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An intensive study has been made of the population ecology of the
redbacked vole Clethrionomys gapperi  (Vigors, 1830) inhabiting black
spruce (Picea mariana) forest in southeastern Manitoba. The roles of
reproduction, survival and territoriality have been examined in relation
to the seasonal dynamics of this vole. Peak densities occurred iin 1974
after an increase phase in 1973. During the winter of 1974/5 a crash or
type M decline occurred, which was temporally associated with extreme
climatic conditions. Overwintered females produced approximately 70%
of the litters during the breeding season, and only females from the
first cohort produced litters during the year of their birth. First
litters were synchronized, probably by daylength, and a second peak
in litter production occurred in late summer. Litter size was large,
which might be an adaptation to increase productivity, since the breed-
ing season was short. The breeding season appeared to be longer dur-
ing the increase than the peak phase; winter breeding was not obser-
ved. Winter survival in 1973/4 was superior to that during the 1974
breeding season and overwintered males survived longer than over-
wintered females during the breeding season. Juvenile survival was
poor and males survived less well than females, but no large differen-
ces in survival occurred between cohorts during 1974. No significant
differences occurred in the size of home ranges either between sexes
or between seasons. Females held exclusive territories in summer but
males occupied overlapping ranges, the centers of which often shifted
after snow-melt. The establishment of young females in territories was
probably affected by the survival of overwintered females, population
density, and habitat suitability. It is tentatively suggested that the
natural regulation of C. gapperi is based on sipacing behaviour through
aggression, with weather as an ancillary limiting factor, and food
supply as the ultimate controlling factor.

[Environmental Res. Branch, Whiteshell Nuclear Res., Establishment,
Atomic Energy of Canada Ltd., Pinawa, Manitoba, Canada, ROE 1LO].

I. INTRODUCTION

There have been few intensive studies of the population biology of
the redbacked vole (Clethrionomys gapperi) (Butsch, 1954; Elliott,
1969) but several European Clethrionomys  species have been thoroughly
investigated (Zejda, 1961, 1964, 1967; Kalela, 1957, Kaikusalo,
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1972; Koshkina, 1965 Markov et al. 1972 a, b). Hence, this study
was designed to examine the roles of reproduction, survival, and terri-
toriality in the seasonal dynamics of C. gapperi and to relate changes
in numbers to changes in body composition (Perrin, 1979) and beha-
viour (Perrin, in prep).

The study encompassed increase and peak density years and ex-
plored some aspects of a winter decline. Specific objectives of the study
were to determine the length of the breeding season and the intensity
of breeding; litter size; the age and caste structure of the breeding
population; differences in survival between seasons, sexes, and age
eclasses; the level of juvenile recruitment in terms of cohort survival;
changes in the spatial distribution between sexes and seasons; and the
occurrence of territoriality in C. gapperi.

2. METHODS

The population of C. gapperi studied was situated 3 km northeast of the
Whiteshell Nuclear Research Establishment at Pinawa, southeastern Manitoba,
in black spruce (Picea mariana) forest.

A rectangular 189 ha grid was established in forest bordered by an open
outline on the east. North of the grid, black spruce was replaced by birch (Betula
papyrifera) and aspen (Populus tremuloid.es). Spruce surrounded the western and
southern boundaries, but dry forest was replaced by wet bog, where larch (Larix
iaricina) appeared. Sphagnum was common throughout the grid and labrador tea
(Ledum  groenlandicum) was plentiful except under dense spruce canopies and in
boggy areas. The commonest herbs (Vaccinium oxycoccos, V. vitis-idaea, Cornus
canadensis,  Petasites  sagittatus, Gaultheria  hispidula  and Rubus  pubescens) were
widely distributed, but were more abundant in the north, and on the eastern
margin of the grid (Fig. 13).

Live-traps were set biweekly for two consecutive nights on a 12X7 station
grid, with 15 m spacing, from November 1973 to December 1974. A plywood
shelter (lverson & Turner, 1969) at each station allowed low-mortality win-
ter trapping. Whole oats were used as bait, and carrots and wood shavings were
placed inside the nest-box of the Longworth traps to improve vole survival.
Traps containing animals were taken to the laboratory by approximately 10.00 h
each morning. The vole's capture location, toe-clip number, sex, reproductive
condition, weight and age class were recorded. (Juveniles were sexually immature
individuals weighing 718 g; sub-adults were >18 g but sexually immature; and
adults were >18 g and sexually mature.) Voles used in behaviour tests (Perrin
in prep) were held overnight in the laboratory and released at their capture
location the following morning. This population provided data on behaviour,
home range, mobility, reproduction, survival and density.

