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SIMULATING PAST PROCESSES WITH AGENT-BASED MODELLING: EXAMPLES FROM 
PALEOANTHROPOLOGY AND POSSIBLE APPLICATIONS FOR SQUIRREL RELATED RESEARCH 
QUESTIONS 

Ericson Hölzchen1,2,3, Philipp Mendgen3, Christine Hertler1,2 

1 Senckenberg Research Institute, ROCEEH, Senckenberganlage 25, 60325 Frankfurt am Main, Germany; email: 
ericson.hoelzchen@senckenberg.de; christine.hertler@senckenberg.de 
2 ROCEEH, Heidelberg Academy of Sciences, Karlstraße 4, 69117 Heidelberg, Germany 
3 Goethe University Frankfurt, Department of Paleobiology and Environment, Max-von-Laue-Straße 13, 60438 
Frankfurt am Main, Germany  
 

Agent-based modelling (ABM) is a widely used simulation method in various disciplines, including 
ecology, social sciences and economics. Recently, it is gaining importance in studying past processes 
such as in archaeology or paleoanthropology. It is also applied in simulating paleobiogeographical 
patterns and processes. An agent-based model consists of three elements. Firstly, the agents 
represent the acting entities of the modelled system. Secondly, the environment defines the spatial 
context of the agents. And thirdly, the rules of action and interaction specifying interactions among 
the agents and between agents and their environment. ABM allows us to simulate phenomena which 
cannot be accessed in reality, such as past processes including the spatial behaviour of extinct 
species. With ABM it is possible to examine the results of agents interacting with a dynamically 
changing environment on a quantitative basis.  

In this talk, we will provide a general background of ABM, and how it is applied to formalize and test 
hypotheses. Additionally, we present exemplary applications for dispersal, migration and 
competition simulation.  

Finally, we present ideas on how ABM could be applied to test hypotheses on the paleobiogeography 
of squirrels. The talk is intended to initiate a discussion about possible applications of ABM on 
squirrel dispersal, corresponding hypotheses and interactions on various scales.  
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TECTONIC EVOLUTION OF KANIV DISLOCATIONS 
 

Olena Ivanik, Viktor Shevchuk, Lubov Tustanovska, Vitaliy Yanchenko 

Institute of Geology, Taras Shevchenko National University of Kyiv, Ukraine, Vasilkivska, 90, Kyiv, Ukraine, 
03022; e-mail: om.ivanik@gmail.com, svgeol44@gmail.com, tustanovska@univ.kiev.ua, yanchen@ukr.net 
 
 

The consideration is given to morphology and tectonic evolution of Kaniv dislocations in Ukraine which 
have unusual morphological and tectonic features. Five stages of morphogenesis in the Kanev region 
were established, which characterize the tectonic evolution of this region. Data results were obtained 
based on geological and geomorphological analysis of the geostructures, lithology and stratigraphic 
data, which allowed to determine the geological evolution in this period, the neotectonic and the 
current period, as well as to assess the vertical earth movements, surface movements, denudation of 
slopes, accumulation and erosion of river beds. 

The research enabled quantitative and qualitative determination of the regional, particularly local, 
neotectogenesis factors and their impact on the erosion level in the area. Analysis of the structural-
morphometric maps allowed determining the latest tectonic evolution of dislocation in Kaniv. 
Formation of the Dnieper and the Ros' terraces was traced, including erosive changes in the primary 
rock structure throughout the entire Quaternary period. In the Early Quaternary the level of dislocation 
in Kanev reached the height of 100 m; the arrival of the Dnieper glacier reduced this level to 95 m, 
whereas upon withdrawal of the glacier, it increased to 115 m. During the final melting, the ground 
level of the glacial permafrost did not change, it dropped only during the Holocene, even to 81 m.  

The research allows specifying the general features of the clay diapirism in Kaniv region and develops 
models of this process. 
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THE STRATEGIC TRENDS OF ENAMEL DIFFERENTIATION IN WATER VOLES  
FROM THE PLEISTOCENE OF CENTRAL AND EASTERN EUROPE 

 
Alexey Krokhmal’ 
 
Institute of Geological Sciences, National Academy of Sciences of Ukraine, Department of Quaternary Geology, 
O. Honchar Str., 55-b, 01054 Kyiv, Ukraine; e-mail: krohmal1959@ukr.net  

 
Detailed study on the enamel thickness in water voles (Arvicola) has shown that the 
paleopopulations of the Black Sea area and the Middle Danube area (the first territorial group), and 
the Middle Ukraine and Central Europe (the second territorial group) differed significantly. The 
differences are as follows:  

1. m1 of the first and second territorial groups differs in size when having the same evolutionary 
level: values of the enamel thickness quotient (SDQ)=116.0-120.0 correspond to m1 length 2.85 mm 
(the first group) and 2.6 mm (the second one). On the other hand, almost the same size (2.65 and 
2.63 mm) is characteristic for m1 of the first and the second territorial groups that differ in SDQ 
values (132.7 and 116.0, respectively). 

