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Abstract Dental anomalies in the Japanese mole, Mogera 
lVOgtirtl Temminck, 1842, from northeast China and the 
PrimOl'sky region of Russia were examined based on 241 
specimens. The most frequent dental anomaly was oJigo­
donty, i. e., missing p 2 (18 cases) or P3 (one case). 
Supcmumerary leeth were observed in three cases, two of 
which were characterized by abnollnal shapes. Morpholog­
ical abnormal ities in teeth (s ix cases) and an asymmetrically 
curved rostmm (one case) were also observed. Dental 
anomalies were found at higher freq uencies in populations 
near the northern range limi t of the species. This was not 
caused by size effects. We suggest that the high incidence 
of dental anomalies was the result of genetic drift, which 
increases in marginal popUlations. Considering the nature 
of subterranean mammals, our results suggest that the 
high frequency of dental anomalies in a margina l 
popUlation cou ld have initiated the evolution of dental 
fonnulae if parapatric or peripatric speciation occurs 111 

such populations. 

Communicated by: Jan M. Wojcik 

M. Asahara (J8J) 
Department of Zoology, Graduate School of Science, 
Kyoto University, 
Kyoto 606-8502, Japan 
e-mai l: kamonomana@zoo.zool.kyoro-u.ac.jp 

A. Kryukov 
Institute of Biology and So il Science, 
Russian Academy of Sciences, 
Vladivostok 690022, Russia 

M. Motokawa 
Kyoto Univers ity Museum, Kyoto University, 
Kyoto 606-850 I, Japan 

Keywords Mogero lVogllra· Talpini . Teeth · Oligodonty· 
Polidonty· Marginal population 

Introduction 

Individual dental anomalies, that is, numerical or morpho­
logical abnormalities have been documented in several 
species of moles in Talpini (Sorieomorpha: Talpidae) (Ueda 
1959; Ziegler 1971; Abc et al. 1991 ; Klystufek et al. 200 I; 
Motokawa et al. 200 I; Kawada et al. 2006). Oligodonty has 
been observed most frequently, and the missing teeth are 
often ident ified as upper second premolar (p'; upper teeth 
indicated by a superscript number hereafter) , lower third 
inc isors (1 ]; lower teeth indicated by subscript number 
hereafter), or P2. These three teeth are also involved in 
differences in dental fonnula among genera in th is clade 
(Ziegler 1971; Kawada 2005). Additionally, some species 
have completely lost several teeth compared with the 
closest species. For example, Mogera llchidai lost p2 and 

P2 from its closest relative, Mogera inslilaris (Abe et al. 
1991 ; Motokawa et al. 200 I). In mammals, individual 
denta l anomalies, particularly oligodonty, are often observed 
in taxa in which teeth number tends to decrease (Ohtaishi 
1986). Therefore, the occurrence of dental anomalies could 
depict the evolutionary mechanism of teeth number, i.e., 
denta l form ulae. In this study, we examined dental 
anomalies in the Japanese mole, Mogera lIlogura, from 
non heast China and the Primorsky region of Russia. M. 
lIlogura is distributed in Japan, Korea, the Primorsky region 
of Russia, and nOItheast China (Hutterer 2005), although 
some authors consider the Russian and Chinese popUlat ions 
surveyed in this study to fonn a separate species Mogera 
robusta Nehring, 1891 (Pavlinov et al. 1995 ; Zhang 1997; 
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Pan et al. 2007; Hoffmann and Lunde 2008). We discuss 
the geographic differences in the patterns and rates of 
dental anomalies. 

Materials and methods 

We examined 24 1 skulls at the Institute of Biology and Soil 
Science, Russian Academy of Sciences, Vladivostok, 
Russia (AK; 1/ =48); the Zoological Museum of Moscow 
State University, Moscow, Russia (MU; 11= 188); and 
Yamashina Institute for Ornithology, Abiko, Japan (YIO; 
11=5). These specimens were collected from eight localities 
(Fig. I): Sikhote-Alin Reserve (1/=30), Lazo Reserve (11=38), 
Ussuri district (1/=86), Vladivostok city suburbs (11=7), 
Hasan district (11=66), Harbin (11=12), Jilin (11= 1), and 
Mudanjiang (11 = I). 

