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A long-term study of an island population of the bank vole showed
sex ratio among trappable voles close to 1, though at low population
numbers numeiical prevalence of females over males was frequent.
Among mature individuals the females were usually more numerous
than the males. Mortality rate of mature males was higher than that
of mature females. A lower maturation rate was found for males than
for females. Relative numerical stability with different levels for ma-
ture males and females was evidenced. Hence, sex ratio in mature
voles showed tendency toward prevalence of females during population
increase. Spacing behaviour (a possible mechanism for regulation of
natality) could be responsible for the changes in sex ratio among ma-
ture individuals.

[Institute of Ecology, PAS, Dziekanéw Lesny, 05-092 Eomianki, Po-
land]

1. INTRODUCTION

Seasonal changes of sex ratio in small rodents were studied by Berg-
stedt (1965), Lidicker (1973) and Hansson (1978). Separate sex ratio
estimates for mature and immature individuals were published by Pe-
likan (1970) and Kalela (1971), and mechanisms governing the propor-
tions of the sexes were investigated by Myers and Krebs (1971) and
Redfield et al. (1978).

In this report attention is paid to the sex ratio in mature voles, i.e.,
those having definite spacing behaviour and “responsible” for repro-
duction (Bujalska, 1970, 1973). It seemed reasonable that sex ratio in
mature voles may reflect, or be related to regulatory processes.

2. STUDY AREA AND METHODS

Crabapple Island on Beldany Lake in Northeastern Poland was the sampling
area. The vegetation of the island is mostly deciduous forest, which is a typical
habitat for the bank wvole (Pucek, 1983). The entire 4 ha island was evenly
covered with 159 trap sites visited twice daily for each 7 day census. The po-
pulation was sampled 5 times a year at 6-week intervals from April to October.

The CMR method was applied, and made possible exact estimates of the size
of the trappable population by means of the “census method”. Estimates obtained
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this way were highly correlated with those made by Jolly’s (1965) method (Bu-
jalska, 1985).

The accepted criterion of male maturity was scrotal testes. A series of vaginal
smears served to distinguish between mature and immature females (Bujalska,
1970). The sex ratio in mature voles was studied in 1975—80, and that in all
the trappable individuals was investigated also in 1966—70 and in 1972.

In this paper the sex ratio is given as the number of males to females:
Z=m/f. For each census it was possible to calculate a mean ratio of males to
females, based on individuals newly caught on consecutive days. This made it
possible to estimate the standard error and 95% confidence interval for 2, according
to Dunin-Barkovskij & Smirnov (1955):
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The following sample estimates were accepted:

where: m — number of subsamples (time units) in a census, m, — number of
males in subsample i, f, — number of females in subsample i (i=1, 2, 3, ... n).

3. RESULTS

First, the Z values for the trappable voles were plotted against the
population size (Fig. 1). It appears that significant (p<<0.05) deviations
from 1 are more numerous for <1 than for 2>1. If they were ran-
domly distributed around 1 one should expect the same number of
significant deviations in each direction. The Chi-square test confirms,
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however, that Z was significantly <<1 more frequently than expected
(x*=5.042, d.f.=1, p<<0.05, tko-tailed test).
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Fig. 1. Sex ratio in trappable voles at different population sizes.
Z — estimate of sex ratio (2>1 or <1 significant at p<0.05), N — population:
numbers.

Also the frequency of significant deviations (z#1) varies with po-
pulation size (Bujalska, 198la, 1983). Low numbers are defined as-
encompassing the range 1—133; intermediate numbers run from 134—
—266; and high numbers are those from 267—400. When frequency of
significant deviations from Z=1 is compared among these three groups.
there is no difference between high and low populations, but interme-
diate populations have significantly fewer different Z values than low
populations do (X*=4.324, d.f.=1, p<<0.05).

