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Abstract 

Archaeological material was initially discovered in 1993, eroding from a small cliff 

on the north side of the peninsula of Asnæs near the town of Kalundborg in western 

Sjælland, Denmark. The cultural layer contained flint and pottery diagnostic of the 

Ertebølle period in the late Mesolithic. Excavations in 2007 were intended to expose 

the cultural layer and obtain materials to describe the site and its contents before it 

was destroyed by the sea. The 22 m2 of careful excavations exposed a terrestrial 

midden deposit and the cultural layer which had been partially preserved under a 

raised beach ridge along the coast, but largely destroyed by older erosion and 

beach ridge formation in this area. The site itself sits on top of beach ridge materials 

and the moraine clay and was subsequently covered by later beach ridge 

deposition. The combination of water screening and fine mesh sieving provided a 

good sample of the contents of the site. The flint tools consist primarily of projectile 

points, flake axes, some distally concave truncated blade knives, and a very few 

scrapers. There were large numbers of well-preserved faunal remains including 

bone fishhooks and preforms, seal bones, large bird bones, and an extraordinary 

amount of fish bone. A quantity of pottery was recovered in the excavations as well, 

including both pointed-bottom vessels and oval lamps in different sizes from the late 

Mesolithic and several examples of what are probably Early Neolithic ceramics. The 

rich occupation layer with its diverse artifactual content, including a fragment of a 

human jaw, documents a sizable residential settlement on the north coast of the 

Asnæs peninsula. 
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Introduction 

The west Sjælland town of Kalundborg sits at the head of a lovely fjord that extends 

for more than 10 km between the two peninsulas of Røsnæs to the north and 

Asnæs to the south (Figure 1). The fjord is one of the deepest in eastern Denmark 

and has been attractive for human settlement for millennia. There are many 

prehistoric sites reported in the National Register (Sognebeskrivelse), more than 

100 barrows from the Bronze Age, along with substantial remains from the 

Mesolithic and Neolithic on the peninsula of Asnæs. Asnæs is also well known as a 

source of very good flint raw material along the beaches, particularly at its west end. 

Figure 1. The location of the site of Asnæs Havnemark toward the tip of the peninsula of Asnæs near 
the town of Kalundborg, Denmark, looking east. The red arrow marks the site. 

The site of Asnæs Havnemark was discovered in 1993 eroding from a small cliff on 

the north side of the peninsula of Asnæs by amateur archaeologist Egon Iversen. A 

visit in 2005 confirmed the location of the site and the threat of continued erosion 

The cultural layer contained flint, bone, and pottery diagnostic of the Ertebølle 

period. A radiocarbon date was obtained on a sample of bone and provided a date 

of 4330 - 4040 cal BC (details of 14C dating are to be found in the Supplementary 

Material for this article). A heavy winter storm in 2006 further eroded the cliff face, 

exposed more material, and reiterated the danger that the site faced.  

The site is named Asnæs Havnemark and its full designation in the Danish national 

catalog system (Sognebeskrivelse) is Årby sogn, Ars herred, Holbæk amt. Stednr. 

030110-365 (KUAS j.nr), or Årby 365 for short. The site is located on a small high 

point along the north coast that remains as a slight bulge along the coastline (Figure 

2). Excavations took place over five weeks in June and July 2007, intended to 

determine the extent of the site, expose the cultural layer where it was present, and 

obtain materials to describe the site and its contents before it was completely 

destroyed by the sea. The excavations exposed a terrestrial midden deposit and 

cultural layer that were protected and preserved under a raised beach ridge along 

the coast, but largely destroyed elsewhere by older erosion and continuing beach 

ridge formation in this area. The site itself sits on top of beach ridge deposits and 

moraine clay and was subsequently covered by later beach ridge materials. 

Significant finds at the site included substantial quantities of fish bone and other 
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faunal remains, fishhooks, and a number of medium size pot sherds from typically 

thick and heavily tempered Ertebølle ceramics. There were also some unexpected 

finds discussed below. 

Figure 2. LIDAR image of the location of Asnæs Havnemark along the north coast of the Asnæs 
peninsula. 

This study is intended to provide an introduction to the site and our findings and 

some interpretation of the activities that characterized this place during the Late 

Mesolithic. The major lesson that we learned from these excavations concerned the 

variation that defined the settlements and activities of Late Mesolithic groups.  

The organization of this essay follows standard practice. The location and setting of 

the site are provided, followed by some information on the excavations. Site 

stratigraphy and dating are discussed in the online Supplementary Information. 

Various categories of finds are then documented including features, flaked flint, 

pottery, fish and faunal remains, and worked bone. This study ends with some 

conclusions regarding the site and the implications of these findings for 

understanding the Mesolithic and the beginning of the Neolithic.  

Location and Setting 

The landscape of the peninsula is dominated by the end moraine that is Asnæs and 

the sea which is gradually changing the shape of the peninsula. The sea erodes 

and builds along the coast — this process has been going on for millennia. The 

archaeological site of Asnæs Havnemark (Årby 365) is in fact in an active area of 

modern beach ridge construction. It appears that the Mesolithic settlement was 

directly on an ancient beach ridge in this area and that there were at least two 

episodes of occupation. The major focus of our project was the cultural layer that 

was exposed by wave erosion on the north coast of Asnæs, but we also uncovered 

a deeper settlement layer at the same place just on top of the moraine surface 

(described in more detail in the Supplementary Material). 

In the early Holocene, the area of the Kalundborg fjord would likely have been dry 

land, a long valley out the fjord into the river that would become the Storebælt (the 

Great Belt, the waters connecting the Baltic and Kattegat between the islands of 

Funen and Sjælland). As sea levels rose during this period, the area was gradually 
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inundated by a series of transgressions during the Atlantic and early Subboreal 

periods (e.g., Iversen 1937, Berglund 1971, Christensen 1994, 1995. Christensen, 

Fischer, and Mathiassen 1997, Jakobsen 1981,1983, Jessen 1937). As the seas 

reached higher and the area flooded, a fjord was created in this narrows between 

Asnæs and Røsnæs. Maximum sea level in this area was probably +2.0 - 2.5 moh 

(asl) according to Mertz (1924) and our own observations at the site. The end of the 

Asnæs peninsula may have been inundated, leaving only a few higher, small 

islands for human occupation. The deep waters of the fjord and the sea of the 

Storebælt created a rich environment for Mesolithic hunter-gatherers. In all 

probability, large runs of eels, herring, and other species of fish passed along the 

coast of Asnæs, as is known to have been the case in historical and modern times 

(Pedersen 1997).  

Excavations 

We began field work at Asnæs Havnemark in early June of 2007 by relocating the 

cultural materials eroding from the sea cliff and orienting our site grid to that cliff. 

The site grid is 14° W of North. We laid out a 10 square meter grid across the site 

and adjacent field to provide complete coverage for our excavations and finds. The 

site grid was given an arbitrary 100N/100E start. We used the southwest corner of 

excavation units for designation of meter squares. We placed a fixed point on the 

top of a deeply buried red wooden stake on the west side of a fence post at UTM 

coordinates 622680/6171480. The top of the stake was 3.188 m moh (asl). The 

elevation for the site was obtained by collating the results of two methods: an 

estimate from the mean tidal height and a surveyed transect from a geodetic fixed 

point at a residence on the peninsula. From the transect we calculated an elevation 

of 3.187 which corresponded almost exactly with the sea level measurement and 

which we used as the site fixed point. The UTM coordinates for the site are 

622601/6171516 Zone 3.   

An elevation map was made of the part of the agricultural field in which we were 

located (Figure 3). We began a program of hammer coring to map subsurface 

layers, but this was largely unsuccessful because of all the stones in the beach 

ridge deposits and the difficulty of recognizing the cultural layer away from the 

coastline. We then turned to 1 meter square test pits and excavated 6 tests south of 
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the coastline in order to determine if the cultural layer continued to the south and 

what the depth and contents of this layer might be. The two southern most tests 

reached moraine subsoil within 30-40 cm indicating that there was no cultural layer 

and few artifacts on this surface. A test pit to the east also contained little cultural 

material, but a distinct series of beach ridge deposits. It is clear that to the east 

there are more beach deposits. Apparently beach ridges have been accumulating in 

this area for millennia. The analysis of the test pit contents suggested that the 

cultural layer was largely preserved to the north under the raised beach ridge. This 

was the material eroding along the sea cliff at Asnæs Havnemark. 

Figure 3. Schematic plan of excavations as Asnæs Havnemark including grid and elevations for the 
general area of the project. 

After some consideration of the test pit data, we used a backhoe to open a north-

south trench (Trench 1) near TP1 (Figure 4). This trench was 2 m wide as 

excavated by the machine. We then moved approximately 10 m east and excavated 

a second north-south trench (Trench 2) through the deposits with a similar width. 