We examined dentition under a microscope (magnifica­
tion range, x 10-20). A supernumerary tooth (polydonty) 
was defined as an extra tooth without any fusion in the 
crown or root, whereas oligodonty was defined as the 
absence of a tooth without ev idence of concrescence. We 
measured three cranial variables on each skull to ±O.l mm: 
the greatest length of Ihe skull /Tom the anterior end of the 
palate to the end of the cranium (greatest length of skull, 
G LS), palatal length fi'om the anterior tip of the first incisor 
to the posterior lip of the palate (PL), and the distance from 
the anterior tip of the canine to the posterior tip of the third 
upper molar (eM3). Age in years was detennined by the 
degree of tooth attrition following the criteria of Okhotina 
(1966). Briefly, teeth of moles younger than I year are not 
worn, those of I-year olds arc visibly worn, and those of 
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2-year olds are worn more and have lost the sharpness in 
all cusps of all molars. Subsequently, we estimated age in 
months for specimens less than I year old as the time 
from June to the month of collection because the birth 
season for M. wogura on the continent is May- June (Pan 
et al. 2007) or May- July (Okhotina 1966). 

Results 

Among 24 1 specimens, 217 had normal dentition (Fig. 2) 
whereas 24 possessed dental anomalies: 19 with oligodonty, 
three with supernumerary teeth, and four with abnornlally 
shaped teeth, including two specimcns with abnonnally 
shaped supemumeraty teeth (Table I). In addition to these 
anomalies, we found one abnonnal skull (MU #76805 from 
the Ussuri district) with nonnal dentition whose rost11lm 
anterior to p4 was asymmcnic and curved to thc left sidc (to 
the upper side of the photo; Fig. 3). 

Of 19 cases of missing teeth, 18 were missing p2 in the 
upper dentition on the right, left, or both sides (Fig. 4) 
whereas the remaining case (MU #41280 from Lazo 
Reserve) was missing a left lower P, (MU #41280, 
Fig. 5). p2 was missing more often from the right than 
from the left side (17 vs. five cases, respect ively; Fisher's 
exact test, p =O.O 15). 

Supernumerary and/or abnonnally shaped teeth were 
found in five specimens (see below). Supernumerary teeth 
in AK #605 from Hasan were expressed as two teeth 
bctween pi and p3, both of which were similar in height, 
length, and width to a nonnal p2; however, the mesial and 
distal tubercles of the distal tooth were better developed 
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Fig. I Map of northeasl China 
and the Primorsky region of 
Russ ia showing specimen 
localities (verlicailille) with the 
entire M. lI'oglirfl distribution 
range (ho,,;zolltallille) following 
Okhotina ( 1966), Zhang ( 1997), 
and Hoffmann and Lunde (2008) 
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Fig. 2 Normal dentition of M. lI'ogura: occlusa l view of the upper 
dentition (a AK # 11 25 from Sikhote-Alin Reserve), labial view of the 
left upper premolars (b AK #608 from the Hasan district), and occlusa l 
view ofrhc lower dentition (c AK #4 1 from Sikhorc-Al in Reserve) 

Table I Cases of dental 
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Fig. 3 Ventral view of an abnormal skull with a rostrum curved 10 the 
left side (MU #76805 from the Ussuri district) 

than those of the mesial tooth (Fig. 6). That is, the tubercles 
were higher and broader in the distal tooth (Fig. 6). 

A supernumerary and abnormally shaped tooth was 
found in one specimen (AK #706 from Hasan) between 
the normal-shaped p2 and p' in the left upper den tition 
(Fig. 7). This tooth was similar in height to p'. The mesial 
and dista l tubercles were both oriented to the buccal side 
w ith the roots, and the dista l tubercle was more developed 
than the mesial one, forming a metastyle s imilar to a 
nannal p2. 

