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Analysis was made of variations in body weight and length and in age
structure and reproduction dynamics of C.glareolus (Schreber, 1780)
over a period of ten years (N=8040) and within the limited area of the
Rialowieza National Park. The existence of considerable variations in
body dimensions in different years and seasons was demonstrated, and
a critical assessment made of the significance of these characters in
taxonomy of the species. Maximum body dimensions were observed in
both sexes during the spring period. Sex dimorphism was expressed
(with the exception of the autumn) by the greater body weight and
length of females than males. Differences were found in the rate of
growth and sexual maturation between the spring and autumn gene-
rations, the first of which exhibited rapid uninterrupted growth during
the summer, and the second inhibition of growth and sexual maturation
until the spring of the following calendar year. Individuals of this
generation were characterised in addition by a greater capacity for
survival during the autumn-winter period, and prolongation of the
juvenile period. In 1954 the autumn generation exhibited different
behaviour — owing to favourable climatic and food conditions the rate
of growth of individuals was not inhibited. They rapidly attained sexual
maturity and reproduction continued during the winter period. This
contributed to the mass appearance of C. glareolus the following year
(1955). The above data point to the different reaction of rodents to
varying conditions in the external habitat.
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I. INTRODUCTION

During the last few years there have appeared many theriological
publications on Microtinae. This numerous group of small mammals in the
Palearctic was given considerable attention from the theoretical and
practical point of view.

The causes of lively interest in this group are various. Undoubtedly the
substantial motives derive from the reproductive ability of these
mammals, and their adaptability, closely connected with the factors of
their ecology, and the harm they bring to agriculture.

Another more theoretical cause of interest in the above-mentioned group
of Micromammalia resulting from improved, more precise and penetrating
methods of investigation, is the necessity to revise the lower systematic
units hitherto recognised. Some of them are the result of stereotyped
studies executed several decades ago.

In the sub-family Microtinae, a respectable place, because of the
multitude of works upon it, belongs to the genus Clethrionomys Tile-
sius, 1850. Numerously represented forms include almost the whole of
Holarctic. In this genus are taxonomic “groups” such as: glareolus, ruti-
lus, nageri, rufucanus with their attendent ”’subspecies”, which are taken
into consideration in the divisions of Millér (1912), Hinton (1926),
Ellerman (1941), Ognev (1950) and which still to be corrected. The
last author mentioned, indeed, with a relatively large taxonomic ballast,
devotes much space to the complexitly of environmental factors and their
consequences.

Schaefer (1935) and Stein (1951) very pznetratingly call attention
to the still frequently traditional and abstract character of interpretation
oi lower systematic units. They point out the ecological and populational
character of morphological variability in individuals occupying a certain
area.

Schwarz(1959) gives more extensive and more exhaustive comments
in this field, noting the parallelism of individual and geographical varia-
bility in lower systematical units, among others in Microtinae. 1 wish to
draw attention to the great adaptibility of these animals, which can be
noticed in individual and geographical variability; not only such charac-
teristic features as colour or proportions of the body, but also dezper,
more ’'stabilized” elements of their organisms. Not considering these
features of the organism, the author believes, sometimes leads to the
incomplete or mistaker description of a given species or subspecies. He
mentions many authors who in some degree helped to make systematic
taxonomy more “plastic” and stabilized, both in reference to the form .
described and its relatives.
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The balance of the last several years in reference to this problem gives
us grounds for optimism.

Much notice is devoted to the most representative individual of this
species — the bank vole. We know that this species includes almost the
whole of Palearctic and is very adaptable. It can be found in various
greatly-differing wooded environments.

This characteristic dynamism of the bank vole results from great
adaptability, and the ability to eat absolutely any food (if necessary)
(Wrangel, 1939; Naumov, 1943;Ognev. 1950; Koskina, 1957;
Z e jd a, 1961; and others).

Publications on this species differ, Many of them are just fragmentary,
describing a small sector of the subject; numerous, also, are works dealing
with the problem on a large scale. There appear to be three basic trends in
investigation: systematic and zoogeographical, ecological, and biomorpho-
logical. It would be difficult, taking into consideration the present state of
methods of investigation, to make a more precise classification or descrip-
tion. Incontestable is the fact, that as regards the wild mammals (and
others as well) these three above-mentioned trends, if followed simul-
taneously, give a better possibility of deeper knowledge of variability in
a given species and the processes governing it,

The many-sided character of these speculations clearly stands out from
former statistical analysis of the species, giving instead a plastic picture
of the growth and the state of the individuals of the population in a given
area.

In my study on Clethrionomys glureolus (Schreber, 1780) in the
Biatlowieza National Park I decided to analyse the morphological variabi-
lity of this species in ils several aspects. [ have taken into consideration
chiefly those features which hitherto were given less notice, or worked on
from different angles.

Having much material (more than 8,006 specimens) gathered over
several years, 1 made efforts to consider the problem of the variability of
the morphological features investigated from the following points of view:
individual, their age, annual and seasonal. I devoted much attention to
the changes in length and body weight, having in mind the taxonomic

ignificance of these features.

I wanted to investigate the dynamics of population from the angle of the
age of the individuals, the quantitative oscillation of both sexes, the
intensity of their breeding, and the biological value of various generations
in several analysed years.

At the end I discuss their mass appearances, and their consequences.

The above profile of research is essentially a continuation of the studies
started by Dehnel (1949), in the Bialowieza National Park and later
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continued by his pupils and co-workers (Adamczewska, Bazan-
Kubik, Borowski, Cabon, Kubik, Pucek, Tarkowski,
Wasilewski and others).

The chief aim of the research of this team is to obtain knowledge, from
all possible angles, of forms in a given area in the Bialowieza National
Park both from the morphological angle and the functional. The substance
of these investigations is the problem of biomorphological variability of
Micromammalia.

1 want to express special gratitude to my late Teacher, Professor Dr.
August Dehnel, for his valuable help and consultations given during
the preparation of this work.

I wish also to thank Dr. Marian Dgbek, from the Department of
Mathematical Statistics at M. Curie-Sklodowska University (Lublin) for
his valuable remarks and help during the statistical analysis of the ma-
terial.

II. MATERIAL AND METHOD

The analysed collection of Clethrionomys glareolus (Schreber, 1780) comes
from the National Park in Bialowieza (BNP).

Systematic catching over several years supplied more than sufficient material for
study. More than 8 thousand bank voles were collected from 1946 to 1955 on
previously chosen capture areas in severai different biotopes.

Detailed informations about methods of capture, description of 9 particular bio-
topes, their floral composition, characteristic features of the soil, thermic conditions
elc, are given in the works of: Dehnel (1949), Borowski & Dehnel (1953),
Matuszkiewicz (1954), Adamczewska (1960), Sidorowicz (1960).

To follow the possible morphological changes connected with the age of the spe-
cimens, the wnole material was classified into several age groups,

Taking into consideration my own data and that from the works of Wrangel,
1939; Mohr, 1950; Prichodko, 1951; Sviridenko, 1959; Wasilewski,
1952; Stein, 1956; Ko§kina, 1955, 1957; Ze jda, 1962, I established 5 age groups
according to the structural state and growth of the first lower molar (M,). The
following age groups were considered: I — juvenis; II — subadultus; III — adultusI;
IV — adultus II; V — senex.

The approximate length of life of each particular class was established. The
publications of the authors cited greatly helped, on account of their penetrating
treatment of this question.

On the whole the classifications are tinged, however, with subjectivism. Thus it is
cften difficult to establish the length of life or age of a particular specimen and the
results sometimes disagres with reality. The fact that the generations born in spring
Lave softer food and the generations born in autumn have harder food, chielly
tough seeds to eat, has a great influence on dentition. In consequence, where addi-
tional factors are not counsidered, data leading to establishment of the age of the
specimens, based only on the formation of the dentition, may be problematic.

In this work, I attempt to connect the age of specimens with their sexual maturi-
ty, and length and weight of the body. For this purpose sexual organs, preserved in



Biomorphological variability of C. glareolus 121

aicohol were dissected. Measurements of length and breadth of the testes and vesica
seminalis, and also cornua of the uterus were made. The results of measurements
were included in classes. Male specimens were divided into 6 classes (Table 1), fe-
males into 3. According to the size of the embryos, I established 5 phases of
pregnancy.

Vesica seminalis in classes 1 to 4 are of very small size (width 0.57—1.99 mm), in
the remaining groups (5—6) the sizes are from 2.5 to 5.0 mm. On the whole they are
fully filled and have a meandering shape.

In the female groups the measures are: class 1 the width of uterus cornua extends
from 0.4 to 0.8 mm, 2 — 0.9—1.6 mm, 3 — to 2.7 mm. In the first two groups the
cornua show simple construction, and in the third they are irregular and folded.

In doubtful or particular cases the gonads were analysed by histological methods.

In the analysis of the variability the data concerning the length and weight of the
body were taken into consideration. The problem was treated more widely (in
various aspects) because of the considerable material and possibility of comparison.
Variability in the length of bodies was studied on the material from the years
1646—1955, the weight on material from 1949—1955.

Table 1.
Classification of gonads (extremes of length and breadth of the testes).

Class of goﬁnds Lenght of testes Breadth of testes
mm mn
1 3.0 - 4.9 1.6 - 2.5
2 5.0 - 6.9 2.6 - 4.5
3 7.0 - 8.9 4,6 - 5.5
4 8.5 -10.9 5.6 - 6.9
5 11.0 -12.5 6.7 - 7.0
6 1.5 =14.5 6.9 - 7.7

The measurements were done in millimetres (mm.) and grams (g), according to
established principles (Dehnel, 1949; Borowski & Dehnel, 1953).

Numerous figures, diagrams and histograms were made in order to give fuller ‘do-
cumentation of the material, and to show a certain lability in their interpretation.

Among the drawbacks of the present work is the relatively high quantitative
differentiation of the material. At different times, a different quantity of animals
was available. Statistical tests were therefore necessary to evaluate the significance
of the observations and to establish their proper interpretation.

To confirm the significance of the mean difference Student's Test (Weather-
burn, 1949) was employed.

Uniformity of proportions was tested using x* for multi-class tables (Siegel,
1956).

Two divisional series were compared by the Kolmogorov-Smirnov test (Siegel,
1956), thus calculating the approximate value y? (from the 2 degree of freedom) even
for small quantities. In no case, however, were there any contradictory conclusions
as regards the use, of the table of precise critical values, taken as m = min (n,, n,),
whera n, is the number of observations in the first divisional series, n, the number
in the second series.

The material used can be found in the collections of the Mammals Research Ins’u-
tute of the Polish Academy of Sciences, in Bialowieza.
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III. VARIABILITY OF BODY LENGTH

In the relatively plentiful literature on the bank vole, biometric data are consi-
dered frequently.

Measurements, whether in mm or grams, clearly emphasize the sphere of morpho-
logical changes in the animal organism. Insofar as these data are analysed as
a complex, making allowances for the environmental conditions, they allow for
a wider understanding of the state of the population and its dynamics.

They clearly demonstrate the fine plasticity of the body’s covering. They
distinctly show the environmental dependence of féorm and the direction of indivi-
cdual growth of the given species.

There has been research on the analysis of measurements of length and body
weight and the sphere of the variability of these features in C. glareolus more than
once. The numerous publications in this field, however, often ‘treated the problem
marginally or did not give it the proper importance.

Table 2.
Variability of body length of C. glareolus in the years 1946—1955.
Difference
Year n Min. - Max bEt;izf‘vaxﬁ:; and X
in mm

1946 b1 60 - 100 40 81.05
1947 248 66 - 112 46 87.30
1948 840 66 - 112 46 88.135
1949 139 58 -~ 100 42 88.77
1950 303 60 - 110 50 86.55
1951 36 68 - 104 36 86.85
1952 306 60 - 108 48 84,38
1953 1226 64 - 112 48 85.80
1954 674 64 - 102 38 82.82
1955 4249 64 - 114 50 86. 08
1946 8095 58 - 114 56 85.13
1955

Many authors, such as: Zimmermann (1937, Naumov (1948), Kulajeva
{1958), Stein (1956), Kodkina (1957), Schwarz (1959), Zejda (1961), treated
the problem more or less deeply. The character of these investigations and the
conclusions proposed are often in strict dependence on the value of the materials.
Scanty series of specimens from single years without record to the time period and
place of traping and the effects of environmental factors, generally affect the
objective value of these results negatively.

The relatively plentiful material at my disposal, caught over a period
of several years, enables a fuller analysis to be made as also a definition
of the values of measurements as indicators.

Taking into consideration the plasticity of growth of the animals
investigated, their great vital metabolism (Schmalhauzen, 1935),
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I attempt to discuss the variability of length and body weight in several
aspects: individual, age, annual, seasonal. The consequences of these
results would be, in turn, attempts to establish which of the aspects
mentioned is most significant and most closely associated with the field of
cscillation of the measurements and body formation of the analysed
individuals of the population.

The material presented in table 2 indicates the general variation of
body-length in the various years. As can be seen from the table, the
dispersion of bcdy-length in the years from 1946 to 1955 varies conside-
rably. The extreme values for the total number of specimens (more than
8000) are within the range 58—114 mm (Table 2, Fig. 1).
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Fig. 1. Extreme and mean body lengths of C. ylareolus in the various years
with regard to sex.

