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ABSTRACT.-This paper presents a regional summary of small mammal faunas ofthe Urals during 
the Late Pleistocene and Holocene. It proposes a comparative analysis of the structure and 
composition of the Quaternary faunas that have been studied (and previously described in Russian) 
from the South, Middle, and North Urals during the last several years. The data discussed were 
obtained during excavations of several dozens of cave sites. The analysis of materials utilized the 
ratio of species remains and proportions in the local faunas of species having different biotopic 
preferences. To describe the faunal structure, indices of species diversity and equitability were used. 
Differing combinations of species composition and structure ofthe faunas based i n  these indices are 
shown to exist for different Late Pleistocene/Holocene time intervals and for different regions of the 
Urals. 

IIO~)JHEIIJIE~CTOIJEHOB~IE kI I'OJIOIJEHOBbIE 
@AYHM MEJIKkIX MJIEKOIIkITAIOIIIJ?IX YPAJIA 

ABCTPAKT.-A~HH~H pa60~a  npeAcTaBnHeT co6ofi PerHOHaJrbHJ'IO CBOAKY no @ a y ~ a ~  
MenKHx MneKonHTarowix Ypana B I I O ~ A H ~ M  n~reftc~oqene H ronoqeae. B aefi npHse,qeH 
C P ~ B H H T ~ J ~ ~ H ~ I ~ ~  0 6 3 0 ~  COCTOHHHR H3)'¶eHHOCTFi COCTaBa Ei CTpYKTJ'pbI @am ~ X H O T O ,  
Cpex~ero  H C e ~ e p ~ o r o  Ypana, onHcaaxibIx 3a nocnenme ram B naTepaType Ha PYCCKOM 

H3bIKe. M a ~ e p ~ a n ,  06cymae~bli i  B pa60~e,  ITOJryseH H 3  PaCKOIIOK HeCKOJIbKHX AeCHTKOB 
neuepablx ~ e c ~ o ~ a x o m e ~ ~ f i .  Ana.nn3 MaTepHana 6 a 3 ~ p y e ~ c x  Ha cooTrxomeHuu ~ o n e f i  
OCTaTKOB BHROB M KOJIU¶eCTBa BHAOB C pa3~0R ~ H o T o I I H ¶ ~ c K o ~ ~  ~pHYp09eHHOCTbIO B 

J r O K ~ b H b I X  @ayAax, ~ P H  OIIHCaHHH CTPYKTJ'PbI @ayr HClTOJIb3OBaHbI HH.QeKCb1 BHAOBOrO 

pa3noo6pa3~~  H cTeneaH sbIpoBHeaaocTFi nonefi OcTamoB BHAOB. I I o ~ a 3 a ~ a  c n e q ~ @ u ~ a  
COCTaBa H CTPYKTj'PbI @ayA no 3THM lTOKa3aTeJIHM B Pa3HbIX PaCTIIX Y p ~ a .  
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INTRODUCTION 

Studies of the history of small mammal faunas by 
I. M. Gromov and his disciples started widely in the 
former Soviet Union in the 1950s (e.g., Gromov 1983; 
Vereshchagin and Gromov 1977; and numerous other 
references). Not until the 1980s, however, did these 
studies include the elevated regions o f  the Urals. 
Quaternary history of small mammal faunas of the 
adjacent territories (Pre-Urals, Trans-Urals) have been 
studied by Maleeva (e.g., 1982) and by Sukhov (e.g., 
1970), but they did not include Holocene data. 

The Ural Mountains form the boundary between 
Europe and Asia. The Urals cross all the natural zones 
of North Eurasia: tundra, taiga, broad-leaved forests, 
forest-steppes, steppes, and semideserts. The Ural ridge 
stretches for about 2,000 km, starting beyond the polar 
circle in the north and reaching the semideserts in the 
south. Nearly the whole length of the ridge is marked 
with numerous karst cavities, many of which are full of 
Quaternary mammal remains. 

If desired one can find sites with similar 
taphonomy and thus obtain a fully comparable picture 
of the dynamics of the fauna and other biotic 
characteristics across this vast latitudinal gradient. For 
the purpose of comparison, I selected several relatively 
compact tracts in the South, Middle, and North Urals, 
where a series of cave sites have been found containing 
well preserved faunal material of Pleistocene and 
Holocene age. 

In order to describe the full chronological 
succession of small mammals one must possess data 
from no less than several thousand molars. After the 
molars have been identified to species, taxa lists are 
compiled and the species proportions are calculated, as 
are indices of species diversity and equitability. 

