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INTRODUCTION

To date, more than 35 rodent species inhabit the
Russian Far East [1]. Out of them, only eight (common
squirrel, wood lemming, Siberian ground squirrel, Nor-
way rats, house mouse, root vole, gray-sided vole, and
red-backed voles) are widely spread both on Kam-
chatka Peninsula and on the islands surrounding the
Sea of Okhotsk.

In the geological past, hydrogeocratic (caused by
tectonic processes) and glacioeustatic (caused by major
glaciations) fluctuations in the ocean level resulted in
substantial changes in the shape of the eastern Eurasian
border. During oceanic regressions, some of the extant
shelf islands merged with the continent or were con-
nected with one another by bridges of land [2]. For
instance, during the Pleistocene glaciations Northern
Kurils were connected with Kamchatka while Sakhalin
and Hokkaido islands with the adjacent islands of the
Malyi Kuril Archipelago, together or separately,
formed a land bridge with the continent. They were
connected to the continent at the earlier stages occurred
through the Archipelago of Japan and the Korean Pen-
insula, and later, through the northern part of the Sakha-
lin island. The existence of such bridges was of the
utmost importance for the formation of biota of the
island systems and for spreading of species along the
east coast of Eurasia. Other islands, e.g., Central Kurils,
were never joined with the continent, and their biota
was formed owing to introduced species. These intro-
duced species include the member of the genus of gray
voles (

 

Microtus

 

), root vole.

Earlier, we have carried out analysis of genetic
(allozyme and karyological) differentiation of red
wood voles from the land neighborhood of the Sea of
Okhotsk: 

 

Clethrionomus rutilus

 

 and 

 

C. rufocanus

 

 [3].
In the present study, we consider the results of a genetic
examination of another widely spread vole species of
this region.

 

Mictorus oeconomus

 

 is a Holarctic species of the
Eurasian origin inhabiting marshy and wet meadows,
meadow–wood, and meadow–steppe localities of the
tundra, forest, and forest-steppe zones of Eurasia and
Alaska. In the Russian Far East the area of root vole
stretches from the Arctic coast to the northern regions
of Khabarovskii krai. It inhabits Kamchatka, Northern
Kurils, and is abundant on Central Kutil islands.

The present work was aimed at analyzing allozyme
differentiation and gene geographic variation of the
insular and continental Far Eastern populations of root
vole. As an alien species, 

 

Microtus fortis

 

 was consid-
ered. Based on the data on allozyme differentiation and
the known time of isolation of the island and peninsular
populations, we plan to estimated the divergence age of
the Far Eastern subspecies and species forms of root
vole. Karyological analysis (G-, C-, and NOR-banding)
of 

 

M. oeconomus

 

 from Kamchatka and the continental
coast of the Sea of Okhotsk was carried out.

MATERIALS AND METHODS

In the allozyme study, we used 184 root voles col-
lected on the islands of the Malyi Kuril Archipelago,
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—Electrophoretic analysis of 12 enzyme systems and 3 nonenzyme proteins (in all, 24 interpretable
loci) was carried out for 

 

Microtus oeconomus

 

 from ten Kuril Islands, Kamchatka Peninsula, and the vicinity of
the city of Magadan. Gene geographic variation was examined and the coefficients of genetic variation and dif-
ferentiation were estimated. The interpopulation allozyme differentiation was low (

 

D

 

Nei, 1972

 

 not higher than
0.053) and caused by variation in the allele frequencies of polymorphic loci. The greatest genetic distances were
found between the populations belonging to different subspecies. Allozyme differentiation of Far Eastern

 

M. oeconomus 

 

and 

 

M. fortis

 

 are discussed in relation to the data on the age of the island isolation and paleon-
tological records. Karyological analysis (G-, C-, and NOR-banding) demonstrated the absence of differences
between 

 

M. oeconomus

 

 from Kamchatka and the vicinity of Magadan.
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Kamchatka Peninsula, and the neighborhood of
Magadan. 

 

M. fortis

 

 (15 animals) were sampled in Pri-
morskii krai.

