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F ir forests, though not num erous in Poland, represent an exceptional 
hab ita t for the bank vole, w ith  trappab ility  indices of 5.9, 11.6, and 
29.1% on three plots, respectively. H igh trappab ility  was also observed 
in a bog alder forest and floodplain ash forest (more than  4.7%). The 
sm allest num bers of bank voles were traped on meadows, reed  swamps, 
crop fields, and in buildings situated in forests (1.3, 0.7, and 0.9%), 
respectively).

A t the  w estern border of its range, in the zone of A tlantic oak 
forests, th is species is characteristic of Q uercetum  roburi sessiliflorae 
(Birkan, 1968).

Closer to the southern  m argin  of the  range, the  bank vole avoid pure, 
high coniferous forests. They are m ost abundant in wet, shady alder 
and ash-alder forests in riv e r valleys (Bolshakov & Vasilev, 1975), also 
in w et clearings (Lozan, 1971). This species has not been recorded in 
very  dry, calciphilous oak forests covering southern  parts of its range. 
The same is true  of steppes (Kirikov, 1935; Bolshakov & Vasilev, 1975).

This short review  indicates tha t bank voles are  present in all forest 
habitats. B ut their d istribu tion  is characterized by a zonal variability . 
In no rthern  and eastern  parts  of its range, this species seems to prefer 
spruce and pine-spruce forests, as well as shady clearings. In the  central 
p a rt of the range, it m ostly occurs in deciduous and m ixed forests. In 
the  south  it prefers shady and w et biotopes as sum m er tem peratures 
are high and the land desicates. Optim um  habitat conditions for the bank 
vole occur in the subzone of deciduous forests of Europe w here it is the 
only representative of the genus Clethrionomys. It a tta ins the greatest 
num bers in northern  and w estern regions of the European p a rt of the 
USSR (Fig. 3.1). The fact th a t these rodents also inhabit boreal spruce 
and spruce-fir forests of taiga and the forest-steppe zone to the south 
provides evidence of their high ecological plasticity.

3.2. Feeding Habits

Zofia G£BCZYfrSKA

The bank vole is a polyphagous anim al, changing the diet according 
to habitat. This doubtlessly is one of the factors th a t enabled voles to 
spread over vast geographical regions differing in clim atic and vegetative
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conditions. The areas inhabited by the bank vole are also characterized 
by a distinct rhy thm  of seasonal changes, hence available food resources 
are subject to sim ilar fluctuations. Moreover, the diet of fem ales m ay 
differ from  th a t of males, and it can also be affected by population 
density. These relationships, digestibility and assim ilation of natu ral 
food, are docum ented in this section.

3.2.1 G eographical Changes in the Diet

Bank voles inhabiting taiga forests of the Kola peninsula, thus living 
at the no rthern  lim it of their range, avoid alm ost all green p lan t parts, 
taking lichens instead. The preferred  lichens include the genus Bryopogon
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Fig. 3.2. P ercen tage com position of the  diet of C. glareolus from  the  Białowieża 
Forest (A) and southern  M oravia (B).

1 — green p arts  of herbaceous plants, 2 — anim al food, 3 — seed, berries of 
herbaceous plants, 4 — seeds, fru it of trees, 5 — fungi, 6 — roots, 7 1— mosses, 
8 — leaves of trees and  shrubs, 9 — non-green parts, 10 — pollution, 11 — non- 

indentified, 12 — bark of trees and shrubs, 13 — parts of flowers.

from  spruce and pine trees, the genus Parmelia  from spruces and) 
birches, or, w hen they  are lacking, also Nephroma arcticum. This diet 
is supplem ented w ith  berries of Vaccinium m yrtillus, leaves of trees, 
fungi, and food of anim al origin (Koshkina, 1957).

U nder less severe climatic conditions of southern Sweden, bank voles 
m ostly feed on seeds of Fagus silvatica, Ulmus glabra, Quercus sp., and 
Picea abies, and also on green parts of herbs. Supplem entary food 
consists of insect larvae, tree  bark, fungi, nad berries (Hansson, 1971b). 

