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Mobility strategies are a fundamental aspect of hunter-gatherer adap-
tations, and they are strongly interconnected with numerous other 

social, cultural, and environmental variables (for excellent summaries, see, 
e.g., Bettinger 1991; Kelly 1995). When mobility is discussed in an archae-
ological context, it often refers to large scale patterns and strategies, both 
in a temporal and spatial sense, with these being described in terms such as 
annual range, lifetime range and residential or logistic mobility (cf. Binford 
1980, 1983). Such patterns provide an indication of the general area where 
resources would or could have been procured, and tend to refer to group-
level mobility patterns. The term mobility may also be used in the context of 
individual or group migration events (e.g., Ezzo et al. 1997; Ezzo and Price 
2002; Grupe et al. 1997).
 Hunter-gatherers may shift their overall foraging range not only between 
the seasons, but from year to year, or over a longer time scale. Such territorial 
shifts may have environmental reasons, for example, when a main prey spe-
cies has moved its range in response to resource stress, or sociocultural rea-
sons, such as is described for the Nunamiut hunters during different stages of 
their life (Binford 1983).
 The historical development of theoretical models describing hunter-
gatherer mobility strategies has been characterized by a shift in emphasis 
from group to individual. While the environment is still considered to be of 
fundamental importance, the role of individual agency has come to be rec-
ognized as an important evolutionary driving force for cultural change (e.g., 
Bettinger 1991; Kelly 1995; Mithen 1990; Smith and Winterhalder 1992). 
Thus, a method of resolving the nature of spatially and temporally aggregate 

‹ 10 ›



218 Caroline M. Haverkort, Vladimir I. Bazaliiskii, and Nikolai A. Savel’ev

patterns, through identification of individual mobility patterns, would pro-
vide a significant contribution to hunter-gatherer studies.
 Strontium (Sr) isotope analysis of prehistoric human remains holds 
considerable potential in this regard (cf. Beard and Johnson 2000; Ericson 
1985, 1989). Studies have primarily focused on identification of individual 
migration patterns between what are assumed to have been largely seden-
tary agricultural communities in continental Europe and England (Bentley 
et al. 2003, 2004; Grupe et al. 1997; Montgomery et al. 2000; Price et al. 
1994a, 1998, 2001; Schweissing and Grupe 2003), the Americas (Ezzo et al. 
1997; Ezzo and Price 2002; Hodell et al. 2004; Knudson et al. 2004; Price et 
al. 1994b, 2000), and more recently in a North African prehistoric pastoral 
population (Tafuri et al. 2006). The presence of large prehistoric cemeter-
ies associated with hunter-gatherer cultures in the Cis-Baikal region offers 
the unique opportunity to investigate the feasibility of using the Sr-isotope 
method to study individual mobility patterns among foragers.
 Previous studies of Cis-Baikal foraging populations by the Baikal Ar-
chaeology Project have revealed that Early Neolithic Kitoi groups differed 
in their adaptations from Late Neolithic to Bronze Age Isakovo, Serovo, and 
Glazkovo groups. Research findings to date suggest that both Kitoi and the 
later Isakovo–Serovo–Glazkovo may have been relatively sedentary during at 
least part of the year, most likely the summer months, when abundant and pre-
dictable aquatic resources were available and a large number of people would 
have been needed to harvest and process fish. Evidence of social complexity 
with varying levels of social inequality, and some osteological indicators of 
intra-community violence among the Kitoi, point to a possibly much more 
complex pattern of availability and access to resources. These hypotheses are 
based on archaeological and osteological evidence from cemetery sites in the 
area, as well as ethnographic evidence for economically important resources.
 Initially, it appeared that the types and abundance of resources would have 
been relatively similar across the time span from Early Neolithic to Bronze 
Age times (Weber et al. 2002). Nonetheless, stable carbon and nitrogen iso-
tope data, which provide insight into dietary choices, indicate that the Kitoi 
and Isakovo–Serovo–Glazkovo peoples made a somewhat different selection 
from among those available resources (Katzenberg and Weber 1999). For ex-
ample, the Baikal seal did not play a significant role in the subsistence system 
of the Kitoi, while it became an important resource for the Late Neolithic 
and Bronze Age peoples. Does this merely reflect cultural preferences, or did 
access to the Baikal seal not fit into the seasonal or annual pattern of resource 
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exploitation practiced by the Kitoi people? The Kitoi appear to have focused 
more strongly on fishing, with settlements more confined to restricted territo-
ries along major waterways. In contrast, the distribution of Isakovo–Serovo–
Glazkovo cemeteries throughout the Cis-Baikal suggests these groups may 
have been accessing a wider variety of both terrestrial and aquatic resources.
 To what extent do these different adaptations reflect the constraints 
imposed by existing environmental conditions? A more extensive and dense 
forest cover during the early part of the Holocene may have limited Kitoi 
mobility to the main river valleys, while prohibiting access deeper into the 
hinterlands. Climatic changes that appear to have occurred around the mid-
Holocene in this region (White 2006) could have altered the forest cover, 
opening up larger areas throughout the Cis-Baikal for exploitation by Late 
Neolithic and Bronze Age peoples. Within this larger context, a more de-
tailed understanding of mobility patterns would make an important contri-
bution to our understanding of the observed differences between Kitoi and 
Isakovo–Serovo–Glazkovo adaptations.