However, in the several years, depending on the number of specimens
captured, the limits of dispersion for body length vary. The less the num-
ber of specimens captured, the smaller the oscillation and the extremes
noted. In the years with fewer specimens, up to 200 the range of length is
not more than 42 mm. In other years, where more specimens were
captured, when there were several hundred or even several thousand
animals, the range of oscillation is up to 50 mm.

The dependenee of the range of oscillation on the size of the sample of
specimens, is in principle the consequence of the correct method of
sampling.

Fig. 1 illustrates inter alia the above questions with regard also to the
relations between males and females, Generally speaking there are here
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no special differemces. In single years, except for 1946, the range of body-
length for both sexes is practically identical. The extreme variations are
not more than 5 mm. The striking difference between males and females
as regards range of body-length in 1946 is probably due to the small
sample of specimens obtained, only from the last months of the year.

It was calculated that the relation of variance of body-length during the
years of investigation was different for either sex. Years in which the
variances for males are greater than for females are more numerous
(Table 3).

In three cases the reverse situation is observed, where females showed
greater variance than males. The relation of variance is compared with
the critical value of the variate P, read from Fisher’s table with a 5%
risk of error (column Fygs).

Table 3,
Relation of variation of body-length, 1947—1955,
Varidace Ratio of wvariance
fear 5. 05
d ) do o/ d
1947 93. 64 69.12 1.35 .36
1948 86.76 75.84 1.10 1.19
1§u9 110.52 86.40 1.28 1.52
1950 81.72 77.04 1.06 1.39
1951 96.16 97.56 0.58 /1.70/ 1.87
1952 | 91.80 | 73.80 1.24 1.31
1953 81.72 68.40 1.19 1.11
1056 | wn.ou | 51.12 0.87 | /1.15/ 1,22
1055 45.36 65,52 0 70 AR YY) 1.08
L

From this confrontation it appears that of 6 cases where the males show
more variation than the females, four cases are significant.

This leads to the conclusion that differences between females and males
in the respect are not random, both as regards greater variability of males
as compared with females for certain years, as also contrarily for other
years. There is no way, however, to state what caused the reversal of the
relation of variability in the years 1951, 1954, 1955.

The mean body-length for the several years shows no special trend.
I'rom Table 2 we find that where there is a smaller number of specimens
and small range (40 mm) the mean is 80.77 mm (1949). In other years,
however, where the samples weres similar, the mean was 86.50 mm.
Similar results to the latter can, however, be seen also in years with a very
large number of specimens. In 1953 (n = 1226) the mean was 85.80 mm,
while in 1955 with 424¢ specimens, the mean was 86.08 mm.
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Student’s test confirms that the observed longer body-length of males
is significant for the years investigated (t = 6.0 for 8 degree of freedom).

In the histogram presented (Fig. 1), the horizontal lines (continous and
broken, carried across the line of the body-length range for males and
females) define the average values of body-length for both sexes. As can
be seen from these data, the means in males for all the years are very
similar. The curve shows great regularity without distinct oscillation. All
the mean values are in the range 83.5—88.5 mm. In females, however, the
mean body-length in the various years shows greater variation. The
extreme values are in the range 78.3 to 88.5 mm. The graph (continuous
line) is very irregular, showing a considerable drop in that line in certain
years (1946, 1949).

Because of the great variation in body-length this feature was included
10 classes.

Table 4.
Dispersion of frequency of body-length, 1947—1955.

. Year | yqu9 1948 1949 1950 1951 1952 1953 1956 1955 N %
57.5 - - 5.45 - - 3.05 - - - 17 0.21
6.5 2.00 2.40 8.80 5.85 5.00 3.20 1.65 2.10 0.75 | 129 1.60
69.5 6.40 5.0% 16.50 8,30 6.35 9.25 5.15 11.95 4.05 427 5.1
75.5 8.50 | 13.00 | 17.80 | 21.90 | 10.55 | 20.15 | 18.20 | 22.05 | 13.20 | 1183 | 14.71
81.5 27.20 | 27,80 |"23.25 | 31.85 | 235.25 | 33.30 | 35.10 | 34.35 | 39.65 [ 2866 | 35.64
87.5 29.45 | 23.60 | 18.35 | 18.90 | 18.85 | 18.60 | 16.90 | 22.70 | 25.85 | 1953 | 24.29
93.5 13.9%5 12.20 7.5 6.60 13.30 7.20 12.60 16.05 9.70 824 10.25
99.5 12.25 | 12.55 2.30 5.50 | 12.05 4.30 8.25 0.80 5.40 | 519 6.45
105.5 2.80 2.75 - 0.90 - 0.95 1.80 - 1.20 | 105 1.1
11,5 0.70 0.65 - - - - 0.35 - 0.2a 18 0.22
n 248 840 139 303 56 306 1226 674 4249 | 8081 | 100.0

The question arose, as toc how numerous (in %) the individuals were in
the several years in which measurements were made, over that period of
vears.

From Table 4 it can be seen that in all years the largest percentage of
specimens is to be found in two groups: 81.5—87.4 mm, and 87.5—93.4
mm. In the first group there were 35.64%, in the second 24.29%. In the
collection of 8,000 specimens, from the whole range (57.5—112.0 mm)
about 60% of individuals had body-lengths within the range
§1.5—93.4 mm.

The groups of maximal and minimal dimensions in all years, as can be
seen from the Table, have a very low percentage of specimens. In both
extreme groups together, this is not more than 10%. The percentage of
voles in groups with body-length less than 70 mm an higher than 105 mm
is also very slight, not more than 2% for both such groups together.



Percentage proportion of males and females in the various classes of body-length.

Table 5.

1:::{;, 57.5-63.4 |63.5-59.4 [69.5-75.4 | 75.5-81.4 81.5-87.4 87.5-93.4 93.5-99.4 [99.5-105.4 | 105.5-111.4 [ 111.5-114.0 n
Sex dd / 99 43 / 99 47 / 99 gd' / 99 dd 7 9o dd / g9 34/ 99 38 7 99 8¢ / g9 88 / g9 dd 7/ g9
1947 -/ - 2.0/2.0 | 6.1/6.1 4.7/12.8 16.7/32.7 |29.3/29.6 | 20.0/7.1 15.3/9.2 4.6/1.0 0.7/ - 150/98
1948 -/ - 1.5/2.3 | 3.5/6.6 7.8/18.2 22.0/33.6 |24.4/22.8 |17.0/7.4 |20.1/5.0 3.0/2.5 0.7/0.6 477/363
1949 7.6/2.3 | 7.6/10.0 | 6.3/26.7 | 13.9/21.7 21.5/25.0 | 31.7/5.0 10.1/5.0 1.3/3.3 -/ - -/ - 79/60
1950 2.2/ - 4.7/7.0 | 6.9/9.7 | 17.5/26.3 33.9/29.8 | 21.1/16.7 7.9/5.3 5.8/4.3 - /0.9 -/ - 189/114
1951 -/ - - /5.0 | 2.771c.0 | 11.1/1000 30.5/40.0 |27.7/10.0 | 16.6/10.0 | 11.1/15.0 -/ - -/ - 36/20
1952 2.4/3.7 | 3.5/2.9 | 8.2/10.3 | 18.2/22.1 27.6/39.0 |24.7/12.5 7.1/7.3 7.1/1.5 1.2/0.7 -/ - 170/136
1953 -/ - 2.0/1.3 | 4.0/6.3 | 14.0/22.4 28.9/41.3 [21.2/12.6 |16.2/9.0 [ 11.9/4.6 1.5/2.1 0.3/0.4 703/523
1954 -/ - 1.3/2.9 | 6.9/17.0| 18.1/26.0 35.0/33.7 | 30.7/14.7 6.9/5.2 1.1/0.5 -/ - -/ - 463/211
1355 -/ - 0.6/0.9 | 2.9/5.2 | 11.6/14.8 33.9/40Jr 31.4/20.3 9.9/9.5 3.9/6.9 ' 0.6/1.8 0.2/0.2 2428/1821
% 0.21/0.21 | 1.40/1.88 |4.07/7.05 | 12.53/17.78 | 33.64/38.46 | 28.39/18.54 | 11.48/8.52 | 7.03/5.65 | 1.04/1.67 0.21/0.24 | 4695/3346
N 10/7 66/53 191/236 588/595 579/1287 | 1333/620 539/285 | 330/189 49/56 10/8 8041

921
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As in the general classification, the largest percentage of males is also
contained in the group with body-length in the range 81.5—93.4 mm
(Table 5). The females are most numerous in the groups with body-length
in the ranges 75.5—81.5 and 81.5—87.4 mm (38.5%). Of 3346 females from
the 8 years under investigation, ca. 75% were specimens with body-length
in the range 75.5—93.4 mm (Fig. 2).

It should be noted that the limits of variation of body-length and the
percentage state of individuals in the various groups of body-length in both
sexes are closely parallel. This is distinctly seen by the fact that the
greatest frequency both for males ‘and females is for the group of
measurement 81.5—87.5 mm (Fig. 2). Further, there is a gradual percen-
lage regression, in the direction of the extreme values, maximal and mi-
nimal. The histogram simultaneously indicates the scop= of the variation
in body-length.
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Fig. 2. Percentage oscillations of males and females in classes according
to body length for all years together.

As in the general analysis in every year males and females were most
numerous in the range 81.5—87.5 mm (Fig. 3). In all years, however,
(with the exception of 1950), the females in this group were in the
majority.

The situation in groups measuring more than 88 mm. is different. In
this case, in all the the years males decidedly are in a percentage majori-
ty over females. For the period of 9 years, only 1949 and 1951 are slightly
different. This is probably because these two years have a relatively small
number of specimens.

The variation in body-length of C. glareolus in seasons and months is
presented in Figs: 4—6. Analysing generally the system of polygons in all
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Fig. 3. Percentage oscillations of males and females in classes according
to body length for the years 1947—1955,
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years, the rather unusual graphs for some of the months can be observed.
For example, in May, the body-length of the bank vole is much less in
relation to the previous month. There is an equally interesting system of
polygons at the place where, in the years 1950—1952 (Fig. 5), in June, all
the graphs meet at the mean of 82.8—83.1 mm.

More reliable (because of the great number of specimens) are the results
of the fairly regular and parallel system of the polygons (Fig. 6). There is
a distinct rise in the curves with fairly high means — in the first quarter
of the year. All graphs are highest for April. In the next month, the
polygon shows a considerable fall, the tendencies of which keep it at
o fairly low level for almost the remaining months.

Only in the collection of 1955 where there were a great many specimens
(r = 4246), are the graphs more even. Over the whole year, the mean
hody-lengths are contsined in the range 84.2—88.5 mm., but 3 decided
rises in the graph can be seen on one level, in April, as already mentioned,
and in January and September.

Table 5 is a supplement to the graphs described above: it illustrates
mean body-length of voles in the various months, for all years under
investigation together. This comparison shows even more clearly the
character and direction of the variability of this feature. It indicates, inter
alia, that in the sample coming from the years 1947—1955 the mean body-
length, in April (which indirectly could be learned from the graphs
described earlier) is highest, over 90 mm. This difference is striking, in
contrast to all the other months in all years of the investigation, where
the mean is not more than 87.0 mm. From the data in Table 6, we cannot
perceive any clear association between the number of animals in the
sample and the size of the mean body measurements. Where there were
many and few specimens in the analysed months (VI—IX) the means
differed considerably.
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Fig. 3. Explanation on p. 128.
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Figs. 4—6. Variability of mean lengths in the months of 1947—1955.

Table 6.
Mean lengths of body of C. glareolus in the various months (total).

Months I 11 111 v v VI Vil VIII IX X X1 X11 ¥

x 85.19 [85.97 | 86.59 | 90.67 | 84.29 | 84.65| 85.44 | 86,71 | 84.63 | 83.98 | 83,61 | 83.67 | 85.45
% 0.97 1.77 2.26 3.22 8.41 (19,29 22.13 [ 14.36 | 14.43 3.08 8.00 1.95 (100 %

A graphic picture of the great variability of the body-length of C. gla-
reolus in the seasons of the investigated years, is given by Table 7 and
Fig. 7. As can be learned from the data, in spring (III—V) in almost all
years the specimens were the biggest. There are high means in each year
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and total mean (X = 87.10 mm) for this season (Table 7). Only the yea:
1948/1949 had a low mean in spring, 78.5 mm. This is a striking differenca
when compared with other means for this season, which are as much as
90 mm.

Fairly low means and total means are found in autumn and winter.
Both these seasonal means, over a series of years, are within the range
81—89.0 mm., while the means for the total number of specimens are:

d+Q 196 - 1855 %
8035
Vi - Vit 1 56
el
M-V —I 14
Xn-n 5
- xi | 2s
| Fig. 7. Variability of mean lengths in the
AN > i hid U seasonal aspect for all years together.
Table 7.

Variability of means of body-length in the seasonal aspect for the years 1946—1955.

Years % bcgéggirfgioand £%,mm Season
tin values ! I~ XI | XIXI - IT | 111 -V | VI~ VIII

1946/47 | 3.0 50 86.72 | 81.05 88.10 87.75 90. 07
1947/48 | 10.0 46 85.79 | 84.10 81,57 t3.27 88. 23
1948/49 2.0 48 83.58 8%9.13 84,50 78.50 82.20
1949/50 | .0 45 82.31 | 76.40 81.69 87.53 84.33
1950751 | 1.0 42 89.72 | 89.25 - 92.00 88.13
1951752 | 2.0 48 85.55 | 84.65 - 89.50 82.50
1952/53 | 15.0 52 89.97 | 83.56 83.73 89. 83 82.77
1953/54 | 8.0 48 83.94 | 84.60 86,73 83.67 82.77
1954/55 | 39.0 50 4. 64 | 80.u3 86.43 85.90 86.20
1955 16.0 46 - 86.33 - - -
Total |100.0 56 85.13 | 83.91 84.29 87.10 85.24

autumn, 83.91 mm and practically identical in winter, 84.29. -There is
a slightly higher total mean in summer, over 85 mm.

