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The influence of a mosaic of forest habitats on ecological differen-
tiating of a population of Clethrionomys glareolus (Schreber, 1780) was
investigated. The study was carried out between 1977 and 1979 close
to the town of Mikolajki (Mazurian Lake Region, Poland), in adjoining
alderwood, pine wood, willow brushwood and ash thicket areas using
the CMR method. On the basis of the distribution of subsequent
catching places one-habitat and multihabitat individuals were disting-
uished. An analysis of various population parameters indicated that
one-habitat individuals from the alderwood, pine wood and willow
brushwood differed from one another and formed groups in which
certain demographic and density dependent processes had an internal
(local) character. Multihabitat individuals occupied areas adjoining the
border and displayed the characteristics of population dominants. The
density of the multihabitat bank voles per unit of area was constant
from summer to autumn and independent of one-habitat bank voles
density. An increase in the density of the latter ones brought about
a decrease in the areas of home ranges of multihabitat bank voles.

[Warsaw University, Institute of Zoology, Department of Zoology
and Ecology, 26/28 Krakowskie Przedmiescie Str.,, 00-927 Warszawa,
Poland|

1. INTRODUCTION

The bank vole, Clethrionomys glareolus (Schreber, 1780), is an
eurybiontic species in Poland (e.g. Aulak, 1970; Pucek, 1983), mainly
due to its high diet tolerance (e.g. Gebczynska, 1983). As a result, this
species frequently inhabits phytosociologically different forest habitats,
co-occurring with various species of small mammals (e.g. Aulak, 1970;
Banach et al., 1979; Banach et al., 1980; Malzahn & Fedyk, 1982; Wolk
& Wolk, 1982; Mazurkiewicz, 1984).

The differentiation in the density of the bank vole population in
various habitats testifies to the fact that the environments are not of
equal advantages for the population. The dependence of the density of
small rodents on environmental conditions is frequently interpreted as
dependence upon the food abundance of the environment (¢.g. Kalela,
1962; Aulak, 1970; Bock, 1972; Andrzejewski, 1975; Hansson, 1979; Banach
et al., 1980). The food conditions of an environment also influence the
formation of population structures and the way in which the population
of the bank vole functions (e.g. Andrzejewski, 1975; Bujalska, 1975;
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Andrzejewski & Mazurkiewicz, 1976; Lomnicki, 1978; Mazurkiewicz, 1978;
Bujalska, 1979; Gliwicz, 1979).

While analyzing the influence of environmental factors upon the
density, structure, and population organization of the bank vole pop-
ulation scientists recently keep on paying more and more attention upon
the mosaic character of the environment and variability of its structural
and biocenotic components (e.g. Bock, 1972; Bujalska & Mieszkowska,
1984; Mazurkiewicz, 1984, and others).

The aim of the present study was to assess the influence of the mosaic
of forest biotopes upon the ecological differentiation of the bank vole
population and the way in which it exploits this habitat.

2. STUDY AREA, METHODS, AND MATERIAL

The investigations were conducted in the Mazurian Lake Region (North Poland)
in the vicinity of the town of Mikolajki between 1977 and 1979. The 7.17 ha study
area was a part of a large (about 3000 ha) forest, in which four phytosociologically
different adjacent forest habitats were distinguished (Fig. 1). A detailed characteri-
zation of the study area was given in a previous work (Banach, 1987).

Live traps were distributed evenly within the whole 7.17 ha area, in permanent
sites which constituted the 15xX15 m grid. There was one trap in each of the
site. The animals were lured with oat grain, which was in the traps all the
time. The CMR method was applied for analysis.
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Fig. 1. Scheme of the study area (marked with heavy line), in an area adjoining

Lake Sniardwy 1 — willow brushwood, 2 — alderwood, 3 — pine wood, 4 —
ash thicket, 5 — midforest meadow.
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Ten day series of catches were carried out in the area (in April in spring, in
July in summer and in September and October in autumn). In {the course of
each series the traps were inspected twice a day, in the morning and evening.
Each animal found in the traps was investigated with respect of sex, sexual
activity and body weight. Those males which hand conspicuously increased testicles,
and females with an open vagina, conspicuous signs of gestation, post-copulation
plug, or lactating, were considered sexually active. ¥

Home ranges were calculated for animals which were caught more than four
times in the course of the ten day series of catches, according to the Mazurkie-
wicz (1969, 1970, 1971) method. The degree to which the home ranges overlapped
was calculated by means of dividing the total area of all the home ranges by
the catching area. The statistical significance between means was calculated using
the Student t-test (equality of variances was estimated with the Fisher F-test.
The latter test of significance was also employed to the differences between two
ratios.

