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An in tens ive s t u d y has been m a d e of the popula t ion ecology of t he 
redbacked vole Clethrionomys gapperi ( V i g o r s , 1830) i nhab i t i ng b lack 
spruce (Picea mariana) fo res t in sou theas t e rn Mani toba . The roles of 
reproduc t ion , su rv iva l and te r r i to r ia l i ty have been examined in re la t ion 
to the seasona l dynamics of this vole. Peak densi t ies occur red iin 1974 
a f t e r an inc rease phase in 1973. Dur ing the win te r of 1974/5 a c ra sh or 
type M decl ine occur red , wh ich was t empora l ly associated wi th e x t r e m e 
cl imat ic condi t ions. Ove rwin t e r ed females produced a p p r o x i m a t e l y 70% 
of the l i t te rs d u r i n g the b reed ing season, and only f ema le s f r o m the 
f i rs t cohor t p roduced l i t ters du r ing the year of the i r b i r th . F i r s t 
l i t ters we re synchronized , p robab ly by day leng th , and a second peak 
in l i t ter p roduc t ion occur red in late s u m m e r . L i t t e r size was la rge , 
which migh t be an a d a p t a t i o n to increase product iv i ty , s ince t h e b r eed -
ing season was shor t . The breed ing season a p p e a r e d to be longer d u r -
ing the inc rease t h a n the peak phase ; win te r breeding was n o t obse r -
ved. Win te r su rv iva l in 1973/4 was super ior to tha t d u r i n g the 1974 
breeding season and ove rwin t e r ed ma les surv ived longer t h a n ove r -
win te red f e m a l e s du r ing the breeding season. Juven i l e su rv iva l w a s 
poor and males su rv ived less well t h a n females , but no la rge d i f f e r e n -
ces in su rv iva l occur red be tween cohor ts dur ing 1974. No s ign i f ican t 
d i f fe rences o c c u r r e d in the size of home ranges e i ther b e t w e e n sexes 
or be tween seasons. Fema le s held exclus ive te r r i tor ies in s u m m e r but 
males occupied ove r l app ing ranges , the cen t e r s of wh ich o f t e n s h i f t e d 
a f t e r snow-me l t . The e s t ab l i shmen t of young f ema le s in t e r r i to r ies w a s 
p robably a f f ec t ed by the su rv iva l of o v e r w i n t e r e d females , popu la t ion 
densi ty, and h a b i t a t su i tabi l i ty . I t is t en ta t ive ly suggested t h a t t he 
n a t u r a l r e g u l a t i o n of C. gapperi is based on sipacing behav iou r t h r o u g h 
aggression, w i th w e a t h e r as a n anc i l l a ry l imit ing fac to r , and food 
supply as the u l t i m a t e con t ro l l ing fac to r . 

[Env i ronmen ta l Res. B ranch , Whiteshel l Nuclear Res., E s t a b l i s h m e n t , 
Atomic E n e r g y of C a n a d a Ltd. , P i n a w a , Mani toba , Canada , ROE 1LO]. 

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

There have been few intensive studies of the population biology of 
the redbacked vole (Clethrionomys gapperi) ( B u t s c h , 1954; E l l i o t t , 
1969) but several European Clethrionomys species have been thoroughly 
investigated (Z e j d a, 1961, 1964, 1967; K a 1 e 1 a, 1957; K a i k u s a l o , 

1 P resen t add re s s : Dept . Zool. and Entomol. , Rhodes Univ., P.O. Box 94, G r a -
hams town , 6140, Sou th Af r i ca . 
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1972; K o s h k i n a, 1965; M a r k o v 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 ( P e r r i n , 1979) and beha-
viour ( P e r r i n , 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 s t ructure of the breeding 
population; differences in survival between seasons, sexes, and age 
•classes; the level of juvenile recruitment in terms of cohort survival; 
changes in the spatial distribution between sexes and seasons; and the 
occurrence of terri toriali ty in C. gapperi. 

