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Taxonomic differentiation of Ursus arctos (Carnivora, Ursidae)
from south Okhotsk Sea islands
on the base of morphometrical analysis of skull and teeth

Gennady F. Baryshnikov, Tsutomu Mano & Ryuichi Masuda

ABSTRACT. The comparative analysis of the skull and teeth of the brown bear from Hokkaido was carried
out for three geographical groups previously established on the basis of mitochondrial DNA analysis
(Matsuhashietal., 1999). As aresult of morphometrical testing, the isolation of the bears from Eastern group,
which possesses smallest cheek teeth, has been ascertained. While morphometrical characters of males
belonging to Central group and Southern group was similar, females of these groups demonstrated reliable
differences. In spite of the differentiation of Eastern group approaches to the subspecific level, all the
brown bears from Hokkaido and southern Kuril Islands are referred to the subspecies U. arctos ferox
Temminck, 1844.
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TakcoHomMuyeckas audcgpdepeHumaums 6yporo measena Ursus
arctos (Carnivora, Ursidae) c octpoBoB r0xHOM YacTu OxXoTckoro
MOpsi Ha OCHOBe MopdOMeTpMUYECKOro aHanusa yepena v 3y6oB

NeHHagun BapbiwHukoB, Llytomy MaHo, Puynumn Macyna

PE3IOME. IlpoBezieH cpaBHUTENBHBIN aHATIHM3 Yepera U IEeYHBIX 3y00B Oyporo Mease s ¢ XOKKaiao u3 3
reorpaU9IecKux rPyIIl, yCTAHOBICHHBIX paHee Mo JaHHBIM MuToxoHapuansHoi JJHK (Matsuhashi ef al.,
1999). B pe3ynbraTe MOp(OMETPHIECKOTO TECTHPOBAHHS TOATBEPKIACHO 000Cc00ICHNE MeIBE e BOCTOY-
HOM IpyIIBbI, MEYHbIE 3yObl KOTOPBIX caMble Mesikue. CaMIlbl IIEHTPAIbHON U F0KHOW TPYIII 0OKa3aJIuCh
MOP(QOMETPUYECKH CXOJHBIMU, OHAKO CAMKH M3 3THX TPYII MOKA3aJd JOCTOBEPHBIC Pazinyus. XOTs
YpOBEHB 000CO0JIEHNS] BOCTOUYHOMU TPYIIIBI TPUOIIMKAETCS K TIO/IBUAOBOMY, BCe Oypble MeiBe il XOKKai 10
n 1oxxHbIX Kypui otHecens! k noasuny U. arctos ferox Temminck, 1844.

KIIFOUEBBIE CJIOBA: Ursus arctos,aepertt, 3yObl, TOIIOBOH TUMOP(H3M, TeoTpadrdecKas i3MEHIHBOCTb,
Snonus.

Introduction

The brown bear (Ursus arctos L., 1758) is widely
distributed through the northern Eurasia, including is-
lands of the southern part of Okhotsk Sea: Shantarskie
Islands, Sakhalin, Hokkaido, and southern Kuril Islands
(Kunashir, Iturup). In the Late Pleistocene, this species
also inhabited Honshu (Kamei 1981).

Temminck (1842: 29) was the first who gave the
scientific name for the brown bear from Japan: U. ferox.
Lydekker (1897) and his followers (Pocock, 1932: 804,
Ellermann & Morrison-Scott, 1951: 238) mistakenly
treated this name to be preoccupied by U. ferox
Rafinesque (1817:437)andU. ferox “Lewis & Clark” in
Desmarest (1820: 164). However, both latter names,
which were used for the brown bear from North Amer-

ica, are nomina nudi, therefore there are no nomencla-
tural grounds to refuse Temminck’s name.

Middendorff (1851: 80) described the brown bear
from the Greater Shantar Island as U. arctos var. berin-
giana, with its distribution range comprising the eastern
coast of Siberia and Japan. Ognev (1931: 94) has desig-
nated the skull of the adult male (ZIN 1226) as a
lectotype for this taxon, erroneously pointing out the
Smaller Shantar Island to be a type locality (see Abram-
ov & Baryshnikov, 1990: 8).

Pucheran (1855:392), without any diagnose, named
the brown bear from Kamchatka as U. piscator on the
base of the data by G. Saint-Hillaire, published in his
report on the trip by the frigate “La Venus”.