Two small , s ingle-rooted teeth were fo und in OIlC 

specimen (AK #002 from Vladivostok) at the P, position 
in the right lower dentition and this was also a case of a 
supemumeraIY tooth (Fig. 8). These el1lpted teeth were at 
the positions of the two roots for a nannal p) and covered 
with enamel, with incompletely constructed main cusps and 
mesial and distal tubercles with small metastyles. The 
smaller and anterior tooth erupted on the lingual side of the 
larger and posterior tooth. On the opposite (left) side of the 
PJ in the same specimen, we observed two remnant roots 
but could not determine whether they were independent. An 
abnonnally small MJ was found in the left lower dentition 

anomalies in different Locality Number Abnonnal Oligodonty (N= 19) Supernumerary (N=" 3) Morphological 

populations of M. lI'ogura: indi vidua ls abnonnali ty 

abnonnal individuals, (%) p' p3 Upper P Lower P (N= 6) 

oligodonry, missing p2 (left 
sidelboth sides/right side) Sikhote-Alin Reserve 30 7 (23.3%) 7 (0/2/5) 
or p), supernumerary teeth Lazo Reserve 38 2 (5.2%) I (0/0/1) 
in the upper premolar series Ussun district 86 6 (6.9%) 4 (011 /3) 2 
or lower premolar series, and 
morphological abnonnalities Vladivostok area 7 I (14.2%) 3 

Hasan district 66 3 (4.5%) I (0/0/1) 2 

Harbin 12 5 (41.6%) 5 (111 /3) 

Ji lin 0(0%) 

Mudanjiang 0(0%) 

Tota l 241 24 (9.9%) 18 ( 1/4113) 2 6 
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Fig.4 Occlusal view ofa case ofoligodonty in wh ich p2 was missing 
(ind icated by an arrow) in the right upper dentition (A K #904 from the 
Ussuri district) 

of the same specimen. The tooth was smail , single cllspcd, 
and located behind M2 with a gap. Its length, height, and 
width were about one third that of a nannal M3, and the 
mesial pm1 was higher than the distal part (Fig. 8). 

An abnonnally small p2 was found in onc specimen (MU 
#76848 fro m the Uss llri district) in the right upper dentition 
(Fig. 9). This abnormal tooth was single cusped, without 
mesial or distal tubercles, and shortened mesiodistally. 

We observed only one root alveolus in a p2 of the left 
upper dentition in a specimen (AK # 19 from the Ussuri 
district), but we could not examine the tooth root directly 
because it was lost. 

Rates of abnormal dentition did not di ffer between sexes 
(Fisher's exact test , p~O.387) but differed across localities 
(p <O.05). The rate of dental anomalies was higher in the 
Sikhote-A lin Reserve (23.3%) than in the Ussll ri (6.9%) 
and Hasan districts (4.5%) and higher in Harbin (41.6%) 
than in the Uss Li ri and Hasan dish'jets and Lazo Reserve 
(5.2%) (Fisher'S exact test, p <O.O I) (Table I). 

Three skull measurements from seven localities using 
specimens >6 months old are presented in Table 2. Moles 

Fig. 5 Labia l views of the nomml right lower dentition (top) and a 
left lower dentition that is miss ing PJ (boltom) (MU #4 1280 from 
Lazo RcsclVc) 
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Fig. 6 Occlusal (a) and labial (b) views of duplicated teeth betwccn 
pi and p3 (indicated by arrows) in the right uppcr premolar series (AK 
#605 from the Hasan district) 

Fig. 7 Occlusal (a, b) and labial (c) views of a supernumerary tooth 
between pi and p) (indicated by arrows) in the left upper premolar 
series (AK #706 from the Hasan district) 
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Fig. 8 Occlusal (a), labial (b), and lingual (c) views of nvo small teeth to the right of PJ (indicated by arrows A and B) and lingual view of a 
smail , single-cuspcd MJ (d) (indicated by arrow C) (AK #002 from the Vladivostok area) 

from the Ussuri district were larger than those from any 
other population, and those from Hasan were the smallest in 
all measurements for both sexes, although not all pairs 
differed significantly (ANOVAffukey's test, Ussuri district 
vs. Hasan males for GLS, PL, and eM3, p<O.OO 1; Ussuri 
district vs. Sikhote-Alin Reserve males for GLS, p<O.O I; 
Hasan vs. Sikhote-Alin Reserve females for GLS, p<0.05) 
(Table 2). 