Principles of 87Sr/86Sr Isotope Methodology 
for Studies of Prehistoric Mobility

 Strontium isotopes can be used as a geochemical marker of locality, based 
on the principle that region-specific Sr isotope ratios (87Sr/86Sr) enter the body 
through the consumption of food and water and are incorporated into min-
eralizing hard tissues. Previous studies of prehistoric mobility based on the Sr 
isotope methodology have mostly involved patterns of migration into more 
sedentary communities. These studies capitalized on the biological differences 
between tooth enamel and bone tissue, which reflect environmental exposure 
and thereby geographic place of residence, during childhood and adult life, re-
spectively (cf. Sealy et al. 1995). Individuals with tooth enamel 87Sr/86Sr ratios 
that deviate significantly (> 2 s.d.) from the average bone ratios measured in 
adults buried at a local cemetery (e.g., Grupe et al. 1997), or from average ra-
tios measured in small mammal tooth enamel (Bentley et al. 2004; Price et al. 
2002), are assumed to have been immigrants from another geographic region 
where baseline environmental 87Sr/86Sr ratios are different from the signature 
characteristic of the vicinity of the settlement site. By comparing an individ-
ual’s residential location during childhood and adulthood, we can identify 
lifetime mobility patterns, with mobility being defined as a long-term or per-
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manent shift in residence (i.e., migration) for otherwise residentially relatively 
stable individuals. Additionally, a comparison of these patterns between male 
and female individuals may reveal distinct patterns which could be indicative 
of post-marital residence patterns (e.g., Grupe et al. 1997).
 While the degree of mobility among individuals in agricultural commu-
nities is most likely seriously underestimated (e.g., Anthony 1990), the level 
of overall movement in foraging populations is without doubt more complex 
both in space and time. In our study of prehistoric Siberian forager adapta-
tions, the primary goal is to reconstruct mobility patterns for individuals 
who may have traveled across a relatively large territory in a complex environ-
ment with both spatial and temporal variation in resource availability. This 
framework is, therefore, rather different from that applied to previous studies 
and the overall complexity clearly creates challenges for the interpretation of 
the Sr isotope data. Thus, the construction of an interpretive framework for 
the human Sr isotope data is an important and ongoing part of our study.
 The feasibility of a strontium isotope study of Cis-Baikal forager mobil-
ity strategies was assessed in a pilot study (Weber et al. 2003). We measured 
strontium isotope signatures for enamel samples from the first, second, and 
third molar, and for a bone sample from the midshaft of a femur for six indi-
viduals from the Glazkovo cemetery at Khuzhir-Nuge XIV in the Ol’khon 
area on Lake Baikal (Fig. 10.1). In addition, bone samples for three animal 
species—the suslik (a ground squirrel), nerpa (the Baikal seal), and omul’ (an 
important Baikal fish species)—were analyzed as part of the environmen-
tal comparative framework. This study demonstrated that the variability 
in 87Sr/86Sr ratios between different teeth or between teeth and bone of the 
same individual can be quite substantial, and the differences in patterns be-
tween the individuals are suggestive of differences in lifetime mobility. Fur-
thermore, our pilot data set suggested that the Glazkovo hunter-gatherers 
included in this study had their long-term procurement ranges likely based 
within the Ol’khon region, in other words, relatively close to the cemetery 
where they were buried (Weber et al. 2003). The results further indicated 
that the geochemical variation in the Cis-Baikal region was sufficient for a 
meaningful application of the technique on a broader scale to address some 
of the more specific questions about mobility and procurement strategies of 
the region’s Middle Holocene foragers.
 The objective of this chapter is twofold. First, we discuss the findings of 
a more extensive environmental data set, which includes samples for more 
aquatic and terrestrial species from the entire Cis-Baikal region, and we out-
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line some of the key aspects of the interpretive framework that is required 
for a proper understanding of the human Sr isotope data. Second, we offer 
a preliminary discussion of the results for the Sr isotope analyses of adult 
human bone and tooth samples from three different cemeteries (Lokomotiv, 
Ust’Ida, and Khuzhir-Nuge XIV, see Fig. 10.1), with individuals representing 
the Kitoi, Isakovo, Serovo, and Glazkovo cultural groups.

10.1. Map of the study region showing the locations of the cemeteries Lokomotiv, 
Ust’Ida, and Khuzhir-Nuge XIV, and the major geochemical zones. Archean 
and Proterozoic granites: 87Sr/86Sr > 0.720; Mesozoic and Quaternary de-
posits: 87Sr/86Sr 0.705–0.710; Lower Paleozoic limestone: 87Sr/86Sr ~0.709.
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A Biocultural Interpretive Framework for Human 
Strontium Isotope Data

 In our study, we use four samples for each individual (M1, M2, M3, and 
femur) in order to reconstruct lifetime mobility patterns, or individual life 
histories (cf. Sealy et al. 1995). To understand the individual level mobility 
that may underlie the resource procurement patterns in an environment as 
spatially and temporally variable as Cis-Baikal, we need to ask how far did 
people travel, and in what direction, how often did they move and why (cf. 
Close 2000). Kelly (1995) lists five critical variables of hunter-gatherer mo-
bility strategies: (1) the number of residential moves/year, (2) the average dis-
tance moved; (3) the total distance moved each year, (4) the total area used 
over the course of a year, and (5) the average length of a logistical trip.
 While economic considerations are a highly significant factor in deter-
mining the movement of hunter-gatherers at the level of the individual and 
across the relatively short period of a human lifetime, there are several other 
important reasons for movement. Ethnographic studies and oral histories of 
indigenous peoples inhabiting the boreal forest region illustrate abundant-
ly that traveling can be undertaken for a large variety of reasons, including 
visits to relatives or doctors/shamans/healers, as well as more communal ac-
tivities such as large gatherings and feasts or burial ceremonies. Some of this 
traveling may involve considerable distances. At the same time, social and 
spiritual aspects of everyday life are closely interconnected with hunting and 
gathering activities for most indigenous cultures that live off the land (e.g., 
Anderson 2000; Athabasca Chipewyan First Nation 2003; Brody 1988; Lee 
and Daly 1999; Tanner 1979). Resource procurement activities would have 
likely accompanied most, if not all, instances of traveling.
 From the perspective of our isotope study, most traveling will have been 
accompanied by the intake of environmental strontium with isotopic ratios 
characteristic of the geographic regions visited. In order to interpret the iso-
tope ratios in human bone and tooth samples accurately, it is critical to un-
derstand how, and to what extent, these variable environmental signatures 
are represented in these hard tissues and, ultimately, in the samples included 
in our analysis. Time is a central factor, because (1) it structures mobility pat-
terns (e.g., frequency of moves; distance covered per unit of time, for example 
seasonally or annually), and (2) it is represented in the samples of bone and 
teeth that are analysed for Sr isotopes in the form of bone remodeling rates 
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and tooth crown formation and mineralization rates.
 Any amount of cortical bone from a femur will represent as much as 
ten years of time (Ortner and Putschar 1985), meaning that the measured 
87Sr/86Sr ratio reflects a time-average of all the environmental sources that 
were accessed during that decade. Similarly, a bulk sample of tooth enamel 
will contain up to 3–4 years of developmental time (Avery 1992; Hillson 
1996), also resulting in a time-averaged 87Sr/86Sr value. Therefore, the mea-
sured 87Sr/86Sr ratios in bulk bone or enamel cannot provide information 
about short-term (e.g., annual or seasonal) movement.

