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Abstract—The large Japanese field mouse (Apodemus speciosus) is endemic to the Japanese islands and
Kunashir Island in Russia. Variability in the morphology of 722 molars was studied for the first time for the
population of this species from Kunashir Island, which allowed us to identify seven new traits for the species.
According to data obtained when studying modern and paleontological material (recent, Holocene, Late
Pleistocene, Middle Pleistocene), mice of Kunashir Island lack some traits of molars previously described for
the large Japanese field mouse from Honshu Island; at the same time, stabilization of the morphology was
noted for the remaining traits. Varying frequency was demonstrated for the new traits. This can be caused
either by the small number of founders or the passage of the Kunashir population through sharp declines in
numbers. It is possible that a change in the frequency of some molar phenes in different historical epochs
could be associated with the transition of mice to another type of feed following changes in the climate and
the prevailing vegetation.
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INTRODUCTION
The large Japanese (or red) field mouse (Apodemus

(Alsomys) speciosus sensu str. (Temminck 1845)) is an
endemic species of the Japanese archipelago, which
inhabits mixed forests of four large islands (Hokkaido,
Honshu, Shikoku, and Kyushu), several groups of
small islands (Sado, Izu, Satsunan), Tsushima Island
in Japan, and Kunashir Island of the Kuril Ridge in
Russia (Gromov and Erbaeva, 1995; Musser et al.,
1996; Musser and Carleton, 2005; Kaneko, 2005;
Nakata et al., 2009).

The species was described for the first time as Mus
speciosus Temminck 1844 from Kyushu Island, and
subsequently it was divided into two species: the East
Asian (or Korean) field mouse A. peninsulae (=A. gili-
acus) (Thomas, 1906) and A. speciosus sensu str.
proper (Vorontsov et al., 1977). The latter species was
introduced into the composition of Russian fauna
under the Russian names “red mouse” (Kostenko,
1976) and “Japanese mouse” (Gromov and Baranova,
1981). “Three indices: coloration of the back, where
reddish tones predominate; a white tail tip in 75% of
individuals; and an additional tubercle, which forms a
loop, in the back of the first molar of the upper jaw
(M1), on its inner side” were distinguished as diagnos-
tic traits for A. speciosus (Kostenko, 2000, p. 46;

Kostenko et al., 2004, p. 62), or “tubercle t12” accord-
ing to other nomenclature (Gromov and Erbaeva,
1995, p. 287). The study of the cranial and dental
peculiarities of the modern and paleontological mate-
rial on A. speciosus from several local samples from
Honshu Island allowed the determination of addi-
tional specific morphological characteristics of the
large Japanese field mouse (Kawamura, 1989). It was
demonstrated that unlike the species A. argenteus
Temminck 1894 and A. peninsulae, A. speciosus has a
larger body and cranium size (longer rostrum and less
wide posterior part of the nasal bone). The differenti-
ation of A. speciosus sensu str. and A. peninsulae spe-
cies was later confirmed by genetic and biochemical
analysis (Pavlenko et al., 1984) and then by molecular
analysis (according to the mtDNA study) (Chelomina
et al., 1998; Suzuki et al., 2015).

Based on the morphometric characteristics of the
body for A. speciosus sensu str., eight forms and three
subspecies were described: A. s. ainu Thomas 1906
from the islands of Hokkaido and Kunashir, A. s. spe-
ciosus Temminck 1844 from the large islands Honshu,
Shikoku, and Kyushu and the small islands Yakushima
(=dorsalis Kuroda 1924), Oshima (=insperatus Kuroda
1938), Dogo (=navigator Thomas 1906), Sado
(=sadoensis Thokuda 1941), and Tsushima (=tusi-
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maensis Thokuda 1924). The third subspecies
(A. s. miyakensis Imaizumi 1969) was described from
two groups of small islands (Imaizumi and Izu) (Cor-
bet and Hill, 1980). Two karyotypes were detected in
A. speciosus: “western” (with 2n = 46) and “eastern”
(with 2n = 48) (Tsuchiya, 1974). The border between
them runs across Honshu Island in its central part.
The karyotype of large Japanese field mice from
Kunashir Island was described in 1974 and in 1977
(Bekasova and Vorontsov, 1974; Vorontsov et al.,
1977), then (capture in 1989) we studied it (Boeskorov
et al., 1995; Kartavtseva, 2002; Rubtsov et al., 2015). It
had no differences from that of the “eastern” karyo-
type either in the number of chromosomes or in the
nature of their differential staining (Kartavtseva,
2002). A molecular genetic study of intraspecific dif-
ferentiation of A. speciosus using the mtDNA cyto-
chrome b gene (Chelomina et al., 1998) suggested that
the population of Honshu Island was the first to be
isolated from others, “then the population of
Kunashir Island, and only after that the mice of Hok-
kaido and two adjacent islands differentiated” (that is,
Rishiri and Okushiri) (Chelomina, 2005, p. 150).
According to the results of phylogenetic analysis, the
A. speciosus populations were divided into two clades:
(1) Honshu, Shikoku, Kyushu, and some peripheral
islands; (2) Hokkaido and most of the peripheral
islands (Suzuki et al., 2004, 2015). It is noteworthy
that the molecular genetic differentiation of A. specio-
sus does not coincide with the karyotype.

