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An understanding of human diet and subsistence practices is central to 
understanding past human adaptations. In East Siberia the potential 

food resources are limited by the climate and topography. There is a rich and 
varied aquatic fauna in the Lake Baikal region, particularly in the lake but also 
in the numerous rivers flowing in and the Angara River flowing out of Lake 
Baikal. Past reconstructions of prehistoric life in the Cis-Baikal region invoked 
different subsistence strategies focusing on either fish or terrestrial game (e.g., 
Okladnikov 1959b; Michael 1958; Weber, Link, and Katzenberg 2002).
 One of the major objectives of the Baikal Archaeology Project (BAP) is 
to better understand past diet and to determine whether diet and subsistence 
practices changed over time. If the Early Neolithic people were more reliant 
on fishing than the Late Neolithic and Bronze Age people, as is suggested 
by the large numbers of fishhooks associated with Early Neolithic graves, 
this would have implications for both subsistence activities and for diet. 
Knowledge of the species of fish exploited provides an insight into fishing 
technology and, perhaps, seasonal subsistence practices. If, as is suggested by 
genetic evidence (Mooder et al. 2006), Late Neolithic people migrated into 
the area from elsewhere, this might explain why their dietary adaptations 
were, at least initially, different from those of Early Neolithic people. If Late 
Neolithic people were new to the area, what foods did they exploit in their 
previous range and how quickly did they develop the technology to extract 
various food resources from Lake Baikal and the surrounding region? Were 
these new traditions carried on into the Bronze Age?
 For previously excavated sites where fine-screen recovery was not used, as-
sumptions about subsistence and diet based on faunal analysis are biased by the 
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failure to recover most fish bones and bones of other small animals. Collec-
tively, hunter-gatherer subsistence studies of the past were biased by failure to 
consider the differential preservation of animal versus plant remains, and stone 
and bone tools versus bark and fiber tools in the archaeological record. Stable 
isotope analysis of preserved bone collagen provides information on human diet 
that, ideally, is combined with other sources of information, but, when those 
other sources are deficient, it provides information not otherwise available.
 Excavations focused on mortuary sites, where cultural items associated 
with mortuary customs are rich, but representative faunal assemblages were 
not expected in this context. Little is known about plant foods in the diet 
except through ethnographic analogy. Thus, it was desirable to undertake 
stable isotope analyses to better understand past dietary adaptations and po-
tential variation in those adaptations across the region and over time.
 Beginning in the early 1990s, stable isotope analyses were carried out on 
samples of human bone from several prehistoric sites in the region (Lam 1994; 
Katzenberg and Weber 1999). Lam’s 1994 results on two cemetery samples sug-
gested some variation in stable carbon isotope ratios, though the source of that 
variation was not known. Katzenberg and Weber’s 1999 study included addi-
tional cemetery samples as well as a range of terrestrial and aquatic animal bones 
and, thus, provided the explanation for the stable carbon isotope variation ob-
served by Lam, which arises from certain species of fish from Lake Baikal.
 A key strategy in using stable isotopes to reveal past human diet is the 
thorough stable isotope analysis of animal species and plants, when possible, 
that might have contributed to past diets. The results of such studies provide 
the potential as well as the limitations for making specific statements about 
past diet. For example, since fish from Lake Baikal exhibit a wide range of 
stable carbon isotope ratios, it is possible to make dietary statements about 
the presence or absence of some species, but not about all fish.
 This chapter provides information on current approaches to the study 
of diet and subsistence over time in Cis-Baikal. Stable isotope data from hu-
mans, terrestrial fauna, and aquatic fauna are presented as an aid to better 
understanding dietary adaptations. In the context of the other chapters in 
this book, these data should provide a major piece of the puzzle for recon-
structing diet among the past peoples of the region. Understanding diet and 
subsistence also has implications for understanding health and disease since 
different subsistence strategies place people in contact with different patho-
gens. Narrowing the range of possible foods has implications for develop-
ing hypotheses about subsistence technology, particularly technology used 
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in fishing (e.g., weirs, traps, boats). Ultimately an understanding of diet and 
subsistence informs us about the rituals, roles, and beliefs of past peoples.