In the whole study area a total of 1222 bank voles was captured, 601 in the
alderwood, 397 in the pinewood, 214 in the ‘willow brushwood and 10 in the
ash thicket.

3. RESULTS

In the investigated area C. glareolus constantly co-occurred with other
species of small rodents, but was a more abundant species and constantly
inhabited all the biotopes, except a narrow edge of the ash thicket
(Fig. 1).

To determine in what way a given individual exploited the mosaic
of the biotopes the distribution of points of subsequent catches of all
the bank voles were analyzed in each of the ten day series of catches.
On this basis those individuals which in a given series of catches were
captured only in a single biotope (one-habitat individuals) and individuals
which were captured in at least two biotopes (multihabitat individuals)
were distinguished. Of the 1222 bank voles recorded in the whole study
area 87 (i.e. 7%) were multihabitat individuals. One habitat individuals
constantly inhabited the alderwood, pine wood and the willow brushwood.
In the ash thicket all the bank voles were multihabitat ones.

In order to investigate if the mosaic of habitats may ecologically dif-
ferentiate individuals in the population of bank voles, one habitat in-
dividuals from the alderwood, pine wood and willow brushwood and
all multihabitat individuals captured in the whole of the study area
were meticulously analyzed.

3.1, Density Dynamics, Mean Density of Newly Marked Individuals

The densities (NXha™') of one habitat bank voles were different in
different biotopes (except summer 1978) (Fig. 2). The highest of these
density differences occurred in both the autumn seasons, i.e. at the
peaks of these animals’ abundances, a maximum of 59 indiv.Xha™ in
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the alderwood, 47 indiv.Xha™' in the pine wood, and 34 indiv.Xha !
in the willow brushwood (Fig. 2). The density dynamics was similar in
all the three biotopes. In the alderwood and pine wood the bank vole
density values in the same seasons of both the study years were at a
similar level (Fig. 2). The mean (for summer and autumn) density of
newly-marked individuals in these biotopes was also similar in both
study years and amounted to 37.6 indiv.Xha™' in the alderwood in the
first study year and 33.4 indiv.Xha™' in the second study year and to
30.1 and 28.9 indiv.Xha™"' in the pine wood, respectively. In the willow
brushwood the density value recorded in the second study year was
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Fig. 2. Density dynamics; one-habitat voles (1, 2, 3): 1 — alderwood, 2 — pine
wood, 3 — willow brushwood; multihabitat voles (4).

1.5 times higher than in the first study year (summer, autumn 1978)
(Fig. 2). The mean (for summer and autumn) density of newly-marked
individuals in this habitat amounted to 15.2 indiv.Xha' in the first
study year and to 26.8 indiv.Xha™' in the second study year.

The density of multihabitat bank voles increased from spring to sum-
mer (Fig. 2). In the autumn it was slightly lower than in summer. In
respective seasons of subsequent study years the density values of
multihabitat individuals were very similar (Fig. 2). The mean (for sum-
mer and autumn) density of newly marked individuals in this group
amounted to 2.5 indiv.Xha™ in the first and 2.5 indiv.Xha™' in the
second study year.
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3.2, Sex Ratio

The sex ratio analyzis proved that in all the three groups of one-
habitat individuals and in the group of multihabitat individuals the
total abundance of males dominated over that of females (Table 1).
Only in the alderwood the mean ratio of the abundance of females to
that of males differed significantly from 1:1 (y* test, p=0.01).

Table 1
Female: male ratio in bank voles from different habitats.