The large Japanese field mouse is an excellent
model object of study in the monitoring of environ-
mental pollution, medicine, and fundamental biology
(Azuma et al., 2009), and for the analysis of the vari-
ability of morphological traits in numerous island
populations in different landscape, climatic, and eco-
logical conditions. The sizes of the islands, time of iso-
lation, temperature mode, living together or separate
with other rodent species, the presence of predators,
and other factors (Sakai and Miyao, 1980, 1980a,
1988; Sakai, 1998; Takada et al., 2006; Kageyama et
al., 2009; Shintaku et al., 2012; Asahara, 2017; Biswas,
Motokawa, 2019, etc.) can determine the occurrence
of physiological and morphological differences in the
members of certain island populations.

The analysis of the upper and lower molars in mod-
ern and fossil individuals (in the interval from the
Middle Pleistocene to the Holocene) of A. speciosus
samples from the Honshu Island (Kawamura, 1989)
revealed a low variability in the frequency of a number
of traits, while almost all of them were noted in differ-
ent historical periods. For other island populations of
A. speciosus, variability of the molar phenes is
unknown.

As demonstrated by the results of the analysis of
molars in the members of species from the genus Apo-
demus (Kawamura, 1989; Zykov and Izvarin, 2020), it
is difficult to carry out species diagnostics of paleonto-

logical material without knowledge of modern vari-
ability. In this regard, the study of polymorphism in
the structure of teeth in mice from modern populations
is relevant and is of interest for evolutionary studies.

Kunashir Island (inhabited by A. speciosus) has an
area of 1495.24 km2 and, together with two other
islands (Urup and Iturup), is a part of the southern
group of the Great Ridge of the Kuril Islands of Rus-
sia. This species was noted for the first time on
Kunashir Island by Tokuda (1941). Morphometric
data for A. speciosus individuals from the population of
this island are given in the work of Vorontsov et al.
(1977). The use of metric data of mice of the A. s. ainu
subspecies from Hokkaido Island (Kobayashi and
Hayata, 1971) allowed individuals from Kunashir
Island to be assigned to the same subspecies. Kostenko
(2000) had the same point of view, despite the fact that
A. speciosus specimens from the Kunashir population
were larger than those from Hokkaido (according to
unpublished data).

Kunashir Island separated from Hokkaido Island
relatively recently, in the Holocene (about 6000 years
ago) (Sakaguchi, 1983; Maeda et al., 1994; Sato et al.,
1998; Korotky et al., 2005) or, according to other data,
about 7500 years ago (Velizhanin, 1976; Bezverkhnii
et al., 2002); therefore, their f lora and fauna differ lit-
tle. The time of separation of Kunashir and Hokkaido
corresponded to the beginning of the warmest period
of the Holocene, although warming in the Japanese
archipelago was less pronounced than in other regions
of the Far East (Korotky et al., 2000, 2005). At that
time, the average annual temperature on Kunashir
Island was 2–3°С higher than modern one and the
average summer temperature could reach 20°С
(Razzhigaeva et al., 2014); mixed coniferous–broad-
leaved forests and cool–broad-leaved forests were
widespread here. In the Late Holocene, the climate on
Kunashir became cooler, and although the island veg-
etation did not undergo significant changes (Razzhi-
gaeva et al., 2011; Razjigaeva et al., 2002, 2013; Naza-
rova et al., 2020), these events led to a fragmentation
of the populations of many plant and animal species
(Razjigaeva et al., 2013).