2. METHODS 

The popula t ion of C. gapperi studied was si tuated 3 km nor theas t of the 
Whiteshell Nuclear Research Establ ishment at P inawa, southeas te rn Manitoba, 
in black spruce (Picea mariana) forest . 

A r ec t angu la r 1.89 ha grid was established in fores t bordered by an open 
outl ine on the east . Nor th of the grid, black spruce was replaced by birch (Betula 
papyrifera) and aspen (Populus tremuloid.es). Spruce su r rounded the wes te rn and 
sou thern boundar ies , but d ry fores t was replaced by wet bog, where larch (Larix 
iaricina) appeared . S p h a g n u m was common throughout the grid and labrador tea 
(Ledum groenlandicum) was p len t i fu l except under dense spruce canopies and in 
boggy areas . The commonest he rbs (Vaccin ium oxycoccos, V. vitis-idaea, Cornus 
canadensis, Petasites sagittatus, Gaultheria hispidula and Rubus pubescens) were 
widely d is t r ibuted , but were more abundan t in the nor th , and on the eas te rn 
marg in of the grid (Fig. 13). 

L ive - t r aps were set b iweekly fo r two consecutive n igh t s on a 12X7 stat ion 
grid, wi th 15 m spacing, f r o m November 1973 to December 1974. A plywood 
shel ter ( I v e r s o n & T u r n e r , 1969) at each stat ion al lowed low-mor ta l i ty win-
te r t rapping. Whole oats were used as bait, and carrots and wood shavings were 
placed inside the nes t -box of the Longwor th t raps to improve vole survival . 
T raps conta ining an imals were t aken to the labora tory by approx ima te ly 10.00 h 
each morning . The vole's cap ture location, toe-clip number , sex, reproduct ive 
condit ion, weight and age class were recorded. (Juveniles were sexual ly i m m a t u r e 
individuals weighing ^ 1 8 g; sub-adul t s were > 1 8 g but sexual ly i m m a t u r e ; and 
adul t s w e r e > 1 8 g and sexual ly mature . ) Voles used in behaviour tes ts ( P e r r i n 
in prep) w e r e held overnight in the labora tory and re leased at the i r cap ture 
location the fol lowing morning . This populat ion provided da ta on behaviour , 
home range, mobil i ty, reproduct ion , survival and density. 

S n a p - t r a p lines, wi th s ta t ions at 15 m intervals , were set in nea rby black 
spruce fores t on a l t e rna te weeks to the grid t rapp ing over the same period. Two 
Museum Special snap - t r aps bai ted wi th peanu t -bu t t e r were set for four con-
secut ive n ights and checked daily. In winter , holes w e r e dug in the snow and 
t r aps were placed on the ground. All voles were weighed, measured , and their 
r eproduc t ive organs were removed, - f ixed in fo rmal in pr ior to weighing, and 
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examined la ter to de t e rmine l i t ter size or test is activity. The lower j aw w a s 
removed so tha t the f i r s t mo la r could be ex t rac ted and the vole aged on the 
length of the too th root (P e r r i n, 1978). Young voles, tha t had not developed 
molar roots, w e r e aged on the basis of body weight . S tomach contents w e r e 
removed fo r e x a m i n a t i o n and carcasses were analysed to de t e rmine the i r com-
position (P e r r i n in press). 

