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Abstract Small mammal populations often exhibit
large-scale spatial synchrony, which is purportedly caused
by stochastic weather-related environmental perturbations,
predation or dispersal. To elucidate the relative synchroniz-
ing eVects of environmental perturbations from those of
dispersal movements of small mammalian prey or their pre-
dators, we investigated the spatial dynamics of Microtus
vole populations in two diVerently structured landscapes
which experience similar patterns of weather and climatic
conditions. Vole and predator abundances were monitored
for three years on 28 agricultural Weld sites arranged into
two 120-km-long transect lines in western Finland. Sites on
one transect were interconnected by continuous agricultural
farmland (continuous landscape), while sites on the other
were isolated from one another to a varying degree by
mainly forests (fragmented landscape). Vole populations
exhibited large-scale (>120 km) spatial synchrony in Xuctu-
ations, which did not diVer in degree between the land-
scapes or decline with increasing distance between trapping
sites. However, spatial variation in vole population growth
rates was higher in the fragmented than in the continuous
landscape. Although vole-eating predators were more
numerous in the continuous agricultural landscape than in
the fragmented, our results suggest that predators do not

exert a great inXuence on the degree of spatial synchrony of
vole population Xuctuations, but they may contribute to
bringing out-of-phase prey patches towards a regional den-
sity level. The spatial dynamics of vole populations were
similar in both fragmented and continuous landscapes
despite inter-landscape diVerences in both predator abun-
dance and possibilities of vole dispersal. This implies that
the primary source of synchronization lies in a common
weather-related environment.
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Introduction

Spatial synchrony in population Xuctuations has been docu-
mented in a diverse group of taxa, accompanied by an
equally diverse range in the geographic extent of synchrony
(reviewed by, e.g. Liebhold et al. 2004). Large-scale pat-
terns of spatial synchrony, i.e. covering hundreds of square
kilometres, have most often been associated with species
exhibiting cyclic population dynamics, including lepidop-
tera (e.g. Myers 1998; Williams and Liebhold 2000;
Klemola et al. 2006), game birds (e.g. Ranta et al. 1995a;
Cattadori et al. 1999) and mammals (e.g. Steen et al. 1996;
Bjørnstad et al. 1999a; Huitu et al. 2003; Stenseth et al.
2004a). Small rodents, for example voles, at northern lati-
tudes demonstrate synchronous Xuctuations across dis-
tances of some tens to several hundreds of kilometres
(Steen et al. 1996; Bjørnstad et al. 1999a; Huitu et al. 2003;
Sundell et al. 2002).

Spatial synchronization of population Xuctuations has
been suggested to occur through three possible, mutually
nonexclusive mechanisms: (1) stochastic, spatially correlated,
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climate-related environmental perturbations (i.e. Moran
eVect; Moran 1953; Ranta et al. 1995b, 1999; Grenfell et al.
1998; Koenig 2002; Stenseth et al. 1999, 2004a), (2) preda-
tion by mobile enemies (Ydenberg 1987; Heikkilä et al.
1994; Norrdahl and Korpimäki 1996; Ims and Andreassen
2000; Korpimäki et al. 2002; Sundell et al. 2002), or (3)
dispersal movements of the focal organisms themselves
(SutcliVe et al. 1996; Blasius et al. 1999; Paradis et al.
1999; Schwartz et al. 2002; Ranta et al. 2006). It has
remained challenging to tease apart the synchronizing
eVects of dispersal (of either prey or predator) and environ-
mental stochasticity on spatial population dynamics (e.g.
Paradis et al. 1999; Ranta et al. 1999, 2006; Kendall et al.
2000; Ripa 2000; Abbott 2007). Some studies have man-
aged to control for dispersal as a synchronizing factor,
either by measuring synchrony among isolated island popu-
lations (Heikkilä et al. 1994; Grenfell et al. 1998) or by
experimental conWnement (Holyoak and Lawler 1996;
Holyoak 2000; Ims and Andreassen 2000; Huitu et al. 2005).
Unfortunately, neither approach is practically applicable to all
species and spatial scales at which synchrony is observed.