A closer examination of the deviations at low density (total number-
<{132; density <35 voles per ha) shows that 5 cases of Z+#1 (including
the one case of z>>1) occured in April, 3 cases of 2#1 occured in June,.
and one in July. The sex ratio in April deserves particular attention
because the population then consists of overwintered voles only, and
their number is highly correlated with food availability (Bujalska, 1985).

Table 1
Sex ratio estimate for trappable population in October and the following April

v October Year April
s z 95% c.l. z 95% c.l.

1966 0.998 0.848—1.149 1967 0.616 0.416—0.817
1967 1.436 1.416—1.455 1968 0.707 9.647—0.768
1968 0.928 0.632—1.232 1969 0.773 0.586—0.959
1969 0.933 0.814—1.062 1970 1.108 0.795—1.420
1975 0.857 0.783—0.931 1976 0.688 0.526—0.850
1976 0.845 0.424—1.266 1977 0.880 0.849—0.911
1977 0.922 0.778—1.066 1978 1.087 0.138—2.036
1978 0.768 0.427—1.109 1979 1.136 0.004—2.276

1979 0.931 0.500—1.362 1880 0.833 0.168—1.834
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The April sex ratio seems to be independent of the sex ratio in the
previous October (Table 1). In 5 of 9 Aprils 2 was significantly <<1.
In three of those cases Z in the previous October was not significantly
different from 1 (1966, 1968, 1976); in one case the October Z was
significantly >1 (1967); and in only one case was 2<<1 in both October
and April (1975, 1976). Thus, differential winter mortality, acting more
strongly against males than against females, seems to influence the
sex ratio in early spring.

The frequent preponderance of females over males in April, when
all the voles are sexually mature, draws attention to the sex ratio
among mature voles. In 17 of 30 cases for which data are available
a significant preponderance of mature females over mature males was
found. In the remaining 13 cases Z did not deviated significantly from 1.
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Fig. 2. Regression of number of mature males and that of females on size of the

trappable population.

¥y — number of mature individuals, * — population numbers, £ — sex ratio
expected from the regressions (denoted by the thick continuous line)

Dots and thin continuous line denote females (y=)/—120.48+14.58x+0.0357x2,

R=0.883, n=24, F=37.22, p<0.001), open circles and dashed line denote males

(y=3.511+0.375x—8.376—%x2, R=0.823, n=24, F=21.03, p<<0.001).

Among immature voles, however, there was a tendency toward nu-
merical preponderance of males over females (Bujalska, 1981a, 1983).
In 8 cases of 21 available the Z value was significantly higher than 1,
and it was never found to be significantly less than 1. Thus a reversal
of sex ratios seems to accompany sexual maturation.

As was shown earlier (Bujalska, 1970, 1973, 1985) the number of
mature females is relatively stable and independent of population num-
bers from June to September due to a tendency toward territoriality.
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Data for both sexes from 1975—80, when simultaneous estimates of
the numbers of mature males and females were available, are shown
in Figure 2. In spite of similar regression formulas, which seem to
describe well enough the numerical changes of mature voles of both
sexes accompanying the increase of population numbers, the regression
coefficients are different, and female curve is always at a higher level
than that of the males. This is indicative of different vulnerability of
mature males and females to elements of environmental capacity such
as food or space. The variable environmental capacity induces changes
in spatial structure of the mature segment of the population which are
shown by changes in home range size or amount of home range overlap
(Bujalska, 1975, Bujalska & Janion, 1981). Thus, under given condi-
tions a particular number of mature individuals matches the environ-
mental capacity. As a consequence one may suppose that in populations
characterized by limitation of numbers of mature individuals due to
their spacing behaviour the sex ratio in mature animals varies inde-
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Fig. 3. Correlation between mortality rate of mature males and females.
y — percent mortality of mature females from one census to the next, * —

N
percent mortality of mature males from one census to the next, y=2.51-+0.756x,
n=18, r=-+0.817, p<0.001.

pendently of population density. On the other hand, if such limitation
does not occur, or if it occurs only within a certain range of population
density, the number of mature males and females ought to increase
with density, and changes in sex ratio can be regarded as density-
-dependent (Bujalska, 1981b).

