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Root voles (Microtus oeconomus) are competitively superior during summer and 
locally displace field voles (M. agrestis). Since the two species co-exist in many areas, 
competition may be relaxed or reversed during winter. To assess the competitive 
interaction during winter, we used PIT tags to study activity patterns and home range 
overlap of the two species in two enclosures with food-supplemented and non-supple-
mented plots during the winter of 2002–2003. Additionally, we established single spe-
cies systems of root-vole and field-vole populations in the winter of 2004. Home-range 
size was smaller and activity lower in field voles than in root voles, and food supple-
mentation caused an increase in activity in both species. Activity and home-range size 
in either species was not affected by the presence of the other. Despite the different 
activity patterns of the two species, home range overlap between field voles and root 
voles did not differ from random in the food-supplemented plots. In the non-supple-
mented plots daily overlap was higher than expected. As predicted, we were not able 
to detect any interference competition between field and root voles during winter. This 
supports our hypothesis that coexistence between the two may be caused by relaxed 
contest competition during winter.

Introduction

In northern habitats with distinct breeding and 
non-breeding seasons, seasonal variation in 
competitive intensity between species may be 
of importance. Studies of bank voles (Myodes 
glareolus, previously Clethrionomys glareolus) 
and field voles have shown that aggression levels 
in individual encounters are low during the non-
breeding season both in mixed and single spe-
cies communities (reviewed in Eccard & Ylönen 
2003). The non-breeding season in the north 

is energetically demanding and may not allow 
maintenance of intensive competitive interac-
tions. A prerequisite for competition between the 
two species is that there is a shortage of some 
resource that both depend upon. Korslund and 
Steen (2006) found that winter survival of root 
voles increased with increased food availability 
and we can therefore assume that there are food 
shortages during the winter. A study of grey-
sided voles (Myodes rufocanus) supports this 
assumption since over-winter rate of population 
change was negatively affected by the size of the 
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whole vole community and not just intra-spe-
cific density (Hansen et al. 1999). The winter is 
therefore a time of food shortage where we can 
expect intra- and inter-specific competition that 
may cause exploitation competition for a limited 
food source or interference competition by social 
exclusion (Schoener 1983). However, we do not 
know how food shortages affect social interac-
tions between species. It is possible that relative 
competitive strength between species depends 
on whether they compete through interference or 
exploitation.

In Fennoscandia, root voles (Microtus 
oeconomus) and field voles (Microtus agrestis) 
often live in the same habitat in large parts of 
their distribution. Field voles are present at low 
densities when there are high numbers of root 
voles present, and they show high population 
densities when there are few root voles present. 
The inverse population dynamical trends of the 
two species suggest that the larger root vole is 
competitively superior to the smaller field vole 
(Tast 1968, Henttonen et al. 1977). Moreover, 
root voles force field voles into sub optimal habi-
tats during the breeding season (Tast 1968, Hent-
tonen et al. 1977). When root voles intrude into 
new habitats as population densities increase, 
field voles are forced into less profitable habitats. 
As root voles retreat from the same habitats, field 
voles again colonise these preferred areas. Despite 
root voles being competitively superior during 
summer, the two species coexist and can occur in 
the same localities simultaneously (Steven 1955). 
However, the mechanisms that allow coexist-
ence, such as temporal and spatial variation in 
resource abundances or foraging efficiency and 
differences in the effect of competition between 
habitats, may differ between species and areas 
(Brown 1989, Ziv et al. 1993, Morris et al. 2000). 
Here we report an experimental study aimed at 
testing the hypothesis that contest competition 
(leading to social exclusion) between field voles 
and root voles is relaxed during winter.

Given that root voles and field voles coex-
ist and compete through interference during the 
summer, we hypothesize that this type of compe-
tition between the two is relaxed during winter. 
Therefore, root voles should not exclude field 
voles from preferred areas, or inflict changes 
in activity and home range size of field voles. 

We tested this hypothesis in enclosures with 
homogenous habitat patches where we manipu-
lated food availability and habitat quality. If the 
hypothesis is true, we predict that root-vole and 
field-vole habitat choice will be independent 
of the other species, but dependent on habitat 
quality. Specifically, inter-specific home range 
overlap will not differ from random, and activity 
will be unaffected by the presence of the other 
species. However, as for habitat choice, it may 
depend on habitat quality.

