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The social behavior of a cyling mainland population of Microtus
pennsylvanicus and a non-cycling island endemic, M. breweri was
studied. Social structure was determined by the spatial distribution of
various sex, reproductive, and age classes using a grid arrangement
of live traps. The response of voles of given age and sex classes to
olfactory cues left by other voles of known age and sex classes in
live traps was studied in the field. Differences between the two species
in social behavior were looked at as contributing factors in the observed
demographic differences between the species. Resident and dispersing
sub-populations of each species were compared. The social behavior
was also examined in each of 4 distinct phases of a single population
cycle of M. pennsylvanicus. It was seen that the intensity of social
interactions increased markedly as populating density increased.
Dispersers in a cycling vole population (M. pennsylvanicus) show
a random social distribution, perhaps indicative of social intolerance.
The dispersers in the non-cycling M. breweri do not exhibit this social
intolerance, but are less aggressive in comparison with residents of
the same species. This difference is suggested as being a factor in the
differences in the population dynamics of the two species. Analysis
of the response to olfactory cues left in traps reveals that olfaction
primarily functions as an aid in reproduction, and is independent of
major demographic changes in M. pennsylvanicus. It is not a major
factor in the determination of social structure in either species.
U[Boston University, Department of Biology, Boston, Massachusetts,

SA]

1. INTRODUCTION

Cyeclic fluctuations in population densities of Cricetid rodents of the
sub-family Microtinae (including voles, lemmings, and muskrat) have
been studied for a number of years (El1ton, 1924; Krebs & Myers,
1974), yet there is still little agreement as to what regulates these cycles.
In 1967, Chitty developed the behavior-genetic model of population
regulation, which was applied by him and by Krebs et al. (1973) to
explain vole cyles. The model supposes that the cycle is driven by
natural selection acting differentially at various population densities,
on individuals which differ qualitatively in the social behavior. A
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genetic link of behavior and an alteration of the gene pool through
dispersal are important parts of Chitty’s model.

Attempts to test the model have mostly concentrated on laboratory
assays of behavior (Krebs, 1970; Myers & Krebs, 1971; Conley,
1971). Field studies of behavior have been relatively few, generally
being limited by the amount of behavioral data which can be generated
with a minimum of interference in the normal course of the animal’s
life.

The present investigation is an analysis of the social behavior of
natural populations of voles. Two species are compared. Microtus
pennsylvanicus (Ord, 1815), the meadow vole, is widely distributed
throughout northern North America, while Microtus breweri (Baird,
1857), the beach vole, is an island endemic restricted to Muskeget Island,
off the coast of Cape Cod, Massachusetts. The most interesting contrast
between the two species is that M. breweri has been found not to
exibit the characteristic microtine population cycle (Tamarin, 1977b).

Two analyses of social behavior were carried out. In the first analysis,
we studied the spatial distribution of the population in terms of the
occurrence of mice of given classes in adjacent trap locations on the
first night only. Since the average home range of these species covers
a distance greater than the distance between traps (Tamarin, 1977b),
this analysis may be looked at as describing the social classes of voles
whose ranges abut or overlap in the field.

Getz (1972) employed multiple capture live traps to study the social
structure of vole populations. In our second analysis, we approached
the same problems as Getz from a different way. Rather than using
multiple capture live traps, this study used single capture live trapping
for two consecutive nights. We supposed that a vole present in a trap
for a night would leave a considerable amount of odor in the trap, and
we carried out an analysis of social behavior as a function of the sex and
age classes of those voles which produced the olfactory cues and those
which were subsequently attracted to the olfactory cues left by the
mouse caught the night before. The concept of olfactory communication
by pheromones is well known and widespread in many rodents (Ral g
1971; Johnson, 1973). Studies have shown that the substances active
in olfactory communication are effective at very low dilutions (Dagg
& Windsor, 1971), and this would suggest that their potency would
not be eliminated in the time period involved in this study. In fact,
Johnson (1973) points out that scents involved in a scent-marking
function would be non-volatile and would linger for long periods of
time. Work done in the laboratory and in the field suggest that mice
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are receptive and do react to olfactory cues left in traps (Summer-
lin & Wolfe, 1973; Boonstra &Krebs, 1976).

