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Changing diet in a changing world

Bente Philippsen

Abstract
One of the most fundamental interactions between people and landscape is through food. 
How food is obtained, which kinds of food are eaten, and the way food is prepared are 
important parts of human identity. The transition from foraging to farming (from the 
Mesolithic to the Neolithic in the case of Danish prehistory) can thus be regarded as one of 
the most profound changes in human history.

The problem of change or continuity of diet during the Mesolithic-Neolithic transition 
has been debated vigorously over the past decades, with a focus on the question of 
whether aquatic resources continued to be exploited in the Neolithic. Different methods 
from archaeology and the natural sciences have come to different conclusions, based on 
different data and sample materials, which reflect different aspects and time scales of 
the prehistoric economy.

In this study, I will show how analyses of bones and pottery can add to our 
understanding of the complex dietary situation during the Neolithisation, when hunting, 
fishing and gathering was practised at the same time as dairy husbandry and cereal 
agriculture. I will place the results of the Femern project into their south Scandinavian 
context and discuss how cultural identity may be reflected in the foods produced and 
eaten by different groups at the time around 4000 BCE.

Femern project; diet; food; Neolithisation; pottery

Introduction
One of the most fundamental interactions between people and landscape is through 
food. People depend on the resources that are provided by their environment. At the 
same time, people influence the environment by their actions, through hunting, fishing, 
gathering and of course more fundamentally through agriculture. How food is obtained, 
what kinds of food are eaten, and the way food is prepared are important parts of 
human identity. The transition from foraging to farming can thus be regarded as one of 
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the most profound changes in human history. This is the case for all societies where such 
transitions occur, regardless of when or where in the world this happens. In the case of 
Danish prehistory, the introduction of agriculture is the most important aspect of the 
shift from the Mesolithic to the Neolithic.

The problem of change or continuity of diet at the Mesolithic-Neolithic transition 
in northwest Europe, especially Britain and Denmark, has been debated vigorously 
during the past decades, with a focus on the question of whether aquatic resources con
tinued to be exploited in the Neolithic (Barberena and Borrero 2004; Blankholm 2008; 
Fischer 2007; Fischer et al. 2007; Hedges 2004; Lubell et al. 1994; Milner et al. 2004; 2006; 
2007; Richards and Schulting  2006; Richards and Hedges  1999; Richards et al. 2003; 
Schulting and Richards 2002; Tauber 1981b; 1981a; 1983; Villotte et al. 2014). Different 
archaeological and bioarchaeological methods have exposed the various aspects of the 
economy, diet and cuisine. Each specialized discipline can only analyse certain datasets 
and can come to different conclusions than other methodologies that focus on different 
sample materials, datasets, geographical areas or timescales. Therefore, the apparently 
contradictory conclusions of different studies actually show the overall variability of 
diet during the Neolithisation.

In this study, I will show how analyses of bones and pottery can add to our 
understanding of the complex dietary situation during the Neolithisation and explore the 
relationship between hunting, fishing and gathering with dairy husbandry and cereal 
agriculture. I will put the results of the Femern project into their south Scandinavian 
context and discuss how cultural identity may be reflected in the foods produced and 
eaten by different groups in the time around 4000 BCE.

This study focuses on two groups of finds. Firstly, I will present stable isotope 
measurements on animal bones and on wood, as they can be regarded as proxies for the 
stable isotope values of the food that was prepared and consumed at these sites. Secondly, 
I will summarize isotopic and biomolecular analyses of ceramic sherds. This includes 
analyses of food crusts on the sherds, which most probably are dominated by the last 
cooking event, as well as analyses of the ceramic matrix, which contains biomolecules 
absorbed during earlier cooking events.

Lipid analysis can pick out individual compounds that are indicative of individual 
ingredients, which might be overlooked by bulk stable isotope analysis. On the other 
hand, bulk stable isotope analysis identifies the ingredients that contributed most to the 
food crust. An additional advantage is that bulk stable isotope analysis uses the same 
sample material as radiocarbon dating, so this method is ideal for predicting reservoir 
effects in food crusts.

Stable isotope analysis (δ13C, δ15N)
Ideally, we would measure isotope ratios of all the ingredients that were available in 
prehistory in order to reconstruct the meals prepared in the analysed pottery. This is 
impossible for several reasons: In the case of plant foods, the only materials available 
for analysis are wood and hazelnut shells – and not the edible parts of the plants. In 
the case of animal food, only the bones are preserved. Therefore, we have to use the 
available material, informed by analyses on modern reference samples, as proxies for 
the Stone Age food resources.
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Modern reference samples are only useful to a limited extent because of anthropogenic 
effects that distort the δ13C and δ15N values, such as the Suess effect (decreasing δ13C values 
due to combustion of fossil fuels) or modern agriculture with intense manuring, either 
with animal manure (increasing δ15N values) or with chemical fertilizers (decreasing δ15N 
values), as well as heated greenhouses (decreasing δ13C values). Modern land-use practices 
can also have altered the environment to such a degree that plants growing “wild” and 
unmanaged today will have different isotope values than their Stone Age counterparts. 
This can also be the case for wild animals, e.g. a wild boar that, although shot in a forest, 
had fed mainly on maize, a C4 plant (Philippsen 2012, 123).

δ13C values of plants and wood samples
The δ13C values of wood (trunk, branches and roots) are consistently more enriched 
than those of the leaves (Li and Zhu 2011), which would have been used e.g. as leaf 
fodder for cattle. Therefore, we cannot use wood δ13C values directly to reconstruct the 
δ13C values of the plant food. In addition, there are no preserved remains of the plant 
food that was actually consumed by people, such as leafy vegetables, fruits, berries, 
nuts, roots and tubers. Mushrooms, although more closely related to animals than to 
plants, can be included here as well: we only have some samples of tinder fungus, but 
no finds of edible mushrooms.

The wood δ13C values, however, can be used to explore the variability one has to expect 
at the base of the food chain (Philippsen et al. 2019). While the absolute values might not 
be directly comparable, the broad ranges found in the wood samples can also be expected 
in other parts of the plants.

δ13C values in dense forests are generally lower than in more open landscapes. 
The CO2  from decaying organic material has δ13C ratios comparable to that of the 
organic material. As about 99% of the organic matter produced in a forest is returned 
to the atmosphere as CO2, the air in a dense forest is enriched by CO2  from decaying 
plants, which has δ13C values close to those of the plants (around -25‰), and thus 
lower than the atmosphere’s -7‰. This so-called canopy effect is most pronounced in 
leaves growing closer to the ground. It can shift δ13C ratios by c. 3‰ to 5‰ (Medina 
and Minchin 1980; Vogel 1978), which means that about 15% of the carbon in leaves 
growing close to the ground is derived from decaying organic matter (Vogel  1978). 
Other physiological causes have been suggested, such as altered fractionation due to 
photosynthesis in low light or nutrient deficiency.

This can also lead to lower δ13C values along the food chain to forest and even aquatic 
fauna (Francey and Farquhar  1982; van der Merwe and Medina  1991), for example in 
the bones of herbivores that mainly browsed in forests. Thus, the canopy effect has been 
suggested as an explanation for the fact that aurochs in Denmark tend to have lower δ13C 
values than contemporaneous domesticated cattle (Noe-Nygård and Hede 2006). However, 
the forests have to be very dense in order to result in a measurable canopy effect (Drucker 
et al. 2008). In the case of  14C concentrations, the canopy effect is less important for 
prehistoric samples, as most of the carbon is recycled shortly after the formation of the 
primary plant matter. However, it can be an issue in modern reference samples, as e.g. 
leaves growing next to a motorway were found to have 14C-concentrations up to 9% lower 
than the atmosphere (Münnich 1961).
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δ13C and δ15N values of animal bones
In addition to the above-mentioned canopy effect, other aspects can influence the δ13C 
values of animal bones. The main factor in Danish Stone Age research is the proportion 
of marine versus terrestrial resources. The difference between C3 and C4 photosynthetic 
pathways is irrelevant, as C4  plants do not occur naturally in relevant numbers and 
domesticates such as millet are only introduced later. Only few edible C4 plants are native 
to northern Europe, such as purslane (Portulaca oleracea). The C3  cycle is particularly 
suited to wet and mesophytic environments (Browman 1981) and C3 plants are preferred 
by herbivores because they are easier to digest.