Material and methods

The experiments took place at Evenstad Research 
Station in southeastern Norway in December 
2002, early March 2003, and early February 
2004. The two enclosures (100 ¥ 50 m each) used 
in the experiments consisted of two 851-m2 large 
plots divided into two patches of habitat, 368-m2 
large, separated by five meters of uninhabitable 
matrix. The plots were five meters from the short 
edge of the enclosure and six meters from the 
long edges on each side of the enclosure, and 
separated from each other by 50 m of matrix 
(Fig. 1). Throughout the vegetative season prior 
to the experiments, we mowed the matrix area 
and treated it with herbicides. During the preced-
ing summer and autumn, one patch in each plot 
was treated with herbicides (hereafter referred 
to as the treated patch) to reduce the standing 
biomass and thus the quality of the habitat. The 
patch not treated with herbicides functioned as a 
high quality control patch. In addition, one plot 
in each enclosure was subject to supplementary 
feeding during the experiment. Animals had ad 
lib availability of food (crushed oats) supplied 
through feeding automats that were distributed 
approximately along a 11 ¥ 15-m grid in the 
food-supplemented plots. To keep track of the 
animal movements, we marked all individuals 
with passive integrated transponders (PIT tags, 
Trovan©) sub-cutaneously. In each habitat plot 
there were 24 trap stations (in a 7.5 ¥ 8-m grid) 
protected by metal chimneys with open bases to 
allow vole access. In each trap station we placed 
antennas that were connected to LID665 PIT-tag 
decoders (EID-Aalten, NL) that recorded and 
stored an individual’s ID number when a PIT-



Ann. Zool. Fennici  Vol. 44  •  Interspecific competition in Microtus	 417

tagged individual passed through the antenna. 
The decoders were connected to a network sup-
plied with electrical power through 12V batteries 
that were continuously recharged. During the 
first experiment (December 2002) we only had 
enough decoders to monitor one plot at a time. 
During the second experiment (March 2003) 
we had enough decoders to monitor two plots 
simultaneously. This restricted our experimen-
tal design to some degree. All animals used in 
the experiments originated from laboratory-bred 
populations kept at 8:16 LD regime and 5 °C to 
mimic winter conditions and were given food 
and water ad libitum while in captivity. All 
released animals were more than 60 days old and 
sexually mature. Mean weights of root voles and 
field voles were 25.2 g and 22.4 g in December 
2002, 36.4 g and 35 g in March 2003, and 25.2 
g and 31.5 g in February 2004, respectively. The 
higher mean weight of field voles as compared 
with that of root voles in the last release (Febru-
ary 2004) was a result of a higher mean age of 
field voles. This weight difference between spe-

cies should not affect interspecific interactions 
as all voles in this release were introduced into 
one-species systems. The weight of individuals 
at release was within the range of body mass 
observed during winter at Evenstad (KSH pers. 
obs.). The PIT tags were injected approximately 
one week before release.

In December 2002, we released ten root 
voles and ten field voles (117.5 ind. ha–1 of each 
species) in each habitat plot in one enclosure. 
Activity recordings of individuals using the PIT-
tag antennas and decoders lasted for ten continu-
ous days starting one week after release in the 
non-supplemented plot and for seven continuous 
days starting two weeks after release in the food-
supplemented plot. At the time of recording ten 
(117.5 ind. ha–1) root voles and five (59 ind. ha–1) 
field voles were present in the non-supplemented 
plot, and nine root voles (106 ind. ha–1) and 
nine (106 ind. ha–1) field voles in the food-sup-
plemented plot with an approximately even sex 
ratio (see Table 1 for a summary of the design). 
In March 2003, we released five root voles 
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Fig. 1. Layout of the 
experimental enclosures 
used in this study. The 
grey squares represent 
the habitat plots in each 
enclosure, each divided 
into a treated patch and 
a control patch where the 
treated patch was sprayed 
with herbicides throughout 
the previous summer. The 
illustration also shows the 
arrangement of food sup-
plementation in the plots, 
and the period each enclo-
sure was used.
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and five field voles (59 ind. ha–1 of each spe-
cies) in the food-supplemented plot, and five (59 
ind. ha–1) root voles and three (35 ind. ha–1) field 
voles in the non-supplemented plot. Both plots 
were monitored at the same time. We let the 
animals settle for only two days before a six-day 
long continuous recording of PIT-tag passes was 
initiated. The time from release to the initiation 
of recording in this experiment was reduced as 
compared with that in the first experiment to 
maximize the number of animals present. Data 
from the previous experiment showed that activ-
ity distributions were comparable from release 
to when recordings ended, and the reduced time 
from introduction to activity and home range 
recording should be comparable. At the time 
of recording, six (70.5 ind. ha–1) root voles and 
three (35 ind. ha–1) field voles were alive in the 
food-supplemented habitat plot, and one (12 
ind. ha–1) root voles and three (35 ind. ha–1) 
field voles were alive in the non-supplemented 
plot (Table 1). The higher number of observed 
as compared with released root voles in the 
food-supplemented plot was caused by one indi-
vidual moving from the non-supplemented plot 
to the food-supplemented plot. The introduced 
root voles had an even sex ratio, while there 
were twice as many female as male field voles 
present.