2. MATERIALS AND METHOD

Microtus pennsylvanicus was trapped on the mainland at Manomet, south of
Plymouth, Massachusetts, on a site owned by the Boston Edison Company. The
habitat was grassland surrounded by dense woodland. Microtus breweri is endemic
te the 2.6 km? Muskeget Island, Nantucket County, Massachusetts. The island is
almost uniform sandy habitat. The ecology of the island is discussed by
Wetherbee et al. (1972).

At each study area, 2 grids of 100 traps each were established (B and E on
Muskeget Island, F and G at Plymouth), each arranged as 10X10 square, with
7.6 meters between trap lines (grid G deviated slightly from this square
arrangement). The two grids at each area were separated by approximately
30 meters. The exact orientation of the grids is described by Tamarin (1977a).
Grid B (Muskeget Island) and grid F (Plymouth) were both control grids, while
grids E and G were removal grids, Trapping was done monthly in each area
from May 1972 until October 1975, according to the following trapping regime:

Day 0 Traps set
Day 1 Traps checked and left set
Day 2 Traps checked and closed

Longworth live traps were used, baited with oats, and cotton was supplied for
nesting material.

On the control grids (B and F), all voles caught were ear-tagged with numbered
fingerling tags, and released at point of capture afier data on sex, weight, and
reproductive condition were collected. For males, it was noted whether testes
were in an abdominal or scrotal position. For females, the following was noted:
vagina perforate or not; nipples small, medium, or large; pubic symphysis closed,
slightly open, or open; and pregnant or not. Voles on the removal grids (E and G)
were treated similarly, with the same data taken. However, they were not
released at point of capture, but were permanently removed from the grid.
Voles which colonized the removal grids were defined as dispersers, while voles
caught on the control grids were defined as residents (Tamarin, 1977a).

2.1 Spatial Distribution

All voles were classified as belonging to one of 12 possible classes, based on
sex, reproductive condition, and age. A male was considered to be in breeding
condition if his testes were scrotal. A female was considered to be in breeding
condition if her vagina was perforate, or her nipples were either medium or
large, or she showed obvious pregnancy. Age classes were determined by weight,
according to the criteria of Krebs et al. (1969) and Tamarin (1977b). The
12 classes of voles are summarized as follows:

11A : Male, breeding adult
11SA Male, breeding, subadult




298 L. M. Reich & R. H. Tamarin

11J Male, breeding, juvenile

12A Male, nonbreeding, adult
12SA . Male, nonbreeding, subadult
127, Malen, nonbreeding, juvenile
21A Female, breeding, adult

21SA Female, breeding, subadult
21J ‘ { Female, breeding, juvenile
22A Female, nonbreeding. adult
L L R T e sl Female, nonbreeding, subadult
22J Female, nonbreeding, juvenile

In order to examine the social structure of the population, we asked the
following question: are each of the 12 classes of mice distributed randomly in
space with respect to each other, or are voles of a given class more likely or
less likely to occur in an area overlapping that of a vole of another given class?
Thus, we are defining social structure as the spatial distribution of these 12
classes of voles and the spatial distribution is determined by an analysis of
captures of voles in adjacent trap locations. A given non-peripheral trap has eight
adjacent neighboring traps, one at each compass point as well as the 4 diagonal
adjacents. A corner trap has 3 adjacent neighbors, and a non-corner peripheral
trap has 5 adjacent neighbors.