Snap-trap lines, with stations at 15 m intervals, were set in nearby black
spruce forest on alternate weeks to the grid trapping over the same period. Two
Museum Special snap-traps baited with peanut-butter were set for four con-
secutive nights and checked daily. In winter, holes were dug in the snow and
traps were placed on the ground. AIll voles were weighed, measured, and their
reproductive organs were removed, -fixed in formalin prior to weighing, and
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examined later to determine litter size or testis activity. The lower jaw was
removed so that the first molar could be extracted and the vole aged on the
length of the tooth root (Perrin, 1978). Young voles, that had not developed
molar roots, were aged on the basis of body weight. Stomach contents were
removed for examination and carcasses were analysed to determine their com-
position (Perrin in press).

Density was estimated by direct enumeration, since numbers were low and the
probability of capture was very high (84%). Survival was estimated on a biweekly
basis by the technique of Christian (see Davis, 1956). Survival of individuals
born during the same time period, ie, a cohort, was considered for each sex
separately. First cohort voles were those born before 1 June, second cohort
between 1 June and 15 July, and third cohort after 15 July. The minimum
(polygon) area method was used to describe summer and winter home ranges
(Stickel 1954) for individuals caught five or more times per season. Long
distance movements, that is those greater than the distance between adjacent trap
stations but outside an established home range, were recorded. If the in-
dividual was captured more than once at this position, the area was included
within the home range area. Irregularly and/or infrequently trapped young voles
were called »transients« whereas adults with established home ranges were called
»residents«. The occurrence of births in 1973 was based on the aging of adults
caught late in 1973 and throughout 1974 by backdating to the day of birth
(Perrin, 1978). The distribution of 1974 births was based on the autopsies of
snap-trapped pregnant females and from live-trapped voles on the gird. The aging
of regularly snap-trapped voles provided information on population age structure.
Measurements of snow cover and subnivean temperatures were recorded in
winter.

3. RESULTS

During the study a marked seasonal change in density was observed
(Fig. 1) with peak numbers occurring in August. Numbers were stable
throughout the winter of 1973/4 but declined drastically late in 1974.
Input (natality plus immigration) and output (mortality plus emigration)
were low during the 1973/4 winter, but by June input exceeded output,
and numbers increased throughout July. In August and September, some
turnover continued but numbers were approximately stable. The pop-
ulation then declined to the end of the study in December. Only three
voles were captured when the grid was intensively retrapped in May
1975.

There were 666 captures of 149 individual voles during the study
with 14 trap deaths, which represents 9.1°/0 mortality. The overall
probability of recapture was very high (0.84+ 0.002) and there was
little difference between sexes and seasons (Fig. 2).

All overwintered males were sexually mature by mid-March (Table 1).
although maximum testis weights were not reached until the end of
May (Fig. 3). Overwintered females matured by mid-April (Table 1),
and like the males remained potent until death later in summer. Not
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all sub-adult voles attained sexual maturity in their summer of birth
(Table 1), although some young females produced litters, as indicated
by uterus weight (Fig. 4). Thus a large proportion of the population
was reproductively active from April to August inclusively. The overall
sex ratio from live-trapped voles was 100(5 :819, with excess males
being caught in mid-summer and during the winter decline (1974). The
higher occurrence of males in summer was temporally associated
with breeding, when females may have been restricted to a nestsite
during lactation.

Fig. 3. Mean testis weight of overwintered (X) and young (O) male C. gapperi.

Births on the grid occurred from the first week of April until the
third week of August during 1974 (Fig. 5); young of the year produced
their first litters in the first week of July. Seven overwintered females
produced a minimum of eighteen litters during 1974 and six young
females produced a further nine litters. Ten litters were born in traps,
with a mean litter size of 6.0+1.68. Thus an estimated minimum of
162 voles were born on the grid, of which 98 (60%) different individuals
(58¢c?409) were captured as sub-adults. Of the 50 pregnant mice taken
in snap-traps, 35 were overwintered adults (70°/0). The mean litter size
of the overwintered females (5.91+£0.25) was not significantly larger
than that of young of the year females (5.35+0.25). Thus, in both
samples, more than two thirds of the voles born were derived from
overwintered females. Young were born over a four month period.
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with maximum production occurring late in May and late in July
(Fig. 5). Since all of the voles snap-trapped in 1973/4 were aged (Pe r-
rin, 1978) it was possible to predict approximate birth dates for 1973
by backdating. Births appeared to be normally distributed throughout
the year (Fig. 5).