Ethnographic Studies
 Ethnographic information about diet and subsistence among boreal 
forest/taiga peoples is available from studies by Alekseenko (1999), Ander-
son (1999), Asch (1981), Helm (1981), Rogers (1983), Savishinsky and Hara 
(1981), and Smith (1981). Additional ethnographic data are also available 
from the 1926–27 Turukhansk Polar Census (as described in Anderson 
2006). In addition to providing information on food exploitation, ethno-
graphic information also provides insights into food preferences, status items, 
and foods used only in times of famine. As has been demonstrated elsewhere, 
for example, in medieval Greece (Garvie-Lok 2002), the presence of a food 
resource in an area does not always equate with its exploitation by people liv-
ing in the area. Animals may also be exploited for multiple purposes includ-
ing skins and furs for clothing and bones and feathers for ornamentation. 
Ethnographic information also provides information on plant use, which is 
rarely available directly from the archaeological record.
 The technology for exploiting fish varies, and may include traps and 
weirs, netting from boats, and ice fishing. Fish species vary in their habitats 
and seasonal movements within and between watercourses. The location of 
the large mortuary sites from Cis-Baikal, at the confluence of major rivers 
and their tributaries, or near the lake shore where rivers enter the lake, sug-
gests that these were areas with dependable resources and those resources 
were likely fish moving between their spawning grounds in the rivers and 
their residence in Lake Baikal (Kozhov 1963).
 Terrestrial species may vary in their distribution and in their population 
size over time. For example, Winterhalder (1981:79) notes the dramatic fluc-
tuations of some mammals and migratory birds in the Canadian boreal forest, 
as documented by the Hudson’s Bay Company and by more recent studies. In 
Canada, the snowshoe hare population is subject to regular fluctuations on 
a cycle of 10 years (Winterhalder 1983). In comparison to fish, they are not 
a stable resource over the long term. From an archaeological context, such 
short-term fluctuations may not be discernable. More reliable resources, such 
as fish, with predictable movements between lakes and streams, provide some 
dietary stability, yet most hunter-gatherer groups studied in northern envi-
ronments have experienced periodic food scarcity (Winterhalder 1981).
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 Based on genetic evidence, Mooder et al. (2006) have suggested that 
the Early Neolithic Kitoi populations of Cis-Baikal may be related to the 
Kets, who moved to their present location in the Upper and Middle Yeniseyi 
Valley from southern Siberia approximately 1,000 years ago (Alekseenko 
1999:156). Alekseenko (1999:157) describes the Ket subsistence economy as 
a mixed one, including hunting moose, waterfowl, and fishing with the use 
of a weir. Nets were also used to capture waterfowl. Gathered foods included 
lily bulbs, berries, and fir bark, which was pounded and used for flour.
 The Late Neolithic Isakovo-Serovo and Bronze Age Glazkovo popula-
tions may be the ancestors of the modern-day Evenki, who currently live far-
ther north. Anderson (1999) describes traditional Evenki subsistence econ-
omy, which included hunting wild deer with lesser reliance on ptarmigan, 
capercaillie (a large bird similar to a grouse), and rabbit in winter. The summer 
diet differed and included fish, waterfowl, and berries (Anderson 1999:144).
 Ziker’s (2002, 2007) work among the northern Siberian Dolgan and 
Nganasan peoples provides detailed information on food species and their 
seasonal availability, subsistence techniques, seasonal rounds, and social as-
pects of subsistence and food sharing. While these people live farther north, 
they exploit many of the same species also used by the peoples of Cis-Baikal.
 These descriptions of subsistence economies and methods for obtaining 
food undoubtedly have some temporal depth. While it is not certain whether 
they pertain to the Neolithic and Bronze Age peoples of interest in the pres-
ent study, they surely provide some guidance in potential seasonal variation 
and food preferences.

Archaeological Information
 Archaeological information, coupled with more recent information on 
animal population dynamics and habitat preferences, provides the poten-
tial dietary choices from which past peoples could select. Recovery of faunal 
bone, pictographic representations of prey species, and knowledge of species 
ranges provide the background information for the most accurate inter-
pretation of direct dietary indicators, such as stable isotopes of carbon and 
nitrogen. The extensive archaeological excavations and analyses carried out 
throughout Siberia by Okladnikov (summarized in English in 1959 and by 
Michael in 1958) provide ample information of the importance of large ter-
restrial game as well as fish. In this context it is not at all surprising that the 
largest freshwater lake in the world, with its unique and highly diverse fauna, 
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was exploited by humans living in the region. The relative importance of par-
ticular species and the importance of aquatic versus terrestrial resources can 
only be determined with specific studies based on faunal analysis and stable 
isotope analysis of both faunal and human bone samples.