Using Day 1 trap results only, we tallied all instances of captures occuring
in adjacent traps within the same monthly trapping period, and classified these
as belonging to one of the 78 unique pair combinations of the 12 classes. We
compared these observed values to a set of expected values, calculated by
assuming that the probability of adjacent captures of each of the 78 pair classes
was based on the frequency of occurence of voles of the two classes of the
pair for that trapping period. In other words, the expected number of adjacent
captures for a given pair is the proportion of all voles caught belonging to

Table 1

Population eycle phases for Microtus pennsylvanicus, Grid F (Tamarin,

1977b, Fig. 5). The indicated decrease phase (Spring 1973) may or may

not be the true cyclic population decline. The low that spring (18 voles)

was almost twice as high as the low levels, reached in the spring of
1975 (10 voles).

Density
Phase of cycle Months Maximum Minimum
Decrease Dec. 1972 — May 1973 119 34
Low June 1973 — Aug. 1973 18 18
Increase Sept. 1973 — Apr. 1974 75 32
High May 1974 — Nov. 1974 138 (5 |

class I, times the proportion of voles caught belonging to class II, times the total
number of observed adjacent captures for that month. Expected values were
calculated for each month based on monthly observed values of total adjacent
captures and class frequencies summed over 2—7 month breeding periods.

Expected and observed values were compared by using a chi-square goodness-
-of-fit analysis. Chi-square values were calculated for each grid for the entire
35 month period. In addition, data for M. pennsylvanicus were divided into
phases of the population cycle (Table 1), and chi-square values were calculated
separately for these groups. In these analyses, if the observed number of cases
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of adjacent captures of a given pair of classes was significantly greater than
the expected number, then this was defined as a significant attraction between
these two classes. Inversely, if the expected number was greater than the
observed number for a given pair, this was defined as a significant avoidance
between these pairs.

2.2 Sequential Trapping

All instances of a given trap being entered on both Day 1 and Day 2 of
a trapping period were tallied. Excluded from this group were all traps which
caught the same individual on the two nights of trapping. Each of these observed
cases of sequential trap use was classified according to the sex and breeding
condition of the Day 1 and Day 2 voles. There are 16 such combinations.

The expected number of cases of sequential trap use for each month for
each of the 16 pair categories was determined by multiplying the total monthly
observed value by the proportions of the two classes of the pair combination
for that month. Since factors such as microhabitat differences, trap sensitivity,
and other possible factors may result in the probability of a given trap catching
a vole on Day 1 to be altered, we eliminated from further analysis, trap locations
at both the high and low ends of the frequency distribution until the point was
reached at which the use frequency for all remaining trap locations did not
differ significantly (by a chi-square analysis) from the mean use frequency for
all trap locations on the grid. This resulted in effective grid sizes of from 72 to
91 trap locations, rather than the original 100 trap grids.

Expected and observed values were compared by the chi-square goodness-of-
fit test. Separate chi-square values were again calcu}ated for each of the four
phases of the population cycle of M. pennsylvanicus.

3. RESULTS
3.1 Spatial Distribufion

There are 56 cases of on-random associations on all four grids, and
these are shown in Table 2. Thirty-eight are avoidances and 18 are
attractions, for a ratio of avoidances to attractions 1.1:1. Grids B and
F (the resident grids) had the highest number of non-random associa-
tions, with 23 and 20, respectively. Grid E, the Muskeget dispersal grid,
had 13 significant cases, while grid G, the mainland dispersal grid, had
cnly random associations. Out of the 23 cases grid B, the Muskeget
resident grid, 17 were avoidances while 6 were attractions, for a ratio
of avoidances to attractions of 2.8:1. On grid E, the mainland resident
grid, the ratio was 2.3:1 with 14 cases of avoidance and 6 cases of
attraction. On grid E (Muskeget removal grid), the significant cases
represented 7 avoidance and 6 attractions for a ratio of 1.1:1. It is
interesting to note that all 3 grids had the same number of attractions,
end the differences between grid E and the two resident grids is the
reduced number of avoidances on the removal grid.