The isolated position of the population of the large
Japanese field mouse on Kunashir (at least since the
second half of the Holocene) and the alternation of
cold and warm periods could lead to the appearance of
morphological peculiarities in the members of this
population, as well as to uneven distribution of differ-
ent phenes inside it. In the present work, we studied
the morphological traits of molars in individuals from
three A. speciosus samples from Kunashir Island using
the classification of main and additional tubercles pre-
viously proposed for the large Japanese field mouse
from Honshu Island (Kawamura, 1989).
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MATERIALS AND METHODS
The collection of crania stored in the Laboratory of

Evolutionary Zoology and Genetics and the Labora-
tory of Theriology of the Federal Science Center of
East Asia Terrestrial Biodiversity, Far East Branch,
Russian Academy of Sciences, was the material for this
study. We studied 722 teeth from 61 individuals from
three samples that were collected in different years in
the southern part of Kunashir Island (Fig. 1). Sample
no. 1 (43°54′55′′ N and 145°39′06′′ E), 25 individuals,
collected in 1972, kindly provided by V.A. Kostenko:
nos. 4514–4539. Sample no. 2 (44°06′11′′ N and
145°01′34′′ E), 32 individuals, collected by M.V. Pav-
lenko, 1980: nos. 1-80k–3-80k, 5-80k, 8-80k, 9-80k,
10-80k–14-80k, 16-80k–19-80k, 20-80k–24-80k,
27-80k, 31-80k–33-80k, 35-80k, 36-80k, 43-80k, 45-
80k, 47-80k, 50-80k, 51-80k, 1-80knn. Sample no. 3
(coordinates are the same as for sample no. 2), four
individuals, collected by M.V. Pavlenko, 1989: nos.
49–89, 51–89, 77–89, 78–79. No individuals with
worn teeth were included in the analysis.

The classification of structures (tubercles and
additional formations) of the chewing surface of
molars (previously accepted for A. speciosus individu-
als from Honshu Island (Kawamura, 1988)) or a
numerical classification of tubercles (t1, t2, t3, etc.)
was used in this work (Fig. 2). The traits of molars and
phenes were taken from the work of Kawamura (1989).

Schematic images of all molars and their variability in
A. speciosus are given in Fig. 3. For each tooth, the
traits are indicated by numbers; phenes, by letters.
Thus, M1 has eight traits; each trait, a phene. To
encode the traits of upper teeth and their phenes, we
give a formula, in which first the tooth number is indi-
cated, then (through a hyphen) the trait number and
the letter indicating the state of the trait. For example,
the formula M1-1A indicates that the first upper
molar (M1) has a trait under the serial number 1, and
the letter A immediately following it indicates the
phene of the absence of the t12 tubercle (posterium
cingulum). The M1-1B formula reflects a weak devel-
opment of the t12 tubercle, while the formula M1-1C
reflects its good development.

For the first lower molar (m1), the variability in the
number of additional tubercles (C) was considered as
a single trait m1-1 (Fig. 3d1) (retaining the letters that
designate phenes) in accordance with the work of
Kawamura (1989) to simplify the comparison of our
data and the literature.

Minimal (min) and maximal (max) values of the
measurements (L, length; W, width) are given in mil-
limeters; the average values, in brackets; n, the number
of studied teeth. Photographing of the teeth of individu-
als from two samples (collected in 1972 and 1989) was
carried out under a SteREODiscovery V12 stereomicro-

Fig. 1. Map demonstrating the points and years of material
collection on Kunashir Island. 
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Fig. 2. Scheme of the chewing surface of molars of large
Japanese field mice (Apodemus speciosus) (according to
Kawamura, 1988 with modifications): a, upper molars
(M1, M2, M3); b, lower molars (m1, m2, m3). 
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scope (Carl Zeiss) using an Axio CamMRc digital cam-
era; images were combined using a Combine ZM pro-
gram; measurements, in the Axio Vision 4.8.2 pro-
gram. When processing the material, the equipment of
the Center for Collective Use of the Federal Science
Center of East Asia Terrestrial Biodiversity, Far East
Branch, Russian Academy of Sciences, was used.

