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The food supply of two populations of Clethrionomys glareolus 
( S e h r e b e r , 1780): one living in forest on a 4 ha lake island, and the 
other inhabiting an open forest, was exprimentally increased by sup-
plying oats ad libitum for a period of two years. The food was supplied 
in wooden boxes, which on the island were arranged in a grid of 
squares, each 15X15 m. In the open forest the boxes were placed 
on two plots each of 2.7 ha: (1) intensive supplementation with the grid 
of boxes 7.5X15 m, and (2) extensive supplementation with the grid 
of boxes 30X30 m. Population parameters were estimated by the CMR 
method each individual being marked. Food supplementation caused 
intensive winter reproduction to such extent that 50% of individuals 
found in the spring were born during the winter. On the other hand, 
food supplementation did not affect winter survival, although a few 
individuals (females) survived two winters. During the winter, sexually 
active males were heavier than females. The individuals born during 
the winter promptly become sexually active. A result of the increased 
food supply was that the population numbers in the spring were 2 to 
4 times higher than in control years. A similar situation was observed 
in the autumn. Hence the food carrying capacity of the habitat is 
a significant factor affecting the numbers of small forest rodents despite 
the fact that, as indicated by energy balance studies, they utilize only 
a small part of food available in the ecosystem. 

1. INTRODUCTION 

A low degree of utilization of the available food supply in forests by 
small rodents has been demonstrated by several authors ( G ó r e c k i  
& G ę b c z y ń s k a , 1962; R y s z k o w s k i , 1969; G ę b c z y ń s k a ,  
1970; T r o j a n , 1970; G r o d z i ń s k i , 1971a, b; B a b i ń s k a , 1972,  
and others. This fact may support the opinion that food does not limit 
directly the numbers of small rodents in fores ecosystems {e.g., G ó -
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r e c k i & G ^ b c z y n s k a , 1962; G r o d z i n s k i , 1963, 1970). The 
reserves of food accumulated during the growing period also exceed the 
food requirements of rodents during the winter (A u 1 a k, 1973), even 
at its final stage when the balance between consumption and food sup-
ply is least favourable ( G r o d z i n s k i , 1961). Hence attempts have 
been made to find out factors regulating numbers of rodents in forests 
(and also in other habitats) by taking into account paratrophic ecological 
relationships. For example in populations of the bank vole, Clethrionomys 
glareolus (S c h r e b e r, 1970) attention has been drawn to self-regula-
tion of the population numbers by the social and spatial regulation of 
reproduction ( B u j a l s k a , 1970, 1971, 1973), or due to the occurrence 
of competitive species (K o s k i n a, 1967; A r i s t o v a, 1970). 

Attempts to ascertain the effect of food supply on the population 
numbers of small rodents by supplying additional food in the natural 
environment does not provide unequivocal answers. K r e b s & 
D e L o n g (1965) did not obtain any increase of the numbers of Microtus 
californicus population as an effect of an experimental increase in the 
food supply. B e n d e r (1959) for Peromyscus leucopus noveboracensis 
( F i s c h e r , 1829), and S m i t h (1971) for Peromyscus polionotus 
( W a g n e r , 1843) observed an increase in the population numbers after 
supplying additional food. Similarly F o r d h a m (1971) obtained in-
creased population numbers (mainly males) of Peromyscus maniculatus, 
and he also observed a better survival of juvenile animals, while W a t t s 
(1970) reported prolongation of the reproductive period under such con-
ditions for C. glareolus and Apodemus silvaticus ( L i n n a e u s , 1758). 

The purpose of the present study was to find out whether the ex-
perimental augmentation of the food supply during winter for a forest 
living population of the bank vole would exert any effect on the dynamics 
of the populations. 

2. METHOD AND STUDY AREA 

The investigations were carried out on two areas. The first one an island 4 ha 
in area situated in a lake in northern Poland (53°40'N, 21°35'E). The vole population 
living there had already been subjected to numerous analyses (B u j a 1 s k a, 
A n d r z e j e w s k i & P e t r u s e w i c z , 1968; B u j a l s k a & G l i w i c z , 1968, 
1972; G l i w i c z , A n d r z e j e w s k i , B u j a l s k a & P e t r u s e w i c z , 1968; 
P e t r u s e w i c z , A n d r z e j e w s k i & G l i w i c z , 1968; B u j a l s k a , 1970, 1971; 
M a z u r k i e w i c z , 1971, 1972; A n d r z e j e w s k i & R a j s k a , 1972, and others). 

