at the Nors- 
minde settlement - however these are very common 
fishes probably also caught at the other sites. Swine 
strongly dominates the bones from large game mam
mals, but roe deer, red deer, elk and aurochs were also 
hunted. Fur-bearing animals seem to have been par
ticularly important, as indicated by 142 bones from 
pine marten according to Møhl (in Andersen 1975b) 
and more than 750 fragments of this species identified 
by Rowley-Conwy (1998), in addition to fragments 
from several other species. Fractures and cutmarks on 
skulls have been interpreted as traces from trapping 
and subsequent skinning (Andersen 1998).

Rowley-Conwy (1998) interpreted the site as a sea
sonal hunting camp occupied mainly in winter and 
spring and specialising mainly in the procurement of 
meat, furs and skins for removal to a base camp else
where. Enghoff (1998a) estimated size of the caught 
pike and found many vertebrae from pike of big size 
(up to 130 cm) which would most easily have been 
caught during spawning in the spring, see also Noe- 
Nygaard (1988). Carter (2006) studied development of 
mandibular dentition of juvenile roe deer and red deer 
and based on radiographs found indications that the 
main killing season of red deer was sometime during 
the summer, autumn and winter months, while a single 
roe deer may have died in may. Carter and Magnell 
(2007) studied wild boar tooth development and found 
sound evidence of summer human presence at Ring- 
kloster. The authors therefore combined old and new 

T99



6 ■ EAST CENTRAL JUTLAND SCI.DAN.B. I

results and reached the conclusion that Ringkloster 
was a permanent inland base camp with a seasonal in
tensification of hunting in late summer/early autumn.

6.5 East Central Jutland, general 
discussion

Fishing in east Central jutland

Large samples of fish bones were recovered from the 
studied sites, as well as from some previously studied 
sites where sieving has been employed. A very wide 
spectrum of fish species was exploited in this region. 
No less than 37 species have been identified (Table 33). 
As all but one of the sites are coastal, it is no surprise 
that the primary targets of the fishing were marine and 
migratory fishes. An element of freshwater fishes was 
found on only two of the coastal sites: Lystrup Enge 
and Mejlgård. The inland site Ringkloster, located at a 
lakeshore, naturally yielded many freshwater fish 
bones, but also a small element of marine fishes.

Fishing for gadids and plaice/flounder/dab was of 
great importance on the coastal sites in general. On 
some sites (Vængesø III and Nederst) these two 
groups were of approximately equal importance, 
whereas on Lystrup Enge gadids dominated (74 % of 
identified fish bones) and on Norsminde the flatfish
es, especially flounder, were most important (54 % of 
identified fish bones). When interpreting relative 
numbers of bone fragments of different fish species, 
one has to bear in mind that different conditions for 
bone preservation on different settlements will influ
ence the relative numbers of recovered fish bones. 
Fish bones which are generally small and fragile are 
more susceptible to these factors than bones from 
other animal groups (Nicholson 1992, 1996). For in
stance, gadids seem to have dominated the fishing 
strongly on Lystrup Enge. However, conditions for 
bone preservation were not optimal on this site, and 
suboptimal conditions in general favour gadid bones 
over bones from other, more fatty fishes (Lepiksaar & 
Heinrich 1977). On the other hand, the conditions at 
Lystrup Enge were not worse than allowing no less 
than four species of cartilaginous fishes to be repre

sented in the material - the apparent great importance 
of cod is therefore probably real.

Herring seems to have been quite important at 
two sites, viz., Vængesø III and Nederst. In this case, 
the real importance cannot have been overestimated 
because herring bones, which are thin and fatty, do 
not have particularly good chances of preservation 
(Lepiksaar & Heinrich 1977).

While eel fishing seems to have been important in 
the Limfjord region in general (see chapter 5.6), the 
only sites in East Central Jutland where eel appears to 
have been important are Nederst (38 % of the identi
fied fish bones) and probably Mejlgård, see Table 33.

The second-most frequent group at Mejlgård is 
cyprinids including roach and rudd. This is reminis
cent of Ertebølle (type site) in the Limfjord region. 
Actually the fish materials from Mejlgård and Erte
bølle (type locality) are remarkably similar, even 
three-spined stickleback appears on the Mejlgård list.

The fishing from Mejlgård has probably been sim
ilar to that from Ertebølle (type site): focused on eel, 
exploiting the migration of eel from the hinterland 
into the sea (both sites were situated at an inlet open
ing into the sea). The excavations at Mejlgård are old 
and did not include sieving, so the importance of the 
small fish species like cyprinids and sticklebacks was 
probably even greater than indicated by the bone ma
terial.

The eel fishing at Nederst is not accompanied by 
cyprinids or other freshwater fishes, in fact, not a sin
gle freshwater fish bone has been found here.

The fishing from Vængesø III was described brief
ly above, but it is worth noticing that 3.5% of the iden
tified fish bones are from gurnards (grey gurnard and 
tub gurnard have both been identified). Such a high 
number of gurnard bones is unknown from other 
sites and indicates that the fishing took place in high 
salinity sea water. The fishing from Vængesø II seems 
to have resembled that from Vængesø III; there are 
fewer fish bones but they are distributed among spe
cies in a similar way. Unfortunately there are no fish 
bones in the Vængesø I material.

An interesting and unique feature of the fish bone 
material from Lystrup Enge is the presence of four 

200



SCI. DAN. B. I 6.5 • EAST CENTRAL JUTLAND, GENERAL DISCUSSION

different species of shark. Maybe big shark were 
caught using similar methods to those used for catch
ing cetaceans, see below.

Greater weever was caught from many of the sites 
in this region, including the southernmost one, Nors- 
minde. Nowadays, greater weever is abundant in the 
North Sea and northern Kattegat (Otterstrøm 1912) 
- apparently it was also common there in Atlantic 
times.

There are settlements from Ertebølle culture as 
well as early Neolithic culture along the coasts of 
Norsminde Fjord. A large fish bone material has been 
recovered from the Norsminde settlement itself; as 
mentioned, and this is dominated by flatfishes, espe
cially flounder. There are, however, also bones from 
many other species, mostly from gadids, followed by 
eel and herring, but also gurnards (cf. Vængesø III) 
and dragonet, the latter species being unknown from 
other Stone Age sites in Denmark. The fishing at 
Norsminde is referred to Ertebølle culture, and the 
much smaller fish bone material from nearby Freder
iks Odde suggests a similar fishing pattern. Even few
er fish bones have been recovered from the other Erte
bølle culture sites at Norsminde Fjord, but the 
composition of these samples appears to agree with 
the large Norsminde material. The Neolithic is repre
sented at Norsminde Fjord by Kalvø which includes 
the late (final) Funnel Beaker culture overlain by Sin
gle Grave Culture. This small material is dominated 
by gadids, mainly cod but interestingly also haddock 
which is uncommon on Danish Mesolithic sites. The 
cod from Kalvø were larger than those from the Erte
bølle culture sites at Norsminde Fjord. The fishing 
from Kalvø thus is reminiscent of that known from 
the Bronze Age from when fishing for haddock and 
large cod is also known (Berntsson 2005, Enghoff in 
press). The Kalvø material allows the transition from 
the characteristic coastal Ertebølle culture fishing to 
more seagoing fishing, that we associate with the 
Bronze Age, to be shifted back to the Neolithic. The 
Visborg material includes Ertebølle culture as well as 
early Funnel Beaker culture fish bones, and here the 
Ertebølle type fishing seems to continue unaltered 
into early Funnel Beaker culture. The period of the 

shift can thus be narrowed down to late Funnel Beak
er culture.

Ringkloster is an inland site, and naturally, fresh
water fishes have been caught, especially cyprinids 
and pike (some of the latter reaching up to 130 cm in 
length). The find of four bones from white bream is 
remarkable, as this is the only Danish fossil find of 
this species. Interestingly, there are also bones from 
marine fishes, viz., cod, saith/pollack and plaice/ 
flounder/dab. The distances from Ringkloster to Bra
brand Fjord, Norsminde Fjord and Horsens Fjord 
were about 15-20 km, and contact with one or more of 
these places can be assumed.

Garfish and/or mackerel were caught at Visborg (Me
solithic part), Vængesø III, Nederst, Lystrup Enge, 
Norsminde and Kalvø (Neolithic part), and horse- 
mackerel was caught at Flynderhage. These seasonal 
species indicate fishing during the summer at these 
sites.

Smoothhound (Lystrup Enge) and grey mullets 
(Kalvø, Neolithic part) indicate a warmer climate dur
ing the periods of habitation.

Remains of fishing tools were found at several 
sites. Like the fish bones, the tools provide informa
tion about the fishing. At Dyrholmen, for example, a 
fishhook, bird bones pointed in both ends (gorges?) 
and leister prongs were found. At Brabrand, a large 
material of leister prongs and hazelwood stakes from 
stationary fishing installations were found. Interest
ingly, many remains of stationary fishing in the form 
of installations (straight pointed hazel sticks) were 
found in the former lake at the inland site Ringkloster.

Exploitation of birds in East Central Jutland

A wide selection of bird species seem to have been ex
ploited in this region, as evidenced by bones from at 
least 44 species.

Swans appear to have been a general target, but 
seem to have been particularly important at certain 
sites. This is first and foremost true of Mejlgård where 
525 swan bones (64 % of the identified bird bones) 
were found, but also of Dyrholmen and Havnø. Vis- 

201



6 ■ EAST CENTRAL JUTLAND SCI.DAN.B. I

borg probably belongs in the same category, but due 
to poor conditions of preservation the number of bird 
bones is low (in addition to the swan bones included 
in the species list, Table 34, several swan bones were 
observed in the field but were not collectable because 
of their state of decay). At Visborg, there is evidence 
that swan hunting continued into the Funnel Beaker 
culture.

Swan bones from the mentioned sites include 
whooper swans as well as tundra swan. These sites all 
lie relatively close to each other within an area which 
today belongs to the most important wintering sites for 
whooper swans in Europe (Andersen-Harild 2002).

Bones from tundra swan were found at Havnø, 
Dyrholmen, Mejlgård, Ørum Å, Brabrand Sø and 

Flynderhage and constitute proof of winter activity.
The second largest bird bone material from this 

region was excavated at Vængesø III. Here the domi
nant species is not swan, but cormorant (44 % of the 
identified bird bones). There are also many cormo
rant bones in the small material from Vængesø II. Al
together it seems likely that there was a cormorant 
colony at this place.

The truly marine gannet has been found on sites as 
far south as Brabrand, but not a single gannet bone 
was found at the sites along Norsminde Fjord even 
though this is not notably further south (i.e. further 
distant from the open sea) than Brabrand. A ‘true’ ma
rine environment at Norsminde Fjord is indicated by 
other birds such as alcids and great black-backed gull.

Birds of prey are well represented in the region, 
bones from buzzard, honey buzzard, white-tailed ea
gle and osprey having been found. White-tailed eagle 
is particularly well represented with finds from eight 
settlements.

The forest bird capercaillie has been found on 
sites scattered over the entire region, e.g., at Mariager 
Fjord (Åmølle), several sites on Djursland - even Me
jlgård which was situated on an island, at Brabrand 
and at Flynderhage at Norsminde Fjord. This indi
cates forest all over the area.
Lystrup Enge is the only site with bones of stork, 
crane, woodcock and golden/white-tailed eagle sug
gesting non-marine bird hunting.

The extinct great auk has been found on the settle
ments Havnø, Vængesø III and Mejlgård, but not on 
any of the more southern settlements at Norsminde 
Fjord. Aaris-Sørensen (1998) noticed that most finds 
of great auk are from sites facing the Kattegat and 
that the southern- and easternmost find is from Køge 
(E Zealand). The bird bone materials newly analysed 
here have not changed this picture.

Dalmatian pelican, an indicator of a warmer cli
mate, has been found on Havnø, Mejlgård and Bra
brand, i.e., scattered throughout the region.

The vast majority of bird bones come from bone 
samples representing early and late Ertebølle culture, 
but a few Neolithic materials also contain bird bones, 
including the early Neolithic Ørum Å material where 
many bird species are represented: various species of 
duck, geese, capercaillie, pigeons etc. This Neolithic 
species list compares favourably with Ertebølle bird 
lists and indicates birding at the sea and in the hinter
land. At Kalvø (Single Grave Culture layers) a wide 
selection of wild birds were exploited. Together with 
the above-mentioned results from Funnel Beaker lay
ers on Visborg, these observations indicate that bird
ing in East Central Jutland continued from Ertebølle 
culture into Funnel Beaker and further into the mid
dle Neolithic Single Grave culture.

Exploitation of mammals in East Central Jutland

Fur-bearing animals
At virtually all sites in the region, hunting for fur
bearing prey has taken place, see Table 35. The ab
sence of bones from fur-bearing mammals at Vængesø 
I and Frederiks Odde is no doubt due to the small size 
of the bone samples. From the region taken as a 
whole, bones from mole, squirrel, beaver, brown bear, 
wolf, fox, polecat, pine marten, badger, otter, wildcat 
and lynx are known. Pine marten bones have been 
found at almost all sites but are particularly abundant 
at Vængesø III, Flynderhage and Ringkloster. In sev
eral cases, the excavators have realised that pine mar
ten bones occurred in heaps on which they were prob
ably left after skinning. For instance, at Vængesø III, 
80 fragments representing at least four individual 
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pine martens were found within a 2 x 2 m area. Cut
marks on mandibles support this interpretation. Even 
more pine marten bones were found at Ringkloster, 
where similar heaps of marten bones occurred. In ad
dition to cutmarks, symmetrical fractures were ob
served on the backside of well-preserved pine marten 
skulls from Ringkloster; these are assumed to derive 
from damage inflicted by traps (Andersen 1998). Sim
ilar fractures were observed on a well-preserved fox 
skull from Ringkloster (Andersen 1998). Fox was, like 
pine marten, hunted from largely all sites in the re
gion.

Brown bear was found on four sites: Dyrholmen, 
Ørum Å, Brabrand Sø and Flynderhage. Also lynx 
was found at four sites: Lystrup Enge, Dyrholmen, 
Mejlgård and Flynderhage. Both species were appar
ently still relatively abundant in this region during the 
Atlantic chronozone; bear has even been found in 
Subboreal layers at Ørum Å. The two youngest finds 
of brown bear are also from this region (Djursland), 
viz., Kainsbakke and Holme Skanse (Aaris-Sørensen 
1998, 2009).

Bones from badger, otter and wildcat are frequent 
on the settlements, whereas polecat was only found at 
Vængesø III, Vængesø II and Flynderhage.

The bone samples from Visborg, Ørum Å, Nors
minde and Kalvø document that hunting for fur-bear
ing animals continues into early Funnel Beaker cul
ture, since bones of pine marten, badger, otter and 
wildcat were found in Funnel Beaker layers on these 
sites.

Swine
The Mesolithic material from Visborg shows that 
many piglets and yearlings, but few older swine were 
killed (Fig. 108). In this respect swine hunting at Vis
borg resembles that from Tågerup, Scania. Magnell 
(2005a) interpreted this age distribution as an indica
tion of over-exploitation of swine, with adult individ
uals having become rare as a result of non-selective 
hunting using traps or ambushing or stalking. The 
Neolithic age distribution diagram for Visborg (Fig. 
108) is based on too few individuals for a reliable in
terpretation of the apparent difference.

The Visborg swine could potentially include both 
wild boar and domestic pig. Molar measurements do 
fall into two groups (Fig. 103), but the diagrams are 
not easily explained. Considering the large differenc
es between the groups in all three diagrams it is, how
ever, reasonable to interpret them as representing 
wild boar and domestic pig, respectively, and to ac
cept a few early domestic pigs in the late Mesolithic 
portion of the material.

The distribution of measurements on the material 
from Lystrup Enge suggest that the remains represent 
eight boars and only one sow, maybe an indication of 
a hunting strategy focused on boars.

Red deer
The Lystrup Enge material of red deer includes par
ticularly many individuals older than eight years. This 
may indicate selective hunting for large deer which 
yield more meat and large antlers. Red deer antlers are 
best developed at ca. eight years of age (Clutton-Brock 
1985). This interpretation fits well with the discovery 
of many antler tools (axes and pressure tools at Ly
strup Enge (S. H. Andersen pers.comm.).

Elk
This large species of deer was hunted from several 
sites in the region including Visborg, Lystrup Enge, 
Dyrholmen, Brabrand Sø, Norslund, Flynderhage 
and Ringkloster. In contrast, the only site in the Lim- 
fjord region with elk bones is Ertebølle (type site), 
and no elk bones at all were found on the studied sites 
in Vendsyssel.

At Visborg, elk bones were found close to a fire
place, suggesting that they are remains from a meal. 
In contrast, the 47 elk bone fragments from Lystrup 
Enge, representing all body regions, are thoroughly 
dispersed over the excavated area. One of them (a 
metatarsus from square 65,158) has been radiocarbon 
dated to 4530 -4340 cal yr BC (Poz-16304).

Elk persists in the region until middle Neolithic 
(bones found at Kainsbakke, Djursland (Richter 
1991); according to Aaris-Sørensen (1998) the elk be
came extinct in Jutland during the Subboreal chrono
zone.
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Ox
Bone fragments of ox appear on all East Central Jut
land sites treated here, but in most cases it is impossi
ble to see whether they are from wild (aurochs) or 
domestic (cattle) ox.

The aurochs persisted in Jutland until the Subbo- 
real-Subatlantic transition (Aaris-Sørensen 1998). It 
would thus have been available for hunting through
out the region and throughout the study period. 
Some of the sites were, however, also inhabited dur
ing the Neolithic and the presence of domestic cattle 
is therefore also possible. This is true e.g., of Vis- 
borg where bone measurements do not demonstrate 
the presence of aurochs, but where domestic cattle 
are probably present. Length measurements of ox 
astragali from Lystrup Enge unambiguously indi
cate aurochs (exclusively females), which is also 
most probable, considering the age of the settle
ment.

Seals
Seal bones from the region represent no less than four 
species: harp, harbour, and ringed and grey seal. 
Bones from ringed seal and particularly from harbour 
seal are rare in Danish subfossil bone samples (Aaris- 
Sørensen 1998). Bone samples from all sites treated 
here include seal bones, except the small (30 bone 
fragments in total) material from Frederiks Odde and 
the inland material from Ringkloster. Particularly, 
many (322) seal bones were found at Vængesø III 
where they constitute 33% of the identified mammal 
bones. Harp and especially grey seal are both present 
at Vængesø III. There are also several seal bones from 
Vængesø II, just as grey seal and an unidentified seal 
(Phoca sp.) have been documented from Vængesø I. 
Maybe there was a grey seal colony in the Vængesø 
area? Dog bones are also particularly abundant at 
Vængesø III, and it is tempting to link the ‘concentra
tions’ of these two species: Might the dogs have been 
used for seal hunting? Dogs are known to have been 
used for seal hunting in Alaska (e.g., http://www.hun- 
deunivers.dk/content/alaskan-malamute-en- 
h%C3%A5rdf%C3%B8r-sl%C3%A6dehund-fra-alas- 
ka)

Whales and dolphins - a regional speciality
Quite a selection of cetacean species is represented at 
the region’s sites: white-sided dolphin, common dol
phin, bottlenose dolphin, beluga whale, killer whale, 
harbour porpoise and sperm whale, and possible fin 
whale and bottlenose whale also. Many cetacean bones 
were found at Vængesø III, Vængesø II, Lystrup Enge 
and Flynderhage. White-sided dolphin, killer whale, 
harbour porpoise and sperm whale were found at the 
two Vængesø sites. Together with the numerous seal 
bones this indicates that hunting for marine mammals 
played a major role at Vængesø III and II.

An extraordinarily high number of killer whale 
fragments - by far the largest Danish subfossil find of 
this species - was found at Lystrup Enge. In addition 
to teeth there are fragments of bones from all body 
regions, representing at least seven or eight individual 
killer whales (in contrast, there are surprisingly few, 
only three, seal bones at Lystrup Enge).

Flynderhage is another site with many cetacean 
bones: white-sided dolphin, unspecified dolphin, bot
tlenose dolphin, killer whale and harbour porpoise.

Cetaceans must have been particularly abundant 
in the sea off this part of the east coast of Jutland. 
Lystrup Enge and Flynderhage both lie on the coast 
of an inlet, in the inner and central part of the inlet, 
respectively. Cetaceans may have been caught by 
blocking their exit once they had come into the inlet. 
At Lystrup Enge, large sharks like porbeagle were 
caught as well as cetaceans, possibly in the same way.

Dog
Dog bones are present in all bone samples analysed 
from the region (except the small samples from Fred
eriks Odde and Mesolithic Kalvø). This is no surprise 
- dogs probably played important roles during hunt
ing. As mentioned above there are, in particular, many 
dog bones at Vængesø III where the dogs may have 
been used for seal hunting. The dogs from Vængesø 
III have in general been of a size between Lapp Spitz 
and sledge dog.
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Neolithic hunting
The settlements Visborg, Norsminde and Kalvø have 
Neolithic as well as Mesolithic layers, and the settle
ment Ørum Å is entirely Neolithic. It appears from 
Table 35 that hunting for fur-bearing animals contin
ued into Funnel Beaker culture in the region. For ex
ample, pine marten and otter were hunted from Neo
lithic Visborg; fox, otter and wildcat from Neolithic 
Norsminde. Seal hunting also continued, e.g., grey 
seal from Neolithic Visborg, harp and grey seal from 
Ørum Å, harp, ringed and grey seal from Neolithic 
Kalvø. In contrast, cetacean bones have not been 
found in the Neolithic layers of the region’s settle
ments.

Roe deer and red deer hunting also continued into 
Funnel Beaker culture. Quite a lot of bones from 
these species were found at Neolithic Visborg and a 
good number on Ørum Å. In contrast, there is only 
one fragment of red deer, and none of roe deer, from 
Neolithic Norsminde. Wild boar hunting probably 
also continued into Funnel Beaker culture but cannot 
be demonstrated with certainty because the available 
Neolithic swine bones from the region could not be 
assigned to either wild boar or domestic pig by meas
urements.

Animal husbandry
In general there are many bone fragments of swine 
and ox in the bone samples, both those from Erte- 
bølle and those from Funnel Beaker culture layers.

One metatarsus from Visborg, C-14 dated to Fun
nel Beaker culture, falls within the size range for do
mestic cattle and is smaller than that of a smaller fe
male aurochs from Rosenhof in Germany (Scheu et 
al. 2008).

Measurements of swine molar from Visborg de
monstrate domestic pig in the Neolithic layers, and a 
few in Ertebølle culture layers as well.

Tooth and bone measurements from Neolithic Ka
lvø demonstrate domestic pig and domestic cattle 
(Enghoff 1999b, Rowley-Convy 1985). Tooth wear 
stages indicate that most cattle were slaughtered at 2-3 
years of age, suggesting that the cattle were kept by 
the Single Grave people at Kalvø as a meat source 

(Rowley-Conwy 1985, Enghoff 1999b). Swine seem 
also to have been slaughtered at a relatively young 
age, most of them around two years old.

Sheep bones are present at Vængesø II where a 
Neolithic element is present, at Ørum Å (early Neo
lithic), at Neolithic Norsminde and Neolithic Kalvø.

The importance of marine resources in the East Central 
Jutland region and adjacent areas

The region is characterized by the relatively high 
number of cetacean fragments. Seals are also im
portant on certain sites (especially Vængesø III). 
The bone material thus suggests that marine mam
mals played an important role in the economy of 
the region. Seals and cetaceans are top predators, 
i.e., they occupy a very high level in the food chain. 
Some ecotypes (which may even be different spe
cies) of killer whale, a whale found in abundance 
at Lystrup Enge, may even eat seals (Foote et al. 
2009, Morin et al. 2010). Top predators are known 
to have high ö^N values (e.g., Cabana & Rasmus
sen 1996, Ponsard & Arditi 2000, Hedges & Rey
nard 2007) and Fischer et al. (2007) found particu
larly high öI5N values in human bones from 
Vængesø I and Vængesø II (no measurements are 
available from Vængesø III), as well as from Ty- 
brind Vig (island of Funen adjacent to East Cen
tral Jutland). In combination with the b'C values 
in the same human bones, which indicate highly 
marine subsistence (Fischer et al. 2007), this sup
ports the conclusion drawn above, based on the 
newly studied bone samples, viz., that the human 
populations in this part of Denmark focused on 
the exploitation of marine mammals. The high 
numbers of cormorant bones from Vængesø III fit 
into this pattern, as the cormorant is a fish-eater 
and thus belongs to the top predators. High ö^N 
values may also derive from consumption of fresh
water fish (Hedges & Reynard 2007), but this ex
planation cannot be invoked for the Vængesø sites 
where no bones from freshwater fishes have been 
found, see Table 33.
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Northern Zealand

When the sea rose dramatically around 6400-6200 
BC (early Atlantic time) the marine connections be
tween Kattegat and the Baltic - Øresund, Storebælt 
and Lillebælt - were established and Zealand became 
an island (Iversen 1937, Christensen 1982, Chris
tensen et al 1997). An important consequence of the 
formation of Zealand as an island was the extinction 
of several mammal species on Zealand (Aaris-Sø- 
rensen 1980b).

The coastline of Northern Zealand was very wind
ing, forming numerous inlets and bays. For example, 
on the east coast of the north-eastern part of the is
land there were three larger inlets in a row: Nivå 
Fjord, Vedbæk Fjord and Ordrup Fjord (Knudsen 
1982). Numerous Stone Age settlements lay on the 
coasts of these inlets and in particular those at Nivå 
Fjord and Vedbæk Fjord have been subject to detailed 
archaeological excavation and analysis (Fig. 68).

Thefossil Ni vå Fjord

This inlet is situated 8 km N of the similarly fossil in
let at Vedbæk. Nivå Fjord was the largest among the 
Stone Age inlets along the Danish Øresund coast. 
When the water level was at its highest during the lat
est Ertebølle period, the Nivå inlet cut ca. 4 km into 
North Zealand. The inlet was relatively shallow, maxi
mal depth 10 m even in the outermost part.

The inlet was surrounded by moraine hills, slop
ing gently towards the beach. The inner part of the 
inlet was probably a shallow-water brackish area. The 
mouth of Nivå Fjord was wide; therefore the settle
ments along the inlet were exposed to the influence of 
the sea. The marine deposits in the outer part of the 
inlet consist of sand and gravel.

The river Usserød Å connected the Nivå inlet with 

lake Sjælsø, at the banks of which a number of inland 
Stone Age settlements are known.

At Nivå Fjord itself, more than 20 Late Mesolithic 
settlements, dating from 6300-4000 B.C., are known. 
Most of these were placed on the beach mainly in the 
outer and middle part of the inlet. Two of these sites 
are treated in the present publication: Nivå 10, which 
is distinguished by having been situated on a small 
island in the mouth of the inlet, and Nivågård which 
was situated on the beach less than 100 m from Nivå 
10. See O.L. Jensen (2001), from where the above in
formation has been taken, for more details.

In addition to excavations from the last two dec
ades, from where the bones analysed here derive, in
vestigations in the area took place during the begin
ning of the 20th century (C. Neergaard unpublished) 
and in thei97os and 1980s by H. Kapel (Hansen & 
Hansen 1993).

Thefossil Vedbækford

The fossil Vedbæk Fjord ca. 20 km N of Copenhagen 
was about two km long. As a consequence of the 
fjord’s low threshold to the Øresund there were ma
rine conditions throughout its 300 years of existence 
(Christensen 1995). Based on studies of sections 
through alternating deposition of sand and gyttja at 
Vedbæk, in combination with a number of radiocar
bon datings, Christensen (1995, 2001) was able to pro
duce a detailed picture of sea-level fluctuations in the 
Atlantic and Subboreal periods in this area and of the 
changing position of the coast during the inlet’s exist
ence. The former glacial lake at Vedbæk was turned 
into a marine inlet some time prior to 6500 cal yr BC. 
The highest sea level at Vedbæk (4.80 m above the 
present sea level) was reached at the end of the Atlan
tic period ca. 4200 cal yr BC. After the Subboreal 
transgression the entrance to the inlet was closed and 
a lake phase began.
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Fig. 68. Northern Zealand during the Atlantic period, showing the location of the newly and previously studied sites. - J: 
Nivägärd, K: Nivä io - i: Italiensvej, 2: Vedbæk Boldbaner, 3: Stationsvej 17-19, 4: Vænget Nord, 5: Gøngehusvej 7, 6: 
Maglemosegårds Vænge, 7: Henriksholm-Bøgebakken, 8: Maglemosegård, 9: Magleholm, 10: Bloksbjerg, 11: Kongemose 
(type site), 12: Præstelyng, 13: Muldbjerg 1,14: Nøddekonge, 15: Vejkonge, 16: Åkonge, 17: Bergmansdal, 18: Kassemose, 
i9:01by Lyng, 20: Klintesø, 21: Nexelø Pandebjerg, 22: Smakkerup Huse, 23: Lollikhuse, 24: Havelse, 25: Sølager. Map 
by K. Rosenlund.

Thefossil Ordrup f ord

During the Atlantic period there was an inlet with nu
merous bays and creeks at Klampenborg just N of 
Copenhagen. The inlet stretched ca. TA km inland. 
This area was subject to studies and excavations dur
ing the early 20th century (Westerby 1927) and four 
settlements from the period studied here (Kongemose- 
Ertebølle cultures) were identified.

TheÅmose basin

The name Åmose covers a complex of present-day 
bog and fen systems connected with the Åmose river 
and its tributaries. The Åmose river connects the sys
tem with the open sea at Storebælt. During Atlantic 
times the Åmose was a big lake area, already then con

nected with the open sea at Storebælt.
The sea-level curve from Vedbæk (Christensen 

1982, 1993, 1995) and the lake-level curve from the 
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Åmose basin have strikingly similar shapes, as point

ed out by Noe-Nygaard (1995)- The contemporane
ousness of these sea-level changes is confirmed by ra
diocarbon datings of coastal and inland settlements 
(Noe-Nygaard 1995). According to Noe-Nygaard 
(1995) Ae lake level in the open Åmose lake system 
appears to show an almost immediate response to 
changes in relative sea level.

Northwest of the Åmose complex, a bay (Saltbæk 

Vig) and delta were formed as part of the above-men
tioned large melt-water system that includes the 

Åmose lake. Here, the site Smakkerup Huse was situ
ated directly on the late Atlantic coastline (Noe-Ny- 
gård & Hede 2005).

A few further relevant settlements in Northern 
Zealand are included in the discussion, in addition 
to the above-mentioned larger complexes and 
sites. Identified fish, bird and mammal bones from 
the newly and previously studied sites in Northern 
Zealand are listed in Tables 52-54.

Table 52. Fish bones from sites in Northern Zealand. Entries are numbers of fragments, “x” indicates presence 
where a number is not available. Numbers preceded by a slash indicate tentative identifications. Sequence of 
species after Whitehead et al. (1984-1986) (freshwater species inserted by the author). Some species names are 
simplified, for full English, Latin and Danish names, see Table 3. Newly studied sites indicated with boldface.
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porbeagle /1
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thornback ray 3 1 4

sturgeon 1 2

shad 1

herring 355 72 1 169 2 84 5 8 1 2

whitefish 1

salmon / trout 4 4 2 1 2 4 5

roach 7 14 3 1
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eel 123 178 2 23 110 103 130 2 208

garfish 2 6 115 1 76

three-spined 
stickleback

17 3 1

fifteen-spined 
stickleback

1

cod 452 682 9 499 14 455 121 159 9 548 >25

haddock 1 X

whiting 3 3 2 6 6 33

pollack 1 1 2 267 7 1 1

saith 1 2 1 2

pollack/saith 2 1 30

gadids unspec. 1053 2189 3085 306 5375 1291 5348 442 17 5583

perch 4 2 X 1 2 7 4

goldsinny wrasse 1
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sand-eel 3

greater weever 2 29

mackerel 12 1 4 3 1 16 430 7 44

tuna 1 1

swordfish 1 1

black goby 1 3

goby unspec. 5 11

eelpout 2

grey gurnard 1

tub gurnard 1

gurnard unspec. 1 5 1 16 19

bull-rout 2 1 5 3 1 3 15

turbot 5

turbot / brill 3 8 1 5 4 115 22 2 9

flounder 110 2 X 1 203 57 7

plaice 14 1 16

plaice / flounder /
dab

2660 4333 11 703 337 4331 4436 4246 35 5886 >30

flatfishes unspec. 1 22 174
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Notes: Nivågård: see text concerning the porbeagle fragment. - Maglemosegård: a few haddock vertebrae were identified by 
K. Aaris-Sørensen (1980a). - Bloksbjerg: Numbers followed by an exclamation mark (!) indicate species identified by the 
author, ”>” indicates rough counting by the author, the >80 spurdog remains include 60 dorsal spines identified by M. 
Degerbøl (see text). - Klintesø: the fish fragments were identified by H. Winge and counted by Rosenlund (1976). - Lol- 
likhuse: numbers refer to identifications by Ritchie, x to identifications by Rosenlund (see text).

e mainly 1 KM lEBKeTRB 1 1 1 EBK 1 EBK m & 1 EBK EBK EBK mainly 1
EBK eEBK EBK + EBK + EBK + e 1EBK EBK

some e some e TRB + some -
TRB TRB e TRB

TRB

spurdog 1 W1 11 5 5

herring 3 13 18

clupeids unsprec. 2
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whitefish

salmon / trout 2

roach 3 1 21 68 X 1 16

rudd 1 6 16 X

common bream 4 136 2

tench 43 51 139 X

common carp 4 25

crucian carp 28 29

cyprinids unspec. 2372 X X 41

weis 9 3 1 1

pike 65 1463 1066 1883 X X 101 1 21

eel 10 X 157 68 x 27

garfish W8 1 620 265 x 2 -74

cod -170 W-80 3697 12 805 370 x -25 -3400

haddock X 7 2

whiting 2

gadids unspec. 5737 X

perch 453 134 884 X X W1

pikeperch 3

horse-mackerel X

mackerel 1 81 24
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e mainly 1 KM 1EBK eTRB 1 1 1 EBK 1 EBK m & 1 EBK EBK EBK mainly 1
EBK eEBK EBK + EBK + EBK + e 1EBK EBK

some e some e TRB + some -
TRB TRB e TRB

TRB

bull-rout 5 1

plaice / flounder / dab -35 W8 153 2 1708 X -35 100

flatfishes unspec. 1832

identified fishes, total 1973 1468 5404 9332

unidentified fishes X 5 1808

fishes total 82 -100 3864 11140

Table 53. Bird bones from sites in Northern Zealand. Entries are numbers of fragments. Numbers preceded by 
a slash indicate tentative identifications, “x” indicates presence where a number is not available. Sequence of 
species after Meltofte & Fjeldså (2002). Some species names are simplified, for full English, Latin and Danish 
names see Table 4. Newly studied sites indicated with boldface.
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2loon unspec.

grebe unspec. 1 3

Dalmatian pelican A3

gannet 1 9

cormorant 1 X

tundra swan X 1

whooper swan 1 X 1

whooper / mute swan 3 4 1 2 1 A

swan unspec. 5 28

widgeon /X

teal

mallard 1 2 X Al X 1

garganey 1

shoveler /A A

dabbling duck unspec. 1 31 1

pochard 3

pochard/scaup A

eider 2 A 1 X

longtailed duck X

black scoter 1

velvet scoter X 1

goldeneye 1 A2
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common merganser 1

merganser unspec. 7

diving duck unspec. Al 7

duck unspec. 3 1

waterfowl unspec. 6

white-tailed eagle 3 A 12 A 10

hawk unspec. 1

buzzard 1 1 2

golden eagle 1 1

golden / white-tailed eagle 1 1

osprey 1

capercaillie A2 1 2

water rail

crane 1

great black-backed / glaucous 
gull

1

gull unspec. 16

great auk 1 4

murre X

murre / razorbill 1

thrush unspec. 1 A
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birds total 72 23 A=53 15 34 12 A =46

Notes: Vedbæk Boldbaner and Maglemosegård: ”A” indicates species recorded by Aaris-Sørensen (1980a), numbers are 
from Ljungar (1996). - Gøngehusvej 7: “R” indicates species recorded by K.Rosenlund and G. Nyegaard (unpublished lists 
in the Z.M.K. archive), numbers are from Ljungar (1996). - Magleholm: only a few unidentified bird bones were found.
- Klintesø, Havelse and Sølager: ”W” indicates species recorded by Winge (in Madsen et al. 1900) numbers are from 
Ljungar (1996). - Ølby Lyng: numbers followed by an asterisk (*) indicated species listed in parentheses by Møhl (1970).
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TRB TRB

great grebe 1 2 1 1 W 2 W W

red-necked grebe W

grebe unspec. 11 (2) 22 7 80

Dalmatian pelican 1 4 1(1)

gannet 23 (23)

cormorant 1 W9 87 W22

grey heron 6

black stork 2 5 15

mute swan 1 28 6 1 1

tundra swan 1 W7 W33

whooper swan 1 4 W 24 W W79

swan unspec. 1 14 3(2) 59 X 3 17 750

bean goose 2

greylag goose 5 9 22 W

goose unspec. 2 1 1 3

shelduck 1 4 W1

widgeon 2 7 6 2*

teal 1 2 17 2 12

mallard 9 43 71 37 17 5 W1 3(3) 1 5 W133

pintail 10 5
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garganey 2 24 3 1

shoveler 4 1 1 W

dabbling duck 40 18 40 48 14 3 (2) X 1 4
unspec.

pochard 3 1 20 W

tufted duck 9 1 1 W

scaup 2 W W w

eider 1 W7 1(1) 2 W2 W230

longtailed duck W 1(1) W

black scoter W4 W1 W14

velvet scoter W W1 W78

goldeneye 3 w W2

smew 4 1 1(1)

red-breasted 10 W2 1 1 w W23
merganser

common merganser 3 8 W1 W1 W27

merganser unspec. 7 2 1 78

diving duck unspec. 19 2 22 954

waterfowl unspec. (1)

red kite 2

white-tailed eagle 6 3 1 1 W6 5(5) 2 X 2 W1 W3
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domestic hen W

water rail 1 1

spotted crake 1

corn crake 1

moorhen 2 3

coot 2 11 16 28 24 2

crane 12 2 2 W1

ruff 2

green sandpiper 1

black-headed gull 1*

mew gull W W

herring gull W w W

great black-backed 

gull

w w W

gull unspec. 7 (1) 1 10 54

great auk W52 1(1) 1 W1 W13

murre W1 15/194
(37)

2 W
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EBK EBK + 
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some some + some
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TRB

early
TRB

eTRB

razorbill W

alcid unspec. 3 (169) 3

tawny owl W W

owl unspec. 1 6

green woodpecker 1 W

great spotted 
woodpecker

1

redstart W

blackbird 2

mistle thrush w

thrush unspec. 1

jay 1*

crow 1 2 4 w w

crow/kook 1 1 2

raven 1

brambling w

identified birds, 
total

89 119 321 132 97 25

unidentified birds 27 41 22 66 20 2 45 (49) 4

birds total 116 160 343 198 117 27 150 (300) 211 10 78 2624
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Table 54. Mammal bones from sites in Northern Zealand. Entries are numbers of fragments, “x” indicates presence where a 
number is not available. Numbers preceded by a slash indicate tentative identifications. Sequence of species after Baagøe & 
Jensen (2007). Some species names are simplified, for full English, Latin and Danish names see Table 5. Newly studied sites 
indicated with boldface.

1KM +
EBK

1 KM & KM 
eEBK

e&l
KM

e&l
KM

e&l
KM

1 
KM

KM/
EBK

e
EBK

e, m & 1 e
EBK TRB

e
EBK

1KM+ 
eEBK

e
EBK

mainly 
eEBK 
(some 

eTRB)

hedgehog 6 2 1 3 X X 12 X

common shrew X 4

shrew (Sorex sp.) 1

water shrew 1

mole X

squirrel 1 X X 1

beaver 17 18/6 X X X X X >50 X

bank vole X X 50

water vole 10 5 4 X X X 31 1 X

field vole X X 41

vole unspec. 1 2

vole family unspec. 1

yellow-necked/wood mouse 1 X X 50

mouse unspec. 2 1 19

wolf 7

dog 26/1 8 X 48 X X X X >60 X X

fox 2 10/2 X X X 6 X

dog/fox 5/1 11
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brown bear X

polecat X

pine marten 12 6 X 7 X X X 6 X X

otter 17 2 1 6 X X X 25 X

wildcat 9 1 X 2 X 1 X X

carnivore unspec. 2

swine 243/6 64/4 XX X 90 X X X X X » 200 X X

red deer 891/14 81/22 XX X 199 X X X X X »440 X X

elk X

roe deer 1214/21 305/29 XX X 138 X X X X X » 230 X X

red / roe deer 9

red deer / swine 19 18

deer unspec. 2

OX 1 X 6 (x) X

sheep X X

goat X

sheep/goat 2

harp seal X X 4

ringed seal X

harbour seal 3?

harbour / ringed / harp seal 1 X 7 5
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TRB

e
EBK

1KM+ 
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e
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eEBK 
(some 
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grey seal 9 6 X 2 X X X 26 X X

seal unspec. 19 2 XX X X X

porpoise 1 X 1 X X 4

dolphin unspec. X

porpoise / common dolphin 3

cetacean unspec. 1 X

identified mammals total 2519/40 548/63 509

unidentified mammals 7220 3383

mammals total 9779 3994
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eTRB eTRB some
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beaver 194 2 179 2 W>16 4 3 x - 3 W 3

bank vole 3

water vole 2 16 229 4 7 9 W7 8 5x5 W 8

field vole 11 5 w 3

vole unspec.

vole family unspec.

yellow-necked mouse 1 12 1 1

wood mouse 3

mouse unspec. X

dog 7 19 W>30 36 X 39 17x17 w 75 25

fox 19 W>29 1 X 1 1x5 w 9 5

dog/fox 5

pine marten 4 16 2 8 2 W>12 6 4 1 x 5 w 9 5

otter 23 25 115 10 1 W>11 6 X 13 4x4 w 33 2

wildcat 8 W>4 5 10 x2 w 5 3

lynx X

carnivore unspec. 2

swine 794 114 5 189 7 8 W>>16 137 X 269 102x112 w 48 35

red deer 3286 778 665 1659 355 167 W>>30 646 X 720 385 x 443 w 42 30

elk 4 1

roe deer 911 263 116 466 115 6 W>111 330 X 661 548 x 448 w 186 77
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1 1 eTRB 1EBK 1EBK 1 1 m&l EBK EBK EBK + mainly 1 e
KM EBK + some 

eTRB
+ some 
eTRB

EBK EBK EBK eTRB 1EBK+
some
TRB

EBK TRB

OX 2 4 x7 W +

sheep W? 10

goat X

sheep / goat 3 W3 X 2x1

roe deer /sheep/ goat X

horse W1 xl w

harp seal 43 1 w

ringed seal 1 4

harbour seal W>5

harbour / harp / ringed 
seal

F

grey seal W>30 9 X 3 x?-15 w X X

seal unspec. 91 33§ 10

porpoise W3 23 1 1

identified mammals total 1340 1743 1081x1100

unidentified mammals -700 -2000 -100 2411 319 181 10.125

mammals total 5933 3260 1473 11225

Notes: Nivå 10: the bone of porpoise was found outside the specified structures on the settlement area. - Maglemosegård: entries for small 
mammals from Sørensen & Andreasen (1995). - Henriksholm-Bøgebakken: brown bear is only represented by a tooth bead, polecat is only 
represented by a mandible from grave, elk and ox are only represented by tooth pearls. - Bloksbjerg: the six ox fragments include three teeth 
assigned to aurochs, two of which are pierced (tooth beads). - Lollikhuse: Information from Friborg is indicated by ”F” or a number, informa
tion from Rosenlund is indicated by ”x”, information from Magnussen is indicated by underlined numbers. - Sølager, layer I: most of the 
unspecified seal bones are from grey seal according to Skaarup (1973). Klintesø and Havelse: Identification by Winge (W). - Ølby Lyng: see text 
concerning the single elk bone. *according to Aaris-Sørensen (1998) hare had not immigrated into Denmark at this time; the bone may represent 
a subsequent admixture. - Havelse: the single horse fragment has subsequently been radiocarbon dated and shown to represent subsequent 
admixture.
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7.1 Nivågård (Z.M.K. 6/1998)

The Atlantic settlement at Nivågård was surrounded 
by the sea, Øresund, to the east and the shallow Nivå 
inlet to the North and West. In the hinterland there 
was access to extensive forests, lakes and rivers. 
Nivågård is the only known proper ’’kitchen midden” 
in the Øresund region (O.L. Jensen 2001). The settle
ment was partly excavated in 1912 and 1914 and again 
in 1992. It is the 1992 material which forms the basis of 
the results presented below.

Material and methods

The 1992 excavation was done by Hørsholm Egns 
Museum under the supervision of Keld Møller 
Hansen. The site was excavated in layers within 0.25 
m2 squares. Two layers (layers 1 and 2) could be distin
guished. Bones were generally hand-collected in the 
sediment. The sediment from one structure/pit (K) 
was, however, taken to the lab and bones were recov
ered by sieving (1.5 mm mesh) of subsamples (ca.10% 
of the sediment).

The material is relatively well preserved. The sur
face of the bones is, however, often corroded to a de
gree making the detection of cutmarks difficult or im
possible. The bones are strongly fragmented, showing 
old as well as new breaks; the fragments can often be 
re-assembled at the breaks. The bone material from 
the settlement-area is particularly strongly fragment
ed, probably as a result of traffic. Bones from a 
number of squares (98/101, 99/100, 99/101) are cov
ered by hard, ferruginous sediments which hamper 
identification. Bones from pits are generally better 
preserved; the fish bones from pit K are even excel
lently preserved.

In spite of the above mentioned difficulties, cut
marks were seen on ribs, metacarpals (strong marks at 
the proximal articulating surface) and tibia of red 
deer, on calcaneus and humerus of wild boar, on sev
eral ribs, metacarpus and scapula of roe deer, a pelvic 
bone of dog and on a femur of beaver.

The entire excavated animal bone material was 
studied.

The sediments from Nivågård have been dated ar- 
chaeologically to latest Kongemose culture and Erte- 
bølle culture (O.L. Jensen 2001). Four radiocarbon 
datings based on animal bones are available, in addi
tion to a dating based on a human child skeleton 
(Late Kongemose culture) (Jensen 2001), see Table 2. 
The oldest dating based on bone material (from struc
ture J (LuS 7381)) falls within Latest Kongemose cul
ture as expected. Two other datings fall at the 
Kongemose/Ertebølle boundary (LuS 7379) and 
Lower/Middle Ertebølle culture (LuS 7378), respec
tively. The dating of pit K (LUS7380) to the latest 
Ertebølle/earliest Funnel Beaker transition is surpris
ing since the pit was supposed to be older; the dis
crepancy is still unresolved.

Almost the entire animal bone material derives 
from latest Kongemose to Ertebølle culture.

Results

Bones from at least 22 species of fish, at least 13 spe
cies of birds, and at least 15 species of mammals were 
found at Nivågård (Tables 52-54).

Fishes
Both marine species (porbeagle?, spurdog, garfish, 
cod, haddock, pollack, goldsinny wrasse, sand-eel, 
mackerel, black goby, gurnard, bull-rout, turbot/ 
brill, plaice, flounder) freshwater ones (pike, roach, 
perch) and migratory ones (salmon/trout, eel) are 
represented, as well as three-spined stickleback which 
occurs in all types of water.

The majority of fish bones are from the plaice/ 
flounder/dab group (56 % of the identified fish bones, 
only plaice and flounder identified to species level). 
Gadids, including cod, haddock and pollack, are well 
represented (ca. 30 % of the identified fish bones). 
The good representation of bones from herring (7% 
of the identified fish bones) is noteworthy, as well as 
the occurrence of bones from a number of small fish 
species: goldsinny wrasse, sand-eel, black goby and 
three-spined stickleback, and small individuals of 
roach. The small species were all found in structure 
K, from where the sediment was sieved. If fine sieving
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Gadus morhua, Nivågård (n = 177)

Total length (cm)

Fig. 69. Size-frequency diagram for cod caught from Nivågård.

had been employed generally on the site, the small 
species would probably have constituted a far larger 
proportion of the fish bone material.

The single bone tentatively identified as porbeagle 
is a piece of the articulating surface of a vertebra 
showing imprints of calcified struts in a pattern char
acteristic of porbeagle (cf. discussion in chapter 4.1.

The representation of skeletal elements is shown 
in Table 55. All body regions are represented from the 
species groups, from which the largest numbers of 
fragments have been identified (plaice/flounder/dab 
and gadids). However, as usual, the most numerous 
skeletal elements are vertebrae. The characteristic der
mal denticles (scales) from flounder are quite numer
ous (75), but this does not necessarily mean that 
flounder was more numerous than plaice, cf. Material 
and Methods.

Size frequency diagrams were constructed for cod 
(Fig. 69) and for plaice/flounder/dab (Fig. 70). The 
overall length range of cod from Nivågård is from 20 
cm to a metre, most of the individuals being 45-75 cm 
long. The majority of the individuals were thus some

what longer than that which normally appears on 
Danish Ertebølle sites (Enghoff 1994). However, most 
of the smaller specimens (23-59 cm) are from structure 
K, from where sediment was sieved, so small cod are 
probably underrepresented in the remaining material.