Anew species,U. lasiotus (holotype NMH 93.9.10.1),
has been established by Gray (1867: 301) for the living
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bear brought from the inner part of Northern China and
kept during a long period of time at the London Zoo
(see Pocock, 1932: 799). This name has been repeated-
ly used for insular brown bears from southern part of
the Okhotsk Sea.

Lydekker (1897:422, fig. 3,4) described the subspe-
cies U. arctos yesoensis on the basis of three brown bear
skulls from Hokkaido. He gave a drawing of the skull of
ayoung adult male (NHM 86.11.18.2), which we desig-
nate as the lectotype. Another skull, belonging to adult
male (NHM 96.4.27.1), is correspondingly the paralec-
totype. Inspite of the nameU. a. yesoensis is widely used
in recent publications, it seems to be a junior synonym of
U. a. ferox, as well as U. melanarctos (Heude, 1898: 17)
proposed for the brown bear from Hakodae in Hokkaido.

The recent authors diverged in opinions on the tax-
onomic position of the brown bear from islands of the
southern part of the Okhotsk Sea. Ognev (1931: 104),
accepting several species for the brown bear in Eurasia,
suggested similarity of the Sakhalin specimens with
bears from Hokkaido, assigning Sakhalin bears to a new
subspecies of U. yesoensis. Pocock (1932) referred the
brown bears from Hokkaido and southern Kuril Islands
to the mainland subspecies, U. a. lasiotus, and used the
name U. a. beringianus for brown bears from the west-
ern and northern coast of the Okhotsk Sea and Kamchat-
ka. This point of view has been accepted by Ellermann
& Morrison-Scott (1951) and Novikov (1956).

Stroganov (1962) regarded all the brown bears living
in the Okhotsk Sea region as the subspecies U. a.
beringianus. Heptner (Heptner et al., 1967) recognized
two subspecies for this region: U. a. piscator (Kamchat-
ka and Okhotsk Sea coast as far as Stanovoi Range and
Shantarskie Islands southwards) andU. a. lasiotus (main-
land areas to the south of Stanovoi Range, Sakhalin,
southern Kuril Islands and Hokkaido), erroneously as-
cribing the name beringianus to bears from the north-
western part of North America. Corbet (1978) assigned
all the brown bears of Northern Eurasia, including Hok-
kaido, to the nominotypical subspecies, U. a. arctos.

Later, it was revealed that the bears from the western
and northern coast of the Okhotsk Sea differ from U. a.
beringianus (=lasiotus), with their attribution to the
subspecies U. a. jeniseensis Ognev, 1924 described
from the southern part of Eastern Siberia (Cherniavsky,
1986; Cherniavsky & Kretchmar, 2001). At the same
time, U. a. jeniseensis is a junior synonym of U. a.
collaris F. Cuvier, 1824.

Baryshnikov (Aristov & Baryshnikov,2001) includ-
ed brown bears of the northeastern Asia to the subspe-
cies U. a. arctos, considering U. a. piscator (Kamchat-
ka, northern Kuril Islands) and U. a. beringianus (Amur
River basin, Shantarskie Islands, Sakhalin, Hokkaido,
and southern Kuril Islands) to be the separate subspecies.

Thus, there is no conventional view on the taxonom-
ic status of the brown bears inhabiting Okhotsk Sea
region.

Cherniavsky (1984), studying the geographical vari-
ability of U. arctos, revealed the tendency in the size
decrease for bears from south (Amur River basin) and

ecast (Kamchatka) toward northern-west (Yakutia). Be-
sides, populations from Kamchatka and Amur River
basin diverge in the width of skull zygomatic arch.

The study of the U. arctos from Hokkaido has also
revealed the geographical heterogeneity of the local
brown bears. The clinal increase of the cranium from
south to northeast has been demonstrated (Yoneda &
Abe, 1976). Three morphometrically diverging popula-
tions were also established (Ohdachiez al., 1992). Later,
the study of mitochondrial DNA (mtDNA) revealed the
presence of three bear genetic lineages (clusters A, B
and C) separately located in various parts of the island
and different timing of migration of each cluster to
Hokkaido from the mainland (Matsuhashi ef al., 1999).
However, associations between morphometrical and
genetic groups remain unclear.

The focus of the present study is a comparative
craniometrical analysis of 3 genetic groups of brown
bears in Hokkaido and reconsideration of the subspecif-
ic status for U. arctos from islands in the south parts of
Okhotsk Sea.

