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The bank vole Myodes glareolus Schreber, 1780 is a widely distributed
rodent in Europe, being numerically dominant in small mammal communities
living in temperate woodlands. However, it becomes scarce in southern Europe
(Mediterranean area) where it reaches the southernmost limit of its distri-
bution range. We studied the habitat preferences of bank voles in 9 plots in a
transitional area between Mediterranean and Eurosiberian regions within a
Mediterranean mountain. During the study period we captured 1919 small
mammals of 9 species, including 287 bank voles (14.95%). Mean density ranged
from zero individuals per plot (1.1 ha) at the boreo-subalpine scrubland to
10.27 + 2.84 (SE) at a Mediterranean river woodland. Statistical path analysis
was used to investigate relationships between mean bank vole density and
climate and vegetation structure measured within plots. The variables selected
by the structural equation model were those related to forest structure, like
tree cover and height, dead vegetation, moss, and rock cover. Habitat moisture
was also important (microclimatic conditions). Mean climate conditions (and
elevation) did not have any significant effect on mean bank vole density,
and no significant association with understorey vegetation (eg shrub and
herbaceous cover) was observed. Our results pointed out that bank voles were
habitat specialists in our study area, being more abundant and frequent in
moist woodlands, and rare or absent in shrublands and grasslands.
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of habitat specialization and behaviour (terri-
toriality and competition), also have an influence
on the distribution of individuals (Wolff 1999).

Small mammal species select habitats mainly
according to their requirements for food and
safety (Mazurkiewicz 1994, and references
therein), but many other factors, like the degree
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Generalist species are able to exploit a broader
spectrum of habitats, whereas specialists are only
able to persist in some habitats (Seamon and
Adler 1996). Otherwise, demographic processes
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and feedback structure (density-dependence;
Montgomery 1989) affect habitat selection in
territorial species, and higher occupancy of
habitats of higher quality in terms of food and/or
refuges can be expected. The viability of indi-
viduals and populations in suboptimal habitats
will depend on species plasticity (life history
traits, degree of specialization, etc.), and, in
general, gradients of habitat quality are expected
to be linked to gradients of population perform-
ance (Morris 1989, Halama and Dueser 1994).

The bank vole Myodes glareolus Schreber,
1780 is a widely distributed rodent in Europe,
ranging from the Mediterranean to Scandina-
via, and from Great Britain to the Black Sea
(Sptizenberger 1999). Bank voles are considered
as habitat generalists with a preference for
woodlands with dense understorey cover (Gurnell
1985, Mazurkiewicz 1994). The preference
for woodland and avoidance of open habitats
throughout its range (eg set-asides, grasslands)
led other authors to define the bank vole as a
habitat specialist (Tattersall et al. 2002).

As a temperate forest species, the bank vole
is common in small mammal communities of
central Europe, being numerically dominant
among woodland rodents (Mazurkiewicz 1994,
and references therein). However, this species
becomes scarce towards the southern limit of its
distribution range where it can be found in
montane forests (Sptizenberger 1999). In transi-
tional areas between Mediterranean and Euro-
siberian Regions, bank voles increased their
abundance towards rainy, higher and northern
localities (Moreno and Barbosa 1992, Torre et al.
1996, Krystufek and Griffiths 1999). Despite
being a species with mid-European require-
ments, bank voles are tolerant to Mediterranean
conditions since they show significant pene-
trations into Mediterranean areas (Torre et al.
1996, Sans-Fuentes and Ventura 2000). None-
theless, studies on distribution patterns of the
bank vole at the habitat level are lacking in
Mediterranean areas, and most studies were
centered on preferences at larger spatial scales
(eg biotic regions, Sans-Fuentes and Ventura
2000; geographical patterns; Moreno and Barbosa
1992, Torre et al. 1996) and inferences on habitat
preferences could not be made.

