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The Mesolithic–Neolithic transition in north-west Europe has been described as rapid and uniform,
entailing a swift shift from the use of marine and other wild resources to domesticated terrestrial
resources. Here, we approach the when, what and how of this transition on a regional level, using empir-
ical data from Öland, an island in the Baltic Sea off the Swedish east coast, and also monitor changes that
occurred after the shift. Radiocarbon dating and stable carbon and nitrogen isotope analyses of bones and
teeth from 123 human individuals, along with faunal isotope data from 27 species, applying to nine sites
on Öland and covering a time span from the Mesolithic to the Roman Period, demonstrate a great diver-
sity in food practices, mainly governed by culture and independent of climatic changes. There was a
marked dietary shift during the second half of the third millennium from a mixed marine diet to the
use of exclusively terrestrial resources, interpreted as marking the large-scale introduction of farming.
Contrary to previous claims, this took place at the end of the Neolithic and not at the onset. Our data also
show that culturally induced dietary transitions occurred continuously throughout prehistory. The avail-
ability of high-resolution data on various levels, from intra-individual to inter-population, makes stable
isotope analysis a powerful tool for studying the evolution of food practices.

� 2008 Elsevier Inc. All rights reserved.
Introduction

Food touches everything. Food is the foundation of every econ-
omy. It is a central pawn in political strategies of states and
households. Food marks social differences, boundaries, bonds,
and contradictions. Eating is an endlessly evolving enactment
of gender, family, and community relationships.

(Counihan and van Esterik, 1997, p. 1)

One of the ‘‘defining moments” of prehistory was the introduc-
tion of farming, termed the Neolithic Revolution by Childe (1925).
The beginning of the Neolithic is usually described as a change in
subsistence economy, encompassing the use of domestic plants
and animals. It has also come to include changes in burial tradi-
tions, ceramic styles and social stratification. Although there is a
general consensus regarding where the initial transition occurred
and in what general directions it moved, this is by no means the
case regarding the speed of the transition, or how it took place.
The nature of the transition, the allegedly sharp shift, and whether
ll rights reserved.
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or not this involved adopting the whole ‘‘Neolithic package” have
thus been widely discussed for decades, most recently in a volume
edited by Whittle and Cummings (2007).

All over north-west Europe, some claim, this Mesolithic–Neo-
lithic transition took place rapidly, entailing a swift shift from mar-
ine resource utilisation to a farming economy where only
terrestrial resources were utilised (e.g., Richards et al., 2003; Row-
ley-Conwy, 2004; Schulting and Richards, 2002; Tauber, 1981).
While the fact that the seal-hunting Pitted Ware Culture occurred
in southern Scandinavia well into the Neolithic is a serious setback
for the proponents of this hypothesis (cf. Lidén and Eriksson, 2007),
others claim that the Pitted Ware Culture only represents a regres-
sive phase, another swift shift caused by a (provisional) denuncia-
tion of the Neolithic way of life (Browall, 1991; Malmer, 2002).

We intend here to approach the when, what and how of the
Mesolithic–Neolithic transition on a regional level, using empirical
data from a well-defined model area in southern Scandinavia and
also to monitor changes that occurred during the millennia after
the shift. Since there is no consensus as to the exact components
of Neolithisation, we will accept here as a point of departure the
suggestion that people stopped using marine resources in favour
of terrestrial and presumably domesticated resources. And since
this would have radically affected their actual diet, we will use sta-
ble isotope analysis of bone and teeth alongside extensive radio-
carbon dating to detect any change. Although we cannot use
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stable isotope analysis to distinguish between wild and domestic
resources per se, we can still make inferences about the intake of
marine foodstuffs, which will inevitably be wild.

Öland (Fig. 1), an elongated island about 140 km in length in the
Baltic Sea, is something of an ideal model area for several reasons.
First, the island itself naturally delimits the area to be studied, a
boundary which was also of relevance for prehistoric people. While
this boundary was already present during the Stone Age, it was by
no means an obstacle to intense contacts with the outside world.
Although shoreline displacement has altered the total area of the
island, its maximum width from east to west has only changed
from approximately 14 km during the Late Mesolithic (c. 5000
BC) to about 16 km nowadays, whereas the minimum distance
from the mainland has diminished from roughly 12 km to only
6 km today (Svensson, 2001). Accordingly, the island would have
already been visible from the mainland and vice versa during the
Late Mesolithic. Second, the preservation conditions for bone are
very beneficial on Öland due to the calcareous soils, offering a
Fig. 1. Map of Öland and its location in the Baltic Sea, indicating the sites
mentioned in the text.
wealth of skeletal material for analysis (Königsson, 1968). Third,
the rich diversity in material culture during the Neolithic in partic-
ular provides an excellent starting point for investigating cultural
dynamics at both the synchronic and the diachronic level (cf. Pap-
mehl-Dufay, 2006).

Three archaeological cultures, mainly based on ceramic typol-
ogy and partly overlapping chronologically, are represented in
the archaeological record for the Middle Neolithic in Sweden (for
an overview of the Neolithic of south Sweden, see Malmer,
2002). The earliest of these is the Funnel Beaker Culture (TRB),
which is associated with the introduction of agriculture in the
Early Neolithic and the erection of megalithic monuments—well
represented on Öland by three passage graves and one dolmen.
The Pitted Ware Culture (PWC), a group characterised by its typical
pottery, and associated with a hunter–gatherer lifestyle, is visible
in the archaeological record from the beginning of the Middle Neo-
lithic. Its most prominent site on Öland is Köpingsvik, but PWC
occupation has been recorded all over the island. The third, the
Battle Axe Culture (BAC), which essentially corresponds to the
Corded Ware Culture, is first encountered during the second half
of the Middle Neolithic and is generally regarded as a farming cul-
ture with an emphasis on pastoralism. At least two BAC burials
have been recorded on Öland (although unfortunately no skeletal
remains could be located in the museum), along with several stray
finds of battle axes or the pottery typical of this group (for a recent
review of the Stone Age archaeology of Öland, see Papmehl-Dufay,
2006).

In summary, we wish to take Öland as a model area to investi-
gate the transition to agriculture, using stable isotope analyses to
explore actual food consumption there. We are specifically inter-
ested in when the transition took place and whether this was a ra-
pid or a gradual shift. We also want to investigate what happened
after the transition, and to what extent the environment or the cul-
ture can be shown to have been the major determinant of the diet.
Material and methods

We present here a unique data set derived from analyses of hu-
man and faunal skeletal remains at nine sites on Öland (Fig. 1 and
Table 1). They represent the absolute majority of all known Stone
Age sites with well-preserved human bones on Öland, and in addi-
tion include material from a large Roman Period cemetery (Table 2
lists the relevant chronological periods). Bronze Age remains were
not originally included in this study due to the scarcity of skeletal
material from this period. Inhumation burials have hitherto chiefly
been known to have occurred in cairns during the Early Bronze
Age, and very few have been investigated on Öland (Widholm,
2001). Cremation became the prevailing burial tradition during
the Late Bronze Age, but this alters the isotopic ratios, since stable
isotope analyses are only viable in the case of unburned bones
(DeNiro et al., 1985). However, due to the rich natural resources
on Öland and the intense utilisation of the area from prehistoric
into modern times, sites and features from the Mesolithic and Neo-
lithic are very often superimposed by, and sometimes disturbed by
and commingled with, remains from later periods. In many cases
there is evidence of intentional re-use of earlier burial monuments,
most frequently megalithic tombs, a phenomenon commonly ob-
served also in megaliths elsewhere (e.g., Bradley and Williams,
1998). Therefore, the chronological focus in the radiocarbon dates
presented below has been expanded to include other prehistoric
periods as well as the Stone Age and Roman Period, so that the data
now extend chronologically from the Mesolithic to the Viking Per-
iod, and in a few cases also into historical times. All the skeletal
material was provided by the Swedish Museum of National Antiq-
uities, although a portion of the material formally belongs to the



Table 1
List of sites on Öland for which stable isotope and radiocarbon data are available

Site Primary archaeological
date

No. of human
individuals
(No. of
samples)

Faunal species analysed
(No. of samples)

Stable isotope data from No. of
14C-dated
humans
(fauna)

Radiocarbon
data from

Alby (ALB) Late Mesolithic 1 (5) — Lidén et al. (2004) 1 (0) Königsson et al. (1993)
Köpingsvik (KOP) Middle Neolithic (PWC) 28 (74) Various mammal, avian and

fish species (87), see Table 4
This study 26 (0) This study;

Papmehl-Dufay (2006)
Resmo (RES) Middle Neolithic (TRB),

Early Bronze Age
30 (84) Mountain hare, dog, sheep/

goat, pig, cattle, duck (19)
This study 30 (3) This study

Torsborg (TOR) Middle Neolithic, Late
Neolithic–Early Bronze Age

19 (39) Cattle, sheep/goat, pig, dog (6) This study; Kanstrup (2004) 11 (5) This study;
Kanstrup (2004)

Kalleguta (KAL) Late Neolithic 2 (5) — Kanstrup (2004) 1 (0) Kanstrup (2004)
Vickleby (VIC) Late Neolithic 3 (7) — Kanstrup (2004) 3 (0) this study;

Kanstrup (2004)
Algutsrum (ALG) Bronze Age 6 (18) — This study; Kanstrup (2004) 6 (0) This study;

Kanstrup (2004)
Bjärby (BJA) Roman Period 33 (102) Frog/toad, horse, indet.

herbivore (5)
Schoultz (2006) and Olofsson
(unpublished manuscript),
this study

— —

Karlevi (KAR) Vendel/Viking Period 1 (4) — Kanstrup (2004) 1 (0) Kanstrup (2004)

Total 123 Individuals
(338 samples)

117 Samples 79 Human
(8 faunal)
samples

The numbers of samples and individuals refer to samples which meet the quality criteria for well-preserved collagen, see text.
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National Heritage Board. All sites are individually presented in de-
tail in Results.

