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климат, раСтительноСть и хозяйСтво СинташтинСкой культуры 
в карагай-аятСком микрорегионе Степи зауралья

ABSTRACT: Climate, food security and dietary habits are key issues in human history and up to the present time. 
Scientific investigations are increasingly focusing on the relationship between climate and subsistence in the past. This 
paper describes some archaeobotanical results from the Karagaily-Ayat microregion (Chelyabinsk oblast, Kartaly dis-
trict) in the Transural steppe. There, fortified and systematically planned settlements emerged in the Bronze-Age, rep-
resenting a completely new settlement model and way of life. In order to reconstruct the related vegetation and climatic 
conditions in the area as well as economic activities, we combine palynological, sedimentological, and plant macro-
remains analyses with radiocarbon dating. Cultural layers from archaeological excavations at the fortified Kamennyi 
Ambar settlement formed the basis to explore plant use among the inhabitants. Pollen data from natural archives 
were used for statistical comparisons (principal component and cluster analyses) and the subsequent high-resolution 
reconstruction of palaeoenvironmental conditions. Vegetation mapping with the help of multispectral satellite data in 
combination with pollen assemblages of surface samples was used to reconstruct past vegetation distribution, estimate 
steppe productivity, and create a model for livestock management during the Bronze Age. The limitation of the fortified 
settlements´ distribution (ascribed to the archaeological Sintashta culture) to the Transural region is believed to be the 
result of the prevailing environmental conditions in this steppe landscape and its perennial rivers. Even if the climate 
was suitable for agriculture, evidence for crop cultivation is missing from all botanical records. The economic main-
stay was animal husbandry (cattle, sheep and some horses). Autonomous activity zones of at least 4 km radius around 
each Sintashta settlement with grazing resources could easily sustain the estimated population and their livestock. 

Introduction. the t�ansu�als, situated at the pe�iphe�y o� the eu�asian steppe belt at the no�the�n ��inge 
o� cent�al asia, a�e p�edestined to be a zone o� cultu�al contact, connecting a�eas east and west o� the u�al 
mountains ([бочкарев, 2010; che�nykh, 2008; епимахов, 2010a, 2010b; ko�yakova and epi�akhov, 2007; 
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mei, 2003]. at the tu�n o� the 3�d to the 2nd �illenniu� Bc, the Sintashta cultu�e with �o�tified settle�ents, 
o�ganized �esidential a�eas with �ows o� buildings, innovations in �etallu�gical and c�a�t technologies such 
as spoke-wheeled cha�iots, as well as new bu�ial �ites appea� in the t�ansu�al. In te��s o� �ood supply, 
cattle bones do�inate the osteological �ate�ial, and one �ight expect that ce�eal cultivation was int�oduced 
as yet anothe� �esponse to cli�ate change. as the gene�al cli�atic patte�ns o� the B�onze age have been 
cont�ove�sially discussed in the past, the adaptation o� a sedenta�y li�estyle �ay eithe� have been t�igge�ed 
by �o�e hu�id conditions [gayduchenko, 2002; лаврушин и спиридонова, 1999] o� by inc�eased a�idity, 
since the latte� �equi�ed ani�al stabling du�ing winte� [anthony, 2009]. So �a�, syste�atic a�chaeobotanical 
studies have only been ca��ied out in neighbou�ing ecological �egions [�o� �o�e �e�e�ences see Stobbe et 
al., 2016]. within the scope o� the russian-ge��an �esea�ch p�oject `envi�on�ent, cultu�e and Society o� 
the Southe�n u�als in the B�onze age: a multidisciplina�y Investigation in the ka�agaily-ayat mic�o�egion, 
russia` [k�ause and ko�yakova, 2013; k�ause and ko�jakova, 2014], the a�chaeobotanical analyses �ocus 
on the inte�actions between cli�atic change, hu�an activities and econo�ies in the t�ansu�als.

Methods. palynological and sedi�entological investigations have been �ocused on the nu�e�ous 
dep�essions �ep�esenting pa�ts o� the �o��e� �ive� syste� along the ka�agaily-ayat. the age o� the sedi�ent 
sequences was dete��ined by �eans o� �adioca�bon dating [Stobbe et al., 2015, 2016]. fo� statistical co�pa�isons, 
p�incipal co�ponent analyses based on species abundances we�e used. In o�de� to �ap and quanti�y �ecent 
land cove� patte�ns in the a�ea o� study, landsat 7, Spot, and aSter scenes o� va�ious �eco�ding dates we�e 
p�ocessed and classified in e�das I�agine 14 and subsequently �apped in a�cgIS 9 (fig. 1). Sedi�ent sa�ples 
�o� plant �ac�o-�e�ain analysis we�e collected syste�atically ��o� building �eatu�es and cultu�al laye�s.

