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P o p u l a t i o n d y n a m i c s of t h e c o m m o n vole Microtus arvalis (Pa l las , 
1779), c h a n g e s in t h e n u m b e r of b u r r o w sys t ems , a n d t h e i r u t i l i za t ion 
w e r e s t u d i e d in p e r e n n i a l c rops of d i f f e r e n t r eg ions of P o l a n d in 
1970—1979. A m u l t i - y e a r cycle in c o m m o n vole n u m b e r s w a s f o u n d . 
I n t h e n o r t h e r n reg ion of P o l a n d , m a x i m u m p e a k n u m b e r s r e a c h e d 
350 i n d i v i d u a l s / h a , a n d in t h e s o u t h e r n reg ion m o r e t h a n 1000 ind iv id -
u a l s / h a . A n i n c r e a s e in c o m m o n vo le n u m b e r s in t he m u l t i - y e a r cyc le 
w a s pos i t i ve ly c o r r e l a t e d w i t h t h e n u m b e r of b u r r o w s y s t e m s . H ighes t 
i nc r ea se s in c o m m o n vo le n u m b e r s w e r e o b s e r v e d in a u t u m n , a n d l o w -
es t in sp r ing . P e r un i t i nc rease in t h e n u m b e r of b u r r o w sys t ems , 
t h e r a t e of g r o w t h in c o m m o n vo le n u m b e r inc reased in t h e y e a r s 
of p e a k n u m b e r s a n d dec reased in t h e y e a r s of decl ine . T h e p e r -
c e n t a g e of o c c u p i e d b u r r o w s y s t e m s (colonies) a n d t he n u m b e r of in -
d i v i d u a l s p e r b u r r o w s y s t e m i n c r e a s e d w i t h g r o w i n g p o p u l a t i o n size, 
b u t a t a dec l i n ing r a t e . M u l t i - y e a r a n d a n n u a l c h a n g e s in c o m m o n vo le 
n u m b e r s w e r e m o r e a f f e c t e d by c h a n g e s in t h e n u m b e r of occu -
p ied b u r r o w s y s t e m s t h a n by c h a n g e s in t h e n u m b e r of i nd iv idua l s 
p e r s y s t e m . O n l y in t h e pe r iods of n u m b e r s decl ine , t h e y mos t l y d e -
p e n d e d on c h a n g e s in t he dens i t y of colony m e m b e r s . T h e f a c t o r s 
u n d e r l y i n g d i f f e r e n c e s in m e a n n u m b e r s of M. arvalis in d i f f e r e n t 
r eg ions of P o l a n d a r e d i scussed . 

[ D e p a r t m e n t of V e r t e b r a t e Ecology I n s t i t u t e of Ecology, P A S , Dzie- 
k a n ó w L e ś n y , 05-092 Ł o m i a n k i , P o l a n d ] 

1. I N T R O D U C T I O N 

Besides food, the most important environmental factor for the common 
vole Microtus arvalis (Pallas, 1779) population is burrow system, where 
these animals spend most of their lives (Erkinaro, 1969; Lehman & 
Somersberg, 1980; Hoogenboom et al., 1984), and where they nest and 
raise offspring (Frank, 1954; Pelikan, 1959). The underground system of 
burrows and corridors with outlets and runways connecting them, and 
together with the voles inhabiting it, is termed a colony. Burrow 
syst^H^rcan. cover an area from 0.5 to 2 m2 (Leutert, 1983), or to 
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3 m® (Formozov & Kiris-Prosvirnina, 1937), or even 66 m* (Zlotin &  
Chodasova, 1974). The number of individuals in a colony ranges from 
several to a dozen or so (Baśenina, 1962), but individual animals can 
visit an area of several or even a dozen or so colonies (Mackin-Rogalska, 
1975, 1979). Mostly females burrow (Pelikan, 1959). Burrows provide 
a good protection against predators, and also against low and high tem-
peratures, heavy insolation, wind and precipitation. Aglomeration of ma-
ny individuals in nests is advantageous, as it markedly lowers metabolic 
costs (Trojan, 1969a; Grodziński et al. 1977). Moreover, voles store food 
in colonies, thus burrow systems also function as storehouses (Baśenina,  
1962). 

As burrow entrances form clusters, it is relatively easy to distinguish 
neighbouring burrow systems. The relative ease in locating burrows and 
also runways of small mammals allows the study of relationships between 
population density and the number of burrows (Liro, 1974 for Microtus 
arvalis) or runways (Person, 1960 and Krohne, 1982 for Microtus cali-
fornicui>). Also the density of rodents was estimated from the number 
of runways (Lidicker & Anderson, 1962; Bowen, 1982) or burrow entran-
ces (Zieliński, 1982 for different species of the genus Microtus). Ro-
mankowowa, Piekarczyk & Grala (1969) and Romankowowa (1970) cal-
culated an index of crop endangering by the common vole from the 
density of the utilized burrow entrances. Attempts were also made to 
find a relationship between rodent density and the number of fissures 
in soil that could be used as shelters, or facilitate burrowing for Mus  
musculus (Newsome, 1969). 

Hypotheses aiming at explaining the underlying reasons for cycling 
behaviour in populations of Arvicollidae (Krebs & Myers, 1974; Stenseth, 
1977; Charnov & Finerty, 1980; Finerty, 1980) are not universal. Espe-
cially difficult issue is synchronous or asynchronous cycling of M. arvalis 
populations over large areas (Migula et al., 1970; Straka & Gerasimov, 
1971, 1977). Likewise, differential period of the cycle and variable ampli-
tude of changes in numbers in the same phases of the multi-year cycle 
for different local populations have not been satisfactorily explained 
(Frank, 1957; Skuratowicz, 1957; Straka & Gerasimov, 1971, 1977;  
Bethge, 1982). Differences in the amplitude of multi-year cycling of 
M. arvalis in different regions of Bulgaria were found by Straka and 
Gerasimov (1971, 1977), and for northern and southern Poland by Adam- 
czewska-Andrzejewska (1974); the questionnaire studies covering the 
whole Poland revealed the same phenomenon (Bandomir, Lehman &  
Tokarczyk, 1980). Adamczewska-Andrzejewska, Mackin-Rogalska & Na-
bagło (1982) suggest that the spatial utilization of the habitat is the 
most important factor accounting for muti-year fluctuations in M. arva-
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lis. They take into account differences in the period of the cycle, re-
sulting in asynchronous population dynamics. 