Discussion 

Dental anomalies in M. wogllra included oiigodonty, 
supemumerary teeth, and abnormal morphology and 

were found mainly in the loci of p', P" and M,. 
Previous studies have rcpOIied that a missing p2 was the 
most frequent dental anomaly and a mi ssing P2 was the 
second most frequent anomaly in M wogura based on 
specimens from Japan and Korea (Ueda 1959; Abe et al. 
1991 ; Kawada et al. 2011). Our resuits from northeast 
China and the Primorsky region of Russ ia indicated that 
cases of a missing p2 were also the most frequent, whereas 
no case of a miss ing P2 was found among the 241 

specimens examined. 

Fig. 9 Labial vicw of an abnonnally small p2 in the right upper 
denlition (MU #76848 from Ihc Ussuri district) 

We found several supel1lumerary teeth and morpholog­
ical abnonnalities that have not been repol1ed previously. 
That is, supernumerary premolars, two small tccth erupted 
at the P, position and small , single-cusped tooth at the M, 
position, abnonnally small P', and only one alveolus for p2 
The two similar teeth between pi and P' are likely similar 
to the "duplicated teeth" between p i and pJ reported by 
Ueda (1959). In contrast, the supernumerary premolar 
seemed to be a duplicated p', whose anterior part rotated 
to the buccal side. This supernumerary tooth was reminis­
cent of the chise l- like supel1lumerary premolar teeth 
reported in Talpa allaica (Kawada et al. 2006), but in our 
case, the neck was folded and not cylindrical as in T altaica 
(Fig. 7). The two small teeth at the P, position appeared as 
an independent tooth structure but erupted at the positions 
of the roots ofPJ. The two teeth might have originated ITom 
the splitting of a tooth genn, as Wolsan (1984) categorized. 

We observed 19 individuals with oligodonty as well as 
five with other kinds of dental anomalies. The latter cases 
differed from each other in type of anomaly, and we 
considered them rare. We discuss the different rates of 
dental anomalies among regions by combining all types of 
dental anomalies together. 

Specimens from Sikhote-Alin Reserve and Harbin 
showed a high rate of dental anomalies relative to the other 
localities in this study as well as in previous studies on M. 
IVoglira ITom Japan (6.7% (11 = 11 9), Ueda 1959 and 6.43% 
(1/=684), Kawada et al. 2011), and in Japan and Korea 
(2.8% (1/ =458), Abe et al. 1991). Some insignificant 
pairwise differences may have resulted ITom the small 
sample sizes, but all pairs with large sample sizes were 
significantly different. Thus, dental anomalies occurred 
more ITequently in the Sikhote-Alin Reserve and Harbin 
populations. These populations are located near the northern 
range of this species (Okhotina 1966; Zhang 1997; 
Hoffmann and Lunde 2008) and are, thus, considered 
marginal populations (Fig. 1). Krystufek et al. (200 I) 
reported the complete loss of I" p', and P, in a marginal 
population of Talpa davidiana (Talpini), and Szuma (2007) 
reported higher rates of M3 absence in populations ·at the 
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Table 2 Crania l measurements from moles morc than 6 months old from each loca lity (means±SD, ranges in parentheses) for the greatest length 
of the skull (GLS), palatal length (PL), and the distance from the canine 10 the third molar in upper dentition (eM3) 

Locality Sex N GLS PL e M3 

Sikhote-A lin Reserve M 9 43.39± I.IS (41.30-44.60) 16.90±0.4S (IS.90- 17.30) 16.1 3±0.56 (IS.20- 16.94) 

F 2 41.4S ±0.49 (41.10-41.80) IS.9S ±0.21 (15.80- 16.10) IS.26±0.08 (15.20- IS.32) 

Laza Reserve M 6 43.32±0.63 (42.S0-44.00) 17.07±0.8S (IS.40- 17.8S) IS.94±0.28 (15.60- 16.38) 

F 8 41.4S±0.67 (40.49-42.SS) 16.S7 ±0.30 (16.00- 16.9 1) IS .34±0.28 (14.67- 15.54) 

Ussuri district M 34 44.84±1.I 1 (4 1.96-46.70) 17.31±0.5 1 (IS.89- 18.03) 16.3S±0.47 (IS.30- 17.2S) 

F 20 42.41 ± 1.33 (38.89-4S.20) 16.50±0.7S (13.84- 17.14) IS.44±0.S9 (13.31- 16.43) 