There is a δ13C fractionation of about 5‰ from plant food to animal bone collagen and 
generally less than 1‰ per subsequent trophic level (Katzenberg et al. 2000; Lanting and 
van der Plicht 1998; Schoeninger and DeNiro 1984). The δ13C values in bone collagen reflect 
the δ13C values of the protein component of the diet, especially in the case of protein-rich 
diets, but depend also on the amount of protein in the diet and on the difference in the δ13C 
values of protein and non-protein fractions (van Strydonck et al. 2009).

δ15N values mainly reflect the animal’s trophic level (Ambrose 2001; Schoeninger and 
DeNiro  1984; Schoeninger et al. 1983) but can also be influenced by physiological and 
environmental factors (Knowles and Blackburn 1993). For example, it has been observed 
that horses from Neolithic contexts had lower δ15N values than other contemporary 
herbivores (Klassen et al. 2023; Stevens et al. 2010). This could be caused by differences in 
habitat/diet (e.g. horses browsing on trees), or physiology (non-ruminant vs. ruminant). 
A similar effect, horses having lower δ15N values than other animals, has already been 
observed for a Middle Pleistocene context (Kuitems et al. 2015, Table 3), so it could be a 
general characteristic of the physiology or diet of Equidae.

Some factors, such as those caused by aridity, are not relevant for Denmark and 
will not be discussed further here. Fertilizing grassland or crops with animal manure 
can result in δ15N increases by about one trophic level, or c. 3.5‰ (Bogaard et al. 
2013; Fraser et al. 2011). This increase will be transferred to increased δ15N values in 
herbivore bone collagen. When under the control of humans, increased δ15N values 
can be caused by a different mechanism. The animals can have more “omnivorous” 
feeding patterns, including e.g. pondweed or human food refuse (Bonsall et al. 1997; 
Schwarcz 1991).

δ13C and δ15N values of food crusts on pottery
There are large differences between the δ13C values of bone collagen and of the other 
edible parts of the animal, with differences of  1.5  to  4‰ between fish flesh and bone 
collagen (Katzenberg et al. 1995; Lanting and van der Plicht 1998), or of more than 7‰ 
between bone collagen and body fat in an ungulate (Browman  1981). Fat is generally 
depleted in δ13C when compared to lean meat (Bonsall et al. 1997; DeNiro and Epstein 1976; 
Parker 1964). Therefore, isotope values between bone collagen and food crusts are not 
directly comparable.

Fully terrestrial samples have isotope ratios of δ13C=-29 to -26‰ and δ15N=2.5 to 6‰.
Fully marine samples have δ13C=-18  to -15‰ and δ15N around  10‰ or higher 

(Philippsen  2012, and references therein). Most food crust samples would be expected 
to lie on a mixing line between fully terrestrial and fully marine. Values outside of the 
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mixing line are most probably caused by mixtures of ingredients with different carbon 
and nitrogen concentrations. For example, a mixture of protein-rich terrestrial food with 
lipid-rich marine food would result in a value below the mixing line.

The effect of heating (such as boiling or roasting) or fermentation on the isotope 
values is small and no systematic fractionation effects have been observed (Abonyi 1993; 
Bonsall et al. 1997; Boudin et al. 2009; DeNiro and Hastorf 1985; Hastorf and DeNiro 1985; 
Katzenberg et al. 2000; Marino and DeNiro 1987; Privat et al. 2005).

Lipid analysis
Lipids absorbed in the ceramic matrix are protected from degradation and contamination 
and are thus regarded as an ideal sample material (Heron et al. 1991). There is a long 
tradition for fatty acid analysis of prehistoric samples (Chapman and Plenderleith 1926; 
Charters et al. 1993; Condamin et al. 1976; Evershed 2008; Evershed et al. 2001; 
Formenti and Condamin  1978; Isaksson  1997; Olsson  2003; Olsson and Isaksson  2008; 
Mathiassen 1935; Mottram et al. 1999; Plant 1879; Rottländer 1985; 1990; Rottländer and 
Blume 1980; Rottländer and Schlichtherle 1980; 1983; Van Diest 1981). Certain fatty acids 
are indicative of heated fish oil (Hansel et al. 2004) and are thus direct evidence for the 
preparation of marine food.

In the early  2000’s, preparative capillary gas chromatography (PCGC) was used to 
isolate individual fatty acids from absorbed lipid residues (Copley et al. 2003; Stott et al. 
2001; 2003). The C16:0 and C18:0 fatty acids are targeted here, as they are the most abundant 
fatty acids (Berstan et al. 2008). In addition to radiocarbon dating, these fatty acids can also 
be used for δ13C analysis. The δ13C values of the C16:0 and C18:0 fatty acids, and especially the 
difference between the two, termed ∆13C, indicate the presence of dairy fat and groups the 
lipid residues into marine, non-ruminant adipose, ruminant adipose and ruminant dairy 
(Copley et al. 2003; Dudd and Evershed 1998; Mukherjee et al. 2005). The above-mentioned 
canopy effect would also lead to lower δ13C values of the fatty acids, but the ∆13C values 
would be unaffected (Mukherjee et al. 2005).

Integrated pottery analysis
The most comprehensive cuisine reconstructions are obtained when the different 
methods are combined. Lipid analysis can pick out individual compounds that are 
indicative of individual ingredients, which might be overlooked by bulk stable isotope 
analysis. On the other hand, bulk stable isotope analysis identifies the ingredients that 
contributed most to the food crust. An additional advantage is that bulk stable isotope 
analysis uses the same sample material as radiocarbon dating, so this method is ideal 
for predicting reservoir effects in food crusts (because the carbon used for radiocarbon 
dating is the same, and thus from the same source(s), as the carbon used for bulk stable 
isotope analysis).

Food crusts are biased towards the final cooking events, while lipids absorbed in 
the clay matrix are only slowly replaced and show no strong signal of the final cooking 
(Miller et al. 2020).
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Study site
An overview of the Femern project and descriptions of the individual sites is provided 
by Måge et al. (this volume). Here, I will summarize the main aspects of the sites 
considered in this study.

Surveys and rescue excavations prior to the construction of the Femern Belt Tunnel 
resulted in the discovery of numerous archaeological sites from the past 10000 years. This 
study focuses on sites discovered in an area of former sea floor, which had been diked after a 
storm surge in 1872. Culturally, these sites can be assigned to the Danish Mesolithic Ertebølle 
Culture (EBC) and the Neolithic Funnel Beaker Culture (TRB). They date to around 4000 BCE, 
a period that has traditionally been termed the Neolithisation of Denmark. The Stone Age 
coastal landscape changed continually, with ephemeral barrier islands forming temporary 
lagoons and shallow fjords. The sediments in the study area reflect the postglacial sea-level 
rise: glacial till with soil formation horizons is overlain by freshwater peat, then marine gyttja 
and finally marine-deposited sand (Bennike et al. 2022; Groß et al. 2018). The sites covered 
in this study comprise depositions and refuse areas in the shallow water, but no dry-land 
settlement remains or burial sites. While the preservation of organic remains is excellent, 
the dynamic coastal environment has caused those sites to be palimpsests of mixed and 
redeposited artefacts and ecofacts. There is no stratigraphical relation between the finds. Due 
to the continuous sea level rise, the same type of layer (e.g. freshwater peat or marine gyttja) 
formed at different times, depending on the site’s elevation and distance from the shore. Only 
a few finds were still in situ, including fish weirs, stakes and artefacts stuck into the sea floor, 
while the sediments around them may have been eroded and re-deposited. It is therefore 
impossible to assign individual artefacts to a specific time period just by measuring their 
geographical position and elevation. A minor proportion of the ceramic sherds can be assigned 
to the EBC or one of the phases of the TRB. Apart from these, only directly dated samples can 
be considered when investigating changes of economy and diet over time. Radiocarbon dates 
of the different artefact groups are provided by Måge et al. (this volume). For example, the 
radiocarbon dates show that domesticated animals had already appeared before 4000 BCE, 
while fish weirs only gained in importance during the Middle Neolithic.