Stable Isotope Analysis: Potential and Limitations
Stable Carbon Isotopes

 The two stable isotopes of carbon, 12C and 13C, vary in plant tissues 
based on the uptake of atmospheric CO2 during photosynthesis. Plants us-
ing the Calvin pathway for photosynthesis, referred to as C3 plants, take up 
more 12C (as 12CO2) than 13C (as 13CO2) relative to the ratio of those two 
isotopes in atmospheric CO2. The !13C of the tissues of C3 plants averages 
around –25‰ (Deines 1980) in comparison to the !13C of atmospheric CO2, 
which currently has a !13C of –8‰. However, prior to the widespread burn-
ing of fossil fuels in the 20th century, the !13C of atmospheric CO2 was –7‰ 
(Boutton 1991). This difference is important to note when comparing mod-
ern and prehistoric stable carbon isotope data.
 Plants using the Hatch-Slack pathway for photosynthesis, referred to as C4 
plants, discriminate less against the heavier isotope, 13C, relative to atmospheric 
CO2, and the tissues of C4plants average around –12‰. In an environment with 
exclusively C3 terrestrial plants, stable carbon isotopes from human bone tissues 
are not very useful in differentiating different sources of food from the terres-
trial environment. Although there is slight variation in the !13C of various plants 
even within groupings (e.g., Tieszen 1991) based on the photosynthetic pathway, 
the slow turnover of human bone collagen and carbonate apatite averages out 
such small differences. The much larger differences between C3 and C4 plants 
provide the basis of using stable carbon isotope analysis to document the intro-
duction of C4 plants such as maize into regions, such as eastern North America, 
dominated by C3 plants (reviewed by Katzenberg and Harrison 1997).
 There are no known C4 plants in the Cis-Baikal region. However, there 
is considerable variation in stable carbon isotope ratios in organisms living in 
freshwater lakes. This variation is due to the multiple sources of carbon that 
enter the lake and, in deep lakes, the variations in fractionation of carbon 
isotopes due to differences in water temperature and sunlight (Hecky and 
Hesslein 1995). In Lake Baikal the variation among autotrophs at the base 
of the aquatic food web is 21‰, the largest amount of variation observed in 
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any lake (Kiyashko et al. 1998). Thus, benthic species from deep in the lake 
will vary from pelagic (open-water) species, and further variation is seen in 
the littoral (shallow-water) species (Katzenberg and Weber 1999).
 From the perspective of the human diet, the source of variation for stable 
carbon isotopes is aquatic organisms from Lake Baikal and the Angara River 
as it leaves the lake. These include the Baikal seal, locally referred to as the 
nerpa, and various fish species. Fish species from Lake Baikal range in their 
!13C values from –12.9‰ (Leuciscus idus) to –24.6‰ (Coregonus autumnalis), 
and there is also considerable variation within species (Katzenberg and We-
ber 1999). Within-species variation is due to several factors, including lifetime 
changes in diet and habitat and different populations within species that vary 
in their habitats. The present study reveals an even larger range of variation.

Stable Nitrogen Isotopes
 The two stable isotopes of nitrogen, 14N and 15N, vary according to 
trophic level in both terrestrial (DeNiro and Epstein 1981) and aquatic (Mi-
nagawa and Wada 1984) ecosystems. In the terrestrial world, leguminous 
plants, which fix atmospheric nitrogen, have !15N ratios ranging from 0‰ to 
6‰ (DeNiro 1985). Non-leguminous plants vary from around 3‰ to 9‰ 
(DeNiro and Hastorf 1985). In arid regions, !15N ratios may be higher for 
plants and animals (Ambrose 1991). Terrestrial herbivores have tissues with 
!15N that are approximately 3‰ greater than the plants they consume, and 
terrestrial carnivores are another 3‰ greater. In aquatic systems there are 
more steps in the food chain, and !15N of fish and mammal tissues tends to 
be greater than the !15N values in similar tissues of terrestrial herbivores.
 This trend is the case among terrestrial and aquatic organisms in Cis-
Baikal. However, overlapping isotope ratios between higher trophic-level ter-
restrial fauna and lower-level lake fauna make straightforward interpretations 
difficult. The Baikal seals were thought to occupy the highest trophic level 
in the lake and in the region. Thus, seal hunters/consumers are evident from 
their high stable nitrogen isotope ratios. New analyses presented here, how-
ever, include two species of fish (sturgeon and pike) having equal or slightly 
higher !15N than seals. Further complications arise from human populations 
consuming both aquatic and terrestrial resources, which is expected based 
on ethnographic information. It is thus essential to interpret the stable iso-
tope data in the context of other sources of evidence for diet, such as faunal 
remains and tools used in subsistence activities.
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Archaeological and Modern Samples