Vladivostok area M 2 43.79±0.81 (43.22-44.37) 16.90±0.10 (16.83- 16.98) 16.3S±0. 12 (16.26- 16.44) 

F 41.60 16.20 IS.28 

Hasan di strict M 26 43.27± 1.48 (39. IS-45.60) 16.59±0.68 (IS. 16- 17.90) IS.7S±0.SS (14.47- 16.62) 

F 13 41.07±0.92 (39.43-43.40) IS.7S±0.39 (IS.20- 16. 70) IS.OS ±0.37 (14.46- 15.87) 

Harbin M 4 43.S9± 1.53 (41.30-44.46) 16.94±0.55 (16.40- 17.70) IS.96±0.48 (IS.SO- 16.45) 

Mudanjiang M 44.46 

northeastem and northwestem ends of the range of Vu/pes 

vu/pes. These results might suggest the tendency for 
increased rates of dental anomalies in mammals living in 
marginal populations. 

Krystufek et aJ. (200 1) stated that teeth loss in T 
davidialla could be a byproduct of a reduction in skull size 
in a marginal population, A positive conelation between the 
rates of oligodonty and size reduction among populations 
has been reported in Scapallus /atimallus (Hall 1940) and 
M. 1V0gura in Japan (Kawada et aJ. 20 I I). In contrast, 
Szuma (2008) did not find a size reduction in populations 
with high rates of dental anomalies in V vII/pes in the range 
ends reported by Szuma (2007). In this study, reduced skull 
size was not observed in the Sikhote-Alin Reserve or 
Harbin populations (Table 2) and thus, the high rates of 
dental anomalies in these populations might not have been 
induced by a size effecl. 

Recent morphological and genetic studies in mammals 
concluded that ol igodonty is caused by genetic factors 
rather than skull size in the cases of SUI/ells I1IUril1US 
(Jogahara et aJ. 2007), V. vII/pes (Nentvichova and Andera 
2008), blue ten·ier dogs (Knyazev et aJ. 2003), and mice 
(Line 2003). Furthermore, high incidences of dental 
anomalies have been reported in mammalian populations 
in which genetic drift is severe (Miles and Grigson 1990; 
Suchentrunk et aL 1992; Federoff and Nowak 1998; Martin 
2007 ; Gomercic et aJ. 2009). Thus, the effect of genetic 
drift could be an imp0l1ant factor in the high rate of dental 
anomalies in the marginal populations of M. wogura. 

Marginal populations have a typical demographic pattern 
characterized by low population density and fluctuating 
population size (Lomol ino et aL 2005), leading to a small 
effective population size (Whitlock 2004). Theoretical 
studies have suggested that the effect of genetic drift is 
larger when effective population size is smaller (Futuyma 
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1998 ; Whitlock 2004). Actually, marginal populations have 
low genetic variation compared with central populations as 
a general tendency in wild animals and plants (Eckert et a1. 
2008 ; Kawecki 2008; Hardie and Hutchings 20 I 0) and such 
examples have also been repolted in mammals (Schwartz 
et aL 2003 ; Andersen et aL 2011). Thus, the effect of 
genetic drift may have increased in the marginal popula­
tions of M. wogura , and mutant alleles increased and 
induced dental anomalies. 

Among 283 M. wogura study sk ins from the Primorsky 
region, only one specimen from Sikhote-Alin Reserve had a 
light yellowish skin instead of the common brown skin (A. 
Kryukov, personal observation; AK #727 ; deposited in the 
Botanical Garden Museum, Hokkaido University, Sapporo, 
Japan). We consider that this was an albino individual 
whose white skin was dyed with a secretion product and 
became yellow, as Yokohata (1997) reported for M. wogura 

rrom Japan. This albinism might also have been caused by 
rare mutations maintained in the marginal population by 
genetic drift. 

