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Abstract This article presents the first isotopic investigation
of human and animal bone remains from theMiddle Chulmun
(3500–2000 BC) period in southeastern Korea. We have
obtained a single human and associated faunal stable carbon
and nitrogen isotope results from the Tongsamdong site, a
coastal shell midden. Despite the discovery of domesticated
plants and the existence of large amounts of terrestrial
mammal bones from the shell midden, the human and dogs
we measured were heavily dependent on marine protein
resources for their lives. Although our stable isotope results
are based on a small number of individuals due to the lack of
human remains at this period, isotopic evidence suggests the
possibility that Tongsamdong people in the Middle Chulmun
period depended largely on marine protein resources. This
isotopic evidence is consistent with the archaeological
evidence from the site.
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Introduction

The investigation of changes in subsistence patterns and the
adoption of domesticated plants and animals has always

been a key area of research for archaeology. The change in
subsistence strategies from foraging to agriculture in Korea
gradually occurred during the Middle Chulmun (3500–
2000 cal. BC) and Mumun (1500–300 cal. BC) periods
(Lee 2001; Choe and Bale 2002; Norton 2007). Before the
adoption of agriculture, human subsistence during the
Chulmun period largely consisted of plant gathering,
fishing, and hunting of marine and terrestrial animals. At
the beginning of the Middle Chulmun period (3500–2000
BC), domesticated plants (millet and rice) were introduced
from central China to the Korean peninsula (Crawford and
Lee 2003; Norton 2007). The spread of agriculture in Korea
had been a slow and gradual process over the several
thousand years (Lee 2001; Choe and Bale 2002). Plant
cultivation eventually became important in the subsistence
economy during the Mumun period. Associated with the
increasing use of domesticated plants, there was evidence
of extended social stratification in settlement patterns and
megalithic burials from the Late Chulmun to Mumun
periods (Bale 2001; Bale and Ko 2006; Norton 2007).

Although the question of the subsistence strategies in the
Chulmun period is a central topic of discussion in Korean
archaeology, the changes in subsistence patterns have been
investigated on the basis of indirect evidence of preserved
faunal and floral remains. Most previous studies on
subsistence patterns have focused on the quantitative
analysis of floral and faunal remains preserved in the shell
middens (Lee 2001; Choe and Bale 2002; Lee 2003;
Norton 2007). While this approach has made progress in
estimating the dependence on various food resources, it
may overestimate the importance of the well-preserved
skeletal and shell remains.

To better understand subsistence activities in prehistoric
Korea, we employed stable carbon (δ13C) and nitrogen
(δ15N) analysis of bone collagen from skeletal remains
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from archaeological sites belonging to the Chulmun period.
Stable carbon and nitrogen analysis of collagen extracted
from archaeological bones is a well-established method to
evaluate past human diets (see Lee-Thorp 2008 for a recent
review). The δ13C and δ15N ratios in human bone collagen
reflect the isotope ratios of dietary protein consumed over
long periods of life (Schoeninger et al. 1983; Schoeninger
and DeNiro 1984; Ambrose and Norr 1993; Hedges et al.
2007). Thus, the measurement of stable isotope ratios in
bone collagen can provide direct evidence for paleodiets in
prehistoric populations. The application of stable isotope
analysis to prehistoric human diets has been often used to
determine the amounts of C3 vs. C4 plants or the amounts
of marine vs. terrestrial proteins in human diets. Conse-
quently, this approach is particularly effective in detecting
the relative importance of domesticated plants and animal
protein resources in the Chulmun period in Korea.

Relatively little isotopic work has been applied in Asia,
where the spread of agriculture was a long and complex
process, especially in the Korean Peninsula. This study
investigated the δ13C and δ15N values of human and animal
skeletal samples from the Tongsamdong (TSD) shell midden.
A main reason for choosing this site is that it is one of the
most representative shell midden sites belonging to the Middle
Chulmun period (3500–2000 BC). This site is considered as a
main indicator of the beginning of plant cultivation in Korean
prehistory (Crawford and Lee 2003). This research attempted
to measure stable isotope compositions of bone remains from
the shell midden and to compare these isotopic measurements
with the floral and faunal evidences from the same site in
order to investigate the proportion of exploitation of marine
and terrestrial proteins in whole human diets.

