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At the transition from the Middle (2100—1700 BC) to Late Bronze Age (1700—1400 BC) in the central
Eurasian steppef significant €hanges occurred in patterns of settlement and mortuary practice. Tradi-
tional interpregations link these,changes to shifts from semi-settled agro-pastoral communities to more
mobile fomfs of pastoralism. However, correlations between subsistence strategies and shifts in social
and ritudl practicesithiave been infrequently tested. This paper explores the nature of subsistence econ-
omies'in two)populations from the sites of Bestamak (MBA) and Lisakovsk (LBA) in northern Kazakhstan.

gfﬁ‘;v;erfée Carbon and nitsogen stable isotope analysis of bone collagen was undertaken to understand dietary
Eurasia intake.“The close clustering of isotope values indicates homogeneity in subsistence practices for these
Kazakhstan two commuities spanning the transition. Therefore, while changes occurred in social and ritual practice,

Stable isotope subsistence regimes stayed relatively uniform at the transition. Results of this research add to previous
Dietary reconstruction literature, revealing that dietary intake of pastoral populations in the Eurasian steppe are much more
Diet intricate than previously believed.
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1. Introduction southern Urals) a great deal of attention has focused on sweeping

changes that occurred from the Middle (2100—1700 BC) to Late

While pastoral societies have varied economies, social systems,
and mobilities, only recently have scholars began to integrate the
variable lifeways of pastoral communities (e.g. Frachetti, 2008a,
2008b; Frachetti et al., 2010; Murphy et al., 2013; Spengler et al.,
2013a). In the case of central Eurasia (e.g. northern Kazakhstan,
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Bronze Age (1700—1400 BC). During the Middle Bronze Age (Sin-
tashta, Petrovka) a combination of nucleated settlements and large
populations, of approximately 200—700 individuals, highlight the
more sedentary nature of these communities (Gening et al., 1992;
Grigor'yev 2000a; Anthony, 2007; Kohl, 2007; Koryakova and
Epimakhov, 2007; Hanks, 2009). In contrast, subsequent Late
Bronze Age (Andronovo) settlements more commonly consist of
smaller communities with similar cultural materials dispersed over
a vast area. Numerous authors have interpreted this pattern as
evidence of increased interaction and mobility (Evdokimov, 1983;
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Potemkina, 1983; Habdulina and Zdanovich, 1984; Kuz’'mina, 2007;
Koryakova and Epimakhov, 2007). Explaining the shift from
aggregated to dispersed communities is challenging because the
subsistence economies of local communities remain undetermined.
This has resulted in models that equate aggregated communities
with agro-pastoralism, and the dispersal of these groups as a move
towards nomadic pastoralism.

Comparative research on pastoral societies has demonstrated
that communities are highly variable in terms of subsistence
economies and herding strategies (Khazanov 1978; Cribb, 1991;
Chang and Koster, 1994; Leonard and Crawford, 2002; Frachetti,
2008a; Frachetti et al., 2010; Murphy et al., 2013; Spengler et al.,
2013a). Furthermore, assumptions that pastoral societies are
highly mobile and therefore possess low levels of social complexity
have been challenged through the identification of institutionalized
social stratification and ranking (Palumbo, 1987; McIntosh, 1999; Di
Cosmo, 2002; Kradin, 2002; Chang, 2008). Rather than assume
subsistence regimes are predictably related to shifts in mobility and
social practice, the nature of subsistence should be treated as one
variable among many in reconstructing pastoral societies. There-
fore, this paper examines dietary intake at intra- and inter-
cemetery scales to investigate if changes in settlement and mor-
tuary practices corresponded with a transition in practices of
consumption.

While pastoral societies are now considered in discussions of
social complexity, comparative anthropological studies have pre-
viously assigned complex social developments only to sedentary
agricultural societies with a range of hierarchical forms of social
organization. The emergence of social complexity in pastoral
groups has subsequently been tied to a reliance on agricultural
products or interactions with settled societies (KKhazanov 1978,
1984; Dyson-Hudson, 1980; Barfield, 1981). While pastoralists are
often defined as those who undertake animal herding as their
primary form of subsistence procurement, a number o
strategies linked to variability of within group mobility an

Barfield, 1981, 1993; Cribb, 1991; Chang and
Frachetti, 2008a). Middle Bronze Age (MBA) si
Eurasian steppe, by virtue of their aggregated nat
more complex mortuary remains, are posit

pastoral (Zdanovich, 1997: 15; Zdanovi ovich, 2002).

\

The seemingly stable and settled nature of these communities in
conjunction with the recovery of sickles has led some researchers
to suggest that MBA sites were undertaking horticultural or agri-
cultural subsistence practices as part of a mixed agro-pastoral
lifeway (Zdanovich, 1997: 15; Zdanovich and Zdanovich, 2002). In
contrast, as communities became more dispersed during the Late
Bronze Age (LBA), others have hypothesized that there was a switch
to increased mobile pastoralism (Tkacheva, 1999). Yet the rela-
tionship between dispersed communities and possibl
mobility, herd size, and composition is yet another br
prehistoric economy that is not well understo;

better understanding of the broader socia
within central Eurasia.

This paper examines the diet and
Bronze Age cemetery population
through stable carbon and nitrogen i

rthern Kazakhstan
yses. The Bestamak
icient sample sizes and
offer an opportunity iguous periods and
archaeological culture
(Fig. 1). As variabi
regimes, the current s direct evidence for prehistoric
diet in two communi that span a ritual and social trans-
formati# is, approach “offers both a micro-regional context
(encapsulatin,

nd social change in the central Eurasian steppe.
erences in the carbon and nitrogen isotopic
313C and 3"°N) of bone collagen provide a useful
for determining the dietary practices of humans and
als."This is especially true concerning the roles that terrestrial
eshwater resources, as well as wild and cultivated plants, may
ave played in consumption practices.

. Archaeological context
2.1. The cemeteries

The site of Bestamak is located in northern Kazakhstan within
Kostanai oblast’ (administrative region), and is situated on the right
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Fig. 1. Location of Eurasian steppe sites and macro-regions discussed in this paper with rectangle indicating the Central Eurasian Steppe.
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bank of the Buruktal River (Figs. 2 and 3). The Buruktal is a small
tributary of the Ubagan River, which is in turn a tributary of the
more substantial Tobol River. The Bestamak site consists of both a
settlement and a cemetery which span several periods that indicate
occupation from the Neolithic to Middle Ages. Several studies of the
mortuary site have been published, which include discussions of
status, gender, and the lives of children (Logvin, 2002; Shevnina,
2003; Logvin and Shevnina, 2004, 2008; Kalieva and Logvin,
2009; Logvin et al., 2009; Shevnina and Boroshilova, 2009). How-
ever, settlement data for Bestamak has never been officially pub-
lished, and little information is publicly available. Recent
radiocarbon ('4C) dating of the site indicates that burials used in
this study range in age from approximately 2032—1640 cal BC
(Logvin and Sevnina, 2013). Most of the nearly 170 burials exca-
vated at Bestamak have been assigned relative ages based on
associated cultural material. Only 60 burials have been linked to the
MBA and used in this analysis. These burials include both flat and
kurgan (earthen mound) burials (Kalieva and Logvin, 2009) (Fig. 4).
The Lisakovsk site is similarly located in Kostanai oblast’ in
northern Kazakhstan, approximately 100 km to the west of Besta-
mak (Fig. 2). Lisakovsk is comprised of a cluster of seven cemeteries
(designated as Lisakovsk 1 through 7) and a settlement aligned
along a 12 km stretch of the Tobol River floodplain (Usmanova and
Logvin, 1998; Usmanova, 2005; Usmanova et al., 2005; Usmanova,
2010). Cemeteries 2 through 5 at Lisakovsk are located on the left
bank of the Tobol River. In contrast, cemeteries 1, 6, and 7, as well as
the settlement, are located on the Tobol’s right bank (Fig. 5). Each of
the seven cemeteries is composed of several types of burial con-
struction including kurgans with ditches, stone covered or enclosed
burials, and flat burials which lacked stone or earthen markers
(Fig. 6). Radiocarbon ages, dendrochronological analysis of buri
timbers, and cultural material associations suggest that the ce
teries date to the LBA (Panyushkina et al., 2008). Lisakovsk 1, 3, a
4 have been dated to: 1860—1770 cal BC, 1800—1700 ca
1770—1680 cal BC (Panyushkina et al., 2008: 465).
excavation data for Lisakovsk has not been published, a
group of pithouses (~6) were previously exca (Us

Cemetery.
Settlement .