Fig. 1 (a) ove�view o� selected �o�tified settle�ents �o� vegetation �apping  
and (b) ka�agaily-ayat �ic�o-�egion with the autono�ous econo�ic activity zones o� 4 k� �adius a�ound 

konoplyanka, zhu�u�bay and ka�ennyi a�ba� (subset o� figu�e 1a; all i�age�y in �alse colou�s)
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Study area. the a�ea o� investigation extends ��o� 50º to 54º N and 59º to 62º e on the t�ansu�al 
peneplain, located east o� the southe�n u�al �ountains and gently dipping towa�ds the weste�n Sibe�ian 
lowlands. the undulating plain �eaches altitudes between 200 and 300 � a. s. l. che�noze�s a�e the 
do�inant soil type, but as a �esult o� seconda�y salinization, solonetz also occu� [Чернянский, 1999; 
плеханова и др., 2007]. the study a�ea lies in the steppe zone and its natu�al vegetation is a he�baceous 
�eathe�-g�ass and �escue/�eathe�-g�ass steppe with s�all g�oves o� bi�ch (‘kolki’) and pine (‘bory’). In the 
floodplain o� the pe�ennial ka�agaily-ayat, species-�ich �eadow steppes have �o��ed. 

Fig. 2. regional pollen diag�a� o� dep�ession pw. pe�centages based on total te��est�ial pollen counts (ttp), 
plotted on ti�e and depth scale

Results and discussion. Environment. the pollen spect�a o� two deposits ��o� the ka�agaily-ayat 
valley show that a steppe vegetation has existed �o� the last 9000 yea�s. a�te�isia, chenopodiaceae, 
and poaceae do�inate all the pollen spect�a and t�ee pollen �each �axi�u� levels o� 30–35%. mino� 
va�iations o� t�ee pollen pe�centages, changes o� the Artemisia/chenopodiaceae �atio and the co�position 
o� he�bs do indicate, howeve�, that the steppe vegetation du�ing the B�onze age was subject to va�iations 
[kalis and Stobbe, 2012; Stobbe, 2013; Stobbe et al., 2015, 2016]. acco�ding to palynological data 
(fig. 2), Artemisia was do�inant a�ound 2400 cal. Bc, pointing at the existence o� an undistu�bed �eathe�-
g�ass steppe. the pe�centages o� deciduous t�ees (ul�us, que�cus, tilia and alnus) �each thei� highest 
values du�ing this phase and thus i�ply that the cli�ate was �elatively hu�id. pa�allel to the �ounding 
o� the settle�ent ka�ennyi a�ba� a�ound 2100 cal. Bc, a�te�isia values d�op while chenopodiaceae 
values inc�ease. at the sa�e ti�e, t�ee pollen inc�ease as well, (which testifies the continued existence 
o� a hu�id �eathe�-g�ass steppe with a slightly highe� sha�e o� �o�est, while the �ise o� chenopodiaceae 
hints at the deg�adation o� the steppe as a �esult o� anth�opogenic i�pact. the s�all lakes a�ound the 
settle�ent we�e p�obably used as wate�ing holes �o� do�estic ani�als, thus st�ongly a��ecting the local 
vegetation. a�ound 1900 cal. Bc, the pollen co�position accounts �o� a �educed hu�an and ani�al 
inte��e�ence. the pollen cu�ve o� chenopodiaceae d�ops, that o� poaceae �ises, and the �ipa�ian vegetation 
appea�s to be less distu�bed. these develop�ents can be co��elated with the end o� the Sintashta–pet�ovka 
settle�ent phase. In the pe�iod that �ollowed, and du�ing the subsequent S�ubnaya-alakul phase, the 
pollen spect�a p�ovide evidence �o� hu�an i�pact on a �ino� scale. It can possibly be �elated with a 
less intensive, �athe� seasonal occupation in cont�ast to the Sintashta pe�iod. a�ound 1700 cal. Bc, dung 
spo�es a�e no longe� p�esent, and plantago �ajo�, which, togethe� with chenopodiaceae, se�ves as an 
indicato� �o� anth�opogenic influence, is not attested, eithe�. this develop�ent can be co��elated with 
the abandon�ent o� the settle�ent ka�ennyi a�ba�. app�oxi�ately 150 yea�s a�te� evidence �o� a�id 
conditions is �ound.