Not only the population dynamics of the common vole was analysed 
(Adamczewska-Andrzejewska & Nabaglo, 1977; Nabaglo, 1981) but also 
individual differences in the attachment to burrow systems (Mackin-Ro-
galska, 1975), the rate of rebuilding destroyed burrows (Liro, 1974), and 
also changes in vegetation on and around the area of burrows (Ulehla 
et al, 1974; Babinska-Werka, 1979; Leutert, 1983). Mackin-Rogalska 
(1979) has found a positive relationship between the population den-
sity and the number of occupied burrow systems in an isolated pop-
ulation of M. arvalis. This gave rise to a hypothesis that burrow sys-
tems are an important factor generating multi-annual cycling in the 
common vole populations (Adamczewska-Andrzejewska, Mackin-Rogal-
ska & Nabaglo, 1982). 

The present paper is focused on the muti-year dynamics of the com-
mon vole population and burrow systems, and on the capacity of burrow 
systems. Emphasis is put on the effect of changes in the number of 
burrow systems and in the density of animals in them on seasonal and 
multi-year changes in numbers. The underlying reasons for differences 
in population levels between northern and southern regions of Poland 
are discussed. 

2. STUDY AREA, METHODS, AND M A T E R I A L 

T h e s tudy was conducted on c rop f ie lds of S ta t e F a r m s located in two d i f f e r en t 
t ypes (regions) of the ag r i cu l tu ra l l andscape of Po land (Fig. 1): 

I — n o r t h e r n Poland (Gdańsk and Bydgoszcz dis t r ic ts) — a lowland w i t h a smal l 
p ropor t ion of fores ts and mid- f i e ld woods, and a l luv ia l soils f o r m e d on heavy 
loams or clay, typical ly charac te r ized by a high cohesion (Uggla, 1983). A l fa l f a 
crops 2, 3 or 4 yea rs old, r ang ing f r o m severa l to severa l h u n d r e d hec ta res w e r e 
u n d e r s tudy. They w e r e ha rves t ed fo r green fo rage . 

I I a — sou the rn Po land (Opole, Wrocław, Legnica, Przemyśl , and Krosno dis-
tr icts) — a submon tane region wi th c rop f ie ld f r e q u e n t l y su r rounded by woods 
and uncu l t iva ted lands. T h e most common soil t ypes compr ised fo re s t - s t eppe 
chernozem f o r m e d on loess or s andy loam, cha rac te r i zed by a r a t h e r high f r i a b i l -
ity, and b r o w n ea r th s fo rmed on loess and loess- l ike fo rma t ions . The size of 
c rop f ie lds a n d m a n a g e m e n t type w e r e the same as in region I. 

I P _ sou th -wes t e rn Po land (Wałbrzych distr ict in L o w e r Silesia) — a s u b m o n -
t a n e a r ea w i t h a mosaic of c rop f ie lds in te r spersed w i t h m a n y t ree -c lumps , mixed 
woods, a n d uncul t iva ted lands . The s tudy pas tu r e s a n d a l f a l f a f ie lds w e r e m u c h 
smal le r t h a n in regions I and I I a (no more t h a n a dozen or so hectares) . They 
covered b r o w n soils f o r m e d on loess and loess- l ike fo rma t ions . In regions I a n d 
II a , the s tudy was car r ied out in 1970—1975 in co-opera t ion wi th County P l an t 
Pro tec t ion Stat ions. In region I, t h r e e to eigth sites w e r e surveyed, depending on 
the year , a n d in region II a , f o u r to eight sites. In r eg ion IIb , t h e s tudy w a s con-
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duc ted in 1976—1979 on only one site, mos t ly on pas tu res , somet imes also on 
n e a r b y a l f a l f a f ields and p a s t u r e m i x t u r e . 

To es t ima te common vole densi ty , all t he b u r r o w sys tems w e r e m a r k e d and 
counted on an a rea of 1 ha, and t h e n en t r ances to the b u r r o w s were f looded 
un t i l t he u n d e r g r o u n d cor r idors w e r e fil led wi th w a t e r (Andrze j ewsk i & Gliwicz, 

Fig. 1. M a p of the s tudy a reas : Region I — n o r t h e r n Po land , Region Ilai — 
sou the rn Poland , Region l i b — sou th -wes t e rn Poland . 

1969). The escaping voles w e r e c a p t u r e d and counted. When the dens i ty of b u r r o w 
sys tems w a s high, only 30 of t h e m w e r e f looded. T h e m e a n n u m b e r of voles in 
t h e f looded b u r r o w sys tems was t h e n mul t ip l ied by the n u m b e r of b u r r o w sys -
t e m s per ha to get an e s t ima te of t h e densi ty of common voles. This me thod of 
n u m b e r s e s t ima t ing can be used a t low p lan t cover, w h e n it is possible to obse rve 
a l l en t rances to t h e b u r r o w s a n d all r u n w a y s connect ing t h e m on the soil s u r -
face, and a l lowing ca tch ing the an imal s . Hence, t h e dens i ty of common voles w a s 
e s t ima ted on the plots w i h t f r e s h l y m o w n a l f a l f a or on heavi ly grazed pas tu re s . 
In 1971, on some f ie lds of s o u t h e r n Po land (region II a) w h e r e the densi t ies r e a c h -
ed 1500—2200 indiv iduals /ha ( A d a m c z e w s k a - A n d r z e j e w s k a , 1974), it w a s no t 
possible to de l imi ta te ind iv idual b u r r o w sys tems. N u m b e r s w e r e t h e n e s t ima ted 
b y count ing all f looded voles f r o m a n a r ea of a k n o w n size. 

On each occasion w h e n t h e dens i ty of common voles w a s es t imated , such 
var iab les w e r e noted as the n u m b e r of en t r ances to t h e bu r rows , t he n u m b e r 
of c ap tu red common voles, the n u m b e r of common voles f looded bu t not c ap tu red , 
a n d t h e n u m b e r of all b u r r o w sys tems per ha. When b u r r o w sys tems w e r e counted 
on severa l 1-ha plots, m e a n v a l u e per ha was used to ca lcu la te M. arvalis dens i -
t ies. 

T h e densi ty of c o m m o n voles on each si te w a s e s t ima ted 3 or 4 t imes a year 
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over the s tudy per iod: in spr ing (April o r May), s u m m e r (June, Ju ly , August) , 
including two es t imates in some years , and in a u t u m n (September , October , o r 
November) . 

Linear , exponent ia l , and logar i thmic func t ions w e r e f i t t ed to each re la t ionship , 
a n d those wi th the highest corre la t ion coeff ic ients w e r e selected. 