2. The similar dependence has been observed for the height of the crown and SDQ. 

3. Water voles of the first territorial group always have thicker enamel, both on posterior and the 
anterior conid walls of m1. 

4. The most important regional differences relate to the details of enamel differentiation. For the 
first territorial group, the uniform strategic trend of enamel differentiation has been observed: the 
thickness on the posterior walls of triangles decreases by 11%, and on the anterior walls increases by 
18% (the Black Sea area); for the Middle Danube area, increase of enamel thickness of posterior walls 
is 10.8% and decrease of anterior walls is 27.1%. 

Significantly different trend is observed for the paleopopulations of Arvicola of Central Europe and 
the Central Ukraine. Enamel thickness increases both on the anterior and posterior walls of conids, 
however, as on the anterior walls the increase went faster, the final result was the same as for the 
first territorial group, i.e., Microtus differentiation of enamel. Here enamel thickness increase in 
12.0% for posterior and in 30.5% for anterior conid walls for the Middle Ukraine and 14.5% and 
77.7% for Central Europe. 

These data confirm that the representatives of the genus Arvicola spread to the Ukrainian Black Sea 
coast from the Middle Danube area in the middle of the Middle Pleistocene (IV Cromer Interglacial), 
and in the Middle Dnieper zone, water voles emerged from Central Europe in the second half of the 
Middle Pleistocene (Holsteinian). It might be resulted in the existence of two separate Arvicola 
subspecies: A.t. terrestris for the Middle Dnieper area and A. t. meridionalis for the Black Sea area. 
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SIMULATION OF NEANDERTHAL DISTRIBUTION PATTERNS VIA AGENT BASED MODELLING:  
A PROGRESS REPORT 

Philipp Mendgen3, Ericson Hölzchen1,2,3, Christine Hertler1,2, Christian Sommer1,4, Michael Märker2,4, 
Michael Bolus2,4 

1 Senckenberg Research Institute, ROCEEH, Senckenberganlage 25, 60325 Frankfurt am Main, Germany; email: 
ericson.hoelzchen@senckenberg.de; christine.hertler@senckenberg.de 
2 ROCEEH, Heidelberg Academy of Sciences, Karlstraße 4, 69117 Heidelberg, Germany  
3 Goethe University Frankfurt, Department of Paleobiology and Environment, Max-von-Laue-Straße 13, 60438 
Frankfurt am Main, Germany; email:  philipp.mendgen@googlemail.com 
4ROCEEH, University of Tübingen, Rümelinstraße 23, 72070 Tübingen, Germany; email: christian.sommer@uni-
tuebingen.de; michael.maerker@geographie.uni-tuebingen.de; michael.bolus@uni-tuebingen.de 
 

In addition to our talk about agent-based modelling, we want to present an example on how ABMs 
can be used in Paleobiology. We therefore want to introduce one of the models we are currently 
working on. Although this model is preliminary and not yet able to produce scientifically valid results, 
it should serve as a good example for possible applications of ABMs when investigating species 
distribution patterns that are based on environmental parameters. 

We present a preliminary agent-based model that is capable of simulating Neanderthal movement 
and distribution patterns during interglacial conditions. The model is based on a high-resolution map 
of Europe with a patch size of 5 km2 that features environmental variables like elevation, distance to 
freshwater sources, wind effects and net primary productivity. These variables are then used to 
calculate the favourability of each patch as a living space for Neanderthals, which in turn is the basis 
for the agent’s decision making. Our model features different aspects of Neanderthal behaviour, such 
as the establishment of long-term and short-term camps, seasonal migrations and movement based 
on previous experiences and curiosity. It allows us to compare Neanderthal movements in different 
environments and regarding different assumptions made on their behaviour. Once the model is 
complete, we hope to use it as a tool to identify differences in distribution patterns resulting from 
specific spatial behaviours, and to predict locations with a high likelihood of Neanderthal occurrence. 
The results provide a valuable reference to compare with other types of distribution models based 
on stochastic or simple GIS-based spatial approaches. Although our model is not yet fully operational, 
the underlying mechanisms are already in place and working. Therefore, we would like to present 
our current progress. 
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CORALS AND OTHER CARBONIFEROUS FAUNA FROM QUATERNARY GLACIAL SEDIMENTS  
OF THE HRADYZK AND KREMENCHUK AREA (POLTAVA REGION)  