The Baltic Sea has a fairly complex natural history, with alter-
nating stages of brackish and freshwater conditions, depending
on contact with or isolation from the ocean. This has implications
for stable isotope analyses of material from humans and animals
who had lived in the area, since the stable carbon isotope value
correlates with salinity (Strain and Tan, 1979). During the period
concerned here, however, the water was only brackish, although
with some variation in salinity, since the only stage of relevance
is the Litorina stage, which covers the period from c. 5900 BC to
the present, and its associated fluctuations in water level and salin-
ity. While the salinity of the ocean is generally around 35‰, that of
the Baltic during the Litorina Sea stage increased continuously un-
til about 4000 BC, when it reached a maximum of 10–15‰ (possi-
bly as high as 20‰, as indicated by molluscs) (Westman et al.,
1999). It then remained constant for at least a millennium, after
which there was a slow decrease in salinity, followed by a stable
phase. Around the BC/AD transition, there was another drop, when
the salinity reached its present level of c. 7‰ (Svensson, 2001;
Westman et al., 1999).

In total, the specimens analysed here originate from 123 human
individuals and at least 27 faunal species. The bulk of the faunal
specimens are from Köpingsvik, with a few additional samples
from Resmo, Torsborg and Bjärby. The inclusion of faunal data from
the same archaeological context as the human specimens has
proved immensely important for the interpretation of isotopic
findings (Eriksson, 2004; Eriksson et al., 2003; Fornander et al.,
2008; Weber et al., 2002), as they help to establish the stable iso-
tope ecology of the region (e.g., brackish conditions), which allows
a much more detailed comprehension of the human data. Care has
therefore been taken to include as wide a range of species as pos-
sible, and also to include several individuals of each species, to
minimise the risk of a biased data set. A portion of the faunal mate-
rial from Köpingsvik has previously been analysed osteologically
and determined to species by Ridderstråhle (1979), Ericson and
Forendal (1980), and possibly others.

The strategy for human material has been to include as many
individuals as possible, while strictly excluding potential ‘‘double
sampling” of individuals from one site. In most cases, we have
therefore systematically selected mandibles for analysis—which
has also allowed sampling of both bone and tooth dentine from
the same individual (cf. Sealy et al., 1995). Bone is constantly
remodelled during life, and an analysis of bone tissue therefore re-
flects the average diet over several years prior to death (Lidén and
Angerbjörn, 1999), whereas teeth are formed during childhood and
the dentine is in essence not subject to remodelling, so that an
analysis will reflect the diet at the time of tooth formation. Accord-
ingly, we systematically analysed the first, second and third mo-
lars, representing the subject as a young child (2–4 years), an
older child (5–10 years) and a teenager (11–16 years), respectively,
together with bone from each adult individual (Eriksson, 2003 and
references cited therein). Not only will this trace intra-individual
variation, i.e., changes during childhood and into adulthood, but
it also in effect expands the population analysed to include chil-
dren who survived childhood—a group otherwise archaeologically
virtually invisible.

Since stable carbon and nitrogen analysis has become a well-
established method for examining prehistoric diet (for reviews,
see Katzenberg, 1992; Schwarcz and Schoeninger, 1991; Sealy,
2001), it will only be described briefly here. The basic principle is
that skeletal tissue is formed from components in the diet, and that
its analysis will therefore reflect the diet. The substance of interest
here is collagen, a protein present in both bone and dentine which
has proved to survive in the skeleton for thousands of years under
favourable conditions (Götherström et al., 2002; Ovchinnikov et al.,
2001). Experimental data have shown that it is mainly the protein
portion of the diet that is reflected in collagen isotopic data (Am-
brose and Norr, 1993; Howland et al., 2003; Jim et al., 2004; Ties-
zen and Fagre, 1993). The carbon isotope value, d13C, distinguishes
protein from terrestrial or freshwater environments from protein
from marine environments or C4 plants (Schoeninger and DeNiro,
1984). While C4 plants are typical of tropical and subtropical envi-
ronments, they are unlikely to have occurred in any quantities on
prehistoric Öland, so all terrestrial protein is considered to derive
from C3 plants, or from primary and secondary consumers of C3
plants. Again it must be stressed that stable isotope analysis in it-
self cannot distinguish between wild and domestic resources, but
since only marine foodstuffs will display elevated d13C values in
this environment, and no marine resources were domestic, a mar-
ine d13C signature by analogy indicates wild resources. The nitro-
gen isotope value, d15N, will increase for each step in the food



Table 2
Chronological periods for southern Sweden, as used in this paper

Era Period Approximate range of dates

Stone Age Mesolithic 8200–4000 BC
Early Neolithic 4000–3300 BC
Middle Neolithic 3300–2300 BC
Late Neolithic 2300–1800 BC

Bronze Age Early Bronze Age 1800–1100 BC
Late Bronze Age 1100–500 BC

Early Iron Age Pre-Roman Iron Age 500–0 BC
Roman Period 0–400 AD
Migration Period 400–550 AD

Late Iron Age Vendel Period 550–800 AD
Viking Period 800–1050 AD

Historic Times Medieval Period 1050–1500 AD
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chain, and thus distinguishes between levels in the food web (Min-
agawa and Wada, 1984; Schoeninger and DeNiro, 1984). This fact
can also be used to study more specific feeding habits such as
breastfeeding, as the suckling baby will develop elevated d15N val-
ues while ‘‘preying” on its mother (Fogel et al., 1989). In the pres-
ent case, deciduous teeth formed at different ages are analysed for
each individual, thereby tracing the breastfeeding pattern at an
individual level (Lidén et al., 2003). Both isotopic values are mea-
sured against standards and expressed in per mil, ‰, i.e., parts
per thousand.

Bone and tooth dentine powder was obtained by means of a
dentist’s drill. Collagen was subsequently extracted by the method
of Brown et al. (1988), which includes ultrafiltration to remove the
<30 kDa fraction potentially containing contaminants of low
molecular weight. All the sampling and extraction was performed
at the Archaeological Research Laboratory, Stockholm University.
Approximately 0.5 mg of collagen was weighed into tin capsules
for combustion in a Carlo Erba NC2500 analyser connected to a
Finnigan MAT Delta + mass spectrometer via a split interface to re-
duce the gas volume. This step was performed at the Department
of Geology and Geochemistry, Stockholm University. The precision
of the measurements was ±0.15‰ or better for both d13C and d15N.

Taking into consideration that many of the sites and construc-
tions studied were in continuous or repeated use for several mil-
lennia, resulting in potential mixing of earlier and later material,
it was not always possible to date each specimen in the material
on archaeological grounds. Nevertheless, it was important to
establish a firm link between the stable isotope data and the chro-
nology, and therefore every human individual from a Stone Age
context for whom analysis results are available has been radiocar-
bon-dated where possible. With the exception of the Alby individ-
ual, who had been dated previously (twice, in fact, see Königsson
et al., 1993), and the eight previously dated subjects from Resmo
and Köpingsvik (Papmehl-Dufay, 2006), all the radiocarbon dates
were produced for collagen samples prepared by the authors
according to the methods described above. All in all, 86 samples
were submitted to the Ångström Radiocarbon Laboratory at Upp-
sala University for radiocarbon dating. All the radiocarbon dates
have been calibrated using the OxCal version 3.10 software (Bronk
Ramsey, 2005) and the IntCal04 calibration curve (Reimer et al.,
2004).

Results

Preservation

Collagen extraction was attempted on 380 samples of human
material, but 23 of these produced insufficient amounts of collagen
or none at all, 16 had C/N ratios outside the accepted range of 2.9–
3.6 (DeNiro, 1985) (Table 3), and another three samples were lost
in combustion due to computer failure. The remaining 338 sam-
ples, representing 123 individuals, had C/N ratios between 3.0
and 3.6, the carbon and nitrogen concentration ranges being
27.6–48.2% and 10.2–16.7%, respectively. The mean collagen
extraction yield was 3.6%, and the maximum yield 9.3%. Twenty-
five specimens produced collagen yields lower than 1%, the major-
ity derived from Torsborg (15 samples from seven individuals) and
Resmo (seven samples from as many individuals), but these were
still included in the data set on the grounds of their carbon and
nitrogen concentrations, C/N ratios and visual appearance (for a
discussion of collagen quality criteria, see van Klinken, 1999).

The faunal skeletal material from Resmo, Köpingsvik, Torsborg
and Bjärby was generally very well preserved (Table 4). Six out
of a total of 124 samples produced amounts of collagen that were
too small to allow further analysis (yields less than 0.8%), and one
sample (KAR 05, a dog from Karlevi) had a C/N atomic ratio of 2.8,
slightly outside the accepted range. These were therefore excluded
from further discussion. All the remaining 117 samples had C/N ra-
tios between 2.9 and 3.4 (mean ratio 3.2), and with only one excep-
tion the carbon and nitrogen concentrations were 29.9–43.2% and
10.6–16.1%, respectively. The one sample (a harp seal, KOP 096)
with lower concentrations, 17.8% for carbon and 6.1% for nitrogen,
still had concentrations above the limits documented for well-pre-
served collagen (Ambrose, 1990), a satisfactory C/N ratio of 3.4 and
a collagen yield of 3.5%, and was thus included in the data set. Max-
imum collagen yields were 9.5% and the average 3.6%, comparable
to the situation in the human material. Five samples (three of
which were cod vertebrae) produced yields of less than 1%, but
were deemed acceptable based on the carbon and nitrogen concen-
trations, C/N ratios and visual appearance. All in all, stable isotope
data for 117 specimens representing at least 27 species are pre-
sented here.

The fact that attempts were made to extract collagen from as
many human individuals as possible regardless of apparent preser-
vation explains the relatively higher frequency of samples with low
collagen yields compared with the faunal material, where it was
possible to select the best-preserved elements on the basis of vi-
sual inspection. One should also bear in mind that the ultrafiltra-
tion step in the extraction protocol inevitably results in lower
yields (Brown et al., 1988; Müldner and Richards, 2007).

