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Abstract. Random amplified polymorphic DNA (RAPD) markers were used to estimate the level

and pattern of genetic diversity in Microtus fortis pelliceus populations from the mainland and islands

of the Russian Far East.  No markers were found both for individual populations and for the mainland

or island voles as a whole.  However, they appeared to be different in both their allele frequencies and

microevolution mode based on correlation pleiad analysis.  The island populations demonstrated a

higher level of genetic differentiation among themselves than did mainland populations and each

mainland population probably represents more genetic diversity than any population of islands.

Overall, genetic variation between island and mainland M. f. pelliceus populations was low (Dst =

0.003), and can be explained by a low value of gene differentiation coefficient (Gst = 0.058).

Nevertheless, exact test did not support the hypothesis that both united mainland and united island

populations belong to the same genetic unit (p = 0.0025).  RAPD data reliably distinguished voles of

Matveeva Island, which are strongly differentiated by morphological traits, and this in turn did not

exclude the island speciation event.  Unlike UPGMA and NJ trees for individuals, population

UPGMA strongly separated island voles from the mainland conspecifics, and MS reconctructions

identified the Amur population as an ancestor.

Key words: diversity, islands, Microtus, RAPD, vole.

The Far Eastern vole Microtus fortis Buchner, 1889 is

a polytypical species widely distributed in Mongolia,

Korea, China and Russia, the latter of which represents

the North-East periphery of its geographic range

(stretched from Baikal up to the Pacific Ocean) (Corbet

1978).  Six subspecies forms were described within M.

fortis, one of which, namely, M. f. pelliceus (Thomas,

1911) inhabits the Russian Far East.  M. f. pelliceus

occupies inundated meadow fields of the forest-steppe

zone of the southern parts of the Amur region and

Khabarovsk territory.  In Primorsky territory this vole is

spread across the valley of the Ussuri river, on Khanka

lowland and then South of the border with DPRK,

including some islands in the sea of Japan (Kostenko

2000).

The Far Eastern gray vole is the most widespread spe-

cies on islands in Peter the Great Bay.  Its existence has

been registered for all islands except Stenin (Chugunov

and Katin 1984; Katin 1989), Verkhovsky and Askold

(Sheremetyev 2001).  Populations of this species are able

to survive even on very small islands due to intrinsic

mechanisms of population density regulation.  Therefore,

island population sizes do not reach critically high levels

(Katin 1989).  Probably this feature has deep evolution-

ary roots because it is also characteristic of other species

of the genus Microtus (Lomolino 1986).

The islands of Peter the Great Bay have a mainland

origin and were connected to the continent up to the last

transgression of the sea.  The time of their isolation is

dated at 10–7 or 12–8 thousand years ago (Velizhanin

1976; Korotky et al. 1996).  Hence, the formation of the

fauna of these islands descended into the last Holocene

cold snap period (small glacial age).  Thus, the above

mentioned islands may represent a convenient model for
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studying the features of microevolutionary processes in

small isolated populations of rodents.

The role of molecular-genetic methods for studying

infraspecies structure and genetic variability of various

species including rodents has raised greatly, the most

widely used method being that of the RAPD (random

amplified polymorphic DNA) analysis (Williams et al.

1990).  The main advantages of RAPD-PCR are that

hundreds of apparently neutral polymorphic markers

throughout the genome can be produced quickly and no

preliminary information is needed for nucleotide se-

quence data for the taxa under study (Grosberg 1996).

RAPD-markers are useful for studying the intrapopu-

lation genetic polymorphism, history and geography of

populations, revealing of cryptic genetic variability in

species lines and closely related species which can not be

differentiated by morphology or other methods (Altuhov

and Salmenkova 2002).

The purpose of our research was the study of micro-

evolutionary events in the mainland and island popula-

tions of the Far Eastern vole Microtus fortis pelliceus to

elucidate whether the 8–10 thousand years of island iso-

lation has been enough for sufficient genetic differentia-

tion and speciation.  The particular tasks of this study

were as follows: (1) to detect levels of genetic variation

within and among insular and mainland populations,

(2) to estimate genetic relationships among populations

based on RAPD data, (3) to search for RAPD markers

for the identification of individual populations or dis-

crimination of insular vs. mainland voles.