Both trenches were begun to the north, as close as possible to the raised beach 

ridge that marks the border of the landscape here. Artifacts were collected and 

sections were drawn to record the finds and context, but we were still searching for 

the cultural layer which appeared in the north ends of Trenches 1 and 2. A 

subsequent excavation unit, Trench 3, was dug, running east-west across the 

Trench 1 and 2 units to uncover these deposits. This excavation by machine 

removed the raised beach ridge deposits along the coast that had protected the 

cultural layer from earlier erosion and destruction. 

Figure 4. Plan of the excavation trenches at Asnæs Havnemark 2007 with shaded meter squares 
marking the area of intensive excavation. 

Careful and intensive excavation was undertaken in the cultural layer in Trench 3 

and a total of 22 m2 were excavated with water sieving of all deposits (Figure 5). 

Details of recovery methodology are given in the supplemental material. 

The excavated squares are shown in Figure 4. This strategy allowed us to obtain a 

longitudinal sample of the occupation horizon defined by the cultural layer. Sections 

were drawn in a number of the squares in order to record the stratigraphy and a 

longitudinal section of Trench 3 was drawn along the south wall of the trench. The 

estimated extent of the settlement, at least the area of remaining cultural layer, is 
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indicated in Figure 4 by the yellow zone. Meticulous recovery of fish remains was 

focused on three squares as indicated in Figure 4, with some fish bones recovered 

from other squares as well. 

Figure 5. Overview of excavations in Trench 3 looking east. 

The stratigraphy of the site documented a mix of terrestrial and marine deposits that 

comprise a base of ground moraine beneath a series of episodes of marine beach 

ridge formation along this coast. The radiocarbon dates in general confirm a Late 

Mesolithic date and fit with the archaeological material we recovered. There appear 

to be two groups of dates, an older pair around 4500 cal BC and a series of nine 

between 4300 and 4000 cal BC that date the primary cultural layer. Several of the 

dates appear to overlap the transition to the Neolithic around 4000 cal BC. Details 

of both site stratigraphy and radiocarbon dating can be found in the Supplementary 

Information for this article. 

Features 

A total of ten features were designated in the excavations at Asnæs Havnemark. 

These features were photographed, drawn, cross-sectioned, and sampled. 

These features consisted either of a pit or a group of stones distinctive in either 

number or arrangement. Most of these small pits were generally nondescript. 

No large structures or graves were encountered in our excavations. There was 

a probable Bronze Age cooking pit uncovered at the west end of the 

excavations, probably part of a linear arrangement of such pits that are a 

characteristic feature of the Bronze Age. Evidence of at least three such pits 

were observed in our excavations. 

Flint 

There were more than 320 kg of flint artifacts excavated at the site, a total of 45202 

pieces. There were 4992 burned pieces, 31747 flakes, 2996 blades, of which 

approximately 1350 were produced using a hard hammer. There were 264 flake 

cores, 18 blade cores, 49 retouched flakes, 12 blade knives (Figure 6), 284 

projectile points (Figure 7) and 33 point preforms, 110 flake axes (Figure 8), only 2 

core axes neither of which were specialized, and 10 blade scrapers. Core axes, if 

that is what they are, were poorly made, typical of late Ertebølle. The flint tools 
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consist primarily of projectile points, flake axes, some distal concave truncated 

blade knives, a very few scrapers, and a very few possible burins.  

Flint from the site is all shapes and sizes and many shades — mostly gray, but 

there is also some brown material from the deeper cultural layer in Trench 2 that 

appears lighter than the rest, perhaps due to carbonate accumulation on the flint. 

Marine patination is minimal in most layers/squares. Very few hammer stones were 

noted during the excavation. There were many small flakes that indicate flint 

working at the site. Perhaps the rough preparation of artifacts took place near the 

sources of flint elsewhere on the peninsula and only finer, finish flaking was done 

on site at Asnæs Havnemark. The Asnæs peninsula has lots of high-quality flint, 

particularly at the west end of the peninsula, so that availability is in part responsible 

for the massive amounts of flint present at the site. My (TDP) impression is that 

there were more blades at other sites we have excavated, but perhaps the quantity 

of flint débitage is so much greater here that it masks the importance of blades. 

The flint generally is very fresh and sharp. At the same time, some flint materials 

from the Upper Beach Ridge deposit are wind polished, rolled with worn and 

fractured edges and slightly marine patinated. This material gives the appearance 

of having been in the water briefly and having rolled with other stone objects. This 

material is probably either from the primary occupation at Asnæs Havnemark that 

was eroded from former coastline to the north or from the earlier occupation horizon 

that is buried deeply in Trench 2. Some of the layers in some of the squares show a 

good bit of burning in the flint (and bone) which appears as lots of broken, burned, 

gray pieces along with much more color including a reddish tint to many pieces 

which must have been heated.  

The projectile points (Figure 7) seem largely to fit Vang Petersen’s (1984) 

Stationsvej phase, but there are a number of exceptions suggesting that this 

chronological ordering of late Mesolithic projectile points does not work quite so 

well in western Zealand. Further study of the preforms for projectile points (blade 

segments vs. flakes and cortical pieces) and the flake axes (or ”Havnelevøkser” 

or small pointed base axes that are more common in the Early Neolithic) may 

help document connections with the Early Neolithic. More detailed study of the 

flint artifacts will continue. 
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Figure 6. A distal concave truncated blade knife from Asnæs Havnemark (Årby 365). 

Figure 7. Selected projectile points from various contexts at Asnæs Havnemark (Årby 365).  

Figure 8. Selected flake axes from Asnæs Havnemark (Årby 365). 

Ceramics 

Ceramic vessels are seen in the later Ertebølle in southern Scandinavia after 

around 4800 cal BC. Early ceramics in northwestern Russia and Finland predate 

the ceramics in the Ertebølle and closely resemble them technologically (Hartz et 

al. 2012). It now seems clear that ceramic technology spread from east to west 

along several routes, one of which appears to have been across northern Eurasia 

(Hallgren 2008). Early Neolithic ceramics known as Funnel Beaker pottery appear 

to have their beginnings in the pottery of Central Europe, probably in the 

Michelsberg culture (Sørensen 2015) and replace Ertebølle ceramics after 4000 

cal BC. 

Traditional distinctions between the coarse Ertebølle and finer Early Neolithic 

pottery have focused on shape, construction and decoration. There are changes 

from a pointed bottom to a flat or slightly rounded bottom, from large grains of 

temper and thick walled pottery to a finer temper in thin walled vessels, and from 

limited decoration such as finger impressions around the rim to elaborate patterns 

made by cord marking and stick impressions around the neck and shoulder. 

Decoration is rare in the earliest phases of TRB, limited largely to the area below 

the rim. Decoration of the vessel body became more common and elaborate 

between 3500 and 3000 cal BC, often with numerous vertical incisions. 

There are two forms in the Ertebølle, pots and lamps; the early TRB inventory 

contained seven forms of ceramic artifacts, including beakers, slender and broad 

bowls, flasks, lugged amphorae, spoons, and flat discs (Grohmann 2010). A wide 

range of sizes are known from both periods. Differences are seen in cooking use 

of pottery from the two periods; only TRB vessels were used in ritual depositions. 

While the general characteristics of these two traditions are quite different, it is 

another matter to consistently distinguish small body sherds from excavations, 

unless they have very diagnostic features. 
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The overwhelming part of the pottery from the site appears to belong to the 

Ertebølle pottery tradition. It was our sense that there was a good deal of pottery 

at Asnæs Havnemark compared to other Mesolithic sites we had excavated. 

There were ca. 300 sherds both collected and excavated from the site. However, 

the ceramic material was complex and often difficult to classify. Due to 

fragmentation, little diagnostic information was available on the shape and size of 

many of the vessels and distinction between Ertebølle and TRB was often not 

possible. The description and analysis of the ceramic materials from Asnæs 

Havnemark was undertaken by Anne Birgitte Gebauer in consultation with Eva 

Koch, Anders Fischer, and Aikaterini Glykou (Pers. Comm. 2008). The pottery 

came from two sources. A small group of sherds was collected by Iversen who 

originally found the site and donated his collection to the museum. The Iversen 

collection, less than 20 sherds, includes only Ertebølle pottery. In addition to the 

pottery, two very small pieces of fired daub, one with stick impressions and one 

with some reddish color, were found in the cultural layer.  

A much larger group of sherds came from the 2007 excavations, approximately 

275 pieces. The overwhelming part of the pottery from the site appears to belong 

to the Ertebølle tradition. Most of the pottery consists of body sherds with a 

thickness between 1.0-1.5 cm. Fragments of pointed bottoms were found in three 

excavation meter squares (Figure 9). An Ertebølle rim sherd with a diameter ca. 

20 cm was found nearby. This rim sherd and one of the base fragments clearly 

came from larger vessels. Another sherd appears to be part of a small vessel with 

a diameter of only ca. 8 cm. Heat spalling typical of Ertebølle pottery was seen on 

the surface of several body sherds.  

Figure 9. Round base of Ertebølle vessel. The label provides a scale, the site name, the meter 
square provenience, and the layer name. 