The aim of this study is to increase the know-
ledge on the distribution patterns and habitat
preferences of the bank vole in a transitional
area between Mediterranean and Eurosiberian
Regions, at the southernmost limit of its distri-
bution range in Western Europe. According to
habitat preferences and Mid-european require-
ments of the bank vole, we expected higher
densities to be associated with woodland with
dense ground cover, and increased densities in
habitats under the influence of Eurosiberian
climate and vegetation than in areas under
Mediterranean climate and vegetation. Also, we
investigated whether bank voles behaved as
habitat specialists or generalists in this mar-
ginal population situated at the southernmost
limits of its geographic range.

Study area

The study was carried out in the Montseny Natural
Park and Reserve of the Biosphere (Barcelona, Catalonia,
NE Spain; 41°46'N, 2°23’E, 29 960 ha, Fig. 1). The main
orographic unit in the study area reaches moderate eleva-
tion (Tur6 de 'Home, 1714 m a.s.l.) and is partially isolated
from the surrounding mountains, and near to the Mediter-
ranean Sea. The topography and climate vary markedly
with elevation and nearness to the sea producing a mild cli-
mate without strong thermal oscillations. Rainfall peaks in
spring and fall, with moderate drought periods in summer
(typical of the Mediterranean climate). Average annual
rainfall rises from 700 mm, in the lowest Mediterranean lo-
calities, to 1200 mm at the top of the Montseny mountain.
Mean annual temperatures range from 7 to 15°C. Almost
all the surface of the area is covered by forests (80%) and
other natural habitats (scrublands, grasslands, 15%). A
small fraction of the area is devoted to agriculture (4%), and
only 1% is covered by human settlements. This mountain
has particular topographic and climatic characteristics that
confer remarkable biogeographic interest (Terradas and
Miralles 1986) with the presence of well-established Mid-
-European vegetational (Bolos 1983) and animal communi-
ties (Terradas and Miralles 1986).

Material and methods

Small mammal sampling

Sampling was performed from February 1995 to July
1997 on nine plots during eleven trapping sessions of three
days each. Every plot was sampled by a 7 x 7 trapping grid,
with 49 Sherman traps (Sherman folding small animal
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Fig. 1. Situation of the nine plots (numbers as in Table 1) within the study area (Montseny Natural Park, NE Spain).

trap; 23 x 7.5 x 9 cm; Sherman Co., USA) spaced 15 m apart
(covering one ha), and open for three consecutive nights.
Plots had an effective surface of 1.1 ha (Krebs 1999). The
plant communities sampled were characteristic of the
Biogeographic Regions found in the Montseny (Bolos 1983):
evergreen woodlands of Quercus suber and Quercus ilex, de-
ciduous woodlands of Alnus glutinosa, Fagus sylvatica,
Quercus petraea, and Populus nigra, boreo-subalpine wood-
lands of Abies alba and scrublands of Juniperus communis
nana and Calluna vulgaris-Erica scoparia. The nine plots
sampled were situated along an elevation gradient from 540
to 1550 m a.s.l. Grids were sampled on six occasions in
1995, in late winter (February—March), spring (April-May),
summer (June—July and August—September), autumn (Oc-
tober—November), and winter (December); on four occasions
in 1996, in winter (January), spring (April-May), summer
(June—dJuly), and autumn (November—December); and on
two occasions in 1997, in spring (March) and summer (July)
(eleven trapping sessions of three days each, collectively
lasting 33 days). December 1995 and January 1996 were
considered as the same trapping session. Every plot was op-
erative for 1617 trapnights. All plots were situated within
large habitat patches, and all habitats were interconnected
by the extensive forest matrix. Minimum distance between
plots was 400 m and maximum 10600 m., and all plots
were situated within an area of 4500 ha (Fig. 1).