Materials and methods

Forty-seven voles Microtus fortis pelliceus were col-

lected on the mainland and islands of the Russian Far

East.  The locations of eleven populations where voles

have been sampled for this study are shown in Table 1

and Figure 1.  In each population 1–8 animals were

sampled.  For each of 47 specimens, genomic DNA was

extracted from fresh liver by mean of a standard phenol/

proteinase K/sodium dodecyl sulfate method (Sambrook

et al. 1989).

The selected 10-mer oligonucleotide primers used this

study were purchased from Operon Tech., Alameda, CA

(Table 2).  These primers yielded reproducible results

and generated clear and strong bands.  The reaction vol-

ume was 25 µl and contained 2–4 mM MgCl2, 0.2 mM of

each dNTP, 0.5 µM of primer, 1 units of Taq DNA poly-

merase (Sibenzyme) and 30 ng of DNA template.  Errors

were minimized by optimization of reaction mixture and

preparation of one large cocktail of all reagents (except

Taq DNA polymerase) for each primer.  PCR reactions

were carried out in the UNOII Thermocycler (Germany),

programmed for an initial melting step at 94°C for 2 min,

followed by 40 cycles, each cycle consisting of four

steps at 92°C for 45 sec, 37°C for 30 sec, 45°C for 15

sec, and 72°C for 2 min.  A final extension step at 72°C

for 10 min was performed.  A negative control reaction

with the DNA omitted was included with every run to

verify the absence of contamination.  Amplified products

were separated in 2% agarose gels in TBE (Tris-Borate-

EDTA) buffer, ph 7.8 with ethidium bromide (5 mg/ml),

and photographed under UV.  To determine RAPD pro-

files the size of each band was inferred by comparisons

with DNA of phage λ digested by PstI endonuclease,

used as a molecular weight marker (M).  Only the ampli-

fied products that consistently appeared in two replica-

tions were scored for further analysis.

The bands observed by the RAPD analysis were

assigned the number depending on their migration within

the gel.  For each individual, the presence or absence of

each band was determined and designated as (1), for

presence, and (0), for absence.  Statistical analysis of the

RAPD patterns was based on some assumptions: RAPD

fragments are diploid, dominant markers (present alleles

are amplified, absent alleles are nonamplified); comigrat-

ing fragments represent homologous loci with identical

nucleic acid sequences; loci are inherited in Mendelian

fashion, and populations are in Hardy-Weinberg equi-

librium.  To be correctly interpreted our comparisons of

genetic parameters among populations were based on an

equal number of samples.

Table 1. List of M. f. pelliceus populations included in this study.

No Locality Mainland Code S G n

1 Pogranichny Pog 44°25' 5

2 Nakhodka Nak 42°52' 6

3 Khasan Kh 42°25' 8

4 Amur Islands Am 53°03' 6

5 Russky Rus 93.00 1

6 Putyatin Put 22.70 5

7 Popova Pop 12.00 3

8 Reineke Re 6.00 2

9 Klikova Kl 0.20 4

10 Rikorda Ri 5.00 2

11 Matveeva Mat 0.90 5

total 47

S: the area of island, G: the latitude, n: a number of animals.
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The following measures were used to quantify the

amount of genetic variability within populations: average

numbers of observed (na) and effective (ne) alleles per

locus (Hartl and Clark 1989); the percentage of polymor-

phic loci (P) as the proportion of loci polymorphic within

each population tested; unbiased heterozygosity (He) at

each RAPD locus in each population (Nei 1978); and the

Shannon-information index of phenotypic diversity (I)

(Shannon and Weaver 1949) modified for the RAPD

analysis.  To estimate the distribution of genetic varia-

tion among populations the following Nei gene diversity

statistics (1987) were used: total gene diversity (Ht) which

is partitioned into a mean allelic diversity within popula-

tions (Hs) and an allelic diversity among populations

(Dst); the proportion of total genetic variation among

populations, i.e. coefficient of gene differentiation (Gst)

with an average number of migrants (Nm) between any

pair of populations (Slatkin and Barton, 1989); and un-

biased population genetic distances (D) (Nei, 1978).  To

evaluate interpopulation differentiation, a Monte-Carlo

approximation of exact test (RxC) was also carried out

on marker frequencies at each locus, including χ2 (chi-

square), df (degrees of freedom) and p (probability),

(Raymond and Rousset 1995).  By assuming that loci are

independent of each other, Fisher’s combined probability

test was applied as a global test over loci to determine

the overall significance (Sokal and Rohlf 1995).  For all

estimates the software packages of POPGENE 1.31 and

TFPGA 1.3 were used (with application of programs

especially developed for dominant loci data set).