Fragments of Ertebølle clay lamps were found in three squares. One fragment 

had a greyish brown color on the outside, while the inside was covered with a 

black crust. Another lamp was represented by 3 rim sherds that fit together (this 

group measured 5.2 cm in width, 2.1 cm in height and was 1.0-1.1 cm thick) and 

three body sherds. The rim was turned slightly inwards; finger impressions had 

been made in the smoothed edge of the rim. The third lamp fragment had a rather 

uneven surface and a clear bend in the side wall. The rim of this lamp fragment 
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was turned inwards, the edge was smoothed and decorated with oblique strokes. 

The second and the third lamp sherds might be from the same piece? 

Sherds clearly belonging to the Funnel Beaker tradition were found in a number 

of squares. This TRB classification was confirmed by Eva Koch and Anders 

Fischer. The sherds seem to represent a total of six or more different vessels of 

small to medium or unknown size. These fragments included a rim sherd with 

possible traces of decoration, a single vessel represented by 3 concave neck 

sherds with a total diameter ca. 24 cm, a sherd showing a clear, sharp angle 

between neck and belly (Figure 10), a number of body sherds and a flat bottom 

sherd, two rim sherds from a small vessel, possibly a Funnel Neck beaker with 

rim diameter ca. 12 cm, and another rim sherd from a thin-walled vessel with 

impressions probably made with finger nails in the upper edge of the rim. In 

addition there were two sherds with oblique coil construction that are TRB in 

origin, several sherds with worn edges that are generally less than 1 cm in 

thickness and appear to be Funnel Beaker tradition. There is a large convex belly 

sherd 3.4 x 2.7 cm in size cm in size as well as a concave neck sherd with 

oblique construction and traces of oblique imprints from rim decoration belonging 

to the TRB. The general absence of decoration fits well with an early TRB date for 

this pottery. 

Figure 10. TRB pottery sherd, neck-belly transition. The label provides a scale, the site name, the 
meter square provenience, and the layer name. 

Some ceramics from the excavations were examined chemically in two different 

studies. One of these involved strontium isotope ratios and the other employed 

Instrumental Neutron Activation (INAA or NAA) to characterize some of the 

pottery. This aspect of our study is reported in the online Supplementary 

Information. In sum, the chemical composition of the Funnel Beaker pottery is 

indistinguishable from the Ertebølle ceramics. 

Nutshell 

Burned hazelnut shell was observed in the excavations and in the water-screened 

material from the site, but was not abundant and could not be systematically 

collected or counted. Its presence is simply noted here. Such burned nutshell has 

been reported as very common at some Mesolithic sites such as Smakkerup Huse 
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in Denmark (e.g., Price and Gebauer 2005) and Duvensee in northern Germany 

(Bokelmann 2012) and must have been an important food source for Mesolithic 

groups (Holst 2010). 

Molluscs 

There was a substantial deposit of sea shells (molluscs) in the upper part of the 

upper cultural layer, composed largely of northern horse mussels (Modiolus 

modiolus), along with sea snails (Littorina littorea), some cockles (Cardium 

glaucum), a few oysters (family Ostreidae), and a small predator snail (Nassarium 

pygmaeus). In places this appeared to have been part of a midden deposit, ca. 20 

cm in thickness, with a distibution covering several tens of square meters. On the 

other hand, this may well be a natural deposit of shells accumulated on a beach, 

especially since the horse mussels are usually found at a depth of 5 m or more 

below water surface, beyond ready human access (Comely 1978). 

Bone 

Preservation at the site of Asnæs Havnemark was very good and the presence of 

smaller bones as well as larger pieces is a testament to that fact. In addition to a 

few human remains, there was an exceptional amount of faunal material, 

including enormous quantities of fish bone. It is important to remember that only a 

small part of the larger settlement that was originally at this location has been 

preserved and only a small part of that has been excavated, so that the materials 

found represent only a tiny part of what would have been present. This material is 

described in some detail in the following paragraphs and in another publication by 

Ritchie et al. (2013a). The non-fish fauna study is part of a larger consideration of 

Mesolithic fauna at a series of sites in Denmark that originally was the PhD thesis 

of Kurt Gron (2013) at the University of Wisconsin-Madison and has also 

appeared in a recent publication (Gron 2015). 

Human Remains 

A fragment of a human mandible with four teeth attached was excavated in unit 

122E135N at the site and at least 5 other human teeth were recovered in the 

excavations. A few small pieces of human bone and tooth were also identified 

during the sorting and identification of the faunal remains. These materials were 
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forwarded to the Anthropology collections associated with the Department of 

Forensic Medicine at the Panum Institute in Copenhagen. The presence of these 

human remains in the deposits at Asnæs Havnemark strongly suggests that there 

were Mesolithic burials at the site. 

Faunal Remains 

The bone material from Asnæs Havnemark was separated by meter square and 

level during the excavation, bagged, and weighed. In addition, any special finds 

were noted. There were 131 bags of bone material from 104 different levels and 

units at the site, for a total of approximately 18 kg. In sum, the faunal material from 

Asnæs Havnemark consists of 50,005 identified bones. Of these, 47,760 (95.5%) 

are fish (Pisces), 2214 (4.4%) are mammals (Mammalia), 29 (0.1%) are birds 

(Aves), and two (< 0.1) common toads (Bufo bufo). A total of 799 bones exhibited 

evidence of burning, including 728 fish bones. 

The horizontal and vertical distribution of the faunal remains from the site shows 

remarkable uniformity. Three layers (culture, shell, and brown) constitute the 

majority of the vertical provenience information for the samples. The relative 

abundances of fish from those layers are quite similar, with codfish holding a 

dominant position of between ca. 75 - 87% of all identified specimens. Overall, all 

classes of faunal remains from the site show uniformity in their relative abundances 

across contexts and therefore it is reasonable to treat the assemblage as a unit, as 

there is remarkably little variability.  

Mammals 

The identified mammals are listed in Table 1. Identifications were made using the 

comparative collections at the Zoological Museum Copenhagen (ZMK) and the 

former Department of Geology and Geography at Copenhagen University. A wide 

range of species are represented. Numerous long bone fragments are present 

along with a variety of other bones. For the most part long bone is marrow 

fragmented. Several species were identified from only a few bones: red squirrel, 

otter, mouse, wildcat, and two voles. Fur-bearing animals are present in modest 

numbers. Otter and wildcat are rare, while fox, beaver and pine marten are not 

uncommon. Marine mammals — seal and porpoise — appear frequently among the 
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faunal remains. Due to the fact that much of the seal material was not confidently 

identifiable to species owing in many cases to a lack of diagnostic skeletal elements 

(e.g. Storå and Ericson 2004), seal specimens were assigned to a general class of 

“seal”.  This class includes the grey seal (Halichoerus grypus) and at least one 

member of the genus Phoca.  

Table 1. Identified mammal remains. 

 
The identification of mammalian species by skeletal element was tabulated by Gron 

(2013), along with Number of Identified Specimens (NISP) (after Payne 1975) and 

Minimum Number of Individual (MNI) statistics. The most common species is roe 

deer, comprising two-thirds (66.5%) of the identified material, deriving from at least 

19 individuals (MNI=19). The next most common individual taxon by NISP is wild 

boar, making up 6.3% of the assemblage and deriving from at a minimum four 

individuals (MNI=4). However, taken together, seals (Phocidae), regardless of 

specific identification, comprise 7.4% of the identified material (MNI=5). They are 

therefore the second most common mammalian prey. The only domesticated 

species is the dog, represented by at least four individuals and 5.3% of the 

assemblage.   

A few specimens could be assigned ontogenetic age. One very porous roe deer 

calcaneus, too young to have even developed epiphyses, probably represents a 

newborn. Additionally, one wild boar specimen died at around 5 months of age on 

the basis of a recently-erupted first mandibular molar, and another specimen died 

under a year of age on the basis of an unerupted second mandibular molar 

(Matschke 1967). Additionally, the cervical vertebral fusion of a harbor porpoise 

specimen indicates an animal of at least six years of age (Galatius and Kinze 2003). 

In all, the sample cannot provide a mortality profile for any single species at the site 

although qualitatively, roe deer are represented by animals of multiple ages and 

therefore there probably was no clear focus on a particular age class indicative of a 

more specialized procurement strategy (e.g., Richter and Noe-Nygaard 2003).  

The preponderance of roe deer in the material is notable, comprising almost two-

thirds of the mammalian faunal remains. Body-part representational data indicate 

that the deer were not butchered elsewhere or selectively transported (Gron 2015) 
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to the site, an assessment supported by the rather tight distribution of isotopic 

values (Ritchie et al. 2013) which indicate that these roe deer lived in extremely 

similar, if not the same, habitats. Despite their high representation in the 

assemblage however, roe deer were not necessarily the most important species in 

terms of subsistence. They rarely exceed 25 kg in body-weight (Fruziński et al. 

1982), so multiple roe deer are needed even to approximate one red deer carcass, 

for example.  

There are a large number of seal remains and extensive cutmarks on several 

elements which indicate their utility to the hunters.  The location of the site on this 

peninsula likely explains this as they generally prefer secluded locations when they 

haul out (Riedman 1990). The seals may therefore have been clubbed while on 

land at a haul out location near to the site, although hunting with harpoons from 

boats may have occurred as well.  

