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Abstract—The structure of the first upper molar (M1) of the brown bear (Ursus arctos) and he polar bear
(U. maritimus) was studied. Seven features of polymorphism were identified, and descriptions were given. The
M1 in the mainland populations of U. arctos displays no high morphological variability, whereas the popula-
tions of U. arctos from Hokkaido are distinguished by a large number of rare morphotypes and a greater com-
plexity. In general, the M1 in brown bears and polar bears is not a highly variable tooth character compared
to the incisors and premolars. In evolutionary terms, variations in the M1 structure are rather weak in the
genus Ursus. The brown bear is shown to be reliably distinguished from the polar bear based on the M1 struc-
ture. The polar bear teeth vary in a peculiar way that does not coincide with the traditional scenario of tooth
change in hypercarnivorous predators. Ursus arctos has a large number of progressive features in the structure
of M1, while M1 in U. maritimus combines both progressive and primitive traits, as well as some features char-

acteristic of only this species.
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INTRODUCTION

This publication is a continuation of the work on
the study of the variability of teeth in brown bears
(Ursus arctos (L. 1758)) and polar bears (U. maritimus
(Phipps 1774)). Earlier, the results of a study on the
variability of incisors and fourth premolars in these
species were published (Gimranov and Kosintsev,
2017; Gimranov, 2018). In this work, attention will be
paid to the upper first molar (M1). To date, the vari-
ability of qualitative dental traits in the order of carniv-
orous mammals Carnivora has been described in some
representatives of the families Canidae (Szuma, 2007,
2011; Tedford et al., 2009), Mustelidae (Wolsan, 1988,
1989), and Felidae (Sotnikova and Nikolskiy, 2006).
There are few works that describe the variability of
dental characteristics in representatives of the family
Ursidae (Rabeder, 1999; Baryshnikov, 2007). There
are no statistical data on the structure of teeth of mod-
ern brown bears and polar bears. Of all the elements of
the skeleton, teeth are most often preserved intact in
the deposits from the Quaternary. Without studying
the structural features of the teeth of modern taxa, it is
impossible to interpret the changes in dental structures
that occurred on a geological time scale. More details
on the relevance of research and the choice of brown
bears and polar bears in the study of the variability of
the teeth of carnivorous mammals can be found in our

previous work (Gimranov and Kosintsev, 2017). There
is also a review of the sources on the problem of tooth
variability in representatives of the genus Ursus. The
objectives of this study include a description of the
dental features of the upper first molar (M1), compi-
lation of morphotypical schemes, calculation of the
index of complexity of the tooth crown, and descrip-
tion of specific diagnostic features.

MATERIALS AND METHODS

The craniological collections of the Zoological
Museum, Moscow State University (Moscow); the
Zoological Institute, Russian Academy of Sciences
(St. Petersburg); the Museum of the Institute of Eco-
nomics and Life, Ural Branch, Russian Academy of
Sciences; the Zoological Museum of Tomsk State
University; the collection funds of the Institute of
Economics and Life, Siberian Branch, Russian Acad-
emy of Sciences; the Hokkaido University Museum
(Sapporo, Japan); the Hokkaido Museum (Sapporo,
Japan); the Department of Archeology, University of
Tokyo (Tokoro, Japan); and the Shiretoko Museum
(Shari, Japan) were studied. The geographical distri-
bution of the studied samples of bears is given in the
work on the variability of incisors (Gimranov and
Kosintsev, 2017).
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The localities of the studied individuals (skulls) of
the brown bear were combined into large samples.
Mountainous Caucasus: Republic of Azerbaijan (n = 3),
Georgia (n = 2), Republic of Abkhazia (n = 2),
Republic of Dagestan (n = 3), Karachai-Cherkess
Republic (n = 3), Republic of North Ossetia—Alania
(n = 16), Chechen Republic (n = 2); the plain Cauca-
sus: the Republic of Adygea (n = 55), Krasnodar krai
(n = 8); center of the European part of Russia:
Kostroma oblast (n = 4), Moscow oblast (n = 1),
Smolensk oblast (n = 4), Tver oblast (n = 6), Yaroslavl
oblast (n = 1); Northern European part of Russia:
Arkhangelsk oblast (n = 5), Vologda oblast (n = 11),
Leningrad oblast (n = 38), Murmansk oblast (n = 5),
Novgorod oblast (n = 14), Pskov oblast (n = 8),
Republic of Karelia (» = 3); Southern Urals: Republic
of Bashkortostan (# = 10), Orenburg oblast (n = 1);
Northern and middle Urals: Komi (n = 31); Sverd-
lovsk oblast (n = 18); Perm oblast (n = 3), Tyumen
oblast (n = 3), Khanty-Mansi Autonomous Okrug
(n = 3), Yamalo-Nenets Autonomous Okrug (n = 1),
Northern Urals without exact locality (n = 11); West-
ern Siberia: Novosibirsk oblast (# = 3), Tomsk oblast
(n = 22), Tyumen oblast (n = 29); Altai: Republic of
Altai (n = 19); Baikal region: Irkutsk oblast (n = 16);
Central Siberia: Krasnoyarsk krai (n = 22); Eastern
Siberia: Republic of Sakha (» = 9), Magadan oblast
(n = 3), Chukotka Autonomous Okrug (n = 2); Pri-
morye: Primorskii krai (» = 16); Kamchatka: Kam-
chatka krai (# = 115); islands of the Far East: Sakhalin
oblast (n = 10); Japan: western part of Hokkaido (n = 40),
central part of Hokkaido (n = 55), eastern part of Hok-
kaido (n = 56), no exact locality of Hokkaido (n = 27).
The total sample by species is 719 individuals. The total
number of the teeth studied is 1398 specimens.