52°10'N, 64°32'E).

Fig. 3. Location of the Bestamak cemeter

undertaken at both
(Outram et al., 2010
cattle (n = 147
28%), and only a
tery contexts, there

goat (n ?160, 30%), an

= 89, 4%). In contrast, within ceme-
abundance of cattle (n = 223, 42%), sheep/
orse (n = 133, 25%), as well as some dog

remains (n 1, 4%) (Outram et al., 2010: 121-2). As soil flotation
was nog, us recovery method at the Lisakovsk site, the re-
mains o ones or wild grains/cereals have yet to be identified.

eviolis research of Bronze Age economies and diet

Previous research on subsistence and dietary intake in central
asia (Fig. 1) has focused on the examination of faunal materials,

e study of botanical evidence, the analysis of dental wear and
thologies, chemical analyses of bone collagen, and the chemical
analysis of lipids found in vessels. This section discusses previous
research in the region as a comparative measure for the current
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Fig. 2. Middle to Late Bronze Age Settlement Transition in central Eurasia.
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Fig. 4. Examples of kurgans (mounds) from the Bestamak cemetery.

project. Archaeological evidence reveals that Bronze Age societies
in the Eurasian steppe maintained livestock, and nearly all scholars
agree that meat and milk products formed a major component o
their subsistence economy (Khazanov 1984; Cribb, 1991; Kosintsev,
2000, 2003; Frachetti, 2002; Outram et al., 2009). The vast
of faunal remains recovered from Bronze Age settlements

Bachura, 2009; Kosintsev and Gasilin, 2009;
However, many researchers have posited that
mixed agro-pastoral lifeways or horticultur
Zdanovich and Zdanovich, 2002).

Botanical analyses at the site of Kamen
revealed fragments of Chenopodium albu
indications of the use of wild plan
and time period (Hanks and D
charred legumes (Fabaceae T
pits at the Kamennyi Al se

1997: 15;

r (MBA) have
and \Vicia cracca seed;

tural to this region
13). In a separate study,
d in two thirds of the test
, whether they were used for

human or animal consumption is still unknown (Krause et al., 2010:
119—120). At present, no domesticated plants have been recovered
from the Kamennyi Ambar settlement, although excavations and
soil flotation are currently underway (Krause and Fornasier, 2013).
At the MBA sites of Alandskoe and Arkaim, trace amounts of
botanical remains were identified as wild forms of millet (Panicum),
wheat (Triticum), and barley (Hordeum) (Gayduchenko, 2002: 403—
406). These botanical remains were recovered from house floors or
the interior of ceramic vessels; however these particulart cereals are
wild and reportedly grow locally. Indirect evidence for agriculture or

ctional and ritual
for medicinal
ption. In addition,
2al few dental caries

uses including cutting fodder for ani
purposes, or wild cereals for hu
research into human dentition at

dental caries, a pau
deposits is often asso

lacks carbohydrates an
Lillie, 19

in the Eurasian steppe have become more
st decade. In northern Kazakhstan and the
ne of the first isotopic studies was undertaken at
yekaraganskogo cemetery in the southern Urals
» This study analyzed 14 individuals and indicated a
arily focused on animal protein rather than plants. Ni-
tope values provided evidence for human consumption of
and milk products from cattle and ovicaprids, rather than
horses (Privat, 2002). Pilot studies at two MBA sites located
neasby were posited to have evidence of freshwater fish con-
sumption by humans, based on elevated 3'°N values (Privat, 2004).
Isotopic values of individuals from Bestamak had average 3'°N
values ranging from 10.5 to 13.69%,, while Kamennyi Ambar 5 had
average 8N values ranging from 11.3 to 14.8%, (Privat, 2004).
Privat suggests that these sites were populated by individuals with
dietary consumption patterns including both terrestrial animals
and freshwater fish (2004: 75—76). Furthermore, at the Late Bronze
Age (Alakul’) site of Isiney I, average 8'°N values ranging from 10.5
to 11.9%,, and their dietary intake was proposed to consist mainly of
terrestrial herbivores and few fish (Privat, 2004).

These previously analyzed datasets from the Bronze Age in
central Eurasia provide clear evidence that dietary variability is

nd high prevalence of calculus
high protein diet (i.e. a diet that
arse foodstuffs) (Hillson, 1979, 1996;

.2

Settlement

H>Z

Fig. 5. Location of the Lisakovsk settlement and cemeteries 1 through 7 (52°32'N, 62°23'E).
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Fig. 6. Examples of kurgans (mounds) and enclosures from the Lisakovsk cemetery.

present between (and possibly within) communities and locales
over time. More recently, it has been suggested that the remains of
fish have factored strongly in the diet of many prehistoric steppe
communities while evidence for use of agricultural items is lacking
(Privat et al.,, 2002; Anthony et al., 2005; Privat et al., 2005;
Schulting and Richards, in press). These isotopic results are sup-
ported by the recovery of a diverse collection of fish from fortified
settlements of the MBA (Gayduchenko, 2002, 2010; Hanks and
Doonan, 2013; Stobbe et al, 2013). Remains of wild fauna
including rabbit, deer, elk, wild pig, and saiga have also been
recovered in cultural contexts at a number of Bronze Agegpastoral
sites (Frachetti and Benecke, 2009; Gayduchenko, 2002: 410)."A
renewed interest in the diverse nature of pastoral’ economies
therefore highlights the need to re-examine dietary intake among
these groups in relation to social organization {Changiand Koster,
1994),

At several LBA sites, including the Lisakevsk!site)the chemical
analysis of lipids from ceramic vessels Was\undertaken, and
revealed a different outlook on foodways.during the Bronze Age
(Outram et al., 2010). Chemical analysis undertaken on sherds from
both the cemetery and the settlément of kisadkovsk separated lipids
into ruminant dairy, ruminant adipose, and horse adipose tissues
(Outram et al., 2010: 124)4In funerary and settlement contexts few
containers held equineg’fat‘and ruminant adipose/fat, instead the
dominant lipids werejhthose “telated to ruminant dairy tissues
(Outram et al., 20103 124>5). From this data, it would seem that
individuals at /the Idsakovsk site were consuming mostly cattle,
sheepgandigoat, aswellas the occasional horse. However, there was
a laék of evidence fomfreshwater fish being found in the containers
examined(Outram et al., 2010: 121,124). While detailed data on the
differential use of containers at cemeteries as well as a few settle-
ments allows for more thorough reconstructions of mortuary and
household Tituals, stable isotopic data of human remains from the
Lisakovsk site should reveal a more intimate picture of individual
and community dietary intake.