The location on the Asnæs peninsula may also explain the rather lower numbers of 

red deer at the site relative to other Ertebølle sites (Enghoff 2011; Gotfredsen 1998; 

Møhl 1971; Noe-Nygaard 1995; Price and Gebauer 2005; Skaarup 1973), as limited 

land area may have restricted the numbers of such a large animal (Geist 1998; 

Kamler et al. 2008). The location would have less affected the abundance of the 

much smaller roe deer, a species that often lives at higher population densities 

(Kamler et al. 2008, Gill et al. 1996).  

Birds 

Bones from a variety of birds are present as well, especially long bones from large 

birds that appear to have been used in the production of fish hooks. Thirteen 

species of birds were identified among the avian remains, listed in Table 2. The 

presence of each species of bird is determined by the find of single or only a few 

skeletal elements. The birds can be characterized as divers, waterfowl, or birds of 

prey. A number of these are large birds including the great auk, swan, and eagle. 

The presence of the great auk (Pinguinus impennis) was of interest because this 

flightless bird, standing approximately 90 cm tall and weighing ca. 5 kg, became 

extinct in the mid-nineteenth century. Several examples of third phalanges (talons) 

from birds of prey were also recorded in the faunal remains. Birds probably would 

have been hunted with nets or bow-and-arrow; likely taken either as a source of 
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meat (waterfowl) or in the case of birds of prey, to obtain feathers for fletching or for 

ornamentation, or to use the bone for other specialized purposes (Clark 1948). 
Table 2. Identified bird remains 

 
 

Isotopic Analyses  

Bone collagen carbon and nitrogen isotope analyses of the faunal remains were 

undertaken (Ritchie et al. 2013). The focus of the isotopic studies was on the bones 

of wild animals and domestic dogs from the site in order to determine the 

environments from which they were hunted, and as a proxy for human diet (Clutton-

Brock and Noe-Nygaard 1990; Fischer et al. 2007; Noe-Nygaard 1988; but see 

Eriksson and Zagorska 2003).  Results are indicated in Table 3.   

Table 3. Stable Isotopes of Carbon and Nitrogen from Asnæs Havnemark (from Gron 2015). 

All wild animals show values that are within normal ranges for southern Scandinavia 

(Fischer et al. 2007). The roe deer show highly consistent values, indicative of an 

herbivorous diet in a very similar, and probably forested environment (Gron and 

Rowley-Conwy 2017). Given the limited width of the Asnæs peninsula, this may 

indicate a largely forested environment in the Mesolithic if the deer were hunted 

nearby. The wild boar have higher δ13C values than the deer, but not higher δ15N. 

While omnivory cannot be ruled out, this is more likely due to their browsing in more 

open environments such as open grasslands, feeding in which will elevate δ13C 

values (Gron and Rowley-Conwy 2017). A seal specimen, identified as a grey seal, 

has much higher δ13C and δ15N values, as is expected for a marine carnivore. The 

dogs’ values indicate they were eating an almost entirely marine diet, similar to 

other Mesolithic dogs from Denmark (Fischer et al. 2007).  It is in this context that 

the aggregate faunal remains need be understood, and in particular the fish. 

Fish 

A substantial part of the effort of our excavations and analysis involved the fish 

remains at Asnæs Havnemark, as it was clear that this was a large and important 

component of the site deposits. Eventually these materials became a focus of a 

PhD thesis at the University of Wisconsin-Madison (Ritchie 2010) as well as several 

important publications in Mesolithic studies (e.g., Ritchie et al. 2013a, 2013b). More 
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detail on the sampling and identification of fish bone appears in the online 

Supplementary Information. 

The identified family and/or species of fish in the bone material from Asnæs 

Havnemark is listed in Table 4. A total of 47,760 specimens were identified from the 

three trenches at Asnæs Havnemark, from 18 fish families. The number of 

unidentified vertebrae in the 4mm fractions is 4.7%, unidentified fishbone 4.2% by 

weight. The fish assemblage from Asnæs Havnemark is remarkable because of its 

size and diversity. Codfish dominate the assemblage, with eel following at a distant 

second and other fishes contributing relatively minor amounts. Freshwater fish are 

rare (only 8 cyprinid vertebrae), but diadromous fish include eel, shad, and 

trout/salmon. These results are very much in accord with the site’s location on the 

Asnæs peninsula with no major bodies of freshwater in the vicinity. 

Table 4. Identified fish remains (* numbers are from the screen-test samples) 

Another important category of evidence regarding the fish remains at Asnæs 

Havnemark comes from 898 recovered otoliths. Otoliths are small calcium 

carbonate structures in the inner ear of many vertebrate species. The otoliths were 

used for estimating fish size and also isotopically analyzed for information on 

season of death. 

Summary data are graphically displayed in Figure 11. Estimates range from cod as 

small as 20 cm ( with a weight of ca. 100 g) up to a maximum of 53 cm (weight ca. 

1.5 kg), with an average of around 33-34 cm (weight ca. 300 g). Weights are 

estimated from similarly sized fish in the comparative collection of AZA in Schleswig, 

Germany. Estimates of eel sizes ranged from 42 to 86 cm, with an average of 

approximately 61 cm (obtained from formula in Enghoff 1994). There was not a 

great deal of variation in the sizes of the flatfish, with an average length of about 25 

cm. 

The size estimates for the fish are similar to those from other Ertebølle sites in 

Denmark. Cod usually average around 30 – 40 cm, slightly larger at Lystrup Enge 

and Grisby. In general, the maximum size of the Asnæs Havnemark gadids is 

less than seen at other sites, but sizes here were estimated solely with otoliths 
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and other elements indicate larger fish. There are other elements in the 

assemblage that indicate larger fish were caught. Eels from the site are similar in 

size to those seen elsewhere, although the absence of any specimens less than 

42 cm is notable. The flatfish from Asnæs Havnemark are also similar in size to 

those found in other Ertebølle assemblages (Enghoff 1994). The fish bones 

represent a minimum of hundreds of individuals, demonstrating that fish were a 

significant part of the diet, even if their precise importance is difficult to ascertain. 

 

Stable isotope analyses of seven cod otoliths from two late Mesolithic Ertebølle 

sites (Asnæs Havnemark and Fårevejle) were conducted to determine the season 

of catch for the fish (Ritche et al. 2013b). Results indicate fishing during the late 

winter, spring and summer. This is a considerably broader fishing season than that 

estimated solely from the presence of migratory fishes in the assemblages and 

suggests that fishing played a larger role in the annual subsistence cycle than 

previously acknowledged. 

In regard to the fish, the fact that at least 22 types of fish from 18 different families 

are present in the assemblage shows that there were many fishes available that the 

inhabitants could choose to take. While fishes were locally available in higher or 

lower numbers depending on the species, the many bones of codfish (and to a 

lesser extent eel) demonstrate that they were the preferred catch. The rocky, 

exposed shoreline near the site, the predominance of codfish (including large 

individuals of cod and haddock), and the recovery of numerous fishhooks and 

preforms suggest that angling (possibly offshore in boats) played a major role in the 

fishery. This interpretation is supported by the very low incidence (0.1 %), of weever, 

a species often used as a marker of fishing with stationary structures (Enghoff 

1994). A further indication of the importance of the cod fishery is the otolith 

evidence showing that they were caught at many different times of the year. That 

most of the eel are larger than 50 cm and thus presumably females, points to eel 

fishing in the fall when they were migrating from freshwaters into the sea (Muus et 

al. 2006). Some of the smaller fishhooks could have been used in this fishery, but it 

is also possible that nets, traps or spears were employed during this event. Access 

to good cod fishing grounds and migrating eels in the fall may have been the 

reasons behind why the site is located far out on the Asnæs peninsula, a setting 
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that was the location of an important historical fishery for several different species 

(Drechsel & Petersen 1988).  

Bone Modification 

Burning, butchery, and tool production were all ways that bone at Asnæs 

Havnemark was modified by human activities. Less than 1% of the mammal 

material is affected by burning, indicating that most cooking occurred after 

removal of meat from the bones. Other options involve meat being either cooked 

(stewing, earth ovens) or preserved (drying, smoking) by methods that would not 

result in burnt bones. Burning is the principle manner in which the fish remains 

have been modified, although this was a fairly rare occurrence. Despite the fact 

that a total of 728 fish bones from the 4 mm sieving assemblage exhibit signs of 

burning (ranging from partial blackening to complete calcination), this is a small 

percentage (ca. 1.6%) when considered in the context of over 44,000 identified 

specimens.  

Evidence of butchery (including sawing, cutmarks, scrape marks, etc.) was present 

on some mammal bones, although any systematic patterns are obscured by the 

condition of the bone material and their relative rarity. Cutmarks, for example, were 

observed on only 2.9% of the roe deer specimens, 2.8% of the wild boar specimens, 

and 1.6% of the red deer specimens. However, nearly all of the appropriate 

mammal bones were marrow-fractured, and no systematic choice of one species 

over another is evident. Other than the previously described burning, osteological 

evidence for how fish were prepared is scant. There were almost no cutmarks 

observed during the analysis and skeletal element representation provides little 

additional information about butchery methods.  