A correlation analysis was performed between litter size, and (1)
maternal (lean dry) weight, (2) maternal age (overwintered adults only),
and (3) time from the onset of breeding, for the snap-trapped voles
(Table 2). There was a significant positive correlation between litter

Table 1

Changes in the proportion of the live trapped population of C. gapperi which was
sexually mature during the 1974 breeding season.

Overwintered Adults Summer-born Whole Population

% Mature % Mature % Mature Total
Date Males Females Males Females Males Females N
20 Feb 0.0 0.0 0.0 0.0 17
5 Mar 22.2 22.2 — — 22.2 22.2 18
19 Mar 100.0 33.3 - - 100.0 33.3 18
2 Apr 100.0 85.7 - - 100.0 85.7 16
16 Apr 100.0 100.0 — - 100.0 100.0 18
30 Apr 100.0 100.0 - — 100.0 100.0 14
14 May 100.0 100.0 — — 100.0 100.0 18
28 May 100.0 100.0 — — 100.0 100.0 19
11 Jun 100.0 100.0 - - 100.0 100.0 19
20 Jun 100.0 100.0 100.0 57.1 100.0 78.6 24
9 Jul 100.0 100.0 40.0 55.5 60.9 73.3 38
23 Jul 100.0 100.0 714 77.8 65.0 84.6 33
6 Aug 100.0 100.0 34.8 68.8 46.4 73.7 47
20 Aug 100.0 0.0 25.0 53.8 52.6 53.8 32
17 Sep 0.0 0.0 19.2 16.7 19.2 16.7 32
1 Oct 0.0 0.0 0.0 0.0 0.0 0.0 30

Males were considered sexually mature if they possessed scrotal testes and females
if they possessed perforate vaginas, or were pregnant or lactating.
size and lean dry weight, but not with the other parameters examined.

The age structure shown in Figure 6 was determined from the snap-
trapped sample but may be indicative of changes that occurred in the
nearby grid population. Voles of November and December 1973 were
younger than those of the same months of 1974. This suggests that
either recruitment took place from different cohorts of young, or that
there was a shift in the timing of breeding. From June through October
two distinct age classes were present, those of the overwintered popula-
tion and the new summer population. The single winter age class became
progressively older, and condensed in early summer by the loss of its
youngest and oldest members.

Survival was good during the 1974 winter (Fig. 7). During the breed-
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Fig. 4. Mean uterus weight (including embryos) of female C. gapperi.
Pregnant, overwintered (A) and young (O) females, are indicated separately from
nonpregnant, overwintered (x) and young () females.
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Fig. 5. The occurrence of births during the 1974 breeding season.
Numbers born on the live-trapped grid (shaded) were estimated from the product
of the number of pregnant females and mean litter size. Numbers born on the
snap-trap lines (unshaded) were estimated from autopsies. The timing of births
during 1973 (dashed) was based on the ageing and back-dating of individual
C. gapperi snap-trapped during 1973 (Perrin, 1978).
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ing season, overwintered females survived less well than males, but
mortality was highest in young voles, particularly males. The survival
of males during autumn 1973 was high, whereas the survival of sub-
adult males during summer 1974 was precariously low (Fig. 8). This
is suggestive of periods of heavy juvenile and sub-adult mortality in

Fig. 6. Age structure of the snap-trapped C. gapperi population. Ageing was
based on molar tooth root-length.

the breeding season being followed by increased survivorship of older
individuals during autumn. Hence, a more detailed examination was
made of cohort survival for each sex independently. Mortality of males
was high, but there was little difference between cohorts (Fig. 9). The
number born into each cohort was approximately equivalent, and there-

Table 2

Correlation coefficients between litter size and 1) lean dry weight,
2) age, and 3) time (from the onset of the breeding season), their
significance, and the proportion of the variation explained (r?).

T r« N P
Lean dry weight 0.55 0.30 50 0.01
Age (overwintered voles only) 0.20 0.04 30 N.S.
Time (from the onset of breeding) 0.06 50 N.S.

fore late-“born cohorts would have formed a larger proportion of the
winter population. The first females cohort suffered heavy mortality
6—8 weeks after first capture, (Fig. 10) but the few that survived gained
territories. The second cohort suffered fewer sub-adult losses and formed
a considerable part of the winter population. The third cohort survived
well for 10 weeks but then all were lost by sudden mortality. Many
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of the third cohort voles were born to the first cohort females because
of the heavy mortality to overwintered females.

Table 3

Means and standard errors for the home range areas (m?

(area of minimum polygon, Stickel 1954) of C. gapperi.

There were no significant differences, according to t tests
between the mean values for sex or season.