Genetic distance values (D) for all pairs of both

populations and specimens were used to reconstruct

dendrograms by the unweighted pair-group method with

arithmetic averaging (UPGMA), phylogenetic neigbour-

joining tree (NJ) and minimum spanning (MS) network

using TREECON and NTSYS software packages, re-

spectively.  STATISTICA 6.0 for Windows (Borovikov

1998) was used for correlation analysis, i.e. calculation

of correlation coefficients for population genetic param-

eters and ecological-geographical factors with the con-

struction of their correlation pleiades (Terentyev 1959;

1960; Berg 1964).

Results

In this work a RAPD technique was used to character-

ize 11 local populations, represented by random, small

Fig. 1. Map of M. f. pelliceus sampling localities.

Table 2. Random oligonucleotide primers used for RAPD analysis

of M. f. pelliceus populations from mainland and islands.

Primer Sequence (5'-3')

OPA-12 TCGGCGATAG

OPA-13 CAGCACCCAC

OPC-02 GTGAGGCGTC

OPC-05 GATGACCGCC

OPC-08 TGGACCGGTG

OPC-10 TGTCTGGGTG

OPC-12 TGTCATCCCC

OPC-16 CACACTCCAG

OPD-05 TGAGCGGACA
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size samples of M. f. pelliceus from the mainland and

islands of the Russian Far East.  As an initial step, 20

arbitrary 10-mer primers were screened, and 11 of them

that produced consistently reproducible patterns among

samples and repeated PCR runs were chosen for further

analysis (see Table 2).

In total 157 different DNA fragments were revealed

by means of the primers selected.  The united mainland

population was characterized by 157 loci while the

united island population was represented by 152 loci.  A

minimum of loci was observed in voles from Mat (N =

140) and a maximum number was registered for speci-

mens of Am (N = 154).  Individual local populations

differed from each other on 3–14 loci.  Most of the

scored bands generally ranged in size between 300 and

3000 bp.  The number of markers produced per primer

varied from 18 (OPA-13) to 27 (OPC-05), 23 bands per

primer on the average, and the most variable profiles of

DNA fragments were generated with OPF-07 and OPF-

08 (Fig. 2).

Of the total primers used, only two, namely, OPC-08

and OPA-13, were found to generate monomorphic

bands across all the samples.  Other primers revealed

single differences between specimens under comparison,

including both presence and absence of the majority of

amplified DNA bands.  The distribution of the RAPD

bands among populations appeared not to be highly vari-

able.  A search for unique bands was made for all popu-

lations tested, but no loci were found to be molecular

markers for individual local populations.  Nevertheless,

numerous alleles were characterized by different fre-

quency in the mainland populations vs. the island ones.

For examples, the frequency of the OPC-1621 locus was

1.0 on mainland, and 0.69 on islands.  The OPD-0516

locus distinguished the Kh population among all popu-

lations under study.  The frequency of this locus was

0.64 in Kh, and 1.0 in any other population.

According to their frequency, all the revealed poly-

morphic loci can be subdivided into 4 groups: 1- rare loci

in both mainland and island populations (for example,

OPC-122, OPC-1226, OPC-1620), 2- rare loci on islands

(for example, OPC-1621, OPD-057), 3- rare loci on the

mainland (for example, OPD-065) and 4- loci with high

frequency on both the islands and the mainland (for

example, OPC-0521, OPD-055).  Besides, four polymor-

phic loci (OPA-1213, OPA-1216, OPC-057 and OPD-0519)

were absent on the islands but in mainland populations

they appeared to be of different frequency.  The OPD-051

locus was found only on two islands, Kl and Re.