RESULTS

The study of the upper and lower molars of A. spe-
ciosus individuals from Kunashir Island allowed
detection of the traits and phenes both previously
described for the large Japanese field mouse of Hon-
shu Island (Kawamura, 1989) and new ones. The aver-
age length of the row of upper molars (M1-3) in the
specimens of three samples that we studied (Table 1)
corresponds to that previously published for the
Kunashir population. The sizes of the row of lower
molars for combined samples and each tooth are given
for the first time.

Upper Molars

М1, First Upper Molar

This tooth consists of three plates (chevrons or
laminas), and each of them consists of three tubercles.
The labial tubercle (t3 or labial anterocone) and pos-
terostyle (t7) are always well developed. An additional
tubercle (prestyle) in front of the anterior plate and the
platform (precingulum) are absent (Fig. 2).

Two out of five previously described phenes
(Fig. 3a, 1–5) for M1 individuals from Khonshu
Island were found in the Kunashir population
(Fig. 3a, 1, 3).

(1) M1-1C, is characterized by a good develop-
ment of the t12 tubercle (posterium cingulum), which
forms a pronounced postero-buccal protrusion from
t8 (Fig. 3a, 1C; 4c), which has no contact with t9
(metacone). This tubercle was poorly developed in
only one individual (no. 4522) from the sample 1972,
M1-1B phene (Fig. 3a, 1B; 4b). The phene M1-1C
was detected in all three samples from Kunashir.

Table 1. Measurements of the upper and lower rows of molars and individual molars (mm) in Apodemus speciosus individ-
uals from Kunashir Island

*, adult males (according to Vorontsov et al., 1977); **, adult females (according to Vorontsov et al., 1977); ***, males and females from
the sample 1972 (according to Kostenko, 1984). n, number of teeth studied; M, upper molars; m, lower molars; M1-3, row of upper
molars; m1-3, row of lower molars; (L) and (W), average values of the trait length and width, respectively.

Trait n Lmin (L) Lmax Wmin (W) Wmax

M1-3 124 3.96 4.35 4.54 – – –
M1-3* 14 4.4 4.5 4.7 – – –
M1-3** 12 4.3 4.5 4.6 – – –
M1-3*** 20 3.2 4.6 4.9 – – –
M1 122 2 2.18 2.31 1.14 1.44 1.58
M2 122 1.26 1.56 1.69 1.11 1.37 1.48
M3 122 0.62 0.94 1.05 0.74 0.95 1.05
m1-3 114 3.95 4.48 4.67 – – –
m1 124 1.74 1.99 2.13 1.09 1.3 1.38
m2 118 1.3 1.46 1.6 1.16 1.32 1.39
m3 114 0.98 1.14 1.26 0.96 1.06 1.13

Fig. 3. Schemes of variable morphological structures of molars of Apodemus speciosus individuals previously analyzed in the pop-
ulations of Honshu Island (according to Kawamura, 1989) and by us on Kunashir Island: (a) eight polymorphic traits M1 (marked
with arrows). Arrows and letter designations enclosed in a circle indicate a structure that we found on Kunashir Island; designa-
tions enclosed in a square indicate a structure discovered for the first time; teeth with two traits simultaneously are marked with
an asterisk. a1, three degrees of the t12 tubercle development: A, tubercle is not developed; B, tubercle is poorly developed; C,
tubercle is well developed. a2B, spur on t1. a3B, spur on t3. a4B, additional tubercle (prestyle). a5B, platform (precingulum).
a6В, separately located t1. a7B, reduced t3. a8B, t4 is separated from t5. b, two polymorphic traits M2. b1, three degrees of tuber-
cle t12 development: A, not developed; B, poorly developed; C, well developed. b2, degree of tubercle t3 development: A, no; B,
platform; C, poorly developed; D, well developed. c, variable signs of M3. c1: A, normal location of plates; B, separately located
t8. c2B, additional tubercle (C). c3, rupture of plates: B, lower plate; C, upper plate. d, variable traits m1. d1, phenes (A–F) and
numbers of additional tubercles are given according to Kawamura (1989). We found the phene marked with the letter C in a circle
in the Kunashir population. d2B, circular closure of the enamel of the labial anteroconid tubercle with the formation of two closed
spaces of the upper plate. d3B, additional tubercle C5. d4B, connection of two plates (upper and middle). e, phenes (A–H) and
numbers of additional tubercles are given according to Kawamura (1989). We found the phene marked with the letter E in a circle
on Kunashir Island. f, additional tubercles: B, tubercle C1; C, tubercles C1 and C2.
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(2) М1-3В, a posterior spur of the tubercle t3, is
weakly pronounced in one individual (no. 4522) from
the sample 1972 (Figs. 3a, 3B; 4b), the spurs on t3
were absent in other teeth studied.