Season Males, N =16 Females, N= 12
Summer 753 £217 523 + 129
Winter 859 + 173 731 £ 135
Combined 1047'+ 267 844 + 107

Each individual was captured more than five times during
each season.

Fig. 7. Accumulative probability of survival until the next trapping period, of the
live trapped C. gapperi population.

Overwintered males ( ) and females ( ) are indicated separately from
young males ( ) and females (——.).
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Home ranges of males were not significantly larger than those of
females at either season (Table 3), but ranges were generally larger
in winter than in summer, and larger in males than females because
of shifts in home range occupation following snowmelt. Long-distance
movements occurred largely in summer and were typical of young
transient voles rather than adult residents. The mean long-distance mo-

Table 4

Percentage of home range overlap in different seasons. Numbers in
parentheses refer to the number of occupied territories.

N Winter 1973/4  Spring-summer 1974 Summer-autumn 1974
(Overwintered adults) (Young of the year)
Males 90 93 88
Females 73 0 (6) 15 (13)
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Fig. 8. Accumulative probability of survival until the next trapping period, of
young male C. gapperi following the first capture during the 1974 summer (°),
or, the autumn of 1973 (x), when the study was initiated.
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vement of transients (60.5+1.9 m) was significantly greater than that
of residents (28.3+ 1.9 m).

Considerable overlapping of male home ranges occurred throughout
the year, but female ranges overlapped only during winter (Table 4).
Thus female ranges were spatially exclusive for both overwintered adult
(Fig. 11) and young of the year (Fig. 12) during the breeding season
and can be regarded as territories (Bujalska, 1973). There was no-

WEEKS

Fig. 9. Accumulative probability of survival until the next trapping period, for
the first ( second ( ) and third (——.) cohorts of young male
C. gapperi.

temporal overlap of female territories either within an age class or
between age classes (Table 4). There was a greater number of territories
in autumn (13) than spring (6). The autumn territories were smaller in
area and were occupied by young of the year. The pattern of distribu-
tions became more complex during the breeding season because of
recruitment of young, increased mobility of males, and high levels of
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mortality, but the pattern of male ranges and female territories per-
sisted. Home ranges of males and females overlapped extensively each
.season, but not all parts of the grid were utilized equally and some

Fig. 10. Accumulative probability of survival until the next trapping period, for
first ( ). second ( ), and third (——.) cohorts of young female
C. gapperi.

Table 5
Turnover of female territories.

Vole Habitat Area of Date of Replaced by Date of
Number Class territory (m*) last capture vole number first capture
12 1 225 23 Jul 112 23 Jul
18 1 225 28 May 161 6 Aug
21 4 900 9 Jul 124 9 Jul
33 1 225 23 Jul Vacant —
34 3 450 6 Aug Vacant —
37 5 550 6 Aug Vacant —

For a description of habitat classes see Table 6. The areas of territories were de-
termined by the method of Stickel (1954).
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Fig. 11. Distribution of overwintered female territories during the 1974 breeding
season. No areas of overlap exist. Numbers are those assigned to different in-

dividuals.
Table 6
Establishment of female territories.

Vole Date of Cohort Litter Habitat Area of
Number first capture of origin production class territory (m¥)
101 26 Jun | Yes 2 562
112 9 Jul | Yes 2 675
113 9 Jul | Yes 1 225
124 9 Jul 1 No 3 112
138 23 Jul | Yes 2 225
143 24 Jul 1 No 2 225
154 6 Aug | Yes 2 112
161 6 Aug 1 No 1 112
171 20 Aug 1 No 2 225
181 17 Sep 11 No 5 337
182 17 Sep 11 No 3 337
189 17 Sep 11 No 3 450
198 1 Oct 11 No 2 112

Voles were placed in a cohort on the basis of weight at first capture, by back-
dating and using a growth curve (Perr in, 1978). Cohort lavdles born before
the end of May, 11=voles born in June or the first two weeks of July, 1ll=voles
bom after mid-July. Habitat classes were assigned on the density distribution of
C. gapperi on the live-trapped grid (Fig. 13). Optimal habitats (1) were solely in
areas of high density, good habitats (2) were predominantly in high density areas,
average habitats (3) were those predominantly in areas of moderate density, poor
habitats (4) were those predominantly in areas of low density, and unsuitable ha-
bitats (5) were those solely in areas of low density. The areas of territories were
determined by the method of Stickel(1954).
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areas remained unoccupied. Generally, there were differences in spatial
organization of the sexes during summer, which could have profound
effects upon population density.