Voles were collected in the following localities:

 

Microtus oeconomus

 

 Pallas, 1776

 

M. oec. Koreni

 

 G. Allen, 1914:
1. In the vicinity of the city of Magadan, 11 animals

(karyological analysis, 11 animals).

 

M. oec. Kamchatica

 

 Pallas, 1779:
2. Kamchatka Peninsula, in the vicinity of the settle-

ment of Elizarovo, 12 animals (karyological analysis,
15 animals).

Northern Kurils
3. Shumshu Island, Yaugich Cape, 18 animals.
4, 5. Paramushir Island, two samples of 20 and five

animals from the vicinity of Severo-Kuril’sk.
6. Atlasov Island, in the vicinity of the former Atla-

sov settlement, seven animals.
Central Kurils

7. Onekotan Island, borders of the Ozernaya River,
20 animals.

8. Kharimkotan Island, Severgin Bay, four animals.
9. Shiashkotan Island, 19 animals.
10. Matua Island, Dvoynaya Bay, 12 animals.
11. Rasshua Island, southwest coast, 20 animals.
12. Ketoi Island, six animals.
13. Simushir Island, Kitoboinaya Bay (K.), 13 ani-

mals.
14. Simushir Island, Malaya Bay (M.), five animals.
15. Simushir Island, Nakatomari Bay, 12 animals.

 

Microtus fortis

 

 Buchner, 1889:
16. Primorskii krai, in the vicinity of the settlement

of Khasan, 15 animals.
The sampling localities are shown in Fig. 1.
Root voles from the Kuril islands were caught using

crashing traps. The tissues (liver and muscle) were sam-
pled for electrophoresis in the field, during the Kuril
marine expedition conducted by the Institute of Biol-
ogy and Soil Science (Russian Academy of Sciences) in
the framework of the International Kuril Project. Ani-
mals from other localities were transported alive to
Vladivistok to conduct karyological and allozyme anal-
ysis.

Protein starch-gel electrophoresis with subsequent
histochemical staining was carried out [4]. The follow-
ing 12 enzymes were examined: lactate dehydrogenase
(LDH), malate dehydrogenase (MOR), malic enzyme
(MOD), isocitrate dehydrogenase (IDH), aspartate
aminotransferase (AAT), superoxid dismutase (SOD),
6-phosphogluconate dehydrogenase (PGD), glucose-6-
phosphate dehydrogenase (G6PD), sorbitol dehydroge-
nase (SDH), 

 

α

 

-glycerophosphate dehydrogenase
(GPD), phosphoglucomutase (PGM), esterase (EST),
and three general muscle proteins. For 

 

M. fortis

 

 and two
samples of root vole from the vicinity of Magadan,

Kamchatka Peninsula, hemoglobin analysis was con-
ducted.

Genetic coefficients were computed and analyzed
using the Biosys-1 software package [5].

Chromosome slides were prepared following stan-
dard protocols. G-banding was conducted according to
Seabright [6], C-banding as described in [7], and NOR
staining, as in [8].

RESULTS AND DISCUSSION

 

Karyological Analysis 

 

The chromosome set of 

 

M. oeconomus

 

 (Fig. 2a)
consists of 11 pairs of metacentric, one pair of large
metacentric, and two pairs of subtelocentric chromo-
somes. In the smallest pair of subtelocentric chromo-
somes, the short arm varies and is not always expressed.
In addition, the long arm of the largest subtelocentric
pair has a secondary constriction, which is not detected
in all chromosomes of this pair. The X chromosome is
a metacentric of medium size, the Y chromosome is a
small acrocentric.

 

G-banding.

 

 Based on chromosome G-bands, chro-
mosome pairs can be identified (Fig. 2b). A comparison
of G-banding patterns that we found in voles from the
Kamchatka and Magadan populations with those in
voles from populations of Alaska [9], Yakutia [10], and
Scandinavia [11] published in literature did not reveal
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differences in differential banding of their chromo-
somes.

 

C-banding. 