Density was es t imated by direct enumera t ion , since n u m b e r s w e r e low and the 
probabi l i ty of c a p t u r e w a s ve ry high (84%). Surv iva l was es t imated on a b iweekly 
basis by the t echn ique of Chr is t ian (see D a v i s , 1956). Su rv iva l of indiv iduals 
born dur ing the same t ime period, i.e., a cohort , was considered fo r each sex 
separate ly . F i r s t cohort voles were those born before 1 June , second cohort 
be tween 1 J u n e and 15 Ju ly , and th i rd cohort a f t e r 15 Ju ly . The m i n i m u m 
(polygon) a rea me thod w a s used to descr ibe summer and win t e r home ranges 
(S t i c k e 1, 1954) fo r ind iv idua ls caught f ive or more t imes per season. Long 
dis tance movements , t ha t is those g rea te r t h a n the dis tance be tween ad jacen t t r a p 
stat ions but outs ide a n es tabl ished home range, were recorded. If the in-
dividual was cap tu red more t h a n once at th is position, the a rea was included 
wi th in the home r a n g e a rea . I r r egu la r ly and/or in f requen t ly t r a p p e d young voles 
were called »transients« w h e r e a s adul t s wi th established home ranges were called 
»residents«. The occur rence of b i r ths in 1973 was based on the aging of adu l t s 
caught late in 1973 and th roughout 1974 by backda t ing to the day of b i r th 
(P e r r i n, 1978). The d i s t r ibu t ion of 1974 b i r ths was based on the autopsies of 
snap- t r apped p regnan t f ema les and f r o m l ive- t rapped voles on the gird. The aging 
of regular ly s n a p - t r a p p e d voles provided in fo rmat ion on popula t ion age s t ruc ture . 
Measurements of snow cover and subnivean t e m p e r a t u r e s w e r e recorded in 
winter . 

3. RESULTS 

During the s tudy 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 t rap deaths, which represents 9.1°/o 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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Fig. 1. Numbers of C. gapperi inhabi t ing the spruce-fores t l ive-grid. 
Total number s a re indicated separate ly (—.—.) f rom original captures ( > 
(natal i ty plus immigrat ion) , and f inal captures ( ) (mortali ty plus emigra t ion) . 
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Fig. 2. Probabi l i ty of r ecap tu re of C. gapperi inhabi t ing the spruce-fores t l ive-gr id . 
Overwintered males ( ) and females (—.—.) are indicated separa te ly f r o m 
young males ( . . . ) and females ( ). 
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all sub-adult voles attained sexual matur i ty in their summer of bi r th 
(Table 1), although some young females produced litters, as indicated 
by u terus weight (Fig. 4). Thus a large proportion of the population 
was reproductively active f rom April to August inclusively. The overall 
sex ratio f rom live-trapped voles was 100(5 : 819, wi th 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. 

0 2 -
\ 

O L J i i i i i i — . — . — i — i — i 1 — i 
N D J F M A M J J A S O N D 

Fig. 3. Mean test is weight of overwin te red (X) and young (O) male C. gapperi. 

Births on the grid occurred f rom the first week of April unti l t he 
third week of August during 1974 (Fig. 5); young of the year produced 
their f irst l i t ters in the first week of July. Seven overwintered females 
produced a minimum of eighteen litters during 1974 and six young 
females produced a fu r the r 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%) d i f ferent individuals 
(58c?409) were captured as sub-adults. Of the 50 pregnant mice taken 
in snap-traps, 35 were overwintered adults (70°/o). The mean l i t ter 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 f rom 
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 (P e r-
r i n , 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 f rom the onset of breeding, for the snap-trapped voles 
(Table 2). There was a significant positive correlation between litter 

Table 1 

Changes in the propor t ion of the live t r apped popula t ion of C. gapperi which was 
sexual ly m a t u r e dur ing the 1974 breeding season. 

Overwin te red Adul ts S u m m e r - b o r n Whole Popula t ion 
% M a t u r e % Mature % Matu re 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 J u n 100.0 100.0 — — 100.0 100.0 19 
20 J u n 100.0 100.0 100.0 57.1 100.0 78.6 24 

9 Ju l 100.0 100.0 40.0 55.5 60.9 73.3 38 
23 Ju l 100.0 100.0 71.4 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 sexual ly m a t u r e if they possessed scrotal testes and females 
if they possessed pe r fo r a t e vaginas, or were p regnan t or lactating. 