The establishment and size of territories may be correlated with the
survival and density of overwintered territory holders, or with habitat
(Table 5 and 6). Greatest numbers of voles were captured in areas of
vegetation transition (Fig. 13), in the north where spruce gave way

143

Fig. 12. Distribution of young female territories during the summer and autumn
(from first capture until first snow-fall) of 1974. Areas of overlap are shaded.
Numbers are those assigned to different individuals.

to birch and aspen, in the east adjacent old-field grassland, and in the
west where drainage was poor." These ecotones contained a greater
diversity of shrubs, herbs, grasses and sedges.

In 1973, snow cover was deep and was established early in November,
but in 1974 a continuous deep snow cover was not formed until mid-
December. Subnivean temperatures were lower from mid-November
to mid-December in 1974 than 1973 and sudden declines in temperature
were also more frequent in 1974 (Fig. 14). It is probable therefore that
winter conditions were more extreme for C. gapperi in 1974 than in
1973.
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Fig. 13. The vegetation and occurrence of C. gapperi on the live-trapped spruce-
forest grid. Black spruce was present in all areas.

C. gapperi distribution

0 low density (5 or fewer captures during the study).

= medium density (6 to 10 captures during the study).
 =high density (more than 10 captures during the study).
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Fig. 14. Snow depth ( ) and subnivean temperature ( ) (recorded at 5 cm
beneath the soil surface) during November and December of 1973 (X) and 1974 ( ).

4. DISCUSSION
4.1. General

C. gapperi exhibits a four-year density cycle in Manitoba (Iverson
& Turner, 1972, unpubl. data) and elsewhere in Canada (Fuller,
1969). The demographic data presented here were collected at the
end of an increase year and during a peak year. A crash winter decline
(type M, Chilly, 1955) occurred at the end of the study in December
1974. Such declines are not common in Clethrionomys  species but have
been recorded previously (Zejda, 1967). Densities of C. gapperi in
black spruce forest in Manitoba are comparable to those of C. glareolus
in Bulgarian montane spruce forest (Markov et al, 1972a) and of
C. rutilus in white spruce forest in Alaska (Pruill et al., 1960).

Variability in trappability can be a major problem in rodent popula-
tion studies (Perrin, 1975), but the probability of capture was high
and. fairly constant in this study due to high trap density in relation
to rodent density, and to the use of permanent, baited trapping shelters
(Tanaka, 1970; Andrzejewski, Fejgin&Liro, 1971). How-
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ever, since the weights of sub-adults at first capture were relatively
high, and because of what is known of the timing of pregnancies, it
appears that the initial capture of juveniles may have been delayed.
Watts (1970) has shown that large male C. gapperi inhibit initial
capture of juveniles.

4.2. Reproduction

C. gapperi males matured earlier in the year than females, although
sexual maturation is controlled by daylength (Evernden & Fuller,
1972; Roth, 1974). All of the overwintered females and numerous
young females of the year produced litters. Overwintered males matured
rapidly and some young males developed scrotal testes in the year of
their birth. These young males may not have been sexually potent, as
it was not known whether the accessory organs had developed (Cou1ls
& Rowlands, 1969). Mortality was also high in these voles, and hence
it is probable that most females were inseminated by overwintered
males.

Synchrony in the production of first litters probably resulted from
the onset of reproduction being controlled by daylength (Roth, 1974,
Evernden & Fuller, 1972). Most second litters were born six
weeks later, although the combined period of gestation and lactation in
C. gapperi is 4.5 to 5.5 weeks (Asdell 1964; Peterson, 1966). How-
ever, in lactating C. glareolus pregnancy is prolonged by several days
due to delay of implantation. A similar mechanism in C. gapperi might
be important in explaining the interval between litters and the apparent
inhibition of simultaneous pregnancy and lactation. Litters produced by
young of the year must have resulted from conception at a very early
age, and timing may be a direct result of the time required for sexual
development. Synchrony in young production by overwintered and
young females at the end of July was probably fortuitous. Typically
female C. gapperi produced one litter during their first breeding season
and two in the second, although an extra litter could be produced. Sim-
ilar numbers of litters are produced by C. glareolus under natural
(Zejda, 1966) and laboratory (Buchalczyk, 1970) conditions. Only
first cohort females littered in the year of their birth which might in-
dicate an inhibition of maturation in late cohort females (Bujalsk a,
1970, 1973). However, the shortened breeding season may not have
allowed time for second and third cohorts to mature relative to the
period of increasing light (Jewell, 1966; Sad leir, 1969).