Material and methods

The skulls belonging to 54 males and 36 females of
U. arctos from Hokkaido, southern Kuril Islands, Sa-
khalin and Shantarskie Islands have been examined.
Measurements were taken only from adults: males older
than seven years and females elder than five years. The
male skulls of the brown bear from Eastern Europe,
Siberia, Kamchatka and Amur River basin were used as
comparative material. The collections of Hokkaido In-
stitute of Environmental Sciences in Sapporo (HIES),
Field Sciences Center of Northern Biosphere, Hokkaido
University in Tomakomai (FSCVB), National Sciences
Museum in Tokyo (NSMT), Zoological Institute, Rus-
sian Academy of Sciences in St. Petersburg (ZIN),
Zoological Museum, Moscow State University (ZMMU),
and Natural History Museum in London (NHM) have
been involved in the study.

The skulls of bears from Hokkaido were grouped
into three geographical units with their limits coincide
with those for three mtDNA clusters: Central group,
corresponding to Cluster A, Eastern group (Cluster B)
and Southern group (Cluster C) (Fig. 1). In addition, the
bears inhabiting Nemuro Peninsula were conditionally
referred to the Central group, whereas bears from is-
lands of Kunashir and Iturup were provisionally placed
into Eastern group. The both samples were not geneti-
cally studied.

The bear skull dimensions are shown in the Fig. 2.
The canine width was measured at the level of the
enamel lower margin. The bear check teeth were mea-
sured using the earlier published scheme, which in-
cludes 30 measurements for each specimen (Baryshnik-
ov, 1998; Baryshnikov & David, 2000). The dimensions
were taken with the dial callipers with accuracyup to 0.1
mm. The data were processed by Discriminant Analysis
and Cluster Analysis from STATISTIKA 6.0 (‘99 edi-
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Figure 1. Distribution of geographical groups of Ursus arctos ferox in Hokkaido and southern Kuril Islands with regard of
distribution of brown bear genetic clusters A, B and C (Matsuhashi et al., 1999).

Figure 2. Scheme of skull measurements of Ursus arctos.

tion). In Discriminant Analysis, we used the forward
stepwise method.

Results

Males of the brown bear are larger than females,
therefore the sexual dimorphism is pronounced in the
size of their skulls. The measurements of skulls in the
males and females of U. a. ferox are shown in the Tab.
1. Among cranial measurements, the most valuable for
segregation of sexes in the brown bear were height of the
vertical ramus of mandible, total length of skull and total
length of mandible. In the condylobasal length of skull,
the males of U. a. ferox are approximately on 18% larger
than females.

The frequency distribution of tooth dimensions re-
vealed that males of U. arctos reliably differ from
females (P<0.000001) in the canine width (Fig. 3), as
well as in the upper (P4) and lower (ml) carnassial
length (Fig. 4). These data ascertain the presence of the
sexual dimorphism in bears not only in the canine size
(Kurtén, 1955), but also in the dimensions of cheek
teeth, as it has been stated earlier (Baryshnikov et al.,
2003). In the upper canine width, the males ofU. a. ferox
are approximately 27% larger than females.

The development of sexual dimorphism varies in
different geographical groups of the brown bear from
Hokkaido. In Central group, males and females are well
distanced by the width of upper and lower canines.
However both sexes of Southern group overlap in the
canine size (Fig. 5).
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Table 1. Skull sizes in Ursus arctos ferox.