The flatfishes (plaice/flounder/dab) were 20-62 
cm long, the majority between 30 and 45 cm, again 
somewhat larger than normal on Danish Ertebølle 
sites, where the majority of plaice/flounder/dab are 
usually 20-35 cm long (Enghoff 1994). Although the 
plaice/flounder/dabs from structure K have a tenden
cy to be smaller than those from the remaining mate
rial, the difference is not very clear. There is, however, 
another difference which is not obvious from the dia
gram, Fig. 70, viz., there are almost no finds of verte
bra i (which is one of the skeletal elements used for 
size estimates) outside structure K. In contrast, os 
anale, which is a long and very characteristic bone 
and is thus easy to spot even without sieving (and is 
also used for size estimates), is well represented out
side structure K.
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Platessa/Platichthys/Limanda, Nivågård (n = 161)
25 -i---------------------------------------------------------------------------------------------------------------------------------------------------------------

20 -

<n
EQ. <n

19-20 21-22 23-24 25-26 27-28 29-30 31-32 33-34 35-36 37-38 39-40 41-42 43-44 45-46 47-48 49-50 51-52 53-54 55-56 57-58 59-60 61-62 
total length (cm)

15 -

Fig. 70. Size-frequency diagram for plaice/flounder/dab caught from Nivågård.

Table 55. Nivågård, fishes, skeletal elements. Some species names are simplified, for full English, Latin and 
Danish names see Table 3. Entries are numbers of skeletal elements. Entries preceded by a slash (J) indicate 
tentative identifications.

Head

Parasphenoideum 3 2 155 1 1

Praevomer 1 25

Frontale 1

Basioccipitale 1 1 2 20

Dermethmoid 4
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Q V
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Q T£ C5
0 £ 75'a U o

Prooticum 8

Otholithi 5 1

Neurocranium unspec. 2

Praemaxillare 56 9

Maxillare 1 33 1

Dentale 2 5 2 2 31 7

Articulare 1 2 2 1 13

Quadratum 1 1 14

Palatinum 2 5

Pterygoidea 1

Praeoperculare 4 3

Interoperculare 1

Operculare 4

Symplecticum 7

Hyomandiulare 1 3 1

Keratohyale 16

Epihyale 3

Urohyale 1 1

Branchialia 6 6 25

Branchiostegale 21

angulare 3

Detached teeth 3

Viscerocranium 
unspec.

2 3 3
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Shoulder girdle

Posttemporale 26

Supracleithrale 43

Cleithrum 1 1 19

Scapula 2

Pelvis

Basipterygium 1

Vertebrae /1 1 346 2 16 61 114 2 137 1 800 4 1

Others

Spine 3

Scale 1

bone unspec. 4

Total /1 4 355 4 38 7 91 123 2 452 1 1 1053 4 1

Head

Parasphenoideum 19

Praevomer 10
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Frontale 2 5

Basioccipitale 1 1 25

Pteroticum 13 7

Otholithi 3

Neurocranium unspec. 1 15 14

Praemaxillare 25

Maxillare 18

Dentale 13

Articulare 7

Quadratum 12

Palatinum 10

Pterygoidea 31

Praeoperculare 2

Operculare 5

Hyomandiulare 1 22

Keratohyale 1 9

Urohyale 1 5 22

Branchialia 21

Viscerocranium unspec. 5 25

Shoulder girdle

Posttemporale 1 14

Supracleithrale 1 27

Cleithrum 89
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Pelvis

Basipterygium 4 12

Vertebrae 3 11 5 7 3 1939

Others

Os anale 280

Spine 5

Scale 75

Total 3 12 6 1 2 17 3 14 110 2660

Birds
In spite of the modest number of identified bird 
bones, the species list is quite long and includes 
divers, swans, ducks, no less than three species of rap
tors, alcids and thrushes. Thus, both water birds and 
terrestrial ones are represented.

Table 56 shows the representation of bird skeletal 
elements. Bones from the thoracic region, wings and 
legs are present. Younger bird bone samples (Viking 
Age and Medieval, e.g., Enghoff 2002, 2003) often in
clude only wing bones, and it is assumed that the 
wings were used for special purposes, e.g., decora
tion. The bones from white-tailed eagle recovered at 
Nivågård, however, are not exclusively from the wings 
(cf. discussion), but also from the legs (Fig. 71). The 
single golden eagle bone in contrast is a fragment of 
the wing bone radius.

Mammals
The vast majority of the mammal bones are from the 
usual three large, terrestrial meat animals: red deer 
(38% of identified mammal bones), roe deer (52%) 
and swine (10%). The strong dominance of roe deer 
over the two others is unusual. There are also bones 
from marine mammals: grey seal, porpoise and dol
phin. The remaining mammal bones are from hedge
hog, mouse, dog and a number of fur-bearing ani
mals. The meat of several of the smaller species, e.g., 
hedgehog and beaver (Fig. 72), was probably exploit
ed as a supplement to meat from larger species.

The species of which there are many bones are rep
resented by skeletal elements from all body regions 
(Table 58), meaning that whole carcasses were 
brought to the settlement. Also dog seems to be repre
sented by the entire skeleton. Although the number
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Table 56. Nivågård, birds, skeletal elements. Some species names are simplified, for full English, Latin and 
Danish names see Table 4. Entries are numbers of skeletal elements. Numbers preceded by a slash represent 
tentative identifications.

Trunk

Coracoideum 2 1 1 1

Scapula 1 1 1

Limbs

Humerus 1 1 4

Radius 1 1

Ulna 1 2 1 1 2

Carpo-metacarpale 1 1 /1 1

Tibio-tarsale 1 1 1 1 2 1

Tarso-metatarsale 1

limb bone unspec. 14

bone unspec. 23

Total 1 2 1 3 1 1 2 2 3 3 1 1 1 1 1 1 /1 46
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marine freshwater terrestrial tools/ornaments no. of

Table 57. Nivågård, birds, functional groups.

meat meat meat only fragments

loons X X 3

swans X X X 4

mallard X X 1

garganey X X 1

eider X 2

merganser X X 2

ducks unspec. X X X 3

raptors X 6

crane X

woodcock X

waders unspecified X X X

herring gull X X X

great black-backed/glaucous gull X 1

alcids X 1

nutcracker X 1

thrush unspec. X 1

of seal bones is smaller, they also give the impression 
of entire carcasses, and the same is true of beaver, pine 
marten and otter.

One dog skull was found at Nivågård. It derives 
from a dog the size of a medium-sized spitz dog. The 
dog was full-grown but young, as indicated by the 
still obvious cranial sutures and by the teeth which are 
of the permanent set but are not worn. The dog has 
received a blow to the right side of the head on the 

frontale-parietale border. The skull very much resem
bles one from the Ertebølle type site (labelled 
“Sarauw, Ertebølle 1896, hel hund G, 14,3-lag”, Natu
ral History Museum of Denmark), but is slightly 
stouter. Apparently, the skull has been trampled to 
pieces, as it is present in several parts which cannot be 
re-assembled - all breaks are old. For this reason, only 
a limited number of measurements could be taken on 
the calvarium, but the carnassial teeth (upper P4) and
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Fig. 71.Raptor bones from Nivågård. Left: fragment of 
radius from golden eagle. Middle: carpo-metacarpus from 
buzzard. Right: two fragments of tibiotarsus from 
white-tailed eagle. - Scale units i cm.

two molars could also be measured. See Table 59 
where new measurements from the Ertebølle dog are 
also shown.

A complete otter skull, which was broken the same 
way as the dog skull, was also found. All breaks are 
old, and the pieces cannot be fitted together. No cut
marks are evident.

Size of mammals
Swine

There are not many measurable swine teeth in the 
Nivågård material - the site is represented with only 
one data point in most diagrams over teeth length 

and width (Figs 100-102). The lower M3 diagram (Fig. 
103), however, does have three data points from 
Nivågård; Based on the datings of the Nivågård mate
rial it is expected that the swine are wild boars rather 
than domestic pigs, and accordingly, the Nivågård 
measurements are in the same point swarm as those 
from Lystrup Enge, a site that is so old that the swine 
from there must be wild boars.

Measurements on swine limb bones from Nivågård 
are also sparse (Figs 98,107) and do not allow conclu
sive statements. It is nevertheless remarkable that the 
limb bone measurements from Nivågård in general lie 
in the middle of the collective range and within the 
variation in measurements from Lystrup Enge. The 
only estimate of height at withers, based on measure
ments of astragalus, is at 93 cm, which is about in the 
middle of the interval 81-103 cm shown by the entire 
studied material (Fig. hi).

Red deer

The scatter diagram, Fig. 121 shows red deer astra
galus measurements. The symbols fall in two clusters 
and the smaller cluster, with smaller measurements, 
includes measurements from Nivågård, NE Zealand 
(late Atlantic). Measurements of red deer astragalus 
and calcaneus from Nivågård are among the smallest 
in the entire studied material, whereas measurements 
of M3, humerus and metacarpus tend to lie in the 
middle of the total size range (Figs 114,119,120).

Eriksson & Magnell (2001) interpreted bimodality 
in scatter diagrams of length and width of red deer 
astragalus from several Swedish Atlantic materials as 
an indication that the samples contained both males 
and females. In Fig. 115 a tendency to bimodality is 
seen in specimens from Nivågård, indicating that 
male as well as female deer are represented in the sam
ple.

Roe deer

P. Jensen (1993) found that the largest sexual differ
ence in the roe deer skeleton is found in astragalus 
(distal breadth, Bd). The nine measured roe deer as
tragali from Nivågård all seem to derive from females, 
see chapter 12.6.
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Fig. 72. A lot of beaver bones 
were found on Nivägärd. 
Fragments (left to right) of 
humerus, tibia, tibia (top) and 
calcaneus (bottom) plus two 
teeth. - Scale units 1 cm.

Two sites yielded considerable numbers of scapula 
measurements, i.e., Østenkær in Vendsyssel, Jutland 
(N=27) and Nivågård, N Zealand (N=8). As shown in 
Fig. 128, the scapulae from Nivågård are generally 
larger than those from Østenkær. The difference is 
highly significant (P<o.oo5, 2-tailed t-test).

The diagram of measurements of humerus, Fig. 
129, shows that also for this skeletal element, measure
ments from Nivågård are higher than those from 
Østenkær and Lystrup Enge.

Age of mammals

Swine

The material includes teeth from swine in all age 
classes, from piglets to adults (Fig. 108). One tooth is 
almost totally worn and must come from a very old 
individual. Most (177) limb bone fragments have 
fused epiphyses whereas only 16 have unfused epiphy
ses. No fragments from ‘pullus’ individuals were 
found.

Red deer

The age estimates for Nivågård red deer, based on 
mandibular tooth eruption and wear, range from 8-10 
months to 10-12 years, most estimates lying in the 3-7 

years interval. By far most (about nine out of ten) 
limb bone fragments have fused epiphyses. No frag
ments from ‘pullus’ individuals were found.

Roe deer

Mandibles with teeth and loose mandibular teeth are 
from individuals aged from max. 6-10 months to 9 
years. Most (12 out of 17) are from ca. two year-old 
individuals. Three bone fragments (femur, humerus, 
scapula) are from a ‘pullus’ individual. By compari
son with recent material, the femur and humerus seem 
to be from a ca. one month-old kid, whereas the scap
ula fragment has the same size as the scapula of a re
cent specimen labelled “foetus [19 April] 1975”.

Discussion

Fishing
Fishing from Nivågård was varied and took place in 
the sea as well as in fresh water. The dominant species 
are flatfishes and gadids which were slightly longer 
than generally seen in fish bones samples from Erte- 
bølle sites. However, since sieving of sediment was 
only done for a single structure, it can be inferred that 
the role of small fish was much bigger than indicated 
by the number of recovered fish bone fragments. The
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Table 58. Nivågård, mammals, skeletal elements. Some species names are simplified, for full English, Latin and Danish names see 
Table 5. Entries are numbers of skeletal elements. Numbers preceded by a slash (J) indicate tentative identifications.
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Head

Cornu 16/1 4 6

Calvarium 1 10 11 43/1 22/1 1

Bulla 4

Mandibula 1 2 2 1 4 1 4 2 7 45/4 44

Dentes 3 5 6 1 12 /1 1 2 1 59 82 105/1

Trunk

Vertebra cervicalis 1 3 22 12

V. thoracalis 1 1 16 14

V. lumbalis 1 1 1 /1 23 9 3

V. sacralis 3 3

V. caudalis 2 1/1

V. unspec. 3/1 4/1

Costa 1 1 3/1 36/1 23 3

Sternum 1 1 1

Scapula 1 11/1 46 13

Pelvis 1 2 1 1 3 50 32

Limbs

Humerus 1 1 1 2 1 13/2 64/2 39 4

Radius 1 1 2 12/1 62/2 58/1

Ulna 2 2 2 1 2 7 27 23 1

Radius+ulna 2
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0 73
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Carpale 7 5 21

Metacarpale 3 1 1 12 103/1 58 1

Femur 1 1 1 1 1 9 74/4 49/1 1

Tibia 1 1 1 1 1 1 1 1 10 102/2 109 1

Fibula 1 2 3

Patella 1 6 1

Astragalus 1 3 16 20

Calcaneus 1 4 1 1 7 27 27

Tarsale 5 13 13

Metatarsale 1 2 2 5 89 57

Metapodium 2/1 3 1 12 125 52 1

Sesamoid 1 1 2 1

Phalanx 1 1 1 1 13/1 50 28

Phalanx 2 2 18 29 17 1

Phalanx 3 1 5 21 8

Phalanx unspec. 5 2 2

limb bone uspec. 10/2 19/8 7

Total 6 1 17 10 1 1 2 26/1 2 5/1 12 17 9 9 19 243/6 1214/21 891/14 9 19 3

material from the sieved structure did include bones 
from small fishes, notably three-spined stickleback, a 
species known to have played a significant role on 
other sites from the Ertebølle period in Denmark and 
Sweden (Enghoff 1987,1993, Jonsson 1986b).

The species of freshwater fishes found at 
Nivågård are all able to live in brackish water and 
may thus have been caught where streams emptied 
into the inlet, rather than in lakes or in the streams 
themselves.
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Table 59. The dog from Nivågård. Measurements of skull and upper teeth belonging to the same individual. 
Measurements on a dog skull from Ertebølle (type site) for comparison. All measurements in cm and accord
ing to Driesch (1976).

Nivågård Ertebølle

largest width of occipital 
condyles (25)

3.53 3.44

length of molar row (16) 2.10 2.04

lenth of upper neurocranium (7) 8.07 8.39

Ml sin., L 1.39 1.31

Ml sin., B 1.62 1.49

Ml dex, L 1.37

Ml dex., B 1.62

M2 sin., L 0.77 0.80

M2 sin., B 0.96 0.99

Nivågård Ertebølle

M2 dex., L 0.78

M2 dex., B 0.98

P4 sin., L 1.92 1.80

P4 sin., B 0.78

P4 sin., GB 0.91

P4 dex., L 1.95

P4 dex., B 0.78

P4 dex., GB 0.94

Bones from garfish and mackerel indicate fishing 
during the summer.

The artefact material from Nivågård includes at 
least two points from composite fish hooks (O.L. 
Jensen pers. comm.).

Exploitation of birds
Quite a wide range of birds was exploited at Nivågård 
(Tables 53 and 57). Of special note are three species of 
raptors, including white-tailed eagle - the largest rap
tor in northern Europe (wingspan up to 250 cm, with 
golden eagle in second place with 220 cm). It is easy to 
imagine that a certain status/grandeur was attached to 
such eagles and that the possession of an eagle wing 
could have been a sign of prestige, as seems to have 
been the case in later cultural periods (e.g., Enghoff 
2002, 2003). Both eagle species are represented by 
wing bones in the Nivågård material, but in addition, 
there are leg bones from white-tailed eagle.

Exploitation of mammals
The inhabitants of the Nivågård settlement hunted 
for fur, for terrestrial ‘big game’ and for marine mam
mals (Fig. 73).

Compared to the sites in Jutland, the Nivågård 
material includes quite a lot of beaver bones. On the 
other hand, the diversity of fur-bearing animals is 
modest compared to the Atlantic sites in Jutland. For 
instance, bones from bear, polecat, badger and lynx 
are entirely missing. These species became extinct on 
Zealand during the early Atlantic (Aaris-Sørensen 
1980b, 1998). Bones from ox are also absent, which is 
consistent with the extinction of aurochs on Zealand 
during the Atlantic (Aaris-Sørensen 1980b).

Marine mammals played a substantial role: de
spite the location of Nivågård deep into the inner 
Danish waters, a number of seal bones (only grey 
seal identified to species) and three bones from por- 
poise/dolphin were found. The artefact material in
cludes a fragment of a harpoon (P.V. Petersen 1973)
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Fig. 73. Relative importance of fur-bearing animals, 
terrestrial meat animals, marine meat animals and others 
in the osteological material from Nivägärd (based on 
NISP, n=2549).

10%
Nivågård, n = 2389

Fig. 74. Relative importance of red deer, roe deer and 
swine in the osteological material from Nivägärd (based 
on NISP, n= 2389).

which might have been used for hunting marine 
mammals.

There are almost twice as many roe deer bones as 
red deer ones from Nivågård (and more than three 
times as many as from Nivå 10) see Figs 74 and 80. 
This is in line with the findings of Friborg (1999) 
from the mainly Ertebølle culture site Lollikhuse, N 
Zealand, where roe deer bones constituted 51% of 
identified mammal bones, and red deer 36%. In terms 
of hunting strategy, most of the roe deer killed were 
two year-old females. Both sexes of red deer were 
hunted, most of them 3-7 years old, which is the prime 
age for red deer, i.a., the age where the antlers are 
largest.

Indicators of seasonality
The seasonal fishes, garfish and mackerel, indicate 
summer season. The presence of very small cod points 
in the same direction since they come close to the 
coast during summer.

The roe deer bones include two ca. one month-old 
individuals, one from an individual the size of a foe
tus and one from a 6-10 month old roe deer. Nowa
days, roe deer young are born during May-June. 

There is thus indication of roe deer hunting during 
May-July and November-March.

Seven out of 16 fragments of roe deer antlers are 
from individuals with the antlers still fixed to the 
skull; one of the fixed antlers seems to be from a spike 
buck. Of the other fixed antler, only the bases are pre
served, and the number of spikes cannot be deter
mined. The bases are, however, very stout in all cases, 
showing that the individuals were not very young. 
Roe deer with fixed antlers may have been killed from 
ca. April until mid October (Strandgaard 1991, 
Schmid 1972). An antler fragment (Fig. 75) found to
gether with the corresponding fragment of the skull 
(frontale) must be from a roe deer killed exactly at the 
time where it was ready to shed the antlers: the ‘de
composition zone’ had been formed, and the antlers 
came loose in the soil. Roe deer shed their antlers 
from October to December, depending on their age 
(Strandgaard 1991), and this roe deer must have been 
killed during this period.

A red deer was estimated to have been killed at an 
age of 8-10 months. As red deer are normally born in 
June, this red deer would have been killed during 
February-April.
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Fig. 75. Roe deer anders found at Nivågård. Left: shed 
antler. Right: attached ander. - Scale units i cm.

Nivågård seasonality

Fig. 76. Nivågård, indicators of seasonality. Indicators 
from periphery to centre: summer fishes (blue); alcids 
(black, solid); fur-bearing animals (light brown); red 
deer, 8-10 months old (red); roe deer, 1 month old (green); 
roe deer, shedding antlers (green-white, chequered); roe 
deer, attached antlers (green-black, chequered).

All indicators of season provided by the faunal 
material are collected in the diagram, Fig. 76, which 
shows activities on the Nivågård settlement at all 
times of the year. Unfortunately, it is impossible to 
decide whether the site was one of permanent habita
tion, or whether the activities are due to frequent vis
its. The most precise seasonal indicators are the new- 
born/juvenile mammals and the shed antler found 
together with the corresponding frontale.

Indicators of habitat types
The fishing suggests that the settlement was placed 
strategically with regard to exploitation of marine 
and fresh water. For example, the find of a vertebra 
fragment from a very big shark (probably porbea
gle) indicates high salinity and a certain water depth. 
Gurnards are also truly marine species. The most fre

quent fish species on the list are the flatfishes, includ
ing plaice and flounder, of which the latter is fre
quent in brackish water. The many bones from 
beaver indicate lakes and rivers. The otter could 
have been taken at similar places, or at the inlet, 
whereas pine marten and wildcat are proof of exten
sive forests nearby.

Most of the birds on the list live near fresh and 
marine waters, except the alcid which is a truly ma
rine bird. The buzzard hunts in open land or along 
the forest edge and builds its nest in forests. See Ta
ble 57.

Temporal changes
Virtually all animal bones from Nivågård are from 
the Ertebølle cultural period. There are two distinct 
layers on the site, but no difference at all could be 
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found between them with regard to animal bones, 
and the finds from both layers were therefore pooled. 
In other words: there are no indicators of temporal 
change.

7.2 Nivå 10 (Z.M.K. 52/1996)

The settlement Nivå 10 lay on a small island in the 
mouth of Nivå Fjord (Fig. 68). The island measured 
no x 80 m and was close (< 100 m) to the southern 
coast of the inlet. Today the former settlement lies in 
a cultivated field and about half of it has been influ
enced by ploughing. Excavation has taken place since 
1995, and >1000 m2 have so far been excavated. A 25- 
30 cm thick culture layer (including refuse layers), 
consisting of beach sand containing charcoal, animal 
bones and flint artefact, was preserved on the south 
side of the former island. On the top of the island the 
cultural layers were destroyed by ploughing. Howev
er, the most interesting aspects of the settlement were 
found under the culture layer where cooking pits, fire
places, dwellings and graves were found. So far three 
dwellings and five graves have been excavated. The 
dwellings were small sunken dwellings, where the 
floor was dug down into the soil. Traces of poles and 
stakes from the wall and roof constructions were 
found and inside the dwellings, it was possible to de
termine the position of fireplaces and various centres 
of activity.

Results from one dwelling (no. 1), dating to Early 
Ertebølle culture, ca. 4850 Cal BC, were published by 
O.L. Jensen (2001). Faunal remains from this dwell
ing were identified by P. M. Hansen & S. Gelskov (un
dated lists in the Z.M.K. archive).

The site comprises two main periods of occupa
tion. According to the 14C datings the first occupa
tion phase was between c. 5700 and 5400 cal BC (Late 
Kongemose culture). Then the Littorina Sea flooded 
the island and rendered it uninhabitable for several 
hundred years. The second occupation took place 
around 4850 cal. BC i.e. the later part of the Early 
Ertebølle culture (O.L. Jensen 2006, 2009).

Results of the author’s analysis of faunal remains 
from dwelling no. 2 (A64) are presented below.

Material and methods

The studied material derives from a 22,5m2 sector, 
named field IX. A small part of field IX was excavated 
in 2000, but the main part, including dwelling A64, 
was excavated in 2001. The excavation was done with 
trowels and spatulae within % m2 squares and 5 cm 
deep levels; however, finds from different layers were 
kept separate. Some finds were recorded in three di
mensions. The sediment was consequently wet-sieved 
through a 4 mm mesh. Samples with many fish bones 
were, however, fine sieved through a 1.7 mm mesh 
(O.L. Jensen pers. comm.).

In field IX there was a sand layer (marine trans
gression layer) under the plough layer. A re-bedded 
cultural layer underlay the sand layer in the western 
part of square IX, but in the eastern part there was a 
primary settlement layer with many flint artefacts and 
animal bones. In some places, this layer covered pits, 
e.g. pit A64 (Dwelling no. 2) and pit A 69. Archaeo
logical data shows that A64 includes two or three ver
tically separated levels of activity interpreted as floor 
levels, each of which was up to 10 cm deep. Floor level 
i is the lowest level, lying directly on top of the bot
tom of the pit and covered by a sterile clay layer. Floor 
level 2 lies on top of this clay layer and is the richest in 
terms of animal bones. The upper floor level (level 3) 
is separated from level two by a thin (2-4 cm) horizon 
with only few finds. (Stratigraphy for field IX and pit 
A64: O.L. Jensen pers, comm.)

The animal bones are generally strongly fragment
ed and not particularly well preserved. Many bones, 
especially the fish bones from inside the dwelling, 
were embedded in hard iron precipitates. The rela
tively high number of unidentified (very small) bone 
fragments is in particular due to the high degree of 
fragmentation. The bone surface was generally poor
ly preserved and cutmarks were only found on 26 
fragments from beaver, roe deer, red deer and swine. 
Signs of fire/burning were found on 223 mammal 
bones and 203 fish bones.

A calibrated age within the limits 5710 - 5470 BC 
(the extremes of the ranges for the datings of the hu
merus (AAR-10147) and femur (AAR-7038) mentioned 
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above) is suggested for dwelling 2 (A64); this corre
sponds to an archaeological dating of the dwelling to 
the Late Kongemose culture (O.L. Jensen 2009).

Results

At least 15 species of fish and 13 species of mammals 
were present (Table 52 and 54). In addition, there 
were a few fragments of human bones probably deriv
ing from a contemporaneous grave nearby. In Tables 
60 and 62 separate entries are given from the different 
structures on the site, and for dwelling A64, results 
from the three floor layers are kept separate.

Fishes
The vast majority (ca. 6500) of the fish bones were 
found in the three floor layers inside dwelling A64. 
Most fish bones are from plaice/flounder/dab (57 % 

of identified fish bones, only flounder demonstrated 
with certainty). Gadids, including cod (by far most 
frequent), pollack and whiting, are second (38 % of 
identified fish bones). The remaining species on the 
list are all infrequent but include marine (herring, 
mackerel, tuna, bull-rout, turbot/brill), migratory 
(sturgeon, salmon/trout, eel) and freshwater (pike, 
cyprinids, perch) species.

Sturgeon and tuna are noteworthy. The former is 
known from only two other Stone Age sites in Den
mark, the latter from one only. The single sturgeon 
bone, probably a piece of the operculum, was found 
in floor layer 1 of dwelling A64. The single tuna bone, 
a vertebra, was found in the area outside the dwelling.

The clear distribution of fish bones on three floor 
levels in dwelling A64 (Table 60) invites a compari
son. Looking at the two most frequent groups of fish, 
flatfishes (plaice/flounder/dab + turbot/brill) and

Gadus, Nivå 10 (n = 331)

15

no. of spms

10

25-29 3Q_34 353g
40-44 45.49 

bb-by 60-64

total length (cm)
65-69 70_74

80-84 85_89

Outside floors
Floor 3? pit

Floor 3
Floor 2

Floor 1

■ Floor 1
■ Floor 2
■ Floor 3
G Floor 3? pit
■ Outside floors

Fig. 77. Size-frequency diagram for cod caught from Nivå 10, sorted according to floors.
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Platessa/Platichthys/Limanda, Nivå 10 (n = 141)

5
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total length (cm) 41 -42 43_4440 44 45-46
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Floor 3
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Floor 1
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□ Outside floors

Fig. 78. Size-frequency diagram for plaice/flounder/dab caught from Nivå io, sorted according to context (floors).

gadids, it appears that the gadids were more impor
tant in the period corresponding to level 2 than in 
those corresponding to layer 3, and in particular layer 
i (Table 61).

Size-frequency diagrams were made for the most 
abundant species: cod and plaice/flounder/dab.

Fig. 77 shows the size distribution of cod from 
dwelling A64, with bones from the three floor layers 
kept separate. The cod were 25-90 cm long, the major
ity between 40 and 60 cm, a size distribution similar 
to that found at Nivågård (q.v.). Although the dia
gram suggests a slightly smaller mean length of the 
cod in floor 2 compared with floor 3, the difference is 
statistically insignificant (t-test).

Fig. 78 shows the estimated lengths of plaice/ 
flounder/dab from the three floor levels in dwelling 2 
(A64). The flatfish (presumably mainly flounder) 
were 23-46 cm long.

Birds
There are only very few fragments of bird bones in the 
material, none of which is in a condition allowing 
identification. However, all fragments are from small 
to medium-sized birds, i.e., swans, geese and other 
big birds are absent.

Mammals
The most abundantly represented mammal species is 
roe deer (50 % of the identified fragments), whereas 
there are only 13 % red deer and just 10% swine. The 
latter are probably all from wild boar, considering the 
age of the material (Kongemose culture).

Fragments of hedgehog and voles are always suspi
cious because these small mammals may have bur
rowed into older sediments. Finds of hedgehog bones 
with cutmarks on other Stone Age sites do, however, 
prove that this species was exploited (Gotfredsen 1998,
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Table 60. Nivå 10, fishes, skeletal elements. Some species names are simplified, for full English, Latin and Danish names see Table 
3. Entries are given in the form A:B:C:D where A = no. of bones found in floor level 1, B = do. in floor level 2 : C = do. in floor level 
3, D: no. of bones found elsewhere in the excavation. Species represented by less than five fragments in total are not included in 
the table. These include: One fragment from sturgeon, operculum? (floor level 1), two vertebrae from perch (floor 2 and else
where), three vertebrae from salmon/trout (elsewhere), one vertebra from tuna (elsewhere), one vertebra from mackerel (else
where), two vertebrae and one parasphenoid from whiting (elsewhere) , one parasphenoid from pollack (floor level 3), one 
vertebra from bull-rout (elsewhere), one pteroticum (floor level 2) and one posttemporale (floor level 3) from flounder.

U5

*d Q

'i EH£

A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D

Head

Parasphenoideum 16:9:4:25 0:0:0:2

Praevomer 2:5:5:12 l:l:0:2 l:l:0:l

Basioccipitale 0:l:0:0 4:8:5:6 5:10:6:11

Prooticum 0:0:0:l

Praemaxillare 2:25:3:19 2:4:1:1 0:l:0:0

Maxillare 3:3:2:9 0:l:0:2 1:2:1:1

Dentale 0:2:0:5 2:11:4:16 0:3:0:0

Articulare 0:2:0:0 0:9:0:3

Quadratum 0:2:l:l 1:7:1:5 0:0:l:l

Palatinum l:4:0:0

Pterygoidea 0:7:2:3

Praeoperculare 0:l:0:0

Operculare l:0:0:0

Symplecticum 0:0:2:l

Hyomandiulare 0:l:0:0 0:2:0:0 0:0:l:0

Keratohyale l:3:0:l

Urohyale 2:9:3:4
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A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D

Branchialia 0:0:0:l 0:0:l:0 0:l:l:2

Branchiostegale 1:11:1:2

Viscerocranium 
unspec.

0:0:0:2 0:0:0:4

Shoulder girdle

Posttemporale 0:0:0:l 0:0:0:l 2:4:3:11 l:0:l:0

Supracleithrale 0:10:4:5 0:l:3:0

Cleithrum 0:4:0:0 3:2:1:2

Vertebrae 2:31:17:21 1:7:6:12 2:13:6:9 3:3:4:168 22:153:98:223 175:637:485:743 2:3:0:3 636:1063:922:1493

Others

Os anale 10:46:24:47

bone unspec. 2:

Total 72 38 31 178 682 2189 8 4333

Table 61. The distribution of flatfishes (=plaice / flounder / dab + turbot / brill) and gadids (cod etc.) in floor 
layers 1-3 in dwelling A64, Nivå 10. The differences between all three floor layers and between layers 1 and two 
are statistically highly significant ('/2 test, P «< 0.00001); the difference between layers 2 and 3 is less signifi
cant (P - 0.007).

flatfishes gadids ratio flatfishes/gadids

floor 1 660 235 2.8

floor 2 1133 915 1.2

floor 3 958 611 1.6
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Aaris-Sørensen & Andreasen 1995). Fur-bearing ani
mals are richly represented and include pine marten, 
otter, fox, grey seal and a further species of seal, most 
likely harp seal. A single porpoise bone provides addi
tional evidence of the exploitation of marine mammals.

Table 62 shows that the most frequent species 
were found outside as well as inside dwelling no. 2 
(A64), and mostly in all three floor levels. Beaver 
bones are, however, missing from level 1 and seal 
bones from level 2 even though this is the level with 
the most bones.

Representation of mammal skeletal elements.
Table 62 shows the representation of skeletal elements 
of the different mammal species, specified for the in
dividual structures on the site. Looking at the most 
frequent species: roe deer, red deer and swine, it is ob
vious that entire carcasses are represented inside the 
dwelling (roe deer also in pit 69). Thus, it was not 
only the butchered parts of these large mammals that 
were taken indoors, nor do the bones derive from furs 
or skins inside the dwelling.

In floor level 2, which yielded the largest number 
of mammal bones, the minimum number of individu
al red deer was 2, and of roe deer 3 (based on skeletal 
element and adult/juvenile representation).

The numbers of bones from fur-bearing animals 
are modest, but there are no indications of differ
ences between the dwelling and the other fractions 
of the material, indicating entire carcasses inside 
the dwelling. The bone elements from beaver derive 
from at least two individuals found in floor layers 2 
and 3, respectively. Three dog vertebrae belonging 
together were found in floor layer 2.

Size of mammals
Swine

Only a few bone fragments of swine lent themselves 
to measuring. As mentioned above, all swine bones 
are assumed to be from wild boar, and the few meas
urements made support this assumption, with the 
possible exception of one upper M3 which is relative
ly small (Fig. 104). Of the remaining measurements, 
an upper Mi definitely lies in the upper end of the size 

range (Fig. 100), whereas distal widths of tibia and hu
merus lie ca. in the middle of the size range among the 
studied sites (Fig. 106). A measured calcaneus is the 
third largest among all those measured.

Roe deer

Two roe deer astragali were measurable and fall in the 
group interpreted as males (Fig. 126). As shown in 
Fig. 128, the roe deer scapulae from Nivå 10, like those 
from Nivågård, are generally larger than those from 
Østenkær. The two measured roe deer humeri from 
Nivå 10 likewise fall within the size range found at 
Nivågård (Fig 129).

Age of mammals
Swine

Only five fragments were suitable for age analysis; 
they are from piglets, yearlings and subadults (Fig. 
108).

Red deer

Only one mandible (floor level 2, dwelling A64) al
lowed an age estimate. Having M3 erupting it could 
be aged to ca. 2 years (ca. 19 months using side-by- 
side comparison with recent material).

A radius from floor level 2 seems to be from a ca. 6 
month-old individual (side-by-side comparison with 
recent material).

Roe deer

Based on tooth eruption and tooth wear, roe deer 
spanning the age spectrum from max. 10 months to 
5-9 years were killed at Nivå 10. Four out of eight age 
determinable fragments are from individuals at least 
five years old. One mandible from floor level 3 (dwell
ing A64) has the permanent premolar teeth P2 and P3 
erupted but unworn. Side-by-side comparison sug
gests that this roe deer was slightly younger than an 
18% month-old recent one.

There are 13 bone fragments with unfused epiphy
ses indicating juvenile/aborted roe deer, including 
fragments of scapula and tibia from dwelling no. 2 
(A64) which are smaller than those of a recent roe 
deer foetus collected in early April.
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Table 62. Nivå 10, mammals, distribution of skeletal elements of selected species in dwelling no. 2 (A64) (D) and pit A69 (P, only 
roe deer, red deer and swine). Some species names are simplified, for full English, Latin and Danish names see Table 5. Entries for 
dwelling no. 2 are given in the form A:B:C:D where A = no. of bones found in floor level 1, B = do. in floor level 2 : C = do. in floor 
level 3, D: no. of bones not referred to a floor level. Numbers preceded by a slash (J) indicate tentative identifications.
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D D D D D D D D D D D P P p

A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D

Head

Cornu 0:l:0:0 0:l:0:l l:l:0:0

Calvarium 0:0:l:0 0:2:0:0 l:0:0:0 1:7:7/7:1 0:0:1/1:0 0:l:0:0 1

Mandibula 0:4:l:0 0:2:6:0 0:2:4:0 2/2

Dentes 0:0:2:0 0:0:2:0 0:0:l:0 0:2:0:0 4:0:0:0 0:4:6:0 3:0:2/l:0 2:2/l:4:0 4 1

Trunk

Vertebra 
cervicalis

0:l:0:0 0:l:0:0 0:0:l:0 5:1:4/1:4 0:/l:0:0 2:0:0:0

V.thoracalis 0:3:0:0 6:2:1/1:5

V.lumbalis 0:l/l:0:0 3:2:1:1 0:2:l:0 0:/l:l:0 1

V.caudalis 0:0:0:l

V.unspec. 0:/l:0:0

Costa 0:l/6:0:0 l:l:0:0 /l:l/3:l:0 4

Sternum 0:2:0:0

Scapula 0:l:l:l 1

Pelvis 0:2:l:l 0:2:0:0

Limbs

Humerus 0:0:l:0 l:0:2:0 0:3/l:0:0 0:l:0:0

Radius l:0:2:0 0:0:3:0 l:2:2:0

Ulna l:0:0:0 0:l:l:0 0:l:0:0 1
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A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D A:B:C:D

Carpale 0:0:3:l 0:0:2:0 1

Metacarpale 0:10:3:0 0:l:l:0 0:0:2:0 2

Femur 2:3/1:14/1:0 0:2:0:0 7

Tibia 0:2:0:0 0:4/l:3:l l:l:l:0 /2

Fibula 1

limb bone 0:/2:/l:0 0:1/1:/
unspec. 10:0

Patella 0:l:0:0 l:0:0:0 1

Astragalus 0:l:l:0 1

Calcaneus 0:l:0:0 0:0:l:0 0:3:0:0 0:0:l:0 3

Tarsale l:0:4:l 0:0:l:0 0:0:l:0

Metatarsale 0:l:0:0 0:0:/l:0 0:l:5:0 0:0:l:0 3

Metapodium 0:0:2:0 0:l:0:0 3:2:5:1 l:l:0:0

Sesamoid 0:l:0:l 0:0:l:0 2 2

Phalanx 1 0:l:0:0 0:l:0:0 l:0:0:0 3:4:1:1 0:l:2:l 7 1

Phalanx 2 0:l:0:0 0:l:3:0 l:0:l:0 0:l:0:0 2 4

Phalanx 3 0:l:0:0 l:2:2:0 0:l:0:0 0:0:0:l 4

Total 2 16/6 3 9/2 6 7 5 1 178/17 45/18 25/1 45/4 4 7
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Discussion

The inhabitants at the Kongemose culture settlement 
Nivå io exploited a wide range of marine and terres
trial animals.

Fishing
The very large fish bone material clearly shows that 
marine fishing was most important, with flatfishes, es
pecially flounder, and gadids being the main target 
species. Flounder favour brackish water and this spe
cies was probably abundant in the shallow inlet Nivå 
Fjord, which was probably brackish, in particular in 
its inner parts. Inside the dwelling (A64) there is a 
significant difference between the three floor layers 
regarding the frequency of the main fish species, 
gadids being relatively more frequent in layer no. 2. 
Herring fishing is also worth mentioning. The fresh
water fishes in the material might possibly have been 
caught in the inlet, because the species represented all 
tolerate brackish water.

Fishing certainly took place near the shore, as evi
denced by coastal species like bull-rout, small indi
viduals and cod. There are, however, larger cod as 
well (up to ca. 90 cm) indicating that fishing also was 

conducted on deeper water. In this respect the fishing 
from Nivå 10 (Kongemose culture) resembles that 
from nearby Nivågård (Kongemose-Ertebølle, see p. 
227) and differs from the typical fishing during the 
Ertebølle culture, including fishing from settlements 
at the neighbouring inlet at Vedbæk, where the ma
jority of cod were 25-35 l°ng> and the largest were 50- 
60 cm long (Enghoff 1994).

The most spectacular fish finds from Nivå 10 are 
bones from a large sturgeon in floor layer 1 in the 
dwelling (A64), and bones from tuna. These large 
fishes are known only from very few other Danish 
Stone Age sites (see chapter 9).

Exploitation of birds
The very poor bird bone material is likely to be a re
sult of poor conditions of preservation. It is, however, 
remarkable that the bones that are present are all from 
smaller birds.

Exploitation of mammals
Fur hunting was apparently important at Nivå 10, as 
indicated by bones from beaver, pine marten, otter 
and fox (and seals). There are however, fewer species 
of fur-bearing animals than on contemporaneous 

Nivå 10, n = 600

Fig. 79. Relative importance of fur-bearing animals, 
terrestrial meat animals, marine meat animals and others 
in the osteological material from Nivå 10 (based on NISP, 
n = 600).

66%

Nivå 10, n = 505

Bred deer

■ roe deer

□ swine

Fig. 80. Relative importance of red deer, roe deer and 
swine in the osteological material from Nivå 10 (based on 
NISP, n= 505).
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sites in Jutland, due to the fact that several species 
had become extinct on Zealand in the Atlantic chrono
zone (Aaris-Sørensen 1980b). Cutmarks were ob
served on some of the ‘fur’ bones, including a beaver 
humerus.

Terrestrial meat animals dominate as usual (Fig.
79) . Of the large terrestrial meat animals, roe deer, red 
deer and wild board were hunted. As is the case at 
nearby Nivågård, roe deer bones are much more nu
merous at Nivå 10 than red deer ones; there are more 
than three times as many from Nivå 10, see Figs 74 and
80) . This is in line with the findings of Friborg (1999) 
from the Lollikhuse, N Zealand (Ertebølle-Early Fun
nel Beaker culture), where roe deer bones constituted 
51% of identified mammal bones and red deer 36%. 
The material shows that male roe deer were hunted 
and that most of the roe deer were 5 years old or more 
when killed - maybe males of a certain age were tar
geted in order to obtain stout antlers?

Artefacts
Several fragments of tools made from bone or antler 
were found, but many were strongly worked and the 
species of animal could not be determined. Excep
tions include:

• A fine bodkin, reconstructed from three fragments 
(of the proximal part of a roe deer metacarpus with 
part of the proximal articulating surface preserved.

• The tip of a pressure tool made from a red deer ant
ler point (floor layer 2 in the dwelling A64).

Indicators of seasonal activity
There are only few indicators of season in the Nivå 10 
material. Only one bone of a seasonal fish, mackerel, 
was found (outside the dwelling). Like the mackerel, 
the small cod, which were found especially in floor 
level 3 in the dwelling, suggest fishing during the 
summer half-year.

Some hints to season can be gleaned from the 
many fragments of deer:

• Two fragments of aborted or newborn roe deer were 
found in floor level 2 in the dwelling A64. This

Nivå 10 seasonality

Fig. 81. Nivå 10, indicators of seasonality. Indicators from 
periphery to centre: mackerel (blue, solid); tuna (blue, 
chequered), fur-bearing animals (light brown); red deer, 6 
months old (red); red deer, 19-24 months old (red, 
chequered); roe deer, newborn (green); roe deer, 18 
months old (green-white chequered); roe deer, attached 
antler (green-black chequered),

fawn/foetus was smaller than a recent roe deer foe
tus collected in April.

• Three frontal bones with antlers of roe deer in the 
material were found in the dwelling (A64), two of 
them could be assigned to floor level 2. These roe 
deer must have been killed between spring and 
early winter.

• A roe deer mandible from floor level 3 is from an 
individual slightly younger than a recent, 18^ 
month-old one and may suggest autumn hunting.

• A red deer mandible from a ca. 19 month-old red 
deer, and a red deer radius from a ca. 6 month-old 
one, both from floor level 2, suggest late autumn/ 
early winter hunting, since most red deer calves are 
born in June.

Specimen X7321 (A64, level 7) is from a young beaver 
where the upper deciduous premolar has been shed 
and the permanent premolar is in wear. The decidu
ous premolar of beaver is shed at an age of ca. 10 
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months during February-March (Hatting 1969b) and 
the specimen at hand seems to come from an individ
ual not much older than that, providing a summer 
indication.

Summarising, the Nivå 10 material contains clear 
indications of activity during spring/summer, specifi
cally early spring (floor level 2). In addition, activity 
during late autumn/early winter is indicated (floor 
levels 2 and 3). See Fig. 81.

Indicators of habitat types
The fishes include marine species as well as fresh wa
ter and migratory ones. Almost all the species, how
ever, tolerate brackish water and may have been 
caught in Nivå Fjord. Possible exceptions are pollack, 
which requires quite a high salinity for spawning 
(Muus and Dahlstrøm 1964) and tuna (which could, 
however, have entered the inlet by mistake).

Beaver indicates lakes or freshwater streams near
by. Otter may have been hunted at the same places, 
but this species could also have lived along the inlet.

Pine marten indicates nearby forests. Deer and 
wild boar also indicate forest, preferably with open 
areas.

Marine mammals (seals, porpoise) indicate non- 
brackish sea water (cf. pollack and tuna).

7.3 Italiensvej, a pilot excavation with 
unique fish remains (Z.M.K. 2/2004)

A pilot excavation of the site Italiensvej (Kongemose 
culture) on the small island of Amager in Copenha
gen resulted in a material of ca. 50 fish and mammal 
bones which were identified by the author. While this 
excavation by no means fulfils the criteria adopted for 
the “newly studied sites” in the present paper, the re
sults are quite remarkable as far as the fishes are con
cerned, see Table 52.

There were less than a dozen fish bones in the ma
terial, but they represent no less than six species, in
cluding three very large species: sturgeon, tuna and 
swordfish (Figs 82-84). The finds of sturgeon and 
tuna are the first Danish Stone Age finds of these spe
cies.

Fig. 82. Two fragments of sturgeon scutes from Italiens
vej. - Scale units 1 mm.

Fig. 83. A tuna vertebra from Italiensvej. - Scale units 1 
mm.

P !■■ 111Ll| UUlir! 11^.111111J..111111 !! 1111-LU111I i H ■ I.

Fig. 84. A fragment of vomer from swordfish found at 
Italiensvej. - Scale units 1 mm.
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Tuna was known from 15 subfossil finds in Den
mark. Those that can be dated with certainty are all 
medieval. Sturgeon was known from 10 finds from 
Iron Age, Viking Age and the medieval period. 
Swordfish is a rare visitor to Danish waters and was 
previously known from two subfossil finds, both from 
Kongemose culture.

The mammals from the pilot excavation at Italiens- 
vej (Table 54) are unremarkable. Unfortunately, the 
site has now been turned into a beach park and is un
available for further study.

7.4 Previously studied sites in Northern 
Zealand

Sites at the previous inlet Vedbæk Fjord

As mentioned in the introduction to the North Zea
land region, there was an inlet, Vedbæk Fjord, at Ved
bæk about 20 km north of Copenhagen during the 
Atlantic chronozone. Several settlements situated 
along the coasts of Vedbæk Fjord were excavated 
and/or re-analysed in connection with the ’’Vedbæk 
project” from 1974 onwards (E.B. Petersen in prep., 
Petersen et al. 1976,1977,1982). The project was head
ed by the Prehistoric Archaeology at the University of 
Copenhagen in collaboration with the National Mu
seum of Denmark and the Zoological Museum (Uni
versity of Copenhagen). Sea level changes in the area 
were studied by Christensen (1982,1995, 2001).

The mouth of the inlet was originally broad, but in 
the course of the Atlantic and early Subboreal chrono
zone (around 6000 cal yr BC) it was quickly narrowed 
by a developing beach ridge across the original open
ing, leaving only a narrow gap at its southern end, 
where the small stream, Maglemoserenden, nowadays 
has its outlet. The opening was blocked around 3000 
cal yr BC (E.B. Petersen in prep.) and eventually 
closed completely. Studies on the site Magleholm, 
which lay on an island in the inner part of the inlet, 
showed that this site changed into a fresh water system 
around 2500-2400 cal yr BC (Christensen 1982,1995).

About 40 settlements, spanning the period ca. 6450 
to 3600 cal yr BC, have been recognized along Vedbæk 

Fjord. They span the range from middle Kongemose 
over Ertebølle into early Funnel Beaker culture and 
thus allow studies of temporal change including that 
associated with the Mesolithic-Neolithic transition. Ar- 
chaeozoological results from nine of the sites at Ved
bæk Fjord are summarised and discussed here.

Fish bones from Vedbæk Boldbaner were pub
lished by Rosenlund (1976); fishbones from Stationsvej 
17-19, Vænget Nord, Maglemosegårds Vænge, Henrik- 
sholm-Bøgebakken, Maglemosegård and Magleholm 
were studied by the author (Enghoff 1983,1994). Fish 
bones from Gøngehusvej 7 have also been studied by 
the author and the results are published here for the 
first time. Remaining animal bones from most of the 
sites were identified by Aaris-Sørensen (1980a and un
published lists in the Z.M.K. archive). Ljungar (1996) 
reviewed identifications of bird bones from the sites. 
Aaris-Sørensen & Andreasen (1995) published lists of 
small mammals from several sites at Vedbæk Fjord.

Excavations on Stationsvej 17-19, Vænget Nord, 
Gøngehusvej 7, Maglemosegårds Vænge, Henriks- 
holm-Bøgebakken, Maglemosegård and Magleholm 
were systematic and included wet sieving through a 
3.5 mm mesh. These sites were excavated 1974-1990 
under the supervision of E. Brinch Petersen, the Saxo 
Institute, University of Copenhagen, except Maglem
osegårds Vænge.

