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Abstract Extremely widespread in the Palaearctic, roe deer
are heterogeneous in many ways including their morphol-
ogy. At present, two roe deer species and four basic
subspecies are acknowledged. The taxonomic system of the
Siberian roe deer is poorly developed compared to that of
the European roe deer. One of the principal points of roe
deer systematics is the determination of the boundaries of
the ranges of the roe deer subspecies requiring a thorough
study of the species’ diversity. By using craniometry, one of
the most adequate systematics techniques, we have ana-
lyzed geographical distribution of the Suberian roe deer in
the Russian Far East and adjacent areas. All studied
specimens were separated into three groups, the distribu-
tions of craniometric parameters of two of which did not
overlap. One of the groups corresponds to Capreolus
pygargus pygargus Pallas, 1771, while the other two do
not correspond to any of the Siberian roe deer subspecies
presently acknowledged. We have shown that the C.
pygargus pygargus range extends to the east to the
Northern Primorye, i.e., it is 2,000 to 3,000 km wider than
previously believed. The subspecies status of Capreolus
pygargus tianschanicus Satunin, 1906 was not confirmed.

The Southern Primorye and left bank of the Amur River are
thus a part of the range of Capreolus pygargus melanotis
Miller, 1911, penetrating here from the Northeastern China.
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Introduction

Capreolus Gray, 1821 is one of the world’s most
widespread Artiodactyls genera. Capreolus species are
found in 50 countries and three continents including
Northern America, where they were introduced (Danilkin
1999). Before the middle of the twentieth century, due to a
trend to lump populations into single species and the
scarcity of data, this taxon was considered monospecific
(Ellerman and Morrison-Scott 1951; Flerow 1952; Geptner
et al. 1961). As new data on the morphology, karyology, and
hybridization of roe deer from different regions became
available (Sokolov et al. 1978, 1986; Stubbe and Bruchholz
1979; Danilkin and Baskevich 1987; Graphodatsky et al.
1990; Danilkin 1995, 1999; Boeskorov and Danilkin 1998;
Hewison and Danilkin 2001), the independence of Capreo-
lus capreolus Linnaeus, 1758 and Capreolus pygargus
Pallas, 1771 was supported using molecular markers of
DNA-fingerprinting, DNA taxonoprint analysis, random
amplification of polymorphic DNA polymerase chain
reaction, and sequencing of the control region of the
mitochondrial genome. Based on these data, these species
diverged 150,000–370,000 years, ago and the differences
between them are comparable to those between sika and red
deer (Potapov et al. 1997; Randi et al. 1998; Xiao et al.
2007).
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The history of the Capreolus pygargus systematics is
closely related to the analysis of the morphometric data and
is described in detail by Danilkin (1999). In the first half of
the twentieth century, some ideas were proposed about the
differentiation of the roe deer in the Asian part of the range.
In the first half of the twentieth century, C. pygargus and
Capreolus bedfordi Thomas, 1908 were considered as
separate species, but their species status was not sufficiently
confirmed (Dinnik 1910; Browner 1915; Flerow 1928,
1929). Later on, when the single species concept of
Capreolus triumphed, Capreolus classification developed
by Flerow (1952) became most widespread. In this
classification, he distinguished Capreolus capreolus pygar-
gus Pallas, 1771 (presently, C. pygargus pygargus Pallas,
1771), with the range including eastern regions of the
European part of the USSR, Caucasus, Ural, Western
Siberia, southern part of the Middle Siberia, Northern and
Northwestern Mongolia, Yakutia, and Transbaikalia; Cap-
reolus capreolus bedfofdi Thomas, 1908 (presently, Cap-
reolus pygargus tianschanicus Satunin, 1906), with the
range including Russian Far East, Northern and Northeast-
ern China, and Korea, and Capreolus capreolus melanotis
Miller, 1911 (presently, C. pygargus melanotis Miller,
1911), with the range including the Eastern Tibet and the
China provinces Gansu, Sichuan, and Kam. Flerow’s
system generally corresponds to that by Ellerman and
Morrison-Scott (1951), where C. capreolus melanotis is
combined with C. capreolus bedfofdi. Geptner et al. (1961)
believed the monospecificity of Capreolus is an oversim-
plification. However, they did not distinguish between
Capreolus pygargus and C. capreolus. Geptner et al.
separated the “Siberian Group” of Capreolus forms into
C. capreolus pygargus (presently, C. pygargus pygargus),
with the range including eastern regions of the European
part of the USSR, Ural, Siberia (up to the Amur River), and
Northern Mongolia, C. capreolus bedfofdi (presently, C.
pygargus tianschanicus), with the range including Tien
Shan and adjacent areas of China, C. capreolus melanotis
(presently, C. pygargus melanotis), with the range including
the Eastern Tibet and the China provinces Gansu and
Sichuan, and Capreolus capreolus caucasicus Dinnik,
1910, with the range including the Northern Caucasus.
The latter was later assigned to the “European Group”
based on the chromosomal (Sokolov et al. 1980; Sokolov
and Danilkin 1981) and morphological (Danilkin and
Markov 1985; Danilkin et al. 1992; Sokolov and Tembotov
1993) criteria. In modern systems, all Capreolus forms of
the “Siberian Group” are considered C. pygargus subspe-
cies (Danilkin 1999).