One-habitat voles

- © Multihabitat
Season Alderwood Pine Willow voles
wood brushwood
Summer 1977 0.66 0.94 0.50 0.67
Autumn 1977 1.58 1.24 0.84 3.50
Spring 1978 0.60 0.80 1.00 1.00
Summer 1978 0.67 0.97 0.69 0.40
Autumn 1978 0.72 0.77 0.66 0.28
Spring 1979 0.53 0.40 —1 —1
Average 0.78 0.85 0.78 0.73

No. of voles 540 340 170 87

! no males caught in this series.
3.3. Sexual Activity

The percentage of sexually active and inactive bank voles both
among the one-habitat and multihabitat ones were calculated in sub-
sequent study seasons (Fig. 3). In the breeding season (summer) the
highest percentage of sexually active females among one-habitat bank
voles was recorded in the alderwood, a lower one in the pine wood, and
the lowest one in the willow brushwood, the differences between the
related values being statistically significant in the first study year
(0.01<<p<<0.05, test of significance of differences between proportions).

In the willow brushwood a significant increase in the percentage of
sexually active females and males was recorded in the second study
year (summer 1978) in relation to an analogous period of the first study
year (summer 1977) (0.02<<p<<0.05, differences between proportions).

The highest percentage of sexually active individuals (especially fe-
males) was recorded in the group of multihabitat bank voles (Fig. 3).
In the autumn (1977 and 1978) over 60% of multihabitat females were
still sexually active, which proved a long period of their reproduction.
In the same period a maximum of 20% of one-habitat females were
active (0.01<<p<<0.05, differences between proportions) (Fig. 3).
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Fig. 3. Percentages of sexually active and inactive female and male individuals.
One-habitat wvoles (A, B, C): A — alderwood, B — pine wood, C — willow
brushwood; multihabitat voles (D); 1 — summer 1977, 2 — autumn 1977, 3 —
spring 1978, 4 — summer 1978, 5 — autumn 1978, 6 — spring 1979, * — lack /of

data.
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Fig. 4 Mean percentage values of newly marked individuals and individuals

marked in previous seasons. One-habitat voles (1, 2, 3): 1 — alderwood, 2 — pine

wood, 3 — willow brushwood; multihabitat voles (4): A — individuals marked
in previous seasons, B — newly marked individuals,
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3.4. Survival

The mean percentages (for the whole study period) of newly marked
individuals in the group of multihabitat bank voles and the three groups
of one habitat bank voles (Fig. 4) were compared. Newly marked indi-
viduals dominated in each of the investigated group; their abundance
amounted to over 75% of all the individuals. This means that only a
small percentage of individuals marked in previous seasons survived to
the next study season. For the whole study period, an average of only
4.6% of all multihabitat animals present in a given season survived to
the subsequent one. Statistically, significantly higher percentages of in-
dividuals surviving from season to season were recorded in the group
of one-habitat individuals (an average ranging from 22.6% to 14.5%), the
highest percentage of these being that in the alderwood and the lowest
that in the willow brushwood (0.01<<p<<0.05).

3.5. Body Weight

A comparison of mean body weight of one-habitat and multihabitat
bank voles (without pregnant females) proved that the multihabitat in-
dividuals and those inhabiting the alderwood had the highest body
weights. Bank voles which inhabited the pine wood and willow brush-
wocd had significantly lower body weights (Student t-test, 0.01<p<<
<C0.05) (Table 2).

The body weight distributions of one-habitat bank voles (without the
pregnant females) were similar and proved that individuals of various
size classes (i.e. from 9 to over 30 g) were present in each of the biotopes.
In the same season individuals of the same weight classes dominated in
all of the biotopes; in summer and autumn those of the 15—20 g class
and in spring those of the 20—25 g class. In all the seasons. multi-
habitat bank voles represented exclusively the 15—20 g and 20—25 g
classes.

Table 2

Mean body weights (g) of individuals. * values signi-
ficantly higher (0.01<p<{0.05) than analogous values
in the other biotopes.

Category and biotope N Avg. SD

One-habitat voles:

alderwood 479 19.4 * 1.3
pine wood 299 18.1 1
willow brushwood 150 18.4 1.0
Multihabitat voles 79 19.3* 0.8
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3.6. Trappability

The trappability of one-habitat and multihabitat bank voles expressed
as a mean number of catches per individual in the ten day series of
catches was analyzed. The highest efficiency of catching (for the whole
study period) was recorded in the multihabitat bank wvoles (Table 3).
A significantly lower trappability was displayed by one-habitat bank
voles (Student t-test; 0.01<<p<<0.02). The mean number of catches of
bank voles from the alderwood was also statistically significantly higher
than that of the bank voles from the pine wood (Student t-test; 0.02<<
<p<<0.05) (Table 3).