An alternative approach for elucidating the relative
eVects of environmental stochasticity and dispersal on spa-
tial synchrony is to carry out studies in areas with similar
environmental weather conditions but naturally varying
degrees of restriction on the dispersal movements of both
prey and predator. For most animal species, landscape frag-
mentation provides this setting, as movement rates of ani-
mals between habitat patches decrease with increasing
fragmentation (DiVendorfer et al. 1995; Ranta et al. 1995b;
WolV et al. 1997; Debinski and Holt 2000). Increasing frag-
mentation is thereby expected to decrease the degree of
synchrony among local populations if synchrony is main-
tained by the movements of prey or predator (e.g. Petty
et al. 2000; Bellamy et al. 2003; Huitu et al. 2003).

Recent evidence suggests that the large-scale spatial syn-
chrony observed among populations of northern voles is
not inXuenced to any great degree by the dispersal of voles
themselves (Ims and Andreassen 2000, 2005; Sundell et al.
2002; Huitu et al. 2005). However, landscape fragmenta-
tion might also inXuence the temporal and spatial patterns
of vole dynamics through negative eVects on predator
movements (e.g. HuVaker 1958; Bernstein et al. 1991; With
et al. 2002; Ryall and Fahrig 2006). Increasing limitation
on predator movements in a landscape may, in fact, inhibit
the generation of predator–prey population cycles alto-
gether (De Roos et al. 1991).

The aim of this study is to determine the eVects of
landscape structure on the patterns and degree of spatial
synchrony in the Xuctuations of agricultural farmland-
inhabiting Microtus vole populations. Previous work has
indicated that the collective eVect of landscape fragmenta-
tion and more continental weather conditions is negatively

associated with the degree of spatial synchrony among
Microtus vole populations (Huitu et al. 2003). To elucidate
the relative contributive eVects of these two factors on the
spatial dynamics of vole populations, we monitored vole
dynamics for three years in an area which exhibits uniform
weather conditions but contrasting degrees of landscape
fragmentation. During this time, predator abundances were
also monitored. We predicted that if the degree of spatial
synchrony in vole population Xuctuations is inXuenced by
the movements of voles or their predators, a more frag-
mented landscape would be associated with reduced spatial
synchrony.

Materials and methods

The study was conducted in western Finland in a ca.
120 £ 60 km area centred around 63°N, 23°E (Fig. 1). The
landscape of the area is largely agricultural, with a munici-
pality-wise mean percentage of farmland approaching 20–30%
(Huitu et al. 2003). Overall, the landscape is a mosaic of
agricultural and forest patches of varying size and degree of
interconnectivity. Long uniform expanses of agricultural
farmland can be found bordering larger river systems,
whereas farmland patches further from large water bodies
are smaller and more isolated from one another. The area is
climatically uniform and exhibits relatively mild winters
with little snow, at least when considering its location at
latitude 63°N (Solantie et al. 1996; Solantie 2000; see also
Huitu et al. 2003; Fig. 1). Snow covers the ground for ca.
125–150 days from the beginning of November to mid-
April, with a mean maximum depth of ca. 30 cm (data from
the Kauhava municipality; FMI 1994).

The two most numerous agriculture-aYliated small
rodent species in the area are the closely related Weld vole
(Microtus agrestis) and the sibling vole (M. rossiaemerid-
ionalis). The two species similarly inhabit primarily Welds
and meadows in agricultural surroundings and are only
rarely encountered in forests or bogs in our study area
(Norrdahl and Korpimäki 1993, 2005; see also Hansson
1994). Both species exhibit well-documented three-year
population cycles (Korpimäki et al. 2005). Together, these
rodents support a substantial number of both avian and
mustelid predators, e.g. the Eurasian kestrel (Falco tinnun-
culus), the common buzzard (Buteo buteo), the short-eared
owl (Asio Xammeus), the long-eared owl (A. otus),
Tengmalm’s owl (Aegolius funereus), the least weasel
(Mustela nivalis) and the stoat (M. erminea). Predator num-
bers are strongly determined by the abundance of their
rodent prey (Korpimäki and Norrdahl 1991; Korpimäki
et al. 1991; Norrdahl and Korpimäki 2002).