The distribution of births of C. gapperi during 1973 did not show
a pattern as occurred during 1974, and the season appeared longer.
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This might have resulted from a longer breeding season and from litters
being asynchronous, or alternatively, could have been caused by imper-
fect backdating. However, Iverson & Turner (1976) have shown
that the length of the breeding season of C. gapperi in Manitoba is in
fact longer in increase and peak years than in decline and low density-
years. It therefore appears that the length of C. gapperi breeding season
is related to population density or phase.

The value of litter size recorded here for C. gapperi is similar to the
values published by Fu 1ller (1969) and Iverson&Turner (1976) for
the same species, but higher than values for C. glareolus (Zejda, 1966;
Bujalska & Ryszkowski, 1966; Coutts & Rowlands, 1969).
This might indicate that C. gapperi is more r-selected to increase pro-
ductivity in areas with a restricted breeding season. Larger litters were
produced by overwintered females than young of the years agreeing
with observations of lverson & Turner (1976). In C. gapperi litter
size is correlated with body weight but not with age. Similar results
have been presented for C. glareolus (Zej da, 1966), but in that species
a seasonal change in litter size has been established.

4.3. Age Structure and Survival

Mortality was greatest in young voles during the breeding season.
Of approximately 162 C. gapperi born on the live grid 98 (60°/0) were
ever trapped during the breeding season, indicating considerable (40°/0)
mortality prior to weaning and independence. Iverson & Turner
(1976) have suggested a 5°/0 loss of C. gapperi due to intra-uterine mor-
tality, and Popov (1960) has stated that under field conditions postna-
tal mortality is 30°0 in C. glareolus. Survival of young voles may be
affected by antagonism from adults (Chitty & Phipps, 1966). Since
levels of aggression in both sexes of C. gapperi during the breeding
season were higher in adults than young (Perrin, in prep), survival
of young C. gapperi may have been affected by aggression by adults.
Changes in the survival and recruitment of young into natural murid
populations have beeen explained by aggression (Sadleir, 1965 Hea-
ley, 1967; Watts, 1969).

Changes in population age structure can be related to two previous
hypotheses. Gliwicz (1975) has suggested that differences in winter
age structure of C. glareolus are related to alternating changes in the
viability and survival of early and late-born cohorts. The hypothesis is
based on a suggested positive correlation between (1) the viability of
young and the viability of their mothers, and (2) a young population
age structure and good viability. Zejda (1967) has proposed a mecha-
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nism whereby the age structure of C. glareolus populations changes its
cyclic phase. He has suggested that (1) the mean age of the overwinter-
ing population increases throughout the population cycle, (2) an in-
creasing proportion of the offspring is produced by overwintering adults,
and that (3) in the final year of the cycle, young are only born under
narrowly defined conditions of environment and intraspecific relations.
In C. gapperi in this study, (1) age was higher in the autumn of
higher density year, (2) 70% of the offspring were produced by over-
wintered adults, and (3) the breeding season was slightly shorter at the
higher density.

The older age structure of C. gapperi in 1974 agrees with the hypoth-
eses of Zejda (1967) and Gliwicz (1975), in that an older winter
population followed a younger one. However, Zejda's (1967) hypoth-
esis is not supported by the length of the C. gapperi (1974) breeding
season since it was not greatly restricted. If the breeding seasons of
1973 and 1974 are regarded as being equivalent, the observed difference
in autumn age structure would have resulted from differences in cohort
survival between years as postulated by Gliwicz (1975), but this can-
not be demonstrated precisely. It is suggested that the survivorship
and reproductive capabilities of each cohort may vary with population
density and levels of aggression (Perrin, in prep), but more detailed
information is required.

Higher survival of adult C. gapperi in winter (1973/4) than summer
(1974) has also been observed in other Clethrionomys  species (Petr u-
sewicz et al, 1968, Newson, 1963; Bujalska, 1975 Gliwicz
et al., 1968).

4.4. Movements and Distribution

Significant seasonal differences in home range size were not observed
in this study. Similar observations have been made by Merritt &
Nolan (1974). No significant sex differences in home range area were
observed although numerous authors (Bergstedt, 1966; Radda
et al., 1967, Radda, 1968; Mazurkiewicz, 1971; Andrzejew-
ski et al, 1967) have demonstrated larger ranges in males than females,
with greatest disparity in winter (Brown, 1956; Mazurkiewicz,
1971; Radd a, 1968).

Shifts occurred in the home ranges of male C. gapperi at snow-melt
and were temporally associated with the onset of increased agres-
siveness (P errin, in prep). Similar shifts have been reported by Mer-
ritt & Nolan (1974), Radda (1968), and Mazurkiewicz (1971),
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and may function in maintaining genetic diversity in the population
(Garten & Smith, 1974, Smith et al., 1972).

