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The impact of supplemental food on a cyclic bank vole Clethrionomys glareolus 
(Schreber, 1780) population was studied at peak density. We provided high energy 
food (sunflower seeds) to a 3.15 ha live-trapping grid and used a 5.06 ha unfed grid 
as a control. Density of adult females and immatures increased 3-fold in response to 
the extra food. In contrast, density of adult males did not change significantly. The 
rise in density of adult females, but not of adult males, altered the functional sex 
ratio. Loss rate of fed adults remained the same as for controls, whereas immature 
loss rate was reduced by the extra food. Dispersal of immatures from the control into 
the food supplemented grid was higher than the reverse. Growth and body mass of 
fed immatures were lower than of controls. Reduced dispersal and increased immi-
gration of immatures both contributed significantly to the overall rise in density when 
food was added. 
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Introduction 

The importance of food in causing vole population cycles is still under intensive 
debate (cf Andersson and Jonasson 1986, Batzli 1988, Hansson and Henttonen 
1988, Hornfeldt 1994, Lofgren 1995c). Attempts to alter the food supply of voles 
have given contradictory results as to the possible role of food as a trigger of vole 
population cycles (Boutin 1990). However, food addition experiments generally 
revealed a 2-3 fold rise in density (Andrzejewski 1975, Bujalska 1975, Gilbert and 
Krebs 1981, Desy and Batzli 1989, Saitoh 1989). In contrast, extra food did not 
prevent population declines in numbers and the major population dynamics was 
not altered (Gilbert and Krebs 1981, Taitt and Krebs 1981, 1983, Desy and 
Thompson 1983, Ford and Pitelka 1984, Henttonen et al. 1987). Supplemental 
feeding often extended the breeding season (Watts 1970, Andrzejewski 1975, Cole 
and Batzli 1978, Taitt and Krebs 1981, 1983, Ford and Pitelka 1984, Saitoh 1989), 
but see for example Gilbert and Krebs (1981). Maturation rate of young may 
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increase and age at first reproduction may be reduced by extra food, but there is 
no general consistency among different experiments (cf Boutin 1990). A part of 
the rise in vole density upon food addition has been assigned to increased 
immigration (Gilbert and Krebs 1981, Young and Stout 1986). However, it is rarely 
known whether the voles actually moved from the surroundings into the food 
supplemented grids (but see Saitoh 1989). 

Positive effects on growth and body mass upon supplemental feeding were 
reported for Microtus spp. by Cole and Batzli (1979), Desy and Thompson (1983), 
Taitt and Krebs (1983), Desy and Batzli (1989) and for Clethrionomys spp. by eg 
Andrzejewski (1975) and Banach (1986). However, some laboratory experiments 
indicated that gut size and hence body mass may be reduced if easily digestible 
foods are provided (Gross et al. 1985, Hansson 1985, Hansson and Jaarola 1989). 

Vole population fluctuations are cyclic in northern Sweden (eg Hornfeldt et al. 
1986, Hornfeldt 1994). Here we studied the effects of supplementary feeding with 
high energy food on a population of Clethrionomys glareolus (Schreber, 1780) at 
peak density. We mainly aimed to study the effects on density and individual 
movements, but we also considered any effects on body mass, reproductive activity 
and population structure. 

Materials and methods 

Study area 

We used two vole trapping grids in a coniferous forest near Hallnas (64°19'N, 19°29'E) in northern 
Sweden. Picea abies and Pinus syluestris were predominating trees. The field layer was mainly 
scattered stands of Vaccinium myrtillus or Deschampsia flexuosa. Vaccinium vitis-idaea, Empetrum 

nigrum, and Calluna vulgaris were locally abundant at dry localities. The ground cover was pre-
dominantly bryophytes. Ericson (1977) gave a detailed description of the study site vegetation. 