Diversity of subsistence strategies in the Chulmun period

The Chulmun culture is regarded as a hunter-gathering
society, with a wide range of subsistence activities, unique
pottery, and sedentary villages with pit-houses (Lee 2001).
The plant and animal remains from the Chulmun sites show
that the Chulmun people had practiced a wide subsistence
strategy from the forest, riverine, and coastal environments
(Lee 2001; Choe and Bale 2002; Kim 2002; Lee 2003).
Collection of wild plants and nuts was an important part of
the Chulmun subsistence economy (Kim 2002). Hunting of
terrestrial animals like deer and wild boar was also
important in the overall subsistence strategy. In addition,
the presence of large shell middens along the coasts
indicates that there were intensive marine resource exploi-
tations. The abundance of fish bones and fishing tools
suggests that fish was an important resource for the
Chulmun people. Faunal data show that sea mammals,
such as sea lions, whales, and dolphins, were favored food
resources on the coasts and islands. Generally, there were

two distinct regional subsistence strategies in the Chulmun
period practiced on the Korean Peninsula (Choe and Bale
2002). Eastern and southern people like Tongsamdong and
Osanni depended on fishing, collecting shellfish, and
hunting both sea and land animals. On the other hand,
inhabitants of the western area like Amsadong and Jitamni
depended on more broad-spectrum subsistence including
hunting, fishing, and gathering wild plants.

However, subsistence patterns in the Chulmun people
are more diverse and complex along with different
adaptations to local environments (Norton 2007). Analysis
of faunal remains from the Konamri shell midden in
western coastal regions shows that western people were
heavily dependent on marine food, especially fish (Norton
2000). Furthermore, archaeobotanical studies in the inland
river regions show that Chulmun people had started to use
domesticated plants as a supplement to existing foodstuffs
in the Middle Chulmun period (Bale 2001; Lee 2003). This
evidence suggests that there was a dietary difference
between inland and coastal people in Chulmun diets.
Therefore, dietary variation in the Chulmun people is likely
related to regional differences in natural resources.

The Tongsamdong shell midden

The site of Tongsamdong (TSD) is a large open-air shell
midden site located on the eastern coast of a small island,
Yongdo, offshore from Busan city, South Korea (Fig. 1).
Radiocarbon dates on animal bone and charcoal from each
layer reveal that this site was occupied from about 4800 to
1700 cal. BC (Sample 1974). A direct accelerator mass
spectrometry measurement of foxtail millet grains from a
pit-house floor was dated to 3360 cal. BC (Crawford and
Lee 2003). This shell midden was first identified and
excavated by two Japanese archaeologists, S. Yokoyama
and T. Oikawa, in the early 1930s. The further excavation
was conducted by a team led by L.L. Sample and A. Mohr
at the University of Wisconsin from 1962 to 1964, and
then, most of the site was investigated by the Korean
National Museum over three field seasons from 1969 to
1971 (Ha 2001, 2004). Recently, additional excavation was
conducted by the Busan City Museum in 1999. This site
consists of a sequence of shell layers containing both
natural and cultural materials from the Incipient Chulmun
to Late Chulmun period. Each stratum contained Chulmun
pottery, stone tools, shell ornaments, and bone-fishing
tools. There was a variety of pottery types representing
the chronological sequence. Some Jomon pottery and
obsidians from northern Kyushu were excavated indicating
product exchanges between southern Korea and western
Japan (Ha 2001; Lee 2003). The Tongsamdong site has
played a significant role in the establishment of Chulmun
chronology in Korean prehistory.
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Evidence of human subsistence activities

Floral and faunal evidence from the Tongsamdong shell
midden provided evidence for a wide range of human
subsistence activities during the Chulmun period. Overall,
plant and animal remains suggest that the subsistence
economy of the Tongsamdong people was associated with
a variety of foraging activities such as gathering, fishing,
and hunting. The analysis of archaeobotanical remains
recovered from a house floor showed that cultigens
consisted of foxtail (Setaria italica) and broomcorn millet
(Panicum miliaceum), comprising 45% of all carbonized
grains (Crawford and Lee 2003; Fig. 2). Seeds of chenopod
(Chenopodium sp.) were recovered in the same proportion
as cultivated plants (Ha 2001; Lee 2003).

Terrestrial animal bones were recovered in the shell
middens (Fig. 3). No domesticated mammals were found in
the faunal assemblages. The most represented terrestrial
mammals were deer (Cervus nippon hortulorum) and wild
boar (Sus scrofa). However, the proportion of wild boar was
not as large as deer, unlike the other shell midden sites in the
same regions (Kaneko and Oh 2002). A large variety of bird
bones were exposed, and migratory birds such as velvet
scoter (Melanitta fusca), cormorant (Phalacrocoracidae),
and grebe (Podicipedidae) were frequently identified.

The middens contained a large amount of marine animal
remains. The shell middens were composed of a variety of
marine molluscs and gastropods. Unlike other prehistoric
shell midden sites in Korea, mussel (Mytilus coruscus)
comprised the largest proportion in whole shellfish species,

with oyster (Crassostrea gigas, Crassostrea ariakenisis)
being the next most common species (Kaneko and Oh
2002; Lee 2002). Abalone (Nordotis discus), turban shell
(Batillus cornutus), and top shell (Chlorostoma argyros-
toma lischkei) together contribute about 10% of total
shellfish remains (Lee 2001). The most abundant fish
species excavated from the middens were great porgy
(Pagrus major), pacific cod (Gadus macrocephalus), tuna
(Thunnus), gray mullet (Mugil cephalus), shark (Lamnidae),
and sea bass (Lateolabrax japonicus; Sample 1974; Kaneko
and Nakayama 1994). Tuna and porgy were the main fish
species in the fish bone assemblage. The marine mammals
mainly consisted of sea lions (Zalophus japonicus), dolphin
(Delphinidae), and whale (Cetacea). Most of the sea lions
were females and young pups, and some sea mammal bones
had cutting marks associated with butchering (Sample 1974;
Kaneko and Oh 2002).