A question thus arises as to why the sex ratio is so frequently bias-
ed in favour of mature females. One obvious possibility is that mature
males have a higher mortality rate than mature females. The mortality
rate from each census to the next was calculated for mature males
and females separately. Although there is a significant linear correlation
between mortality rates of males and females (Fig. 3), the slope of the
regression line is <1, which suggests a higher rates for males than
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for females. Males, in fact, had the higher rate in 15 of 18 available
cases, and the average mortality of males (39.8%0, n=>583) was higher
than that of females (32.7%, n=1745), U=2.656, p<<0.01. Hence, ma-
ture males die out at a higher rate than mature females.

A second possibility is a lower maturation rate among males than
among females. Although only 7 cases are available for comparison
the mean maturation rate — as expressed in the percentages attaining
maturity in a 6 week interval dividing consecutive censuses — is lower
for males (34.7%, n=311) than for females (45.7%, n=232), U=2.632,
p<<0.01. Thus, the female-biased sex ratio is associated with both a
higher mortality rate and a lower maturation rate of males. Supposedly,
the male maturation rate matches the environmental capacity for ma-
ture males, and — as in mature females — by their spatial require-

ments.
4. CONCLUSIONS

1. Though the sex ratio in all the trappable voles was in most cases
equal to 1, a significant preponderance of females over males was
more frequent than the reverse. This was particularly pronounced at
low population density, that is, mainly in April when the population
consisted exclusively of sexually mature, overwintered voles.

2. Among sexually mature individuals the sex ratio frequently dif-
fered from 1 and in every case, independently of population numbers,
females were more numerous than males.

3. A higher maturation rate and a lower mortaliy rate among ma-
ture females are the causes of the numerical preponderance of females.

4, Different spatial requirements of mature males and females are
a means of adjusting the number of reproducing animals to actual
environmental conditions. Hence, sex ratio among mature individuals
may be variable and independent of population density. On the other
hand, in population characterized by unlimited maturation and nata-
lity, the sex ratio among mature individuals may simply be a function

of density.
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PROPORCJE PECI W WYSPOWEJ POPULACJI CLETHRIONOMYS GLAREOLUS
(SCHREBER, 1780)

Streszczenie

Badania nad proporcjami plci (wyrazonymi stosunkiem liczbowym wszystkich
samcéw do samic, Z) prowadzono — stosujgc metode CMR — w latach 1966—T70,
1972 i 1975—80. Dla ostatnich sze$ciu lat badan dysponowano ponadto obserwa-
cjami proporcji plci wsréd osobnikéw dojrzatych plciowo.
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Wykazano, ze proporcje plci wsrod wszystkich osobnikéw byly w wiekszosci
przypadkéw roéwne 1. Rézne od 1 proporcje plci istotnie cze$ciej wskazywaly na
przewage samic (Ryc. 1). Szczegblnie czesto przewage samic obserwowano w
kwietniu (najnizsze wartosci liczebnosci populacji). W pazdzierniku proporcje
plci rzadko odbiegaly od 1 — przewaga samic na wiosne musiata byé rezultatem
réznej smiertelnosci zimowej (Tabela 1).

Wisréd dojrzalych osobnikéw obserwowano przewage samic (Ryc. 2). Bylo to
rezultatem: (1) Wyzszej $miertelnoéci dojrzatych samcoéw niz samic (Ryc. 3). Sred-
nia émiertelnoéé dojrzalych samebébw wynosila 39.8% a samic — 32.7%, p<0.01. (2)
Nizszego tempa dojrzewania samcoéw niz samic (odpowiednio 34.7% i 45.7%.
p<0.01).

Hamowanie tempa dojrzewania samecéw i samic (na drodze tendencji terytorial-
nych) sprawia, ze proporcje plei wsréd dojrzalych osobnikbw sa niezaleine od
gestosci populacji (Ryc. 3).