Traps were baited and rebaited when necessary (when
the bait was eaten) with a piece of apple and a mixture of
tuna, flour and oil, and were set under the cover of shrubs
or dense herbs to conceal them and to provide some thermal
insulation. The small mammals caught were identified to
species, uniquely marked by toe-clipping (Adler et al. 1999,

Gurnell and Flowerdew 1990), and released at the point of
capture. We used counts (eg the number of different individ-
uals trapped within the three days, Morris 1996, Anderson
and Meikle 2006) as a biased index of population size in
each study plot, assuming that the unseen proportion of the
population is constant (Slade and Blair 2000), and that in
some situations (not necessarily our situation), counts and
estimates yielded similar results (Slade and Blair 2000).
According to recommendations, we did not apply unbiased
estimators of population size due to the low number of sam-
pling occassions (Slade and Blair 2000).

The vegetation structure of each plot was recorded in
the summer of 1996 by visually estimating height and cover
in a 5 m-radius circle centered on alternate traps in the
trapping grid, and then by averaging the values obtained
from each plot (see Torre and Bosch 1999, for a similar ap-
proach). The variables measured were: the cover of rocks,
trees, shrubs, herbaceous plants, mosses and leaf litter, all
measured as a percentage of area covered (%), and the height
of trees, shrubs, and herbaceous plants measured in meters.

In order to estimate microclimatic differences between
plots, a moisture index was roughly estimated as a function
of slope and the presence of permanent water streams. This
was a categorical variable, including two dimensions: the
exposure (north = 1, valley and south = 0) and the presence
of permanent water streams (1 = yes; 0 = no). A plot with
northern exposure and permanent water will have a 2
(moist), whereas a plot exposed to the south and with no
water will have a zero (dry). We expected moisture to have
an influence on habitat preferences by bank voles as has
been confirmed in northern latitudes (Van Appeldoorn et al.
1992, Olsson et al. 2005).
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Mean climatic data were obtained from the Catalan
Climatic Atlas (Ninyerola et al. 2003), with a spatial
resolution of 180 m. We used data on mean temperature,
mean cumulative rainfall, mean evapotranspiration, mean
humidity (Thornthwaite index) and mean water deficit,
from series obtained during the last two decades (Ninyerola
et al. 2003). Mean climate features of the sampling plots
were obtained with GIS Miramon
(http://www.creaf.uab.es/miramon), after combining of the
geographic coordinates of plots with isocline maps of envi-
ronmental variables.

Data analysis

Mean (arithmetic) density indices of bank voles were
calculated after the eleven sampling sessions conducted on
the nine plots. We consider these indices to be good mea-
sures of real densities since sampling was performed over
three years that had important interannual variation in
rainfall and productivity (Torre 2004). We relied on popu-
lation density as the simplest indicator of habitat quality
for bank voles, regarding the relationship between popu-
lation density and resource availability predicted by theory
(Wheatley et al. 2002, and references therein). Other
parameters, like breeding performance, survival, and im-
migration, may be more adequate than density to test
wildlife-habitat relationships (Van Horne 1983, Wheatley et
al. 2002), but were not considered due to the low number
of individuals trapped in many plots throughout the study
period.

Spatial variation of mean bank vole density in the
Montseny Mountain was assessed by Statistical path analy-
sis, an extension of multiple regression which was devel-
oped to decompose correlations into different pieces for
interpretation of effects (Everitt and Dunn 1991). Independ-
ent variables for analysis were vegetation structure and cli-
mate. To avoid multicollinearity of independent variables,
we used Principal Components Analysis (PCA) to obtain or-
thogonal components that were interpreted as gradients of
vegetation structure and climate. The Kaiser criterion was
used to determine the number of principal components ex-
tracted (eigenvalues > 1).

We tested the significance of regression models by means
of structural equation modeling software (SEM, Amos 5.0,
Arbuckle 1983-2003). The appropriateness of models was
assessed by means of the Goodness of fit index (GFI) which
ranges from 0 (maximum lack of fit) to 1 (maximum fit), and
the matrix permutation test (Hesterberg et al. 2005). In or-
der to test the reliability of the parameter estimates of the
SEM, we used bootstrapping techniques creating many
resamples by repeatedly sampling (200 resamples, the de-
fault option in the program used) with replacement from
the only random sample to obtain information about the
sampling distribution (Hesterberg et al. 2005). Permuta-
tions tests and bootstrapping estimates were implemented
in the Amos software (Arbuckle 1983—-2003). Akaike Infor-
mation Criterion (AIC) was used to select the most parsimo-
nious model.