The single species study was conducted in 
February 2004 when six (70.5 ind. ha–1) root 
voles were released in one habitat plot, and six 
(70.5 ind. ha–1) field voles in another. Because of 
logistic restrictions of the technical equipment, 

we used the non-supplemented plot from the 
December 2002 experiment and the food-supple-
mented plot from the March 2003 experiment by 
dividing the previous enclosures in two by setting 
up a temporary vole proof fence in the middle of 
each enclosure. Starting on day five after release 
we recorded movements using the PIT-tag read-
ers for eight days in both plots. At this time, four 
(47 ind. ha–1) field voles and three (35 ind. ha–1) 
root voles were alive (Table 1). Release densities 
in all patches were chosen based on informa-
tion available from previous winter trappings at 
Evenstad (G. Gundersen pers. comm.).

Analyses

For each individual, we measured the level of 
activity as the mean number of recorded passes 
through the antennas per day. Individual home 
range sizes were calculated by Kernel estima-
tion, using ArcView 3.2 with Animal Movement 
(Hooge & Eichenlaub 2000). We chose to use 
50% Kernel home range estimates in the analyses 
instead of 95% estimates because most of the 
individual 95% home ranges in the experiments 
during the winter 2002/2003 covered most of 
the available habitat area. Activity and home 
range size were log-transformed before perform-
ing a mixed-effects modelling procedure (lme) 
using the “nlme” package of R 2.1.1 (http://
www.R-project.org) as described by Pinheiro and 
Bates (2000). We analysed differences in activity 
and home range size between one-species and 

Table 1. Overview of the different experiments, the time they were conducted, the type of experiment and plots 
used, and the number of individuals of each species alive. The numbers of individuals released are shown in paren-
theses. In two-species systems, both field voles and root voles were released in the same plots, in the one-species 
system, only one species was released in each plot.

	 Time	 Type of data and plots	 Number of individuals
			 

			   Root voles	 Field voles

Experiment 1	 December 2002	 Two-species systems
		  Food-supplemented plot	 09 (10)	 9 (10)
		  Non-supplemented plot	 10 (10)	 5 (10)
Experiment 2	 March 2003	 Two-species systems
		  Food-supplemented plot	 06 (5)	 3 (5)
		  Non-supplemented plot	 01 (5)	 3 (3)
Experiment 3	 February 2004	 One-species systems
		  Non-supplemented plots	 03 (6)	 4 (6)
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two-species systems using data from non-sup-
plemented plots only, as one-species systems 
only appeared in non-supplemented enclosures. 
We fitted activity and home range size to a vari-
able discriminating one-species and two-species 
systems and a factor with species (and their inter-
action) as fixed factors. Species was included in 
the model to see if there was an interactive effect 
between treatment system and species, and will 
not be presented in the results unless significant. 
Plot ID was included in the models as a random 
factor to control for the pseudo-replication in the 
dataset. Differences in activity and home range 
size between individuals from food supplemented 
and non-supplemented patches were tested using 
data from two-species systems only. Models were 
chosen by a forward selection procedure and 
the fixed effects considered in the models were 
period (December 2002, March 2003, and Febru-
ary 2004), food-supplemented versus non-sup-
plemented plots, species, and sex. Plot ID was 
included in the models as a random factor. To 
see if the activity of root voles and field voles 
was affected by the quality of habitat patches, 
we calculated habitat occupancy as the propor-
tion of encounters in the herbicide treated patch 
as compared with that in the control patch. The 
variable was arcsine-transformed before perform-
ing a mixed-effects analysis as described above, 
choosing among the same variables except the 
factor one-species versus two-species systems. 
The latter factor was excluded because in the 
one-species systems both root voles and field 
voles were mostly observed in the patch where 
they were released and all visits to the neigh-
bouring patch was at the edge. To avoid spurious 
results caused by the experimental procedure, we 
excluded these measurements from the dataset.