Male/male, male/female, and female/female interactions accounted for
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11, 27, and 18 of the significant cases, respectively, and the ratios of
avoidance to attractions in these three groups were 2.7:1, 2.0:1, and
2.0:1. In the male/male group, the greatest number of avoidances were
seen on the mainland resident grid. All 3 cases of attraction occurred
in the same category — nonbreeding subadult males were attracted to
each other on all three grids. There were no cases of attraction between
breeding males on any grid. In the female/female group, most cases

Table 2

Summary of significant cases of non-random associations between the indicated
classes for all four grids. For identification of classes, see text, pages 297—S8.
Avvidances are indicated by (—), attractions by (+).

Muskeget Plymouth
Interaction Control, B Removal, E Control, F Removal, G
Male/Male 11A/11SA(—)* 11A/12A(—)* 11A/12SA(—)***
11SA/11,12(—)** 11A/12SA(—)* 11A/12J(—)**
12SA/12SA(+)*** 12SA/12SA(+)*** 12SA/12SA(+)*
12A/12J(—)*
12SA/12J(—)***
Male/Female 11/21A(+)*** 11A/21A(+)** 11A/21 A(+)***
11A/21SA(+)*** 11A/21SA(+)** 11A/22A(—)***
11A/21(—)* 11A/22A(—)* 11A/22J(—)*
11A/22A(—)*** 11A/22SA(—)* 12A/21 A(+)***
11A/22SA(—)*** 11A/22J(—)*** 12SA/22A(—)***
11A/22J(—)* 12SA/22SA(+)*** 12SA/22SA(—)*
11SA/21(—)* 12SA/22J(—)*
113/21,22(—)*** 12J/22A(—)***
12A/21SA(—)*
12SA/21A(F)***
12SA/22S A(+)***
12SA/22J(—)***
12J/228 A(—)***
Female/Female 21A/21A(+4)*** 21A/21A(H)*** 21AIZ1A(A)***
21A/21J(—)* 21A/22SA(—)* 21A/22SA(+)**
21 A/22A(—)*** 22SA/22SA(+)*  21A/22J(+)*
21SA/22A(—)**  22SA/22](—)* 21SA/[21,22(—)*
22A/22A(—)*** 22A/22SA(—)***
22A/22J(—)* 22A/22J(—)*
22SA/22T(—)*** 22SA/22T(—)**
* p<<.05
- = 01
**x < 005

of avoidance were seen by nonbreeding females for other nonbreeding
females. Adult breeding females were attracted to each other on all
three grids. In interactions between breeding and nonbreeding females,
attractions were more important on grid F, and avoidances were more
important on the island grids (B and E). Most of the interactions in the
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male/female group were seen on the island resident grid. Most cases
of attraction in this group occurred between breeding males and
breeding females on all three grids. Avoidances were seen between
breeding males and nonbreeding females, and between nonbreeding
males and females. These latter avoidances were more important on
grid F (mainland resident) than on grid B (Muskeget resident).

The results of the analysis of social distribution during the four
phases of the population eycle in M. pennsylvanicus are summarized
in Table 3. On grid F, there are 26 significant cases of non-random
associations occurring in a particular phase of the cycle. Nineteen of

Table 3
Summary of the significant cases of non-random association between the indicated
classes, broken down into individual phases of the population cycle on mainland
grids F and G. For identification of classes, see text, pages 297—8. Avoidances are
indicated by (—), attractions by (+).