Setting the Stage
 Mobility strategies for food procurement are strongly interconnected 
with numerous social, cultural, and environmental variables. All of these 
variables should be taken into consideration when interpreting the isotope 
information, with the objective of building an internally consistent model. 
Our interpretive framework should incorporate the overall geographic char-
acteristics of the region, archaeological and ethnographic evidence indicating 
economically important plant and animal species, and—at this stage of our 
research—modern distribution patterns for those same species. Additional 
types of archaeological evidence, particularly those pertaining to mobility-
related technology such as boats and sleds can provide important clues about 
potential foraging range and transportation options. Factors specifically 
related to the Sr isotope methodology include the general biogeochemical 
differentiation in the study area based on underlying bedrock, as well as bio-
logical and ecological processes that affect the movement of elemental stron-
tium through the food chain. Several sociocultural factors, such as extensive 
sharing of resources (characteristic of many forager peoples), are particularly 
relevant to our study.
 The Cis-Baikal region is characterized by a large number of microhabi-
tats, each providing a variety of mostly seasonally available resources (Galazii 
1993; Weber et al. 2002; Weber 2003). Lake Baikal itself is a huge body of 
water and its thermal capacity has an ameliorating effect on the local climate, 
resulting in milder temperatures during the winter and cooler temperatures 
during the summer. In addition, the Angara River Valley is characterized 
by a relatively shallow snow cover during the long winter, which is attractive 
for various species of ungulates as it provides easier access to food and fewer 
restrictions to mobility (Formozov 1964). Large game found in the region 
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includes moose (Alces alces), red deer (Cervus elaphus), roe deer (Capreolus 
capreolus), reindeer (Rangifer tarandus), and mountain goat (Capra sibirica). 
Smaller species such as hare (Lepus sp.), geese, and other waterfowl are also 
abundant in many areas around the lake. During the summer, large runs of 
black grayling (Thymallus arcticus) are found in the first section of the An-
gara River, and several fish species enter the tributaries of the Angara in large 
numbers to spawn. The shallow coves and bays in the Little Sea region of 
Lake Baikal, between Ol’khon Island and the west coast of the lake, also 
provide excellent opportunities for fishing. Ethnographic studies of boreal 
forest populations suggest that mushrooms, berries, and pine nuts are other 
potential resources (see also Katzenberg and Weber 1999; Lam 1994). Very 
little is known at this point about availability and possible uses of plant re-
sources. However, there is sufficient ethnographic evidence for the fact that 
plants have played a role in most forager subsistence systems in boreal forest 
regions around the world.
 Both archaeological and ethnographic evidence indicates that impor-
tant subsistence resources included terrestrial herbivores such as roe deer, red 
deer and moose, several species of fish from the lake and various rivers in 
the region that could be harvested effectively and efficiently (e.g. grayling, 
omul’ Coregonus migratorius), as well as the Lake Baikal seal (Phoca sibirica), 
which was mostly harvested by Middle to Late Holocene peoples (Katzen-
berg & Weber 1999; Levin and Potapov 1965; Okladnikov and Konopatskii 
1974–75; Weber et al. 1993, 1998, 2002).

Strontium in Ecosystems: Biological and Ecological Principles
 Chemically, strontium is very similar to calcium, one of the main constit-
uents of hydroxyapatite, the main component of skeletal hard tissues. During 
the process of nutrient uptake, the body tends to discriminate between cal-
cium and strontium, resulting in a preferential uptake of calcium across bio-
logical membranes. This process of biological discrimination, referred to as 
biopurification, results in a gradual decrease of strontium up the food chain 
from soils to plants to herbivores to carnivores. In both herbivores and carni-
vores, whatever amounts of strontium are ingested are mostly sequestered in 
the skeletal tissues, such that as much as 99% of the total amount of Sr in the 
body is found in bones and teeth (Curzon and Cutress 1983) with very low 
levels present in soft tissues.
 These effects are important to keep in mind because, when a human 
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diet is predominantly based on meat, the other sources of Sr—plants and 
water—could theoretically contribute most of the Sr to the diet. The Sr iso-
tope signature of these resources would then contribute relatively strongly to 
the Sr signature measured in bone or tooth enamel. Due to the limited devel-
opmental period of individual tooth crowns during infancy and childhood, 
in contrast to the continuous remodeling of bone tissue throughout life, bio-
genic bone concentrations of Sr tend to be higher than concentrations found 
in teeth.
 The movement of Sr through the food chain is not accompanied by any 
systematic shifts in the abundance of one isotope over the other (isotope frac-
tionation) such as is observed for the lighter elements carbon and nitrogen. 
The ratio of 87Sr to 86Sr found in hard tissues of animals is, therefore, directly 
related to environmental signatures in the food and water the animals have 
consumed. These environmental ratios ultimately derive from the bedrock 
underlying the plant populations and animal territories. The 87Sr/86Sr ratios 
in bedrock are a function of both age and composition of the rocks (Faure 
and Powell 1972; Graustein 1989).
 Based on the characteristics of the underlying bedrock formations, the 
Cis-Baikal region can be subdivided into three major geochemical zones 
(Fig. 10.1; see also Weber et al. 2003). These include the west coast of Lake 
Baikal, which includes the Primorskii and Baikalskii mountain ranges, and 
consists mainly of Archean and Proterozoic granites with 87Sr/86Sr ratios 
at >0.720. These formations are also found beneath the area to the south-
west of the lake, which includes part of the western drainage of the Angara 
River. The first section of the Angara River, the only river flowing out of 
Lake Baikal, flows across younger Mesozoic and Quaternary deposits with 
lower 87Sr/86Sr ratios in the range of 0.705–0.710. The extensive area to the 
east of the Angara, which includes the Upper Lena watershed, is known as 
the Central Siberian Plateau. This region is dominated by Cambrian and 
Precambrian limestones, for which Huh et al. (1994) report 87Sr/86Sr ratios 
of around 0.709. Kenison Falkner et al. (1992) reported the overall 87Sr/86Sr 
ratio for Lake Baikal water as 0.7085.

!e Principle of Strontium Catchment
 Because strontium ratios in herbivore bone reflect the isotopic signa-
tures in the plants these animals eat and the water they drink, these values 
are directly related to their environment. Therefore, we can say that, over-
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all, an herbivore foraging range can largely be equated with its Sr-catchment 
(cf. Bentley and Knipper 2005; Price et al. 2002). For carnivores, however, 
their Sr-catchment and their territory do not necessarily overlap. The terri-
tory of a predator, whether animal or human, will intersect with the various 
ranges of its prey species, although it likely would not include these species’ 
full procurement ranges. The strontium ratios that characterize their prey 
may, therefore, derive from a geological region outside of the carnivore’s own 
territorial range such that their bone strontium isotope ratios are less directly 
correlated with the geochemistry of their environment. Importantly, carni-
vore strontium isotope ratios may suggest foraging ranges appreciably larger 
than these territories were in reality. Similar effects may occur for human 
strontium ratios.
 In a geologically diversified region different individuals from a species 
with a small home range, such as the suslik, can have adjacent territories that 
are underlain by different bedrock formations. For such species the inter-
individual differences in strontium ratios can be substantial. Larger herbi-
vores, such as moose or red deer, may, during the course of an entire annual 
cycle, forage over extensive territory that encompasses geochemically differ-
ent zones. Due to time averaging of the 87Sr/86Sr ratios in bone, species with 
larger territories are expected to show lower inter-individual variability.
 With the use of these animal models we can begin to assess the relation-
ship between foraging behavior and the resulting time-averaged 87Sr/86Sr ra-
tios in humans, keeping in mind the potential effects of some human social 
behaviors on this relationship. In particular, extensive sharing of resources 
may result in a masking of differential exposure to environmental strontium 
signatures within a social group. For example, when resources collected dur-
ing logistic foraging trips are brought back to the main camp to be shared 
and distributed among the rest of the group, individuals can incorporate 
87Sr/86Sr ratios into their bodies from regions of the territory that they them-
selves have never visited. This distinct human characteristic may set some 
limits for studies of age or sex differential mobility patterns using the stron-
tium isotope methodology.