Bone tools were generally limited to the 43 fishhooks and preforms, along with 6 roe 

deer antler retouchoirs, bone points (5), bone awls (4), bone needles (2), and one 

tooth pendant. The tooth pendant was made from the reticular canine or grandeln 

tooth of a red deer (Cervus elaphus) shown in Figure 12 (S. Sørensen 2016). The 

root had been perforated for attachment. Such pendants are often found in graves 

and perhaps there were some burials at the site. 

Figure 12. Grandeln tooth from red deer made into tooth pendant. 
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The bone fishhooks and preforms were a special category of artifacts from this 

site (Figure 13). There were a total of 43 fishhooks (25) and preforms (18). These 

specimens were in various states of preservation, both complete and fragmentary. 

Several of the preforms exhibited preliminary engraved lines to mark the outline 

to be cut from the bone. 

Figure 13. Some of the fishhooks and preforms from Asnæs Havnemark. The scale is 3 cm. 

 

In general, relatively few bone specimens were worked or prepared for the 

manufacture of tools. However, one aspect particularly worthy of note is the degree 

and specificity of working traces found on bones of domestic dog. In total, 119 

fragments of bone are attributable to dog. Of this number, nearly every longbone is 

worked in a very similar fashion, with minor differences probably owing to variations 

in bone morphology. Regardless of the specific longbone to be worked, the flattest 

surface was first selected and then incised on either side, to prepare a relatively flat 

section of cortical bone with parallel edges. Subsequently, the prepared section was 

incised perpendicular to the edges in order to weaken, and eventually remove, a flat 

and broadly rectantular piece of bone.  

This prepartion resulted in a preform for making fish hooks. While the majority 

appear to be made from the long bones of dogs one of these preforms came from a 

swan ulna (Cygnus sp.). Several of these preforms show the general method of 

making fishhooks from these flat pieces of bone. Several hooks could apparently be 

made from one flat piece of bone by hollowing out the curvature of the hook and 

snapping the nearly complete hook off from the flat piece. 

 
Seasonality 

The faunal remains provide a means for examining the seasons of site use at 

Asnæs Havnemark. Multiple lines of evidence including animal behavioral ecology, 

oxygen isotope analysis of cod otoliths, and ontogenetic aging of select species 

indicate use of the site in all seasons of the year. As Sørensen (2017, p. 31) noted, 

at large coastal settlements from both the Kongemose and the Ertebølle periods all 

seasons of the year are usually represented in the faunal remains. 
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The presence or absence of animals at specific times of the year can be a useful 

tool for establishing the season of occupation at archaeological sites. Seasonal 

information is restricted to species with migratory patterns. The seasonal 

information from the birds at Asnæs Havnemark is limited. The golden eagle, mute 

swan, white-tailed eagle, herring gull, red-breasted merganser, great crested grebe, 

red-necked grebe, song thrush, and common blackbird (Table 3) are all possibly 

year-round residents in Denmark (Génsbøl 2006). The osprey only leaves in winter 

and the whooper swan is only absent in summertime. Red-throated loons 

seasonally migrate through Denmark in the spring and autumn (Génsbøl 2006). As 

there is a single specimen for most of these species at the site it probably best not 

to draw strong conclusions regarding seasonality from this category of evidence. 

Migratory behavior is also present in the fish evidence, especially with regards to 

garfish and mackerel that are present in Danish waters from the late spring to early 

fall. The presence of bones from both of these species in the assemblage, albeit in 

limited numbers, strongly suggests summer occupation at Asnæs Havnemark. 

Three diadromous fishes (eel, shad, and salmon/trout) provide some evidence for 

site use during spring and fall based on the fact that they are most easily caught 

during migration, although individuals could also have been taken at other times of 

the year (Muus et al. 2006).  

In contrast with the evidence from migratory fish, the predominance of codfish in the 

assemblage (including large examples of cod and haddock) may be evidence for 

winter occupation, based on comparison with the Danish fishery in the 19th century 

(Drechsel and Petersen 1988, Moustgaard 1987). To test this idea, a pilot study 

using a newly developed methodology was conducted on four cod otoliths to 

determine in which season these fish were caught. The method relies on three 

factors: that fish otoliths grow incrementally throughout the life of the fish, that they 

incorporate isotopes of oxygen in ratios that reflect their surroundings, and that the 

ratio of 16O and 18O in their aquatic environment varies in response to water 

temperatures (see Hufthammer et al. 2010, Ritchie et al. 2013b). By comparing the 

result from the sample taken from the outer edge of the otolith (the area being 

formed when the fish died) with the annual cycle of water temperature changes 

revealed by the complete series of samples, it is possible to determine at what time 

of year the fish was caught. The 48 cm fish, for example, was caught when water 
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temperatures were just beginning to warm from their annual low, corresponding to a 

seasonality indication of late winter or early spring (Figure 14). Although the sample 

size is small, these results show that while some cod were caught during the 

summer, winter and spring were also seasons of the fishery at Asnæs Havnemark.  

Figure 14. Results from 48 cm long cod. Readings higher (more negative) on the y-axis indicate 
warmer temperatures and readings farther to the right on the x-axis are closer to the time of capture. 

Two lines of evidence are available for the estimation of season of occupation using 

the mammalian remains; the seasonal casting of antlers by deer, and the 

ontogenetic development of, in this case, roe deer and wild boar. Modern roe deer 

cast their antlers in November and December (Sempéré et al. 1992) after which, 

they grow back in an annual cycle. Several roe deer frontal bones and their 

attachment points for antlers, the pedicles, are present at Asnæs Havnemark which 

provide evidence of different stages in this cycle. Uncast antlers still attached to the 

pedicle, antlers in the process of being cast from the pedicle, and pedicles that have 

recently cast their antlers are all present in the assemblage. This indicates that the 

deer in question died at that stage of their life cycle. The recently cast antlers that 

have not yet started to regrow and the antlers in the process of being cast are 

therefore very strong indicators of a late autumn, or early winter time of death.  

Figure 15 summarizes the cumulative seasonality information from the animal 

remains. In aggregate, there is evidence for a human presence at Asnæs 

Havnemark for much of the year with the caveat that visits need not have been 

continuous. It is, nonetheless, apparent that hunting and fishing took place in similar 

seasons. It would seem that there is good evidence for year-round use of the site at 

Asnæs Havnemark, and very strong evidence for human presence in the summer. 

Figure 15. Seasonality at Asnæs Havnemark (Dark grey indicates confidence, lighter grey lesser 
confidence ). 

 

Interpretation 

The site location, faunal assemblage, and tool technology all point to the conclusion 

that the people who lived at Asnæs Havnemark oriented their lives towards the sea. 

Isotopic evidence indicates that seafood was the most important part of the diet, 

although the relative contribution of marine versus terrestrial foods is not completely 

clear. The overall impression of animal use at the site is one of both focus and 
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breadth. In this sense, the diet of the inhabitants appears to be similar to the pattern 

known from many other Ertebølle sites. While the assemblage is strongly 

dominated by fish of the cod family and roe deer, there is a wide range of other 

species present. With availability of these primary food sources ensured, other 

animals could be incorporated into the subsistence regime as opportunity presented.  

There is variability in Ertebølle faunal use that has not generally been recognized. 

While the same species are generally present in most assemblages, their relative 

abundance does vary widely among sites. Five other sites from Denmark 

(Bjørnsholm on the Limfjord in northern Jutland, Vængesø III in east-central Jutland, 

Tybrind Vig on Funen, Nivågård in northeastern Sjælland, and Smakkerup Huse in 

northwestern Sjælland) have reasonably large faunal assemblages excavated with 

methods appropriate for recovering a good sample of fish remains (Andersen 2009, 

Bratlund 1993, Enghoff 2011, Price and Gebauer 2005). The assemblages from 

these sites help to demonstrate that broad differences in fishing practices existed 

within the larger framework of available resources. 

Examining the different families of fish at these sites makes it apparent that 

generally the same types of fish were caught. Despite this exploitation of common 

species, the fisheries were actually quite variable when relative abundances are 

considered. At most sites, a majority of the specimens are from one type of fish, but 

that type varies between codfish, flatfish and eel (most often codfish). The fact that 

mostly the same types of fish are found at Ertebølle sites throughout Denmark, but 

in widely varying abundances points to fully competent fishing capabilities tailored 

to local conditions. 

The same pattern is seen with the mammal bone, even if restricted to only Ertebølle 

sites on Zealand (Figure 16). The same mammals are generally present at these 

sites. Where dissimilarity does occur, it often can be attributed to the local 

availability of species. The relative abundance of species is quite different at 

individual sites. Variability is observed particularly among the three main terrestrial 

game animals (red deer, roe deer, and wild boar), as well as sea mammals and fur-

bearing species. The faunal material from Asnæs Havnemark highlights this 

variability and underscores the reality of differences among certain classes of 

resources. 
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Figure 16.  Variation in relative abundance (NISP) of mammal bones from Ertebølle sites on Zealand 
(Hede 2005; Ritchie et al. 2013, Gron 2013, Gotfredsen 1998; Møhl 1971; Skaarup 1973; Noe-

Nygaard 1995). 