Radiocarbon data

The radiocarbon data are presented in Table 5 and Fig. 2.
Although the dates in many cases conformed to the archaeological
anticipations, there were some notable exceptions, treated sepa-
rately for each site below.

Following previous studies of Middle Neolithic Gotland (Eriks-
son, 2004), the calibration of radiocarbon dates for individuals with
a predominantly marine diet involved applying an age correction
of 70 ± 40 radiocarbon years to account for the age offset caused
by the marine reservoir effect. This correction factor differs consid-
erably between basins and periods, however, so that the fact that
Gotland is situated in the close vicinity of Öland in the Baltic Sea,
in tandem with the fact that calculations were based on specimens
with close chronological and cultural links to the Köpingsvik mate-
rial, makes this correction the best available estimate, and renders
application to the Öland material very reasonable. For individuals
with a mixed marine/terrestrial diet, only those radiocarbon dates
where the dated element displayed a carbon isotope value higher
(more positive) than �18‰ were subjected to the reservoir age
correction. Considering the scale of the error involved in calculat-
ing the correction factor, it was deemed justifiable to choose an
isotopic cut-off point rather than using a continuum of factors



Table 3
Stable carbon and isotope data for human samples from Öland, sorted according to site and individual
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Burial numbers assigned in the literature have generally been retained (Alby, Bjärby and parts of the Köpingsvik material), while the remaining individuals have been
arbitrarily assigned an Arabic (Resmo) or Roman numeral (Torsborg, Kalleguta, Algutsrum, Vickleby, Karlevi), or a letter (the remaining Köpingsvik material). Unless
otherwise indicated, all the teeth samples were taken from the cervix of the tooth. Struck-out samples failed to meet the quality criteria and have been excluded from the
statistics.
Element key: I1, I2, first and second permanent incisor; C, permanent canine; P1, P2, first and second permanent premolar; M1, M2, M3, first, second and third permanent
molar; di1, di2, first and second deciduous incisor; dc, deciduous canine; dm1, dm2, first and second deciduous molar.Date key: MESO, Mesolithic; EN, MN, LN, Early, Middle
and Late Neolithic; BA, Bronze Age; ROM, Roman Period; IA, Iron Age.
*An unknown error caused the elemental analyser to consistently underestimate carbon concentrations during one run, resulting in too low C/N ratios. The 34 samples
affected comprised both prehistoric (Resmo) and modern material which conformed in all other respects (yield, visual appearance, isotopic values) to corresponding samples
from other runs. Replicate measurements of 9 out of the 34 samples displayed consistent isotopic values, and also a consistent discrepancy in C/N ratios, so that the repeat
measurements produced C/N ratios differing by a factor of 1.15 ± 0.02 (mean ± SD, range 1.12–1.17). Given this consistency, the C/N ratios for all the 16 affected Resmo
samples have been recalculated from the original measurement (i.e., multiplied by 1.15), while retaining their originally reported carbon and nitrogen concentrations.
**Sample lost.
***Grave designated 3X, following Papmehl-Dufay (2006, p. 94).

Table 3 (continued)
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calculated individually for each date depending on the carbon iso-
tope value. While calibration in itself generates quite wide date
ranges, generally around 300 calendar years for the two-sigma
(95.4%) probability interval, the size of the correction factor in this
case (70 ± 40 radiocarbon years) is so small that it usually implies
differences of less than 100 calendar years.

Human isotope data

The stable isotope data for humans are presented in Table 3 and
Fig. 3, and summarised in Tables 1 and 6.

Alby
Alby is a Mesolithic dwelling site situated beside a former la-

goon, with rich finds of flint artefacts, various bone points and fau-
nal remains (Fig. 1) (Königsson et al., 1971, 1993; Lidén et al.,
2004). The Mesolithic cultural layers were perforated by Iron Age
burials, amongst which there was one Mesolithic male burial.
The radiocarbon dates, 5260 ± 70 BP and 5200 ± 150 BP, proved
him to be the earliest dated human recovered on Öland so far
(Königsson et al., 1993).

The Alby carbon isotope values are clearly marine, from –15.2‰

for bone to –14.3‰ for the first molar (reflecting the diet in early
childhood), which indicates only minor alterations in diet during
the lifetime of this man. The nitrogen isotope values varied only
between 14.9‰ and 15.7‰.

Köpingsvik
The Köpingsvik site has been continuously occupied at least

since the Late Mesolithic (Fig. 1) (Schulze, 2004). Due to shoreline
displacement, which has caused relocations of the inhabited area,
occupation layers from different periods can be roughly distin-
guished by their distance from the shoreline. There is extensive
overlapping of cultural deposits from various periods, however,
involving burials and rich cultural layers predominantly from the
Middle Neolithic and the Viking/Medieval Periods. Various parts
of the site have been investigated on numerous occasions through-
out the 20th century, mainly as rescue excavations (for an excel-
lent review, see Papmehl-Dufay, 2006). The Middle Neolithic
remains include some 20 burials attributed to the Pitted Ware Cul-
ture, of which 13 were included in the present study (all retaining
their original grave number). Moreover, we have identified and
analysed at least another 17 individuals represented by disarticu-
lated human bones retrieved from the cultural layers (subjects
G–U from the 1970 excavation, and subjects X–Z from the 1964
excavation). Two of the burials unfortunately produced insufficient
amounts of collagen and therefore did not yield any isotopic or
radiocarbon data.

One date from Köpingsvik is clearly Late Mesolithic, and there-
by represents the earliest dated human individual recovered on
Öland—taking over this position from the Alby individual dated
by Königsson et al. (1993). Two dates are from the Early Neolithic,
or possibly the transition between the Early and Middle Neolithic,
while the majority of those from Köpingsvik, applying to 20 indi-
viduals, span the whole of the Middle Neolithic and even stretch
into the Late Neolithic. These represent both regular burials and
human bones retrieved from the cultural layers. One burial (grave
6), a child in a crouched position with no safely attributable burial
gifts, turned out to be from the Iron Age (5th to 7th centuries). Two
out of three, or possibly four, individuals from the 1964 excavation
were dated to the 11–13th centuries and the 17–20th centuries,
respectively. Given these dates, the shaky excavation circum-



Table 4
Stable carbon and isotope data for faunal samples from Öland, sorted according to species and site
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Struck-out samples failed to meet the quality criteria and have been excluded from the statistics. Date key: MN, Middle Neolithic; LN, Late Neolithic; BA, Bronze Age; IA, Iron
Age.

Table 4 (continued)
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stances and the poor documentation level of this particular context
(cf. Papmehl-Dufay, 2006, p. 97), all these individuals (subjects X,
X?, Y and Z) will be excluded from the Köpingsvik statistics and
treated separately.

With one notable exception, the Köpingsvik Stone Age popula-
tion displays stable isotope values ranging between �15.8‰ and
�13.1‰ (�14.3 ± 0.6‰, mean ± SD) for carbon, and 15.2–18.9‰

(16.7 ± 0.6‰) for nitrogen, forming a distinct cluster indicating
an intake of protein from predominantly marine sources. The high-
est d15N values are clearly elevated due to the nursing effect, since
the two individuals were both children (grave 3 and subject U).
Apart from those two cases, intra-individual variation is generally
small, or in two cases moderate (subjects K and N, Fig. 4).

There is, however, one individual who deviates radically from
the general pattern, namely subject G? (represented by a second
molar, KOP 080), with values, �18.3‰ for d13C and 11.8‰ for
d15N, far outside the ranges for the rest of the Köpingsvik popula-
tion and indicating a diet based on mixed marine and terrestrial re-
sources. This isotopic outlier was also radiocarbon dated to the
transition from the Middle to the Late Neolithic, the latest Neo-
lithic radiocarbon date for this site. Given that the tooth formation
time for the second molar and the canine overlap considerably, it
can also be safely assumed that this tooth does not derive from
the individual designated as subject G, represented by a canine
(KOP 079), with isotopic values of �13.7‰ for d13C and 16.7‰

for d15N.

Resmo
Four megalithic tombs had been erected within a distance of

some three kilometres along the western ridge of the island, in Res-
mo parish (Fig. 1). The northernmost is a dolmen and the three
remaining ones are passage graves which are clustered close to-
gether. Recent excavations only 250 m north-west of the dolmen
revealed large amounts of Funnel Beaker pottery, several flint axe
fragments and various other stone implements, post-holes, pits
and other structures (totalling some 200), one of them with cattle
teeth along with TRB pottery, all suggestive of a TRB settlement
(personal communication, Ludvig Papmehl-Dufay, Kalmar County
Museum). Parts of the chamber of one of the passage graves were
excavated in the early 20th century (Arne, 1909), generating re-



Table 5
Radiocarbon data for the sites studied. All measurements were performed on bone or dentine collagen

Lab# Individual or species Element d13C (‰) d15N (‰) Radiocarbon age BP 14C-lab ID Previously published

Alby
Alby bone Grave 25 Bone �15.3** 15.3** 5260 ± 70 Ua-2333 Königsson et al. (1993)
Alby tooth Grave 25 Tooth �14.6** 15.3** 5200 ± 150 Ua-1713 Königsson et al. (1993)