Information regarding radiocarbon datings from 
the Vedbæk sites is from E.B. Petersen (in prep.) un
less otherwise indicated. E.B. Petersen (in prep.) pro
vided a detailed discussion of the Vedbæk sites and 
argued that the long occupation at Vedbæk reflects 
the behaviour of a group of people who were living as 
collectors, fishermen, fowlers, gatherers and hunters 
in the upper part of the Øresund region and who 
changed their place of residence from one side of Øre
sund to the other according to the ecological prosper
ity of either side.

Vedbæk Boldbaner (Z.M.K. 113/1945)

This settlement on a small island off the south coast 
of Vedbæk Fjord was excavated 1944-46 by Th. 
Mathiassen (Mathiassen 1946) and later (1976) by 
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P.V. Petersen (P.V. Petersen 1977). The excavated ob
jects are partly from settlement layers, partly from 
refuse layers. No sieving was done. The artefacts in
clude pointed hazelwood stakes and tools, including 
bone tools.

The artefacts are mainly from middle and late 
Kongemose culture (E.B. Petersen, in prep.). Three 
radiocarbon datings based on wood samples are avail
able: K-3167, K-6244 and K-1303, spanning the inter
val 6244-5483 cal yr BC. In addition a bone from 
ringed seal was dated to 5624-5477031 yr BC (LuS- 
7688) (information regarding the seal bone is from 
the Z.M.K. archive).

The animal bones were identified by M. 
Degerbøl (fishes, however, by Rosenlund 1976) 
and re-examined by Aaris-Sørensen (1980a).

Stationsvej 17-19 (Z-M.K 33/1987)

A settlement on a peninsula at the northern coast 
near the mouth of Vedbæk Fjord. Some samples 
were sieved through a 1.5 mm mesh. The bone ma
terial derives from primary settlement layers dat
ing from the Kongemose culture. Four radiocar
bon datings are available, spanning the interval 
from 6457 to 4688 cal yr BC (K-4959, K-4714, 
K-4960, K-4962). Mammal bones and a few of the 
bird bones were identified by U. Møhl (unpub
lished lists in the Z.M.K. archive).

Vænget Nord (Z-M.K. 40/1980)

This settlement is on an island off the south coast of 
Vedbæk Fjord (Jensen & Petersen 1985). The material 
has mainly been dated to middle Kongemose culture. 
Seven radiocarbon datings are available from the set
tlement layers, spanning the interval from 6425 to 
5536 cal yr BC (K-2907, K-2908, K-2909, K- 4970, K- 
3520, K-3519, K-3518). Remains of four dwelling struc
tures have been recognised at this site (E.B. Petersen 
in prep.). After 5500 cal yr BC the island must have 
become completely submerged. After the disappear
ance of the island the area seems to have been used as 
a fishing ground, as indicated by a number of hazel

wood stakes radiocarbon dated to 5611-5218 cal yr BC 
(K-4963) (E.B. Petersen in prep., recalibrated by the 
author). A wooden dugout from an even younger 
layer above the island has been dated to ca. 4300 cal 
yr BC (Christensen 1990, E.B. Petersen in prep.).

Gøngehusvej7 (Z.M.K. 29/1987)

This settlement is situated in an exposed location on 
the land-side of the beach ridge building up across 
the outermost opening of the inlet. A dwelling struc
ture (6 x4 m) has been recognised. The present au
thor took part in the excavation in 1990. The animal 
bones derive from excavations of two adjacent areas 
covering a total of ca. 216 m2. Material from one pit 
was fine-sieved through consecutive meshes down to 
and including 0.5 mm. Fish bones were found in sand 
layers and were generally poorly preserved. In some 
squares fish bones were present as a porridge-like 
substance which could not be collected. Out of 3231 
fish bones from the fine-sieved pit 91% were burnt 
grey to white, meaning that they had been exposed to 
flames in the centre of the fire (Nicholson 1995). 13 % 
of the fish bones from outside the pit are burnt as 
well. The bones were found in a cultural layer from 
where three radiocarbon datings (K-5105, K-6856 
and K-6857) are available. They span the interval 
from 5840 -5370 cal yr BC and thus date the bone 
material to latest Kongemose culture. Three other ra
diocarbon datings from the site are known (K-6857, 
AAR-4457, K-5992, K-5101). Fishing from Gøngehus
vej 7 (Enghoff 1998b) fits into the general picture of 
fishing from the sites at Vedbæk Fjord: mainly ma
rine, with gadids and flatfish most important. The 
high number of pollack bones (2.4 % of identified 
fish bones) is a special feature of Gøngehusvej 7. The 
sizes of cod (Fig. 85) and plaice/flounder/dab 
(Fig.86) are similar to those found at other sites at 
Vedbæk Fjord. A few vertebrae are from a large tur
bot (at least 80 cm long). Mammal and bird bones 
from this site have not been analysed in general. 
Apart from the fish bones, only a few bones found in 
graves have been identified, including a complete 
dog skeleton and bones from mallard and a corvid
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Gadus morhua, Gøngehusvej 7 (n = 122)

Fig. 85. Size-frequency diagram for cod caught from Gøngehusvej 7.
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Fig. 86. Size-frequency diagram for plaice/flounder/dab caught from Gøngehusvej 7.
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bird (Nyegaard & Rosenlund unpublished [1990], 
Z.M.K. archive). One of the graves could be season
ally fixed to ca. September based on a 3 month-old 
roe deer (Petersen & Meiklejohn 2003).

Maglemosegards Vange (Z-M.K. 121/1977)

This settlement is on a small peninsula at the south 
coast of the inlet. Excavated 1976-1979 under the su
pervision of P. Vang Petersen, the National Museum 
of Denmark. The bone material studied here has been 
dated to the Kongemose/Ertebølle transition. Fifteen 
radiocarbon datings are available from the site but 
not all are relevant to this study. Some datings are 
from settlement layers and others from geological lay
ers K-3262, K-3263, K-3264, K-3173, K-2733, K-3172, 
K-3171, K-2725, K-3174, K-3205, K-3169, K-2724, 
K-3168, K-2722, K-4336). The two last mentioned are 
from dugout canoes. All in all they are spanning the 
interval ca. 6210 - 3995 cal yr BC.

Henriksholm-Bøgebakken (Z- M.K. 127/1976)

Here, a settlement and burials were situated on a pro
truding headland at the north coast of the inlet. This 
site is famous for the large burial place, where 19 
graves have been studied (Albrethsen and Petersen 
1977). Time range for the burials at Henriksholm- 
Bøgebakken span at least ca. 5500 to -4700 cal yr BC, 
or middle/late Kongemose to early/middle Ertebølle 
culture (E.B. Petersen in prep.). The bone material 
was recovered from a waterlogged refuse layer in front 
of the settlement and has been dated to early Erte
bølle culture. Four radiocarbon datings (K-2880, 
K-1829, K_i828, K-1844) are available and span an in
terval of 5478 - 4491 cal yr BC. Albrethsen & Petersen 
(1977) published a list of mammal species from the 
site.

Maglemosegard (Z.M.K. 120/1977)

This settlement is on the south coast of the inlet. Most 
of the bone material is from a shell midden, but some 
is from the settlement area outside the midden or 

from a waterlogged refuse zone (Aaris-Sørensen 
1980a, Enghoff 1983, 1994). Radiocarbon datings of 
ten wood samples range from 5482 - 3646 cal yr BC 
(K-3212, K-3213, K-3211, K-2904, K-3214, K-3374, 
K-3375, K-2906, K-2905, K-3517) (E.B. Petersen in 
prep., Aaris-Sørensen 1980a). Although the time span 
includes the early Neolithic, the entire animal bone 
material is from earliest Ertebølle culture.

Magleholm (Z.M.K.2/1980)

This settlement is on an island in the innermost part 
of the inlet. The bone material is from an offshore 
refuse zone. Most material is from late and latest Erte
bølle culture (Mesolithic), but some is from Funnel 
Beaker Culture (Neolithic), i.e. from the time just be
fore the inlet became isolated from the sea. The few 
bird bones were not identified and mammal bones 
were identified by P. H. Jensen under the supervision 
of K. Aaris-Sørensen. Five radiocarbon datings are 
known (not all are relevant to this study), all in all 
spanning the interval 5470 - 2574 cal yr BC (K-3148, 
k'3t49’ 3i5°> K'3r5r’ K-4178).

Discussion of the Vedbæk sites

Sieving (3.5 mm mesh) has been employed on all Ved
bæk sites except Vedbæk Boldbaner. This increases 
the value of the bone material; for instance, fish bones 
are abundant.

Aaris-Sørensen (1980a, 1980b, 1982) published 
several papers on the Stone Age fauna at Vedbæk 
Fjord. However, his emphasis was on faunal history, 
and his analyses do not include quantitative assess
ments of the importance of each animal species on the 
Vedbæk sites.

Aaris-Sørensen (1980b) pointed out the scarcity of 
bird bones on the sites examined by him, ascribed the 
small numbers of bird fragments to taphonomic loss 
and underlined the apparent paradox: that the largest 
bird bone material comes from Vedbæk Boldbaner, 
the only site without sieving. For example, only 46 
bones fragments out of ca. 24,000 from Maglemoseg- 
ård are thus from birds. However, species diversity is 
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high: the 108 bird bone fragments from the four sites 
studies by Aaris-Sørensen represent at least 15 species. 
The majority of bird bones are from seabirds, which is 
unsurprising considering that all the sites were coast
al. The absence of alcids may be noted. In addition to 
seabirds there are buzzard and capercaillie indicating 
forest, and also crane and Dalmatian pelican indicat
ing wetlands and lakes (Aaris-Sørensen 1980b).

Like birds, small mammals are only scarcely repre
sented in the Vedbæk bone samples (Aaris-Sørensen 
& Andreasen 1995). Hedgehog, beaver, various spe
cies of mice, fox, pine marten, otter and wildcat are 
present. In contrast, other carnivores, bear, polecat 
and badger, are missing - species which are thought 
to have become extinct on the island of Zealand at 
that time (Aaris-Sørensen 1980b). One fragment of 
bear was found at Henriksholm-Bøgebakken; it is, 
however, a tooth pearl which may have been import
ed to the site. At the same site a bear mandible was 
found in a grave, and its provenance is similarly un
certain (Aaris-Sørensen 1998).

Marine mammals were hunted at Vedbæk to a cer
tain extent, as evidenced by seal bones at most of the 
sites. Grey seal was the most important species, but 
ringed seal and harp seal have also been found. In ad
dition there are bones from porpoise at several sites 
and - as an exotic element, an unspecified dolphin 
(Delphinus delphis/Stenella sp.) from Magieholm (K. 
Aaris-Sørensen & P.H. Jensen unpublished [1985], 
Z.M.K. archive).

Hunting for “big game” (roe deer, red deer, swine) 
took place from all Vedbæk sites, in agreement with 
the general pattern for the period. The only site from 
where mammal fragments have been quantitatively 
assessed is Stationsvej 17-19. At this site, most frag
ments are from red deer, roe deer is almost equally 
abundant, whereas there are only half as many frag
ments from swine. Aurochs and elk are not represent
ed, except for tooth pearls - these species became ex
tinct as Zealand became an island (Aaris-Sørensen 
1980b, 1998).

Fish remains from the Vedbæk Fjord sites were 
studied by Enghoff (1983, 1994, 1995), except for the 
small (23 fragments), old, unsieved material from 

Vedbæk Boldbaner. As is evident from Table 52, 
gadids (especially cod) and flatfishes (especially 
flounder) dominate the Kongemose and Ertebølle 
culture fisheries at Vedbæk Fjord. The relative fre
quencies vary between sites, however: Gadids are 
most frequent at Stationsvej 17-19, Gøngehusvej 7, 
Henriksholm Bøgebakken and Magieholm (Meso
lithic); gadids and flatfishes are about equally abun
dant at Vænget Nord and Maglemosegård, whereas 
flatfishes top the list from Maglemosegårds Vænge. 
The relatively high frequency of pollack bones at 
Gøngehusvej 7 is remarkable. A characteristic feature 
of the Vedbæk Fjord fish bone samples is the gener
ally quite high frequency of remains from spurdog. 
Also thornback ray, a second cartilaginous fish, has 
been found at several of the sites. Herring was found 
on most of the sites, albeit in modest numbers, de
spite the proximity of Øresund which, during certain 
periods (notably the Medieval), has been an extreme
ly rich herring fishing ground. Seasonal fishes (gar
fish, mackerel) were found at all Vedbæk sites (except 
Vedbæk Boldbaner) and fragments of them were es
pecially abundant at Henriksholm-Bøgebakken. Eng
hoff (1994) analysed cod otoliths from Maglemose
gård and found that they, like garfish and mackerel, 
indicated summer fishing. Fishing of marine species, 
including those mentioned above, strongly dominate 
the Vedbæk Fjord fishing, but small-scale fishing for 
freshwater fishes (pike, roach, rudd, bream and perch) 
also took place. The migratory eel is also frequent and 
has been found on all Vedbæk sites studied. The find 
of whitefish (a migratory or freshwater species) at 
Maglemosegård is remarkable, as this species does 
not occur around Zealand nowadays.

The Vedbæk Fjord sites cover a period from early 
Kongemose culture to early Funnel Beaker culture, 
and the changes in fishing patterns during this period 
can be followed (for birds and mammals, such analy
ses are impossible because there are so few bird bones 
and a quantitative assessment of mammals is lacking). 
The fishing pattern outlined above, with strong domi
nance of gadids and flatfishes, and a regular element 
of eel fishing, remains roughly unchanged through 
the Kongemose and Ertebølle culture periods at the 
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settlements at Vedbæk Fjord. The numbers in Table 
52 appear to show a higher importance of herring 
during the Kongemose than during the Ertebølle pe
riod; however, the sites with many herring bones are 
exactly those where subsamples have been sieved 
through meshes finer than 3.5 mm, and the differences 
can therefore not be interpreted as representing 
changes in the fishery.

One of the sites, Magleholm, also contains Neo
lithic (early Funnel Beaker) material. There are not 
many animal bones in these layers, but the presence of 
sheep and goat shows that domestic animals had ap
peared at the Vedbæk Fjord scene at that time. It is 
also clear that fishing for some of those species which 
were important in the Mesolithic, gadids and spurdog, 
continued into the Funnel Beaker cultural period.

All age groups of the human population are repre
sented in the burials (spanning 6000-4700 ca yr BC) 
at Henriksholm-Bøgebakken at the Vedbæk inlet, 
showing that the Vedbæk Fjord area was inhabited by 
family groups of people and was not only visited by 
fishing and hunting expeditions of males (E.B. Pe
tersen in prep.).

Bloksbjerg (Z- M.K. 37/1982): a site at the previous inlet 
Ordrup Fjord

During the Atlantic period there was a small inlet, Or
drup Fjord, at Klampenborg. Several settlements 
were situated along the crooked coastline of this 
Fjord. From one of these, Bloksbjerg, a considerable 
material of artefacts and animal bones was excavated 
during 1919 and 1921-23 by E. Westerby, from settle
ment layers on dry land and refuse layers on wetland. 
The Bloksbjerg settlement was placed on a ca. 400 m 
long island in Ordrup Fjord. See Westerby (1927) and 
Knudsen (1982).

Based on geological studies (by K. Jessen) and on 
artefacts this find has been dated to late Kongemose 
and early Ertebølle culture. One radiocarbon dating 
on a harp seal bone indicates 4033 - 3797 cal yr BC 
(Poz-20975) (Bennike et al. 2008).

Excavation was systematic, and bones were recov
ered by hand collecting. The bones are extraordinarily 

well preserved; this is particularly true of the fish bones 
which feature, e.g. preserved cartilaginous carinae on 
spurdog vertebrae, cf. also the spurdog jaw fragment 
mentioned below. There can be no doubt that if sieving 
had been employed at this site, a fantastic and repre
sentative material would have been obtained.

Animal bones were partly found in pits, partly on 
the settlement surface outside the pits. Stone pave
ments were observed on the settlement, as well as a 
grave with a human skeleton. Numerous tools made 
from antler and animal bones were found, including 
axes, chisels, harpoons, flint edge spears, ulna dag
gers and bone points, needles (including one with 
points in both ends - perhaps used as a fishing gorge) 
and a single fishing hook. Several ornamented bone 
tools were found, including a ca. 30 cm long tool with 
a cross-hatch pattern, made from material that West
erby could not identify (Westerby 1927: fig. 35, p. no). 
Several years later, when the material was deposited 
on the Zoological Museum, the tool material was 
identified by U. Møhl as the “sword” of a swordfish 
(Andersen 1995, P.V. Petersen 1996). About 30 pointed 
wooden stakes were found, some of which were still 
standing driven into the sediment - probably remains 
of fish weirs.
Most mammal bones were identified by E. Westerby, 
M. Degerbøl identified problematical mammal bones 
and bones from pond turtle and sharks, R. Hørring 
identified bird bones and H. Winge identified cod 
and flatfishes. The fish bones were re-studied by the 
present author who found several species which had 
not been recognized previously (Table 52). The re
study also revealed a piece of oral cartilage/jaw from 
spurdog with two teeth still in situ, remains of a type of 
shark never seen before by the author.

An attempt was made to quantify the amount of 
mammal bone fragments, based on the description 
given by Westerby (1927). However, Westerby did 
not give exact numbers for several species (swine, 
roe deer, red deer); he merely noted “bones abun
dant” and mentioned some selected fragments. 
Hence the entries of the type “>>n” in Table 54. 
Westerby (1927) noted that the few teeth from do
mestic animals found at the site probably represent a 
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mixture of later material rather than material from 
the settlement proper.

The fish bones are from marine species like spur
dog, cod and flatfishes, and freshwater ones like pike 
and bream. The most remarkable features of the fish 
bone material are the many remains of spurdog and 
the presence of swordfish. The bird bones are from 
waterfowl: divers, swans, several species of duck as 
well as cormorant and murre. The mammals include 
the traditional terrestrial meat animals and a rich se
lection of fur-bearing animals, notably wolf (one 
tooth, six limb bones) and beaver (many fragments). 
Two fragments were misidentified by Westerby as 
badger but are in reality from otter (K. Rosenlund 
pers. comm.). There are several species of seal and 
porpoise. A few bones from domestic animals are 
present, probably coming from the early Funnel 
Beaker culture layers on the site.

The Åmose complex

Numerous settlements have been found on the banks 
of the former lakes in the Åmose area which has been 

subject to decades of intense geological, palaeobo- 
tanical, and archaeological etc. studies since the first 
settlements were found in 1868. Noe-Nygaard (1995) 
presented an overview over previous work in the area, 
in addition to her own detailed analyses in the area 
which have the main emphasis placed on the Atlantic 
period. The settlements are “shell bearing sites” sensu 
Andersen (2007) with sediments containing shells of 
the freshwater cV<xm Anodrmtacygnea.

The two main habitation periods in the Åmose 

area were during the late Boreal to early Atlantic pe
riod and during the latest Late Atlantic to Early Sub
boreal period. During the intervening Atlantic period 
there were remarkably few settlements, probably due 
to the generally rising water level during the Atlantic 
period (Noe-Nygaard et al. 1998).

This settlement has been dated to the Early Atlantic 
period by Tauber (1970) and see also Noe-Nygaard 

(T995> T998)- Noe-Nygaard (1995, 1998) gave seven 
datings together covering an interval from 8240 to 
6013 cal yr BC (Noe-Nygaard 1995: table 1,1998: table 
1). Kongemose was excavated in 1955 by S. Jørgensen 
and K. Andersen. Sediment was sieved, but the mesh 
size is unknown. The archaeological material has 
been assigned to late Kongemose culture, and the set
tlement is the oldest known inland settlement con
taining elements from early coastal cultures (Noe- 
Nyegaard 1995). The settlement was located on a 
peninsula. Most of the bone material is from near
shore and offshore lacustrine sediments off the settle
ments, where refuse was dumped, and is in excellent 
state of preservation. Bones (and wood) have also 
been preserved on the former habitation area, but in a 
poor condition. The main culture layer was appar
ently deposited within a short period of time, over 
maximum 2-4 seasons. Several tools made from bone 
or antler were found.

Prastelyng(Z-M.K. 27/1987)

This late Ertebølle site dated to the late Atlantic peri
od. Noe-Nygaard (1995, 1998) quoted four radiocar
bon datings together covering the interval 4492 - 3542 
cal yr BC. The settlement was situated on a peninsula 
(Noe-Nygaard 1998). Excavated with sieving, mesh 
size unknown.

Muldbjerg I

This site is situated south of the Åmose river, almost 

on the riverbanks. Excavated by J. Troels-Smith and 
S. Jørgensen in the years 1951-1966 (Troels-Smith 
1957), sieving employed, mesh size unknown.

Dated to the Early Subboreal Period (Tauber 
1960,1966). Noe-Nygaard (1995,1998) lists thirteen ra
diocarbon datings covering the interval 3945 - 2902 
cal yr BC.

This site was originally dated to Early Ertebølle 
culture but is now considered an Early Neolithic 
site with funnel beakers, however with Ertebølle 
ceramics still in use. The site has been interpreted 
as being situated on a floating peat island, and 
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Troels-Smith (1956) as well as Noe-Nygaard (1995) 
interpreted it as having been only populated dur
ing one summer, having functioned as a stationary 
hunting camp. The Muldbjerg I site is associated 
with an inland shell midden, as are the roughly 
contemporary sites Åkonge, Nøddekonge and Vej
konge which are all situated along the Åmose river 
(sites on the Åmose lake lack shell middens).

Nøddekonge, (Z-M-K. 52/1984), Vejkonge, (Z-M.K. 
53/1984), Åkonge, (Z. M. K. 55/1984)

These three sites situated at the Åmose river were ex
cavated under the supervision of A. Fischer during 
1983-1985 (Fischer 1985, 1993). The settlements were 
excavated in % m2 squares according to geological 
strata, and part of the sediment was dry sieved through 
a 4 mm mesh (Enghoff 1994, Gotfredsen 1998). These 
sites were probably only inhabitable during summer, 
being too wet at other seasons (Pedersen 1995).

Nøddekonge has been dated to 3956 - 3661 cal yr 
BC (K-4628) (Noe-Nygaard 1998, Gotfredsen 1998), 
i.e., late Ertebølle culture. Animal bones are particu
larly well preserved and probably derive from refuse 
(Gotfredsen 1998). Remains of a fish weir have been 
found at Nøddekonge (Fischer 1985). Vejkonge has 
been radiocarbon dated to 3964 - 3673 cal yr BC (K- 
4837) (Noe-Nygaard 1998, Gotfredsen 1998), i.e. late 
Ertebølle culture. Animal bones are particularly well 
preserved and derive from refuse as well as sediments 
from the settlement proper (Gotfredsen 1998). Six ra
diocarbon datings are available from Åkonge, span
ning the interval from ca 3980 -3638 cal yr BC, see also 
Enghoff (1994). Åkonge belongs to very Late Erte
bølle culture crossing the limit to the Neolithic. Ani
mal bones are particularly well preserved and derive 
partly from a settlement area, partly from a shell mid
den and partly from the refuse zone on the bottom of 
the lake (Enghoff 1994). The inland kitchen midden 
at Åkonge contains numerous shells of the freshwater 
clam Anodonta. In the lower part of the cultural layer 
the calcareous shell as well as the organic periostra- 
cum is preserved - this part also contains numerous 
fish bones. In upper layers only the periostracum is 

preserved (A. Fischer pers, comm.) and there are few
er bones. Bones of domestic cattle have been found at 
Åkonge and these are among the oldest known in 
Denmark (Fischer & Gotfredsen 2006).

Animal bones from theÅmose sites

Fishes
Noe-Nygaard (1995) published identification of fish 
bones from Kongemose (type site), Præstelyng and 
Muldbjerg I. Bones from pike are by far the most 
abundant on all three sites. In addition there are many 
fragments of perch and cyprinids, e.g., many bones 
from bream on Muldbjerg I. Furthermore Noe-Ny
gaard identified four fragments of fishbones from 
Præstelyng and 25 from Muldbjerg I to common carp. 
Many different skeletal elements were identified to this 
species by Noe-Nygaard, including costae, although it 
is generally accepted that few skeletal elements of 
cyprinids show species-specific characteristics, the 
most useful ones being ossa pharyngea triferiora and proces
sus ossis basioccipitalis. In any case, these identifications 
are hardly correct, since common carp is not indige
nous in Denmark. Until the seventh century AD, all 
securely datable evidence of this species is limited to 
the Black Sea drainage of the Balkan Peninsula. There
after live transport and storage of wild-caught fish at 
castles and monasteries helped spread the carp to the 
Rhine watershed by the twelfth century and into the 
Atlantic watersheds of France in the 13th century (Hoff
man 1994, 1995, 2005, see also Enghoff 2000). Noe- 
Nygaard’s records apart, the oldest find of carp in 
Denmark is from 17th century Copenhagen, from where 
several bones have been identified by K. Rosenlund 
(Andersen & Moltsen 2007). A few bones from weis, 
which is now extinct in Denmark, were found on all 
three sites. Interestingly, a worked dorsal spine from 
the marine species spurdog was also found.

Fish bones from Nøddekonge, Vejkonge and 
Åkonge were identified by the author, but a quantita
tive analysis was made only for the latter site. At 
Åkonge, cyprinid bones dominate (50 % of the identi
fied fish bones), this family is represented by Crucian 
carp, tench, roach and rudd; in addition there are 
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many bones from pike and perch (Enghoff 1994, 
1995). A single fragment (articulare) of a small weis 
was also found - the majority of identified weis bones 
in Danish archaeological materials are from very large 
individuals. Salmon/trout was found at Åkonge and 
eel at Åkonge and Nøddekonge; these species were 
not found on the sites studied by Noe-Nygaard (1995).

Åkonge, where cyprinids dominate, is largely con
temporaneous with Præstelyng, where pike by far 
dominates the fish bone material. The difference may 
reflect different fisheries, but could also be due to dif
ferent excavation techniques (details not known for 
Præstelyng).

Enghoff (1994) produced size-frequency diagrams 
for pike and perch (and estimated total length for 
tench and Crucian carp) from the Åmose sites. The 
diagrams indicate favourable conditions for these 
species in the Åmose lake; the pike were 20-125 cm 

long, the majority 25-50 cm.
A combination of representation of skeletal ele

ments and size-frequency diagrams shows that whole 
small pike were brought to the settlement area at 
Åkonge, whereas heads of large pike were placed on 
the midden (Enghoff unpublished).

Reptiles
There are several finds of the thermophilous Europe
an pond turtle from the Åmose-area (Noe-Nygaard 

T995, 09^) (Gotfredsen 1998). The large amount of 
grass snake bones from Nøddekonge is remarkable.

Birds
Bird bones from Kongemose (type site), Præstelyng 
and Muldbjerg were treated by Noe-Nygaard (1995), 
those from Nøddekonge, Vejkonge and Åkonge by 
Gotfredsen (1998).

On Kongemose (type site), where conditions for 
bone preservation and excavation technique were not 
as good as on Præstelyng, 115 bird fragments were 
found, compared to 160 on Præstelyng and no less 
than 343 on Muldbjerg I. However, many of the bird 
bones, especially those from Muldbjerg I, seem to be 
from birds that died natural deaths which greatly 
hampers the archaeological interpretation. On all 

three sites, bones of waterfowl constitute an impres
sive majority. Mallard is particularly abundant al
though an overwhelming number of duck species was 
identified by Noe-Nygaard. There are also quite a 
number of bones from coot on the three sites studied 
by Noe-Nygaard, and furthermore many fragments of 
mute swan, garganey, common pochard and black 
stork on Muldbjerg I.

No less than 42 bird species have been identified 
by Noe-Nygaard from the Åmose sites studied by her 
(including the Boreal Ulkestrup Lyng site). Several 
among these are new records for the Atlantic and/or 
Subboreal chronozones or for the subfossil Danish 
fauna in general. Most of them are somehow associ
ated with water (and the majority prefer lakes with 
dense vegetation along the edge), exceptions include 
crow, red kite and black stork. Noe-Nygaard (1995) 
observed temporal changes in the bird fauna (espe
cially if Ulkestrup Lyng is included) indicating over
growing of the Åmose Lake area from Boreal to Sub
boreal time and closing of the forest around the lake 
(a larger number of species with forest affinity are 
seen at the Muldbjerg I site).

The bird bone materials from Nøddekonge, Vej
konge and Åkonge are dominated by ducks, especial

ly mallard and coot (Gotfredsen 1998). On Nødde
konge there are in addition many bones from grey lag 
goose. White-tailed eagle was found at Nøddekonge 
and Åkonge, at the latter place represented by an en
tire humerus with proximal and lateral cutmarks. The 
Nøddekonge material includes bones from spotted 
crake, the earliest find of this species from Denmark 
(Gotfredsen 1998).

Noe-Nygaard (1995) deduced, i.a., on the basis of 
the bird bones, that the human population seems to 
have used the Åmose basin and surroundings only 
during the summer season. Only at the Kongemose 
site did hunting visits take place during late autumn 
and early winter. Gotfredsen (1998) found that Nød
dekonge, Vejkonge and Åkonge were used from late 

spring to autumn. Bones from spotted crake and 
smew were not taken as evidence in Gotfredsen’s dis
cussion of seasonality since they may derive from nat
urally dead birds.

261



7 ■ NORTHERN ZEALAND SCI.DAN.B. I

Mammals
Mammal bones from Kongemose (type site), Præste- 
lyng and Muldbjerg were treated by Noe-Nygaard 
(1995), those from Nøddekonge, Vejkonge and 
Åkonge by Gotfredsen (1998). Red deer is by far the 

most common mammalian prey on all these sites 
(Noe-Nygaard 1995, 1998, Gotfredsen 1998). Noe- 
Nygaard (1995) thought that this is because it was the 
dominant species in the neighbouring habitats.

Fragments of domestic animals were found on the 
Muldbjerg I site, but are rather few in number (33 cat
tle and three sheep/goat fragments). Noe-Nygaard 
(T995) interpreted these as representing parted lumps 
of meat brought in as a food reserve until local sup
plies were established. Sixteen fragments of domestic 
cattle were found at Åkonge. The representation of 
skeletal elements suggests entire carcasses (a cow and 
a calf) on the site, i.e., not imported parts of animals 
butchered elsewhere (Gotfredsen 1998).

Rather many beaver bones were found at 
Kongemose (type site) and Muldbjerg I. At Konge- 
mose there were 194 fragments from at least 10 indi
viduals: two fully grown, six juveniles of different 
ages and two newborn beavers. At Muldbjerg I there 
were 179 fragments from at least 4 individuals: 2 adults 
and 2 juveniles. The Åmose lake basin cut by a river 
and surrounded by forest was an excellent habitat for 
beaver, which seems to have been a coveted prey on 
these sites (Noe-Nygaard 1995). It looks as if younger 
individuals (softer skin) were preferred at the 
Kongemose site (Noe-Nygaard 1995).

Many bones from otter were found on Muldbjerg 
I: 115 fragments from at least three individuals, adult 
as well as juvenile (Noe-Nygaard 1995). On the same 
site there were also many bones (229) from at least 46 
individuals of water vole. This high number suggests 
that water vole was of some use to the inhabitants. 
Although it is difficult to be sure that bones from 
these small, fossorial mammals are contemporaneous 
with the settlement, the fact that a few cutmarks were 
observed indicate that water vole was actually exploit
ed on the site (Noe-Nygaard 1995).

On Nøddekonge, Vejkonge and Åkonge smaller 

mammals like beaver, squirrel, fox, pine marten and 

otter are each represented only by one or a few bones, 
hedgehog on Åkonge being the exception with 34 
fragments from at least 4 individuals, and with cut
marks found on three bones: tibia, calvarium and 
mandibula (Gotfredsen 1998).

Gotfredsen (1998) concluded, based on the bone 
material, that the sites Nøddekonge, Vejkonge and 
Åkonge were inhabited from late spring to autumn, 
but that winter inhabitation cannot be excluded.

Bergmansdal (Z-M.K. 103/1956)

This is a settlement on the north coast of NE Zealand, 
mainly from early Ertebølle culture (Petersen & Pe
tersen 1978). The bird bone material is small and is 
dominated by marine species and raptors (Ljungar 
1996). There are only a few fish bones and only had
dock has been identified. The mammals include the 
usual terrestrial meat animals (roe deer, red deer, 
swine) as well as fur-bearing animals, seals and an un
specific cetacean. Finds of domestic cattle on this site 
are assumed to be due to later deposition (U. Møhl, 
Z.M.K. archive).

Kassemose (Z.M.K. 8/1908)

This is a shell midden at the mouth of the previous 
Arresø inlet, mainly early Ertebølle Culture (Brønd
sted 1957), excavated 1908 andigi8. The bird bone 
material is diverse, with a strong marine element and 
no less than three species of raptor: osprey, white
tailed eagle and hawk (Ljungar 1996). The fish bone 
material is very small (no sieving) and is dominated 
by cod (Rosenlund 1976). There are bones from roe 
deer, red deer and swine, many species of fur-bearing 
animals and grey seal. There are also bones from 
sheep and domestic cattle, in agreement with material 
from Funnel Beaker culture on the site (H. Winge, 
Z.M.K. archive).

Ølby Lyng (Z-M.K. 114/19 63)

This site lay on an islet at a lagoon north of Køge 
Ølby on the east coast of Zealand. The archaeological 
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artifacts belong to the Ertebølle culture. Two C14 ra
diocarbon datings spanning the interval 4447 -3714 cal 
yr BC (K-1230, K-1231) based on sticks from the refuse 
layer place the settlement in the late Atlantic chrono
zone. The animal bone material is generally well pre
served although some of the bones show superficial 
flaking or water-wear. Ølby Lyng was excavated dur
ing 1963-64 by D. Liversage, The National Museum of 
Denmark. The excavation was organised in one-meter 
squares and recognisable layers. Layers containing ar
tifacts were washed (E.B. Petersen 1970), but informa
tion on mesh size is not available. Animal bones were 
analysed by Møhl (1971) who found a relatively large 
element of marine species: several bones from seals 
(mainly harp seal) and porpoise, as well as marine 
birds including gannet and alcids (210 alcid frag
ments, probably mostly from murre) and marine fish
es, especially cod. Bird bones were revised by Ljungar 
(1996). The apparent intensive hunting for murre 
(Møhl 1971, Grigson 1986, Ljungar 1996) is a distinc
tive feature of this site. A single bone of elk (a worked 
ulna) was found but is not regarded as proof that elk 
lived on Zealand at that time. Before this find, there is 
a period of ca. 3000 years without elk finds on Zea
land, and the present one may have been imported 
from Sweden (Møhl 1971).

Klintesø (Z- M. K. 8)

This is a shell heap on the sea coast on the south side 
of Klintebjerg, a former island near Sjællands Odde 
at extreme north-western Zealand, separated from the 
mainland by an arm of the sea (= the now reclaimed 
lake Klintesø). Dated to late Ertebølle culture (Mad
sen et al. 1900, Winge 1903, Brøndsted 1957, Ljungar 
I996)-

Most noteworthy in this find is the large number 
of bones from great auk, adults as well as juveniles. 
The fish bone material is very small (old-fashioned ex
cavation, no sieving) and indicates a pronouncedly 
marine fishing dominated by cod. Garfish indicates 
fishing during the summer, and the presence of spur
dog may also be noted (Rosenlund 1976). Mammal 
hunting was traditional: red deer, roe deer, swine, 

many species of fur-bearing animals and seals. The 
seal material is interesting because in addition to the 
common grey seal, harbour seal is also present al
though this species is very rare in Danish Atlantic 
bone materials (Aaris-Sørensen 1998). There are a few 
fragments of sheep or goat, too.

Nexelø, Pandebjerg(Z-M.K. j/igig)

This shell heap on the northern end of the island Nex
elø in the Sejerø bay was excavated by the National 
Museum in 1916, dated to Ertebølle culture. The ani
mal bones were identified by H. Winge (Z.M.K. ar
chive). The bird bone material is dominated by cor
morants and swans; Ljungar (1996) revised the bird 
bone material and suggested that there was a colony 
of cormorants close by. The mammal bones indicate 
big game hunting (red deer, roe deer, swine), fur 
hunting and seal hunting. There are a few (no siev
ing) bones from marine fishes such as gadids and flat
fishes (Rosenlund 1976).

Smakkerup Huse

This is a settlement on the coast of a former fjord 
known as Saltbæk Vig on the northwest coast of Zea
land. Datings between ca. 5400 - 3800 cal yr B.C. 
place the site in the Ertebølle culture. Excavations 
took place in 1989 and again in 1995, 1996 and 1997. 
The material was found in waterlogged deposits 
along the former coastline. The settlement area on 
land has been eroded but the waterlogged deposits 
preserved a submerged midden and an insitu fishing 
and boat landing area (Price & Gebaur 2005). Exca
vated according to square meters. Artifacts and bones 
were recorded by layer and level. Sediments with cul
tural remains were water-screened through 4 mm 
meshes (Price & Gebaur 2005). The primary animal 
prey was red deer, roe deer and swine. In addition 
there are a few bones from domestic cattle, which are 
among the oldest in Denmark. There is also an ele
ment of fur-bearing animals and a certain marine 
touch in the form of seals. Bird bones are scarce; in 
addition to swans and ducks there are bones from 
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such spectacular species as capercaillie and white
tailed eagle (Hede 2005). The fishbone material is 
dominated by cod and flatfishes, but there are bones 
from freshwater and migratory fishes as well (Larsen 
2005). The presence of pikeperch is highly interest
ing, as it has often been discussed whether this species 
was ever indigenous in Denmark. The Smakkerup 
Huse find can be taken as evidence for indigenous
ness, as this site is too far away from the Baltic Sea for 
the find to be due to a vagrant specimen coming from 
there, see also chapter 7.5.

Remains of a dugout boat, fish spear points, fish
hooks and wickerwork from a fish trap were found at 
Smakkerup Huse (Larsen 2005).

Lollikhuse (Z-M.K. 23/1990)

This is a settlement on the Hornsherred peninsula, 
situated on a land spit in the previous Selsø Sund, in 
present day Roskilde Fjord. The position of the settle
ment at a narrow sound would be favourable for fish
ing. The recovered animal bones are from a kitchen 
midden overlaid by a small-scale Neolithic settlement. 
The material has been dated to Ertebølle culture and 
early Funnel Beaker culture (Sørensen 1993). Thir
teen radiocarbon datings are available, together cov
ering the interval 5285-3810 cal yr BC (±1 SD) (list in 
Z.M.K. archive). A tooth identified as sheep/goat has 
been dated to 3980-3810 BC cal. (±1 SD) (AAR-4031) 
and is among the oldest finds of sheep/goat in Den
mark (cf. Fischer & Gotfredsen 2006).

The animal bones were identified by four persons: 
Friborg (1999), Magnussen (2007), K. Rosenlund 
(unpublished [2005], Z.M.K. archive) and K. Ritchie 
(unpublished [2007], Z.M.K. archive), and it has not 
been possible to combine their results into total num
bers of fragments from each species. Nevertheless, the 
absolute dominance of roe deer, red deer and swine 
among mammals is beyond doubt - e.g., they consti
tute 96% of the identified mammal bones in M. Fri- 
borg’s share of the material. Interestingly, roe deer is 
the most frequent of the three, comprising 51% of the 
identified mammal fragments (Friborg 1999). In 
Magnussen’s share, in contrast, there are about equal 

numbers of roe and red deer. The portions identified 
by these two persons were about the same size, but 
the different results indicate that these two samples 
(which were not very large) were not fully representa
tive of the settlement. Several different fur-bearing 
animals were also present at the settlement, including 
lynx (a carnassial tooth, K. Rosenlund det.) as the 
most remarkable element. The lynx is regarded as 
having become extinct on Zealand during the Atlan
tic period (Aaris-Sørensen 1980b). The molar from 
Lollikhuse probably comes from a vagrant individual 
(the tooth shows no signs of having been a tooth 
pearl, and molars were usually not used for that pur
pose). There is a Neolithic bog find of lynx from Zea
land (Lejre) (Mathiassen 1945), i.e., the lynx did oc
cur sporadically on Zealand even after Atlantic times. 
The find of hare (a single bone reported by Friborg) 
is suspicious, since hare is considered as having not 
immigrated to Denmark at that time (Aaris-Sørensen 
1998). The hare bone perhaps represents a younger 
contamination of the Stone Age material.

The bird bone material is dominated by ducks and 
swans, but also includes white-tailed eagle. The fish 
bone material is not very diverse: only eight species 
identified, flatfishes dominating by far, and no fresh 
water fishes represented.

Havelse(Z-M.K. 6/1831)

This is a shell heap deposited on a small island in the 
mouth of a secondary fjord on the east side of Roskil
de Fjord. Excavated in 1851,1855 and 1874 and dated 
to late Ertebølle culture / early Neolithic (Ljungar 
1996). The bird bone material is very diverse and testi
fies, like the mammal bone material, to the presence 
of sea and forest nearby (Winge 1903, 1904, Ljungar 
1996). The fishbone material is very small (Rosenlund 
1976), presumably because sieving was not done on 
this 19th century excavation.

Sølager (Z-M.K. 29/1831)

Is a shell heap on an island in the mouth of Roskilde 
Fjord, dated to late Ertebølle culture and early Neo
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lithic. Of four recognized layers, the lower (layer I) 
resembles a typical kitchen midden and is assigned to 
Ertebølle culture based on artifacts and a single radio
carbon dating to 4604 - 4052 cal yr BC (K 5520) 
(Skårup 1973). Most of the animal bone fragments are 
from this layer. Layer II is identified as Funnel Beaker 
culture, also based on artifacts and a single C14 dating 
(Skårup 1973). On similar criteria, layer IV is assigned 
to mid-Neolithic culture. Layer III is thin, no C14 dat
ings are available, but the artifacts suggest a later ver
sion of Funnel Beaker culture than that in layer II 
(Skårup 1973). A Cnpdating based on a harp seal 
bone (LuS-6132: 4228 - 3814 cal yr BC) is also availa
ble. It is not known from which layer this bone comes, 
but the dating places it in Ertebølle culture.

Identifications of fish and bird bones (Rosen
lund 1976, Ljungar 1996) are shown collectively for 
all layers (Tables 52-53), while mammal fragment 
numbers (Skårup 1973) are shown separately for 
each layer (Table 54).

The material from the Ertebølle culture layer indi
cates hunting for the usual three large terrestrial meat 
animals, for a diverse selection of fur-bearing animals, 
and there is quite a large presence of seal, mainly grey 
seal. All these types of hunting seem to continue into 
Funnel Beaker culture, although there are fewer spe
cies of fur-bearing animals in layer II. Newcomers in 
the Funnel Beaker layers are sheep and domestic cattle.

Most fish and bird bones are from the Ertebølle 
culture layer. There are bones from both marine and 
freshwater fishes, whereas the bird bone material is 
dominated by swans and diving ducks.

7.5 Northern Zealand, general discussion

Fishing in Northern Zealand

Even though sieving has been employed on most of 
the settlements discussed in this chapter, the meshes 
have often been quite coarse, 3.5mm and up. Fine 
sieving of selected subsamples has, however, been 
done on several sites.

A minimum of 42 fish species has been document
ed from settlements in Northern Zealand (Table 52).

As the table clearly shows, very few species were 
found on sites without sieving. These species lists can
not be regarded as representative and cannot be dis
cussed at the same level as the others. All that they say 
is that the species on the list were among those caught, 
but we remain ignorant about most aspects of fishing 
from these sites. The results have nevertheless been 
included because the settlements in question are clas
sic in Danish archaeology.

Cartilaginous fishes (sharks and rays)
Spurdog was caught from several coastal settlements 
in the region, but also thornback ray is known from a 
number of settlements at Vedbæk Fjord. From 
Nivågård there is a single fragment (the articulating 
surface of a vertebra) of a large shark, which accord
ing to the pattern left by broken or worn cartilaginous 
ridges possibly is porbeagle.

Settlements with spurdog are mostly located at 
Vedbæk Fjord but also include Bloksbjerg at Ordrup 
Fjord a little to the south and Ølby Lyng still further 
south. The spurdog fragments found are mostly verte
brae and dorsal spines, but at Bloksbjerg a highly 
unusual find was made of a piece of mandible with 
two small teeth still remaining in place.

It is noteworthy that the larger numbers of spur
dog remains were found at two inlets (Vedbæk and 
Ordrup Fjord). One may ask why there are no spur
dog remains from settlements at Nivå Fjord a little to 
the north of Vedbæk Fjord? Nivå Fjord was quite 
shallow, maybe too shallow for spurdog (or maybe 
the conditions of preservation were unfavourable for 
cartilaginous fishes at Nivå)? The sharks caught at the 
two other inlets may have been caught by blocking 
the exit for schools that had entered the inlets?

A single dorsal spine of spurdog was found at the 
inland settlement Præstelyng, proving contact be
tween the coast and inland.

Herring
Herring fishing took place from settlements at Nivå 
Fjord and Vedbæk Fjord, and a few herring remains 
have been found on other sites. Herring bones are 
small and fragile, and their absence from non-sieved 
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sites may well be due to the lack of sieving. Actually, 
the majority of herring bones from Nivå and Vedbæk 
Fjord are from settlements where in addition to gen
eral field sieving (4 or 3.5 mm meshes), subsamples 
have been sieved through finer meshes.

Salmon/trout
A few salmon and/or trout were caught from the sites 
at Nivå Fjord and most of those from Vedbæk Fjord. 
Apart from these, salmon and/or trout were found 
only at Åkonge in the Åmose complex (inland). Sal
mon and trout are migratory fishes, which occur in 
freshwater as well as the sea. Their occurrence on in
land as well as coastal sites is therefore no surprise.

Eel
In general, there has been a significant eel fishing 
from the sites at Nivå and Vedbæk Fjord, as well as a 
few other coastal sites and two of the inland sites in 
Åmosen. Eel bones are small, and their absence may 

in some cases be due to lack of sieving.

Gadids
Fishing gadids - cod and its relatives - has been im
portant at all coastal sites. Thus, gadid bones consti
tute about 30% of the identified fish bones from both 
sites at Nivå Fjord. On the Vedbæk Fjord sites, the 
percentage of gadids ranges from 23% (Maglemose- 
gårds Vænge) to 78% (Stationsvej 17-19). At Smak- 
kerup Huse gadids answer for 70%. It is clearly cod 
which is the dominant gadid in the samples, but there 
are also bones from haddock, whiting, pollack and 
saith - usually in modest numbers. In the material 
from Gøngehusvej 7 (Vedbæk Fjord), however, 37% 
of the gadid bones, which could be identified to spe
cies level, are from Pollack. Growth ring analyses of 
cod otoliths from Maglemosegård (Vedbæk Fjord) 
indicate summer fishing: all 13 otoliths that could be 
analysed indicated summer (Enghoff 1994).

Flatfishes
Like gadid, flatfishes played an important role on 
coastal settlements in Northern Zealand. Flatfishes 
thus constitute ca. 60% of the identified fish bones on 

both sites at Nivå Fjord. At the Vedbæk Fjord sites, 
the share of flatfishes varies from 6% (Magleholm, 
ETBK layers) to 71 % (Maglemosegårds Vænge). The 
flatfish species turbot, plaice and flounder have been 
identified but it appears that the dominant flatfish 
species was flounder. Particularly many bones from 
turbot and/or brill were found at Gøngehusvej 7 
(where also many fragments of flounder were found).

Seasonal fishes
The coastal sites in general contain bones from the 
seasonal (summer) species garfish and mackerel. Par
ticularly many fragments of both species were found 
at Henriksholm-Bøgebakken, Smakkerup Huse and 
Lollikhuse. Horse mackerel, which is also a seasonal 
species, was also found at the latter site. The tuna 
from Italiensvej is a further summer indicator.

‘Secondary catch’
In addition to the species already mentioned, a 
number of marine fishes occur in small numbers in the 
samples: goldsinny wrasse, sand-eel, weever, tub gur
nard, grey gurnard, bull-rout, three-spined stickleback 
and fifteen-spined stickleback. Such species served to 
vary the daily menu but hardly played a major role 
anywhere. A possible exception may be three-spined 
stickleback which played significant roles on certain 
sites in other regions: Ertebølle and Bjørnsholm in the 
Limfjord region and Skateholm in Scania, S Sweden. 
The modest numbers of bones from this tiny species in 
the samples from Northern Zealand is quite likely due 
to absence of fine sieving at many sites.

Fresh-water fishing
Some fishing in freshwater took place from the coastal 
sites at Nivå, Vedbæk and Ordrup Fjord, as indicated 
by bones from pikeperch and cyprinids like roach, 
rudd and bream. The highest frequency of cyprinids 
occurs on Nivågård and Maglemosegårds Vænge (ca. 
2% of identified fish bones), and the highest frequen
cy of all freshwater fishes amounts to no more than 3% 
of identified fish bones (the same two sites). Freshwa
ter fishing from these sites was thus of secondary im
portance and probably took place in nearby streams 
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or lakes. The ‘supplementary freshwater fishing’ from 
Smakkerup Huse is dominated by pike (however, 
small cyprinid bones may have been missed due to 
coarser meshes than those used at the Nivå and Ved
bæk sites.