Out of the 157 loci, 39 (24.8%) were polymorphic

across the 47 samples reflecting not a very high level of

genetic diversity of M. f. pelliceus over all primers used.

The number of observed (na) and effective (ne) alleles

per locus was 1.18 and 1.09, respectively; the population

unbiased heterozigosity He = 0.053; the value of the

Shannon-information index I = 0.08.  The level of RAPD

variability in both united island and united mainland

populations was almost identical but it was different in

Fig. 2. Examples of DNA polymorphism detected in individuals of the insular and mainland populations of M. f. pelliceus with primers OPF-07

(a) and OPF-08 (b).  1–3: Am, 4–5: Kh, 6–7: Pop, 8: Ri, 9–10: Mat.  PCR products were separated on a 2% agarose gel stained with ethidium

bromide.  Arrows denote rare marker loci.
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the local populations under comparison, being slightly

higher on mainland than on islands.  It should be noted

that among individual insular populations maximum

values of all genetic parameters were obtained for voles

of Mat.  The mean values of na, ne, He, I and P for the

individual populations of islands and mainland were

estimated to be approximately 1.06 and 1.10, 1.06 and

1.06, 0.021 and 0.036, 0.03 and 0.05, and 8.1 and 14.3%,

respectively, ranging not so highly (Table 3).

The results of hierarchical partitioning of the RAPD

diversity are presented in Table 4.  The value of total

RAPD diversity for united mainland and united island

populations (Ht = 0.057) was found to be very close to

those of within population component of diversity (Hs =

0.053 for both populations).  Therefore the mean RAPD

diversity between these population groups (Dst) was

rather low, i.e. 0.003, which accounts only 5.8% of total

RAPD diversity while almost 95% was due to the within-

population component.  The proportion of genetic varia-

tion (Gst) based on the RAPD data was 0.058 and this

corresponds to high gene flow (Nm), 8.08 migrants per

generation.  Nevertheless, exact test over all loci speci-

fied these population groups as different genetic units:

χ2 = 244.9, df = 186, p = 0.0025.

In fact, comparisons of differentiation among local

populations revealed differences in the distribution of

genetic diversity on the mainland and islands.  The val-

ues of Ht and Hs increased on individual mainland popu-

lations in comparison with those of islands, ranging from

0.045 to 0.042 and from 0.037 to 0.021, respectively.

Thus, the interpopulation component accounted for 48%

of the total RAPD diversity in island populations while

on the mainland it was equal to 19%.  The values of Dst

and Gst were also higher among insular populations

ranging from 0.008 to 0.020 and from 0.183 to 0.476,

respectively.  Gene flow was estimated to be much lower

among insular populations (an average Nm = 0.56) than

mainland ones (an average Nm = 2.48).  The exact test

significantly supported differentiation among island pop-

ulations (χ2 = 195.0, df = 170, p = 0.259), while differen-

Table 3. Genetic variability of M. f. pelliceus populations from mainland and islands based on RAPD data.

Populations N na ne I He D P, %

an average mainland 151 1.100 1.060 0.050 0.036 0.035 14.30

(145–154) (1.08–1.11) (1.06–1.07) (0.04–0.06) (0.032–0.040) (0.022–0.420) (12.3–15.3)

an average island 144 1.060 1.060 0.030 0.021 0.022 8.100

(140–150) (1.04–1.07) (1.03–1.05) (0.03–0.04) (0.015–0.026) (0.019–0.027) (5.6–10.0)

united mainland (n = 25) 157 1.160 1.090 0.080 0.053 0.042 21.60

united island (n = 22) 152 1.050 1.090 0.080 0.054 0.039 21.70

total (n = 47) 157 1.180 1.090 0.080 0.053 0.043 24.80

n: sample size, N: number of loci, na: observed number of alleles per locus, ne: effective number of alleles per locus, He: mean unbiased

heterozigosity, I: Shannon’s information index, D: genetic distances and P: polymorphism.  Range of parameter variation is specified in brackets.

Table 4. Genetic differentiation of M. f. pelliceus populations from mainland and islands based on RAPD data.