2.3. Previous isotopic research in the Eurasian steppe

In the broader Eurasian steppe, numerous isotopic studies have
focused on the dietary intake of pastoral groups (Katzenberg and
Weber 1999; Lillie and Richards, 2000; O’Connell et al., 2003;
lacumin et al., 2004; Privat, 2004; Shishlina et al., 2007; Katzenberg

et al., 2009; Shishlina et al., 2009; Lillie et al., 2011; Katzenberg
et al,, 2012; Shishlina et al., 2012; Murphy et al., 2013; Svyatko
et al,, 2013; Schulting and Richards, in press). This research has
greatly impacted the study of pastoralism in Eurasia and the vari-
ability evident between local communities. In the nearby Samara
valley, samples from Neolithic to Late Bronze Age individuals
(n = 59) indicate shifts in diet from the Eneolithic and Bronze Age
(Schulting and Richards, in press). Over time there was a decrease
in, yet not an abandonment of, the consumption of freshwater fish
and other resources. However, at the MBA to LBA transition, there
was no evidence for any dietary change, nor<sythere evidence for
the consumption of millet (Schulting and Richards, TA¥ptess). Dur-
ing the Bronze Age, average 3'°N valuesfre depleted (11.5%,) from
the preceding Eneolithic (14.3%,), whilehaverage 5>*C*values are
elevated for the Bronze Age (—19.0%,) in comparison to the Eneo-
lithic (—21.5) (Schulting and Richard§;“im,preass). Average isotopic
values of Bronze Age individuals age very similar to those found at
the sites under study.

Recent research in Siberi@"compares several periods of time in
the Minusinsk basinfand indicates\that Cgplants only became an
important componentof the diet insthe LBA Karasuk culture (1500—
900 BC) and Early,Iron Age (ETAY Tagar culture (900 BC-400 AD)
(Svyatko et al., 2013)fEach ofthese culture groups was interpreted
as having a diet thatlincluded freshwater fish. The Andronovo
componentd(19th-15th ‘eent. cal BC) of this research is directly
comparabletodatasets found in this paper. Andronovo individuals
(n = 22Yhad\average 8'3C values of —19.2%, and average 8!°N values
of 11.2%, (Swyatko et al., 2013). These isotopic values are interpreted
by the“authots as a diet focused on the consumption of terrestrial
animal protein with a varying use of freshwater fish (Svyatko et al.,
2013).\ Another project in southwestern Siberia evaluated in-
dividuals at two Iron Age sites identified as nomadic pastoralist
societies (Murphy et al., 2013). At the sites of Ai-Dai and Aymyrlyg
average 813C values were —15.1%, and —15.3¢%, respectively. These
values are interpreted as a departure from a pure C3 system and
authors conclude that this is evidence of millet consumption
(Murphy et al., 2013). Average 8!°N values are 10.6%, for Ai Dai and
13.29, for Aymyrlyg. While the values for Ai Dai fall within the
normal range for the consumption of terrestrial animal protein,
those for Aymyrlyg are higher which therefore includes the possi-
bility that this community was consuming freshwater fish or that it
was located in an area of increased aridity/salinity (Murphy et al.,
2013).

Diachronic analyses of groups from the Caspian steppe indicate
that Bronze Age groups had §'3C ranges of —22.2%, to —15.3%, and
extreme variation in 8'°N values from 8.9%, to 18.4%, (Shishlina
et al., 2012). Overall, these results were interpreted as evidence of
three dietary groups which are modeled based on the differential
consumption of herbivore protein, wild C3 plants, freshwater re-
sources, or marine products. Average isotopic values for Model 2
(—19.9%,; 13.3%,) indicate dietary patterns similar to those at the
sites under study. These values are interpreted as the result of a diet
based in herbivore protein, freshwater resources as well as Cs3
plants (Shishlina et al., 2012).

3. Materials and methods
3.1. Stable carbon and nitrogen isotopes

Carbon and nitrogen stable isotopes have routinely been used to
reconstruct human and animal diets (DeNiro and Epstein, 1978;
Balasse et al., 2000; White et al., 2001; Privat et al., 2002;
Ambrose and Krigbaum 2003; Privat et al., 2005). The study of di-
etary intake is rooted in the basic principles of the food chain, as
consumption patterns are incorporated into animal tissue. Bone
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collagen has a turnover rate of years, and thus reflects the average
isotopic composition, and dietary intake, of an individual (Ambrose,
1993; Wild et al., 2000). Bone samples analyzed as part of this
project were obtained from three institutions: Karaganda State
University (in the name of E. A. Buketov), Lisakovsk Museum of History
and Culture of the Upper Tobol Region, and the Kostanai Regional
History Museum with permission of the archaeological and
anthropological researchers. All human and faunal samples used in
isotopic analysis were collected from adult individuals. Adult
humans were considered those individuals above 18 years of age
based on physical analysis. Juvenile individuals were not selected
for this analysis, as they could be influenced by the effects of
weaning, or have a mixture of weaning and post weaning isotopic
values (Mays et al., 2002; Durrwachter et al., 2006). The skeletal
remains of individuals from the cemeteries were analyzed for age-
at-death and biological sex determinations using standard methods
(Scott, 1979; Powell, 1985; Milner, 1992; Buikstra and Ubelaker,
1994). Sample sizes for each cemetery were computed in order to
have confidence levels between 90 and 95%. The Bestamak site has
a total skeletal sample size of 45, therefore, for stable isotope
analysis, a total of 22 adults were chosen for analysis. The Lisakovsk
site has a total sample size of 138 individuals, therefore samples of
29 adults were chosen for analysis. Individuals from Bestamak and
Lisakovsk were sampled for carbon and nitrogen stable isotopes, as
well as C:N analyses.

Bone samples were prepared following similar methods
described in Richards and Hedges (1999) with some modifications
(see also Privat et al., 2002). Approximately 0.5—1.0 g of bone was
obtained from each individual using a handsaw. Bones treated with
glue or marked with ink were not sampled. The surface of the bone
was cleaned with a Dremmel® tool and grinding attachment at low
speed in order to remove any surface contaminants and cancelous
(i.e. ‘spongy’) bone. Samples were cleaned ultrasonically in deion-
ized water and then broken into smaller fragments with & per=
cussion mallet, but not powdered, as this may affect protein
retention (Schoeninger et al.,, 1989). Bone fragmentsgwere then
soaked in a 1.0 M HCI solution overnight, rinsed withideionized
water, and gelatinized at 95 C overnight in 10~ MgHCI solution (pH
3). A porosity C (25—50 pum) fritted disk was usedito isolate the
liquid fraction by filtration. The liquid fractiofiwas\thenevaporated
to 5 ml and freeze-dried to make the finaleollagen product. Carbon
and nitrogen isotope and C:N (atomic) fatio/values'were measured
on 0.5—1 mg of collagen using a GV Instruments, Ltd. (now Iso-
prime, Ltd., a subsidiary of Elementar AnalySensysteme) Isoprime™
stable isotope ratio mass spectrometern and coupled EuroVector
high temperature elemental, analyzer with a diluter kit for
sequential isotope analy$es. Byjinternational standards, nitrogen
isotope values are expressed in conventional delta () notation as
the permil (%,) deviation, from air. Carbon isotope values are simi-
larly expressed in‘conventional delta (¢) notation as the permil (%,)
deviatiorl from, the\WWienna PeeDee Belemnite (VPDB).