The separation of C. pygargus into C. pygargus
pygargus, C. pygargus tianschanicus (Table 1) and C.
pygargus melanotis relies on differences in the number of
B-chromosomes and averaged values of skull parameters

and body weight and size (Flerow 1952; Danilkin 1999). It
is believed that The C. pygargus pygargus occurs from the
Volga River to Baikal, while C. pygargus tianschanicus
range (Fig. 1) covers the Tien Shan, Mongolia, Trans-
baikalia, Russian Far East, and China (Danilkin 1999).
There are no strict geographic barriers between these
subspecies (Bromley and Kucherenko 1983). According to
the conventional view, their interpenetration zone extends
from the Altai to the Stanovoe plateau (Danilkin 1999). In
this region, the craniometric parameters of male deer are
intermediate between the two subspecies, while those of
females are identical to C. pygargus tianschanicus
(Danilkin 1986, 1999). Bromley and Kucherenko (1983)
proposed that the interpenetration zone of C. pygargus
pygargus and C. pygargus tianschanicus extends 2,000–
3,000 km to the east in the Russian Far East. There are no
reliable data on the range of C. pygargus melanotis in
China, and its subspecies status is not confirmed (Geptner
et al. 1961; Sokolov et al. 1986; Danilkin and Markov
1985).

The aim of the present work was to study the diversity of
the Siberian roe deer forms in the Russian Far East and
adjacent areas using craniometry and study the distribution
of roe deer subspecies in this region.

Table 1 Statistics of the Capreolus pygargus subspecies (Danilkin
1999)

Parameters Female Male

Body length
C. pygargus pygargus 1,356–1,431a 1,390–1,444
C. pygargus tianschanicus 1,267–1,347 1,281–1,369
Body mass
C. pygargus pygargus 38.8–46.8 41.5–48.6
C. pygargus tianschanicus 32.0–35.0 34.9–40.4
Condylobasal length (CBL)
C. pygargus pygargus 215.0–226.5 225.5–231.4
C. pygargus tianschanicus 212.0–213.0 212.5–217.9
Rostrum length (RL)
C. pygargus pygargus 120.9–126.2 123.2–127.7
C. pygargus tianschanicus 118.0–118.9 115.7–120.3
Nasal length (NL)
C. pygargus pygargus 73.7–79.6 76.6–80.3
C. pygargus tianschanicus 68.8–76.0 72.0–75.7
Mandible length (ML)
C. pygargus pygargus 178.8–190.6 186.1–193.8
C. pygargus tianschanicus 177.6–180.2 178.1–182.7
B chromosomes
C. pygargus pygargus 1–4
C. pygargus tianschanicus 5–14

aMean dispersal of the local groups of subspecies. All linear
parameters and mass were expressed in millimeters and kilograms,
respectively.
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Materials and methods

General approach and measurements

The present approach assumes that specimen classification
and variability description cannot be preceded by a priori
subsampling of the original sample (Boeskorov and
Puzachenko 2001; Puzachenko 2001; Baryshnikov et al.
2003; Kupriyanova et al. 2003; Puzachenko 2006;
Sheremetyeva 2007) for two reasons. First, such a
subsampling would be inconsistent with the purpose of
the present study. Second, a priori subsampling produces an
arbitrary bias of the results and contradicts the principles of
multivariate classification.

The classification of specimens was compared with their
subspecific position and geographical origin. To do this,
one had to classify the skulls without a priori subsampling
and compare the results with the groups separated based on
geographical distribution and taxonomy. Random variabil-
ity of skull parameters, i.e., absence of any natural groups
(subspecies etc.), was taken as null hypothesis.

To exclude age-related effects, skulls with completely
developed posterior upper molars (M3) were only studied
(Sokolov 1956). The development of the M3 is completed
within 16 months (Sokolov 1959; Danilkin et al. 1992;
Danilkin 1999; Sheremetyev et al. 2004; Sheremetyev and
Prokopenko 2005). The specimens were obtained during
the official game period (the second half of November and
December, roe deer age of 19–20 months plus 0, 1, 2, etc.
years). Some specimens came from death by winter

starvation (February to March, roe deer age of 22–
23 months plus 0, 1, 2, etc. years).

Bearing in mind a pronounced sex dimorphism of the
roe deer (Danilkin 1999), male and female skulls were
separately analyzed.

A sample of 158 skulls (89 from adult females and 69
from adult males) was examined. The material came from
the Institute of Biology and Soil Science FEB RAS
(Vladivostok), Zoological Museum of the Moscow State
University (Moscow), and the Zoological Museum of the
Zoological Institute RAS (Saint-Petersburg).

The following craniometric measurements were per-
formed: total length, condylobasal length, basal length,
total breadth, zigomatic breadth, interorbital distance,
rostrum length, nasal length, upper tooth row length,
neurocranium breadth, mandible length, lower tooth row
length, and diastema length (Fig. 2). All measurements
were performed by Sheremetyev using a calliper accurate to
0.1 mm. The skulls were kept at constant temperature and
humidity excluding their changes during the storage. All
measurements were performed one time. The repeatability
of measurements was not performed.

To equalize the statistical weight of the skull parameters,
original data were standardized before analysis by subtract-
ing the mean and dividing by the standard deviation. The
standardized values (characters) lay within the range of 0 to
1 whatever their original scope.

All statistical procedures were performed using the
Statistica 6.0 software for Windows (StatSoft, Tulsa, OK,
USA).

Fig. 1 A map of Capreolus
ranges (Danilkin 1999) and
sample localities: Western Sibe-
ria (1), Mongolia (2), China (3),
left band of the Amur River (4),
and Northern (5) and Southern
Primorye (6)
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Classification of undamaged skulls (n=107)

At the first stage of analysis, undamaged roe deer skulls
from the Russian Far East (39 male and 43 female) and
Novosibirsk and Irkutsk regions (12 male and 13 female),
areas inhabited by C. pygargus pygargus, were included for
comparison purposes.