The fishbone samples from the inland sites in the 
Åmose complex naturally consist exclusively of fresh
water fishes. Pike and cyprinids dominate, but there 
are also many fragments from perch. Several species 
of cyprinids, which were not found in the coastal sam
ples, have been identified from the Åmose sites, in
cluding tench, Crucian carp and common carp. The 
records of the latter species from two Åmose sites by 
Noe-Nygaard (1995) are, however, most likely due to 
a misidentification since common carp is not a mem
ber of the indigenous Central and North European 
fauna. In these areas, its occurrence is due to intro
ductions in relatively recent times. Small numbers of 
bones from weis, which is now extinct in Denmark, 
have been found on inland sites from up to early Fun
nel Beaker culture in Northern Zealand.

Fish species of particular faunal interest from the 
Northern Zealand settlements

Pikeperch
The find of three bones from pikeperch at Smakkerup 
Huse is most interesting because the status of this spe
cies as a member of the indigenous Danish fauna has 
often been questioned. Together with a preopercular 
bone of pikeperch from the site Blak II (early 
Kongemose culture) (Enghoff unpublished) this find 
with certainty establishes pikeperch as a natural Dan
ish species. There is a find of 13 pikeperch bones 
(MNI=5) from the settlement Argusgrunden (Konge- 
mose Culture), but as this site is situated in the far 
south-eastern part of the country it could not be ex
cluded that the pikeperches were migrants from the 
Baltic Sea (Møhl 1987). The occurrence of pikeperch 
in Denmark in our day is due to artificial introduction.

Sturgeon
The finds of this species from Nivå 10 and Italiensvej 
are noteworthy. Until recently, Danish subfossil re

mains of sturgeon were known only from the Iron Age 
onwards. A find from Østenkær (Vendsyssel) was re
corded by Enghoff (1994, see also chapter 4.2).

Tuna
The finds of tuna on Nivå 10 and Italiensvej also add 
significant knowledge, as tuna until now was known 
only from the Medieval period onward (Enghoff 
1999a, 2005a).

Swordfish
Although swordfish was already known from a Dan
ish Kongemose Culture site, the new find from 
Italiensvej is remarkable. The find from Bloksbjerg is 
an ornamented ‘sword’ (P.V. Petersen 1996).

Shad
The single bone from shad found at Henriksholm- 
Bøgebakken (Vedbæk Fjord) is so far the only Danish 
find of this fish. The two Danish species of shad (the 
subfossil bone from Henriksholm-Bøgebakken can
not be identified to species) are migratory shoaling 
fishes occurring in coastal and brackish waters. Both 
species have declined strongly in recent times due to 
pollution, regulation of streams etc. (Muus & Nielsen 
T998)-

Sizes of fish
Enghoff (1994) found that the cod caught by Danish 
Ertebølle fishermen were generally small: 25-50 cm. 
Since then, information from additional sites has be
come available. The cod from Smakkerup Huse 
(Larsen 2005) were 30-50 long, i.e., they fit with the 
previously recognised general pattern.

In contrast, the cod from Nivågård ranged from 
ca. 20-100 cm (mostly 45-75 cm) and were thus larger 
than typical for Danish Ertebølle culture sites. The 
same pattern is repeated at Nivå 10 (dwelling A64) 
from where the cod were ca. 25 - 90 cm long (mostly 
40-70 cm). Both these sites were situated at Nivå 
Fjord, which might indicate special conditions. The 
inlet Nivå Fjord itself was shallow, but deeper water 
may have been accessible close by in the Øresund? 
The larger cod from these sites may also have been 
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caught using different techniques from those em
ployed at other settlements.

Temporal constancy
The settlements at Vedbæk Fjord span the time from 
Early Kongemose Culture till Early Funnel Beaker 
Culture, which allows a comparison through time. It 
appears that fishing was remarkably conservative and 
stable: The same species dominate the catch through
out the existence of Vedbæk Fjord. Admittedly, the 
material from Funnel Beaker Culture is limited to a 
modest number of fish bones from Magleholm, but it 
nevertheless indicates that fishing for cod and spur
dog - the most frequent species at Magleholm during 
Ertebølle Culture - continues into Funnel Beaker 
Culture.

Fishing tools
Remains of fishing tools have been found on many 
settlements in the region. Some examples are given 
here: At the Vedbæk settlements for example re
mains of various fishing tools have been found: sev
eral barbless bone needles which probably have 
been individually fastened to pieces of wood, form
ing fish hooks (P.V. Petersen pers.comm.), several 
wooden prongs of fish spears and a fragment of a 
plaited fish trap (Maglemosegårds Vænge) plus re
mains of two dugouts and a paddle (E.B. Petersen et 
al-1976)-

At Smakkerup Huse a lot of remains from fishing 
gear was found: fragments of six fish hooks have 
been found cut out of thin, flat bone and five of them 
are small (ca. 15 mm in length and 7 mm in with) 
(Price & Gebaur 2005). There are also numerous 
bone points, the tips of fishing spears, more than 
fifty sharpened hazel stakes (found either standing 
vertically in the sea floor or lying horizontally) and 
probable parts of Mesolithic stationary fishing weirs 
or fences, a fragment of a wicker object (probably 
from a fish trap) and fragments of dugout canoes 
(Larsen 2005).

At Bloksbjerg 30 pointed stakes were found, some 
of which were still driven into the substrate in connec
tion with paving. These may well represent remains of 

fish weirs although Westerby (1927) did not realize 
this.

Exploitation of birds in Northern Zealand

At least 66 species of birds have been identified from 
the treated settlements in Northern Zealand. Unfor
tunately, bird bones are scarce on the settlements at 
Nivå and Vedbæk Fjord; according to Aaris-Sørensen 
(1980b) for taphonomic reasons. In contrast, a 
number of other sites have yielded an impressive 
number of bird species, notably Sølager, Ølby Lyng 
and several sites in the Åmose complex, especially 
Muldbjerg I.

Bones from swan occur generally on the region’s 
sites. All three European swan species have been iden
tified: mute, tundra and whooper swan, but only the 
latter is frequent. Mute swan was found only at Lol- 
likhuse and four Åmose sites (all three species were 
found at Muldbjerg I). At Sølager, swan hunting 
seems to have been a major enterprise, no less than 
862 swan bone fragments having been found. The 
area around the site probably was a moulting and 
wintering area for swans (Ljungar 1996). At Henriks- 
holm-Bøgebakken a grave was found in which a child 
had been buried lying on a swan wing.

Ducks were also important in the region and re
markably, many duck species have been identified. 
Mallard and mergansers seem to have occurred 
throughout the region and were in particular exploit
ed at the Åmose sites.

In general, there are many duck species on the 
Åmose sites (especially Muldbjerg I), and on all of 

these pronounced freshwater species (dabbling ducks: 
shelduck, mallard, garganey, teal, shoveler) dominate. 
Some of the coastal sites are also rich in duck species, 
but here marine species dominate, e.g., eider and scot
ers. One bone of eider was found on the inland site 
Nøddekonge - Gotfredsen (1998) discussed how this 
marine species might have ended up there.

Unlike swans and ducks, geese seem to have been 
of minor importance. No geese bones were found on 
sites of the east coast of Northern Zealand; a few frag
ments are present from the north-facing sites Klintesø 
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and Sølager, as well as several sites in the Åmose com
plex.

Large raptors, especially white-tailed eagle, but 
also osprey (one coastal site) and golden eagle (two 
coastal sites) were hunted. Buzzard bones have been 
found on some coastal and one inland site, red kite is 
known from Præstelyng (the Åmose complex) and an 
unspecified hawk from Kassemose.

Loons (red-throated and black-throated) were 
found on several coastal sites, but not on the inland 
ones.

Cormorant was documented from sites at Vedbæk 
and Ordrup Fjord as well as Klintesø, Sølager and 
Nøddekonge (the Åmose complex). The largest 
number of cormorant bones from the region comes 
from Pandebjerg (Nexelø) where a cormorant colony 
was probably present close by (Ljungar 1996).

Gull bones are remarkably scarce in the region: 
there is only one gull bone in total in the material 
from sites at Nivå, Vedbæk and Ordrup Fjord, and 
none at all from the Åmose sites (where at least black

headed gull might have been expected). The largest 
numbers of gull bones are from the north-facing sites 
Sølager, Havelse and Kasemose.

Whereas alcid bones are very scarce at the sites 
along the three above-mentioned inlets (only one 
bone altogether), they are abundant on Ølby Lyng 
which is also situated at the east coast of Zealand but 
further to the south. Ca. 70% of the bird bones from 
Ølby Lyng are from alcids, they represent murre as 
well as the extinct great auk. The latter species has 
been found at seven of the sites treated here; the high
est number of great auk bones is from Klintesø.

The large forest game bird, capercaillie, now ex
tinct in Denmark, was found on the majority of the 
sites, coastal as well as inland. The same is true of an
other large, non-marine bird, namely crane. These 
birds indicate inland hunting.

Corvids occur generally in the bird bone samples 
throughout the region. This is no surprise, as one cor
vid, the crow, is omnivorous and favours organic 
refuse which was probably plentiful on the settle
ments. The spectacular raven is, in this region, known 
only from Ølby Lyng.

Dalmatian pelican is a thermophilous southeast 
European species which does not occur in present- 
day Denmark. Its bones were found on four sites in 
the region: Vedbæk Boldbaner and Ølby Lyng on the 
east coast and two sites in the Åmose complex. The 
finds are from Kongemose as well as Ertebølle Cul
ture and indicate a warmer climate than that of today.

Birds as indicators of season and habitat
Some of the bird species occur in Denmark during 
only part of the year. Smew is an example of a species 
that is seen only during winter; it was found on the 
inland (Åmose) sites Muldbjerg I and Åkonge and on 
the coastal Ølby Lyng. Tundra swan, also a winter in
dicator, is known from Bloksbjerg, Kassemose, 
Havelse, Sølager and Muldbjerg I. A third winter 
bird, brambling, was identified by Winge from Søla
ger.

Other bird species occur only during summer in 
Denmark, including common redstart (Sølager), corn 
crake (Muldbjerg 1) and spotted crake (Nødde
konge).

The bird species exploited by the Stone Age peo
ple in Northern Zealand include seabirds (e.g., alcids, 
long-tailed duck, scoters), forest birds (e.g., owl, jay, 
woodpecker, thrush) and birds of inland wetlands 
and lakes (e.g., water rail, spotted crake, moorhen, 
coot, dabbling duck). Birding in the area thus cov
ered all available biotopes.

Exploitation of mammals in Northern Zealand

A minimum of 36 species of mammals has been identi
fied from the settlements in Northern Zealand. How
ever, brown bear, polecat and aurochs are only repre
sented by tooth pearls or other types of ornaments 
which may have been imported to Zealand. The prov
enance of elk fragments found on the settlements 
studied is likewise dubious.

Fur-bearing animals and other small game
The diversity of fur-bearing animals in this region is 
lower than elsewhere because several species, such as 
bear, polecat, badger and lynx went extinct on Zea
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land during the early Atlantic (Aaris-Sørensen 1980b, 
I998)-

Hedgehog, beaver and in part squirrel were found 
scattered over most of the settlements in the region. 
As far as beaver is concerned, this is in agreement with 
Hatting (1969b) according to whom beaver occurred 
commonly on the Danish island in the study period. 
As many as 34 fragments of hedgehog were found at 
Åkonge, and cutmarks on three bones proved that 

this species was used by the inhabitants (Gotfredsen 
I998)-

Dog bones are present on almost all sites but 
strangely only on two among the Åmose sites treated 
here - this has to be a coincidence since many dog- 
gnawed fragments were present on the three sites ana
lysed by Gotfredsen (1998). Wolf was found on one 
site, viz., Bloksbjerg.

Fox bones are scattered over most of the region’s 
settlements - on only one of the Åmose sites, however. 
At this site the fox fragments include some from a cub 
with cutmarks across the snout, indicating skinning 
(Gotfredsen 1998).

The most abundant and widespread fur-bearing 
animals seem to have been pine marten and otter. Par
ticularly many otter bones (115) were found at Muld- 
bjerg I in the Åmose region (which was probably a 
very good otter habitat); however, MNI is no higher 
than 3 (Noe-Nygaard 1995).

Wildcat was present at most settlements except in 
the Åmose region from where wildcat is known only 

from the Kongemose site.

Big game hunting, overview
As usual, the three big ‘meat animals’: swine, roe deer 
and red deer, were intensively used at the settlements 
in Northern Zealand. Roe deer is the most abundant 
one of the three at both sites at Nivå Fjord: twice as 
many roe deer as red deer at Nivågård, three times as 
many at Nivå 10. Roe deer also dominated at Klintesø 
and Sølager from where the sample sizes are, howev
er, small.

Noe-Nygaard (1995) found that the two species 
of deer were exploited with equal intensity at Boreal 
and early Atlantic sites in the Åmose complex (i.e., 

before the time of the two Nivå Fjord sites). She, as 
well as Gotfredsen (1998), found the highest fre
quency of red deer in the Åmose complex from late 

Atlantic and Subboreal (i.e., after the Nivå Fjord 
sites).

At Bloksbjerg, Ølby Lyng and all sites in the 
Åmose complex red deer dominates. The same is true 
of Stationsvej 17-19, but nothing can be said about 
other sites at Vedbæk Fjord, from where the numbers 
of fragments have not been published.

Swine lags behind both species of deer in terms of 
fragment numbers at all sites except Sølager (small 
material) where red deer is slightly less frequent.

Red deer and red deer hunting
Measurements of astragalus (Fig 121) show that the 
size of red deer on Zealand decreased during the At
lantic and early Subboreal chronozones; measure
ments from Nivågård contribute to this pattern, see 
chapter 12.4. Fig. 115 shows a tendency to bimodality 
in specimens from Nivågård indicating that males as 
well as females were hunted from this settlement. Fig. 
123 shows that red deer in the age range from less than 
2 years to 12-14 years were hunted at Nivågård. In 
short, red deer hunting from Nivågård seems neither 
to have focused on one sex, nor on particular age 
groups. The material from Nivå 10 is too small for 
analogous considerations.

Roe deer and roe deer hunting
Representation of males andfemales
According to P. Jensen (1993), sex difference in roe 
deer is best expressed in the measurement Bd on as
tragalus. Fig. 126 shows astragalus measurements 
clearly falling into two clusters. The diagram indi
cates that all measured roe deer astragali from 
Nivågård are from females. The two measurements 
from Nivå 10, in contrast, seem to indicate males. 
Measurements of humerus and scapula are suitable 
for spotting size trends in roe deer, allowing compari
son between regions and trends over time (Jensen 
1993). It was, however, only at Østenkær (Vendsyssel) 
and Nivågård (Northern Zealand) among the newly 
studied sites that a sufficient number of measure- 
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ments could be taken. As Figs 128 and 129 indicate, 
roe deer from Nivågård are significantly larger than 
those from Østenkær, see also chapter 12.6 where size 
changes of roe deer over time are further discussed. 
The few measurements from Nivå 10 fall within the 
range found at Nivågård.

Age
Studies of mandibular teeth from Nivågård and Nivå 
10 showed that 12 out of 17 aged fragments from 
Nivågård are from ca. two year-old deer. Six aged roe 
deer from Nivå 10 were one, two or 5-7 years old.

Hunting strategy
Seen in isolation, the age and sex estimates from 
Nivågård do seem to indicate a focus on two year-old 
female roe deer at Nivågård. In contradiction to this, 
the roe deer bones from this site (Table 58) include 
several antler fragments, some of which are still at
tached to the rose on the frontale, proving that males 
were also hunted.

Swine
Very few measurements could be taken on swine 
bones from Northern Zealand. It is therefore not pos
sible to estimate the importance of males vs. females, 
nor to contribute to the discussion about trends in 
size etc. for swine, see chapter 12.3. Although the 
available measurements do not allow identification of 
wild boar/and or domestic pig, the age of Nivågård 
and Nivå 10 suggests that the swine bones from these 
sites are from wild boar.

Age estimates of swine from Nivågård and Nivå 10 
indicate that the entire age range from piglets to 
adults was exploited at Nivågård, and the range from 
piglets to subadults at Nivå 10 (from where there are, 
however, only four age estimates).

Elk and aurochs - present on Zealand?
Elk and aurochs disappeared from Zealand during 
the Atlantic chronozone (Aaris-Sørensen 1980b). 
Nevertheless, a few fragments of both have been 
found at some of the sites treated here, but these are 

all of a character that suggests that they may have 
been imported to the island.

Domestic cattle
Fragments of aurochs are known from the settlement 
Ulkestrup Lyng from the Boreal period (Richter 1982a, 
Noe-Nygaard 1995). This is followed by a period with
out oxen on Zealand, because aurochs went extinct on 
this island in the Atlantic period (Aaris-Sørensen 1998). 
When ox bones appear again on the settlements, they 
are from domestic cattle, e.g., on several Åmose sites 
including Knoglebo (Fischer & Gotfredsen 2006), 
Åkonge (Gotfredsen 1998) and Muldbjerg I (Noe- 
Nygaard 1995). The earliest datings of domestic cattle 
from these sites are ca. 4040-3714 cal yr BC (±1 SD): 
Knoglebo (AAR-6944, AAR-6943), Åkonge (AAR- 
4453, AAR-4452) and Muldbjerg I (AAR-4993) (Fischer 
& Gotfredsen 2006). Four bones from domestic cattle 
were found at the Ertebølle culture site Smakkerup 
Huse and two of these have been radiocarbon dated to 
approximately 3962-3697 cal yr BC (AAR-3317 and 
AAR-3316). These bones from Smakkerup Huse pro
vide evidence of herding in western Zealand prior to a 
clear Neolithic presence (Hede 2005).

Sheep/goat
The sheep/goat tooth from Lollikhuse is among the 
oldest finds of sheep/goat in Denmark (3980-3800 cal 
yr BC). Further finds of sheep/goat have been made 
in Funnel Beaker layers at Magleholm, Muldbjerg I, 
Pandebjerg and Klintesø. The two latter sites were ex
cavated a very long time ago, and the context of the 
sheep/goat fragments is somewhat uncertain.

Seal hunting
Seal bones were found on most of the coastal sites in 
the region, but they are absent from the inland sites in 
the Åmose area. Harp seal and grey seal are best rep

resented, but ringed seal and harbour seal are also 
present, the latter only at Klintesø (Winge in Madsen 
et al. 1900). The site with the most seal bones is 01by 
Lyng, where they constitute 11% of the identified 
mammal bones.
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Cetaceans
In this region, only small cetaceans have been found: 
porpoise and dolphin (Delphinus delphis/Stenella sp.). 
Porpoise was found at a number of coastal sites, while 
the dolphin is known only from Magleholm. Ceta
cean bones are absent from the inland sites.

Temporal changes

The sites in this region, e.g., those at Vedbæk Fjord 
and those in the Åmose complex, represent 

Kongemose, Ertebølle and early Funnel Beaker cul
ture, allowing consideration of temporal changes in 
fishing, hunting and animal husbandry.

Fishing at the Vedbæk Fjord seems to have been 
very stable and unchanging from Kongemose, 
through Ertebølle and into early Funnel Beaker cul
ture, see Table 52. Although there are few fish bones 
from the Funnel Beaker layers at Magleholm, there 
are enough to show that fishing for spurdog and cod, 
which where among the most important species at 
Ertebølle sites in this area, continued into Funnel 
Beaker culture. The closure of Vedbæk Fjord brought 
an end to the rich and stable fishing and this may be 
the reason that the area was abandoned.

Stability or change in inland fishing can be stud
ied in the Åmose area. Pike, cyprinids, weis and perch 

were caught from Kongemose through early Funnel 
Beaker culture. Eel bones have been found on the 
Ertebølle culture sites, but it is probable that eel was 
caught in the other period as well; eel bones are small, 
and their presence or absence may be a function of 
excavation techniques.

Bird hunting has been demonstrated on coastal 
Kongemose and Ertebølle culture sites. There are no 

bird bones from the Funnel Beaker layers at Magle
holm, but considering the small material, this absence 
is hardly significant. There is no obvious difference 
between the Kongemose and Ertebølle bird bone 
samples from Vedbæk Fjord - swans and ducks are 
frequent in both periods. Inland, in the Åmose com
plex, Noe-Nygaard (1995) observed temporal changes 
in the bird fauna. The Funnel Beaker Muldbjerg I is 
the site richest in bird bones. Dalmatian pelican - an 
indicator of warm climate - has been found on 
Kongemose and Ertebølle sites in the region, but not 
on Funnel Beaker ones.

Fur-bearing mammals were important on 
Kongemose and Ertebølle sites. Unfortunately there 
is not so much material from Funnel Beaker sites with 
Muldbjerg I (Åmosen) providing the most. At this 

site at least pine marten and otter were hunted, dem
onstrating fur hunting in the Funnel Beaker period. 
Marine mammals, mostly seals (but also small ceta
ceans: porpoise and dolphin) were hunted from 
Kongemose as well as Ertebølle sites. The large ter
restrial meat providers (swine, red deer and roe deer) 
were exploited by all three cultures.

The first phases of animal husbandry can be traced 
on the sites studied. Domestic cattle, sheep and goats 
are introduced on a small scale on late Ertebølle cul
ture sites and gain in importance on the Funnel Beak
er culture sites. Domestic pig has not been demon
strated with certainty on the settlements included in 
this study.

Summarising, 'Ertebølle’ traditions in fishing and 
hunting seem to survive into early Funnel Beaker cul
ture, and animal husbandry - so characteristic of the 
Funnel Beaker culture - commences on a small scale 
in late Ertebølle culture.
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Introduction to the general chapters

In the preceding chapters, animal remains were pre
sented and discussed for each of the studied sites in 
the four focal regions: Vendsyssel, the Limfjord Re
gion, east Central Jutland and Northern Zealand. In
formation on animal remains from previously pub
lished sites was summarised and a general discussion 
of each region was given.

In this section, the focus is on individual animal 
species or species groups: fishes, birds, amphibians 
and reptiles and various groups of mammals.

Fish bones may be abundant if a site has been ex
cavated with sieving, and some space is devoted to the 
discussion of fishing although the author has previ
ously published review papers on prehistoric fishing.

Birds are usually represented by far fewer remains 
and the discussion of them is accordingly relatively 
brief.

Mammals take up most of the discussion for sev
eral reasons: Numerous mammal bones are usually 
present in the samples, and for many species, tooth 
studies and measurements allow discussions of such 
aspects as sex, size and age. It is also the mammals 
that are important in the discussion of animal hus
bandry.

The chapters dealing with particular animal 
groups are supplemented with a general discussion 
and conclusion.
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Fishes

Fishing in Denmark during the Ertebølle period was 
described in detail by Enghoff (1994) based on analy
ses of 100,000 identified fish bones excavated on 14 
coastal and two inland settlements. The main results 
of this study were 1) that the bone samples were char
acterised by a large number of fish species, 2) most of 
the bones are from small fish, either small species or 
small individuals of species which may grow large, 3) 
in general the fish were coastal, either being species 
which are coastal through all their life, or species 
which frequent coastal waters at certain seasons, espe
cially summer, 4) analysis of growth rings of otoliths 
also pointed to fishing mainly during the summer. 
This lead to the conclusion that fishing was non-selec- 
tive and was most probably conducted by means of 
stationary fish traps placed at shallow water during 
the summer half-year. This interpretation was sup
ported by many finds of hazel wood stakes, weirs and 
fish traps at the coast near the settlements. Finds of 
fishing tools show that in addition to this main meth
od there was a supplementary fishing using hooks 
and fish spears.

Since the review of Enghoff (1994) additional ma
terial has been excavated and analysed. It is therefore 
possible to present an updated review of fishing in 
Denmark during the Ertebølle period, including a 
consideration of adjacent periods. The sites analysed 
in detail since the previous review (Enghoff 1994) are 
Egsminde, Krabbesholm II, Visborg, Vængesø III, 
Nivågård and Nivå 10. A further site, Åle, was studied 

but yielded no fish bones. In the discussion, results 
from a study on Ronæs Skov, Island of Funen (Eng
hoff 2009), are also referred to.

Tables 8, 20, 33 and 52 provide an overview of the 
fishes from the newly and previously studied sites 
treated here.

When discussing Ertebølle period fishing, it is im
portant to bear in mind that the sea was warmer and 

saltier than today. These circumstances influenced the 
selection of fish species in our waters as well as their 
local distribution. The higher temperature in particu
lar has gained special significance in the light of the 
temperature increase we are experiencing today (Eng
hoff et al. 2007).

9.1 Taphonomy and excavation technique

Fish bones are among the smallest bones to be found 
during archaeological excavations; they are thus 
among the first to disappear due to taphonomic proc
esses.

There are two main groups of fishes: cartilaginous 
fishes and bony fishes. Cartilaginous fishes, Chon- 
drichthyes, include sharks, rays and chimaeras. Bony 
fishes, Osteichthyes, include 95% of all fishes. From a 
taphonomic/archaeological point of view it is of para
mount importance to remember that the skeleton of 
cartilaginous fishes is - cartilaginous, whereas the 
bony fishes have an ossified skeleton.

A cartilaginous skeleton has far smaller chances of 
preservation in the soil than an ossified one which is 
probably one of the reasons why sharks and rays rare
ly dominate the archaeological bone samples. On the 
other hand, cartilaginous fishes in place of scales have 
dermal denticles composed of dentin with a cover of 
hard enamel. These denticles, or teeth from the jaws, 
often represent the cartilaginous fishes in archaeolog
ical contexts.

Whereas skeletons of bony fishes in general stand 
much better chances of preservation, there are differ
ences between species and skeletal elements. The chanc
es of preservation depend, i.a., on size, density and fat 
content of the bones (Lepiksaar & Heinrich 1977).

The generally small size of fish bones further means 
that their recovery is particularly dependent on a me- 
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ticulous excavation technique (Enghoff 1993, 2005b; 
Payne 1972). Bones from small fish species, as well as 
the dermal denticles mentioned above, require fine- 
mesh sieving to be recovered.

9.2 Vængesø III as an example

The problem is well illustrated by one of the studied 
sites: Vængesø III. I took part in the excavation of 
this site myself and could see how large parts of the 
excavation areas were literally paved with fish bones. 
The general excavation technique employed did not 
include fine-mesh sieving of all sediment but two 
squares were selected for sieving experiments with 
special regard to fish bones, and fine-mesh sieving 
was further employed in one square excavated by Os
kar Enghoff and myself.
Three sieves (3mm, 2mm, imm) were placed in a col
umn, and the sediment passing through all of them 
was also collected and checked, meaning that no sedi
ment at all was lost from this subsample. However, no 
identifiable fragments passed through the 1 mm mesh.

Fig. 87 shows examples of the three fractions; the 
abundance of fish bones is indeed overwhelming. Ta
ble 41 shows how many identifiable bones of each spe- 
cies/species group were retained by the three sieves 
from a two-litre sample (X7175) from one of these 
squares which was among those paved with innumer
able fish bones.

The most remarkable outcome of the sieving con
cerns herring. In spite of meticulous hand-picking of 
fish bones all over the excavation area, herring bones 
were recovered only from the three sieved squares. 
The table shows that the majority of herring bones are 
retained by the 2 mm mesh although many pass 
through 2 mm and are retained on the 1 mm mesh 
where they constitute a vast majority.

Herring bones are notoriously small, so this result 
is not entirely unexpected. It is more surprising that 
the majority of gadid (cod etc.) bones pass through 
the 3 mm mesh (but only a few pass through the 2 mm 
mesh).

A dermal denticle of thornback ray - a cartilagi
nous fish - was found on the 1 mm mesh. This species, 

like the herring, would not have been documented 
from Vængesø if no sediment had been sieved.

Fig. 47 visualises the results by showing the mutu
al frequencies of herring, gadids and flatfishes. The 
pie diagram showing the cumulative contents from all 
three mesh sizes is the closest possible approximation 
to the “true” picture, with herring constituting 23% of 
the identified fish bones. If only a 3 mm mesh had 
been used, herring would have constituted only 2%, 
and without any sieving, the species would not have 
been recorded at all.

Fine-mesh sieving is also important for gaining a 
realistic impression of cod fishing. Fig. 48 shows esti
mated cod total length from vertebrae retained on the 
three mesh sizes. The 3 mm fraction only includes the 
largest individuals, with total lengths up to 50 cm be
ing represented, whereas the finer meshes reveal the 
“true” picture with the majority of cod bones coming 
from 15-25 cm cod. The size of caught cod is impor
tant for the interpretation of fishing method and sea
son.

Summarizing, fine-mesh sieving allows a much 
better interpretation of fishing, both regarding which 
species were targeted, their relative frequency, their 
size and hence their importance for the inhabitants of 
the settlement as well as interpretation of fishing 
methods and seasonality.

Whereas fine sieving of sediment samples can 
thus reveal details about the fishing at the site, it is 
much more difficult, if not impossible, to quantify 
the relative importance of fishing vis-å-vis other 
types of animal exploitation such as hunting or ani
mal husbandry. In all but a few cases, it will be unre
alistic to sieve all sediment from a site through a 2 
mm or 1 mm mesh. Although small fish bones are 
sometimes extremely abundant and sometimes even 
form a major component of the sediment, they are 
bound to be underrepresented in comparison with 
bones from larger mammals. In some cases, very 
abundant fish bones are present in the sediment in 
the form of a strongly decomposed, paste-like sub
stance from which is it impossible to retrieve identi
fiable fragments, although larger bones (mainly 
mammals) are well preserved. For these reasons, no 
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quantitative evaluation of the importance of fishing 
vis-å-vis hunting and animal husbandry has been 
made.

9.3 Significance of various groups of fishes

Cartilaginousfishes (sharks and rays)

In spite of the poor preservation of remains of carti
laginous fishes, six different species have been found, 
and cartilaginous fishes are present in all four regions. 
Some of the studied sites have exceptionally good 
conditions for preservation of bones. This is, e.g., true 
of the refuse layer at Yderhede, see Fig. 3.

By far the commonest species is spurdog. Especially 
Yderhede (Vendsyssel) and Henriksholm-Bøge- 
bakken, Magieholm and Vænget Nord (all situated at 
the fossil Vedbæk inlet, North Zealand) yielded many 
spurdog remains. At Bloksbjerg (Ordrup Fjord, 
North Zealand), conditions of preservations were also 
excellent: although fish bones were only retrieved by 
hand-collecting, no less than 80 fragments from spur
dog were found, including 60 dorsal spines and quite 
exceptionally a mandibular cartilage with two teeth. 
A single spurdog spine was found at an inland site in 
the Åmose complex (Noe-Nygaard 1995).

The largest among the sharks found is porbeagle 
which may reach 3^ m length. Porbeagle remains 
were found at Østenkær (Vendsyssel), Lys trup Enge 
(East Central Jutland) and probably also Nivågård 
(North Zealand).

The two sites in Vendsyssel, as well as Lystrup 
Enge, have the broadest selection of cartilaginous 
fishes. It was to be expected that chances of finding 
many sharks etc. would be largest in Vendsyssel which 
is the part of Denmark closest to really deep water 
(K.S. Petersen 2004, K.S. Petersen et al. 2005, Nielsen 
& Johannessen 2009).

The many sharks from Lystrup Enge on the east coast 
of Jutland are more of a surprise; it is worth noting 
that particularly many cetacean bones have also been 
found at sites in this region. It is furthermore worth 

noting that sharks, especially spurdog, are found very 
far into the inner Danish waters, e.g., Ronæs Skov 
(NW Funen) and at sites at Vedbæk Fjord and Or
drup Fjord (N Zealand). This may be an effect of the 
higher salinity, nutrition contents and level of the sea 
at that time. In our day spurdog is common in the 
northern North Sea, Skagerrak and Kattegat where it 
is regarded mainly as a roaming summer visitor often 
occurring in schools. During summer it may occur at 
quite shallow water, in the eelgrass zone, when it 
hunts schools of smaller fish (Otterstrøm 1917). 
Smoothhound and stingray have a southern distribu
tion, see “Exotic species”.

Sharks have had different uses during history and 
probably also in the Stone Age: Spurdog has been 
kept dried for later consumption, its liver provides co
pious train oil and its fins (with their dermal denti
cles) were used for polishing of wood (Otterstrøm 
1917). Spurdog spines were used as tools in the Stone 
Age (Noe-Nygaard 1971). Porbeagle is a source of 
train oil, its skin has been used for shoes and for pol
ishing and its vertebral column has been made into 
walking sticks (Otterstrøm 1917).

Sturgeon

The finds of sturgeon at Østenkær (Vendsyssel, Erte- 
bølle culture) and Nivå 10 (North Zealand, 
Kongemose culture), together with a find from a sub
merged site, Italiensvej (Amager, Zealand, Kongemose 
culture, Enghoff 2004) are the first finds of this re
markable fish from the Danish Stone Age. Several 
finds had, however, been made at a total of 10 Iron 
Age, Viking Age and Medieval sites (Rosenlund 1976 
and unpublished records in the Z.M.K. archives).

Schmölcke & Glykou (2007) reported on a find of 
sturgeon, Acipenser sp., at the site Neustadt LA156, in 
Schleswig, northern Germany. The find, a scute frag
ment, has been dated to 4500 - 3900 BC, and the au
thors regard this as ’’the oldest record of this species 
in northern Europe”. This “record” has now been bro
ken by the find from Amager Strandpark (Kongemose 
culture (6800-5400 BC) and Nivå 10 (late Kongemose 
and early Ertebølle culture).
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Fig. 87. Sediment samples 
(mainly fish bones) from 
Vængesø III: material retained 
on 3 mm (top), 2 mm (middle) 
and i mm (bottom) meshes 
after removal of large mollusc 
shell fragments. Scale units 1 
cm.
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The sturgeon is a demersal, migratory species, 
which during April-June moves from the sea up rivers 
for spawning. Outside the spawning season it lives 
near the sea coast on relatively shallow water (Muus & 
Nielsen 1998). Sturgeon has not spawned in Danish 
waters in recent times, and it is uncertain whether it 
did so in the past (Otterstrøm 1917). It used to be 
caught regularly in the major streams of Jutland, but 
nowadays sturgeon is a rare (and protected) species in 
Western Europe (Muus & Nielsen 1998). Until recent
ly, Adpenser sturio was regarded as the only species of 
sturgeon occurring naturally in Danish waters. DNA 
analyses have, however, shown that another species, 
Adpenser oxyrhinchus, lived the Baltic Sea until the 1960s 
and can even be traced in subfossil material reaching 
ca. 1200 years back in time. This finding is quite a 
mystery, as A oxyrhinchus is originally indigenous at the 
American east coast (Ludwig et al. 2008).

Clupeids (herring and relatives)

Herring, anchovy and shad represent the clupeids on 
the study sites where they have been found widely, ex
cept in Vendsyssel (Tables 20,33,52). Recent analyses 
of fishbone assemblages excavated with modern tech
niques have changed our picture of herring fishing 
since the review of Enghoff (1994). In the new analy
ses, herring is represented in larger numbers than be
fore, but nevertheless, the importance of herring fish
ing in the study period seems to have varied between 
regions. As mentioned, not a single herring bone was 
found on the sites in Vendsyssel. On the other hand, 
there are many of them in the Limfjord, East-Central 
Jutland and North Zealand regions. Limfjorden and 
the Øresund between North Zealand and Sweden 
have been known for their abundance of herring in 
historic times.

The finds of subfossil anchovy bones reported 
here are the first from Denmark. They were found in 
the Krabbesholm II midden, even in large numbers. 
The anchovy is a southern species and anchovy fish
ing has been of immense importance in the Mediter
ranean area, see further below.

Salmonids (salmon and relatives)

Salmonids, especially Salmo sp. (salmon/trout) were 
fished everywhere, but apparently they did not play a 
major role at any site. One has to consider, however, 
that the salmonid skeleton is not very strongly ossi
fied, especially not after the spawning period, and 
therefore has poorer chances of preservation than 
many other types of fish. In most cases, the salmonid 
bones found are vertebrae, of which it has not been 
possible to identify to species level: salmon or trout. 
The find of whitefish at Østenkær in Vendsyssel lies 
outside the present natural range of this species which 
nowadays does not occur north of the Limfjord (Cur
ry-Lindahl 1985, S. Berg, pers. comm.).

Eel

Eel was exploited in all regions, and its bones were 
found largely on all sites. It seems to have been of 
significant importance everywhere but especially in 
the Limfjord region where it dominated strongly (Fig. 
88). This is a very clear example of regional specialisa
tion! Fishing from Ertebølle (type site) (Enghoff 
1987) and Bjørnsholm (Enghoff 1993) has been inter
preted as targeted at migrating eel in the autumn. At 
Ertebølle, roach was in important by-catch, whereas 
at Bjørnsholm, the by-catch consisted of cod and oth
er marine species. Size-frequency distributions of 
roach, and growth ring analyses of cod otoliths sup
port the interpretation (Enghoff 1994). The eel from 
Ertebølle and Bjørnsholm spanned the length range 
from ca. 16-90 cm, with a few even larger individuals 
(Enghoff 1994); the majority of specimens (at least all 
those more than 50 cm long) will have been females, 
(eel growing up in freshwater are predominantly fe
males (Muus & Nielsen 1998).

Cod and other gadids

Fishes of the cod family, gadids, were important eve
rywhere. Six species of gadids have been identified 
from the studied bone samples: cod, haddock, whit
ing, saith, pollack and ling. Ling is a true deep-water
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Fig. 88. Sediment sample 
from Krabbesholm II with 
numerous fish bones, includ
ing many from eel. - Scale 
units i cm.

species which may grow to 2 m length and normally 
lives on 100-400 m’s depth. Ling has only been found 
at Østenkær where the inhabitants were close to the 
very deep water, cf. above under cartilaginous fishes.

Among the gadids, cod is clearly the most impor
tant species. Cod can be caught from the coast to 
5-600 m depth and has been found largely on all sites, 
everywhere in significant numbers. Comparing the 
regions it appears, however, that cod was especially 
important on the sites at the inner Danish waters in 
the regions East Central Jutland and North Zealand. 
Cod was equally important on the contemporaneous 
settlements Ronæs Skov (Enghoff 2009) and Tybrind 
Vig (Trolle-Lassen 1984), both on the Island of Fu- 
nen.

Haddock, whiting, saith and pollack seem to have 
played minor roles in the late Mesolithic-early Neo
lithic fishing. Haddock has only been found on sites 
in North Zealand; it is a demersal fish (bottom-dwell
er) occurring at 10-200 m depth. Whiting, saith and 
pollack are by contrast pelagic fishes occurring from 
the coast until ca. 200 m depth (Muus & Nielsen 
098)-

Enghoff (1994) showed size frequency distribu
tion diagrams of cod from a number of Danish Stone 

Age sites. The general impression ones gains from 
these diagrams is that the cod caught by the Meso
lithic Stone Age people were small. Enghoff (1994) 
used the settlement Maglemosegård at Vedbæk Fjord 
as a typical example, where two thirds of the cods 
were 25-35 cm long- The settlement Grisby on the 
rocky island of Bornholm was an exception, where 
up to 90 cm long cod were caught. Several additional 
size frequency diagrams for cod have been made in 
connection with the present project. The fine-sieving 
at Vængesø III shows that even smaller cod might 
generally have been caught and several others differ 
from the general small-cod pattern, see Figs 69 and 
77. On these sites (Nivågård and Nivå 10, Northern 
Zealand), most cod were 40-75 cm but some were as 
large as one meter and 80 cm, respectively (see also 
Enghoff in press.).

The obvious wide distribution and abundance of 
cod during the study period, during which the Atlan
tic climate optimum reached its climax, is remarkable. 
Cod biomass in the North Sea, Kattegat and eastern 
Baltic are presently at record low levels, and rising sea 
temperatures are regarded as one of the main causes. 
The abundant archaeological finds of cod from the 
Atlantic warm period prove that this needs not be so 
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- maybe the present combination of rising tempera
ture and overfishing is pushing the cod populations 
beyond their limits (Enghoff et al. 2007).

Flatfishes

One group of flatfishes, plaice/flounder/dab, were 
commonly exploited in all the studied regions, having 
been found in significant numbers on largely all sites. 
Distinguishing bones of these three species is diffi
cult, but possible using a number of skeletal elements 
(Enghoff 1991, Wouters et al. 2007). It seems that 
among the three species, flounder was the most fre
quently caught at the Danish Stone Age settlements. 
Plaice has been identified too, but so far not dab. 
Flounder prefers brackish water and is attracted to 
places where fresh water runs into the sea (Muus & 
Nielsen 1998). This may explain the apparent pre
dominance of flounder, since many of the studied set
tlements were placed on the coast near the mouth of a 
freshwater stream and/or at an inlet (Fig. 89).

Enghoff (1994) showed size frequency diagrams 
for plaice/flounder/dab from a number of Ertebølle 
culture settlements. The size distributions were quite 
uniform, most individuals varying between 20-35 cm 
length. The newly analysed bone samples confirm 
this pattern, see Figs 4, 49, 70, 78 and 86.

Flounder skin may have been used for polishing as 
their skin includes dermal denticles.

Other marinefishes

A wide range of additional marine species occurs in 
lesser or greater abundance on several of the sites. 
One of them is the three-spined stickleback, a tiny 
species that plays a surprisingly large role on several 
sites, e.g., in the Limfjord region. In the Bjørnsholm 
material, stickleback bones constitute 7% of the iden
tified fish bones (Enghoff 1993) and on Ertebølle 
(type site) this species answers for no less than 50 % of 
6697 identified fish bones from a column sample 
(Enghoff 1987). If fine sieving had been employed on 
all the studied sites this species might have seemed to 
be even more important. The significance of three- 

spined stickleback is demonstrated at the Stone Age 
site Skateholm in Scania, southern Sweden, where 
bones from up to 300 individuals were found in sev
eral graves (Jonsson 1986b). Three-spined stickleback 
occurs in large schools along the seacoast in summer 
and can easily be caught in abundance.

Species like eelpout and bullrout are very abun
dant in the algal zone everywhere in Danish waters. 
Accordingly, they constitute a constant element in the 
fishing in all regions and on most sites. They contrib
ute to the impression of fishing with stationary traps 
at the coast.

Finally, the greater weever deserves special men
tion. Its bones are abundant on the sites in the Limf
jord and East Central Jutland regions; greater weever 
thus contributes to the local, special character of the 
fishing in these regions.

Seasonalfishes

Garfish, mackerel, horse mackerel and tuna are so- 
called seasonal fishes, i.e., they occur in Danish wa
ters only during the warmer part of the year. Bones 
from these species are thus good indicators of activity 
on the site during the summer half-year. Garfish and 
mackerel are very common in Denmark nowadays 
and obviously were also common during the Atlantic 
chronozone, being found on almost all studied sites 
except those in Vendsyssel. Bones of horse mackerel 
were found on several Limfjord region sites and one 
site each in East Central Jutland and Northern Zea
land.

The finds of tuna bones on Danish Stone Age sites 
is a new discovery. Tuna bones have been found on 
two sites, both in Northern Zealand, viz., Nivå 10 
(Late Kongemose-Early Ertebølle culture) and 
Italiensvej (Kongemose culture). Just one vertebra 
was found on each site. All other dated subfossil finds 
of tuna from Denmark are of medieval age. Nivå 10 
and Italiensvej are both situated on the coast of Øre
sund which has in the recent past been famous for 
large-scale tuna fishing. On the Swedish side of Øre
sund two Mesolithic finds of tuna are known (Eriks
son & Magnell 2001). In addition to sturgeon (see
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Fig. 89. Fishing for flatfishes 
like flounder and plaice was 
important at Vængesø III. 
The photo shows bones from 
plaice/flounder/dab. The four 
bones above the scale bar 
could be identified specifically 
to flounder, the four in the top 
right corner to plaice. - Scale 
units i cm.

above) and tuna, the site Italiensvej has yielded a 
third very large fish species, viz., swordfish of which a 
piece of vomer was found (Enghoff 2004). Before this 
find there were only two subfossil finds of swordfish 
from Denmark, one from Kongemose culture (P.V. Pe
tersen 1996) and one undated find (Rosenlund 1976).

The interpretation of seasonal activities on prehis
toric settlements is based on the assumption that the 
species behaved then as they do now. Since we are 
currently entering a warmer period, we have a chance 
for checking whether this assumption is warranted. 
New research on the occurrence of garfish and mack
erel in Danish waters shows that temperature has a 
significant effect on timing of migration of garfish, 
but not for mackerel. Garfish arrives earlier and de
parts earlier with increasing temperatures. In addi
tion, the duration of residency for garfish in Danish 
waters is shorter in warm years (Jacobsen et al. 2006). 
Results like this warn us that indicators of seasonal 
occupation of prehistoric sites should not be assigned 
too high a degree of precision since some species 
change their behaviours when temperature changes. 

distribution south of the English Channel. The spe
cies in question are smoothhound, common stingray, 
anchovy, European sea bass, black sea bream and 
swordfish and an unspecified grey mullet from Kalvø. 
Their presence in the studied material indicates that 
the climate was warmer then. Of the mentioned spe
cies only stingray (Subboreal (Enghoff 1993)) and 
grey mullet (Subatlantikum (Enghoff 2006)) have 
been found in Danish subfossil bone assemblages de
posited after the Atlantic climatic optimum.

Today, the temperature in Danish seas is increas
ing: since 1985 a rise in mean annual surface tempera
ture of ca. 0.50 C (MacKenzie and Schiedek 2007). 
Anchovy and see bass are now back in our waters and 
have become so abundant that commercial fishing for 
both species has commenced (Enghoff et al. 2007). 
Interestingly, these species co-habited with species 
now considered to be more boreal, e.g., cod, during 
the study period, see above.

The large freshwater fish weis was found at sites in 
the Åmose complex but is now extinct in Denmark, be
ing distributed to the south and east of this country.

Exotic species

Some of the species found on the studied sites are so- 
called warm water fishes which today have their main

Freshwaterfishing

Freshwater fishes are poorly represented on the stud
ied coastal sites, compared to the marine ones. Only 
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seven species of freshwater fishes have been encoun
tered, viz., pike, roach, rudd, bream, tench, perch and 
pikeperch. These indicators of freshwater fishing are 
most prominent on sites from the Limfjord and North 
Zealand regions, especially Ertebølle (type site) and 
Bjørnsholm (Table 20). Freshwater fishes are virtually 
absent from the sites in the East-Central Jutland re
gion, being totally absent from Visborg and Vængesø 
III, (as well as from Yderhede in Vendsyssel). On 
Mejlgård (East-Central Jutland) bones from three 
species of freshwater fishes were found in an eel-dom
inated material. Fishing from Mejlgård resembles 
that from Ertebølle (type site). The settlements at 
Vedbæk Fjord and Nivå Fjord (North Zealand) have 
a minor but constant element of freshwater fishes, no
tably pike, roach and cyprinids unspecified. The finds 
of pikeperch (three sites) are of special faunal interest 
because recent occurrences of this species in Danish 
waters are due to artificial introduction.

Naturally, bones from freshwater fishes are much 
more abundant on inland sites from this period, see 
Enghoff (1994,1995,1998a) and Noe-Nygaard (1995) 
who described fishing (pike, weis, roach and several 
other species of cyprinids) from inland settlements in 
the Åmose complex.

Østenkær (Vendsyssel) stands out with a consider
able share of freshwater and migratory/euryhaline 
fishes (60% in total), which is quite surprising, con
sidering the maritime situation of the site. Unfortu
nately the total number of fish bones from Østenkær 
is small, and one cannot be sure if the material is rep
resentative of the true frequencies.

The settlements in the Limfjord region differ sig
nificantly from the general pattern, as marine fishes 
constitute only a small fraction of the total. Thus, 
freshwater fishes constitute 70% of the identified fish
bones from Egsminde and Ertebølle (type site), 
whereas migratory/euryhaline species clearly domi
nate on Bjørnsholm and Krabbesholm II. The fisher
ies at Ertebølle (type site) and Bjørnsholm were com
pared by Enghoff (1994). The dominance of 
non-marine fishes is a very clear regional characteris
tic of the Limfjord region.

Finds of fishing tools

Remains of basket traps and weirs have been found 
on settlements from both the Kongemose, Ertebølle 
and Funnel Beaker cultures (Becker 1943, Becker & 
Troels-Smith 1941, Kapel 1969, Pedersen 1992,1995).

There are also finds of fish traps from some of the 
sites studied here. At Yderhede, remains of fish weirs 
have been deposited (Nielsen & Christensen 1999). At 
Lystrup Enge, in the refuse zone, 588 pointed hazel- 
wood stakes were registered, of which 67 were found in 
sitw, the stakes were interpreted as remains from station
ary fish traps. Similar remains also occur abundantly at 
Ronæs Skov, Island of Funen (Andersen 2009).

However there are also finds of fishhooks and 
leister prongs from the period. For example, from 
Ertebølle and Bjørnsholm, five and seven small fish 
hooks made of bone have been found, respectively, 
and from Ronæs Skov no less than 42 finds of various 
types of leister prongs which, i.a., would have been 
well suited for catching flatfishes (Andersen 2009). A 
wooden float was found at the settlement Møllegabet 
I (Island of Ærø, S of Funen, late Ertebølle culture) 
(Skaarup 1993).

Boats can also be regarded as fishing tools, and 
there are finds of boats from the study period, includ
ing some from the studied sites. In the refuse zone off 
Yderhede remains of a dugout boat (length of pre
served part 4.4 m) with oars were found (Nielsen & 
Christensen 1999), and remains of two dugouts have 
been found off Lystrup Enge (Andersen 1996). See 
also Christensen (1989).