Young female C. gapperi tended to occupy areas unoccupied by over-
wintered females first while areas vacated due to mortality of adult
females were colonized later. Adult aggression (Perrin in prep) may
have adversely affected juvenile settlement in C. gapperi, as occurs in
C. glareolus (Kotodziej et al, 1973; Mazurkiewicz, 1971).
Indeed, Powell (1972) has suggested that juvenile C. gapperi are forced
into sub-optimal habitats by adults, which agrees with current findings.
Aggression may therefore function to space out individuals, and to in-
itiate dispersal and the colonization of new habitats. However, low levels
of interspecific aggression during winter may also be important in allow-
ing for colonization of new habitats (Turner et al, 1975).

Breeding adult female C. gapperi were territorial during summer, but
this territoriality ceased in winter, as occurs in C. glareolus (Bujal-
ska, 1970, 1971, 1973). Following the death of overwintered females,
young females established territories which were smaller than those
of adults in late spring. However, during summer the number of ter-
ritories had doubled, density had increased, and aggression was still high
(Perrin in prep). Therefore, it seems likely that territory size de-
creased because of social pressure from increased density.

Bujalska (1971) regards the territoriality of female C. glareolus
to be the basis of mechanism which limits population increase by regu-
lating the number of females capable of reproduction. In order to
demonstrate that a population is regulated by a behavioural mechanism,
such as territoriality, several conditions must be satisfied (Watson &
Moss, 1970). Firstly, it must be demonstrated that part of the popula-
tion does not breed, but that these non-breeders are physiologically
capable of breeding. Secondly, it must be shown that the breeding
population does not exhaust any specific resource, e.g., space or food.
No definite conclusions can be drawn for C. gapperi but some obser-
vations are recorded.

The whole population did not breed, although all overwintered males
became sexually mature and all adult females littered. Only some young
males developed scrotal testes, and only first cohort females produced
litters. Whether these non-breeders were capable of breeding is not
known. When second and third cohorts established territories, the breed-
ing season was well advanced and daylength was decreasing, which may
have prevented successful mating. However, aggression was high in
females (Perrin in prep) and might have influenced the development
and fertility of second and third cohorts. Females of the year only
produced litters after the death of overwintered breeding females. This
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might suggest that non-breeders became physiologically capable of
reproduction as population structure changed. Alternatively physiologi-
cal activity might have occurred in young females in the presence of
overwintered females, if the latter had survived.

It appears unlikely that space was limiting, since territorial females
occupied only a relatively small part of the study area. Food availability
in terms of rodent requirements was not assessed and neither was
cover. It is thus evident that more research is required to examine
resource utilization by C. gapperi and to test the conditions for beha-
vioural population regulation specified by Watson & Moss (1970).

45, Climate and Winter Survival

Extreme climatic conditions are known to cause declines in the density
of northern Clethrionomys  population (Fuller, 1967; Elliott, 1969;
Whitney, 1973). The critical periods for survival occur in spring and
autumn and are associated with the formation and thawing of a stable
insulating snow cover, and extreme temperatures at these times (F u 11-
er, 1969).

During the winter of 1974/5, C. gapperi numbers declined rapidly,
although they had been stable the previous winter. This loss is inter-
preted as mortality because mass dispersal appears unlikely from opti-
mal habitat in mid-winter when density and the intensity of aggression
were low, and since during the previous winter there had been no
significant emigration. In November and December 1974, when mor-
tality took place, the diet was equivalent to that of the previous year,
but some differences were evident in body composition (Perrin in
press). Fat contents were reduced to minimal levels, protein was lost
and mineral content increased. This was indicative of leaner voles and
possible protein breakdown and utilization. The observed mortality was
associated with periods of thin and transient snow cover, and these harsh
climatic conditions may have affected feeding behaviour and body com-
position, and contributed to the mortality. Kalela (1957) has suggested
that winter food shortages may be involved in the local declines of
C. rufocanus, which is supported by Aula k's (1973) work on C. gla-
reolus. It is therefore suggested that in C. gapperi, the combined effects
of extreme climatic conditions and changes in feeding interacted to
cause the observed mortality. The method of operation of these mortality
factors is not known, but it is hypothesized that poor snow cover may
expose nests to severe temperatures, reduce activity and cause surface
food plants to freeze. This may affect feeding behaviour, and the availa-
bility and quality of food plants at a time when energy demands for
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thermoregulation are high. However, it is not suggested that food is
the sole factor controlling winter mortality, and AndrzejewsKki
(1975) has shown that increasing food supplies to C. glareolus does not
lead to increased survival. More research is required on the winter eco-
logy of northern rodents, particularly in relation to climate, micro-
environments, and food availability and quality under subnivean con-
ditions.