Here, I will present an overview of the isotopic and biomolecular data from the Femern 
project. A full analysis, including comparisons to data from other sites, will be published 
later (Philippsen et al. in prep.).

Materials
I include  130  radiocarbon dates of bones from the entire Femern project. These 
samples were selected because of their archaeological interest, not for palaeodietary 
reconstructions. All bones and bone artefacts had been deposited in the former sea floor. 
Some were food refuse thrown into the shallow water, others were placed deliberately at 
certain locations, such as a concentration of mandibles found within a circular structure 
of wooden stakes (e.g. Sørensen this volume).

As no burials were found, only four stray finds of human bones are available for the 
entire project. None of these dates to the Mesolithic. Therefore, we use stable isotope and 
lipid analyses of food crusts on pottery and ceramic sherds to reconstruct the cuisine 
rather than the long-term diet that would be reflected in the human bones.
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Stable isotope values were obtained from  52  food crusts on pottery sherds from 
the sites of Syltholm II (MLF00906-I, MLF00906-II) and Syltholm XIII (MLF00939-I; cf. 
Måge et al. this volume). Food crusts adhering to two stone slabs thought to have a food 
preparation function (finds: X5486 and X9077) were analysed by GC-MS, as well as the 
food crusts on potsherds and sediment samples from putative cooking pits. Based on 
the results of the GC-MS analysis, six samples were selected for GC-C-IRMS analysis. 
These include one Ertebølle and five Funnel Beaker vessels. These data were published 
in Courel et al. (2020) and Cubas et al. (2020), respectively. In addition, Vasiliki Papakosta 
(Stockholm University) conducted lipid residue analysis on food crusts on nine Ertebølle 
potsherds (Papakosta et al. 2019).

Methods

Radiocarbon dating and stable isotope analysis of animal bones 
and food crusts
Collagen was extracted from bone samples according to the protocol by Longin (1971), 
with modifications by Brown et al. (1988) and Jørkov et al. (2007). All age determinations 
were performed by AMS by measuring the ratio of 14C to 13C atoms at the Aarhus AMS 
Centre, Department of Physics and Astronomy, Aarhus University. The ages are stated 
in conventional radiocarbon years BP and corrected for isotope fractionation by 
normalising to δ13C=-25‰ VPDB (Stuiver and Polach  1977). The radiocarbon ages are 
calibrated to calendar years before present (cal BP) using the IntCal20  calibration 
curve (Reimer et al. 2020). Marine samples are subject to a reservoir age, which can be 
estimated to be around 250 14C years for the study area and period (Philippsen 2018). 
This value is similar to the reservoir age of  273 ± 18 14C years reported for southern 
Kattegat in the Neolithisation period (Fischer and Olsen 2021). However, the reservoir 
age may have varied somewhat over the Holocene, and the ages of marine material are 
therefore more uncertain than the ages of terrestrial material (Olsen et al. 2009).

The δ13C and δ15N values of the bones were measured by isotope radio mass 
spectrometry (IRMS) at the Aarhus AMS Centre. The reported measurement uncertainties 
are 0.05 to 0.71‰ for δ13C and 0.1 to 0.36‰ for δ15N. δ13C and δ15N values of food crusts 
were measured at the University of Bradford and the University of York.

Lipid analysis (GC-MS and GC-C-IRMS)
Food crusts and dried sediment samples were ground and extracted with a 
dichloromethane/methanol mixture (2:1  v/v). A measured amount of an internal 
standard was added to each sample before analysis to allow quantification and the 
samples were derivatised before analysis. Gas chromatography (GC) was used to check 
the lipid preservation and presence of contaminants. Based on the GC results, samples 
were selected for gas chromatography – mass spectrometry (GC-MS) analysis. GC-MS 
analysis was carried out on an Agilent  7890A series GC attached to an Agilent  5975C 
Inert XL mass selective detector. Based on the GC-MS results, samples were selected 
for isotopic analysis (GC-C-IRMS) of the C16:0 and C18:0 fatty acids (gas chromatography – 
combustion – isotope ratio mass spectrometry).
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Results and discussion

Radiocarbon dating and stable isotope analysis of animal bones 
and bone artefacts
In total, 130 radiocarbon dated bone samples were analysed in this study. Not all dated 
samples were large enough to allow for stable isotope (especially δ15N) measurements. 
For 129 of these samples, δ13C values are available. 115 samples yielded δ15N values. Error 
bars are excluded from the graphs for clarity and because in many cases the size of the 
symbol exceeds the size of the error bars. Due to space limitations, all radiocarbon dates 
and stable isotope measurements are available as supplementary material.

The stable isotope results (δ13C, δ15N) of human and animal bones from the Femern 
project are shown in fig. 1. This figure includes data from all archaeological periods 
examined in this project. Most samples belong to herbivores and have corresponding 
isotope ratios; δ13C between -24 and -21‰, δ15N between 3 and 9‰. Most of the herbivores 
lie in a narrow δ15N range, though: Apart from one wild horse with δ15N=3.2‰, a red 
deer with δ15N=4.1‰ and two sheep/goats with δ15N>8‰, the range is  4.7  to  7.8‰. 
Measurements on terrestrial herbivores are shown in a separate diagram together with 
the δ13C values of wood samples as a proxy for vegetation δ13C values (fig. 2).

The two sheep/goats with δ15N>8‰ are in the same area of the diagram as three 
humans, three wild cats and a dog; their diet can be regarded as terrestrial on a higher 
trophic level and/or a terrestrial diet with the admixture of some marine resources. The 
bone with δ15N=9.9‰ is a humerus from a sheep with a lot of cut marks; the osteological 
report does not mention that it is from a young individual. The bone with δ15N=8.4‰ is 
the left shoulder blade of a sheep, also with cut marks and also not classified as a young 
individual. A nursing effect can thus be excluded and the high δ15N values must be a result 
of the diet. In the case of sheep, marine plants or macroalgae could have supplemented 
the fodder, whether provided by humans or sought out by the animals themselves. Goats, 
dogs and cats could have fed on food remains left by humans.

As described in the introduction, a very dense forest can cause a depletion in the 
δ13C values of the vegetation, and in the δ13C values measured throughout the food 
web based on this vegetation. There are only a few specimens where a canopy effect is 
probable: The only terrestrial herbivores that have δ13C values below -23‰ are sheep/
goat, roe deer and red deer (fig. 2). The sheep/goat (the species could not be determined) 
with δ13C=-24.2‰ is the oldest domesticated animal from the site (fig. 3; 5313 ± 32 BP, 
4310–4304 (0.7%) and 4249–4046 (94.8%) cal BC, calibrated with IntCal20). It could have 
been browsing in the forest or have been fed leaf fodder. The red deer and roe deer 
bones span the whole range of c. 24  to  21‰, while the cattle/aurochs only have δ13C 
values between c. 22.5‰ and 21‰.

The two sheep bones with the highest δ15N values have been discussed above. Apart 
from these, there is also a group of five cattle bones with δ15N>7‰, while all other 
herbivores have δ15N values below 7‰. Further studies will show whether there really 
are two isotopically distinct groups of cattle. Interestingly, some of the cattle and sheep/
goat have higher δ15N values than all of the pig samples, although pigs are omnivores and 
sheep/goat and cattle are herbivores. The pigs were thus most probably not fed with food 
refuse, as this would have caused a higher trophic level and more marine δ13C values. 



135Philippsen

Such an effect has been observed with wild boar from an Ertebølle kitchen midden site in 
Jutland (Maring and Riede 2019).