size and lean dry weight, but not with the other parameters examined. 
The age s t ructure shown in Figure 6 was determined f rom 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 recrui tment took place f rom 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 u t e rus weight (including embryos) of female C. gapperi. 
Pregnan t , ove rwin te red (A) and young (O) females , a re indicated separately f r o m 
nonpregnan t , ove rwin te red (x) and young ( • ) females . 
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Fig. 5. The occurrence of b i r ths dur ing the 1974 breeding season. 
Numbers born on the l ive- t rapped grid (shaded) were es t imated f r o m the product 
of the n u m b e r of p regnan t females and mean l i t ter size. Number s bo rn on the 
s n a p - t r a p lines (unshaded) were es t imated f r o m autopsies. The t iming of b i r ths 
dur ing 1973 (dashed) was based on the ageing and back-da t ing of individual 
C. gapperi s nap - t r apped dur ing 1973 ( P e r r i n , 1978). 
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ing season, overwintered females survived less well than males, but 
mortal i ty was highest in young voles, particularly males. The survival 
of males during au tumn 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 mortal i ty in 

Fig. 6. Age s t ruc ture of the snap - t r apped C. gapperi populat ion. 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 

Correla t ion coefficients be tween l i t ter size and 1) lean dry weight , 
2) age, and 3) t ime ( f rom the onset of t h e breeding season), their 

significance, and the propor t ion of the var ia t ion expla ined (r2). 

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. 
T ime (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 mortali ty 
6—8 weeks af ter 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 mortali ty. Many 
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of the third cohort voles were born to the first cohort females because 
of the heavy mortali ty to overwintered females. 

Table 3 

Means and s tandard er rors for the home range a reas (m2) 
(area of min imum polygon, S t i c k e 1, 1954) of C. gapperi. 
There w e r e no signif icant 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 f ive t imes dur ing 
each season. 

Fig. 7. Accumulative probability of survival until the next trapping period, of t he 
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 ra ther than adult residents. The mean long-distance mo-

Table 4 

Percentage of home range over lap in d i f fe ren t seasons. Numbers in 
parentheses re fe r to the number of occupied terri tories. 

^ Winter 1973/4 Spr ing- summer 1974 S u m m e r - a u t u m n 1974 
(Overwintered adults) (Young of the year) 

Males 90 93 88 
Females 73 0 (6) 15 (13) 

i o 1 1 1 1 t 1 1 1 r 
0 9 X — ^ X — x 

x—X 

Oil I I 1 1 1 1 —' 1 1 

0 4 8 12 16 2 0 24 28 32 36 
W E E K S 

Fig. 8. Accumula t ive probabi l i ty of surv iva l unt i l the next t r app ing period, of 
young male C. gapperi fo l lowing the f i rs t cap ture dur ing the 1974 s u m m e r ( • ) , 

or, the a u t u m n of 1973 (x), when the study was init iated. 
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vement of t ransients (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 terri tories (B u j a 1 s k a, 1973). There was no-

W E E K S 

Fig. 9. Accumula t ive probabi l i ty of survival unt i l the nex t t r app ing period, f o r 
the f i rs t ( second ( ) and th i rd (—.—.) 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 terri tories 
in autumn (13) than spring (6). The au tumn territories were smaller in 
area and were occupied by young of the year. The pat tern of distr ibu-
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 pat tern 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. Accumula t ive probabi l i ty of survival unt i l the next t rapp ing period, fo r 
f i rs t ( ). second ( ), and th i rd (—.—.) cohorts of young female 

C. gapperi. 

Table 5 
Turnover of female terr i tor ies . 

Vole Habi ta t Area of Date of Replaced by Date of 
Number Class t e r r i to ry (m*) last cap ture vole number f i r s t cap tu re 

12 1 225 23 Ju l 112 23 Ju l 
18 1 225 28 May 161 6 Aug 
21 4 900 9 Ju l 124 9 Ju l 
33 1 225 23 Ju l Vacant — 
34 3 450 6 Aug Vacant — 
37 5 550 6 Aug Vacant — 

For a descript ion of habi ta t classes see Table 6. The areas of ter r i tor ies were de-
te rmined by the method of S t i c k e 1 (1954). 
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Fig. 11. Dis t r ibut ion of overwin te red female te r r i tor ies dur ing the 1974 b reed ing 
season. No areas of over lap exist . Numbers a re those assigned to d i f f e r en t in-

dividuals . 