Methodology
 Faunal specimens from each of three microregions (Lake Baikal ba-
sin, Angara River basin, and Upper Lena River basin) were included in the 
analysis, representing fish and mammal species from different trophic levels, 
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with home ranges of different size and with diverse feeding and migratory 
behavior. While some specimens of terrestrial mammals were available from 
archaeological context, most were modern and obtained from local markets 
or collected in the field in the vicinity of archaeological sites. The human 
bone and tooth samples used in this study were obtained from three main 
cemeteries in the Cis-Baikal region that are part of the Baikal Archaeology 
Project (Fig. 10.1): Lokomotiv (Kitoi n=11), Ust’Ida (Isakovo n=9 and Glaz-
kovo n=4) and Khuzhir Nuge XIV (Glazkovo n=19 and 1 Serovo burial). In 
the present study of lifetime mobility patterns, only individuals with all four 
samples available (M1, M2, M3 and a cortical femur sample), were included 
(see Table 10.1?).
 Samples were prepared with a Dremel tool and diamond-cutting disk 
from standardized sampling locations on femoral shafts and on the buccal or 
lingual surface of the three molars. Various surface cleaning and decontami-
nation procedures were included in the sample preparation and strontium 
purification protocols. No standardization of sampling location was possible 
for the faunal material, as our choice was constrained by the availability of 
skeletal elements for each individual. However, in almost all cases, cortical 
bone was available. 
 Purified Sr samples were submitted for mass spectrometry analysis—
thermal ionization mass spectrometry (TIMS) and solution mode multi-
collector inductively coupled plasma mass spectrometry (MC-ICP-MS). Full 
details of the methodology used are outlined in Haverkort et al. 2008.

Strontium Levels in Cis-Baikal

Terrestrial and Aquatic Fauna

 Figure 10.2 provides an overview of the data for the aquatic and ter-
restrial fauna, showing the individual specimen values for each species, the 
number of specimens and the approximate geographic location of specimen 
provenance (see also Haverkort et al. 2008).
 The faunal data clearly reflect the geochemical zones of the Cis-Baikal. 
The aquatic data set reveals a low degree of variability, with 87Sr/86Sr ratios 
ranging between approximately 0.708–0.710 for species from all three ba-
sins, with the Lena River species being on the low end of this range. The 
three samples for northern pike (Esox lucius) from the Little Sea region are 
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Table 10.1. Strontium Isotope Ratios and Elemental Concentrations for the Lokomotiv and 
Ust’-Ida Cemeteries.

Burial Master IDa Sample No. Sr ppm 87Sr/86Sr 2s error
Sample 
type

Lokomotiv, Early Neolithic, Kitoi

B. 4-1 LOK_1980.004 2001.410 90 0.70965 0.000035 M1

B. 4-1 LOK_1980.004 2001.411 72 0.70969 0.000022 M2

B. 4-1 LOK_1980.004 2001.141 122 0.71037 0.000014 Femur

B. 7-1 LOK_1980.007 2001.495 81 0.71161 0.000016 M1

B. 7-1 LOK_1980.007 2001.494 95 0.70991 0.000024 M2

B. 7-1 LOK_1980.007 2001.493 87 0.70982 0.000026 M3

B. 7-1 LOK_1980.007 2001.209 134 0.70996 0.000015 Femur

B. 10-2 LOK_1980.010.02 2001.504 76 0.70976 0.000023 M1

B. 10-2 LOK_1980.010.02 2001.505 75 0.71091 0.000024 M2

B. 10-2 LOK_1980.010.02 2001.503 71 0.71067 0.000023 M3

B. 10-2 LOK_1980.010.02 2003.510 101 0.71024 0.000023 femur

B. 13-1 LOK_1981.013 1998.020 91 0.70963 0.000015 M1

B. 13-1 LOK_1981.013 1998.021 96 0.70983 0.000021 M2

B. 13-1 LOK_1981.013 2001.492 97 0.70979 0.000016 M3

B. 13-1 LOK_1981.013 2001.138 135 0.71027 0.000016 femur

B. 15-1 LOK_1980.015 1998.023 92 0.71127 0.000022 M1

B. 15-1 LOK_1980.015 1998.024 87 0.70981 0.000012 M2

B. 15-1 LOK_1980.015 1997.247 122 0.70989 0.000014 Femur

B. 16-1 LOK_1980.016 2001.509 54 0.70992 0.000021 M1

B. 16-1 LOK_1980.016 2001.510 75 0.71097 0.000020 M2

B. 16-1 LOK_1980.016 2001.508 72 0.71005 0.000017 M3

B. 16-1 LOK_1980.016 2001.237 113 0.71049 0.000017 Femur

B. 20-1 LOK_1980.020.01 2001.522 68 0.71077 0.000019 M1

B. 20-1 LOK_1980.020.01 2001.521 84 0.71041 0.000014 M2

B. 20-1 LOK_1980.020.01 2001.520 82 0.71010 0.000023 M3

B. 20-1 LOK_1980.020.01 1992.030 138 0.70998 0.000016 Femur

B. 27-1 LOK_1984.027 2001.529 59 0.71148 0.000030 M1

B. 27-1 LOK_1984.027 2001.527 74 0.71015 0.000020 M2

B. 27-1 LOK_1984.027 2001.528 72 0.71158 0.000024 M3

B. 27-1 LOK_1984.027 2001.261 151 0.71020 0.000016 Femur

B. 28-1 LOK_1984.028 2001.396 125 0.71082 0.000024 M1

B. 28-1 LOK_1984.028 2001.395 96 0.71085 0.000021 M2

B. 28-1 LOK_1984.028 2001.256 167 0.71008 0.000018 Femur

B. 30-1 LOK_1985.030.01 2001.403 50 0.71181 0.000019 M1

B. 30-1 LOK_1985.030.01 2001.404 59 0.71125 0.000022 M2

B. 30-1 LOK_1985.030.01 1995.138 74 0.71265 0.000029 M3
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Burial Master IDa Sample No. Sr ppm 87Sr/86Sr 2s error
Sample 
type