Dimensionality reduction The reduction of parameter space
dimensionality allows one to preserve a considerable
portion of the original data variability at multivariate
analysis (Kalinina and Solovjev 2003). In the present study,
multidimensional scaling (MDS), a nonparametric equiva-
lent of factor analysis, was used for dimensionality
reduction, as this method does not require normality of
the raw data and other prerequisites of parametric tests
(Davison 1988; Kruskal 1986; James and McCulloch
1990). MDS requires that the morphological variability of
the general population be represented as a matrix of
pairwise similarities (distances) between objects in multi-
dimensional space. In the present analysis, matrices of two
types were used. Euclidean distance matrices were used to
estimate variability of skull parameters and Kendall rank
correlation coefficient matrices to estimate proportion
variability.

Based on Euclidean distance and Kendall correlation
coefficient matrices, hypothetic non-correlated variables
(MDS axes) were found using MDS. Cattell’s scree test
was used to determine the number of MDS axes (Cattell
1966; Kruskal and Wish 1978). In this test, the number of
MDS axes is determined from dimensionality–stress curve
(Fig. 3a). The number of extracted axes was determined
from the inflection point of the curve.

For example, the inflection point of the dimensionality–
stress curve based of the Euclidean distances matrix for

females (Fig. 3a) corresponds to dimensionalities (number
of MDS axes) 3 and 4. Based on stress regression equations
for measured and model systems, an allowable dimension-
ality value could be determined with a greater precision.
Stress values measured at different numbers of MDS axes
differed significantly from modal stress values at dimen-
sionalities 3 and 4 (Fig. 3b). This allowed us to assume 4 as
minimum dimensionality. The second approach to mini-
mum allowable dimensionality estimation was based on
MDS axis significance estimation by analysis of Spearman
correlations between MDS axes and original craniometric
parameters. Using this approach, the minimum dimension-
ality of 4 was confirmed. As each axis must be specific for
at least one variable (parameter), correlation coefficients
were considered significant at p<0.001.

Fig. 3 a Dependence of stress estimates on the number of MDS axes.
b Regression between stress estimates calculated from the present data
and from a random process model with independent variables

Fig. 2 A scheme of the skull
metrics used (Danilkin 1999).
TL Total length, CBL condylo-
basal length, BL basal length,
TB total breadth, ZB zigomatic
breadth, ID interorbital distance,
RL rostrum length, NL nasal
length, UTL upper tooth row
length, NCB neurocranium
breadth, ML mandible length,
LTL lower tooth row length, DL
diastema length
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The numbers of MDS axes selected in the case of both
males and females extracted based on the Euclidean
distance and Kendall correlation coefficient matrices are
presented in Tables 2 and 6, respectively.

Specimen classification The null hypothesis as formulated
above must be rejected if significant differences between
the subsamples (clusters) are found. The present classifica-
tion was performed by unweighted pair group method with
arithmetic mean (UPGMA) with MDS axes as variables
and Euclidean distance as similarity measure. UPGMAwas
selected because using this type of partitioning does not
result in the distortion of the original space (i.d., between-
object distances; Williams and Lans 1986). The null
hypothesis was checked using between-cluster distance
diagram (Fig. 4a). In case of independent randomly
distributed variables (absence of significantly differing
clusters), the linkage distance between groups of objects
must increase monotonously. In UPGMA, it must increase
linearly because, in this method, average values are used.

As most parameters were not normally distributed, the
reliability of the classification (significance of between-cluster
differences) by each parameter was confirmed by Kruskal–
Wallis test, which is more appropriate to analysis of samples
of different size than the median test (Puzachenko 2004). The
differences were considered significant at p<0.001.

Classification of the damaged skulls (n=51)

Eighteen male and 33 female skulls from the Russian Far
East were damaged lacking nasal bones or mandibles,
which prevented their complete parameterization. Their
classification was performed using discriminant analysis.
Using discriminant analysis, most significant and least

correlated skull parameters were selected, based on which
the damaged skulls were assigned to the clusters of
undamaged specimens obtained earlier by UPGMA.

Comparison of the clusterization results with the a priori
specimen grouping

The clusters obtained using UPGMA were compared to a
priori geographical and taxonomical groups. The distribu-
tion of the UPGMA-based clusters between geographic
localities is indicative of their distribution in the surveyed
part of the Siberian roe deer range and provides an adequate
scheme of its subspecies’ ranges. To determine taxonomic
identity of the UPGMA-based clusters, the cluster means
were compared to average values of the respective
parameters of different Siberian roe deer subspecies
provided by Danilkin (1999). The significance of the
differences was determined using Kruskal–Wallis test.

The clusterization results were compared with a priori
specimen geographical and taxonomic groupings using
cross-tables and Pearson χ2 criterion as significance
measures (Boeskorov and Puzachenko 2001; Sheremetyeva
2007). Geographical subsamples were formed based on
geographical proximity of the localities, the Western
Siberia, Mongolia, China, left band of the Amur River,
and Northern and Southern Primorye (southward 45°N).
Subsamples corresponding to the subspecies C. pygargus
pygargus and C. pygargus tianschanicus were formed in
two alternative ways according to different views on their
interpenetration area (Bromley and Kucherenko 1983;
Danilkin 1999): (1) C. pygargus pygargus subsample
comprised the specimens from the Western Siberia, C.
pygargus tianschanicus subsample from the Southern
Primorye, the interpenetration zone subsample from the
left bank of the Amur River and Northern Primorye; (2) C.