Subterranean mammals often comprise parapatric popula­
tions, which have high levels of di fferentiation (Nevo 1999; 
Steinberg and Patton 2000) because of their limited dispersal 
ability (Lacey 2000). Consequently, complex chromosomal 
differentiation among populations is often reported in 
fossorial rodents such as Spa/ax ehrel/bergi and Spa/ax 

/eucodol/ (Nevo 1999), Geomys species (Smolen and 
Bickham 1994), and Ctellomys species (Massarini et aL 
1991) as well as semi-fossorial rodents such as Microtus 
maximowiczii and Microtus jortis (Sheremetyeva et a1. 2006, 
2009; Kartavtseva et aL 2008; Frisman et aL 2009). Nevo 
(200 I) distinguished four popUlations of S. ehrel/bergi as 
new species with distinct karyotypes that were different from 
S. ehrel/bergi and from each other: Spa/ax galili , Spa/ax 

judaei, Spa/ax go/alii, and Spa/ax carne/i. Nevo (2001) 
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concludcd that the different karyotypes of these four species 
had been fanned by genetic dri ft during each peripatric 
speciation cvent. Therefore, in other fassarial mammals, 
such as Mogera species, we suggest that a new diagnostic 
character such as a distinct karyotype could have been 
fanned by genetic dri ft in newly established species fro m a 
marginal population through parapatric or peripatric specia­
tion. If such a speciation event occurs in marginal 
populations where dental anomalies such as oligodonty are 
frequent, the anomalies could become a new dentition 
pattem with a different number of teeth. Therefore, we 
hypothesize that dental anomalies in marginal populations 
could have ini tiated the evolution of dental fannulae in 
ta lpids and other subterranean mammals. Future studies of 
dental anomalies in marg inal populations with morc species 
should test this hypothesis. 

Acknowledgments We thank V. Lcbcdcv (MU) and T. Hiraoka 
(YIO) for allowing us to study specimens under their care. A part of 
th is study was conducted during AK's visiting professorshi p to the 
Kyoto University Museum. MA is a reci pient of a scholarshi p from 
the Mishima Kaiun Memorial Foundation. This study was supported, 
in pan, by a Japan Sociery fo r the Promotion of Science Grant-in-Aid 
for Sc ientific Research (no. 21370033), JSPS AA Science Plat fonn 
Program, and the Global COE Program A06 (M inistry of Education, 
Culture, Sports, Sc ience, and Technology, Japan) to Kyoto University. 

References 

Abc 1-1 , Shi ra ishi S, Arai S (199 1) A new mole from Uotsuri-j ima, the 
Ryukyu Islands. J Mamm Soc Jpn 15:47- 60 

Andersen LW, Lyndersen C, Frie AK, Rosing-Asvis A, Hauksson E, 
Kovacs KM (20 II ) A populat ion on the edge: geneti c diversity 
and population structure of the world 's northernmost ha rbor seals 
(Phoca vilulil/a) . BioI J Linn Soc 102:420-439 

Eckert CG, Samis KE, Lougheed CL (2008) Genetic variation across 
spec ies' gcographical ranges: the centra l- marginal hypothesis 
and beyond. Mol Ecol 17: 1170- 11 88 

Federoff NE, Nowa k RM ( 1998) Crania l and dental abnonnal itics 
of the endangered red wolf Callis ruflls. Acta Therio l 43:293-
300 

Frisman LV, Korobitsyna KV, Kartavtseva TV, Sheremetyeva [N, Vouta 
LL (2009) Voles (Microlus Schrank, 1798) of the Russ ian Far 
East: allozymic and karyologica l divergence. Russ J Genet 
45:804- 8 12 

Futuyma DJ (1998) Evolu tionary Biology, 3rd edn. Sinauer 
Associates, Inc. , Sunderland 

Gomerc ic T, Guzvica G, Gomerc ic MD, Frkovic A, Pavlovic D, 
Kusak J, Sindicic M, Huber D (2009) Variation in teeth number, 
teeth and skull disordcrs in Eurasian lynx, Lynx IYllx from 
Croatia. Fo lia Zool 58 :57- 65 

Hall ER ( 1940) Supernumerary and miss ing teeth in wild mammals of 
the orders In seetivora and Carnivora, with some notes on di sease. 
J Dent Res 19: 103- 143 

Hardie DC, Hutch ings JA (20 10) Evolutionary ecology at the 
extremes of spec ies ' ranges. Environ Rev 18: 1-20 

Hoffmann RS, Lunde 0 (2008) Ordcr Sor;comorpha. In: Smith AT, 
Xie Y (cds) A gu ide to Ihc mam mals of China. Princeton 
University Press, Princeton, pp 297- 326 