Köpingsvik
KOP 010 Grave 1 Mandible �13.8 16.4 4645 ± 45 Ua-32179 Papmehl-Dufay (2006)
KOP 073 Grave 3 M1 �14.4 16.3 4475 ± 50 Ua-32184 Papmehl-Dufay (2006)
KOP 120 Grave 3X Fibula �13.2 16.6 4385 ± 40 Ua-34749
KOP 077 Grave 4 or 5 Femur �15.3 16.6 4255 ± 40 Ua-34745
KOP 069 Grave 6 dm2 �20.3 11.0 1510 ± 45 Ua-34744
KOP 113 Grave Klinta A5 Ulna �13.8 17.1 4395 ± 40 GrA-16864 Papmehl-Dufay (2006)
KOP 112 Grave Klinta A7 Ulna �14.4 16.8 4350 ± 40 GrA-16863 Papmehl-Dufay (2006)
KOP 001 Grave Solberga A11 M1 �15.1 16.8 4370 ± 40 Ua-34734
KOP 036 Grave Solberga A7 C1 �13.3 17.0 4390 ± 45 Ua-34736
KOP 111 Triple grave skeleton 1 Ulna �14.7 15.2 4385 ± 40 GrA-16859 Papmehl-Dufay (2006)
KOP 110 Triple grave skeleton 2 Ulna �14.4 15.5 4290 ± 40 GrA-16860 Papmehl-Dufay (2006)
KOP 080 Subject G? M2 �18.3 11.8 3845 ± 40 Ua-34746
KOP 082 Subject H? Clavicula �14.8 16.9 4235 ± 40 Ua-34747
KOP 019 Subject J P2 �13.7 16.6 4355 ± 45 Ua-34735
KOP 062 Subject K Mandible �14.1 17.6 4470 ± 40 Ua-34742
KOP 063 Subject L P1 �14.6 17.0 4310 ± 45 Ua-34743
KOP 064 Subject M M1 �13.9 16.3 4055 ± 40 Ua-34748
KOP 018 Subject N Mandible �14.8 16.0 5580 ± 60 Ua-32180 Papmehl-Dufay (2006)
KOP 023 Subject P M1 �13.2 17.0 4420 ± 50 Ua-32181 Papmehl-Dufay (2006)
KOP 048 Subject Q M3 �13.8 17.6 4480 ± 45 Ua-34738
KOP 051 Subject R Mandible �14.5 17.2 4200 ± 45 Ua-34739
KOP 052 Subject S Mandible �13.9 17.5 4670 ± 50 Ua-32183 Papmehl-Dufay (2006)
KOP 054 Subject T Mandible �14.9 16.8 3935 ± 45 Ua-34740
KOP 055 Subject U Mandible �14.5 18.0 4200 ± 45 Ua-34741
KOP 038 Subject Y M1 �18.7** 14.3** 870 ± 35 Ua-32182 Papmehl-Dufay (2006)
KOP 043 Subject Z Cranium �20.2 14.7 120 ± 35 Ua-34737

Resmo
RES 148 Subject 1 Mandible �18.3 12.4 4460 ± 45 Ua-34939
RES 003 Subject 2 Mandible �18.9 12.3 4500 ± 45 Ua-34940
RES 065 Subject 3 Mandible �19.6 11.3 4030 ± 45 Ua-34941
RES 138 Subject 4 Mandible �19.6*** 12.3*** 4545 ± 45 Ua-34942
RES 010 Subject 5 Mandible �19.0 12.2 4330 ± 50 Ua-34943
RES 011 Subject 6 Mandible �18.8 11.7 4565 ± 50 Ua-34944
RES 089 Subject 7 Mandible �17.3 13.8 4055 ± 45 Ua-34945
RES 022 Subject 8 Mandible �18.4 12.5 4455 ± 45 Ua-34946
RES 153 Subject 9 Mandible �20.3 12.2 3965 ± 50 Ua-34947
RES 048 Subject 10 Mandible �19.2 11.8 4465 ± 45 Ua-34948
RES 025 Subject 11 Mandible �19.0 11.1 4085 ± 45 Ua-34949
RES 044 Subject 12 Mandible �18.1 13.0 3940 ± 45 Ua-34950
RES 026 Subject 13 Mandible �19.6 10.5 3480 ± 35 Ua-34951
RES 071 Subject 14 Mandible �19.1 12.5 4430 ± 35 Ua-34952
RES 165 Subject 15 Mandible �18.6 12.0 4055 ± 35 Ua-34953
RES 166 Subject 16 Mandible �19.3 11.4 4110 ± 35 Ua-34954
RES 049 Subject 17 Mandible �19.8 9.7 3150 ± 30 Ua-34955
RES 033 Subject 18 Mandible �19.5 10.6 3060 ± 30 Ua-34956
RES 170 Subject 19 Mandible �20.7 12.2 4160 ± 35 Ua-34957
RES 169 Subject 20 Mandible �18.0 14.0 3870 ± 35 Ua-34958
RES 052 Subject 21 Mandible �18.3 13.0 4065 ± 35 Ua-34959
RES 053 Subject 22 Mandible �19.7 10.4 2890 ± 40 Ua-34960
RES 075 Subject 23 Mandible �20.0 10.3 3245 ± 30 Ua-34961
RES 038 Subject 24 Mandible �21.0 9.4 2995 ± 30 Ua-34962
RES 039 Subject 25 Mandible �17.0 14.1 3755 ± 35 Ua-34963
RES 058 Subject 26 Mandible �19.8 9.5 3200 ± 35 Ua-34964
RES 078 Subject 27 Mandible �19.9 10.0 3015 ± 30 Ua-34965
RES 062 Subject 28 Mandible �20.0 10.6 3350 ± 30 Ua-34966
RES 063 Subject 29 Mandible �18.3 13.0 4325 ± 40 Ua-34967
RES 042 Subject 30 Mandible �20.0 10.3 3415 ± 35 Ua-34968
Resmo TA1 Homo sapiens Ulna �18.2* nd 4685 ± 40 GrA-16855 Papmehl-Dufay (2006)
Resmo TA2 Homo sapiens Ulna �19.5* nd 4570 ± 40 GrA-16856 Papmehl-Dufay (2006)
Resmo TA3 Homo sapiens Ulna �18.6* nd 4520 ± 40 GrA-16857 Papmehl-Dufay (2006)
Resmo TA4 Homo sapiens Ulna �19.2* nd 4185 ± 40 GrA-16854 Papmehl-Dufay (2006)
RES 188 Bos taurus Femur �20.9 8.2 2015 ± 30 Ua-34970
RES 144 Ovis aries/Capra hircus Radius �19.8 6.5 3735 ± 35 Ua-34969
RES 127 Ovis aries/Capra hircus Tibia �21.3 9.1 270 ± 20 Ua-34971

Torsborg
TOR 19 Subject II M3 �14.8 15.6 4205 ± 55 Ua-22427 Kanstrup (2004)
TOR 07 Subject VII Mandible �20.1 9.5 3440 ± 70 Ua-34761
TOR 28 (Subject X) Ulna �18.2 13.1 3825 ± 40 Ua-34753
TOR 11 Subject XI Humerus �20.1 11.8 3880 ± 35 Ua-34759
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Table 5 (continued)

Lab# Individual or species Element d13C (‰) d15N (‰) Radiocarbon age BP 14C-lab ID Previously published

TOR 12 Subject XII Humerus �16.3 14.3 4160 ± 50 Ua-22426 Kanstrup (2004)
TOR 26 Subject XIII P2 �19.5 9.2 3260 ± 35 Ua-34760
TOR 14 Subject XIV Maxilla �19.8 9.3 3130 ± 40 Ua-34750
TOR 15 Subject XV Maxilla �20.4 8.5 2660 ± 40 Ua-34751
TOR 16 Subject XVI Maxilla �19.9 9.8 3190 ± 40 Ua-34752
TOR 43 Subject XXIV M1 �18.5 11.5 4015 ± 40 Ua-34758
TOR 56 Subject XXV dm1 �20.3 9.2 3695 ± 40 Ua-34533
TOR 29 Bos taurus Tooth �21.5 4.9 925 ± 35 Ua-34754
TOR 34 Ovis aries/Capra hircus Long bone �22.5 5.6 3865 ± 40 Ua-34757
TOR 31 Sus scrofa Tooth �22.0 6.3 2830 ± 40 Ua-34755
TOR 30 Canis familiaris Tooth �19.7 10.9 2500 ± 40 Ua-34532
TOR 33 Canis familiaris Mandible �19.9 8.7 3385 ± 35 Ua-34756

Kalleguta
KAL 02 Subject II (in situ) Femur �20.3 8.9 3645 ± 55 Ua-22425 Kanstrup (2004)

Vickleby
VIC 06 Subject I M3 �20.2 9.3 3460 ± 40 Ua-34762
VIC 08 Subject II M2 �20.0 9.9 3615 ± 55 Ua-22428 Kanstrup (2004)
VIC 03 Subject III Mandible �20.7 9.5 3750 ± 50 Ua-22429 Kanstrup (2004)

Algutsrum
ALG 09 Subject I M3 �19.8 9.9 2940 ± 40 Ua-34732
ALG 02 Subject II Mandible �20.4 9.8 3285 ± 45 Ua-34730
ALG 14 Subject III M2 �19.7 10.0 3225 ± 45 Ua-34733
ALG 04 Subject IV Mandible �20.2 10.0 3145 ± 45 Ua-34731
ALG 05 Subject V Mandible �19.7 10.2 3455 ± 55 Ua-22423 Kanstrup (2004)
ALG 06 Subject VI Mandible �19.9 9.1 3460 ± 50 Ua-22424 Kanstrup (2004)

Karlevi
KAR 02 Subject I M1 �20.6 10.2 1325 ± 55 Ua-22430 Kanstrup (2004)

Notes: The stable isotope data are from Tables 3 and 4 unless otherwise indicated. For element key, see Table 3.
* d13C data from the radiocarbon laboratory.

** Stable isotope data apply to different elements from the radiocarbon dates.
*** The C/N ratio for this sample was slightly out of the range.
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mains from more than 30 individuals as well as faunal remains and
TRB pottery. Thirty-one individuals were included in the present
material. Four previously published radiocarbon dates for human
bone from Resmo span both the Early and Middle Neolithic periods
(Papmehl-Dufay, 2006).