The localities and number of the studied individu-
als (skulls) of the polar bear: the Yamal group includes
specimens from the Arkhangelsk oblast (n = 27) and
the Yamalo-Nenets Autonomous Okrug (n = 18); the
Taimyr group consists of specimens collected from the
northern part of Krasnoyarsk krai (n = 69); the “Sibe-
ria (northeast)” group includes specimens from the
northern part of the Republic of Sakha (» = 26) and
from the Chukotka Autonomous Okrug (n = 58); and
the “Arctic Ocean” group consists of specimens that
do not have exact localities (n = 32). The total sample
by species is 230 individuals. The total number of the
teeth studied is 458 specimens.

The characteristics of the selected morphotypes are
given in Table 1. When describing M1 morphotypes,
we studied the shape of the base of the buccal part of
the tooth crown, the presence of para- and metastyles
(Fig. 1a), the presence of proto- and post-
metaconules (Fig. 1b), the presence of the ent-
metaconule (Fig. 1¢), and the development of the lin-
gual cingulum (Fig. 1d). When describing the struc-
ture of the M1 crown, most of the feature names were
used according to Rabeder (Rabeder et al., 2009), with
some modifications regarding entmetaconulus (entMec)
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according to Jiangzuo (Jiangzuo et al., 2019) and
metaconulus (Mec) (personal communication of
Qigao Jiangzuo), as well as the author’s additions con-
cerning the protoconul (Prc) and postmetaconul
(postMec). The complexity index was calculated
based on the frequency of occurrence of simple and
complex morphotypes (Rabeder, 1999). The value of
the factor for each morphotype is given in Table 1. The
samples were not separated by sex. In our previous
works, we analyzed premolars in brown bear individu-
als with a known sex in order to assess the degree of
manifestation of sexual dimorphism in the frequencies
of morphotypes (Gimranov, 2018). It was shown that
there are no statistically significant differences
between males and females. The samples from the
Hokkaido Island were grouped according to the
groups identified on the basis of molecular genetic
data (Hirata et al., 2013). Statistical assessment of dif-
ferences in the proportions of morphotypes between
the mainland and island populations of the brown
bear, as well as between two species of bears, was car-
ried out using the ? test. The % values were calculated
using the PAST package (Hammer et al., 2001). Skulls
of brown bears and polar bears with different morpho-
types of the right and left teeth were not found during
this study.

RESULTS

The morphotypes of the buccal (paracone—
metacone) section of M1. In all populations of U. arctos,
the B3 morphotype is significantly dominant (Table 2).
In the brown bears of the Caucasus, the European part
of Russia, and the Urals, morphotypes Bl and B2
(2.9—7.9%) are found, which are absent in the individ-
uals from the Asian part of Russia, except for one case
in Altai. In the European part of Russia, morphotype C
is rare in brown bears (1.6—6.0%), while in the Asian
part its values are rather high (9.3—25.0%). However,
in the population of U. arctos inhabiting Kamchatka,
the C morphotype was encountered once (0.9%). In
Hokkaido, all the brown bear teeth studied show the
B3 morphotype, with the exception of one case in
western Hokkaido. Therefore, no significant statistical
differences in the frequencies of M1 buccal morpho-
types were found between the samples of brown bears
from the mainland and Hokkaido Island (Table 3). In
U. maritimus, the dominant morphotypes are A3
(77.3%). Significant differences were found between
brown bears and polar bears (Table 3). Note that, in
the samples of U. maritimus from Yamal and north-
eastern Siberia, the A2 morphotype (13.3—15.4%)
prevails over the Al morphotype (2.2—7.7%). Polar
bears from the Taimyr Peninsula have an inverse ratio
of rare morphotypes: Al (11.6%) prevails over A2
(4.3%). The differences between the polar bear sam-
ples are not significant.