The above data (Table 7, Fig. 7) indicate that, with the exception of
spring, in all seasons of individual years, the average measurements of
body-length are very closely similar. This allows us to assume that in the
three other seasons there is a relatively large number of young specimens
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Fig. 8. Variability of mean lengths of males and fema'es in the seasonal aspect.

among the animal population. In spring, however, the high mean would
indicate a majority of mature individuals, fully-grown.

Analysing the males (Fig. 8) we notice a majority of high means in
spring, as compared to other seasons. This allows us to assume that the
majority of males shows stabilization of growth in this season. Indirectly
it is also possible to assume that there is a majority of adults, or mature
males capable of breeding. (Analysis made in Sections IV and V supports

this assumption).
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The most similar means, expressed in practically identical graphs, can
be seen in summer. The mean body-lengths of males in all three years in
this season is relatively low and fairly uniform. In the remaining seasons
of the various yenrs, the picture is not so uniform (Fig. 8).

Females (Fig. 8) are also largest in spring, although this difference is
not so marked as in males. The means most frequently oscillate in the
range 83.5—86.5 mm. Only in summer 1953/1954 and 1954/1955, the means
are 0.0 mm or less.

Table 8.
Sphere of variability of body-weight of C. glareolus in the years 1949—1955,
Difference
between max =
Year n Min. -~ Max. and min values x
in g
1949 138 5.0 - 27.0 22.0 14.31
1950 298 6.0 - 230.0 24.0 16.03
1951 57 6.0 - 23,0 17.0 14.50
1952 312 6.0 ~ 24.0 18.0 14.47
1953 1221 7.0 = 32.0 25.0 10.02
1354 674 7.0 - 26.0 19.0 14.00
1955 4243 7.0 - 35.0 28.0 15,41
Total 6943 5.0 - 35.0 30.0 14.96
Table 9.
Relation of variation of body-weight in the years 1949—1955.
¢ Variance Aatio of variance
car F
0.05
d ) 8o drg
1949 19.44 21.33 c.o1 /1.10/ 1.48
1950 22.86 21.006 1.09 1.32
1951 13.32 20.88 0.64 /1.57/ 1.88
1952 10.98 12.06 0.91 /1.10/ 1.30
1953 25.92 20.25 1.28 1.16
1954 7.65 11,70 0.65 /1.53/ 1.22
1955 11.61 17.73 0.65 /1.53/ 1.08

The year 1954/1955 shows a fairly characteristic graph (Fig. 8). In
autumn (1954) there can be seen a “progressive increase” in body-length,
ending in a rise of means in the summer of 1955. The mean body-length
of females in this season is 86.5 mm.

A similar picture (with the exception of summer) can be seen in
1952/1953. Contrasting with this is the year 1953/1954, where the level of
means in summer (X = 79.0 mm) is very low and highest in autumn and
spring.
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IV. VARIABILITY OF BODY WEIGHT

The second significant feature with taxonomical importance, which
simultaneously reflects the physical condition of specimens of the po-
pulation, is data on the body-weight and weight of its organs.

In generalizing on the individual variability in body-weight of speci-
mens in the years 1949—1955, we may state that there is a considerable
range of variation.

Table 8 shows that the range of body-weight of voles was from 5.0 to
35 g. This refers to all investigated years together. The greatest range
(25 g, 28 g) was found in 1953 and 1955; both these years afforded many
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Fig. 9. Extremes and mean weights of C. glareolus in the various years with
regard to sex.

specimens. In 1953 there were 1221 specimens, in 1955 more than 4000
specimens, However, even years in which a comparatively small number
of specimens were collected, also show considerable oscillation, as is seen
in Table 8. in 1949, 1950, where there were not more than 300 new spe-
cimens, the body-weight oscillates between 6 and 30 grams.

We also observe (Fig. 9) a distinctly greater range of oscillation in
body-weight in females than in males, and usually in the upper limits of
the range. Only in years with a small number of spzcimens (1951, 1952)
the relationship is somewhat different. In 1951 the range for both sexes is
identical (8—23 g.) and in 1952 the males are slightly (1 g.) heavier.
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The variances calculated for each year for both sexes oscillatc in the
ranges 7.65—25.92 for males and 11.70—21.33 for females. There is
a certain agreement in oscillation of variances for both sexes; there are
years of low variance in both sexes and years of greater variance. There
are, however, no years in the period of investigation where we may ob-
serve decidedly differing variances in both sexes.

In the seven years under investigation, in only two cases males have
a slightly greater variance than females. Alter calculation of the relation
of variances for both sexes it appears that in only three cases in years
exceptionally well supplied with specimens, these relations are significant-
ly different from unity. In these three years of significant differences in
variances, two show a greater variance of females over males, while the

other shows the reverse.
Table 10.
Percentage proportion of individuais in the various classes of body-weight.

fN 1949 1950 1951 1952 1953 1954 1955 N %
5.0 - 6.4 4.35 2.01 - 2.24 - - - 19 0.27
6.5 - 9.4 16.67 10,40 10.53 4.81 3.18 5.35 2.50 257 3.70
9.5 - 12.4 15.94 13.42 17.54 16.99 11.70 19.28 15.71 1064 15.32
12.5 = 15.4 19.56 32.55 26.32 49,04 36.53 41.83 41.46 2777 39.99
15.5 - 18.4 28.98 22.48 24.56 16.35 17,44 26.11 24.00 1578 22.72
18.5 - 21.4 10.14 Q.06 15.79 7.69 9.34 6.38 8.87 607 8.74
21.5 - 2u4.4 3.62 5.03 9.26 2.88 11.70 0.75 5.16 397 5.74
24.5 - 27.4 0.72 4.70 - - 8.03 0.30 1.62 184 2.65
27.5 - 30.4 - 0. 34 - - 1.97 - 0.59 50 0.72
30.5 - 33.4 - - - - 0.16 - 0.09 6 0.09
33.5 - 35.0 - - - - - - 0.09 4 0. 06
n 138 298 57 312 1221 674 4243 6943 100.0—

Table 8 shows the mean body-weights in the several years; we see from
it that in years with great range of body-weight the mean body-weight is
higher, whether or not the year provided many spzcimens. In extremes of
24—28 g, means are on the level of 15.4 to 16.0 g; where the range is
lower than 22.0 g. the means are not higher than 14.5 g.

From this general analysis of weight data it appears that independently
of the range of body-weight and number of sp:cimens the mean body-
weights in the years investigated are more or lcss equal.

Fig. 9 may serve as illustration of these relations, where two polygons
(horizontal lines — continuous for males and broken for females) indicate
the great regularity of means of body-weight in both sexes. In females,
although there is a greater range of body-weight, the mean weights are
lowsr and remain on two uniform levels — ca 14 g, and over 15 g. With
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the exception of 1950, in all years the mean body weights of males are
greater than those of females.

The difference in means varies from 0.18 to 2.31 g. After Student’s test,
we receive the value t = 3.22 for 6 degrees of freedom, as the critical
value togs = 2.02. This value is highly significant and indicates a con-
siderable difference between males and females in this respect.

Table 10 shows that in dividing the material discussed into a series of
weight groups, the majority of specimens falls into three classes. The
largest percentage (39.99%) is found in the group with body-weight in the
range 12.5—15.4 g. The next largest group (22.7%) has a range of 15.5—
16.4 g. The third group (more than 15% of specimens) has a range of 9.5—
12.4 g. Generally speaking of a collection of more than 7,000 specimens of
bank voles, from a number of years, more than 78% have their body-
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Fig. 10, Percentage oscillation of specimens of both sexes in the various classes
of body weight for all years together.

weight in the range 9.5—18.4 g. Less than 22% of specimens fall into the
remaining 7 classes of weight. This is a relatively low percentage, especial-
ly to be found in the extremes. Thus, in groups of body-weight less than
9.5 g, there are only 4% of individuals, while in groups from 21.5 gto 33 g
of body-weight there are not more than 10% of the whole collection.

There is an interesting similarity in the percentage numbers of the
whole in the weight classes and length of body class (compare Table 4).
There is an identical number of classes and considerable range for these
two features. While for each feature the greatest percentage number (78%
and 69% respectively) is represented in three classes.

Fig. 10 shows the percentage number of males and females in the
various weight classes with regard to the whole series of years. In years



Dispersion of frequency of males and females in classes of body-weight, 1949—1955.

Table 11.

_IB’:?y 5.0-6.4 | 6.5-9.4 9.5=12.4 12.5-15.4 15.5-18.4 18.5~21.4 | 21.5-24.4 | 24.5-27.4 | 27.5-30.4 | 30.5-33.4 | 32.5-35.5

Sex 38/ 99 | 34/ oo &4/ 99 44 / 99 4¢ 7/ g9 88 /g9 | 88/ g9 | /0o | 88/ g9 | 88/ g9 | 38/ g | 3 g
1949 5.1/3.2 [ 10.3/25.0 1C.3/22.3 20.5/18.4 25.9/20.0 14.1/5.0 3.8/3.2 - /0.7 -/ - / - -/ - 78 60
1950 2.7/0.9 | 8.4/13.3 | 12.5/13.3 29.2/38.0 23.2/21.2 | 11.9/4.4 5.9/3.5 4.8/4.4 - /0.9 -/ - -/~ 185 113
1951 -/ - 5.1/22.2 15.4/22.2 25.6/27.8 33.3/5.5 15.4/16.6 | 5.1/5.5 -/ - -/ - -/ - -/ - 39 18
1952 1.7/2.9 | 4.0/5.7 12.7/22.3 50.8/46.7 19.6/12.2 7.5/17.9 2.4/2.1 -/ - -/ - -/ - -/ - 173 139
1953 -/ - 2.2/3 9.1/15.2 28.4/47.5 17.5/17.4 12.9/4.4 16.7/4.8 10.4/4.8 1.6/2.5 0.1/0.2 -/ - 704 517
1954 -/ - 2.4/9.8 15.1/28.9 41.3/41.7 32.4/11.8 7.0/4.9 0.2/2.0 - /0.9 -/ - -/ - -/ - 470 204
1955 -/ - 2.1/3.1 13.5/18.6 40.0/43.3 29.0/17.3 9.4/8.2 4.7/5.7 1.9/2.2 Cc.1/1.2 - /0.2 - /0.2 2419 1824
N 12/7 122/135 523/541 1532/1245 1094/484 402/204 256/141 111/73 14/36 1/5 - /4 4068 2875
% 0.29/0.24 | 3.00/4.69 [12.86/18.82 | 37.68/43.32 | 26.90/16.84| 9.90/7.09 | €.28/4.90 { 2.73/2.54 | 0.34/1.25 | 0.02/0.17 -/C.14 6943
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where there were many specimens (1953, 1955), especially in groups with
the biggest body-weight, the females clearly predominate. This is probably
due to the fact that there are the greatest numbers of pregnant females
in these classes. (This will be discussed later in the present work). The
vears 1949 and 1951 (smallest number of specimens) show certain dif-
ferences. In both these years there is a clearly greater percentage propor-
tion of females in the smallest groups (6.5—12.5 g). The greatest percent-
age of males, however, is found in the 15.5—18.5 g group. These two
years, in contrast with the others, show a greatly differing picture on the
histogram.

It should also be mentioned (Table 11), that in the three most numerous
groups: 9.5—12.4 g, 12.5—15.4 g, and 15.5—18.4 g the percentage pro-
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Fig. 14. Mean weight of males and females in the various months of a series of years.

portion of males and females is frequently very similar, These three
groups together contain 77.44% of males and 78.98% of females.

In the total picture (Fig. 11) there is a very obvious similarity in the
dispersion of frequency in both sexes, despite their differing numerical
proportions, The highest columns are in the 12.5—15.5 g class; these then
follows a gradual slackening of frequency in the direction of groups with
greater and lesser body-weight.

Variability in body-weight of the bank vole in the various months and
seasons of the analysed years is fairly great. As can be seen from the
graphs and histograms presented, especially for 1949—1951 (Fig. 12), the
mean body-weights show great variation in the several months.

3

23
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Generally speaking, however, almost all graphs from June onwards are
within the range 13.0—16.5 g. This can be most clearly scen on Fig. 13,
where the years 1952—1955 are shown. In March, April and May, how-
ever, the graphs for all years investigated, in general remain in the upper

Table 12.
Mean weights of C. giareolus in various months of all years taken together.
Months 1 I1I I11 Iv v VI V11 VIl IX X ' XI l X1I
x 13.80 15.26 17.20 17,41 16,36 14.60 [ 14.59 15.18 13.89 13.74 ‘14.55 |1b,13
% 1,02 2.12 2,53 2.95 7.61 17.32 24,49 12.40 15.86 3.12 l 8,48 2.10
Table 13,

Variability of mean values of body-weight in the seasonal aspect
for the years 1949—1955.