3.2. Isatopigfbaselines

Several “umderlying factors are important for constructing
baselines as part of the interpretation of stable carbon and nitrogen
isotopic values. This includes the investigation and analysis of
prehistoric and modern animal remains, plants, the local environ-
ment, and climate when possible. Local environmental variability is
one of the main factors affecting stable carbon and nitrogen iso-
topic values of animals and humans (lacumin et al, 2004;
Rubenstein and Hobson, 2004; Hollund et al., 2010). Therefore, in
order to deal with the effects of environmental differentiation,
isotopic values of animal remains have been used to construct a
baseline comparative measure to evaluate the human samples. A

baseline of animal isotopic values was created for each prehistoric
community to compare with remains recovered from burial con-
texts. This baseline allows for the comparison of isotopic values of
prehistoric animals and humans from the same environmental
locale and period of time. This study utilizes existing 3'>C and 5'°N
values of faunal remains from the site of Bestamak (Privat, 2004)
and new measurement data from faunal remains recovered from
the site of Lisakovsk (Ventresca Miller, 2013). Specifically, the
dataset from Bestamak includes 3'>C and 3"°N valuds, from Bos
taurus (n = 1), Ovis aries (n = 1), Canis familiaris (n = 2),;and Equus
caballus (n = 1) (Privat, 2004). The Lisakovsk dataset includes 3'3C
and 8N values from B. taurus (n = 1), 0. arie§ (n = 3), G¥familiaris
(n=1), and Equus (n = 1) (Ventresca Millér, 2013).

In terms of freshwater fish, several species have been recovered
from MBA sites such as Kamennyi Ambar and Stepnoye. These
include Cyprinidae sp. (Carp), Perca fluvig@tilis(European perch), and
Esox lucius (Northern pike), yet nong0f these have been analyzed
isotopically (Stobbe et al., 2013). As n@yarchaeological samples of
freshwater fish were availablegrominearbysites for analysis, 3'>C
and 3N values for modérn Eurasian riveringfish from the south-
western Siberian site ofiChicha (Privat, 2004) were used to provide
an estimate for the'likely/range of'isetopic values for consumed fish.
These samples are fromi riverine’¢ontexts that are similar to those
found in northern Kazakhstan. In lieu of the collection of modern
samples fromghe two sitesunder study, fish isotopic values from
Chicha are the clasest corollary available for central Eurasia.

While“clear distinctions between the human consumption of
terrestfial versus aquatic animals is evident (O’Connell et al., 2003),
diversity imanimal diet cannot be discounted as a factor in human
dietary \change. While freshwater fish is one possibility for differ-
ential‘human diet, changes in grazing behavior and location may
alsabe a factor. Different herbivores are known to have varied
isotopic signatures based on variation in grazing behaviors, such as
the differences between horses and cattle/ovicaprids (Privat, 2004;
Hellund et al., 2010; Lillie et al., 2011). Recent research has identi-
fied differences between herbivores based on environmental
niches, with higher nitrogen and carbon isotopic values charac-
teristic of animals grazed in marshy areas (Britton et al., 2008).
Elevated nitrogen isotope values are often related to saline (Heaton,
1987) or arid environments (Heaton et al., 1986). Fermented animal
milk has also been discussed as a potential source of elevated ni-
trogen values. However, the work of Privat discounted fermented
milk as a source of higher 3'°N values, as the fermentation process
was shown to not significantly alter the nitrogen isotopic values of
milk (2004: 98—101).

Several other baseline datasets were used in this comparative
analysis in order to examine all possible dietary inputs, including
issues related to wild and domesticated plants. There is currently
great discussion over the use of wild versus domesticated plant
species during the Bronze and Iron Ages in the Eurasian steppe.
While there is no available prehistoric plant data from northern
Kazakhstan during these periods, there is limited data from the
southern Urals and southeastern Kazakhstan. During the MBA in
the southern Urals, wild plants including Chenopodiaceae (Cheno-
podium), Fabaceae (legume, pea, or bean family), Polygonaceae
(knotweed), Poaceae (grasses) and Fragaria viridis (strawberry)
have been identified through floatation and paleobotanical ana-
lyses at the sites of Kamennyi Ambar 5/0l'gino and at Stepnoye
(Krause et al., 2010; Hanks and Doonan, 2013; Ng, 2013; Riihl et al.,
2013). There are published reports of wild forms of Panicum sp. and
Triticum sp. from the MBA sites of Arkaim and Alandskoe
(Gayduchenko, 2002), however these lack full species identifica-
tion, morphological analyses, and chronology (Frachetti et al.,
2010). Furthermore, these findings contrast greatly with current
understandings of plant species identified in the southern Urals
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region during the MBA. In southeastern Kazakhstan, domesticated
broomcorn millet (Perca miliaceum) and wheat (Triticum aestivum
or T. turgidum) were identified in burial contexts at the site of
Begash and dated to the Bronze Age (2460—1950 cal BC) (Frachetti
et al,, 2010). Similar findings for the Iron Age site of Tuzasai in
southeastern Kazakhstan include the recovery of phytoliths for
foxtail millet, barley, wheat, and rice (Chang et al., 2003; Spengler
et al., 2013b). While the findings in southeastern Kazakhstan are
interesting and reveal some of the earliest evidence of millet and
wheat in the central Eurasian steppe, it is still up for debate
whether these items were being grown, consumed, or traded in the
north. At this moment, there is little evidence for the use of
domesticated cereals in northern Kazakhstan or the southern Urals
during the Bronze Age.

Baseline datasets are also greatly affected by local environ-
mental inputs including issues of salinity and climate data. While
stable carbon and nitrogen isotopic studies are tied to the local
environment, no local plant species were sampled as part of iso-
topic analyses for this project. Therefore, local environmental dif-
ferentiation and climate are discussed from the perspective of
previous research in the region. The Kostanai oblast (administrative
region) located in north central Kazakhstan consists of two broadly
defined vegetation subprovinces, the northern Kazakhstan forest-
steppe and the Trans-Ural/Turgay steppe (Rachkovskaya and
Bragina, 2012: 124—5). Only a small section of the northeastern
part of Kostanai oblast is defined as forest-steppe as it includes
Betula, and mixed Populus and Betula forests, interspersed with
meadow steppes, rich forb, and feather grass steppes
(Rachkovaskaya and Bragina, 2012: 126). In certain depressions
there are also small sections of vegetation comprising sedge
marshes and willow brushwoods. The majority of the oblast is part
of the Trans-Ural — Turgay subprovince which includes a full range
of steppe vegetation communities such as steppes of rich forb,
feather grass and forb, and feather grass in the north, with fescue
and feather grass steppes on the slopes on low hills near rivers
(Rachkovskaya and Bragina, 2012: 126—7). In additiomy, small
vegetation communities of sagebrush, bunch grass and other
xerophytic forbs, fescues, and feather grasses are present nearby.
Relic pine forests are also interspersed with meadew communities
and complex steppes on lake terraces (Ra€hkovskayaand Bragina,
2012: 127). The archaeological sites under study are both located
within open steppe, yet they diffef because Bestamak is found
along a tributary river dotted with small salt marsh ponds, while
Lisakovsk is located on the high banks ofithie Tobol River.