The morphotypes of the lingual (protoconal) section
of M 1. In all representative samples of the brown bear,
BIOLOGY BULLETIN  Vol. 49

No.7 2022



MORPHOTYPIC CHARACTERISTICS OF THE FIRST MOLAR (M1) 963

Table 1. Characteristics of the isolated M1 morphotypes of brown bears and polar bears

Tooth part Morphotype | Factor Characteristics of morphotype
Al ) The buccal side of the crown between the paracone (Pa) and the metacone
(Me) has a deep incision, a parastyle is present (Pas)
A2 2 The buccal side of the crown has a deep notch, a metastyle is present (Mes)
A3 3 The buccal side of the crown has a deep incision, a parastyle and a metastyle
are present
. On the buccal side of the crown, between the paracone and the metacone, the
Buccal section B1 2 . .
notch is weak or absent, and a parastyle is present
(paracone—metacone)
B2 ) On the buccal side of the crown, the notch is weak or absent, a metastyle is
present
B3 3 On the buccal side of the crown, the notch is weak or absent, the parastyle
and metastyle are present
C 4 On the buccal side of the crown, between the paracone and the metacone,
there is a protrusion; a parastyle and metastyle are present
Al 3 A protocone (Pr), mesocone (Mes), and metaconule (Mec) are present
A2 4 A protoconule, mesoconule, metaconule, and protoconule (Prc) are present
Lingual (protoconal) A3 4 A protocone, amesocone, ametaconule, and postmetaconule (postMec) are
present
Ad 5 A protoconule, mesoconule, metaconule, protoconule, and postmetaconule
are present
Al I On the distal part of the tooth, the platform (or basin) of the entmetaconule
Distal (entMec) is not expressed
(Entmetaconule) . . .
A2 ) On the distal part of the tooth, the platform (or basin) of the entmetaconule is
well developed
1 1 The lingual cingulum (Cinl) is present under the mesocone
) L5 The lingual cingulum is present under the mesocone and slightly extends
"~ | beyond the mesocone
Lingual cingulum 3 ) The lingual cingulum is present under the mesocone and develops at the base
. . of the protocone or metaconule
(in points)
4 )5 The lingual cingulum is present under the mesocone and develops at the base
"~ | of the protocone and metaconule
5 3 The lingual cingulum is complete: it extends into the anterior and posterior
part of the tooth

The factor is an indicator of the complexity of the crown of the tooth, or Factor, according to Rabeder (1999).
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Fig. 1. M1 morphotypes of brown bears and polar bears (see Table 1 for the names of tooth elements): (a) buccal section
(paracone—metacone), (b) lingual section (protoconule), (c) distal section (entmetaconule), and (d) lingual cingulum (in

points).

Al is the dominant morphotype (76.3—95.7%). Rare
morphotypes A2 and A3 (4.1 and 8.4%) do not have a
pronounced geographical pattern in the frequency dis-
tribution (Table 4). Only in U. arctos, which lives in the
north of the European part of Russia, was the A4 mor-
photype found (0.3%). The brown bear populations
living on the island of Hokkaido do not show clear dif-
ferences in the frequencies of the identified morpho-
types. At the same time, island bears noticeably differ
from mainland bears in the frequent presence of the
A3 morphotype (15.6—29.7%) and the rare occur-
rence of the A2 and A4 morphotypes (0.7% each).
Despite this, no significant statistical differences in
the frequencies of the M1 lingual morphotypes
between the Hokkaido brown bear and the mainland
brown bear were found (Table 3). The morphotypic
diversity in U. maritimus is lower than in U. arctos. Sig-
nificant differences were found between the brown
bears and the polar bears (Table 3). In the polar bear,
only the Al and A2 morphotypes were found, of which
the A2 morphotype dominates significantly (73.8—
86.7%). The frequency of occurrence of the A2 mor-
photype ranges from 13.3 to 26.2% (Table 4). The

samples of U. maritimus are quite similar to each other,
and no significant statistical differences were found
between them.