Populations

under comparison
Ht Hs Dst Gst Nm D

Exact test

χ
2/df/p

local mainland 0.045 0.037 0.008 0.183 2.480 0.017 121.5/171.3/0.899

(0.040–0.049) (0.033–0.039) (0.004–0.012) (0.116–0.246) (1.53–3.79) (0.010–0.025) (72.6/172/1.00–

169.6/176/0.622)

local island 0.042 0.021 0.020 0.476 0.560 0.043 195.0/170/0.259

(0.032–0.052) (0.019–0.025) (0.013–0.026) (0.400–0.517) (0.47–0.75) (0.026–0.057) (151.7/158/0.625–

238.2/176/0.001)

local mainland/

local island

0.048 0.037 0.011 0.231 1.710 0.029 193.5/181/0.376

(0.045–0.051) (0.034–0.039) (0.009–0.014) (0.182–0.261) (1.42–2.24) (0.021–0.036) (172.7/180/0.639–

224.2/189/0.010)

united mainland/

united island

0.057 0.053 0.003 0.058 8.080 0.070 244.9/186/0.0025

Ht: total genetic diversity, Hs: genetic diversity within populations, Dst: allelic diversity among populations, Gst: proportion of total genetic

diversity among populations, Nm: number of migrants per generation, and Exact test, including χ2 (chi-square), df (degrees of freedom) and p

(probability).  Range of parameter variability is specified in brackets.
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tiation among mainland populations was not statistically

supported (χ2 = 121.5, df = 171.3, p = 0.899).  Genetic

differentiation was estimated to be higher between

insular and mainland voles than among local mainland

populations but lower than that of individual insular

populations.  It is interesting that island populations

demonstrated maximum gene flow with Am (Re, Rus, Ri

and Kl) or with Kh populations (Put and Pop), except for

Mat, which was found to be closer to Nak.

The highest genetic distances among the 11 selected

populations were observed between Mat and Put islands

(D = 0.057), while the lowest genetic distances charac-

terized the Pog and Nak mainland populations (D =

0.010).  Mean genetic distance was also higher for insu-

lar populations (D = 0.043) than for mainland popula-

tions (0.017).  The mean genetic distance was 0.029

when insular and mainland populations were compared

altogether (see Table 4).

We calculated the correlation coefficients between the

genetic characteristics of within-population variability

obtained for both island and mainland populations, and

between them and ecological-geographical parameters,

such as the latitude for mainland populations and the

island area for insular ones.  On the basis of these results

we have reconstructed the correlation pleiades for dif-

ferent levels of probability (p < 0.01, p < 0.05, and p <

0.001).  The island and mainland populations have a

common pleiad including all the basic genetic parame-

ters of populations.  Despite insignificant distinctions in

the structure of pleiades they have the same indicators

(na, ne, He, P and I).  At the same time, essential differ-

ences were found in the pattern of pleiades.  So, in the

pleiad of insular populations at p < 0.01, genetic dis-

tances were excluded, while other parameters even at

p < 0.001 were strongly correlated.  In the pleiad of

mainland populations at p < 0.01, only the number of

Fig. 3. Correlation pleiades of M. f. pelliceus constructed for mainland voles (a), island voles (b) and subspecies as a whole (c) at different levels

of probability.  na: observed number of alleles per locus, ne: effective number of alleles per locus, He: mean unbiased heterozygosity, I: Shannon’s

information index, P: polymorphism, S: the area of island, G: the latitude, Iz: isolation.
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RAPD loci was lost and all correlation connections at

p < 0.001 disappeared.  The pleiad of subspecies as a

whole included all genetic parameters at p < 0.01 and

p < 0.05.  However, at p < 0.001 only four connections

remained: na-P, ne-He, P-I and I-He (Fig. 3).  It is

remarkable that both island area (S) and latitude (G) had

no correlations with the population genetic parameters

while the isolation factor (Iz) had a weak and positive

correlation with them (see Fig. 3).

The UPGMA dendrogram designed with the use of

genetic distances between a pair of populations revealed

three groups (Fig. 4a).  The first group included all main-

land populations, joined in their own subcluster with

three insular populations (Re, Pop and Put).  The second

group included populations from Ri and Kl.  The third

group was represented by the Mat population alone.  The

UPGMA dendrogram generated using genetic distances

between a pair of specimens consists of two groups (Fig.

