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Changes in the rate of increase in the proportions of gross body
composition accompanying the development of the spring and autumn
generations were determined. Significant differences were found in
these animals both in the rate of accumulation of fat and also the rate
of increase of the components of the fat-free body mass (FFB). Bank
voles of the spring generation attain chemical maturity by the 35—40th
day of life, but the autumn generation does not reach this stage until
the 110—120th day of life. Voles of the autumn generation are
physiologically younger than of the spring generation of comparable
age. It is suggested that there may be a »specific metamorphosis of
generations« in rodents as a mechanism of cyclomorphism.

I. INTRODUCTION

Data obtained from keeping small mammals in captivity have provided
information on the characteristic features of their development and
growth. The parameters determined under these conditions are not,
however, characteristic of the species when living under the influence
of a large number of natural habitat conditions and no less complex
intrapopulation factors. It is on this accout that studies on the seasonal
variations in skull height and body dimensions in Soricidae (Dehnel,
1949; 1950; Borowski & Dehnel, 1953) supplied the stimulus for
numerous later studies on seasonal variation in small mammals, which
have shown that, for insectivores and rodents, many parameters, both
morphological and physiological are affected by cyclic changes in weather
conditions. A further stages in studies on seasonal variation was the
discovery of the relationship between the animal rate of development

* Praca zostala zrealizowana w ramach problemu wezlowego 09.1.7. koordyno-
wanego przez Instytut Ekologii PAN.
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and the season in which it was born. The rate of growth of rodents born
at the beginning of the reproductive season is more rapid than that of
individuals born later. A particularly distinet differentiation in growth
rate is evident when extreme litters from one reproductive season are
compared. Individuals born at the beginning of the reproductive season,
forming the spring generation or first spring cohort, reach their maxi-
mum weight when 3—4 months old, whereas in individuals born at the
end of the reproductive season (autumn generation, the final cohort in
the given reproduction season) there is an inhibition of growth at the age
of 1'/2— 2 monts, lasting until the spring of the next calendar year
(Schwarz Pokrovski, Istchenko, Ovtchinnikova &
Pjastolova, 1964). These individuals reach their maximum weight
at the age of 8—9 months (Zejda, 1971).

The term »seasonal generation« suggest that one generation is the parent genera-
tion a subsequent one born in a different season of the year. At first it was used
in scientific literature only to indicate the existence of a group of characters diffe-
rentiating individuals born at different times of the year (Adamczewska, 1961;
Schwarz et al, 1964). It was also used in later studies to define animals born
in a given time interval, without investigating the relationships between generations
distinguished in this way (eg. Olenev, 1964;: Pokrovski, 1966; 1971; Po-
krovski & Ovtchinnikova, 1967, Anderson, 1970; Adamczewska-
-Andrzejewska, 1971). Although knowledge has been obtained on the relation-
ships connecting litters and appering during the reproductive season in many ro-
dents, the basis for allocating an individual to the appriopriate generation continues
to be its date of birth (Schwarz, Bol'shakov, Olenev & Pjastolova,
1969/70), and it is therefore more correct to use the term »cohort« to define the
group of individuals born over a given period of time (Gliwicz, Andrze-
jewski, Bujalska & Petrusewicz 1968, Zejda, 1971).

In the present study, however, the term »seasonal generation« has been used to
indicate animals born at the beginning and end of the reproductive season, over
period of time longer than that accepted for one cohort, without taking relationships
into considerations.

Seasonal generations differ in respect of a large number of features and
according to Anderson (1970) »have seasonal phenotypes with
distinctive behavioural, physiological, morphological and genetical
characteristics, which have different ecological and evolutionary roles
and occupy different habitats«. The autor gives the name cyclomorphic to
rodents characterized by such features.

C. glareolus can also be considered as a cyclomorphic species, since
its cohorts or seasonal generations are characterized by differences in
rate of growth and the rapidity with which sexual maturity is reached.
Their ecological longevity is also different and consequently the part
they play in maintaining the biological continuity of the species is also
differentiated (inter alic Kubik, 1965, Gliwicz et al., 1968; Pucek,
Ryszkowski & Zejda, 1969/70, Hyvarinen & Heikura,
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1971; Tupikova & Konovalova, 1971; Zejda, 1971; Kaiku-
salo, 1972). It has been also shown that the mitotic activity of the
epithelial tissues is different in exterme seasonal generations (Amsti-
slavskaja, 1970), which confirms the suggestions made earlier by
Schwarz et al. (1964) as to the prolongation of the period of
physiological immaturity in the late seasonal generations. This prolongation
of youth in animals born at the end of the reproductive season is
connected with the inhibition of development during the winter. The
rate of growth during the early part of postnatal development is uniform
in representatives of all cohorts (Zejda, 1971), but it is not known
whether the uniform increase in body mass of bank voles from extreme
generations is accompanied by uniform changes in the proportions of
gross body composition.