Stable isotope analysis

Stable isotope analysis of bone collagen has been widely
used to reconstruct the protein portion of diets in
archaeology (Schwarcz and Schoeninger 1991; Katzenberg
2000; Lee-Thorp 2008). In contrast to traditional methods
of subsistence reconstruction, such as quantitative analysis
of floral and faunal remains, this approach provides a direct
measurement of past human diets. This method provides
information about whether individuals derived the protein
in their diet from plant or animal sources. The two most
common elements studied for reconstructing paleodiets are

Fig. 1 Location map of the
Tongsamdong shell midden and
other two later sites, Nukdo (550
BC–1 AD) and Yeanri (300–652
AD) site, on the map of Korea.
All archaeological sites men-
tioned in this study are located
on the southeastern coastal
regions of the Korean Peninsula
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carbon (δ13C) and nitrogen (δ15N). In a terrestrial ecosys-
tem, the ratio of carbon isotopes is determined by the
particular photosynthetic pathway of a plant. The two main
photosynthetic pathways are known as C3 and C4. C3 plants
have δ13C values between −20‰ and −34‰, and C4 plants
have δ13C values ranging over from −9‰ to −16‰ (Van
der Merwe 1982; Krueger and Sullivan 1984; Ehleringer
1991; O’Leary 1995; Sage and Monson 1999). Rice (C3

plant) and millet (C4 plant) were important crops in the
spread of agriculture in Korea. Thus, we can discriminate
between the consumption of rice and millet in this region
with respect to the plant cultivation. However, humans who
consume a great deal of marine foods can also have δ13C

values close to C4 pathway plants. Nitrogen isotope ratios
can help to separate the consumption between C4 plants and
marine foods in the diet (Schwarcz and Schoeninger 1991).

Nitrogen stable isotope ratios reflect trophic position
within an ecosystem, since body tissues show 2–5‰
enrichment in δ15N values relative to consumed foods with
each trophic level increase (Minagawa and Wada 1984;
Bocherens and Drucker 2003; Hedges and Reynard 2007).
The enrichment of δ15N values at higher trophic levels is
apparent for the marine system because the marine food
chain has many more trophic levels than the terrestrial one
(Schoeninger and DeNiro 1984). δ13C values close to
−12‰ and δ15N values close to 20‰ indicate a diet of

Fig. 2 Relative abundance of
major plant species excavated
from Tongsamdong shell mid-
den in the Middle Chulmun
period modified after Crawford
and Lee (2003)

Fig. 3 Relative abundance of
major faunal species excavated
from Tongsamdong shell mid-
den modified after Lee (2002).
Asterisk The Middle Chulmun
period, CM Chulmun
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almost 100% marine protein (Richards and Hedges 1999).
Nevertheless, it is expected to be only in areas where the
terrestrial ecosystem is in C3 plants and the environment is
not an arid climate. If humans consume both C4 plants and
marine proteins, it is difficult to separate terrestrial and
marine diets with carbon isotope ratios. Thus, we can
measure a proportion of whole diets, depending on the
different nitrogen values of trophic level between C4 plants
and marine animals.

Materials and methods

We obtained small (500 mg) bone specimens of a single
human and a number of animal skeletons (n=20) from the
Tongsamdong collections housed in the Busan City
Museum, South Korea. Most of the bone samples measured
in this study were excavated in 1999 and belonged to the
Middle Chulmun period (3500–2000 cal. BC). One adult
human bone sample was obtained from House II (2950 cal.
BC), and two dog samples were selected from the Middle
Chulmun period level 5 (3935–3000 cal. BC) for stable
isotope analysis. Samples of marine (n=7) and terrestrial
mammals (n=11) were also selected from various levels
(4000–3000 cal. BC).