Victor Ogar 

Taras Shevchenko National University of Kyiv, Institute of Geology, Vasylkivska 90, 03022 Kyiv, Ukraine; email: 
ogar_victor@ukr.net  
 

The report is based on the preliminary study of corals, chaetetid sponges, brachiopods, crinoids, 
bryozoans, which were found during recent years in the glacial sediments nearby the towns of 
Kremenchuk and Hradyzk (the left bank of the Kremenchuk Reservoir). A large number (more than 
200 specimens) of these fossils have been found in the glacial till of Pyvykha Mount by Igor 
Chernikov. A few corals and chaetetids were extracted from fluvio-glacial sediments nearby the town 
of Kremenchuk by Michail Lishenko. All these fossils were among numerous erratic boulders and 
pebbles of various sizes composed of limestone or silicified limestone. 

The following fossils were identified: Colonial massive Rugose corals Actinocyatus d'Orbigny, 1849, 
fasciculate colonies Siphonodendron McCoy1849 (S. junceum (Fleming, 1828) and other species), 
Diphyphyllum Lonsdale, 1845, solitary corals Sychnoelasma? Lang, Smith & Thomas, 1940, tabulate 
corals Syringopora Goldfuss, 1826, Chaetetid sponge Chaetetes Fischer, 1829 and Chaetetella 
Sokolov, 1939.  

The composition of fossils certainly indicates their Carboniferous age. Similar fauna were described in 
the bedrock of the Moscow area. It is obvious that boulders and pebbles with fauna occurred here as 
a result of the erosion and entrainment of the material by the moving ice of the Dnieper glacier. We 
believe that detailed study of collected fossils will clarify the movement direction of the Dnieper 
(Saalian) Glaciation. 

 



Populations in the Non-Optimal Environment, INQUA International Field Workshop 

 
Chernivtsi – Neporotove – Borshchiv, Ukraine, September 20-23, 2017 

8 

MAMMALIAN BIODIVERSTY AND EVOLUTION OF ANATOLIA IN CENOZOIC 

Şakir Önder ÖZKURT 
 
Department of Science Teaching, Faculty of Education, Ahi Evran University, Kırşehir/Turkey, e-mail: 
onderozkurt64@gmail.com 
 

 
The oldest known fossils of mammals in Anatolia are dated back to 52 million years ago. 2682 
samples of mammalian fossils that are the subjects of this study were collected from 349 localities in 
Anatolia, and lived between 52 – 0.01 million years ago. The mammalian fossils represent a 
biodiversity consisting of 15 orders, 64 families, 349 genera and 397 species. Today, mammals are 
represented by 8 orders, 36 families, 82 genera and 168 species in Anatolia. As a result of ecological 
changes occurred during the geological evolution of Anatolia; there has been a decrease in 
mammalian biodiversity consisting of 7 orders, 28 families, 267 genera and 229 species. In general, 
large-sized species have been replaced by small-sized ones in the fauna of mammals since the 
Pliocene period throughout the world because of the ecological changes in north hemisphere and 
there has been a decrease in the biodiversity of mammals. A similar situation happened in Anatolia 
and some mammals including Tubulidentata, Proboscidea, Primates, Perissodactyla, Marsupialia, 
Hyracoidea and Embrithopoda became extinct. In the light of this data, an evolutionary and 
ecological overview of the changes in the biodiversity of mammals in Anatolian biogeography 
throughout the Cenozoic Era is presented in this paper.  