Temporal variation in bank vole density was analysed
with ANOVA, using year (1995, 1996 and 1997) and plot

(n = 9) as categorical factors. During 1996, the study area
received twice as much rainfall as during 1995 and 1997,
with being autumn the season with the highest cumulative
rainfall (Torre 2004).

Prior to analysis, all variables were properly trans-
formed to reach homoscedasticity and normality. Frequency
variables were arcsin transformed, and continuous vari-
ables were log-transformed (Zar 1996).

Results

Climate and vegetation patterns of plots

Mean values for climatic and vegetation
structure variables measured at the nine plots
are shown in Table 1. A principal components
analysis (PCA) was performed to summarize
climate attributes of plots. This PCA accounted
for 82% of variance in the original variables, and
only a single principal component (PC) was
extracted. This climate-PC1 was positively cor-
related to water deficit (r = 0.95, p < 0.001),
temperature (r = 0.95, p < 0.001) and evapotran-
spiration (r = 0.86, p = 0.003), and negatively
correlated to Thornthwaite’s moisture index
(r=-0.97, p < 0.001) and rainfall (r = — 0.91,
p = 0.001). This principal component was also

negatively correlated with elevation (r = — 0.88,
p <0.002) and latitude (r =-0.80, p = 0.009), but
was uncorrelated with longitude (r = — 0.10,
p = 0.77).

A second PCA was performed to summarize
vegetation structure profiles and moisture
within plots (Table 2). This PCA accounted for
90% of variance in the original variables; the
first component, vegetation-PC1, was positively
correlated to moss cover (r = 0.93, p < 0.001),
tree cover (r = 0.74, p = 0.02), moisture (r = 0.72,
p = 0.02) and rock cover (r = 0.62, p = 0.05). The
second component, vegetation-PC2, was posi-
tively correlated to tree height (r = 0.95, p <
0.001) and dead vegetation cover (r = 0.89, p <
0.01). The third component, vegetation-PC3,
was positively correlated to herbaceous cover (r
=0.93, p < 0.001), herbaceous height (r = 0.90, p
< 0.01), and shrub cover (r = 0.65, p = 0.05); and
the fourth, vegetation-PC4, was negatively cor-
related to shrub height (r = — 0.98, p < 0.001).
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Table 2. Results of the Principal Component Analysis with the vegetation structure vari-
ables estimated visually on the nine plots. Correlations marked with an asterisk are sig-

nificant at p < 0.05.

Variables PC1 PC2 PC3 PC4
Rock cover (%) 0.62% -0.19 -0.38 0.58
Tree cover (%) 0.74* 0.46 0.11 -0.29
Tree height (m) 0.24 0.95% -0.14 0.07
Shrub cover (%) -0.12 -0.47 0.65* 0.10
Shrub height (m) 0.15 -0.04 0.02 -0.98*
Herbaceous cover (%) 0.06 0.02 0.93* 0.02
Herbaceous height (m) -0.02 0.23 0.90* -0.27
Mosses cover (%) 0.93* 0.25 -0.12 -0.10
Dead leaf cover (%) 0.26 0.89* 0.16 -0.11
Moisture 0.72% 0.57 0.24 0.14
Explained variance (%) 26.00 25.00 24.00 15.00