Grid F (Control) Grid G (Removal)
Interaction High Decrease Increase Decrease
Male/Male 11A/11A(—)* 12A/12A(+)* 11AH2(=)* 12A/12(+)*
11A/12S8A(—)* 12SA/12(—)*
11A/12J(—)*
12A/12SA(+)*
12SA/12SA(+)*

128A/12J(—)***

Male/Female 11A/21A(+)** 12A/22SA(+)***  128A/21,22(—)*  12A/21,22(+)*
11A/22A(—)***  128A/21,22(—)*
11A/22J(—)*
12A/21A(+)***
12SA/22J(—)***
12J/21A(—)***
12J/22A(—)***

Female/Female 21A/21A(4)***  22/22(+)*

21A/21SA(+)*
21A/22SA(+)*
21A/22J(+)*
22A/22J(—)**
22SA/22J(—)*
* n<.056
“ < 01
e 5 <.005

these cases occur during the high phase, 5 during the decrease phase,
2 during the increase phase, and none during the low phase. Of these
26 cases, 15 are avoidances and 11 are attractions, for a ratio of 1.4:1.
During the high phase, there are 11 cases of avoidance and 8 cases
of attraction. In the decrease phase there are 3 cases of attraction and
2 cases of avoidance, while the increase phase shows 2 cases of avoidance
and no attractions.
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3.2 Sequential Trap Use

There are 7 out of 64 cases which reach at least the .05 level of
significance, and these are shown in Table 4. Three of the significant
cases are attractions while 4 are avoidances. The Muskeget Island grids
account for only 2 significant cases, one an attraction and one an
avoidance, and both appearing on grid B (resident grid), while the
mainland shows 5 significant cases, 4 on the resident grid (2 attractions
and 2 avoidances) and one on the removal grid (an avoidance).

Table 4

Chi-square values for pair combinations of sequential trap use analysis for all

four grids. Avoidances are indicated by (—), attractions by (+). C indicates that

the category was analyzed as part of a combined category and found to be not
significant. Br refers to breedding and NB to nonbreeding individuals.

Muskeget Plymouth
Control Removal Control Removal
Interaction B E F G
Male/Male
Br/Br 1.69 0.11 0.71 0.99
Br/NB 1.52 0,72 0.07 2.32
NB/Br 1.52 0.40 1.67 0.03
NBINB 0.03 0.00 0.00 0.03
Male/Female
Br/Br 0.87 0.00 0.21 &
Br/NB 0.91 1.02 2.27 C
NB/NB 0.46 0.99 2.57 4
NB/Br 0.09 0.40 T.90(—)*** c
Female/Male
Br/Br 30.37(+ )%= 0.06 6.85(+)** 0.00
Br/NB 2.95 1.45 0.81 3.20
NBI/INB 0.00 1.22 6.15(+)* 0.05
NB/Br 0.14 0.28 0.98 0,01
Female/Female
Br/Br 6.20(—)* 0.90 0.07 Cc
Br/NB 0.09 0.02 0.58 G
NB/Br 0.00 0.36 4.72(—)* 5.40(—)*
NB/NB 0.06 1.24 0.01 c
* p< 05

*# pn< .01

*x+ n < .005

There are no cases of males being attracted to or avoiding other
males on any grid. The strongest attractions are of breeding males for
breeding females, occuring on grids B and F (the resident grids). Two
cf the strongest avoidances involve breeding females for other females,
occurring in both species. When the data for each phase of the cycle
were analyzed separately, there were no significant cases of attraction
or avoidance,
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4, DISCUSSION

This discussion will focus on three topics — differences between the
two species, Microtus pennsylvanicus and M. breweri, differences
between residents and dispersers of each species, and differences
between the various phases of the population cycle in M. pennsylvanicus.

4.1 Spatial Distribution

In terms of spatial distribution, Microtus pennsylvanicus on grid F
and M. breweri on grid B show similar patterns, but have interesting
differences. In each, the number of significant deviations from random-
ness in both the attraction and avoidance directions is about the same,
as is the pattern of interactions between males and females. However,
in M. pennsylvanicus, we see that avoidances between males, particular-
ly nonbreeding males, are more important than they are in M. breweri,
which shows considerably more avoidances between females, primarily
in the nonbreeding category. Within a species, avoidances by M. penn-
sylvanicus are no more important in males than they are in females,
while in M. breweri, avoidances between females are more important
than avoidances between males.