Key Words: Mammalia, Biodiversity, Evolution, Anatolia. 
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„Remove not the ancient landmark, which thy fathers have set” (King James Bible) 

 
FIRST LANDMARK ANALYSIS ON MOLARS OF THE EUROPEAN (SPERMOPHILUS CITELLUS)  
AND THE SPECKLED (S. SUSLICUS) GROUND SQUIRRELS 

 
Piroska Pazonyi 
 
MTA-MTM-ELTE Research Group for Paleontology, POB 137, H-1431 Budapest, Hungary 
 
Both shape and size of first and second molars (m1-m2; M1-M2) of ground squirrels (Spermophilus) 
are very similar, therefore determination of isolated teeth is problematic. Landmark analysis provides 
an opportunity to study the intraspecific and interspecific shape differences of these teeth. In this 
work, molars of two recent species, the European (S. citellus) and the Speckled (S. suslicus) Ground 
Squirrel were compared using this method. 
At first, all specimens were photographed, separately for the first and second lower or upper molars, 
then landmarks and semilandmarks were taken on the occlusal surfaces of molars with tpsDig2 
software. 13 LMs and 8 SLMs in case of lower molars and 16 LMs and 7 SLMs in case of upper ones). 
Within a species, the teeth were compared with tpsRelw software in three different ways: 1. using all 
LM and SLM; 2. using LMs inside the outline only; 3. using LMs and SLMs on the outline. Analogue to 
this method, the teeth of the two different species were compared. In addition to the landmark 
analysis, we calculated from the coordinates of the LMs (considering the scale) the distances 
between points. These measurements give sizes in mm. 
The discriminant analysis using measurements of lower and upper molars, shows clear size 
differences. In upper teeth, the sizes of the first and second molars differ significantly between both 
species, but the main separating distances are different. In S. suslicus, it is LM5_7, whereas in S. 
citellus, it is LM4_5. However, the largest difference between the two species is in LM6_21. Similarly, 
the discriminant analysis detected size differences between the lower molars. First and second 
molars of both species differ mainly in their width (W1). However, the PW/W2 index seems to be the 
key to separate the two species. 
In upper molars, the intraspecific separation is mainly based on the outlines. However, outlines of 
the two species are so similar that they can not be separated by their shape. A significant difference 
between the two species can be seen in the distance from the protocone to the most buccal point 
(LM6_21) in the first upper molar. S. suslicus has larger values of this variable than S. citellus. 
In lower molars, the cusps location within the teeth seems to be the best intraspecific separation 
factor. When comparing the two species, the first lower molars separate better than the second 
ones. Also the molar size differs, mostly in the index PW/W2, which indicates that the distance 
between mesoconid and entoconid is smaller in S. suslicus than in S. citellus. 
Based on results of the landmark and discriminant analyses, the upper and lower first and second 
molars of Spermophilus citellus and S. suslicus are different both in their shape and size. However, 
further analyses on isolated teeth are required to enhance the certainty of identification. 
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PLEISTOCENE TERRESTRIAL MOLLUSCS FROM THE COLLECTIONS OF PROF. MYKOLA KUNYTSIA 

Yana Popiuk, Bogdan Ridush 
 
Department of Physical Geography, Geomorphology and Paleogeography, Yuriy Fedkovych Chernivtsi National 
University, Kotsubynskogo 2, Chernivtsi 58012, Ukraine, e-mail: yana_popiuk@yahoo.com 
 
The Quaternary loess sequences of the Middle Dniester area are rich in subfossil terrestrial molluscs. 
For several decades these molluscs, as well as molluscs in other regions of Ukraine, were studied by 
Mykola Kunytsia. His final study “Nature of Ukraine in Pleistocene (according to the malacofaunistic 
data)”, based on his habilitation thesis (1984), was published in 2007 when the author was gone. 
Since the time of his investigations, some changes in the methods of malacofaunistic study 
happened, as well as changes in local Quaternary stratigraphy. Therefore the new view on these sites 
is needed. 