The ma te r i a l was divided into t h r ee groups according to the location of the 
s tudy plots in the th ree regions ear l ie r d e s c r i b e d 1 . In total , t he densi t ies w e r e 
es t imated a t 25 localities of Po land . A la rge propor t ion of c rop f ie lds unde r 
s tudy was t r e a t e d as r ep lacemen t plots (e.g. because of ploughing), typica l ly lo-
cated in close vicinity. T h e tota l n u m b e r of f looded b u r r o w sys tems w a s 7669 in 
regions I and II a , and 771 in region II b . 

3. R E S U L T S 

3.1. Multi-year Changes in Numbers of Common Voles and Burrow Systems 

The estimates of common vole numbers were grouped into three 
time intervals in each year: spring, summer, and autumn. Average den-
sities of common voles per ha were calculated for each site in particular 
regions of Poland separately. 
N/ha n/ha 

Fig. 2. Changes in n u m b e r s of M. arvalis (N/ha) and b u r r o w sys tems (vert ical bars , 
n /ha) in regions I (a), IIa (b), and l i b (c). 

1 a) Data f r o m region I compris ing ancient count ies of Tczew, Pruszcz Gdańsk i ,  
Bydgoszcz, and Mogilno; b) da ta f r o m region I I a compr is ing ancient count ies of  
Brzeg, Nysa, Wroclaw, Zło tory ja , J a ros ł aw , Lubaczów, Przemyśl , and Brzozów; and 
c) da t a f r o m region I I b collected n e a r Niemcza. 
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In northern Poland (region I) the observed densities of common voles 
were much lower than in southern Poland (Fig. 2). In southern Poland 
in the years of peak numbers, mean densities in autumn reached 1000 
individuals/ha2. In northern Poland, in the peak year of 1971 the mean 
density was 350 individuals/ha. In 1974, the population was low in this 
region. A much higher density was recorded in 1975. It is difficult to 
decide, however, whether or not this was a peak year. In southern Po-
land (region IIa), there were two distinct years of peak numbers, 1971 
and 1974 (Fig. 2). They were followed by dramatic declines in 1972 
and 1975, respectively. In each year, lowest numbers occurred in spring, 
then numbers increased over summer and autumn, and declined until 
next spring. 

In Lower Silesia (region IIb), there occurred a small mammal commu-
nity rich in species, and common voles frequently were a subdominant 
element in it (Adamczewska-Andrzejewska, Bujalska & Mackin-Rogalska, 
1979a, 1979b, 1981). Very low densities of this species were recorded in 
1976, 1977, and 1978 (Fig. 2). In 1979, the rate of population growth was 
very high from spring to summer, and in autumn the density of voles 
was almost 300 individuals/ha (Fig. 2). 

The number of all burrow systems was usually higher in the years 
of high densities of voles than in the years of low densities. At very 
low spring densities, the number of burrow systems largely varied. Of-
ten it did not differ much from their number in autumn of the preceding 
year (Fig. 2). Then it declined from spring to summer almost every 
year, and increased in autumn. In southern regions, the densities of 
burrow systems were higher than in northern regions. 

3.1.1. Rela t ionship be tween the N u m b e r of Voles and the N u m b e r of B u r r o w 
Sys tems 

A relationship between the number of voles and the total number of 
burrow systems was examined. Because of large seasonal differences 
in proportions between the number of burrow systems and the number 
of voles, correlations were calculated separately for spring, summer, 
and autumn. Linear positive correlations were found, indicating that the 
number of burrow systems increased in direct proportion to increasing 
vole numbers per ha (Fig. 3). The rate of increase in the number of 
voles with increasing number of burrow systems was highest in autumn, 
lower in summer, and lowest in spring. Differences among regression 
coefficients were statistically significant. 

1 In 1971, the highest densi t ies obta ined by ano the r me thod (see s tudy methods) 
reached 2000 ind iv idua ls /ha , and these resu l t s a re not shown in Fig. 2. 
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A similar, linear relationship was obtained for northern and southern 
regions of Poland (Fig. 3). But at the same increase in the number of 
burrow systems in any given season, the increase in the number of 
common voles was higher in southern than in northern Poland. That 
is, more voles could live in region IIa than in region I in the same num-
ber of burrow systems. 

2 

Density of burrow systems 

Fig. 3. Relat ionship between the density of b u r r o w systems and the density of 
M. arvalis per ha. 

Sp — spring, Su — summer , Au — au tumn. Region I: y = 0.2178r+1.7848, r = 0 . 7 2 s 

for spring, y=0.5255x+4.1568, r=0 .50 3 for summer , y = 1.5781x—1.4738, r=0.86» 
for a u t u m n ; Region IIa : y = 0.4465x+6.8098, r=0 .63 3 for spring, y = 2.1599;r—55.1076, 
r = 0.943 for summer , y=2.7216:r + 2.9513, r = 0.77 s for au tumn; Region l i b : y=0.8704x 
—0.5941, r=0 .47 1 . Points denote mean values. Stat is t ical significance of the corre-

lation coefficients: 1 P<0.05, 3 P<0.001. 

The trajectory connecting mean numbers of burrow systems and com-
mon voles in three periods for all the years pooled allows simulta-
neous observation of changes in the number of burrow systems and 
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voles over an average year. In both northern and southern Poland, the 
number of burrow systems decreased and the number of voles slightly 
increased from spring to summer, and both these parameters dramati-
cally increased from summer to autumn (Fig. 3). 

The relationship between the density of vole population and the num-
ber of burrow systems in Lower Silesia (region IIb) was estimated for 
all three periods of the season jointly, since the number of samples 
was too small (Fig. 3). In that region, the rate of population increase 
with increasing number of burrow systems was lower than in northern 
Poland (region I) and southern Poland (region IIa). The regression 
coefficient (0.89) was significantly lower than for regions I (1.2) and 
IIa (1.62) for all the periods of the season pooled. 

In the years of peak numbers, the increase in vole numbers was 
more rapid than in the number of burrow systems. In the decline years 
of the multi-annual vole cycle an opposite was true (Fig. 4). It can be 

Density of burrow systems 

Fig. 4. Rela t ionship be tween the dens i ty of b u r r o w sys tems and the dens i ty of 
M. arvalis per ha in d i f f e r en t phases of the mu l t i - y ea r cycle. 