The forest covering this island belongs to three phytosociological associations: 
Salici-Franguletum M a l e . , 1929; Tilio-Carpinetum T r a c z y k, 19o2, and Circeo-
-Alnetum O b e r d o r f e r , 1953 (T r a c z y k, 1965). The conditions of life for the 
bank vole are excellent in this forest as indicated by the relatively high densities 
of these rodents observed during several years. 
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The second area included a 10 ha plot, not limited by any environmental 
factors, situated in the Kampinoski National Park near Warsaw (52°20'N, 20°50'E). 
This area was covered with forets belonging to the following phytosociological 
associations: Vaccinio-myrtili-Pinetum K o b e n d z a , 1930, Pino-Quercetum K o z 1., 
1925, Tilio-Carpinetum typicum T r a c z y k 1962, Carici elongatae-Alnetum (W. K o c h , 
1926) R. Tx B o d e a u x , 1955, and showed a very mosaic mixture of these asso-
ciations ( T r a c z y k & T r a c z y k , 1965). The population densities of the bank 
vole observed during several years were 2 to 10 times lower than those on the 
island ( A n d r z e j e w k i , 1963; M a z u r k i e w i c z , 1972). 

The island was inhabited solely by the population of bank vole. On the other 
hand, in the open forest, while this species dominated among small rodents (90°/o of 
individuals), Apodemus agrarius ( P a l l a s , 1771), A. flavicollis (M e 1 c h i o r, 
1834) and Microtus oeconomus ( P a l l a s , 1776) were also found there. On account 
of their low numbers only the population of bank vole is analysed in the present 
study. 

The experimental increase of food supply depended on a constant administration 
of oats in suitably situated feeding points. The oats were supplied ad libitum 
in wooden boxes 30X30X30 cm covered with roofing-felt and having a hole to 
allow the rodents to enter. At anyone time the box contained approximately 3 kg 
of oats, which were replaced when 50w/o had been husked by rodents. 

Fig. 1. Diagram of the arrangement of experimental plots in the open area 
(Kampinoski National Park). 

Plot 1 — control; plot 2 — intensive feeding; plot 3 — extensive feeding. The 
shaded part corresponds to the area of food supplementation and trapping, the 
marginal non-shaded part is the area of food supplementation without trapping. 

The feeding of the animals on the island was organized in a slightly different 
manner than in the open forest (Kampinoski National Park). The whole island 
was covered with a grid consisting of 159 feeding points arranged in a checkered 
pattern at a distance of 15X15 m. In the open forest 3 plots were delineated, 
each of 2.7 ha. They were situated according to the scheme shown in Fig. 1. 
Plot 1 served as the control area: 117 boxes were situated in a checkered pattern 
at a distance of 15X15 m (9 rows of 13 boxes each). No food was supplied 
to rodents on this plot. On the other hand, plot 2 for intensive feeding had 
247 boxes arranged at a distance of 7.5X15 m (13 rows, each of 19 boxes). Oats 
were placed in all of the boxes. Plot 3, for extensive feeding, was covered with 
a checkered pattern of boxes situated at a distance of 15X15 m (13 rows, each 
9 boxes), but oats were only placed in every second box arranged linearly — all 
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other boxes were used only for the trapping of rodents. Hence the checkered pattern 
of feeding points had a spacing of 30X30 m, and the whole plot had only 
35 such boxes. 

The supplementation of the food of the rodents on the island was started 
in September 1971 and continued without interruption (also in summer) until 
autumn 1973. The suplementation of food in the open forest began in September 
1972 and was stopped in winter 1973 after determining the rodent population. 