 

Staining of structural heterochromatin
in voles from the Magadan and Kamchatka populations
did not show any differences. Autosomal heterochro-
matin located in pericentric chromosome regions was

manifested as weak C-bands or small dots. The centro-
meric band was somewhat larger in the X chromosome
than in autosomes. The Y chromosome was totally het-
erochromatic. Comparative karyological examination
of our C-banding data and literature results showed that
animals from the Far Eastern populations do not differ
from voles from the other parts of their range [11–13].

 

(a)

(b)

(c)

 

Fig. 2. 

 

Karyotype of 

 

M. oeconomus

 

 Pallas. (a) Common staining (

 

?

 

 no. 109–97, Kamchatka); (b) G-banding (

 

/

 

 no. 156–97, vicin-
ity of Magadan); (c) C-banding (

 

?

 

 no. 121–97, Kamchatka). 
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NOR staining.

 

 NOR regions are located in two chro-
mosome pairs: in the region of the secondary constric-
tion of the largest submetacentric chromosome and the
telomeric region of the smallest subtelocentric chromo-
some.

The voles from the examined populations did not
differ in karyotype from Scandinavian voles [11] with
regard to the number and pattern of NOR bands.

Thus, karyotypes of voles from the extreme western
and eastern Eurasian populations as well as populations
of Alaska have been examined so far. No differences in
chromosomal characteristics were found between these
populations.

Note that variability in the chromosome number
recorded earlier in a Scandinavian population (2

 

n

 

 =
30–32 [11]) is so far the only example of chromosome
polymorphism in root vole.

 

Allozyme Analysis 

 

Electrophoretic analysis of 12 enzyme systems and
three nonenzyme proteins allowed us to identify
24 interpretable loci: 

 

LDH

 

 (-

 

1

 

, -

 

5

 

,), 

 

MOR

 

 (-

 

1

 

, -

 

2

 

), 

 

MOD

 

(-

 

1

 

, -

 

2

 

,), 

 

IDH

 

 (-

 

1

 

, -

 

2

 

), 

 

AAT

 

 (-

 

1

 

, -

 

2

 

), 

 

SOD

 

 (-

 

1

 

, -

 

2

 

), 

 

PGD

 

,

 

G6PD

 

, 

 

SDH

 

, 

 

GPD

 

, 

 

PGM

 

, 

 

EST

 

 (-

 

1

 

, -

 

2

 

, -

 

3

 

, -

 

4

 

), 

 

Alb

 

, and
loci coding for two muscle proteins.

In all of the animals examined, 11 loci 

 

(

 

LDH-1

 

,

 

IDH -2

 

,

 

 AAT

 

 (-

 

1

 

, -

 

2

 

), 

 

G6PD

 

, 

 

MOR

 

 (-

 

1

 

, -

 

2

 

), 

 

MOD-2

 

,

 

Alb

 

, and those for two muscle proteins) were monomor-
phic and identical; 13 loci were variable at the popula-
tion, intraspecific, or interspecific levels (Table 1).

 

M. oeconomus.

 

 In root vole, 41 allelic variants were
found. The highest number of allelic variants (32) were
recorded in the continental sample from the vicinity of
Magadan. In the island samples, the number of allelic
variants ranged from 30 (Rashua Island) to 25 (Atlasov
Island). The mean value of this parameter for the island
samples was 26.7 (standard error of 1.15). The sample
of Kamchatka did not differ from the island samples in
the number of alleles (26).

The proportion of polymorphic loci, heterozygosity,
and the mean number of alleles per locus in each of the
samples examined are presented in Table 2.

Nine out of 24 loci examined (

 

PGD, LDH-2, IDH-1,
PGM, MOD-1, SOD-1, SOD-2, EST-1

 

, and 

 

EST-3

 

)
were polymorphic. The highest number of polymorphic
loci (six) was recorded in the sample from the vicinity
of Magadan. Five loci were polymorphic in the total
sample from Simushir Island. The number of polymor-
phic loci in the island samples varied from one to four
(two on average). Exactly this number of polymorphic
loci was found in the Kamchatka sample. The level of
polymorphism in the island and peninsular populations
of root vole virtually coincides with that in the gray-
sided vole populations of Shikotan and Iturup islands
and is significantly lower than that in the Sakhalin pop-
ulations of red-backed and gray-sided voles.