Table 6 
Establ ishment of female terr i tor ies . 

Vole 
Number 

Date of 
f i rs t cap tu re 

Cohort Li t te r 
of origin product ion 

Habi ta t 
class 

Area of 
t e r r i t o ry (m*) 

101 26 J u n I Yes 2 562 
112 9 Ju l I Yes 2 675 
113 9 Ju l I Yes 1 225 
124 9 Ju l II No 3 112 
138 23 Ju l I Yes 2 225 
143 24 Ju l II No 2 225 
154 6 Aug I Yes 2 112 
161 6 Aug II No 1 112 
171 20 Aug II No 2 225 
181 17 Sep III No 5 337 
182 17 Sep III No 3 337 
189 17 Sep III No 3 450 
198 1 Oct I I I No 2 112 

Voles were placed in a cohort on the basis of weight at f i rs t capture , by back-
dating and using a g rowth curve (P e r r i n , 1978). Cohort l a v ó l e s born before 
the end of May, 11=voles born in J u n e or the f i rs t two weeks of Ju ly , 111=voles 
b o m a f t e r mid-Ju ly . Habi ta t classes were assigned on the densi ty d is t r ibut ion of 
C. gapperi on the l ive- t rapped grid (Fig. 13). Opt imal hab i ta t s (1) w e r e solely in 
areas of high density, good habi ta t s (2) were p redominan t ly in high densi ty areas , 
average hab i ta t s (3) were those p redominan t ly in a reas of modera te densi ty , poor 
habi ta ts (4) were those p redominan t ly in a reas of low density, and unsu i t ab le ha-
bitats (5) were those solely in a reas of low densi ty. The a reas of te r r i to r ies w e r e 
de te rmined by the method of S t i c k e 1 (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 terr i tory 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 

3 

Fig. 12. Dis t r ibu t ion of young f ema le t e r r i to r i e s d u r i n g the s u m m e r and a u t u m n 
( f rom f i r s t c a p t u r e unt i l f i r s t snow-fa l l ) of 1974. A r e a s of over lap a r e shaded. 

N u m b e r s a re those ass igned to d i f f e r e n t ind iv idua l s . 

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 f rom mid-November 
to mid-December in 1974 than 1973 and sudden declines in temperature 
were also more f requent 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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| MOUNTAIN MAPLE 

| BIRCH AND ALDER 

I VACCINIUM AND 
1 CORNUS 

VEGETATION KEY 

E D BIRCH O L A R C H • WILLOW 

ALDER BALSAM FIR ^ A S H 

H SPHAGNUM AND LEDUM OR EQUISETUM 

MIXED HERBS 

Fig. 13. The vege t a t i on a n d occur rence of C. gapperi on t h e l i ve - t r apped spruce-
fo res t gr id . Black sp ruce w a s p resen t in al l a r eas . 

C. gapperi d i s t r i bu t ion 
0 = l o w dens i ty (5 or f e w e r c a p t u r e s d u r i n g the s tudy). 

= m e d i u m dens i ty (6 to 10 c a p t u r e s d u r i n g the s tudy). 
• = h i g h dens i ty (more t h a n 10 c a p t u r e s d u r i n g the s tudy). 
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Fig. 14. Snow dep th ( ) and subnivean t e m p e r a t u r e ( ) (recorded at 5 c m 
beneath the soil surface) dur ing November and December of 1973 (X) and 1974 ( • ) . 

4. DISCUSSION 

4.1. General 

C. gapperi exhibits a four-year density cycle in Manitoba (I v e r s o n 
& T u r n e r , 1972, unpubl. data) and elsewhere in Canada ( F u l l e r , 
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, C h i 11 y, 1955) occurred at the end of the study in December 
1974. Such declines are not common in Clethrionomys species but have 
been recorded previously (Z e j d a, 1967). Densities of C. gapperi in 
black spruce forest in Manitoba are comparable to those of C. glareolus 
in Bulgarian montane spruce forest ( M a r k o v et al., 1972a) and of 
C. rutilus in white spruce forest in Alaska (P r u i 11 et al., 1960). 