Vole trapping and food manipulation 

In summer-autumn 1984, voles were simultaneously censused in two adjacent live-trapping grids 
(30 m apart) at 2-3 week intervals. This year the C. glareolus population had a cyclic density peak 
in autumn (Fig. 1; see also Hornfeldt 1994). The present control grid was used in a long term vole 
trapping programme in 1980-1984 (Lofgren 1989, 1995a, b). During the food supplementation period 
each trapping session (2-3 days) comprised 6-9 complete trap checks at 6-12 h intervals (morning, 
noon and evening). One multiple capture live-trap (Ugglan special) was used at each station. Trap 
stations were spaced in a regular 15 x 15 m pattern in the control, and in a 30 x 30 m pattern in the 
food supplemented grid (Fig. 2). The control comprised 256 trap stations covering 5.06 ha, and the 
supplemented grid comprised 48 trap stations covering 3.15 ha (estimates without boundary strip). 

Traps were baited with rolled oats. Within the food supplemented grid we obtained a higher 
frequency of multiple captures. Thus, to avoid short-term food shortage during captivity more bait 
was provided in the traps on the supplemented grid than in control grid traps. Supplemental feeding 
with sunflower seeds started at end of the mid-August trapping session and continued throughout two 
trapping sessions in early and late September (Fig. 1). On the food supplemented grid seeds were 
provided at each trap station (n = 48) from automatic feeders. The feeders were 5-1 plastic cans 
mounted upside down in a stage of wood (Fig. 2). Seeds taken by the voles were automatically 
replaced by new ones. The feeders were checked and refilled regularly to obtain a constant ad libitum 
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Fig. 1. Actual population density of Clethrionomys glareolus on control grid in 1980-1984. The time 
period for the experiment with supplemental food is indicated (shaded area). 

food supply; 50-75% of the sunflower seeds disappeared from the feeders between consecutive 
trapping periods. 

Voles captured were individually marked by toe-clipping and subsequently checked for: species, 
individual number, sex, body mass (to nearest 0.5 g), reproductive status, and age. Age was deter-
mined by fur examination according to Viro (1979). Functional categories were defined from age and 
reproductive status according to Myllymaki (1977a, b): immatures refer to both juveniles (< 1 month 
old, rapidly growing individuals) and subadults (> 1 month old, grown up voles). Adults refer to both 
reproductive and post-reproductive individuals. 

To get comparable density estimates for each trapping session on both grids, we used the 
Schumacher and Eschmeyer Method and calculated densities (number per hectare) with 95% con-
fidence limits (Krebs 1989). A prerequisite for this method is that the population can be regarded as 

supplemented control 
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Fig. 2. Distribution of trap stations (dots) on food supplemented and control grids. One automatic 
feeder (illustrated) with sun flower seeds was placed at each trap station on the experimental grid. 
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constant without recruitment or losses during sampling (Krebs 1989). These assumptions were full-
filled as plots of proportion marked individuals on number previously marked individuals were linear. 

Individuals were defined as dispersers if they moved from one grid to the other and shifted their 
geometric activity center with > 45m. Since the number of traps per unit area was only half as much 
in the food supplemented compared to control grid, the probability for capturing individuals was lower 
in the former area. However, in statistical tests, we treated capture probabilities as equal on both 
grids, so we most likely overestimated loss rate and dispersal for the supplemented relative to control 
grid. Body mass and growth of resident individuals in either grid were analysed by a combined 
univariate and multivariate repeated measurements designed MANOVA. Individuals trapped in both 
areas were excluded from the analysis of growth and body mass. 

Results 

Density 

Prior to the supplementary feeding, the densities of all functional categories 
tended to be lower in the food supplemented than in the control grid (Fig. 3). 
However, after feeding was initiated, density of adult females as well as of 
immatures of both sexes increased 3-fold in the fed area, whereas it remained 

Fig. 3. Estimated population density (± 95% confidence limits) of C. glareolus for different sex and age 
classes (a-c) as well as for all voles together (d) on food supplemented and control grids. Feeding 
started at end of the mid-August trapping session and lasted throughout the September sessions 
(shaded area). 
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unchanged in the control area (Fig. 3a, c). The lack of density increase in the 
control represented the normal seasonal pattern at this time of the year, coinciding 
with cessation of reproduction (Fig. 1; see also Lofgren 1989). In contrast to other 
categories, density of adult males did not change significantly in the fed compared 
to unfed area (Fig. 3b). In autumn total density was about three times higher in 
the fed than unfed area (Fig. 3d). 