Measurements, Males Females

mm n min max M SD n min max M SD
1 42 325.0 405.0 | 36527 | 17.98 28 283.4 326.4 | 302.86 | 12.69
2 41 310.1 382.0 | 339.16 | 16.40 26 264.6 306.0 | 286.70 | 11.32
3 38 291.0 362.0 | 317.77 | 16.16 24 249.2 | 289.0 | 268.93 | 10.55
4 42 172.8 236.3 | 205.98 | 12.81 27 142.5 182.5 | 165.43 9.16
5 49 162.0 220.0 186.10 11.73 30 141.7 173.2 157.85 8.78
6 48 122.2 158.8 | 139.03 8.59 31 102.7 131.9 | 119.14 7.50
7 46 154.6 208.8 | 180.02 | 10.61 28 139.8 166.1 153.92 7.37
8 49 112.4 138.9 | 127.26 6.30 31 106.2 122.5 | 114.59 4.59
9 49 66.8 83.3 73.73 3.69 31 62.3 73.1 68.27 2.66
10 46 169.8 256.6 | 211.01 | 2091 30 157.9 190.4 | 17598 7.11
11 42 96.1 110.3 | 102.01 3.07 27 90.4 100.4 95.35 2.98
12 43 66.3 85.4 75.58 3.94 28 64.5 81.7 70.94 3.84
13 48 59.7 94.6 78.36 7.56 31 58.1 75.4 66.40 427
14 38 64.4 78.7 71.89 3.10 23 56.8 68.8 62.73 2.46
15 42 140.7 195.0 | 170.03 | 15.02 27 122.9 147.7 | 131.40 5.89
16 44 40.3 55.3 47.27 3.19 28 37.8 48.1 42.94 2.41
17 49 74.5 95.5 84.94 4.37 31 70.4 83.7 77.19 3.08
18 49 67.6 91.6 79.13 5.48 31 59.9 71.8 65.79 3.16
19 49 40.3 57.1 48.78 3.85 30 37.5 46.6 42.34 222
20 38 87.3 124.4 | 103.36 7.34 24 73.5 87.6 80.14 3.43
21 48 209.5 268.8 | 238.74 | 12.72 31 193.0 | 220.6 | 206.17 8.19
22 45 209.7 276.5 | 240.48 | 12.44 31 188.2 | 221.4 | 207.43 8.12
23 49 128.3 159.8 | 145.54 6.81 31 121.1 137.0 | 129.09 4.56
24 49 67.7 98.5 81.67 4.43 31 69.8 81.9 76.73 3.30
25 48 89.8 124.9 109.11 7.33 31 81.8 99.7 87.67 4.24
26 46 37.7 62.0 45.45 4.48 31 30.1 45.1 37.16 2.94
27 49 37.8 53.4 43.60 3.27 31 28.5 42.6 36.18 3.15

The comparative craniometrical study has also re-
vealed the differences between brown bears belonging
to different geographical groups in the size as well as
proportions of the skull. This study ascertained the
somewhat smaller size of the brown bears belonging to
Southern group, which has already pointed out by the
preceding investigators (Tab. 2). Thus, the mean of the
skull condylobasal length in the males from Southern
group (334.2 mm, n=18) was markedly smaller than in
males from Central group (342.8 mm, n=11) and Eastern
group (342.6 mm, n=9). The two latter groups are
similar in this dimension.

The multiple discriminant function analysis fulfilled
on the basis of 27 skull measurements has indicated a
distinct isolation for males belonging to Eastern group
(Fig. 6), statistically well distinguishing this group from
two other groups (P<0.0004). The brown bears from

Eastern group seem to have broader skulls, since they
are isolated by the first canonical variate Root 1, which
discriminates the greatest neurocranium breadth, great-
est mastoid breadth, and least breadth between the orbits
(84% of skull variation). The Southern and Central male
groups are quite similar.

Lectotype of U. a. yesoensis (NHM 86.11.18.2) is
placed by the discriminant analysis into Eastern group,
whereas the paralectotype (NHM 96.4.27.1) is sorted by
the analysis into Southern group.