 In an earlier study Katzenberg and Weber (1999) analyzed individuals 
from ten sites, as well as faunal remains from both archaeological and modern 
contexts. Fauna included terrestrial species, such as moose (Alces alces), red 
deer (Cervus elaphus), and roe deer (Capreolus capreolus). Baikal seal (Phoca 
sibirica) samples were also obtained from both modern and prehistoric con-
texts. Fish species included grayling (Thymallus arcticus), ide (Leuciscus idus), 
lenok (Branchimystax lenok), pike (Esox lucius), carp (Carassius auratus), 
perch (Perca fluviatilis), and omul’ (Coregonus autumnalis migratorius) and 
were taken from modern contexts.
 Human bone analyzed previously was selected to investigate regional 
and temporal variation in diet. Three regions were included: Lake Baikal 
shore and Ol’khon Island, the Upper Lena River, and the Angara River and 
its tributaries (Fig. 8.1).
 Summary data include one Early Neolithic site, Shamanka, and two 
Bronze Age sites, Khuzhir-Nuge XIV and Kurma XI. Khuzhir-Nuge XIV 
contains one burial from the Late Neolithic and Kurma XI contains three 
Early Neolithic burials, while the majority of burials from both sites date to 
the Bronze Age. Consideration of individual isotope values in the context 
of sex, age at death, health, and date of interment is beyond the scope of this 
chapter. Such a study has been conducted on individuals from Khuzhir-Nuge 
XIV (Katzenberg, Goriunova, and Weber 2009). Excavation and analysis of 
remains from Shamanka is not yet completed, although summary stable iso-
tope data on 60 samples are provided in Table 8.1, which includes compara-
tive data on sites previously described (Katzenberg and Weber 1999; Weber, 
Link, and Katzenberg 2002).

Methods of Analysis
 Bone samples were obtained from recent BAP excavations. In addition 
to samples from human burials, faunal bone was collected from both ar-
chaeological and modern contexts. The data reported herein derive from ar-
chaeological contexts with the exception of fish bone, all of which is modern. 
New excavations using fine-screening methods will provide fish bone from 
archaeological contexts for comparison, but these are not yet available.
 Bone samples from archaeological contexts were free of lipids, and colla-
gen was extracted following the method of Sealy (1986). In this simple meth-
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od, bones are cleaned in an ultrasonic bath, broken into chunks, and soaked 
in 1% hydrochloric acid (HCl) until all mineral is removed and a collagen 
ghost remains. The remaining collagen is soaked in 0.125 M sodium hydrox-
ide (NaOH) in order to remove any extraneous organic matter (humic and 
fulvic acids) that may have been introduced from the burial environment.

8.1. Location of mortuary sites discussed in text: along Angara River—
Lokomotiv (8), Ust’-Belaia (19), and Ust’-Ida I (36); along Lena 
River—Makrushina (84), Nikol’skii Grot (95), Obkhoi (98), Turuka 
(108), Zakuta (109), and Borki (149); along shores of Lake Baikal—
Khotoruk (114), Sarminskii Mys (122), Shamanskii Mys (129), Kurma 
XI (138), Khuzhir-Nuge XIV (141), and Shamanka II (142).
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 Fish bones were from the modern environment and required the removal 
of lipids. Various methods were attempted, and it was found that complete 
removal of lipids was only accomplished if the bone was ground prior to treat-
ment. For these samples, ground bones were demineralized in hydrochloric 
acid and rinsed, then treated with a chloroform and methanol solution fol-
lowing the procedures described by Bligh and Dyer (1959), with modifica-
tions suggested by Liden and colleagues (1995). Collagen was then extracted 
using the Longin method for ground bone (1971).