Table 3

Mean number of catches per individual. * value
significantly higher (0.01<p<0.02) than analogous
values in the other biotopes, **significant difference
between these values (0.02<p<0.05).

Category and biotope N Avg. SD

One-habitat voles:
alderwood 540 4.9 ** 0.7
pine wood 340 4.1 %% 0.5
willow brushwood 170 46 13
0.6

Multihabitat voles 87 6.6 *

3.7. Spatial Distribution

The distribution of the centres of bank vole occurrence areas within
the whole study area indicates that the home ranges of one-habitat
individuals were randomly distributed in given biotopes, whereas the
home ranges of multihabitat individuals were concentrated along the
edges of the biotopes (Fig. 5). It was estimated that each multihabitat
bank vole crossed the border of each of the adjoining biotope on the
average 2.5 times in the course of each of the ten day series of catches.

In all the seasons the mean sizes of the home ranges of multihabitat
bank voles were larger than that of one-habitat voles, but statistically
significant differences were recorded only in summer and autumn
(Table 4) (Student t-test; 0.01<<p<<0.05). In autumn, differences were
also recorded in the mean sizes of the home ranges of one-habitat bank
voles — home ranges of bank voles from the willow brushwood were
significantly higher than those of the bank voles from the alderwood
(Table 4) (Student t-test, 0.02<<p<<0.05).

The degree of covering the alderwood and pine wood by home ranges
in summer and autumn was higher than 1, which means that the home
ranges overlapped (Table 5). On the average, the highest degree of
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covering the biotope area by home ranges was recorded in the alderwood.
In the willow brushwood, in all the seasons this index had values lower
than 1 (i.e. home ranges did not overlap) (Table 5).

A B

Fig. 5. Distribution of the centres of home ranges in the study area. The description
of the study area is presented in Fig. 1. A — one-habitat voles, B — multihabitat
voles:

Table 4

Mean home range size (m?). * values significantly higher (0.01<p<0.05) than
analogous values in the other biotopes, ** significant difference between these
values (0.02<p<0.05).

One-habitat voles:

Seasons Willow Multihabitat
Alderwood Pine wood brushwood voles

N Avg. N Avg. N Avg. N Avg.
Spring 26 2758 15 3006 5 3060 8 8204
(1978, 1979)
Summer 66 2195 40 1706 27 2150 29 10136 *
(1977, 1978)
Autumn 167 1080 ** 85 1210 45 1366 ** 24 2002 *

(1977, 1978)
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The relationship between the mean size of home ranges and the degree
to which a biotope area was covered by home ranges and bank vole
density were investigated. No correlation between the above mentioned
parameters was recorded in the willow brushwood. No correlation
between bank vole density and the mean size of home ranges was
recorded in the alderwood and pine wood, whereas in both of the bio-
topes the degree to which the biotope areas were covered by home
ranges and degree of overlapping of the home ranges increased together
with bank vole density (above the value of 1) (Fig. 6). No significant
correlation. was recorded between the mean size of multihabitat bank
voles home ranges and their density. In contrast, the correlation between

i Table 5
Mean degree to which the area was covered by home ranges of one-habitat bank
voles.
Willow
Seasons s Pl wopd brushwood
N Avg. N Avg. N Avg.
Spring (1978, 1979) 26 0.99 15 0.82 B 0.46
Summer (1977, 1978) 66 2.28 40 1.45 27 0.91
Autumn (1977, 1978) 167 2.87 85 2,27 45 0.94
s Alderwood Pine wood
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Fig. 6. Correlation between the density of one-habitat voles (N . ha—1) and degree
to which the habitat area is covered by home ranges (S). Alderwood: r=0.822,
¥=0.035x+1.04, Pine wood: r=0.949, y=0.038x+0.582.
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the mean home range of multihabitat bank voles and the density of
one-habitat voles was negative and significant (Fig. 7).

The centres of one habitat animal home ranges shifted together with
the movement of these animals within the biotope. The most significant
movement of home range centres from season to season was observed
in one-habitat bank voles inhabiting the pine wood (Student t-test,
p=0.05). Animals inhabiting the alderwood and willow brushwood
moved along much smaller distances (Table 6).