Polymorphic loci of 

 

M. oeconomus

 

 have up to four
allelic variants. The highest number of alleles (four)
and polymorphic populations were found for 

 

PGD

 

. In
each locality (except Rashua and Atlasov islands), vole
populations had two or three 

 

PGD

 

 alleles. The 

 

PGD-C

 

allele is the most common (

 

p 

 

> 0.5) practically in all
populations. Only in the Magadan sample, its fre-
quency was somewhat lower than that of 

 

PGD-B.

 

The detected patterns of gene-geographic variation
of polymorphic loci in natural populations of wide-
range animal species are typically classified into four
groups: (1) all samples have the same major allele (p >
0.05) and the additional (0.05 < p < 0.5) or rare (p <
0.05) alleles are mosaically distributed over the range;
(2) the major alleles exhibit mosaic distribution over
the range; (3) the range is divided into large regions
according to the incidence of the major allelic variants;
(4) allelic differences are fixed in populations of large
regions. Only two former variants of geographic varia-
tion patterns were recorded in root vole from the Okho-
tomorsk region. The seven polymorphic proteins typi-
cally showed the following variability pattern: most
populations were monomorphic for the same variant
that at the same time was most common in the polymor-
phic populations. One or two additional (or rare) vari-
ants of each of these proteins showed mosaic distribu-
tion on the area. For LDH-2 and SOD-1, additional alle-
les were recorded only in the continental (Magadan)
sample. Additional alleles of EST-3 were found in the
vole populations of Magadan oblast and in the popula-
tionso f Paramushir, Matua, and Rasshua islands. Addi-
tional alleles of MOD-1 were detected in the Magadan
population and on the Central Kuril islands (Rasshua,
Ketoi, and Simushir). Additional alleles of SOD-2 were
found only in the populations of Kuril islands Atlasov,
Onekotan, and Simushir. Additional alleles of IDH-1
and PGM were revealed only in the Central Kuril pop-
ulations (Simushir, Rasshua and Onekotan, Shiashko-
tan, respectively). EST-1 exhibited a somewhat higher
level of genetic differentiation. Two electrophoretic
variants were recorded for this protein. Most island
samples were monomorphic for the slow variant. This
variant was major in the Kamchatka and Paramushir
samples, whereas in two populations, Magadan oblast
and Onekotan, another variant was most common. Vari-
ation of polymorphic loci of Clethrionomys rufocanus
and C. rutilis, the vole species from the coast of the Sea
of Okhotsk [3] that we had studied earlier, were also
characterized mainly by the geographic patterns of the
former two types, i.e., the same alleles were present and
predominant both in the island and the neighboring
continental populations. Genetic variation of root vole
is largely determined by the within-population rather
than among-population component (the mean values of
FIT = 0.570 and FST = 0.271 averaged over all samples
are respectively 0.570 and 0.271). At the same time, at
the among-island level (in the Kuril island population
examined), the among-sample genetic variation com-
ponent is relatively high (FST = 0.245), but for different
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Table 1.  Allele frequencies at polymorphic loci of M. oeconomos

Locus, 
alleles

Localities

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

PGD
A .028 .105 .200 .167 .115 .083
B .556 .125 .167 .158 .100 .211 .125 .316 .167 .083 .077 .200 .167
C .444 .875 .805 .737 .700 1.0 .789 .875 .684 .667 1.0 .834 .808 .800 .750 1.0
D .083
LDH-2
A .909 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
B .091
IDH-1
A 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 .925 1.0 1.0 1.0 .750 1.0
B .050
C .025 .250
PGM
A 1.0 1.0 1.0 1.0 1.0 1.0 .964 1.0 .889 1.0 1.0 1.0 1.0 1.0 1.0 1.0
B .036 .111
SOD-1
A .944 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
B .056
MOD-1
A .333 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 .975 .833 1.0 .923 1.0
B .389 .025 .167
C .077
D .278
E 1.0
SOD-2
A 1.0 1.0 1.0 1.0 1.0 .786 .944 1.0 1.0 1.0 1.0 1.0 1.0 1.0 .833 1.0
B .214 .056 .167
EST-1
A .286 .688 1.0 .875 1.0 1.0 .156 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
B .643 .313 .125 .844
C .071 1.0
EST-3
A .857 1.0 1.0 .794 1.0 1.0 1.0 1.0 1.0 .875 .536 1.0 1.0 1.0 .889
B .143 .206 .125 .179 .111
C .143 1.0
D .143
EST-2
A 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
B 1.0
EST-4
A 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
B 1.0
SDH
A 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
B 1.0
AGPD
A 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
B 1.0
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localities of the same island (Simushir), this parameter
is considerably lower (FST = 0.073).