Number of bank voles captured and patterns
of density

During the study periods we captured 1919
small mammals of 9 species, including 287 bank
vole individuals (14.95%). Wood mice (Apode-
mus sp.) were dominant in all habitats studied,
with 1356 individuals trapped (70.6%). Frequency
of occurrence of bank voles strongly varied be-
tween habitats, from 0% at the boreo-subalpine
scrubland (Juniperus communis nana) to 41% of
the small mammals captured in the river wood-
land (Alnus glutinosa). Number of individuals
trapped varied from zero, at the boreo-subalpine
scrubland, to 113 at the river woodland (Table 1).
Mean density ranged from 0 to 10.27 + 9.42 (SD)
individuals per plot (Table 1). Mean density of
bank voles per plot was strongly correlated with
persistence (r = 0.95, p = 0.0005, n = 9), defined
as the number of sampling sessions in which
bank voles were captured on a plot divided by
the total number of sampling sessions (n = 11).
So, the habitats with higher mean density were
those in which the presence of the species was
more regular throughout the study period.

ANOVA showed that bank vole density varied
between years and plots (F = 15.87, df = 2, 72,
p <0.0001; F = 11.57, df = 8, 72, p < 0.0001,
respectively), and post-hoc comparisons showed
that density was higher in 1996 than in 1995 and
1997, whereas no differences were found between
the latter two (Tukey HSD test: 1995-1996, p =

0.0008; 1996-1997, p = 0.019; 1995-1997, p =
0.97). Density was higher in the Alnus glutinosa
wood than in the other 8 plots except the Quer-
cus ilex wood. Mean persistence was slightly
higher during 1996 (x = 0.63 + 0.49) than in 1995
and 1997 (x = 0.41 + 0.49, and x = 0.39 = 0.50,
respectively), but differences were not signifi-
cant (F' = 11.57,df =1, 96, p = 0.13).

To analyze whether mean bank vole density
was related to climate and vegetation structure
of plots, a structural equation model (SEM) was
built with all the independent variables (cli-
mate-PC1, vegetation-PC1 to PC4 of vegetation
structure and moisture) and mean vole density
as the dependent variable. SEM explained 89%
of variance, showed high goodness of fit (xz =
1.56, df = 6, p = 0.96, GFI = 0.95), and marginal
significance (permutation test, p = 0.05). The
permutation test showed that only 25 out of 500
permutations of the observed data improved the
model fit, and the 475 remaining resulted in a
higher discrepancy function (p = 25/500 = 0.05).
Alternatively, we tested the model considering
only the significant paths. This model was more
parsimonious (according to Akaike Information
Criterion, AIC value were 31.56 and 28.34, re-
spectively), explained 88% of variance, showed
high goodness of fit (;* = 1.32, df = 6, p = 0.97,
GFI = 0.94) and was significant (p = 16/500 =
0.03), so this latter model can be considered as
more appropriate to describe bank vole abun-
dance relationships with climate and vegetation
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Fig. 2. Structural Equation Model (SEM) built to determine
the effects of environmental variables (climate, vegetation
structure and moisture, PC1 to PC4) on mean bank vole
density. All the standardized regression coefficients and
their statistical significance are shown (** p < 0.01), and
the explained variance by predictors on dependent variables
is also shown in the boxes.

structure. The model with all the regression
paths and their significance, obtained by means
of percentile confidence intervals after boot-
strapping, is shown in Fig. 2. Three path coeffi-
cients were significant: vegetation-PC4 was
negatively affected by climate-PC1 (beta = —0.77,
p < 0.001), and bank vole density was positively
affected by vegetation-PC1 (beta = 0.75, p < 0.001)
and vegetation-PC2 (beta = 0.55, p < 0.001). Cli-
mate-PC1 did not affect significantly vegetation
structure and moisture of plots, except in the
case of shrub height, that decreased with eleva-
tion. Climate-PC1 did not show any significant
effect on mean bank vole density. However, veg-
etation structure and moisture of plots signifi-

cantly affected mean bank vole density. Bank
vole density was mainly affected by vegeta-
tion-PC1 (gradient of tree, rock and moss cover,
and moisture) and by vegetation-PC2 (gradient
of dead vegetation cover and tree height). Mean
bank vole density did not show significant asso-
ciations with understorey vegetation, summa-
rized by vegetation-PC3 (herb layer and shrub
cover) and vegetation-PC4 (shrub height).