Difference Seasons
Year % between max.and
min. values IX - XI | XII - II III -~V | VI~ VIII
in g
1949 1.07 20 - 15,2 17.3 13.8
1949/50 4.97 25 13.2 16.4 16.2 15.2
1950/51 0.99 18 18.6 14.0 16.2 15.0
1951/52 2,30 18 12.7 - 16.3 13.7
1952/53 17.09 26 14.1 13.84 19.6 16.0
1953/54 9.02 21 14.6 14,0 14.5 14.0
1954/55 | 45.03 28 13.3 14,3 17.0 15.8
1955 19.53 21 15.0 - - -
Total 100. 00 30.0 14.5 14.5 16.7 14.7
Table 14.
Mean weights of males and females in seasonal aspect.
Season
Years Sex
IX - XI | XII - II 11T - v VI - VIII
¢s 14.13 15.00 21,00 16.50

1992/1933 | 4 o .08 | 12.75 18.00 15.50

, \ g 14.50 14.20 16.00 15.20

993/1954 | o o .70 | 13.90 13.00 12.70

1954/1955 ¢4 . 13.20 15.20 17.90 15.30

[ X3 13.50 13.50 16.20 16.20

range. In January and February, with the exception of 1949, the means
arel low and do not exceed 15.5 g.

The positions of the polygons and columns showing the level of means
of body-weights for both sexes (Fig. 14) are fairly similar. Obvious dif-
ferences can, however, be secn in these years (1952—1955) in May and

e
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June, where females, in contrast with males, exhibit a considerable fall
in means. Only 1955 in summer and autumn shows a different picture,
where the body-weight of females is greater than that of males.

It can generally be noticad that the means of body-weight are less in
females for the various months of the series of investigated years.

Table 12 illustrates the mean body-weight of the bank vole in the
various months of all the years investigated (1949—1955) together. In this
Table the mean body-weights are highest in March, April and May, and
are markedly lower in all the remaining months. In the first case, the
means are in the range 16.4—17.4 g, in the other, not more than 15.3 g.

The percentage propertion of specimens in the various months of all the
years investigated together, as shown in Table 12, allows us to assume,
inter alia, that there are no clear connections between the numbers of
specimens and the size of the weight means. Where there is a low
percentage number in the given months, there may be means in the lower
and upper weight ranges, or vice versa. The same refers to means of
body-length.

In comparing the Table discussed above with the similar Table for
body-length (Table 6), certain interesting similarities of results become
cbvious.

Variability in body weight in seasons can be seen in Table 13. As sup-
plement the weight dispersion and percentage number of individuals in
all seasons investigated, is also included. Attention is drawn especially to
spring, comparing the data in the Tables. In all years analyzed the mean
body-weights in this season are usually higher than in the remaining
seasons. This can be seen, inter alia, by means of the total mean which is
about 17 g in this season. The remaining seasons have total means of not
more than 15 g. The relatively low means and total means for autumn,
winter and summer are fairly uniform. Over the years investigated, the
weight means in these three seasons were in the range 13—16 g. Only in
autumn 1950 did the means rise above this range, reaching 18.6 g.

There are no observable significant relations between the level of means
of weight and the percentage proportion of specimens at different seasons
in the series of years (Table 13). It may thus be assum=d that a greater or
lesser number of specimens captured in a given season, independently of
the limits of the range of body-weights, does not, essentially, affect the
interpretation of the results.

An analysis of the variability of body-weight in its seasonal aspect with
respect to either sex is shown in Table 14. Of the most numerously re-
presented years shown, we see that the mean weights of autumn in both
sexes are very similar and remain in the range 13—14 grams. In the re-
maining scasons of the years investigated the mean weights of males are
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usually greater — up to 21.0 g, while in females they do not exceed 18 g.
Fig. 15 indicates that in all the years investigated (except for IX—XI,
1953), we observe a gradual rise in means from autumn onwards, slightly
greater in winter, and considerably higher in summer, In autumnun there is
@ distincet fall in the level of means, giving a graph similar to the winter
graph,

d
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Fig. 15. Variability of mean weight of males and females in seasons
for all years together.
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In females, however, (Fig. 15) these relations are more differentiated.
Thus, the year 1953/1954 shows a gradual fall in means, beginning from
the highest point (14.7 g) in autumn, to the lowest point (12.7 g) in sum-
mer. In other years the columns are at their lowest in winter and highest
in autumn. The highest level of means can be seen, however, in spring
(13.0 g), and a slightly lower (16.2 g) in summer. The graphs are a contrast
to those for males.

.
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V. VARIABILITY IN LENGTH AND WEIGHT IN THE ASPECT OF AGE

Taking into account the age structure of the bank vole population, an
analysis of the variability of length and weight of body in both sexes was
carried out. Table 15 illustrates the number of individuals in the various
classes of body-length with regard to the age factor. From it we see that
the greatest number of young individuals (juv.) have body-length within
the range 70—99 mm. In subadults, both male and female, these figures
are larger especially at the lower extremes: 76 mm. Adults 1 and II, fully

Table 15.

Dispersion of numbers in classes of body-weight with regard to age and sex
for all years together.

Head and body length mm
Age Sex n X
group s8 | 64 | 70 | 76 82 88 94 | 100 | 106 | 112
&8 | 12 | 49 | 149 392 | 973 | s74 | 15| 1| - - | 2281 |84.4
juv
J 99 2 | 42 166 | 381 795 307 65 6] - - 1774 {83.3
dad - 1 131 713 286 238 44 4| - - 659 | 86.6
subad
9 - 1 “l 7 183 84 32| 25| 2 - 419 | 86.3
ks - - - 13 62 93 39 4] - - 221 [ 89.9
adult
I g - - 3 " 51 40 40 15| 2 - 162 | 90.2
dé - - - 15 26 34 95| 70| 4 - 304 | 94.1
adult
II | g9 -1 - 1 9 28 24 [ 34 34| 8 2 140 | 94.1
d¢ - - - 7 28 67 87 791 17 2 287 | 95.9
senex
00 - - - 7 18 8 32 26| 17 1 109 | 96.4
n | df | 13 50 162 | 500 | 1390 | 1056 280 | 178 | 21 2 3752
n 29 2 43 184 481 1080 463 203 116 29 3 2604
N drg| s | 93 346 | 981 {2470 | 1519 582 | 294 | 50 5 | 6356
% | d/7gl0.24|1.47 [5.44 |15.44| 28.26| 23.89 | 9.17 [4.62 | 0.79 | 0.08

formed with stabilized growth, have a much larger range of measure-
ments. Both males and females of this age-group are within the classes of
82—105 mim. The oldest individuals, however (group V, senex), are some-
times up to 112 mm long. Generally speaking, the majority (60%) of spe-
cimens of all age groups together, is contained within the range 82.0—
93.9 mm.

The numbers in the extreme classes in the Table under discussion are
interesting, The young (juv.) have a range of oscillation in body-length of
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60—105 mm. In the older voles, in the successive age-groups, the length
becomes increasingly greater. .

Analysing all the investigated years together (Table 15) it can be said
that the mean values of body-length in the various age-groups are fairly
markedly differentiated. This can be seen especially clearly in the groups
juvenis and subadult, where in the former the mean for males is 84.9 mm,
and in the later 86.6 mm. The females also show marked differentiation

Table 16.

Variability of mean body-lengths of males and females in age-groups with regard to
extremes of size and numbers of individuals.

Year 1949 1950 1951 1952 1953 1954 1955
é 12.7 13.6 12.8 15.0 14.0 13.6 16,3
Juv
9 10.4 3.0 1.0 14.0 13.7 1.7 13.7
Min - Max | 6 - 20.0 6 -26.0 | 8-19.0 | 7-21.0|7-280 | 7-21.0 ] 7-29.0
nd/9% 46/40 103/73 18/9 58/37 265/287 202/83 1548/880
17.6 15.7 16.0 15.1 15.1 15.7 15.3
subad
? 16.9 15.7 16.6 15.0 14.6 15.8 15.7
Min - Max [12 - 20.0 8-250|8-23.0 [12-19.0 | 7 - 24,0 |10 - 22,0 | 7 - 28.0
nds$ 15/8 44/23 14/8 22/9 113/98 94 /40 346/220
agutt S 20.0 22.8 - 19.5 19.1 14.6 17.2
9 20.2 21.1 - 18.7 15.2 16.7 17.8
Min - Max |14 — 27.0 13 - 27.0 - 12 - 23.0 | 10 - 26.0 |11 - 26.0 | 12 - 29.0
nd/$¢ 5/6 14/8 - 2/7 21/17 16/11 175/112
aduzt 9 15.9° 22.4 19.7 18.5 22.7 14.3 20.4
e 9 16.5 21.2 - - 23.4 13.8 21.0
Min - Max |14 — 17.0 17 - 26,0 ] 18 - 21.0| 20 - 22.0 | 13 = 32.0| %1 - 22.0 | 10 - 33.0
nd/Q 3/2 9/4 4/ - 4/ - 129/44 38/25 120/63
d 19.7 20.5 21.2 22.0 23.3 16.5 21.8
senex
) - 30.0 15.0 - 23.7 14.5 23.1
Min - Max |19 - 22.0 |15 - 30.0 | 15 - 23.0| 21 - 24,0 | 13 - 31.0| 10 - 25.0 | 15 = 35.0
nd/?% 4/ ~ 4/1 4/ 4/ - 140/41 56/23 78/63
N 73/56 174/108 40/17 90/53 668/484 | 406/182 |2267/1338

in these two age-groups. In adults and older specimens the means are
within the range 89.9—96.4 mm.

Table 16 illustratzs the mean body-length in years. The mean body-
length in males (juv.) is even but low, not more than 95.8 mm. The low-
est mean in this age-group is found in 1949: 78.4 mm. The females appear
to be smaller. The mean for them is not higher than 84.0 mm, and in some
cases is lower than 80.0 mm.
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In the subadults, the mean body-length appears to rise; the lowest ex-
treme is 84.5 mm in males and 83.4 mm in females. The highest extremes
are 88.5 mm (J¢) and 87.3 mm (?Q). Only 1951 shows a considerable
increase for females, up to 94.0 mm. In the remaining age-groups, (adults
I—II, senex), the means show a gradual rise, occasionally even attaining
more than 100 mm. These are usually higher than in the young groups
(juv. — subadult) and also of a higher level in males.

A good illustration of the composition and levels of the means in the
various years in both sexes in defined age-groups can be found in Fig. 16.
Here a great similarity between the graphs of both sexes is obvious. Most
frequently the graphs (broken line) defining the level of means of body
length in females are lower than the corresponding graphs for males. It is
possible visually to assume that the males in all age-groups usually have
a rather longer body-length than the females.

A further illustration of the question is found in Fig. 17, which shows
a more detailed relation of the means of bedy-length in both sexes in the
aspect of age. This histogram clearly shows the relatively large correlation
between size of body and age of the bank voles in the years investigated.
In all years, especially in the age-groups juv. and subad. there are clear
tendencies to increase. With few exceptions, in all age-groups there is
a gradual rise of means from the lowest in juvenis (75—85 mm) ending in
adults and the old (adult II and senex). The total means for all years
within the various age-groups and their results entitle us to make this
classification.

The question of body-weight in connection with the various age-groups
is rather less ‘clear. As can, however, be seen from the Tables and histo-
grams there are certain similarities between the length of body, and the
weight. There can be seen a fairly clearly similarity in the general range
of weight in specimens of various ages and established modal values
(Table 17).

A large group of specimens (juv.) can be found in weight classes from
7 g to 18 g. In slightly older voles (subad.) there is a movement of the
modal values, which sets the numbers in the weight classes 13—18 g.

In adults and the old (adult I—II and senex), however, the individuals
of these numbers are dispersed and show no special grouping in any of the
classes. It is possible to conclude, however, that these individuals are
usually heavier than the young. The extension of the extreme values in
the various age-groups, both in upper and lower extremes, is fairly large.

From Table 17 it appears that the weight range in the young animals
(juvenile) is 6.0—7.0 g, to 30 g. In the next age-groups, the numbers in the
extreme classes are affected to a greater or lesser degrece. This means that
the oldest (senex) are found in the weight classes: 13—15 g to 34—35 g.
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Table 17.
Dispersion of numbers in the various classes of weight, with regard to age and sex
for all years together (1849—1955).

Age Body weight g.
group | Sex . n x
4.0 7 10 13 16 19 22 25 28 31 | 3
5 é 8 109 | 408 1005 | 578 88 7 2 - - - | 2201 | 1.2
uv
P 3 109 | 367 666 | 210 37 9 7 1 - - | 1409 | 13.5
g - 3 58 274 | 268 40 5 - - - - 648 | 15.4
subad
? - 3 48 193 | 103 34 19 5 1 - - 406 | 15.5
adult 4 - - 12 60 79 85 27 10 - - - 233 | 17.6
I ? - - 17" 42 51 25 21 8 3 - - 161 17.7
aqut | ¢ - - 6 3| 38 89 9 | 38 5 - | - | 307 20.8
11 9 - - 9 19 24 25 24 25 6 3 - 135 | 20.3
g - - 1 28 a1 70 89 53 11 1 - 290 | 21.4
senex ) - - - 20 11 18 19 18 6 - 1 93 | 20.9
a a4 8 12 | 481 1396 | 1004 332 226 | 103 16 1 - | 3679
n ) 3 112 435 940 | 399 139 92 63 17 3 1 2204
N 3’/2 11 224 916 2336 | 1403 871 318 166 33 4 1 5883
* 87g | 0.19 | 3.81 [15.57 |39.71 23.85 8.00 | 5.40 | 2,82 | 0.56 | 0.07 [0.02

Table 18.
Variability of mean weights of males and females in age-groups with regard
to weight distribution and numbers in years.