The purpose of the present study was to examine changes in amounts
and proportions of the gross body composition during postnatal
development in extreme seasonal generations of Clethrionomys gla-
reolus (Schreber, 1870). A knowledge of the protein and water
content of the animal’s bodies, the quotient of which is the index of
physiological age (see Bailey, Kitts & Wood, 1960), made it
possible to compare the physiological age of individuals from the two
generations.

1I. MATERIAL AND METHODS

On account of the difficulty in obtaining young bank voles of known absolute
age from the field, wild voles were caught, kept in pairs in the laboratory and
their first generation analysed, treating it as wild. The parent animals were caught
in Tilio-Carpinetum and Fraxino-Ulmetum tree stands in the Bialowieza National
Park. The animals were trapped before the start of the reproductive season
(March — May 1971 and 1972) and at the end of summer and in early autumn (end
of July — September 1971).

The parent pairs were kept in a cage with their progeny for 21 days, after which
the young were taken from their parents and each litter kept separately. The two
generations had a uniform, artificially regulated, 16-hour light rhythm in the
laboratory and constant accessto drinking water. They were fed ad libitum on a diet
of oats, beets, carrots and grasses during the growing season. When grass stopped
growing at the beginning of November there was a change in the voles' diet.
While all individuals of the spring generation were supplied with grass until the
time they were killed, individuals of the autumn generation were deprived of
green food at different ages. Those born earliest (in the second half of August) and
kept in captivity for four months were given green food for 2!/; months of their
lives. In order to understand any different effect due to greens in the diet on the
rate of growth of bank voles 10 pairs of parents caught in May and their progeny
were kept on a diet without the addition of grass. f

The young animals were analysed for body water, protein, fat and minerals
by the methods described previously (Fedyk, 1974 a), taking animals from 1 to
120 days old for these analyses. Basic components were defined in animals of
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definite age: from 1 to 60 days old in 5-day intervals, and from 70 to 120 days old,
in 10-day intervals. In all, 193 individuals of the spring generation, 112 individuals
of the autumn generation and 35 individuals kept on a diet not including grass
were analysed.

The results were elaborated statistically, describing the relations between body
weight (eviscerated body) and fat content by straight-line regression equations,
while equations of multiple regression were used for describing relationships
within fat-free body mass (after Elandt, 1964).

In order to emphasise that the average rate of growth is the result of changes
differing in time in the ratios of the components of gross body composition, the
above relations were described by regression equations over a 4-month period
of development and in several stages of this process. Four stages of development
were distinguished: I. 1—20, II. 25—40, III. 45—60 and IV. 70—120 days old. The
first of the above stages corresponds to the period the young remain with the
mother. The final days of the next three stages correspond to the days on which
the ratio of FFB components was determined us unchangeable in the representatives
of the spring generation, laboratory-bred voles (see Fedyk, 1974a) and autumn
generation.

All the equations of regression were subjected to a test which consisted of
checking the significance of the relations between themselves (t-Student test) and
a comparison of the significance of differences between the groups or pairs of
equations (F-Snedecor test). In order to illustrate equations of multiple regression
in diagramatic form equations of partial regressions (after Marszaltkowicz,
1966) were caltulated from them.