As seen in Table 3, the values of standard genetic
distances (DNei, 1972) for the root vole populations stud-
ied are ranged from 0 to 0.053. The maximum distance
values in this interval correspond to pairwise compari-
sons of populations belonging to different subspecies.
The values of genetic distances DNei, 1972 for the island
populations are in the 0–0.040 interval. The maximum
values within this interval (0.025–0.040) are deter-
mined by the Onekotan population.

The Kamchatka population was closer to the island
ones (DNei, 1972 from) 0.004 to 0.011) than to the conti-
nental Magadan population (DNei, 1972 = 0.031). The

same but more marked trend was observed in red-
backed voles C. rutilus when the island samples were
compared to those from the coastal and geographically
distant continental localities. The genetic distances
between the red-backed vole populations from Nizhnee
Priamur’e and Sakhalin Island, which had been isolated
more than 7 thousand years ago [2], were much smaller
than the corresponding distances between geographi-
cally distant populations of Nizhmee Priamur’e and
other Far Eastern continental areas examined.

Comparing our data with those on the intraspecific
variation of other species of the genus Microtus, we
have found that corrected for small sample size genetic
distances DNei, 1972 between the populations of M. oec.
kamchatica (DNei, 1978, up to 0.01) mostly did not exceed

Table 2.  Genetic variability of 24 loci in M. oeconomus and M. fortis

Species, localities Mean sample
size per locus

Mean number
of alleles per locus

Percent
of polymorphic loci*

Mean heterozygosity

observed expected
from H.–W.**

M. oeconomus

1. Magadan 8.4 1.3 25.0 .041 .096
(.3) (.1) (.021) (.041)

2. Kamchatka 9.0 1.1 8.3 .016 .029
(.3) (.1) (.011) (.021)

3. Shumshu 15.3 1.1 4.2 .016 .014
(.6) (.1) (.016) (.014)

4. Paramushir 18.6 1.2 12.5 .019 .037
(.9) (.1) (.012) (.022)

5. Atlasov 5.6 1.0 4.2 .006 .015
(.4) (.0) (.006) (.015)

6. Onekotan 14.3 1.2 12.5 .010 .033
(.6) (.1) (.006) (.018)

7. Kharimkotan 3.3 1.0 4.2 .010 .010
(.2) (.0) (.010) (.010)

8. Shiashkotan 15.6 1.1 8.3 .004 .027
(.6) (.1) (.004) (.020)

9. Matya 8.3 1.1 8.3 .008 .032
(.5) (.1) (.006) (.024)

10. Rasshua 14.5 1.3 8.3 .007 .036
(1.3) (.2) (.004) (.028)

11. Ketoi 3.9 1.1 8.3 .014 .026
(.4) (.1) (.014) (.018)

12. Simushir 22.0 1.3 12.5 .031 .034
(1.8) (.1) (.017) (.017)

M. fortis 15.0 1.0 .0 .000 .000
(.0) (.0) (.000) (.000)

Note: Standard errors are given in parentheses.
        * Locus is considered polymorphic if the frequency of the most common allele does not exceed 0.95. 
      ** Unbiased estimate.
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those between the local populations of the same sub-
species of M. multiplex (DNei, 1978, up to 0.01) [14]. The
only exception was the Onekotan population. The dif-
ferences between M. oec. kamchatica and M. oec.
koreni (DNei, 1978, from 0.024) are close to the minimum
differences between the European subspecies of such
gray vole species as M. multiplex (DNei, 1978, from 0.03)
and M. arvalis (DNei, 1978, from 0.02).