To quantify Xuctuations in the abundances of these voles
and their predators, we determined two transects running in
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a roughly north–south direction through the study area
using a landscape map (Fig. 1). One transect was set in an
entirely continuous agricultural tract of the area (hereafter
called continuous transect/landscape) and the setting for the
other (hereafter called fragmented transect/landscape) was
such that all trapping sites were isolated from their neigh-
bouring sites by variable amounts of forests, rivers and
peatland bogs to act as dispersal barriers or hindrances for
voles (Fig. 1). Also predators, particularly small mustelids,
may experience non-agricultural matrix habitats as hin-
drances for movement (Klemola et al. 1999). Both transects
were divided into a northern and a southern half to accom-
modate trapping schedule restraints (see below). Seven
trapping areas per transect half were initially selected on a
1:200,000 scale landscape map in a symmetric conWgura-
tion which produces an even distribution of pairwise dis-
tances between trapping sites while reducing site
redundancy (see Koenig 1999) (Fig. 1). On each transect
half, trapping areas were located ca. 5–15 km apart, with
increasing inter-area distances towards the middle of the
transect half (see Fig. 1).

All trapping sites were ultimately selected in situ within
each map-designated area as Welds or meadows containing
open ditches old enough to have been inhabited by voles for
several years (judged from the appearance of runways on
ditch banks). Vole trapping was carried out at the same
sites twice a year, every May and October, for three years.
At one site in autumn 2002, trapping had to be carried out
in a habitat-wise similar neighboring meadow ca. 50 m
away from the original ditches due to chemical grass

control measures by a local farmer. Due to the change in
trapping ditches, the population growth rate value for October
2002–May 2003 was excluded from that series for analyses.

One trapping session lasted eight days, with one-half
(northern or southern) of each transect trapped alternately
for two days each. Altogether 50 mouse snap traps were set
in four lines in two or four separate ditches, depending on
site characteristics. Each line was located 15–30 m from the
next, and consisted of four trap stations located 15 m apart.
Each station was set with three traps (two stations had four
traps) along separate vole runways at 1–2 m intervals. Due
to the expectance of high vole numbers in autumn 2002, we
increased the total number of traps per site to 60 to reduce
risk of trap saturation (Hansson 1975). During this session,
the traps were set in a conWguration of three traps per sta-
tion with Wve stations along each of four lines. Traps were
baited with pieces of mixed-grain bread and collected after
two days with no check after the Wrst day. Vole indices are
expressed as pooled numbers of Weld and sibling voles
trapped per 100 trap nights (site-speciWc number of traps
set £ number of nights they were set). Pooling of the
Microtus species was justiWed on the basis of strong inter-
speciWc synchrony and habitat overlap (Huitu et al. 2004;
Korpimäki et al. 2005).

We calculated indices of predator abundance at each site
and trapping session from observations of vole-eating avian
(Eurasian kestrels, common buzzards, rough-legged buz-
zards Buteo lagopus, hen harriers Circus cyaneus, short-
eared owls, long-eared owls and great grey shrikes Lanius
excubitor) and mammalian (least weasels, stoats and cats

Fig. 1 Map of the study area in western Finland. On the left-hand
map, dark grey shading indicates sea, light grey shading agricultural
Weld areas, and white all remaining types of land cover, including
mainly forest, but also peatland bogs, lakes and urban areas. The line-
connected Wlled symbols indicate trapping sites on the continuous agri-
cultural landscape transect, and open symbols sites on the fragmented

landscape transect. Contours with adjoined numerical Wgures on the
right-hand map indicate climatic zones represented by the 1971–2000
mean annual number of days with snow cover [contours reproduced
from: http://www.fmi.W/saa/tilastot_10.html (Finnish Meteorological
Institute)]. Map reproduced with permission from the National Land
Survey of Finland (permit no. 596/MML/07)
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Felis catus) predators. During the setting of the vole traps,
and for 30 min prior to their removal, one person surveyed
the surroundings of the each site for predators at an approx-
imate radius of 500 m, using binoculars and a spotting
scope. Because all the trapping and survey areas were on
open agricultural farmland, the visibility of predators was
similar in continuous and fragmented landscapes. The point
survey method has earlier been used to estimate the number
of hunting avian predators in open country (Fuller 1981),
which is also closely correlated with their breeding densi-
ties (Norrdahl and Korpimäki 1995).