The 30 new dates radically alter this picture, however, as 20 of
them span the whole of the Middle Neolithic, possibly stretching
into the surrounding periods, a chronological range corresponding
almost completely to that of the Neolithic dates from Köpingsvik,
although the distribution is somewhat different. What is more,
the remaining ten individuals all date to the Early Bronze Age.
Based on these dates, there is clearly a hiatus between the Neolithic
and Bronze Age use of the megalith. One sheep/goat specimen was
dated to the Middle–Late Neolithic transition, whereas another is
post-medieval. One cattle specimen has an Early Iron Age date.

The Resmo population displays a very wide range of isotopic
values, from �21.0‰ to �17.0‰ for carbon and 8.8–14.9‰ for
nitrogen. The isotopic data overlap with the previously published
measurements of skull bone from Resmo (Lidén, 1995), although
the scatter in both the carbon and nitrogen isotope values is more
pronounced for the present data. The individuals analysed can be
divided into three chronological phases on the basis of the distri-
bution of the radiocarbon dates (Fig. 5). Strictly speaking, only
the first of these phases could be considered as Funnel Beaker Cul-
ture, given that the material culture of the TRB does not occur dur-
ing later periods.

The subjects in the first phase, extending chronologically from
the end of the Early Neolithic to the first half of the Middle Neo-
lithic, display d13C values ranging between �19.8‰ and �17.1‰

(�18.7 ± 0.6‰) and d15N values ranging between 11.7‰ and
14.9‰ (12.7 ± 0.8‰). These values are clearly indicative of the con-
sumption of a mixture of marine and terrestrial resources. The
highest d13C values derived from subject 29, who evidently went
through a dietary transition during childhood, with a progressively
less marine dietary input, as also reflected in lowering d15N values.
Intra-individual variation for the other cases in this phase is less
dramatic (Fig. 4), although subject 6, a child, displays noticeably
elevated d15N values for the deciduous teeth, evidently as a result
of breastfeeding.

The second phase spans the second half of the Middle Neolithic
to the beginning of the Late Neolithic, with isotopic ranges roughly
the same as for the whole Resmo population, and consequently lar-
ger standard deviations than for the earliest phase, �19.0 ± 1.0‰

for d13C and 12.2 ± 1.4‰ for d15N. Statistically, there is no signifi-
cant difference in either carbon or nitrogen isotope values between
the first and second phases as defined by Student’s t-test (df = 50,
p = 0.2090 and 0.1481, respectively), but intra-individual variation
amongst the subjects in the second phase is in some cases extreme
(subjects 12, 16, 21 and 25), although with no apparent trend as to
the direction of the change (Fig. 4).

The third phase, on the other hand, is completely restricted to
the Bronze Age and is statistically significantly different from the
two previous phases (Table 6), with isotopic signatures of
�20.0 ± 0.4‰ and 9.9 ± 0.5‰ for carbon and nitrogen, respectively.
This is consistent with a diet entirely derived from terrestrial
sources. Intra-individual variation is generally small, or in one case
(subject 18) moderate.

Torsborg
Torsborg is a complex of gallery graves, some of which had been

destroyed by cable laying, gravel quarrying and road construction
prior to excavation (Fig. 1) (Petersson, 1956; Kanstrup, 2004). Gal-
lery graves, large stone cists generally of length 3–10 m and con-
structed of vertical stone slabs covered by roof slabs, are
collective inhumation graves typical of the Late Neolithic in Swe-
den. They are sometimes dug down into the ground, and are often
covered by a cairn or barrow. Occasionally the cists are divided into
two or more sections, one of them being an antechamber. Stone



Fig. 2. Calibrated radiocarbon data sorted by site, cf. Table 5 (post-Bronze Age data excluded).
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cists also occurred during the Early Bronze Age, but these tend to
be smaller. Stone cists the size of a person occur frequently as sin-
gle inhumation burials at Early Iron Age sites (Stenberger, 1971).

Four stone cists and three other graves with stone paving were
investigated at Torsborg, the latter probably representing stone
cists that had been destroyed, and these structures as a whole pro-
duced rich finds of flint tools, amber beads, tooth pendants, various
bone points and an ornamented bone ring typical of the Battle Axe
Culture (cf. Malmer, 2002), along with numerous disarticulated hu-
man remains. At least two of the stone cists had divisions which
could be interpreted as antechambers. Only 20 metres north-east
of these graves, a single small stone cist that was archaeologically
dated to the Bronze Age–Iron Age transition had been previously
investigated. All material included in the present study derive from
the older grave complex, representing 25 human individuals. How-
ever, only 19 individuals produced sufficient amounts of collagen
to allow isotopic analysis.
Ten out of the 11 dated individuals from Torsborg belong to the
period from the Middle Neolithic to the Early Bronze Age, indicat-
ing a long continuous use of this site for burials. The 11th individ-
ual shows no chronological overlap with the earlier ones, and was
dated to the Late Bronze Age. The inclusion of clearly Middle Neo-
lithic burials in a stone cist complex is intriguing and calls for
more detailed studies. The dated faunal material from the site re-
flects approximately the same chronological span, but also in-
cludes one specimen representing medieval cattle (11–12th
centuries).

The Torsborg population exhibits an even wider isotopic vari-
ance than Resmo, with d13C values ranging from �21.3‰ to
�14.8‰ and the corresponding d15N values 7.4–15.6‰. The isoto-
pic signatures largely correlate with the radiocarbon dates, how-
ever, so that the four individuals with the most elevated d13C
values (�18.5‰ or higher), subjects II, X, XII and XXIV, are all dated
to the Middle Neolithic (or the Middle–Late Neolithic transition).



Fig. 3. Stable carbon and nitrogen isotope data for human bone and dentine collagen, cf. Table 3.

G. Eriksson et al. / Journal of Anthropological Archaeology 27 (2008) 520–543 535
For two of these, subjects II and XXIV, there are also intra-individ-
ual data, with substantial variation comparable to that exhibited
by the second phase subjects at Resmo (Fig. 4). A fifth individual,
subject XI, also dated to the transitional period, has a much lower
d13C value, �20.1‰, but a somewhat elevated d15N value, 11.8‰.

The individuals with exclusively Late Neolithic or Bronze Age
dates, on the other hand, all have d13C values of �19.5‰ or lower,
and show much less intra-individual variation. All the undated
individuals conform to this latter pattern, and the means and stan-
dard deviations for the non-Middle Neolithic group are thus
�20.1 ± 0.4‰ and 9.4 ± 0.9‰ for d13C and d15N, respectively, typi-
cal of a diet based on exclusively terrestrial resources, whereas
the corresponding figures for the Middle Neolithic group are
�17.3 ± 1.8‰ and 13.5 ± 1.7‰, indicating a substantial contribu-
tion of marine resources. The only individuals in the non-Middle
Neolithic group displaying any intra-individual variation worth
mentioning are subjects IV and XVI (Fig. 4).
Table 6
P-values for Student’s t-test for independent samples when detecting inter-site difference

n samples d13C (‰), mean ± SD ALB MESO KOP MN RES MN TO

ALB MESO 5 �14.8 ± 0.4 —
KOP MN 66 �14.3 ± 0.6 0.027 —
RES MN 53 �18.9 ± 0.9 <0.001 <0.001 —
TOR MN 10 �17.3 ± 1.8 0.009 <0.001 <0.001 —
KAL LN 5 �20.7 ± 0.3 <0.001 <0.001 <0.001 0
VIC LN 7 �20.3 ± 0.3 <0.001 <0.001 <0.001 <0
TOR LNBA 29 �20.1 ± 0.4 <0.001 <0.001 <0.001 <0
RES BA 31 �20.0 ± 0.4 <0.001 <0.001 <0.001 <0
ALG BA 18 �20.0 ± 0.3 <0.001 <0.001 <0.001 <0
BJA ROM 102 �19.8 ± 0.4 <0.001 <0.001 <0.001 <0
KAR IA 4 �20.2 ± 0.3 <0.001 <0.001 0.004 0

n samples d15N (‰), mean ± SD

ALB MESO 5 15.3 ± 0.3 —
KOP MN 66 16.7 ± 0.6 <0.001 —
RES MN 53 12.4 ± 1.2 <0.001 <0.001 —
TOR MN 10 13.5 ± 1.7 0.037 <0.001 0.022 —
KAL LN 5 8.8 ± 0.1 <0.001 <0.001 <0.001 <0
VIC LN 7 9.8 ± 0.4 <0.001 <0.001 <0.001 <0
TOR LNBA 29 9.4 ± 0.9 <0.001 <0.001 <0.001 <0
RES BA 31 9.9 ± 0.5 <0.001 <0.001 <0.001 <0
ALG BA 18 9.8 ± 0.6 <0.001 <0.001 <0.001 <0
BJA ROM 102 13.4 ± 1.4 0.003 <0.001 <0.001 0
KAR IA 4 10.0 ± 0.2 <0.001 <0.001 <0.001 0

Bold values denote significant differences at the p 6 0.05 level. Samples from grave 6, s
Kalleguta
At Kalleguta an inhumation grave, possibly a stone cist, had

been dug down into a low natural mound that had later been par-
tially destroyed by an Iron Age stone setting with a cremation layer
(Fig. 1) (Schulze, 1980). The primary burial contained two persons
accompanied by flint and bone objects and a few sherds of orna-
mented pottery, dating it to the Late Neolithic. This date is not con-
tested by the radiocarbon data (Kanstrup, 2004).

The isotopic signatures of the Kalleguta individuals display the
lowest means for both carbon, �20.7 ± 0.3, and nitrogen, 8.8 ± 0.1,
indicating consumption of mainly terrestrial sources of protein and
no noteworthy changes in the course of the people’s life.