The remaining three phenes noted on Honshu were
absent in the population of Kunashir Island: M1-2B,
a posterior spur on t1 (Fig. 3a, 2B); M1-4B (Figs. 3a, 4B),
the appearance of an additional tubercle (prestyle);
and M1-5B (Fig. 3a, 5B), the appearance of the plat-
form (precingulum). Accordingly, no simultaneous
presence of two phenes (M1-4B and M1-5B) was
detected.

New traits for A. speciosus individuals from
Kunashir Island.

(1) М1-6В, separation of the t1 tubercle from t2
(Fig. 3a, 6B; 4c). The frequency of this phene in the
samples 1972, 1980, and 1989 varied (0.36, 0.063, and
0.0, respectively).

(2) М1-7В, a decrease in the size of the t3 tubercle
and the appearance of a platform, without additional
tubercles (Fig. 3a, 7B; 4a). The frequency of the plat-
form appearance in all Kunashir samples is high, the
t3 tubercle was not reduced, and the platform was
absent only in four mice from the sample 1972 (0.167).
In two individuals from the same sample, two phenes
(M1-6B and M1-7B) were present simultaneously;
that is, the tooth had both a separate t1 tubercle and a
platform under t3 (0.083) (Fig. 4c). In other samples, the
t3 tubercle was reduced and was always present (1.0).

Fig. 4. Photographs of molars of Apodemus speciosus individuals from Kunashir Island: a, row of upper molars M1–M3 (no. 12-
80k), arrow near the M1 tooth indicates a weakly developed tubercle t3 and the platform under it; arrow near the M2 tooth, a
developed tubercle t3; b, M1 (no. 4522), with a well-developed tubercle t3 and a small spine on it, the tubercle t12 is poorly devel-
oped; c, M1 (no. 12-80k) with a well-developed tubercle t12 and a separate tubercle t1; d, M1 (no. 4536) with a separate tubercle
t5 of the middle plate; e, M3 with a separate tubercle t1; f, M3 (no. 12-80k), arrow indicates an additional tubercle C; g, row of
lower molars m1–m3 (no. 12–80k) indicating additional tubercles for each tooth; h, m1 with an additional tubercle C5 above the
upper plate and with the connection of two plates, indicated by a large arrow (no. 3-80k); i, arrow indicates a closure of the enamel
of the upper plate m1 with the formation of two closed spaces; j, m3, two additional tubercles (developed C1 and poorly developed
C2) are indicated (no. 19-80k); k, m3 with a well-developed tubercle C1 (no. 22-80k). 
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(3) M1-8B, separation of t4 from t5 (Fig. 3a, 8B;
4d). A phene was found in a single individual (no.
4526) from the sample 1972, and we determined it as
anomalous (0.04).

M2, second upper molar

This tooth consists of one well-developed t1 tuber-
cle, weakly developed t3, and two plates with three
tubercles each (Fig. 3b). The tubercle t7 (postero-
style), as well as the corresponding tubercle on M1, is
well developed.

For the second upper molar, we confirmed the
variability of two traits: M2-1 (Fig. 3b, 1) and M2-2
(Fig. 3b, 2). No new phenes were found.

(1) M2-1, the phenes of this trait differ in the
degree of the tubercle t12 development. М2-1С, good
development of the tubercle t12 (Fig. 3b, 1C), was
detected in almost all teeth studied; this tubercle was
poorly developed in only one individual (no. 4522)
from the sample 1972 (M2-1B). The phene M2-1A
(no tubercle t12) was not found.