The horse bone has the lowest δ15N value (3.2‰) of the dataset, which agrees with 
previous studies of prehistoric horse bones (Klassen et al. 2023; Kuitems et al. 2015; 
Stevens et al. 2010). This specimen of Equus ferus is dated to 2812 ± 29 BP (1051–897 (94.7%) 
and 867–857 (0.8%) cal BC, calibrated with IntCal20) and is thus too young to be relevant 
for a discussion of the Neolithisation process.

There are some apparent trends in fig. 2. For example, there seems to be a linear 
relation between the δ15N and δ13C values of Bos taurus with a correlation coefficient of 
R2=0.61. However, generally the sample numbers are too small to allow for meaningful 
statistical analyses.

Figure 3 displays the δ13C values of the aforementioned taxa over time. It is difficult 
to discern any trends, as many animal species are only found from within short time 
periods. For example, the group of animals with the highest δ13C values includes two 
harbour porpoises (Phocoena phocoena), two Eurasian otters (Lutra lutra) and two dogs 
(Canis lupus fam.) from a very narrow timespan. While the δ13C values of around -10‰ 
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Figure 1. Stable isotope values of bones from the Femern project.
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are not unusual for porpoises, they are an interesting case for the dogs – these clearly 
had a largely marine diet, unlike the slightly later humans from this site. The marine diet 
of the otters indicates that they had lived at the coast and consumed marine fish, which 
is not unusual for the Eurasian otter (Kruuk 2006), and that they had not been caught in 
an inland lake or stream. However, the otter needs regular access to freshwater to clean 
its fur (Ozkazanc et al. 2019). Therefore, its presence indicates that there must have been 
access to a lake or stream nearby. The extended use of the sites by humans would, of 
course, not have been possible without access to freshwater either. However, for human 
use, a small freshwater spring would have sufficed.

Some trends can be observed in the δ13C values over time. The Ovis δ13C values 
increase with time (R2=0.72), while there is also a slight increase in Cervus elaphus 
δ13C values (R2=0.35). This might indicate that the forest was being cleared and the 
sheep/goats were grazing in a more open landscape. Furthermore, they could consume 
larger amounts of seaweed and/or human refuse. This is supported by the increase in 
δ15N values by 4500 cal BP (supplementary material). The δ13C increase in red deer is 
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proxy for plant δ13C values. The values in the diagram are in the same order as the species 
names in the legend.
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not accompanied by an increase in δ15N. Therefore, their increasing δ13C values can 
best be explained by a change in landscape, which became more open. In contrast, 
there is a decrease in Sus δ13C values (R2=0.76). This would indicate that the pigs had a 
slightly more marine diet during the Ertebølle period and a more terrestrial diet later. 
However, there is no trend in the δ15N values that could support this interpretation 
(supplementary material).

The four human bones, which unfortunately were all stray finds, show no trend 
over time. δ15N values are only available for three of the human bones. They decrease 
from 9.6‰ in 4875 cal BP to 7.7 ‰ in 3738 cal BP – a decrease of less than one trophic level.

Food crust stable isotopes (δ13C, δ15N)
The stable isotope values of food crusts from the Femern project have been and will be 
published elsewhere (see introduction for details and references). A synthesis paper of 
all results including data tables is under preparation. Therefore, this section will only 
summarize the main results in figures (all data is available in the supplementary material).
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Figure 3. δ13C values compared to the radiocarbon age of bones from the Femern project. 
This plot includes more data points than fig. 1, as not all samples were large enough to allow 
for a δ15N measurement.
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The variability of the stable isotope values has been tested by analysing nine interior 
and two exterior samples from sherds of the same vessel, “Pot  22”, from MLF00939-I. 
Although the results span a range of about 1‰ for δ13C and 1 to 1.5‰ for δ15N, depending 
on whether the exterior crusts are included, all values would indicate the same 
interpretation of terrestrial, low to middle trophic level food. I thus suggest regarding 
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Figure 4. Stable isotope results (δ13C, δ15N) of food crusts on sherds from one vessel, 
pot 22 from MLF00903-I. Left: full range diagram for comparability with the other isotope 
diagrams in this paper; right: detail.

Figure 5. Stable isotope values of food crusts on Funnel Beaker and Ertebølle sherds as 
well as lamp fragments. δ13C in ‰ VPDB; δ15N in ‰ AIR. The pottery type is indicated by the 
shape of the symbol: funnel beakers for Funnel Beaker pottery, pointed-based vessels for 
Ertebølle pottery, and shallow bowls for lamps. Crusts on the outer surface of the vessels 
are indicated by a lighter symbol.
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measurements on individual sherds as representative of the entire vessel, even though 
experimental studies have shown that some variation has to be expected when cooking 
mixed foods (Philippsen 2012).

The δ13C values of all analysed food crusts are in the interval between -29 and -15‰. 
δ15N values range from c. 2.5  to 10.5‰. Most values follow a mixing line between fully 
terrestrial (δ13C=-29  to -26‰, δ15N=2.5  to 6‰) and fully marine (δ13C=-18  to -15‰, δ15N 
around 10‰, fig. 5).

As shown in fig. 5, Ertebølle and Funnel Beaker pottery have the same range of isotope 
values and both pottery types were used for both terrestrial and marine resources. The 
funnel beaker δ13C values span a larger range than those of the Ertebølle vessels. This 
could be caused by a diversification of food resources during the Funnel Beaker period, or 
could just be an effect of the larger sample size. The minimum and maximum values of all 
analysed food crusts are given in Table 1.

Lipid analysis (GC-MS and GC-C-IRMS)
Based on the GC-MS results, seven samples were selected as being suitable for isotopic 
analysis (GC-C-IRMS) of the C16:0 and C18:0  fatty acids: P145 X57, P251 X3363, P252 X3495, 
P253 X8352, P254 X9243, P256 X10588 and P257 X11841 (P=sample number, X=find ID).

Lipids were extracted both from food crusts and from the ceramic matrix of sherds. 
Fig. 6 displays the δ13C values of the C16:0 and C18:0  fatty acids. The measurements on the 
Funnel Beaker sherds were made on five food crust samples, while the Ertebølle pottery 
includes one food crust sample and nine samples of the ceramic matrix. The funnel beaker 
samples display either purely marine or purely terrestrial (dairy) fats, while the values 
of the Ertebølle sherds vary between ruminant adipose fat, where an admixture of dairy 
cannot be excluded, and marine fat.

EBC interior (n=9) δ13C (‰ VPDB) δ15N (‰ AIR)

Min -26.69 2.99

Max -18.32 9.70

Lamp interior (n=4) δ13C (‰ VPDB) δ15N (‰ AIR)

Min -26.19 5.45

Max -18.27 9.23

Lamp exterior (n=2) δ13C (‰ VPDB) δ15N (‰ AIR)

Min -20.67 3.78

Max -19.16 6.89

TRB interior (n=31) δ13C (‰ VPDB) δ15N (‰ AIR)

Min -28.70 2.76

Max -15.36 10.04

TRB exterior (n=6) δ13C (‰ VPDB) δ15N (‰ AIR)

Min -26.21 6.08

Max -20.88 10.17

Table 1. Minimum and maximum values of all analysed food crusts.
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Comparison stable isotopes – lipids
In six cases, bulk stable isotope and lipid analyses were performed on the same food 
crusts. Five of these were funnel beakers and are shown in fig. 7, one was an Ertebølle 
sherd and is displayed in fig. 8.