Small mustelid abundance was also monitored at the
sites using track stations (see King and Edgar 1977).
BrieXy, a 7 £ 50 cm acrylic glass strip, equipped in the
middle with an ink pad and at each end with pieces of
brown packaging paper (see King and Edgar 1977 for the
chemical treatment of ink pad and papers), was inserted in a
55-cm-long, 10-cm-diameter black drainage pipe and
placed in a vole runway or a similar passage at the end of a
trapping ditch. Four track stations were placed at each site
for the duration of the vole trapping. Tracks of mustelid
predators in a track station were regarded as one observa-
tion. Although same individual predators may have been
observed both on the day of trap setting and during the
actual observation period two days later (e.g. nearby nest-
ing raptors), all observations were summed for a given site
to provide an index of predator abundance.

Statistical analyses

As landscape type is used in this study as a two-level class
variable, and because diVerences in the degree of connec-
tivity between agricultural Weld sites are highly obvious
(Fig. 1), we chose not to quantify the degree of connectiv-
ity between the two landscapes quantitatively. Characteris-
tics of Microtus vole population dynamics were quantiWed
for each trapping site over the three-year study period with
mean trap indices, coeYcients of variation (CV; i.e. the
ratio of the standard deviation to the mean), and S-indices
[standard deviation of log10-transformed data; (Lewontin
1966)], which are commonly used measures of relative
density variability in Xuctuating populations (Hansson and
Henttonen 1985; Turchin 2003). We tested whether the
overall signature of vole dynamics diVered between the
continuous and fragmented landscapes with linear mixed
models (PROC MIXED, SAS® v. 9.1 statistical software),
with the three indices as dependent variables, landscape
type as a Wxed explanatory variable and transect half
(north or south) as a random block factor to control for
variation in e.g. the eVects of weather on trapping success.
The denominator degrees of freedom for the analyses were
computed with the Satterthwaite method (Littell et al.
1996).

The degree and extent of spatial synchrony among the
vole populations were assessed for both transects separately
by calculating Pearson correlation coeYcients between
series of population growth rates [ln(nt+1/nt), where nt is
vole trapping index at time t]. Correlation coeYcients were
calculated for all possible pairwise combinations of sites,
separately for both landscapes. By using population growth
rates, we focus speciWcally on synchrony in population
change rather than on abundance (Bjørnstad et al. 1999b).
Prior to analysis, all values of zero were replaced by the
minimum trap index value, which corresponds to one vole
trapped during the session (Turchin 2003).

Due to the fact that spatially nearby sites are statistically
nonindependent (e.g. Ranta et al. 1995b; Bjørnstad et al.
1999b; Koenig 1999), we executed a bootstrap procedure to
estimate 95% conWdence limits for the mean level of syn-
chrony in each landscape, and for the coeYcient of correla-
tion between pairwise synchrony and distance between
sites. As advocated by Lillegård et al. (2005), we drew
1,000 bootstrap replicates of the population growth rate
series by resampling (with replacement) time points instead
of sites. Thus, each bootstrap replicate randomly generated
a new time series of population growth rates for each site
from the original growth rate values. We then calculated
the mean of all pairwise correlation coeYcients between
the sites for each bootstrap replicate, as well as a mean cor-
relation coeYcient for pairwise correlations with inter-site
distance. The resulting distributions of 1,000 correlation
coeYcient values were used to determine the 95% conW-
dence limits for the observed level of synchrony (obtained
from the original data) and the correlation with inter-site
distance. The conWdence limit values equal the 2.5 and
97.5% percentiles of the generated distributions of correla-
tion coeYcients (Manly 1997). The mean level of spatial
synchrony, as well as the correlation between synchrony
and inter-site distance, was deemed signiWcant if the boot-
strap-generated conWdence intervals did not contain zero.