5a).  The first group includes all animals with the excep-

tion of voles from Mat, which represent the second

group.  The NJ tree (Fig. 5b) differentiated voles more

effectively but without high bootstrap support at points

of branching.  Some specimens from Kh, Nak and Pog

were identified as evolutionary older.  The voles from

Pop and Put were joined as on the UPGMA dendrogram.

Only two insular populations, namely Mat and Kl,

formed their own clusters.  Nevertheless, on the recon-

structions obtained the sub-clusters mainly consisted of

either mainland or island animals.

MS network based on genetic distances between pairs

of specimens revealed the genetic discreteness of M. f.

pelliceus, with individuals tending to unite in accordance

with their geographical locality, and the existence of

“star” structures that appear to be characteristic of the

evolutionary young populations (Fig. 5c).  The MS net-

work based on the genetic distances between pairs of

populations identified Am as an ancestor (Fig. 4b).

There are three insular populations (Mat, Put and Nak)

that have no direct relations with the ancestor at this

reconstruction.  In both cases the voles of Mat were the

most differentiated.

Discussion

Patterns of genetic variability result from many rea-

sons, i.e. mutations, genetic drift, mating system, gene

flow and natural selection (Slatkin 1987).  Many studies

emphasize the non-random distribution of genetic varia-

tion in natural populations and importance of under-

standing its spatial structure (Zhang et al. 2002).  Island

rodents are among the first examples of microevolu-

tionary investigations.  Insular rodents commonly differ

from their mainland relatives in behavior, demography,

morphology, physiology and genetics (Pergams and

Ashley 2001).  The comparison of insular animals and

mainland conspecifics (as a source of island populations)

makes it possible to characterize the nature of micro-

evolutionary changes in populations and calculate their

rates.  In this respect, molecular markers with a high

rate of evolution are the most suitable genetic tools.  In

the present study, genetic diversity and its distribution

pattern among local and united populations of M. f.

pelliceus were assessed with the RAPD-PCR technique.

It was demonstrated that the RAPD markers are also

suitable for the detection of genetic variability within

and among populations in the Far Eastern gray vole

populations inhabiting mainland and islands of Peter

the Great Bay.

The use of RAPD data for population analysis has

been considered to have problems in its reliability.  The

main disadvantage of the RAPD technique is its sensi-

tivity to reaction conditions when any factor (DNA,

dNTP, primer and Mg2+ concentration; template and

primer combination; denaturating and annealing tempera-

ture; Taq polymerase source; denaturation, priming, and

Fig. 4. UPGMA dendrogram (a) and MS network (b) representing

phylogenetic relationships among mainland and island populations of

M. f. pelliceus.  The codes are as in the Table 1.  Circles and squares

designate mainland and island populations, respectively.
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Fig. 5. UPGMA dendrogram (a), NJ phylogenetic tree (b) and MS network (c) representing phylogenetic relationships among M. f. pelliceus

individuals from mainland and islands.  The codes are as in the Table 1.  Circles and squares designate mainland and island populations,

respectively.
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extension times) may be very important for successful

amplification.  Therefore, researchers usually improve con-

ditions by making use of a thoroughly optimized PCR

protocol and score only reproducible bands (Grosberg

1996).  We successfully applied PCR protocol (similar

to those of this paper) for genetic diversity analysis of

other species including rodents (Chelomina et al. 1999,

2003; Spiridonova et al. 2004, 2005).  Another poten-

tial problem of the RAPD technique is the lack of

true homology between fragments of the same length

produced by the same primer.  Nevertheless, most co-

migrating bands were proven to be identical, at least at

the intraspecific level (Williams et al. 1993; Ayana et al.

2000), and the use of a large number of polymorphic

markers minimizes the skewing of results due to non-

allelism (Pujar et al. 1999).  Finally, the major disadvan-

tage of RAPD analysis for characterizing population

structure is the dominant nature of RAPD markers,

which does not allow us to estimate heterozygosity cor-

rectly (Grosberg 1996).  Attention should also be given

to the dominant nature of RAPDs when estimating allele

frequencies and other genetic parameters for population

study (Lynch 1994).  However, RAPD markers should

be considered a suitable tool for genetic studies of natu-

ral populations with a low number of heterozygotes

(Diaz et al. 2000; Zhang et al. 2002).  Besides, under

RAPD-PCR analysis, assuming each locus has two

alleles and a large number of loci are compared, then

the number of individuals necessary for estimating

average genetic parameters can be very small (Nei 1978;

Leberg 2002).