Phases : (1) peak n u m b e r s y^e 1- 4 8 3 3 mx- i .nw r=0 .821 3 ; (2) decl ine y = in*+«.e»M 
r = 0.6669 2; (3) increase y = e1-9494 inx-4.7«» r=0.9308 3. Stat is t ical s ignif icance of t h e 

corre la t ion coeff ic ients : 2 P<0.01 , 3 P<0.001. 
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stated, thus, that with increasing density of voles per ha in the years 
of peak numbers, the construction of new burrow systems is slowed 
down. In the years of decline, following the years of peak numbers, 
many burrow systems persists. Consequently, the density of burrow 
systems is frequently very high but a large proportion of them is not 
occupied by voles. Hence, unlike in peak years and in the years of 
increasing numbers, the increase in the number of burrow systems is 
not combined with an increase in the number of voles (Fig. 4). 

3.1.2. O c c u p a t i o n of B u r r o w S y s t e m s by I n d i v i d u a l s 

Almost at any time some burrow systems are abandoned. A particu-
larly low proportion of inhabited burrow systems, that is, colonies, was 
recorded in spring, when typically the densities of voles were low (Fig. 
5). In summer and autumn, the proportions of colonies were higher than 

801 
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40-

2 0 -

SpSu A Sp Su A Sp Su A Sp Su A Sp Su A SpSu A S e O S O H S 
1970 1971 1972 1973 1974 1975 Y e a r s 

Fig. 5. C h a n g e s in t he p e r c e n t a g e of i n h a b i t e d b u r r o w s y s t e m s (colonies) of M 
arvalis in r eg ions I a n d I l a . Sp - sp r ing , S u - s u m m e r , A u - a u t u m n . 

in spring. Tn the years of declining numbers, that is, in 1972 in the 
two regions and in 1975 in region IIa, these proportions were also lower 
than in the other years. The percentage of inhabited burrow systems 
was thus different in successive phases of the multi-year cycle. A pos-
itive curvilinear relationship was found, that is, the rate of inhabiting 
burrow systems decreased with growing vole density on the plot (Fig. 
6). These regressions followed a similar pattern in all the regions. But 
in region I, burrow systems were more intensely inhabited at lower* 
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vole densities than in region IIa, and also the rate of inhabiting burrow 
systems began to decline at lower densities in region I. 

•o 

Density 

Fig. 6. Rela t ionship b e t w e e n t h e pe rcen tage of inhab i ted b u r r o w sys tems and 
the dens i ty of M. arvalis pe r ha in the t h r e e s tudy regions. 

Region I: y= 6.6484 lnx +11.4741, r=0.6132 2; Region I Ia : y= 12.0751 lnx—14.4861, 
r=0.8519 3; Region l i b : y= 12.4831 lnx—3.8466, r=0 .8066 3 . S ta t i s t ica l s ignif icance of 

t h e cor re la t ion coeff ic ients : 2 P<0.01, 3 P<0.001. 

3.2. Capacity of Burrow Systems 

3.2.1. The Size of B u r r o w Sys tems 

Not only the number of burrow systems but also their size can 
increase with growing numbers of common voles. The number of entran-
ces into burrows was used as an index of burrow size. This is based 
on the assumption that the higher the number of entrances, the larger 
is the distance between the two extreme ends of a single burrow sys-
tem, thus the longer the underground corridors, and, consequently, the 
greater number of voles can potentially live there. This assumption is 
based on a statistically significant correlation between the colony size, 
as expressed by the distance between extreme entrances and the num-
ber of these entrances in a burrow system (Fig. 7). This analysis was 
done for unpublished data used for estimating damage to alfalfa by 
the common vole (Babinska-Werka, pers. comm.). 

Mean number of entrances has been calculated for inhabited and 
abandoned burrow systems separately since their percentage varied. In 
•all the regions, the number of entrances was statistically higher (t-Stu-
dent test) for inhabited burrow systems, that is, for colonies, than for 
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abandoned burrows. The average number of entrances, as calculated for 
all the years pooled, declined from spring to summer and increased 
from summer to autumn in the three regions of Poland for both inhab-
ited and abandoned burrow systems (Fig. 8). Seasonal differences in 
the number of entrances are statistically significant, and higher for 
inhabited than abandoned burrows. Spring burrow systems were typi-

Fig. 7. Rela t ionship be tween the n u m b e r of en t r ances into a b u r r o w sys tem and 
its size, as measu red by the dis tance b e t w e e n the e x t r e m e en t rances (in metres) , 
1 — y=0.1942x + 0.420, r=0 .7835 3 be fo re h a r v e s t ; 2 — y = 0.0598x+2.7257, r=0.5253 J 

a f t e r ha rves t ; 3 — y=0.0830x+2.0334, r = 0 . 6 4 1 0 ' . Sta t is t ica l s ignif icance of t h e 
corre la t ion coeff ic ients : 3 P<0.001. 

cally represented by those from the preceding autumn, hence the num-
ber of entrances into them was similar to, and often even higher than 
in autumn burrows. It has also been found that the average burrow 
system in region I had a significantly lower number of entrances in all 
the seasons (p<0.001) than in region IIa. Changes in the size of burrow 
systems in the multi-year cycle did not correspond to changes in vole 
numbers. In the years of decline, the number of entrances was typ-
ically a little higher than in the years of peak numbers, e.g. in region 
I in 1972 and in region IIa in 1975 (Fig. 9). 
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A comparison of the size of burrow systems in region IIb for succes-
sive years show that the number of entrances was a little higher in 
the year of the highest numbers, that is, in 1979, as compared with 
other years (Fig. 10). In the years when it was possible to compare 
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Fig. 8. Seasonal changes in the size of inhab i ted and abandoned b u r r o w sys tems 
(measu red by the n u m b e r of en t rances ) in the t h r e e s tudy regions (I, Ha, l ib) , 

I — inhabi ted , A — abandoned . 
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Fig. 9. Changes in the size of inhab i ted (I) and abandoned (A) b u r r o w sys tems 
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the size of burrow systems in alfalfa fields and pastures, larger burrows 
were found in alfalfa. 
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Fig. 10. Changes in t h e size of inhabi ted (I) and abandoned (A) b u r r o w sys tems 
in region l i b in a l f a l f a (1) and in a pas tu re (2). 