47 

Hutterer R (2005) Order Soricomorpha. In: Wil son DE, Reeder DM 
(cds) Mammal spec ies of the world, 3rd edn. The Johns Hopkins 
University Press, Balti more, pp 220- 311 

Jogahara T, Koyasu K, Oda S, Kawai T, Hanamura (2007) Quest for 
the cause of oligodonti a in Sill/ells III lIril/liS (Soricomorpha, 
Soricidae): morphological re-examinat ion. Arch Ora l BioI 
52:836- 843 

Kartavtseva TV, Sheremetyeva TN, Korobitsina VK, Nemkova GA, 
Konovalova EV, Korablev VV, Voyra LL (2008) Chromosomal 
fonns of MicrolJls maximowiczii (Schrenck, 1859) (Rodentia, 
Cricetidae): variability in 2n and NF in different geographic 
regions. Russ J Theriol 7:89-97 

Kawada S (2005) The hi storical notes and taxonomic problems of East 
Asian moles, Eu/"Oseaplor, Paraseaplor and Sc:aplocilirus, of 
continental Asia (I nsectivora, Talpidae). Mamm Stud 30:S5- S II 

Kawada S, Koyasu K, Zholnerovskaya EI. Oda S (2006) Analysis of 
dental anomalies in the Siberian mole, Ta/pa a/taiea (Insectivora, 
Talpidae). Arch Oral Bioi 51:1029- 1039 

Kawada S, Endo E, Oda, S, Koyasu K (20 II ) Dental Anomalies in 
four mo le spec ies of the genus Mogera (lnsectivora, Talpidae) 
from Japan. BuB Natl Mus Nat Sci, Scr A 37:63- 72 

Kawecki TJ (2008) Adaptatin to marg inal habitats . Annu Rev Ecol 
Evol SySl 39:32 1- 342 

Knyazev SP, Kulikova AV, Axenovich TI , Sulchenko YS (2003) 
Inheritance of Oligodontia in Kerry Blue Terrier Dog. Russ J 
Genet 39:669- 675 

Krysrufek B, Spitzenberger F, Kefelioglu H (200 1) Description, 
taxonomy, and distribution of Talpa davidialla. Mamm Bioi 
66: 135- 143 

Lacey EA (2000) Spatial and social sysmems of subterranean rodents: 
opportun ities and constraints fo r evolutionary diversification. In : 
Lacey EA, Patton JL, Cameron GN (cds) Life underground: the 
biology of subterranean rodents. The Uni versity of Chicago 
Press, Chicago, pp 257- 296 

Line S (2003) Variation of tooth number in mammal ian dentition: 
connect ing genetics, developmenl. and evolution. Evol Dev 
5:295- 304 

Lomolino MV, Riddle BR, Brown JH (2005) Biogeography, 3rd edn. 
Sinauer Assoc iates, Inc., Sunderland 

Martin GM (2007) Dental anomali es in Dromiciops gliroides 
(Microbiotheria , Microbiotheriidae), CaeI/o/estes jitligil/oSlis and 
RhYl/cho/esles raphallurus (Paucitubcrculata, Caenolestidae). 
Rev Chill-l ist Nat 80:393-406 [In Spanish with English abstract] 

Massarini AI, Barros MA, Ortell s MO, Reig OA (1991) Chromosomal 
polymorphism and small karyotypic differentiation in a group of 
Cte11011/)'s species from Central Argentina (Rodentia: Octodontidae). 
Genetica 83:131- 144 

Miles A. Grigson C (1990) Colyer's va ri ation and disease of the 
teeth of animals, revised edition. Cambri dge Un iversi ty Press, 
Cambridge 

Motokawa M, Li n LK, Cheng I-IC, Harada M (200 1) Taxonomic status 
of the Senkaku mole, Nesoscaplor IIchidai, with special reference 
to variat ion in Mogera ill slliaris from Taiwan (Mammali a: 
Inscctivora). Zool Sci 18:733- 740 

Nentvichova M, Andcra M (2008) Dental anomalies and dental 
variations in the red fox VII/pes vu/pes in the Czech Republic. 
Acta Theriol 53:2 17- 228 

Nevo E (1999) Mosaic evolution of subterranean mammals. Oxford 
Un ivers ity Press, Oxfo rd 