Temporal overlap between the species was 
estimated as the mean number of days in which 
an individual’s home range overlapped with 
individual home ranges among the other spe-
cies for each of the December 2002 and March 
2003 plots separately. In these analyses, we 
excluded the data from the non-supplemented 
plot in March 2003 because of the extremely low 
number of individuals present. To obtain reli-
able standard errors and confidence intervals for 
expected overlap, we performed a bootstrap pro-
cedure to re-sample estimates of mean number 

of days with overlap between root voles and 
field voles. The estimated expected overlap was 
based on 10 000 iterations where we re-sampled 
(with replacement) from the pool of true home 
range shapes of each individual, but with random 
location and orientation. For each of the random 
iterations, we sampled as many random locations 
as there were individuals present in the original 
data. Observed overlap values that were outside 
the bootstrapped 95% confidence interval of the 
expected overlap were considered significantly 
different from expected.

In order to test if different photoperiods 
between experiments had any effect on activity, 
we estimated diurnal and crepuscular activity 
on cumulative data for each 24-hour period. We 
counted the cumulative number of recordings 
during each hour for the whole experimental 
period for each individual. To estimate diurnal 
and crepuscular activity, we used the equations 
suggested by Halle (1995). Diurnality refers to 
the allocation of activity between night and day, 
and is described by:

	

where ΣcL is the number of recordings during 
daytime for the experimental period, ΣcD is the 
number of recordings during night time, and hL 
and hD are the length of day and night in hours, 
respectively. Thus, the formula takes into account 
the variation in photoperiod, and is insensitive to 
its variation (Halle 1995). The diurnality index 
(ID) is positive if the animals are active mainly 
during the day and negative if night activity 
prevails. The crepuscularity index (IC) describes 
how much of the 24-hour activity occurs at 
sunset and sunrise, and it is described by:

	

where ΣcSR and ΣcSS are the number of record-
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ings during the one-hour time interval surround-
ing sunrise and sunset, respectively. Σc24 is the 
total number of recordings during the experi-
ment. The index is positive when individuals 
are more active at sunrise and sunset compared 
to the overall 24-hour period, and negative if 
they are less active (Halle 1995). To test if there 
were differences in diurnality and crepuscularity 
between species and experiments, we performed 
a forward selection procedure using mixed-
effects models. For both diurnality and crepus-
cularity, plot ID was included as a random effect. 
As fixed effects for models explaining diurnality, 
we used species, sex, and period (December 
20002, March 2003, and February 2004). Since 
crepuscularity could not be defined for most of 
the field voles, as most individuals never were 
active during dusk and dawn, we tested only root 
vole crepuscular activity by fitting models with 
sex and period as fixed effects.

Results

The analyses are based on 5152 recordings of 
individuals passing through the antennas. For 
field voles, we recorded 754 encounters in the 
two-species systems and 190 in the one-spe-
cies system. The corresponding numbers for 
root voles are 4063 encounters in the two-spe-
cies systems and 146 encounters in the one-spe-
cies system. Climatic conditions varied slightly 
between periods. Similar for all experimental 

periods was a constant snow cover from early 
December to late March. During the December 
2002 experiment, mean ambient temperature was 
–17.9 ± 1.3 °C (mean ± SE) and the snow depth 
was 56 cm. The equivalent values of temperature 
and snow depth in the March 2003 experiment 
were –0.2 ± 1.3 °C and 88.5 cm, respectively, and 
in the February 2004 experiment –6.1 ± 1.7 °C 
and 84.4 cm, respectively. Despite the variable 
surface temperatures, the snow pack creates a 
subnivean space with temperatures close to 0 °C 
(Marchand 1996).

There was no difference in activity (F1,19 = 
2.43, p = 0.14) or home-range size (F1,19 = 0.43, 
p = 0.52) between one-species and two-species 
systems (treatment system, Table 2), neither was 
there a significant interaction between treatment 
system and species (activity: F1,19 = 0.001, p = 
0.97; home range size: F1,19 = 1.32, p = 0.26). 
Thus neither field vole activity nor home-range 
size was affected by the presence of root voles.