The climate is relevant toisotopic\baselines, as it affects water
and vegetation which is gdhsumed by animals and humans. Yet the
prehistoric climate is glot welhunderstood in northern Kazakhstan
or the southern Urals dusing the Bronze Age, as few detailed studies
have been undeftaken. Research into climatic change in central
Eurasia is complicatedgbecause scholars disagree on the climatic
conditions 'during the Bronze Age with differing theories on
wheéther the climate” has been stable, become more arid, or
increasedfin humidity (Demkin and Demkina 2002; Matveev et al.,
2002;¥ADthony et al.,, 2005; Koryakova and Epimakhov, 2007;
Anthony,“2007). As research programs have started to focus on
micro-regional approaches to climate, we are beginning to under-
stand local temperature fluctuations in prehistory (Demkin and
Demkina 2002; Matveev et al., 2002). In northern Kazakhstan,
several broad trends in vegetational history are evident based on
lake cores undertaken at Mokhovoe Lake within Kostanai oblast
(Kremenetski et al., 1997). This lake is relatively close to the
archaeological sites under study, and located between the Tobol
and Ubagan Rivers. Sedimentation at the lake started circa 6000
years BP, with a hiatus around 4500 to 2900 years BP (Kremenetski
et al,, 1997). At the early stage (6000—4500 BP) vegetation was

forest-steppe and grass-steppe with some patches of birch forest.
The authors interpret these findings as a long period of favorable
climatic conditions when vegetation groups expanded and the herb
cover of the steppe was more mesophytic, containing plants that
needed a regular source of water (Kremenetski et al., 1997: 403).
After this period there was a hiatus (4500—2900 BP) which was
characterized by the authors as a drier period with a more conti-
nental climate and decreased forest area (Kremenetski et al., 1997:
403). However, a lack of sedimentation does not preserve pollen,
and therefore vegetation and climate inferences are, difficult to
discern. As the sites of Bestamak and Lisakovsk were occupied
during this hiatus, the extent of variatieft in climate\and local
environment continue to be unclear. Until climatic data is'collected
and analyzed in multiple local communities this data siioeuld not be
used as a basis for making claims about the)Bronze Age in central
Eurasia.

4. Results
4.1. Stable carbon and, nitrogei isotopes

The validity of isotopicidata,as a dietary measure is based on the
assumption that contamination of the collagen has not occurred
post-mortem. For collagen, C:N ratios are the most commonly used
measfife of|diagenesis and its potential impact on 8'3C and 8'°N
values.8Bone collagen with a C:N ratio that falls outside the range of
2.9-3.7 “is) considered to have been affected by post-mortem
alteration (MeNiro, 1985; Schoeninger et al., 1989; Ambrose and
Norr)11993). For this research, 49 of 51 human bone samples
(96%).and 6 of 6 animal bone samples (100%) had atomic C:N ratios
between 3.0 and 3.6 (Tables 1 and 2). These ratios fall within the
range of 2.9—3.7, indicating that collagen was not contaminated or
degraded (DeNiro, 1985; Schoeninger et al., 1989; Ambrose and
Norr, 1993). The two samples that fell outside of the acceptable
range for C:N ratios (3.70 and 3.76 respectively) were not used in
this study. Tables 1 and 2 present the results of stable isotope
analysis for each cemetery with unacceptable ratios shaded (sam-
ples 3503 and 3176).

Table 1
Bestamak isotopic results (shaded samples fell outside of acceptable range and were
not used in this study).

Sample 1.D. Period Corr. 3'3C Corr. 5'°N C:N
(atomic)

B3507 MBA -19.17 11.60 34 20—30 Female L. Femur
B3508 MBA -19.22 11.10 35 20—30 Female R. Femur
B3512 MBA —-19.42 11.40 35 35—-50 Male Long Bone
B3513 MBA -1937 1215 3.5 19—24 Female L. Femur
B3515 MBA -19.58 11.27 35 35—-50 Indet. L. Femur
B3518 MBA -1880 11.94 35 18—22 Indet. R. Femur
B3520 MBA -19.24 11.28 34 23+ Indet. R. Femur
B3523 MBA -18.75 12.63 3.5 18—24 Indet. R. Femur
B3531 MBA -18.62 1251 34 18—24 Female L. Femur
B3532 MBA —-19.51 11.04 35 30-55 Indet. R. Femur
B3534 MBA -1899 09.53 3.5 24—60 Female L. Femur
B3538 MBA -19.24 11.09 34 30—60 Female L. Femur
B3540 MBA -17.63 14.08 35 18—24 Indet. R. Femur
B3542 MBA —-19.01 11.13 3.6 Adult Indet. R. Femur

Age Sex Bone
sampled

B3545 MBA -18.74 11.52 34 18—30 Male R. Tibia
B3547 MBA -19.25 12.13 35 25—30 Male L Tibia
B3550 MBA —-1937 11.96 3.5 Adult Indet. R. Femur
B3558 MBA -1830 13.98 3.6 18—50 Female R. Femur
B3566 MBA -18.67 11.90 3.6 30—55 Male Fibula
B3575 MBA -18.92 11.18 35 20—44 Male L. Humerus
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Table 2
Lisakovsk isotopic results (shaded samples fell outside of acceptable range and were
not used in this study).

Sample LD. Period Corr. Corr. C:N Age Sex Bone
313¢ 3'°N  (atomic) sampled
L3001 LBA -18.76 11.53 34 35+ Indet. Rib
L3004 LBA -1895 1164 33 Adult Indet. R. Femur
L3013 LBA —18.85 1245 35 Adult Indet. R Femur
L3016 LBA —18.94 0991 34 Adult Indet. L Tibia
L3036 LBA —18.55 12.03 33 Adult Indet. R Femur
L3070 LBA —18.70 12.05 3.3 20-30 Indet. R.3rd
Metatarsal
L3071 LBA —-18.62 13.88 3.3 40—-50 Indet. Ulna
L3081 LBA —18.86 12.08 3.3 30-50 Indet. L. Tibia
L3093 LBA -19.40 1154 33 22-30 Indet. L. Tibia
L3102 LBA —18.67 1237 33 20-30 Indet. L. 5th
Metatarsal
L3105 LBA -19.02 1197 34 Adult Indet. R Femur
L3110 LBA -19.29 1121 34 35-50+ Indet. L. Femur
L3112 LBA —18.82 1348 34 20-35 Female R. 1st
Metatarsal
L3130 LBA —18.87 12.82 34 35-50+ Male  Parietal
L3137 LBA -17.49 1435 33 45—-59 Male R Femur
L3139 LBA —-19.03 1245 34 24—-40 Female R. Humerus
L3142 LBA -19.03 1123 34 24—40 Indet. L. Radius
L3150 LBA —18.96 1193 34 30—39 Female R. Tibia
L3155 LBA -17.62 13.14 3.0 Adult Indet. L Femur
L3160 LBA —18.50 1254 34 17—-25  Female L. Femur
L3161 LBA —18.56 10.87 34 35—44 Indet. L. Tibia
L3165 LBA -18.77 1127 35 35-44 Male R. Femur
L3167 LBA -1833 1220 3.3 30—45 Female L. Femur
L3168 LBA -18.98 11.68 3.3 Adult Indet. R.4th
Metatarsal
L3170 LBA -19.08 12.04 34 40-50 Male R. Femur

R T R T T T A

L3178 LBA —19.68 09.95 3.5 20-30 Indet. L Ulna
L3184 LBA -18.67 11.87 33 Adult Indet. Rib
L3023 LBA -18.96 08.32 3.5 Adult Indet. —
L3067 LBA —20.16 04.61 35 Adult Indet. —
L3159 LBA -18.75 07.09 3.5 Adult Indet. —
L3177 LBA -19.40 05.98 34 Adult Indet. =
L-DOG LBA —18.80 08.75 3.5 Adult Indet. £ —
L-SG LBA —19.36 0736 3.6 Adult Indet.” =

Nitrogen isotopic values of bone collagen for individuals at
Bestamak ranged from 9.5%, to 14.1%, with anjaverage of 11.8%,
(Table 1). The average 8'°N value for iddividuals at’Lisakovsk was
12.0%,, with values ranging from 9.9 to 14.49] (Table 2). Average
35N values of individuals at bgfh sites arefelevated relative to
average values reported for cattle (8.4%), sheep/goat (7.1%,), and
horse (5.4%,), allowing fonfthe ‘possibility that some of the in-
dividuals with higher valtuies wWere consuming fish species with
average 3N values repotted for'fish (10.5%,). High nitrogen iso-
topic values for humiafpbonejcollagen suggest that human dietary
intake cannot solely be’explained by the consumption of herbivore
meat and milk. ¥réshwater fish, which have high 3N values
compadred to jferrestridl herbivores, may be one possible source.
Whilethigh®™N values of animal bone collagen might also be at
play due‘to foddering or differential consumption of plant species,
the average'isotope values for animal collagen at each of these sites
fits well within the expected norms for the region (Privat, 2004).