In the control, the density of adult females was fairly constant throughout the 
season with 3 -4 females per ha. This represented the saturation level of territorial 
females in the control area that was achieved well before the start of the food 
supplementation period (Fig. 3a and Lofgren 1995a). With extra food, density 
increased from 3 to 7 females per ha (Fig. 3a). This rise was entirely caused by 
an increase in the number of breeding yearlings (most likely immigrants; see 
below). The density of overwintered females declined in both areas throughout the 
autumn. In contrast to females, male breeding yearlings did not increase due to 
extra feeding. 

Loss rates and dispersal 

The loss rate of immatures was higher on the control than on the food 
supplemented grid, and there were no differences between the sexes (Fig. 4a, b). 
A Mantel-Haenszel % -test including all immatures (sexes pooled) marked in 
mid-August and early September and subsequently followed to late September 
revealed a significant difference in loss rate between the grids (% = 7.1, p = 0.008). 
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Fig. 4. Persistence of immature females (a) and males (b) of C. glareolus on supplemental food and 
control grids. Feeding started at end of the mid-August trapping session and lasted throughout the 
September sessions. Inital number of individuals as in Table 1. 
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Table 1. Initial numbers, loss rates and dispersal of immature C. glareolus on control ((C) 
and experimental (E) grids. Total losses refer to all individuals marked in mid-August or 
early September that had disappeared at end of experiment. Dispersal refers to the 
fraction of the total losses assigned to movements between grids. 

Initial number Total losses (%) Dispersal (%) 

C E C E C to E E to C 

Mid-August markings 
Females 51 33 53 33 15 0 
Males 75 27 49 37 30 10 

Early September markings 
Females 23 64 39 28 22 6 
Males 28 85 43 31 17 0 

In contrast, the loss rate of adults of any sex did not differ between the food 
supplemented and control grid. 

No adults moved between the grids after the supplemental feeding was 
initiated. In addition, the immature losses due to dispersal from one grid to the 
other were also small. Among the immatures (both sexes), 19 out of 177 (11%) 
marked individuals moved from the control into the supplemented grid. The 
corresponding figures for the supplemented grid were 2 out of 209 (1%). Thus, the 
large density increase on the food manipulated grid was not caused by a drainage 
of individuals from the control grid. Although the number of individuals that 
moved between the grids was small, a larger proportion of of the "lost" immatures 
dispersed from the control to supplemented grid (15-30%) than did the reverse 
(0-10%) (Table 1). On the conservative assumption of an equal probability for lost 
individuals to be recaptured in the other area (see Material and methods), overall 
movements of females and males (in mid-August and early September markings) 
between grids were significantly different (Mantel-Haenszel: % = 5.2, p = 0.022 
and x2 = 5.5, p = 0.019). 

Reproduction and population structure 

On both grids, the female breeding season ended in mid-September, and no 
pregnant females were found in late September. A minor portion of the adult males 
were still in breeding condition during the last trapping session in both areas. 
Thus, termination of the breeding season was not influenced by the supplemental feeding. 

Composition of female functional categories was the same in the food supple-
mented and control grid throughout the season, and extra feeding did not alter 
the ratio of adult to immature females (Table 2). Initially, the composition of male 
functional categories did not differ significantly between grids, but feeding 
temporarily altered the ratio of adult to subadult males and a significant difference 
was apparent in early September (Table 2). The difference was mainly caused by 
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Table 2. Composition of female and male functional categories and sex ratios (females : males) for 
trapped voles on control (C) and experimental (E) grids. Supplemental feeding started at end of the 
mid-August trapping session. The significance of difference in composition of functional categories is 
according to x2-tests. 

Mid-August Early September Late September 

C E C E C E 

Females 
Adults % 19.5 22.9 17.5 16.8 17.3 19.0 
Subadults % 79.2 71.4 77.5 76.8 69.1 74.6 
Juveniles % 1.3 5.7 5.0 6.4 13.6 6.4 
Total numbers 77 35 80 95 81 126 
Difference in composition ns ns ns 

Males 
Adults % 15.8 8.1 15.1 4.7 9.9 4.6 
Subadults % 78.9 86.5 79.8 92.5 83.5 88.6 
Juveniles % 5.3 5.4 5.1 2.8 6.6 6.8 
Total numbers 95 37 99 107 91 132 
Difference in composition ns P <0.05 ns 

Adult sex ratio 1.00 2.67 0.93 3.20 1.56 4.00 
Subadult sex ratio 0.81 0.78 0.78 0.74 0.74 0.80 

the rise in number of immature males but not of adult males on the supplemented 
grid (Fig. 3b, c and Table 2). 