Use offish

The fish were obviously eaten, but there have been 
other possible uses. Shark liver and sticklebacks may 
have provided train oil. The skin of sharks and floun
der may have been used for polishing (Otterstrøm 
1917, Brøndegaard 1985) and the skin of several spe
cies may have been used for shoes, purses etc. (nowa
days, shark, flounder and eel skin are used for such 
purposes). Spurdog spines may have been used as 
tools (Noe-Nygaard 1971).
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General traits and regional differences

The general characterization of Ertebølle culture fish
ing by Enghoff (1994) still holds: Fishing from coastal 
Ertebølle culture sites was in general dominated by 
gadids (especially cod), flatfishes (especially floun
der) and eel, supplemented by a species-rich by-catch. 
In general, small individuals were caught. The differ
ences seen, which manifest themselves as differences 
in the relative frequency of the dominating species 
and differences in the by-catch, seem to be due to dif
ferences in the local fish faunas. Concentrations of a 
species in an area may be expressed as massive domi
nance in the fish bone material.

At the regional level, the Limfjord region stands 
out in that there is a strong dominance of late sum
mer-autumn eel fishing. (Notice, however, that eel 
also dominated the fish bone material from Mejlgård 
which is situated in the East Central Jutland region, 
but not too far from the Limfjord.) Presumably, the 
migration of eel to the breeding grounds at this time 
of the year, which provides a chance for a big catch in 
a short time, has been exploited consciously.

The transition from Kongemose to Ertebølle culture 
can be studied at several sites at Vedbæk Fjord and 
Nivå Fjord, Northern Zealand. It appears that fishing 
continued across the cultural borderline without any 
change.

Fishing continues from latest Ertebølle culture 
into earliest Funnel Beaker culture at Bjørnsholm, 
Krabbesholm II, Visborg and Magieholm. On Krab
besholm II and Visborg there are unfortunately few 
fish bones from the Funnel Beaker phase (and from 
Visborg there are few fish bones altogether), but the 
characteristic fishing from Visborg dominated by cod 
and flatfishes with a supplement of weever and eel- 
pout continues from Ertebølle into Funnel Beaker 
culture. The very few Funnel Beaker fishbones from 
Krabbesholm II do suggest that the characteristic eel 
fishing continued. At Bjørnsholm it also looks as if 

fishing continued across the Mesolithic-Neolithic 
boundary without significant qualitative changes: the 
same species are common and occur in similar pro
portions (Enghoff 1993). The same pattern is seen at 
Magleholm (Vedbæk Fjord, North Zealand) where 
fishing dominated by gadids and spurdog continues 
from Ertebølle into Funnel Beaker culture.

The general paucity of fish bones in Neolithic lay
ers seems to be a general feature. Thus, only a single 
fish bone, from a gadid, was found in Neolithic layers 
of the kitchen midden at Norsminde, East Jutland 
(Enghoff 1991). It is a question whether the low num
bers of fish bones from Funnel Beaker culture are a 
sign that fishing played a minor role in this cultural 
period, or whether they are due to taphonomic fac
tors. The thin layers from early Funnel Beaker cul
ture lie on top of the kitchen middens often close to 
the surface, and are thus much more exposed to erod
ing factors. On the other hand, the <V:C contents of 
human bones decreased at the Mesolithic-Neolithic 
transition which shows that Neolithic man in Den
mark ate less marine food than Mesolithic man (Tau
ber 1981). On the other hand, extensive stationary 
structures for passive fishing, dated to the early Neo
lithic, have been found at the Danish coasts (Peder
sen 1995) indicating that fishing did play a certain 
role.

Kalvø (Norsminde Fjord, East-Central Jutland) is 
of special interest in this respect. The fish bone mate
rial is referred to the late Neolithic, viz. latest Funnel 
Beaker culture (MN V) overlaid by sediments from 
Single Grave culture. Fishing from Kalvø was domi
nated by gadids, especially cod but interestingly also 
haddock, a species which is uncommon on Danish 
Mesolithic sites. The cod from Kalvø were generally 
much larger than those from Mesolithic and early 
Neolithic sites - up to one meter. Fishing from Kalvø 
thus resembles Danish Bronze Age fishing which is 
also characterized by haddock and large cod (Bernts- 
son 2005, Enghoff in press). The Kalvø material thus 
pushes the transition from the characteristic coastal 
Mesolithic fishing to more seagoing fishing back into 
the Neolithic.
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Amphibians and reptiles

Table 63 shows all finds of bones from reptiles and 
amphibians on settlements treated here (all four re
gions). Apart from the European pond turtle, the ani
mals in question have small bones (comparable to fish 
bones) and are mainly found on sites where fine siev
ing has been employed; for example, the snake verte
brae were often found among fish bones.

Most reptiles and some amphibians have the 
habit of digging burrows in the soil and/or use ex
isting ones. Reptile and amphibian bones found in 
excavated layers on the settlements may therefore 
not derive from the period in which the settlement 
was inhabited. To decide whether this is the case, 
certain auxiliary criteria may be helpful: do the 
bones have the same colour and state of preserva
tion as the bone material in general? Do the bones 
seem to derive from a complete individual (this 
would indicate a more recent specimen that died 
during hibernation)? Cutmarks on the bones 
would also be helpful but have not been found.

The amphibian bones derive from various frogs 
and toads. The reptiles are represented by several 
species of snake, as well as slow-worm and pond 
turtle. The latter is a thermophilous species like 
Aesculapian snake; both these species are nowa
days distributed to the SE of Denmark and their 
presence in the Stone Age bone samples indicate 
the warmer Atlantic climate. The find of Aescula
pian snake from Lystrup Enge is the first and so far 
only subfossil find of this species in Denmark 
(Ljungar 1995). The pond turtle, on the other 
hand, has been found on quite a number of Dan
ish Boreal, Atlantic and Subboreal sites - Noe- 
Nygaard (1995) knew about 275 finds. The distri
bution of the finds within Denmark has a clear 
south-eastern bias: the vast majority were found 
on Zealand, fewer on Funen (with surrounding is
lands), and very few in Jutland (Degerbøl & Krog 
I951)-
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Table 63. Amphibians and reptiles from treated sites (all four regions). Entries are number of fragments. For Latin and Danish 
names see Table 4. Newly studied sites indicated with boldface.
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slow-worm 1 1

grass snake W 14 X 218

smooth snake

Aesculapian snake 25

snake unspec. 1 1

European pond X X X 6 1 1
turtle

garlic toad X X

natterjack toad 1

common toad 1 1

toad unspec. 6 2 X 1

frog unspec. 1 78 11 X X

frog/toad unspec. 2 6 7 2 8
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Birds

Subfossil bird bones from the Danish Atlantic period 
were treated thoroughly by Winge (1903) and later by 
Løppenthin (1967) and Ljungar (1996). In connection 
with the last-mentioned study ca. 7500 bird bone frag
ments belonging to at least 49 species and coming 
from ca. 100 settlements were treated. This material 
almost exclusively came from coastal sites at the Lim- 
fjord and Kattegat which of course has left a mark on 
the selection of species: mainly coastal and marine 
birds, including truly marine ones like gannet and al- 
cids. The latter are absent from bone samples dating 
from the preceding Boreal period and were probably 
attracted by the warm, salty Atlantic sea and its riches 
of fish (Aaris-Sørensen 1998, Enghoff 1994), see the 
chapter on fishing, p. 274.

Noe-Nygaard (1995) reported on 933 bird bones 
from inland sites in Åmosen, Zealand. Two of the 
sites, Kongemose and Præstelyng, are from the early 
and late Atlantic period, respectively, and Muldbjerg 
I is from early Subboreal. Noe-Nygaard found no 
truly marine birds on these inland sites; on the other 
hand, and not surprisingly, many terrestrial and fresh
water species were found, including capercaillie, 
green woodpecker, bittern, water rail, moorhen, grey 
heron, black stork and crane. Gotfredsen (1998) re
ported on 344 bird bones from three inland sites in 
Åmosen and found a selection of species similar to 

that reported by Noe-Nyegaard (1995); however, 
Gotfredsen also found one bone from eider - a pro
nounced marine species.

On this background, it might be considered unre
alistic to expect that the sites studied here would con
tribute with significant information on the bird fauna 
of the Atlantic period. However, the new materials 
have been excavated with modern methods, and two 
of the sites are in Vendsyssel, northernmost Denmark, 
i.e., a region which is not at all represented in the ear
lier studies referred to above. All species reported 

from Vendsyssel thus represent new knowledge and a 
significant extension of known distribution areas for 
the period.

Tables 9, 21, 34 and 53 provide an overview of the 
birds from the newly and previously studied sites 
treated here.

In spite of the meticulous excavations, the number 
of bird bones is not very high. The highest number of 
fragments was found at Vængesø III: 410 fragments 
of which 184 could be identified. In his treatment of 
bird remains from the Vedbæk sites Aaris-Sørensen 
(1980b) also noticed the low number of bird frag
ments, and thought that this was most probably due 
to taphonomic loss. Serjeantson (2009) also discussed 
the scarcity of bird bones on many prehistoric sites. 
She regarded taphonomic loss as one reason, but also 
regarded the absence to be real on many sites because 
bird hunting gives very little energetic return in rela
tion to the effort. She referred to an anthropological 
study (of the Tlingit people in the American Pacific 
Northwest) where birds constitute but a minor part of 
the food compared to fish and terrestrial and marine 
mammals. Birds are mainly hunted for their feathers 
by the Tlingit, but birds killed for that primary pur
pose are also eaten. Serjeantson’s energetic argument 
may carry less weight at sites with access to breeding 
colonies or to wing moulting sites where large num
bers of birds will be easily accessible because they are 
unable to fly, or because they are brooding. Bird 
bones are indeed fragile, thin-walled and often small; 
however, incredible numbers of small fish bones were 
preserved at the Vedbæk sites (Aaris-Sørensen 1980b). 
Nicholson (1996) analysed survival of fish, bird and 
mammal bones buried under various soil conditions 
and found that fish bones were in general less likely to 
survive than similar sized bird (and mammal) bones. 
Considering the large amounts of fish bones found on 
some of the sites studied, the small numbers of bird

286



SCI. DAN. B. I II. I • REPRESENTATION OF SKELETAL ELEMENTS

Fig. go. Bird bones from 
Lystrup Enge. Left to right: 
coracoid of goldeneye, 
coracoid of cormorant 
tibio-tarsus of red or black 
throated loon, femur of swan 
- Scale units: i cm.

bones might indeed be an indication that the paucity 
of bird bones is not a taphonomic phenomenon but 
that birds played a relatively small role for the econo
my of the sites (Fig. 90).

ii.i Representation of skeletal elements

Most species are each represented by only a few 
bones; this does indicate a large taphonomic loss. As 
it appears very clearly from the review by Lj ungar 
(1996), small birds have much smaller chances of 
preservation than large ones and are probably strong
ly under-represented in the material. Using the above- 
mentioned energetic arguments of Serjeantson 
(2009), the poor representation of bones from small 
birds may, however, reflect their real importance. The 
spatial distribution of bird bones from Østenkær 
demonstrates another taphonomic factor, viz., that 
bones left in water-covered refuse layers stand a better 
chance of preservation: all bones from Østenkær ex
cept one are from the refuse layers although several 
squares from the dry part of the site were also exca
vated.

Wing bones, especially humerus, seem to be over- 
represented (Tables, 12,17, 26,37,44,48 and 56). Eric

son (1987) and Serjeantson (2009) showed that wing 
bones are generally over-abundant both in Stone Age 
materials and in materials accumulated by means of 
natural causes. Notice, however, that birds with very 
characteristic bones, e.g., gannet and cormorant, are 
also represented with several other skeletal elements 
than those from the wing. Many bird skeletal ele
ments are generally difficult to identify; humerus is 
one of the most species-specific ones. The over-repre
sentation of wing bones among the identified bird 
bones is thus in part due to this “identification bias”.

It appears that swans and ducks have played a sig
nificant role at all sites in all regions. Swans in particu
lar are attractive prey because of their (for birds) large 
size - 7-14 kg according to Serjeantson (2009) - and 
they are easy to obtain in large numbers during their 
moulting. Other generally important groups are 
loons, grebes, gulls and alcids (razorbill, murres etc.). 
It is worth noting that geese seem not to have been so 
important, although today, they occur in large num
bers. This is in agreement with Ljungar (1996) accord
ing to whom goose bones constitute only about 1% of 
identified bird bones from Atlantic sites in Denmark, 
presumably due to the very closed landscape during 
this period.
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ii.2 Significance of various groups of birds

Whereas fish can easily be classified as marine or 
freshwater, with only a few species being migratory or 
euryhaline, and mammals may relatively easily be 
classified as marine vs. terrestrial and as sources of 
meat vs. fur, birds are much more difficult to classify 
into functional groups. Whereas some birds are strict
ly marine (gannet, auks), and some are strictly terres
trial (capercaillie, woodpeckers) many birds breed in 
lakes etc. but spend the winter at sea, or they divide 
their time between freshwater and terrestrial habitats. 
In the tables of functional groups of birds given for 
several newly studied sites (Tables 13,18, 27,38,45,49 
and 57) most species/species groups appear in more 
than one functional group.

Swans

Bones from swans constituted 35% of the bird bones 
from the Atlantic sites studied by Ljungar (1996). Of 
these 90% were from whooper swan and 10% from 
tundra swan. Ljungar (1996) listed only one Atlantic 
find of the third European swan species, the mute 
swan. However, Noe-Nygaard (1995) reported mute 
swan from Præstelyng (Atlantic) and Muldbjerg I 
(Subboreal) and Gotfredsen (1998) reported mute 
swan from Åkonge and Nøddekonge (both dated to 
the transition between the Atlantic and the Subboreal 
chronozones). To these records can now be added 
Østenkær where all three species of swan occurred.

In addition to the apparent general exploitation of 
swans, there are sites where swan hunting seems to 
have been particularly intensive. This is true of the 
site Aggersund (Limfjord Region, Ertebølle culture) 
of which Møhl (1978) suggested that swan hunting 
was the main raison d’etre for the site. No less than 
257 swan fragments (MNI only 8, however) were 
found at Aggersund; only whooper swan could be 
identified, and no other bird species at all were re
corded. The Danish record in swan bones is, however, 
held by the shell midden at Mejlgård (East Central 
Jutland, middle and late Ertebølle culture) where 525 
swan bones were found, including 49 identified to 

whooper swan and 98 to tundra swan (Madsen 1889, 
Winge 1903, Ljungar 1996).

Nowadays the mute swan breeds in Denmark, 
whereas whooper and tundra swans occur as migrat
ing and wintering visitors (Andersen-Harild 2002). 
Tundra swan nowadays arrives in Denmark in Octo
ber from the breeding areas, and if the winter is mild 
it stays until spring. It can be assumed that the win
ters during the Atlantic period were mild enough for 
them to overwinter. Also whooper swans arrive to 
Denmark during the autumn (October-November), 
and Denmark is the most important wintering area 
for this species in Europe. It is particularly abundant 
in Northwest Jutland, mainly along the coasts (An
dersen-Harild 2002). The mute swan is nowadays the 
commonest of the three in Denmark and has even 
earned the distinction of being Denmark’s “national 
bird”. During the Atlantic period, this was obviously 
different, the whooper swan being by far the most 
abundant species.

In addition to the breeding ones, a great number 
of swans spend the summer in Danish waters where 
they seek refuge during the moulting of the flight 
feathers. During July-August, where all flight feathers 
are shed and the swans are therefore flightless, they 
are easy to hunt. This has been taken advantage of 
during historic times (Andersen-Harild 2002) and 
probably also during the Atlantic period.

A find of a swan humerus with an embedded trans
verse flint arrowhead (Henriksholm-Bøgebakken, 
Vedbæk) shows that swans were hunted with bow and 
arrow (Møhl 1978).

Other waterfowl

The scarcity of geese was mentioned above, but ducks 
are abundant. Many of these, such as eider and scot
ers, are strictly marine in Denmark and thus indicate 
hunting at the sea. However, scoters breed at lakes in 
the countries north of Denmark, and their I3C content 
therefore does not necessarily reflect a marine origin.

Loons are not breeding in Denmark nowadays but 
in particular the two species found at Østenkær, the 
Limfjord region and Vængesø III, red-throated and 
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black-throated loon, occur in our waters throughout 
the year. They are, however most abundant during 
the spring and autumn migrations.

The grebes are represented with three species: lit
tle, red-necked and crested grebe. Grebes are ex
tremely adapted to a life in water which, depending 
on the species and the season, may be lakes, streams, 
brackish waters or shallow sea. These kinds of habitat 
have been available at all the studied sites which were 
placed at the coast and often near freshwater bodies

Gulls

Gull bones were found in all regions. The gull skele
ton is very characteristic, and bones can usually easily 
be identified to the gull family, Laridae. Identification 
to species is, however, very difficult, and usually the 
identification can only reach a level defined as a size 
category. During this study, bones of very large gulls, 
like greater black-backed and glaucous gull, were 
found, as well as smaller ones the size of lesser black- 
backed or herring gull, and even smaller ones the size 
of common gull or kittiwake. Particularly, many gull 
bones were found at Ertebølle (n=i2ß) and Mejlgård 
(East Central Jutland, n=i50) (Winge 1903, Ljungar 
I996)-

Dalmatian pelican

The Dalmatian pelican is the most exotic species on 
the species list and is an indicator of a warmer climate. 
Five fragments of pelican bones were found at 
Østenkær (Vendsyssel), and fortunately they were 
among the skeletal elements, e.g., humerus, which al
low identification to species level (Hatting 1963). In 
the review by Ljungar (1996) “more than 27” frag
ments of Dalmatian pelican are mentioned, found in 
eastern Jutland and on Zealand. From Atlantic times 
an almost complete skeleton has been found at Syv- 
høje, Zealand (Hatting 1963). Noe-Nygaard (1995) 
found Dalmatian pelican at the inland sites Konge- 
mose (n=i) and Præstelyng (n=4) on Zealand. The 
new find from Vendsyssel represents an extension of 
the known subfossil distribution of the species. Hat

ting (1963) noted that there were no finds of Dalma
tian pelican from Norway, Sweden or Germany, but 
Schmölcke & Glykou (2007) recorded the first subfos
sil find of the species from the site (Rosenhof LA 58) 
in northern Germany, Atlantic chronozone. None of 
the pelican bones found are from juvenile birds so 
there is no indication that the species bred in Den
mark during Atlantic times. Nowadays it breeds in SE 
Europe but occurs as a sporadic visitor in Central Eu
rope. Interestingly, in 2006 a Dalmatian pelican was 
observed in north-western Jutland (Klein 2007), 
probably the first Danish occurrence of the species 
since the Stone Age. Maybe this is an early result of 
the generally warmer climate we have been experienc
ing in recent years?

Cormorant

Cormorant fragments were found on several of the 
sites studied and are represented in all the regions. 
This species, like the whooper swan (see above), 
seems to have been intensively exploited at certain 
sites. This is true of Vængesø III among the sites stud
ied here. A total of 79 bone fragments (+ 4 dubious 
ones) were identified to cormorant, which corre
sponds to 45% of the identified bird bones from the 
site. According to Ljungar (1996), a total of 205 cor
morant bones were known from the settlements at the 
Danish Littorina Sea. The finds of cormorant from 
Vængesø III thus represent a significant increase. Pre
sumably, there was a colony of cormorants near the 
settlement. A fair number (23) of cormorant bones 
were found at nearby Vængesø II.

Nexelø, a small island off the west coast of Zea
land, is another Atlantic site with many fragments of 
cormorant: 87 out of 211 identified bird bones (41%) 
are from this species (Ljungar 1996).

Noe-Nygaard (1995) found no cormorant bones 
on the inland sites in Åmosen, Zealand which is sur

prising, since cormorant frequently breed near fresh 
water. However, Gotfredsen (1998) found a single 
cormorant fragment at the late Mesolithic (Atlantic- 
Subboreal transition) settlement Nøddekonge, in 
Åmosen.
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Fig. gi. Gannet bones from 
Vængesø III. Left: carpo- 
metacarpus. Right: coracoid, 
- Scale units: i cm.

Many cormorant bones from Danish Atlantic sites 
have cutmarks, indicating that cormorants were eaten 
by the Stone Age people (Ljungar 1996). No cutmarks 
were, however, seen on the cormorant bones studied 
here.

Truly marine birds

Gannet and alcids (great auk, razorbill and murre) are 
truly marine birds which are only encountered on sea 
coasts or even in the open sea. Many of the sites stud
ied yielded fragments from this group of birds, even 
sites situated at the coast of our inner waters, which 
were then more saline than today (Ljungar 1996).

Gannet bones were found at Østenkær (Vendsys
sel), at Ertebølle and Bjørnsholm (the Limfjord regi
on) at Vængesø III (Fig. 91), Vængesø II, Dyrholmen 
and Brabrand Sø (East Central Jutland) and at Berg- 
mansdal, Kassemose and Ølby Lyng (North Zea
land). This species does not breed in Denmark nowa
days but is a regular visitor, especially during autumn, 
and especially along the west coast of Jutland.

Alcid bones were found in all four regions and 
were particularly numerous at Østenkær (Vendsys
sel), Vængesø III (East Central Jutland) and as deep 

into the inner waters as Nivågård (North Zealand). At 
Østenkær no less than three species of auks were 
found, viz., razorbill, murre and great auk. Murre 
bones are much commoner than razorbill in bone 
samples from the Atlantic period; until the present 
study only 3 fragments (from Ertebølle type site and 
Bjørnsholm) had been identified to razorbill, as 
against 45 to murre (Ljungar 1996). The two razorbill 
bones from Østenkær thus almost double the number.

The material from the site Ølby Lyng (Ertebølle 
culture), eastern Zealand, is particularly rich in auk 
bones, containing 207 auk fragments of which 37 
could be identified to murre and one to great auk 
(Møhl 1971, Ljungar 1996). This material also includ
ed 23 gannet bones as a further truly marine element 
(Møhl 1971).

Razorbill and murre breed in present-day Den
mark, but only on small islets off the island of Born
holm in the Baltic Sea. This breeding site is supposed 
to have been in use also during the Atlantic period 
(Løppenthin 1967). In addition, many individuals of 
both species spend the winter in Danish waters (North 
Sea, Skagerrak, Kattegat). Subfossil finds of many ra
zorbills and murres may, with caution, be interpreted 
as an indication of activity on the site during winter.
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The flightless, extinct great auk (the last known 
individual was killed in 1844) was the largest of the 
alcids. There is no indication that the great auk ever 
bred in Denmark although Ljungar (1996) reported 
117 fragments of great auk from Atlantic Denmark. No 
less than 52 of these came from a shell midden at Klin
tesø, NW Zealand.

Raptors

Exploitation of raptors seems to have been a general 
trait. Four species are represented in the studied mate
rial: white-tailed eagle, golden eagle, osprey and buz
zard, the first of these being by far the most frequent. 
The finds of a fifth species, sparrowhawk, at Ronæs 
Skov (Enghoff 2009) is noteworthy, as until now, only 
one sparrowhawk bone had been identified from At
lantic Denmark (Ljungar 1996). Eagles are quite well 
represented and Nivågård stands out with three large 
species of raptor: white-tailed eagle, golden eagle and 
buzzard.

Although the buzzard is the commonest raptor in 
Denmark today, both as a breeding species and a mi
grant visitor, the list of Atlantic Danish raptors is 
topped by white-tailed eagle, of which 68 fragments 
were listed by Ljungar (1996). Both eagles and osprey 
are very rare breeding birds but more frequent as visi
tors.

In particular the finds of golden eagle from 
Østenkær (2 bones) and Nivågård (1 bone) are re
markable because until now there was only one find 
of golden eagle from Atlantic Denmark: Bergmans- 
dal, North Zealand (Ljungar 1996). According to 
Eriksson & Magnell (2001) there is only a single find 
of golden eagle from Atlantic South Scandinavia: 
Segebro, Scania. The golden eagle is a rare winter 
visitor in present-day Denmark (510 individuals per 
year), but more golden eagles are observed during 
spring migration. The northern tip of Vendsyssel 
(Skagen) is one of the best places for eagles in spring 
(Mikkelsen et al. 2002) - maybe the Atlantic northern 
tip, where the Østenkær settlement was situated, 
played a similar role?

Capercaillie

The capercaillie, the giant among European game 
birds, is extinct in Denmark. Relatively many caper
caillie bones (127 reported by Ljungar, 1996) are 
known from the Atlantic period when it was presum
ably quite common. Capercaillie bones were found in 
all regions, among the newly studied sites at Østenkær 
(Vendsyssel) and Ertebølle (the Limfjord region). It is 
a species of conifer forests, and one only has to go no 
further than to Sweden to find it today. It is, e.g., also 
found at the Atlantic settlement Tågerup in S Sweden 
(Eriksson & Magnell 2001).

11.3 Use of birds

Cutmarks on the bones, which are a strong indication 
that a killed bird has been used for some purpose, 
were very rarely encountered in the present study 
maybe because the surface of the bones generally was 
in a bad state of preservation. Cutmarks were only 
seen on an ulna of a swan from Yderhede, and on a 
probable humerus of an unspecified bird from Vis- 
borg (Mesolithic). Nevertheless, the bird bones found 
at the sites, or at least the vast majority of them, are 
presumably from birds which have been killed and 
used for eating and/or other purposes.

Most of the bird species of which remains have 
been found, may have served as food. Feathers were 
used for fletching arrows and for ornaments; an entire 
bird wing could be used as a broom, as a fan (at the 
fire), or for ceremonial purpose, e.g., as grave bed
ding for a child (Albrethsen & Petersen 1975, Aaris- 
Sørensen 1998); also, a swan skeleton was found in a 
young woman’s grave in Åmosen (Møhl 1978). Down- 
or featherclad bird skin could be used for clothes 
(e.g., eider). Bird bones could be worked into tools, 
for instance a bodkin made from a bird bone was 
found at Vængesø III. Eagles and other large raptors 
probably were status symbols and their wings etc. 
were probably also used for ornaments. A humerus 
from white-tailed eagle found at Tågerup, Scania, had 
cutmarks which suggests that flight feathers were re
moved. Out of six fragments of white-tailed eagle 
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found at Tågerup, three were phalanges, maybe eagle 
claws were worn as ornaments or for ritual use (Eriks
son & Magnell 2001, see also Serjeantson 2009). Ser- 
jeantson (2009) provided an overview of possible 
uses of bird feathers and bones and also mentions use 
of oil from birds as fuel. She emphasizes that seabirds 
are notoriously fatty, cited examples (from Patagonia) 
of cultures where fatty seabirds were preferred over 
ducks and geese and mentioned, as a curiosity, that 
gannets are still hunted for eating on the Outer Heb
rides.

Møhl (1978) called attention to the possible use of 
swan skin. Stripped of the feathers but with the down 
layer remaining, a tanned swan skin will provide the 
warmest and lightest possible underwear.

11.4 Birds as indicators of habitat

Most of the bird species found are more or less aquat
ic, and the majority are, at least in part, marine. Some, 
like loons, gannet, scoters and auks, can only have 
been hunted on the sea. Grebes, cormorant, swans, 
gulls and most of the ducks may have been hunted at 
sea or fresh water.

There are, however, also strictly terrestrial species 
on the list. The capercaillie, now extinct in Denmark, 
is a bird of conifer forests and the woodcock is also a 
forest bird. Corvids (crow etc.) are also terrestrial and 
may have been encountered on the refuse heaps of the 
settlements (although the crow frequently also visits 
beaches). Crane and stork were most probably hunt
ed inland, e.g., in moors.

The raptors on the list breed in forests but may 
have been encountered in all types of habitat, includ
ing the sea (white-tailed eagle).

11.5 General traits and local differences

Bird hunting from Danish settlements seems to have 
been quite uniform throughout the Danish regions 
treated here, during the study period. Available spe
cies were hunted, and the effort was directed towards 

the sea as well as freshwater and forests in the inland. 
There are, however, some sites where a single or a few 
species, such as swans, scoters or cormorant, domi
nate (or even constitute the entire bird bone materi
al). Such biases are probably due to concentrations of 
the species in question near the settlements. There 
may have been moulting or wintering sites nearby 
(swans and scoters), or there may have been breeding 
colonies (cormorant). The northern tip of Vendsyssel 
was probably, like present-day Skagens Odde, an im
portant ‘funnel’ for migrating birds, including rap
tors, during spring. Such local concentrations have 
been taken advantage of. It is quite likely that settle
ments have consciously been placed near these con
centrations, at least during certain seasons. This 
would represent cases of true specialisation.

ii.6 Temporal changes

Most of the studied sites are from Ertebølle culture, 
and birding from these sites was quite uniform (with 
a few sites deviating because of local conditions). 
From North Zealand (Nivå Fjord, Vedbæk Fjord, Or
drup Fjord, the Åmose complex) there are also bird 
bone samples from the preceding late Kongemose 
culture; as evident from Table 53 there is no qualita
tive difference between the bird bone samples from 
late Kongemose culture and those from Ertebølle cul
ture. Bird bones from early Funnel Beaker culture 
(earliest Neolithic) are available from, e.g. Bjørns
holm (Limfjord) and Visborg (East Central Jutland); 
at these sites, bird hunting seems to continue unal
tered from Ertebølle into funnel Beaker culture. Bird 
bone samples from unspecified ‘Ertebølle/early Fun
nel Beaker’ layers (e.g., several sites in N Zealand) 
show the same pattern. The relatively large Neolithic 
(latest Funnel Beaker and Single Grave culture) bird 
bone sample from Kalvø (East Central Jutland) also 
resembles a typical Ertebølle sample. Summarizing, 
bird hunting seems to have followed the same pattern 
during the very long period from late Kongemose to 
middle Neolithic cultures.
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Mammals

12.1 Mice, voles and shrews

Bones from mice, voles and shrews often occur in the 
bone samples recovered during archaeological exca
vations, usually in small numbers. As with other bur
rowing animals (reptiles, toads) there are always 
doubts as to whether these bones are from animals 
which lived on the site while it was inhabited, or 
whether they have dug into the sediment at a later 
time. As a further possibility, these small bones may 
derive from contemporaneous owl pellets or fox and 
dog excrements. Colour, mellowness and degree of 
fragmentation may give clues in this connection 
(Aaris-Sørensen & Andreasen 1995). Cutmarks sug
gest that the bones belong to the archaeological con
text, see for instance below. In the present study, 
bones from small digging mammals have only been 
considered if their state of preservation and the condi
tions of the find in general indicated that they are con
temporaneous with the other subfossil bones.

12.2 Fur-bearing animals

Several mammal species have been hunted mainly, 
and sometimes exclusively, for their fur. Squirrel, bea
ver, wolf, fox, marten, polecat, badger (Fig. 92), otter, 
wildcat and lynx thus have provided furs. The fur of 
seals has certainly also been used along with other 
products, but seals are treated in a separate chapter 
and are thus not included here. It would be more cor
rect to refer to the selection of species that are subject 
of this chapter as “terrestrial fur-bearing animals” but 
the shorter form “fur-bearing animals” is chosen for 
convenience.

The dog is included among the fur-bearing ani
mals although its primary use has probably been as a 
hunting dog. However, cutmarks on dog bones (e.g., 
a mesocarpal from Krabbesholm II) show that dog 
fur has indeed been used.

Water vole and mole are less obvious sources of 
fur but are included in the present discussion. Al
though no cutmarks were found on water vole and 
mole bones from the sites studied here, Noe-Nygaard 
(1995) found such cutmarks on water vole bones from 
an early Neolithic site in Åmosen, Zealand.

The small fur-bearing species have, accordingly, 
small bones and tend to be under-represented in the 
bone samples, partly because they dissolve in the sed
iment before larger bones, partly because their recov
ery requires fine sieving of sediment. The problem of 
under-representation is accordingly most pronounced 
in excavations of older date.

Bones from fur-bearing animals were found at all 
newly studied sites except Egsminde where the mate
rial, however, is small; the absence of fur-bearing ani
mals is thus hardly significant.

The diagrams, Figs 7,15,18, 23, 26,37,42,54, 66,73 
and 79, show the relative importance of fur-bearing 
animals (except seals) on each of the studied sites, in 
relation to the other main functional groups of mam
mals. Most of the diagrams are quite similar, the fur
bearing animals constituting 1-12%. One site which 
stands apart as regards the proportion of fur-bearing 
animals is Vængesø III where bones from fur-bearing 
animals constitute no less than 32% of the identified 
mammal bones. Fur-bearing animals have played a re
ally major role on this site and were probably the main 
reason for visiting the site. Vængesø III also stands 
out by its large share of marine mammals. These are 
included in the fraction “marine meat” in Fig.54, but 
as mentioned above, seals, which constitute the vast 
majority of marine mammals on this site, see Table 35, 
provided fur in addition to meat etc.

The Ertebølle culture site Hjerk Nor in the Lim- 
fjord region has an even higher share (51% of identified 
mammal bones) of fur-bearing animals, but this can
not be regarded as representative, cf. chapter 5.5. On
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Fig. 92. Badger: Re-assembled 
calvarium and humerus from 
Lystrup Enge. A recent 
calvarium for comparison. - 
Scale units: 1 cm.

the other hand, there are very few marine mammals at 
Hjerk Nor. A third atypical site, with a large element 
(21%) of fur-bearing animals, is Aggersund (Ertebølle 
culture, Limfjord region) although this site is mainly 
known for exploitation of swans (chapter 5.5).

All the species in question immigrated to Den
mark during the Preboreal or Boreal period, i.e., be
fore the period under consideration here. Some of 
them, viz., polecat, badger and lynx (Fig. 93), went 
extinct on the islands of Zealand and Funen during 
the Atlantic period (Aaris-Sørensen 1980b, 1998). Ac
cordingly, none of these three species were found on 
the two newly studied sites on Zealand: Nivågård and 
Nivå 10. The lynx molar from Lollikhuse is regarded 
as probably a vagrant individual (Rosenlund, unpub
lished [2005], Z.M.K. archive). Subsequently, the 
populations of lynx (late Atlantic) and wolf (Subat- 
lantic; 17th century AD) went extinct all over Denmark 
(Aaris-Sørensen 1998, 2009).

Even though Vendsyssel was at that time an island, 
and island formation often leads to extinction of spe
cies (Aaris-Sørensen 1980b), the two Vendsyssel sites 
yielded fragments from squirrel, wolf, fox, pine mar
ten, otter and wildcat.

Squirrel

Squirrel bones are known from a large number of Me
solithic sites in Denmark (Aaris-Sørensen & An
dreasen 1995). Cutmarks have been found on squirrel 
bones (Gotfredsen 1998). (Although discussed here 
as a source of meat, the hedgehog exhibits a pattern 
similar to that of squirrel: common occurrence on 
Mesolithic sites, bones sometimes with cutmarks 
(Aaris-Sørensen & Andreasen 1995, Gotfredsen 1998, 
Noe-Nygaard 1995)).

Beaver

Beaver was found only in the two southeasternmost 
regions: East Central Jutland and especially Northern 
Zealand. Gelskov (2000, 2001) recorded numerous 
beaver bones from Mesolithic settlements on Zealand 
and found no reason to believe that beaver was not 
generally distributed in Denmark. Based on the finds 
from settlements on Zealand, Gelskov further as
sumed that beaver must have occurred commonly, at 
least locally. However, Gelskov counted 56 finds of 
beaver from Boreal and Atlantic sites on Zealand, 
contrasting with only 2-3 finds from Jutland. Gelskov 
must have missed some sites; beaver is known from
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Fig. 93. Lynx. Phalanx with 
cutmarks from Lystrup Enge.
The length of the bone is 18.16 
mm.

Lystrup Enge (Fig. 94), Vængesø II, Dyrholmen, 
Norsminde, Kalvø and Ringkloster, see Table 35. Nev
ertheless, the difference between Zealand and Jutland 
is striking.

Conditions for bone preservations have been good 
at most of the sites analysed here, and large numbers 
of mammal bones have been collected. As the discus
sion above shows, fur-bearing animals have been a 
general target for the inhabitants at these sites. On 
top of this, beaver bones and teeth are very character
istic and are rarely overlooked or confused with other 
species. It appears improbable that the inhabitants of 
the Ertebølle culture sites in Jutland should have 
been less interested than people on Zealand in ex
ploiting beaver. All this leads to the conclusion that 
beaver was probably less common in Jutland than on 
Zealand. On the Zealand site Sværdborg I (Early At
lantic, Maglemose culture) beaver is the third-most 
abundant mammal in the bone material: 219 out of 
2923 identified mammal bones are from this species 
(Aaris-Sørensen 1976).

Dog

The dog is our oldest domestic animal and has been 
known as such for 14,000 years (Aaris-Sørensen 1998). 
Dog bones were found at all the studied sites except 
Yderhede and Åle (both are sites with small numbers 

of mammal bones).
Cutmarks on dog bones from Østenkær (a mandi

ble and a radius), Krabbesholm II (metacarpus), 

Vængesø III (a mandible and a radius) and Nivågård 
(a pelvis) indicate that this species was not only a 
hunting companion (see below) but also a source of 
fur (and meat?). The dog bone material unfortunate
ly does not include complete calvaria which would al
low detailed considerations about dog “races”. How
ever, comparison of various bones with recent 
skeletons shows that medium-sized dogs, as well as 
slightly larger ones the size of a recent Eskimo dog, 
are represented.

A metatarsus from an Østenkær dog, which was 
radiocarbon dated to 4350-4050 cal yr BC (LuS 6618), 
had a öI3C value of -2i.8%o, indicating that the dog 
lived from terrestrial food, whereas most dogs from 
this period lived from marine food, like the humans 
(Noe-Nygaard 1988). See, however, the discussion of 
the dog from Østenkær, chapter 4.2.

Pine marten

This is one of the fur-bearing species that is generally 
well represented and especially so in the Vængesø III 
material (83 bones), among the newly studied sites. 
As was shown at Vængesø III, the finds of numerous 
pine marten bones from the Ertebølle culture sites 
Ringkloster in central Jutland (Rowley-Conwy 1998) 
and Tybrind Vig on Funen (Trolle-Lassen 1986) sug
gest that they are from entire carcasses, a clear indica
tion that the martens were hunted for their fur.

The occurrence of pine marten at the two sites in 
Vendsyssel, Østenkær and Yderhede, is noteworthy

295



12 ■ MAMMALS SCI.DAN.B. I

Fig. 94. Beaver: Lumbar 
vertebra (juvenile) and molar 
from Lystrup Enge. - Scale 
units: 1 cm.

since nowadays the pine marten is absent (Asferg 
1991), or only dubiously recorded (Madsen et al. 
2007a) from Vendsyssel.

Otter

Bones from otter were found at nine of the sites stud
ied and occur frequently on sites from all the regions 
although generally less abundantly than pine marten. 
Today, one of the most severe threats to otter is drown
ing in fish traps (Madsen 1991, Madsen et al. 2007b), a 
risk which was also present during the Ertebølle peri
od, where fishing with stationary fish traps was preva
lent (Enghoff 1994). Many otter skulls from Danish 
archaeological sites bear signs of having been crushed, 
an indication of trapping and subsequent killing with 
clubs (Kalsbøl 2007) and one otter skull from Nivågård 
studied here shows this type of fragmentation.

Wildcat

Well-represented in all regions, approximately as fre
quent as otter except for Hjerk Nor where wildcat 
dominates strongly. Cutmarks on wildcat bones were 
found at Vængesø III (Fig. 95).

Brown bear

This species was not found on any of the newly stud
ied sites. Brown bear has, however been found on 
sites in the Limfjord region: Virksund (Ertebølle cul
ture) and in East Central Jutland: Dyrholmen (Erte- 
bølle-Funnel Beaker culture), Ørum Å (Funnel Beak
er culture, Brabrand Sø (Ertebølle culture), 
Flynderhage (Ertebølle culture) and Ringkloster 
(Ertebølle-Funnel Beaker culture) and Kainsbakke 
(Pitted ware culture), the latter being the latest known 
Danish occurrence of this species (Aaris-Sørensen 
2009). No finds of brown bear are known from 
Vendsyssel and Northern Zealand.

Fur-bearing animals as food?

Strid (2000) studied cutmarks on bones from carni
vores (canids, mustelids and felids) from Hjerk Nor 
(chapter 5.5). She found evidence in the cutmarks 
that fox, badger, pine marten, otter, lynx and wildcat 
were eaten at this site, and she summarized evidence 
that some of these species were also eaten at other 
contemporaneous sites (e.g., Tybrind Vig). Strid dis
cussed whether these animals had been used as emer
gency meat or not. This would be most relevant dur-
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Fig. 95. Wildcat: mandible from Vængesø III. Close-up shows cutmarks. - Scale units: 1 cm.

ing wintertime, but the sex ratio of otters indicated 
spring and summer activity. The large number of cut
marks on wildcat bones also speaks against the emer
gency food explanation. Beaver may also have been 
eaten by the Stone Age people (Gelskov 2000, 2001), 
although none of the beaver bones from the newly 
studied sites show signs of marrow-fractioning.

Other uses

The beaver is indeed a very useful species, providing 
fur, meat, fat from the tail and castorium for medical 
use (Aaris-Sørensen 1976, Gelskov 2000). In addition 
beaver jaws and teeth can be used for tools, as is 
known from, e.g., Alaska Eskimo cultures (Hatting 
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1969a). Hatting found few but definitive signs (e.g. 
worked teeth from the sites Holmegård and Øgårde 
on Zealand) indicating that Danish Stone Age people 
also used beaver jaws and teeth in a similar fashion. 
The Nivå 10 material studied here includes three man
dibles which, however, show no signs of working.

The main role of dog probably was as a hunting 
companion. Finds of dog graves testify to the hunter’s 
veneration towards his hunting partner (Aaris-Sø- 
rensen 1998).

In addition to fur and meat, badger may have pro
vided fat.

Certain bones from these species could be used for 
tools (e.g., the lynx tibia bodkin from Signalbakken, 
chapter 5.5, the fox bone bodkin and the three bod
kins made from wildcat ulna from Ertebølle [type 
site], chapter 5.3). Sinews may also have been used, as 
may the guts (containers, rain garments) (Strid 2000).

Carnivore skulls, mandibles etc. may have had 
decorative or ritual uses (e.g., E.B. Petersen et al. 
1979). Tame foxes may have acted as decoys or pets 
(fur farm) (Hatting et al. 1973).

Indicators of habitats

The otter mainly lives at lakes, streams and inlets - 
habitats which were probably present at all the studied 
sites - bones from otter were found at nine of these. 
Beaver also indicated nearby freshwater bodies.

Squirrel, pine marten and wildcat indicate dense 
forest near the settlements. Their presence on 
Østenkær as well as Yderhede in Vendsyssel thus 
shows that even in this marginal part of Denmark, fac
ing the open sea, the forest was close.

Temporal change

The overall pattern is that fur-bearing animals, which 
constituted a significant part of the mammal supply in 
the late Mesolithic (Kongemose and Ertebølle) cul
ture, continued to do so in the early Neolithic (Funnel 
Beaker) culture. Pine marten, otter, badger, wolf, fox, 
wildcat, lynx and brown bear have all been found in 
Funnel Beaker sediments. As an example, fur-bearing 

animals answer for 2.5% of the identified mammal 
bones in Funnel Beaker layers from Visborg, com
pared to 4.5 in Ertebølle contexts.

Summarising

Exploitation of fur-bearing animals seems to be a gen
eral trait on all studied sites, Mesolithic as well as 
early Neolithic ones. In particular fox, pine marten, 
otter and wildcat were intensively exploited all over 
Denmark.

12.3 Swine (wild boar, Sus scrofa, and 
domestic pig, Sus domesticus')

Bones of wild boar and/or domestic pig (collec
tively referred to as swine in the following) are 
among the most numerous mammal bones in the 
studied bone samples, as they generally are in 
Danish Mesolithic and Neolithic bone samples. 
Swine is one of the ‘big three’ sources of terrestrial 
meat (red deer, roe deer, swine) and seems to be 
relatively most important in East Central Jutland, 
32-58% of the ‘big three’ against 10-30% in other 
regions (disregarding the small sample from Krab
besholm II). The large number of remains pro
vides a basis for quantitative considerations of 
size, sex and age of the swine which again may 
give hints about hunting strategy, as well as geo
graphical and temporal trends. On top of these 
parameters, the distinction between wild boar (Sus 
scrofa) and domestic pig (Sus domesticus) is highly 
pertinent since the period covered by the project 
includes the time when domestic pigs for the first 
time occur in Denmark. These distinctions are to a 
high degree based on bone measurements. Table 
64 includes measurements of swine bones from the 
newly studied sites, and Figs 96-107 present many 
of these graphically.

Size and sex of swine

Payne & Bull (1988) demonstrated that for swine, the 
effect of sexual size dimorphism on bones is most
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Table 64. Swine, measurements of bones from the newly studied sites. All measurements are in mm. d = right side, s = left side. M 
= Mesolithic, N = Neolithic, sur.: surface find, no context. Up = upper molar, Lo = lower molar.