B. 30-1 LOK_1985.030.01 2001.325 143 0.71048 0.000014 Femur

B. 31-2 LOK_1985.031.02 2001.412 77 0.71098 0.000021 M1

B. 31-2 LOK_1985.031.02 2001.413 94 0.71004 0.000018 M2

B. 31-2 LOK_1985.031.02 2001.414 69 0.71152 0.000018 M3

B. 31-2 LOK_1985.031.02 2001.102 94 0.71383 0.000017 Femur

B. 34-1 LOK_1985.034 2001.436 83 0.71090 0.000026 M1

B. 34-1 LOK_1985.034 2001.435 84 0.70975 0.000020 M2

B. 34-1 LOK_1985.034 2001.434 100 0.71031 0.000021 M3

B. 34-1 LOK_1985.034 2001.113 143 0.71022 0.000016 Femur

B. 37-1 LOK_1986.037 2001.187 101 0.71179 0.000023 M1

B. 37-1 LOK_1986.037 2001.186 105 0.70995 0.000015 M2

B. 37-1 LOK_1986.037 2001.185 173 0.71049 0.000017 Femur

B. 39-1 LOK_1988.039 2001.400 101 0.71244 0.000018 M1

B. 39-1 LOK_1988.039 2001.401 97 0.71308 0.000016 M2

B. 39-1 LOK_1988.039 2001.402 71 0.71154 0.000013 M3

B. 39-1 LOK_1988.039 2001.378 165 0.71075 0.000019 Femur

B. 42-1 LOK_1990.042 2001.550 99 0.71069 0.000011 M1

B. 42-1 LOK_1990.042 2001.549 85 0.71027 0.000017 M2

B. 42-1 LOK_1990.042 1997.253 159 0.71101 0.000018 Femur

B. 43-2 LOK_1990.043.02 2001.407 76 0.71034 0.000021 M1

B. 43-2 LOK_1990.043.02 2001.408 83 0.71045 0.000016 M2

B. 43-2 LOK_1990.043.02 2001.409 68 0.71003 0.000022 M3

B. 43-2 LOK_1990.043.02 2001.311 165 0.71085 0.000015 Femur

Ust’-Ida, Late Neolithic, Isakovo

B. 6-1 UID_1987.006 2001.532 72 0.71004 0.000037 M1

B. 6-1 UID_1987.006 2001.531 114 0.70934 0.000014 M2

B. 6-1 UID_1987.006 2001.530 107 0.70931 0.000016 M3

B. 6-1 UID_1987.006 2001.105 121 0.70915 0.000018 Femur

B. 11-1 UID_1987.011 2001.535 77 0.71335 0.000028 M1

B. 11-1 UID_1987.011 2001.534 95 0.71057 0.000023 M2

B. 11-1 UID_1987.011 2001.533 112 0.71009 0.000019 M3

B. 11-1 UID_1987.011 2001.168 r 326 0.70936 0.000020 Femurb

B. 11-1 UID_1987.011 2001.170 r 352 0.70929 0.000019 Femurb

B. 14-1 UID_1988.014 2001.517 121 0.70966 0.000013 M1

B. 14-1 UID_1988.014 2001.519 134 0.70978 0.000014 M2

B. 14-1 UID_1988.014 2001.518 155 0.70992 0.000015 M3

B. 14-1 UID_1988.014 2001.327 409 0.70933 0.000018 Femur

Table 10.1. (cont’d.)
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Burial Master IDa Sample No. Sr ppm 87Sr/86Sr 2s error
Sample 
type

Ust’-Ida, Late Neolithic, Isakovo (cont’d.)

B. 20-1 UID_1989.020.01 2001.420 131 0.70933 0.000015 M1

B. 20-1 UID_1989.020.01 2001.418 131 0.70985 0.000014 M2

B. 20-1 UID_1989.020.01 2001.419 158 0.70968 0.000015 M3

B. 20-1 UID_1989.020.01 2001.360 360 0.70945 0.000018 Femur

B. 20-2 UID_1989.020.02 2001.415 99 0.71134 0.000023 M1

B. 20-2 UID_1989.020.02 2001.416 112 0.70926 0.000012 M2

B. 20-2 UID_1989.020.02 2001.417 114 0.70959 0.000019 M3

B. 20-2 UID_1989.020.02 2001.181 384 0.70948 0.000018 Femur

B. 22-1 UID_1989.022 2001.501 65 0.70998 0.000020 M1

B. 22-1 UID_1989.022 2001.500 105 0.70973 0.000017 M2

B. 22-1 UID_1989.022 2001.499 94 0.71029 0.000023 M3

B. 22-1 UID_1989.022 2001.206 392 0.70957 0.000015 Femur

B. 30-1 UID_1989.030 2001.498 103 0.70978 0.000023 M1

B. 30-1 UID_1989.030 2001.497 114 0.70995 0.000023 M2

B. 30-1 UID_1989.030 2001.496 136 0.70981 0.000015 M3

B. 30-1 UID_1989.030 2001.121 475 0.70948 0.000016 Femur

B. 38-1 UID_1991.038 2001.558 124 0.71111 0.000016 M1

B. 38-1 UID_1991.038 2001.559 147 0.70990 0.000017 M2

B. 38-1 UID_1991.038 2001.560 193 0.70946 0.000016 M3

B. 38-1 UID_1991.038 2001.387 426 0.70954 0.000016 Femur

B. 56-1 UID_1995.056.01 2001.456 94 0.70984 0.000017 M1

B. 56-1 UID_1995.056.01 2001.457 95 0.71002 0.000015 M2

B. 56-1 UID_1995.056.01 2001.458 101 0.70966 0.000015 M3

B. 56-1 UID_1995.056.01 2001.183 207 0.70937 0.000014 Femur

Ust’-Ida, Bronze Age, Glazkovo

B. 19-1 UID_1989.019 2001.525 87 0.70949 0.000017 M1

B. 19-1 UID_1989.019 2001.526 100 0.70952 0.000015 M2

B. 19-1 UID_1989.019 2001.524 135 0.70938 0.000010 M3

B. 19-1 UID_1989.019 2001.366 363 0.70919 0.000016 Femur

B. 29-1 UID_1989.029 2001.489 66 0.71013 0.000024 M1

B. 29-1 UID_1989.029 2001.487 111 0.70938 0.000013 M2

B. 29-1 UID_1989.029 2001.488 127 0.70943 0.000016 M3

B. 29-1 UID_1989.029 2001.314 194 0.70929 0.000018 Femur

B. 45-1 UID_1993.045 2001.345 93 0.71029 0.000022 M1

B. 45-1 UID_1993.045 2001.344 132 0.71010 0.000020 M2

Table 10.1. Strontium Isotope Ratios and Elemental Concentrations for the Lokomotiv and 
Ust’-Ida Cemeteries (cont’d.).
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Burial Master IDa Sample No. Sr ppm 87Sr/86Sr 2s error
Sample 
type

Ust’-Ida, Bronze Age, Glazkovo (cont’d.)

B. 45-1 UID_1993.045 2001.346 109 0.70984 0.000015 M3

B. 45-1 UID_1993.045 2001.342 210 0.70934 0.000019 Femur

B. 48-1 UID_1994.048 2001.481 85 0.70979 0.000036 M1

B. 48-1 UID_1994.048 2001.482 82 0.70938 0.000017 M2

B. 48-1 UID_1994.048 2001.483 73 0.70981 0.000018 M3

B. 48-1 UID_1994.048 2001.200 297 0.70911 0.000017 Femur

a Master ID indicates site’s mnemonic name (e.g., UID for Ust’-Ida), excavation year (e.g., 1989), grave number 
(e.g., 020), and burial number where more than 1 individual was found (e.g., 02).

b Repeat tests; results were averaged for plotting.