The size of inhabited burrow systems (colonies) depended on the den-
sity of vole populations. A statistically significant correlation between 
the vole density per ha and the mean number of entrances into a colo-
ny was found for northern areas in spring and autumn, and for southern 
regions only in autumn (Fig. 11). In northern Poland (region I), the 

Density 
Fig. 11. Rela t ionship b e t w e e n the size of inhabi ted b u r r o w sys tems (colonies) a n d 
the dens i ty of M. arvalis: (1) a u t u m n , region I, y=0.0168x4-5.0598, r = 0.5501 (2)  
a u t u m n , region IIa, y = 0.0081x4-6.947, r=0.4427 1; (3) spring, region l ib , y=0.0796x4-

6.538, r = 0.4293 1 P<0.05 , 2 P<0 .01 . 
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increase in the number of entrances into a colony was much higher in 
spring than in autumn at the same increase in the number of voles. 
A comparison of autumn regressions for the two study regions shows 
that the same increase in the number of voles per ha in the south 
requires a smaller increase in the colony size (as measured by the num-
ber of entrances) than in the north of Poland. In other words, these 
regressions indicate that in southern Poland the density of voles in 
autumn was much higher than in northern Poland at the same mean 
colony size expressed by the number of entrances. 

3.2.2. N u m b e r of Voles in a Colony 

The number of individuals inhabiting a colony (its capacity) increased 
from spring to autumn (Fig. 12). Differences between mean seasonal 
vole numbers in particular regions, calculated for all the years pooled, 
were statistically significant (t-Student test). The man colony capacity 
in region IIa was significantly higher than in regions I and IIb in spring 
and autumn. In summer these differences were lower and statistically 
insignificant. 

CD 

Fig. 12. Seasonal changes in t h e m e a n n u m b e r of individuals per inhabi ted b u r r o w 
sys tem (colony) in the t h r ee s tudy regions (I, IIa, l ib) . 

Most differences between mean annual colony capacities in the mul-
ti-year cycle were statistically insignificant. Only in region IP the 
number of voles in a colony was significantly higher in 1973 than in 
1972, and in 1974 it was higher than in 1975, and in region I the num-
ber of voles in a colony was significantly higher in 1973 and 1975 than 
in 1974 (Fig. 13). Thus, the colony capacity tended to be higher in the 
years with higher vole numbers, as compared with the years of lower 
vole numbers. Differences in the colony capacity between the two com-
pared regions of Poland were small and most frequently statistically 
insignificant. Only in 1974 and 1975, differences in the colony capacity 
between northern and southern Poland were statistically significant. In 
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1974, it was higher in the southern region and in 1975 in the northern 
region (Fig. 13). This could be related to the occurrence of peak num-
bers in region IIa in 1974, and in region I most likely one year later. 
The colony capacity in region IIb in the multi-annual cycle cannot be 
compared because of an insufficient number of samples in 1977 and 
1978. 
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Fig. 13. Changes in the m e a n n u m b e r of individuals per colony in regions I a n d 
IIa. Sta t is t ica l ly s ignif icant d i f fe rences a t P<0.001. 

The mean colony capacity increased curvilinearly with vole density 
(Fig. 14). At lower vole densities, the mean colony capacity increased 

Density 
Fig. 14. Re la t ionsh ip be tween the n u m b e r of indiv iduals per colony and t h e 

densi ty of M. arvalis in t he th ree s tudy regions. 
I : y —0.4201 lnx + 1.0138, r=0.7224 3, I Ia : y=0.8155 lnx—1.1186, r=0.8142 3 , l i b : y= 

0.5635 lnx+0.3624, r=0.9281 3. 3 P<0.001. 

at a higher rate than at high densities. In the northern region, the 
increase in the vole density per colony firstly occurred at a higher rate 
than in the southern region, and then the rate of increase progressively 
declined. In the southern region, the decline in the rate of density 
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increase per colony with growing vole population density was less 
violent. In region IIb, the increase in the colony capacity followed a si-
milar pattern as in region IP. 

3.2.3. Colony Capaci ty in Rela t ion to Colony Size 

The relationship between the density of vole population and the mean 
colony size, described in Section 3.2.1, suggests that there is also a re-
lationship between the colony size and the number of individuals in 
this colony in local populations at a given time instant. It follows from 
the calculated regressions that the greater the number of individuals in 
a colony, the greater is the number of entrances into it, and that in 
most populations the (number of entrances increases at a declining rate 
with growing number of individuals in the colony. The most typical 
function describing declining increases in colony size with the increasing 
number of individuals in this colony is of the form y = A + B In (x+l ) , 
where x is the number of individuals in a colony, and y is the number 
of entrances into the colony. This is illustrated in Figure 15 for a vole 
population at Zapałów (region IP) in the autumn of 1970. Such re-
gressions were calculated for 155 local populations in different years 
of the cycle and in different seasons. Large differences were found in 
the course of these regressions for various sites. 

No of individuals 

Fig. 15. Rela t ionship b e t w e e n the n u m b e r of en t rances and the n u m b e r of indi-
v iduals in a colony (Zapa łów — a u t u m n 1970 — region I la) y = 1.0411+2.97 

l n ( x + l ) , r = 0.6705 3. 3 P<0.001. 

The number of entrances rapidly increased, reaching a maximum 
value of 7, when the number of individuals in the colony increased from 
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1 to 2—3, and the colony with only 6 entrances was sufficiently large 
to accomodate 7 individuals. It seems thus that 1—3 individuals are ca-
pable of making a burrow system for 7 and more individuals (Fig. 15). 

19 

3.3. Changes in the Dens i ty of Burrow S y s t e m s and in the Colony Capacity in 
Relation to Populat ion Dynamics of the Common Vole 

The number of colonies can increase with growing vole population size 
as a result of establishing new burrow systems or resettling tempo-
rarily abandoned burrow systems, and/or the number of individuals in 
a colony can increase. Consequently, the number of voles in the pop-
ulation fluctuates as a product of changes in the number of burrow 
systems per ha and changes in the colony capacity. In 
this study, plots were shifted in successive years {e.g. be-
cause of ploughing), and mean values from several sites 
were used. Hence, the value of this product shows only 
tendencies in vole number changes, and allows elucida-
tion of the dominant process. 