Forelimb

Scapula Humerus

Site item 
number

square layer 
no.

level s/d BG GLP SLC Bd BT HTC

Yderhede 1060 surf. d 30.1 42.5 26

Østenkær 35 d 32.9 47.7 32.4

Østenkær 33 d 29 42.8 33

Østenkær 536 497/613 S 30.7 40.1 26

Østenkær 21 d 34.3 49 34.8

Østenkær 21 S 30.1 31.4 31.3

Østenkær 21 s 31.2

Østenkær 22 s 29.1 44.4

Østenkær 22 d 31.5 45.8

Østenkær 22 d 31.3 42.3

Østenkær 22 d 28

Østenkær 24 d 32.7 43.8 28.4

Østenkær 24 S 30.7 40.3

Ertebølle RW d 32.2 47.4 32

Visborg M DFA 50n/65v S 28.7 39.3 26.4

Lystrup Enge 62/130 d 32.3 0 35.1

Østenkær 35 S 48.8 35.7

Østenkær 33 d 53.1 34.6

Østenkær 33 S 42.6 33.2

Østenkær 33 d 54.4 38.7

Østenkær 536 497/613 S 45.5 34.1 22.6

Østenkær 21 d 47.1 35.2 22.2
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Scapula Humerus

Site item 
number

square 
no.

layer level s/d BG GLP SLC Bd BT HTC

Østenkær 21 S 39.5 24.5

Østenkær 22 d 47 35.6 24.6

Østenkær 22 d 20.5

Østenkær 534 496/613 d 38.6 24.9

Visborg M DAAC 51/54 S 44.7 35.7 20.2

Visborg M EABQ, s 44.5 27.6

Vængesø III 7263 d 50 41.7 26.4

Lystnip Enge 46/162 d 52.5 38.6 23.9

Lystnip Enge 47/178 d 50.3 35.3 24.7

Lystnip Enge 51/103 S 50.1 34.9 25.1

Lystnip Enge 51/163 d 48.2 35.1 25.2

Lystnip Enge 52/168 d 55.3 38.8 27

Lystnip Enge 54/94 d 45.1 32.8 20.4

Lystnip Enge 58/84 S 55.2 41.9 25.6

Lystnip Enge 62/89 s 48.2 38.7 26.6

Lystnip Enge 62/126 s 51.1 35.3 25.6

Lystnip Enge 70/156 s 37.8

Nivå 10 94/155:4 2B/2G 2 s 50.2 40

Hindlimb

Tibia Astragalus Calcaneus

Site item 
number

square layer 
no.

level s/d Bd GL1 GLm Bd DI Dm GL GB

Yderhede 1060 surf. d

Yderhede 1050 surf. d 36,4
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Tibia Astragalus Calcaneus

Site item 
number

square 
no.

layer level s/d Bd GL1 GLm Bd Dl Dm GL GB

Østenkær 35 S 36,1

Østenkær 35 s 35,5

Østenkær 21 d 34,2

Østenkær 22 S 34,4

Krabbesholm II A6343 ? s 37,9

Lystnip Enge 49/200 s 43

Lystnip Enge 52/166 d 39,4

Lystnip Enge 57/246 d 44,6

Lystnip Enge 58/84 S 36,6

Lystnip Enge 58/240 s 37,1

Lystnip Enge 61/127 d 37,3

Lystnip Enge 62/112 S 38

Lystnip Enge 63/159 d 38,4

Nivå 10 94/155:4 2B/2G 2 S

Nivå 10 97/152:2 2 2 s 35,6

Yderhede 1058 surf. s 50,7 45,1 31,3 26,7 30,9

Østenkær 33 d 43,8 44,8 29 25,8

Østenkær 536 497/613 S 46,9 43 28,4 25,9 28

Østenkær 21 s 47,4 42,7 26,7 24,9 24,7

Østenkær 21 s 49,2 45,2 28,6 26,6 28,2

Østenkær 26 s 52 46,8 29 27,2 29,2

Østenkær 24 d 49,7 45 31,4 24,9 28,7

Østenkær 553 492/613 d 46,4 41,6 28,3 24 25,2

Åle NZT d 52,2 48,1 33,4 28 32,1

Visborg M/N? LLW 46,9
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Østenkær 533 496/gl3 s 92,3 29,7

Østenkær 35 s 24,8

Tibia Astragalus Calcaneus

Site item 
number

square 
no.

layer level s/d Bd GL1 GLm Bd DI Dm GL GB

Visborg M DAQU 49/64 s 51,4 47 29,5 27,3 29,3

Visborg M/N? UAD s 56,3 52,1 33,6 29,2 32,2

Visborg M ABAH s 52,5 46,3 31 28,1

Lystmp Enge 44/117 d 49,2 46,2 27,1 27,6 29,7

Lystnip Enge 49/200 s 52,8 47,3 33 30,9 32,6

Lystmp Enge 52/179 s 50,3 45,8 30,5 28,3 29,8

Lystmp Enge 55/105 s 56 50,9 33,6 30,9 33,8

Lystmp Enge 56/208 s 51,4 46,8 29,7 26,8 28,6

Lystmp Enge 57/133 d 49,7 46,3 29,8 28,5 29,7

Lystmp Enge 57/175 d 47,8 46,8 30,9 25,8 30,1

Lystmp Enge 57/175 s 49,2 46,8 26,1

Lystmp Enge 58/84 s 48,5 28,3

Lystmp Enge 60/182 s 55,8 50,5 33,1 30,3 32

Lystmp Enge 60/209 s 52,2 47 29,2 28,5 29,2

Lystmp Enge 62/164 d 50,9 47,6 28,2 29 30,8

Lystmp Enge 64/133 d 51 46,6 32,4 26,5 27,8

Lystmp Enge 66/150 s 51,1 46,4 29,7 28,7 28,6

Lystmp Enge 67/155 d 47,7 43,7 28,1 27,4 27,3

Lystmp Enge 71/108 s 48,3 44,5 27,6 25,4 27,7

Lystmp Enge 71/182 d 56,2 50,3 31,2 32,2 34,4

Lystmp Enge 72/230 d 51,2 47,3 28,2

Lystmp Enge 74/156 d 53,8 46,2 29,9 29,4

Nivågård nrl 103/101:3 2 d 50,9 45 31,2 27 30,3
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Tibia Astragalus Calcaneus

Site item 
number

square 
no.

layer level s/d Bd GL1 GLin Bd Dl Dm GL GB

Østenkær 536 497/613 S 102,7 31,1

Østenkær 21 s 102,8 28,2

Østenkær 21 d 105,8 30

Østenkær 529 493/613 d 110,5 31,2

Østenkær 22 S 28,6

Østenkær 22 s 26,3

Østenkær 22 s 25,4

Østenkær 26 s 28,8

Østenkær 24 s 96,1 26,8

Lystrup Enge 48/155 d 101,5 28,4

Lystrup Enge 52/169 d 102,8 27

Lystrup Enge 53/107 d 95,1 24,8

Lystrup Enge 55/238 d 101,5 29,7

Lystrup Enge 58/84 S 93,7

Lystrup Enge 58/129 s 105,4 30,5

Lystrup Enge 60/112 s 104 30,4

Lystrup Enge 75/148 d 108,4

Nivågård nr2 104/100:2 2/D S 27,5

Nivå 10 95/154:1 2H 6 d 30

Teeth

Ml M2 M3

Site item number square no. layer level s/d Up/Lo L WA WP L WA WP L WA WM WP

Yderhede 1270 90/98S d Lo 19,4 12,5 13,5
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Ml M2 M3

Site item number square no. layer level s/d Up/Lo L WA WP L WA WP L WA WM WP

Yderhede 1048 løsfund S Lo 19,9 11,8 12,8

Yderhede 1049 løsfund s Lo 27,4 16,9 17,8 41 18,9 19 15,3

Østenkær 528 492/613 s Up 18,8 15,5 14,6

Østenkær 528 492/613 d Up 20,7 15,5 15,2

Østenkær 546 501/613 d Up 20,3 16 16,5

Østenkær 546 501/613 S Up 21,8 16,2 16,5

Østenkær 544 500/613 s Up 21,1 16,5 16,6

Østenkær 21 s Up 20,1 16,6 16,9 27,1 21,3 20,6

Østenkær 24 d Up 18,1 15 15,5 25,3 20 20,3

Østenkær 24 d Up 19,2 16,3 14,9 25,1 21,3 20,5 42,2 24,2 19,4 15,8

Østenkær 528 492/613 S Up 26 19,5 18

Østenkær 535 496/613 s Up 25,6 21,3 21,1

Østenkær 546 501/613 s Up 25,7 20,4 19,5

Østenkær 534 496/613 d Up 27,3 20,4 19,7

Østenkær 520 500/612 S Up 24,8 18,6 17,1

Østenkær 511 486/612 s Up 26,9 20 18,9

Østenkær 33 ■ s Up 24,9 19,4 19,9

Østenkær 530 494/613 s Up 26 21,2 20,2

Østenkær 22 s Up 27,8 20 18,9

Østenkær 24 d Up 28,9 20,9 20 42,7 23,7 21,3 17

Østenkær 22 ■ d Up 20,5 42,9 23,9 19,5 15

Østenkær 33 ■ S Up 39,8 23,2 18,6 14,2

Østenkær 21 d Up 44,9 23 19,5 15,2

Østenkær 21 S Up 18,3 15,6

Østenkær 21 d Up 44,6 22,3 20,7 16,2

304



SCI.DAN.B. I 12.3 • SWINE (WILD BOAR, SUS SCROFA, AND DOMESTIC PIG, SUS DOMESTICUS)

Ml M2 M3

Site item number square no. layer level s/d Up/Lo L WA WP L WA WP L WA WM WP

Østenkær 22 d Up 39,2 22,6 19 14,7

Østenkær 22 d Up 39,3 22,9 19,7 14,9

Østenkær 24 s Up 45,6 24,5 21,5 16,1

Østenkær 535 496/613 s Up 45,8 25,4 20,1 19,9

Østenkær 546 501/613 d Up 43,4 24,2 18,9 16,7

Østenkær 546 501/613 s Up 48,4 23,8 20,6 14,7

Østenkær 536 497/613 d Up 39,7 22,6 18,8 14,7

Østenkær 536 497/613 s Up 43,5 23,7 18,5 14,9

Østenkær 534 496/613 d Lo 20,1 11,1 12,1

Østenkær 534 496/613 d Lo 20,2 10,7 12,4 26,5 16,2 16,9

Østenkær 526 490/613 d Lo 24,5 16,6 18

Østenkær 21 ■ s Lo 25,1 16 17

Østenkær 24 s Lo 47,2 19,7 19,3 16,6

Østenkær 24 s Lo 40,7 16,7 17 14,1

Østenkær 511 486/612 d Lo 42 17,2 17,3 14,7

Egsminde EVK d Up 19,4 13,8 14

Egsminde EVJ d Up 24,8 18 17,2

Åle LJX d Up 24,4 19,3

Åle OMY d Up 25,7 19,2 17,9

Åle PAR d Up 20,8 17,4 16,1

Åle 30011 s Up 38,9 22,2 18,1 13,9

Åle KRN d Up 42,5 21,4 18,4 13,4

Åle NPR s Lo 19,6 11,5 12,2

Åle 25594 d Lo 20,1 12,4 11,3 24,5 14,5 16 16,4 16,5

Åle NSD s Lo 28,4 17 16,7
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Ml M2 M3

Site item number square no. layer level s/d Up/Lo L WA WP L WA WP L WA WM WP

Ertebølle AEH S Lo 26,7 16,7 19,4

Krabbesholm II A4683 C s Lo 20,8 11 12,5

Krabbesholm II A6537 B/E s Lo 43,2 18,4 18,4 16

Visborg M CAZD s Up 20,1 14,7 15,3

Visborg M LWU s Up 20,1 14,7 14,9

Visborg M VDH s Up 18 15,2 15,4 26 20,6 19

Visborg M AAAT 52/63 d Up 19,8 1,59 15,6 25,1 20,3 18,4 37,1 21,3 17,3 14,6

Visborg M CAZD d Lo 15,6 11,7 12

Visborg M ZNP d Lo 19,7 11,4 11,8

Visborg M UJU d Lo 20,1 11,8 12,9

Visborg M BBLS S Lo 20,3 12,2 12,9

Visborg M YMP 48/66 d Lo 20 11,2 12 23,6 15,7 15,9

Visborg N PGC 50n/65v d Lo 21,7 1,33 14 28,3 18,6 19,1 53,7 22,5 21,3 18,5

Visborg N YPK d Lo 17,1 13,8 14,1 24,7 14 15,1 40,3 17 16,1 13,9

Visborg M ULX S Lo 25 14,9 16,2

Visborg M DBP ■ ■ d Lo 21,8 15 16,3 37 18,9 18 14,9

Visborg N KSM d Up 39,2 21,6 18,8 15,3

Visborg M DAQW 49/64 d Lo 53,4 22,2 20,8 18,7

Visborg N WNU d Lo 42 18,9 17,8 15

Visborg N XOB d Lo 50 21,8 20,7 16,6

Visborg M UKC d Lo 35 18 16,8 14

Visborg M BPP S Lo 36,9 16,3 16,2 13,9

Vængesø III 6902 d Up 20,5 16,4 15,8 26,9 20,5 19,7

Vængesø III 7584 S Up 17,7 14,8 14,2 24 17 16,9

Vængesø III 7347 480/500 s Lo 21,4 20,6 17,2
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Ml M2 M3

Site item number square no. layer level s/d Up/Lo L WA WP L WA WP L WA WM WP

Lystrup Enge ■ 48/162 d Up 16,7 12,3 12,4

Lystrup Enge ■ 53/178 S Up 16,2 12,5 12,1

Lystrup Enge ■ 70/155 s Up 18,7 16 16,1

Lystrup Enge ■ 64/124 d Up 20,8 16 15,5 26,7 20,5 19,9

Lystrup Enge ■ 47/75 d Up 22,4 16,6 16,8 28,9 20,8 20,8

Lystrup Enge ■ 49/84 d Lo 20,3 12,2 13,7

Lystrup Enge ■ 55/251 S Lo 18 12,4 14,3

Lystrup Enge ■ 60/147 d Lo 11,1 12,5 20

Lystrup Enge ■ 67/151 d Lo 18,2 11,9 13

Lystrup Enge ■ 70/155 S Lo 18,7 16 16,1

Lystrup Enge ■ 55/251 s Lo 22,5

Lystrup Enge ■ 60/147 d Lo 13,9

Lystrup Enge ■ 63/146 d Lo 23,2 17,5 18 43,5 19,8 16,3 15,5

Lystrup Enge ■ 45/120 S Lo 47 20,8 20,2 16,8

Lystrup Enge ■ 61/164 s Lo 45,9 22,6 19,5 16,5

Lystrup Enge ■ 62/169 s Lo 45,6 17,8 19,5 15,7

Lystrup Enge ■ 65/139 d Lo 0 19,8 20 16,5

Lystrup Enge ■ 70/144 d Lo 48,4 18,9 16,8 19,4

Lystrup Enge ■ 78/188 S Lo 42,5 20,8 19,6

Nivågård nr6 110/100:1 2 s Up 20,3 17,6 18,6 27,8 22 21,5

Nivågård nr9 103/101:1 1 s Up 25,5 16,6 16,3

Nivågård nrlO 108/100:1 2nedE d Up 22 17,4 16,7

Nivågård nr7 108/101:3 2 d Up 44 23 20,5 16,2

Nivågård nr5 110/100:3 1 S Lo 19,8

Nivågård nr4 110/100:3 1 s Lo 24,9
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Ml M2 M3

Site item number square no. layer level s/d Up/Lo L WA WP L WA WP L WA WM WP

Nivågård nr8 107/101:3 1 d Lo 23,9 17,5 15,8

Nivågård nrll 106/100:1 1 d Lo 44,4 18,6 19,6 13,2

Nivågård nrl2 104/100:4 1 d Lo 48,5 18,8 14,9

Nivågård nr3 110/100:3 1 S Lo 42,5 19,1 18,1 15

Nivågård 99/100:2 2 d Lo 48,3 20,6 20,3 16,2

Nivågård nrl3 102/101:2 1 S Lo 18,1 18,8 15,6

Nivå 10 7463 95/153 s Up 27,1

Nivå 10 ■ 92/155:4 2G 2 s Up 38 21,8 15,3 13,1

Nivå 10 - 93/154:4 2G 2 d Lo 19,2 13,6 13,3

Fig. g6. Swine, humerus from four of the newly studied sites: variation in the diameter of the trochlear constriction 
(HTC) and greatest breadth of the distal end (Bd). Parabolas delimiting the size ranges of females (lower left) and males 
(upper right) according to Magnell (2005a) are added. - Vendsyssel (green signature) and East Central Jutland (red 
signature).
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Fig. 97. Swine, scapula from four of the newly studied sites: variation in the breadth of the glenoid cavity (BG) and 
greatest length of processus articularis (glenoid process) (GLP). Parabolas delimiting the size ranges of females (lower 
left) and males (upper right) according to Magnell (2005a) are added. - Vendsyssel (green signature), Limfjord (blue 
signature) and East Central Jutland (red signature).
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Fig. g8. Swine, astragalus from six of the newly studied sites: variation in the greatest length of the lateral half (GL1) of 
astragalus and greatest breadth of the distal end (Bd). - Vendsyssel (green signature), Limfjord (blue signature), East 
Central Jutland (red signature) and Northern Zealand (black signature).
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marked in fore limb bones. Fig. 96 shows a combina
tion of two measurements (HTC and BD) from the 
distal end of humerus as found in the studied materi
al, with parabolas added according to Magnell 
(2005a). Unfortunately only four sites - Østenkær, 
Visborg, Lystrup Enge and Vængesø III - contained 
suitable fragments, Visborg and Vængesø III only 
one each. Most (nine) of the measurable humeri are 
from Lystrup Enge. Eight of these are placed in the 
high end of the diagram (especially along the BD 
axis) whereas the ninth is very small. This might sug
gest eight males (boars) and one female (sow). 
Østenkær unfortunately only yielded three measura
ble humeri which all seem to be from females. Scatter 
diagrams of measurements of scapula (Fig. 97), with 
parabolas added according to Magnell (2005a) indi
cate the presence of both males and females (scapula) 
at Østenkær.

Wild boar vs. domestic pig, size estimates

Both wild boar and domestic pig are to be expected in 
the Visborg material because it contains Mesolithic as 
well as Neolithic components. In fact, the lower M3 
measurements do fall in two groups (Fig. 103). All 
three measurements in the high end are from Meso
lithic swine, probably wild boar. The group with low 
measurements includes two Mesolithic as well as three 
Neolithic swine- these may be wild boar as well as do
mestic pig. The two measurements of upper M2 from 
Visborg (one each Mesolithic and Neolithic) are both 
in the high end (Fig. 102). There are five measurements 
of lower M2 from Visborg: one Mesolithic in the high 
end and four (three Mesolithic and one Neolithic) in 
the low end (Fig. 101). These observations do not lend 
themselves to any self-evident explanation. Since the 
differences between the high-end and low-end clusters 
in the diagrams is so clear, the intuitive interpretation 
is that they represent wild boar and domestic pig, re
spectively, in which case there were a few domestic pigs 
at Visborg already in the late Mesolithic.

Krabbesholm II also contains both Mesolithic and 
Neolithic material, but unfortunately there are few rel
evant measurable teeth and neither of these can be re

ferred to either Mesolithic or Neolithic. In general, the 
M3 is poorly or not at all represented at most sites.

Summarizing, the length of lower M3 from the 
late Atlantic settlements in Jutland covers the interval 
ca. 35-54 mm, and the width (WA) the interval 16.3- 
25.4 mm. These intervals are almost identical with 
those shown for late Mesolithic wild boar by Rowley- 
Convy & Dobney (2007). These authors measured 
lower swine molars from a number of Danish Meso
lithic and Neolithic sites, one Bronze Age and one Ro
man Iron Age site (Rowley-Conwy & Dobney 2007: 
table 7.1) and regarded all swine from the Mesolithic 
settlements as wild boar. Most of the presently stud
ied settlements largely fall within Rowley-Conwy & 
Dobney’s definition of late Mesolithic settlements 
(5400-3900 BC).

Rowley-Conwy & Dobney (2007) measured swine 
lower M3 from middle Neolithic sites in Denmark 
(two sites) and the Swedish island of Gotland in the 
Baltic (1 site) and found the individuals from all three 
sites to be substantially smaller than the Mesolithic 
ones. Their fig. 7.6 shows how the Neolithic and Me
solithic lower M3 length distributions are separated, 
albeit with a small overlap at ca. 40 mm. More than 
100 years earlier Winge (in Madsen et al. 1900) inter
preted the smaller Neolithic swine as domestic pigs, 
and since then, swine with lower M3 length <40 mm 
have been interpreted as domestic pigs.

Rowley-Conwy & Dobney (2007) discussed 
whether the domestic pig in Neolithic Denmark had 
been domesticated locally, or whether they were im
ported to Denmark as part of a “Neolithic package”. 
The authors pointed out that the jump in lower M3 
length from late Mesolithic swine down to the meas
urements of lower M3 length in swine from the mid
dle Neolithic and younger might be interpreted as 
support for the idea of imported domestic pig. They 
realized, however, that they had no measurements 
from the intervening early Neolithic period and that a 
large material of early Neolithic swine might be able 
to provide crucial evidence for the discussion.

The presently studied swine tooth material from 
Visborg includes three Neolithic lower M3. Interest
ingly, the measurements of these fall in the overlap 
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zone between late Mesolithic and middle Neolithic 
swine found by Rowley-Conwy & Dobson (Fig. 105). 
Although there are only three measurements, this ob
servation may be taken as a hint that the size reduc
tion from the large late Mesolithic to the smaller mid
dle Neolithic swine was gradual, which in turn 
suggests local domestication. DNA studies indicate 
that wild boar was actually domesticated within Eu
rope, and central Europe has been suggested as the 
actual place (Larson et al. 2005). Subsequent analyses 
indicate that introduction of domestic pigs of near 
Eastern ancestry into Europe took place during the 
Neolithic, but that local European wild boar was also 
domesticated by this time. Once domesticated, Euro
pean pigs rapidly replaced the introduced domestic 
pigs throughout Europe (Larson et al. 2007).

Hind limb measurements of potential importance 
for the wild boar/domestic pig discussion are availa
ble for tibia (Fig. 106) and astragalus (Fig. 98, 107). 
All tibia measurements from Lystrup Enge lie in the 
high end in agreement with our expectation: that 
there are no domestic pigs from this old site. There 
are too few tibia measurements from others sites for 
any contribution to the discussion.

There are 17 measured astragali from Lystrup 
Enge, where only wild boar is expected; they cover 
most of the size range, whereas those from Østenkær 
(7) largely lie in the low end. The three astragalus 
measurements from Visborg lie inside the high end of 
the range for Lystrup Enge which can be taken as a 
hint that they are probably from wild boar although 
domestic pig is also a possibility at Visborg.

Age of swine

Fig. 108 shows the frequency of the four age groups of 
swine (Piglets, Yearlings, Subadult and Adults) de
fined by Magnell (2005a, b). The distributions are 
quite different. The largest numbers of fragments are 
from Østenkær, Vendsyssel (n= 28) and Visborg, east- 
Central Jutland (n = 18 for the Mesolithic part), and 
the distributions are strikingly different. At Østenkær 
the majority of swine are Yearlings and Adults, but at 
Visborg (Mesolithic material) the focus is on Piglets 

and Yearlings, with very few adults. The same differ
ence is evident in the diagram showing minimum age 
derived from epiphysal fusion (Fig. 109): there are far 
fewer swine with a high minimum age from Visborg 
than from Østenkær. The epiphysis-derived maxi
mum ages (Fig. no) give a less clear picture but nev
ertheless show more individuals with low maximum 
ages from Visborg.

Thirteen teeth/jaw fragments from Lystrup Enge 
could be placed in the age distribution diagram and 
show a preponderance of adults, whereas the eleven 
suitable teeth/jaw fragments from Nivågård are dis
tributed relatively evenly on the four age classes. 
From each of the remaining studied sites, less than ten 
teeth/fragments could be referred to an age class; in 
each of these samples, more than one age class is rep
resented. Interestingly, all five teeth/fragments from 
Egsminde, where the bone material is generally poor
ly preserved, are from Piglets and Yearlings.

Swine hunting strategies

Based on age and sex distribution among individuals 
killed at the studied sites, it is in principle possible to 
draw inferences about hunting strategy. One has, of 
course, to be aware that in cases where the distinction 
between wild boar and domestic pig is not obvious, 
presence of domestic pig will be a source of error for 
the inference.

Mesolithic human population density is supposed 
to have been relatively high in part of southern Scan
dinavia (Rowley-Conwy & Dobney 2007). Therefore, 
the hunting pressure near major settlements may well 
have influenced the size and composition of wild boar 
populations (Magnell 2005a and references therein).

The choice of preferred hunting target is influ
enced by different attitudes. One may attempt to 
maintain a sustainable population of animals (in casu 
wild boar) near the settlement by focussing the hunt 
at individuals with low reproductive capacity. Or one 
may want a large here-and-now gain. In the former 
case, hunting for juveniles and adult males is optimal; 
in the latter, adults, especially the larger males, will be 
favoured prey. Adult males will also be the main tar-
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Fig. 99. Swine, lower Mi from six of the newly studied sites: variation in length (L) and anterior width (WA). - Vendsys
sel (green signature), Limfjord (blue signature) and East Central Jutland (red signature)
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Fig. 100. Swine, upper Mi from four of the newly studied sites: variation in length (L) and anterior width (WA) of upper 
Mi. - Vendsyssel (green signature), East Central Jutland (red signature) and Northern Zealand (black signature).
Fig. 101. Swine, lower M2 from seven of the newly studied sites: variation in length (L) and anterior width (WA). - 
Vendsyssel (green signature), Limfjord (blue signature), East Central Jutland (red signature) and Northern Zealand 
(black signature).
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Fig. 101. Swine, lower M2 from seven of the newly studied sites: variation in length (L) and anterior width (WA). - 
Vendsyssel (green signature), Limfjord (blue signature), East Central Jutland (red signature) and Northern Zealand 
(black signature).
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Fig.102. Swine, upper M2 from seven of the newly studied sites: variation in length (L) and anterior width (WA). - 
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(black signature).
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Fig. 103. Swine, lower M3 from seven of the newly studied sites: variation in length (L) and anterior width (WA). - 
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(black signature).
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Fig. 105. Swine, lower M3 from Visborg: variation in length (L) and anterior width (WA). The size variation for Meso
lithic and middle Neolithic lower M3 according to Rowley-Conwy & Dobney (2007) is inserted.
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Fig. 106. Swine: tibia from five of the newly studied sites: Distribution of measurements of the greatest breadth (Bd) of 
distal end. - Vendsyssel (green signature), Limfjord (blue signature), East Central Jutland (red signature) and Northern 
Zealand (black signature).
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□ Østenkær

□ Yderhede

□ Åle

■ Visborg Mesolithic

E Lystrup Enge

■ Nivågård

Sus sp., astragalus

Fig. 107. Swine, astragalus from six of the newly studied sites: Distribution of measurements of the greatest length of the 
lateral half (GL1). - Vendsyssel (green signature), Limfjord (blue signature), East Central Jutland (red signature) and 
Northern Zealand (black signature).

get if there is an element of prestige to the hunt (tro
phy hunting, wild boar tusks), see Magnell (2005a).

In the swine material from Lystrup Enge (which 
can be assumed to consist of wild boar only) measure
ments of humerus indicate eight boars and one sow 
(Fig. 96), and age estimates (Fig. 108) suggest a focus 
on adults. The hunting at Lystrup Enge may there
fore, cautiously, be characterized as having been fo
cused on adult boars, i.e., a strategy ’’optimising the 
short-term return of the hunt” (Magnell 2005a). Such 
a strategy is known from present day hunter-gatherer 
communities in Tanzania and Peru (Magnell 2005a). 
Trophy hunting is another (non-exclusive) possibility 
at Lystrup Enge, where knives and ornaments made 
from wild boar tusks have been found (but such arti
facts occur generally on contemporaneous sites) (S. 
H. Andersen, pers. comm.).

There are weak indications that the adult swine 
killed at Østenkær are at least mostly females (see 
above). The swine at Østenkær can also be assumed 
to be wild boar, and the age distribution (adults + 

yearlings) might perhaps reflect hunting for females 
forming a group with their 1-2 year old young (cf. 
Noe-Nygaard 1995).

The Mesolithic swine from Visborg show quite a 
different picture: many piglets and yearlings, but only 
a few older individuals (Fig. 108). In this respect, wild 
boar hunting at Visborg is reminiscent of that at 
Tågerup, Scania (Magnell 2005a). This type of hunt
ing may represent an example of over-exploitation of 
the wild boar population around Visborg, with full- 
grown individuals being rare? Magnell (2005a) inter
preted the age distribution at Tågerup this way and 
also called attention to the great similarity in age dis
tribution at Tågerup and modern wild boar popula
tions where hunting is the predominant mortality 
agent. Magnell (2005a) suggested that the hunting 
was of a non-selective kind, e.g., trapping or game
driving.

The Neolithic material from Visborg (Fig. 108) un
fortunately is too small for a trustworthy interpreta
tion (all four age groups are represented, however),
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Fig. 108. Swine: frequency of 
the four age groups (P = 
Piglets, Y = Yearlings, S = 
Subadults, A = Adults) as 
defined by Magnell (2005a, 
b). Vertical axis: number of 
specimens. Double-headed 
arrows indicate specimens 
which may belong in either of 
two age groups. See text for 
further explanation.
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Sus sp., min. age

>36 (A) >24 (AS) >12 (ASY) >0 (ASYP)min age (months)
Fig. 109. Minimum age for swine based on epiphysal fusion. - Østenkær (green signature) and Visborg, Mesolithic (red 
signature).

■Visborg, Mesolithic (n = 17)

□ Østenkær (n =143)
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Fig. no. Maximum age for swine based on epiphysal fusion. - Østenkær (green signature) and Visborg, Mesolithic (red 
signature).

3l8



SCI.DAN.B. I 12.3 • SWINE (WILD BOAR, SUS SCROFA, AND DOMESTIC PIG, SUS DOMESTICUS)

Sus sp., height at withers based on astragalus GLI
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Fig. in. Height to the withers of swine from six of the newly studied sites. Estimated from measurements of astragalus 
(GLI) according to Teichert 1969 (in Weinstock 1993, table 4). - Vendsyssel (green signature), Limfjord (blue signature), 
East Central Jutland (red signature) and Northern Zealand (black signature).

Sus sp., height at withers based on calcaneus GL

Fig. 112. Height to the withers of swine from four of the newly studied sites. Estimated from measurements of calcaneus 
(GL) according to Teichert 1990 (in Weinstock 1993, table 4). - Vendsyssel (green signature), Limfjord (blue signature) 
and East Central Jutland (red signature).
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and the same is true of the materials from the remain
ing sites studied. What can be inferred concerning 
Lystrup Enge, Østenkær and Visborg, however, does 
suggest that different hunting techniques and strate
gies have been employed at different sites.

Swine and time: size trends

Jonsson (1986a) measured lower M3 lengths in swine 
materials from southern Scandinavia and found them 
largely unchanged through the Mesolithic. In agree
ment with this, Magnell (2004) found, based on os- 
teometric analyses, that “body size of wild boar in 
southern Scandinavia during the Boreal and Atlantic 
did not decrease”. Measurements on various teeth 
and postcranial bones of wild boar from Zealand and 
Scania gave conflicting results which were interpreted 
as a result of too small sample sizes. Magnell (2004) 
found that the size of lower M3, tibia and astragalus 
from wild boar on Zealand were smaller in late Atlan- 
tic/Subboreal than in early Atlantic which he, in spite 
of small sample sizes, took as an indication of a de
crease in body size during the Atlantic in this region. 
The decrease in tooth size he interpreted as being 
“probably due to genetic isolation after the formation 
of the Sound [Øresund] between Denmark [Zealand] 
and Sweden [Scania]”.

Noe-Nygaard (1995) demonstrated, based on 
measurement of, i.a., lower M3, a size-decrease from 
5,600 BC to 3,200 BC at settlements in Åmosen, Zea

land. Measurements from a Boreal (Ulkestrup Lyng) 
and an early Atlantic settlement (Kongemose type 
site) are similar, whereas measurements from the late 
Atlantic site Præstelyng and a Subboreal settlement 
(Muldbjerg I) are smaller.

Rowley-Conwy & Dobney (2007) presented evi
dence for divergence of Danish late Mesolithic wild 
boar populations after the fragmentation of Denmark 
into peninsula + archipelago. These authors found a 
trend towards narrower lower M3 in the late Meso
lithic animals from Zealand compared to the early 
Mesolithic animals, where the wild boar from Jutland 
showed a trend to broader lower M3, cf. discussion 
above.

The present study has only contributed two lower 
M3 measurements from the late Mesolithic on Zealand, 
viz., Nivågård. They both fall within the range in Row
ley-Conwy & Dobson’s column diagram (2007: fig. 7.4) 
and do not contribute to the discussion about a trend.

The number of new lower M3 measurements from 
Jutland is higher (Fig. 103). A trend in the anterior 
width measurements is not evident. Lystrup Enge is as
sumed to be the oldest settlement among the studied 
sites in Jutland, but the collective distribution of meas
urements from all other sites overlaps that from Lys
trup Enge. Although the collective range for the other 
sites is larger for width and especially length - there 
are, e.g., two narrower teeth from Østenkær. If any
thing, this speaks against a trend towards broader teeth 
in Jutland during the course of the late Mesolithic.

A comparison of Østenkær (Vendsyssel) and Lys
trup Enge (East Central Jutland) is particularly inter
esting because there are fair numbers of measurements 
of lower M3, tibia and astragalus from both sites. In 
the Østenkær swine (probably all wild boar) lower M3 
(Fig. 103), tibiae (Fig. 106) and astragali (Fig. 98,107) 
are clearly smaller than those from Lystrup Enge (cer
tainly all wild boar). Østenkær is later than Lystrup 
Enge, but is also situated on an island (Vendsyssel) so 
whether the small size of the Østenkær swine is the 
result of a general size reduction trend through the At
lantic, or to genetic isolation, is uncertain.

The height at withers of the subfossil swine was 
estimated from measurements of astragalus and cal
caneus, using the formulae developed by M. Teichert 
(Weinstock 1993), see Figs ni-112. The estimates based 
on astragalus (Fig. hi) naturally demonstrate the size 
difference between Østenkær and Lystrup Enge (cf. 
above), whereas those based on calcaneus (Fig. 112) 
show no clear difference.

12.4 Red deer, Cervus elaphus

Red deer is a dominant species on most of the studied 
sites and is one of the ‘big three’ sources of terrestrial 
meat (red deer, roe deer, swine). After the last glacial 
period, red deer colonised NW Europe including 
Denmark and Scandinavia, from a refugium on the
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Fig. 113. Red deer. Measure
ments were taken on the 
illustrated skeletal elements 
(as well as M 3) (specimens 
from Yderhede). Top, left to 
right: scapula, metatarsus, 
calcaneus. Bottom: left to 
right: Humerus (distal), 
metatarsus and astragalus 
(two views: plantar and 
medial). - Scale units 1 cm.

LU
Iberian Peninsula. During the Atlantic period, the 
distribution of red deer was very dense, and it was one 
of the most typical large herbivores (Sommer et al. 
2008). One may notice the particularly high percent
age of red deer in Vendsyssel (47-58% of the “big 
three”), compared with 9-50% in the other regions (9- 
47% if the small and possibly not representative sam
ple from Åle is not considered) (Figs 6,14,19, 24, 27, 

36’ 43’ 55’ 65’ 74’ 80).

Adult Red deer stags weigh in average 150 kg, 
adult hinds 90 kg. Considering the large amount of 
meat on each red deer, it is obvious that this species 
played a significant role for the economy in Denmark 
during the study period. Magnell (2005b) listed sev
eral reasons why red deer would be a preferred hunt
ing target: occurs in big groups, large size, useful 
bones, antler and skin, easier to kill and less danger
ous than wild boar.
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Forelimb + lower 3rd molar

Table 65. Red deer, measurements of bones from the newly studied sites. All measurements are in mm. d = right side, s = left side. 
M = Mesolithic, N = Neolithic, surf.: surface find, no context.

Scapula Humerus Metacarpus lower
M3

Site item 
number

square 
no.

s/d BG GLP SLC Bd BT Bd Bp SD DD L

Yderhede 1088 surf. d 38,7 54,7 32,7

Østenkær 24 d 36,9 52,6

Østenkær 35 S 39,6 56,9 35,4

Østenkær 527 491/613 d 44,8 58,4

Østenkær 22 S 45 60,3 38,6

Østenkær 520 500/612 s 41,7

Østenkær 538 498/613 d 45,6 59,8 38,9

Østenkær 529 493/613 d 45,7 61,7 39,7

Østenkær 534 496/613 d 37,9 52,1

Østenkær 534 496/613 d 45,2

Østenkær 536 497/613 S 44,1 60,1 37,5

Østenkær 33 s 44,2 61

Østenkær 33 d 37,6 52 31,4

Østenkær 33 d 56,9

Visborg M FBC S 37,2 52,7 33

Lystrup Enge 71/164 s 47,8 61 37,2

Lystrup Enge 64/169 d 46 63,6 41,6

Lystrup Enge 54/142 S 51 65 39,8

Lystrup Enge 61/204 d 42,1 33,4

Lystrup Enge 37/41 S 57,2 34,7

Yderhede 1080 surf. s 55,6 47,8

Yderhede 1276 90/98SV s 60,7 56,1
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Scapula Humerus Metacarpus lower
M3

Site item 
number

square 
no.

s/d BG GLP SLC Bd BT Bd Bp SD DD L

Østenkær 22 d 50 47,6

Østenkær 22 d 58,7 53

Østenkær 22 d 56,3 51,4

Østenkær 24 d 56,2 50,2

Østenkær 24 S 53,3 46,9

Østenkær 21 d 57,2 53

Østenkær 21 d 60 54,5

Østenkær 21 S 55,2 49,3

Østenkær 22 d 58,3 53,2

Østenkær 21 d 68,3 56,2

Østenkær 21 d 51,8 49

Østenkær 21 S 62,5 56,3

Østenkær 21 d 55,6 49,8

Østenkær 538 498/613 d 60,3 53,3

Østenkær 538 498/613 S 61,6 53,4

Østenkær 514 489/612 d 48,3

Østenkær 536 497/613 S 52

Østenkær 33 s 59,1 52,6

Krabbesholm II Al 5 67 D s 52,8 51

Visborg N NDU d 66,9 58,7

Lystrup Enge 38/31 d 61,5 54,9

Lystrup Enge 45/31 d 53

Lystrup Enge 45/74 d 61,4 51,7

Lystrup Enge 47/88 S 52,8

Lystrup Enge 50/64 s 52,2 52
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Scapula Humerus Metacarpus lower
M3

Site item 
number

square 
no.

s/d BG GLP SLC Bd BT Bd Bp SD DD L

Lystrup Enge 52/158 d 56,4

Lystrup Enge 58/167 d 59,4 51,2

Lystrup Enge 61/137 d 66,3 56,8

Nivågård nr9 105/101 S 57,4 50

Nivågård nrlO 104/101 s 55,6 52,5

Nivågård nrll 99/99 s 55,6 47,3

Nivågård nrl2 100/100 s 49,9

Nivågård nrl3 101/100 d 54,9

Nivågård nrl4 109/101 d 54,3

Østenkær 22 S 44,5

Østenkær 22 d 39,2

Østenkær 22 d 41,6

Østenkær 22 S 44,2

Østenkær 35 d 41,5

Østenkær 35 S 42,4

Østenkær 35 s 44,5

Østenkær 546 501/613 s 44,2

Østenkær 526 490/613 s 41,7

Østenkær 21 d 40,8

Østenkær 21 d 43,4

Østenkær 21 39,3

Østenkær 520 500/612 d 40,8

Østenkær 528 492/613 d 43,5

Østenkær 538 498/613 d 40,8

Østenkær 538 498/613 d 39,4
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Scapula Humerus Metacarpus lower
M3

Site item 
number

square 
no.

s/d BG GLP SLC Bd BT Bd Bp SD DD L

Østenkær 514 489/612 S 45,6

Østenkær 530 494/613 d 43,4

Østenkær 529 493/613 d 37,8

Østenkær 531 495/613 d 43,8

Østenkær 515 490/612 d 40,3

Østenkær 541 499/613 d 42,6

Østenkær 33 d 40,6

Østenkær 33 d 46

Østenkær 33 d 42,6

Østenkær 33 S 43,4

Åle VBU d 44,8

Ertebølle TTP S 45,3

Visborg M LRL s 37,2

Visborg M LLD d 45,3

Visborg M LHV d 46,4

Visborg M LKL S 40,9

Visborg M LLE s 42,1

Visborg N AN s 41,5

Visborg M PSU s 45,6

Visborg M LHT d 40

Visborg N YCF d 41,3

Visborg N XBH S 41

Visborg N WBC d 36,9

Visborg surf. d 48

Visborg N GBS S 39,1
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Scapula Humerus Metacarpus lower
M3

Site item 
number

square 
no.

s/d BG GLP SLC Bd BT Bd Bp SD DD L

Lystrup Enge 46/70 d 40,7 27,2 21,4

Lystrup Enge 65/160 d 46,8

Lystrup Enge 47/91 S 47,3 21,4

Lystrup Enge 61/147 d 43,4

Lystrup Enge 44/57 S 47,6

Lystrup Enge 52/186 d 39,3

Krabbesholm II A1999 C S 47 21,2

Nivågård nrl8 105/100 d 38,1

Nivågård nrl9 107/100 d 45,1

Nivågård nr20 107/100 d 47,7

Nivågård nr21 105/100 d 41,2

Nivågård nr22 108/100 S 40,3

Nivågård nr23 110/100 s 38

Nivågård nr25 108/100 s 40

Nivågård nr26 107/101 s 37,9

Nivågård nr27 104/99 d 44,2

Yderhede 1237 89/89NØ 35,5

Østenkær 523 488/613 37

Østenkær 21 ■ 35,5

Østenkær 21 ■ 34,4

Østenkær 21 ■ 34,7

Østenkær 22 ■ 34,7

Østenkær 22 ■ 35,4

Østenkær 22 ■ 30,2

Østenkær 24 ■ 32,6
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Scapula Humerus Metacarpus lower
M3

Site item 
number

square s/d BG 
no.

GLP SLC Bd BT Bd Bp SD DD L

Østenkær 37 ■ 36

Østenkær 33 ■ 32,1

Østenkær 22 ■ 32,2

Østenkær 532 496/613 33,6

Østenkær 523 488/613 35,2

Nivågård nr28 102/101 31,9

Nivågård nr29 99/99:4 33,6

Nivågård nr30 106/101 37,1

Nivågård nr31 99/99:4 37

Nivågård nr32 104/101 33,9

Nivågård nr33 110/100 36

Nivågård nr34 111/101 36,4

Visborg VHH 31,9

Visborg BQP 33,4

Åle BJK 33,8

Lystnip Enge ■ 50/64 34,8

Lystnip Enge ■ 55/142 36,4

Lystnip Enge ■ 53/92 33,1

Lystnip Enge ■ 55/103 37,9

Krabbesholm II A4102 33,1
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Hindlimb

Astragalus Calcaneus Metatarsus

Site item 
number

square 
no.

s/d GL1 GLm Bd Dl Dm Gl GB Bd Bp SD DD

Yderhede 1084 surf. d 52 49,2 33,9

Yderhede 1087 surf. S 49,2 46,6 31,4

Yderhede 1156 surf. s 55,7 51,2 34,3

Yderhede 1223 90/97NØ s 57,6 53,5 38,1

Yderhede 1013 91/89NØ d 52,3 49,7 30,8

Østenkær 35 ■ S 56,4 51,9 36,4

Østenkær 35 ■ d 55,9 52,6 33

Østenkær 35 ■ d 52,6 49,1 32

Østenkær 21 S 55,7 52,9 34

Østenkær 21 d 54,1 50,3 33,3

Østenkær 22 d 60,2 56,9 37,8

Østenkær 22 S 56 52,1 34,9

Østenkær 22 d 57,1 53,9 36,8

Østenkær 22 d 54,5 48,9 33,3

Østenkær 22 d 56,6 52,8 36

Østenkær 22 d 51,7 49,1 34,2

Østenkær 22 S 54

Østenkær 528 492/613 d 52,6 48,9 32,1

Østenkær 21 ■ d 53,3 50,3 32,4

Østenkær 21 ■ d 53,9 49,5 34

Østenkær 514 489/612 d 53,7 48,6 34,9

Østenkær 529 493/613 d 54,2 51,9 35,8

Østenkær 529 493/613 S 52,7 50,5 34,9

Østenkær 33 ■ d 57,2 52,9 35,5
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Astragalus Calcaneus Metatarsus

Site item 
number

square 
no.

s/d GL1 GLm Bd Dl Dm GI GB Bd Bp SD DD

Østenkær 33 ■ S 55,5 51,7 34,8

Østenkær 33 ■ s 54,4 51,3 33

Åle RBB d 56,1 51,7 35,6

Ertebølle spg ■ S 54 49,9 33,1

Krabbesholm I surf. surf. d 58,5 54,2 37,3

Krabbesholm II A2702 lagL/A d 53,1 32,6 29,4 30,9

Visborg N XNC d 51,9 48 33,4

Visborg M UCR S 55,7 53,3 37,1

Visborg M ULM s 57,1 53 35,3

Visborg N COU d 60 55,7 35,8

Visborg M DMX 518/500 S 55 52,5 37

Vængesø III 6926 s 56,1 52,8 36,2 29,8 31

Vængesø III 367 d 60,8 57 40 32,6 33,9

Lystnip Enge ■ 47/126 d 54,8 51,7 32,8

Lystnip Enge ■ 52/185 S 55,6 52,3 30,7

Lystnip Enge ■ 53/170 s 53,8 52,9 31,4

Lystnip Enge ■ 55/116 d 60,9 55,9 35,9

Lystnip Enge ■ 56/98 d 54,9 53,1 31,7

Lystnip Enge ■ 56/250 d 60,1 55,3 37,1

Lystnip Enge ■ 60/147 S 56,4 52,9 35,1

Lystnip Enge ■ 61/126 d 55,4 52,1 33,5

Lystnip Enge ■ 61/181 d 56,1 35,4

Lystnip Enge ■ 63/125 d 59,3 56 37

Lystnip Enge ■ 63/132 S 57,3 34,1

Lystnip Enge ■ 68/157 s 54,5 51,3 35,8
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Astragalus Calcaneus Metatarsus

Site item 
number

square 
no.

s/d GL1 GLm Bd Dl Dm GI GB Bd Bp SD DD

Lystrup Enge ■ 73/134 d 57,7 54,8 37,9

Nivågård nrl 109/100 S 54 50,5 35,6

Nivågård nr2 110/100 s 51,4 48 33,5

Nivågård nr3 106/100 s 56,9 55,5 34

Nivågård nr4 106/101 d 50,6 47,4 31,5

Nivågård nr5 103/100 d 49,5 46,1 30,6

Nivågård nr6 106/100 S 55,2 52,3 35

Nivågård nr7 102/100 s 53 48,5 35,5

Nivågård nr8 101/101 d 55,5 50,6 34

Yderhede 1090 surf. d 111,7

Østenkær 24 ■ S 120,9

Østenkær 22 d 128,3

Østenkær 22 S 120,8

Østenkær 22 s 106,9

Østenkær 515 490/612 s 124,4

Østenkær 536 497/613 d 115,1

Østenkær 33 ■ S 125,7

Østenkær 33 ■ d 108,9

Visborg M DMZ 518/500 S 124,7

Vængesø III 5135 s 40,8

Lystrup Enge ■ 40/42 s 36,3

Lystrup Enge ■ 52/187 d 120,8 34,8

Lystrup Enge ■ 56/99 d 114,3 35,3

Lystrup Enge ■ 57/178 S 40,4

Lystrup Enge ■ 62/118 s 39,5
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Astragalus Calcaneus Metatarsus

Site item 
number

square 
no.

s/d GL1 GLm Bd Dl Dm GI GB Bd Bp SD DD

Lystnip Enge ■ 64/108 S 36,4

Lystrup Enge 66/104 d 113 35,6

Lystrup Enge ■ 67/177 d 128 40,7

Lystrup Enge ■ 69/180 S 119,6

Nivågård nrl5 109/101 s 112,5

Nivågård nrl6 107/100 d 114,4

Nivågård nrl7 111/101 d 104

Yderhede 1086 surf. d 36,1

Yderhede 1089 surf. d 34,7

Østenkær 22 ■ S 43,5

Østenkær 22 ■ d 39,6

Østenkær 22 ■ S 41,8

Østenkær 22 ■ s 31,6

Østenkær 22 ■ s 39,8

Østenkær 35 ■ s 40,5

Østenkær 546 501/613 d 36,9

Østenkær 546 501/613 S 44

Østenkær 21 s 36,4

Østenkær 527 491/613 s 43,2

Østenkær 527 491/613 d 38,6

Østenkær 530 494/613 d 42,5

Østenkær 534 496/613 S 46,5

Østenkær 531 495/613 d 36

Østenkær 24 ■ d 35,5

Østenkær 536 497/613 S 38,1
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Astragalus Calcaneus Metatarsus

Site item 
number

square 
no.

s/d GL1 GLm Bd Dl Dm GI GB Bd Bp SD DD

Østenkær 33 ■ S 44,2

Østenkær 33 ■ s 35,1

Åle ALG d 43,8

Visborg M LHS d 40,5

Visborg M LLG d 40,9

Visborg N XNC d 35

Visborg M BBGY S 48,1

Lystrup Enge ■ 57/190 d 44,7 23,3 22,4

Lystrup Enge ■ 67/155 d 41,3 25,3 20,5

Lystrup Enge ■ 69/190 S 38,8

Lystrup Enge ■ 53/98 s 38

Lystrup Enge ■ 52/163 s 48 23,3

Lystrup Enge ■ 46/104 ? 38,8 20,2

Nivågård nr24 110/100 s 36,7

Unlike the other very large terrestrial mammals 
(elk and aurochs), red deer has survived in Denmark 
until the present day where descendants of the Stone 
Age red deer still live in some areas of Jutland. From 
the islands, it disappeared as a native species during 
the 19th century (Strandgaard 1991).

Except during rut/heat, stags and hinds live in 
separate flocks, a trait which may influence hunting 
strategy.

Red deer size and sex

Table 65 shows all measurements taken on red deer 
bones from the newly studied sites (e.g., Fig. 113). 
These measurements serve as proxies for body size.

Interpretation of size estimated for red deer is 
complicated by the considerable sexual size dimor
phism in this species. Payne & Bull (1988) demon
strated that for swine, the effect of sexual size di
morphism on bones is most marked in fore limb 
bones. This can be assumed to be true also for red 
deer, where the weight of the anterior body (includ
ing the antlers) has to be, relatively, much higher in 
males.

Figs 114-120 depict red deer bone measurements 
taken during the present study.

Figs 114 and 119 are based on fore limb bones but 
show no clear bimodality in any site which could be 
interpreted as sexual dimorphism (cf. chapter ‘Mate
rial and methods’). One out of five humeri from Lys- 
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trup does have a smaller distal width than the others, 
however.

Eriksson & Magnell (2001) found signs of two-di
mensional bimodality in their scatter diagrams of 
length and width of astragalus (a hind limb bone) 
from several Swedish Atlantic materials. They inter
preted the bimodality as an indication that the sam
ples contained both males and females. (The dia
grams of Ahlén (1965) include measurements of recent 
hinds and stags and thus show the sexual dimorphism 
in measurements of several skeletal elements, includ
ing astragalus length, and this does show a sexual dif
ference.) Fig. 115 shows astragalus measurements 
(same measurements as those of Eriksson & Magnell) 
from the material studied here. A tendency to bimo
dality can be seen in specimens from Lystrup Enge 
and maybe from Nivågård. The material from 
Østenkær yielded the highest number of astragalus 
measurements, but shows no tendency to bimodality.

The remaining bone and tooth measurements of 
red deer give no indication of two size groups on any 
site. This might of course be a result of only one sex 
being represented. The many finds of red deer antlers 
(cf. Tables 14,19, 24, 25, 28, 32, 39, 40, 46, 50, 58 and 
62), and the finds of antler axes on several sites, prove 
that male red deer were present (unless all these antler 
were collected after the deer had shed them).

Size change over time

Ahlén (1965) analysed prehistoric and recent red deer 
from Denmark, Norway and Sweden. He found that 
prehistoric red deer grew larger than recent ones, 
based on measurements of skulls, teeth and limb 
bones, including length measurements of lower M3, 
astragalus and calcaneus. He found, i.a., a distinct 
size decrease from the Boreal to the Subboreal 
chronozones in the Danish material.

Following Ahlén, several researchers have studied 
red deer size during different periods within restrict
ed areas in Scandinavia. Noe-Nygaard (1995) could 
thus, based on metric analyses of material from 
Åmosen (Zealand), show that a considerable size re
duction took place in the course of the Atlantic 

chronozone; she noted that her results indicated that 
the size-reduction began already at the end of the Bo
real chronozone (but see below). Also Degerbøl 
(1943) demonstrated a size reduction of red deer on a 
number of sites in Åmosen.