(2) М2-2, the variability is associated with different
development of the tubercle t3 (anterocone) (Fig. 3b,
2) adjacent to the tubercle t12 of the first upper molar
M1 (Fig. 4a). Previously, Kawamura (1989) visually
identified well-developed and poorly developed vari-
ants of the tubercle t3. We failed to do this, since,
according to our data, the sizes of this tubercle consti-
tute a continuous series of variability within the fol-
lowing limits in the width and length: max 0.26 (0.18),
min 0.09; max 0.19 (1.136), min 0.09 (n = 61), respec-
tively. A well-developed tubercle (phene M2-2D) was
taken as one having a width of more than 0.2 mm (Fig.
4a); a poorly developed one (phene M2-2C) had a
tubercle less than 0.2 mm wide (Fig. 3b, 2C). The fre-
quency of the M2-2D variant was less than that of the
M2-2C variant. In the sample 1972, the tubercles t3
were well developed only in four out of 42 teeth
(0.095); in the sample 1980, in 19 out of 56 teeth
(0.339); and in the sample 1989, all M2 had a poorly
developed tubercle t3. Thus, the t3 is always present on
the second upper molar in large Japanese field mice in
the samples from Kunashir Island that we studied; the
degree of its development is mainly weak (0.765). For
the phenes M2-2A, the absence of a platform near the
tubercle t3 (Fig. 3b, 2A), and M2-2B (Fig. 3b, 2B), we
did not detect its presence.

M3, third upper molar

This tooth has a rounded shape and consists of a
single tubercle (t1) and two transverse or oblique
plates (upper and lower) formed by a fusion of the
tubercles t4-t5 and t8-t9, respectively (Figs. 2; 4e).

Previously described traits
(according to Kawamura, 1989)

We detected the simultaneous presence of continu-
ous upper and lower plates on M3 (phene M3-1A) in
most of the teeth of the large Japanese field mouse on
Kunashir (0.964). However, the connection of the
tubercles t8 and t9 can be incomplete and look like a
weak constriction between them. In the samples stud-
ied, the portion of individuals with an incomplete con-
nection of the tubercles t8 and t9 is different; however,
we do not consider this variant as a separate phene.

Kawamura attributed a rupture of the upper (phene
M3-C) and lower plates (phene M3-3B) (Figs. 3c, 3B;
3c, 3C, respectively) during their connection by the
tubercles t4-t8 to anomalous variants. We did not find
such phenes. No connection of the plates by the tuber-
cles t4-t8 without their rupture was found either on
Honshu or in the present study.

New trait M3-2 is caused by the appearance of an
additional tubercle (C) above the tubercle t5 and was
found only on one tooth of the individual no. 12-80k
(Figs. 3c, 2B; 4f), which allows us to consider it anom-
alous.

Lower Molars

m1, First Lower Molar

The structure of the first lower molar includes
three plates and one posterior tubercle (postero-cen-
tral, or posterior cingulum). The front plate has the
form of two triangles divided or connected by vertices.
The additional tubercles on the buccal side (C) are
well developed, C1 is always separated from C2 and
the posterior plate, two tubercles (C2 and C3) are con-
nected (phene m1-C) and form a thin independent
plate (Figs. 3d; 4g). We found no other five phenes
(m1-A, m1-B, m1-D, m1-E, and m1-F) (Fig. 3d),
previously described for this tooth and differing in the
number and location of the additional tubercles.

New traits are characterized by peculiarities of the
fusion of the upper plate tubercles (labial anteroconid,
lingual anteroconid, medial anteroconid). Thus, the
phene m1-2B, a circular closure of the enamel of the
tubercle labial anteroconid with the formation of two
closed spaces within the boundaries of the upper plate
(Figs. 3d, 2B; 4i), was detected in ten individuals from
three samples: 1972 (nos. 4516, 4521), 1980 (nos. 11-
80k, 12-10k, 14-80k, 15-80k, 16-80k, 22-80k), and
1989 (nos. 51-89k, 77-89k).

The phene m1-3B is characterized by the presence
of the additional tubercle C5 (Figs. 2; 3d, 3B; 4h); it
was found only on the left tooth of the individual
no. 3-80k.