More striking differences are apparent when the dispersers of the
two species are compared. Microtus brewerj dispersers (grid E) showed
13 cases of significant non-random association, while M. pennsylvanicus
dispersers (grid G) did not show any at all. Within a species, M. breweri
residents show many more cases of avoidance than do dispersers, while
the number and distribution of attractions are about the same in these
two grids. Residents and dispersers were most similar in male/male
interactions, and least similar in female/female interactions. Female/
female avoidances were more important on the resident grid than on
the dispersal grid. Residents and dispersers of M. pennsylvanicus
differ markedly, considering that the dispersal grid shows no cases
of significant non-random associations. Hence, attractions and avoidances
between all classes are more important on the resident grid.

When each phase of the population cycle is examined separately in
M. pennsylvanicus, we see that on grid F, most non-random cases (15
cut of 20) occur during the high phase, where there are more cases
cf attraction than of avoidance.

Examining the data closely, it appears that there is a trend in number
of significant cases of non-random association and population density.
Peak densities of M. pennsylvenicus on grid F approached the level
maintained by M. breweri on grid B. The dispersing sub-population
of M. breweri on grid E had a maximum density somewhat lower than
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that on grid B, while the dispersing sub-population of M. pennsylvanicus
cn grid G had a much lower density than the grid F population (T a m a-
rimn, 1977b), Th'Ls is the same order as the ordering of number of
significant comparisons.

A difference is social behavior related to density is predicted by
~ Chitty’s (1967) hypothesis. We would expect from the hypothesis
that as the population density increases to its peak, the level of social
intolerance should also increase. If our analysis of deviation from
random spatial distribution is in fact a valid measure of social inter-
actions, then we see that the level of social interaction at the peak
seems to predict the decline in M. pennsylvanicus. But why doesn’t
a similar level of social interaction bring about a decline in M. breweri?
The answer lies in the nature of the dispersers, as predicted by T a m a-
rin (1977b, 1978). The dispersers of M. breweri do not differ as much
from the residents, as dispersers and residents of M. pennsylvanicus
differ from each other. Dispersal in M. breweri, then, might not bring
about the genotypic alteration that Chitty’s hypothesis says is necessary
for a decline to occur. Yet we do see differences between dispersers
and residents in M. breweri in this study, and these differences relate
mostly to the degree of avoidances. Perhaps this is an important factor
in the regulation of M. breveri at high density. There is constant disper-
sal from the population, not of the socially intolerant individuals as
in M. pennsylvanicus, but of a class of voles who would avoid agonistic
interactions, and continue with a social distribution characterized by
a relatively higher level of attractive interactions. These voles may be
classified as non-aggressive. The relationship between levels of social
intolerance between resident and dispersing voles may be sufficient to
account for the demographic differences between the two species.

4.2 Sequential Trap Use

The analysis of sequential trap use is a modification of a commonly
used laboratory procedure. The response of individuals to urine of
conspecifics has been studied in a variety of rodents (August, 1978;
Murphy & Schneider, 1970). Similar experiments have been
performed in the field (Summerlin & Wolfe, 1974; Mazdzer
et al., 1976). However, each of these experiments involved the investiga-
tor introducting a scent obtained in the laboratory or under artificial
handling conditions. In the present study, the scents were left in the
trap by trapped voles. Thus, urine was produced under conditions which
more closely resembled natural conditions.

‘We noted 3 cases of attraction and 4 cases of avoidance of voles of
a given age/sex class to scents left in traps by voles of another given
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age/sex class. It is seen that M. pemnsylvanicus has more significant
deviations that does M. breweri. Within a species, both M. pennsylvani-
cus and M. breweri show more deviations in the resident than in the
dispersing sub-populations. The statistically significant deviations in M.
pennsylvanicus lose their significance when each phase of the cycle is
analyzed separatelly. Thus, it appears that the attraction and avoidance
of individuals based on olfactory cues, as determined by this method, is
rot related to major demographic changes.