The diet of C. glareolus inhabiting deciduous and m ixed forests of
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central and eastern Europe (European p a rt of the Russian SFSR, Po
land, Czechoslovakia) is less variable in different, even very  d istant 
regions, bu t the proportions among particu lar components of the diet can 
change greatly  (Fig. 3.2). For exam ple, in coniferous forests of the  
east-European lowland (the regions of Perm , Vologda, and Syktyvkar), 
the list of food species is very  long, changing seasonally (Bashenina, 
1968; Petrov, 1974). According to Sviridenko (1940), the basic diet 
components in this area are green p lan t parts and seeds, and next buds, 
bark, and roots. Lapin (1963) also has found that green parts and seeds 
are basic food items of the bank vole diet.

In oak-hornbeam  forests of Białowieża, where the herb layer is rich 
in species, the food spectrum  of bank voles is even larger. In addition 
to p lan t food, the proportion of anim al food such as Daphnia, Lepidop- 
tera, and m any species of other invertebrates, is also high. In this ha
bitat, bank voles are herbi-insectivorous or granivorous, depending on 
the season (Pivovarova, 1965; Gębczyńska, 1976). The diet of bank voles 
living in oak-hornbeam  forests of Niepołomice basically consists of the 
same items, bu t in d ifferent proportions as com pared w ith th a t in  the 
Białowieża Forest. In general, they  consume more seeds (Zemanek, 1972). 
In pine forests of central Poland, which are poorer in species, green 
plants and anim als are basic d iet components (Bandomir, msc.).

In deciduous forests of Czechoslovakia, which are dom inated by 
beeches, the diet of bank voles is poorer in  species. It consists of green 
plants, tree seedlings, seeds, and the fungus M arasm ium alliaceum. 
It also includes anim al food such as larvae of Mikiola jagi, Chrysichloe  
sp., Laelaps sp., Ctenophthalm us sp., and m any species of Coleoptera. 
Also muscle fibres possibly of o ther bank voles in their stomachs, in 
dicates cannibalism  (Turćek, 1953).

Bank voles inhabiting w estern  parts  of the ir range (British Isles) 
consume relatively  few seeds. According to W atts (1968), even in  the 
years of abundant acorn crops, seeds do not account for more than  16% 
of the total food consumed. Their d iet m ostly  consists of green plan t 
parts and leaves of trees. M iller (1954) suggests th a t bank voles occu
pying the same area can exhibit h ighly variable diets. It consists of 
anim al food (such as larval M elanotus rujipes, larval and adu lt Dorcus 
parallelipipedus) and also of p lan t food such as seeds of Acer pseudo- 
platanus and Fagus silvatica and as w ell as fruits.

Changes in the species composition of p lants re la ted  to clim atic diffe
rences and site conditions have a m ajor effect on the taxonom ic compo
sition of food in d ifferent parts of the  European continent colonized by 
the bank vole (Table 3.3). Thus, we can observe differences in the  
consumption of various food item s such as seeds, herbaceous plants,



H abitat of the population 43

Table 3.3
Herbaceous p lan ts recorded in the d iet of the  bank  vole in d ifferent 
p arts  of its range (after: 1 — Bashenina, 1966; 2 — Gębczyńska, 1976; 3 — 

Zem anek, 1972; 4 — Drożdż, 1966, 5 — HoliSova, 1966).