The morphotypes of the distal (entmetaconule) sec-
tion of M 1. In the brown bear, a fairly close ratio of the
frequencies of morphotypes of the distal section is
observed; the A2 morphotype is dominant in almost
all samples (Table 4). An exception is the sample of
bears from the Urals, where the A1 morphotype dom-
inates (74.6%). The brown bears from the island of
Hokkaido differ from mainland brown bears in the
almost complete dominance of the A2 morphotype
(98.9%). The Al morphotype was found in only two
cases. Therefore, according to the structure of the dis-
tal part of M1, the populations of U. arctos inhabiting
the island of Hokkaido differ significantly from other
populations (Table 3). In U. maritimus, the A2 mor-
photype was not found (Table 4). Significant statistical
differences were obtained between the brown bear and
the polar bear in terms of the frequency of occurrence
of the discussed morphotypes (Table 3).

The degree of development of the lingual cingulum of
M1. In the mainland populations of the brown bear,
BIOLOGY BULLETIN  Vol. 49
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Table 2. The number and frequency of morphotypes of the buccal (paracone—metacone) section of M 1
Morphotypes
Species Geographical region N
Al A2 A3 Bl B2 B3 C
. n 0 0 0 0 0 31 0
Mountainous Caucasus 31
% 0.0 0.0 0.0 0.0 0.0 100.0 0.0
. n 0 0 0 5 0 57 1
Plain Caucasus 63
% 0.0 0.0 0.0 7.9 0.0 90.5 1.6
. n 0 0 0 0 0 16 0
Central European part of Russia 16
% 0.0 0.0 0.0 0.0 0.0 100.0 0.0
Northern E rtofRussia | " | 0 0 > ! 7 > | g4
orthern European part of Russia
peanp % | 00 | 00 | 00 | 60 | 12 | 8.8 | 60
) n 0 0 0 2 0 68 0
Middle and Northern Urals 70
% 0.0 0.0 0.0 2.9 0.0 97.1 0.0
Southern Urals n 0 0 0 0 0 11 0 11
L n 0 0 0 0 0 49 5
Western Siberia 54
% 0.0 0.0 0.0 0.0 0.0 90.7 9.3
. n 0 0 0 0 0 14 5
Altai 19
% 0.0 0.0 0.0 0.0 0.0 73.7 26.3
o n 0 0 0 0 0 19 3
Central Siberia 22
% 0.0 0.0 0.0 0.0 0.0 86.4 13.6
Yakutia n 0 0 0 1 0 8 0 9
L n 0 0 0 0 0 14 2
] Southeastern Siberia 16
5 % 0.0 0.0 0.0 0.0 0.0 87.5 12.5
S _ n 0 0 0 0 0 12 4
S Primorye 16
% 0.0 0.0 0.0 0.0 0.0 75.0 25.0
Islands of the Far East n 0 0 0 0 10 0 10
n 0 0 0 0 114 1
Kamchatka 115
% 0.0 0.0 0.0 0.0 0.0 99.1 0.9
Northern part of the Far East n 0 0 0 0 0 5 0 5
n 0 0 0 13 1 504 26
Total: 544
% 0.0 0.0 0.0 2.4 0.2 92.6 4.8
. n 0 0 0 1 0 39 0
Hokkaido Island (west) 40
% 0 0 0 2.5 0 97.5 0
. n 0 0 0 0 0 55 0
Hokkaido Island (center) 55
% 0 0 0 0 0 100.0 0
. n 0 0 0 0 0 56 0
Hokkaido Island (east) 56
% 0 0 0 0 0 100.0 0
. n 0 0 0 0 0 26 0
Hokkaido Island* 26
% 0 0 0 0 0 100.0 0
n 0 0 0 1 0 176 0
Total: 177
% 0.0 0.0 0.0 0.6 0.0 99.4 0.0
. n 0 0 0 14 1 680 26
Total for species: 721
% 0.0 0.0 0.0 1.9 0.1 94.4 3.6
BIOLOGY BULLETIN  Vol.49 No.7 2022
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Table 2. (Contd.)
Morphotypes
Species Geographical region N
Al A2 A3 Bl B2 B3 C
n 1 6 35 0 2 1 0
Yamal 45
% 2.2 13.3 77.9 0.0 4.4 2.2 0.0
) n 8 3 56 0 0 2 0
Taimyr 69
2 % | 11.6 4.3 81.2 0.0 0.0 2.9 0.0
£ .l 6 12 55 I 0 q 0
S Siberia (northeast) 78
§ % 7.7 15.4 70.5 1.3 0.0 5.1 0.0
S n 3 2 27 0 0 0 0
Arctic Ocean* 32
% 9.4 6.3 84.3 0.0 0.0 0.0 0.0
n | 18 23 173 1 2 7 0
Total for species: 224
% 8.0 10.3 77.3 0.4 0.9 3.1 0.0

* The locality is not specified; N and n are the number of instances.