Unfortunately, in M.Kunitsia’s publications, this basic information is absent because at that time it 
was usual to publish just discussion and conclusions without supplementary material. From the other 
hand, the initial field documentation from the private archive of prof M. Kunytsia was lost. Such state 
of art leads to problems with field identification of the raw of sections, investigated by M. Kunytsia. 
Nevertheless, 733 samples of molluscs from different regions of Ukraine are stored in the funds of 
the Natural Museum at Yuriy Fedkovych Chernivtsi National University. We have arranged the 
collection after the labels on samples, which contained the name of site (the nearest village), type of 
sediments, the name of molluscs’ species, sometime geo-reference of the section to a village, the 
depth of sampling and the date. Among the samples, more than 437 ones collected in the Middle 
Dniester area. They include the next sites: Ataky (19 samples), Rukhotyn (5), Horodok (5), Dnistrove 
(8), Isakivtsi (5), Zavallya (2), Kudryntsi (4), Kamianka (4), Naddnistrianka (26), Smotrych (25), 
Teremtsi (8), Stara Ushytsia (15), Molodove (29), Repuzhyntsi (29), Zalishchyky (27), Ozheve (59), 
Lypchany (54), Vasylivka (20), Voloshkove (45), Nezvysko (19), Halych (24) etc. The next species are 
represented: Acanthinula aculeata, Acme polita, Anisus spirorbis, Bethynia tentaculata, Carychium 
minimum, Cepaea vindobonensis, Chondrula tridens, Clausilia сruciata,  Clausilia dubia, Cochlodina 
laminata, Cochlicopa lubrica, C. nitens, Columella columella, C. с. edentula, Euconulus fulvus, 
Euomphalia strigella, Fagotia acicularis, Helicella candicans, Helicopsis striata, Helix рomatio, 
Laciniaria plicata, Limnaea palustris, Lithoglyphus naticoides, Orcula dolium, Pupilla loessica, P. 
muscorum, P. m. elongata, P. m. unidentata, P. sterri, Perforatella bidens, Phusa fontinalis, Pisidium 
сasertanum,  Retinella hammonis, Succinea oblonga, S. o. elongatа, S. putris, Theodoxus fluviatilis, 
Trichia hispida, Vallonia costata, V. enniensis, V. pulchella, V. pygmaea, V. tenuilabris, Vertigo 
angustior, V. parcedentata, Vitrea crуstallina, Zenobiela rubiginosa etc. Few samples contain still 
undetermined species. On the base of this collection the revision of some Quaternary sequences, 
investigated by prof.M.Kunytsia, would be done. Some of these sites are unavailable now as these 
territories are flooded with the waters of the Dniester reservoir. Anyway, the preserved collection 
gives us the knowledge of the regional malacological biodiversity, and serves as important basement 
for renewing of Quaternary malacological investigations in the area. 
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DID THE DNIEPER GLACIATION AFFECT FAUNA AND LANDSCAPE? 

Lilia Popova.1, Yuriy Veklych2, Leonid Rekovets3 

1Taras Shevchenko National University of Kyiv, Institute of Geology, 90 Vasylkivska str., Kyiv, 03022 Ukraine, 
0964197002, liliapopovalilia@gmail.com;  

2 Ukrainian State Geological Research Institute, 78-A, Avtozavodska str., Kyiv 04114 Ukraine, +380 (44) 430-70-
24, veklych_um@ukr.net;  

3 Museum of Natural History of NAS of Ukraine, 15 B. Khmelnitsky str., Kyiv 01030 Ukraine, 
leonid.rekovets@upwr.edu.pl  
 
The Middle Pleistocene Dnieper glaciation was the most significant geological event in the 
Quaternary on the territory of modern Ukraine. The glaciation and deglaciation processes involved 
large-scale changes of the sedimentary environment, fluvial networks and biota. Better 
understanding of these changes will be the guidance for planning of sustainable development of 
lands. The comparative study of two sections (Matviivka and Eristovskiy quarry) in the Middle 
Dnieper area allows us to shed some light on the impressive climatically induced transformations in 
the palaeolandscape systems. Both sections comprise the Dnieper till sediments, and both are 
situated on the Dnieper Left bank at the distance of no more than 100 km, and contain small 
mammals’ fauna. The faunas of Matviivka and Eristovskiy quarry are almost identical in its species 
composition and evolutionary level (Chasarian faunistic complex). At the same time, the fossiliferous 
layer of Matviivka lays under the till and Eristovsky one is the post-Dnieper. It means that after the 
glaciation (which in this south periphery of the Dnieper ice-sheet could not be long-lasting) the faunal 
communities recovered to the initial state without any lost. Other results of this study are the 
correlation of Ukrainian Kaidaky with the Late Zaalian and unusual neotectonic situation 
contemporary to the forming of Kaidaky alluvium of Eristovsky quarry. Several cycles of alluvial 
aggradation demonstrate a submergence of the area instead the uplift implied by glacioisostasy. 
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GROUND SQUIRRELS’ EXPANSIONS DURING THE QUATERNARY: A ‘PATCHWORK QUILT’ MODEL 

Lilia Popova1, Ihor Zagorodniuk2, Lutz C. Maul³ 

1 Taras Shevchenko National University of Kyiv, Kiev, Ukraine, liliapopovalilia@gmail.com  
2 National Museum of Natural History of NAS of Ukraine, Kiev, Ukraine,  zoozag@ukr.net  
3 Senckenberg Research Institute, Research Station of Quaternary Palaeontology, Weimar, Germany, 

lutz.maul@senckenberg.de  

Peculiarities of ecology and behaviour of ground squirrels qualify members of this group as suitable 
objects to study palaeoenvironmental constraints affecting species distribution and speciation. Here 
we propose a model describing range dynamics of various Quaternary ground squirrel species. 
Interspecific competition and isolating geographical barriers are considered as the principal factors 
that define species range boundaries.  