The range of 3!3C values for human bone collagen at Bestamak is
minimal (-19.6%, to —17.6%,) with an average value of —19.0%,.
Individuals from Lisakovsk had §'3C isotopic values ranging from
-19.7 to —-17.6%,, and an average value of —18.8%,. Differences
between average human 3'3C values at the two sites are significant
(p = 0.0868). These varying values could be influenced by multiple
factors including water stress (Tieszen, 1991), the consumption of
waterfowl (Richards et al.,, 2001), and plant consumption. These
values fall between the isotopic range for C3 and C4 plant

consumption. The range of isotopic values for C4 plants such as
millet often varies from —12 to —16%,, with an average of 14%,,
while C3 plants exhibit approximate 3'3C values of —21 to —35%,,
with an average isotopic value of —28%, (O’Leary, 1988; Hoppe
et al., 2004).

Generally, human consumers relying on terrestrial C3 systems
have bone collagen §'3C values of approximately —21%, while
those relying on purely C4 systems have values as high,as approx-
imately —89%,. Mixed carbon isotopic values should not be consid-
ered unusual, as these sites are located in an area of mixed C3/Cy4
plant zones identified as steppe bordering forest-steppe with
subzone moderate moisture (Sokolov, 19684 Cerling afd \Quade,
1993). Furthermore, herbivores recovered from Bestamak and
Lisakovsk exhibit bone collagen 3'3C valueshanging from®17.7 to
—20.0%, and from —18.8 to —20.2%, respectively. If the human
populations were eating freshwater fishfthen it woeuld be expected
that their bone collagen 3'3C values\would Be closer to those of
freshwater fish consumers which range from —25.3 to —15.99%,
(Privat, 2004: 70). It is importafit to hote that the study of collagen
alone, without compaftison (to apatite, cam, be problematic as
collagen tends to reflect\primarily protein in the diet rather than
whole diet. When“feods low in“protein are consumed in small
amounts, they may not'be reflectéd in the stable isotope values of
collagen (Harrison and Katzenberg, 2003).

Local_envirenments surrounding these two sites are only
slightly differentywith Bestamak located in a more marshy area
than Lisakouski Thisys supported by a significant difference in an-
imal 318N average values between these two locales (p = 0.144). The
average 02N isotope value of animals at Bestamak was 9.7%, and at
Lisakevsk was 7.0%,, however the sample sizes were very small,
A= 5'and n = 6 respectively. There is extensive evidence that a
negative relationship exists between water availability and 3'°N
isotope values for herbivores (Murphy and Bowman, 2006). It has
also been shown that 3'°N isotopic values are higher in saline and
aridenvironments (Heaton et al., 1986; Heaton, 1987) and that the
consumption of marsh plants by herbivores elevates their nitrogen
values from +1.6 to 3.5%, (Britton et al., 2008). Therefore, further
analyses of marsh plant isotopic values must be undertaken in or-
der to understand the relationship between 3'°N values, water
availability, and herbivore consumption in these locales. Average
human 3N values between the two sites are not significantly
different, or the number of individuals sampled is too small for
significance testing. However, 3'>C values in human remains at
Lisakovsk were significantly elevated in comparison with those at
Bestamak (p = 0.0868). Differences in 8!3C isotopic values at the
two sites could be influenced by multitude of factors including
water stress or the consumption of waterfowl. In particular,
waterfowl could be indicated by lower 3'3C isotopic values, without
inherent elevated 8'°N isotopic values (Richards et al., 2001). This
slight change may also be due to local environmental differences or
diachronic climatic shifts. Although 8'3C isotopic values between
humans are significant, they are only slightly different and there-
fore need to be evaluated with further research comparing them to
plant and animal species present in these locales.

5. Discussion

5.1. Stable carbon and nitrogen isotopes: inter-cemetery
comparison

This approach to dietary reconstruction relies on the assessment
of the relative dietary dependence of humans upon three main food
types: terrestrial herbivores, freshwater fish, and plants (Fig. 7).
Human 3N values are typically enriched by 3—5%, relative to
consumed foods. Existing studies indicate that human bone
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145 proxies from adjacent areas in the Central Asia must be used as a

14.0 O comparative measure. The remains of prehistoric plants have been

135 & tested in the Caspian steppe, revealing average 3'C values of —262,

13.0 5 g for C3 plants, and —129%, for C4 plants (Shishlina et al., 2012). Some

125 a8 © Bestamak of these plants, such as reeds and grasses, were characterized by

SN 12.0 =S Wl g ) very high 3N values (Shishlina et al., 2012). Isotopic values of
< [ Lisakovsk ) K N

15 & o plants recovered from Uzbekistan, Turkmenistan, and Mongolia

110 % R Bo O while in different climatic zones, can be examined as part of a

105 = general comparative dataset. Carbon isotopic values Were recorded

100 - for the following species found in Central Asia: Chenopodiaceae

o ‘ - Atripliceae (—13.0 to —13.9%,), Poaceae An (=123 to

200 105 190 85 180 75 -16.2%,), and Polygonaceae (—12.7 to —12 ich et al.,

sne 2007: 39—42). Unpublished plant da ndicates

Fig. 7. Comparison of carbon and nitrogen isotopic values for humans at Bestamak that EBC values ranged from —23.4 an hotosyn—

(MBA) and Lisakovsk (LBA). thetic pathways, while two C4 plants had values of —14.4 and

—14.7%, (Sikora, 2007; Stacy, 2008),

As Chenopodium has been ide charred seeds at
collagen §'3C values have a broader range and are typically 0—5%, several MBA sites we know t | as available for con-
higher than consumed foods (Schoeninger and DeNiro, 1984). sumption, yet these prehist ave not been isotopically
Consumption practices of pastoral groups continue to be heavily tested (Krause et al., ; pan, 2013). The average
debated, especially the degree to which freshwater fish or wild 313C value for Chenopedium i /, for modern samples (Smith

plant materials contributed to the human diet during the Bronze and Epstein, 19
Age. Several different species of fish have been recovered from the toric Chenopodium ico, United States) had average 8'3C
MBA site of Kamennyi Ambar 5 the southern Urals: Cyprinidae sp. ge 3N value of 7.4%, (Schoeninger et al.,
(Carp), P. fluviatilis (European perch), and E. lucius (Northern pike) 1989: . However, whén we examine average 3'3C values for
(Stobbe et al., 2013). To date, no stable isotopic analyses of modern members o Chenopodium genus, there is great variation be-
or prehistoric fish remains have been undertaken from the sites i
under study or nearby. However, stable isotopic values of modern
fish from the site of Chicha, in southwestern Siberia, are available
and include similar species of fish from a steppe context (Privat,
2004). The species of fish from Chicha include Carassius carassi
(family Cyprinidae), P. fluviatilis, and E. lucius, which exhibit
and 3N values ranging from —25.3 to —15.9%, and 8.4—13.8
respectively (Privat, 2004; Privat et al., 2005) (Fig. 8) (Tah

., 1985) while samples of prehis-

.‘The spectrum of carbon isotope values for species of
odiaceae from the Old World reveal two separate groups
3C values ranging from —15.5%, to —9.27%, and —31.99%,
—20.77%, (Akhani et al., 1997). The plotting of these species
eal that the Eurasian steppe lies at the border zone between
cations where 75% of Chenopodiaceae are C4, and where 75% of
enopodiaceae are C3 plants (Akhani et al., 1997: 188).