The changes in the population were estimated by the CMR method (catch, mark, 
release). For this purpose trapping of rodents on the island was carried out 
in autumn 1971, spring and autumn 1972 and 1973, and at the end of January 1973. 
On the unlimited area only one series of trappings was carried out, in February 1973. 
The numbers of rodents were estimated on the basis of a census of individuals 
which were trapped at least once in a given series of trappings (except trappings 
in January 1973, for which the method of the estimation of the numbers in given 
below)1. The details on the periods and time of trapping, as well as on the 
number of captured rodents are given in Table 1. 

Table 1 

Dates of series of trappings, number of trap checking and 
number of trapped animals. 

_ . „ , . No. of. trap No. of trapped 
Dates of series of trappings checkings animals 

Island 
21—29 April 1972 14 883 
14—20 October 1972 14 2422 
27 January—2 February 1973 14 827 
13—19 April 1973 14 1671 
17—23 October 1973 14 6145 
Open forest 
12—27 February 1973 10 594 

The trappings were carried out by means of live traps open permanently 
throughout each series of trappings. The rodents were released from the traps 
every 12 hours, in the morning and evening. The captured individuals were in-
dividually marked with numbers by two clipping (N a u m o v, 1951). The animals 
were also weighed, their sex determined, and in females opening of the vagina 
was recorded as the indicator of sexual activity. The number of traps placed in 
boxes with oats ranged from 3 to 5, depending on the number of animals in the 
during a given trapping programme. During trapping the access to oats was rendered 
impossible. To ensure comparability of the results the traps were placed 15 metres 
apart whether the boxes were used for food supplementation or not. Thus in the 
open forest traps were exposed at 117 points on each plot. 

In order to reduce accidental trapping of rodents from outside the study plot 
the traps in the open forest were set only in the central part of each plot, and 
were surrounded by a 30 m wide belt of boxes with oats. 

1 Seven day series of trapping are sufficient to catch at least once all the 
individuals of trapping age on the island ( A n d r z e j e w s k i et al., 1967). It can 
be assumed that this is valid also for the open forest with a lower density of 
rodents. 
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In the studies carried out on the open area a certain number of bank voles were 
killed and dissected in order to determine the state of their gonads and body 
fatness. The latter parameter was established by the extraction method of Puzanov, 
or Badun and Hannon, or Besson (M y r c h a, 1969). Since, on the plot without 
supplementary food the population numbers were low, some of the rodents for 
dissection were trapped from the neighbouring forest, since there was no indication 
that the animals differed from the rodents inhabiting the control plot. 

During te numerous investigations carried out on the vole population on the 
island in the years 1965—1971 some population parameters were determined by 
the same method as that employed in the present study. This enabled comparison 
of parameters obtained during supplementary feeding with those in previous years 
when the island population lived on the natural food supply only. 

3. RESULTS 

3.1. Reproduction 

On the island, reproduction starts at the beginning of April, and the 
first young voles reach trappable age in May (B u j a 1 s k a et. a I., 1968).  
Similarly, in the Kampinoski National Park, reproduction by this species 
begins in early April ( B u j a l s k a & R y s z k o w s k i , 1966). 

Table 2 

Number of individuals trapped for the first time and population 
numbers on the island in April. 

Year 1966 1967 1968 1969 1970 1971 1972 1973 

No. of trapped for 
the first time 4 4 ? 93 102 
Population numbers 56 68 70 66 29 ? 141 317 

During studies carried out on the island in the years 1966—1971, in 
the spring series of trappings in the second half of April, only voles 
born (and marked) in the previous year were captured. Single individuals 
trapped for the first time in April could have crossed to the island over 
the frozen lake, or exceptionally, have avoided trapping in autumn 
(Table 2). 

April trappings of rodents in 1972 revealed 93 individuals (out of 141) 
trapped for the first time. Similarly, in April 1973, 102 unmarked in-
dividuals were found among a total of 317 trapped (Table 2). This indicates 
that during those winters when the food supply was experimentally in-
creased, a significant number of new individuals appeared on the island. 