Site Name Region
Cultural 

Affiliationa Period N
Mean 
!13C

s.d.b N
Mean 
!15N

s.d.b

Khuzir-Nuge XIV Little Sea Serovo Late Neolithic 1 -19.6 ND 1 11.9 ND

Khuzir-Nuge XIV Little Sea Glazkovo Bronze Age 51 -18.6 0.87 51 13.6 1.59

Shamanka II Baikal Kitoi Early Neolithic 60 -16.3 0.74 60 14.5 1.01

Kurma XI Little Sea Early Neolithic 3 -18.3 1.09 3 14.4 2.08

Kurma XI Little Sea Glazkovo Bronze Age 19 -18.6 0.54 19 14.3 1.74

Lokomotiv Angara Kitoi Early Neolithic 20 -15.8 1.12 21 14.4 0.95

Ust’-Ida Angara Serovo Late Neolithic 19 -17.8 0.66 19 11.9 0.55

Ust’-Ida Angara Glazkovo Bronze Age 13 -18.4 1.01 13 11.5 0.97

Khotoruk Baikal Kitoi Early Neolithic 3 -17.6 0.87 2 12.7 ND

Shamanskii Mys Little Sea Glazkovo Bronze Age 6 -18.4 0.37 6 14.3 0.46

Sarminskii Mys Little Sea Serovo Late Neolithic 7 -18.2 0.61 7 14.8 1.9

Sarminskii Mys Little Sea Glazkovo Bronze Age 4 -18.6 0.66 4 14.7 1.71

Borki Upper Lena Glazkovo Bronze Age 6 -19.4 0.33 6 9.8 0.41

Makrushina Upper Lena Early Neolithic 2 -19.7 ND 2 10.6 ND

Makrushina Upper Lena Glazkovo Bronze Age 1 -18.8 ND 1 12.1 ND

Obkhoi Upper Lena Glazkovo Bronze Age 9 -19.6 0.44 9 10.2 0.89

Nikol’skii Grot Upper Lena Serovo Late Neolithic 2 -19.2 ND 2 10.9 ND

Nikol’skii Grot Upper Lena
Neolithic– 
Bronze Age

1 -19.9 ND 1 11.0 ND

Turuka Upper Lena Kitoi Early Neolithic 8 -20.4 0.35 8 12.3 0.38

Ust’-Belaia Angara Kitoi Early Neolithic 3 -17.1 0.33 3 13.6 0.39

Ust’-Belaia Angara Glazkovo Bronze Age 1 -19.2 ND 1 11.1 ND

Zakuta Upper Lena Serovo Late Neolithic 3 -20.1 0.4 3 11.9 0.15

a Weber, Link, and Katzenberg 2002; Weber et al. 2005: Kitoi 8000–6100 BP, Serovo/Glazkovo 5300–3300 BP
b Standard deviation
N = Sample size
ND = Not determined

Table 8.1. Summary Data of Stable Isoptope Analyses from Shamanka, Khuzhir-Nuge XIV, 
and Kurma XI, and Sites Previously Reported by Katzenberg and Weber (1999) for 
Human Burials from Cis-Baikal (adults only).
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 Collagen samples were analyzed on a Finnigan Mat Delta+XL continu-
ous flow mass spectrometer interfaced with a Carlo Erba NA 1500 elemen-
tal analyzer in the Isotope Science Laboratory of the University of Calgary. 
Precision is ± 0.2‰ for carbon and ± 0.2‰ for nitrogen. Precision for C/N, 
determined on the elemental analyzer, is ± 5.0%.

Stable Isotope Variation in Cis-Baikal
Fauna

 The faunal data collection spans the duration of the project. Thus, many 
of the values have been previously reported (Katzenberg and Weber 1999; 
Weber, Link, and Katzenberg 2002), while others were more recently ana-
lyzed. Stable isotope ratios for both carbon and nitrogen are highly variable 
among fish both within and between species. This is not unexpected, as fish 
diets vary with age, and their habitats may vary throughout their lives.
 Results are presented in Table 8.2 and Figure 8.2. Terrestrial mammals 
from prehistoric and modern contexts vary slightly in their !13C values due 