Table 2 Spearman correlations between the skulls characters and MDS axes (D1–D4 and K1–K3) based on similarity matrix for the females

Characters D 1 D 2 D 3 D 4 K 1 K 2 K 3

Total length (TL) 0.935285* 0.078416 −0.057092 0.184563 0.097557 −0.160384 0.200414
Condylobasal length (CBL) 0.951883* 0.102823 −0.173502 0.064327 0.094301 −0.116817 0.216365
Basal length (BL) 0.962659* 0.070250 −0.155809 0.122651 0.123256 −0.177603 0.186311
Total breadth (TB) 0.877987* 0.118867 0.201464 −0.178538 0.156338 −0.145079 0.198534
Zigomatic breadth (ZB) 0.866713* 0.008782 0.222395 −0.142707 0.173340 −0.159085 0.243797*
Interorbital distance (ID) 0.810524* 0.287041 0.045529 −0.236059 0.228347 −0.147456 0.192510
Rostrum length (RL) 0.942381* 0.035956 −0.105184 0.211606 0.150617 −0.148603 0.193772
Nasal length (NL) 0.823264* 0.024729 −0.339023* 0.291013 0.080663 −0.173276 0.146217
Upper tooth row length (UTL) 0.609985* −0.573784* −0.199641 −0.252588 0.160783 −0.252389 0.026315
Neurocranium breadth (NCB) 0.798059* 0.094883 0.358904 0.029647 0.124370 −0.151351 0.146376
Mandible length (ML) 0.946289* 0.091942 −0.093047 0.156709 0.173111 −0.170085 0.172716
Lower tooth row length (LTL) 0.647495* −0.591729* −0.107782 −0.245928 0.142727 −0.249915* 0.010997
Diastema length (DL) 0.877492* 0.268654 −0.038189 0.312547* 0.195885 −0.159145 0.107401

*р<0.001
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pygargus pygargus subsample comprised the specimens
from the Western Siberia, C. pygargus tianschanicus
subsample from the Northern and Southern Primorye and
the left bank of the Amur River.

Results

Females

For each undamaged skull, seven MDS coordinates (axes)
were derived. A four-dimensional MDS (axes D1–D4)
solution was derived from the Euclidean distance matrix
and a three-dimensional (axes K1–K3) solution from the
Kendall correlation matrix. Spearman correlation coeffi-
cients between characters and respective MDS axes were
obtained. The first MDS (D1) axis was significantly
correlated to all characters, the second (D2) to upper and
lower tooth row length, the third (D3) to nasal length, and
the fourth (D4) to diastema length (Table 2). Spearman
correlation coefficients between indexed (divided by max-
imum skull length) characters and respective MDS axes
were also obtained. The fifth MDS axis (K1) was correlated
to interorbital distance index, the sixth MDS axis (K2) to

upper and lower tooth row length indices, and the seventh
MDS axis (K3) to zigomatic breadth index.

The dendrogram obtained by UPGMA clustering of the
MDS scores was characterized by non-linear increase of
intercluster distances (Fig. 4a) suggesting nonrandom
variation of the skull parameters and providing grounds
for identifying meaningful clusters.

Using all seven MDS axes (D1–D4 and K1–K3), two
hierarchical levels and three major clusters could be
distinguished (Fig. 4b). Kruskal–Wallis tests revealed
highly significant (p<0.001) between-cluster differences.
The first level, corresponding to the two-cluster solution,
was mainly determined by MDS axes D1 and D3. At this
level, the first cluster differed most significantly from the
other in zigomatic breadth and total, rostrum, and upper
tooth row length. The second level, corresponding to the
three-cluster solution, was mainly determined by MDS axes
D1, D2, K1, D3, and K2. The most significant differences
between clusters II and III were in total length, zigomatic
breadth, interorbital distance, and upper tooth row length.

Violations of monotonicity of between-cluster distance
increase provided formal grounds for defining additional
two to three hierarchical levels within the distance range of
0.4–1.4. However, Kruskal–Wallis tests did not support
their significance (p<0.001).

The characters that were used for the initial clusterization
were used as independent variables when classifying
damaged skulls using discriminant analysis. The efficiency
of the classification of the damaged skulls based on the
three-cluster UPGMA solution was 89.9%. The discrimi-
nant functions included four characters: total length (with
standardized coefficients of −0.585 and −1.124 for the first
and second functions, respectively), zigomatic breadth
(−0.197; 0.967), interorbital distance (−0.281; 0.844), and
upper tooth row length (−0.263; −0.492). The differences
between clusters I and II were maximum. These clusters did
not overlapped in discriminant-function space (Fig. 5). The
region between clusters I and II was occupied by cluster III,
whose location between the former two clusters was mainly
determined by the difference in total breadth.

Clusters I and II included skulls with the lowest and
highest parameter values, respectively (Table 3). The
differences between clusters I and II were maximum
varying from 11.9 to 24.1% depending on parameter.
Average parametric values of the skulls assigned to cluster
II did not differ significantly from those provided by
Danilkin (1999) for C. pygargus pygargus (see Table 1
therein; Kruskal–Wallis coefficient is 0.002–0.9, p>0.05).
Cluster III was intermediate by the cluster means between
clusters I and II. The differences between clusters I and III
and II and III varied from 7.6 to 15.8 and from 2.3 to
11.4%, respectively. The greatest between-cluster differ-
ences were in interorbital distance, diastema length, and

Fig. 4 Intercluster distance (a) increase at preliminary UPGMA
clustering (b) of female skulls. ED Euclidean distances. I–III cluster
numbers
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rostrum length (Table 3). The differences in indexed
interorbital distance and upper and lower tooth row length
were most significant (Fig. 6).