In further experiments, the body weights of individuals newly marked 
in the April trappings were compared with those registered the previous 
autumn. It was found that the weight distribution was much broader 
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than for overwintered animals and that small voles dominated (Table 3). 
This suggested that an additional food supply leads to intensive winter 

reproduction. To confirm this, a trapping programme was carried out 
on the island at the end of January 1973. Since at that time the snow 
cover was ca 15 cm and air temperatures ranged from — 8 to — 15°C, 
no attempt was made to catch all the so as to avoid the danger of 
mortality. Despite this, 823 captures of 309 individuals were recorded, 

Table 3 

Weight structure of the island population of the bank vole. 
A — overwintered in per cent, B — newly labelled in per cent. 

Year April 1972 January 1973 April 1973 
Body Males Females Males Females Males Females 
wt., g A B A B A B A B A B 

<10.0 4 2 13 9 
10.1—15.0 — 14 — 12 — — — 18 — 17 
15.1—20.0 — 16 — — 57 4 1 55 1 35 
20.1—25.0 10 27 18 47 37 55 35 12 31 37 
25.1—30.0 58 29 76 33 6 39 52 2 66 2 

^-'30.1 32 10 6 6 — 2 12 — 2 — 

N 31 49 17 49 154 160 120 60 92 43 

Table 4 

Proportion of females with open vaginae in winter, spring 
and summer on the island. 

Series of trappings No. of 
females 

Per cent 
of females 
with open 

vaginae 

April 1972 Overwintered 31 100 
Born in winter 49 86 

April 1973 Overwintered 121 93 
Born in winter 59 71 

January 1973 154 79 
October 1971 90 3.3 

1972 241 0.4 
1973 470 0.6 

corresponding to 84% of the total island population. Only one of the 
individuals captured had not been marked in the autumn series of trap-
pings. On the other hand, 79% of the females showed open vaginae 
(Table 4), and some of them appeared to be in advanced pregnancy. 
Hence the trapping in January 1973 confirmed the occurrence of winter 
reproduction in the vole population on the island. 
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Also the weight distribution of males and females during that period 
was characteristic. The great majority of the individuals showed a high 
weight, characteristic for spring, but the weights of the males were 
significantly higher than those of the females (Table 3). 

The effects of increased food supply on winter reproduction were 
confirmed by trapping in the open forest in February 1973. In agreement 
with the gradient of intensity of food supply, 90% of females on plot 
2 showed open vaginae and participated in reproduction. On the 
extensive feeding plot (No 3) half of the females participated in 
reproduction. On the other hand, on the control plot (No 1) open vaginae 
were found only in 23% of the females (Table 5). It should be added, 
however, that the distances between the plots were found to be too small 
and the home ranges of some individuals included the borders of two 
plots 2. 

Table 5 
Characteristics of the vole population in the open forest 

in winter 1973. 

Food supplementation No additional food 
Item Intensive Extensive Control Outside the 

plot No. 2 plot No. 3 plot No 1 control plot 

Population numbers Females 65 38 16 10 
Males 41 30 9 8 
Total 106 68 25 18 

Mean body weight, g Females 28+0.14 25+0.75 22+0.62 
Males 25Ż0.96 20+0.93 19+0.15 

Per cent of females sexually active 90 53 23 
Length of testes in mm 12+0.32 10+0.15 6+0.63 
Fat content in °/o of dry body wt. 18+0.86 20+0.90 24±1.50 

Two individuals weighing 8 g each were trapped on plot 2 in February. 
This indicates that their age was around 3—4 weeks (B u j a 1 s k a 
& G 1 i w i c z, 1968; M a z u r k i e w i c z , 1972). 

Dissection of females showed recent placental scars as well as some 
pregnancies (quantitative assessment of these data is impossible on 
account of scanty material). The mean length of testes in males was 
also in agreement with the gradient of food supplementation (Table 5). 

The breeding season on the island, when the population utilized only 
natural reserves of food, usually ended in October ( B u j a l s k a , 1970).  
When the food supply was experimentally increased the number of 
females with open vaginae was also negligible in October (Table 4). 

2 Among the remaining rodent species occurring in the open forest all 4 trapped 
females of A. flavicolis had open vaginae, and one out of 2 trapped M. oeconomus. 
This indicates that these species also reacted by reproduction to the additional 
food supply. 
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Hence it can be assumed that in this case food supply was not the 
principal regulatory factor responsible for the ending of the breeding 
season. 