Especially interesting for the Urals is the problem 
of the transformation of disharmonious periglacial 
associations into the zonal associations of the Holocene 
period. This problem is of utmost importance for the 
Middle and South Urals where there are relatively large 
tracts of azonal insular forest-steppes, among the 
inhabitants of which there are no vertebrate animals 
typical of steppe biotopes. 

MATERIALS AND METHODS 

The materials studied are from sites that are 
broadly distributed both geographically and 
chronologically (Fig. 1). 

The descriptions ofsites and taxa lists are omitted 
in the text, as the majority of them have been published 
earlier: the main part of the data from the South Urals 
may be found in Smirnov, et al. (1990, 1992). Data 
from the Middle Urals are available in a previous paper 
(Smirnov 1993). Dating was done by the radiocarbon 
method. The strata shown to be aged beyond the limit of 
radiocarbon dating were considered to date to the first 
part of the Late Pleistocene. Such layers were 
represented in the Ignatievsky cave and the First 
Serpievsky Cave in the South Urals (Smirnov et 
a1.1990) and Bobyliok cavity in the Middle Urals. The 
full collection from these layers includes approximately 
6,000 cheek teeth of small mammals. Unfortunately it 
is not yet possible to 'determine the age of these 
materials more exactly. All of these strata include 
faunas similar in species lists and species proportions. 
All ofthem are viewed to characterize one and the same 
stage of faunal development around the time of the 
Mikulino interglacial. 

The stage of faunal development shown between 
25,000 and 12,000 years B.P. appeared to be the richest 
in both the number of sites and abundance of animal 
remains. The characteristics of this time interval are 
considered to be similar to those of the Late Valdai 
stage of the European stratigraphic chart or to the 
Sartansky horizon of the Siberian scheme. Four sites 
with small mammal remains of this faunal stage have 
been studied for the Middle Urals (Krasnoufimsky 
area). The whole collection includes about 6,000 molars 
of small mammals. Six sites of this age were studied in 
the South Urals. These sites contained about 3,000 
small mammal molars. 

Only two sites containing faunas of the Late 
Pleistocene - Holocene transition period (dated to 
1 1,000 - 9,000 years B.P.) are known at the present time 
and both occur only in the Middle Urals. They are 
richly fossiliferous and the collection includes about 
25,000 small mammal molars. 

The small mammal fauna of the Atlantic period 
was represented in only one site in the Middle Urals, the 
cavity named Oleniy, where some 5,500 molars have 
been studied. 

Two sites in the South Urals (Sim 111, Ustinovo; 
about 7,000 molars) and two others in the Middle Urals 
(Tavra, Sukhorechensky; 1,500 cheek teeth) contained 
the data for the small mammal fauna of the Sub-Boreal 
period. 
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MAIN SITES OF FOSSIL MATERIAL (number of molars) 

MIDDLE URALS SOUTH URALS 

Figure 1. Main sites of fossil material (number of molars) in the Middle and South Urals. SA = Sub-Atlantic; SB = Sub- 
Boreal; AT = Atlantic; BO = Boreal; PB = Pre-Boreal; Q 413 = Late Valdai; Q 113 = first half of Late Pleistocene; Q 213 and 
Q 313 = intervening intervals. 

The Sub-Atlantic period is represented by four 
sites in the Middle Urals, with a combined sample of 
42,000 molars of small mammals. 

Some of the most interesting sites are described 
below. 

In the Simsky area, 10 sites with Quaternary fauna 
were excavated from karst cavities of different types. 
The maximum distance between sites is about 15 km. 
The area is situated in the mountain belt of mixed 
forests with broad-leaved elements present. In its 
northern part the Simsky area adjoins the insular 
Mesyagutovsky forest-steppe tract. The main site 
studied in this area is Ignatievsky Cave. This cave was 
excavated for five years, with the participation of 
archaeologists. The cave included a cultural layer of 
Late Paleolithic age and numerous rock paintings were 
discovered on the walls (Petrin 1992). This cave does 
not contain Holocene deposits; all the sediments, with 
a maximum depth exceeding four meters, are dated to 
different periods ofthe Late Pleistocene. A series ofpits 
was discovered in different parts of the cave, and it was 
possible to correlate the deposits in these pits. 

In the Middle Urals (Krasnoufimsky area) we have 
discovered a cave, named Bobyliok, that includes a 
succession of unconsolidated deposits about 4 m deep, 
dated to the Late Pleistocene and Holocene (Volokitin 
et al. 1992). The lowermost strata contained fauna 
similar to those dated to the Mikulino interglacial. The 
middle layers contained faunas of intermediate type, 
and in their upper part included a stratum 
corresponding to the Late Valdai main phase, with a 
cultural layer and Upper Paleolithic megafauna. The 
uppermost layers in the cave dated to the Holocene and 
included archaeological materials and megafauna ofthe 
Mesolithic, Neolithic, Bronze and Early Iron Ages, and 
the Middle Ages. 