Discussion

Our results pointed out a significant rela-
tionship between mean bank vole density and
vegetation structure measured on 9 plots re-
presenting different habitats situated on an
elevation gradient within a Mediterranean
mountain range. The variables selected by a
structural equation model were those related to
forest structure, like tree cover and height, dead
vegetation cover, but also some variables related
to habitat moisture, like moss cover, plot ex-
posure, and the presence of streams, seemed to
be important. As a general pattern, higher mean
vole densities were observed in woodlands near
to streams and exposed to the north, and lower
mean vole densities were observed in open dry
habitats with southern exposures and with no
streams. Highest densities were recorded in the
Mediterranean river woodland (Alnus glutino-
sa), and lowest densities were recorded in the
boreo-subalpine juniper shrubland (the only
habitat that was avoided throughout the study
period). The spatial and temporal patterns of
distribution and abundance of bank voles in the
studied area were consistent with a habitat
specialist strategy, being more abundant and
frequent in moist woodlands, and rare or absent
in shrublands and grasslands. The preference
for woodland and avoidance of open habitats
throughout its range (eg set-asides, grasslands)
led other authors to define the bank vole as
a habitat specialist (Tattersall et al. 2002),
despite bank voles being traditionally con-
sidered as habitat generalists (Gurnell 1985,
Mazurkiewicz 1994).

Bank voles inhabit all kind of forests (Gurnell
1985, Mazurkiewicz 1994), but also can be found
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in open habitats like scrublands (Canova and
Fasola 1991), grasslands (Wijnhoven et al.
2005), and agricultural landscapes (woodlots,
Van Appeldoorn et al. 1992, Fitzgibbon 1997,
Tattersall et al. 2002; hedgerows, Kotzageorgis
and Mason 1997). The factors that mainly in-
fluence the abundance of the species are those
related to the presence of a well developed
understorey vegetation or ground cover (Gurnell
1985, Mazurkiewicz 1994). This preference for
ground cover seems to be general and inde-
pendent to the habitats sampled. In this sense,
studies on habitat preferences in woodlots
surrounded by agricultural land showed bank
voles to prefer grounds covered by Rubus sp. and
herbaceous plants (Van Appeldoorn et al. 1992,
Fitzgibbon 1997), and similar patterns were
found in river floodplains (Wijnhoven et al.
2005). In the same way, studies on hedgerows
showed preference for ground cover in many
seasons (Kotzageorgis and Mason 1997). In
forest habitats, bank voles also showed pre-
ference for patches with dense ground cover
like understorey and herbaceous vegetation
(Fernandez et al. 1994, Mazurkiewicz 1994). As
Mazurkiewicz (1994) pointed out, these patches
within forest habitats supported high vole den-
sities because of higher breeding performance
(high number of sexually active individuals) and
related demographic processes (higher survival
and emigration, lower immigration). As a con-
clusion, forest patches with dense ground cover
represent high quality habitats for bank voles,
providing antipredatory refuges as well as food
supply (Mazurkiewicz 1994, Fitzgibbon 1997).
However, our results illustrated that mean
bank vole density do not show significant rela-
tionships with gradients of understorey vegeta-
tion (herbaceous and shrub cover, and shrub
height) in the habitats studied. The lack of such
an association can be explained because the hab-
itats with higher understorey vegetation were
open habitats (Calluna and Juniperus shrub-
lands) which were avoided by bank voles, and the
forest habitats were generally poor in under-
storey vegetation. Despite limited intepretation
of the role of single variables due to the use of
principal components, we can conclude that
understorey vegetation does not play a central

role in habitat selection by bank voles in the
studied area.