The analyses of the effect of food supplemen-
tation showed that only species affected home-
range size (F1,40 = 6.48, p = 0.02). Home ranges 
of root voles were larger than those of field voles 
(Table 2). The mean level of activity (Table 2), 
measured as the number of recordings observed 
per individual per day, was affected by species 
(F1,39 = 4.88, p = 0.03) and sex (F1,39 = 6.44, p = 
0.02), and tended to be higher in food-supple-
mented plots than in non-supplemented plots (F1,2 
= 14.49, p = 0.06). Activity was 60% lower in 
field voles than root voles and males were more 

Table 2. Mean and standard error of the 50% Kernel home-range estimate, activity (mean number of encounters 
per day), percentage of encounters in the control habitat patch, diurnality (ID), and crepuscularity (IC) for field voles 
and root voles in the food-supplemented and non-supplemented habitat plots. The non-supplemented plots are 
further divided into one-species systems (February 2004) and two-species systems (December 2002 and March 
2003). The crepuscularity values of field voles were not calculated since most field voles were not active in the 
hours around sunrise and sunset.

	 Food-supplemented	 Non-supplemented
	 	

	 Field vole	 Root vole	 Field vole	 Root vole
			   	

			   One-species	 Two-species	 One-species	 Two-species

50% home range	 14.12 ± 4.43	 29.06 ± 9.59	 23.84 ± 15.95	 23.70 ± 9.39	 78.46 ± 26.25	 45.13 ± 11.59
Mean activity	 08.47 ± 3.29	 35.96 ± 13.51	 6.21 ± 3.16	 02.26 ± 0.63	 6.27 ± 1.46	 4.19 ± 1.10
% control patch	 00.28 ± 0.11	 0.51 ± 0.09	 0.25 ± 0.25	 00.58 ± 0.16	 0.14 ± 0.03	 0.73 ± 0.09
ID	 00.48 ± 0.10	 0.25 ± 0.07	 0.33 ± 0.22	 –0.02 ± 0.24	 0.35 ± 0.05	 0.20 ± 0.14
IC	 –	 0.24 ± 0.06	 –	 –	 0.12 ± 0.14	 0.27 ± 0.06
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active than females in both species and across 
all plots (male root voles: 27.48 ± 13.28; female 
root voles: 18.26 ± 10.75; male field voles: 9.86 ± 
4.93; female field voles: 3.50 ± 0.78, mean ± SE 
calculated from all plots combined).

The model describing activity distribu-
tion between the herbicide treated and control 
patches showed that species was important for 
the distribution (F1,39 = 6.02, p = 0.02), as well as 
an interaction between species and experimental 
period (F1,39 = 9.42, p = 0.004). Period was not 
significant on its own (F1,2 = 4.46, p = 0.17). In 
December 2002, root voles used mostly the con-
trol patch (63% ± 0.09%, mean ± SE) and field 
voles mostly the herbicide treated patch (19% 
± 0.09% of the activity observed in the control 
patch), irrespective of the level of food sup-
plementation. In March 2003, field voles used 
mostly the control patch (83% ± 0.06%), while 
root voles were equally active in the control and 
treated patches (51% ± 0.08%).

The observed overlap between field voles and 
root voles was 3.44 ± 0.67 and 1.67 ± 0.33 days 
(mean ± SE) in the food-supplemented plots, 
in December 2002 and March 2003 respec-
tively. These observations were well within the 
95% confidence intervals of the bootstrap fre-
quency distributions (December CI: 1.33–4.22 
days, March 2003 CI: 1.00–4.33 days, Fig. 2a 
and b), suggesting that the number of days with 
overlap between the two species did not differ 
from random. In the non-supplemented plot in 
December 2002, field voles and root voles over-
lapped 1.60 ± 0.68 days, which was higher than 
the estimated confidence interval that ranged 
from 0.20 to 1.20 days with overlap (Fig. 2c).