Table 3. Statistical level of differences between the frequencies of M1 morphotypes in bears, assessment by the criterion X2

Tooth section Species x2 P df N
U. arctos (mainland*) 544
6.34 0.0964 3
Buccal U. arctos (Hokkaido Island) 177
(paracone—metacone)| {/. arctos 721
185.97 <0.0001 6
U. maritimus 224
U. arctos (mainland) 392
8.11 0.0439 3
Lingual U. arctos (Hokkaido Island) 147
(protoconal) U. arctos 539
124.08 <0.0001 3
U. maritimus 224
U. arctos (mainland) 447
) 58.64 <0.0001 1
Distal U. arctos (Hokkaido Island) 175
(Entmetaconule) U. arctos 622
97.26 <0.0001 1
U. maritimus 230
U. arctos (mainland) 511
20.18 0.0005 4
Lingual cingulum U. arctos (Hokkaido Island) 167
(in points) U. arctos 678
81.35 <0.0001 4
U. maritimus 230

* The “mainland” group also includes a sample of the brown bear from the islands of the Far East.

no geographical pattern was found in the structure of
the lingual cingulum (Table 4). The cingulums with a
development of two and three points dominate: in
some regions, teeth with a poorly developed cingulum
are more common (two points), in other regions there
are more individuals with a moderately developed cin-
gulum (three points). Cingulums with a development
of one and four points are rare. A well-developed cin-
gulum of five points was noted in three cases of U. arc-

tos only in the Urals. In general, the island populations
of the brown bear have the most commonly encoun-
tered, most poorly developed lingual cingulum (one
point). A similar structure of the cingulum is domi-
nant in the populations of the central part of Hokkaido
(39.2%). The bears from the eastern part of the island
have specific features: only they have a developed form
of the lingual cingulum, corresponding to four points.
Significant statistical differences were obtained

BIOLOGY BULLETIN  Vol. 49
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Fig. 2. The level of complexity of M1 in the samples of the brown bear and the polar bear. Brown bear: (/) Mountainous Cauca-
sus, (2) Plain Caucasus, (3) Northern European part of Russia, (4) Central European part of Russia, (5) Northern and middle
Urals, (6) Western Siberia, (7) Altai, (§) Kamchatka, (9) Primorye , (1/0) Hokkaido Island (west), (/7) Hokkaido Island (center),
(12) Hokkaido Island (east), (/3) Hokkaido Island (no exact locality). Polar bear: (/4) Yamal, (/5) Taimyr, (/6) Siberia (north-

east), (17) Arctic Ocean (no exact locality).

between the samples of brown bears from the main-
land and from the island of Hokkaido at the level of
p = 0.0005 (Table 3). Significant statistical differences
were found between the samples of brown bears and
polar bears (Table 3). In the polar bear, the most
poorly developed lingual cingulum (one point) is the
most common. It should be noted that the polar bears
of Yamal have a high frequency of occurrence (42.2%)
of a poorly developed lingual cingulum (two points),
while in other samples this figure is lower (23.8—
28.1%). The lingual cingulum of an average degree of
development (three points) was noted only in the pop-
ulations of U. maritimus living in northeastern Siberia
and in populations without a precisely established
locality. The differences between the polar bear sam-
ples are not significant.

Complexity of teeth. As the description of morpho-
types, the characteristics of their complexity are given
separately for each part of M1 (Table 5, Fig. 2). The
buccal and lingual sections of M1 in mainland brown
bears appear approximately equally complicated in all
the samples studied. We can note very low rates of
complexity in the Altai group, which may be due to the
small sample size. The most complicated is the buccal
section of M1 in the populations of brown bears in Pri-
morye and Western Siberia, the lingual section in the
populations of bears in Western Siberia and the
Northern European part of Russia, and the distal sec-
tion in bears inhabiting Altai and Western Siberia. The
lingual cingulum is the most complicated in brown
bears in central Russia and Kamchatka. The structure
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of the M1 crown in mainland brown bears is rather
similar. However, the populations of the brown bear
from the island of Hokkaido differ significantly from
the mainland animals by an increase in the complexity
of all parts of the tooth. Inside the island, bears living
in the western and eastern parts of the island have the
most complicated M1 (Table 5, Fig. 2). In the polar
bear, there are no significant differences in the struc-
ture of M1 between the samples either. Note that this
species has the highest degree of complexity of the lin-
gual section. The buccal section of M1 is generally less
complicated than in brown bears. The complexity of
the distal section in polar bears is comparable to that
of brown bears from the island of Hokkaido. U. mari-
timus has the least degree of development (complexity)
of the M1 lingual cingulum among all samples studied
(Table 5, Fig. 2).