No. Species 1 2 3 4 5

1. Urtica dioica + + +
2. Glechoma  sp. + +
3. L am ium  sp ./Stachys sp. + + +
4. Ficaria verna + +
5. Galium  sp. +
6. R u m ex  sp. or Pericaria sp. + +
7. Ranunculus  sp. or Geranium  sp. + + + +
8. Daucaceae +
9 Gramineae +

10. Asperula odorata + + +
11. Gagea lutea +
12. Stellaria holostea + + +
13. Am aranthus  sp. +
14. Ajuga reptans + + 4-
15. Medicago sp. +
16. Veronica  sp. + + +
17. Circaea lutetiana + +
18. Geum sp. + + +
19. Impatiens noli-tangere +
? 0. Anem one nemorosa + + +
21. Oxalis acetosella + + + +
22. Galeobdolon luteum + +
23 Mycelis muralis + + +
24. Hepatica nobilis + +
25. Viola silvestris + + +
26. Viola canina +
27. Hieracium murorum +
28. Mercurialis perennis + +
29. Carex silvatica + +
30. Carex caespitosa +
31. Pulmonaria obscura + “T~
32. Rubus hirtus + + +
33. Rubus idaeus +
34. Actaea spicata -f
35. Hederá helix + 4-
36. Orobus vernus +
37. Fragaria vesca + + +
38. Lathyrus vernus +
39. M ajanthemum  bifolium + +
40. Polygonatum multif lorum +
41. Polyqonatum officinale -f
42. Isophyrum  thalictroides +
43. Luzula  sp. +
44. Dentaria bulbifera +
45. Festuca  sp. +
46. Sanícula europaea +
47. Aegopodium podagraria + +
48. Milium e f fusum +
49. Dryopt.eris f i l ix mns +
50. Polygonum persicaria +
51. Polygonum bistorta +
59.. Athyriiim  fil ix  fem.ina +
53. Paris quadrifolia +
54. Drahn verna +
55. Chrysosplenium alternifolium +

4 — Acta therio logica
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Table 3.3, concluded.

No. Species 2 3 4 5

56. Ribes nigrum
57. Filipéndula ulmaria
58. Linnaea borealis
59. Rosa cinnamomea
60. Trifnlium pratense
61. Epilobium angustifolium
62. M elampyrum pratense

+
+

+
4-
+
+

or lichens from one geographic area to another. Also changes in the 
composition and proportion of the  food of anim al origin are significant, 
in  addition to this geographical differentiation, seasonal differences in 
the p lan t cover and anim al species also greatly  affect the diet of the 
bank vole.

In spring, the m ain component of the C. glareolus d iet is green plant 
parts in most of the known hab ita t types, except for the northern  taiga 
(the Kola peninsula), where lichens predom inate the diet, along with 
berries of the cranberry  and crow berry, E m petrum  sp., leaf-buds of 
b lueberry, sallow, and row an, and birch catkins. In deciduous forests 
of G reat Britain, the p referred  food items consist of Campanula rotundi- 
folia, Oxalis acetosella, Prim ula  sp., green leaves of Quercus robur and 
Rubus  sp., also seeds and invertebrates, e. g. larval Lepidoptera  (Miller, 
1954, W atts, 1968). In deciduous forests of Czechoslovakia, the most im 
portan t dietary  components are the bark  of trees, shrubs, and herbaceous 
p lan ts in early  spring, while in m id-spring herbaceous plants account 
for 95%  of the diet. In late spring food of anim al origin predom inates 
in 70%. These are m ostly annelids, mollusks, arthropods, and small 
m am m als (Holisova, 1966). In the oak-horbeam  forests of Niepołomice 
(Zemanek, 1972) and Białowieża (Gębczyńska, 1976), green food accounts 
for 40— 70% of the  diet in spring. Seeds account for 19—55%  of the diet 
in the Niepołomice Forest, while for a very  low percentage in the Bia
łowieża Forest. In both of these habitats, the proportion of anim al food 
is high (7 to 21%). Hansson (1971b) also reports tha t the proportion of 
this food is particu larly  high in spring. Food content in the d iet is 
closely related to food abundance, e. g., if the num ber of accorns laying 
on the ground is high, they become an im portan t component of bank 
vole diet (Zemanek, 1972). W hen seeds are in short supply, the propor
tion of insects and green plants in the diet increases.