Additionally, lipids were extracted from the ceramic matrix of nine Ertebølle sherds. 
Food crusts on five of these sherds were also sampled for stable isotope measurements. 
Three of the isotope values are excluded from the plots because of too low nitrogen or 
carbon contents. However, fig. 8 shows a plot of the stable isotope values of food crusts on 
Ertebølle sherds, which are included for better comparability with the lipid results. Marine 
biomarkers and/or marine lipid δ13C values were found in all five cases, irrespective 
of the bulk stable isotope results. This indicates that both techniques are necessary to 
understand the full range of foodstuffs prepared or stored in the vessels. Food crusts 
are biased towards the final cooking events, while lipids absorbed in the clay matrix are 
only slowly replaced and show no strong signal of the final cooking (Miller et al. 2020). 
For example, we analysed one Ertebølle sherd with terrestrial food crust isotope values 
(δ13C=26.69, δ15N=2.99) and lipids that indicate marine/ruminant ingredients (fig. 8). In this 
case, the pot was probably used once or several times for the preparation of marine food, 
while the last cooking event only contained terrestrial ingredients.
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Conclusion
Stable isotope analyses of the animal bones and food crusts and lipid analysis of the 
pottery show that the inhabitants of the Syltholm Fjord area used a broad variety of 
resources. This did not change during the Neolithisation process, although new pottery 
forms were introduced. New agricultural products, such as dairy, were integrated into 
the cuisine, while marine resources continued to be important. Although the stable 
isotope values of human bones indicate a predominantly terrestrial diet throughout the 
Neolithic, pottery food crusts and lipids, as well as finds of fishing fences, underline 
the importance of marine resources. This indicates that the Neolithisation process in 
this part of Denmark was not a simple replacement of a hunter-gatherer lifestyle by 
agriculture, or a persistence of a Mesolithic culture surrounded by Neolithic groups, but 
a complex interplay of traditions and innovations.

Supplementary material
Basic data for the figures is available under  10.5281/zenodo.7598004  and  10.5281/
zenodo.7597900. More detailed information on the isotope measurements and 
radiocarbon data are available from the author on request.

References
Abonyi, S. 1993. The Effects of Processing on Stable Isotope Levels and Mineral Concentration 

in Foods: Implications for Palaeodietary Reconstruction. Master thesis. Calgary: 
University of Calgary, Department of Archaeology.

Ambrose, S.H. 2001.Controlled Diet and Climate Experiments on Nitrogen Isotope Ratios 
of Rats, in Ambrose, S. (ed.). Biogeochemical Approaches in Paleodietary Analysis. New 
York: Kluwer Academic Publishers, 243–259.

Barberena, R. and Borrero, L.A. 2004. Stable isotopes and faunal bones. Comments on 
Milner et al. Antiquity 79/303, 191–195.

Bennike, O., Philippsen, B., Groß, D., Jessen, C. 2022. Holocene shore-level changes, 
southern Lolland and the Femern Belt, Denmark. Journal of Quaternary Science 38/3, 
440–451. DOI: 10.1002/jqs.3479.

Berstan, R., Stott, A.W., Minnitt, S., Bronk Ramsey, C., Hedges, R.E.M., Evershed, R.P. 2008. 
Direct dating of pottery from its organic residues: new precision using compound-
specific carbon isotopes. Antiquity 82, 702–713.

Blankholm, H.P. 2008. Southern Scandinavia, in: Bailey, G. and Spikins, P. (eds.). 
Mesolithic Europe. Cambridge: Cambridge University Press, 107–131.

Bogaard, A., Fraser, R., Heaton, T.H.E., Wallace, M., Vaiglova, P., Charles, M., Jones, G., 
Evershed, R.P., Styring, A.K., Andersen, N.H. et al. 2013. Crop manuring and intensive 
land management by Europes first farmers. Proceedings of the National Academy of 
Sciences 110/31, 12589–12594. DOI: 10.1073/pnas.1305918110.

Bonsall, C., Lennon, R., McSweeney, K., Stewart, C., Harkness, D., Boroneant, V., 
Bartosiewicz, L., Payton, R., Chapman, J. 1997. Mesolithic and Early Neolithic in the 
Iron Gates: a palaeodietary perspective. Journal of European Archaeology 51, 50–92.

Boudin, M., Fremout, W., Strydonck, M.V., Bos, M.V., Crombé, P., Sergant, J. 2009. 
Application of different analystical techniques on charred residues as a sample 
quality control for 14C dating. Poster, Radiocarbon conference 2009.

https://doi.org/10.5281/zenodo.7598004
https://doi.org/10.5281/zenodo.7597900
https://doi.org/10.5281/zenodo.7597900
https://doi.org/10.1002/jqs.3479
https://doi.org/10.1073/pnas.1305918110


143Philippsen

Browman, D.L. 1981. Isotopic discrimination and correction factors in radiocarbon 
dating. Advances in Archaeological Method and Theory 4, 241–295. DOI: 10.1016/
B978-0-12-003104-7.50010-7

Brown, T.A., Nelson, D.E., Vogel, J.S., Southon, J.R. 1988. Improved Collagen Extraction by 
Modified Longin Method. Radiocarbon 30/2, 171–177. DOI: 0.1017/S0033822200044118

Chapman, A.C. and Plenderleith, H.J. 1926. CCCXLII.–Examination of an ancient Egyptian 
Tutankh-Amen cosmetic. Journal of the Chemical Society (Resumed) 129, 2614–2619. 
DOI: 10.1039/JR9262902614.

Charters, S., Evershed, R.P., Goad, L.J., Leyden, A., Blinkhorn, P.W., Denham, V. 1993. 
Quantification and distribution of lipid in archaeological ceramics: Implications for 
sampling potsherds for organic residue analysis and the classification of vessel use. 
Archaeometry 352, 211–223. DOI: 10.1111/j.1475-4754.1993.tb01036.x.

Condamin, J., Formenti, F., Metais, M.O., Michel, M., Blond, P. 1976. The application of 
gas chromatography to the tracing of oil in ancient amphorae. Archaeometry 182, 
195–201. DOI: 10.1111/j.1475-4754.1976.tb00160.x.

Copley, M.S., Berstan, R., Dudd, S.N., Docherty, G., Mukherjee, A.J., Straker, V., Payne, S., 
Evershed, R.P. 2003. Direct chemical evidence for widespread dairying in prehistoric 
Britain. Proceedings of the National Academy of Sciences 100(4), 1524–1529. 
DOI: 10.1073/pnas.0335955100.

Courel, B., Robson, H.K., Lucquin, A., Dolbunova, E., Oras, E., Adamczak, K., Andersen, S.H., 
Astrup, P.M., Charniauski, M., Czekaj-Zastawny, A. et al. 2020. Organic residue analysis 
shows different regional motivations for the adoption of pottery by European hunter-
gatherers. Royal Society Open Science 7/4, 192016. DOI: 10.1098/rsos.192016

Cubas, M., Lucquin, A., Robson, H.K., Colonese, A.C., Arias, P., Aubry, B., Billard, C., Jan, 
D., Diniz, M., Fernandes, R. et al. 2020. Latitudinal gradient in dairy production with 
the introduction of farming in Atlantic Europe. Nature Communications 11/1, 2036. 
DOI: 10.1038/s41467-020-15907-4

DeNiro, M.J. and Epstein, S. 1976. You are what you eat plus a few permil: the carbon isotope 
cycle in food chains. Geological Society of America Abstracts with Programs 8, 834–835.

DeNiro, M.J. and Hastorf, C.A. 1985. Alteration of 15N/14N and 13C/12C ratios of plant matter 
during the initial stages of diagenesis: studies utilizing archaeological specimens 
from Peru. Geochimica et Cosmochimica Acta 49/1, 97–115.

Drucker, D.G., Bridault, A., Hobson, K.A., Szuma, E., Bocherens, H. 2008. Can carbon-13 in 
large herbivores reflect the canopy effect in temperate and boreal ecosystems? 
Evidence from modern and ancient ungulates. Palaeogeography, Palaeoclimatology, 
Palaeoecology 266/1, 69–82. DOI: 10.1016/j.palaeo.2008.03.020

Dudd, S.N. and Evershed, R.P. 1998. Direct Demonstration of Milk as an Element 
of Archaeological Economies. Science 282/5393, 1478–1481. DOI: 10.1126/
science.282.5393.1478

Evershed, R.P., Dudd, S.N., Lockheart, M.J., Jim, S. 2001. Lipids in archaeology, in: D.R. 
Brothwell, D.R. and Pollard, A.M. (eds.). Handbook of Archaeological Science. Chichester: 
John Wiley and Sons, 331–349.