III. RESULTS

1. Rate of Growth

On account of the great accumulation of fat in bank voles of the
spring generation over the age of 90 days (about 4.5g of fat, forming
over 60% of the dry mass) and their complete lack of activity, the rate
of growth of the seasonal generations was examined during the first
three months of postnatal development. During this period the body
weight of voles born at the start of the reproductive season increases
by eight times. This increase in body mass is due to an almost 50-fold
increase in fat, a 14-fold increase in protein and minerals and a 6-fold
increase in body water in comparison with the weight of these components
on the day of birth. Bank voles of the autumn generation, however,
increase their mass by over 7 times as much (by 646%0), this increase
consisting of as almost 29-fold increase in protein mass and a 5-fold
increase in body water (Table 1, Fig. 1). The average rate of increase
in body mass is almost uniform in the generations compared during the
first three months of life (0.140 g/day in the spring generation and
0.137 g/day in the autumn generation). In comparable shorter periods
of development the values of this parameter are different. The rate of
increase in body mass during the first 20 days of life is 0.19 g/day, and



Eviscerated body weight and gross body composition in postnatal
age value — standard deviation; 2 — coefficient of variation; 3 —

Table 1

tion, lower to autumn generation.

development of seasonal generations of C. glareolus. In vertical colums: 1—aver-
percentage content in relation to body weight. Upper line relates to spring genera-

Age Protein:
day;; N Body weight Fat Water Protein Ash Water
ratio
1 2 1 2 3 1 2 3 1 2 3 1 2 3 1
1 17 1739+ 125 7.2 047+ 014 299 2.7 1.443%+ .011 .8 83.0 199+ 017 87 114 037+ 024 664 2.1 .128
14 1.881%+ .288 15.3 120+ 032 244 6.9 1555+ .135 8.7 82.° 1624 028 174 8.6 032+ 002 8.6 1. 104
10 22 3.946+ 611 15.5 327+ 081 246 8.3 2,949+ 142 48 745 548+ .140 25.6 13.9 .086% 017 20.1 2.2 .192
10 4,276+ 212 4.9 367+ 120 326 8.6 3.231t .123 3.8 175.6 585t 048 140 187 065+ 000 — 1.5 178
20 17 5.364+1.623 30.2 471+ 096 204 8.8 4,470+ 395 8.8 833 1.175+ .125 107 219 176,010 5.7 3.3 263
10 7539+ 685 9.1 J22+ 197 273 9.8 5.226% .391 7.5 69.3 1.337% 097 7.2 17.7 236+ .017 7.3 3.1 .256
30* 7 12.115+£1.904 15.7 663+ 202 304 5.2 6.046:1.420 235 49.9 1.973+ 281 14.2 16.3 321+ 051 6.9 2.6 .305
40 23 12.240+1.283 105 1.393+ 630 45.2 114 7.840+ 693 8.8 64.0 2,517+ 221 8.8 206 415+ 057 138 3.4 .323
10 11.284+2.751 244 1.813+1.008 55.6 16.1 7.141+1.030 144 633 1.911+ 876 45.8 16.9 357+ 053 148 32 .268
60 13 12.650%2.360 18.6 2.537+1.387 54.7 20.1 7.310+ 945 129 57.8 2.370+ 316 134 18.7 447t 065 14.5 3.5 322
15 13.257+2.352 17.7 1.858+1.037 55.8 14.0 8.518+1.055 124 642 2,371+ 301 12.7 17.9 5031 061 12.1 3.8 278
90 13 14.494+2.446 16.9 2.377+1.534 645 164 8.773+1.739 198 605 2.845+ 431 152 19.6 520+ 085 16.3 3.6 324
9 14.041+1.972 14.0 3.731+1.277 342 26.6 7700k 867 11.2 54.9 2.120+ 218 10.3 15.1 491+ 057 11.7 3.5 276
110—120%* 7 12.901+2.190 17.0 1.699+ 775 456 13.2 8.120+1.430 17.6 62.9 2,554+ ,143 5.6 19.8 513+ 071 13.9 4.0 .315

* Spring generation. ** Autumn generation.
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0.75 g/day between the 20th and 30th day of life. During the second
month of life the values of this parameter are reduced to 0.004 and
during the third month of life rise again but only to 0.063 g/day. In the
spring generation the most rapid increase in body mass takes place during
the first 20 days of life, on average by 0.300 g/day, whereas during
the subsequent 20 days of life it decreases to about 0.20 g/day, and
during the third months of life decreases to 0.006 g/day. It must be
emphasised that voles of the autumn generation are almost always
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Fig. 1. Gross body composition of seasonal generations of C. glareolus in postnatal

development.

heavier than the individuals of corresponding age belonging to the spring
generation (except for the 40th and 90th day of life) (cf. Table 1).