Friborg (1999) demonstrated that red deer from 
Lollikhuse (mainly Ertebølle culture, Zealand) were 
larger than those from the contemporaneous Præste- 
lyng. The Lollikhuse red deer were as large as those 
from the early Atlantic Kongemose (type site). Fri
borg interpreted the larger size of red deer at Lol
likhuse as a result of less forest cover than in Åmosen.

According to Eriksson & Magnell (2001) and Mag
nell (2005b) the size of red deer in Scania, southern 
Sweden, decreased from early Atlantic to late Atlantic 
where they reached the size of present-day Scanian 
red deer, while the red deer on Zealand became even 
smaller. Several explanations have been offered for 
this size reduction, including isolation in connection 
with the formation of islands, vegetation changes, 
hunting pressure and increased intraspecific competi
tion because of a higher population density, see, e.g., 
Eriksson & Magnell (2001) and Magnell (2005b). The 
latter hypothesis is supported by the fact that red deer 
continued being one of the dominant species in bone 
samples all through the Atlantic chronozone - an in
dication of a high population density.

The scatter diagram, Figs 121 shows red deer astra
galus measurements from the studied sites together 
with those made by Noe-Nygaard (1995) on red deer 
from Åmosen. The symbols fall in two clusters. The 

cluster with the most individuals and the largest meas
urements includes the present author’s measurements 
from Jutland (middle Atlantic to early Subboreal) 
and Noe-Nygaard’s measurements from Åmosen (Bo
real to middle/late Atlantic). The smaller cluster, with 
smaller measurements, includes the present author’s 
measurements from Nivågård, NE Zealand (late At
lantic) and Noe-Nygaard’s measurements from Muld- 
bjerg I (early Subboreal).

The overall conclusion to be drawn from the dia
gram is that the red deer in Jutland maintained the 
same size from middle/late Atlantic until and includ
ing early Subboreal, whereas those on Zealand get
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Cervus elaphus, humerus
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Fig. 114. Red deer, humerus from six of the newly studied sites: distribution of measurements of the greatest breadth 
(Bd). - Vendsyssel (green pattern), Limfjord (blue pattern), East Central Jutland (red pattern) and Northern Zealand 
(black pattern).
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Fig. 115. Red deer, astragalus from eight of the newly studied sites: variation in greatest length of the lateral half (GL1) 
and greatest breadth of the distal end (Bd). - Vendsyssel (green signature), Limfjord (blue signature), East Central 
Jutland (red signature) and Northern Zealand (black signature).
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Cervus elaphus, metatarsus

Fig. 116. Red deer, metatarsus from five of the newly studied sites: distribution of measurements of the greatest breadth of 
the distal end. - Vendsyssel (green pattern), Limfjord (blue pattern) and East Central Jutland (red pattern).

Cervus elaphus, scapula

□ Østenkær

□ Yderhede

■ Visborg Mesolithic

□ Lystrup Enge

GLP (mm)

Lystrup Enge
Vis borg Mesolithic

Yderhede
Østenkær

no. of spms

Fig. 117. Red deer, scapula from four of the newly studied sites: distribution of measurements of greatest length of 
processus articularis (glenoid process) (GLP). - Vendsyssel (green pattern) and East Central Jutland (red pattern).
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Cervus elaphus, calcaneus

GL (mm)

Fig. 118. Red deer, calcaneus from five of the newly studied sites: distribution of measurements of the greatest length. - 
Vendsyssel (green pattern), East Central Jutland (red pattern) and Northern Zealand (black pattern).
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Fig. ng. Red deer, metacarpus from seven of the newly studied sites: distribution of measurements of the greatest breadth 
of the distal end (Bd). - Vendsyssel (green pattern), Limfjord (blue pattern), East Central Jutland (red pattern) and 
Northern Zealand (black pattern).
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Cervus elaphus, lower M 3
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Fig. 120. Red deer, lower M3 from seven of the newly studied sites: distribution of measurements of the length (L).
- Vendsyssel (green pattern), Limfjord (blue pattern), East Central Jutland (red pattern) and Northern Zealand (black 
pattern).

smaller during this time span, as also mentioned by 
Noe-Nygaard (1995) and Gotfredsen (1998). It is very 
clear that the main size decrease takes place at the tran
sition to late Atlantic, not in the late Boreal as suggest
ed by Noe-Nygaard (1995)- It is also evident that the 
size reduction proceeded in two steps: first, the length 
of astragalus decreased, second, the length decreased 
further and the width decreased at the same time.

Fig. 122 compares astragalus measurements from 
the three studied regions in Jutland. The ‘East Cen
tral - early subboreal’ symbols include measurements 
from the settlement Kainsbakke (Richter 1991) to
gether with measurements from Lystrup Enge. The 
diagram shows that the astragali of late Atlantic red 
deer in Vendsyssel were smaller (narrower and espe
cially shorter) than those of middle/late Atlantic-early 
Subboreal red deer from East-Central Jutland.

This difference between small red deer in Vendsys
sel and larger ones further to the south and east in 
Jutland has not been demonstrated before. Several 
explanations for this difference are possible.

One possible explanation has to do with the fact 
that Vendsyssel was an island at the time, cf. the size 
reduction that took place on Zealand as this part of 
Denmark became an island during the Atlantic (cf. 
above). In this respect it is interesting that also the 
swine from Østenkær were of smaller size than those 
from Lystrup Enge (cf. above). However, a similar 
size difference is not seen in roe deer, which speaks 
against the island hypothesis.

Alternatively, the Atlantic Vendsyssel red deer may 
have descended from different sources than those in 
the rest of Jutland. However, DNA analyses of mod
ern red deer have so far not provided results to sup
port such a hypothesis (cf. Sommer et al. 2008). On 
the other hand, the fact that the size difference is seen 
in dimensions of astragalus may indicate that the dif
ference is genetic rather than due to environmental 
factors. The background for this statement is an ob
servation by Klein & Strandgaard (1972) who, in a dis
cussion of size variation in roe deer argued that bones 
which have achieved more of their growth prior to
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Fig. 121. Red deer, astragalus: variation in size of bones from the newly studied sites together with those measured by 
Noe-Nygaard (1995) on red deer from Åmosen. Greatest length of the lateral half (GL1) and greatest breadth of the distal 
end (Bd) of bones are shown.
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Fig. 122. Red deer, astragalus: variation in size of bones from the three studied regions in Jutland. The ‘East Central - 
early Subboreal’ symbols include measurements from the settlement Kainsbakke (Richter 1991) together with some from 
Lystrup Enge. Greatest length of the lateral half (GL1) and greatest breadth of the distal end (Bd) of bones are shown.
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Fig. 123. Red deer, age estimates based on lower jaw tooth eruption and wear (from dP4/P4 to M3). - Vendsyssel (green 
pattern), Limfjord (blue pattern), East Central Jutland (red pattern) and Northern Zealand (black pattern).

Cervus elaphus, generalized bone measurements

Fig. 124. Red deer: distribution of the composite size measurement for bones from Vendsyssel and East Central Jutland. 
The size range for humerus, scapula, M3, calcaneus, metacarpus and metatarsus were divided into 10 equal size classes, 
each individual bone was assigned to one of the classes and the numbers for all six bones were added.
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birth are less liable to show environmentally deter
mined variation than bones which are less fully 
formed at birth, e.g., femur. Differences in astragalus 
therefore probably more closely reflect genetic growth 
potentials.

Still another explanation can be extracted from 
Magnell (2005b) who found a lack of older (larger) 
red deer in most of the sites he studied in Scania and 
interpreted this as a result of a high hunting pressure. 
However, there is no under-representation of older 
red deer in the newly studied material from Vendsys
sel (Fig. 123), so the small size of the Vendsyssel red 
deer is probably not due to hunting pressure.

Although the size difference between red deer 
from Vendsyssel and East-Central Jutland is most evi
dent in the astragalus measurement, it is also tracea
ble in measurements from most of the other measured 
bones, see, e.g., Fig. 114, where the four measurements 
from Lystrup Enge (E-C Jutland) lie above those from 
Østenkær (Vendsyssel). A similar tendency is seen in 
Figs 116-120. Because the number of measurements 
for each of these bones except astragalus is small to 
modest, a composite comparison was made by divid
ing the size range for each bone into 10 equal size 
classes, referring each individual bone to one of the 
classes 1-10, and adding the numbers for all six bones 
(humerus, scapula, M3, calcaneus, metacarpus and 
metatarsus). Fig. 124 compares the distribution of the 
composite size measurement in Vendsyssel and East 
Central Jutland, and the tendency to smaller size in 
Vendsyssel is clear.

Unfortunately there were too few measurable red 
deer bones from the Limfjord region to make a mean
ingful comparison.

Richter (1991) noticed that the ranges of red deer 
measurements from middle Neolithic (Pitted Ware) 
Kainsbakke very much resemble those from two other 
Neolithic (Subboreal) sites, viz. Spodsbjerg on the 
island of Langeland (Nyegaard 1985) and Bundsø on 
the island of Als (Degerbøl 1939). Although both sites 
are on present-day islands, Als is so close to Jutland 
that red deer could probably move there with ease, 
and Langeland, at the Atlantic-Subboreal transition 
was still separated from Funen by the narrow Svend

borg Sund. According to Richter (1991) red deer from 
Kainsbakke, Spodsbjerg and Bundsø were all of con
siderable size, larger than the maximum attained by 
present-day red deer according to Noe-Nygaard 
(i969)-

Everything taken into consideration, it appears 
that red deer in Jutland (except Vendsyssel) were still 
large during the Subboreal chronozone.

Red deer age - hunting strategy

Table 66 and Fig. 123 show all age estimates for red 
deer. The overall picture is that red deer in the age 
range from less than 2 years to 12-14 years were hunted 
at the studied sites.

In order to look for signs of selective hunting for 
particular age classes, age frequency distribution dia
grams from the studied sites can be compared to dia
grams from natural populations, see, e.g., Noe-Nyg
aard (1995: fig. 56). The diagrams from the settlements 
studied are conspicuously different from the natural 
population ones, there being far fewer juveniles in the 
former. This may be because relatively few juveniles 
are killed by the Stone Age people, or because bones 
from juvenile deer have smaller chances of preserva
tion. It is worth noticing, however, that many bones 
from very young (newborn up to ca. 6 months) red 
deer were found at Ertebølle (type site) - these indi
viduals are not shown in Fig. 123 because the age esti
mates were based on epiphysal fusion in this case. 
Richter & Noe-Nygaard (2003), found a strong over
representation of neonatal individuals (1079 out of 
T335 rc’d deer remains) at Agernæs (late Mesolithic, 
Funen). There are also several (17) mandibles from 
max. 2 week-old red deer in the material from Ring- 
kloster (Rowley-Conwy 1998). Magnell (2005b) no
ticed that the age profiles of red deer from five of the 
Scanian sites studied by him are similar and indicate 
harvest of mainly young adult, 2-5 years old (l.c.: fig. 
31). Magnell (2005b) further noticed that the same 
pattern seems to be obtained on several Danish Meso
lithic sites: large proportions of 2-5 year-old red deer 
and relatively few juveniles and older individuals. 
This pattern is, however, not evident on the newly
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Fig. 125: Red deer: Two 
fragments of mandibles from 
Lystrup Enge. Both are from 
8-10 year-old individuals. - 
Scale units 1 cm.

studied sites (Fig. 123), with the possible exception of 
the two sites at Nivå Fjord (N Zealand). This observa
tion weakens the conclusion drawn by Magnell 
(2005b), viz., that the uniform age structure he found 
is a result of a high hunting pressure which allowed 
only few individuals to survive for more than five 
years - his explanation may, although apparently not 
generally valid, of course apply to particular sites or 
regions, e.g., Scania.

Lystrup Enge is an example of an age distribution 

differing from that found generally by Magnell 
(2005b). At this site, selective hunting for large ani
mals, with more meat and (in the case of stags) larger 
antlers, is indicated (Fig. 125). Red deer antlers reach 
their maximal development at an age of ca. eight 
years (Clutton-Brock 1985). The antlers of older deer 
are smaller. The emphasis on older individuals at Lys
trup Enge is in accordance with the finds of numerous 
antler axes and sawed antler tines for pressure flaking 
on this settlement (S.H. Andersen, pers. comm.).

Table 66. Red deer, age estimates, based on mandibular tooth eruption and mandibular tooth wear (one 
maxilla from Åle also used). Age classes and criteria according to Habermehl (1961). Estimated ages are given 

in years, except where marked “m” where they are given in months. - In the “Site” column, M = Mesolithic, N = 
Neolithic, U = not referred to period. - In the “element” column”, Md = mandibula, d = right side, s = left side, 
ex Md = isolated tooth. Mx = maxilla, L = layer. - Symbols: + : tooth present, - tooth absent, a: alveolus. (<): 
just less than.

Site item number
C’x-nr”)

element dP3/
P3

dP4/ 
P4

Ml M2 M3 age class

Østenkær 21 Nr.l Md s /+ /+ + + + 5-6

Østenkær 21 Nr.2 ex Md s ■ ■ ■ ■ + 10-12

Østenkær 21 Nr.3 ex Md d ■ ■ ■ ■ + 10-12

Østenkær 21 Nr. 4 Mdd V V a ■ ■ 5 -24m

Østenkær 22 Nr.l Md s ■ ■ ■ + + 10-14
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Site item number
C’x-nr”)

element dP3/
P3

dP4/ 
P4

Ml M2 M3 age class

Østenkær 22 Nr.2 Mds ■ ■ ■ ■ + 12-14

Østenkær 22 Nr.3 ex Md d ■ ■ ■ ■ + 4-6

Østenkær 22 Nr.4 Mdd /+ /+ + ■ ■ 6-7

Østenkær 22 Nr.5 Mdd ■ ■ ■ ■ + 3-4

Østenkær 24 Mds ■ ■ ■ + + 2

Østenkær 37 Mds ■ ■ + + + 3-4

Østenkær 33 Nr.l ex Md d ■ ■ ■ ■ + 3-4

Østenkær 33 Nr.2 ex Md s ■ ■ ■ ■ + 2

Østenkær 532 ex Md d ■ ■ ■ ■ + 6-8

Østenkær 523 ex Md ■ ■ ■ ■ + 3-4

Østenkær 534 Mds /+ /+ /+ ■ ■ 7-8

Yderhede 1026 Mdd ■ ■ + + ■ 2

Yderhede 1047 ex Md d ■ ■ ■ ■ + 3-4

Yderhede 1237 Mdd ■ ■ + + + 8-10

Åle BJK Mdd ■ ■ ■ ■ + 8-10

Åle RFX ex Md s ■ ■ + ■ ■ 5-6

Åle AGA Mx ■ ■ + + ■ 12-24m

Krabbesholm II 4102 ex Md s ■ ■ ■ ■ + 4-5

Visborg M BDQ, Mdd ■ ■ ■ ■ + 8-12

Visborg M NBM Md /+ /+ + + + ca. 7

Visborg M RAQ, ex Md ■ -/ ■ ■ ■ 2-27m

Visborg M RAR Mdd ■ /- + + ■ (<) lim

Visborg M VHH Md s + + + + + 8-10

Visborg M VHR Mdd ■ -/ + + ■ 23-27m

Visborg N BPV ex Md d ■ ■ + ■ ■ 7-8

Visborg N BQB ex Md d ■ /+ ■ ■ ■ 6-8
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Site item number
C’x-nr”)

element dP3/
P3

dP4/ 
P4

Ml M2 M3 age class

Visborg N BQF ex Md d /+ ■ ■ ■ ■ 6-8

Visborg N BQL ex Md d ■ ■ ■ + ■ 8-10

Visborg N OVE Md s + + + + + 3-5

Visborg N OVE Mdd + + + + + 3-5

Lystrup Enge 50/64 Mdd ■ ■ + + + 8-10

Lystrup Enge 52/109 Md ■ ■ + + + 8-10

Lystrup Enge 53/52 Md s ■ ■ + ■ ■ 2

Lystrup Enge 53/92 Mdd ■ ■ + + + 8-10

Lystrup Enge 55/103 Mdd ■ ■ ■ + + 8-10

Lystrup Enge 55/142 Md s ■ ■ + + + 3-4

Lystrup Enge 63/124 ex Md s ■ V ■ ■ ■ 12-24 m

Nivågård 104/101:2, LI ex Md d /+ < 24 mdr.

Nivågård 111/101:1, LI ex Md s + 3-4

Nivågård 106/100:3, LI Mdd /+ /+ + + ■ 6-7

Nivågård 101/101:2, LI ex Md d + 4-6

Nivågård 102/101:2, LI ex Md d + 4-6

Nivågård 104/99:2, LI ex Md d + ca. 2

Nivågård 106/101:4, L2 ex Md s + 4-6

Nivågård 110/100:2, L2 Mdd ■ /+ + + + 6-7

Nivågård 99/99:4, L2 Mdd ■ ? ? + + 10-12

Nivågård 104/101:2, L2 ex Md d + 3-4

Nivågård 100/99:2, L2 Mdd /+ + + ■ 12-24m

Nivågård 103/99:4, L2(D) Md s /+ /+ + + + 3-5

Nivågård 105/99:2, L2 Mdd a + 5-12m

Nivågård 99/99:4, L7 Mdd + + + + + 8-10m
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12.5 Elk, Alces alces

The elk is a very large member of the deer family; next 
only to aurochs, it was the largest terrestrial animal in 
Denmark during the study period.

Like aurochs, a gradual withdrawal of elk began as 
continental Denmark dissolved into an archipelago 
and the forest spread. It went extinct on the islands 
(Funen and Zealand) during the early Atlantic 
chronozone but persisted in Jutland until early Sub
boreal (Aaris-Sørensen 1998, 2009).

Aaris-Sørensen (1998) assumed that the persist
ence of elk in Jutland into early Subboreal included 
Vendsyssel. There are no finds of elk from the Atlantic 
sites Yderhede and Østenkær studied here, although 
the Østenkær material of mammal bones is quite ex
tensive, and ox was found on both sites. All we have 
from Vendsyssel are four undated bog finds of elk. It 
is therefore impossible to say if the elk persisted in 
Vendsyssel after this region became an island.

There are no elk bones from the newly studied sites 
in the Limfjord region. However, Winge (in Madsen 
et al. 1900) found elk bones at Ertebølle (type site).

Bones from elk were found on Visborg (Fig. 44) 
and Lystrup Enge (Fig. 64) (both in East Central Jut
land), among the newly studied sites. Elk has also 
been found at further sites in the region: Dyrholm, 
Brabrand Sø, Norslund, Flynderhage and Ring
kloster.

The absence of elk bones from Nivå 10 and 
Nivågård is in agreement with the above-mentioned 
disappearance of this species from Zealand during 
the early Atlantic. Noe-Nygaard (1995) and Richter 
(1982b) found 32 fragments of elk in Boreal material 
from Ulkestrup Lyng in the Åmose region on Zea
land, but only four fragments were found in the mate
rial from the early Atlantic Kongemose type site, and 
none at all at younger sites in the same region (Noe- 
Nygaard 1995).

A similar pattern was observed by Eriksson and 
Magnell (2001) on the site Tågerup in southern Swe
den: they found 41 elk fragments in layers from 
Kongemose culture and none in layers from Atlantic 
culture.

12.6 Roe deer, Capreolus capreolus

Roe deer is a prominent element in all studied bone 
samples. Compared with the two other dominant 
large mammals in the samples, roe deer constitutes 17- 
66% of the sum of pig + red deer + roe deer bones. 
Several previous authors have studied roe deer from 
Danish Stone Age sites, including P. Jensen (1993), 
Noe-Nygaard (1995), Gotfredsen (1998) and Friborg 
(1999), and the present results are discussed in the 
light of these authors’ findings.

In the newly studied sites, the highest percentag
es of roe deer vs. pig and red deer are found in the 
sites in N Zealand where roe deer bones constitute 
52-66% of the sum of swine + red deer + roe deer, 
compared with 17-44% in the other regions (Figs 6, 
14,19, 24, 27,36, 43, 55, 65, 74, 80). This is in line with 
previous findings, e.g., from Lollikhuse where Fri
borg (1999) found the “big three” to constitute 96% 
of the mammal bone fragments, with roe deer an
swering for 53% of the “big three”, red deer for 38% 
and swine 9%.

Noe-Nygaard (1995) noted that apparently, red 
deer and roe deer were exploited with approximately 
the same intensity at Boreal and early Atlantic sites in 
Åmosen (Zealand), whereas the late Atlantic and Sub
boreal sites in Åmosen contain more red deer than roe 

deer bones. The latter tendency is also evident in the 
late Atlantic Åmose sites studied by Gotfredsen 
(1998). Noe-Nygaard (1995) thought that the relative 
decrease in roe deer importance from Boreal-early At
lantic to late Atlantic-Subboreal might be due to a 
decrease in suitable “fringe” habitats in the Åmose 

area.
In the sites from Nivågård and Nivå 10, sites which 

were inhabited during the early Atlantic, roe deer 
bones are much more numerous than red deer ones, 
there are almost twice as many bones from roe deer as 
from red deer at Nivågård, and more than 3 times as 
many at Nivå 10, see Figs 74, 80.

The dominance of roe deer vs. red deer in N Zea
land stands in contrast to the situation at the Atlantic 
sites in Jutland where red deer in most cases out 
number roe deer (Figs 6,14,19, 24, 27, 36, 43, 55, 65), 
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as is also the case for the Subboreal (Neolithic) mate
rial from Visborg. The only exceptions to this pattern 
are Egsminde, where the material is small and possi
bly not representative, and Vængesø III, which is gen
erally an unusual site, with “the big three”, pig, red 
deer, and roe deer, constituting only 29% of the mam
mal bones.

At the Atlantic (Kongemose & Ertebølle culture) 
site Tågerup in Scania, southernmost Sweden, bones 
of roe deer constitute more than 20% of the identified 
mammal bones in all phases, compared with ca. 30% 
bones from red deer (Eriksson & Magnell 2001).

Size of roe deer

All measurements of roe deer bones (Fig. 130) from 
the studied sites are shown in Table 67. Figs 126-129 
depict the measurements on astragalus, lower M3, 
scapula and humerus. As mentioned below, astra
galus measurements seem to separate males and fe
males, whereas a sexual difference cannot be traced 
in measurements of lower M3, scapula and humerus. 
The latter three are thus assumed to better reflect 
size differences at the population level and are thus 
better suited to trace, e.g., differences between Jut
land and Zealand, or size changes through time. 
There are only a few M3 measurements in the stud
ied material, so only scapula and humerus will be 
discussed here.

Scapula: Two sites yielded considerable numbers of 
scapula measurements, i.e., Østenkær in Vendsyssel, 
Jutland (N=2Ö) and Nivågård, N Zealand (N=8). As 
shown in Fig. 128, the scapulae from Nivågård are 
generally larger than those from Østenkær. The differ
ence between the mean values is highly significant 
(Table 68). Although there are only two measured 
scapulae from Nivå 10, which is very close to Nivågård, 
it may be noticed that these two scapulae lie within 
the range found at Nivågård. Unfortunately there are 
also only two measurable scapulae from Lystrup 
Enge, thus it is not possible to see, on the basis of 
scapulae, whether roe deer from Vendsyssel were 
smaller than those from East Central Jutland, such as 
is the case for red deer (see p. 337)

Humerus: Again Østenkær (N=i3) and Nivågård 
(N=i4) yielded the highest number of measurements, 
and again (Fig. 129), the measurements from Nivå
gård are generally larger than those from Østenkær; 
the difference between the means is significant (Ta
ble 68). The roe deer humeri from Lystrup Enge 
(N=ii) cover almost the same range as those from 
Østenkær.

Sexual size differences

P. Jensen (1993) studied size differences between male 
and female roe deer in a recent population. The meas
urements he examined were lower M3 (L), scapula 
(GLP), humerus (Bd), astragalus (GL, Bd) and cal
caneus (Gl). He found that the largest sexual differ
ence is found in astragalus Bd where the difference 
between male and female means amounts to 3.2 % of 
the male mean. (Following the arguments of Payne & 
Bull (1988), one would have expected a larger sexual 
difference in humerus Bd, but P. Jensen (1993) found 
only a 2.3% difference in this measurement.).

Fig. 126 shows length (GL) and width (Bd) meas
urements of roe deer astragali from the studied sites. 
The points fall in two clearly separate swarms which 
are most clearly distinguished along the Bd axis. With 
the results of Jensen (1993) in mind, the two point 
swarms may be interpreted as representing females 
(Bd 18.2-20.0) and males (Bd 20.3-21.7), respectively. 
P. Jensen (1993) reported mean astragalus Bd of 17.58 
for females and 18.16 for males, values which lie well 
below the range of the two point swarms in Fig. 126 
which is in agreement with the smaller size of recent 
Danish roe deer compared with roe deer from the At
lantic period (P. Jensen 1993).

Of the three sites with most measurable roe deer 
astragali, Østenkær (N=9) and Lystrup Enge (N=6) 
are represented in both point swarms, suggesting that 
both males and females are represented, whereas the 
roe deer astragali from Nivågård (N=9) seem all to de
rive from females.

Measurements of lower M3, scapula and humerus 
do not indicate bimodality, in agreement with the re
sults of P. Jensen (1993).
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Fig. 126. Roe deer, astragalus from seven of the newly studied sites. Variation in greatest length of the lateral half (GL1) 
and greatest breadth of the distal end (Bd). - Vendsyssel (green signature), Limfjord (blue signature), East Central 
Jutland (red signature) and Northern Zealand (black signature).
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Fig. 127. Roe deer, lower M3 from six of the newly studied sites: distribution of measurements of the length (L). - 
Vendsyssel (green signature), Limfjord (blue signature), East Central Jutland (red signature) and Northern Zealand 
(black signature).
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Fig. 128. Roe deer, scapula from six of the newly studied sites: distribution of measurements of the greatest length of 
processus articularis (glenoid process) (GLP). - Vendsyssel (green signature), Limfjord (blue signature), East Central 
Jutland (red signature) and Northern Zealand (black signature).
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Fig. 129. Roe deer, humerus from seven of the studied sites: distribution of measurements of the greatest breadth (Bd) of 
distal end. - Vendsyssel (green signature), Limfjord (blue signature), East Central Jutland (red signature) and Northern 
Zealand (grey signature).
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Forelimb + lower 3rd molar

Table 67. Roe deer, measurements of bones from the newly studied sites. All measurements are in mm. d = right 
side, s = left side. M = Mesolithic, N = Neolithic, surf.: surface find, no context.

Scapula Humerus Metacarpus lower M3

Site item 
number

square s/d GLP Bd Bp Bd L

Østenkær 538 498/613 d 27,9

Østenkær 24 d 27,1

Østenkær 24 S 28,3

Østenkær 535 496/613 s 26,2

Østenkær 546 501/613 s 29,9

Østenkær 546 501/613 d 28,4

Østenkær 528 492/613 d 27,1

Østenkær 541 499/613 S 26,2

Østenkær 541 499/613 d 27,8

Østenkær 33 S 26,6

Østenkær 33 d 25,6

Østenkær 33 d 29,6

Østenkær 22 d 28,3

Østenkær 22 d 26,6

Østenkær 22 d 28,4

Østenkær 22 d 28,8

Østenkær 22 d 26,4

Østenkær 22 S 28,3

Østenkær 22 s 30,3

Østenkær 22 s 26,9

Østenkær 21 d 23,5

Østenkær 21 S 26,6
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Scapula Humerus Metacarpus lower M3

Site item 
number

square s/d GLP Bd Bp Bd L

Østenkær 21 S 26

Østenkær 21 d 25,1

Østenkær 21 d 25,6

Østenkær 21 d 27,2

Åle 31142 d 30,2

Ertebølle RNW S 30,4

Lystnip Enge 52/151 s 30,2

Lystnip Enge 80/186 s 26,2

Nivågård nr33 98/100 s 27,3

Nivågård nr32 100/100 d 29

Nivågård nr34 108/101 d 29,5

Nivågård nr35 107/100 d 28,2

Nivågård nr36 105/101 S 29,3

Nivågård nr37 100/99 s 31,2

Nivågård nr38 109/100 d 28

Nivågård nr39 105/100 S 30,6

Nivå 10 95/154 d 28,9

Nivå 10 A69syd d 26,8

Yderhede 1002 91/95 d 29,3

Yderhede 1073 surf. S 28,1

Østenkær 529 493/613 d 29,5

Østenkær 535 496/613 S 28,8

Østenkær 546 501/613 d 27,9

Østenkær 531 495/613 S 28,6

Østenkær 527 491/613 d 26,9
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Scapula Humerus Metacarpus lower M3

Site item 
number

square s/d GLP Bd Bp Bd L

Østenkær 526 490/613 S 27,9

Østenkær 33 s 29,4

Østenkær 22 s 31,4

Østenkær 22 s 27,3

Østenkær 22 s 27,6

Østenkær 22 s 28,7

Østenkær 22 d 31

Østenkær 21 d 28

Åle NVF d 27,1

Ertebølle lzc S 29,2

Krabbesholm I ?? d 27,3

Lystrup Enge 48/78 d 28,9

Lystrup Enge 53/101 d 28,2

Lystrup Enge 53/106 S 31

Lystrup Enge 54/103 d 29,8

Lystrup Enge 57/250 S 30,6

Lystrup Enge 62/116 s 28,8

Lystrup Enge 62/120 s 29,9

Lystrup Enge 62/169 s 28,3

Lystrup Enge 63/119 s 26,9

Lystrup Enge 65/141 s 27,8

Lystrup Enge 67/181 s 28,6

Nivågård nr.l 111/101 d 31,7

Nivågård nr.2 111/100 S 30,3

Nivågård nr. 3 111/100 s 31,6
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Scapula Humerus Metacarpus lower M3

Site item 
number

square s/d GLP Bd Bp Bd L

Nivågård nr. 4 104/101 S 27,6

Nivågård nr. 5 109/100 d 29,2

Nivågård nr. 6 104/100 S 32

Nivågård nr. 7 101/101 s 28

Nivågård nr. 8 105/100 s 30,8

Nivågård nr. 9 110/100 s 31,4

Nivågård nrlO 98/100 s 29,8

Nivågård nrll 99/99 d 33,1

Nivågård nrl2 104/100 S 29,2

Nivågård nrl3 105/100 s 28,1

Nivågård nrl4 106/100 d 29,6

Nivågård nrl5 110/100 S 30,2

Nivå 10 7399 95/152 d 28,9

Nivå 10 98/151 S 28

Nivå 10 92/152 d 27,5

Østenkær 21 S 20,4

Krabbesholm II A6156 d 23,4

Krabbesholm II A5575 d 20,5

Nivågård nr27 98/100 d 22,7

Nivå 10 98/151 S 23,2

Yderhede 1061 surf. d 20,7

Østenkær 538 498/613 20,7

Ertebølle ksx d 23,4

Visborg M DCH d 23,5

Nivågård 109/100 22,2
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Scapula Humerus Metacarpus lower M3

Site item 
number

square s/d GLP Bd Bp Bd L

Nivågård nr25 101/100 d 24,9

Nivågård nr28 103/101 S 22,2

Nivågård nr29 99/99 s 23,1

Nivågård nr30 103/100 s 23,4

Nivå 10 7380 95/153 d 19,4

Nivå 10 7482 95/153 S 23

Nivå 10 95/154 s 23,3

Yderhede 1004 91/89SØ d 16,4

Yderhede 1000 91/87NØ d 15

Yderhede 1229 89/89NØ d 15,1

Yderhede 1206 91/87NV d 13,6

Østenkær 24 S 14,7

Østenkær 21 d 15,8

Østenkær 22 S 15,2

Østenkær 22 d 14,4

Østenkær 22 d 15,2

Østenkær 35 d 16

Østenkær 529 493/613 d 16,2

Østenkær 518 492/612 S 15,1

Østenkær 541 499/613 d 16

Østenkær 536 497/613 d 15,4

Egsminde AMW S 16,3

Egsminde AOR s 15,4

Åle 22286 s 16,1

Ertebølle NER s 16,6
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Scapula Humerus Metacarpus lower M3

Site item 
number

square s/d GLP Bd Bp Bd L

Visborg M UCE d 15,5

Vængesø III 4034 d 15,5

Vængesø III 695 s 14,3

Lystrup Enge 62/166 s 14,3

Nivågård nr43 103/101 s 15,3

Nivågård nr44 99/99 s 14,8

Hindlimb

Astragalus Calcaneus Metatarsus

Site item square s/d GL1 GLm Bd G1 Bp Bd
number

Yderhede 1166 90/99NØ d 29,5 28,9 18,3

Yderhede 1040 d 26,7 25,6 16,5

Østenkær 529 493/613 d 28 18,9

Østenkær 35 d 31,9 30 20,3

Østenkær 528 492/613 S 30,6 28 19,5

Østenkær 528 492/613 d 31,5 29,8 19,1

Østenkær 527 491/613 d 32 29,8 21

Østenkær 527 491/613 d 28,3 27,2 18,9

Østenkær 526 490/613 d 31,1 30,4 20,8

Østenkær 526 490/613 d 28,4 19,6

Østenkær 516 490/612 d 30,5 28,6 19,8

Østenkær 540 499/613 S 32,4 31,4 20,4

Østenkær 22 d 28,9 27,7
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Astragalus Calcaneus Metatarsus

Site item 
number

square s/d GL1 GLm Bd GI Bp Bd

Østenkær 21 S 30 29 19,2

Åle JLE d 29,3 28,1 18,9

Åle MRN S 31,3 29,4 19,6

Krabbesholm I GL d 33,6 31 21,5

Visborg M UGR1 d 30,9 29,7 20,8

Visborg M UGR2 d 31,6 29,9 20,4

Visborg JKZ S 28,1 27,7 18,5

Lystrup Enge 52/52 d 29 17,6

Lystrup Enge 52/185 S 34,3 33 20,6

Lystrup Enge 62/115 d 30,4 29,9 19,1

Lystrup Enge 62/127 d 30,3 29 19,7

Lystrup Enge 68/186 S 30,9 29,8 19,4

Lystrup Enge 67/162 d 30,8 29,1 19

Lystrup Enge 73/207 S 32,8 30,7 20,3

Nivågård nrl6 99/99 d 29 28,2 19,6

Nivågård nrl7 99/99 S 31,6 29,7 19,3

Nivågård nrl8 99/99 d 31 29,6 19,6

Nivågård nrl9 103/101 S 30 29,3 19

Nivågård nr20 103/101 d 29,3 29 20

Nivågård nr21 110/100 S 30,1 29,3 19,8

Nivågård nr22 99/99 s 29,4 27,5 19,3

Nivågård nr23 104/100 d 27,8 19

Nivågård nr24 103/100 S 28 27,6 18,2

Nivå 10 7412 95/153 s 31,1 30,9 20,6

Nivå 10 94/153 d 33,4 31 21,7
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Astragalus Calcaneus Metatarsus

Site item 
number

square s/d GL1 GLm Bd GI Bp Bd

Nivå 10 95/153 S 31,1 29,1

Nivå 10 7412 95/153 s 31,1 30,9 20,6

Yderhede 1068 s 64,6

Østenkær 536 497/613 s 62,8

Østenkær 22 s 66,2

Østenkær 22 s 61,6

Åle 20130 d 63,1

Ertebølle ohw S 66

Krabbesholm I surf. s 64

Lystnip Enge 63/127 d 62,7

Lystnip Enge 66/141 d 63,6

Lystnip Enge 69/215 d 66,4

Nivågård nr40 104/100 d 62,5

Nivågård nr41 104/100 d 62,5

Nivågård nr42 105/100 d 62,6

Yderhede 1069 surf. d 24,3

Yderhede 1061 surf. d

Yderhede 1065 surf. d 19,6

Østenkær 538 498/613 S 23,1

Østenkær 35 s 21,1

Østenkær 527 491/613 s 18,6

Østenkær 517 491/612 23,1

Ertebølle omt d 22,6

Ertebølle BKP d 21,5

Krabbesholm II A1586 d 21,9
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Astragalus Calcaneus Metatarsus

Site item square s/d 
number

GL1 GLm Bd G1 BP Bd

Nivågård nr26 109/101 d 25,9

Nivågård nr31 110/100 d 19,8

Table 68. Roe deer, size differences between certain populations from the newly studied sites. Above: bone 
measurements (mm), range and mean of selected samples (N>io). Below: significance (P, 2-tailed t-test) of the 
difference of the means.

Site Østenkær Nivågård Lystrup Enge

range / N mean range/N mean range / N mean

Scapula GLP 23.5-30.3/26 27.3 27.3-30.6/8 29.1 -/2

Humerus Bd 27.3-31.4/13 28.7 28.0-33.1/15 30.1 27.8-31.0/11 29.0

Scapula Østenkær < Nivågård Østenkær / Lystrup Enge Lystrup Enge < Nivågård

Scapula GLP P < 0.005** ■ ■

Humerus Bd P < 0.02* P>0.5 N.s. P-0.05(*)

Discussion of roe deer size

Klein & Strandgård (1972) studied body size of recent 
Danish roe deer and showed that body size is most 
closely correlated with population density. The larg
est roe deer occur at the lowest population density, a 
low ratio between arable land and forest and low (nu
trient-poor) soil quality. P. Jensen (1993) was of the 
opinion that the size reduction of roe deer on Zealand 
during the Mesolithic most likely is the result of sev
eral environmental factors influencing the phenotype, 
in combination with the interruption of gene ex
change with populations in Jutland and Scania.

Scapula and humerus are among those bones the 
size of which is expected to be under great environ

mental influence because they have achieved a smaller 
part of its growth at birth than bones like astragalus 
and metatarsus, cf. Klein & Strandgaard (1972). A size 
difference indicated by scapula and humerus, such as 
the one found between Østenkær (and Lystrup Enge) 
on one side, and Nivågård on the other side, may 
therefore be due to ecological factors rather than to a 
genetic difference. It is worth noticing that if the low
er left point swarm in the astragalus diagram, Fig. 126, 
is accepted as representing females, there is no size 
difference between Østenkær, Lystrup Enge and 
Nivågård, perhaps a further indication that the differ
ence seen in scapula and humerus is indeed ecologi
cally determined.
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Fig. 130. Roe deer. A selection 
of skeletal elements which 
have been measured (speci
mens from Ertebølle, type 
site). Top: mandibula 
(marrow fractured), bottom, 
left to right: scapula (proxi
mal part), humerus (distal 
part), metatarsus (distal part), 
calcaneus. - Scale units 1 cm.

During the Mesolithic and the Neolithic, central 
European roe deer were larger than recent ones 
(Boessneck 1956). The same trend has been found in 
Denmark (Møhl 1971, Aaris-Sørensen 1976, P. Jensen 
1993). In addition P. Jensen (1993) in his study of Me
solithic roe deer from Jutland and the Danish islands 
(especially Zealand) found that on the islands, roe 
deer size decreases from the Boreal to the Atlantic pe
riods, whereas no such size reduction takes place in 
Jutland. Since Atlantic roe deer from Jutland as well 
as Zealand are larger than recent ones, size reduction 
must have taken place in Jutland as well as on Zea
land, after the Atlantic period.

On the basis of her studies of roe deer size on the 
Åmose sites on Zealand, Noe-Nygaard (1995) found 
that the largest reduction took place at the transition 
between early and late Atlantic.

Magnell (2005b) showed, on the basis of measure
ments of astragalus of roe deer from the Atlantic pe
riod, that roe deer in Scania, southernmost Sweden, 
underwent a size reduction similar to that observed 
on the Danish islands (Zealand and Funen).

The large size of the roe deer from N Zealand 
(Nivågård) is surprising. One would have expected 
that measurements from Jutland would have been at 
least as large as those from Zealand. It is true that the 
settlement at Nivågård is slightly older than that at 

Østenkær but according to Jensen (1993) there is no 
size reduction of roe deer in Jutland during the Atlan
tic period, in contrast to Zealand.

Comparing the scapula measurements obtained 
here with those shown by Gotfredsen (1998: fig. 6) it 
turns out that the size variation at Nivågård is remi
niscent of the variation seen in early Atlantic roe deer 
from Åmosen (Zealand). Nivågård was inhabited 

from the Kongemose culture period until into the 
Ertebølle culture period, and was, according to radio
carbon datings, inhabited during the period follow
ing the Kongemose type site.

Unlike the scapula measurements, the humerus 
measurements from Nivågård are in general larger 
than those from the Kongemose type site.

Large roe deer are known from another (although 
late Atlantic) settlement on Zealand, viz. Lollikhuse, 
western N Zealand. Based on several different meas
urements, Friborg (1999) found that the Lollikhuse 
roe deer were generally larger than the ones from the 
contemporaneous site Præstelyng in Åmosen, Central 
Zealand, studied by Noe-Nyegaard (1995). Friborg 
(1999) thought that the large size of the Lollikhuse 
roe deer was due to a combination of several factors, 
such as low population density and an open forest 
habitat. Indeed b':C values from red deer from Lol
likhuse support this interpretation.
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Fig. 131. Roe deer from ten of 
the newly studied sites: age 
estimates based on loose 
mandibular dP4 and M3 and 
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molar teeth.
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Table 69. Roe deer, age estimates based on mandibular tooth eruption and mandibular tooth wear. Age classes 
and criteria according to Habermehl (1961). Estimated ages are given in years, except where marked “m” where 
they are given in months. - In the “Site” column, M = Mesolithic, N = Neolithic, U = not referred to period.
- In the “element” column”, Md = mandibula, d = right side, s = left side, ex Md = isolated tooth. - Symbols: + : 
tooth present, - tooth absent, a: alveolus. (<): just less than.

Site item number
C’x-nr”)

element P2 dP3/
P3

dP4/ 
P4

Ml M2 M3 age class

Østenkær 21 Nr.l Mdd ■ /+ /+ ■ ■ ■ 2

Østenkær 21 Nr.2 Md s ■ /+ /+ + + ■ 3-4

Østenkær 21 Nr.3 ex Md d + 3-4

Østenkær 21 Nr. 4 Md dex + /+ /+ + ■ ■ 3-4

Østenkær 21 Nr.5 Mdd ■ /+ /+ + ■ ■ 3-4

Østenkær 22 Nr.l Md s ■ ■ ■ + + + 3-4

Østenkær 22 Nr.2 Md s ■ /+ /+ + + ■ 3-4

Østenkær 22 Nr.3 Mdd ■ ■ /+ 2

Østenkær 22 Nr. 4 Mdd ■ ■ V + a not erupted 6-10 m

Østenkær 22 Nr.5 Mdd ■ ■ ■ ■ ■ + 3-4

Østenkær 24 Nr.l Md s ■ ■ ■ ■ ■ + (<)2

Østenkær 24 Nr.2 Mdd + /+ /+ ■ ■ ■ 3-4

Østenkær 33 Mdd + /+ /+ + + ■ 3-4

Østenkær 35 Nr.l Mdd + /+ /+ + ■ ■ 3-4

Østenkær 35 Nr.2 Md s + /+ /+ ■ ■ ■ 2

Østenkær 35 Nr.3 Mdd ■ ■ ■ ■ ■ + 3-4

Østenkær 518 ex Md s ■ ■ ■ ■ ■ + 3-4

Østenkær 520 Md s + /+ /+ ■ ■ ■ 2

Østenkær 528 Md s ■ ■ /+ + + ■ 3-4

Østenkær 529 Mdd + /+ /+ + + + 3-4

Østenkær 536 Nr.l Mdd ■ ■ ■ ■ + + 2

Østenkær 536 Nr.2 Mdd ■ ■ ■ ■ + + 2

Østenkær 538 Md s ■ ■ V + erupting not visible 6-10 m
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Site item number
C’x-nr”)

element P2 dP3/
P3

dP4/ 
P4

Ml M2 M3 age class

Østenkær 541 ex Md d ■ ■ ■ ■ ■ + 3-4

Yderhede 1000 ex Md d + 3-4

Yderhede 1004 Mdd ■ ■ ■ ■ + + 10-14 m

Yderhede 1010 MD s + /+ ■ ■ ■ ■ ca. 2

Yderhede 1206 ex Md d + 2

Yderhede 1229 ex Md d + 10-14 m

Egsminde AMW Mdd + /+ /+ + + + 3-4

Egsminde AOR M s /+ + + + 2

Egsminde BPD Mdd + + 2-4

Åle 20975 Mdd ■ ■ /+ + ■ ■ 2

Åle 22286 Md s ■ ■ ■ ■ + + 2

Ertebølle NER Md s + /+ /+ + + + ca. 1

Ertebølle AGNQ, Mds /+ /+ + + ca. 2

Ertebølle MCO Mds + + 3-4

Ertebølle QCF Mdd /+ + ca. 2

Visborg U SAW Mdd + /+ /+ + ■ ■ 5-7

Visborg M UCE ex Md s ■ ■ ■ ■ ■ + 4-7

Vængesø III 4205 Mdd ■ /+ /+ + + ■ 2

Vængesø III 6587 Mds ■ V V a ■ 0-5 m

Vængesø III 6971 Mdd + /+ ■ ■ ■ ■ ca. 2

Vængesø III 4138 Mdd ■ ■ /+ + ■ ■ 2-4

Vængesø III 4034 Mdd ■ ■ ■ ■ ■ + 2

Vængesø III 5176 Mdd + /+ /+ ■ ■ ■ 7-11

Lystrup Enge 47/74 Mds + /+ /+ + + ■ 10-14 m

Lystrup Enge 60/151 a Mds + /+ /+ ■ ■ ■ 10-14 m

Lystrup Enge 60/151 b ex Md s V <6-10 m
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Layer2

Site item number
C’x-nr”)

element P2 dP3/
P3

dP4/ 
P4

Ml M2 M3 age class

Lystnip Enge 62/123 ex Md s V <6-10 m

Lystrup Enge 62/166 ex Md + ca. 3-4

Lystrup Enge 67/156 Mdd + /+ ■ ■ ■ ■ ca. 10-14
m

Nivågård 111/100:2
Layer 1

Mdd ■ ■ ■ + + ■ 3-4

Nivågård 103/101:3
Layer 1

Md s + /+ /+ ■ ■ ■ ca. 7

Nivågård 103/100:4
Layer 1

ex Md s + 2

Nivågård 105/99:2
Layer 1

ex Md d + ca. 9

Nivågård 105/99:2
Layer 1

ex Md s + 2

Nivågård 105/100:2
Layer 2

Mds ■ /+ /+ + + ■ ca. 2

Nivågård 99/99:1
Layer 2

ex Md s + 2

Nivågård 100/100:1
Layer 2

Mdd + /+ /+ + ■ ■ 2

Nivågård 99/100:1
Layer 2

Mds ■ ■ /+ + ■ ■ 2

Nivågård 99/100:1
Layer 2

ex Md s + 2

Nivågård 99/101:1
Layer 2

ex Md d + 2

Nivågård 105/99:4
Layer 2

Mds ■ ■ ■ + + ■ 2

Nivågård 106/99:2 Mdd + /+ /+ + + ■ 2
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2G, Level 2

Site item number
C’x-nr”)

element P2 dP3/
P3

dP4/ 
P4

Ml M2 M3 age class

Nivågård test piti
Layer 2

ex Md d /+ (<)6-10 m

Nivågård test pit 1
Layer 2

ex Md d + 2

Nivågård 104/99:4 
Layer 2 lower

Mds ■ ■ ■ ■ + + 3-4

Nivågård 104/99:2
Layer2 lower/

Layer7

Mdd /+ + + 2

Nivå 10 X7322 Mdd ■ ■ ■ ■ + + 5-7

Nivå 10 X7346 Mdd + /+ ■ ■ ■ ■ 5-9

Nivå 10 94/153:4, A64,
Level 7

ex Md d /+ 2

Nivå 10 95/153:3, A64,
Level 5, Layer

2H

Md s + /+ 1

Nivå 10 A69 syd
Level 5

ex Md s + 5-7

Nivå 10 A69 syd
Level 5

ex Md d + 2

Nivå 10 A69 syd
Level 5

ex Md s + 10 Hl

Nivå 10 (93,154):3, Layer ex Md s + 5-7

Roe deer age

Fragments of mandibles and/or isolated mandibu
lar teeth suitable for age estimation were present 
from ten of the newly studied sites. The age esti
mates are listed in Table 69 and shown in Fig. 131. 

Only Østenkær and Nivågård yielded considerable 
numbers of age estimates. Out of 25 age-estimated 
fragments from Østenkær, 16 are from 3-4 year old 
roe deer, whereas 12 out of 17 age-estimated frag
ments from Nivågård are from ca. 2 year-old roe 
deer.
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Red deer, Cervus elaphus, importance over time

Vendsyssel 

• Limfjord 

A EC Jutland 

■ N Zealand

Fig. 132. The relative importance of red deer over time, compared with roe deer and swine.

Hunting strategy

Very little can be inferred about strategy for roe deer 
hunting. The diagram of dimensions of astragali, Fig. 
126, indicates that both male and female roe deer were 
hunted at Østenkær, and according to Fig. 131, most 
of these would have been 2-3 years old. In contrast, all 
measured astragali from Nivågård lie in the point 
swarm corresponding to females, and according to 
Fig. 131 most of these would have been 2 years old. 
Although at these two sites roe deer hunting seems to 
be non-random with regard to age classes, there is no 
obvious explanation why the inhabitants would tar
get 3-4 year or 2 year old roe deer.