results o� p�incipal co�ponent analysis (pca) �eveal that zones equivalent to the B�onze age 
cluste� togethe� with sa�ples ��o� the last 400 yea�s and �ecent su��ace sa�ples [Stobbe et al. 2015; 
2016]. these si�ila� vegetation patte�ns �ay �esult ��o� co�pa�able cli�atic conditions. with �espect 
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to the �ic�o-�egion along the ka�agaily-ayat rive�, a �elatively hu�id cli�ate p�edo�inated between 
app�oxi�ately 2400 and 1600 cal. Bc, and du�ing the last 400 yea�s. we the�e�o�e have to assu�e that 
the int�oduction o� new settle�ent �o��s and econo�ic syste�s �elated to sedentis� we�e not developed 
in �esponse to a�idity in the B�onze age [Stobbe, 2013; Stobbe et al., 2015; 2016]. the �esults indicate 
that, despite the occu��ence o� pe�iodic d�oughts, �a��ing was theo�etically possible in the Sintashta 
envi�on�ent [Stobbe et al., 2015]. Howeve�, the analyses o� the �ac�obotanical �e�ains at ka�ennyi 
a�ba� and konoplyanka [rühl et al., 2015] did not �eveal evidence o� ag�icultu�e �o� the Sintashta 
pe�iod. residues o� cultivated plants we�e not �ound. all plant �ac�o-�e�ains belong to wild he�baceous 
plants and t�ees ��o� the steppe a�ea. So�e �ude�al plants (polygonu� and chenopodiu� species and 
so�e aste�aceae) a�e the only indicato�s o� a (slight) deg�adation o� the steppe which �ay have caused 
by zoo-anth�opogenic influences as well as the abundance o� salt in local soils and long-lasting d�y spells. 
the B�onze age econo�y was �ainly based on ani�al husband�y, supple�ented by fishing and gathe�ing 
o� wild plants [rühl et al., 2015; Stobbe et al., 2013].

Capacity model for the Karagaily-Ayat microregion. along a 20 k� seg�ent o� the ka�agaily-ayat 
rive�, the konoplyanka, zhu�u�bay, and ka�ennyi a�ba� sites a�e located �elatively close to each 
othe� in cont�ast to the ave�age distance o� about 23 k� between Sintashta sites. p�ovided that these th�ee 
settle�ents we�e inhabited conte�po�aneously, the �ini�u� �adius o� independently �anaged econo�ic 
zones in the i��ediate su��oundings was 4 k� and the sustainable �anage�ent o� ecological �esou�ces 
�ust have been possible within the available space (fig. 1). to test this hypothesis, we calculated the 
bio�ass p�oduction and g�azing capacity o� the given �angeland and dete��ined the nu�be� o� ani�als 
which can be sustainably �anaged within the 4 k� �adius th�oughout the yea�. the �odel is based on the 
�ecent vegetation dist�ibution and �espective a�ea sizes de�ived ��o� the vegetation �apping. ou� �esults 
show that the autono�ous econo�ic zone a�ound ka�ennyi a�ba� could suppo�t 0.47 livestock units 
pe� ha (1 livestock unit = 1 cow = 1 ho�se = 10 sheep). taking into account esti�ated population figu�es o� 
selected Sintashta settle�ents (41-42 buildings with 5-10 individuals pe� household) the assu�ed ani�al 
nu�be�s pe� capita �o� the B�onze age [2.4 ani�als as esti�ated by косарев, 1991 �o� the late B�onze 
age] as well as the he�d co�position (50% cows, 40% sheep and 6% ho�ses [rassadnikov et al., 2013]), 
the natu�al envi�on�ent o� the conside�ed a�eas was suited to suppo�t a sedenta�y society o� livestock 
he�de�s without any dange� o� ove�g�azing — even i� we assu�e a household size o� 10 pe�sons with a 
total o� 1000 ani�als [Stobbe et al., 2016]. 
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