4. DISCUSSION

The analysis of the distribution of subsequent catches of individual
bank voles inhabiting the mosaic of the biotopes displayed differences
in the way they make use of it. The continuous occurrence of the bank

124 y/

Avg. home range (ha)
o
=
i

044
021 S5
O T T T T L}
10 20 30 40 S0
N /ha

Fig. 7. Correlation between the density of one-habitat voles (N :ha—1) and mean
size of home ranges (m?) of multihabitat voles. r= —0.750, y=—0.018x+1.118.

Table 6

Mean shifts in the centres of home ranges (m) from
season to season. * significant difference between these
values (p=0.05).

Category and biotope N Avg. SD
One-habitat voles:
alderwood 38 2 25.5% 2.5
pine wood 17 37.5* 8.0
willow brushwood i 21.0 12

Multihabitat voles 2 84.0 325
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vole in various biotopes and at the border between them testifies to the
continuous way in which the biotopes are inhabited and confirms the
euryhiontic character of this species.

A comparison of basic ecological parameters of multihabitat and one-
habitat voles from various biotopes indicates the differences which occur
between them.

Differences in the autumn density of the one-habitat bank voles in
the alderwood, pine wood and willow brushwood prove the various
utility of these biotopes for this population, In this system the alderwood
was the best biotope (the highest autumn bank vole density, the highest
percentage of sexually active females in the reproductive period, the
highest density of newly marked individuals, the highest survival rate
and highest mean body weight of individuals), and the willow brush-
wood was the worst one. Differences between the three biotopic groups
of the bank voles in the above mentioned parameters and some elements
of spatial organization indicate the internal (local) character of demo-
graphic and density dependent processes in the investigated biotopes.
This is also indicated by the similarity of differences in the bank vole
density, percentages of sexually active females and density of newly
marked individuals in the subsequent study years in the willow brush-
wood.

The high trappability of multihabitat individuals and the localization
cf the centres of their home ranges close to the border between the
biotopes indicates that the multihabitat bank voles were mainly the
sedentary ones, the home ranges of which covered fragments of at least
two biotopes. These individuals were most easily caught, had the largest
home ranges in the reproductive season, the longest reproductive period,
the highest percentage of individuals sexually active and a high body
weight in comparison with one habitat individuals. Thus, this group
displayed the characteristics of deminants or individuals of older age
groups, which features, are frequently correlated with each other (e.g.
Andrzejewski et al., 1967, Gliwicz, 1970; Andrzejewski et al., 1971; Ma-
zurkiewicz, 1971, 1978; Bujalska, 1979; Gliwicz, 1979).

The density of multihabitat individuals was relatively low in the study
area from summer to autumn (despite their high sexual activity) and
independent of the density of one-habitat individuals. Multihabitat voles
reacted to the increase in one-habitat bank vole density by diminishing
the size of their home ranges. Thus they settled close to the borders
completely exploited the carrying capacity of the border adjoining areas
and the length of the border determined their maximal abundance. Thus,
they might have constituted a spatial barrier between the one-habitat
individuals inhabiting different biotopes. On the other hand, due to an
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almost 100% exchange of multihabitat individuals from season to season
and their high sexual activity and large home ranges in the reproductive
period, this group might have played an important role in indirect
contact and information flow (including genetic information) between
one-habitat individuals of various biotopes.

While distinguishing the basic types of strategy of populations in-
habiting a mosaic habitat, Rottenbery & Wiens (1976) pointed out the pos-
sibility of pushing out certain categories of individuals from “better”
into “worse” habitats. This would result in continuous settling of the
mosaic of habitats by the population and strong differentiation of indi-
viduals related to its given fragments. This type of strategy would be
possible in the bank vole population, assuming that the area of two
neighbouring, optimal biotopes, is its best habitat while multihabitat
individuals constitute the so-called stem of the population, i.e. they
mostly reproduce and thus hand down their characteristics to their
progeny (e.g. Cockburn, 1981).

However, taking into account the relatively low number of multi-
habitat individuals, another mechanism of differentiation in the pop-
ulation, based upon mutual dependences between individuals also seems
possible. According to Andrzejewski (1977) mutual dependences between
individuals are the basis of population’ existence, They decide about the
fact that the population is an “integron” (Petrusewicz, 1978) and comes
to an end where these relationships cease (Adamczyk & Petrusewicz,
1966). Assuming that given individuals in the population leave in the
envircnment signals by means of their presence (in the form of smell,
character of burrows and paths, etc), which have informative character
for other individuals (Naumov, 1977), the information system created by
individuals in the environment and direct contacts between them would
constitute a basis for forming a determined internal organization of the
population.