Table 10.1.  (cont’d.)

the only exception, with values of 0.70985±0.00003, 0.71141±0.00002, and 
the much higher 0.72829±0.00002. The northern pike is a sedentary, soli-
tary, and highly territorial species (Crossman 1996). Thus, it is possible that 
the shallow coastal waters of the Little Sea may receive input from runoff 
and groundwater that carry higher isotopic signatures characteristic of the 
Primorskii mountain range. Due to incomplete mixing of shallow coastal 
waters with the larger body of lake water those higher isotope ratios may be 
locally persistent, thereby accounting for the high values measured for the 
northern pike.
 Another important observation is the relatively high Sr concentrations 
in the fish bones, particularly in species from the Upper Lena River, where 
levels range from 352–837 ppm (Fig. 10.2c). The Upper Lena River drain-
age is located within the Central Siberian Plateau, which is dominated by 
Cambrian and Precambrian limestone. The calcium ions in calcite can be 
replaced by strontium ions, which may account for our measurements. Fig-
ure 10.2 also shows how the two fishes, freshwater perch (Perca fluviatilis) 
and dace (Leuciscus leuciscus), which were analyzed for both the Lena and 
Angara Rivers, reflect the different geochemical characteristics of these two 
river systems. 
 As expected, the terrestrial samples generally show a much wider range 
of 87Sr/86Sr ratios than the aquatic samples. Values range from a low of 
0.70882±0.00002 for a mouse (Musculus musculus) in the Upper Lena ba-



232 Caroline M. Haverkort, Vladimir I. Bazaliiskii, and Nikolai A. Savel’ev

sin, to the very high value of 0.74330±0.00003 for a ground squirrel (Citelius 
parryi) found near the entrance of the Sarma Canyon. It is interesting to 
note that the northern pike for which we obtained the high isotope ratio of 
0.72829±0.00002 comes from the same general area as this ground squirrel. 
Also noteworthy is the finding that values at the lower and upper end of the 
range are found for small mammals with relatively small home ranges. Of 
the three basins, the animals from the Baikal region clearly show the widest 
range of isotope ratios.
 In a general sense, and from a human forager perspective, terrestrial and 
aquatic resources from the Angara River and the hinterlands to the east are 
characterized by Sr isotope ratios in the range of ~0.708–0.711. The area to 
the west of the Angara River Valley, as well as the narrow area along the west 
coast of the lake and the region around the southwestern coastline of Lake 
Baikal, is characterized by higher 87Sr/86Sr ratios. Plants, and animals with 
smaller home ranges, can show correspondingly high 87Sr/86Sr ratios, but the 
ratios for herbivores and carnivores with larger foraging ranges will be a re-
sult of the mixing of the 87Sr/86Sr ratios found in all the resources they access 
within their total home range.

10.2a–c. Strontium isotope ratios measured in (a, above) terrestrial fauna, (b, opposite 
top) in aquatic fauna, and (c, opposite below) elemental strontium concentra-
tions measured in the fish bone samples; p–prehistoric bone specimen.
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 The geological differences between the area to the east and to the west 
of the Angara River is reflected in the isotope ratios of the terrestrial samples 
from along the Belaia River and from the habitation site Gorelyi Les, both 
situated on the west side, and the samples from along the Ida River, an east-
ern tributary to the Angara. Currently, only one faunal sample is available 
for the region around the southwestern tip of the lake. A red deer (Cervus 
elaphus) bone sample from Kultuk (where the Early Neolithic cemetery of 
Shamanka II is located) gave an 87Sr/86Sr ratio of 0.70958±0.00003, which 
might indicate that its predominant foraging range was outside of this area. 
Red deer, as well as other species of deer, are known to migrate up to several 
hundred km to spend the winter in areas with a shallow snow cover (such as 
the Angara River Valley), where they have easier access to food and where 
their mobility is less restricted (Formozov 1964).