5. CONCLUSION

There was a seasonal fluctuation in the density of C. gapperi and
numbers peaked at the end of the breeding season. Winter survival was
greater than that of the summertime breeding season, except extreme
climatic factors operated. High survivorship in winter may have been
due to the cessation of growth, reproduction and intense aggression.
The breeding season was short but intensive in that all overwintered
and most first cohort females littered. Second and third cohort females
did not breed, either due to a shortage of time for maturation in rela-
tion to daylength or because of adult antagonism and territoriality. Lit-
ter size was large and juvenile mortality was heavy which is indicative
of r-selection. Juvenile mortality was temporally associated with max-
imal levels of aggression and in the peak density year the population
age structure was younger suggesting recruitment from late-born co-
horts. Home range sizes were similar for both sexes and seasons but
probably functioned differently for each sex during the breeding season.
Males exhibited more range shifts and long-distance movements, which
may be associated with genetic exchange, whereas adult females occupied
territories that might function in population regulation. An extreme
autumn climate with poor snow cover and low subnivean temperatures
caused severe mortality either directly, or indirectly, by disturbing for-
aging or food quality and consequently body composition, which may
have led to starvation or increased predation. Finally, it is tentatively
suggested that the natural regulation of C. gapperi is based on spacing
behaviour through aggression, with weather as an ancillary limiting
factor, and food supply as the ultimate controlling factor.
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ROLA ROZRODU, PRZEZYWANIA | TERYTORIALIZMU
W SEZONOWEJ DYNAMICE POPULACIJI CLETHRIONOMYS GAPPERI

Obiektem badan byty populacje Clethrionomys gapperi  (Vigors, 1830), zamiesz-
kujace lasy iglaste (Picea mariana) w potudniowo-wschodniej Manitobie (Rye. 1).
Badano rozmnazanie, przezywanie i terytorializm w zaleznosci od dynamiki sezo-
nowej nornic (Ryc. 2). Szczyt zageszczenia wystgpit w 1974 r. po fazie wzrostu
populacji w 1973 r. Zimag 1974/5 nastapito zatamanie lub tez spadek liczebnosci
typu M, ktére towarzyszyto ekstremalnym warunkom klimatycznym. Samice-prze-
zimki produkuja okoto 70% miotdw w czasie sezonu rozrodu. W ciaggu roku
swego urodzenia dajg mioty tylko samice z pierwszej kohorty (Tabela 1). Uka-
zanie sie pierwszych miotéw byto zsynchronizowane prawdopodobnie z dtugoscia
dnia, a drugi szczyt w produkcji miotéw wystapit pod koniec lata (Ryc. 5). Wiel-
ko$¢ miotéw byta duza, co mogto stanowi¢ adaptacje do wzrastajacej produktyw-
nosci zwtaszcza, ze sezon rozrodu byt krétki. Wydaje sie, ze sezon ten jest diuz-
szy w fazie wzrostu populacji, niz w fazie szczytu; nie obserwowano rozrodu zi-
mowego. Przezywalno$¢ zimowa w 1973/4 przewyzszata przezywalno$¢ w sezonie
rozrodu 1974, a samce-przezimki zyty diuzej niz samice-przezimki w czasie sezo-
nu rozrodu (Ryc. 7). Przezywalno$¢ miodych byta niska a samce przezywaty go-
rzej niz samice lecz nie byto wielkich réznic w przezywaniu miedzy kohortami
w 1974 r. (Ryc. 8, 9, 10). Brak byto istotnych réznic w wielko$ci areatu osobni-
czego miedzy osobnikami réznej ptci i miedzy sezonami (Tabela 3, Ryc. 11). Sa-
mice zajmujg wytaczne terytoria w lecie, natomiast samce posiadajg zachodzgce
na siebie areaty, ktérych centrum przesuwa sie po stajaniu $niegu (Tabela 4).
Osiedlanie sie miodych samic na terytorium populacji zalezy prawdopodobnie od
dtugosci zycia przezimowanych samic, zageszczenia populacji i wiasciwosci S$ro-
dowiska (Tabele 5, 6; Ryc. 12). Autor sugeruje, ze naturalna regulacja populacji,
u C. gopperi jest oparta na behawiorze przestrzennym i agresywno$ci oraz na
dwoéch czynnikach limitujgcych: pi.erwszym i gtéwnym sg zapasy pokarmowe
(Ryc. 13) a drugim, dodatkowymi ¢jest pogoda (Ryc. 14).