Herbivore (cattle, sheep, goat, horse) 8!3C values at the Besta-
mak and Lisakovsk sites suggest a mixed C3 and C4 plant diet for

(legume, pea, or bean family), Polygonaceae (kno
(grasses) and Fragaria viridis (strawberry) wer:

central Eurasian steppe during the Bronze Age fi(raus al., 2010; Bronze Age animal populations. Furthermore, relatively high 3'°N
Hanks and Doonan, 2013; Ng, 2013; Riihl et al., ay also values in the herbivore population indicate a dietary source
have served as a food source for Bronze ions at Besta- enriched in 3N, which may have included plants from wetland,

mak and Lisakovsk. As the isotopic si
terials are currently unknown for (the T,

these plant ma- marshy, or saline environments. Recent research has shown that
urasian steppe, herbivores that consume marsh plants tend to have 3N values
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Fig. 8. Comparative isotopic baseline values of faunal materials from Bestamak, Lisakovsk, and Chicha.
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Table 3
Isotopic results of fishes from the site of Chicha.
Sample Species Site Corr. 3'3C Corr. 3'°N
BES3 Bos taurus Bestamak -18.5 84
BES 5 Canis familiaris Bestamak -19.0 10.5
BES 4 Canis familiaris Bestamak -18.5 10.1
BES 1 Equus caballus Bestamak -20.0 6.2
BES 2 Ovis aries Bestamak -17.7 7.8
CHA28 Carassius carassius Chicha -24.6 115
CHA29 Carassius carassius Chicha —24.2 103
CHA59 Carassius carassius Chicha —23.7 10.0
CHAG61 Carassius carassius Chicha -235 9.9
CHA26 Carassius carassius Chicha -234 11.0
CHA30 Carassius carassius Chicha -234 104
CHA27 Carassius carassius Chicha -234 10.5
CHA31 Carassius carassius Chicha -233 9.9
CHA9 Carassius carassius Chicha -214 8.7
CHA25 Esox lucius Chicha —-253 9.8
CHA21 Esox lucius Chicha -239 12.2
CHA23 Esox lucius Chicha —23.2 11.3
CHA7c Esox lucius Chicha —22.8 84
CHA24 Esox lucius Chicha -22.1 124
CHA7b Esox lucius Chicha -22.1 7.8
CHA22 Esox lucius Chicha -20.9 11.2
CHA7a Esox lucius Chicha -15.9 9.9
CHA20 Perca fluviatilis Chicha -23.1 12.5
CHA19 Perca fluviatilis Chicha -22.5 123
CHA18 Perca fluviatilis Chicha -222 13.8
CHA8a Perca fluviatilis Chicha -21.1 9.0
CHAS8c Perca fluviatilis Chicha -20.2 84
CHAS8Db Perca fluviatilis Chicha -19.7 11.2

that are elevated by +1.6—3.5%, compared to non-saline terrestrial
environments (Britton et al., 2008). In addition, elevated 3'°N
values are found in conjunction with elevated 3'3C values (Britton
et al., 2008). Nitrogen isotopic values of herbivores at both the
Bestamak and Lisakovsk sites are elevated to a range that corre-
sponds to diets that include high numbers of marsh or weftland
plants, and carbon isotope values are also elevated, following this
pattern. Variability in animal dietary intake may begfdépendent
upon grazing location, or may be a factor related to efiviconmental
shifts over time.

5.2. Comparative intra-cemetery bioarchaeoldgical resedrch

In addition to diachronic investigations of everall'dietary trends,
the results of the 3'>C and 8'°N analysis of htiman collagen also
allow for discussions of differentiation betéeen individuals based
on dietary intake. Isotopic results were comparatively tested
against social, biological afnd, ritual factors at both cemeteries.
However, only a sampledf individuals from each site were used in
isotopic analyses (Bestamak n = 22; Lisakovsk n = 29), which may
have affected the efitédmes of comparative studies. There was no
association_between dsotopic” values and the age or sex of in-
dividuals; altheughfonly adults were used in this study. Further-
morey biodistance “anmalysis of dentition, and the hypothetical
kinshipigrodps constructed, did not correlate with isotopic group-
ings of individuals under study. However, individuals who were
outliers in teérms of isotopic values did sometimes correlate with
certain mortuary rituals, grave goods or spatial location in the
cemeteries, as discussed below.

At Bestamak, two individuals have elevated 3'3C and 5!°N values
in relation to the rest of the community (Fig. 9). These individuals
(samples B3540 and B3558) have 3'3C values of —17.6%, and
—18.39, respectively, and 8°N values of 14.1%, and 13.9%,. At
Bestamak as a whole, the average 3'3C value is —19.0%, and the
average 8N value is 11.8%. Two tailed T-tests separately
comparing 5'3C and 3'°N values of these individuals with the rest of
the community reveal that at 95% confidence the difference

15.00

B 3558 B 3540
14.00 * *
13.00
8N 12.00
11.00 -
10.00 =
¢ B3534
09.00 ~
-20.00 -19.50 -19.00 -18.50! -18.00 -17.50

813¢

Fig. 9. Isotopic values for individuals at Bestamak (withhnumbered outliers).

between these individuals and the\community is significant
(p < 0.001). While elevated 5'>NSalues‘mayfindicate greater con-
sumption of fish by thes@indigiduals;®!>C values near —18%, could
indicate the consumption of 'C4plants."Due*to their significantly
different collagen iSotopic values,these individuals are posited as
having a slightly different®@ietythan the other members of the
community. Of these individuals, one was determined to be female,
while the other was indetetminate in regards to biological sex. They
were bufied with, groundstone slabs and pestles, which were only
recoveredgfrom, a“tetal of five burials at Bestamak. As these in-
dividuals had,a slightly different diet and unique items, they may
have hada socialistatus related to the processing and consumption
of{plants orimedicinal items. One individual (sample B3534) had a
very low!\ 3°N value which may have been due to increased con-
sumption’ of horse protein or plant materials which generally have
lower nitrogen values.