The phene m1-4B (connection of two plates, upper
and middle (Figs. 3d, 4B; 4h)) was found in three indi-
viduals: nos. 4519 (1972), 3-80k, and 23-80k (1980).
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m2, second lower molar
This tooth includes two plates and one posterior

tubercle. A labial anteroconid is present. Two addi-
tional tubercles (C2 and C3) (Fig. 3e, E) are always
present (phene m2-1E) in individuals of all three
Kunashir samples studied (1.0). The degree of their
development is different, but is less than on m1
(Fig. 4g). The tubercle C2 is well developed and is not
connected to other tubercles. The tubercle C3 is close
to the labial tubercle (labial anteroconid) and merges
with it when the tooth is abraded. The C3 frequently
merges with a neighboring plate by enamel (42%).
Seven other phenes of this tooth (Fig. 3e), previously
described by Kawamura, were not detected in our
material.

m3, Third Lower Molar
This tooth includes one plate and one posterior

tubercle (enteroconid), the morphology of which is
stable (Fig. 2).

New traits. The appearance of additional tubercles
C1 and C2 was detected. The phene m3-B character-
izes a tooth with a single additional tubercle C1
(Figs. 3f, B; 4k); m3-C, with two additional tubercles
(Figs. 3f, C; 4j). The tubercle C1 is present in all teeth
studied, but varies in size: L, min 0.06 (0.124), max
0.23; W, min 0.06 (0.119), max 0.17. The tubercle C2 is
smaller than C1; both tubercles were detected together
only on one tooth (no. 22-80k) in the sample 1980.

DISCUSSION
A well-developed tubercle t12 on M1 was proposed

as one of the species diagnostic traits for A. speciosus
(Kostenko, 1984). We found a single individual with a
poorly developed t12 in the sample 1972, on the basis
of which we assume that the trait can be variable. In
the samples 1980 and 1989, all teeth had a well-pro-
nounced tubercle t12.

According to paleontological data (Kawamura,
1989), in the Middle Pleistocene the frequency of M1
teeth with a well-developed tubercle t12 in A. speciosus
individuals on Honshu Island was low (0.19); an inter-
mediate variant (that is, poorly developed tubercle)
prevailed (0.57) (Figs. 5a, 5c). In the Holocene and at
present, the frequency of teeth with well-developed
t12 increased to 0.497 and 0.719, respectively. In the
Kunashir population, the portion of teeth with a well-
developed tubercle was the highest (0.98). It is inter-
esting that three phenes can be distinguished for the
tubercle t12 of the first upper molar (well developed,
poorly developed, or completely absent) for all time
periods on Honshu. Therefore, a well-developed
tubercle t12 on M1 cannot be considered as a reliable
species diagnostic trait.

The frequency of a well-developed tubercle t12 on
M2 (phene M2-1C) in the Kunashir population is

similar to that for M1 (phene M1-1C). An increase in
the frequency of these phenes is traced in mice from
Honshu Island from the Middle Pleistocene to the
present (Figs. 5b, 5d). It is possible that most of the
mice that were the founders of the Kunashir Island
population had well-developed tubercles t12 on the
second upper molar or a selection of individuals with
such phenes passed for a long time (Figs. 5b, 5d): it is
possible that a change in the frequency of some phenes
of molars in different historical epochs could have
been caused by the transition of mice to a different
type of feed, following a change in the climate and
prevailing vegetation.

For the upper plate M1 of individuals that we stud-
ied, we noted for the first time the separation of the
tubercle t1 and a decrease in the size of the tubercle t3.
Since no such traits were found in mice of the popula-
tion from Honshu Island, it can be assumed that they
characterize the population of Kunashir Island. Since
the separation of the Kunashir from Hokkaido popu-
lations occurred relatively recently, the presence of
these traits in the Hokkaido population is not
excluded.

The separation of tubercles t4 from t5-t6 and t1
from t2-t3 (M1-4B) (which we detected) is also found
in other species of the genus Apodemus (Larina and
Eremina, 1988). We noted a single t1 with a low fre-
quency (0.127) in A. peninsulae in the Ussuriiskii
Reserve, in the southern part of Primorskii krai
(Gornikov et al., 2020). The frequency of this trait in
the Kunashir population of A. speciosus varied in the
samples studied and was maximal in 1972 (0.36).