Vickleby
The structure investigated at Vickleby was a stone cist burial

containing three individuals accompanied by flint and bone imple-
ments, dating it to the Late Neolithic or the transition to the Early
s in d13C (top) and d15N (bottom)

R MN KAL LN VIC LN TOR LNBA RES BA ALG BA BJA ROM KAR IA

.001 —

.001 <0.050 —

.001 0.007 0.212 —

.001 0.001 0.072 0.488 —

.001 <0.001 0.009 0.188 0.457 —

.001 <0.001 0.003 0.003 0.020 0.246 —

.009 0.051 0.542 0.625 0.375 0.128 0.076 —

.001 —

.001 <0.001 —

.001 0.169 0.343 —

.001 <0.001 0.578 0.019 —

.001 0.002 0.888 0.127 0.634 —

.952 <0.001 <0.001 <0.001 <0.001 <0.001 —

.002 <0.001 0.307 0.233 0.647 0.545 <0.001 —

ubjects G?, X, X?, Y and Z, at Köpingsvik are excluded.



Fig. 4. Examples of the range of intra-individual variation at various sites. The
values for each individual are plotted in order of collagen formation, with the last
value (from bone) marked with a filled symbol. (a) Limited variation, (b) moderate
variation, (c) pronounced variation.

Fig. 5. Stable isotope data for Resmo plotted by phase. Subject 31 was not
radiocarbon-dated and is thus not assigned to any phase.
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Bronze Age (Fig. 1) (Holgersson, 1976; Kanstrup, 2004). Owing to
the lack of any marking above ground, the grave was exposed in
connection with cable laying. One individual, a juvenile, was un-
earthed without the presence of archaeological expertise and parts
of the skeleton were subsequently recovered by sieving the soil
that had been removed. The subsequent excavation revealed an el-
derly person, presumed female, and a young male adult, both
in situ, seemingly interred concurrently.
All three individuals were radiocarbon dated, producing
dates covering the Late Neolithic and the transition into the
Bronze Age, well in accordance with the archaeological
expectations.

The isotopic signatures for the Vickleby individuals, �20.3 ± 0.2
for carbon, and 9.7 ± 0.4 for nitrogen, are very homogeneous, indic-
ative of an overall diet based primarily on terrestrial resources, and
no notable intra-individual variation.

Algutsrum
At Algutsrum, parts of a cemetery of predominantly Early Iron

Age stone settings, where the most prominent feature was a large
cairn, were investigated in connection with road construction
(Fig. 1) (Hagberg and W�rn, 1974). The stone packing of the cairn
included dispersed cremated human bones and three concentra-
tions of burnt bone characterised as secondary burials. Datable ob-
jects in the packing included a Late Bronze Age pair of tweezers,
Iron Age glass beads and a spear head, and a coin from 1668.
Underneath this layer there were four concentric stone circles,
and in the centre, dug down into the ground, a stone cist with un-
burned disarticulated skeletal elements from 16 people—four chil-
dren and 12 adults, five female, four male and three indeterminate.
The stone cist was partly disturbed, and contained tooth pendants,
a whetstone and skeletal remains of cattle, sheep/goats, pigs, dogs,
hares and birds, as well as Iron Age pottery. A Late Neolithic/
Bronze Age flint arrowhead and a flint flake had been deposited
at the very bottom of the cist, next to a mandible and a right
arm, possibly in situ (Hagberg and W�rn, 1974). Six individuals
were analysed for the present purposes (Kanstrup, 2004).

The six individuals from Algutsrum gave radiocarbon dates fo-
cused on the Early Bronze Age, two of them centred around the
transition between the Late Neolithic and the Bronze Age. This fits
well with the date for the primary burial in the stone cist.

The isotopic data for Algutsrum, �20.0 ± 0.3 for carbon and
9.8 ± 0.6 for nitrogen, is very similar to the Vickleby population,
and has the same implications regarding a uniform diet, dominated
by terrestrial protein.

Bjärby
The Bjärby cemetery comprised more than 100 graves, predom-

inantly single burial stone cists, dated by means of burial goods to
the first half of the Roman Period (1st and 2nd centuries) (Fig. 1).
About two-thirds of the interred were children, the majority of
whom were less than seven years of age. The skeletal preservation
of the adults was generally good, although quite a few graves had
been subjected to looting. A number of children’s graves, on the
other hand, contained only limited skeletal remains or none at
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all, but were designated as child burials based on the size of the
cist, generally 0.9 � 0.5 m (Schulze, 1996; Schulze et al., 1986).
Analyses of 21 adults and 12 children were included in the present
material (Schoultz, 2006; Olofsson, unpublished manuscipt.).

Since the archaeological evidence allowed reasonably narrow
chronological ranges to be set for the Bjärby burials, it was deemed
unproductive to attempt any radiocarbon dating of this material,
especially considering the wiggles in the calibration curve for this
period.

The Bjärby isotopic data differ completely from those for the
other populations, with means of �19.8 ± 0.4‰ and 13.4 ± 1.4‰

for carbon and nitrogen, respectively. One must, of course, bear
in mind that a substantial portion of the Bjärby data points derive
from deciduous teeth (or bone from infants) which formed during
breastfeeding and therefore have elevated d15N values. Neverthe-
less, considering only the adults (n = 59), the mean for d15N,
12.8 ± 1.2‰, is still statistically significantly different at the
p < 0.001 level from that of the other populations, save for the Mid-
dle Neolithic phases of Resmo and Torsborg, where, on the other
hand, the difference in d13C is statistically significant at the same
p level. Such high d15N values combined with low d13C values are
usually associated with a considerable intake of freshwater fish
supplemented with terrestrial sources of protein (Eriksson et al.,
2003; Weber et al., 2002). While all the individuals display extre-
mely small intra-individual variation in their carbon isotope val-
ues, there are small to moderate variations for nitrogen, most
likely reflecting variation in the consumption of freshwater fish
in the course of the people’s lifetime (Fig. 4).

Karlevi
A large, low cairn covering several small stone cists with a total

of at least six skeletons was completely destroyed during the
extraction of aggregate at Karlevi (Fig. 1). Subsequent sieving and
excavation of the remaining structures revealed that this Iron
Age grave had been superimposed on, and had partly disturbed, a
smaller and much lower-lying cairn with three adult inhumations
accompanied by Neolithic flint, bone and amber objects (Enqvist,
1928; Hofrén, 1925; SHM18914, 2007). A limited selection of skel-
etal material was provided by the museum, comprising only one
individual. Radiocarbon dating indicated that these remains were
in fact from the Iron Age (Kanstrup, 2004).

The isotope values, �20.2 ± 0.3 for carbon and 10.0 ± 0.2‰ for
nitrogen, indicate a terrestrial-based diet, corresponding to that
Fig. 6. Stable carbon and nitrogen isotope data for faunal specimens, cf. Table 4. Data poin
been added to the diagram.
of the Vickleby and Algutsrum populations. The isotopic data for
these three sites are homogeneous not only on the inter-site level,
but also on the inter- and intra-individual levels. Accordingly, there
are no statistically significant differences between any of these
three sites, or between any of these and the late phases at Torsborg
or Resmo (Table 6).

Faunal isotope data

The stable carbon and nitrogen isotope data for all the faunal
specimens are presented in Table 4 and Fig. 6.

The total isotopic ranges for marine mammals are from �17.8‰

to �14.2‰ for carbon and 11.2–15.1‰ for nitrogen. Amongst these
specimens, finds of harp seal (Phoca groenlandica) were the most
common in the Middle Neolithic material from Köpingsvik, followed
by harbour porpoise (Phocoena phocoena), species whose isotopic
signatures differ distinctly: �16.4 ± 0.7‰ and 13.4 ± 0.8‰ for harp
seal and �14.9 ± 0.7‰ and 12.4 ± 0.4‰ for porpoise (mean ± SD for
carbon and nitrogen, respectively). The isotopic values for one spec-
imen of grey seal (Halichoerus grypus) and two specimens of ringed
seal (Pusa hispida) fall in between these. The differences in isotopic
signatures are in accordance with previously recorded isotopic data
for the Middle Neolithic site of Västerbjers on Gotland (Eriksson,
2004) and reflect differences in kinds of prey, migration patterns
and general ecology (for details on the ecology of the various mam-
mal species, see Siivonen, 1968).

The values for wild ruminants from Köpingsvik range between
�23.4‰ and �21.1‰ (�22.0 ± 1.3‰) for d13C, and 3.8–5.5‰

(4.5 ± 0.7‰) for d15N. Roe deer (Capreolus capreolus) exhibit the
lowest d13C values, which distinguish this species isotopically from
the moose (or elk, Alces alces), reflecting differences in feeding
behaviour.

Domestic ruminants, cattle (Bos taurus) and sheep/goats (Ovis
aries/Capra hircus—morphologically indistinguishable), were ana-
lysed in the material from Resmo, Köpingsvik and Torsborg. Taken
together they display a considerable range and variation in isotopic
values, from �22.5 to �19.8‰ (�21.1 ± 3.2‰) for carbon, and be-
tween 4.4‰ and 9.1‰ (6.7 ± 3.5‰) for nitrogen. The variance is
markedly reduced, however, when the samples are grouped by site,
as the d13C means and standard deviations are then �20.8 ± 0.6‰,
�21.2 ± 0.5‰ and �22.0 ± 0.7‰ for Resmo, Köpingsvik and Tors-
borg, respectively, and the corresponding d15N values are
7.3 ± 1.0‰, 6.6 ± 1.3‰ and 5.3 ± 0.5‰. This can be explained by
ts for perch (Perca fluviatilis) on medieval Öland (Lidén et al. unpublished data) have
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differences in the local biotopes, which also explain the fact that
even non-contemporaneous faunal specimens recovered from the
same site have similar values.

Two specimens of horse (Equus caballus), from Köpingsvik and
Bjärby, show similar d13C values, �21.8‰ and �22.1‰, respec-
tively, but differ in d15N, 5.8‰ and 9.4‰. Three additional speci-
mens of indeterminate herbivores from the same two sites fall
within the ranges for ruminants. Altogether, the large herbivores
(n = 25, i.e., wild and domestic ruminants, horses and indetermi-
nates), have means and standard deviations accordingly:
�21.3 ± 0.8‰ for d13C and 6.2 ± 1.6‰ for d15N.