Root and field voles did not differ in the 
diurnal activity patterns (F1,40 = 1.45, p = 0.24). 
Both species were more active during day than 
night (Table 2). There was no difference in 
diurnal activity patterns between the different 
experiments (F2,40 = 1.73, p = 0.19), suggesting 
that time of year did not affect diurnal activity 
patterns significantly. The different sexes within 
each species did not differ in activity either (F1,40 
= 0.006, p = 0.94). Additionally, root voles did 
not differ in the amount of crepuscular activity 
between experimental periods (F2,21 = 0.55, p = 
0.58), nor between sexes (F1,21 = 0.22, p = 0.65). 
However, they were more active during dusk and 
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Fig. 2. The observed number of days with overlap 
between field voles and root voles is compared with 
the bootstrap estimates of expected overlap in the 
food-supplemented plots from the (a) December 2002 
and (b) March 2003 experiments, and in the non-sup-
plemented plot from (c) December 2002. The non-
supplemented plot from the March 2003 experiment 
is excluded because of the low number of individuals 
present. Dark areas show the 95% confidence inter-
vals. Grey bars correspond to the estimated number of 
days with overlap within the 95% confidence intervals. 
The observed number of days with overlap between 
root voles and field voles were 3.44 in a, 1.67 in b, and 
1.60 in c and are illustrated by arrows.

dawn than the rest of the 24-hour cycle (Table 
2). The data on field voles did not allow for a 
similar analysis of crepuscular activity because 
most individuals were never encountered during 
dusk and dawn. The crepuscularity index was 
therefore indefinable.

Discussion

In this study we have documented differences in 
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the activity level and home-range size between 
field voles and root voles independent of whether 
species were together or not. Despite the inter-
specific differences in home-range size and activ-
ity, home-range overlap between root and field 
voles did not differ from what would be expected 
from random. These results suggest that root voles 
and field voles do not compete through interfer-
ence during winter. Our results correspond with 
observations of field voles and root voles from 
winter habitats in northern Finland (Tast 1966), 
where field voles could be found in the root vole 
habitat despite the strong competitive exclusion 
experienced during summer. Similar results also 
exist for meadow voles (Microtus pennsylvani-
cus) and red-backed voles (Myodes gapperi) in 
North America, where red-backed voles where 
observed in grassland habitats in winter despite 
being excluded during the breeding season (Iver-
son & Turner 1972). In December 2002, the 
distribution in activity between high- and low-
quality patches of root voles and field voles 
could suggest that root voles force field voles 
into low quality habitats. However, the opposite 
pattern found in March 2003 shows that this is 
not the case. Seasonal variation in aggression can 
explain why there is no interference competition 
between root voles and field voles in this study. 
Research on meadow voles in North America 
has shown that males are more aggressive in the 
breeding season than the non-breeding season 
(Turner & Iverson 1973, Madison & McShea 
1987), and that reduced aggression during the 
non-breeding season allows competing species to 
settle in habitats predominated by meadow voles 
(Iverson & Turner 1972). Aggression levels are 
also reduced in the non-breeding season in mixed 
and single species populations of bank voles and 
field voles in Fennoscandia (reviewed in Eccard 
& Ylönen 2003).

The home ranges of root voles and field voles 
in food-supplemented areas did not overlap more 
or less than it would be expected in case from 
random overlap. However, in the non-supple-
mented area the two species overlapped more 
with each other than expected from random 
localization of each individual’s home range. 
It is possible that food supplementation caused 
individuals to stay closer to trap stations. In the 
non-supplemented plots movements were not 

restricted because of the distribution of reliable 
food resources. Given no competitive interac-
tions, space-use overlap will naturally be higher. 
The lack of spatial aggregation between the two 
species in the food-supplemented areas can be 
explained in two ways: (1) root voles and field 
voles have no concern about individuals of the 
other species during winter because inter-spe-
cific competition in itself is not beneficial, or 
(2) the very setup of the feeding stations, uni-
formly distributed throughout the habitat areas, 
makes it difficult to monopolize food resources 
and interference is of low value for acquiring 
food. In this situation, exploitation competition 
is more important for describing interspecific 
relationships between the two species. Our short-
term experiments have shown that competition 
through interference between root voles and field 
voles is not important during winter. Addition-
ally, competition for food may not be the only 
source of exploitation competition. Individuals 
may also compete for other resources, such as 
nest material or available space. However, we 
do not have data to determine to what extent 
exploitation competition is involved and which 
resources are involved, so further experimenta-
tion is needed to resolve this question.