2. Fat Accumulation

The rate of adiposis undoubtedly affects differentiation in rate of mass
increase during postnatal development. With respect to body fat the
seasonal generations differ as early as the day of brith. The bodies of
voles born at the end of the reproductive season were shown to contain
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Table 2

Relation between fat accumulation and eviscerated body weight in postnatal de-

velopment of seasonal generations of C. glareolus. Equations for age groups I, II, III

and IV refer to the various stages of development. The last two equations describe
the rate of fat accumulation during the first four months of life in bank voles.

g?ogu% Generation N Y=Dbody weight, X=fat
I Spring 84 Y=+ 2.254+ 6.070 X sy=1.089; sb= 523; r= .788
Autumn 54 Y=+ 1503+ 7.986 X sy= .806; sb= .433; r= .920
01 Spring 57 Y=+ 8.458+ 1.785 X 5,=1.837; sb= .309; r= .614
Autumn 18 Y=+ 7757+ 1894 X sy= .225; sb= .125; r= .960
- Spring 26 Y=+ 9.091+ 1.358 X sy=1.551; sb= .150; r= .880
Autumn 15 Y=+ 9.798+ 1862 X sy=1.556; sb= .198; r= .870
v Spring 26 Y=+11463+ 1335 X sy=1.817; sb= .183; r= .756
Autumn 25 Y=+10.827+ 1.050 X sy=1.178; sb= .2093; r= .T41
I-IV Spring 193 Y=+ 5371+ 2616 X 5y=2.743; sb= .140; 7= .804
Autumn 112 Y=+ 4208+ 3.121 X $,=2701; sb= .188 r= 945
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Fig. 2. Average gross body composition in percentages of C. glareolus of seasonal
generations in postnatal development.
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175%0 more fat than these of individuals of the spring generation (Table
1). Although, during development, the amounts and ratio of fat in voles’
bodies is subject to fluctuation, it is possible to perceive a tendency
towards an increase in fat mass with increased body mass (Table 1,
Fig. 2). The greatest fat accumulation is found in 60-day old voles of the
spring generation and 90-day old voles of the autumn generation.

The relationships between body fat and body weight are statistically
significant (Table 2). The average rate of fat accumulation during the
first four months of life differs to a statistically significant degree in the
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Fig. 3. Relation between fat accumulation and body weight of seasonal generations
of C. glareolus in postnatal development.

generations compared and it is higher in voles born at the end of the
reproductive season. The rate of fat accumulation is also higher in them
during the first three stages of development (1—60 day of life). Between
the 70th and 120th day of life the rate of increase of fat is very much
greater in voles of the spring generation, which is connected with
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excesive adiposis, referred to above, in voles during the fourth month
of life (Table 2). It must be emphasised that the mathematical relationship
between body weight and amount of fat when comparing the generations
and also in comparing the rate of fat deposit in different age groups of
one generations, are significantly different in all cases (Fig. 3).

3. Fat-free Body Mass (FFB)

Growth is essentially an increase a FFB mass. This increases in voles
of the spring generation by more than 7 times and in the autumn gene-
ration by almost 6 times during the first four months of life (Table 3).

Table 3

Fat-free body weight and its percentage composition in postnatal development of

C. glareolus of seasonal generations. In wvertical columns: 1 —average value —

standard deviation, in brackets coefficient of variation; 2, 3, 4 —average values in
percentages, in brackets — range of their variations.

Percentage of

Age,
days FFB Water Protein Ash
1 2 3 4
1 S 1.692% .129 (7.6) 85.3 (84.1—86.5) 11.8 (10.0—12.8) 2.2 (1.7—2.6)
A 1.752+ .313 (17.9) 88.8 (88.3—89.1) 9.3 (8.9— 9.5) 19 (1.8—2.0)
10 5 3.612t 525 (14.5) 81.6 (81.2—81.9) 15.7 (15.2—16.0) 2.4 (2.2—2.8)
A 3.909+ .163 (4.2) 82.7 (82.2—83.1) 14.7 (14.1—15.0) 2.3 (2.2—24)
20 S 5.834*+ 525 (9.0) 76.6 (76.1—717.0) 20.1 (19.4—21.5) 3.0 (2.2—2.3)
A 6.817+ 508 (7.4) 76.7 (76.4—77.2) 19.6 (19.0—19.9) 3.5 (3.0—3.6)
30 S 8.9061+1.189 (13.3) T2.7 (72.2—173.1) 22.1 (21.9—23.0) 3.6 (3.3—3.8)
40 S 10,797+ 971 (9.0) 72,5 (72.1—73.0) 234 (22.8—23.9) 3.8 (3.3—4.6)
A 9.4721+1.369 (14.4) 75.4 (75.2—175.6) 20.0 (19.5—20.5) 3.8 (3.6—4.0)
6o S 101131289 (127) 723 (72.0—728) 233 (229—238) 44 (34—5.)
A 11.398+1414 (12.4) 747 (742—75.0) 208 (20.3—21.2) 4.4 (4.3—4.6)
g0 S 12116%1973 (163) 724 (721—727) 232 (229—236) 4.3 (42—44)
k A 10310%1.115 (10.8) 747 (74.2—749) 206 (20.3—21.0) 4.8 (4.3—5.7)
120 A 11.2021+1.934 (17.3) 72.4 (72.0—73.0) 22.8 (21.4—23.7) 46 (4.3—5.7)