The period when the individuals born during in winter began to 
reproduce was also analysed. It was found that in April most of the 
females born during the winter had open vaginae and hence were 
sexually active (Table 4). Since the beginning of reproduction on the 
island in the years of additional food supply occurred on the turn of 
January and February, the individuals born in winter mature very fast 
and this greatly increases the reproductive potential of the population 
at the beginning of the of vegetation growth period i.e. in the second half 
of April. 

3.2. Survival of Population in Winter 

The winter survival of individuals which were born in the reproduction 
period preceding a given winter did not increase significantly in spite 
of the augmented food supply (Table 6). During the first winter with 

Table 6 

Survival in the first and second half of winter 
on the island. 

Period Population number Survival in % 

October 1972 504 
January 1973 429 85 
April 1973 1 215 50 

1 Only overwintered 

food supplementation the survival was similar to the mean of the 
previous years. During the next winter with food supplementation the 
survival was higher than in almost all the winters observed on the 
island (except the first winter 1965—1966), and significantly higher 
(0.01<p<0.02) than the mean value of these years, but it only slightly 
exceeded the index of survival found in winters 1966/67 and 1967/68 
(by 2 and 4°/o). Thus it appears that winter mortality is not directly 
regulated by food abundance. 

The winter series of trappings carried out in January 1973 made 
is possible to estimate the mortality rate in the first and second half of 
winter. The percentage of individuals which survived the first half of 
the winter in relation to the autumn numbers is significantly higher 
(85%) than the percentage of individuals surviving till spring (50%). 
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These values refer only to individuals born in the previous year 
(Table 7) 3. The collected data do not make it possible to estimate the 
mortality of individuals born in winter. 

During the investigations carried out in the years 1965—1971 among 
2316 labelled voles none was known to have survived two winters. 
In April 1972 one female, No 2019, born in 1970, was trapped. In April 
two females, No 2277 and 2424, born in 1971, were captured. In winter 
1973 two females from 1971 were trapped (No. 2314 and 2423). Survival 
of a second winter may be related to food supplementation, but may 

Table 7 

Winter survival of the population. Food supply was natural since 1965/66 till 1970/71 
and it was increased in 1971/72 and 1972/73. Mean survival with natural food 

supply 35°/o (N = 827); with increased food supply 41°/o (N = 644); Significant 
difference at 0.02<p<0.01. 

Winters 1965/66 1966/67 1967/68 1968/69 1969/70 1970/71 1971/72 1972/73 

Number in November 
Total 118 166 178 224 141 221 145 504 
Females 69 80 102 111 68 107 61 240 
Males 49 86 76 114 73 114 84 249 

Survived till April 
Total 56 68 70 67 29 ? 48 215 
Females 32 31 30 31 16 t 31 93 
Males 24 37 40 36 13 •> 17 122 
Total °/o 47 41 39 30 21 ? 33 43 

also depend on an increased chance of survival occurring in winter 
1972/73, or finally may depend on generally high population numbers. 
However, it can be stated that there exists a physiological possibility 
of surviving two winters by voles (perhaps this is true only for females). 

3.3 Winter Dynamics of Population Numbers 

The numbers of voles on the island in the autumn in the years 1965— 
—1971 ranged between rather broad limits from 121 to 224 individuals, 

3 Of the voles marked on the island in October 60 individuals were not captured 
in January 1973 but were during the April trapping programme. The mortality 
of the population from January to April (in the second half of the winter) was 
calculated only on the basis of the mortality of the individuals captured in January. 
The total population in January was estimated assuming that, in the second half 
of the winter, the mortality of individuals which were not captured was similar 
to those trapped. Hence 309 individuals actually trapped in January plus 60 in-
dividuals not trapped in January but trapped in April, plus 60 individuals which 
did not survive between January and April (a 50°/o mortality at that time) but 
which were probably still alive in January, gives a total number of 429 individuals 
living on the island in January. 
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and the spring number from 29 to 70 individuals ( A n d r z e j e w s k i  
& R a j s k a , 1972). Under the effect of an experimental increase in the 
food supply significant changes in these dynamics were observed. Winter 
reproduction was responsible for the fact that there were 141 animals 
in the population after the first winter of food supplementation (twice 
as much as the maximum numbers in the years 1965—1971), including 
93 individuals born during the winter. After the second winter the 
population numbers reached 317 individuals in April (over 4 times more 
than the maximum value in the years 1965—1971), and included 102 in-
dividuals born during the winter (Table 2). Also, in autumn of 1972  
(after a full year of food supplementation) there were 504 voles, i.e. 
twice as many as the maximum number in the years 1965—1971. In 