These comparisons show that within almost all classes of animals exploited by 

Ertebølle hunters and fishers, there is a great deal of inter-site variability. While the 

same animals generally occur in all assemblages, the focus of the subsistence at 

each site represents an adaptation to local conditions. In the case of Asnæs 

Havnemark, the location of the site may explain to some degree the preponderance 

of just a few species in the archaeological material. However, a major caveat is that 

while this is the case, the breadth of species and range of classes of animals 

utilized remains quite impressive, indicating an ability to employ multiple hunting 

and fishing strategies to fully exploit local resources. We take this to strongly 

indicate that in the face of either seasonal or atypical environmental stresses, 

Ertebølle hunters at Asnæs Havnemark had the knowledge and skills to readily 

switch between vastly different classes of resources as needed.  

Conclusions 

The Asnæs peninsula has been associated with fishing for generations. There is an 

historical fishing village on the south coast of the peninsula with well-known fixed 

weirs (Pedersen 1997). There are former fisherman’s houses and processing 

buildings 2 km east of the site of Asnæs Havnemark. A herd of seals is still often 

seen off the west end of the peninsula.  The area is also a well-known hunting area 

and both roe deer and pheasants are taken in large numbers. The peninsula has 

probably been a resource rich area for millennia. 

The site of Asnæs Havnemark is unusual for a number of reasons and has 

substantial potential to provide information on the transition to agriculture in this 

region. The radiocarbon dates now available place the second phase of the site 

occupation at the time of the transition to agriculture in southern Scandinavia, ca. 

4000 cal BC. The deposits are terrestrial, rather than waterlain, and a portion of the 

settlement area is intact. The cultural layer appears to represent a short-term 

occupation, lying between two episodes of beach ridge formation. Beach ridge 

deposition at this elevation must have taken place during a time of higher sea level, 

likely during the Littorina transgression at the end of the Atlantic climatic episode. 

This event fits extremely well with the radiocarbon dates for the site and also 
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provides important information on potentially significant environmental changes at 

the end of the Mesolithic period.  

The site is of interest for a number of reasons including the coastal location, the 

unusual ceramics, the nature of the fishery, and the focus on specific game species. 

Beyond the normal assemblage of materials that characterize a late Mesolithic site 

in this region, there are high numbers of stylistically homogeneous projectile points, 

distinctive flake axes, bone fishhooks and preforms, seal bones, large bird bones, 

and an extraordinary amount of fish bone at Asnæs Havnemark. The rich 

occupation layer, including a fragment of a human jaw, suggests a substantial 

residential settlement on this coast. While a variety of species are represented, eel 

and cod are very common.  

In addition, a large quantity of ceramic material was recovered in the test 

excavations. This abundance of pottery includes both pointed-bottom vessels and 

oval lamps from late Mesolithic, as well as several examples of Early Neolithic 

ceramics. Assuming contemporaneity, the unusual pottery, TRB in tradition, 

suggests some contact with early farmers either in Denmark, southern Sweden, or 

across the Baltic in northern Germany. The unusual types of pottery, however, 

appear to be locally made.  

The cod family dominates the fish assemblage, while roe deer account for the 

vast majority of the mammal remains. Despite the preponderance of these two 

species of animals, the assemblage presents an impressive variety of other fish, 

mammals and birds. Different skills and procurement strategies are required to 

obtain terrestrial game, fur animals, seals, raptors, waterfowl, and the various 

species of fish. The wide variety of animals represented in the Asnæs Havnemark 

assemblage indicates that the people who lived there were proficient in a number 

of different hunting and fishing techniques. The predominance of roe deer in the 

mammal material and cod in the fish material does indicate a distinct degree of 

economic specialization. However, it is important to remember that the 

inhabitants of Asnæs Havnemark were not so much constrained by the 

availability of animals in the vicinity of the site, as drawn there because of the 

prey that was present. 
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Despite the preponderance of roe deer and codfish remains, the Asnæs 

Havnemark assemblage is the result of a highly flexible hunter-gatherer 

subsistence strategy able to adapt to local, seasonal, and longer-term shifts in 

resource availability. In turn, this means that environmental stresses would have 

less impact to create major changes in general subsistence patterns. As noted 

earlier, the major lesson that we learned from these excavations concerned the 

variation that defined the settlements and activities of Late Mesolithic groups.  

Because of this flexibility, we contend that substantive environmental changes could 

not have been the major causal force for the introduction of agriculture at the end of 

the Ertebølle period. The evidence we have presented greatly weakens such 

arguments. The abundance of food in the form of marine resources and roe deer 

found at the site suggests that food stress was not an issue for the local population. 

Such evidence argues that more food was not an incentive when the Neolithic was 

introduced in southern Scandinavia. 

 

  



 27 

Acknowledgements 

We would particularly like to thank the landowner Eirik Vinsand who was most 

gracious and hospitable in facilitating our investigations at Asnæs Havnemark. It is 

also important to recognize Egon (“Columbus”) Iversen, who originally found the 

site eroding from the sea cliff on Asnæs and reported it to the Kalundborg Museum. 

As always the Kalundborg Museum was a wonderful host. 

Research excavations were sponsored by the Carlsberg Foundation and the 

University of Wisconsin-Madison Graduate School. The project was a 

collaboration between the Kalundborg Museum and the Department of 

Anthropology, University of Wisconsin-Madison. Discussions with Lisbeth 

Pedersen prior to the start of the project resulted in further information and 

permission for the study. Permission for the excavations was obtained from the 

landowner Eirik Vinsand, the Teknisk Forvaltning in Kalundborg Kommune, and 

the Regional Miljø office in Roskilde. The Kalundborg Museum was responsible 

for the project documentation and finds. These materials were stored at 

Kalundborg Museum and some were later moved to the regional museum stores 

at Museum Vestsjælland in Holbæk.  

The participants in the excavations for the long haul were Jens Nielsen, Ken Ritchie, 

Terry Slocum, Lone Ritchie Andersen, Vanessa Smolenski, Kurt Gron, and Charlie 

the Dog. Sincere and deep thanks to all for the pleasure of our cooperation. Nanna 

Noe-Nygaard, Søren Andersen, Peter Vang Petersen, and Per Poulsen visited the 

excavations and offered substantial help in our understanding of the site. Deep and 

sincere thanks also to Nanna Noe-Nygaard for valuable discussions regarding the 

worked dog bone and the faunal assemblage in general. Many thanks to Peter 

Vang Petersen, Anders Fischer, Eva Koch, Sönke Hartz, and Aikaterini Glykou for 

their help and assistance in examining  some of the excavated material and offering 

opinions on type and origin. Martin Pavon of the Museum Vestsjælland helped 

greatly in finishing this manuscript. 

Many thanks also to the director and staff at The University of Wisconsin-Madison 

Nuclear Reactor for the NAA analysis of the sherds from Asnæs Havnemark. Also 

many thanks to Paul University at the North Carolina-Chapel Hill for the TIMS 

measurements of 87Sr/86Sr on the Asnæs pottery. 



 28 

References 

Andersen, S.H., 2009. Ronæs Skov: Marinarkæologiske undersøgelser af en 
kystboplads fra Ertebølletid. Højbjerg: Jysk Arkæologisk Selskab. 

Berglund, B., 1971. Littorina transgressions in Blekinge, South Sweden. A 
preliminary survey. Föreningens i Stockholm Förhandlinger, 93, 625-652. 

Bokelmann, K., 2012. Spade paddling on a Mesolithic lake - Remarks on 
Preboreal and Boreal sites from Duvensee (Northern Germany). In M.J.L.Th. 
Niekus, M. Street, T. Terberger (eds.), A Mind Set on Flint: Studies in Honour 
of Dick Stapert. Groningen: University Library, pp. 369-380. 

Bratlund, B., 1993. The bone remains of mammals and birds from the Bjørnsholm 
shellmound. Journal of Danish Archaeology, 10, 97–104. 

Christensen, C., 1994. Lammefjorden, Undersøgelser på 4 lokaliteter i fjorden 
giver informationer om havniveauændringer og afkræfter formodet forekomst 
af tektoniske bevægelser af landjorden i atlantisk tid. Nationalmuseets 
naturvidenskabelige Undersøgelser, 16, 1-31.  

Christensen, C., 1995 The littorina transgressions in Denmark. In A. Fischer (ed.), 
Man and Sea in the Mesolithic. Oxford: Oxbow Monograph, pp. 15-21.  

Christensen, C., F. Fischer, & R.D. Mathiassen, 1997. L. Pedersen, A. Fischer & 
B. Aaby (eds.), Den Store Havstigning i Storebælt, Storebælt i 10.000 år-
mennesket, havet og skoven. Storebælt publikationer, pp. 45-55. 

Clark, Grahame. 1948. The Development of Fishing in Prehistoric Europe. The 
Antiquaries Journal 28:45-85. 