Evershed, R.P. 2008. Organic residue analysis in archaeology: The archaeological biomarker 
revolution. Archaeometry 50/6, 895–924. DOI: 10.1111/j.1475-4754.2008.00446.x

https://doi.org/10.1016/B978-0-12-003104-7.50010-7
https://doi.org/10.1016/B978-0-12-003104-7.50010-7
https://doi.org/0.1017/S0033822200044118
https://doi.org/10.1039/JR9262902614
https://doi.org/10.1111/j.1475-4754.1993.tb01036.x
https://doi.org/10.1111/j.1475-4754.1976.tb00160.x
https://doi.org/10.1073/pnas.0335955100
https://doi.org/10.1098/rsos.192016
https://doi.org/10.1038/s41467-020-15907-4
https://doi.org/10.1016/j.palaeo.2008.03.020
https://doi.org/10.1126/science.282.5393.1478
https://doi.org/10.1126/science.282.5393.1478
https://doi.org/10.1111/j.1475-4754.2008.00446.x


144 CHANGING IDENTITY IN A CHANGING WORLD

Fischer, A. 2007. Coastal fishing in Stone Age Denmark – evidence from below and above 
the present sea level and from human bones, in: Milner, N., Craig, O.E., Bailey, G.N. 
(eds.). Shell Middens in Atlantic Europe. Norwich: Oxbow, 54–69.

Fischer, A., Olsen, J., Richards, M., Heinemeier, J., Sveinbjörnsdottir, Á.E., Bennike, P. 
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.

Fischer, A. and Olsen, J. 2021. The Nekselø fish weir and marine reservoir effect in 
Neolithization period Denmark. Radiocarbon 63/3, 805–820. DOI: 10.1017/RDC.2021.14

Formenti, F. and Condamin, J. 1978. Détection du contenu d’amphores antiques (huiles, 
vin). Etude méthodologique. ArchéoSciences, revue d’Archéométrie, 43–58.

Francey, R.J. and Farquhar, G.D. 1982. An explanation of 13C/12C variations in tree rings. 
Nature 297, 28–31. DOI: 10.1038/297028a0.

Fraser, R.A., Bogaard, A., Heaton, T., Charles, M., Jones, G., Christensen, B.T., Halstead, 
P., Merbach, I., Poulton, P.R., Sparkes, D. et al. 2011. Manuring and stable nitrogen 
isotope ratios in cereals and pulses: towards a new archaeobotanical approach to the 
inference of land use and dietary practices. Journal of Archaeological Science 38/10, 
2790–2804. DOI: 10.1016/j.jas.2011.06.024.

Groß, D., Zander, A., Boethius, A., Dreibrodt, S., Grøn, O., Hansson, A., Jessen, C., Koivisto, 
S., Larsson, L., Lübke, H. et al. 2018. People, lakes and seashores: Studies from the 
Baltic Sea basin and adjacent areas in the early and Mid-Holocene. Quaternary 
Science Reviews 185, 27–40. DOI: 10.1016/j.quascirev.2018.01.021

Hansel, F.A., Copley, M.S., Madureira, L.A.S., Evershed, R.P. 2004. Thermally produced 
ω-(o-alkylphenyl)alkanoic acids provide evidence for the processing of marine 
products in archaeological pottery vessels. Tetrahedron Letters 45/14, 2999–3002. 
DOI: 10.1016/j.tetlet.2004.01.111

Hastorf, C.A. and DeNiro, M.J. 1985. Reconstruction of prehistoric plant production and 
cooking practices by a new isotopic method. Nature 315, 489–491.

Hedges, R.E.M. 2004. Isotopes and red herrings: comments on Milner et al. and Lidén 
et al. Antiquity 78/299, 34–37.

Heron, C., Evershed, R.P., Goad, L.J. 1991. Effects of migration of soil lipids on organic 
residues associated with buried potsherds. Journal of Archaeological Science 18/6, 
641–659. DOI: 10.1016/0305-44039190027-M

Isaksson, S. 1997. Chemical Analyses of Organic Resiudes on Pottery from Auve, in: 
Østmo, E., Hulthén, B., Isaksson, S., Hufthammer, A.K., Sørensen, R., Bakkevig, S., 
Thomsen, M.S. (eds.). Auve Bind II. Tekniske og Naturvitenskapelige Undersøkelser. 
Oslo: Universitetets Oldsaksamling Norske Oldfunn XVII, 27–42.

Jørkov, M.L.S., Heinemeier, J., Lynnerup, N. 2007. Evaluating bone collagen extraction 
methods for stable isotope analysis in dietary studies. Journal of Archaeological 
Science 34/11, 1824–1829.

Katzenberg, M.A., Saunders, S.R., Abonyi, S. 1995. Stable Isotope Evidence for 
Maize Horticulture and Paleodiet in Southern Ontario, Canada. American 
Antiquity 602, 335–350.

https://doi.org/10.1017/RDC.2021.14
https://doi.org/10.1038/297028a0
https://doi.org/10.1016/j.jas.2011.06.024
https://doi.org/10.1016/j.quascirev.2018.01.021
https://doi.org/10.1016/j.tetlet.2004.01.111
https://doi.org/10.1016/0305-44039190027-M


145Philippsen

Katzenberg, M.A., Saunders, S.R. and Abonyi, S. 2000. Bone Chemistry, Food and History: 
A Case Study from 19th Century Upper Canada, in: Ambrose, S.H. and Katzenberg, 
M.A. (eds.). Biogeochemical Approaches to Paleodietary Analysis. New York: Kluwer 
Academic/Plenum Publishers, 1–22.

Klassen, L., Rasmussen, U., Kveiborg, J., Richards, M., Orlando, L., Svenning, J.-C., 
Ritchie, K., Andreasen, M.H., Philippsen, B., Iversen, R. et al. 2023. Ginnerup 
revisited. New excavations at a key Neolithic site on Djursland, Denmark. Journal of 
Neolithic Archaeology 25, 35–65. DOI: 10.12766/jna.2023.2

Knowles, R. and Blackburn, T.H. 1993. Nitrogen Isotope Techniques. Isotope Techniques in 
Plant, Soil, and Aquatic Biology. San Diego: Academic Press.

Kruuk, H. 2006. Otters: Ecology, behaviour and conservation. Oxford: Oxford University 
Press. DOI: 10.1093/acprof:oso/9780198565871.001.0001

Kuitems, M., van der Plicht, J., Drucker, D.G., Van Kolfschoten, T., Palstra, S.W.L., Bocherens, 
H. 2015. Carbon and nitrogen stable isotopes of well-preserved Middle Pleistocene bone 
collagen from Schöningen Germany and their paleoecological implications. Journal of 
Human Evolution 89, 105–113. DOI: 10.1016/j.jhevol.2015.01.008

Lanting, J.N. and van der Plicht, J. 1998. Reservoir effects and apparent 14C ages. The 
Journal of Irish Archaeology 9, 151–165.

Li, M. and Zhu, J. 2011. Variation of δ13C of wood and foliage with canopy height differs 
between evergreen and deciduous species in a temperate forest. Plant Ecology 212/4, 
543–551. DOI: 10.1007/s11258-010-9843-5

Longin, R. 1971. New method of collagen extraction for radiocarbon dating. 
Nature 230, 241–242.

Lubell, D., Jackes, M., Schwarcz, H., Knyf, M., Meiklejohn, C. 1994. The Mesolithic-
Neolithic transition in Portugal: isotopic and dental evidence of diet. Journal of 
Archaeological Science 212, 201–216.