Rodger’s genetic distances between the root vole
populations (DR, from 0.003 to 0.067) were mostly
lower than the intraspecific allozyme differences in
North American gray vole species M. californicus,
M. longicaudus, M. mexicanus, and M. montanus (DR,
from 0.064 to 0.104) [15].

The sample of M. fortis was monomorphic for all of
the loci studied. Five loci (MOD-1, EST-2, EST-4, SDH,
and GPD) showed fixed allelic differences between all
examined individuals of M. fortis and M. oeconomus.
In addition, judging from the three samples analyzed,
these species have electrophoretically different hemo-
globin phenotypes. Alleles of two EST loci, EST-1 and
EST-3, occur as additional in one root vole sample.
According to Mezhzherin et al. [16], M. fortis and
M. oeconomus have fixed allele differences in four out
of 26 loci studied by these authors.

The genetic distances obtained in interspecific com-
parisons of M. fortis and M. oeconomus (DNei, 1978, from
0.323 to 0.358) fall within the interval of the values
reported by Graf [14] for interspecific comparisons of
14 gray vole species (DNei, 1978, from 0.19 to 0.48).

In what follows, we make an attempt to compare the
level of allozyme differentiation and the time of isola-

tion of the forms studied using M. oeconomus and
M. fortis as an example.

According to the record of the merchant Grigorii
Shelekhov [17] and data of Klumov [18], root vole
appeared on the Central Kuril islands in the late 19th
century. These islands were colonized by voles from
the populations of the Northern Kuril islands, Para-
mushir and Shumshu. Consequently, the isolation
between the Central Kuril populations as well as
between them and the Paramushir and Shumshu popu-
lations occurred slightly more than 100 years ago.

In spite of this relatively short time of isolation of
the island populations, the mean genetic distance
between them (DNei, 1972 = 0.0084) is greater than the
genetic distances between the populations of Kam-
chatka and Northern Kurils (mean DNei, 1972 = 0.005),
which were divided by straits about 10 000 years ago
[2, 19]. The formation of the Central Kuril populations
evidently involved founder and bottleneck effects due
to small numbers of the initial colonizers and subse-
quent gene drift in the isolated island populations.

The genetic distance (DNei, 1972 = 0.032) between the
peninsular Kamchatka and continental Magadan popu-
lations determined the subsequent level of temporal
isolation.

Finally, the genetic distances between the species
M. oeconomus and M. fortis (mean DNei, 1972 averaged
over all samples examined is 0.352; standard deviation
is 0.027) determine the maximum differentiation level
and the maximum isolation age in the taxonomic forms
studied. Of all genetic distances estimated, we could
calculate standard errors only for the interspecific dis-

Table 3.  Genetic distances DNei, 1972 in M.oeconomus and M. fortis

Species, localities 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

M. oeconomus

1. Magadan ****

2. Kamchatka .031 ****

3. Shumshu .043 .004 ****

4. Paramushir 1 .035 .004 .003 ****

5. Paramushir 2 .044 .006 .001 .003 ****

6. Atlasov .053 .007 .003 .007 .005 ****

7. Onekotan .023 .013 .031 .025 .032 .034 ****

8. Kharimkotan .045 .004 0 .003 .001 .003 .031 ****

9. Shiashkotan .040 .006 .001 .004 .002 .007 .032 .002 ****

10. Matya .041 .006 .001 .001 .001 .006 .033 .002 .002 ****

11. Rasshua .053 .011 .008 .006 .009 .008 .040 .007 .011 .007 ****

12. Ketoi .034 .011 .001 .003 .003 .004 .033 .001 .003 .003 .008 ****

13. Simushir K. .043 .005 .001 .003 .001 .003 .032 .001 .003 .002 .008 .001 ****

14. Simushir M. .042 .004 0 .003 .001 .004 .031 0 .001 .002 .008 .002 .001 ****

15. Simushir N. .047 .009 .004 .005 .005 .005 .036 .005 .006 .004 .009 .006 .005 .004 ****

M. fortis .335 .339 .350 .340 .353 .350 .346 .349 .356 .349 .323 .343 .346 .350 .358
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tances using an approximate formula [20]. In a compari-
son of M. fortis with the combined sample of
M. oeconomus for 24 loci, we obtained DNei, 1972 = 0.339 ±
0.130. The genetic distance estimated for 26 loci (+ hemo-
globins) obtained comparing the combined sample of
M. oeconomus from the vicinity of Magadan and Kam-
chatka M. fortis, DNei, 1972 = 0.365 ± 0.128.