Variability in trappabili ty can be a major problem in rodent popula-
tion studies ( P e r r i n , 1975), but the probability of capture was high 
and. fair ly constant in this study due to high trap density in relation 
to rodent density, and to the use of permanent, baited trapping shelters 
( T a n a k a , 1970; A n d r z e j e w s k i , F e j g i n & L i r o , 1971). How-
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ever, since the weights of sub-adults at f irst 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. 
W a t t s (1970) has shown that large male C. gapperi inhibit initial 
capture of juveniles. 

4.2. Reproduct ion 

C. gapperi males matured earlier in the year than females, although 
sexual maturat ion is controlled by daylength ( E v e r n d e n & F u l l e r , 
1972; R o t h , 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 (C o u 11 s 
& R o w l a n d s , 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 f rom 
the onset of reproduction being controlled by daylength ( R o t h , 1974; 
E v e r n d e n & F u l l e r , 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 (A s d e 1 1, 1964; P e t e r s o n , 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 f rom conception at a very ear ly 
age, and timing m a y be a direct result of the t ime required for sexual 
development. Synchrony in young production by overwintered and 
young females at the end of Ju ly 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 natura l 
(Z e j d a, 1966) and laboratory ( B u c h a l c z y k , 1970) conditions. Only 
first cohort females littered in the year of their bir th which might in-
dicate an inhibition of maturat ion in late cohort females (B u j a 1 s k 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 ( J e w e l l , 1966; S a d 1 e i r, 1969). 

The distribution of births of C. gapperi during 1973 did not show 
a pat tern as occurred during 1974, and the season appeared longer. 
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This might have resulted f rom a longer breeding season and from litters 
being asynchronous, or alternatively, could have been caused by imper-
fect backdating. However, I v e r s o n & T u r n e r (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 l i t ter size recorded here for C. gapperi is similar to the 
values published by F u 11 e r (1969) and I v e r s o n & T u r n e r (1976) for 
the same species, but higher than values for C. glareolus (Z e j d a, 1966; 
B u j a l s k a & R y s z k o w s k i , 1966; C o u t t s & R o w l a n d s , 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 I v e r s o n & T u r n e r (1976). In C. gapperi l i t ter 
size is correlated with body weight but not with age. Similar results 
have been presented for C. glareolus (Z e j d a, 1966), but in that species 
a seasonal change in litter size has been established. 

4.3. Age S t r u c t u r e and Surv iva l 

Mortality was greatest in young voles during the breeding season. 
Of approximately 162 C. gapperi born on the live grid 98 (60°/o) were 
ever trapped during the breeding season, indicating considerable (40°/o) 
mortali ty prior to weaning and independence. I v e r s o n & T u r n e r 
(1976) have suggested a 5°/o loss of C. gapperi due to intra-uter ine mor-
tality, and P o p o v (1960) has stated that under field conditions postna-
tal mortali ty is 30°/o in C. glareolus. Survival of young voles may be 
affected by antagonism from adults ( C h i t t y & P h i p p s , 1966). Since 
levels of aggression in both sexes of C. gapperi during the breeding 
season were higher in adults than young ( P e r r i n , in prep), survival 
of young C. gapperi may have been affected by aggression by adults. 
Changes in the survival and recrui tment of young into natural murid 
populations have beeen explained by aggression (S a d 1 e i r, 1965; H e a -
1 e y, 1967; W a t t s , 1969). 