One problem with our design is that the dif-
ferent experiments were conducted in different 
years and seasons. We argue however, that this is 
not a major problem for several reasons. Firstly, 
we did not find any difference in activity, home-
range size, or distribution of activity between 
experiments. Secondly, there was no difference 
in diurnal or crepuscular activity either, despite 
different photoperiodic regimes between peri-
ods. We also released naïve individuals under 
the snow, giving them no opportunity to prepare 
nests and open runways for the winter which 
may have resulted in odd behaviours. However, 
the voles did not change their behaviour over 
time judged from the overlap data which were 
calculated for separate plots and thus at differ-
ent times from release. Since the voles did not 
change behaviour in the latter parts of the study 
as compared with that in the earlier parts they 
must have resumed normal activity quite soon 
after release. We will therefore argue that our 
results reflect those of voles living in natural 
environments.
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In the food-supplemented plots, the addition 
of regularly distributed food gave the individu-
als known, inexhaustible food resources. This 
might both have made it possible for individuals 
to have a higher activity level, and restrict the 
area needed in order to get hold of enough food 
for survival. In the non-supplemented plots, indi-
viduals move over larger areas, probably in order 
to obtain enough food, but retain a rather low 
activity level. The reduced home-range sizes and 
increased activity when artificially fed during the 
non-breeding season in winter is also observed 
during summer (Ims 1987, Jonsson et al. 2002, 
Nie & Liu 2005). This suggests that these behav-
iours are independent of reproductive status, and 
dependent on food alone.

The individual activity levels were lower in 
field voles than in root voles in the food-supple-
mented and non-supplemented plots. Both spe-
cies were more active when fed, and root voles 
were more active than field voles. Home-range 
size of field voles was smaller than that of root 
voles as well, but did not differ between food-
supplemented and non-supplemented plots. These 
patterns in activity and home-range size may 
relate either to exploitation competition or gen-
eral characteristics of the two species. In a rodent 
community with similar restrictions in food avail-
ability as in our experiments, enrichment of food 
resources resulted in stronger interference com-
petition against the subordinate species, followed 
by a decline in the number of subordinate indi-
viduals present in the supplemented areas (Banks 
& Dickman 2000). Despite the similarities with 
our experimental system, the root voles did not 
seem to out-compete the field voles, supporting 
the conclusion that interference probably is not an 
important factor in winter. Root voles are larger 
than field voles (Tast 1968, Henttonen et al. 
1977) and given that home-range size scale posi-
tively with body size (e.g. Harestad & Bunnell 
1979, Schmidt et al. 2002, Borowski 2003) our 
observations are to be expected. The lack of dif-
ference in activity and home range size between 
one-species and two-species systems support the 
hypothesis that differences in activity and home-
range size are species-specific (Makarieva et al. 
2005), suggesting that field and root voles have 
different strategies to cope with the winter season, 
especially when food resources are high.

Home-range size is larger in males than in 
females in many promiscuous and polygynous 
microtine species (Erlinge et al. 1990, Gliwicz 
1997, Slade et al. 1997). Most of these data 
come from studies on breeding animals, and 
the observed difference in home-range size is 
hypothesized to be caused by males maximizing 
the number of females and copulations. During 
winter, breeding is highly variable in microtine 
species (Hansson 1984), and completely absent 
in our study populations. Males therefore do not 
need to get access to breeding females, thus large 
home ranges are unnecessary. It is more adaptive 
to restrict home range size as much as possible 
to save energy and increase survival prospects. 
Male and female home ranges should therefore 
be equal in size during winter, as observed in this 
study and in several other studies of wintering 
small mammals (Bergallo & Magnusson 2004, 
Getz et al. 2005).

Grant (1972) claims that competitive inter-
actions between small rodents are present in 
the form of interference competition rather than 
exploitation competition. Given differences in 
body size, large species should exclude smaller 
species. However, the distribution of closely 
related species indicates that mechanisms exists 
that allow for coexistence in many situations 
(Brown 1989, Ziv et al. 1993, Morris et al. 
2000). For the vole communities in Fennos-
candia, fluctuations of populations have been 
suggested as such a mechanism (Henttonen & 
Hansson 1984). Our study, however, presents an 
alternative explanation that works just as well 
in non-fluctuating populations. During winter, 
when food resources are scarce, interference 
competition may be too costly to maintain and 
competitive strength through exploitation may 
not follow the same pattern as through interfer-
ence. If the dominant species loose the competi-
tive edge during winter because interference is 
too costly to maintain, it might be possible for 
other species to survive in these areas.
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