8.2. Mean stable carbon isotope and stable nitrogen isotope data for prehistoric mam-
mals, modern fish, and humans from Shamanka, Khuzhir-Nuge XIV, and Kurma XI. 
Genus of animal species indicated; complete Latin and common names appear in 
Table 8.2.
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to the fact that the !13C of atmospheric CO2 is approximately 1‰ less en-
riched than it was prior to the widespread burning of fossil fuels (Boutton 
1991). The lower central cluster of points in Figure 8.2 includes all of the 
terrestrial species analyzed except dogs, which have higher !15N values. Dogs 
normally cluster with humans, but with slightly lower nitrogen isotope ratios 
than humans, as is seen here.
 Aquatic species show a wide range of variation for both stable carbon 
isotopes and stable nitrogen isotopes (individuals are plotted in Fig. 8.3). The 

Table 8.2. Mean Values and Standard Deviations in Figure 8.2 for Prehistoric Mammals, 
Modern Fish, and Humans from !ree Recently Excavated Sites.

Mammals Common name N !13C !15N

mean S.D. mean S.D.

Alces alces European elk 4 -20.2 1.2 2.4 1.2

Ursus arctos Brown bear 3 -19.8 0.4 5.1 1.3

Canis familiaris Dog 6 -18.6 0.6 11.2 2.0

Capreolus capreolus Roe deer 15 -20.4 1.0 6 3.0

Cervus elaphus Red deer 11 -20.1 1.5 4.5 1.2

Phoca sibirica Baikal seal/Nerpa 13 -22 0.9 13.9 1.1

Modern fish

Lota lota Burbot 1 -23.6 12.4

Esox lucius (from Baikal) Northern pike 5 -17.7 2.9 11.6 0.4

Esox lucius (from Angara) Northern pike 2 -19.7 19.6

Acipenser baerii Baikal sturgeon 1 -22.3 14.1

Carassius gibelio Prussian carp 2 -24.1 8.8

Coregonus autumnalis migratorius Omul 3 -16.4 2.5 9.3 0.2

Coregonus laveretus European whitefish 1 -17.5 12.6

Perca fluviatilis European perch 2 -10.5 10.4

Perca fluviatilis European perch 1 -23.6 12.7

Leuciscus idus Ide 2 -12.9 9.4

Branchimystax lenok Lenok 4 -14.2 0.7 11.1 0.6

Thymallus arcticus baicalensis Baikal grayling 2 -22.9 11.5

Thymallus arcticus brevipinnis White grayling 5 -13.6 3.5 10.4 0.5

Modern humans

Khuzhir-Nuge XIV 53 -18.7 0.9 13.6 1.6

Shamanka 60 -16.3 0.7 14.5 1.0

Kurma XI 24 -18.5 1.0 14.4 1.7

N = sample size
S.D. = standard deviation
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carp (Carassius gibelio), has the lowest !15N value of all aquatic species. Notice 
that perch (Perca fluviatilis), all from Lake Baikal, appear widely separated 
on the x-axis (!13C), with one sample at –23.6‰ and two others averaging 
–10.5‰. They exhibit a wide range of values, as do the various Coregonus 
species, which include the omul’ (Coregonus autumnalis migratorius) as well 
as other whitefish (Coregonus laveretus).
 In our earlier study (Katzenberg and Weber 1999), the Baikal seal was at 
the top of the aquatic trophic web. With the exception of sturgeon and pike, 
seals still have higher !15N values than most fish species. Seals feed primar-
ily on golomyanka (Comephorus baicalensis) and sculpin (Cottocomephorus 
inermis). The sturgeon of Lake Baikal (Acipenser baerii) spend their lives in 
fresh water, unlike many other species of sturgeon which spend part of their 
lives in the sea (Bemis, Findeis, and Grande 1997). Pike are top predators in 
the aquatic world and Lake Baikal pike (Esox lucius) are particularly large 
(Owens and Pronin 2000). The two pike most enriched in 15N are from the 
Angara River. In a stable isotope study of pike in Canadian lakes, Beaudoin 
and colleagues (1999) found considerable variation in stable carbon and ni-

8.3. Scatter plot of !13C and !15N for individual fish specimens illustrates large 
range of variation both within and between species. Data labels abbrevi-
ate common names: gry=graying, wht=whitefish, stg=sturgeon, pik=pike, 
crp=carp, per=perch, bur=burbot.
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trogen isotope ratios with a range of over 6‰ in !15N.
 Figure 8.3 shows the wide range of variation in stable carbon isotope ra-
tios, as well as stable nitrogen isotope variation for 28 individual fish samples. 
Abbreviated common names are provided for each point (see Fig. 8.3 cap-
tion). Mean values are indicated with names by genus in Figure 8.2, but these 
mean values do not represent the possible range of dietary stable isotope ra-
tios given the wide range of variation.