To see whether the rate of these processes was identi-
cal, the rate of changes (increases or decreases) in the 
following parameters was examined: 1) density of voles 
per ha, 2) density of inhabited burrow systems (colonies) 
per ha, and 3) mean colony capacity. These parameters 
were compared for spring and summer, and for summer 
and autumn of each study year in regions I and IIa, 
where the number of data was sufficient. In this way, 
characteristics of changes occurring in the first and the 
second half of the growing season were obtained. The 
rate of changes was calculated as Nt/Nt_J} where Nt is 
the value of a parameter in period t (summer or autumn), 
¡and Nt_t is the value of a parameter in period t—1 
(spring or summer, respectively). The comparison of the 
rate of change in the density of colonies and in the col-
ony capacity shows that the relative importance of these 
processes clearly depends on the season (Fig. 16). In the 
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Fig. 16. C o m p a r i s o n of t h e r a t e of c h a n g e in t h e n u m b e r of i n d i v i d u a l s p e r co lony 
(x) a n d t h e r a t e of c h a n g e in t h e d e n s i t y of colonies p e r ha (y) in t h e f i r s t and 
t h e second half of t h e g r o w i n g season, po in t s — s p r i n g - s u m m e r , c rosses — 

s u m m e r - a u t u m n ; a l o n g t h e d i a g o n a l l ine t h e t w o r a t e s a r e e q u a l . 
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period spring-summer, when the population growth rate is typically 
low, the number of individuals in a colony increased at a higher rate 
than the number of colonies. In the second half of the growing season, 
when the number of voles largely increases (growth rate varied from 
2 to 41.8), the process of establishing new colonies was much more 
intense than an increase in the density of voles in individual colonies. 
An opposite situation was observed only in the southern region in the 
periods spring-summer of 1973 and 1974. This could have been related 
to a hihger rate of population increase in the first than in the second 
half cf the season in those years there. 

Table 1 

Indices of changes in t h e n u m b e r of t he common voles, inhabi ted b u r r o w sys tems, 
and in t h e n u m b e r of indiv iduals pe r b u r r o w sys tem in the per iod a u t u m n - s p r i n g 

of the n e x t yea r for successive years . 

Region I 
Per iod 70/71 71/72 72/73 73/74 74/75 

Number s 
N u m b e r 
N u m b e r 

of voles /ha 
of inhabiteH 
of voles pe r 

b u r r o w 
b u r r o w 

sys tems 
sys tem 

0.197 
0.330 
0.542 

0.034 
0.079 
0.422 

1.605 
3.250 
0.516 

0.078 
0.192 
0.429 

0.231 
0.360 
0.664 

Region I I a 

Period 70/71 71/72 72/73 73/74 74/75 

N u m b e r s 
N u m b e r 
N u m b e r 

of voles /ha 
of inhab i ted 
of voles per 

b u r r o w 
b u r r o w 

sys tems 
sys tem 

0.126 
0.419 
0.497 

0.017 
0.058 
0.305 

0.635 
1.162 
0.825 

0.405 
0.894 
0.396 

0.06a 
0.323 
0.19» 

An identical comparison of changes in the number of colonies and 
colony capacity was made for the period autumn-spring of the next 
year. Generally, the compared parameters decreased with declining pop-
ulation size at that time (Table 1). In region I, the number of colonies 
declined at a higher rate than the colony capacity, except in the winter 
of 1972/73, when the population size increased, and so did the number 
of colonies, whereas the number of individuals in a colony was reduced 
by half. In region IIa, a decrease in the population size was accompa-
nied by a similar decrease in the value of the parameters compared, 
or a decrease in the colony capacity was a little higher. Only in the 
winter of 1971/72, that is, after peak numbers, the number of colonies 
was reduced at a very high rate as compared with the colony capacity. 

In the two periods treated jointly, that is, in the period spring-
autumn, generally changes in the number of colonies were greater than 
changes in the colony capacity. This was not the case only in 1973 and 
1975 in region IIa, when changes in the density of colonies went in oppo-
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site direction to the changes in the population size, or their number 
increased at a lower rate than the colony capacity (Table 2). 

Table 2 
Indices of annua l changes in the n u m b e r of common voles, inhabi ted b u r r o w 
systems, and in the n u m b e r of individuals pe r b u r r o w sys tem in successive s tudy 

years , incr . — increase, decl. — decline. 

Year 1970 1971 1972 1973 1974 1975 
Phase of t he mu l t i -yea r 
popula t ion cycle incr. peak decl. incr . incr. peak 

N u m b e r s of voles/ha 19.35 13.89 0.26 29.18 7.20 8.16 
Number of inhabi ted 

b u r r o w sys tems 8.39 5.25 0.17 12.04 3.79 4.32 
N u m b e r of voles per 

b u r r o w sys tem 2.80 2.22 1.67 2.54 1.55 1.78 

Region I I a 

Year 1970 1971 1972 1973 1974 1975 
Phase of t he mu l t i -yea r 
popula t ion cycle incr . peak decl. incr. peak decl. 

N u m b e r of voles/ha 24.83 12.96 12.73 1.97 8.53 2.68 
Number of inhabi ted 

b u r r o w sys tems 8.32 3.67 6.11 0.61 3.44 1.31 
N u m b e r of voles per 

b u r r o w sys tem 2.22 3.00 1.97 1.97 3.30 2.17 

In the phases of depression, the rate of increase in the number of 
individuals in a colony was higher than that of the number of colonies 
in two cases, and in one case a reverse was true. In the years of pop-
ulation increase, the rate of increase in the number of colonies was 
higher in four cases, and the rate of increase in colony capacity was 
higher in one case. All the years of peak numbers were characterized 
by a higher rate of increase in the number of colonies than in the col-
ony capacity (Table 2). 

This analysis shows that generally, the number of colonies accounts 
more for changes in the population size than the colony capacity, espe-
cially in the periods of rapid population growth. In the periods of low 
population growth and number declines, changes in the density of vo-
les in a colony may be of greater importance. 

4. DISCUSSION 

Observation of long-term changes in numbers and the accompanying 
changes in population and environmental parameters in the multi-annual 
cycle is one of the ways of elucidating the mechanisms underlying cyclic 
fluctuations and differences in population levels. This paper analyses 
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long-term changes in numbers of common vole populations, along with 
the number, size, and utilization of burrow systems. Cyclic fluctuations 
in the number of common voles, known from the literature (Frank, 
1957; Skuratowicz, 1957; Adamczewska-Andrzejewska, 1974; Straka & 
Gerasimov, 1977, and others) was clear cut in the study regions be-
cause of high peaks in 1971 in the northern and southern regions of 
Poland and in 1974 in southern Poland. The other study years were 
the years of decline or increase in numbers. Though the cycle in var-
ious regions was synchronous only in part. In the two regions the pop-
ulation increased in 1970, reached a peak in 1971, and declined in 
1972, but the next peak in 1974 was clear only in southern Poland (re-
gion IIa). In northern Poland it is difficult to decide whether it occurred 
in 1975 or perhaps in 1976, when the study was not continued in this 
region. Asynchronous cycling over large areas and irregular mass 
appearance of the common vole was observed by Migula et al. (1970) 
and Straka & Gerasimov (1971). Similarly, Schindler (1972) and Mylly-
maki (1977) observed this in Microtus agrestis. On the other hand, 
Ryszkowski (1983) found almost totally synchronous cycling for common 
voles occurring in four different crops forming a mosaic within a crop-
land. Thus, cycling is not always synchronous over large areas. Krebs 
& Myers (1974) suggest that similar weather conditions can synchronize 
cycles from time to time. Adamczewska-Andrzejewska, Mackin-Rogal-
ska & Nabaglo (1982) described a hypothetical cycle in a mosaic of crop 
fields and on a macrogeographic scale, specifying factors accounting for 
differentiation of its phases among local populations, and also condi-
tions for synchronous cycling. 