Data on small mammal' species composition 
(percentage for each stratum) for all cave sites were 
compared and grouped, taking into consideration the 
stratigraphy, radiocarbon dates, and ages based on 
associations with archaeological materials. Based on 
the results of grouping the data obtained for 
contemporaneous layers at sites situated in neighboring 
territories, we distinguished a series of local faunas. 
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SPECIES IN HOLOCENE FAUNAS OF THE URALS , 
BIOTOPE PREFERENCES 

TUNDRA MEADOWS 
Dicrostonyx torquatus Cricetus cricetus 
Lemmus sibiricus Apodemus ugrarius 
Microtus middendorfji Microtus urvulis 
M. gregalis major Arvicola terrestris 

Microtus oeconomus 
FORESTS 

STEPPE Sciurus vulgaris 
Ochotona pusilla Pteromys volans 
Cifellus m a j o ~  Tantias sibiricus 
Lagurus Iagurus Apodemus sylvaticus 
Eolagurus Iuteus Apodemus fla yicol 
Cricetulus migrntorius Sicicta betulina 
Allocricetulus eversmanni C1etltrionnnty.s rutilus 
Allactuga jcrc.ulus Cletltrionomys glureolus 
Microt us greplis gregalis Cletltrionomys rufocanus 

Microtus agrestis 

PERIGEACIAL BIOTOPES OF THE LATE PLEISTOCENE: 

Dicrostonyx guilielmi 
Microtus gregalis kriogenicus 

Figure 2. Species in Holocene faunas of the Urals: Biotope preferences. 

In some cases we designated geographical variants and 
chronological stages within the local faunas. These 
faunas were named for geographical reference points 
(usually settlements) situated in the vicinity ofthe sites. 
Each local fauna was characterized by several 
parameters: species list, proportion of species by 
abundance, diversity index ("d"), equitability index 
("en), and level of "disharmony" shown by the faunal 
structure. 

The species abundance groups were established 
according to the following criteria: the species was 
considered to be "extremely abundant" if the proportion 
of its remains in the stratum was 30% or more; the 
species was classified as "numerous" if the proportion 
was between 10 and 29.9%. Abundance of the species 
was viewed as "ordinary" if the proportion was between 
1 and 9.9%. Species with proportions between 0.2 and 
0.9% were considered to be "rare," and those species 
contributing less than 0.2% of remains are classified as 
"extremely rare." 

The indices of equitability and species diversity 
were calculated as shown in Figures 5 and 8. 

The index of disharmony, or the degree of faunal 
differences when compared to modern zonal complexes, 
was evaluated based upon the association (in every local 
fauna) of remains of extant species that appear to be 
ecologically incompatible today. Use of the term 
"disharmonious" follows Semken (1974). 

BIOTOPIC DISTRIBUTION OF 
SMALL MAMMALS 

A11 small mammals species that inhabited the 
Urals during the Holocene can be discriminated 
according to their preferences for different biotopes 
(Fig. 2). Thus, Sciurus vulgaris, Pteromys volans, 
Tamias sibiricus, Apodemus sylvaticus et jlavicollis, 
Sicista betulina, Clethrionomys voles, Microtus 
agrestis, and Myopus schisticolor form the group of 
"forest species." Species showing preference for open 
meadow biotopes include Cricetus cricetus, Apodemus 
agrarius, and Microtus awalis. Near-water biotopes and 
wet meadows are occupied by the water (Awicola 
terrestris) and tundra voles (Microtus oeconomus). 
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Ochotona pusilla, Citellus major, Cricetulus 
migratorius, Lagurus lagurus, and Microtus gregalis 
(subspecies M. g. gregalis) prefer steppe biotopes. In the 
tundra zone, arid tracts are inhabited by Dicrostonyx 
torqvatus and the narrow-skulled voles (subspecies M. 
g. major), while tundra wetlands are inhabited by 
Lemmus sibiricus and Microtus middendorfii. Specific 
biotopes of the rocky deposits of the Polar Urals are 
occupied by mousehares (Ochotona hyperborea 
uralensis). 