Since competition is essential, the range dynamics of large-sized (e.g., Spermophilus superciliosus and 
its descendants) and small-sized ground squirrels cannot be considered in one model: size difference 
between ground squirrel species lowers their interspecific competition, in accordance with 
Hutchinson's rule. In other words, if we represent our model as a ‘patchwork quilt’, large ground 
squirrels are expected to be another quilt with a bigger average patch size lying over the ranges of 
the smaller species.  

We consider two main types of species range borders. One type includes roughly subparallel 
boundaries oscillating between species (a case of climatically controlled competitive exclusion). The 
other type consists of roughly submeridional range boundaries corresponding to geographical 
barriers, like water barriers, and mountain ridges; these boundaries are rather stable. Overcoming of 
either a ‘subparallel’ or ‘submeridional’ limit by a species is a proxy of landscape transformation. This 
overcome can cause the formation of a new taxon (species, subspecies).  

Examples of ‘subparallel events’ (from the most recent to ancient ones) are: repeated climatically 
driven oscillations of range boundaries between S. pygmaeus and S. suslicus; the immigration of S. 
citellus into the Precarpathian area; the branching of S. suslicus from S. pygmaeus; the appearance of 
the Late Pleistocene species S. severskensis and of its West-European ecological analogue, S. 
citelloides (invasions into ‘empty’ ecological niches). A crucial criterion to recognize ‘subparallel 
events’ (that do not always look really ‘subparallel’ on the map) is, that they are driven by climatic 
factors.  

Examples of ‘submeridional events’ are: the Danube crossing by S. citellus; the appearance of an 
isolated range of S. pygmaeus on Dnieper right bank during the Late Pleistocene to Middle Holocene; 
a crossing of the Dnieper river by S. pygmaeus, which resulted in the appearance of S. odessanus; the 
intrusion of eastern populations of S. pygmaeus into the Trans-Volga areas. A rather hypothetical 
event is the ‘Anatolian radiation’, an Early Pleistocene divergence of West-European and East-
European main lineages of ground squirrels. ‘Submeridional events’ might have been river channel 
changes and marine regressions that opened migration corridors for ground squirrel species. 

During ‘submeridional events’ the probability of successful intrusion and speciation is lower when 
the potential area of immigration has been already occupied by another competitive ground squirrel 
species, i.e., the hypotheses of ‘Journey There and Back again’ are unlikely to explain ground squirrel 
species dispersion. 
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POPULATION HISTORY OF CERVUS ELAPHUS IN CRIMEA (ARTIODACTYLA: CERVIDAE) 
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The general stratigraphy of the site in the Emine-Bair-Khosar Cave (Chatyrdag plateau, Crimea, 
Ukraine) was described in (Ridush et al., 2013). The sequence of uncemented Quaternary sediments 
contains 9 successive stratigraphic units (A, B, C, D, E, F, G, H, I), from the Holocene to the end of the 
Middle Pleistocene. The age of the majority of the units was confirmed by the series of radiocarbon 
dates as well as palaeomagnetic and palynological data (Bondar, Ridush, 2009; Gerasimenko et al., 
2014; Avdeienko, 2015). The most of the stratigraphic units in the cave contained the Cervus elaphus 
remains that could evidence the permanent presence of this species among the Crimean fauna. 
Interestingly, the analyses of cytochrome b sequence from subfossil remains, obtained from the 
Emine-Bair-Khosar and some other Crimean caves, demonstrated the presence of several red deer 
clades, belonging to the Eastern (E) and Western (W) lineages. The pre-Eemian sample belongs to the 
E3 clade, closely related to the modern Central Asia red deer population. The Eemian samples belong 
to the W6 clade, related to the deer from the Balkans, Italy and Central Europe. The sediments of the 
Middle Pleniglacial time contain once more the E3 clade representatives. During the short time 
before the Late Dryas (probably Bølling-Allerød warming), the Crimean area was inhabited by W5 
clade, related to the modern samples from the Krasnodarsky Krai and Voronezh area, and the pre-
LGM Caucasus samples. As it is supposed (Ridush et al., 2013), during cold phases of the Pleistocene, 
the cave entrance was blocked with a snow plug and material accumulation stopped. That is why the 
C. elaphus remains from the Emine-Bair-Khosar Cave represents only interglacial and interstadial 
stages and there are no records dated to the LGM period. In the Holocene, Crimea was repopulated 
by clade W7 from Balkans, which survived to ca. 2.5 ka and, probably, became extinct due to human 
activity. The next Holocene recolonization took place around 1.2-0.9 cal ka (8th – 11th century AD). 
The specimens from that time together with the present ones belong to clade W9, haplogroup A, 
which originated in the Iberian Peninsula and spread across the whole Europe. This suggests that 
Crimea was most probably colonized naturally by immigrant red deer from Western Europe. 
However, the artificial introduction cannot be ruled out. The DNA analysis shows that Crimea was not 
a Pleistocene refugium for the red deer because C. elaphus usually became extinct there during cold 
phases and recolonised the area during warm episodes from other refugia by deer representing 
various lineages. 
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LANDSCAPE EXPLOITATION MODELS USED BY NEANDERTHALS IN VELYKA VYS BASIN  
(CENTRAL UKRAINE) 