All bone samples were prepared and analyzed at the Max
Planck Institute for Evolutionary Anthropology (Leipzig,

Germany) following methods outlined in Richards and
Hedges (1999) and Brown et al. (1988). About 500 mg of
bone powder was demineralized in 0.5 M HCl solution at
4°C for 5 to 10 days, and the solid material was then
gelatinized at 70°C in a pH 3 solution. After removing
insoluble residues with a 5–8-μm Ezee® mesh, the
remaining solution was filtered to remove contaminants
using 30-kDa filters and dried for 48 h. The dried collagen
(0.5 mg) was placed in tin foil capsules and combusted to
CO2 and N2 in a ThermoFinnigan Flash EA coupled to a
Delta Plus XP continuous-flow isotope ratio monitoring
mass spectrometer. The elemental analyzer supplied carbon
and nitrogen contents at the same time. The carbon and
nitrogen isotope values were calculated relative to the
Vienna Peedee Belemnite (VPDB) for δ13C and Ambient
Inhalable Reservoir (AIR) for δ15N, respectively. Replicate
measurement errors on known standards were less than
±0.2‰ for both δ13C and δ15N.

Stable isotope results

In all skeletal samples, the C/N ratios showed that the
extracted collagen was well preserved with ratios between
2.9 and 3.6 (DeNiro 1985). The δ13C and δ15N values for
human and faunal bone collagen are presented Table 1 and
plotted in Fig. 4. In terrestrial animals, the δ13C and δ15N

Table 1 Results of stable carbon and nitrogen isotope analyses of all human and faunal samples from the Tongsamdong shell midden

S-EVA Location Species Element Collagen yield (%) δ13C δ15N %C %N C:N

1736 TSD House II Homo sapiens (human) Metacarpal 4.6 −14.8 18.1 43.9 15.9 3.2

1719 TSD B-2 Canidae (dog) Leg bone 1.3 −13.4 18.2 44.1 16.2 3.2

1737 TSD 5-1 Canidae (dog) Tibia 1.1 −12.5 16.1 43.9 15.6 3.3

1734 TSD 5-1 Capreolus capreolus (roe deer) Tibia 4.4 −21.5 3.6 44.8 16.3 3.2

1723 TSD 5-2 Cervus nippon hortulorum (deer) Rib bone 4.7 −19.9 4.9 40.4 14.7 3.2

1724 TSD 5-2 Cervus nippon hortulorum (deer) Rib bone 10.8 −21.4 2.7 45.7 16.5 3.2

1725 TSD 5-1 Cervus nippon hortulorum (deer) Tibia 16.5 −21.3 3.3 46.6 16.9 3.2

1726 TSD 5-2 Cervus nippon hortulorum (deer) Tibia 8.7 −21 4.8 46 16.7 3.2

1732 TSD 2 Cervus nippon hortulorum (deer) Tibia 12.4 −20.8 2.7 46.3 16.5 3.3

1729 TSD 5-1 Sus scrofa (wild boar) Mandible 8.3 −20.9 3.7 45 16.2 3.2

1733 TSD House I Sus scrofa (wild boar) Mandible 3.1 −20.8 3.9 33.8 12.1 3.2

1735 TSD 5-1 Sus scrofa (wild boar) Tibia 4.2 −19.6 4.6 46 16.5 3.2

1721 TSD 5 Zalophus japonicus (sea lion) Scapula 15.2 −14.3 19.4 44.9 16.4 3.2

3919 TSD 4 Zalophus japonicus (sea lion) Tibia 10.9 −14 17.6 38.9 13.9 3.3

3920 TSD 5 Zalophus japonicus (sea lion) Scapula 7.1 −14.4 17.2 36 13 3.2

1720 TSD B-4 Thunnus (tuna fish) Vertebra 23.1 −12.8 11.4 31.4 11.4 3.2

1727 TSD 5 Cetacea (whale) Vertebra 20.3 −14.1 13.2 42.7 15.4 3.2

1730 TSD 2 Cetacea (whale) Vertebra 21.7 −16.9 11.2 43.5 15.3 3.3

3918 TSD 5-2 Delphinidae (dolphin) Vertebra 17.8 −12.7 12.8 40.8 14.7 3.2

1738 TSD House II Bird (?) Leg bone 3.0 −10.7 14.8 45.2 16.2 3.3

1731 TSD 2 Phalacrocoracidae (cormorant) Leg bone 1.9 −18.3 8.6 46.4 16.5 3.3
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values for deer and wild boar are consistent within those of
Korean terrestrial herbivores. These two herbivores fell
within the range of C3 plant consumers, averaging to δ13

C=−21.0±0.6‰ and δ15N=3.7±1‰ for deer (n=5) and
δ13C=−20.4±0.7‰ and δ15N=4.1±0.5‰ for wild boar
(n=3). These isotope values indicate that the human food
source animals in the area did not consume C4 plants and
instead the deer and wild boar samples have values
indicating mainly C3 plant diets. The isotope ratios obtained
from two bird samples indicate that the cormorant has
terrestrial signatures, and the other, unidentified bird has
marine signatures. For the marine mammals, the δ13C and
δ15N values of sea lions, whale, dolphin, and tuna fish are
as expected. The mean δ13C and δ15N values from three sea
lions are δ13C=−14.2±0.2‰ and δ15N=18.1±1.2‰. The
two whale bones have average δ13C=−15.5±2.0‰ and
δ15N=12.2±1.4‰ values. Isotope results of the dolphin are
δ13C=−12.7‰ and δ15N=2.8‰, and those of the tuna fish
are δ13C=−12.8‰ and δ15N=11.4‰ values. The sea lion
δ15N values are approximately 7‰ higher than the tuna
fish, indicating that these fish were the food sources for the
sea lion.