This stands in contrast to the late Mesolithic site 
Agernæs on the island of Funen from where Richter & 
Noe-Nyegaard (2003) found numerous remains of 
neonatal roe deer (506 out of 820 roe deer fragments). 
They interpreted this very selective hunting strategy 
as targeting the spotted skin of newborn roe deer, 
which is in agreement with the preponderance of fur 
animals among the mammal remains from Agernæs. 
There were also numerous remains of neonatal red 
deer (1079 out of 1335 red deer remains) at Agernæs.

12.7 Swine, red deer and roe deer, the three 
dominant terrestrial meat sources

On almost all the newly studied sites, swine (includ
ing wild boar and domestic pig), red deer and roe 
deer constitute the majority of mammal bones. Table 
70 shows that with one exception, these three large 
mammals together account for 53-93% of the identi
fied mammal bones from a site, even though sieving 
has been employed. The exception is Vængesø III 
where the percentage is very much lower, 29%, i.a., 
due to a large amount of seal bones. If all sites (in
cluding Vængesø III) are taken together, the overall 
percentage is 76%.

With such a high frequency, and considering that 
swine, red deer and roe deer are large mammals, there 
is no discussion that taken together, these three spe
cies constituted the main source of terrestrial meat at 
the studied sites.

When it comes to the relative importance of the 
three species, there are marked differences between 
them. Figs 6,14,19, 24, 27, 36, 43, 55, 65, 74, 80 show 
the relative importance of the “big three” on the 
studied sites. Some regional differences can be seen.
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Table 70. Importance of red deer, roe deer and swine on the newly studied sites. Entries are percentages of 
identified mammal bones, based on the numbers in Tables 10, 22,35, 54, tentative identifications included. Se 
also Figs 6,14,19, 24, 27, 36, 43, 55, 65, 74, 80 for illustrations of the relative importance of these three species 
on each site.

Site Red deer Roe deer Swine total Site Red deer Roe deer Swine total

Yderhede 38 24 19 81 Visborg Mesolithic 26 14 34 74

Østenkær 53 19 19 91 Visborg Neolithic 28 18 22 68

Egsminde 29 39 21 89 Vængesø III 3 10 16 29

Åle 39 21 18 78 Lystrup Enge 25 9 19 53

Ertebølle 28 33 26 87 Nivågård 35 48 10 93

Krabbesholm II 14 8 33 55 Nivå 10 17 55 11 83

Most remarkable is the great importance of roe deer 
on the two sites from N Zealand, 52-66% of the “big 
three”, compared with 17-44% in the other regions. 
This is in line with previous findings, e.g., from the 
late Atlantic - early Subboreal settlement Lollikhuse 
(Hornsherred, adjacent to N Zealand). At Lol
likhuse, Friborg (1999) found the “big three” to con
stitute 96% of the mammal bone fragments, with roe 
deer answering for 53% of the “big three”, red deer 
for 38% and swine 9%. One may also notice the high 
percentage of red deer in Vendsyssel (47-58% of the 
“big three”), compared with 9-50% in the other re
gions (9-47% if the small and possibly not represent
ative sample from Åle is not considered). Relatively, 

swine seems to be most important in East Central 
Jutland, 32-58% of the “big three”, against 10-30% in 
other regions (disregarding the small sample from 
Krabbesholm II).

Magnell (2005b) concluded that “Hunting most 
likely did affect the populations of wild game during 
the Mesolithic in South Scandinavia”. Based on his 
findings regarding decreasing body size and age pro
files he inferred that the hunting pressure affected red 
deer more than wild boar, resulting in higher abun
dance of wild boar. The results from the newly studies 

Danish sites do not support Magnell’s conclusions re
garding age structure. Also, there is no clear trend 
over time in the relative importance of red deer, com
pared with roe deer and swine (Fig. 132).

12.8 Ox (aurochs, Bos primigenius, and 
domestic cattle, Bos taurus')

Starting in the early Atlantic period, where continen
tal Denmark started developing into an archipelago, 
and dense, broadleaved forest spread, a gradual re
treat of aurochs set in (similar to what happened with 
the elk). In the course of the Atlantic period, aurochs 
became extinct on Zealand, during the subsequent 
Subboreal period, it became extinct on Funen, and 
finally, at the transition between Subboreal and Sub- 
atlanticum, it disappeared from Jutland (Aaris-Sø- 
rensen 1998, 2009). In Scania, southernmost Sweden, 
aurochs seems to have become extinct during the 
Kongemose culture period (Aaris-Sørensen 1999, 
Eriksson & Magnell 2001). Aaris-Sørensen (1999) ar
gued that the extinction of aurochs was due to a com
bination of the Littorina transgressions which subdi
vided the country, and the Neolithic revolution which 
further fragmented the habitat.
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Most of the bone assemblages studied here are 
from settlements which were inhabited during the late 
Atlantic period; several of the settlements were still 
inhabited during the Subboreal. Agriculture, includ
ing domestic cattle, was introduced to Denmark at 
the transition to Subboreal. Bones from aurochs as 
well as domestic cattle are therefore to be expected in 
several of the assemblages.

Aurochs vs. domestic cattle

The domestication of cattle was associated with a size 
reduction. Therefore, size differences have tradition
ally been used to distinguish wild aurochs from do
mestic cattle in archaeological samples, although the 
distinction is complicated by pronounced sexual di
morphism (Scheu et al. 2008). Degerbøl & Fredskild 
(1970) published a large number of measurements of 
bones from male and female Danish subfossil au
rochs and domestic cattle. The size ranges estab
lished by Degerbøl & Fredskild have been widely 
used as a reference in the interpretation of subfossil 
ox bone measurements. Recently, a DNA-based 
method has been developed to distinguish aurochs 
from domestic cattle. Scheu et al. (2008) used this 
method to analyse remains of several ox individuals 
from a late Mesolithic site, Rosenhof, in northern 
Germany. These bones had been regarded as coming 
from domestic cattle due to their small size, but a 
combination of DNA analyses and measurements 
placed these specimens as female aurochs. The rang
es given by Degerbøl & Fredskild (1970) therefore 
need revision.

The measurements taken here were compared with 
those given by Degerbøl & Fredskild (1970), to the 
extent that correspondence between the two sets of 
measurements could be established by comparing the 
definitions of Driesch (1976) and Duerst (1926), the 
latter providing the standards followed by Degerbøl 
& Fredskild (1970). In addition, measurements of au
rochs dP4 from Richter (1982a) were used for com
parison. A few minimum values for female aurochs 
have been modified according to the results of Scheu 
et al. (2008) cf. above.

Bones of ox are absent from the two studied sites 
in N Zealand but were found on all the sites in Jut
land. In most cases, they constitute at most a few per
cent of the total number of identified mammal bones, 
being more prominent at Åle (12%, n = 190), Krabbe
sholm II (20%, n = 247), Visborg Neolithic (16%, n = 
281) and Lystrup Enge (16%, n = 2002).

Measurements of studied ox bones are given in Ta
ble 71. The table also includes size ranges for male and 
female aurochs, as well as maximum values for Neo
lithic domestic cattle (see “Methods”). Using the size 
ranges for male and female aurochs and Neolithic do
mestic cattle in Table 71, the measured ox bones have 
as far as possible been identified to aurochs (male/fe- 
male) or domestic cattle, see Table 72.

On this basis, aurochs was identified in the mate
rial from two sites:

Østenkar: Three fragments from male aurochs, one 
fragment equivocal. Total number of Bos fragments: 
19. Most of the remaining ox fragments are stout and 
thick-walled and give an impression of aurochs. There 
is one exception, a small, slender premaxillary which 
must derive either from a very small aurochs or from 
domestic cattle.

Lystrup Enge (Fig. 133): 14 fragments from aurochs, 
including 11 from females and 2 from males. Total 
number of ox fragments: 314, largely representing all 
parts of the skeleton. About half of these were as
signed to aurochs based on a qualitative evaluation of 
size and robustness, and most probably all ox frag
ments from Lystrup are from aurochs. Nine of the 
fragments are astragali on which GL1 and BD could 
be measured. Plotting these measurements in a scatter 
gram, where the measurement ranges of male and fe
male aurochs and Neolithic domestic cattle are also 
shown, clearly demonstrates that all nine astragali are 
from female aurochs (Fig. 134).

Domestic cattle was identified from three sites:
Åle: one tooth measurement lies well below the 

minimum for aurochs. The mandible from which the 
tooth comes has been dated to 3650 -3380 cal yr BC, 
i.e., from the Funnel beaker culture (early Neolithic, 
early Subboreal).

Krabbesholm II: four fragments. Total number of ox
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Fig. 133. Aurochs: astragalus 
and calcaneus from Lystrup 
Enge identified as deriving 
from female aurochs, based 
on measurements. - Scale 
units i cm.

fragments: 36. Of the four fragments identified as do
mestic cattle, two are with certainty from early Funnel 
beaker culture (Neolithic).

Visborg: Three fragments are from domestic cattle, 
and one is equivocal. One of the unequivocal frag
ments of domestic cattle is from Mesolithic sediments; 
the others are from Neolithic ones. Total number of 
ox fragments: 68. The cattle from Visborg seem to 
have been very small: one astragalus falls below the 
range for domestic cattle given by Degerbøl & Fred
skild (1970), one measured calcaneus, while having a 
GL well below the lower limit for female aurochs, has 
a GB well above the upper limit for domestic cattle 
and within the range for female aurochs. One meta
tarsus assigned to domestic cattle has been radiocar
bon dated to 3630 - 3370 cal yr BC, i.e., Funnel beaker 
culture (early Neolithic).

Age estimates
Only nine fragments (e.g., Fig. 135) were suitable for 
estimating the individuals’ age at death (Table 73). 
Five of these are from Lystrup Enge, and although 
none of the fragments in question have been directly 
assigned to aurochs, they in all probability do come 
from aurochs (cf. above). Very little can be deduced 
from the estimated ages, except perhaps that the in
habitants at Lystrup Enge hunted aurochs of more 
than 2 years of age.

Discussion of ox

As mentioned above, the aurochs became extinct in 
Denmark over a long period of time, starting in the 
Atlantic period and ending at the transition from 
Subboreal to Subatlantic, where the last aurochs dis-
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Forelimb

Table 71. Ox, measurements of bones from the newly studied sites. All measurements are in mm. d = right side, s = left side. M = 
Mesolithic, N = Neolithic. Size ranges for aurochs and maximum values for Neolithic domestic cattle from Degerbøl & Fredskild 
(1970). The range of dP4 L for aurochs, however, is taken from Richter (1982a). Minimum values in bold for females from Scheu 
et al. (2008).

Scapula Humerus Radi
us

Ulna Carpale
2+3

Metacarpus

Site item 
number

square s/d GLP LG BG SLC Bd BT BP BPC GB Bp Bd DD

Lystrup Enge 53/47 d 82,4 68,2 54,2 60,3

Krabbesholm II A2761 d 85,9 76,7

Lystrup Enge 55/74 d 95,8 82,5

Østenkær 525 489/613 S 56,7

Østenkær 21 51,5

Østenkær 526 490/613 s 82,6

Østenkær 525 489/613 d 78,9

Visborg N VFX S 57,5

Lystrup Enge 51/170 s 68,2

Lystrup Enge 57/149 d 81,4 30,1

Lystrup Enge 58/144 ? 65,4 26,8

Aurochs male 100-116 95-108 107-121 67-90 80-88 30-36

Aurochs fem. 85-99 81-98 91-110 631-76 63/ 26-32
66-78-

Dom. cattle, max. 91 90 93 72 73 26
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Hindlimb and phalanx 1

Astragalus Calcaneus Metatarsus Phalanx 1

Site item 
number

square s/d GL1 GLm Bd Dm Dl GL GB Bp Bd BP Bd GL SD

Visborg M AAFM 50/64 d 67,4 65,3 38,9 39

Lystmp Enge 45/185 d 69,3 49,8

Lystnip Enge 46/150 d 76,3 70,5 46,9

Lystrup Enge 53/183 d 76,6 71,9 47

Lystrup Enge 56/110 S 79,6 72,7 49,9

Lystrup Enge 56/156 s 81,7 72,9 50,7

Lystrup Enge 61/150 s 77,8 68,9 46,2

Lystrup Enge 62/131 d 77,8 73,3 48,8

Lystrup Enge 63/132 S 79,9 76 50

Lystrup Enge 68/162 d 82,1 52,7

Lystrup Enge 71/227 d 79,2 72,8 49,8

Visborg N CSB d 141,5 48,6

Lystrup Enge 45/169 S 162,4 61

Krabbesholm II N A6688 109/100 s 57,3

Visborg N XGH s 57,9

Lystrup Enge 51/186 d 76,8

Lystrup Enge 56/88 S 51,1

Østenkær 21 41,5

Østenkær 546 501/613 36,6

Østenkær 516 490/612 32,2 32 72 27,7

Aurochs male 84-97 56-63 178-192 51-60 64-73 73-82 40-45 69-81 32-37

Aurochs fem. 76-86 47-55 162-167 44-48 50-62 60/62- 34-39 63-74 28-33
68

Dom. cattle, max. 74 49 158 45 59 71 39 66 33
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1. The female ox with this value was referred to aurochs by Degerbøl & Fredskild (1970) but has recently been reclassified as domestic cattle, 
based on a DNA analysis (P. Gravlund, unpublished). The second-smallest measurement for female aurochs in the material studied by Degerbøl 
& Fredskild (1970) is 66 mm.

Teeth

lower dP4 lower M3

Site item number square s/d GL L basis L Wa Wm Wp

Åle OMI s 40 17,3 15,4 11,2

Krabbesholm II N A1365 lag D 31,5 27,6

Krabbesholm II M A2879 s 38,9 17,6 14,9 9,2

Aurochs male 32-39 43-52

Aurochs fem. 44-50

Dorn, cattle, max 42

Table 72. Ox, identification to aurochs or domesticated cattle of measured ox bones. The bones were assigned 
to (male or female) aurochs or domestic cattle on the basis of the values in Table 71. In the last column, 
conflicting identifications are indicated.

Site item 
number

square measurement aurochs male/ 
female / domestic 

cattle

conflicts

Østenkær 21 ■ phalanx 1 Bp aurochs male

Østenkær 526 490/613 metacarpus Bp aurochs male

Østenkær 546 501/613 (phalanx 1 Bd) ■

Østenkær 516 490/612 phalanx 1 Bp, GL, SD ? GL: aurochs, Bp: 
domestic cattle

Østenkær 525 489/613 (ulna BPC) ■

Østenkær 525 489/613 metacarpus Bp aurochs male

Åle OMI lower M3 L domestic cattle

Krabbesholm II Al 3 65 lag D lower dP4 domestic cattle
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Site item 
number

square measurement aurochs male/ 
female / domestic 

cattle

conflicts

Krabbesholm II A2761 humerus Bd, Bt domestic cattle

Krabbesholm II A2879 lower M3 L domestic cattle

Krabbesholm II A6688 109/100 metatarsus Bd domestic cattle

Visborg N VFX metacarpus Bd domestic cattle

Visborg N XGH metatarsus Bd domestic cattle

Visborg N CSB calcaenus GL,GB ? GL: dom. cattle
GB: aurochs fem.

Visborg M AAFM 50/64 astragalus GL1 domestic cattle

Lystrup Enge ■ 45/185 astragalus Bd aurochs female

Lystrup Enge ■ 46/150 astragalus GL1, Bd aurochs female

Lystrup Enge ■ 53/183 astragalus GL1, Bd aurochs female

Lystrup Enge ■ 56/110 astragalus GL1, Bd aurochs female

Lystrup Enge ■ 56/156 astragalus GL1, Bd aurochs female

Lystrup Enge ■ 61/150 astragalus GL1, Bd aurochs female

Lystrup Enge ■ 62/131 astragalus GL1, Bd aurochs female

Lystrup Enge ■ 63/132 astragalus GL1, Bd aurochs female

Lystrup Enge ■ 68/162 astragalus GL1, Bd aurochs female

Lystrup Enge ■ 71/227 astragalus GL1, Bd aurochs female

Lystrup Enge ■ 45/169 calcaneus GL, GB aurochs Calc.GL=female,
CalcGB:>male

Lystrup Enge ■ 51/170 metacarpus Bd ?

Lystrup Enge ■ 51/186 metatarsus Bd aurochs male

Lystrup Enge ■ 57/149 metacarpus Bd aurochs male

Lystrup Enge ■ 58/144 metacarpus Bd ?

Lystrup Enge ■ 56/88 metatarsus Bp ?

Lystrup Enge ■ 53/47 (scapula GLP, LG, BG, SLC) ■

Lystrup Enge ■ 55/74 humerus Bd, BT aurochs female
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Table 73. Ox, age estimates based on mandibular tooth eruption and mandibular tooth wear. Age classes and 
criteria according to Habermehl (1975). Estimated ages are given in years, except where marked “m” where 
they are given in months. Wear stadia (lower case letters) according to Grant (1982). - In the first column, aur. 
= aurochs, dom. = domesticated cattle. - In the “element” column”, Md = mandibula, d = right side, s = left 
side, ex Md = isolated tooth. - Symbols: + : tooth present, - tooth absent, a: alveolus. (<): just less than, (>): just 
more than.

Site -aurochs/domesti- 
cated cattle

item 
number 
C’x-nr”)

element P2 P3 dP4/P4 Ml M2 M3 age class

Åle (dom.) OMI Md /a-b k k g 4-8

Åle RGF Mds + - +/ ■ ■ ■ (<)24-28m

Krabbesholm II M (dom) 2879 Md /b k j d (>) 24-28m

Krabbesholm II N (dom) 1365 Md h/ f a ca. 15-18m

Lystrup Enge (aur.) 48/54 Mds /g 1 ■ ■ >5-6m

Lystrup Enge (aur.) 52/46 Md s + /e ■ ■ ■ >24-28m

Lystrup Enge (aur.) 63/87 Mdd . k j j >24-28m

Lystrup Enge (aur.) 69/111 ex Md s g >24-28m

Lystrup Enge (aur.) 70/194 ex Md s g >24-28m

appeared from Jutland. On the other hand, domestic 
cattle began to appear in Denmark during the Atlan
tic-Subboreal transition. In northern Germany, cattle 
husbandry like in Denmark seems to begin during the 
transition to the Neolithic Funnel beaker culture. 
DNA analysis of a Neolithic specimen of domestic 
cattle, dated to 4000 +/- 50 cal yr BC, from Rosenhof 
in northernmost Germany, shows that this individual 
was of Near Eastern origin and imported to Germany 
(Scheu et al. 2008). Several further specimens of sup
posed aurochs and domestic cattle were DNA ana
lysed by Scheu et al. (2008), leading to the conclusion 
that there is no evidence for local domestication of 
aurochs, nor of hybridisation between imported do
mestic cattle and aurochs. According to Scheu et al. 
(2008) the dating cited above constitutes the earliest 
direct evidence for domestic cattle in northern Ger

many and southern Scandinavia and thus marks the 
start of the Neolithic in northern Europe.

On Zealand, from where aurochs disappeared 
during the Atlantic period, there followed an ox-free 
period (cf. that no ox bones were found at Nivågård 
or Nivå 10). Later, bones from domestic cattle appear 
in bone samples from Zealand, e.g., in sites in Åmosen, 
from where a number of domestic cattle bones have 
been dated. These datings span the period from 4040 
-3641 (±2 SD) (Fischer & Gotfredsen 2oo6,:tab.i) and 
illustrate the entry of domestic cattle on Zealand. In 
comparison, datings of a number of domestic cattle 
from Visborg, East Central Jutland gave datings span
ning the interval from 3941 - 3196 cal yr BC (Noe- 
Nygaard et al. 2005) and 3650 -3380 (Poz-22576) (Ta
ble 2), i.e., somewhat later dates than those from 
Zealand (Åmosen).

371



12 ■ MAMMALS SCI.DAN.B. I

Bos sp., astragalus, Lystrup Enge
98 -i

96

94 -

90

92 -
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♦

♦ ♦
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74 -

72
dom. cattle, max.

46 48 50 52 54 56
Bd (mm)

58 60 62 64

Fig. 134. Variation in size of astragalus of aurochs from Lystrup Enge. Greatest length of the lateral half (GL1) and 
greatest breadth of the distal end (Bd) of bones are shown. In addition the measurement ranges of male aurochs, female 
aurochs and Neolithic domesticated cattle are indicated.

This is also true for the domestic cattle from Åle 
which have been dated to 3950 -3700 cal yr BC.

Noe-Nygaard et al. (2005) measured values of 
Ö13C and Ö15 N in three ox bones from Visborg. To
gether with measurements on many other domestic 
cattle and aurochs bones, the measured values show 
that aurochs and domesticated cattle can be distin
guished using these parameters, and also that the 
diet of Neolithic domestic cattle was different from 
that of aurochs. According to Noe-Nygaard et al. 
(2005) this is due to the difference between the dense 
Atlantic forest and the more open Boreal landscape. 
Stable isotope ratios for early domestic cattle from 
Zealand reflect ’’feeding in open grassland with scat
tered trees from the very beginning” (Noe-Nygaard 
et al. 2005).

12.9 Sheep, Ovis aries, and goat, Capra 
hircus

Bone samples from the Danish Neolithic generally 
show that sheep and/or goat were part of early animal 
husbandry, like domestic cattle and pigs. Fragments 
of these sheep and goat bones are difficult, often im
possible to identify to species, so the majority of 
records can only be classified as ‘sheep/goat’.

As several among the newly studied sites include 
Neolithic layers, bones from sheep and/or goat are 
thus to be expected, and true enough, bones of sheep 
or sheep/goat were identified from Åle and Krabbes

holm II (Limfjord Region) and Visborg (East Central 
Jutland):

Åle : one fragment could be identified to sheep, and 

one molar (most probably Neolithic) to sheep/goat 
(Fig- i36)-
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Fig. 135. Aurochs: mandible 
from Lystrup Enge, estimated 
to derive from an individual 
older than two years. - Scale 
units i cm.

Krabbesholm 11: three fragments are from sheep: one 
lower premolar (older than or contemporaneous with 
Single Grave culture, one radius (earliest Funnel 
Beaker culture) and one metatarsus (Ertebølle/Fun- 
nel Beaker culture). An upper premolar (older than 
or contemporaneous with Single Grave culture) is 
from sheep or goat.

Vlsborg: Four fragments, all from Neolithic layers, 
are from sheep/goat: a fragment of a metatarsus, two 
molars and a calvarium. One of the molars has been 
dated to 3770-3630 cal yr BC. The other molar has 
been dated to 3630-3370 cal yr BC, see Table 2.

Sheep or goat has also been recorded from several 
previously studied sites in the Limfjord Region, East 
Central Jutland and Northern Zealand:

Limjjord Region: Bjørnsholm, Signalbakken (see Ta
ble 22).

East Central Jutland: Havnø, Vængesø II and Ørum 
Å, the two latter finds have been identified to sheep.

Northern Zealand: Friborg (1999) found two frag
ments of sheep/goat at Lollikhuse, a late Atlantic 
(Ertebølle culture) site in Northern Zealand. One 
tooth has been dated to 4041 - 3784 cal yr BC (AAR- 
4031) (Fischer & Gotfredsen 2006). This is the oldest 
known find of sheep in Denmark. An early find of 
sheep/goat is also available from Jorløse Mose dated 
to 3958 - 3674 cal yr BC (AAR-3104-2) (Fischer & 

Gotfredsen 2006). Sheep dated to 3792-3539 cal yr BC 
(AAR-4320) have been found on Øgårde SV (Fischer 
& Gotfredsen 2006. Noe-Nyegaard (1995) found three 
fragments of sheep/goat on the settlement Muldbjerg 
I (early Subboreal). Both sheep and goat have been 
identified from Magleholm (Vedbæk Fjord); this is 
the only positively identified goat from the study re
gion and period. See further in Table 54).

12.10 Seals

Background

Four species of seals are known from Danish Atlantic 
settlements: grey seal, harp seal, ringed seal and har
bour seal. Grey seal is by far the most abundant seal 
species in the Atlantic bone materials and has even 
been found on inland Boreal (Sværdborg, Åmosen) 

and Atlantic-Subboreal (Salpetermosen) sites (Møhl 
1970, Aaris-Sørensen 1998). According to Schmölcke 
(2008) grey seal immigrated into the Baltic Sea al
ready with the first Littorina transgressions.

The second-most frequent species during the At
lantic climatic optimum was harp seal which is nowa
days an Arctic species which only occasionally visits 
Danish waters (Tougaard 2007a). During the study 
period, the Jan Mayen population of harp seal may 
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also have migrated for feeding, but around 2800 cal 
BC there was a breeding population in the Baltic Sea, 
see further below.

Ringed seal (with a population in the Baltic Sea 
since the Yoldia stage) and harbour seal were rare, al
though the latter nowadays is by far our commonest 
seal (Aaris-Sørensen 1998, 2009). Grey seal also 
breeds in Denmark, but is much more rare (Tougaard 
2007b).

See Aaris-Sørensen (2009) for a detailed account 
of Holocene finds of seals in Denmark.

Grey seal and harbour seal are particularly vulner
able when they gather in large flocks during the 
breeding period; their pups are born on land and 
cannot enter the water until they have shed their 
woolly coat which happens after ca. three weeks 
(Tougaard 1991). During this period it is possible to 
sneak up to the seals and kill them, e.g., with clubs 
(cf. the infamous Canadian baby seal killings). A 
very large material of grey seal bones has been found 
at a Neolithic settlement on the small island of Hes- 
selø in Kattegat. Apparently grey seal bred at this site 
because there are bones of very young individuals to
gether with bones from adults. Wooden clubs were 
found together with the grey seal bones, indicating 
that baby seal clubbing took place (Møhl 1970). Two 
wooden clubs found at the Boreal site Holmegård I, 
southern Zealand (Møhl 1970) may have served the 
same purpose. The breeding time of grey seal in 
present-day Denmark is December-January, but the 
period varies from September to March across its 
range; it is therefore uncertain whether the breeding 
time during the Atlantic period (warmer climate) was 
the same as now.

Harp seal undertakes long feeding migrations out
side the breeding periods, and the numerous harp 
seal bones from Danish Atlantic sites probably are 
from migrants coming from the North, attracted by 
the nutrient-rich Littorina Sea.

The ringed seals were probably visitors from the 
relict population in the Bay of Botnia, Baltic Sea 
(Aaris-Sørensen 1998).

Outside the breeding periods, seals were probably 
hunted with harpoons. Four instances are known from

10 mm
Fig. 136. Sheep or goat: A mandibular molar from Åle.

Sweden and Finland where prehistoric seal skeletons 
have been found together with harpoons (Møhl 1970).

Only a few seal skeletal elements have species-spe
cific characters. This is true of teeth, ear bones (bul
la), humerus, ulna and femur (J. Møhl, unpublished 
drawings in the Z.M.K. archive). Therefore, a large 
number of seal fragments can only be identified as 
’’seal, unspecified”.

New results and discussion

Seal bones occurred on ten out of the eleven studied 
sites, representing grey seal, harp seal and ringed seal. 
By far the most seal bones were found on the settle- 
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ment Vængesø III, East-Central Jutland. No less than 
326 seal bone fragments were found, corresponding 
to 34% of the identified mammal bones. Those that 
could be identified to species were from grey seal and 
harp seal. Also Østenkær, Vendsyssel, yielded many 
seal bones, 137 fragments, ca. 5% of identified mam
mal bones. At Østenkær, grey, harp and ringed seal all 
occurred. The number of seal bones at the second 
studied settlement in Vendsyssel, Yderhede, is modest 
but nevertheless seals (only grey seal identified) an
swer for 4% of the identified mammal bones.

Grey seal

Most of the seal bones from the newly studied sites 
which could be identified to species are from grey 
seal, which is the largest of our seals, males weighing 
up to 300 kg (Tougaard 1991). The dominance of grey 
seal is in line with Aaris-Sørensen (2009) who record
ed that more than half of the Danish Holocene seal 
bones are from this species. Grey seal was identified 
from 9 of the 11 studied sites, viz., Østenkær (n=22), 
Yderhede (n=4), Åle (n=3), Ertebølle (n=3), Krabbes
holm II (n=i), Visborg (n=27), Vængesø III (n=02), 
Nivågård (n=9) and Nivå 10 (n=6). Bones from both 
adults and juveniles were found but none from new
borns. There are a few fragments from Vængesø III, 
unfortunately not identifiable to species level with 
certainty but most probably from grey seal, which are 
from so small juveniles that a local breeding popula
tion must have existed.

All parts of the seal skeleton seem to be represent
ed on Østenkær and Vængesø III, where there are 
many seal bones (Tables 19 and 46), indicating that 
entire carcasses were present on the settlements. 
There are also many bones of grey seal from Visborg, 
but here, all fragments are from the head. It remains a 
question whether the seal trunk was taken somewhere 
else, or whether the uneven representation is due to 
taphonomic factors. Most of the Visborg seal frag
ments are teeth, i.e., the part of the skeleton which is 
most resistant, and conditions for preservation at Vis
borg are generally not good, most bone fragments be
ing poorly preserved. In this connection a compari

son with the Neolithic seal bone material from 
Hesselø (see above) is relevant. No less than 99% of 
the animal bone fragments from this site are from 
grey seal, and the number of individuals represented 
was estimated by Møhl (1970) to be several hundreds. 
This material consists almost exclusively of teeth and 
ear bones (bulla) from both very young and adult in
dividuals. Apparently, this site was a special killing 
ground for grey seal, from where pieces of meat with 
trunk and limb bones were taken to a different ‘home’ 
site (Møhl 1970).

On the remaining settlements, there are too few 
bones for possible biases in representation to be evi
dent.

Harp seal

Harp seal remains were found on four of the studied 
sites, viz., Østenkær (n= 10), Krabbesholm II (Neo
lithic part, n=i), Visborg (Mesolithic part, n=2) and 
Vængesø III (n=8).

The largest number of harp seal fragments is from 
Østenkær, where bones from head and limbs are 
present. There are also seal vertebrae at Østenkær; 
they cannot be identified to species, but some could 
be identified to Phoca sp., which excludes grey seal. 
Altogether, the material indicates entire harp seal car
casses. Only head fragments of harp seal were identi
fied in the material from Vængesø III, the site with 
the highest number of seal fragments in total; again 
fragments from the postcranial skeleton may ‘hide’ 
among those identified to unspecified seals.

Harp seal is absent from the oldest among the 
studied sites, but present on the youngest. According 
to Aaris-Sørensen (2009) harp seals were common in 
Danish waters during two periods: from around 6.0 
to 5.8 cal. kyr BP, and again from around 5.0 to 4.4 
cal. kyr BP. Bennike et al. (2008) dated a large number 
of harp seal bones from Danish sites in order to eluci
date the Holocene chronology of this species in Den
mark. Two of their datings are based on bones from 
Østenkær and Krabbesholm II (the latter is not in
cluded in Table 2 because it comes from slumped, un
dated layers). The data of Bennike et al. (2008) indi
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cate that harp seal dispersed to Danish waters from 
the North Atlantic Ocean following the Littorina 
transgressions in the Atlantic period. The two periods 
with many finds of harp seal correspond to Ertebølle/ 
early Funnel Beaker culture and Pitted Ware culture, 
respectively. Archaeological and geological data both 
indicate that these two periods were characterized by 
higher salinity and productivity in Danish waters. 
The mid-Holocene presence of harp seal in the bone 
samples thus seems to be caused by environmental 
changes rather than different exploitation patterns 
(Bennike et al. 2008, Aaris-Sørensen 2009).

Harp seal is regarded an arctic species, but Storå & 
Ericson (2004) showed that a breeding population es
tablished itself in the Baltic Sea in the early Subboreal 
period, apparently reaching its maximum in the middle 
Neolithic. Bennike et al. (2008) suggested that hunger 
migrations by the Jan Mayen population led to the es
tablishment of this harp seal population in the Baltic 
Sea in the late Atlantic period around 6,400 cal year 
(6.4 cal kyr BP). Storå & Lougas (2005) even thought 
that the breeding population persisted through the 
Bronze and Iron Ages. Storå & Ericson (2004) thought 
that the population was based between the Swedish 
mainland and the island of Gotland and that the harp 
seals which were hunted in the Kattegat area during the 
Subboreal were migrants from the Baltic population. 
Storå & Ericson (2004) took measurements on humer
us and femur and also included specimens from Danish 
materials. They found that the Baltic harp seals were 
considerably smaller than those coming from the North 
during the Atlantic, and also smaller than those in re
cent populations. Small individuals of harp seal have 
been found on Subboreal sites on the Swedish west 
coast. Unfortunately, the harp seal fragments found at 
the presently studied sites do not include measurable 
ones. It is thus not possible to say whether some of the 
individuals might have come from the Baltic breeding 
population although those found in Neolithic layers on 
some of the sites included here (Krabbesholm II, Ørum 
Å, Kalvø) possibly did.

Ringed seal

Only one ringed seal fragment, a tibia from Østenkær, 
was found in the presently studied material. Winge 
(in Madsen et al. 1900), however, reported ringed seal 
from Ertebølle. Ringed seal has been found at Mejl- 
gård (East Central Jutland) and Vedbæk Boldbaner 
among the additional sites.

Concludingremarks on seals

Intuitively, one would have expected most seal bones 
from the two Vendsyssel sites, Østenkær and Yder- 
hede, which were placed directly facing the ocean. 
However, the site with the most seal bones is Vængesø 
III on the east coast of Jutland, where no less than 
34% of the identified mammal bones are from seals, 
compared with 4-5% on Østenkær and Yderhede.

Everything taken into consideration, seals seem to 
have constituted a significant source of meat for At
lantic Stone Age man in Denmark, supporting the 
inference from I3C analyses that marine food played a 
dominant role (Tauber 1981, Fischer et al. 2007).

In addition to meat, seals would have been sources 
of fur and train oil. (As a curiosity it can be mentioned 
that on the Danish island of Anholt, train oil from a 
season’s seal hunting provided lamp oil for the entire 
winter; rendering wasn’t even necessary - a wick 
could simply be inserted into a piece of blubber 
[Møhl 1970]). Some blubber lamps from the Ertebølle 
culture were analysed chemically and were found to 
have contained animal fat (Andersen 1995: 53).

In contemporary Denmark, seals have constituted 
a significant problem for fishermen using stationary 
equipment. This is because the seals have found out 
that fish can easily be taken from these; in addition to 
eating their share of the catch they frighten fish away 
(Asferg 1991). This may also have happened in Meso
lithic Denmark where fishing was mainly done using 
stationary fish traps. (Conversely, seals attracted to 
fish traps may have been easy targets for the Stone 
Age hunters?)
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i2.ii Cetaceans (whales and dolphins)

The cetaceans include species of moderate size, such 
as the harbour porpoise, but also the true giants of 
the sea, notably sperm and baleen whales. A whale is 
a potential source of large amounts of food and vari
ous raw materials

Large cetaceans probably stranded now and then, 
as they do nowadays, but especially the smaller spe
cies may also have been actively hunted.

Train oil from cetaceans may have played a signifi
cant role, and finds of train oil lamps on certain sites 
prove that this material has been used (although some 
train oil may also have come from seals or three- 
spined stickleback).

There are several examples of definite proof that 
cetaceans were used by the Stone Age people, such as 
cutmarks found on a whale vertebra from Ronæs 
Skov (Enghoff 2009), a harpoon made from a ceta
cean rib found on the same site (Andersen 1972,1997, 
2009), as well as a whale bone harpoon from Gudsø 
Vig and lances made of whale bone from Langsø 
kitchen midden on northern Funen and Kolding 
Fjord (Andersen 1995).

Bones of cetaceans were found on five of the newly 
studied sites. Nine bones from Østenkær represent 
killer whale and harbour porpoise. Winge (in Mad
sen et al. 1900) recorded the same two species from 
Ertebølle (type site). No less than four species are rep
resented among the 23 cetacean bones found at 
Vængesø III: white-beaked dolphin, killer whale (Fig. 
137), harbour porpoise and sperm whale. The highest 
number of cetacean bones was found at Lystrup 
Enge; most of the 257 fragments are from killer whale 
(at least 7-8 individuals), but there are also remains of 
whitebeaked dolphin, bottlenose dolphin and proba
bly bottlenose whale and fin whale as well. Three frag
ments from a small cetacean (porpoise or dolphin) 
were found at Nivågård. One porpoise bone was 
found on the settlement area at Nivå 10.

Aaris-Sørensen et al. (2010) described and re
viewed the subfossil cetacean bone material from the 
southern Scandinavian area. In Denmark alone 361 

specimens have been recorded from late middle 
Weichselean, Late Weichselian and Holocene depos
its. The cetacean finds from the newly studied sites 
(which were not included by Aaris-Sørensen et al.) 
constitute a significant addition to the Danish subfos
sil record of cetaceans, although no additional species 
have been found. (The numbers of fragments includ
ed in Tables 10, 22,35 and 54 are, however, not directly 
comparable with the number of specimens given by 
Aaris-Sørensen et al. (2010) since their ‘specimens’ 
sometimes consist of several bones found together 
and considered to derive from one individual.

The economic importance of cetaceans may well 
have been much higher than indicated by the small to 
modest numbers of fragments found. Big whales, 
which will provide large amounts of meat etc., may 
have been butchered away from the settlement, mean
ing that their bones would not be recovered.

The highest percentages of marine mammal bones 
(cetaceans + seals) out of total identified mammal 
bones were seen at Østenkær 5%, Vængesø III 36% 
and Lystrup Enge 13%. On the two latter sites, not 
only is the number of cetacean fragments high, they 
also represent several species of cetacean. The role of 
marine mammals thus seems to have been highest on 
the east coast of Jutland, especially at Vængesø III. 
The frequency of cetacean bones on the previously 
studied sites confirms his impression. Further support 
is provided by the finds of porpoise, dolphin (Delphi
nus/Stenella), bottlenose dolphin and killer whale on 
the site Ronæs Skov, situated close to East Central 
Jutland (Enghoff 2009).

Today, harbour porpoise is the only common ceta
cean in Danish waters, and the finds of porpoise 
bones on several sites suggest that this was also the 
case during the Atlantic period. The find of porpoise 
bones at Ronæs Skov (Enghoff 2009) is particularly 
interesting because this settlement lies at Gamborg 
Fjord, a place which in historic times has been famous 
for large catches of porpoise. Porpoise hunting has 
taken place at the inlet Gamborg Fjord over several 
centuries. The porpoises were hunted from boats, the 
technique being to chase the porpoises into shallow 
waters in the inlet and then catch them with nets. The
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Fig. 137. A vertebra from a 
killer whale-sized cetacean 
from Vængesø III. Note 
unfused epiphyses. - Scale 
units i cm.

porpoise hunt at Gamborg Fjord took place during 
autumn when the porpoises were fattest, optimising 
the yield of train oil (Kinze 2001). The high fat con
tent has the further advantage that the porpoises will 
stay floating if they are harpooned as they probably 
were during the Stone Age (Andersen 1995). The only 
indigenous cetacean in Danish waters apart from har
bour porpoise is white-beaked dolphin (Kinze 2001, 
Aaris-Sørensen et al. 2010), remains of which were 
found at Vængesø III and Lystrup Enge (MNI = 2 at 
the latter site). White-beaked dolphin bones have 
been found at four further Ertebølle culture sites in 
Denmark, viz., Flynderhage (Norsminde Fjord, East 
Central Jutland), Tybrind Vig (island of Funen), Nivå 
and Gniben/Sjællands Odde (the latter two in North
ern Zealand) (according to the Z.M.K. archive).

Bones of bottlenose dolphin are known from eight 
Ertebølle culture sites in addition to Lystrup Enge, 
viz. Mejlgård, Nivågård, Dyrholmen, Bjørnsholm, 
Ringkloster, Flynderhage, Vinkelhage and Ronæs 
Skov/Gamborg Fjord.

Killer whale breeds in areas adjacent to Danish 
waters, and more than forty occurrences of killer 
whale in Denmark, have been registered since the 16th 
century AD (Kinze 1995, 2001). Killer whale is partic

ularly well represented in the material from Lystrup 
Enge, and radiocarbon datings of teeth from three of 
the Lystrup Enge individuals (Table 2) show that they 
died during the period in which the settlement was 
inhabited. Killer whale are able to beach themselves 
voluntarily while seal-hunting, and get back to sea af
terwards, meaning that the killer whale bones from 
the Stone Age sites are from involuntarily stranded 
individuals. In addition to the above mentioned sites, 
killer whale bones are known from a number of other 
Danish Ertebølle culture sites: Viby, Flynderhage, 
Haldrup Strand (all three East Central Jutland) and 
Tybrind Vig (island of Funen) (Z.M.K. archive). No
where, however, have anything like as many killer 
whale bones been found as at Lystrup Enge.

Some of the cetacean species found indicate a 
much higher sea water temperature, including bot
tlenose dolphin and a Delphinus/Stenella dolphin. 
These species are listed as occasional southern visitors 
today by Aaris-Sørensen et al. (2010)

Sperm whale (Vængesø III) is an oceanic species, 
the males of which roam widely and regularly strand 
on Danish beaches, mainly on the west coast of Jut
land.
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T3
General discussion and conclusions

13.i General traits

Exploitation of fishes, birds and mammals at Danish 
Ertebølle culture settlements followed quite a uni
form pattern (there are finds of bones from reptiles 
and amphibians as well, but no indication that these 
animals were used by the humans). Temporal change 
- or lack of change - is particularly well illustrated by 
the settlements at Vedbæk Fjord and in Åmosen (N 
Zealand) where Kongemose, Ertebølle and Funnel 
Beaker culture are all represented. Supplementary in
formation is provided by sites in the Limfjord region 
and East Central Jutland with layers from the two lat
ter periods. The Ertebølle fishing and hunting tradi
tions existed already in the Kongemose culture and 
persisted into early Funnel Beaker culture at the same 
time as animal husbandry commenced on a larger 
scale. A few domestic animals possibly appear on the 
settlements already in the latest Ertebølle culture lay
ers. Altogether, the animal bone material suggests a 
gradual transition to the new type of economy. In this 
connection it is noteworthy that datings of sheep(/ 
goat) and domestic cattle from Jutland (Krabbes
holm II and Visborg) are later than those from Zea
land, perhaps an indication that neolithization began 
later in Jutland?

The very conservative fishing practice seems to 
have become supplemented with other approaches at 
the end of the Funnel Beaker culture, as suggested by 
latest Funnel Beaker/Single Grave (bottom grave) 
culture site Kalvø from where fishing seems to have 
taken place on deeper water than on earlier Funnel 
Beaker and Mesolithic sites.

At all coastal sites there has been a dual focus on 
sea and inland, even at settlements situated at the 
northernmost fringe of Denmark, facing the ocean 
(Østenkær and Yderhede). The animal bones indi
cate the presence of dense forest nearby even at these 
sites. Inland settlements are strongly dominated by 

the inland fauna (e.g., forest mammals, freshwater 
fishes) but small numbers of bones from marine fish
es, birds and/or cetaceans indicate contact with the 
sea coast.

The environmental basis for the fauna is surpris
ingly uniform throughout the studied regions: bag 
and catch in all cases reflect short distances to con
tinuous forest and sea with high salinity. This in turn 
is a function of a uniform (warmer) climate and a gen
erally more saline sea (higher salinity even in inner 
waters). The overall monotonousness of fishing and 
hunting can be seen as a result of the uniform envi
ronment and climate, great abundance of the domi
nant species, and probably application of similar fish
ing and hunting methods all over the regions studied.

Differences between the regions and between the 
individual sites with regard to the proceeds of the fish
ing and hunting do exist. The differences are ex
pressed in the relative frequencies of the dominant 
species/species groups and in the composition of the 
secondary catches. The differences seem to be a func
tion of differences between the local faunas: Some 
species (e.g., beaver) had a restricted geographical 
distribution within Denmark, and some species went 
regionally extinct in the course of the partial transfor
mation of Denmark into an archipelago (e.g., lynx, 
polecat, badger, aurochs and elk). Some species oc
curred in particularly high concentrations at certain 
sites (e.g., wintering areas for waterfowl, migration 
routes, breeding colonies).

The hunters of the Ertebølle culture obviously had 
intimate knowledge of their environment and its rich
es: where, when and how things happened in nature. 
Some settlements were consciously placed near con
centrations of particular species and allowed speciali
sation in the exploitation of these. Vængesø III is a 
fine example of this (breeding seals, many cetaceans 
and a colony of cormorants).
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The distribution of some species within Denmark 
changed in the course of the study period, which is 
also reflected in the available bone samples.

13.2 Dominant species

The most important fishes caught from the coastal 
sites are generally gadids, especially cod, flatfishes, es
pecially flounder, and eel, whereas at the inland sites, 
cyprinids, pike and perch dominated. Among birds, 
swans, ducks, cormorant, alcids and gull dominated. 
The most important mammals were the fur-bearing 
species (especially squirrel, pine marten, wildcat, ot
ter and fox), the terrestrial ‘big game’, mostly roe 
deer, red deer and wild boar, and marine ‘big game’, 
especially grey and harp seal, porpoise and killer 
whale.

13.3 Specialisation

The dominant species were supplemented with a lo
cally variable selection of numerous others - in some 
cases these even constituted a dominant proportion. 
Certain settlements were, most probably consciously, 
established close to mass occurrences of certain ani
mal species, possibly on a seasonal basis. These could 
be migrating species (e.g., eel, seals), moulting or 
wintering waterfowl (e.g., swans, scoters) or breeding 
colonies (e.g., cormorants, seals). At such places, 
large proceeds could be obtained in a short time. The 
settlements in question thus reflect specialisation in a 
particular animal resource, e.g., swans (Aggersund) 
or cormorants and seals (Vængesø III). Concentra
tions of particular species also lead to characteristic 
species spectra in entire regions: eel fishing in the 
Limfjord region and exploitation of cetacean and 
seals in East Central Jutland.

In this connection it is important to notice that the 
four main regions, according to which the present 
presentation has been organised, are in part artificial
ly defined. Some differences in fishing and hunting 
are not between the regions but are otherwise delim
ited. For example, fishing from Mejlgård (Djursland, 
East Central Jutland) is reminiscent of the fishing 

characteristics of the neighbouring Limfjord region. 
Also, the specialisation on marine mammals (indicat
ed by the bone samples as well as <r:C and öI5N values) 
is characteristic not only of East Central Jutland but 
also of adjacent sites (Tybrind Vig, Ronæs Skov) on 
the island of Funen.

13.4 Climate and faunal history

The warmer climate and the higher marine salinity in
fluenced the composition of the fauna available for 
the Ertebølle culture people. Exotic species and truly 
marine species of fish thus occurred in all four regions 
during the study period.

Several species which are represented in the bone 
samples from the settlements are now extinct in Den
mark: weis, capercaillie, beaver, wolf, lynx, brown 
bear, elk. Great auk and aurochs are globally extinct. 
Some species became extinct (or became exceedingly 
rare) in Denmark after the postglacial warm period 
but have been returning during the latest decades. 
This is true of black sea bream and anchovy, and may
be even Dalmatian pelican.

The findings from the northernmost region, 
Vendsyssel, indicate regional extinction of several 
species (polecat, badger, elk) in connection with the 
isolation of Vendsyssel as a separate island - a parallel 
to the ‘insular extinction’ on Zealand demonstrated 
by Aaris-Sørensen (1980b).

13.5 Particularly noteworthy finds from the 
newly studied sites

Yderhede and Østenkær are the first Ertebølle culture 
sites in Vendsyssel from where animal remains have 
been analysed. These sites thus provide new informa
tion about the regional fauna, as well as about its ex
ploitation, during the Ertebølle period.

Vængesø III in East Central Jutland stands out 
from ‘normal’ Ertebølle culture settlements as a site 
specialised for exploitation of terrestrial fur-bearing 
animals, seals, (cetaceans) and cormorants.

Several settlements with continuous deposition 
from late Ertebølle into early Funnel Beaker culture 
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provide significant new information on the Mesolith
ic-Neolithic transition in Jutland, including docu
mentation of early domestic animals.

The material from Visborg provides a hint that lo
cal domestication of swine may have taken place in 
Jutland.

There are a number of finds which are of particu
lar faunistic interest. These include:

• sturgeon from Østenkær, Nivå 10 and Italiensvej 
(Kongemose culture). Hitherto known only from 
Iron Age and later.

• tuna from Nivå 10 and Italiensvej (Kongemose Cul
ture). Hitherto known only from Medieval and lat
er.

• swordfish from Italiensvej (Kongemose culture).
• anchovy from Krabbesholm II (Ertebølle culture). 

This species is new for the Danish subfossil fauna.

• Dalmatian pelican. The find from Østenkær (Erte
bølle culture) constitutes a significant extension of 
the subfossil distribution of this species.

• Daubenton’s bat (Krabbesholm II, Ertebølle cul
ture) is new for the Danish subfossil fauna, the find 
is the only dated subfossil find of a bat from Den
mark and also the only one identified to species.

13.6 Concluding remarks

The present work provides detailed documentation of 
fishing, hunting and the earliest animal husbandry in 
northern Denmark and demonstrates similarities and 
differences between the four regions studied: Vendsys
sel, the Limfjord region, East Central Jutland and 
Northern Zealand. A solid base for the interpretation 
of future results e.g., from isotope and DNA analyses 
is thus now available.
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