N 

Fig. 2. Population naumber of voles on the island in consecutive years. 
1 — autumn population numbers, 2 — spring numbers of individuals porn during 
winter, 3 — spring numbers of overwintered animals. Arrow — moment of 

start of food supplementation. 

autumn 1973 this figure was as much as 919 individuals, i.e., four times 
more than the maximum number in the years when the population 
utilized natural food only (Fig. 2). 

In the open forest a gradient of population numbers proportional to 
the feeding intensity was already obvious during the first winter with 
food supplementation (Table 5). Since at that time the population did 
not contain individuals of a trappable age born during the winter 
(except 2), this gradient was due to migratory processes in the studied 
area. Food supplementation on this area was started in the autumn when 
reproduction could not affect the population numbers. Thus it is evident 
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that an increased food supply leads to a higher »capacity« of the en-
vironment and a greater number of individuals can inhabit a given 
area. 

Hence the result of an increased food supply leads to an increase in 
the population of voles during the winter due to the accumulation of 
a higher number of voles in the autumn, to winter reproduction, and 
also due to increased migration. 

4. DISCUSSION 

The end of March or the beginning of April are generally regarded 
as the beginning of the reproductive season for the bank vole in Central 
Europe ( B r a m b e l l & R o w l a n d s , 1936; Z e j d a , 1962; B e r g -
s t e d t, 1965; B u j a l s k a & R y s z k o w s k i , 1966; S v y r y d e n k o , 
1967; B u j a l s k a , 1971, and others). Some authors however, have men-
tioned the sporadic occurrence of reproduction of this species during 
the whole winter, the proportion of reproducing females being already 
significant in January and February (K u 1 i c k e, 1960; Z e j d a , 1962;  
K u b i k , 1965; S m y t h , 1966; S m i r i n, 1970; K u d r j a s o v a , 1971,  
and others). These authors explain the winter reproduction by the voles 
as being due to the quality and abundance of the supply in favourable 
climatic conditions. 

The results presented in this study confirm the opinion of W a t t s 
(1970) on the acceleration of the beginning of the reproductive season in 
the bank vole as an effect of the experimental increase of the food 
supply in the habitat. Both in the isolated island and in the open forest 
the supply of additional food ad libitum causes mass reproduction of 
the bank vole in January. The arrangement of feeding points in a grid 
with a spacing of 15X15 m gives a higher percentage of sexually mature 
females than does a grid of 30X30 m. Perhaps some of the individuals 
find access to the food less easy. The size of the home range of the bank 
vole varies betwene 600 and 3000 m2 ( B r o w n , 1965: N a u m o v, 1951;  
S a i n t G i r o n s , 1960; B e r g s t e d t , 1966; R a d d a, 1968; M a z u r - 
k i e w i c z , 1971, and others). Thus it seems likely that in the employed 
experimental conditions almost all individuals should find a feeding point 
within their home range. However, the observed effect may also depend 
on the social behaviour of the bank vole ( A n d r z e j e w s k i & O l -
s z e w s k i , 1963; K i k k a w a , 1964; A n d r z e j e w s k i et al., 1967;  
G 1 i w i c z, 1970; and others), in the sense that some individuals occupy 
feeding points and do not allow other animals to take food. On the 
other hand, Z e j d a (1963) demonstrated that the percentage of females 
participating in reproduction under conditions of natural food supply 
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also depends on its abundance in various plant associations. Anyway 
in winter, despite relative abundance of food, its quantity seems to be 
the main factor determining the start of the reproduction period. 