When considering human remains at the Lisakovsk cemetery,
several individuals seem to be outliers in terms of dietary intake
(Fig”'10). The average 5'°N value for individuals at Lisakovsk was
12.0%,. Two individuals have comparatively low 8°N values:
samples L3178 (10.0%,) and L3016 (9.9%,). A two-tailed T-test be-
tween individuals with low 8'°N values and the rest of the in-
dividuals tested indicates that at 95% confidence the difference
between these two groups is very significant (p = 0.0008). Several
other individuals exhibited comparatively elevated 8'°N values,
including samples L3112 (13.5%,), L3071 (13.9%,), L3155 (13.1%,),
and L3137 (14.4%,). However, a two-tailed T-test of individuals with
elevated 5'°N values and the rest of the individuals indicates that at
95% confidence the difference between these groups is not signif-
icant (p = 5.124). Finally, two individuals were characterized by
elevated 3'3C values when compared to the rest of the group,
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Fig. 10. Isotopic values for individuals at Lisakovsk (with numbered outliers).
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namely samples L3137 (-17.5%,) and L3155 (—17.6%,). However, a
two-tailed T-test between these individuals and the rest of the
community indicates that the difference between them is not sig-
nificant (p = 1.0713). Therefore, only individuals with low 3'°N
values are significantly different from the rest of the population
(samples L3178 and L3106). Depleted 8'°N values may be due to a
slightly different diet including a lack of fish consumption, or a
focus on more horse meat and milk which has relatively low 3'°N
values (5.5%,). Of the two individuals with comparatively low 3'°N
values, one cannot be linked to a specific grave assemblage and the
other was buried with only a single ceramic vessel. However this
second individual (L3178) was buried in a ditch, an unusual
placement for this cemetery. This may be evidence that this person
was of low status due to the low number of associated burial goods,
inconspicuous placement, and differential diet.

5.3. Conclusions

Carbon and nitrogen stable isotope data suggest that the pri-
mary dietary intake of individuals at both Bestamak and Lisakovsk
was terrestrial animal protein, likely in the form of milk and meat.
The animals most often found at MBA sites are cattle and sheep/
goat, which at Bestamak have an average 3°N value of 8.1%,
Therefore, humans subsisting primarily on these animals
(assuming a 3—5%, trophic level increase) would have 3!°N values
ranging from 11.1 to 13.1%, which is relatively close to actual Bes-
tamak human bone collagen 3!°N values which range from 9.5 to
14.1%,, Similarly, at Lisakovsk 3'°N values of humans range from 9.9
to 14.4%, and the average for cattle and sheep/goat is 7.2%,. Humans
subsisting primarily on cattle and sheep/goat (assuming a 3—5%,
trophic level increase) would have 3'°N values ranging from 10.2 to
12.2%,, which is very close to the actual range of 3"°N values £or
Lisakovsk human bone collagen. The slightly elevated 3'°N values
for some Bestamak and Lisakovsk humans may reflectfsupple-
mental fish consumption, whereas individuals with lower bone
collagen 3'°N values may indicate increased consumgtion ef horse
meat and milk.

The comparative analysis of these two cemeteries indicates that
general patterns of dietary intake were relatively‘uniformfrom the
MBA to LBA transition in the central Euragian\steppe. The differ-
ences between the sites of Bestamak andykisakovsk in terms of 3'°N
values is not statistically significant (Student’s t =0.895, p = 0.376).
Slight differences may be due to_environmental variation, as 3'°N
isotopic values are elevated indrid ofsaline’environments (Heaton
et al., 1986; Heaton, 1987; Muiphy and Bowman, 2006). However,
the site of Bestamak is iff'a,more marshy and saline environment
than Lisakovsk, and 3'2N values of individuals at the former site are
depleted rather than“elevated:)While climatic change may be a
factor, it is currentlypdifficult to determine how broad environ-
mental shifts [affecfedgthese local communities. Therefore, in-
dividu@ls “Wwith élevated 3'°N values at both sites may have
consumed freshwater fish, while those with depleted 8°N values
may haveconsumed horse protein. There also is a strong possibility
that differential 3'°N values are the result of a diet with similar
diversity'ofifoodstuffs, with proportionally lower or higher intake of
specific items.

Differences between the average of 3'3C values for human bone
collagen at the sites of Bestamak (—19.0%,) and Lisakovsk (—18.8%,)
were significant (Student’s t = 1.75, p = 0.0868). Variation in 5'3C
values could be dependent upon multiple factors including water
stress, the consumption of waterfowl or freshwater fish, as well as
plant consumption practices (Tieszen, 1991; Richards et al., 2001).
Carbon isotopic values for humans fall between the normal range
for C3 and C4 plants, which often fall into two groups. C4 plant
species recovered from Central Asia (including Chenopodaciae,

Poaceae, and Polygonaceae) have carbon isotopic values that range
from —-12.3 to —16.2%, while C3 plants (such as Chenopodium
album) recovered from other regions have a range of values from
—26 to —33.6%, (Toderich et al., 2007: 39—42; Hart et al., 2007;
Schulenberg, 2002: 104; Akhani et al., 1997: 194; Schoeninger
et al., 1989: 52). If humans were consuming plant materials, they
would have human bone collagen 3'3C values that were elevated by
approximately 0—5¢%,. The 5'3C values of Bestamak and Lisakovsk
reveal a range of values, suggesting that individual 'dietary intake
did vary. This variation could be the result of different\diets, but it
could also be due to a proportionally lower orthigher imtake of the
same dietary sources. While 3'3C values offitiman bofie ¢ollagen at
these sites do not indicate the consumption of large amounts of Cy4
plant materials it is possible that a smallipertion of the*population,
or overall diet, included these items. Pastoralists have a diet that
focuses primarily on terrestrial amimaly protein, but they also
consumed gathered plant materials as a dietary supplement or for
medicinal purposes. Wild plant consumption may thus be impor-
tant to dietary reconstructions which*are not highlighted by iso-
topic values of bone ¢ollagen (Harrison andyKatzenberg, 2003). The
examination of the mineral portion of bones and teeth from these
and other sites(in the future®will add valuable information
regarding the carbohydrate‘component of the human diet.

There, also are several interesting correlations at the intra-
cemetery seale between'isotope values and mortuary practices. At
Bestamak, twelindividuals with elevated 3'3C and 5'°N values were
buried ‘with different items than the rest of the community. These
indiidualsiwere buried with groundstone pestles and slabs, and
may\ have had’a special social status related to the processing and
consumption of plants and medicinal items. At the site of Lisakovsk,
twolindividuals had significantly depleted 8'°N values compared to
the rest of the population. These individuals may have consumed
more horse meat and milk than other protein sources. One of these
individuals was buried in the ditch surrounding a kurgan (mound).
While the consumption of horse might normally be attributed to a
high status individual, this person had few burial goods, an
inconspicuous placement and a differential diet, which may be
evidence of the low status of this individual.

This approach includes the correlation of multiple datasets,
providing a more nuanced context for understanding relationships
between subsistence regimes and social change. The dietary intake
of pastoral groups during the Bronze Age seems to have stayed
relatively stable over a period of great transition in social and ritual
institutions. However, this has currently only been tested for a few
cemeteries spanning the transition, and future research may reveal
significant variation between local communities. Among pastoral
groups, subsistence regimes can no longer be predictably related to
the consumption of only animal products. Instead, the nature of
subsistence economies should be treated as an important variable
in understanding and reconstructing pastoral societies. While evi-
dence seems to point to a focus around ruminant domesticates,
there is variability in diet between individuals, indicating a sup-
plementation of the diet with a range of alternate foods, including
wild resources such as fish and plants, as well as horse. Therefore,
in the case of the central Eurasian steppe, dietary intake had a
foundation in the consumption of meat and milk, with a secondary
dependence on wild seeds and grains, as well as freshwater fish. As
these additional items were all locally available, it is not surprising
that they were being consumed when they could be obtained.
Furthermore, these secondary products were differentially used by
individuals within each community, revealing intra-community
diversity in consumption practices. Future studies need to
continue to investigate dietary intake both within and between
communities in order to understand correlations between social
change and consumption practices.
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