Nei [21] has shown that genetic distances between
populations increase in time according to the expres-
sion Dí = D0 + 2αT, where D0 is the genetic distance at
the initial stage, Dí is the genetic distance at T, and α is
the substitution rate of electrophoretic alleles per locus
per year. Using this equation, and knowing the genetic
distances and the age of isolation, we can estimate evo-
lution rate or, if the evolution rate is known, the age of
divergence [22].

Calculating α1 on the basis of the differentiation of
the Northern Kuril and Kamchatka populations, we
assume that D0 is equal to the current mean genetic dis-
tances between populations within an island. The mean
distance for our within-island samples is D0 = 0.0032.
Substituting this value into the above equation, we
obtain α1 = 1 × 10–7, i.e., the value equal to the mean
rate of electrophoretically determined codon substitu-
tions [20]. Using this value of α1 and assuming D0 =
0.0032, we obtain the following estimate of the age of
divergence of the Kamchatka and Magadan popula-
tions: í1 = 0.14 × 106, which is in agreement with the
views of Russian teriologists on colonization of Kam-
chatka by root vole in the late Pleistocene [23].

In determining the divergence time of M. oecono-
mus and M. fortis phyletic lineages, we take D0 = 0.
Using the genetic distance between the combined sam-
ple of M. oeconomus and M. fortis computed for
24 loci, we obtain the age of divergence of these two
species í2 = (1.69 ± 0.65) × 106. Even greater age, í3 =
(1.82 ± 0.64) × 106, is obtained when the species are
compared for 26 loci.

Russian paleontologists believe that the monotypic
vole genus Allophaiomys with the single member,
A. pliocaenicus, is the ancestor of the extant genus
Microtus [24]. The osseous fossils of this species
(mainly teeth) occur virtually in all locations of
Eupleistocene (Apsheron) fauna (1.8 to 0.8 Myr), from
the western border of the former Soviet Union to Trans-
baikalia. In view of the wide geographic distribution
and polymorphism of Allophaiomys, its evolution is
supposed to proceed in different directions depending
on the part of the range. For instance, the divergence of
M. oeconomus occurred in the southeastern Palearctics.
The transformation of the Pliocene voles into the Pleis-
tocene ones, i.e., the disappearance of Allophaiomys
and development of Microtus, occurred in the second
part of the late Apsheron, i.e., 900–700 thousand years
ago [25]. According to Gromov and Erbaeva [26], the
osseous fossils of both M. oeconomus and M. fortis are
found beginning from the early Pleistocene (taking into
account that, according to the paleontological records

accepted in Russia, the beginning of Pleistocene is
counted from the upper rather than lower Apsheron).

Taking into account the error (2.3–1 Myr for 24 loci
and 2.5–1.2 Myr for 26 loci), our estimate of the diver-
gence time based on the evolution rate of 1 × 10–7 (sub-
stitution rate of electrophoretic alleles per locus per
year) in its maximum stretches into the past beyond the
age of the earliest Allophaiomys and in its minimum
does not reach the period of intense Mictorus specia-
tion, which, according to the paleontological evidence,
occurred 900–700 thousand years ago. The discrepancy
between the divergence times based on the allozyme
and paleontological data suggests temporal inequality
of the evolution rate (α). It is possible that during some
periods, variation increase due to elevated mutation rate
or geographic isolation enhanced the role of genetic
drift as a source of genetic variability and differentia-
tion. These factors may have operate, singly or in con-
cert, during the period of rapid development of Micro-
tus 900–700 thousand years ago.
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