The content of fat in the bodies of voles in the open forest was found 
to be inversely proportional to the intensity of food supplementation 
(Table 6). Perhaps the animals maintain only a definite conditions when 
utilizing natural food reserves. The decrease of body fatness in the 
area with additional food supplementation is related to the occurrence 
of reproduction during the period in which voles were trapped for fat 
content analysis. 

As demonstrated by I l y e n k o & Z u b i a n i n o v a (1963) and 
B e r g s t e d (1965) under conditions of natural food supply an increase 
in the body weight of females is observed by the end of winter, that 
is to say in the period preceding reproduction. The supply of additional 
food shifts the period of rapid maturation to the first half of winter, 
and by the end of January the males show the body weights normally 
found in spring in this population ( B u j a l s k a & G l i w i c z , 1968; 
M a z u r k i e w i c z , 1971). A considerable sexual dimorphism in the body 
weight is characteristic for the beginning of winter reproduction (Table 3). 

The abundance of the food supply did not appear to be the main 
factor responsible for the termination of the reproductive season, and 
in both years this season ended in October, as in the situation in the 
years without food supplementation (Table 4). The voles born during 
the winter promptly enter the reproductive cycle and in April most 
of them participate in it jointly with overwintered animals (Table 4). 
This causes a considerable increase of the reproductive potential of the 
population at that period. A similar phenomenon was observed by Z e j d a 
(1962) and K u d r j a s o v a (1971) during winter reproduction with 
a natural food supply. 

The survival of the population through the winter with an increased 
food supply remains on a similar level as when natural food reserves 
are used (Table 7). This indicated that the reserve of available food 
offered by the ecosystem for the population in the range from natural 
conditions to the experimentally increased values in this particular case 
has no effect on the conditions of life of the voles to such extent as to 
affect mortality. Hence winter mortality is regulated by some other 
factors. 

The observed cases of survival of a second winter by particular female 
voles points a physiological ability to live throughout two winters but 
it is difficult to conclude whether this was a direct effect of food sup-
plementation. 

The additional food alters the reproductive season of the voles and 
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due to this it increases the population numbers of this species. This is 
an agreement with the opinion of many authors indicating a relationship 
between the numbers of a species and food abundance in particular 
years ( M i l l e r , 1954; K o ś k i n a , 1955; Z e j d a , 1962, 1964; H a n s -
s o n , 1971). S m i r i n (1970) claims that winter reproduction depends 
on food reserves but food supplementation has no effect on numbers 
during the summer. According to the data presented here the population 
increased due to winter reproduction, as a result of which in spring, 
the population consists not only of overwintered animals but also of 
individuals born during the winter. High numbers of voles in spring 
and prompt sexual maturation of individuals born during the winter lead 
to a considerable accumulation of individuals until autumn. These high 
numbers together with winter reproduction result in a particularly high 
population density in winter, provided that there is a suitable abundance 
of food (Fig. 2). 

A locally increased food supply in open forest also causes an increase 
in the population density due to immigration. 

Several authors observed a low utilization of the potential food supply 
by rodent populations ( G r o d z i ń s k i , 1961, 1971a, b; G ó r e c k i &  
G ę b c z y ń s k a , 1962; R y s z k o w s k i , 1969; G ę b c z y ń s k a , 1970;  
T r o j a n , 1970; B a b i ń s k a , 1972; A u 1 a k, 1973, and others). For  
example B u c h a l c z y k et al (1970) showed that Microtus oeconomus  
( P a l l a s , 1776) utilizes barely 3.1% of its food supply but it damages 
over 60% of young deciduous trees, out of which 6 to 7% subsequently 
die. Estimates of the utilization of food supply do not determine the real 
effect of a rodent population on this food reserve, neither do they de-
termine the real effect of a natural food supply in the habitat on the 
population numbers. 