The distribution of specimens assigned to different
clusters among different localities suggests weak clinal
variability (χ2=66.87, df=38, р=0.03). Descriptive statis-
tics of skull biometry of the geographic subsamples are
submitted in Table 4. The distribution of specimens
assigned to different clusters among the geographic
subsamples was significantly non-random (χ2=37.095,
df=6, р=0.0005). The Western Siberia subsample was
dominated by specimens assigned to clusters II and III
(69.2 and 30.8%, respectively) and the Russian Far East
subsample (comprising left band of the Amur River and
Northern and Southern Primorye) by specimens assigned to
clusters I and III (22.4 and 71%, respectively), with a few
(6.6%) specimens assigned to cluster II (Table 5). The
Chinese and Mongolian subsamples only comprised speci-
mens assigned to clusters II and III. Of the Russian Far East
subsamples, the subsample from the left bank of the Amur
River contained a high portion (28.6%) of females assigned
to cluster I, with fewer females assigned to clusters II and
III. The Primorye (Northern and Southern Primorye
together) subsample and the combined sample were
dominated by females assigned to cluster III. The portions
of females assigned to clusters I and III were comparable in
the Northern and Southern Primorye (Table 5). However,
the Northern Primorye subsample also contained specimens
assigned to cluster II, which were absent in the Southern
Primorye. Thus, the proportion of the specimens assigned
to cluster II, comprising the bulk of the Western Siberia
sample, decreases southeastward.

The distribution of the specimens assigned to different
clusters among the subspecies was significantly non-

random, suggesting the presence of several Siberian roe
deer subspecies in the joint sample. The interpenetration
zone of C. pygargus pygargus and C. pygargus tianscha-
nicus can hardly be determined based on formal criteria. C.
pygargus pygargus and C. pygargus tianschanicus sub-
samples formed according to Bromley and Kucherenko
(1983) fitted better to the clusters than those formed
according to Danilkin (1999) (χ2=36, df=3, р=0.0000
and χ2=31.1, df=2, р=0.0001, respectively). C. pygargus

Fig. 5 Female clusterization. Clusters separated at the three-cluster
solution (clusters I–III) in the space of discriminant functions (F1 and
F2)

Table 3 Statistics of the female skull clusters obtained by UPGMA
clustering with Euclidean distance as similarity measure and MDS
axes as variables

Parameters Clustering

I II III

TL
Range 175–202 222–245 194–236
Mean±SE 189.5±2.44 234.1±1.52 217.0±1.13
CBL
Range 170–194 214–232 212–225
Mean±SE 179.8±2.32 223.3±1.32 205.7±2.19
BL
Range 157–183 202–218 170–213
Mean±SE 168.5±2.22 209±1.18 193.8±1.10
TB
Range 76–88 95–101 86–99
Mean±SE 82.6±0.76 97.5±0.59 92.9±0.41
ZB
Range 75–88 91–102 84–98
Mean±SE 83.0±0.77 95.9±0.74 91.0±0.39
ID
Range 47–54 56–69 50–66
Mean±SE 50.5±0.46 60.6±0.84 56.1±0.39
RL
Range 90–105 115–128 102–126
Mean±SE 96.2±1.47 123.9±0.92 114.3±0.74
NL
Range 50–70 69–83 56–86
Mean±SE 61.2±1.44 77.3±1 70.6±0.37
UTL
Range 54–69 55–73 59–73
Mean±SE 59.3±1.29 67.3±1.14 65.7±0.37
NCB
Range 53–60 62–68 58–67
Mean±SE 57.4±0.51 65.3±0.57 62.0±0.26
ML
Range 140–165 182–200 153–192
Mean±SE 152.8±1.67 188.3±1.43 173.2±1.09
LTL
Range 56–78 69–82 66–798
Mean±SE 64.8±1.9 74.7±1.05 71.9±0.39
DL
Range 39–46 50–59 41–68
Mean±SE 42.8±0.52 56.3±0.6 49.9±0.5

Abbreviations of characters are as in Table 2 and Fig. 2. All
parameters were expressed in millimeters.
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pygargus comprised the Western Siberia subsample, whose
bulk was formed by the specimens of cluster II.

Males

For each male specimen, five MDS coordinates (axes) were
derived. A four-dimensional MDS (axes D1–D4) solution
was derived from the Euclidean distance matrix and a one-
dimensional one (axis K1) from the Kendall correlation
coefficient matrix. Spearman correlation coefficients be-
tween the characters and corresponding MDS axes were
found. The first MDS (D1) axis was significantly correlated
to all characters, the second (D2) to upper tooth row length
and neurocranium breadth, the third (D3) to upper and
lower tooth row length, and the fourth (D4) to nasal length
(Table 6). Spearman correlation coefficients between
indexed (divided by maximum skull length) characters
and MDS axis K1 were derived. The fifth MDS axis (K1)
was most significantly correlated with lower tooth row
length index.

The dendrogram obtained by UPGMA clustering of the
MDS scores was characterized by a non-linear increase of
between-cluster distances (Fig. 7a), suggesting nonrandom
variation of the skull parameters and providing grounds for
identifying meaningful clusters.

In the clusterization based on all five MDS axis scores
(D1–D4 and K1), two hierarchical levels and three major
clusters were identified (Fig. 7b). Kruskal–Wallis tests
revealed highly significant (p<0.001) between-cluster
differences. The first (two-cluster) level was mainly

determined by MDS axes D1, D3, and D2. At this level,
cluster I differed from the rest clusters mainly in basal,
maximum, and zigomatic breadth and in interorbital
distance. The second (three-cluster) level was mainly
determined by MDS axes D1, D3, D2, and K1. Clusters
II and III differed most significantly in basal and mandible
length and interorbital distance.