Taras Shevchenko 

Institute of Archaeology, National Academy of Sciences of Ukraine, Geroiv Stalingrada 12, 02121 Kyiv, Ukraine; 
email: wzgmeal@gmail.com  

There is some evidence of different land use and subsistence strategies applied by Neanderthals to 
the same patch of landscape in the Velyka Vys river basin (Central Ukraine) during OIS 3. It comes 
from Andriyivka 4 site, recently excavated by the archaeological expedition of Kyiv-Mohyla Academy 
heading by Professor L. Zaliznyak. 

In the first half of OIS 3 (50–40 kyr BP) a head of paleogully periodically was used as a short term 
hideout for primary butchering. Neanderthals hunted or scavenged such animals like mammoth, 
bison, and horse and even cave lion. Lithic activity shows all stages from raw material procurement 
to tool discard. The narrow gully was chosen probably because of a cool climate or a cold season. It 
has traces of logistic behaviour, when a special hunting group brings meat to the main residence.  

Later, in the second part of OIS 3 (40–30 kyr BP), when paleogully was filled with sediments, next 
Neanderthals settled on a much broader area with a much broader range of activities carried out. 
Probably, it was periodical seasonal long-termed settlements, when different groups came in the 
same spot for an exploitation of nearby resources. A hot season is favourable because an open windy 
slope seems a hard place for living in winter. Lithic reduction has passed through all stages and had 
an intensive character resulted in core exhaustion and prevalent flake fragmentation. The abundance 
of denticulate and notched pieces hints at wood and vegetation processing at the site, as well as 
probably butchering, hide working and domestic activities. 

These land use patterns might have been different parts of the same enduring subsistence strategy 
observed diachronically, or in another case it represents a distinguishing behaviour of different 
cultural groups in different time periods. 
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SPATIAL-TEMPORAL DISTRIBUTION AND MORPHOMETRIC DIFFERENTIATION OF MUSK OX 
OVIBOS MOSCHATUS ZIMMERMAN, 1870 FROM EURASIA 
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Musk ox, Ovibos moschatus ZIMMERMAN, 1870 is an important member of the Mammuthus-
Coelodonta faunal complex, which was widely distributed in the Pleistocene. This species inhabited 
Europe from north-east Spain, southern France and Great Britain in the west, across Germany, 
central Europe, southern Scandinavia, the Baltic countries and Russia to Chukotka in East Asia. It also 
occurred in North America. Presently, its natural population lives in northern Canada but this species 
has been also introduced into Greenland, Alaska, northern Russia and Norway. It is adapted to severe 
climatic conditions and can find food under the thick snow cover. Therefore, this species is a good 
indicator of glacial environments. This adaptation presumably made possible to survive the global 
faunal extinction at the end of the Pleistocene. However, in the Holocene, its range has been 
significantly reduced. The oldest European remains of this species were found in Süssenborn 
(Germany) in the layers from the early Middle Pleistocene (MIS 19-17). This species inhabited Europe 
during cold periods and probably migrated seasonally. Its maximum distribution fell on the Vistulian 
glacial. Dated remains of musk ox indicate that this species was present during this glacial in Europe 
in three main periods, which coincide with the Mammuthus-Coelodonta complex: >50–45 ka BP, 39–
31 ka BP and 28–23 ka BP. Ovibos remains were not recorded in the LGM deposits. After this period, 
musk ox appeared several times between 18 and 13 ka BP in Europe but finally became extinct. 