In sum m er the diet of the  bank vole is som ew hat d ifferen t than  in

3.2.2. Seasonal Changes in the Diet
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spring, largely due to the fact th a t some food plants have a short 
growing season, and are replaced by other species. W atts (1968) has 
observed tha t on the British Isles the proportion of herbaceous plants 
declines in sum m er, and in this tim e bank voles live on tree leaves, 
particu larly  of the privet, spindle tree, and maple. According to this 
author, also fungi (Ascom ycetes, Basidiomycetes, and Mucorales) are 
ra th e r commonly foraged upon throughout the year. From  M ay to 
Septem ber they  reach a m axim um  and account for more than  10°/o 
of the diet volume. In sum m er the proportion of Lumbricidae increases 
in food of anim al origin (Watts, 1968; Hansson, 1971b). In southern Swe
den it has been found th a t bank voles, which are granivorous there, 
consume m any more herbaceous p lants in sum m er than  in any other 
season (Hansson, 1971b). According to Sviridenko (1951), this is related 
to the replenishm ent of w ater deficiency in the periods of drought. On 
the Kola peninsula, an im portant d ietary  component of during the 
short sum m er (end of June, July) is im m ature berries of V actin ium  
m yrtillus, but at the same tim e the proportion of tree  leaves declines 
as com pared w ith spring (Koshkina, 1957; Ivanter, 1975). In the Biało
wieża Forest, the diet of the bank vole consists of 30 species of plants 
in sum m er. The proportion of vegetative p lan t parts declines to 54% 
of the diet as compared w ith 68% in spring. But most of the plant diet 
(62%) consists of the same species in spring and sum m er (Gębczyńska,
1976). In the Niepołomice Forest (Zemanek, 1972), the proportion of 
seed and fru it in the diet is four tim es th a t in the Białowieża Forest 
(Gębczyńska, 1976). In poorer habitats of pine forests in central Poland, 
green plan t parts are gradually  replaced by food of anim al origin 
during Ju ly-Septem ber (Bandomir, msc.). Turćek (1953) observed a m ar
ked increase in the num ber of seeds in the diet at the end of sum m er, 
when the seeds of such preferred  herbaceous plants as Asperula od- 
orata, M ercurialis perennis and Galeopsis tetraclnit are abundant. Ho- 
liśova (1966) also reported  th a t herbaceous p lants and leaves of trees 
and shrubs are m ost im portant food item s early  in sum m er, while seeds 
predom inate later in summ er.

Basic changes in the diet of this rodent occur in autum n, when the 
proportion of green parts of forbs, grass, and leaves of trees and shrubs 
drastically  declines, while th a t of seed and fru it increases. Such shifts 
have been observed in Czechoslovakia, G reat B ritain, Poland, Sweden, 
and on the Kola peninsula. In the la tte r region, these include berries 
of the dogwood w ith seeds, cowberries, blueberries as well as various 
fungi (Koshkina, 1957). In Sweden the proportion of berries in the diet 
is above 10% in autum n, when the proportion of the fungi also m arkedly 
increases (Hansson, 1971b). In the Białowieża Forest, the proportion of



46 Ecology of the bank vole

seeds in the diet outweighs th a t of other p lan t parts  (Fig. 3.3). It should 
be noted, however, th a t the num ber of seeds in the diet strongly  depends 
on their supply, and in the years of low seed production they  m ay not 
represent the basic food item  (Zemanek, 1972).

In w inter the diet also m ostly  consists of f ru it and seeds of herbs, 
trees, and shrubs. However, green and wooded plan t parts are  also 
included. According to Holisova (1966), underground parts of herbs can

Fig. 3.3. Seasonal variab ility  in the proportion  of the d iet com ponents of C. gla- 
reolus from  the Białowieża oak-hornbeam  (symbols as in Fig. 3.2).

even be a basic d ietary  component early  in w inter. Also tree and shrub 
bark is consumed. Sim ilar data are reported  by  Zem anek (1972). In the 
Białowieża Forest, the proportion of seed is 56%  of the w in ter diet, 
though the am ount of green forage does not decline as com pared w ith 
th a t in autum n; instead, the proportion of anim al food drops significantly 
to 5%  (Gębczyńska, 1976). The w in ter diet of the bank vole in the Mos
cow region consists m ostly of fallen  bark  or snow laden branches of 
the aspen, birch, and pine, the aspen being a clearly  p referred  species.