The stable isotope ratios of the single human (S-EVA 1736)
recovered from this site are δ13C=−14.8‰ and δ15N=
18.1‰. This result showed almost the same isotopic features
as do sea lions suggesting that humans and sea lions shared
similar dependence on marine resources. The two dog bones
(S-EVA 1719 and 1737) have isotope ratios similar to those
of the human. This outcome is commonly observed in
isotope studies of domesticated dogs (Cannon et al. 1999;
Richards et al. 2003; Barton et al. 2009). The mean δ13C and
δ15N values for two dogs is δ13C=−13±0.6‰ and δ15N=
17.2±1.5‰, and this is likely due to the consumption of
marine mammals or animals that consumed marine food.

Discussion

Isotopic evidence of diet from the Tongsamdong shell
midden

The stable isotope compositions from the animal bone
samples can provide information about past environment in
southeastern part of Korean Peninsula. Since the isotope
results from deer and wild boar from the Tongsamdong site
fell within the range of C3 consumers, we infer that the
vegetation of the Tongsamdong site in the Middle Chulmun
period was composed of predominately C3 plants. This
indicates the low importance of C4 plants in the diets of
herbivores in the southern part of the Korean peninsula at
this time. Stable isotopic ratios from marine animals
reflected ancient coastal ecosystems close to nontidal
ocean. It suggests that the southeast coast of the Korean
Peninsula had numerous habitats suitable for marine
mammals such as sea lions, whales, and dolphins.

Humans that obtain their protein from marine food typically
have δ13C values close to −12‰ and δ15N values between
12‰ and 22‰, while humans that consume only C3-based
terrestrial protein sources have δ13C values of about −20‰
and δ15N values ranging from 5‰ to 12‰. Humans that have
a mixture of marine and C3-based terrestrial protein would
have isotope values somewhere between those end points
(Richards et al. 2006; Schoeninger and Moore 1992). Overall,
average isotope values of the Tongsamdong human are close
to those of sea lions, having δ13C 6–7‰ and δ15N 13–14‰
higher than terrestrial herbivores. This huge δ13C and δ15N
level shifts in the trophic level can be interpreted as a strong
influence of marine food on whole diets (Fig. 4). These
isotopic results demonstrate that the individual had a diet in
which a large amount of the dietary protein came from marine

Fig. 4 Plot of all isotopic data
showing human and faunal
remains from the Tongsamdong
shell midden. Boxes represent
dietary categories presented in
Korean Peninsula
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resources. The Tongsamdong human seems to have heavily
depended on marine protein resources for the overall diet.
Two dogs in Tongsamdong seem to have similar dietary
pattern of marine diet to the human, showing that they had
benefited from a close association with the humans. The high
δ15N values in human and dog bones imply that higher
trophic level species, such as tuna fish, sea lion, whale, and
dolphin, made a significant contribution to the protein
component of their diets.

The isotopic data from the Tongsamdong site can be
compared to the published results from the later Nukdo shell
midden from the Mumun period and the Yeanri cemetery
dating to the Three Kingdoms period. The isotopic data of
human and faunal bone collagen from all three sites is plotted
in Fig. 5. The isotopic evidence from the site of Nukdo (550
BC–1 AD) showed that the main protein sources were
obtained from terrestrial foods (Choy and Richards 2009).
Although Nukdo is situated on a small island, the inhabitants
of Nukdo consumed fewer marine protein resources than the
human from Tongsamdong. The isotopic results from the
Yeanri cemetery (300–652 AD) revealed that the people
from the Three Kingdoms period consumed terrestrial
proteins and a C3-based diet (Choy et al. 2009), similar to
Nukdo humans. The comparison of stable isotopic ratios
between the Tongsamdong and Nukdo people suggests that
different subsistence strategies were used between the two
shell midden sites in the southeastern coastal regions of
Korea. Figure 6 illustrates the different isotopic compositions
of humans and dogs among three different time periods.

Interestingly, the reconstructed dietary patterns in Tong-
samdong have a close similarity with two prehistoric Jomon
people in Hokkaido, Japan that depended heavily on large
marine animals such as seal, dolphin, and tuna fish. The

δ13C (−14.8‰) and δ15N (18.1‰) values of Tongsamdong
are consistent with those of Japanese Jomon in Hokkaido.
As shown in Table 2, the isotopic values from Kitakogane
shell midden of the Early Jomon period (4800–3000 BC)
average to δ13C=−14.2±0.4 and δ15N=18.1±0.5 and the
isotopic data from the Usu shell midden of the Epi–Jomon
period (100 BC–500 AD) are δ13C=−13.2±0.7 and δ15N=
18.1±0.6, respectively (Minagawa and Akazawa 1992).