Stable Isotope Data from Neolithic and Bronze Age 
Hunter-Gatherers

 Figure 8.2 illustrates the mean stable isotope ratios for both carbon and 
nitrogen for each site—Shamanka, Kurma XI (indicated as Kurma on the 
figure) and Khuzhir-Nuge XIV (KN on the figure)—against the background 
of the means from the faunal data. Shamanka burials date to the Early Neo-
lithic, while Kurma XI includes both Early Neolithic (n=3) and Bronze Age 
(n=19) burials. It is apparent from Table 8.1 that the Kurma XI !13C and 
!15N mean values for the two different occupations are very similar, so, for 
simplicity, they are combined in Figure 8.2. (However, the two occupations 
are plotted separately in Figs. 8.4 and 8.5). Khuzhir-Nuge XIV includes one 
Late Neolithic burial, although the isotope results fall within the range of 
variation for the 51 individuals sampled from the Bronze Age (see Table 8.1). 
Thus, while they are plotted collectively in Figure 8.2, the single Late Neo-
lithic individual is plotted separately in Figures 8.4 and 8.5.
 Over all, the !15N values indicate that individuals at these three sites re-
lied heavily on aquatic resources. Contributions to the diet from hunted ter-
restrial game are masked by these high !15N values, but it is clear that no one 
in these groups relied only on terrestrial game, or their !15N values would be 
around 8‰ (!15N for animal bone plus 3‰). While the !15N data do not rule 
out the possibility that individuals subsisted completely on fish (e.g., white-
fish) and seals, the ethnographic information suggests that this is unlikely 
since fish, and particularly certain fish such as carp, are not preferred foods.
 Stable carbon isotope ratios indicate that the individuals from the Early 
Neolithic (Kitoi) site Shamanka relied to a greater degree on fish species with 
more enriched !13C values, such as lenok (Branchimystax lenok), perch (Perca 
fluviatilis), and dace (Leuciscus baicalensis), in comparison to the individuals 
from the two Bronze Age sites, Kurma XI and Khuzhir-Nuge XIV. Given 
the wide range of variation in !13C values for fish, it is not possible to make 
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statements about the degree of reliance on fish based on !13C except to indi-
cate whether those fish enriched in 13C were included in the diet. To estimate 
the diet of humans, the diet-collagen spacing of 5‰ is subtracted. This is an 
estimate based on field studies (van der Merwe and Vogel 1978; Chisholm, 
Nelson, and Schwarcz 1981) and controlled feeding studies (Ambrose and 
Norr 1993; Tieszen and Fagre 1993).
 An additional correction is made to estimate the !13C value of animal 
flesh from the empirically derived !13C values for bone collagen. This is es-
timated to be the !13C of bone collagen –4‰. Thus, the mean !13C for hu-
man diet from Shamanka is –21.3‰, and food sources may have included 
the flesh of perch (estimated at –11‰), roe deer (–24‰), and perhaps seals 
(–25‰). Because both roe deer and seals are less enriched in the heavy iso-
tope of carbon than is the estimated human diet, there has to be another 
source that is more enriched in the heavy isotope. Based on our sampling, 
that source is most likely fish enriched in 13C, but there are fish in that group 
that exhibit a wide range of variation within the same species (e.g., perch).
 There are several possible food sources that have not been analyzed thus 
far, including birds such as grouse and pheasant, and plants. Plants are most 
likely C3 species, so they are unlikely to change these interpretations. Birds, 
however, may be quite variable in their stable carbon and nitrogen isotope 
ratios, since they move among different habitats.
 The place of humans near the top of the trophic web (!15N) (but, inter-
estingly, not at the top), and more or less central with respect to the x-axis 
(!13C), indicates their exploitation of a range of available resources. The ad-
dition of information from carefully excavated faunal assemblages will be 
necessary before further refinements in estimates of past diets are possible 
here. Happily, that is a part of the next stage of the BAP.