DISCUSSION

The brown bear. Previously, we managed to estab-
lish some geographical pattern in the variability of the
structure of the crowns of incisors and fourth premo-
lars (P4 and p4) in U. arctos (Gimranov and Kosintsev,
2017; Gimranov, 2018). The structure of the M1
crown in mainland brown bears is quite similar. How-
ever, the populations of the brown bear from the island
of Hokkaido differ significantly from the mainland
animals by an increase in the complexity of all parts of
the tooth. It can be concluded that M1 in the brown
bear is a slightly variable tooth compared to incisors
and premolars (Gimranov and Kosintsev, 2017; Gim-
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ranov, 2018). There are more variable features on M1
than on incisors and premolars, so there is an impres-
sion of its (M1) sufficient variability. However, each
individual trait exhibits weak variability in the samples
studied. The brown bear can be reliably differentiated
from the polar bear based on the structure of M 1. Dif-
ferentiating features are the absence of a protoconulus,
the presence of an entmetaconulus, and a developed
lingual cingulum. The brown bear can be reliably dis-
tinguished from the polar bear by the structure of the
buccal part of M1, namely, by the absence of a deep
notch between the paracone and the metacone.

The polar bear. In the polar bear, there are no sig-
nificant differences in the structure of M 1 between the
samples. It can be concluded that M1 in the polar
bear, as well as in the brown bear, is a slightly variable
tooth compared to incisors and premolars (Gimranov
and Kosintsev, 2017; Gimranov, 2018). The polar bear
can be reliably differentiated from the brown bear
based on the structure of M 1. The differentiating fea-
tures are the presence of a protoconulus, the absence
of an entmetaconulus, and a very weak (in this case,
reduction) lingual cingulum. Furthermore, the polar
bear can be reliably distinguished from the brown bear
by the structure of the buccal part of M1, namely, by
the deep notch between the paracone and the
metacone.

The polar bear separated from the common branch
with brown bears relatively recently (Hailer et al.,
2012; Bidon et al., 2014), but in a short time acquired
a large number of unique adaptations, including the
reduction of the dental system (Baryshnikov, 2007;
Slater et al., 2010). The rapid adaptation of the teeth of
U. maritimus during the transition to a completely
predatory lifestyle is also evidenced by previously
obtained data (Gimranov, 2018): P4 acquires a pierc-
ing predatory appearance with one or two apexes (loss
of the protocone as the main pressing eclement,
increase in the cutting function of the tooth). As in P4
(Gimranov, 2018), in M1 the styles are located in one
line with the main tubercles (paracone and
metacone). It can be assumed that styles lengthen the
main blade of the tooth and are involved in the process
of cutting food. However, this conclusion is inconsis-
tent with the results obtained. In U. maritimus, a high
proportion of rare morphotypes of the buccal part of
M1 with a reduction of one of the stylids (18%) was
noted. The development of conules on P4 and M1 has a
functionally opposite meaning to styles. These bumps in
bears are involved in the process of crushing food. The
protoconulus is often present in polar bears (80%).

In the transition to the obligate carnivore, it can be
expected that the polar bear, like other hypercarnivo-
rous predators (Felidae), will consolidate and develop
such elements as stylids and will get rid of such ele-
ments as horses on P4, M1, or M2. But we are seeing
a different situation. The described scenario is to some
extent true for P4, with the proviso that the tooth of
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U. maritimus is unique in its piercing rather than cut-
ting function. For M1, the formulated scenario is not
suitable, because this tooth in the polar bear does not
develop cutting functions. There is tooth reduction
due to the loss of styles, entmetaconule, and reduction
of the lingual blade. In this case, the tooth increases
the pressing function due to the protoconulus. The
reduction of teeth in the polar bear occurs as a result of
the loss of their main functions. Researchers believe
that this is due to the consumption of soft food, which
is based on pinnipeds (Slater et al., 2010). Therefore,
an interesting feature of these animals is that, despite
the purely predatory feeding strategy, their teeth are
modified according to a peculiar scenario. The inci-
sors are more adapted to predation (Gimranov and
Kosintsev, 2017), as are the canines, which are greatly
enlarged (Baryshnikov, 2007), the premolars acquire a
piercing appearance (Gimranov, 2018), and M1 loses
additional elements associated with cutting food. Why
M1 in the polar bear has a protoconulus, which is not
characteristic of the brown bear, remains unclear.