Earlier, I (Smirnov 1990,1992) havediscussed the 
problem of identifying species preferences for biotopes 
during the Pleistocene based only on the facts known for 
their Holocene descendants. It was concluded that such 
interpretations would be inadequate for at least two 
reasons. First, the biotopes and conditions in them were 
not the same during the Pleistocene and Holocene (e.g., 
see Graham 1985). Second, the ecological preferences 
ofanimal species and subspecies do not remain constant 
through time. This phenomenon is termed "ecogenesis." 
It has been shown that change in biotopes and in 
ecological preferences for species are expressed to 
different extent for different species and different 
ecosystem types. Thus, the now stenotopic genus 
Dicrostonyx, represented in Eurasian tundras by the 
species D. torquatus, is clearly distinct from the form D. 
guilielmi, which inhabited the so-called periglacial 
forest-steppes of the Late Pleistocene. The degree of 
these differences was perhaps as great as that between 
modern tundra conditions and the environment of Late 
Pleistocene periglacial forest-steppes. Biotope 
preferences of the Late Pleistocene narrow-skulled vole 
(subspecies M. g. kriogenicus Rekovets, 1978) were 
similar to those of the Pleistocene collared lemmings 
but differed from those of both extant vole subspecies 
(either inhabiting steppes or tundras). These two Late 
Pleistocene mammals, the collared lemming and the 
narrow-skulled vole (M. gregalis kriogenicus), may 
perhaps be considered as indicative of the specific 
biotopes characterizing the now-extinct periglacial 
forest-steppes. In addition to these two species, these 
now-extinct communities included low percentages of 
species that now inhabit meadows, steppe, and forest 
biotopes. I have shown, using factor analysis, (Smirnov 
1992) that the biotopic groups described above may be 
distinguished not only in Holocene but in periglacial 
faunas, too, and with fewexceptions, they are analogous 
to those of the Holocene. The exceptions include the 
water, and tundra voles. Their association with wet 
meadows during the Pleistocene was perhaps not as 

close or obligatory as during the Holocene. The most 
difficult problem is to distinguish the species of tundra 
biotopes in theperiglacial faunas. There are probably no 
direct analogs to the tundra ecosystems of the Middle 
and South Urals during the Late Pleistocene. Perhaps, 
the relatively wet habitats occupied today by the 
Siberian lemming are most similar to the tundra 
ecosystems of the Late Pleistocene. In the factor 
analyses, in all the cases studied this species kept a 
specific position invariably distant from that of the 
collared lemming, but usually crose to species that dwell 
in wet forest or meadow environments. 

STAGES OF SMALL MAMMAL FAUNAL 
DEVELOPMENT IN THE URALS 

DURING THE LATE PLEISTOCENE 
AND HOLOCENE 

The most ancient Late Pleistocene small mammal 
faunas in the Middle Urals were recovered from the 
bottom layers in the cavity Bolshoi Glukhoi (Guslitser 
and Pavlov 1987). They were dated to the Middle 
Pleistocene cold epoch based on archaeological data and 
occurrence of remains of Early Pleistocene Dicrostonyx 
simplicior in them. 

Faunas that are confidently assigned to the 
Mikulino interglacial have not been found in the Middle 
Urals. The most "thermophilous" fauna among all the 
Late ~leistocene faunas studied in the Middle Urals was 
excavated from the bottom layers of the cavity Bobyliok; 
this has been named the "Sargainsky" fauna. The only 
extremely abundant species in the Sargainsky fauna was 
the tundra vole; the narrow-skulled and common voles 
were numerous. Clethrionomys glareolus et rutilus, 
Microtus agrestis, Arvicola terrestris, and Lemmus 
appeared to be the ordinary species. The remains of 
Sciurus, Apodemus sylvaticus, Cricetus cricetus, and 
Ochotona pusilla were rare, and those of Apodemus 
flavicollis, Clethrionomys rufocanus, Citellus major, 
and Dicrostonyx were extremely rare. The proportion of 
the insectivorous remains was relatively large, 5.4%. 

The pollen record from the deposits containing the 
Sargainsky fauna has shown the presence of only a few 
grains of tree pollen (Pinus, Betula, Abies, Larix, Tilia, 
and Quercus), and abundant pollen of different herbs, 
especially those of the compositae family, including 
sage-brushes. Spores of ferns and mosses occurred 
infrequently. The pollen spectrum, like the fauna, has 
no analog among modem ecosystems. 
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In the South Urals at a time contemporaneous with 
the Sargainsky fauna, was a fauna that we named 
"Serpievsky." It appeared to be extremely dis- 
harmonious, with the occurrence of Apodemus 
sylvaticus etflavicollis and the Russian desman, on the 
one hand, together with the remains of Dicrostonyx, 
Lemmus, and Lagurus on the other. Yet the collared 
lemmings were represented by the species D. cf. 
simplicior, the latter being the ancestral form of the 
typical Late Pleistocene lemming D. guilielmi. The 
narrow-skulled voles identified there were also 
designated as a specific subspecies distinct from that 
occurring in the "cold" faunas of the terminal Late 
Pleistocene. The important features of the Serpievsky 
fauna as compared to those that lived later, were the 
relatively larger proportions of remains of Lemmus 
sibiricus and Microtus agrestis. The Serpievsky fauna 
differed from the contemporaneous Sargainsky fauna of 
the Middle Urals in the large number of steppe taxa 
accompanied with a larger proportion of forms having 
both steppe and periglacial affinities. Remains of 
forest-dwellers comprised a smaller proportion, both in 
abundance and in species. Squirrels were not identified 
(Fig. 3). 