Landscape-related diVerences in predator abundance dur-
ing the study were analyzed separately for avian and mamma-
lian predators with repeated measures linear mixed models,
with landscape and time as explanatory variables and transect
half as a random block factor to control for variation in the
eVects of weather on predator activity. Using analyses of
covariation, we also estimated the eVects of landscape type
and predator abundance on spatial variation in vole abundance
and population growth rate. Predator abundances were
expressed as the mean number of observations across all sites
per landscape type per trapping session. Spatial variation in
vole abundance and population growth rate were similarly
measured as coeYcients of variation (CV) across all sites per
landscape type per trapping session. NonsigniWcant interac-
tion terms were omitted from the models. All analyses involv-
ing predators were executed with PROC MIXED, SAS®.
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Results

Neither the mean (§SE) number of Microtus voles trapped
per trapping site (9.6 § 2.2 in the fragmented landscape,
8.1 § 2.2 in the continuous landscape; F(1,25)

landscape = 1.93,
P = 0.18) nor the relative variability of vole abundance
diVered among the landscapes (CV: fragmented, 93.6 § 6.6;
continuous, 98.7 § 6.6; F(1,26)

landscape = 0.29, P = 0.59; S-
index: fragmented, 0.78 § 0.10; continuous, 0.69 § 0.10;
F(1,25)

landscape = 0.77, P = 0.39). However, spatial variation in
vole population growth rates was higher in the fragmented
than in the continuous landscape (F(1,6)

landscape = 20.20,
P < 0.01; see Fig. 2 for population trajectories) and also asso-
ciated with predator abundances (see details below).

Population growth rates of Microtus voles Xuctuated syn-
chronously within both fragmented and continuous land-
scapes. The degree of synchrony did not diVer among the
landscapes, as judged from overlapping conWdence limits
(fragmented landscape: mean pairwise correlation 0.45,
bootstrapped 95% conWdence limits 0.32–0.55; continuous

landscape, mean 0.57, 95% c.l. 0.12–0.79; Fig. 3). The
degree of spatial synchrony did not decline notably with
increasing distance between sites in either landscape (frag-
mented, correlation between synchrony and distance 0.02,
bootstrapped 95% conWdence limits ¡0.04 to +0.18; continu-
ous, correlation ¡0.10, 95% c.l. ¡0.17 to +0.10; Fig. 3).

Both avian (F(1,155)
landscape = 5.86, P = 0.02;

F(5,155)
time = 3.57, P < 0.01; F(5,155)

landscape £ time = 0.28,
P = 0.92) and mammalian (F(1,155)

landscape = 4.01, P = 0.047;
F(5,155)

time = 1.87, P = 0.10; F(5,155)
landscape £ time = 0.89,

P = 0.49) predators were more abundant in the continuous
landscape than in the fragmented landscape (Fig. 4). As
mentioned, spatial variation in vole abundance tended to be
negatively associated with the abundance of avian preda-
tors (parameter estimate § SE = ¡59.8 § 26.7; F(1,8)

av. pred.

= 5.03, P = 0.055; F(1,8)
mamm. pred. = 0.06, P = 0.82;

F(1,8)
landscape = 2.49, P = 0.15; Fig. 5a, b). Spatial variation

in vole population growth rates was higher in the frag-
mented landscape and positively associated with mamma-
lian predator abundance; the same tended to apply also to
avian predators (parameter estimate § SE = 5.0 § 2.2;
F(1,6)

av. pred. = 5.29, P = 0.061; parameter estimate § SE =
17.8 § 2.4; F(1,6)

mamm. pred. = 56.81, P < 0.001; F(1,6)
landscape =

20.20, P < 0.01; Fig. 5c, d).