Year 1949 1950 1951 1952 1953 1954 1955

d 78.4 81.1 83.4 85.8 81.9 82.3 84.9

o 74.7 79.9 76.6 84.0 81.5 77.7 83.9
Min.-iaw, | 58 - 98 60 -~ 104 | €4 - 96 62 - 104 | 63 - 102 66 - 98 | 66 - 111
n d/g 46/38 103/74 18/10 58/39 265/283 197/79 1609/1259

d 88.4 85.2 88.5 83.5 84.5 86.1 87.0

subad 85.0 84.2 94.0 86.2 83.4 84.5 87.3
¥in.-Max. | 72 - 100 | 66 - 100 | 73 - 104 | 78 =100 | 72 -~ 110 70 - 100 | 68 - 108
n d'/g 15/12 45/22 11/8 22/9 11£/105 103/40 ug/224

q 91.2 96.0 - 96.0 88.9 87.3 89.2

adult o 87.6 92.0 - 96.3 e5.6 87.6 90.2
Min.-Nax. | 80 - 100 | 80 - 102 - 86 - 106 | 78 - 96 80 - 98 70 - 106
n 8/ 5/5 14/8 - 2/7 21/17 18/10 161/115

90,0 94.4 98.5 95.5 94,9 84.7 94.8

adult

I g 84.0 94.5 - - 96.9 83.6 95.9
Min,-Mox, | 8% - 90 84 - 105 | 94 - 104 | 88 -~ 100 | 73 - 110 75 - 102 | 76 - 112

n /9 3/2 8/4 &/- u/- 128/44 40/28 118/62

d 92.5 95.0 99.3 103.5 96.3 8.6 T 99.0

senex ° - - - - 96.2 84.6 102.0
Yin.-iax. | 88 - 98 82 - 102 | Q94 - 102 | 102 - 108 | 78 = 142 78 - 98 84 - 112

n J/fz 4f/= 4/1 3/1 4/- 135/43 57/24 81/40
N J 73/57 174/108 36/18 90/55 667/492 415/181 | 2317/1700
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As in the analysis of body-length, there are here two general weight-
groupings. The first, of the young (juv. and subad.) and the second of the
adult (adult I and II) and old (senex). The general means of weight (Tab.
17) referring to age-groups from all years together, can serve as evidence
of the differentiation of body-weight in connection with the age of speci-
mens. In both sexes a distinct increase of means of weight can be secn,
beginning with the young (juv.) males, 14.2 g, females 13.5 g, ending with
the old (senex), where the means of body-weight are: males 27.4 g,
females 20.9 g.

As can be seen from the analysis of the total collection of captured
voles, when following the mean values for weight and length within the
various age-groups, a certain parallelism of both these features with the
age-groups is observable. This is, however, a matter for discussion.

Table 18 shows the means of body-weight in years. It illustrates in
a detailed manner the values of weight means within the various age-
-groups. This indicates, inter alia, a more or less regular rise in weight
means in both sexes in the various years. Thus, in individuals in the first
class (juv.), the weight means are in the range 10.4 — 15.0 g. In slightly
older individuals (subad.) they are from 14.€ to 16.2 g. In the next two
age groups they are in the ranges 15.2 — 18.9 and 22.8 — 23.4 g respecti-
vely. In old individuals, however, (senex) the mean body weights in the
various years are in the range 19.7 to 23.7 g.

Analysing the course of variability of body weight and length, we
observe a definite similarity in the rise in mean values within the various
classes over the years investigated. This similarity certainly indicates the
reliability of the interpretation of the weight and length data in the
description of the bank vole population.

To illustrate more clearly the similarity of the levels of means of weight
and length in the various age-groups in the series of years, the author
presents several figures (Figs. 18, 19, 20, 21). They show the tendencies to
increase the mean values of both features in age-groups and clearly
indicate their great correlation in almost all years. Fig. 21 also appears
interesting. It partly summarizes the whole of the analysis of length and
weight for the bank voles in the various age-groups. It is certainly an
interesting illustration, indicating the dependence of both these features
on the age of the individual, both as regards males and females.

Analysing this question in detail, the author made a total comparison
of every age-group of the divisional series of all the summarized material,
not divided into the several years. The mean lengths and weights in the
various age-groups were also calculated. An obvious extension of nu-
merical series for groups III, IV, and V, is visible in comparison with the
former, both for length and weight for the two sexes. It is typical that the
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fall in tempo of growth is sharper in males than in females between
group II (subad.) and group III (adult I). Carrying out the test of Kolmo-
gorov-Smirnov, of pairs of neighbouring age-groups for length and
weight, we obtain the following results (Table 19). The growth continues
to the fourth age-group, both as regards length and body-weight. It is

Table 19.
Increase in length and weight with regard to neighbouring pairs of age-groups.
Age Head and body Body weight
group 34 29 848 99
1 11 35.96 20.58 63.30 57.95
11 111 34,02 30.99 54.09  34.07
I11 IV 51.15 13.16 83. 64 19.98
v v 5. 64 4.81 4,21 0.57
n= 3152 J n = 2604 n e 3679 1 n = 2204
mm Body length Body weight
% — M 9
%5 25
% » 1 20
1 23
92 22
” B — 2
90 ~— u B 20
89 19
88 . 18
87 r 17
8 16
85 I— F1S
84 13
83 13
2{d Q d Q 12
Age Py Py Fumw v [N

Fig. 21. Means of length and weight of males and females in the various age-groups
for all years together.

also intetresting to note the great difference in comparing groups III and
IV for the males, whereas we observe no such difference in females
although the K.-S. test gives a significant result. Thus, @ rose more
slowly, while o'd" rose faster.
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The means mentioned above indicate that the increase in length and
weight with age is more even in @@ than in §d (Tables 15 & 17). These
differences between the sexes are seen most in the 1st age-group, but are
very slight in the remaining age-groups. A topological test showed that
only in the 1st age-group differences between males and females; both as
to length (x2 = 6.43 for 1 degree of freedom) and to weight (32 = 7.12 for
1 d. f.) are statistically significant. In the remaining age-groups x? values
are markedly less than 2, and thus differences are not significant.

VI. AGE STRUCTURE OF THE POPULATION

A closer knowledge of the age structure of a population analysed is a significant
element in the investigation of ‘the biology of a given species. Morphologists,
taxonomist, ecologists and modern physiologists consider it as an important element
fully justified methodically.

As we know, the methods of determining age are for Micromammalia, based on
several criteria. These are considered with relation to the given species. For some
species, biometric criteria are used, for others, morphological features or functional
states, for others, all criteria together.

Over the last few years several publications have devoted space to the analysis of
the age of C. glareolus. The age of these animals has been linked with such features
as length and weight, formation and measurements of the skull, or corresponding
formation of teeth roots. Naturally, however, in all schemes of classifications, the
subjectivism of the author is unavoidable. Nevertheless, analysis of the age of the
bank vole based on their dental root system as a stable element only slightly
responding to external factors, seems to be the most reliable and makes for a greater
objectivism in the appraisal of the age structure of the population.

The question has been dealt with in detail by: Zimmermann (1937), Wran-
gel (1939, Mohr (1949}, Prychodko (1951), Sviridenko (1959), Wasi-
lewski (1952), Zejda (1961), Mazak (1963). Their works should be treated
as a serious contribution to the establishment of criteria for the age of C. glareolus.
The similarity of results in this field, obtained by the authors mentioned above,
aliows us to assume that the method of analysis employed is correct.

As we know, the length of life of the bank vole in natural conditions is estimated
at 16—18 months. If the young are born in spring in a given year, we assume that,
at the maximum, they live until autumn the following year. During this time they
grow intensively, mature sexually and breed. The tempo of growth and maturation
of the individuals doubtless depends on a number of factors, both genetic (Chitty,
1952; Stein, 1956), and environmental (Naumowv, 1948; Mohr, 1959; Ogneyv,
1950; Schwarz 1960) and others. It is known that the sum of these factors
affects the biological value of individuals in the various generaticns. It also decides
on the dynamics of the whole population.

The number of individuals of varying age, and the keeping of correct
proportions in this sphere is a significant indication of the state of a given
population. The material analysed on C. glareolus in the years 1949—1955
indicates the fairly large majority of the young in the population. As can
be seen from Table 20, of the total number of more than 6,000 specimens
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about 63.4% are young, with teeth which have not yet appeared. They are
not more than two months old. 37% of specimens fall into the remaining
4 age-groups (Fig. 22). The percentage proportion of males and females
in the juveniles group includes almost 2/3 of the area of the circle (Fig.
23). The percentage of males and females in the subadult group is, for the

Table 20.
Age structure of the population of C. glareolus expressed in percentages.

Age groups
Year 1 11 111 v v n
1949 64.6 | 21.0 7.5 3.7 3.0 133
1950 62.6 | 23.5 7.7 4.5 1.7 285
1951 48.2 | 37.9 - 6.8 6.8 58
1952 67.1 | 21.2 6.1 2.7 2.7 146
1953 47.3 | 19.1 3.2 | 14.9 15.5 1168
1954 s4.8 | 22.0 4.8 | 11.2 15.9 622
1955 70.8 | 14.1 7.0 4.5 3.6 4060
N 4089 | 1087 400 | 453 | 443 6472
1949-55
% 63.37 | te.86 | 6.20 | 7.02 | 6.86 100. 00

] g juv.

I m subadult
I m adult T
Iv adult i
v

1949/1355

Fig. 22. Age structure of the population of C. glareolus expressed in percentages
for the whole population captured.

former, 17.4%, for the latter 15.9%. In the remaining age-groups (Table
21) a gradual percentage "decreasz" is noticeable, which in the last group
(V, senex), is least numercus (males — 8.1%, females — 5.0%).

Similar relations between the various age-groups in both sexes suggests
the question: Is repartition into the various age-groups identical for both
sexes? In order to answer the question y2 test for homogeneity was carried
out on the combined material from all years investigated, taking into
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Table 21,
Frequency of males and females in the various age-groups.
Age group 1 1 111 iv v I-V
1949-53
Sex n % n % n % a % n % ¥
é é 2297 60.18 666 17.44 237 6.20 312 .17 311 8.14 3823
"] 1792 67.73 421 15.90 163 6.16 141 5.32 132 4,96 2649

n = 3823
1949/1955

Fig, 23. Age structure of the population with regard to sex for

n = 26638
194971955

all years together.

Fig. 24, 25. Proportions of males and females in the various age-groups in the years

1952—1955.

consideration in the classification — sex and age. The result obtained was
¥2 = 2.57 for 4 degrees of freedom, where the critical value with a 5%
risk of error is 2 = 9.49, and does not indicate any differences in reparti-

tion in the age-agroups in both sexes.

The distinct numerical advantage of the young in groups I, II, usually
in all years, to a certain extent reflects the character of the population

analysed.

From a more through analysis of the age structure and numerical
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relationship of both sexes in various age groups we learn that there are
quite large oscillations of these data in the years with the greatest number
of captured specimens. As can be seen from Fig. 24, in 1952 young males
(juv. and subad.) form more than 88% of the whole collection. In
successive years more typical numerically, they also form a high
percentage, In 1953 it is 55%, in 1954, 70%, and in 1955 more than 80%.
The numerical proportions of the adults (adult I—II) and senex show
considerable oscillation in the years discussed. In 1953 the percentage of
males in this age-category is fairly high, altogether more than 40%. 1954
reveals a slightly lower percentage in both groups. The percentage figures
for a year with a small number of specimens (1952) and for a year very
well represented (1955) are interesting. In both cases the numbers, pro-
portionally, are very similar in all groups. More than 4/5 of the collection
consists of young males (juv. and subad.) 2—4 months old, and a mere
1/5 falls into the remaining three age-groups. To these last belong adult
males (adult I—II) aged 5—11 months and senex, 16—17 months.

Similarly, for females, there is also a considerable majority of young
females over the years. From Fig. 25 we see that the majority of females
in the population are from the groups juvenis and subadult (70—85%).
There is a comparatively low percentage of adult and senex females. Only
1954 differs from the remaining years with a comparatively high pro-
portion of older females.

When we compare this with the similar picture for males (Fig. 24) the
characteristic similarity of the graphs for both sexes in some years is
obvious. 1954 and 1955 present an almost identical picture, very similar
(especially as regards the young) to 1952. 1953, however, presents a very
different picture where there is a considerable majority of adult males
(adult 1I) and old males (senex) in comparison with females of the same
age-group.

Examining the several years more closely and carrying out x2 test for
homogeneity for every year separately, the following were the results:

1949 »* = 3.56; 1950 x* == 2.53;

1951 %2 = 2.30; 1952 x> = 2.86;

1953 x2=159.47; 1954 x? = 5.83;
1955 x2 = 4.27,

For all these variates z2 there are 4 degrees of freedom, of which the
critical value x2%.05 = 9.49. The result for 1953 alone is significant. Thus
we conclude that, apart from 1953, in all the years investigated the
repartitions of males and females into the various age-groups are the
same. 1953 is characteristic in having a majority of females in age group I
but in other age-groups the majority of males occurs; as in the remaining
years.
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The numerical proportions of males to females of various ages at the
different seasons of the year present an interesting picture. As can be
seen from Fig. 26, more than 90% of young males (juv. and subad.) are
found in summer and autumn. Their percentage in spring and winter is
minimal (5.8% and 3.4% respectively). The above data concern all years
together. Analysing the years of investigation from this angle, we note
a great similarity of results. In all the years here considered (1952—1955),
in spring there was a minimal proportion of young specimens. The same
situation is repeated in winter, except for 1954/1955, where the number
of males in this age group was fairly high (more than 253%).