The facts discussed above raise certain objections to the suggestion 
by the International Biological Programme of the existence of energy 
balances between natural food supply and food requirement of the popul-
ation as characterizing structural functions in the ecosystems (P e t r u-
s e w i c z & M a c f a d y e n , 1970). Despite the fact that rodents utilize 
their natural food supply to a limited degree the data presented above 
are in agreement with the opinion of many authors suggesting that 
population numbers of rodents are in principle regulated by food abun-
dance in the ecosystem, although in a more complicated way than in 
Would appear from the simple energy balance. 
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Roman ANDRZEJEWSKI 

DODATKOWY POKARM A ZIMOWA DYNAMIKA LICZEBNOŚCI POPULACJI 
NORNICY RUDEJ 

Streszczenie 

Celem pracy była próba stwierdzenia, czy eksperymentalne zwiększenie bazy 
pokarmowej dla populacji nornicy rudej, Clethrionomys glareolus (S c h r e b e r, 
1870) będzie miało wpływ na jej parametry populacyjne w okresie zimy. 

Badania prowadzono na dwóch terenach: na wyspie o powierzchni 4 ha, poro-
śniętej lasem, położonej na jeziorze Bełdany oraz w Kampinoskim Parku Naro-
dowym (KPN). Na wyspie rozstawiono w szachownicy 15X15 m drewniane skrzynki, 
w których podawano ad libitum owies. W lesie w KPN założono 3 poletka: (1) in-
tensywnego dokarmiania (Nr 2) z szachownicą skrzynek 7,5X15 m, (2) ekstensyw-
nego dokarmiania (Nr 3) z szachownicą skrzynek 30X30 m, (3) kontrolne (Nr 1), 
na którym gryzoni nie dokarmianio (Ryc. 1). Dokarmianie na wyspie prowadzono 
przez pełne 2 lata, w KPN od jesieni do zimowej kontroli populacji. Kontroli 
parametrów populacyjnych dokonywano przeprowadzając serie połowów zwierząt 
metodą CMR — wielokrotnego łowienia osobników, które były znakowane indy-
widualnymi numerami (Tabela 1). Aktywność płciową samic określano na podstawie 
otwarcia pochwy. 

Stwierdzono, że dokarmianie populacji nornicy spowodowało intensywny rozród 
tego gatunku w zimie (Tabela 2, 3, 4). Osobniki rozradzające się zimą osiągnęły 
ciężar, który przy braku dokarmiania uzyskiwany jest dopiero wiosną (Tabela 3). 
Na terenie nieograniczonym (w KPN) procent samic biorących udział w roz-
rodzie był proporcjonalny do intensywności dokarmiania (Tabela 5). Natomiast 
dokarmianie populacji nornicy nie wpłynęło na okres zakończenia rozrodu przy-
padający w październiku (Tabela 4). Osobniki urodzone zimą dojrzewają tak 
szybko, że już w kwietniu biorą udział w rozrodzie wraz z przezimkami (Tabela 4). 
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Zimowa przeżywalność populacji nornic nie wzrasta pod wpływem dodatkowego 
pokarmu (Tabela 7). Przeżywalność w pierwszej połowie zimy jest wyższa niż 
w drugiej (Tabela 6). Pojawiły się jednak pojedyncze osobniki (samice), które prze-
żyły dwie zimy. 

Dokarmianie populacji powoduje istotne zmiany w jej dynamice liczebności 
(Ryc. 2). Na wiosnę liczebność populacji jest znacznie wyższa niż w sytuacji, gdy 
populacja żyła kosztem pokarmu oferowanego jej przez ekosystem. Osobniki 
urodzone zimą włączając się szybko wraz z przezimkami do rozrodu powodują, 
że na jesieni liczebność populacji przewyższa wielokrotnie liczebność jaką popu-
lacja uzyskiwała w okresie przed dokarmianiem. Wysoka liczebność jesienią łącz-
nie z osobnikami urodzonymi w zimie zwiększa znacznie zimową liczebność popu-
lacji. 

Tak więc mimo, że zgodnie z danymi z literatury, gryzonie wykorzystują swoją 
bazę pokarmową w nieznacznym stopniu, to powyższe badania pozwalają stwier-
dzić, że liczebność populacji jest sterowana przez zasobność pokarmową ekosystemu, 
aczkolwiek w bardziej skomplikowany sposób niż wynikałoby to z bilansu ener-
getycznego między dostępną bazą pokarmową, a zapotrzebowaniem pokarmowym 
populacji. 