The variability of the tubercle t3, which is con-
stantly present on the second upper molar, but
expressed to varying degrees, is interesting. Thus, the
portion of teeth having a well-developed tubercle t3
(phene M2-2D) in the samples 1972, 1980, and 1989
was 0.095, 0.339, and 0, respectively; on average, this
index is 0.235. In mice from Honshu Island, four phe-
notypes were distinguished for this trait, including the
absence of the tubercle and platform (Figs. 5e, 5f).
Such phenes were absent in the Kunashir population.

It should be noted that the absence of the tubercle
t3 on M2 (phene M2-2A) is considered as a species
trait for the field mouse (Apodemus agrarius Pallas
1771) (Ruprecht, 1978; Musser et al., 1996; Ge et al.,
2019); however, in modern samples of this species
from different European populations, this tubercle was
detected with a different frequency: from 0.6 to 0.4.
For this reason, the diagnostic significance of this trait
(especially for the field mouse) was questioned
(Ruprecht, 1978). In island and mainland field mouse
populations in the southern part of the Russian Far
East, the tubercle t3 on the second upper molar was
also found with a frequency from 0.167 to 0.333; a
large tubercle was detected only in a single mainland
population (0.122) (Sheremet’eva et al., 2017). In A.
agrarius individuals from four islands in the Sea of



BIOLOGY BULLETIN  Vol. 50  No. 8  2023

MORPHOLOGICAL PECULIARITIES OF MOLARS 405

Japan, the tubercle t3 on the second upper molar was
more common (from 0.6 to 1.0); at the same time, the
specimens with a weakly developed tubercle predomi-
nated. We assume that the degree of the development
of the tubercle t3 on the second upper molar can be
taken into account when studying intra- and interpop-
ulation differentiation not only of A. agrarius, but also
of A. speciosus.

Despite the fact that we found a weak variability of
M3 by the trait of the separation of the tubercle t8 from
t9 (phene M3-1B) in the Kunashir population, in gen-
eral it corresponded to that previously described for
the Honshu population. We registered only for the
first time the appearance of additional tubercle C in
place of reduced t3 (M3-2), regarding this variant as
anomalous.

Fig. 5. Diagrams demonstrating the frequency of tubercles t12 (a–d) on the upper molars M1, M2, and tubercle t3 on the molar
M2 (e–f) in Apodemus speciosus individuals from two islands (Kunashir (our data) and Honshu (according to Kawamura, 1989))
in different epochs (modern, Holocene, Late Pleistocene, Middle Pleistocene). The degree of tubercle development is indicated
by colors. The variants of the tubercle severity are marked with an arrow (c, d). Tubercle t12 on M1 (c) and M2 (d): A, tubercle
is not developed (blue); B, poorly developed (red); C, well developed (green). The variants of t3 tubercle development on M2 (f):
A, no tubercle (blue); B, platform (red); C, poorly developed tubercle (green); D, well developed tubercle (purple). Colors in the
circles correspond to those in the diagrams; numbers in the sectors of the diagrams, frequency of the trait (%). 
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The picture of variability of the upper plate of the
first lower molar (phenes m1-2B and m1-4B) and the
appearance of the tubercle C1 (phene m1-3B) in it, as
well as additional tubercles C1 and C2 (phenes m3-B
and m3-C) on the third lower molars (Fig. 3f) in the
large Japanese field mice of the Kunashir population,
are not typical for this species. However, the high fre-
quency of these unusual variants suggests that they can
be controlled by recessive alleles and appear in multi-
ple inbreedings. The same can be assumed for some
other morphological peculiarities that we consider as
abnormal, for example, the appearance of additional
tubercles on m1 (C5) and m3 (C2). It is possible that
the A. speciosus population of Kunashir Island was
founded by a small number of individuals and/or
passed through a “bottleneck.”

Kunashir Island separated from Hokkaido Island
in the Early Holocene, while the latter separated from
Honshu Island much earlier (12000 years ago)
(Ohshima, 1990). This can predetermine the greater
similarity of the teeth of the large Japanese field mice
from the islands of Kunashir and Hokkaido when
compared with the specimens from Honshu. The
peculiarities of A. speciosus molars (detected in this
work) supplement the list of morphological and mor-
phometric characteristics of this species, in general,
and of the subspecies A. s. ainu. These data allow us to
continue the study of individuals from Hokkaido and
adjacent small islands.
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