Morphometric analyses of 141 skulls and postcranial bones of musk ox indicate that during evolution 
of the extinct Praeovibos sp. to the modern O. moschatus, the skull, especially orbit spacing, 
increased, horns changed their morphology, and the limbs became shorter and less massive. The 
opposite trend was observed between the Pleistocene and recent forms of O. moschatus. Some skull 
measurements decreased with time. In comparison to European musk ox, those from Asia had wider 
orbit spacing and greater some longitudinal cranial dimensions but lower height of occiput. Skulls 
found in Central Europe were usually smaller than in other regions. The performed analyses and 
collected data indicate that musk ox was widely distributed in cold periods in Eurasia and showed 
variable morphometry in time and space. 
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EARLY HUMAN DISPERSAL AT THE WESTERN OUTSKIRTS OF THE EAST EUROPEAN PLAIN:  
NEW LANDSCAPES, NEW CHALLENGES 

Vadim Stepanchuk 

Institute of Archaeology, National Academy of Sciences of Ukraine, Geroiv Stalingrada 12, 02121 Kyiv, Ukraine; 
email: vadimstepanchuk@ukr.net 
 
Till recently the early stages of human dispersal at the East European plain within the frameworks of 
its western outskirts were poorly studied, first of all due to very rare archaeological occurrences. 
However, a clear positive trend in accumulation of new related data is observed over the past few 
years as a result of purposeful efforts conducted by the Lower Palaeolithic expedition of IANASU . A 
series of new Lower Palaeolithic localities, mainly surface, but sometimes stratified and even 
multilayered, were recovered in the valleys of Dniester, Southern Bug and Seversky Donets rivers. 
Field works and prospection for new sites were funded by the NASU and State Foundation for 
Fundamental Research.  The essential portion of newly discovered sites provides the well 
distinguishable pebble industries of Oldowan type. Available geological and biostratigraphical data 
allows defining of their age between 1.2 and  0.4 Myr; that is in a good accordance with technological 
and typological features of lithic assemblages. Some sites provide unique evidences of hunting 
activities and likely practices of controlling fire. 

The accumulated data on (paleo)geographical and geo-chronological position provide a good 
opportunity for comparative study of migration routs, ways of colonization of terrain and differences 
of settlement patterns in diachronic aspect, e.g. during the Lower and Middle Palaeolithic. In 
particular, the dependence of early humans from lithic outcrops, water sources, and levels of 
predictability and availability of bioresources (acting as a function of climate and relief), though 
presenting a basic feature, is characterized by different features for diverse stages. At the stage of 
the first penetrations of humans at the plain, migrations were essentially determined, directed and 
limited by natural barriers (like big rivers), bioproductivity of land and behaviour of prey.  
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QUATERNARY STRATIGRAPHY OF UKRAINE: ON THE WAY OF INTEGRATION IN THE STANDARD 
CHRONOSTRATIGRAPHIC FRAMEWORK 
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Ukrainian Quaternary stratigraphical chart is not presented in current global cronostratigraphical 
correlation table. The essential reason that hampers interregional correlation of the Pleistocene 
Quaternary events is different approaches to the construction of regional stratigraphical charts 
(evolutionary stages of certain groups of biota, loess/palaeosol stages, palaeoclimatic rhythms, 
absolute dating). For successful correlation, this variety has to be taken in the account. Here an 
outline of such correlation was proposed, in order to stimulate discussion around the substance, 
duration and age of Ukrainian stratigraphical units. 

The chart combines two actual schemes of the Quaternary and Pliocene deposits of the age 7-0 My 
and is based on the huge amount of key-sites and core boreholes). The designing of the chart 
correspond to the time of extensive geological mapping of Ukrainian area, with possibility to use 
expensive analytical methods like paleomagnetic, physical and chemical etc. 

Units of the chart are substantiated by palaeoclimatical changes on the first place. Owing to this, the 
same units can be applied to the Quaternary deposits of different genesis (subaerial, marine, and 
alluvial) and to the elements of landscape. Any event should be connected to a certain climatical 
stage, and due to this, can be thought as a geological body, element of landscape, tectonical stage or 
facies. It allows broad cross-checking of the conclusions when playing back situation (from a certain 
point, mostly, the present) to the object in issue. 

 