Maring, R. and Riede, F. 2019. Possible Wild Boar Management during the Ertebølle Period. 
A Carbon and Nitrogen Isotope Analysis of Mesolithic Wild Boar from Fannerup F, 
Denmark. Environmental Archaeology 241, 15–27. DOI: 10.1080/14614103.2018.1516328

Marino, B.D. and DeNiro, M.J. 1987. Isotopic analysis of archaeobotanicals to reconstruct past 
climates: Effects of activities associated with food preparation on carbon, hydrogen and 
oxygen isotope ratios of plant cellulose. Journal of Archaeological Science 145, 537–548. 
DOI: 10.1016/0305-44038790037-9

Mathiassen, T. 1935. Blubber lamps in the Ertebølle culture? Acta Archaeologica 6, 139–152.
Medina, E. and Minchin, P.E.H. 1980. Stratification of δ13C values of leaves in Amazonian 

rain forests. Oecologia 1980, 377–378.
Miller, M.J., Whelton, H.L., Swift, J.A., Maline, S., Hammann, S., Cramp, L.J.E., McCleary, 

A., Taylor, G., Vacca, K., Becks, F. et al. 2020. Interpreting ancient food practices: stable 
isotope and molecular analyses of visible and absorbed residues from a year-long 
cooking experiment. Scientific Reports 10/1, 13704. DOI: 10.1038/s41598-020-70109-8.

Milner, N., Craig, O.E., Bailey, G.N., Andersen, S.H. 2006. Touch not the fish: the Mesolithic-
Neolithic change of diet and its significance – A response to Richards and Schulting. 
Antiquity 80/308, 456–458.

https://doi.org/10.12766/jna.2023.2
https://doi.org/10.1093/acprof:oso/9780198565871.001.0001
https://doi.org/10.1016/j.jhevol.2015.01.008
https://doi.org/10.1007/s11258-010-9843-5
https://doi.org/10.1080/14614103.2018.1516328
https://doi.org/10.1016/0305-44038790037-9
https://doi.org/10.1038/s41598-020-70109-8


146 CHANGING IDENTITY IN A CHANGING WORLD

Milner, N., Craig, O.E. and Bailey, G.N. 2007. Shell middens in Atlantic Europe, in: Milner, 
N., Craig, O.E., Bailey, G.N. (eds.), Shell middens in Atlantic Europe. Oxford: Oxbow, 1–4.

Milner, N.J., Craig, O.E., Bailey, G.N., Pedersen, K., Andersen, S.H. 2004. Something fishy in 
the Neolithic? A re-evaluation of stable isotope analysis of Mesolithic and Neolithic 
coastal populations. Antiquity 78/299, 9–22.

Mottram, H.R., Dudd, S.N., Lawrence, G.J., Stott, A.W., Evershed, R.P., 1999. New 
chromatographic, mass spectrometric and stable isotope approaches to the 
classification of degraded animal fats preserved in archaeological pottery. Journal 
of Chromatography A 833/2, 209–221. DOI: 10.1016/S0021-96739801041-3

Mukherjee, A.J., Copley, M.S., Berstan, R., Clark, K.A., Evershed, R.P. 2005. Interpretation 
of δ13C values of fatty acids in relation to animal husbandry, food processing and 
consumption in prehistory, in: Mulville, J., Outram, A.K. (eds.). The Zooarchaeology of 
Fats, Oils, Milk and Dairying. Proceedings of the 9th ICAZ Conference, Durham 2002. 
Oxford: Oxbow Books, 77–93.

Münnich, K.O. 1961. Fehlermöglichkeiten bei der C14-Analyse, in: Bersu, G. and Dehn, 
W. (eds.). Bericht über den 5. Internationalen Kongress für Vor- und Frühgeschichte, 
Hamburg, vom 24. bis 30. August 1958. Berlin: Mann, 582–588.

Noe-Nygård, N. and Hede, M.U. 2006. The first appearance of cattle in Denmark 
occurred 6000 years ago: an effect of cultural or climate and environmental changes. 
Geografiska Annaler. Series A 88/2, 87–95.

Olsen, J., Rasmussen, P., Heinemeier, J. 2009. Holocene temporal and spatial variation in 
the radiocarbon reservoir age of three Danish fjords. Boreas 383, 458–470.

Olsson, M. 2003. Skærvor från det forflutna. En FTIR- och GCMS-analys av keramik från 
Tuna i Alsike, Uppland. CD-uppsats. Stockholm: Stockholms universitet.

Olsson, M. and Isaksson, S. 2008. Molecular and isotopic traces of cooking and 
consumption of fish at an Early Medieval manor site in eastern middle Sweden. 
Journal of Archaeological Science 35/3, 773–780.

Ozkazanc, N.K., Ozay, E., Ozel, H.B., Cetin, M., Sevik, H., 2019. The habitat, ecological 
life conditions, and usage characteristics of the otter (Lutra lutra L. 1758) in 
the Balikdami Wildlife Development Area. Environmental Monitoring and 
Assessment 191/11, 645. DOI: 10.1007/s10661-019-7833-1

Papakosta, V., Oras, E., Isaksson, S. 2019. Early pottery use across the Baltic – A comparative 
lipid residue study on Ertebølle and Narva ceramics from coastal hunter-gatherer sites 
in southern Scandinavia, northern Germany and Estonia. Journal of Archaeological 
Science: Reports 24, 142–151. DOI: 10.1016/j.jasrep.2019.01.003

Parker, P.L. 1964. The biogeochemistry of the stable isotopes of carbon in a marine bay. 
Geochimica et Cosmochimica Acta 28/7, 1155–1164. DOI: 10.1016/0016-70376490067-5

Philippsen, B. 2012. Variability of freshwater reservoir effects: Implications for radiocarbon 
dating of prehistoric pottery and organisms from estuarine environments. Dissertation. 
Aarhus: Aarhus University.

Philippsen, B. 2018. Reservoir effects in a Stone Age fjord on Lolland, Denmark, 
Radiocarbon 60/2, 653–665. DOI: 10.1017/RDC.2018.6

Philippsen, B., Olsen, J., Sørensen, S.A., Måge, B., 2019. δ13C values of wood and charcoal 
reveal broad isotopic ranges at the base of the food web. Radiocarbon 61/6, 
2003–2017. DOI: 10.1017/RDC.2019.138

https://doi.org/10.1016/S0021-96739801041-3
https://doi.org/10.1007/s10661-019-7833-1
https://doi.org/10.1016/j.jasrep.2019.01.003
https://doi.org/10.1016/0016-70376490067-5
https://doi.org/10.1017/RDC.2018.6
https://doi.org/10.1017/RDC.2019.138


147Philippsen

Plant, J. 1880. Bog butter (butyrellite) from Co. Galway, Ireland. Scientific American 9/232, 
June 12, 1880.

Privat, K., O’Connell, T., Neal, K., Hedges, R., 2005. Fermented dairy product analysis 
and palaeodietary repercussions: is stable isotope analysis not cheesy enough? in: 
Mulville, J., Outram, A.K. (eds.). The Zooarchaeology of Fats, Oils, Milk and Dairying. 
Proceedings of the 9th ICAZ Conference, Durham 2002. Oxford: Oxbow Books, 60–66.

Reimer, P.J., Austin, W.E.N., Bard, E., Bayliss, A., Blackwell, P.G., Ramsey, C.B., Butzin, M., 
Cheng, H., Edwards, R.L., Friedrich, M. et al. 2020. The IntCal20 Northern Hemisphere 
radiocarbon age calibration curve (0–55 kcal BP). Radiocarbon 62/4, 725–757.

Richards, M.P. and Hedges, R.E.M. 1999. A Neolithic revolution? New evidence of diet in 
the British Neolithic. Antiquity 73/282, 891–897.

Richards, M.P. and Schulting, R.J. 2006. Against the grain? A response to Milner et al. 2004. 
Antiquity 80, 444–456.

Richards, M.P., Schulting, R.J., Hedges, R.E.M. 2003. Archaeology: Sharp shift in diet at 
onset of Neolithic. Nature 425/6956, 366–366.

Rottländer, R.C.A. 1985. Nachweis und Identifizierung von archäologischen Fetten. Fette, 
Seifen, Anstrichmittel 878, 314–317. DOI: 10.1002/lipi.19850870806

Rottländer, R.C.A. 1990. Die Resultate der modernen Fettanalytik und ihre Anwendung 
auf die prähistorische Forschung. Archaeo-Physika 12, 1–354.

Rottländer, R.C.A. and Blume, M. 1980. Chemische Untersuchungen an Michelsberger 
Scherben. Archaeo-Physika 7, 71–87.