The ratio of body water, body protein and minerals included in the
composition of the FFB differs in different stages of development (Table
4 and 5, Fig. 4 and 5). The participation by body water in the increase
in mass of the voles of the autumn generation is almost uniform in all
stages of development, while in voles of the spring generation, during the
period from the 25 to 40th day of life the increase in FFB due to water



Table 4

Relation between simultaneous effect of increase in body water (Xj), minerals (Xj)
and protein (X,) on FFB increase (X,) in various stages of development and during

four months of life of C. glareolus. Upper equation (S) describes the spring generation, 1771
lower (A) — autumn generation. §
Age §
group Multiple regression equations cr:
I S X,=—.0623+1.0716 X,+2.0439 X;+ 5961 X, s5,=.0412; sb,=0186; sby= .3503; sb,=.0571 o
A X,=-—0354+1.0345 X,;+1.9585 X3+ .7336 X, s,=.0190; sb,=.0114; sby= .2206; sb,=.0482 "5’
=
I S X,=+.8833+ .0094 X,+3.0749 X;+3.4895 X, s,=.2720; sb,=.1003; sb;=1.0197; sb;=.2589 2
A X,=—0307+1.12290 X+ 8712 X;+ .6143 X, s5,=.0059; sb,=.1207; sby= .3572; sb,=.4914 :
=
I S X,=-+.08314+1.2883 X,+ .2076 X;+ .2192 X, s,=.0297; sb,=0872; sby= .1262; sb,=.2589 g.
A X,=—.002741.0438 X,+ .2292 X;+1.0095 X, s,=.0547; sb,=.0188; sby= .2185; sb,=.0431 2
=
v S X,=—.0032+1.3658 X,+ .2508 X;+ .0037 X, s,=.0391; sbh,=.0304; sby;= .1835; sb,=.0633 =
A X,=+.0304+1.0368 X,+ .3667 X;+1.0013 X, s5,=.0478; sb,=.0493; sby;= .2445; sb,=.0802 =
1y S Xi=+.3919+ 7236 X,+1.0456 X,+1.7089 X, 5,=.2377; sb,=.0493; sby,= .3789; sb,—.1446
A X,=—.0372+1.0254 X,+ .6108 X,+1.0126 X, s,=.0325; sb,=.0090; sby= .0653; sb,=.0201

I1¥
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is minimal in comparison with the other stages of development (Fig. 4).
‘This affects the average rate for the four months of FFB increase due
to body water, this rate being significantly lower in voles of the spring
generation than the autumn one (Fig. 4).

The rate of increase in the FFB of the seasonal generations due to
protein accumulation is more variable during postnatal development
than is the increase due to water content. These differences are
particularly distinct in voles of the spring generation, in which body
protein in FFB increases most rapidly within the second age group (256—40
days of life). During the first 20 days of life the increase in body protein
is almost five times smaller than during the second period of development.