Genetic studies of island rodents with DNA and allo-

zyme markers have been conducted on small mammals

including species of the genera Peromyscus (Ashley and

Wilson 1987; Calhoun and Greenbaum 1991; Pergams

and Ashley 2000), Apodemus (Berry 1986; Koh et al.

1993, 2000; Suzuki et al. 1994), Mus (Berry 1986;

Yonekawa et al. 1988) and Microtus (Frisman et al.

2003), but M. fortis has not been investigated yet in this

respect.  In our study, a total of 157 RAPD loci were

revealed and 5 of them were on the mainland, but absent

on the islands.  Most likely, these loci may be found in

another uninvestigated isolates or in larger samplings.

The results of RAPD-PCR analysis of the Far Eastern

gray vole demonstrate the high level of genetic similarity

of local populations against the background of relatively

low individual variability.  Low levels of RAPD variabil-

ity were also reported for a rare rodent species of the

Russian Far East, the Manchurian zokor Myospslax

psilurus epsilanus, represented by small isolated local

colonies: na = 1.14, ne = 1.07, He = 0.04, D = 0.026

(Chelomina et al. 2003).  The house mouse Mus muscu-

lus and ground squirrels of the genus Spermophilus were

characterized by higher level of intraspecies genetic

variability.  For the house mouse, the following values

of genetic parameters were estimated: na = 1.97, ne =

1.13, He = 0.09; and for S. major and S. erythrogenys

they were quite similar: na = 1.43, ne = 1.15, He = 0.10,

P = 40.3%, D = 0.02 and na = 1.32, ne = 1.13, He = 0.08,

P = 32%, D = 0.03, respectively (Spiridonova et al. 2004,

2005).

Isolated populations usually demonstrate a low level

of genetic variation (because of bottlenecks, environ-

mental stochasticity, and small size) and restricted gene

flow (Wroblewska et al. 2003).  Our results also point to

a decrease of genetic variation in local island populations

in comparison with those of the mainland (see Table 3).

Average gene flow among local populations, Nm, was

approximately 5 times higher on the mainland than on

islands (see Table 5).  Because RAPD data allow indirect

estimation of gene flow, its interpretation is mostly based

on three categories: <1, between 1 and 5, and >5, i.e.

when gene flow is too small to prevent genetic differenti-

ation (caused by genetic drift), when gene flow may be

enough to prevent drift effects, and when gene flow is

enough to prevent differentiation due to drift, respec-

tively (Gurdebeke et al. 2003).  In this connection, we

can assume that gene flow (in our case it reflects a com-

mon gene pool saved during the island isolation) is too

small to prevent genetic differentiation of insular popula-

tions, but it may be enough between the mainland and

island voles.

The population history of island species is often asso-

ciated with bottlenecks or founder events.  There are

many different approaches to detect evidence of recent

bottlenecks, among them allelic richness was proven by

both theory and experiments to be more sensitive to

short, severe bottlenecks than heterozygosity.  Moreover,

allelic richness may be more successful than heterozy-

gosity in reflection of long-term population evolutionary

potential (Leberg 2002).  In fact, our study demonstrates

the increase of average na both in local and in united

island populations in comparison with that of the main-

land.  At the same time, the average value of He was only

effective for showing differentiation of local mainland

vs. island populations (see Table 4).