Vole density was directly related to the struc-
tural characteristics of woodlands summarized
by the vegetation-PC1 and vegetation-PC2,
increasing density from open to closed habi-
tats. Preferred woodlands were also covered by
rocks in form of scree, and this microhabitat
may provide refuge in the absence of ground
cover. Otherwise, moisture was correlated with
vegetation-PC1, so it was difficult to establish
whether bank voles selected forest habitats
because of their well known preference for these
habitats (Gurnell 1985), or moisture also played
a role in the preferred habitats. Microclimatic
conditions seemed to play a role in habitat
preferences by bank voles, since soil humidity
has been suggested to be important for bank
voles in forest habitats (Van Appeldoorn et al.
1992, and references therein), even in northern
latitudes (Olsson et al. 2005). The study area
represents the southern limit of the distribution
of the bank vole in Western Europe (Spitzen-
berger 1999) and bearing in mind bank voles
have mid-European or Eurosiberian require-
ments (Gosalbez and Lépez-Fuster 1985, Sans-
-Fuentes and Ventura 2000), preference might
well be associated with moisture in Mediter-
ranean environments. Bank voles displayed
significant penetrations into Mediterranean
environments in the study area (Torre et al.
1996), but we expected that these penetrations
might occur through moist habitats like river-
beds and favorably exposed woodlands (northern
slopes). Other authors suggested moisture as a
factor influencing the distribution of the bank
vole in northern Spain (Castién and Mendiola
1985, Gosalbez 1987) and southern France
(Saint-Girons 1984).

Climate had no significant influence on bank
vole density along the elevation gradient sam-
pled, and this finding was contrary to expecta-
tions. We expected higher mean bank vole
densities in Eurosiberian or Boreo-subalpine
woodlands than in Mediterranean woodlands. In
transitional areas between Mediterranean and
Eurosiberian Regions, bank voles increased
their abundance towards higher, rainy and
northern localities (Moreno and Barbosa 1992,
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Torre et al. 1996, Krystufek and Griffiths 1999),
since the lower limit of mean annual precipita-
tion has been established between 600 and 800
mm in the areas inhabited by the bank vole in
northern Spain (Gonzalez and Roman 1988,
Gosalbez 1987, Sans-Fuentes and Ventura 2000).
Indirect approaches to the study of bank vole dis-
tribution in the Montseny and surrounding area
pointed out an increase in frequency towards hu-
mid Mediterranean lowlands (Torre et al. 1996).
However, all these studies were performed at
larger spatial scales (using larger sampling
units) and inferences about habitat preferences
of bank voles could not be inferred. Nonetheless,
bank vole distribution seems to be limited by the
availability of forest habitats and can be inde-
pendent from elevation (and hence the climate),
as has been pointed by Saint-Girons (1973). How-
ever, other authors suggested that bank vole den-
sity decreased with elevation in large mountain
ranges (Delibes de Castro 1985).

Otherwise, mean density varied between
years maybe as a consequence of interannual
variation in cumulative rainfall that was twice
as high during 1996 than during the other two
years (Torre 2004). So, during the abnormally
wet year bank voles were more abundant in all
the study plots, and also we observed an in-
crease in persistence during this year (0.63 vs
0.41 and 0.39), but in this latter case differences
were non-significant.

The role of interespecific competition be-
tween bank voles and wood mice (Apodemus
sylvaticus — A. flavicollis, which were numeri-
cally dominant throughout habitats) was not an-
alyzed in the present study because of the
difficulty of correct identification of the two con-
generic species of Apodemus. There is evidence
that bank voles and wood mice coexist in many
habitats, but niche overlap is minimized by
microhabitat, food and time partitioning (Gurnell
1985, Canova 1993). We detected a slight nega-
tive and non-significant correlation between
mean densities of both taxa, suggesting that
densities were independent of each other. How-
ever, Fasola and Canova (2000) showed asym-
metrical competition between both species, so
distribution of bank voles may be affected by the
presence of wood mice. Interespecific competi-

tion cannot be ruled out as a source of variation
in habitat preference of bank voles in our study
area, and more specific tests need to be per-
formed in order to search for interspecific inter-
actions between species (Morris 1996).
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