Table 5

Equations of partial regression. Relations between one of FFB components

and FFB. Value of coefficient of regression between pair of variables (e.g.,

X,—X,) defines not only the actual effect of independent variable (e.g., X;) on

value of dependent variable (e.g., X;) but also effect on this independent

variables increasing parallel to each other (X; and X,). Upper line relates to
spring generation, lower to autumn generation.

gf'\ogtfp X,=FFB; X, = water; X;= minerals; X, = protein

X,= 5507+10716 X,  X,= 3.6889+2.0439X,  X,= 35082+ .5962 X,
X,= 5848+10345X, X,= 1.7379+19585X,  X,= 3.2204+ .7336 X,

It X,=0.4190+ .0094 X, X,= B8.3841+3.0749 X, X,= 17.8935+3.4895 X,
X,=1.3543+1.1229 X, X,= 875643+ .8712 X, X,= 79835+ .6143 X

X,= .6860+1.2883 X, X,= 9.8879+ .2076 X, X,= 94736+ .2192 X,

Iy —25066+1.0438 X,  X,=11.2825+ .2202X,  X,= 9.0039+1.0095 X,

v Xi= .1380+13658X,  X,=114335+ .2508X,  X,=115547+ .0037 X,
X,=26347+1.0368 X,  X,=10.7738+ .3667X,  X,= 8.5484+1.0013 X,

L1y X1=34330+ 7236 X,  X,= 44413+10456 X,  X,= 4.6587+1.7089 X,
X,=14591+1.0254 X,  X,= 6.4452+ 6108 X,  X,= 6.5693+1.0126 X,

After the fortieth day of life the rate of increase in protein slackens
abruptly, resulting in its participation in the increase of FFB mass being
‘minimal during the fourth month of life. In voles of the autumn gene-
ration, however, protein increases at a completly different but more
-even rate. During the period from the 1st to 40th day of life a increase
by one unit of protein corresponds to an increase in FFB by 0.60—0.70
.of a unit. During the remaining period a unit increase in protein
corresponds to a unit increase in FFB. The average rate for the four
aonths of protein accumulation in the FFB for voles of the autumn
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Fig. 4. Increase in fat-free body mass (FFB) depending on rate of increase in body
water, conditioned by simultaneous increase in protein and minerals.
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Fig. 5. Increase in fat-free body mass (FFB) depending on rate of increase in protein,
conditioned by simultaneous increase in body water and minerals.
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generation is almost 40% lower than in individuals of the spring
generation (Table 5, Fig. 5).

Minerals are characterized by a more differentiated rate of accumula-
tion. A unit increase in ash mass corresponds to an increase in FFB by
0.20 to 3.00 units. The participation of minerals in the formation of the
FFB during the four month period is, as in the case of participation of
protein, greater in voles of the spring generation. The simultaneous
influence of protein, water and mineral substances, defined mathematically
in the form of multiple regression equations, on the rate of increase in
FFB is statistically significantly different for each of the periods of
development within of the generations compared. These equations are

R R
= Ll
g .
<35 — Spring
&= — — — Autumn
2 904
o
a ;
—m= Protein
20
101 e
— = Water
FE N e AR R Y L el e o a —— Ash
0- T T T T v g —— v v . v
(0] 20 40 60 80 100 120
Age (days)

Fig. 6. Composition and percentage of FFB in seasonal generations of. C. glareous
in postnatal development.

also significantly different when comparing the same age groups in tae
iwo generations (Table 4, Figs. 4 and 5).

The different quantitative composition of FFB components in the two
generations is reflected in the ratios (Table 3, Fig. 6). On the day of
birth, voles of the spring generation have over 85% body water, almst
12% protein and over 2% ash in the FFB. As development proceeds the
level of water in the FFB drops and become stable at the age 35—40
days. Protein reaches a constant level at the same age. The level of
minerals increases up to the 60th day of life, then decreases slighty.
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These minimum differences in the percentage of ash content occuring
between the 40th and 90th day of life may, however, be due to an error
in the method used for determining minerals. It may therefore be
assumed that voles of the spring generation reach chemical maturity at
an age of 35 to 40 days.

As early as the day of birth voles of the autumn generation have
different proportions of basic components in the fat-free body mass,
from those in voles of the spring generation. They are characterized by
a higher percentage of body protein and a lower percentage of body
water. Until they reach chemical maturity, voles of the spring generation
show a gradual decrease in the percentage of water and an increase in
the percentages of protein and minerals in the FFB, in voles of the
autumn generation however, the increase of protein and decrease of
water gradually ceases during the third month of life (Table 3, Fig. 6).
Hence 60 and 90-day old voles born at the end of the reproductive
season have a very similar percentage of protein content in the FFB.
Voles about 20 days old, belonging to the spring generation, are
characterized by a similar body water level. Even greater differences
between generations occur with respect to the proportions of body protein,
the level of which in 20-, 40-, 60- and 90-day old voles of the autumn
generation is almost identical, despite the increase in absolute values
(Table 1). It is only the level of minerals which is similar in both
generations.