The number and complexity of burrow systems (colonies) of the com-
mon vole has been considered as a basic factor determining the multi-
year cycle of this species, on the basis of biological and ecological pre-
mises (Adamczewska-Andrzejewska et al., 1982). These authors have 
assumed that the population density and the density of burrow systems 
are interrelated by a positive — positive feedback. It follows from the 
hypothetical course of the population cycle that the number of burrow 
systems should increase with increasing vole population, and this, in 
turn, should stimulate a further increase in the population. 

This paper shows that there is a linear relationship between the vole 
population size and the number of burrow systems in the multi-
year cycle. Seasonal differences in this regression are characterized, and 
also simultaneous changes with time in the man number of burrow sys-
tems and mean vole numbers. Seasonal and annual differences may 
be important for estimating and predicting the number of voles from 
the number of burrow systems. According to the hypothesis (Adam-
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czewska-Andrzejewska et al., 1982), the rate of increase in the number 
of burrow systems with population density should decline. The present 
study shows that such a decline in the growth rate of burrow systems 
when a threshold vole density is exceeded takes places in the years 
of peak numbers. This is indicated by the curvilinear form of the re-
gression curve in the years of peak numbers in southern Poland. In 
the years of decline, this increase was not slowed down. The density 
-dependence in the increase in the number of the colonies can result 
from an aggressive behaviour of adults of the same sex, or from the 
aggressive behaviour of the family groups (de Jonge, 1983), forcing ani-
mals to burrowing new systems. A decline in the growth rate of the num-
ber of colonies with increasing number of common voles in an isolated 
population, and a tendency towards a uniform distribution of colonies 
which may provide evidence for aggressiveness of their inhabitants, 
was found by Mackin-Rogalska (1979). An increase in the number of 
common voles with increasing number of burrow systems was signif-
icantly higher in the southern region (IIa) than in the northern region 
(I). This could have been due to differences in the size of burrow sys-
tems (as measured by the number of entrances) in the compared re-
gions. An average burrow system, both inhabited and abandoned, had 
less entrances in northern than in southern Poland. These differences 
can be related to the type of soil. Soils of the northern region were 
characterized by a greater cohesion, as compared with soils of the 
southern region (Uggla, 1983). Thus, it is very likely that burrowing 
was more difficult in the northern region. 

Burrow systems are relatively persistent and can be used by several 
generations. In perennial crops, they can be used even more than one 
year (Rużic, 1967; Grulich, 1980). From time to time, some burrow 
systems are successively abandoned, temporarily or permanently for 
unknown reasons. Temporary abandonment and resettlement of bur-
row systems was described by many authors (Karaseva, 1957; Baśeni- 
na, 1962; Rużic, 1967; Mackin-Rogalska, 1979). Inhabited and abandoned 
burrow systems differed in size. In all the study areas, the number 
of entrances into a burrow system, indicating its size and complexity, 
was greater in inhabited than in abandoned burrows. Similarly, Zie- 
liński (1982) has found that the number of entrances into inhabited 
burrows of Microtus brandti was greater than into abandoned burrows. 

The size of the space occupied by burrows, as indicated by the num-
ber of entrances, depends on the soil type, crop type, height of plant 
cover, and the season (Panteleev, 1983). For example, in this study, 
burrow systems occupied larger areas in alfalfa than in the pasture. 
Also Ryszkowski (1983) emphasized preference of common voles for 
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alfalfa, where colonies are particularly large. Thus, low numbers of 
common voles in pastures of Lower Silesia can be explained by a lower 
capacity of colonies in pastures as compared with alfalfa. However, 
a fine-grained mosaic of crop fields surrounded with woods and a 
high proportion of mid-field woods suggest that also predation and 
migrations could have been more important in this region. 

The proportion of inhabited burrow systems (colonies) increased with 
increasing population size. This proportion was a net result of estab-
lishing new colonies, abandoning old colonies, and resettling of tempo-
rary abandoned burrow systems. With increasing population size, the 
percentage of colonies increased at a declining rate, tending to a stable 
level, as indicated by the curvilinear regression. Mackin-Rogalska (1981) 
has found a similar relationship for the percentage of space occupied 
by M. arvalis and the population density in agroecosystems of Lower 
Silesia. 

When the density of the population increases, not only new colonies 
are established and the abandoned colonies reoccupied, but also the 
number of individuals in already existing colonies may increase. This 
process can be approximated by a curvilinear regression of the num-
ber of individuals in a colony on the population density per ha. When 
a threshold density is exceeded, the number of individuals in a colony 
increases at a declining rate to a steady state. This is understandable 
because the capacity of a colony is limited, and sometimes there is no 
more space for extending the burrow system as neighbouring burrow 
systems are closely packed. 

In southern Poland, burrow systems were larger and the rate of their 
colonization, as expressed by both the number of individuals per col-
ony and the proportion of inhabited burrow systems, was lower and 
levelled at higher population densities than in northern Poland. These 
differences, in our view, accounted for differential population levels of 
the common vole in the regions compared. 

Analysing the processes of establishing new colonies and density 
increases in single colonies with increasing population size in different 
years, it has been found that they vary with the season. In spring, 
the rate of increase in the number of individuals in single colonies is 
higher than the rate of increase in the number of colonies. In the sec-
ond half of the growing season, when the rate of common vole num-
bers increase is much higher than in spring, new colonies are established 
at a higher rate. This may be related to reproduction and to the fact 
that the first spring litters remain in their mother colonies. With in-
creasing number of litters, individual colonies become overcrowded, 
and dispersal becomes intense. Voles of earlier litters, which are already 
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capable of burrowing, establish new colonies. The process of estab-
lishing new colonies or an increase in the vole density in individual 
colonies in both annual and multi-annual cycle depend on the level 
of population density (Fig. 17). Both these processes are density-de-
pendent but the increase in the number of individuals in single colonies 
declines, whereas the increase in the number of colonies intensifies with 
increasing population size. Also the space occupied by the vole popu-
lation extends as the number of burrowing systems and their size are 