Zvzze=—==ll “ii’

3% w68 % e 1% 1819 545 % 81% 90%
N-3T6 k=l e
,7% 776% 173% 02% 450 % 370% 53% 1.9%
e W/////Agilﬂllllﬂll|llllﬂllllll new B : A e
293% KX 60 25% 196%
N =357 B & 0me——o va
361% 296%
.on 2
585 % 5813% 3263%  340% 437% 325% 60% 779%
d v + subad J' adult I-1I, + senex
vi-va 1x-Xt Xi-u -l IX-Xt Xi-i
Fig. 26. Fig. 27.

Fig. 26. Percentage proportion of young males (juv. and subad.) in the seasons
of a series of years.

Fig. 27, Percentage of adults and old males (adult I—II) (senex) in the seasons
of a series of years.

The numerical relationships of adult and old males groups II[—V vary
in different seasons. The majority of specimens (Fig. 27) occurs in spring
(43%). A smaller proportion (32.5%) is found in summer, while in autumn
only 16% is captured. In winter, however, the total percentage number of
specimens captured is not more than 8%. This varies, as we see when
analysing the various years. A particularly striking difference in numbers
ic seen in spring 1954, when more than 70% of adult and old males are
found. As for the remaining seasons of that year, a relatively large per-
centage (19%) of individuals in these age-groups was found in winter
1954/1955, while in summer and autumn together the number taken is not
more than 3%. The numbers and proportions within the various age-
groups in the seasons discussed are clearly different as compared with
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other analysed years. In all remaining years, adult (I—II) and old (senex)
males are most numerous in spring and summer. They are specimens who
had spent one, more rarely two, winter periods.

A similar proportion of age-groups is observable in the females caught
in the various seasons (Figs. 28, 29). As in the case of the males, there is
a preponderance of young (juv. and subad.) females in the summer and
autumn (altogether more than 90%). Analysing the various years, we see
considerable similarity with the generation of the year 1953/1954, when
in summer there were more than 74% of young females. Winter 1954/1955
ic relatively well represented in young females (25%).

As regards adult and old females the numbers in the various seasons
are fairly even. From the total data it appears that in spring, summer and
autumn the numbers are within the range 25—33%. Only in winter are
they below 15%. In some years, however, there are greater or lesser
variations from this scheme, especially in 1954, (as with the males) where
in summer and autumn there is less than 12%. In those seasons in other
vears, these proportions differ markedly, both summer and autumn are
well-represented.

The relative proportions of both sexes in the various years for the
defined age-groups depend on the age of the specimens. After carrying
out tests x2 for homogeneity in the defined age-groups and the various
years (1949—1955), the following results were obtained: for age-group
I — ¢ =39.77; II — x* = 15.74; III — »* = 6.27; IV — x* = 10.06.

For age-group V — no test was carried out, since there were too few
specimens. All variables x2 have 6 degrees of freedom. Critical value
%005 = 12.59. From the above data, it appears that the years differed
among themselves as regards the relation of sex especially in age-group
juvenis, and to a lessei degree in subadult, In the remaining two groups,
however, we can observe no essential differences in these relations.

VII. THE DYNAMICS OF REPRODUCTION

The question of breeding in small mammals has particular significance in an
analysis of the density of population in a given area. This is closely connected with
the question of oscillation and numbers of a given generation over several years
and seasons,

In the case of the bank vole, Clethrionomys glareolus (Schreber), a fairly
common inhabitant of our forests, which plays an important role in biocenosis in
reriods of mass occurrence, this topic is doubtless a valuable one. Several authors
Fave devoted much space to these questions, inter alia: Heptner (1947, For-
mozov (1948), Naumov (1948), Ognev (1950), KoSkina (1957, Kulaje-
va (1958), Sviridenko (1959, Schwarz (1959). They gave us several
valuable elements in the knowledge of the processes of breeding and their biocenotic
significance. Together with the numerous and frequently exhaustive work of the
European authors: Brambel & Rowlands (1936), Rowlands (1936), Zim-
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mermann (1937, Wrangel (1939), Turéek (1954), Stein (1956), Kalela
(1957), Zejda (1962) and others, they form a noteworthy record of achievements
te date in this field. The value of the work of the authors here mentioned, especially
the recent, is so far significant because the results of their investigations are
frequently based on long series of observations with, simultaneously, good docu-
mentation of the material. This certainly brings greater objectivity to the inter-
pretation of results and drawing of conclusions.

The literature of Poland in this field is fairly numerous, especially within the last
10 years. It is, however, chiefly concerned with other species of Micromammalia:
Kowalski, 1950; Borowski & Dehnel, 1953; Kubik, 1952; 1953; 1960;
Dehnel, 1952; Bazan, 1956; Tarkowski, 1956; Wasilewski, 1960;
Grodzinski, 1957, Skuratowicz 1957; Pucek, 1959; Adamczewska,
1961; Dynowski, 1963, and others. Concerning C. glareolus, however, to date
there has not been a full consideration of the breeding of these mammals, especially
as regards the morphological variability of the gonads, varying breeding tempo at
various seasons in different years and breeding predispositions of individuals of the
various generations and their consequences. The questions mentioned above, which
certainly have significance in the dynamics of the population also concern, to a large
extent, the entirety of these questions connected with the biology of breeding in the
forms analysed, and will be discussed in this chapter.

The problems of the breeding of C. glareolus, as touched on by the present author,
form only a small part of the wider problem of the biology of breeding in Micro-
mammalia, but this part has considerable theoretical and practical values,

Within the various age-groups (Table I), in males, the testes in trans-
verse section show considerable variation. They vary in size from 3.0 to
more than 14.0 mm. Similarly, the size of vesica seminalis varies from 1.7
to 10.0 mm with, in the upper range, the length of the testes from 11.5—
14.5 mm. From histological examination of sections, we assume that the
males reach full sexual activity when the testes are {rom 10—I11 mm
long. This allows us to define more accurately at what age males are
sexually active, and what proportion of such males can be found in the
various seasons and years.

Fig. 20 presents the percentage proportion of males of various ages,
with consideration of their degree of sexual maturity [rom the most
numerously represented years. From the graphs it appears that the young
(juv. and subad.) with the smallest testes (class I) are the most numerously
represented in all years except 1954. They form from 60% to 96% of the
total of young males of the given year. The graphs then show a sharp fall
in the remaining classes of gonads (2, 3, 4) within the boundaries 2—1%.
A slight rise in the curves can be seen in the class of the largest testes
(b, 6) where the number of males is not more than 20%. The above data
indicate that among young males (juv. and subad.) of the years 1952, 1955
was a majority of sexually immature specimens. The percentage of active
sexually mature males was minimal.

1954 shows a completely different picture in the graphs. Young males
with the smallest testes are very few (10%). Those with the largest testes
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(classes 5, 6) assumed to be sexually active, were found to be 50% of the
population.

As regards adult and old males (adult I, II, senex), the majority (70—
%0%) of individuals is sexually active. The graph rises sharply for the
group with the largest gonads (classes 5, 6). However, in groups with
minimally grown testes, the curve falls; the number of such individuals
is not more than 25%. Only 1954 shows (as with the young} a slightly
different character. There was 50% of sexually active individuals, the
remainder were immature with more or less well-developead testes.

The polygons present a fairly characteristic picture (Fig. 30). In the
young (juv. and subad.) the graphs rise highest in all years for the group
with the least-developed gonads (class 1). For the adult and old the graph

%

100 jov. cohad adult 11, senex
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Fig. 30. Sexual maturity of males (classes according to gonads), 1952—1955,
with regard to the age of specimens.

peaks occur in the group with the largest testes (classes 5, 6). In the non-
extreme classes of gonads the graphs are clearly indefinite, as the
percentages of such individuals are slight, not more than 6—7%.

The differing picture for 1954 becomes clear if we analyse the intensity
of maturation of specimens during the various seasons of the year and
consider the climatic conditions during that time. From the data in
Fig. 31 it appears that the largest percentage of young males (juv. and
subad.) with least-developed testes (classes 1, 2) is found in summer and
autumn (about 80%). In summer, when the largest number of newborn
animals appears, rutting generally extends over all months of that season.
In autumn, however, the tempo of sexual maturity is to some degree
inhibited and dependent on climactic conditions and food available in the
given year. Our example here may be the three successive years 1953,
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1554, 1955 (Table 22). Favourable climatic conditions and abundance of
food in summer and autumn 1954 and winter 1954/1955 (Adamcze w-
ska, 1961; Sidorowicz, 1960) undoub.tcdly speeded the tempo of
the growth of the gonads, which in consequence might lead to a quicker
commencement of sexual activity. As can be seen from Table 22, more
than 70% of young males in summer in the [irst 2—4 months of life were
capable of breeding. The development of testes and wesica seminalis
ciearly indicated this.

Similarly in autumn of that year, where of 99 specimens about 50% of
young males was sexually active, Winter 1954/1955 deserves attention.
Here we find a clear majority of mature young males capable of breeding
(altogether more than 80%). This is striking when compared with the
vears 19563, 1955, where in all the seasons mentioned above the numerical
relationships are reversed. The majority of young males with underdeve-
loped testes and small p-rcentage of males with the largest size of testes
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Fig. 31. Fercentage proportion of males in varying phases of sexual maturity
with regard to age and the seasons of the series of years.
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in these seasons clearly indicates a decrease in the tempo of sexual
maturation. This is marked in autumn, where there are almost no
maturing young males capable of bireeding (Table 22 and Fig. 31).

Fig. 31 shows a contrasting picture in spring. This period, of course, has
a special role in the breeding of rodents, After the winter rest period
there occurs a period of intense breeding in adults and the old. However,
the young in especially favourable winter and pre-spring conditions may
be active in the spring rutting. From the general analysis of that season
(Fig. 31) it appears that the role of sexually active {classes 5, 6) young
males (juv. and subad.) in this period is quite large, about 70%. But this
question, when the spring in various years is compared (Tahle 22) appears
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in a different light. We then observe a great dissimilarity of results,
probably dictated by various environmental conditions (weather, food,
base, etc.). Thus, considering the well-represented years 1953—1955, we
see that only in spring 1955 was there a majority of young sexually mature
males. In other years however, either the young had not yet appeared (in

Table 22,
Sexual maturity of males in the various seasons of the years 1952—1355.
c Juv - subad adult I - II senex
% Year n n n N
S 1-2 | 3-4| 5-6 1-2| 3-4 5-6 1-2 3-4| 5-5
1952 - 1 2 3 - - 1 1 - - 1 1 5
w| 1953 1 7 - 18 ! 5 89 | 95 - - %2 52 165
=
Tl 1954 - 1 1 2 10 4 8 | 22 6 13| 43 | 62 86
D 495 o |26 | 94 |1 - R RIE] - -1 9 9 151
¥ 22 | 35 | 97 154 1" 9 | 211 |23 6 13105 |[124 509
1952/55
% 14.3 [22.7 {63.0 | 30.2| 4.8 | 2.9 | 91.3|45.4| 4.8 [10.5]|83.9 [24.4 | 100.0
1952 10 14 13 27 - - 4 4 - - 2] 2 43
§ 1953 273 14 5 292 - - 47 47 - 9| 65 74 413
51 1954 1| a7 fice Jas2 | - | - 3 3 - S P 159
v
1955 | 876 | 22 {145 [1044 1 2 76 | 179 1 1| 48 | 50 1174
. 1170 | 88 |267 [1525 1 2 130 | 133 1 10119 [130 1789
P | 1952755
o 75.7 |s.8 |17.5 | 85.2} 0.7 {1.5 | 97.8|.7.4| 0.7 | 7.7{91.6 | 7.3 | 10cC.0
1252 a5 - - 35 - - 1 1 - - 1 1 a7
g1 1952 63 2 - 55 5 1 1 3 3 s| 3 |1 84
41 1954 49 33 17 99 - - 2 2 - - 1 102
2
1955 | 657 1 - |65 | eo 3 4 | 87 7 8| 4 9 764
. 304 26 | 17 [ 857 | e6 4 8 | 93 10 12| 9 | 32 987
1952/55)
¥ 92.8 | 4.2 | 2.0 | 85.9| 87.7] 4.1 8.2| 9.9|21.2 |40.6{23.1 | 2.2 100.0
. | 1952753 ¢ - - 4 - 1 - 1 - I - 5
£ 1os2/5af 1 - - 1| 0 - - | % 9 -1 - 9 40
S| vasazss| 22 | 22 85 2 1 20 | 23 - - - - 108
1 27 | 41 22 90 22 2 20 | 54 9 - - 9 153
| 1952759
o 1c.c | 45.5| 24.2 | ss.8| 59.2| 2.7 | 37.c| 35.3 | 100.0 - - | s.9] 100.0

1954 the rutiting took place in late spring) or as in 1953 the majority of
males in this scason was sexually inactive,.

Analysis of the various seasons in the different years (Table 22) shows
that the percentage of sexually active males varies considerably (as it
does with regard to the young). This table shows, inter alia, that in spring
1953 and 1935 almost 100% of adult and old males were capable of
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breeding. In 1954, however, the number of adult sexually acitve males
was barely 35%.