The mountain hares (Lepus timidus), four specimens each from
Resmo and Köpingsvik, parallel these values for carbon,
�21.3 ± 0.8‰, but show much lower d15N values, 4.5 ± 2.0‰.
Considering only the Köpingsvik specimens, the nitrogen isotope
values are even more depleted, 2.8 ± 1.0‰, which is apparently
an effect of the particular physiology of lagomorphs, including
defecation (Pehrsson, 1983a, 1983b).

The pigs include specimens from all three sites, with a d13C
range from �22.2‰ to �20.5‰ (�21.3 ± 0.6‰) and a correspond-
ing d15N range from 3.5‰ to 9.5‰ (5.8 ± 1.7‰). Although pigs
are by nature omnivorous, which could account for some of the
variation in nitrogen isotope values, the isotopic signatures are
clearly terrestrial and closely match those of the large herbivores.
This indicates that the pigs predominantly fed off plants.

Dog (Canis familiaris) specimens were analysed from three sites,
displaying an extremely wide range of values. In general, the high-
est d15N values are for the teeth, which could be explained by the
nursing effect, i.e., the pups were still suckling at the time of tooth
formation and therefore developed elevated values (a similar ele-
vation has been attested at Västerbjers, see Eriksson, 2004). The
Köpingsvik dogs all have clearly marine isotopic signatures, bone
values �14.6 ± 0.3‰ and 14.5 ± 0.3‰ for carbon and nitrogen,
respectively, and �14.4 ± 0.1‰ and 15.9 ± 04‰ for teeth. Two dogs
from Torsborg, radiocarbon-dated to the Early and Late Bronze Age,
respectively, have clearly terrestrial values, again with an elevated
d15N value for the tooth specimen. The isotopic signatures for the
Resmo dogs, however, display no such homogeneity. Two bone
specimens have terrestrial values comparable to the Torsborg val-
ues, and two teeth have completely marine values, d13C
�13.7 ± 0.1‰ and d15N 14.4 ± 0.1‰, whereas the third tooth has
a d13C value of �19.2‰ and a much elevated d15N value of
13.1‰. The latter represents a dog which appears to have had a
diet consisting of a mixture of terrestrial and marine resources,
possibly with some contribution from freshwater fish.

All the terrestrial carnivores analysed, although by no means re-
stricted to terrestrial feeding, were derived from Köpingsvik. A red
fox (Vulpes vulpes) has the highest d13C value,�16.4‰, which equals
the mean for harp seals, but ad15N value the equivalent of one trophic
level below, 10.7‰, suggesting a predominance of marine resources
such as fish and bird eggs in its diet, and perhaps also occasional seal
carcasses, supplemented by terrestrial hunting or scavenging. Four
specimens of pine marten (Martes martes) have considerably lower
d13C values, ranging from �19.3‰ to �17.9‰, and d15N values be-
tween 7.9‰ and 8.6‰, indicating at least some addition of marine
foods, most likely (eggs of) seafowl, to the predominantly terrestrial
diet. One bone from a wild cat (Felis silvestris) displays the lowest car-
bon isotope value, �20.0‰, and a nitrogen isotope value of 9.4‰,
which is consistent with the consumption of only terrestrial prey.

Two specimens of hedgehog (Erinaceus europaeus) from
Köpingsvik display isotopic values of �19.4‰ and �18.7‰ for car-
bon and 4.9‰ and 5.3‰ for nitrogen, respectively, which set them
apart from the other species and are consistent with a diet of in-
sects, larvae, snails and slugs. Frogs and toads (Rana and Bufo sp.)
are insectivorous too (Ahlén et al., 1992), but the three specimens
analysed here, all from Bjärby, have slightly lower d13C values than
the hedgehog, �20.3 ± 0.2‰, and much higher d15N values,
10.3 ± 1.8‰. This suggests the inclusion of small vertebrates such
as small rodents, other frogs and reptiles in the diet.

The beaver (Castor fiber) is an amphibious herbivorous rodent,
and its isotopic values, �22.5‰ and 5.7–5.9‰ for carbon and nitro-
gen, respectively, are in accordance with this. The two specimens
from Köpingsvik display almost identical isotopic signatures and
could possibly be derived from the same individual.

The oddest isotopic signature of all, �22.6‰ and 17.4‰ for d13C
and d15N, respectively, is displayed by another rodent, a specimen
from Köpingsvik (KOP 103) that had originally been identified as a
hedgehog. More thorough examination revealed, however, that it
was in fact a rat (Rattus sp.), but as rats did not occur in Sweden
until the Late Iron Age or medieval times (Bergquist, 1957; Hår-
ding, 1993; Wigh, 2001), and the origin of this specimen is doubt-
ful, it will be excluded from the statistics and further discussion.
Another specimen (KOP 115) was originally marked as roe deer,
but closer examination led to the rejection of that identification
and suggested that it could possibly be human, which also fits in
well with the isotopic signature. Since there is no way to exclude
double sampling, however, this sample too will be excluded.

Eight bird specimens, one from Resmo and the rest from
Köpingsvik, were analysed, representing various habitats, as re-
flected in their isotopic values (for details on the ecology of the var-
ious birds, see Cramp, 1977–1994). The lowest values, between
�21.8‰ and �19.4‰ for carbon and 7.1–9.8‰ for nitrogen, are
typical of species that feed and breed in inland environments,
and are exhibited by an indeterminate dabbling duck (Anas sp.),
a common greenshank (Tringa nebularia) and an indeterminate
bird. The duck (RES 145) must have fed mainly on water plants,
whereas the greenshank diet will have included small water ani-
mals such as insects, worms and fry. This difference in feeding
behaviour is consistent with the difference of almost 3‰ in the
nitrogen isotope value, representing one trophic level. Based on
this, it can be inferred that the indeterminate bird (KOP 128) is
most likely a carnivorous species feeding inland. The remaining
five specimens have carbon isotope values between �15.6 and
�13.0‰, indicating marine habitats, and four of them also have
very uniform nitrogen isotope values, 15.8–16.5‰. Two have been
identified to species, a black-throated diver (Gavia arctica) and a
great cormorant (Phalacrocorax carbo), both of which feed mainly
on fish, and since they are excellent divers and swimmers they
are able to catch quite large fish in deep water, which is well in
accordance with their d15N values, indicating a high trophic level.
A third (KOP 127) has only been identified to the duck family
(Anatidae), but since its isotopic values are very close to those of
the diver and the cormorant, it is very likely that it is a merganser
(Mergus sp.)—the only ducks specialised in catching fish. It is con-
ceivable that at least one of the unidentified birds (KOP 125) may
be a highly piscivorous species too, whereas the specimen KOP
126, which has a significantly lower d15N value of 10.8‰, most
likely also included prey representing a lower trophic level in its
diet, e.g., crustaceans, insects or shellfish.

The only two sites with fish remains were Alby and Köpingsvik,
and since no faunal material from the former site was analysed, all
the fish specimens (n = 13) originate from Köpingsvik. They all
show clearly marine isotopic values, from �16.6‰ to �10.8‰ for
carbon and 8.8–11.2‰ for nitrogen. The pike (Esox lucius) is set
apart from the other fish by its extreme d13C values,
�11.5 ± 1.1‰, similar to those observed for perch (Perca fluviatilis)
at a medieval site on Öland (Lidén et al., unpublished data). In both
cases the d13C values are probably the result of a littoral habitat, as
both pike and perch live in the shallow waters close to the shore
(see Eriksson, 2004 and references cited therein, and FishBase,
www.fishbase.org, for details on the ecology of the various fishes).
The cod (Gadus morhua), on the other hand, is pelagic (living in open
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waters) and thus has lower d13C values, �14.8 ± 1.0‰, although
both pike and cod are carnivorous and have similar d15N values,
11.9 ± 0.6‰ for pike and 11.5 ± 1.2‰ for cod. The garpike (Belone
belone) and herring (Clupea harengus) are also pelagic, and display
d13C values similar to cod, �14.2‰ and �15.1‰, respectively,
whereas their d15N values are lower, 9.8‰ for the piscivorous gar-
pike, and 8.8‰ for the herring, which feeds mainly on zooplankton.

Discussion

There was great diversity in food practices within the island of
Öland during prehistoric times, as demonstrated by the range in
human stable isotope signatures, from �21.3‰ to �13.1‰ for car-
bon and from 8.2‰ to 18.9‰ for nitrogen. In order to gain a clearer
picture of the major protein source(s) for each population and per-
iod, the faunal isotopic data were used to provide a visual model
which served as the interpretational framework (Fig. 7) (cf. Eriks-
son, 2004). Consequently, the distributions of isotopic signatures
for terrestrial herbivores, marine mammals and fish, respectively,
were plotted with an isotopic trophic-level adjustment (+1‰ for
d13C and +3‰ for d15N, Minagawa and Wada, 1984; Schoeninger
and DeNiro, 1984) to allow for the predicted isotopic signature of
an individual feeding exclusively on any of these foods. When
the means and standard deviations for each population and period
are plotted against these predicted values (Fig. 7), it is clear that
reliance on the various foodstuffs has varied both between cultures
and with time.

The populations of both the Mesolithic Alby settlement and the
Mesolithic/Middle Neolithic one at Köpingsvik were heavily reliant
on marine mammals, possibly supplemented by some marine fish,
while the Middle Neolithic inhabitants of Torsborg and Resmo
clearly included varying proportions of both marine mammals
and terrestrial herbivores in their diet. The Late Neolithic and
Bronze Age populations at Kalleguta, Vickleby, Torsborg, Resmo
and Algutsrum, on the other hand, consumed mainly protein from
terrestrial herbivores and plants.