Interpretation
 The stable isotope data indicate a diet drawn from all available options, 
including terrestrial game, seals, and fish from several habitats. This infer-
ence fits well with ethnographic information on other boreal forest/taiga 
hunter-gatherer groups. Flexibility is required in a harsh environment where 
fluctuations in availability of game are the norm. More dependable resources 
may not be the favored food choice, but they are, nevertheless, exploited. Eth-
nographic information suggests that gathered plant foods would have been 
included as well, but the data do not address this aspect of the diet.
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 Did diet change between pre- and post-hiatus people? New data reported 
here suggest that the diet for the Early Neolithic people of Shamanka includ-
ed greater emphasis on fish enriched in 13C as compared to the later Bronze 
Age Kurma XI and Khuzhir-Nuge XIV diets. The latter two are quite simi-
lar, with a slightly higher !15N for Kurma, suggesting more seal meat or per-
haps higher trophic-level fish in the diet. The site most similar to Shamanka, 
in terms of stable isotope results, is Lokomotiv, another Early Neolithic site 
located on the Angara River.
 Adding these data to those previously collected (Katzenberg and We-
ber 1999) reveals an interesting pattern for the stable isotope data relative to 
both time period and location of sites. Shamanka, an Early Neolithic site, is 
located at the southern tip of Lake Baikal and Lokomotiv (also Early Neo-
lithic) is located on the Angara River approximately 60 km from its source 
in Lake Baikal (Fig. 8.1). Figures 8.4 and 8.5 depict the same data from this 
analysis and the earlier study (mean !13C and !15N by site), but they are la-
beled differently. Figure 8.4 shows individuals by time period, while Figure 
8.5 shows them by location on Lake Baikal (the Little Sea is a specific part 
of the lake), on the Angara River and its tributaries, or on the Upper Lena 
River. Data are presented in these two different ways in order to control for 
the fact that two of the three Early Neolithic sites analyzed are from the 
shores of the lake (Shamanka and Khotoruk).
 Figure 8.4 indicates that the sites with the most enriched carbon isotope 
ratios are all Early Neolithic (EN). The Late Neolithic (LN) and Bronze Age 
(EB) sites occur mainly in two clusters, one with mean !13C around –18 to 
–19‰, which includes sites located on the shores of Lake Baikal, and an-
other with mean !13C around –19 to –20‰ and !15N around 10‰, almost 
exclusively from the Upper Lena Valley (one site from the Angara Valley is 
included in that cluster).
 The lower !13C values of the people from the sites along the Angara and 
Lena rivers (with the exception of Lokomotiv) reflect the lack of fish with 
more enriched !13C values in their diets. Such fish are characteristic of deep 
lakes (Hecky and Hesslein 1995). The lower !15N values of those same people 
suggest greater reliance on terrestrial mammals but some reliance on fish. 
The Early Neolithic populations living around the Little Sea probably relied 
more on seals in comparison to contemporary populations further south. 
This would account for their lower !13C values but similarly high !15N val-
ues. Archaeological evidence for seal exploitation indicates that people living 
on the northwestern shore of the lake and on Ol’khon Island hunted seals, 
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8.4. Mean !13C and !15N values with error bars indicating one standard devia-
tion for sites in Table 8.1 labeled by time period (EN=Early Neolithic, 
LN=Late Neolithic, EB=Early Bronze Age) at lower left of means.

8.5. Mean !13C and !15N values with error bars indicating one standard de-
viation for sites in Table 9.1, labeled by region. Lake Baikal region includes 
sites labeled Baikal, Little Sea, and Ol’khon Island (labels at lower left 
of means). Two other regions are Upper Lena and Angara, referring to 
sites located along these major rivers and their tributaries.
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most likely during the spring (Weber, Konopatskii, and Goriunova 1993, 
Weber et al. 1998).
 The genetic data (Mooder et al. 2006) indicate that the post-hiatus 
population differed from the pre-hiatus population, and the stable isotope 
data suggest that the diets also differed. These dietary differences are more 
likely differences in emphasis on specific resources, rather than all-or-noth-
ing choices. Stable isotope analysis provides valuable information unobtain-
able from other sources, but it is only one source of information on diet. In 
archaeological contexts, these data must be supported by faunal analysis.
 Further excavation of habitation sites should provide additional evidence 
for dietary adaptations through faunal remains and tools for procuring food. 
This evidence, plus the ongoing analysis of faunal and human collagen sam-
ples, will provide a clearer picture of the long-term variation in past diets.