Rottländer, R.C.A. and Schlichtherle, H. 1980. Gefäßinhalte. Eine kurze kommentierte 
Bibliographie. Archaeo-Physika 7, 61–70.

Rottländer, R.C.A. and Schlichtherle, H. 1983. Analyse frühgeschichtlicher Gefäßinhalte. 
Naturwissenschaften 70, 33–38. DOI: 10.1007/BF00365954

Schoeninger, M.J. and DeNiro, M.J. 1984. Nitrogen and carbon isotopic composition of 
bone collagen from marine and terrestrial animals. Geochimica et Cosmochimica 
Acta 48, 625–639.

Schoeninger, M.J., DeNiro, M.J., Tauber, H. 1983. Stable nitrogen isotope ratios of bone 
collagen reflect marine and terrestrial components of prehistoric human diet. 
Science 220, 1381–1383.

Schulting, R.J. and Richards, M.P. 2002. The wet, the wild and the domesticated: the 
Mesolithic-Neolithic transition on the West Coast of Scotland. Journal of European 
Archaeology 52, 147–189.

Schwarcz, H.P. 1991. Some theoretical aspects of paleodiet studies. Journal of 
Archaeological Science 18, 261–275.

Stevens, R.E., Lightfoot, E., Hamilton, J., Cunliffe, B., Hedges, R.E.M. 2010. Stable 
Isotope Investigations of the Danebury Hillfort Pit Burials. Oxford Journal of 
Archaeology 29/4, 407–428. DOI: 10.1111/j.1468-0092.2010.00355.x

Stott, A.W., Berstan, R., Evershed, R.P., Hedges, R.E.M., Bronk Ramsey, C., Humm, M.J. 
2001. Radiocarbon dating of single compounds isolated from pottery cooking vessel 
residues. Radiocarbon 43/2A, 191–197. DOI: 10.1017/S0033822200038005

Stott, A.W., Berstan, R., Evershed, R.P., Bronk Ramsey, C., Hedges, R.E.M., Humm, M.J. 2003. 
Direct dating of archaeological pottery by compund-specific 14C analysis of preserved 
lipids. Analytical Chemistry 75/19, 5037–5045.

https://doi.org/10.1002/lipi.19850870806
https://doi.org/10.1007/BF00365954
https://doi.org/10.1111/j.1468-0092.2010.00355.x
https://doi.org/10.1017/S0033822200038005


148 CHANGING IDENTITY IN A CHANGING WORLD

van Strydonck, M., Ervynck, A., Boudin, M., Van Bos, M., De Wilde, R. 2009. The relationship 
between 14C content, δ13C and δ15N values in bone collagen and the proportion of fish, 
meat and plant material in the diet: A controlled feeding experiment, in: Crombé, P., van 
Strydonck, M., Sergant, J., Boudin, M., Bass, M. (eds.). Chronology and evolution within 
the Mesolithic of north-west Europe. Proceedings of an International Meeting, Brussels, 
May 30th – June 1st 2007. Newcastle upon Tyne: Cambridge Scholars Publishing, 561–576.

Stuiver, M. and Polach, H.A. 1977. Discussion. Reporting of 14C Data. 
Radiocarbon 19/3, 355–363.

Tauber, H. 1981a. 13C evidence for dietary habits of prehistoric man in Denmark. 
Nature 292/5821, 332–333.

Tauber, H. 1981b. Kostvaner i forhistorisk tid – belyst ved C-13 målinger, in: Egevang, R. 
(ed.). Det skabende Menneske. København: Nationalmuseet, 112–126.

Tauber, H. 1983. 14C Dating of human beings in relation to dietary habits. PACT 8, 365–375.
van der Merwe, N.J. and Medina, E. 1991. The canopy effect, carbon isotope ratios and 

foodwebs in Amazonia. Journal of Archaeological Science 183, 249–259.
Van Diest, H. 1981. Zur Frage der “Lampen” nach den Ausgrabungsfunden von Rosenhof, 

Ostholstein. Archäologisches Korrespondenzblatt 11, 301–314.
Villotte, S., Stefanovic, S., Knüsel, C.J. 2014. External auditory exostoses and aquatic activities 

during the Mesolithic and the Neolithic in Europe: results from a large prehistoric 
sample. Anthropologie 521, 73–89.

Vogel, J.C. 1978. Recycling of CO2 in a forest environment. Oecologia Plantarum 13, 89–94.

Notes on contributor
Bente Philippsen
Nasjonallaboratoriene for datering
NTNU Vitenskapsmuseet
Sem Sælands vei 5
7034 Trondheim
Norway
bente.philippsen@ntnu.no
ORCID: 0000–0001–5732–3570
Museum Lolland-Falster
Frisegade 40
4800 Nykøbing F.
Denmark

mailto:bente.philippsen@ntnu.no

	Foreword
	Introduction: Changing Identity in a Changing World
	Daniel Groß and Mikael Rothstein

	Changing Worlds
	The Femern project
	A large-scale excavation of a Stone Age landscape
	Bjørnar Tved Måge, Daniel Groß and Marie Kanstrup

	Environmental changes after the last deglaciation, southern Lolland, Denmark
	Ole Bennike and Catherine Jessen

	Niche construction
	Hard-working settlers and a neglected principle in understanding the early Neolithic of southern Scandinavia
	Niels N. Johannsen

	Estuary and lacustrine fishing with stationary wooden structures in Neolithic Finland
	Evidence from waterlogged sites
	Satu Koivisto

	How to build a Neolithic?
	Maria Wunderlich
	Tombs and Settlements, Bog and Sea
	The influence of landscape change on Neolithic life in the Ahlen-Falkenberger Moor, Germany
	Moritz Mennenga, Anja Behrens, Martina Karle and Steffen Wolters

	Losing Boundaries
	Duality in the Early Neolithic on Lolland-Falster and in south Scandinavia
	Theis Zetner Trolle Jensen and Lasse Vilien Sørensen

	Long-term perspectives on Neolithisation
	Pottery use in the Ertebølle Culture and its connection to the development of settlement patterns and hunter-gatherer complexity
	Ann-Katrin Meyer

	Changing diet in a changing world
	Bente Philippsen

	Mesolithic persistence and Neolithic emergence at Syltholm II (MLF00906-III)
	Osseous artefacts before and after 4000 BCE on the coast of Lolland, Denmark
	Solveig Chaudesaigues-Clausen

	Neolithisation in Denmark from a depositional perspective
	Søren Anker Sørensen

	Lola’s people hunted wild boar; their neighbours kept domestic pigs
	Analysis of the Syltholm pigs
	Peter Rowley-Conwy

	Neolithic farming in forager-resource systems
	A case from southern Norway
	Svein Vatsvåg Nielsen and Jo-Simon Frøshaug Stokke

	Identities of Change
	Mesolithic hunters in mixed oak forests
	Differences in hunting strategy and hunting behaviour
	Ulrich Schmölcke

	Changing diet during the Mesolithic-Neolithic transition
	An examination of the carbon and nitrogen isotope ratios of late Mesolithic and early Neolithic humans in Denmark
	Rikke Maring, Jesper Olsen and Marcello A. Mannino

	Going against the grain?
	The transition to farming in the Dutch wetlands re-examined (5000–4000 BCE)
	Daan C. M. Raemaekers, Nathalie Ø. Brusgaard, Merita Dreshaj, Jolijn Erven, Michael W. Dee and J. Hans M. Peeters

	Stone Age Fishing in the prehistoric Syltholm Fjord
	Terje Stafseth and Daniel Groß

	The Unbeknownst Pottery Craft at Alvastra Pile Dwelling
	Nathalie Hinders

	Evidence of a base model for Neolithic depositions in Central and Northern Europe
	Michael Müller

	People, contacts and identities
	The sixth-fifth millennium BCE south of the western Baltic Sea
	Thomas Terberger, Andreas Kotula and Henny Piezonka

	Perceptions of Stone Age Landscapes?
	A note on how humans of the Stone Age may have experienced their surroundings
	Mikael Rothstein

	Blank Page