Due to the unequal rise in density of adult females and males in the food 
manipulated area, more adult females per male were trapped within the supple-
mented grid than in control grid (Table 2). On the control grid, the adult sex ratio 
never deviated significantly from unity. Before feeding was initiated the sex ratio 

o 
on the supplemented grid was also even (x = 2.2, p > 0.1). However, the sex ratio 
became female biased on the supplemented grid both in early and late September 
(X2 = 5.8, x2 = 10.8, df = 1, p < 0.02, p < 0.01, respectively). Thus, supplementary 
feeding biased the adult functional sex ratio towards females. The sex ratio of 
subadults did not not differ between the grids (Table 2). 

The ratio of year-born to overwintered breeders was also analysed, but no 
significant differences between the fed and unfed grids were found. On neither 
grid did the immatures first trapped in mid-August or early September attain 
maturity later in autumn. 

Individual growth and body mass 

In contrast to other field experiments, our supplementary fed immatures grew 
slower and weighed less than unfed ones. The difference was most apparent among 
immatures persistent from mid-August to late September. Among these indi-
viduals there was no between grid difference in body mass before feeding in 
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Fig. 5. Development of body mass (mean ± 1 
SE) of immatures on supplemental food and 
control grids. Data refer to the same individuals 
that were persistent on one grid only from mid-
-August to end of the experiment. 

mid-August (oneway ANOVA, sexes pooled, p > 0.2), but by the end of the food 
manipulation period the difference was obvious (Fig. 5). Analysis of variance 
(repeated measurements designed MANOVA) of body mass of these individuals 
revealed differences between the grids, both for growth (F2,214 = 6.0, p = 0.003), 
and for body mass (Fi,io7 = 8.1, p = 0.005). No differences related to sex, or the 
combination of sex and treatment, were found. 

Growth of immatures marked in early September was similar to those marked 
in mid-August. Fed individuals tended to be smaller than unfed ones also after 
this short period. In contrast to the immatures, growth and body mass of the 
adults did not differ between grids. 

Despite the occurrence in our C. glareolus population of a cyclic density peak 
(Fig. 1), which in fact was the next most highest peak in the 1970's and 1980's (cf 
Hornfeldt 1994), supplementary feeding caused a 3-fold density increase. Indeed, 
the rise in density in our study was of similar magnitude to many other food 
addition experiments (cf Gilbert and Krebs 1981, Boutin 1990). In that sense we 
consider our study to be an important but unreplicated repetition of these other, 
also mostly unreplicated, food addition studies (for a similar reasoning, see 
Hargrove and Pickering 1992). We find that these experiments together stress the 
importance of food limitation in vole populations, in the present case, clearly, also 
in a cyclic C. glareolus population (see also Hansson 1979, Hornfeldt et al. 1986). 
In contrast, the feeding experiment of Henttonen et al. (1987) only marginally 

Discussion 

Density and population structure 
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affected density of cyclic voles in northern Finland. However, they manipulated 
declining populations, used food of lower quality (oats), and fed the voles less 
intensely than we did. 

Breeding Clethrionomys spp. females are territorial, but improved food con-
ditions may reduce home range size and also promote spatial overlap among 
individuals (Bujalska 1975, Andrzejewski and Mazurkiewicz 1976, Ims 1987a). 
Such changes probably promoted the present rise in density of adult females on 
the supplemented grid. In contrast to breeding females, C. glareolus immatures 
of both sexes are non-territorial, and they have overlapping activity areas (eg 
Bujalska 1970, Bujalska and Griim 1989). Therefore immatures should not have 
been socially restricted to increase their numbers, and indeed this category caused 
the main rise in overall density. 