Comparison between isotopic data and possible dietary
resources

Based on floral and faunal evidence from the Tongsamdong
shell midden, we can estimate some possible food species
used by the Tongsamdong people. These dietary groups can
be divided into terrestrial plants (C3 and C4 plants), terrestrial
herbivores, and marine animals (shellfish, fish, whale, and
sea lion). Our stable isotope data can refer to these species
groups to estimate the dependence on each dietary source.
Archaeobotanical evidence from the Tongsamdong site has
suggested the possibility that some cultigens (e.g., foxtail
millet, broomcorn millet) and wild plants (e.g., chenopod,
panicoid grass) were used in the Middle Chulmun period
(Lee 2002, 2003). Stone tools such as hoes and grinding
stones in the Tongsamdong site (Sample 1974) indicate con-
sumption of plant food resources. However, our isotopic
evidence indicates that the contribution of cultivated C4 plants
(e.g., foxtail millet, broomcorn millet) to the whole diet was
also relatively small relative to animal proteins from marine
animals. These isotopic results cannot discriminate the exact
proportion of the C4 plant contribution to all diets due to
strong influence of marine animals to whole diet. Further-
more, our isotopic data suggest that there is no isotopic

Fig. 5 Plot of stable carbon and
nitrogen isotope values on all
human and faunal remains from
the Tongsamdong, Nukdo, and
Yeanri sites in southeastern
regions of Korea. Isotopic val-
ues of terrestrial and marine
animals are combined with both
the Tongsamdong and Nukdo
sites
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indication of a significant contribution to dietary protein from
C3 plants such as rice in the Tongsamdong site. Isotopic
analysis cannot identify the occasional consumption of C3

plants, or if they were consumed only for their carbohydrates.

Zooarchaeological evidence shows that the Tongsam-
dong people in the Middle Chulmun period hunted the
terrestrial herbivores like deer and wild boar. Despite the
large number of deer bones excavated, our isotope data

Fig. 6 Comparison of δ13C (a)
and δ15N (b) values of humans
and dogs from the Chulmun to
Mumun and Three Kingdoms
periods in southeastern Korea.
There are clear isotopic differ-
ences in humans and dogs be-
tween the Chulmun to Mumun
period

Table 2 Isotopic results of human samples from all three archaeological sites in Korea and Jomon sites in Japan

Location Site name Sample number Mean δ13C Mean δ15N Age of the site

Southeast Korea Tongsamdong shell midden 1 −14.8 18.1 Middle Chulmun (3500–2000 BC)

Southeast Korea Nukdo shell midden 48 −18.3±0.4 11.2±0.7 Late Mumun (550 BC–1 AD)

Southeast Korea Yeanri cemetery 109 −18.3±0.7 10.8±1.2 Three Kingdoms (300–668 AD)

Hokkaido, Japan Kitakogane shell midden 9 −14.2±0.4 18.1±0.5 Early Jomon (4000 BC)

Hokkaido, Japan Usu shell midden 10 −13.2±0.7 18.1±0.6 Epi–Jomon (1 AD)

Honshu, Japan Sanganji shell midden 13 −18.3±0.6 8.6±0.9 Middle Late to Final Jomon (3000–500 BC)

Honshu, Japan Kosaku shell midden 20 −17.7±0.6 10.5±0.9 Late Jomon (2100 BC)

Honshu, Japan Kitamura cemetery 2 −19.5±0.3 6.4±0.7 Late Jomon (2000 BC)

Japanese data are quoted from Minagawa and Akazawa (1992)
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show that the Tongsamdong human and dogs we measured
did not have a heavy reliance on terrestrial herbivores. The
Tongsamdong site is located on the southeastern coastal
line of the Korean Peninsula, and Tongsamdong people in
the Middle Chulmun period would have had much easier
access to high trophic marine animals than to terrestrial
herbivores. In addition, isotopic compositions of bone
collagen reflect the average of the food intake in over long
periods. Thus, terrestrial herbivores might be not consumed
as regular food items for a long time.

The zooarchaeological evidence from the shell midden
indicates that marine shellfish, large fish (e.g., tuna fish and
shark), and marine mammals (e.g., sea lion, whale, and
dolphin) were important dietary components. Our isotopic
results confirm this, indicating that the Tongsamdong
human seems to have mainly depended on protein
resources from marine animals such as shellfish, fish, and
large marine mammals. The clear marine focus at this time
is also supported by the artifactual evidence which includes
manufactured bone tools and ornaments made from bone
from sea lions, whales, dolphins, and large fish (Sample
1974). Bone and shell artifacts include diverse fishing
implements, shell ornaments, and composite bone fish
hooks. Drilled vertebra from shark and tuna were used for
ornaments such as bone beads and buttons, and dog cockle
(Glycymeris albolineata) shells were used to make bracelets
(Sample 1974; Kaneko and Nakayama 1994; Lee 2001).