The populations under investigation were previously

studied for morphological variation, and all the individu-
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als examined in this study were also used in these works

(Sheremetyeva 2003a, 2003b).  The patterns of genome

fingerprints obtained by using RAPD markers were

found to link with the morphological characters of the

tested animals.  Among more than 300 voles studied in

the cited works, the animals of Mat were estimated as

the most differentiated ones.  Morphologically distin-

guishable Mat voles fall into their own sub-clusters dif-

ferentiated on UPGMA dendrograms, NJ tree, and MS

networks based on RAPD data.  However, morphologi-

cal traits cannot be directly associated with the genetic

variation revealed in this study because random primers

usually produce RAPD phenotypes (because of the dom-

inant nature of RAPDs); therefore, we can not conclude

whether distinctive morphological traits result from

genotype changes or not.  Insular populations are often

under stronger local selection that leads to the formation

of divergent populations adapted to their own habitat or

even to the emergence of new species.  In any case, the

phenotypic changes we observed must have a genetic

basis in the case of true microevolution, though some

morphological differences occur due to the phenotypic

plasticity of species (Zhang et al. 2002).

In this work, correlation analysis has revealed differ-

ences between the mainland and insular populations of

M. f. pelliceus concerning the peculiarities of their

microevolutionary processes.  The appearance of correla-

tion pleiades is closely connected with a more important

role of internal factors determining organismal develop-

ment in comparison with the role of external factors

(Berg 1964).  It has been demonstrated in our study that

such factors as island size (S), latitude (G) reflecting the

geographic place and geographic distances connected

with climatic and ecological conditions, had no signifi-

cant influence on genetic characteristics of local vole

populations.  Therefore, we can suggest that at least

some of the changes found in this work are due to true

microevolution.  At the same time, there was a weak

correlation between the isolation factor (Iz) and genetic

diversity parameters, which suggested that island isola-

tion has had a certain role in affecting the genetic diver-

sity within the Far Eastern vole populations.  In any case,

the result obtained points to the important role of genetic

drift (chance factors) due to the existence of special

circumstances known for small, reproductively isolated

populations (Nei 1978).

On the basis of morphological data the time frame for

evolutionary changes of rodents and human commensals

was established to be brief, less than 1,000 years in most

cases.  The microevolution of rodents was greater on

smaller and more remote islands; moreover it was selec-

tion rather than a founder event that was largely respon-

sible for the shifts in morphology observed among

insular rodents (Pergams and Ashley 2001).  On our

RAPD data grounds we can assume that the time frame

for evolutionary changes for gray voles as native species

may be not so brief, but 8–10 000 years of their isolation

is enough for such exchanges.

Thus, in this study, RAPD analysis proved to be a very

useful method for detecting variation among and within

populations of M. f. pelliceus in high resolution.  Increas-

ing the number of samples on the one hand and applying

other molecular markers on the other will allow us to

obtain more reliable results.  Unfortunately, we failed to

reveal any DNA marker for one or several local popu-

lations; however, differences in allelic frequencies of

compared loci have been found for different populations.

As a whole, the species studied was characterized by a

rather low level of genetic variability and some pecu-

liarities in the distribution of genetic diversity among

populations.  This is undoubtedly the consequence of

their island isolation and a random fixation of certain

genotype variants likely due to natural selection.  How-

ever, the united island and united mainland populations

almost do not differ from each other along all the genetic

parameters.  Thus, the genetic diversity of the Russian

Far Eastern vole may be considered as represented fully

on both islands and mainland, but each individual island

population is genetically impoverished in comparison

with the mainland populations.  The results obtained can

be accounted for over a relatively short-term in evolu-

tionary time scales, since this island isolation resulted in

microevolutionary processes that did not reach a macro-

evolutionary level.  Nevertheless, the differentiation of

island and mainland populations has already begun,

which confirms the patterns of genetic diversity distribu-

tion and correlation analysis.  Of ecological-geographi-

cal factors, isolation was estimated to be the main factor

affecting genetic structure.  We can’t exclude that there

is a chance of a speciation event in Mat that is distin-

guished on both genetic (RAPD) and morphological

grounds.  Most likely, however, the question about Am

as an ancestral population remains to be answered,

because our NJ tree identified the Kh population as an

ancestor.  To solve this problem certain additional inves-

tigations are necessary.  Nevertheless, the absence of the

Am population cluster on the NJ tree can be interpreted

as evidence of its ancestral origin, when there are many
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genotypes (subspecies pool) saved and each of them is

close to that of a few local populations.  In any case, the

Am and Kh populations seem to be very close both by

genetic similarity and by phylogenetic relations (see

Fig. 4).
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