An interesting feature of the structure of M1 in the
studied species of bears is that, unlike the fourth pre-
molars, in which the proportion of asymmetric mor-
photypes is quite large (Gimranov, 2018), the first
molar does not have asymmetric structural variants.
Note that five specimens of U. maritimus obtained
from the Wrangel Island and one individual from
Komsomolskaya Pravda Island lacked the studied
teeth on both sides of the jaw. We have not recorded
obvious traces of intravital loss of M1. In U. arctos,
such pathologies were not found.

Evolutionary changes of M 1 in the genus Ursus. One
of the most ancient representatives of the genus Ursus
is U. minimus (Deveéze de Chabriol et Bouillet, 1827),
which appeared at the turn of the Miocene and Plio-
cene (Baryshnikov, 2007; Wagner, 2010). Some finds
of small Pliocene bears from Eurasia and North
America are sometimes assigned to a separate genus
Protarctos (Kretzoi 1945), which includes four species
(Wang et al., 2017). During the Pliocene, the diversity
of the genus Ursus increases: U. thibetanus (G. Cuvier
1823) and U. americanus (Pallas 1870) appear;
U. etruscus (G. Cuvier 1823) appears in the Late Plio-
cene (Baryshnikov, 2007; Krause et al., 2008; Bon and
Elalouf, 2010; Wagner, 2010), all four of the above
species belong to the subgenus Euarctos. U. deningeri
(von Reichenau 1904) and U. dolinenesis (Garcia et
Arsuaga 2001) appeared in the Early Pleistocene
(Kurtén, 1968; Garcia and Arsuaga, 2001; Wagner and
Cermak, 2012), which may be the earliest in the cave
bear lineage (subgenus Spelearktos). At the same time,
U. etruscus or U. dolinensis may be the ancestors of the
line of brown bears (subgenus Ursus). At the moment,
the subgenus Spelearctos includes six species (Barysh-
nikov and Puzachenko, 2019; Barlow et al., 2020),
which can be conditionally divided into four large
groups: deningeroid bears (U. deningeri, U. deningeroi-
des (Mottl 1964)), the Caucasian cave bear (U. kuda-
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rensis (Baryshnikov 1985)), the Ural cave bear
(U. kanivetz (Vereshchagin 1973)), the European cave
bear (U. spelaeus (Rosenmiiller 1794)), and two spe-
cies of small cave bears (U. rossicus (Borissiak 1930)
and U. savini Andrew 1922)).

M1 in U. minimus demonstrates the absence or
weak expression of the parastyle and metastyle, the
absence of the protoconule and postmetaconule, a
developed lingual cingulum, an almost undeveloped
entmetaconule, and a convex shape of the buccal mar-
gin of the crown base (Baryshnikov, 2007; Wagner
et al., 2011). Similar features in the structure of M 1 are
also characteristic of representatives of the genus
Protarctos (Wang et al., 2017). The above described
states of characters can be considered basal or primi-
tive for the genus Ursus. The tooth structure of U. thi-
betanus and U. americanus is very similar to that of
U. minimus (Baryshnikov, 2007; Wagner et al., 2011).
The Himalayan bear often has a parastyle and a meta-
style, a convex shape of the base of the buccal margin
of the crown, and the absence of a protoconulus and
postmetaconulus (unpublished data of the author).
Furthermore, according to our observations, the mod-
ern Himalayan bear often lacks a mesocone and the
lingual cingulum is often greatly reduced. The barib-
alus is characterized by the presence of a parastyle and
metastyle, a slightly convex or even shape of the base
of the buccal margin of the M1 crown, the absence of
a protoconulus and a postmetaconule, and a very weak
development of the entmetaconule and lingual cingu-
lum (unpublished data of the author).

The structure of teeth in U. efruscus and U. dolinen-
sis is similar to each other and to U. arctos. U. etruscus
has underdeveloped styles on M1 (usually one of two)
and has an entmetaconulus in about half of the cases,
a well-developed lingual cingulum, a curved buccal
margin of the crown base, and the presence of a proto-
cone, mesocone, and metaconulus without additional
elements (Mazza and Rustioni, 1992; Baryshnikov,
2007; Petrucci and Sardella, 2009; Wagner et al., 2011;
Koufos et al., 2018; Medin et al., 2017; Jiangzuo et al.,
2017; Medin et al., 2019). M1 of U. dolinensis is similar
to M1 of U. etruscus in many of the above characters,
and, unlike the latter, both styles are developed in
U. dolinensis (Garcia and Arsuaga, 2001).