From the bottom layers of Studeny Cave in the 
North Urals (Guslitcer, Pavlov, and Panyukova 1989) 
has come a fauna that, probably, is correlated with the 
Sargainsky and Serpievsky faunas. It included only 7 - 
8 species (named in sequence from most to least 
abundant): Lemmus, Dicrostonyx, Microtus gregalis, 
M. oeconomus, Awicola agrestis, Ochotona, M. 
agrestis, and Clethrionomys sp. This fauna, thus, 
appears to be disharmonious, as well, but with a reduced 
taxa list when compared to those in the 
contemporaneous faunas ofthe Middle and South Urals. 
The group of forest inhabitants in this fauna also was 
significantly less abundant, both in the number of 
species and proportion of taxa represented (Fig. 3). 

The main phase of the Valdai, named the 
Sartansky horizon according to the Siberian chart and 
Evlatkinsky horizon in the local stratigraphic scheme, 
is dated to the interval of 25,300 - 12,300 years B.P. 
Faunas of this period have been found in several sites in 
the Middle Urals. The most abundant and well-dated 
material has been excavated from two sites, the cavity 
Bobyliok (layer 2a) and the cave Arakaevo (layer 12). 
The species list and species proportions in both sites 
were very similar, and all the data have been united into 
one local fauna called "Arakaevsky" (Fig. 4). In the 
composition of this fauna, the narrow-skulled vole (M. 

g. kriogenicus) was extremely abundant. The group of 
numerous species included M. oeconomus, Dicro- 
stonyx, and Lagurus lagurus. Cricetulus migratorius, 
M. arvalis, all three Clethrionomys voles, and Ochotona 
appeared to be the ordinary species. Two species, 
Lemmus sibiricus and Citellus major were rare and 
Eversmann's hamster was extremely rare. The remains 
of ArvicoIa terrestris, Cricetus cricetus, M. agrestis, 
and Eolagurus luteus were identified only in Arakaevo 
cave (the proportions of the first three not exceeding 1 % 
each and about 3% for the latter). They did not occur in 
the Bobyliok cavity f aha .  The differences may be 
explained as geographical variation within the local 
fauna. One can clearly see that the Arkaevsky fauna is 
also disharmonious. 

We can get some idea about the vegetation 
existing during the time of the Arakaevsky fauna based 
on pollen data from the Bobyliok deposits. More than 
half of the total amount was composed of different fern 
spores; pollen of different herbs accounted for about 
40% and only some 4.3% of the grains were produced 
by trees (Abies, Picea, and Larix). Such a pollen 
spectrum points to a non-forested setting with rare 
groups of trees along river valleys. 

It is concluded that the Arakaevsky fauna and its 
environmental conditions differed significantly from 
those of the preceding Sargainsky fauna. The two 
faunas can be discriminated in terms of both the taxa 
represented and the proportions of species of various 
biotope preferences. In the earlier, Sargainsky fauna the 
remains of forest-inhabiting species were recorded at 
25% (including Sciurus, Apodemus sylvaticus et 
flavicollis, Clethrionomys rutilus et glareolus, and 
Microtus agrestis), while in the later, Arakaevsky fauna 
they constituted no more than 3%, and only 
Clethrionomys voles were identified. On the other hand, 
the steppe species (there were only two, Ochotona and 
Citellus) occurred in low numbers in the earlier fauna 
(not exceeding 1%) but increased to 26% in the later 
period, and the taxa list added Lagurus, Eolagurus, and 
Eversmann's and migratory hamsters. The remains of 
meadow-dwellers (M. oeconomus, Cricetus cricetus, 
M. arvalis, and Arvicola terrestris) dominated the 
Sargainsky fauna (about 50%); their proportion falls to 
15% in the Arakaevsky fauna. As for the typically 
"periglacial" species, the narrow-skulled voles and 
collared lemmings were recorded in both faunas, thkir 
proportions increased with time from 18% to 55% (i.e., 
became dominant in the Arakaevsky fauna). 
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RELATIVE PROPORTIONS OF SPECIES REMAINS IN 
BIOTOPES OF THE FIRST HALF OF THE LATE PLEISTOCENE 

- 
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Figure 3. Shares of species remains in biotopes of the Late Pleistocene: First half 

Contemporaneous with the Arakaevsky fauna, in 
the South Urals was the Ignatievsky fauna that was not 
significantly distinct fiom faunas in the Middle Urals. 
The dominant species was the narrow-skulled vole, M. 
g. kriogenicus. The remains of D. guilielmi occurred 
there, together with those of jerboas (not found in the 
Middle Urals), and the proportion ofsteppe taxa (steppe 
lemmings, mousehares, and migratory and Eversmann's 
hamsters) was high. Mice remains were not recovered, 
and proportions of Cricetus cricetus, Lemmus, and 
insectivores were extremely low, the latter being 
represented only by shrews (Sorex). 