Conclusions

In this study, the analysis of stable isotope compositions
in bone collagen has provided direct evidence for the diet
of a human and two dogs from the Middle Chulmun
Tongsamdong shell midden in southeastern Korea. The
isotopic data indicated that the human and two dogs had
diets where the protein mainly came from marine sources,
likely shellfish, fish, and marine mammals. These isotopic
results are much more similar to contemporary Hokkaido
Jomon populations in Japan than later populations from
southeastern Korea. This isotopic evidence is largely in
agreement with the archaeological evidence from the same
site. However, this isotopic research is based on a small
number of individuals due to the lack of human remains
at this period. Thus, more neighboring Chulmun sites
need to be studied to examine larger-scale dietary patterns
at this time period.

Acknowledgments We would like to thank curator In-Soo Ha for
the permission to take samples from human and animal bones in the
Busan City Museum. We would like to thank Annette Weiske and
Stephanie Boesel for technical assistance with the isotopic measure-
ments. This research was funded by the Max Planck Society.

References

Ambrose SH, Norr L (1993) Experimental evidence for the relation-
ship of the carbon isotope ratios of whole diet and dietary protein
to those of bone collagen and carbonate. In: Lambert JB, Grupe
G (eds) Prehistoric human bone archaeology at the molecular
level. Springer Verlag, pp. 1–38

Bale MT (2001) Archaeology of early agriculture in Korea: an update
on recent developments. Bull Indo-pacific Prehist Assoc 21:77–84

Bale MT, Ko M (2006) Craft production and social change in Mumun
pottery period Korea. Asian Perspec 45:159–187

Barton L, Newsome SD, Chen F, Wang H, Guilderson TP, Bettinger
RL (2009) Agricultural origins and the isotopic identity of
domestication in northern China. PNAS 106:5523–5528

Bocherens H, Drucker D (2003) Trophic level isotopic enrichment of
carbon and nitrogen in bone collagen: case studies from recent
and ancient terrestrial ecosystems. Intl J Osteoarch 13:46–53

Brown TA, Nelson DE, Southon JR (1988) Improved collagen
extraction by modified Longin method. Radiocarbon 30:171–177

Cannon A, Schwarcz HP, Knyf M (1999) Marine-based subsistence
trend and the stable isotope analysis of dog bones from Namu,
British Colombia. J Archaeol Sci 26:399–408

Choe CP, Bale MT (2002) Current perspectives on settlement,
subsistence and cultivation in prehistoric Korea. Arctic Anthro-
pol 39:95–121

Choy K, Richards MP (2009) Stable isotope evidence of human diet at
the Nukdo shell midden site, South Korea. J Archaeol Sci
36:1312–1318

Choy K, Jeon OK, Fuller BT, Richards MP (2009) Isotopic evidence
of dietary variations and weaning practices in the Gaya Cemetery
at Yeanri, Gimhae, South Korea. Am J Phys Anthropol (in press).
doi:10.1002/ajpa.21202

Crawford GW, Lee G (2003) Agricultural origins in the Korean
Peninsula. Antiquity 77:87–95

DeNiro MJ (1985) Postmortem preservation and alteration of in vivo
bone collagen isotope ratios in relation to palaeodietary recon-
struction. Nature 317:806–809

Ehleringer JR (1991) 13C/12C fractionation and its utility in terrestrial
plant studies. In: Coleman DC, Fry B (eds) Carbon isotope
techniques. Academic, San Diego, pp 187–200

Ha IS (2001) The analysis of archaeobotanical remains from the
Tongsamdong shell midden. Shinsukki Yeonku (Journal of the
Korean Neolithic Research) 2:41–49, In Korean

Ha IS (2004) Reviews of Neolithic life in the Tongsamdong shell
middens. Shinsukki Yeonku (Journal of the Korean Neolithic
Research) 7:77–104, In Korean

Hedges REM, Reynard LM (2007) Nitrogen isotopes and the trophic
level of humans in archaeology. J Archaeol Sci 34:1240–1251

Hedges REM, Clement JG, Thomas CDL, O’Connell (2007) Collagen
turnover in the adult femoral mid-shaft: modeled from anthropo-
genic radiocarbon tracer measurements. Am J Phys Anthropol
133:808–816

Kaneko H, Nakayama K (1994) Tongsamdong shell midden and
animal remains: focusing on the archaeological data from L.L.
Sample’s excavation. Journal of the Korean Archaeological
Society (Hanguk kogo-Hakbo) 31:297–339, In Korean

Kaneko H, Oh SH (2002) Tongsamdong shell midden site, 4: faunal
remains. Report of the research of antiquities of the National
Museum of Korea. Korean National Museum. In Korean