Violations of monotonicity of between-cluster distance
increase provided formal grounds for defining additional
two or three hierarchical levels. However, Kruskal–Wallis
tests did not support their significance (p<0.001).

The characters that were used for the initial clusterization
were used as independent variables for the classification of
the damaged skulls using discriminant analysis. The
efficiency of the classification of the damaged skulls based
on the three-cluster UPGMA solution was 99.9%. The
discriminant function included seven characters, basal
length, total breadth, zigomatic breadth, interorbital dis-
tance, rostrum length, upper lower tooth row length, and
mandible length with standardized coefficients of 1.298,
1.031, −0.529, 0.259, −1.009, 0.684, and −0.504, respec-
tively. The efficiency of the three-cluster solution was 97.5.
The discriminant functions included four characters: total
length (with standardized coefficients of −0.373 and −0.221
for the first and second functions, respectively), interorbital
distance (−0.694; 0.03), upper tooth row length (0.29;
−1.142), and mandible length (−0.470; 0.575). Clusters I
and II did not overlapped in discriminant-function space
(Fig. 8). The region between clusters I and II was occupied
by cluster III.

Fig. 6 Scatterplots of indexed
variables for females (a, b, and
c) and males (d)
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Clusters I and II included the skulls characterized by the
lowest and highest parameter values, respectively (Table 7).
The differences between clusters I and II were maximum
varying from 6.6 to 22.5% depending on parameter.
Average parametric values of the skulls assigned to cluster
II did not differ significantly from those provided by
Danilkin (1999) for C. pygargus pygargus (see Table 1
therein; Kruskal–Wallis coefficient is 0.003–0.39, p>0.05).
Cluster III was intermediated by the parametric means
between clusters I and II. The differences between clusters I
and III and II and III varied from 3.4 to 12.3 and from 1.7
to 11.7%, respectively. The greatest between-cluster differ-
ences were in interorbital distance, diastema length, and

nasal length (Table 7). The differences in indexed upper
tooth row length were most significant (Fig. 6).

The distribution of specimens assigned to different
clusters among different localities suggests weak clinal
variability (χ2=63.74, df=36, р=0.02). Descriptive statis-
tics of skull biometry of the geographic subsamples are
submitted in Table 8. The distribution of specimens
assigned to different clusters among the geographic
subsamples was significantly non-random (χ2=59.99, df=
6, р=0.00000). The Westrern Siberia subsample only
comprised specimens assigned to cluster II, while the
Russian Far East subsample (comprising left band of the
Amur River and Northern and Southern Primorye), speci-
mens assigned to clusters I and III (33.3 and 64.8%,
respectively), with few (1.9%) specimens of cluster II
(Table 5). The Chinese subsample was presented by a
single skull assigned to cluster I and the Mongolian one by
specimens assigned to cluster III. Among the subsamples
from the Russian Far East, the subsample from the left bank
of the Amur River comprised specimens assigned to
clusters I (37.5%) and III (62.5%). The Primorye subsample
(comprising Northern and Southern Primorye) and the
combined sample were dominated by males assigned to
cluster III. The portions of males assigned to cluster III in
the Northern and Southern Primorye were equal. The
Northern and Southern Primorye subsamples contained
one and no cluster II specimens, respectively. Thus, the
proportion of the specimens assigned to cluster II, com-
prising the bulk of the Western Siberia sample, decreases
southeastward.

The distribution of specimens assigned to different
clusters among the subspecies was significantly non-
random, suggesting the presence of several Siberian roe
deer subspecies in the joint sample. As in the case of
females, the interpenetration zone of C. pygargus pygargus
and C. pygargus tianschanicus males can hardly be
determined based on formal criteria. C. pygargus pygargus

Table 4 Statistics of the female skulls

Parameters Southern
Primorye

Northern
Primorye

Left bank of
Amur river

Western
Siberia

TL
Range 175–227 180–230 210–230 217–245
Mean±SE 207.7±2.1 216.1±3.9 217.6±3.7 235.1±1.9
CBL
Range 112–124 173–223 202–215 209–232
Mean±SE 195±3.1 206.9±3.8 209.2±2.6 223.6±1.7
BL
Range 157–202 160–208 189–204 193–218
Mean±SE 184.6±1.99 193.3±3.6 197±2.9 208.9±1.8
TB
Range 76–96 79–99 82–98 93–101
Mean±SE 89±0.8 92.1±1.5 91.6±2.3 97.5±0.8
ZB
Range 75–93 81–98 84–95 91–102
Mean±SE 87.9±0.6 90.8±1.4 90.7±1.4 96±0.9
ID
Range 47–66 49–63 50–69 55–64
Mean±SE 54.04±0.6 55.8±0.98 56.4±2.5 60.1±0.7
RL
Range 90–123 91–125 109–124 116–128
Mean±SE 108.2±1.4 114.1±2.7 115.8±2.4 123.2±0.99
NL
Range 50–86 58–81 62–78 69–82
Mean±SE 66.9±1.1 72±1.8 70.3±2.2 75.3±1.1
UTL
Range 54–73 55–68 61–69 64–73
Mean±SE 63.4±0.7 63.9±1 66.7±1.1 68.1±0.9
NCB
Range 52–67 55–67 60–65 61–68
Mean±SE 60.2±0.4 61.8±0.9 62.1±0.7 64.3±0.6
ML
Range 140–181 143–183 156–186 153–200
Mean±SE 165.3±1.6 172±3.1 173.5±4.5 187.4±3.2
LTL
Range 56–78 62–78 68–78 66–82
Mean±SE 68.8±0.9 70.4±1.08 73.2±1.5 75.6±1.2
DL
Range 40–68 39–58 44–55 41–59
Mean±SE 47.5±0.8 50.3±1.4 49.3±1.6 54.2±1.3

Abbreviations of characters are as in Table 2 and Fig. 2. All
parameters were expressed in millimeters.