Nevo E (2001) Adaptive radiation of blind subterranean mole rats. 
Backhuys Publishers, Leiden 

Ohtaishi N ( 1986) Mammalian teeth. In: Goto M, Ohtai shi N (eds) 
Comparative odonlology-morphology, function and evolution 
of tooth in vertebrates. Ishiyaku Publishers, Inc, Tokyo, pp 123-
134 [I n Japanese} 

Okhotina M ( 1966) Far-eastern mole. Nauka, Moscow [In Russian] 

~ Springer 



48 

Pan Q, Wang Y, Van K (2007) A field guide to the mammals of China. 
China Forestry Publishing House, Beijing 

Pavlinov IY, Barisenko AV, Kruskop SV, Yahontov EL (1995) 
Mammals of Eura sia, II , non-Rodentia. Moscow Un iversity 
Press, Moscow [In Russian] 

Schwartz MK, Mills LS, Ortega Y, Ruggiero LF, Allendorf FW (2003) 
Landscape location affects genetic variation of Canada lynx 
(Lynx Canadensis). Mol Ecal 12:1807- 1816 

Sheremetyeva IN , Kartavtseva IV, Frisman LV (2006) Karyologica\ 
and allozyme variabili ty of far eastern voles Microtus Iortis 
Buchner, 1889 (Cricetidae, Rodentia) from the Russian Far East. 
Russ J Genet 42:68 1- 690 

Sheremetycva TN, Kartavtseva IV, Voyta LL, Kryukov AP, Haring E 
(2009) Morphometric analysis of intraspec ific variation in 
MicrotliS moximOll'iczii (Rodentia, Cricetidae) in relation to 
chromosomal differentiation with reinstatement of Microtlls 
gromovi Vorontsov, Boeskorov, Lyapunova et Revill, 1988, stat. 
nov. J Zool Syst Evol Res 47:42-48 

Smolen M, Bickham JW (1994) Chromosomal variation in pocket 
gophers (Geom)'s) detected by sequential G-, R-, and C-band 
analysis. Chromosom Res 2:343- 353 

Steinberg EK, Patton JL (2000) Genetic structure and the 
geography of speciation in subterranean rodents: opporrun ities 
and constraints fo r evolutionary diversi fication. In: Lacey EA, 
Patton JL, Cameron GN (eds) Life underground: the biology 

~ Springer 

Acta Therial (2012) 57:41-48 

of subterranean rodents. The University of Ch icago Press, 
Chicago, pp 301 - 33 1 

Suchentrunk F, Markowski J , Janiszewski T, Hartl G B ( 1992) Dental 
and cranian anomalies in Austrian and Polish brown hare Lepus 
ellropaelis popu lations. Acta Theriol 37 :24 1- 257 

Szuma E (2007) Geography of dental polymorphism in the red fox 
VlIlpes I'Lllpes and its evo lutionary implications. Bioi J Lin n Soc 
90:6 1- 84 

SZlima E (2008) Evolutionary and climatic factors affecting tooth size in 
the red fox Vuples I'll/pes in the Holarctic. Acta TherioI53:289- 332 

Ueda Y (1959) About dental anomal ies of moles. Hi roshima 
Daigaku Igakubu Kaibougaku Daiichikouza Gyousekisyu 5: 1-
6 [in Japanese] 

Whitlock Me (2004) Selection and drift in metapopulations. In: 
Hanski I, Gaggiotti OE (eds) Ecology, genetics, and evolution of 
metapopulations. Elsevier, Oxford, pp 153-173 

Wolsan M ( 1984) The origin of extra teeth in mammals. Acta Theriol 
29 :1 28- 133 

Yokohata Y (1997) A case of pelage-color variant in the large 
Japanese mole, Mogera wogura, in Hiwa, Hiroshima Prefecture, 
Japan . Misc Rep Hiwa Mus Nat Hi st 35:195- 196 [in Japanese) 

Zhang Y ( 1997) Distribution of mammalian species in Chi na . China 
Forestry Publishing House, Beijing 

Ziegler AC (1971) Dental homologies and possible relationships of 
recent Tal pidae . J Mammal 52:50- 68 

1IIIt!IWt!lt!IWWW!!IIlll~1111111 
I 