Clutton-Brock, J., and N. Noe-Nygaard, 1990. New osteological and C-isotope 
evidence on Mesolithic dogs: comparisons to hunters and fishers at Star Carr, 
Seamer Carr and Kongemose. Journal of Archaeological Science, 17, 643–
653.  

Comely, C.A., 1978. Modiolus modiolus (L.) from the Scottish West coast. I. 
Biology. Ophelia, 17, 167-193. 

Drechsel, C.F., & C.G.J. Petersen, 1988. Oversigt over vore saltvandsfiskerier i 
Nordsøen og farvandene indenfor Skagen (Vol. 4). Grenaa: Dansk 
Fiskerimuseum. 

Enghoff, I.B., 1989. Fishing from the stone age settlement Norsminde. Journal of 
Danish Archaeology, 8, 1, 41-50. 

Enghoff, I.B., 1994. Fishing in Denmark during the Ertebølle period. International 
Journal of Osteoarchaeology, 4, 2, 65-96. 

Enghoff, I.B., 2011. Regionality and Biotope Exploitation in Danish Ertebølle and 
Adjoining Periods. Copenhagen: The Royal Danish Academy of Sciences and 
Letters. 

Eriksson, G., and Zagorska, I., 2003. Do dogs eat like humans? Marine isotope 
signals in dog teeth from inland Zvejnieki. In L. Larsson, H. Kindgren, 
H.Knutsson, D. Loeffler and A. Åkerlund (eds.), Mesolithic on the Move. 
Oxford: Oxbow Books, pp.160-168.  

Fischer, A., et al., 2007. Coast-inland mobility and diet in the Danish Mesolithic 
and Neolithic: Evidence from stable isotope values of humans and dogs. 
Journal of Archaeological Science, 34, 2125-2150.  

Fruziński, B., J. Baksalary, and J. Kaluzinski, 1982. Weight and body 
measurements of forest and field roe deer. Acta theriologica, 27, 479-488. 



 29 

Galatius, A., and C.C. Kinze, 2003. Ankylosis patterns in the postcranial skeleton 
and hyoid bones of the harbor porpoise (Phocoena phocoena) in the Baltic and 
North Sea. Canadian Journal of Zoology, 81, 1851–1861.  

Geist, V., 1998. Deer of the world: their evolution, behavior, and ecology. 
Mechanicsburg: Stackpole Books.  

Génsbøl, B., 2006. Nordens Fugle. Copenhagen: Gyldendal. 
Gill, R.M.A., et al., 1996. Changes in Roe Deer (Capreolus capreolus L.) 

population density in response to forest habitat succession. Forest Ecology 
and Management, 88, 31–41.  

Gotfredsen, A.B., 1998. En Rekonstruktion af Palæomiljøet omkring Tre 
Senmesolitiske Bopladser i Store Åmose, Vestsjælland-Baseret på Pattedyr-og 
Fugleknogler. Geologisk Tidsskrift, 2, 92–104.   

Grohmann, M., 2010. Die Ertebölle- und frühtrichterbecherzeitliche Keramik aus 
Wangels, Kr. Ostholstein. In D. Gronenborn and J. Petrasch (eds.), Die 
Neolithisierung Mitteleuropas. Mainz: Römisch-Germanischen 
Zentralmuseums, pp. 407–422. 

Gron, K. 2013., The Ertebølle Faunal Economy and the Transition to Agriculture 
in Southern Scandinavia. Thesis (PhD), University of Wisconsin-Madison.  

Gron, K.J., 2015. Body-part representation, fragmentation, and patterns of 
Ertebølle deer exploitation in north-west Zealand, Denmark. International 
Journal of Osteoarcheology, 25, 722–732.  

Gron, K.J., and Rowley-Conwy, P., 2017. Herbivore diets and the anthropogenic 
environment of early farming in southern Scandinavia. The Holocene, 27, 98–
109.  

Hallgren, F., 2008. Identitet I praktik: Lokala, regional och överregionala sociala 
sammamhang inom nordlig trattbägarkultur. Thesis (PhD), Uppsala Universitet.  

Härkönen, T., 1986. Guide to the Otoliths of the bony fishes of the Northeast 
Atlantic. Hellerup: Danbiu Aps. 

Hartz, S., et al., 2012. Hunter-Gatherer pottery and charred residue dating: New 
results on the spreading of first ceramics in the North Eurasian Forest Zone. 
Proceedings of the 6th International Symposium ‘Radiocarbon & Archaeology’, 
Pafos, Cyprus, April 10–15, 2011. Radiocarbon, 54, 1017-1031.  

Hede, S.U., 2003. Prehistoric settlements and Holocene relative sea-level 
changes in northwest Sjælland, Denmark. Bulletin of the Geological Society of 
Denmark, 50, 141–149.  

Holst, D., 2010. Hazelnut economy of early Holocene hunter-gatherers: a case 
study from Mesolithic Duvensee, northern Germany. Journal of Archaeological 
Science, 37, 2871-2880.  

Hufthammer, A.K., et al., 2010. Seasonality of human site occupation based on 
stable oxygen isotope ratios of cod otoliths. Journal of Archaeological Science, 
37,78-83. 

Iversen, J., 1937. Undersøgelser over Littorinatransgressioner i Danmark. 
Meddelelser fra Dansk Geologiske Forening, 9, 223-236. 

Jacobsen, E.M., 1981. Littorinatransgressioner i Trundholm mose, NV Sjælland, 
en foreløbig undersøgelse. Dansk Geologisk Forening 1981. 

Jacobsen, E.M., 1983. Littorinatransgressioner i Trundholm mose, NV Sjælland, 
supplerende undersøgelser. Dansk Geologisk Forening, 1982. 

Jennbert, K., 2011. Ertebølle pottery in southern Sweden - a question of 
handicraft, networks and creolisation in a period of neolithisation. In S. Hartz, F. 
Lüth, and T. Terberger (eds.), Early Pottery in the Baltic – Dating, Origin and 



 30 

Social Context. Bericht der Römisch-Germanischen Kommission, 89, 89-110.  
Jessen, K., 1937. Den geologisk-botaniske Undersøgelse af Hjortespring Mose, p. 

27, Footnote 5. In G. Rosenberg (au.), Hjortespringfundet. Nordisk 
Fortidsminder 3, Vol. 1, p. 27.  

Kamler, J.F., W. Jedrzejewski, and B. Jedrzejewska, 2008. Home ranges of red 
deer in a European old-growth forest. The American Midland Naturalist, 159,1, 
75–82. 

Matschke, G.H., 1967. Aging European wild hogs by dentition. The Journal of 
Wildlife Management, 31, 1, 109–113.  

Mertz, E.L., 1924. Oversigt over de sen- og postglaciale Niveaufoandringer I 
Danmark. Danmarks Geologiske Undersøgelse II, Rk., Nr. 41. 

Møhl, U., 1971. Oversigt over Dyreknoglerne fra Ølby Lyng. En østsjællandsk 
kystboplads med Ertebøllekultur. Aarbøger for nordisk Oldkyndighet og 
Historie, 1970, 43-77. 

Moustgaard, P.H., 1987. At vove for at vinde: Dansk fiskeri skildret af A.J. Smidth 
1859-63. Grenaa: Dansk Fiskerimuseum.  

Muus, B., Nielsen, J., Dahlstrøm, P., and B., 2006. Havfisk og fiskeri. 
Copenhagen: Gyldendal. 

Noe-Nygaard, N., 1988. δ13C-Values of dog bones reveal the nature of changes 
in man’s food resources at the Mesolithic-Neolithic transition, Denmark. 
Chemical Geology (Isotope Geoscience Section), 73, 87-96.  

Noe-Nygaard, N., 1995. Ecological, Sedimentary, and Geochemical Evolution of 
the Late-glacial to Postglacial Åmose Lacustrine Basin, Denmark. Oslo: 
Scandinavian University Press.  

Payne, S., 1975. Partial recovery and sample bias. In A.T Clason (ed.), 
Archaeozoological Studies. Amsterdam: North Holland, pp. 7–17.  

Pedersen, L., 1997. They put fences in the sea. In L. Pedersen L, A. Fischer, and 
B. Aaby (eds.), The Danish Storebælt Since the Ice Age — Man, Sea and 
Forest. Copenhagen: A/S Storebælt Fixed Link, pp. 124-143.  

Petersen, E.B., 2015. Diversity of Mesolithic Vedbæk. Acta Archaeologica 
Supplementa 16. 

Petersen, P.V., 1984. Chronological and regional variation in the late Mesolithic 
of eastern Denmark. Journal of Danish Archaeology, 3, 7-18. 

Piezonka, H., 2012. Stone Age hunter-gatherer ceramics of North-Eastern 
Europe: new insights into the dispersal of an essential innovation. Documenta 
Praehistorica, 39, 23-51. 

Price, T.D., and A.B. Gebauer. 2005. Smakkerup Huse, A Late Mesolithic Coastal 
Site in Northwest Zealand, Denmark. Aarhus: Aarhus University Press. 