Changes in population age s t ructure can be related to two previous 
hypotheses. G l i w i c z (1975) has suggested that differences in winter 
age s t ructure 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 s t ructure and good viability. Z e j d a (1967) has proposed a mecha-
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nism whereby the age s t ructure 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 au tumn 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 s t ructure of C. gapperi in 1974 agrees with the hypoth-
eses of Z e j d a (1967) and G l i w i c z (1975), in that an older winter 
population followed a younger one. However, Z e j d a's (1967) hypoth-
esis is not supported by the length of the C. gapperi (1974) breeding 
season since it was not great ly restricted. If the breeding seasons of 
1973 and 1974 are regarded as being equivalent, the observed difference 
in au tumn age s t ructure would have resulted f rom differences in cohort 
survival between years as postulated by G l i w i c z (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 (P e r r i n, 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 (P e t r u-
s e w i c z et al., 1968, N e w s o n, 1963; B u j a 1 s k a, 1975; G l i w i c z 
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 M e r r i t t &  
N o l a n (1974). No significant sex differences in home range area were 
observed although numerous authors (B e r g s t e d t, 1966; R a d d a 
et al., 1967; R a d d a, 1968; M a z u r k i e w i c z , 1971; A n d r z e j e w - 
s k i et al., 1967) have demonstrated larger ranges in males than females, 
with greatest disparity in winter ( B r o w n , 1956; M a z u r k i e w i c z ,  
1971; R a d d 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 e r r i n, in prep). Similar shifts have been reported by M e r -
r i t t & N o l a n (1974), R a d d a (1968), and M a z u r k i e w i c z (1971), 
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and may function in maintaining genetic diversity in the population 
( G a r t e n & S m i t h , 1974; S m i t h et al., 1972). 

Young female C. gapperi tended to occupy areas unoccupied by over-
wintered females f irst while areas vacated due to mortality of adult 
females were colonized later. Adult aggression ( P e r r i n in prep) may 
have adversely affected juvenile settlement in C. gapperi, as occurs in 
C. glareolus ( K o ł o d z i e j et al., 1973; M a z u r k i e w i c z , 1971).  
Indeed, P o w e l l (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 al low-
ing for colonization of new habitats ( T u r n e r et al., 1975). 

Breeding adult female C. gapperi were territorial during summer, but 
this terri toriali ty ceased in winter, as occurs in C. glareolus (B u j a 1- 
s k a, 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 te r -
ritories had doubled, density had increased, and aggression was still high 
( P e r r i n in prep). Therefore, it seems likely that terri tory size de-
creased because of social pressure from increased density. 

B u j a l s k a (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 (W a t s o n &  
M o s s , 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 ( P e r r i n in prep) and might have influenced the development 
and fer t i l i ty of second and third cohorts. Females of the year only 
produced l i t ters a f te r the death of overwintered breeding females. This 
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might suggest that non-breeders became physiologically capable of 
reproduction as population s t ructure changed. Alternatively physiologi-
cal activity might have occurred in young females in the presence of 
overwintered females, if the lat ter had survived. 

It appears unlikely that space was limiting, since terri torial 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 W a t s o n & M o s s (1970). 

4.5. Climate and Winter Survival 

Extreme climatic conditions are known to cause declines in the density 
of nor thern Clethrionomys population ( F u l l e r , 1967; E l l i o t t , 1969; 
W h i t n e y , 1973). The critical periods for survival occur in spring and 
au tumn and are associated with the formation and thawing of a stable 
insulating snow cover, and ext reme temperatures at these times (F u 11- 
e r , 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 f rom 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 ( P e r r i n 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 mortal i ty 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. K a l e l a (1957) has suggested 
that winter food shortages may be involved in the local declines of 
C. rufocanus, which is supported by A u l a 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 A n d r z e j e w s k i  
(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 mortali ty was temporally associated with max-
imal levels of aggression and in the peak density year the population 
age s t ructure was younger suggesting recruitment f rom 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 mortali ty 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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M. R. P E R R I N 

R O L A R O Z R O D U , P R Z E Ż Y W A N I A I T E R Y T O R I A L I Z M U 
W S E Z O N O W E J D Y N A M I C E P O P U L A C J I CLETHRIONOMYS GAPPERI 