An even more characteristic oscillation is seen in winter, where in one
vear (1953/1954) there were 100% of adult and old males with a regressive
state of the gonads (in classes 1, 2), while in winter 1954/1955 more than
80Y% were capable of breeding. The gonads of these specimens were of
maximal size {classes 5,6). Histological examination indicated that these
males took part in winter breeding.

With these facts in mind, we can state that the picture presented by
Fig. 31 and Table 22 indicate a dissimilarity in the interpretations of the
results. Fig. 31, illustrating the intensity of breeding of the males in the
seasons of all analysed years together, shows that there is a considerable
percentage of young males, capable of breeding in spring, and a very
small percentage in summer and autumn. Table 22 shows this topic with
consideration of the various years separately and draws attention to the
great oscillation in this respect. It shows that in the various years taken
singly, the percentage of sexually active males in certain seasons
undergoes greater or lesser oscillation. The tempo of maturation in the
young or the state of accidental degeneration in young males show signi-
ficant differentiation. The oscillations here demonstrated have no
corresponding reflection of the existing relations in the histogram, which
treats the question only on a general plane, as it is concerned with the
various seasons altogether, not singly, and without taking any other
aspects into consideration. Thus, the picture presentcd by Fig. 31 indi-
cating the large percentage in spring of sexually active young males, is
rather relative. If the data for 1955 (Table 22) were not included in this
general picture, the results would then be quite different. They would
show that the number of young males capable of breeding in spring was
very slight. Similar, though less characteristic dissimilarities of this type
were shown for other analysed seasons of that yecar.

As can be seen, all interpretations (frequently made for several species
based only on massed general data, without consideration of various
aspects) may be rather problematical.

From the analysis of the various seasons of several years (1952—1935)
we may conclude that the part played by young males (juv., subad.) in
breeding changes from year to year and in the various seasons of the
year. The factors affecting these changes are fairly widely commented.
The interpretations made of these problems vary according to the material
the authors had at their disposal. As a rule, however, as regards spring,
intensity of breeding and the greater part played by young or adult voles,
are explained as due to favourable atmospheric conditions and abundance
of food. This may also be the consequence of unbroken sexual activity
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which occasionally takes place in the preceding autumn-winter season.
Stein (1956) and Zejda (1962) drew attention to this. They caught
fully-active specimens in the winter months,

The material analysed, especially as regards the two years 1954, 1955,
to some extent allows to confirm the thesis of the two above-mentioned
authors. Thanks to good weather and food conditions in the summer-
autumn season of 1954 and in winter and spring 1955, the sexual acitivity
of young and adult males was definitely more intensive. The fairly large |
percentage (Table 22) of males with maximal-size gonads (classes 5,6) in
all akove-mentioned seasons confirms this,

This permanent intensified part played by sexually-active males in
breeding doubtless significantly affected the density of the population and
mass appearance of the species in summer and autumn 1955. This special
rise in the birth-rate, despite relatively optimal ecological conditions,
adversely affected the sexual maturation of young specimens born during
these periods. Both in summer and autumn 1935 the p=rcentage of young
males (juv. and subad.) with the smallest gonads (classes 1, 2) was very
great (85—99%). This would indicate a certain developm:ntal stagnation,
probably arisen either because of the intensified rivalry between the
animals (for food) which continues both in the adolescent as wall as in the
postnatal phase (Naumov, 1948; Formozov, 1948); or because of
certain different genetic predispositions (Chitty, 1952; Stein, 1956).

Both interpretations are possible, especially if we consider the fairly
characteristic data on length and weigth of individuals born in this period
(Fig. 32). As compared with the previous year (1954), individuals from
these two seasons, especially autumn 1955, were relatively heavy and long.
The average body-length in voles in summer is 87.1 mm (in 1954,
X = 84.1 mm), in autumn it is 87.8 mm (in 1954 it was 81.1 mm). As
regards body-weigth in the first case the average was not more than 15.8 g
(1954, x = 14.8 g), in the second it was 15.0 g (1954, x = 13.0 g). These
differences may indicate that the growing factor in the young generation
in summer and spring in 1955 “directed” all its dynamism towards
increasing the general "constitutional” mass of the body, at the cost of
cther elements, as in this case, breeding. In 1954, however, the reverse is
true. Where the body-mass of individuals born in the two seasons here
discussed is small, there is a decidedly quick development of sexual organs,
which in turn leads to a fairly high percentage of young males capable of
reproduction.

From the above interpretation of rather differentiated data, certain
cenclusions may be drawn. Namely, the first concerns what plays a signi-
ficant role in the rise in population and prognosis of mass appearances of
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the species in the following calendar year, the second concerns what
affects the numerical regress of the population.

In the first case this would concern specimens born in summer and
autumn 1954, which, as has been mentioned, have a quick development of
the gonads and intensified sexual activity. This generation, with such
dynamic morphofunctional reproductive properties and relatively optimal
density of population and a favourable complex of environmental factors
(inter alia good weather extending over the winter-spring season)
undoubtedly increased the population of the bank vole. The large part
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played by this generation in the dynramics of brexding in the seacons
mentioned wss reflected in a marked manner on the following very
numercus generation, leading to the mass appearance of these mammals
in the following calendar year, 1955. This gen:ration could bz defined, on
the one hand, as biologically valuable, guaranteeing the pre-
servation and stabilization of the species, but on the other hand it could
be defined as economically harm{ful s'nce it increased the
density of the population, which indirectly affects forest exploitation.
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These are two aspects of the same problem, indicating the varying
significance of one generation. They show, too, that the reproductive
predestination of individuals from even one generation may affect
significantly the dynamics of the whole population.

The above thesis is seen in its proper values when the results of the
summer season, and especially, the autumn of 1955 are considered. In
place of sexually active young males (1954), we here meet a numerous

Table 23.
Sexual maturity of females in the various seasons with regard to age-group.
§ juv, - subad. adult I - 1II senex
< Year n n n )4
@ 1 11| 111 1 11 | 111 1| 1| 11
1952 1 1 - 2 1 - - 1 - - - - 3
E’ 1953 34 10 1 45 1 [} 3 13 - - - - 58
B tese | - 1] - 1] s - - s |16 | 1 |1 |8 23
1955 2| 10| - 12 - 8 - 8 - 1 1 2 22
N 37 22 1 60 6 17 3 26 16 2 2 20 106
% [195255 16y 9 |36.7 | 1.7 | 56.6|23.1| 5.4 | 11.5| 24.5| s0.0] 10.0] 10,0 [18.9 | 100.0
1952 19 6| - 25 - 3 2 5 - - - - 30
:.. 1953 258 28 - 286 2 5 3 10 1 11 7 19 315
g t9sa | 17| 21| s 2| - | -] - S %2
1 1ess | ers| 20 16 720 4 16 4 24 - 8 3 1 755
N [1952-55 | 969 | 84| 20 (1073 6 24 9 39 1 {19 |10 30 | 1142
90.3 | 7.8 | 1.9 | 94.0|15.4| 61.5| 23.1 | 3.4 | 3.3 l 63.3| 33.3 | 2.6 | 100.0
1952 16 1 - 17 - - - - - - - - 17
§ 1953 54 3| - 57 5 2 - 7 1 3 1 5 69
§ 1954 29 7| 3 39 - - - - - - - - 39
1955 | 372 1] - 373 | 60 20 2 82 3 9 |12 24 479
amn 12{ 3 486 | 65 22 2 89 4 |12 |13 29 604
1952-55 96,9 | 2.5 | 0.6 | 80.5|73.0| 24.7| 2.2 {18.7 | 13.8 | a41.8| 4e.8 ! &.8 | 100.0
W | 1952753 2 - - 2 2 1 - 3 - - - - 5
Blaosasss | 3] -| - 3| 19 S A TN AT I R A P 33
= 1954/55 18 9 2 29 1 9 1 1 - - - - 40
N 23 9| 2 35 | 22 10 1 33 11 - - 1 78
% | 195255 1676 [26.5 | 5.9 | 43.6|66.7| 30.3| 3.0 |42.3 [100.0| - - |1s.1 | 100.0

infantile generation, sexually immature, Probably the above fact and less
favourable complex of environmental conditions in this period caused the
decrease of population in 1956. The small number of specimens captured
in that year could, to some extent, confirm this thesis.

The part played by females in breed’ng, both young and adult in the
various years analysed is essentially similar to that of males. The numbers
of sexually inactive young females with minimal-size gonads are large in
all years, From Table 23 we conclude that in the years 1953 and 1955
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a considerable proportion of young females (juv. and subad.) did not take
part in breeding. In the years mentioned, of a relatively large number
of individuals (more than 1,000 females in 1955) more than 90% females
were characterized by a minimal development of gonads (class 1). A very
small number of mature, sexually acitve females in this age-group was
found — not more than 2Y%. 1954 shows a somewhat different picture.
More than 51% of females had minimal measurements for the horns of the
uterus, 39% were in the maturing phase (class 2) and 10% were capable
of reproduction. Thus, in comparison with young males of this year (Fig.
30) females give the impression of a slower tempo of maturation.

However, the results of comparisons of both sexes in the years 1953 and
1955 are fairly similar. In the first and second case the role of the young
in breeding is very small. The problem is very different in appearance
with regard to adult and old females (Table 23).

In comparison with males, distinguished by a majority of szxually-
active individuals, the females show considerable quantitative variations
in this sphere. We find a relatively large number of adult and old (adult
1-1I, senex) females in the regressive or resting phase of gonads. Thus the
number of females with minimal and average measurements of the horns
of the uterus is fairly large in all the years analysed. There is, however,
a very small number of sexually active females in the various years; in
1953 there were 24.5% (of adult and old together), in other years, as in
1954, only 3.5%, in 1955, 7.5%.

Similar quantitative variations (Table 23) are found when the question
is examined in the seasonal aspect. Both young and adult females in the
various seasons of the series (1952—1955) are most numerously represen-
ted in groups with minimally developed gonads (classes 1, 2). The number
of females capable of reproduction (class 3) is very small. Data contained
in the table referred to are based only upon the degree of development
and the formation of the horns of the uterus and do not allow us to draw
reliable conclusions on the tempo of maturation and reproductive activity
of the females. They show only the general numerical relations of fe-
males, with a greater or lesser degree of formation of the reproductive
crgans, both at various ages, and deriving from various years and seasons
in a given year,

Undoubtedly fuller results may be obtained from analysis of pregnant
females as regards the dynamics of reproduction and its intensity
(Brambel & Rowlands, 1936; Wrangel, 1939; Naumov,
1948; Zejda, 1962).

With regard to the age of females and their part in reproduction (Table
24) it may be said that the greatest percentage, 44.2% falls into the first
two age-groups, juvenis and subadult. This concerns all years together.
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However, from the analysis of the various years it appears that these
relations undergo considerable variations. Thus, in 1953, there were barely
10% of young and pregnant females (juv. and subad.), in 1954 88%, and
in 1955 more than 47%. There were also considerable percentage oscilla-
tions of pregnant females in the remaining age-groups. Especially obvious
Gifferences are observable in the percentages for 1954. In comparison with
the neighbouring years there is a decided numerical majority of young
pregnant females and a low proportion of pregnant females in the
remaining age-groups, which may indicate the slightly different character
of the dynamics of reproduction in this year. Support for such an inter-
pretation can be found in the tables (Table 23) where there is a quantitati-
ve analysis of pregnant females of various age-groups with consideration
of the various months of the given year. From this comparison it appears
that the majority of pregnant females in 1954 in all age-groups, is. to be
found in summer (40%) and autumn (50%).

Table 24.
Percentage proportion of pregnant females in 1953—1955 with regard to age-group.
T’
Age Juv.= adult. senex

Year - subad. 1I-11 N n %
1953 10.2 51.3 38.5 487 39 8.0
1954 88.0 8.0 4.0 168 25 14.0
1955 47.3 44.6 8.1 1350 74 5.0

Total 61 95 22 2005 138

Percent of

pregnant 4u.2 39.8 15.9

females

The picture is very different for 1953 and 1955, where the majority of
pregnant females can be found in spring and early summer. But as from
July 1953 and August 1955, in all remaining summer and autumn months
the percentage of pregnant females is very small, only 7% and 25%
respectively. The majority of young females in 1954 is pregnant and takes
part in reproduction in summer and autumn. Also the role played by that
generation is completely different, especially as compared with the
neighbouring years 1953, 1955.

The above results allow us to assume that the intensity of reproduction
in young females in 1954 was more or less evenly distributed in both
seasons, summer and autumn, with prolongation of the breeding season
because of favourable weather and food conditions, in winter also. These
facts should be treated as to some extent significant in defining the repro-
ductive predestination of the various generations and the roles they might
play in determining the quantity and quality of the generations in the
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next calendar year. In the case discussed, the very numerous population
ol 1955 would be an expression of this. The generations of adult and old
females where the concentration of breeding was chiefly in spring, led to
the lowering of the numbers of the population in the following year. An
index in this field may be the relatively moderate number of specime=ns
captured in 1954 and 1956.

The above considerations would have a certain significance: if the
decrease noticed in the essential expansion by reproduction in the adult
and old were taken into account (Naumov, 1948; Stein, 1953, 1956;
Schwarz 1959; Zejda, 1962).