Human Samples
 The human samples are obtained from individuals buried at three large 
cemetery sites. Lokomotiv is situated at the confluence of the Angara and 
the Irkut River, a western tributary to the Angara. The burials have all been 
identified as belonging to the Early Neolithic Kitoi culture. The available 
AMS radiocarbon dates show continuous use of the site ranging roughly 
from 8,000 to 7,000 yrs BP (Weber et al. 2006; this volume).
 The Ust’Ida cemetery is similarly situated where the Ida River flows into 
the Angara River from the east. This site appears to have been used continu-
ously, although two peaks in use can be distinguished. The first corresponds 
to the Late Neolithic (Isakovo) and lasted about 800 years between approxi-
mately 5,800–5,000 yrs BP, and the second corresponds to the Bronze Age 
(Glazkovo), with a duration of ~1,000 years between 5,000–4,000 yrs BP 
(Weber et al. this volume). 
 The Bronze Age cemetery at Khuzhir-Nuge XIV is located on the 
northwest coast of the Little Sea region near the southern end of Ol’khon 
Island and approximately 3 km southwest of the mouth of the Sarma River. 
The burials belong to the Glazkovo mortuary tradition, with one Late Neo-
lithic Serovo burial (Grave no. 7). Radiocarbon dates have shown that the 
cemetery was used continuously for only 340–660 years between around 
4,700–4,490 yrs BP and 4,190–4,020 yrs BP, with 70% of the burials fall-
ing within a 200-year span between 4,500–4,360 and 4,450–4,270 yrs BP 
(Weber et al. 2005).
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10.3a, b. Strontium stable isotope ratios (87Sr/86Sr) measured in (a, above) Early Neo-
lithic and Late Neolithic and (b, below) Bronze Age human samples. The labels 
for the ‘x’ axis provide information about the burial number as well as sex and 
age of the individual. Abbreviations: B–burial, M–male, PM–probable male, 
F–female, UND–undeterminable.
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 Figure 10.3 shows the results for all four samples for each individual in-
cluded in our present study, with individuals grouped by culture. Almost all 
of the samples from Ust’Ida, both Isakovo and Glazkovo, cluster together 
quite tightly between approximately 0.709–0.710. Unfortunately these iso-
tope ratios correspond to both aquatic and terrestrial resources from a wide 
area, including Lake Baikal, the Angara River, and the Central Siberian Pla-
teau to the east of the Angara. Interestingly, the highest values obtained for 
Ust’Ida, which can be considered outliers, are for first molars. These three 
87Sr/86Sr ratios correspond to environmental sources found along the west 
coast of the lake or to the west of the Angara River. Two of these individu-
als are female (11 and 20-2), and the possibility that these individuals were 
born in another community and married into the local group should be in-
vestigated further. Analysis of mtDNA evidence obtained by Mooder et al. 
(2005, 2006) may yield further insights into group affiliation. 
 The large area and wide range of resources that can account for the ra-
tios in the 0.709–0.710 range underscores the importance of the principle of 
”equifinality,” which means that several different processes may result in the 
same observation. The low variability in Sr ratios for the group at Ust’Ida 
may indicate (1) a large foraging range, whereby the overall variation is “av-
eraged” out so that all individuals end up with similar ratios. Alternatively 
(2) it may reflect a different foraging strategy in which the whole group and 
all ages move around a lot, and move together as a group, again resulting in 
similar ratios. It is also possible that (3) the foraging range falls within a low-
variability geochemical region (in this case, the general inland region of the 
Central Siberian Plateau, dominated by limestones with ratios of ~0.709) 
such that even considerable differences in mobility between individuals can-
not be detected.
 The majority of 87Sr/86Sr ratios for the Kitoi from Lokomotiv are some-
what higher than those observed for Ust’Ida (Fig. 10.3a). This finding cor-
responds well with the geographic location of the Lokomotiv cemetery on 
the western side of the Angara River, where environmental signatures are 
generally higher than those obtained on the other side of the river. A local-
ized Sr isotope signature for Lokomotiv individuals would agree well with 
the observation that the !13C data for individuals from cemeteries along 
the river appear to covary with local fish signatures (Katzenberg and We-
ber 1999). Lokomotiv also shows a higher degree of variability both within 
and between individuals, suggesting differences in lifetime mobility, though 
theoretically this could also reflect differential access to resources (i.e., differ-
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ences in diet). Stable carbon and nitrogen isotope data may offer additional 
clues about possible dietary distinctions between individuals. 
 The 87Sr/86Sr ratios in many of the samples from Glazkovo individu-
als buried at Khuzhir-Nuge XIV (Fig. 10.3b) are much higher than those 
observed at either Lokomotiv or Ust’Ida. This result seems to indicate that 
terrestrial resources from along the west coast of Lake Baikal played an im-
portant role in the economy of these people. In contrast, this area does not 
appear to have been accessed for terrestrial resources to a significant extent 
by the communities from Lokomotiv and Ust’Ida. The M1 for the individual 
from burial 19 at Khuzhir-Nuge XIV has an exceptionally high 87Sr/86Sr ra-
tio of 0.72126±0.00002, and is clearly an outlier in this data set.
 Interestingly, within this subset of individuals, this is the only individual 
from this cemetery that could be positively identified as female (35–50 years 
old) based on osteological indicators. The very high Sr ratio measured for her 
first molar, often considered to be an indicator for place of birth, seems to 
suggest that she may have been a local, relative to the location of the cemetery 
site. However, since her lifetime 87Sr/86Sr isotope pattern sets her somewhat 
apart from the other individuals buried at this same cemetery, does this mean 
all of the other individuals were born outside this region? Does her high M1 
ratio simply reflect a somewhat unusual dietary intake during the first years 
of life? Is it possible that M1 Sr ratios somehow reflect a mixed signature 
based on maternal dietary intake during breastfeeding and old Sr that may 
have been released from the mother’s skeletal store along with Ca? The in-
terpretation of M1 ratios will play a critical role in any attempt at recon-
struction of possible marriage (and migration) patterns in these prehistoric 
populations.
 The relation and possible association between cemeteries and settle-
ment sites throughout the Cis-Baikal is not yet understood. The radiocar-
bon dates for each cemetery indicate that the individuals included in our 
analysis generally do not represent contemporaneous social units. There-
fore, the observed patterns for the different individuals need not necessarily 
reflect the particular group strategy at a certain point in time. The simi-
larity in lifetime mobility patterning for some individuals buried in rows 
at Khuzhir-Nuge XIV (e.g., burial 63, unknown sex, 16–18 years old, and 
burial 64, male, 25–35 years old) could point to the possibility that there 
may have been family or lineage-specific territories, which, in turn, may sug-
gest that this cemetery was used as a communal burial ground. These pos-
sibilities must be further explored by combining data from different BAP 
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modules, and they also have implications for how the Sr isotope data can or 
should be analyzed.
 The overall higher Sr isotope ratios for Glazkovo burials at Khuzhir-
Nuge XIV may partially be accounted for by a different subsistence focus, 
with a reduced emphasis on aquatic resources in comparison to the earlier 
Kitoi and Isakovo. Because meat contains low levels of Sr (which is seques-
tered in hard tissues), the human isotope ratios may be biased toward other 
sources of environmental Sr such as water and aquatic resources and plants. 
We do not have sufficient information to assess the relative contribution of 
plant resources to the diet and, thus, to the measured 87Sr/86Sr ratios.
 However, aquatic resources are known to have played an especially im-
portant role in the Kitoi subsistence systems. We have seen, for example, that 
the strontium levels in the rivers and streams found in the Central Siberi-
an Plateau, including the Upper Lena River, can, in fact, be quite elevated 
(Fig. 10.2c). In this context, it is also noteworthy that some ethnographic 
accounts report that several contemporary Siberian groups do not bone their 
fish when preparing them for food or storage (Argounova 2002; Ziker 2002) 
so fish bones are, in fact, part of the diet. Our data indicate that strontium 
levels in fish bones may be substantial, which means that, if the prehistoric 
inhabitants of this region prepared fish in a similar way, fish bones may have 
been an important source of Sr intake. If the proportion of fish in the diet 
was also substantial, such as is assumed to have been the case for the Kitoi, 
then the human 87Sr/86Sr ratios may have been pushed down to the lower end 
of the range, toward values more similar to those found in fish.
 For the Glazkovo people, fish and seal appear to have made up a smaller 
proportion of the overall diet (Katzenberg and Weber 1999; Weber et al. 
2002). Thus the dominant effect of fish signatures may have been less impor-
tant, resulting in the overall higher 87Sr/86Sr ratios observed for individuals 
from Khuzhir-Nuge XIV. The possibility that fish and plant sources may 
have contributed disproportionately to the measured human 87Sr/86Sr ratios 
for all three sites clearly requires further investigation.
 Our current data set also allows for a preliminary comparison of mo-
bility patterns for Glazkovo foragers from Ust’Ida and Khuzhir-Nuge XIV. 
The four Glazkovo individuals from Ust’Ida clearly differ in their lifetime 
87Sr/86Sr isotope patterns from Glazkovo foragers who were buried at Khu-
zhir-Nuge XIV (Fig. 10.3b). Their overall low ratios are much more similar to 
the overall pattern observed for the Isakovo from Ust’Ida (Fig. 10.3a). When 
we make the assumption, which needs further testing, that the cemeteries 
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were situated near settlement sites that were inhabited for at least part of the 
year and functioned as some sort of home base, these observations indicate 
that territories from Glazkovo foragers along the Angara River did not over-
lap to a great extent with the territories from foragers who had their home 
base along the west coast of Lake Baikal. 
 Whereas Glazkovo patterns appear to associate with location of the cem-
etery, interestingly, the single Serovo burial (B. 7; possible male, 25–35 years 
old) at Khuzhir-Nuge XIV displays Sr ratios that are very similar to those 
measured for Isakovo samples from Ust’Ida (Fig. 10.3a). This important ob-
servation poses interesting questions as to why this individual was buried in 
this particular location, with no apparent subsequent use by Serovo groups.
 Might this finding help us understand the nature of the Late Neolithic 
adaptive strategy? The 87Sr/86Sr isotope ratios for B.7 suggest the local terres-
trial resources along the coast did not play a major role in the diet of this in-
dividual, which could mean that the individual was buried in an area where 
he did not spend much time during life. Alternatively, we must consider the 
possibility that this individual did live in the coastal region in the vicinity 
of Khuzhir-Nuge XIV, but that aquatic resources were such a predominant 
dietary component that these 87Sr/86Sr isotope ratios almost completely 
mask the contribution of terrestrial resources to the human bone and tooth 
87Sr/86Sr isotope ratios.
 It must be kept in mind that this single individual may represent a 
unique case that cannot shed light on Late Neolithic cultural adaptations in 
a more general sense but, the data obtained for this individual prompt us to 
explore several avenues of research in more detail. One of these is the role and 
place of Serovo within the overall culture history model for the Cis-Baikal 
region and the repopulation processes following the Middle Neolithic. The 
Serovo are still often grouped together with the very similar Glazkovo into 
one larger cultural complex, but new radiocarbon dates suggest that Sero-
vo graves are distinctly older (Weber et al. 2005). A possible migration of 
Late Neolithic people out of regions in Mongolia, for example, as posited 
by White and Bush (Chapter 1, this volume), may necessitate a different ap-
proach for the analysis of Late Neolithic Sr isotope data. If indeed these early 
post-hiatus groups represent some sort of pioneer stage in the repopulation 
of the region, their adaptive strategy may still reflect to a large extent the 
ecological conditions in their region of origin. Under such a scenario, the 
Late Neolithic subsistence and mobility strategies would have to be treated 
as dynamic and developing, and possibly, out of sync with their Cis-Baikal 
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environmental context. These ideas will be explored in more detail in our 
ongoing research.