Fig . 17. Schemat i c r ep resen ta t ion of changes in t h e densi ty of ind iv idua l s per co-
lony (1) a n d the n u m b e r of colonies per ha (2) w i t h an increas ing densi ty of 

M. arvalis per ha over the a n n u a l a n d mu l t i - y ea r cycle. 

increasing. One can easily imagine that in the year of peak numbers, 
the distance between individual colonies declines gradually until they 
become contiguous and no more space is available for new settlers. 
This is accompanied by heavy damage to plant cover and soil caused 
by abundant burrows and corridors, including damage to crops (Babiń- 
-ska-Werka, 1979). If all the colonies become overcrowded simulta-
neously, this being indicated by slowing down the increase in the num-
ber of individuals per colony with growing population size, increased 
migration to other crops may be expected, along with increased vole 
mortality. As a result of increased dispersal, genetic heterogeneity of 
the population may increase, which accounts for changes in survival of 
individual voles, observed at higher population densities (Dobrowolska,  
1983). According to the Chitty-Krebs hypothesis (Krebs & Myers, 
1974), these processes determine decrease in number and, consequently, 

Annual Spring Summer 
Cycle 
Multi-year Decline Increase 
Cycle 

Peak 

D e n s i t y 
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the phase of decline. A high rate of establishing new colonies in 
the common vole, especially from summer to autumn, implies that this 
is a highly expansive species. Hence, it markedly increases in numbers 
and colonizes many crops over the growing season and in successive 
years of the cycle, and due to this it predominates rodent communities 
in agroecosystems, especially in autumn and in peak years (Adamczew- 
ska-Andrzejewska, Bujalska& Mackin-Rogalska, 1981). 

To sum up, it should be reemphasized that the results of this study, 
including long-term changes in vole numbers in different regions of 
Poland, and the accompanying changes in the number, size, and capac-
ity of burrow systems, as well as interelationships in these changes, 
indicate that burrow systems are an important element accounting for 
cyclic fluctuations in common vole populations. Further investigations 
are needed to explain in detail differences in the course of number 
cycles for many local populations, and their underlying mechanisms, 
taking into account sex ratio and age structure of common voles in 
individual colonies, and to explain multi-year cycles in crop mosaics. 
The results of this study and experimental tests of the hypothesis pro-
posed by Adamczewska-Andrzejewska et al. (1982) such as manipu-
lating the abundance of burrows in the habitat (e.g. their destructing 
or providing artificial burrows), will enrich the understanding of the 
importance of burrow systems to the common vole cycles not only on 
the local scale. The understanding of the mechanisms determining long-
term fluctuations of the common vole is not only of theoretical but 
also of economic importance, as this species causes heavy damage to 
agriculture (Tahon, 1969; Trojan, 1969b; Spitz, 1977; Babińska-Werka,  
1979). 
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Regina M A C K I N - R O G A L S K A , Krys tyna A D A M C Z E W S K A - A N D R Z E J E W S K A 
i Leszek N A B A G Ł O 

LICZEBNOŚĆ N O R N I K A Z W Y C Z A J N E G O A W Y K O R Z Y S T A N I E 
SYSTEMÓW NOR 

Streszczenie 

Wieloletnie zmiany liczebności populac j i Microtus arvalis (Pal las 1779) i syste-
m ó w nor oraz s top eń wykorzys t an ia ich na u p r a w a c h wielole tnich, zbadano w 
25 miejscowościach t rzech r e jonów Polski . W latach 1970—1975 badan i a p r o w a -
dzono na wie lko łanowych polach lucerny w północnym (I) i po łudn iowym (IIa) 
r e jonach Polski, różniących sie wyraźn ie poziomem zagęszczenia M. arvalis. W la-
t a c h 1976 -1979 b a d a n i a m i ob ję to pola pas twi sk i mieszanek p a s t e w n y c h agro-
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ekosys temu o dużym s topniu mozaikowości . w re jon ie po łudniowo-zachodnie j 
Polski ( IP) . 

Liczebność norn ika w y k a z y w a ł a cykl iczne w a h a n i a z w y r a ź n y m i f azami wzro-
stu, szczytu i spadku . Wzrost l iczebności M. arvalis w cyklu wie lo le tn im skore -
lowany był dodatn io z liczbą sys t emów nor (Ryc. 3). W roku szczytu liczebności, 
ze wzros tem liczby sys t emów nor t empo p rzyros tu liczebności M. arvalis rosło 
a w roku depres j i mala ło (Ryc. 4). P roces zasiedlania sys t emów nor przez osob-
niki w cyklu wielole tnim, w y r a ż o n y p rocen towym udzia łem sys t emów nor za-
mieszkanych, zależał dodatnio od zagęszczenia norn ików, a t empo wzros tu udzia łu 
sys temów nor za ję tych mala ło (Ryc. 6). 

Sys temy nor M. awalis w re jon ie I były istotnie mnie j sze niż w re jon ie I I a 

(Ryc. 8). Na u p r a w a c h luce rny s twierdzono większe sys temy nor niż n a p a s t w i -
sku (Ryc. 10). Liczba osobników zamieszku jących sys tem nor (kolonię) wzras t a ł a 
od wiosny do jesieni i by ła is totnie większa w re jon ie I I a niż w r e j o n a c h I i I I b 

(Ryc. 12). Ze wzros t em zagęszczenia popu lac j i M. arvalis w cyklu wie lo le tn im, 
liczba no rn ików w sys temie nor wz ra s t a ł a w zmnie j s za j ącym się t empie (Ryc. 14). 

W ksz ta ł towaniu wielole tnich i rocznych zmian liczebności norn ika zwycza jne -
go, większą rolę o d g r y w a ł y zmiany liczby zamieszkałych sys t emów no r w po-
r ó w n a n i u ze zmianami liczby osobników w systemie, zwłaszcza w okresach wzro -
s tu i szczytu liczebności (Ryc. 16, Tabe le 1 i 2). N a t o m i a s t do s p a d k u liczebności 
norn ika mogły się przyczyniać w większym stopniu zmiany liczby osobników w 
sys temie nor niż zmiany liczby s y s t e m ó w nor na polu. Zmiany liczby i wielkości 
sys temów nor oraz s topnia ich wykorzys t an i a (udział sys t emów zamieszkałych 
i liczba osobników w systemie) towarzyszące cykl icznym w a h a n i o m liczebności 
M. awalis w różnych r e jonach Polski , pozwa la j ą sądzić o p rzyczynach różnic w 
poziomach liczebności i przebiegu cyklu no rn ika w tych re jonach . 