Takle 25.
Number of pregnant fernales in the various months of 1955 with regard to age.
Age Months
Year
group 11 I71 v v VI VII VIII IX X XI XII1 N %
I+ II - - - 1 2 1 - - - - - 4 10.2
111 - - - - - - - - - - - - -
o
a Iv - - 6 7 7 - - - - - - 20 51.3
o v - - 3 4 6 - 1 1 - - - 15 38.5
n - - 9 12 15 1 1 1 - - - 39 100.0
% |- - |23.1 | 30.7138.5 2.6] 2.6 | 2.6 - - ~ | 100.0
1+ 11 - - - - 3 J 3 3 2 6 2 22 88.0
111 - - - - - - - 1 - 5 - 2 8.0
<<
« v - - - - - - - - - - - - -
o v | - - - - 1 - - - - - - 1 4.0
- - - - 4 ] J 4 2 7 2 25 100.0
% - - - - 16.0 12.0(12.0 16.0 8.0 28.0 8.0| 100.0
111 - - 1 8 |17 9 - - - - - 35 47.3
I1I 1 4 6 2 4 4 - - - - - 21 28.3
n w |- 1 5 1 3 2 - - - - - 12 16.2
[
o v - - - 1 2 3 - - - - - 6 8.1
- o 1 5 12 12 26 18 - - - - - T4 100.0
% 1.3 6.7 | 16.2 16.2 { 35.1 24,3 - - - - - 100.0
1 5 21 24 45 22 4 5 2 7 2 138
Total I~V
% 0.7 3.6 {15.2 17.4 | 32.6 15.9 2.9 3.6 1.4 5.0 1.4) 100.0

The remarks made above are rather working hypotheses. We know that
in the definition of the value of a population or generation in a given year,
a number of fairly significant factors are considered. In connection with
the analysis of the males, it was remarked here that the time period or
season of the year is closely connected to climactic and nutritive
conditions. The sum of these factors influences, to a large extent, the
biological value of the specimens of a given generation, the condition of
these mammals and their reproductive predestination,
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VIII. DISCUSSION AND CONCLUSIONS

In the analysis of the population of the bank vole in Bialowieza a num-
ber of questions connected with the morphological variability of certain
features with taxonomic and constitutional significance were discussed.

Namely, from the analysis made of the length and body-weight under
the aspects of age, season, year, and the individual, it appzars that the
variability of these features is relatively large. It is, however, difficult to
establish any rules determining their variability. The following factors
show that the problem is fairly complicated: consid-rable numerical
fluctuations in the various years, great range of dispersion, oscillations of
the average values for weight and length in the various years, seasons and
months. Any conclusions or hypotheses in this sphere may be rather
subjective. One thing can be stated certainly: both Jength and weight
show considerable plasticity and a wide field of variation in the species
investigated.

The considerable range of variability in body-weight and length, based
upon abundant material captured over a period of years in the Bialowieza
National Park, essentially indicates the variability of these features on
the population level. From a purely morphological point of view it indi-
cates only a section of variability limited in time and space (Stein, 1951;
Kubik, 1957). It chiefly indicates the individual and geographical
variability of the bank vole population in a defined area (D eh nel, 1949;
Schwarz 1959).

That view-point, the result of careful morphobiometric analysis of the
material, compels us critically to evaluate the criteria of body-length as
a taxonomic index. These is no doubt that the mean values or ranges
accepted for many subsp:cies of Clethrionomys, can be successfully linked
tc the variability of the Bialowieza form discussed. Wasilewski (1952)
also stated this in a craniometric analysis of this species. As regards other
species of Micromammuolia, similar remarks are to be found in the work
of Dehnel (1949), Borowski & Dehnel (1953), Kubik (1952),
Adamczéwska (1959).

Schwarz (1959) giving numerous examples (based on literature) of
individual and geographical variability of morphological features in
various subspecies and species of vertebrates, points out that it is
necessary to learn in what proportion genetic nonhomogeneity of a popu-
lation within a defined subspecies appears in geographical variability of
the species as a whole. He states that the description of a subspecies
indicates the norm of variability of a population, and that, in the
appearance of individual variabilities within the subspescies, a distinct
parallelism with geographical variability within the species can be obser-
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ved. This parallelism is readily observable within the numerous subspecies
of a species and is a mark of their common links with the species.

With a view to the above statements, and results obtained by the ana-
lysis of variability in the Biatowieza population of the bank vole it clearly
perceived that the diagnostic value of morphological features of a series
of subspecies of a species is fairly relative. The problem undoubtedly
requires further investigation.

A reflection of the condition and age composition of the population
investigated is, inter nlia, their weight and length. While taking into
account the critical remarks in this field made by Stein (1938),
Beptner (1947), Naumov (1951), Turdek (1954), Sviriden-
ko (1959), it is nevertheless permissible to state that these features, at
least generally, have a value and throw light on the dynamics of the po-
pulation investigated. The results obtained allow us to assume that both
weight and length of males and females are an indicator of growth in
relation to age. This growth is greatest in the age-groups I-II (juv. and
subad.) and can also be observed in older individuals (adult I-II, senex).
The above data would thus demonstrate that the features mentioned might
serve as indicators in defining the age-structure of the population, though
naturally with certain corrections.

There was found a fairly distinct synchronization of weight with length
in the several investigated years and seasons. The oscillations of mean
values of both features in different seasons of a series of years indicate, to
some degree, the physical condition and tempo of growth in individuals of
the various generations.

As a result of the analysis of the various seasons of the series of years
investigated, it was found that individuals of the spring generation reveal
swifter growth (higher mean weight and length) as compared to the
autumn generation. In individuals of the autumn generation the growth to
some extent ceases, attaining its maximum only in spring of the following
vear. In this period the growth both of the spring and the autumn gene-
ration (of the previous year) is intensive. This leads to a relatively even
cptimal level of means of weight and length in the summer.?)

From the above facts it would be possible to make some conclusions
interesting from the point of view of gerontology. Namely, that individuals
born in autumn show a “two-phase” growth capacity. Thanks to a typical
accidental interval, they go through a second phase of intensive growth
and development in the spring of the following calendar year. This kind
of “second childhood” of the autumn-born generation, "kept up” by the

) Investigations carried out simultaneously on morphohistological variability of
the thymus of C. glarenlus (Bazan-Kubik, in litt.) also showed a differing type
of development of this gland in both generations,
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winter, certainly classes them among the biologically more predestinated
individuals in a population. The life of these individuals as an analysis of
the age structure of the population shows, is somewhat longer than that
of the spring generation. This allows us to assume (remembering the
connection of the proces of ageing with intensity of metabolic processes)
(Schwarz 1959, 1963) that lowering of the metabolic rate of the whole
organism in winter, especially in the young, which have "held back”
temporarily in development, affects their life-span for the better. The
spring renewal” of the organism of these mammals, their intensive
growth and development in this period, makes this gensration morpholo-
gically more stable and biologically expansive, This certainly indicates
the different "life stress” upon individuals of the two generations.

This apparently ideal system, a type of adaptive syndrome of the
organism, repeating itself over a series of years and giving the impression
of a rule, sometimes, however, shows certain variations. Thus, in 1954 and
19855, especially in autumn 1954, it is obvious that exceptions to this rule
may have significance in the population dynamics. As can be seen from
an analysis of the material, the above-mentioned characteristic inhibition
ol development in the autumn generation is here clearly partial. Namely,
there is intensified sexual activity in individuals of this generation, with
simultaneous inhibition of growth, both as regards length and weight of
the body. It appears that the increased sexual activity of the autumn ge-
neration is not met (as we learn from the analysis of breeding) in other
years investigated, and thus throws an additional light on the direction
and sphere of adaptation of the organism of these mammals. This compels
us to a wider treatment of this question: a consideration not merely of an
adaptive syndrome of the organism in its strictly morphofunctional form,
but also of the differentiated reaction of individuals to variable factors of
the external environment and their consequences.

It should be assumed that the uninhibited reproductive capacity of the
autumn generation of 1954 (thanks, inter alia, to favourable weather and
food conditions), continued into the winter season, formed the main part
of the very numerous population in the following calendar year. The mass
appearance of bank vole in 1955 was doubtless a consequence of this
relatively rarely met, in other years, reproductive ability of individuals
of the population.
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Jerzy KUBIK

ZMIENNOSC BIOMORFOLOGICZNA POPULACJI
CLETHRIONOMYS GLAREOLUS (SCHREBER, 1780)

Streszczenie

Przeprowadzone badania dotyczyly biomorfologicznej zmiennosci populacji Cleth-
rionomys glareolus (Schreker, 1780), pochodzacych z Bialowieskiego Parku Na-
rodowego. ! by

Licznie reprezentowany zbior (N = 8040) z lat 1946—1955 postuzy! jako materiat do
analizy zmiennos$ci ciezaru i dlugos$ci ciala, struktury wieku oraz dynamiki rozrodu.
Przy rozpatrywaniu powyzszych zagadnien uwzgledniono zmiany w aspekcie indy-
widualnym, wiekowym, rocznikowym i Srodowiskowym.
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Caly material sklasyfikowano pod wzgledem wieku na 5 grup, przyjmujac za kry-
terium stopien rozwoju korzeni zebow trzonowych, gtéownie M,, Przy analizie diu-
goSci i ciezaru ciala uwzgledniono szereg przedzialéw klasowych. Dynamike rozrodu
poparto analiza morfolegiczng gonad.

Wskazano na zrdznicowany charakter zmiennosci ciezaru i diugosci ciata (Tab.
2—19, Ryc. 1—21). Uzyskane rezultaty badan pozwolily na krytyczng ocene obu tych
cech w taksonomice systematycznej.

Podkreslono duzg zmienno$é oraz zakres rozpieto$ci ciezaru i dlugos$ci ciala osobni-
kéw obu piei w réznych latach i sezonach. Ogoélna analiza danych wykazala, ze naj-
wieksze zgrupowanie iloSciowe samcow w populacji zawarte bylo przy modalnych
warto$ciach szeregéw rozdzielczych. Samice natomiast przewazaly procentowo w niz-
szych i najwyzszych przedzialach klasowych. W poszczegdlnych jednak rocznikach,
stosunki te ulegaly mniejszym lub wiekszym wahaniom.

Wyrazng zmienno$é obu cech uzyskano przy analizie poszczegdlnych miesiecy i se-
zonow rozpatrywanych lat. Zaréwno samice jak i samce wykazujg najwyzsza dlugosé
i ciezar ciala w miesigcach wiosennych.

Poza okresem jesiennym we wszystkich pozostalych sezonach samice wykazywatly
wiegkszg dlugosé i ciezar ciala niz samce.

Stwierdzono wyrazng zbiezno§¢ diugosci i ciezaru ciala osobnikéw populacji w po-
szczegblnych analizowanych rocznikach i sezonach. Z poziomu i oscylacji wartosci
Srednich obu cech z réznych sezondw, wnioskowano o stanie kondycyjnym i tempie
wzrostu osobnikéw poszczegblnych pokolen.

Uzyskane wyniki pozwolily przyja¢, ze mlode osobniki generacji wiosennej wyka-
zywaly z reguly szybszy, nieprzerwany wzrost (wyzsze §rednie dlugoéci i ciezaru
ciala, szybsze dojrzewanie plciowe) w pordéwnaniu do generacji jesiennej. U tych
ostatnich tempo wzrostu i dojrzewania ulegalo pewnemu przyhamowaniu, osiggajgc
swoje maksimum wiosng nastepnego roku kalendarzowego. Ta ,,dwufazowo$é”’ roz-
woju przedluzala w pewnym stopniu okres mlodociany, co w konsekwencji prowa-
dzilo do lepszej morfofunkcjonalnej stabilizacji ustroju. Generacja ta odznaczala sie
wiekszg przezywalnoscig w pordwnaniu z wiosenng.

Stwierdzenia powyzsze, podbudowane danymi analizy struktury wieku (Tab. 20—
21, Ryc. 22—29) oraz dynamiki rozrodu (Tab. 22—25, Ryc. 30—31) pozwolily okreslié
generacj¢ jesienng jako zyciowo bardziej ekspansywng i odporna na wplywy §rodo-
wiska zewnetrznego.

Na przestrzeni szeregu analizowanych rocznikéw stwierdzono odmienny charakter
rozwoju jesiennej generacji rocznika 1954. Wykazano mianowicie, szybkie tempo
dojrzewania plciowego i szybkie zakonczenie wzrostu osobnikéw bez drugiej fazy
»odnowy” w sezonie wiosennym nastepnego roku kalendarzowego. Przyjeto, ze nie-
zahamowana zdolno$¢ rozrodcza tej generacji (dzieki sprzyjajagcym warunkom kli-
natycznym i zywieniowym) przeciagajaca sie réwniez na sezon zimowy, wydatnie
przyczynita sie do masowego pojawu tych ssakéw. Stanowila ona trzon bardzo licz-
nej populacji w nastepnym roku kalendarzowym. W sensie ekonomicznym oceniono
te generacje jako szkodliwg, majgcg ujemne znaczenie w gospodarce.

Drugi aspekt tego zagadnienia to biologiczna ocena wartosci wyzej przytoczonych
faktow. Pozwala ona wydaje sie na glebsze wysnuwanie wniosk6w co do okreSlenia
czynnikow kierujgcych rozwojem osobniczym gatunku. Wskazuje bowiem nie tylko
na zespol przystosowawczy ustroju w jego $ciSle morfologicznej postaci, lecz réw-
niez zréznicowang reakcje osobnikéw na zmiane warunkéw srodowiska zewnetrzne-
f:0 oraz konsekwencji z tym zwigzanych.