Accordingly, one of the reasons of ecological differentiation of a given
population of the bank vole may be both the qualitative differentiation
of the biotopes (e.g. different informative system) as well as a certain
isolation of individuals occupying various biotopes. This isolation would
consist not so much in severing of contact between individuals as rather
in change in their quality (character) in the zone in which two biotopes
meet, due to the presence of multihabitat animals (e.g. dominants).
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Anna BANACH
POPULACJA NORNICY RUDEJ W KOMPLEKSIE BIOTOPOW LESNYCH

Streszczenie

W pracy podjeto prébe oceny wplywu mozaikowego $rodowiska lesnego, na
ekologiczne réznicowanie sie populacji nornicy rudej i na sposéb wykorzystania
przez nig tego srodowiska.

Badania prowadzono na Pojezierzu Mazurskim niedaleko Mikolajek. Teren badan
(7,17 ha) obejmowal cztery sasiadujace ze sobg biotopy lesne: leg olszowy, las
sosnowy, zaroSla lozowe i mlodnik jesionowy (Ryc. 1). Zwierzeta lowiono w pu-
lapki zywolowne w dziesieciodniowych seriach polowéw od lata 1977 roku do
wiosny 1979 roku (w sumie 6 sezonéw badaweczych).

Stwierdzono, ze nornica ruda byla na badanym terenie gatunkiem najbardziej
licznym i zamieszkiwala stale w legu olszowym, lesie sosnowym i zaro§lach lo-
zowych, W mtodniku gatunek ten pojawil sie okresowo i byl malo liczny. Na
podstawie rozmieszczenia punktéw kolejnych zlowienn wyodrebniono osobniki jedno-
i wielo§rodowiskowe. Stwierdzono, ze leg olszowy, las sosnowy i zarofla lozowe
stale zamieszkiwala pewna grupa osobnikéw jednosrodowiskowych. W mlodniku
(o pow. 0.18 ha) wszystkie odlowione nornice byly osobnikami wielo$rodowisko-
wymi,

Analiza parametréw populacyjnych (zageszczenia, aktywnosci plciowej, prze-
zywalno$ci, srednich ciezaréw ciala, $redniej liczby zlowien przypadajacej na jed-
nego osobnika, Sredniej wielkosci arealéw osobniczych i stopnia pokrycia po-
wierzchni areatami, $redniego przesuniecia centréw arealéw osobniczych z sezonu
na sezon oraz korelacji pomiedzy zageszezeniem a $redniag wielkoscig arealow
osobniczych i stopniem pokrycia powierzchni arealami osobniczymi) wykazala, ze
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osobniki jednos$rodowiskowe w legu olszowym, lesie sosnowym i zarodlach lozo-
wych roéznily sie miedzy sobg i tworzyly grupy, w ktérych procesy demograficzne
i zalezne od zageszczenia mialy charakter wewnetrzny (lokalny) (Table 2, 3, 4, 5, 6,
Ryc. 2, 3, 4, 6). Csobniki wielo$rodowiskowe, zamieszkujgce tereny przygraniczne
(Ryc. 5), posiadaly cechy dominantéw (najwiekszy udzial osobnikéw aktywnych
plciowo i dlugi okres rozrodu, wysokie $rednie ciezary ciala, najwyzsza $rednia
liczba zlowien przypadajgca na jednego osobnika, najwieksze arealy osobnicze)
(Ryc. 3, Table 2, 3, 4). Zageszczenie nornic wieloSrodowiskowych na powierzchni
bylo stosunkowo stale od lata do jesieni i niezalezne od zageszczenia nornic jedno-
srodowiskowych (Ryc. 2). Wzrost zageszczenia tych ostatnich powodowal zmniej-
szenie wielkosci arealéw osobnikéw wieloérodowiskowych (Ryc. 7).

W dyskusji rozwazano mozliwe mechanizmy prowadzgce do réznicowania sie po-
pulacji nornicy zasiedlajgcej w sposéb ciggly badang mozaike biotopéw i role
osobnikéw wielo§rodowiskowych w tym procesie.