On the whole, the structure of teeth in cave bears is
rather peculiar and differs from other members of the
genus Ursus (Baryshnikov, 2007). Early deningeroid
cave bears already had a number of features that dis-
tinguished them from the Etruscan bear. We are
talking about characters such as developed para- and
metastyles, a developed platform of the ent-
metaconule, the presence of a postmetaconule, and
the average degree of development of the lingual cin-
gulum (Baryshnikov, 2007; Rabeder et al., 2009; Wag-
ner and Cermak, 2012). Late Pleistocene cave bears
(U. spelaeus sensu lato) have well-developed para- and
metastyles, a well-developed metaconule platform, a
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post-metaconule, a well-developed lingual cingulum,
and sometimes a bifurcated mesocone (Grandal
d’Anglade, 1993; Baryshnikov, 1998, 2007; Rabeder,
1999). The lesser or Russian cave bear U. rossicus dif-
fers from other cave bears in having more elaborate
tooth crowns. Despite this, the structure of M1 in
U. rossicus is very similar to that of other Late Pleisto-
cene cave bears (Borisyak, 1932; Baryshnikov, 2007).

The structure of M1 of the Pleistocene U. arctos,
which is sometimes distinguished as a separate subspe-
cies of U. a. priscus is very similar to the modern brown
bear (Capasso Barbato et al., 1990; Rabeder et al.,
2009; Baryshnikov, 2010; Marciszak et al., 2015,
2019).

In evolutionary terms, M1 in representatives of the
genus Ursus changes little compared to premolars
(Gimranov, 2018). The main elements of the tooth
that vary on an evolutionary time scale in members of
the genus Ursus are the styles, postmetaconule, ent-
metaconule, and lingual cingulum. The absence or
weak development of styles as well as the ent-
metaconule is a primitive state. Also archaic is the
well-developed lingual cingulum. The presence of
well-developed styles and an entmetaconnula is a pro-
gressive state of the characters, as is a reduced cingu-
lum. Apparently, the presence of a postmetaconulus
(characteristic of cave bears) and a protoconulus
(characteristic of a polar bear) can apparently be con-
sidered a progressive state. U. arctos has a lot of pro-
gressive characteristics in the M1 structure, while in
U. maritimus M1 combines both progressive and
primitive features, along with some features unique to
this species. This can be explained by the transition
from an omnivorous or even herbivorous type of food
(brown bear) to obligate predation.

CONCLUSIONS

For the first upper molar M1 of brown bears and
polar bears, seven features with variability were identi-
fied and described: the shape of the base of the buccal
edge of the crown, the presence of para- and meta-
styles, the presence of the entmetaconulus, post-
metaconulus, and protoconulus, and the development
of the lingual cingulum. The structure of M1 in the
populations of U. arctos inhabiting the mainland is
very similar. The island populations of U. arctos have a
greater number of rare morphotypes and, as a result,
an increase in the value of the index of complexity. A
combination of primitive (developed entmetaconule)
and progressive (presence of postmetaconule and
reduced lingual cingulum) characteristics distin-
guishes U. arctos from Hokkaido Island from the
mainland U. arctos. In general, M1 in brown bears and
polar bears is a slightly variable tooth compared to
incisors and premolars.

The brown bear can be reliably differentiated from
the polar bear based on the structure of M1. Charac-
BIOLOGY BULLETIN  Vol. 49
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teristic features of U. arctos are the absence of a proto-
connule, the presence of an entmetaconnula platform,
and a developed lingual cingulum. Characteristic fea-
tures of U. maritimus are a deep incision of the buccal
margin of the crown base between the paracone and
the metacone, the presence of a protoconule, the
absence of an entmetaconule, and a strongly reduced
lingual cingulum. Although U. maritimus is an almost
entirely obligate carnivore, the scenario of tooth
change in this species does not match similar scenarios
for other hypercarnivorous predators. The teeth of a
polar bear are modified in a peculiar way: the incisors
become more adapted to capture prey, like the fangs,
which are greatly enlarged, the premolars acquire a
piercing appearance, and M1 loses additional ele-
ments associated with cutting food, while developing
pressing elements.

In evolutionary terms, M1 in representatives of the
genus Ursus changes little. The main elements of the
tooth that vary on an evolutionary time scale in mem-
bers of the genus Ursus are the styles, postmetaconule,
entmetaconule, and lingual cingulum. U. arcfos has a
lot of progressive characteristics in the M1 structure,
while M1 of U. maritimus combines both progressive
and primitive features, along with some features
unique to this species. This can be explained by the
“return” from the omnivorous or herbivorous type of
food (brown bear) to active predation, which bears
“abandoned” in the process of evolution.
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