0.02
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In addition, ban voles browse the bark  of Acer ^platanoidci, C orylm  
avellana, Cytisus ruthenicus, and Sam bucus racemosa (Rotshild & K ri- 
vosheyev, 1957). Sim ilarly, C urry-L indahl (1959) emphasises the great 
im portance of bark  and branches. M any investigations document the 
proportional reduction of anim al food in w in ter (e. g. Hansson, 1971b; 
Zeinanek, 1972; Obrtel, 1974; G^bczynska, 1976).

The diet of the bank vole is characterized by a clear rhy thm  of 
seasonal changes. Despite significant differences in the diet due to the 
variab ility  in environm ental conditions, in spring and sum m er bank 
voles generally live on green parts of herbaceous plants. In addition, 
they  consume anim al food, seed, and fungi. In au tum n and w inter their 
d iet contains m ore seed. The proportion of o ther components is sm aller 
than in spring and summ er, and is strongly dependant on available 
food supply.

Feeding adaptability  of the bank vole accounts for the fact tha t it is 
a herbivorous anim al in spring and sum m er, while granivorous in 
au tum n and w inter. The proportion of anim al food can be very  high, 
but it also fluctuates from season to season, reaching a m axim um  in 
spring.

3.2.3. Diet Composition in Relation to Sex and Population Density

The diet of the bank vole also depends on sex. In spring and summ er, 
fem ales can use m uch m ore anim al food th an  m ales (Holisova, 1971; 
G^bczynska, 1976). According to W atts (1968), fem ales consume more 
seed and fungi, as com pared with males, particu larly  from Septem ber 
to November.

Significant differences in the diet were found betw een populations 
of different densities. The proportion of high-caloric seed is the highest 
and dom inant in the diet of anim als living in populations of low den
sities or in the population recovery phase. H igh-density populations 
m ostly use green vegetative plant parts and bark, thus energy-poor food. 
A long-term  shortage of appropriate food supply, also w ith respect to 
its energy content, can account for a p rem ature  inhibition of grow th and 
cessation or reduction of reproduction (Holisova, 1971).

3.2.4. D igestibility and A ssim ilation of N atural Food

In the studies of energy flow through a sm all rodent population, it is 
im portant to know how much of the  energy taken w ith food is assim i
lated and how m uch is recycled in  the form  of feces and urine. It is 
thus necessary to determ ine not only the consumption of food but also
i t ;  digestibility and energy assimilation. For this purpose, the content



of bank vole stomachs was examined, and experim ents of food prefe
rence were conducted. Experim ental anim als were supplied w ith  three 
kinds of diet: concentrated, mixed, and bulky. All these diets were 
characterized by high digestibility coefficients of all their components. 
The digestibility coefficients of the d ry  m atter of the forage ranged 
from  80 to 90%, except for the bulky diet (74 to 76%). The digestibility 
of crude protein, other ex tracts and crude fiber varied from about 70 
to 97%. Some food energy was lost as partially  digested food in the 
feces, and in the form  of urine as partia lly  degraded nitrogen compounds. 
The size of these losses depends on the am ount and energy content of 
the excreta. Fecal energy losses of anim als fed on the protein and mixed 
diets ranged from 7 to 17% of the energy intake, and the losses with 
urine from  about 3 to 4%. In the case of the bulky diet (herbaceous 
plants) the losses of energy reached highest values, up to 28% (Drożdż,
1968).