Reference data for one important food group are obviously lack-
ing, namely freshwater fish, since unfortunately no remains of
these were available at the sites studied even though they consti-
tute a resource that is known to have been utilised on Öland in pre-
historic times. Excavation of the Skedemosse fen on Öland, a site
with rich finds of deposited weapons, other metal objects and ani-
mal offerings from the Roman Period (3rd to 4th centuries AD),
produced very well-preserved fish traps made of organic material
which were retrieved from the former lake. Radiocarbon dating
Fig. 7. Mean isotopic values and standard deviations for humans representing each site
given classes of foodstuffs.
of laths, stakes and poles from these traps showed that they were
in fact constructed during the Early Bronze Age, when the lake was
larger and deeper than during the Roman Period (Hagberg, 1967).
Furthermore, previous isotopic studies performed in other areas
have demonstrated that the consumption of freshwater fish pro-
duces isotopic signatures with low, seemingly ‘‘terrestrial”, carbon
isotope values and highly elevated nitrogen isotope values (see Eri-
ksson et al., 2003; Weber et al., 2002). Thus, despite the lack of ref-
erence data from Öland, it can be stated with some confidence that
the Bjärby inhabitants had a high proportion of freshwater fish in
their diet.

The Roman Period saw great changes in cultural expression on
Öland, as seen in the changing settlement patterns connected with
novel practices of animal husbandry and crop growing (Pedersen
and Widgren, 1998). The corresponding changes in grave goods
and burial practices may have been associated with an overall in-
crease in social stratification, influenced by contacts with the con-
tinent (Andersson and Hershend, 1997). The change in the diet of
the Bjärby population may also have been a manifestation of the
cultural dynamics of this period.

In the light of the Skedemosse finds of fish traps, it is somewhat
unexpected to find no evidence of the consumption of freshwater
fish at the sites with Bronze Age dates, i.e., Torsborg, Resmo and
Algutsrum. One hypothetical explanation would be the intake of
plant foods such as cereals in combination with freshwater fish,
causing the very low and very high nitrogen isotope values, respec-
tively, to cancel each other out, thus misleadingly indicating the
consumption of terrestrial animals. However, if this were the case,
one would expect a much larger variation in nitrogen values, and
the observed d15N levels would demand a very high intake of cere-
als relative to fish, in view of the lower protein content of cereals.

Taking a closer look at the chronological trends (Fig. 8), there
are some important points to be made. There is a rich diversity
in food practices prior to 2000 BC, as evident in both the d13C
and d15N data, but after that point the diet becomes markedly
homogeneous and there is no evidence of marine resource utilisa-
tion for several millennia. The centuries preceding this shift,
around the transition from the Middle to the Late Neolithic, exhibit
the most obvious evidence of variation within the sites, mixed ter-
restrial/marine diets and extreme changes at the individual level.
This is also when the earliest domestic herbivores (sheep or goats)
appeared. The homogeneity and low variability is maintained dur-
ing the Bronze Age, after which there is a gap in the data set. There
is evidence to suggest the consumption of freshwater fish during
the Roman Period, although this could have developed earlier, as
and date, and predicted isotopic ranges for humans subsisting completely on the



Fig. 8. (a) Carbon and (b) nitrogen isotope data (one point per individual) plotted against calibrated radiocarbon dates (2 sigma) and variations in summer temperature as
deduced from tree-ring data (Grudd et al., 2002). Note that the temperature curve shows variations on a medium to short-term scale, up to a few centuries, whereas long-
term variations such as the climatic optimum are levelled out.
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pointed out above. There are two Late Iron Age individuals (from
Köpingsvik and Karlevi) with no apparent freshwater fish con-
sumption, but two other Köpingsvik individuals of medieval and
historic origin show clear indications of such a dietary input.

There is thus a clear dietary shift from reliance on marine (wild)
or mixed marine/terrestrial resources to exclusive reliance on ter-
restrial, in all probability domestic, resources. Contrary to previous
claims regarding north-west Europe in general, however, this shift
did not take place at the Mesolithic–Neolithic transition on Öland
but about 2000 years later, at the Late–Middle Neolithic transition.
How should this be interpreted? We have found no evidence for
any climatic change that coincides with this shift. Pollen data from
Färskesjön on the Torhamn Peninsula (Fig. 1) in the Baltic Sea show
various peaks in palynological diversity that may be indicative of
climatic change, but none that matches the dietary shift we see
in our data (Berglund et al., 2008). Turning to tree-ring data, the
Torne träsk pine chronology (Grudd et al., 2002) suggests that tem-
perature variations have taken place continuously, there is in any
case no agreement between the dietary shift and any of the more
dramatic temperature shifts seen in this chronology (Fig. 8). There
is a lowering in the mean temperature after the observed dietary
shift, but this would not have had any impact on the shift itself,
and comparable fluctuations occurred both earlier and later with-
out any dietary repercussions.

The Middle Neolithic data provide excellent support for the
view that food practices are very much governed by culture. For
at least one millennium two groups of people characterised by
completely different lifestyles, as illustrated by differences in their
material culture, burial customs and diet, co-existed on Öland, the
PWC at Köpingsvik and the people buried in the megalithic tomb at
Resmo, and clearly no climatic or environmental factors could ex-
plain these differences (Fig. 8). The TRB and the PWC cultures obvi-
ously do not represent different chronological phases in the
existence of the same group of people, as they undoubtedly existed
contemporaneously during the first half of the Middle Neolithic.

The isotopic data for Öland are unique by virtue of the long per-
iod they cover, the well-dated remains and the diversity of archae-
ological contexts that they represent. The trends that are visible are
not restricted to Öland, however, for analyses of Pitted Ware mate-
rial from other large islands in the Baltic Sea and from the Swedish
mainland provide confirmatory evidence (Eriksson, 2004; Fornan-
der et al., 2008; Lidén and Eriksson, 2007). As for the material from
megalithic sites elsewhere in Sweden, limited data from coastal
areas in southern Sweden provide similar evidence of the use of
marine resources, whereas material from megaliths in the interior
of the Swedish mainland, displays only terrestrial isotope signa-
tures (Lidén, 1995; Lidén and Eriksson, 2007; Lidén et al., 2004).

The cultural connotations of food cannot be over-emphasized
(see Anderson, 2005; Counihan and van Esterik, 1997; Fieldhouse,
1996). During the latter half of the Middle Neolithic we see not
only large inter-population differences, but also large intra-popula-
tion differences, and also considerable intra-individual variations.
These large fluctuations coincide with the dietary shift, implying
that the transition is visible even at the individual level (!). We
consider these data to serve as evidence of intense contacts and
interaction between different cultural groups. This could also ex-
plain the presence of two ‘‘Pitted Ware dogs” in the megalithic
tomb at Resmo. Dogs with marine diets occur frequently in Pitted
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Ware contexts, but are unexpected in a megalith. Once this turbu-
lent period was over, both the material culture and the dietary
practices became highly homogeneous.

All this has broad implications for our view of the transition to
farming in Sweden and ultimately in the whole of north-west Eur-
ope. Agriculture, in terms of both animal husbandry and plant cul-
tivation, was obviously known to the people who erected the
megaliths on Öland during the Neolithic, but in spite of that, we
find no positive evidence of domestic species until the transition
between the Middle and Late Neolithic, in the form of sheep/goats.
On the other hand, there is ample evidence that the people using
the megaliths lived, at least partly, off wild (i.e., marine) resources.
Thus the people interred in the Öland megaliths during the Neo-
lithic cannot be considered full-time farmers, and therefore could
not have produced the surplus supposedly necessary for the occur-
rence of a greater social complexity (cf. Sherratt, 1990). Even so,
they did manage to build no less than four megaliths.

Indeed, our data demonstrate that the Neolithic on Öland was
not introduced as a ‘‘package” which included a changeover to sub-
sistence by farming, the adoption of certain artefacts and burial
traditions and the erection of megaliths. The assumed ‘‘sharp shift
in diet at the onset of the Neolithic” (Richards et al., 2003), did not
take place on Öland, and therefore it is not valid for north-west
Europe as a whole. There is unquestionably an observed dietary
transition about 2000 years later, however, a marked shift which,
we argue, represents the actual large-scale introduction of farming
to Öland, and maybe also the rest of Sweden. But the megaliths had
been erected and elaborate ceramics had been present on Öland for
more than a millennium by that time.
Conclusions

We have clearly demonstrated in this paper that prehistoric
food habits were governed mainly by culture. Even though the
archaeological record for Öland represents similar environmental
conditions within a relatively limited geographical area, we can
still identify a great diversity in food habits during prehistoric
times. It is also evident that these food habits varied independently
of other ecological conditions such as climatic changes.

The isotopic data for Öland show a marked dietary shift during
the second half of the third millennium, from the consumption of
marine (wild) or mixed marine/terrestrial resources to exclusively
terrestrial resources. Furthermore, there are very limited signs of
domestic species and farming in the archaeological record prior
to that shift. We argue that what is observed here is the large-scale
introduction of farming. Contrary to previous claims, this change in
subsistence took place not at the onset of the Neolithic, but in fact
at the end of the Neolithic. This illustrates the need for a more di-
verse perspective on the Mesolithic–Neolithic transition in north-
west Europe, and emphasizes how important it is not to generalise
over such vast areas.

One important point to make is that we have identified several
dietary transitions. Not only do we see a shift upon the introduc-
tion of farming but we can also identify a shift prior to that, from
a more homogeneous diet during the Mesolithic towards vast het-
erogeneity during the Middle Neolithic. Furthermore, we can also
see a shift in diet during the Roman Period, another shift after that
and a further one during the Late Iron Age. What is apparent is that
culturally induced dietary transitions occur continuously. It is also
obvious from our experiences that stable isotope analysis is a pow-
erful tool for studying dietary variation, making it possible to ob-
tain high resolution data on various levels—from intra-individual
dietary changes occurring during a few years of a person’s life span,
to dietary alterations in large populations taking place over several
millennia.
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