Directions for Future Research
 Based on a preliminary analysis of the Sr isotope evidence presented in 
this chapter, the foraging ranges for the Kitoi from Lokomotiv do not seem 
to have included the area along the west coast of Lake Baikal. The differ-
ences within and between individuals further seem to suggest that there may 
have been inter-individual differences in mobility patterns, possibly in the 
form of logistic trips. Signatures correspond with those found in resources 
in the vicinity of the cemetery, in the western part of the Angara catchment. 
In contrast, due to its location on the boundary of an extensive zone with 
low geochemical variability, the foraging ranges for the individuals buried 
at Ust’Ida may have been either very small or quite extensive, and mobility 
strategies may have ranged anywhere between the extremes of primarily resi-
dential and primarily logistic. More detailed studies of this material, using 
other contextual data as well as comparative Sr isotope data from contem-
porary sites within the Cis-Baikal may help us to differentiate between the 
possible alternative interpretations.
 For the Glazkovo people from Khuzhir-Nuge XIV, the terrestrial re-
sources along the west coast of the lake appear to have been of major impor-
tance to their subsistence system. The high degree of intra- and inter-individ-
ual variability suggests that different individuals may have had considerably 
different degrees and patterns of lifetime mobility. This pattern would be 
more in accordance with a logistical pattern of foraging, although the pos-
sible existence of family or lineage-specific territories, and the concomitant 
role of Khuzhir-Nuge XIV as a communal burial ground, warrants a more 
detailed analysis. 
 This outline of the interpretive framework and the preliminary discus-
sion of our results show that much work remains to be done. To this end, 
we have identified several steps that future analyses should undertake. First, 
BAP researchers need to expand the isotope reference framework for en-
vironmental samples and analysis of human samples from additional sites 
throughout the region and representing all three cultural groups. The avail-
ability of a detailed geochemical map for 87Sr/86Sr ratios of the entire Cis-
Baikal region, including its main waterways and various plant and animal 
species that are important for human consumption (based on archaeological 
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and ethnographic data), would be an immeasurable asset. The environmental 
reference data set should be expanded with the choice of species informed by 
our findings so far. Additional human samples will help us to further clarify 
and understand the interrelationship between the measured human Sr iso-
tope ratios, the geographic location of the cemetery, and ultimately, mobility 
and subsistence strategies.
 In addition, the 87Sr/86Sr data should be integrated with the available 
data on climatic and environmental context throughout the Holocene. 
Without falling back on environmental determinism, it is quite important 
to refine our understanding of the overall context in which the different cul-
tural groups practiced their respective subsistence and mobility strategies. 
Paleoenvironmental and paleoclimatic data collected by White and Bush 
(Chapter 1, this volume) have revealed that the Cis-Baikal may have expe-
rienced climatic changes more significant than had initially been assumed. 
The impact on distribution of faunal species and changes in the nature and 
distribution of the overall forest cover have important consequences for 
hunter-gatherer mobility and require adaptive changes that may well be re-
flected in our Sr isotope data. Zooarcheological analysis of materials from 
settlement sites, which is currently under way, may also provide indications 
for the seasonality of sites, which would greatly assist us with the reconstruc-
tion of mobility strategies.
 Finally, the 87Sr/86Sr data should be integrated at the level of the indi-
vidual with a variety of osteological, genetic, and dietary indicators such as 
carbon and nitrogen isotope data, as this will allow us to construct relatively 
detailed life histories. In addition to basic data about each individual, such as 
age, sex, and health, studies of skeletal biomechanics and robusticity of bones 
can provide an indication of intensity or specific types of physical activities, 
and possible sex-specific division of tasks. Indirect osteological indicators for 
the possible use of mobility-related technology (e.g., birch bark or seal skin 
boats), such as the so-called kayaker’s clavicles observed in some Kitoi indi-
viduals from the early Neolithic cemetery site Shamanka II would be par-
ticularly relevant.
 At this stage of our research, the human Sr isotope ratios have not only 
offered some important initial clues with regard to possible forager mobility 
strategies, but also resulted in numerous new questions and opened up excit-
ing new research avenues. To develop a meaningful interpretive framework 
for this novel application of the Sr isotope methodology, it is essential that 
the data are placed in their context to the fullest extent possible. Integration 
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of the Sr data with information generated by the Baikal Archaeology Project 
to date, and with data becoming available in the near future as the project 
continues, will help us to construct the potential foraging range and the ac-
cessibility and availability of different types of resources, allowing for a more 
sophisticated reconstruction of Cis-Baikal forager mobility strategies.