The result based on the analysis of females is differ-
ent: the reliable distinction has revealed between South-
ern and Central groups (P< 0.003) as well as that
between Central and Eastern groups (P< 0.09). Brown
bears from Southern and Central female groups were
divided by the first canonical variate Root 1, which
discriminates skull height, condylobasal length, least
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Table 2. Male skull sizes in geographical groups of Ursus arctos ferox.
Measurements, Southern group Central group Eastern group
mm n min max M SD n min max M SD n min max M SD
1 18 | 341.9 | 395.0 |363.77| 13.75 | 12 | 340.0 | 400.0 |357.42| 19.09 [ 9 | 325.0 | 393.9 [361.83( 20.56
2 18 | 310.1 | 382.0 |334.23| 17.23 | 11 | 320.0 | 367.0 |342.78| 16.50 [ 9 | 315.0 | 366.5 [342.65( 14.79
3 16 | 293.3 | 362.0 |314.49| 17.06 | 11 | 291.0 | 345.0 |319.74| 18.35 [ 8 | 297.0 | 330.1 [319.27( 12.50
4 18 | 193.5 | 226.0 |206.54| 9.07 | 12 | 186.7 | 236.3 |207.54| 14.93 | 9 | 185.1 | 224.5 [203.64( 12.85
5 24 | 162.0 | 201.6 [183.88( 9.88 [ 13 | 170.4 | 220.0 [189.52| 13.90 [ 9 | 164.1 | 209.3 |183.96] 12.85
6 24 | 122.2 | 158.7 | 137.99| 836 | 12 | 126.6 | 158.8 | 140.36| 9.66 [ 9 | 123.6 [ 156.1 [138.80( 8.94
7 22 | 154.6 | 208.8 [177.32| 11.71 | 12 | 168.6 | 197.9 [183.38( 8.60 | 9 | 168.1 | 197.3 |180.58| 8.96
8 24 | 112.4 | 138.9 12695 7.13 | 13 | 118.4 | 137.1 [127.91( 6.01 | 9 | 118.3 | 134.9 |126.69| 5.02
9 24 | 68.7 | 83.3 [ 7393 [ 329 [ 13| 66.8 | 82.5 [ 7432 513 | 9 | 67.8 | 74.9 | 72.15 | 2.48
10 21 | 169.8 | 256.6 |1210.29] 20.37 | 13 | 175.3 | 253.6 |214.31| 2294 | 9 | 184.2 | 248.6 [213.14( 20.85
11 18 ] 96.1 | 110.3 |101.12| 3.60 | 12| 98.1 | 104.5 |101.36( 2.04 [ 9 | 102.3 [ 107.6 [104.89( 1.69
12 20| 69.2 | 85.4 7522 399 (12| 66.3 | 83.2 [ 7446 | 451 | 8 | 73.5 | 8.0 | 77.85 | 291
13 23 |1 59.7 | 92.4 | 76.64 | 805 | 13| 725 | 94.6 | 81.48 | 6.62 [ 9 | 659 [ 89.1 [ 7847 | 7.64
14 16 | 644 | 76.6 | 70.95 | 3.19 | 11 | 673 | 759 | 72.43 | 285 [ 8 | 68.3 | 78.7 | 73.17 | 3.22
15 18 | 149.8 | 190.0 |170.32| 11.48 | 13 | 140.7 | 195.0 | 174.80| 16.39 [ 8 | 140.7 | 191.8 [165.40( 20.02
16 21 | 403 | 54.7 | 4694 [ 3.65 [ 11 | 44.1 | 553 (4815 3.18 | 9 | 44.6 | 51.1 | 47.67 | 2.13
17 24 | 774 | 90.7 | 8415 | 3.74 [ 13 | 745 | 95.5 [ 8521 ( 487 | 9 | 80.3 | 94.0 | 87.89 | 4.39
18 24 | 67.6 | 91.6 | 7799 [ 633 [ 13| 72.9 | 89.3 [ 8035 4.11 | 9 | 75.6 | 87.8 | 81.14 | 4.83
19 24 | 403 | 545 (4798 [ 399 [ 13| 42.6 | 57.1 [ 4881 | 3.78 | 9 | 43.4 | 53.1 | 49.94 | 2.85
20 16 | 96.9 | 124.4 |1103.31| 7.13 11 95.9 | 116.3 [104.72| 6.99 8 94.1 111.9 |1 102.6 | 6.76
21 23 [ 209.5 | 268.8 [236.53( 12.89 | 13 | 221.9 | 253.3 |240.84| 10.39 | 9 | 218.8 | 261.3 [238.91( 14.06
22 23 | 209.7 | 276.5 [239.52 13.69 | 13 | 225.1 | 256.5 [243.55( 9.31 | 8 [ 217.9 | 259.1 |239.95] 13.76
23 24 | 128.3 | 159.8 [144.22( 7.74 | 13 | 139.1 | 154.4 [147.69( 4.73 | 9 | 136.1 | 153.8 |144.91| 6.47
24 24 | 759 | 98.5 | 81.87 [ 440 [ 13| 749 | 89.3 [ 82.11 | 405 | 9 | 67.7 | 8.3 | 79.67 | 535
25 23 | 89.8 | 120.0 [107.40( 7.05 | 13 | 101.2 [ 119.4 [111.59( 6.28 | 9 | 99.4 | 124.9 |110.33| 8.39
26 24 | 377 | 62.0 | 4486 | 480 | 13| 41.0 | 52.1 | 4581 | 3.57 | 8 | 41.3 | 53.7 [ 47.24 | 474
27 24 | 38.7 | 53.4 4287 | 322 [ 13| 37.8 | 50.7 [ 4446 | 3.82 | 9 | 42.4 | 48.7 | 4454 | 2.12

palatal breadth, and greatest mastoid breadth (60% of
skull variation). No difference has been recorded be-
tween Eastern and Southern groups. However, the East-
ern female sample includes only two specimens, which
reduces the reliability of the obtained results.