From the Medvezhy (Bear) Cave in the North 
Urals, one additional fauna contemporaneous with both 
Arakaevsky and Ignatievsky has been described 
(Kotchev 199 1) (Fig. 4). 

These differences in faunal composition of the 
North, Middle, and South Urals add to the picture of 
geographical variation within the boreal pattern of the 
mammoth faunal complex described by Baryshnikov 
and Markova (1 990). 

I have discussed changes in taxa lists and in 
proportions of species groups that have different biotope 
preferences. Now I discuss the dynamics of faunal 
structure revealed by variation in two indices: species 
diversity and equitability (Fig. 5). 

The Ignatievsky fauna of the South Urals, dated to 
the main phase ofthe Late Valdai, appeared to show the 
greatest difference from the other faunas in both 
indices; the diversity value was high enough and 
accompanied with low equitability. 

During the Late Pleistocene, disharmonious faunas 
changed against a background of disappearing forest 
biotopes. The process was undoubtedly caused by 
decrease in precipitation. One can see that the diversity 
index for the Ignatievsky fauna is higher than that for 
the Serpievsky fauna, but possibly does not reflect better 
environmental conditions since the simultaneous 
significant decrease in the equitability value would, 
perhaps, lead to the opposite conclusion. The forest 
group of species disappeared due to the absence of the 
biotopes required, yet the taxa list increased as species 
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RELATIVE PROPORTIONS OF SPECIES REMAINS IN 
BIOTOPES OF THE LATE PLEISTOCENE, MAIN VALDAI PHASE 
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Figure 4. Shares of species remains in biotopes of the Late Pleistocene: Main Valdai Phase. 

preferring arid conditions appeared. But conditions 
seemed to appear favorable only for the narrow-skulled 
vole, the remains of which dominated among those of 
all other taxa. At the same time, conditions were 
perhaps near to the extreme tolerance limits for other 
animals. 

In the Middle Urals the Sargainsky fauna, dated to 
the first phase of the Late Pleistocene, showed a higher 
diversity index value as compared to that in the fauna 
that replaced it. On the contrary, the equitability index 
was low in the preceding fauna and increased through 
time (Fig. 5). The transformation ofrelativelywarm and 
humid conditions to cold and arid led to reduced species 
diversity, but the cold and arid conditions appeared to 
be more favorable for a larger number of animals (taxa). 

Thus, during the first half of the Late Pleistocene, 
disharmonious faunas of the South and Middle Urals 
showed similar values for the structure indices, and 
afterwards, during the Valdai main phase they differed 
significantly in both diversity and equitability. Actually 
the fauna became more diverse in the South Urals, but 
the diversity index decreased in the Middle Urals, while 
equitability became more uniform (the proportions of 

taxa were similar) in the latter area, and in the South 
Urals species occurred in extremely unequal numbers. 

For the North Urals, I only have data to suggest 
the development of the same tendency (but not yet to 
quantify the trend). When moving northward I have 
found only reduced numbers of species in 
disharmonious communities (usuallydue to the fact that 
the "steppe" taxa disappeared in the majority), but the 
species proportions in them becomes more uniform. 
Looking a bit forward we can say that the same 
tendency is noted for the Holocene communities. 

Thus we see that the species diversity index shows 
the highest values during the Valdai main phase of the 
Late Pleistocene and, also, at the southern limits of the 
disharmonious faunal distribution. 

The next stage in the development of the small 
mammal fauna in the Middle Urals is that of the 
transformation of the Late Pleistocene disharmonious 
faunas into the faunas of the Holocene (those of modern 
zonal types). This period can be studied based on data 
fiom two sites: Bolshoi Glukhoi cavity (layers 12 - 13; 
the fauna named Tchusovsky) and the cavity Dyrovaty 
Kamen' on the Serga River (horizon 11; the fauna 
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SPECIES DIVERSITY (d) AND EQUITABILITY (e) IN 
LATE PLEISTOCENE FAUNAS OF THE URALS 
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Figure 5. Species diversity (d) and equitability (e) in Late Pleistocene faunas of the.Urals. - 

named Serginsky). The faunas of these two sites were 
very similar in the taxa represented but the proportions 
of "steppe" and "forest" species in them differed to some 
extent. We cannot combine the data for the two faunas 
because the sites are geographically distant. 