Differences in the amounts of protein and water already existing in
newborn animals of the seasonal generations and differences in the rate
of increment of these components during development cause differences
in physiological age. The process of physiological ageing continues
uninterruptedly in voles of the spring generation from birth until they
attain chemical maturity. Its rate decreases with age, e.g. during the
first 10 days of life it is 509 higher than during the subsequent 10 days
of life, and as much as 3.5 times higher than between the 20th and 30th
day of life.

In bank voles of the autumn generation the process of physiological
ageing is not a continuous process. During the first 20 days of life the
average rate of ageing (protein/water/day) is higher in these animals
than in voles of the spring generation. Between the 40th and 90th day
of life the average physiological age of voles belonging to the autumn
generation is almost uniform — practically speaking there is an interval
in physiological ageing. After an interval lasting about two months voles
of this generation again begin to age in the fourth month of life until
they reach chemical maturity. As a results of the different start in life
and rate of physiological ageing, a day-old vole of the spring generation
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is comparable, from the physiological age aspect to a 5-day old individual
of the autumn generation. Twenty-day old voles of the spring generation
have a similar index of physiological age to that of two and three-month
old voles of the autumn generation (Table 1). The relationship between
physiological and absolute age and the mathematical picture of these
relationships are given in Fig. 7. As a result of the generalization due to
the mathematical character of the relationships analysed, differences in
physiological age calculated from regression equations are different from
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Fig. 7. Relation between absolute age and physiological age in seasonal generations
of C. glareolus.

The thin S-shaped line indicates relations between the parameters examined
on basis of interpolation. The thick line corresponds to mathematical relation
of parameters.

those obtained when comparing the average index of physiological
age for the given absolute age (for details see Fed y k, 1974 b).

4. The Effect of Diet on Gross Body Compositien in Bank Voles of the Spring
Generation

The differences revealed in amounts and proportions of the gross body
composition of voles of different seasonal generations suggested that
a check should be made to ascertain whether at least one of the sources



Table 6

Gross body composition in postnatal development of the spring generation of C. glareolus fed on died not containing grass.
In vertical direction: in columns 1—6 average values and standard deviation are given, coefficient of variation in brackets,
in columns 7—9 average values in percentages of FFB components, and range of their variations in barckets.

Age 5 ¢ Percentage of Protein:
days Body weight Fat Water Protein Ash FFB Witer Protoin Ry Water
1 2 3 4 5 6 7 8 9 10

30 10.261+1.147 1.113% 265 6.961% .861 1.8544+.238 .322+.050 9.1411+1.126 76.1 20.3 3.5 .2666
(11.2) (23.8) (12.4) (12.8) (15.5) (12.3) (76.1—76.2) (20.0—20.5) (3.3—3.6) (.265—.269)

35 10.076+1.033 1.439% 452 6.495%t 492 1.7861+.159 ,347+.024 8.628% .665 75.3 20.9 3.8 .278
(10.3) (31.4) (7.6) (8.9) (7.0) (7.7) (74.9—75.9) (20.3—21.4) (3.6—4.4) (.275—.286)

40 11575+ .83¢ 1.895% .332 7.205% .529 2.062+.161 .400+.035 9.680% .733 4.4 21.3 42 .286
(7.2) (17.4) (7.3) (7.8) (8.7} (7.6) (74.3—74.6) (21.1—21.4) (4.0—4.3) (.283—.289)

50 15.014+ 464 4.162% 935 7.957F .370 2.402+.097 .478+.030 10.857% .499 73.3 22.2 44 .302
(3.1) (22.5) (4.6) (4.0) (6.3) (4.6) (73.2—73.4) (21.9—22.3) (4.3—4.5) (.299—.303)

60 12591+1.334 2.188% 925 7.529+. 363 2.367+.118 .465+.026 10.403% .503 72.6 22.7 4.5 313
(10.6) (42.3) (4.8) (5.0) (5.7) (4.8) (72.3—72.9) (22.6—23.0) (4.3—4.6) (.310—.316)

70 15.662+1.583 3.79411.934 8.580%1.155 2.7291+.332 .5471.068 11.868%1.558 72.4 23.3 4.6 .318
(10.1) (51.0) (13.5) (12.2) (12.5) (13.1) (71.9—72.8) (22.6—23.8) (4.4—4.8) (.310—.327)

L1¥
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of these differences was variation in diet. For this purpose the gross body
composition in voles of the spring generation fed on a concentrated diet
without the addition of grasses was determined (Table 6).