The males of Eastern group are characterized by the
relatively smaller cheek teeth. It resulted from the ratio
between the length of the upper tooth row P4-M2 and
condylobasal length of skull. This ratio constitutes in the
average 21.1% for males belonging to Eastern group,
whereas it was calculated as 21.7% for males from
Central group and 22.1% for males from Southern
group. This variation in the cheek tooth size may be
associated with the geographical differences in the diet
of the brown bear from Hokkaido. Presumably, animals
from Eastern group consume more salmon fish (genus
Oncorhynchus) as well as marine garbage. This hypoth-

esis is ascertained by the comparatively small size of
cheek teeth in very large brown bears of Kamchatka,
which predominantly consume fish (male tooth index is
20.4%,n=52). On the contrary, the bears from Southern
group are mainly herbivores and, as a result, possess
enlarged masticatory surface of their cheek teeth.

The discriminant function analysis based on the
cheek tooth dimensions revealed the reliable difference
between three male geographical samples of the brown
bear of Hokkaido. The Eastern group is most isolated
(P<0.003), the difference between Southern and Central
groups being less pronounced (P< 0.018). However,
Southern and Central female samples are more reliably
segregated by the cheek tooth measurements (P<0.0007).

The average skull condilobasal length in the males of
U. a. ferox (339.16 mm, n=41) is markedly lower than that
in males from Amur River basin and Shantarskie Islands
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(377.72 mm, n=14) as well as from Kamchatka (370.88
mm, n=52). At the same time, this parameter is some-
what exceed that in the representatives of U. a. arctos
from the European Russia (332.21 mm, n=24) and from
Yakutia and Anadyr’ River basin (329.60 mm, n=19).

The craniometrical comparison of the brown bears
from Hokkaido and Sakhalin has demonstrated their
clear heterogeneity in the skull size as well as in cheek
tooth dimensions. In the males from Sakhalin, the aver-
age condylobasal length (370.34 mm, n=7) markedly
exceeds that in the bears from Hokkaido. The ratio
between the length of the upper tooth row P4-M2 and
condylobasal length in Sakhalin bear (20.5%) appeared
to be similar to that in the brown bears from with
Kamchatka. At the same time, this index is markedly
lower as compared to those calculated for geographic
groups of U. a. ferox.

The cluster analysis based on 27 skull measurements
of U. arctos from Eurasia united the samples examined
into 3 clusters (Fig. 7). The first cluster comprises brown
bears from Kamchatka (U. a. piscator) as well as from
Amur River basin, Shantarskie Islands and Sakhalin (U.
a. beringianus). Another cluster incorporated brown
bears from Northern Eurasia (U. a. arctos) and Southern
Siberia (U. a. collaris); no pronounced difference was

found between these subspecies. The analysis has also
revealed remarkable similarity between the samples
from European Russia and Northeastern Siberia that
confirmed their assignment to the nominotypical sub-
species. The third cluster included all the groups of the
brown bear from Hokkaido (U. a. ferox). A level of
differentiation of Eastern group and other two geograph-
ical groups from Hokkaido corresponds to that between
populations of U. a. beringianus from the mainland and
Sakhalin, while the level of differentiation between
Central group and Southern group coincides with sub-
specific difference between U. a. arctos and U. a.
collaris.

The second cluster analysis based on 30 tooth dimen-
sions for the Eurasian samples of U. arctos provided a
rather different result (Fig. 8). The subspecies U. a.
piscator, using the comparatively smallest teeth, occu-
pies an isolated position. U. a. arctos (European Russia)
and U. a. beringianus (Amur River basin and Shantar-
skie Islands) are united into a single cluster, whereas the
subspecies U. a. ferox constituted ones more cluster.
Hokkaido brown bears belonging to Eastern group were
remote on the dendrogram from the bears from other two
geographical groups on the same distance as subspecies
U. a. beringianus and U. a. arctos.
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Figure 7. Hierarchical tree plot for male skulls of U. arctos ferox according to squared Mahalanobis distances.
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Figure 8. Hierarchical tree plot for male cheek teeth of U. arctos ferox according to squared Mahalanobis distances.
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Discussion and conclusion