The species represented in these two faunas, dated 
to the Early Holocene, were nearly the same as that in 
the Late Pleistocene Arakaevsky fauna (with squirrels 
and Apodemus sylvaticus and Eversmann's hamster 
missing), but the species proportions differed 
significantly. It was during this time interval that the 
dominant species, the narrow-skulled vole, changed in 
subspecies status. 

The traits that distinguish the Late Pleistocene 
subspecies M. g. kriogenicus from the modem forms are 
expressed on the first lower molars: size and 
morphotype proportions (Figs. 6, 7). Based on both 
traits the voles from the Serginsky and Tchusovsky 
faunas are referred to the modern steppe subspecies, and 
thus, in turn suggest steppe environments. 

Thus the structure of the Serginsky fauna as 
compared to that of the Arakaevsky is as follows: The 
most abundant species in the Serginsky fauna was the 
narrow-skulled vole, which changed in subspecies status 
to M. g. gregalis. Microtus agrestis (practically not 
recorded in the Arakaevsky fauna) and M. oeconomus 
were numerous (the latter, however, in lower numbers). 
Remains ofthese taxa and Clethrionomys voles occur in 
similar proportions. These species, together with 
Ochotona, formed the main portion of the Serginsky 
fauna. Remains of Dicrostonyx and Lagurus are very 
rare (while in the Arakaevsky fauna they were 
abundant). 

The proportion of species preferring different 
biotopes changed significantly, too; First, I have nothing 
to say about animals that inhabit periglacial biotopes. 
The narrow-skulled vole became a steppe form, and we 
failed to identify the collared lemmings to the species. 
If we do not take those lemmings into consideration, 
then species of steppe biotopes composed about 60%, 
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Figure 6. Length of the first lower molar in Holocene and Late Pleistocene subspecies of Microtus gregalis. 
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forest-dwellers about 30%, and species inhabiting 
meadows nearly 10%. In the Tchusovsky fauna the 
corresponding figures are 40%, 40%, and 20%. The 
larger share of steppe forms in the Serginsky fauna may 
be explained by its more southerlygeographical position 
(about 200 km south). 

Just above the deposits that contained the 
Serginsky fauna another fauna has been discovered, the 
age of which has not yet been determined. Certainly it 
is younger than the Serpievsky fauna, but clearly older 
than the fauna dated to the Atlantic. Probably the proper 
age is about 8,000 - 9,000 years B.P. (the Boreal 
period). The list of taxa represented in this fauna is 
actually the same as in the Serginsky fauna, but the 
species proportions differ. The remains of "steppe" 
forms composed only 30% (compared to 60% in the 
Serginsky fauna), while those of the forest-dwellers and 
inhabitants of meadows were higher, at 48% and 22%, 
respectively. It is important that the proportion of M. 
agrestis remained the same and that the proportion of 
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Clethrionomys voles increased (resulting in the higher 
proportional representation of the total "forest group"). 

The Atlantic period of the Holocene was a separate 
stage in the development of the climate and biota, but in 
the Middle Urals the small mammal fauna dated to this 
time has not been sufficiently studied. During this 
period, in sites in the Krasnoufimsky area, the remains 
of forest, meadow, steppe and, strange as it seems, 
tundra inhabitants have been recovered. The tundra 
dwellers are represented by collared and brown 
lemmings. Among the recorded steppe-dwellers were 
mousehares, migratory hamsters, steppe lemmings, and 
narrow-skulled voles. The total for their remains is 
about equal to those of the "tundra" taxa. The majority 
of the faunal remains consisted of "forest" (about 40%) 
and "meadow" species (a bit more than 50%). The 
structure ofthe "forest" group remained nearly the same 
as for the preceding fauna. Clethrionomys remains 
dominated the forest group. 

2.4 .- 

I I I I 3 1 
6 10 20 30 x 0 y B.. 21 

I 

11 
Q 3  Q, 



Late Pleistocene and Holocene Faunas of Small Mammals 169 

M. gregdis major 
m 

M. g. ssp. nov. 

I gregaloid morphotype 

intermediate 
M. g. gregulis gregaloid-microtid m. 

0 microtid morphotype 

-3 
I I 

2 
0  10 20 3 0 x 1 0  yrB.P! lQ3'  4 

-- 

Figure 7. Morphotype ratio in the first lower molar in different subspecies of Microtus gregalis. 