Discussion

We monitored the temporal and spatial dynamics of
Microtus vole population Xuctuations for three years in

Fig. 2a–b Visualization of the relative variability of population Xuc-
tuations of Microtus voles during the study in (a) sites of the continu-
ous landscape and (b) sites of the fragmented landscape, expressed as
the number of individuals trapped per 100 trap nights. Each line repre-
sents a single trapping site
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both fragmented and continuous agricultural landscapes
in western Finland, in an area exhibiting uniform climatic
conditions. The temporal dynamics of vole populations
proved to be similar in both landscapes and well-synchro-
nized spatially. Neither the mean degree of spatial syn-
chrony nor its relation to distance between trapping sites
diVered quantitatively between the landscapes. However,
spatial variation in vole population growth rates was
higher in the fragmented than in the continuous land-
scape. Predators were found to be more numerous in the
continuous landscape. Spatial variation in vole abundance
tended to be negatively associated with the abundance of
avian predators, while spatial variation in vole population
growth rates was clearly positively associated with the
abundance of mammalian predators, and weakly so with
the abundance of avian predators.

Fig. 4a–b Mean (§ SE) numbers of (a) vole-eating avian predators,
and (b) vole-eating mammalian predators observed during vole trap-
ping sessions in the course of the study. Filled symbols indicate sites in
the continuous landscape and open symbols those in the fragmented
landscape
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The Moran eVect and dispersal are considered the two
most plausible mechanisms for the generation of spatial
synchrony (reviewed by, e.g. Bjørnstad et al. 1999b;
Koenig 1999; Liebhold et al. 2004; Ranta et al. 2006).
However, in the case of vole populations, the role of dis-
persal as a synchronizing mechanism appears to be minor
and restricted to relatively small spatial scales (Steen et al.
1996; Bjørnstad et al. 1999a; Sherratt et al. 2000; Ims and
Andreassen 2005; Huitu et al. 2005). Both mechanisms
have a tendency to produce identical patterns of synchrony,
namely that synchrony declines with increasing distances
between sites (e.g. Steen et al. 1996; SutcliVe et al. 1996;
Paradis et al. 1999; Ranta et al. 1999, 2006). We did not
Wnd such a relationship in either landscape type, despite
inter-site distances approaching 120 km (Fig. 3).

It is well documented that increasing habitat fragmenta-
tion reduces inter-patch movements in small mammals (e.g.
DiVendorfer et al. 1995; WolV et al. 1997; Debinski and
Holt 2000), which thereby translates into a decrease in the
synchronizing eVect of dispersal. The fact that we did not
observe a negative relationship between synchrony and
inter-site distance, even among populations in the frag-
mented landscape (Fig. 3; see Bellamy et al. 2003), can be
regarded as evidence against vole dispersal acting as a
major synchronizing mechanism in our study system.

However, predators may also exhibit reduced rates of
mobility between prey patches that are separated by subop-
timal habitat (HuVaker 1958; Bernstein et al. 1991, 1999;
With et al. 2002; Ryall and Fahrig 2006). Assuming that
the synchronizing eVect of predators relies on an eYcient
spatial response to prey densities (Ydenberg 1987;
Korpimäki and Norrdahl 1991), increasing landscape frag-
mentation will reduce this eVect. Although we found that
the abundance of predators was higher in the continuous
landscape than in the fragmented (Fig. 4), this was not reX-
ected as inter-landscape diVerences in the degree of spatial
synchrony among vole populations. This, in turn, suggests
that predators are not the primary source of synchronization
among vole populations at the spatial scale examined. This
is supported by the fact that the temporal dynamics of vole
Xuctuations were essentially the same in both landscapes
and thus appeared not to be inXuenced by inter-landscape
diVerences in predator activity (see De Roos et al. 1991).

We did Wnd that increasing avian predator abundance
tended to be negatively associated with spatial variation in
vole numbers (Fig. 5a) and positively with spatial variation

in vole population growth rates (Fig. 5c). Similar Wndings
were presented by Norrdahl and Korpimäki (1996), who
showed that an experimental reduction of vole-eating avian
predators led to increased variation in vole densities
between areas. Vole-eating avian predators have been
shown to be capable of eYciently locating and utilising hot
spots where prey densities are higher than in the landscape
on average (Viitala et al. 1995; Ims and Andreassen 2000).