The morphometrical test of the phylogeographical
patterns of the modern population of Hokkaido brown
bears based on mtDNA control region sequences (Mat-
suhashi et al., 1999) revealed the considerable isolation
of the bears from Eastern group. The males belonging to
Central group and Southern group appeared to be mor-
phometrically similar; however, females ofthese groups
demonstrated reliable distinction. Therefore the differ-
ence between geographically separated female samples
is more pronounced than that between male samples.
This phenomenon may be explained by the smaller size
ofthe female home range with respect to that of the male
home range in Hokkaido (Mano, 1994), thus females
may more rarely mix with the adjacent populations.

It should be mentioned that the genetic evidence
divided more distantly bears of Southern group (Cluster
C) from other two groups (Matsuhashiet al., 1999). This
discrepancy with the results of the present analysis
suggests that the size and proportions of the skull and
cheek teeth are determined in each group by the local
adaptations: the bear diet, environmental conditions,
and size of the population territories and their isolation.
Southern group and Central group demonstrate more
pronounced morphological similarity because of their
representatives subjected less adaptive selection than
brown bears of Eastern group.

The bears of three genetic lineages of U. arctos
might originate in the mainland and immigrate then to
Hokkaido through Sakhalin using land bridges formed
in the last glaciation, when the ocean level regressed
(Matsuhashi ez al., 1999). Judging from the pattern of
their modern distribution, brown bears belonging to
Southern and Eastern groups first immigrated to Hok-
kaido. Their followers from Central group forced out the
bears of Southern and Eastern groups correspondingly
to the southern and eastern peripheries of the island. The
bears from Eastern group are established to have subspe-
cific level of differentiation. In fact, mtDNA lineage of
Eastern group is the same as that of eastern Alaskan
brown bears (Matsuhashiez al.,2001). A morphological
differentiation of Eastern group was supported by the
genetic features.

Our study revealed that recent brown bears in Sakha-
lin are craniometrically well distinguished from the
animals in Hokkaido. It may be a result of the rapid
morphometrical modification of skull and dentition in
the Hokkaido brown bears as well as the postglacial
colonization of Sakhalin by new animals from Siberia.
Notably, the brown bears, inhabiting Schmidt Peninsula
located in the north extremity of Sakhalin, are smaller
than bears from other parts of the island (Vshivtsev,
1972). In addition, the subfossil skull from Mishutkina
Cave (ZIN 35281) in Eastern-Sakhalinskie Mountains is
similar to the male skulls from Schmidt Peninsula in the
condilobasal length (354 mm). These data suggest the
wider former distribution of smaller bears in Sakhalin,
with their later forcing out to the north of the island by
larger mainland immigrants.

Fragmentary paleontological material available from
the territory of Yakutia testifies occurrence there in the
Middle and Late Pleistocene ofU. arctos of the large and
medium size (Baryshnikov & Boeskorov, 1998). The
formation of the extremely severe environmental condi-
tions of the last glaciation resulted in the deterioration of
forage reserve for brown bears had led to the appearance
in the north of Siberia of smaller bears belonging to the
nominotypical subspecies. Larger animals preserved in
the regions, which are reach in the anadrom salmons
(Kamchatka, Sakhalin) or characterizing in the abun-
dant vegetation (Amur River basin). Notably, the largest
and most broad-faced brown bears (U. a. piscator, U. a.
middendorffi) confined to the Northern Pacific, exactly
to the places spawning of the most robust species of the
genusOncorhynchus (O. nerka, O. tschawytscha) (Cher-
niavsky & Kretchmar, 2001).

Summarizing, our investigation testifies morphometri-
cal distinction of the genetic lineages of Hokkaido brown
bears established previously on the basis of sequencing of
mtDNA. Our analysis indicated that the brown bears from
Hokkaido and southern Kuril Islands belong to the subspe-
cies U. arctos ferox, which is morphometrically well
distinguished from other brown bear subspecies inhabit-
ing the region of the Okhotsk Sea. The distribution of all
the regional subspecies is shown in the Fig. 9.

200 km

U. a./fero 7.

Figure 9. Distribution of subspecies of Ursus arctos in Okhotsk
Sea region.
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