Katzenberg MA (2000) Stable isotope analysis: a tool for studying
past diet, demography and life history. In: Katzenberg MA,
Saunders SR (eds) Biological anthropology of the human
skeleton. Wiley-Liss, New York, pp 305–327

Kim J (2002) Resource patch sharing among foragers: lack of
territoriality or strategic choice? In: Grier C, Kim J, Uchiyama

Archaeol Anthropol Sci (2010) 2:1–10 9

http://dx.doi.org/10.1002/ajpa.21202


J (eds) Beyond affluent foragers: rethinking hunter-gather
complexity. Oxbow press, Oxford, pp 168–191

Krueger HW, Sullivan CH (1984) Models for carbon isotope
fractionation between diet and bone. Stable isotope in nutrition,
ACS symposium. Washington, DC: Am Chem Soc 205–220

Lee JJ (2001) From shellfish gathering to agriculture in prehistoric
Korea: the Chulmun to Mumun transition. Ph.D. thesis, Depart-
ment of Anthropology, University of Wisconsin–Madison

Lee JJ (2002) From fisher-hunter to farmer: changing socioeconomy
during the Chulmun period in southeastern Korea. In: Grier C,
Kim J, Uchiyama J (eds) Beyond affluent foragers: rethinking
hunter-gather complexity. Oxbow press, Oxford, pp 54–79

Lee GA (2003) Changes in subsistence systems in southern Korea from
the Chulmun to Mumun periods: archaeobotanical investigation.
Ph.D. thesis, Department of Anthropology, University of Toronto

Lee-Thorp JA (2008) On isotopes and old bones. Archaeometry
50:925–950

Minagawa M, Akazawa T (1992) Dietary patterns of Japanese Jomon
hunter-fisher-gatherers: stable nitrogen and carbon isotope
analyses of human bones. In: Aikens CM, Rhee SN (eds) Pacific
Northeast Asia in prehistory: recent research into the emergence
of hunter-fisher-gatherers. Farmers and Socio-Political Elites,
University of Washington Press, Seattle, pp 59–67

Minagawa M, Wada E (1984) Stepwise enrichment of 15N along food
chains: further evidence and the relation between δ15N and
animal age. Geochim Cosmochim Acta 48:1135–1140

Norton CJ (2000) Subsistence change at Konam-ri: implications for the
advent of rice agriculture in Korea. J Anthropol Res 56:325–438

Norton CJ (2007) Sedentism, territorial circumscription, and the
increased use of plant domesticates across Neolithic–Bronze
Age Korea. Asian Perspec 46:133–165

O’Leary MH (1995) Environmental effects on carbon isotope
fractionation in terrestrial plants. In: Wada E, Yoneyama T,
Minigawa M, Ando T, Fry BD (eds) Stable isotopes in the
biosphere. Kyoto University Press, Kyoto, Japan, pp 78–91

Richards MP, Hedges REM (1999) Stable isotope evidence for
similarities in the types of marine foods used by Late Mesolithic
humans at sites along the Atlantic coast of Europe. J Archaeol
Sci 26:717–722

Richards MP, Pearson JA, Molleson TI, Russel N, Martin L (2003)
Stable isotope evidence of diet at Neolithic Catalhöyük, Turkey. J
Archaeol Sci 30:67–76

Richards MP, Fuller BT, Molleson TI (2006) Stable isotope palae-
odietary study of humans and fauna from the multi-period (Iron
Age, Viking and Late Medieval) site of Newark Bay, Orkney. J
Archaeol Sci 33:122–131

Sage RF, Monson RK (1999) C4 plant biology. Academic, San Diego,
USA

Sample LL (1974) Tongsamdong: a contribution to Korean Neolithic
culture history. Arctic Anthropol 11:1–125

Schoeninger M, DeNiro M (1984) Nitrogen and carbon isotopic
composition of bone collagen from marine and terrestrial
animals. Geochim Cosmochim Acta 48:625–639

Schoeninger MJ, Moore K (1992) Bone stable isotope studies in
archaeology. J World Prehist 6:247–296

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

Schwarcz H, Schoeninger M (1991) Stable isotope analyses in human
nutritional ecology. Yrbk Phys Anthropol 34:283–321

Van der Merwe NJ (1982) Carbon isotopes, photosynthesis and
archaeology. Am Scientist 70:596–606

10 Archaeol Anthropol Sci (2010) 2:1–10


	Isotopic evidence for diet in the Middle Chulmun period: a case study from the Tongsamdong shell midden, Korea
	Abstract
	Introduction
	Diversity of subsistence strategies in the Chulmun period
	The Tongsamdong shell midden
	Evidence of human subsistence activities
	Stable isotope analysis

	Materials and methods
	Stable isotope results
	Discussion
	Isotopic evidence of diet from the Tongsamdong shell midden
	Comparison between isotopic data and possible dietary resources

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