Riedman, M., 1990. The Pinnipeds: Seals, Sea Lions, and Walruses. Berkeley: 
University of California Press.  

Richter, J., and Noe-Nygaard, N., 2003. A late Mesolithic hunting station at 
Agernæs, Fyn, Denmark: Differentiation and specialization in the late 
Ertebølle-culture, hearalding the introduction of agriculture? Acta 
Archaeologica, 74, 1-64. 

Ritchie, K.C., 2010. The Ertebølle Fisheries of Denmark, 5400– 4000 B.C., 
Thesis (PhD), University of Wisconsin-Madison. 

Ritchie, K.C., Gron, K.J., and T.D. Price, 2013a. Flexibility and diversity in 
subsistence during the late Mesolithic: Faunal evidence from Asnæs 
Havnemark. Danish Journal of Archaeology, 2, 1–20.  

Ritchie, K.C., Folkvord, A., and Hufthammer, A.K., 2013b. Oxygen isotope ratios 



 31 

in cod otoliths used to reveal seasonality of fishing at Late Mesolithic sites in 
Denmark. Archaeofauna, 22, 95-104. 

Sempéré, A.J., Mauget, R., and Bubenik, G.A., 1992. Influence of photoperiod on 
the seasonal pattern of secretion of lutenizing hormone and testosterone and 
on the antler cycle in Roe Deer (Capreolus capreolus). Journal of Reproductive 
Fertility, 95, 693–700.  

Skaarup, J., 1973. Hesselø-Sølager: Jagtstationen der südskandinavischen 
Trichterbecherkultur. Copenhagen: Akademisk Forlag. 

Sørensen, L., 2015. Hunters and farmers in the North – the transformation of 
pottery traditions and distribution patterns of key artefacts during the Mesolithic 
and Neolithic transition in southern Scandinavia. In J. Kabaciński, S. Hartz, 
D.C.M. Raemaekers, and T. Terberger (eds.), The Dąbki Site in Pomerania 
and the Neolithisation of the North European Lowlands (c. 5000–3000 calBC). 
Archaeology and History of the Baltic 8. Rahden/Westf.: Verlag Marie Leidorf, 
pp. 385-432. 

Sørensen, S.A., 2016. Tooth pendants, their use and meaning in prehistoric 
hunter-gatherer societies. In M. Sørensen and K.B. Pedersen (eds.), Problems 
in Palaeolithic and Mesolithic Research. Copenhagen: Academic Books 
Copenhagen, pp. 225-234. 

Sørensen, S.A., 2017. The Kongemose Culture. Copenhagen: The Royal Society 
of Antiquaries. 

  



 32 

Figures 

 Figure 1. The location of the site of Asnæs Havnemark toward the tip of the 
peninsula of Asnæs near the town of Kalundborg, Denmark, looking east. 
The red arrow marks the site. 

Figure 2. LIDAR image of the location of Asnæs Havnemark along the north coast 
of the Asnæs peninsula. 

Figure 3. Schematic plan of excavations as Asnæs Havnemark including grid and 
elevations for the general area of the project. 

Figure 4. Plan of the excavation trenches at Asnæs Havnemark 2007 with shaded 
meter squares marking the area of intensive excavation. 

Figure 5. Overview of excavations in Trench 3 looking east. 

Figure 6. A distal concave truncated blade knife from Asnæs Havnemark (Årby 
365). Length is approximately 71 mm. 

 
Figure 7. Selected projectile points from various contexts at Asnæs Havnemark 

(Årby 365).  
 
Figure 8. Selected flake axes from Asnæs Havnemark (Årby 365). 
 
Figure 9. Round base of Ertebølle vessel. The label provides a scale, the site 

name, the meter square provenience, and the layer name. 

Figure 10. TRB pottery sherd, neck-belly transition. The label provides a scale, 
the site name, the meter square provenience, and the layer name. 

Figure 11. Total lengths of cod for all levels combined. 

Figure 12. Grandeln tooth from red deer made into tooth pendant. 

Figure 13. Some of the fishhooks and preforms from Asnæs Havnemark. The scale 
is 3 cm. 

 
Figure 14. Results from 48 cm long cod. Readings higher (more negative) on the y-

axis indicate warmer temperatures and readings farther to the right on the 
x-axis are closer to the time of capture. 

 
Figure 15. Seasonality at Asnæs Havnemark (Dark grey indicates more confidence, 

lighter grey less confidence). 
 
Figure 16.  Variation in relative abundance (NISP) of mammal bones from Ertebølle 

sites on Zealand (Hede 2005; Ritchie et al. 2013, Gron 2013, Gotfredsen 
1998; Møhl 1971; Skaarup 1973; Noe-Nygaard 1995). 
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Table 4. Identified fish remains (* numbers are from the screen-test samples). 
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Table 1. Identified mammal remains. 

Taxa    Common Name   NISP  MNI  
Capreolus capreolus  roe deer   1493  19 
Martes martes   pine marten   65  5 
Sus scrofa   wild boar   141  4 
Canis familiaris   domestic dog   119  4 
Erinaceus europaeus  hedgehog   12  4 
Cervus elaphus   red deer   122  3 
Vulpes vulpes   fox    43  2 
Castor fiber   beaver    21  2 
Sciurus vulgaris   red squirrel   5  2 
Lutra lutra   otter    5  2 
Apodemus flavicollis  yellow-necked mouse  4  2 
Phocoena phocoena  harbor porpoise   14  1 
Felis silvestris   wildcat    2  1 
Clethrionomys glareolus  bank vole   1  1 
Arvicola terrestris  water vole   1  1  
Phocidae    seal    166  5 
            
Totals        2214  58  
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Table 2. Identified bird remains 
            
Taxa    Common Name   NISP  MNI  
Penguinis impennis  great auk   3  2 
Cygnus olor   mute swan   6  1 
Pandion haliaetus  osprey    4  1 
Haliaeetus albicilla  white-tailed eagle  3  1 
Aquila chrysaetos  golden eagle   3  1 
Gavia stellata   red-throated loon  2  1 
Podiceps grisegena  red-necked grebe  2  1 
Cygnus cygnus   whooper swan   1  1 
Larus argentatus  herring gull   1  1 
Mergus serrator   red-breasted merganser  1  1 
Podiceps cristatus  great crested grebe  1  1 
Turdus merula   common blackbird  1  1 
Turdus philomelos  song thrush   1  1 
            
Totals        29  14  
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Table 3. Stable Isotopes of Carbon and Nitrogen from Asnæs Havnemark (from Gron 2015). 

Number Species Lab # %C %N C:N δ13C (‰) δ15N(‰) 

AH24-49 Capreolus capreolus 258926 21.78 7.2 3.53 -23.0 4.8 
AH40-19 Capreolus capreolus 268260 16.41 5.24 3.66 -22.9 5.5 
AH74-15 Capreolus capreolus 268261 18.45 5.82 3.70 -23.1 5.9 
AH70-14 Capreolus capreolus 268262 20.07 6.58 3.56 -22.8 5.8 
AH73-16 Sus scrofa 268266 17.24 5.74 3.50 -20.9 5.2 
AH-84-1 Sus scrofa 284462 35.46 12.70 3.26 -20.9 5.1 
AH70-20 Phoca/Halichoerus 268269 18.88 6.37 3.46 -9.56 14.2 
AH85-4 Canis familiaris 268272 15.06 4.88 3.60 -11.9 10.1 
AH83-10 Canis familiaris 268273 14.30 4.60 3.63 -13.2 11.89 
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Table 4. Identified fish remains (* numbers are from the screen-test samples; a version of this table appears 

in Ritchie et al. 2013a) 

 

Family  Species   Common name  NISP 

 

Anguillidae Anguilla anguilla  eel   3949/ 598*  

Belonidae Belone belone  garfish   45 / -* 

Callionymidae Callionymus lyra  dragonet   1 / -* 

Clupeidae Clupea harengus  herring   158 / 106* 

  Alosa sp.  shad   13 / -* 

Cottidae  Myoxocephalus scorpius bullrout   601 / 96* 

Cyprinidae various   carp family  8 / 2* 

Gadidae  various   codfish   38103 / 2244* 

Gasterosteidae Gasterosteus aculeatus 3-spined stickleback - / 44* 

Gobiidae Gobius sp.  goby   - / 3* 

Pleuronectidae Platichthys flesus/ Pleuronectes platessa / Limanda limanda 

     flounder / plaice / dab 897 / 59* 

Salmonidae Salmo sp.  trout/salmon  13 / 2* 

Scombridae Scomber scombrus Atlantic mackerel  444 / 117* 

Scophthalmidae Scophthalmus sp.  flatfish   1 / -* 

Squalidae Squalus acanthias spurdog   40 / 1* 

Syngnathidae various   pipefish   - / 1* 

Trachinidae Trachinus draco  Greater weever  34 / 9* 

Triglidae  Trigla lucerna/Eutrigla gurnardu   stub / grey gurnard  136 / 5* 

Zoarcidae Zoarces viviparus viviparous   eelpout  18 / 12* 

        

Totals        44461 / 3299* 
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