During the Sub-Boreal, steppe elements were 
identified in the faunas of the Middle and South Urals, 
but both the narrow-skulled voles and mousehares 
became very rare. The majority of the remains were 
represented by meadow and forest species, the latter 
gradually decreased in numbers after the Atlantic. 

During the Sub-Atlantic the process of forest 
species reduction develops further, though the taxa list 
remained the same in both the "forest" and "meadow" 
species groups. During the Sub-Atlantic, the last steppe 
forms in the faunal assemblages disappeared. The 
remains of mousehares were already missing in the 
strata of the Sub-Atlantic; those of the narrow-skulled 
voles were last recorded in deposits dated to 800 years 
B.P. During the same period, bones of the Norway rat, 
a synanthropic species, occurred for the first time. 

The other feature that reflects the influence of 
human 'activities upon the fauna is the local reduction 
of species diversity and the sharp dominance ofremains 
of Microtus arvalis in the regions of developed 
agriculture. 

For the South Urals only the fauna of the Sub- 
Atlantic has been described. It included the remains of 
the following species: Tamias, Pteromys, Eliomys 
quercinus, Apodemus sylvaticus etflavicollis, numerous 
Microtus arvalis, M. agrestis, Arvicola terrestris, 
Clethrionomys glareolus, and Cricetus cricetus. At the 
early stages of its development, very rare molars of 
three steppe taxa were identified: CricetuIus 
migratorius, Eolagurus lutescens, and Citellus major. 

The Late Holocene forest faunas of the South 
Urals showed high species diversity values and 
relatively uniform distribution of species proportions 
(equitability). The same combination of these index 
values has been found in the Late Holocene fauna of 
the central forest-steppe regions of the Trans-Urals. 
Modern tundras of the Middle Yamal show low species 
diversity and medium equitability. A strange 
combination of index values was observed in the Late 
Holocene faunas situated at the boundary of steppes and 
forest-steppes of the Trans-Urals: medium species 
diversity and low equitability, that may be a result of 
effects of human activities upon the fauna (Fig. 8). 
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Figure 8. Species diversity (d) and equitability (e) in Late Holocene faunas of the Urals. 

CONCLUSIONS 

As the history of the small mammal fauna in the 
Urals has been studied based on varying sample sizes 
for different regions and time intervals, it is not possible 
to describe the whole picture of faunal development 
during the Late Pleistocene and Holocene. Based on the 
materials reviewed above, the following conclusions are 
offered: 

1. The faunas in the North, Middle, and South 
Urals dated to the first half of the Late Pleistocene 
possess some features in common, namely relatively 
high proportions of remains of brown lemmings and 
species of the "forest" group. The highest number of 
"forest" taxa and the maximum proportional 
representation of remains of -the forest group were 
observed in the Middle Urals. 

In the Middle and South Urals the structure of 
faunas (described by the combination of species 
diversity "d" and species equitability "e" indices) was 
similar to those in modem forest-steppe faunas. Yet the 
peculiarities of the taxa list and especially the 
occurrence of Lemmus remains make the faunas 
disharmonious. 

2. Faunas correlated with the Valdai main phase 
showed the most unusual combination of the species 
representation and structure. In the South Urals there 
were high diversity and low equitability values. In the 
Middle Urals diversity values were relatively lower, but 
those for equitability were high. In the North Urals 
diversity values decreased even more. All of this may 
suggest that during this severe period, it was in the 
Middle Urals where the conditions were more favorable 
for the existence of disharmonious periglacial faunas. 

3. The most important features of the faunas of the 
Early Holocene were the change ofthe subspecies status 
in the narrow-skulled vole and the sharp increase in the 
proportion of all forest taxa (especially due to the 
remains of Microtus agrestis). 

4. The Holocene history has been studied in 
greatest detail for the faunas of the Middle Urals. The 
proportion offorest taxa remains increased at that time. 
The dominant M. agrestis was replaced by 
Clethrionomys voles (glareolus + rutilus) by the second 
half of the Sub-Atlantic. 

5. In portions ofthe Middle Urals now occupied by 
.insular forest-steppes, the remains of steppe-dwelling 
species were recorded until the second half of the 
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Sub-Atlantic. Steppe-dwellers became extinct there in 
succession, as follows: Citellus major, Cricetulus 
migratorius (Boreal time), Lagurus lagums, Ochotona 
pusilla (Sub-Boreal), and Microtusgregalis (the second 
half of the Sub-Atlantic). 

6. It was surprising to find that remains ofcollared 
and brown lemmings occurred in Holocene deposits in 
the Middle Urals until the Atlantic period. This finding 
needs more study. 

The faunas of the Late Holocene, influenced by 
agricultural development, appear to possess a distinctive 
structure. They show low species diversity and very low 
equitability values. 
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