Table 5 Portion (%) of clusters I, II and III in samples

Region Females (n=89) Males (n=67)

I II III I II III

Southern Primorye 25.5 0 74.5 34.6 0 65.4
Northern Primorye 18.8 18.8 62.4 30 5 65
Primorye in common 23.8 4.8 71.4 32.6 2.2 65.2
Left bank of Amur
river

28.6 14.3 57.1 37.5 0 62.5

China 0 33.3 66.7 100 0 0
Mongolia 0 25 75 0 0 100
Western Siberia 0 69.2 30.8 0 100 0
In common 19.1 15.7 65.2 28.4 16.4 44.8
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and C. pygargus tianschanicus subsamples formed accord-
ing to Bromley and Kucherenko (1983) fit better to the
clusters than those formed according to Danilkin (1999)
(χ2=56.42, df=3, р=0.0000 and χ2=29.17, df=2, р=
0.0003, respectively). C. pygargus pygargus comprised
the Western Siberia subsample, formed exclusively by the
specimens of cluster II.

Discussion and conclusions

The variability of the craniometric parameters of the Far
Easterm population of the Siberian roe deer is large enough
for its partitioning into several groups. Both male and
female skulls were grouped into three clusters, two of
which showed no hiatus in many parameters and differed
significantly in indexed variables. In females, the between-
cluster differences were more pronounced than in males.

The main results of the analysis of the localities of the
specimens assigned to different clusters suggest weak clinal
variability confirmed by χ2 test. The observed geographi-
cal, in particular, clinal, variability suggests that the Russian
Far East is a part of the zone of interpenetration of different
roe deer subspecies.

Fig. 7 Intercluster distance (a) increase at preliminary UPGMA
clustering (b) of male skulls. ED - Euclidean distances. I–III cluster
numbers

Table 6 Spearman correlations between the skulls characters and MDS axes (D1–D4 and K1) based on similarity matrix for the males

Characters D 1 D 2 D 3 D 4 K 1

TL 0.968270* 0.050995 −0.117212 0.010224 0.104034
CBL 0.959511* 0.082742 −0.129040 0.004562 0.062907
BL 0.953917* 0.095367 −0.068702 −0.036796 0.061419
TB 0.843565* −0.260872 −0.022859 0.055948 0.069638
ZB 0.798710* −0.321938 0.110343 0.152738 0.086810
ID 0.807317* −0.287458 −0.097613 0.025003 0.091602
RL 0.960895* 0.154260 −0.142524 −0.032003 0.026274
NL 0.790623* 0.241578 −0.185251 −0.477733* 0.050223
UTL 0.583472* 0.483635* 0.557487* 0.270259 0.186403
NCB 0.617425* −0.556382* 0.134233 0.147471 0.029545
ML 0.949759* 0.049271 −0.122585 0.092947 0.123039
LTL 0.587549* 0.316589 0.617622* 0.405695 0.260262*
DL 0.791569* 0.042245 −0.513833 −0.019948 −0.028130

Parameter abbreviations as in Table 2, Fig. 2.
*р<0.001.

Fig. 8 Male clusterization. Clusters separated at the three-cluster
solution (clusters I–III) in the space of discriminant functions (F1 and F2)
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Cluster II included skulls with the highest parameter values.
Average parametric values of these skulls did not differ
significantly from those provided by Danilkin (1999) for C.
pygargus pygargus (Kruskal–Wallis coefficient is 0.002–0.9,
p>0.05). The other two clusters did not correspond by their
morphology to any Siberian roe deer subspecies.

The proportion of the specimens assigned to cluster II,
comprising the bulk of the Western Siberia sample,

decreases southeastward, and the geographic distribution
of the specimens corresponding to C. pygargus pygargus
(cluster II) includes at least the Northern Primorye. This is
contrary to the earlier view that in the East, the C. pygargus
pygargus range is limited by Transbaikalia (Danilkin 1999).

The roe deer assigned to cluster I, characterized by small
values of the craniometric parameters, are absent in the
western part of the range of the Siberian roe deer (Western
Siberia and Mongolia). In Primorye, their proportion
increases southward.

Table 7 Statistics of the male skull clusters obtained by UPGMA
clustering with Euclidean distance as similarity measure and MDS
axes as variables

Parameters Clustering

I II III

TL
Range 185–210 215–257 210–240
Mean±SE 202.5±1.74 239.8±3.82 222.6±1.18
CBL
Range 179–204 207–240 203–233
Mean±SE 193.6±1.01 227.86±3.06 213.2±1.1
BL
Range 166–191 196–225 192–297
Mean±SE 180.9±1.63 214.0±2.83 202.6±2.88
TB
Range 83–94 99–115 93–106
Mean±SE 88.4±0.85 105.6±1.6 99.6±0.56
ZB
Range 84–94 89–104 88–101
Mean±SE 87.9±0.82 98.6±1.3 94.5±0.55
ID
Range 50–61 64–83 55–67
Mean±SE 53.9±0.67 69.6±1.61 61.5±0.43
RL
Range 90–112 114–139 107–130
Mean±SE 105.1±1.3 125.9±2.26 117.0±0.87
NL
Range 59–70 67–87 61–82
Mean±SE 65.3±0.79 78.7±1.69 72.2±0.98
UTL
Range 54–68 62–74 60–75
Mean±SE 62.0±0.9 66.8±1.1 68.1±0.54
NCB
Range 55–82 63–69 59–70
Mean±SE 61.6±1.38 65.9±0.65 63.7±0.4
ML
Range 146–168 175–205 165–190
Mean±SE 161.5±1.39 191.6±2.93 177.2±1.01
LTL
Range 56–74 68–83 67–80
Mean±SE 67.1±1.52 75.4±1.22 74.1±0.52
DL
Range 41–53 51–63 41–58
Mean±SE 46.2±0.75 56.0±1.24 50.6±0.6

Abbreviations of characters are as in Table 7 and Fig. 2. All
parameters were expressed in millimeters.