In contrast to other categories, adult males did not increase in density as a 
response to the extra food. Evidence suggests that food is the key resource for 
reproductive females, whereas availability of mates is most important to repro-
ductive males (eg Ostfeldt 1985 1990, Ims 1987b). However, despite the fact that 
density of adult females was three times as high in the fed as unfed area, density 
of adult males did not rise and the functional sex ratio became extremely female 
biased. Thus, if mates were the critical resource for males, the number of males 
should - but did not - increase in response to the increased female density. Other 
studies in the control area also revealed that densities of reproductive males were 
the same irrespective of female density (O. Lofgren, unpubl.). This suggests that 
a male does not monopolize a certain number of females, but rather cover a specific 
area independently of female density. 

Loss rates, dispersal and immigration 

Improved 'survival' in response to extra feeding has been frequently reported, 
but the distinction between mortality, emigration and immigration has rarely been 
clear (cf Boutin 1990, but see Saitoh 1989). In the present study losses of im-
matures were 10-20% higher from the unfed than fed grid. A large portion of this 
difference apparently was explained by a higher dispersal rate of immatures from 
the unfed to fed grid than the reverse. In fact, the difference in dispersal rates 
between the grids was of the same magnitude as the difference in loss rates. Hence, 
reduced dispersal on the food grid was partly responsible for the density increase 
there. Improved survival in situ may also have contributed to the lower loss rate 
on the fed than unfed grid. However, this was probably of minor importance, since 
differences in dispersal seemed to explain most of the differences in loss rates 
between the grids. The larger dispersal from the control to the food supplemented 
grid than the reverse also indicated that immigration was large to the suppleme-
nted grid, especially as dispersers were likely to enter that grid from a much larger 
surrounding area than the control. This conclusion is also in line with the study 
of Babińska-Werka (1990) who found that both immigration and emigration of C. gla-
reolus occured rapidly as a response to supplementation and later to withdrawal of 
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extra food in a Polish forest. Loss rate and dispersal of adults were unaffected by 
the extra food. This result is in line with other studies on Clethrionomys voles, 
and it suggests a high degree of residency among individuals already settled as 
breeders (eg Bondrup-Nielsen 1984, Gliwicz 1990, 1992, Lofgren 1995a). 

Reproduction 

The rise in density of fed adult females and immatures in the present study 
was not explained by a prolonged breeding season, nor was the rise in density 
linked to a higher maturation rate of young voles in situ. However, as feeding 
started near the end of the reproductive season, such effects were less likely to 
be obtained. However, Gilbert and Krebs (1981) initiated supplementary feeding 
of C. rutilus with sunflower seeds already in spring, but they also failed to extend 
the breeding season. Thus, experiments aimed to manipulate the breeding season 
should address the critical question: Are the foods used adequate to support 
reproduction? If triggers are neccessary, as observed by Berger et al. (1977) and 
Negus and Berger (1977), and if the supplemented food does not contain them, 
then the extra food should not be expected to alter the breeding period. 

Growth and body mass 

Individuals should use increased available energy from extra food for repro-
duction and/or body growth. However, in the present study the maturation rate 
of immatures was unaffected, and their growth and body mass were reduced in 
the presence of the extra food. This latter result contrasts to other feeding 
experiments, where body mass increased or was unaffected (cf Boutin 1990). 

Since traps on the fed grid were provided with more food (see Material and 
methods), short-term food shortage on the fed grid during captivity just prior to 
weighing seemed unlikely as a cause of the observed mass difference. In contrast, 
the increasing difference in body mass throughout the study period, suggested a 
different long term change in body mass of the immatures on fed and unfed grids. 

In a study similar to ours, Gilbert and Krebs (1981) found no effect on individual 
growth and body mass when they supplemented C. rutilus voles with sunflower 
seeds (high energy), while juvenile growth increased when oats (low energy) was 
provided. Interestingly, in an 18 day laboratory experiment, Gross et al. (1985) 
found that the size of the nutritive tract (and hence body mass) of M. ochrogaster 
decreased with increased food quality (digestability). Similar results were reported 
by Hansson (1985) and Hansson and Jaarola (1989) for C. glareolus and M. agrestis. 
Alternatively, the much higher densities and increased social contacts on the supple-
mented grid compared to the control grid in it itself, may have influenced the growth 
rate of the individuals. Such mechanisms are known to occur among microtine 
rodents (cf Batzli et al. 1977). Thus, from these findings we would in fact expect a 
reduced body mass of the immatures that were given high energy sunflower seeds. 
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