The daily energy intake depends on the kind of forage, its energy 
content, and on the body size and physiological condition of the anim al. 
The daily consumption in bank voles of an average body w eight of 
22.8 g was 1.92 g of beech nuts, 2.26 g of m ixed forage, and 3.40 g of 
oat seeds, on the average (Drożdż, 1968). Sim ilarly, under na tu ra l con
ditions these anim als consume about 3 g of seed per day (Górecki and 
Gębczyńska, 1962). This corresponds to 13— 15 kcal/day, which is con
sistent w ith the energy budget of this species (Górecki, 1968). Sub trac t
ing the energy lost in the form of excreta (about 1.67), bank voles 
assim ilate about 11 to 13 kcal per day (Drożdż, 1968).

D uring pregnancy, the energy dem and gradually  increases to an 
average of 23.7 kcal/day/anim al at the end of this period. D uring the 
lactation period, a drastic increase up to 38.9 kcal/day/anim al occurs. 
The energy requirem ents in females throughout pregnancy rises by 24%, 
on the average, while in lactating fem ales by 92% (see section 8.3.1). Food 
utilization is equal to th a t in nonbreeding females, and the digestibility 
coefficent is 88.5% (Kaczmarski, 1966). A n increase in energy requ ire 
m ents rela ted  to lactating is about 10 kcal of the assim ilated energy per 
gram  of weight increm ent of the young. The energy costs of grow th 
m the nest are low. During the firs t days of life the young can incor
porate into the ir tissues 60% of the energy intake, 20%  at the age of 
10— 18 days, while less than  5%  later (Gębczyński, 1975).

3.2.5. Food Storage

Storing of food by voles for the w inter period has been recorded in 
various parts of their range. The stores are usually  small and less 
diverse than, e. g., those of Apodem ns jlavicollis inhabiting the same

48 Ecology of the bank vole
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areas. Bank voles store food in hollow tree  under roots, in bark  crevices, 
under logs, etc. Storing begins in autum n. Hazel nu ts (Lohr, 1938; 
quoted in Ognev, 1950), the lichens Usnea barbata and U. florida, aspen 
catkins, m aple seeds, and acorns (Sviridenko, 1940; Formozov, 1948; 
Naumov, 1948), as well as invertebrates e. g. Mikiola fagi (TurCek, 1953) 
are commonly stored. In no rthern  coniferous forests, bank voles store 
cranberries (Oxycoccus quadripetala), cowberries, service berries, larch 
cones, and green grass parts (Ivanter, 1975). Bank vole stores m ay also 
contain fallen leaves of the  linden, oak maple, and other deciduous 
trees. These leaves are used in w inter not only for food bu t nest con
struction  and insulation (Ognev, 1950; TurCek, 1953).

3.3. Predators

Jacek GOSZCZYŃSKI

3.3.1. P roportion of Bank Voles in the Diet of P redators

The bank vole is closely associated w ith wooded areas. Since m any 
predators prefer cropland and grassland as their hunting grounds, the 
proportion of these rodents in the diet of avian and m am m al predators, 
is not high. The reason for which predators hun t m ore frequently  in 
open habitats lies not only in greater surface area of these habitats but 
also in greater num bers of rodents, e. g. common voles living there, 
and their higher vu lnerability  to predation in such habitats. The body 
structu re  of some predators (e. g. of the long-eared owl) does, however, 
allow an effective hunting in dense forests (Smeenk, 1972).

The available data indicate th a t the diet is largely  determ ined by the 
ratio of open to wooded areas w ithin the hunting area of a predator. 
The proportion of bank voles is usually higher in the diet of taw ny 
owls having their hunting grounds w ithin forests than in small woods 
or parks, surrounded w ith cropland (see Ryszkowski et al., 1971). Even 
in the diet of the barn  owl, the species preferring  open areas, the pro
portion of bank voles m arkedly varied (from less than 1 to 10°/o, 
Czarnecki et al., 1955), depending on w hether the hunting grounds of 
this bird were located w ithin cropland, or bordered on forests. In s tu 
dies on the diet of predators, usually  individuals hunting in forests