Table 8 Statistics of the male skulls

Parameters Southern

Primorye

Northern

Primorye

Left bank of

Amur river

Western

Siberia

TL

Range 185–235 197–240 208–230 220–257

Mean±SE 214.6±2.4 217.4±2.4 222.3±3.1 240.4±3.1

CBL

Range 179–223 187–233 200–223 211–240

Mean±SE 205±2.1 208.6±2.6 214±3.3 230.1±2.3

BL

Range 166–211 175–297 187–210 197–225

Mean±SE 192.4±2.1 200.1±5.4 200.5±3.1 215.7±2.2

TB

Range 83–106 85–106 86–102 99–115

Mean±SE 96.2±0.9 97.5±1.4 93.9±2.2 105.4±1.5

ZB

Range 84–101 85–101 86–97 89–104

Mean±SE 92.6±0.8 93±0.9 92±1.3 98.4±1.2

ID

Range 50–67 51–83 54–63 61–75

Mean±SE 59.5±0.7 60.4±1.5 58±1.2 67.3±1.1

RL

Range 90–125 101–130 106–125 114–139

Mean±SE 111.9±1.5 114.5±1.6 118±2.7 126.2±1.9

NL

Range 59–82 64–82 63–80 67–87

Mean±SE 69.4±1.1 71.5±1.2 69.9±2.3 79.1±1.7

UTL

Range 54–75 57–73 64–75 63–74

Mean±SE 66.5±0.7 65.9±1 69.3±1.2 67.6±0.9

NCB

Range 59–82 55–71 58–67 63–68

Mean±SE 63.5±0.6 62.8±0.8 62.9±0.9 65.6±0.6

ML

Range 146–184 159–190 165–188 178–205

Mean±SE 170.7±1.5 173.2±2.1 174.9±3.2 193.3±2.7

LTL

Range 56–79 56–79 72–80 71–83

Mean±SE 71.9±0.8 71.1±1.4 75.6±1.3 76.1±1.1

DL

Range 41–64 41–58 45–55 52–63

Mean±SE 48.9±0.8 50.2±0.9 49.4±1.5 56.5±1.3

Abbreviations of characters are as in Table 2 and Fig. 2. All
parameters were expressed in millimeters.
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The roe deer assigned to cluster III, characterized by
intermediate values of the craniometric parameters, were
predominant in all geographic groups except the one from
the Western Siberia. Thus, the present results confirm the
existence of only one roe deer subspecies, C. pygargus
pygargus, as it is described in the modern literature on the
systematics of the Siberian roe deer (Danilkin 1999) and
suggest that its range spreads in the Russian Far East to the
Northern Primorye.

The locality and morphology of the specimens assigned
to cluster II suggest that they belong to C. pygargus
pygargus, but the geographic distribution of the specimens
assigned to the other two clusters did not allow us to
elucidate which of the two groups corresponds by its range
to C. pygargus tianschanicus.

Proceeding from the present results, one can conclude that
the interpenetration zone of C. pygargus pygargus and other
Siberian roe deer forms is not limited by the area from the
Altai to the Stanovoe plateau, as was previously believed,
but extends 2,000–3,000 km eastward into the Russian Far
East. This is consistent with the data by Bromley and
Kucherenko (1983). However, the roe deer inhabiting the
area from the Altai to the Russian Far East cannot belong to
C. pygargus tianschanicus because their craniometric
parameters do not correspond to those of the subspecies.

To date, it is impossible to identify with certainty the
subspecies of the Siberian roe deer living in the Russian Far
East and adjacent areas. The reason for this is not in the
lack of comparative data but in the uncertainty of the
subspecific diagnoses calling the existence of the subspe-
cies into question. This is especially the case of C.
pygargus melanotis as was demonstrated by Ellerman and
Morrison-Scott (1951).

In the present study, the specimens from the Southern
Primorye and left bank of the Amur River were character-
ized by very small values of the craniometric parameters
(abovementioned cluster I). Consistent with this, C.
pygargus melanotis is considered a small-sized roe deer
subspecies (Geptner et al. 1961; Danilkin 1999). Probably,
the Southern Primorye and left bank of the Amur River are
a part of the range of C. pygargus melanotis, migrating here
from the Northeastern China. C. pygargus pygargus
penetrates in the eastern direction to the Northern Primorye.

The Siberian roe deer populations from the right and left
banks of the Amur River differ in the distribution of
prealbumin allele loci (Sokolov et al. 1986). In addition, the
variability of the short segment of the d-loop of the
mitochondrial DNA (Sheremetyeva and Sheremetyev
2007) suggests the presence of three roe deer groups in
the Russian Far East, one of which correspond to C.
pygargus pygargus. This may account for the presence of
large-skulled specimens, similar to C. pygargus pygargus,
in the Northern Primorye.

The specimens assigned to the third (largest) group are
characterized by intermediate values of the craniometric
parameters suggesting that they belong to the mixed roe
deer population from the interpenetration zone from the
Altai to the Russian Far East. Be it as it may, identifying the
roe deer inhabiting the area from the Altai to the Russian
Far East to C. pygargus tianschanicus is unacceptable.
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