O b i e k t e m b a d a ń b y ł y p o p u l a c j e Clethrionomys gapperi ( V i g o r s , 1830), z a m i e s z -
k u j ą c e l a sy ig l a s t e (Picea mariana) w p o ł u d n i o w o - w s c h o d n i e j M a n i t o b i e (Rye. 1). 
B a d a n o r o z m n a ż a n i e , p r z e ż y w a n i e i t e r y t o r i a l i z m w zależności od d y n a m i k i sezo-
n o w e j n o r n i c (Ryc. 2). Szczy t zagęszczen ia w y s t ą p i ł w 1974 r . po f a z i e w z r o s t u 
p o p u l a c j i w 1973 r . Z i m ą 1974/5 n a s t ą p i ł o z a ł a m a n i e l ub też s p a d e k l i czebnośc i 
t y p u M, k t ó r e t o w a r z y s z y ł o e k s t r e m a l n y m w a r u n k o m k l i m a t y c z n y m . S a m i c e - p r z e -
z imk i p r o d u k u j ą oko ło 70% m i o t ó w w czasie sezonu roz rodu . W c i ągu r o k u 
s w e g o u r o d z e n i a d a j ą m i o t y t y l k o s amice z p i e r w s z e j k o h o r t y (Tabe la 1). U k a -
zan ie się p i e r w s z y c h m i o t ó w by ło z s y n c h r o n i z o w a n e p r a w d o p o d o b n i e z d ługośc i ą 
d n i a , a d r u g i szczyt w p r o d u k c j i m i o t ó w w y s t ą p i ł pod kon iec la ta (Ryc. 5). Wie l -
kość m i o t ó w by ła d u ż a , co m o g ł o s t a n o w i ć a d a p t a c j ę do w z r a s t a j ą c e j p r o d u k t y w -
nośc i zwłaszcza , że sezon r o z r o d u by ł k r ó t k i . W y d a j e się, że sezon t e n j es t d ł u ż -
szy w f a z i e w z r o s t u p o p u l a c j i , n iż w f az i e szczytu; n ie o b s e r w o w a n o r o z r o d u zi-
m o w e g o . P r z e ż y w a l n o ś ć z i m o w a w 1973/4 p r zewyższa ł a p r z e ż y w a l n o ś ć w sezon ie 
r o z r o d u 1974, a s a m c e - p r z e z i m k i ży ły d ł u ż e j niż s a m i c e - p r z e z i m k i w czas ie sezo-
n u r o z r o d u (Ryc. 7). P r z e ż y w a l n o ś ć m ł o d y c h była n i s k a a s a m c e p r z e ż y w a ł y go-
r z e j niż s a m i c e lecz n ie b y ł o w i e l k i c h różn i c w p r z e ż y w a n i u m i ę d z y k o h o r t a m i 
w 1974 r . (Ryc. 8, 9, 10). B r a k b y ł o i s t o t n y c h różn ic w wie lkośc i a r e a ł u o s o b n i -
czego m i ę d z y o s o b n i k a m i r ó ż n e j p łc i i m i ę d z y s ezonami (Tabela 3, Ryc . 11). S a -
mice z a j m u j ą w y ł ą c z n e t e r y t o r i a w lecie, n a t o m i a s t s amce p o s i a d a j ą z a c h o d z ą c e 
n a s iebie a r e a ł y , k t ó r y c h c e n t r u m p r z e s u w a się po s t a j a n i u śn i egu ( T a b e l a 4). 
Os i ed l an i e się m ł o d y c h s a m i c na t e r y t o r i u m p o p u l a c j i zależy p r a w d o p o d o b n i e od 
d ługośc i życ ia p r z e z i m o w a n y c h samic , zagęszczenia popu lac j i i w ł a ś c i w o ś c i ś r o -
d o w i s k a (Tabe l e 5, 6; Ryc . 12). A u t o r s u g e r u j e , że n a t u r a l n a r e g u l a c j a popu l ac j i , 
u C. gopperi jes t o p a r t a n a b e h a w i o r z e p r z e s t r z e n n y m i a g r e s y w n o ś c i o r a z n a 
d w ó c h c z y n n i k a c h l i m i t u j ą c y c h : pi .erwszym i g ł ó w n y m są z a p a s y p o k a r m o w e 
(Ryc. 13) a d r u g i m , d o d a t k o w y m i ¿jest pogoda (Ryc. 14). 