All of the cases of attraction fall into the category of males being
attracted to the scents of females. There are no cases of females being
attracted to the scents of males, or of same-sex attraction. The strongest
cases of attraction involve the attraction of males in breeding condition
for females in breeding condition. The attraction of rodents for members
cf the opposite sex through olfactory cues has been demonstrated in
many other species (August, 1978; LeMagnen, 1951), and it has
been suggested that this functions to improve the ability to locate
mates.

Most of the avoidances are seen in female/female interactions,
particularly as avoidances by breeding females for breeding and non-
breeding females. There are no instances of males avoiding each other.
Thus, it appears that while breeding females actively avoid other
females, they are passive with regard to male attraction, appearing
to wait for males to be attracted to them. Perhaps female social structure
is important in population regulation, as was suggested by Bujalska
(1970).

If this attraction and avoidance of individuals by olfactory cues is
independent of major demographic changes as is suggested here, then
upon what factors is it based? The pattern of significant cases suggests
that breeding condition is the most important factor. Turner &
Iverson (1973) suggest that cycles of aggression in M. pennsylvanicus
are independent of demographic changes, and are more influencéd by
the reproductive cycle. The data presented here seem to support this
view. It also appears that there is not a strong relationship between
the response to olfactory cues and social distribution, indicating that
some mechanism other than olfaction must be important in determining
the social structure in both species.
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WYKORZYSTANIE PUELAPEK JAKO WSKAZNIK BEHAWIORU SOCJALNEGO
NORNIKOW :

Streszczenie

Badano behawior socjalny u Microtus pennsylvanicus w populacji o cyklicz-
nych zmianach liczebnosci (Tabela 1) i niepodlegajacej zmianom populacji ende-
micznej M. breweri z wyspy. Strukture socjalng okreslano na podstawie prze-
sirzennego rozmieszezenia roznych grup pleiowych, rozrodezych i wiekowych tych
gatunkéw lowionych w zywoléwki (Tabela 2). Badano réwniez w warunkach
terenowych reakcje nornikéw z réinych klas wiekowych i plciowych na bodice
zapachowe zwigzane z uzywaniem zywoldwek przez inne norniki, o znanym wieku
i plci, Roinice w behawiorze socjalnym miedzy dwoma gatunkami rozpatrywano
rowniez pod katem ich udzialu w obserwowanych roéznicach demograficznych
migdzy tymi gatunkami. Poréwnywano osiadle i rozproszone sub-populacje kaz-
dego gatunku., Behawior socjalny badano tez w kaidej z 4 faz pojedynczego
cyklu populacyjnego M. pennsylvanicus (Tabela 3). Zauwazono, Ze natezenie so-
cjalnych interakeji wzrasta znacznie ze wzrostem zageszezenia populacji (Tabela 4).
Osobniki migrujace z cyklicznych populacji nornikéw (M. pennsylvanicus) W=
kazujg losowy rozklad struktury socjalnej, by¢ moze wskazujacy na socjalng nie-
tolerancje. Migrujgea cze$¢ niecyklicznej populacji M. breweri nie wykazuje tej
socjalnej nietolerancji, ale jest mniej agresywna w poréwnaniu z osiadlymi osob-
nikami tego samego gatunku. Uwaza sie, ze jest to podstawowy czynnik rézni-
tujgey dynamike populacji obu gatunkéw. Analiza reakeji na bodZce wechowe
zwigzane z pulapkami wskazuje na to, ze ma ona przede wszystkim zwigzek
Z rozrodem i nie zalezy od zmian demograficznych u M. pennsylvanicus. Nie jest
ona istotnym czynnikiem determinujacym strukture socjalng obu badanych ga-
tunkow,