Similarly, mammalian predator abundance was posi-
tively associated with spatial variation in the growth rates
of vole populations (Fig. 5d; see also Fig. 2 for population
trajectories). This may also be indicative of hot spot preda-
tion; selective predation in prey patches with densities
above the landscape average results in vole populations
declining with negative growth rates while below-average
density patches increase, in the absence of predation,
towards the landscape average. Although predator abun-
dance does appear to be dynamically associated with the
spatial dynamics of their vole prey, causalities are hard to
infer from our data. However, our results do appear to cor-
roborate earlier experimental Wndings that both avian and
mammalian predators are involved in reducing spatial vari-
ation in vole abundance (Norrdahl and Korpimäki 1996;
Ims and Andreassen 2000; Korpimäki et al. 2002).

Seeing that opportunities for vole dispersal and predator
abundance diVered between the landscapes while climatic
conditions or the degree of vole population synchrony did
not, climate-related environmental conditions appear by
exclusion to be the most plausible common denominator to
account for similarities in patterns of spatial synchrony. In
a previous study, Microtus vole dynamics were found to be
spatially better synchronized in an agricultural landscape
exhibiting relatively mild winters than in a forested land-
scape with more continental climatic conditions, including
more snow (Huitu et al. 2003). It was suggested that the
observed diVerence was primarily due to diVerences in
landscape structure, although possible eVects of varying cli-
matic conditions could not be entirely ruled out (Huitu et al.
2003).

Even subtle diVerences in climatic conditions between
adjacent areas may produce distinct diVerences in the spa-
tial dynamics of animal populations (Rueness et al. 2003;
Stenseth et al. 2004b; Klemola et al. 2006). For example,
Stenseth and coworkers (2004b) demonstrated that the spa-
tial dynamics of lynx (Lynx canadensis) diVer on the two
sides of a nongeographic barrier in response to diVerences
in the physical properties of snow cover. Similarly, varying
levels of snow thickness may have diVering eVects on the
dynamics of vole populations, for example through the
eVectiveness of their generalist predators (Hansson and
Henttonen 1985; Hanski et al. 1991). In areas with rela-
tively little snow, sporadic warm spells during winter may
also result in ice formation on the ground, which restricts

Fig. 5 Relationships between the trapping session-speciWc mean
predator abundance at trapping sites and spatial variation in Microtus
vole population Xuctuations, measured as coeYcients of variation
(CV) of vole trapping indices or population growth rates. Filled sym-
bols indicate trapping sessions in the continuous agricultural landscape
and open symbols those in the fragmented landscape
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access to food resources and reduces vole survival (Aars
and Ims 2002; Korslund and Steen 2006), while in areas
with a more stable snow cover these eVects may not occur.
Such eVects may have contributed to the inter-areal diVer-
ences observed in vole population synchrony as reported in
Huitu et al. (2003).

We did not Wnd unanimous support for our main predic-
tion, in that a greater degree of landscape fragmentation
was not associated with a lower degree of spatial synchrony
in the dynamics of Microtus voles, despite diVerences in
landscape structure and in predator abundance between the
landscapes. This suggests that the source of spatial synchro-
nization of vole dynamics lies primarily in a synchronous
stochastic environment, most likely related to weather con-
ditions. However, the degree of fragmentation in this study
may not have been severe enough to inhibit the movements
of predators, particularly avian predators, which may also
redistribute themselves every spring according to prey den-
sities before settling to breed in their summer territories
(Norrdahl and Korpimäki 2002). Predators therefore remain
a potential source of synchronization, and they may indeed
be accountable for decreasing spatial variation in vole
dynamics in the continuous landscape. Patterns of spatial
synchrony among vole population dynamics might be
diVerent in ecosystems where, e.g. islands or mountains
form true year-round barriers for predator movement. In
these kinds of landscapes, we may expect to see a stronger
degree of asynchrony between vole populations, even at
geographical scales similar to those investigated in this
study (see Klemola et al 2006).
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