On the 30th day of life these voles differed considerably from voles
of the spring generation fed on the same concentrated diet but with the
addition of grass. They were fatter, had smaller amounts of protein,
larger amounts of water and the composition in percentages of the FFB
components was closer to voles of the autumn generation. On the 60th
day of life they were, however, similar to voles of the spring generation
with respect to the parameters analyzed.

Changes in the proportions of the FFB components accompanying the
development of voles deprived of green plant matter in their food take
place continually, in the same way as voles of the spring generation fed
on a normal diet. The rate of these changes was, however, different and
therefore in relation to absolute age these voles reached chemical maturity
between the 60th and 70th day of life. Voles subjected to the feeding
experiment were physiologically younger between the 30th and 70th
day of life that the other voles of the spring generation of corresponding
age.

IV. DISCUSSION

The generally known fact of differentiated growth in mammals also
applies to the rate of increase in body mass, its various organs and
tissues and also gross body composition (see review by Spray & Wid-
dowson, 1950).

The regularities relating to GBC during the growth period have been
most thoroughly investigated in laboratory animals. It has been shown
that the differentiated increase in body mass is accompanied by
a differentiated increase in protein, water and minerals. The rate of
increase of these substances decreases with age (Moulton, 1923; Cha-
nutin, 1931: Bailey et al.,, 1960). Changes in the proportions of FFB
components accompanying development are particularly characteristic —
the percentage of water gradually decreases, while that of protein and
minerals increases. Changes in the proportions of FFB components
continue until the time the organism reaches chemical maturity, which
consist of a stabilization of the percentage level of water, protein and
mineral substances in the FFB (Moulton, 1923). The age at which
an animal attains this maturity has been accepted as characteristic of
the species (Widdowson & Dickerson, 1960). A correlation was
also observed between the longevity of mammals and the age at which
they reach chemical maturity, calculatnig that this constitutes from
4—59% of the life span (Moulton, 1923).
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The »mature body water level« has been used to describe a chemically
mature animal, as this comes within narrow limits for many species of
mammals: 72.8% for laboratory mice (Bailey et al., 1960), 73.2 for the
tat, guinea pig, rabbit and monkey (Pace & Rathbun, 1945) and for
man (Widdowson, McCance & Spray, 1951) and 74.4% for
pigs Kraybill, Goode, Robertson & Sloane, 1953).

The first GBC studies in samples from populations of wild mammals
have been concentrated chiefly on the problem of seasonal variation
(Hayward, 1965; Gérecki, 1965; Myrcha, 1969; Evans, 1973;
Sawicka-Kapusta, 1974). It is only in M. arvalis and C. glareolus
that GBC has been studied in postnatal development (Sawicka-Ka-
pusta, 1970; 1974).

In the present study it has been shown that the process of development
of different seasonal generations of C. glareolus is accompanied by
characteristic and significant changes in the amounts and proportions of
FFB components and also by a different rate of fat accumulation. Bank
voles of the extreme seasonal generations differ with respect to GBC
even on the day of birth. Differences in the rate of accumulation of FFB
components in the generations compared were discovered by applying
multiple regression equations to describe the quantitative relationships
between the FFB and its components at different stages of development.
It has been shown here that rate of increase of one of the FFB components
is conditioned by the rate of increase of the remainder.

The differences revealed in the age at which voles attain chemical
maturity show that it is impossible to speak of a characteristic age of
attainment of this maturity in the case of cyclomorphic species. In
addition, neither the average nor the maximun longevity of each of the
generations correlates with the rate at which they attain chemical
maturity in the way calculated by Moulton (cf. Schwarz et. al,
1964; Pucek et al., 1969/70).

Although the stimulating effect of the length of photoperiod and green
plant food in the diet of rodents on their rate of growth is well known
(e.g. Pinter, 1968; Martinet & Meunier, 1969; Martinet &
Spitz 1971), it cannot be said that the lack of green plant food in the
diet of voles of the spring generation prolongs the period they require
to reach chemical maturity, since the effect of diet with the addition of
spring grasses on the rate at which voles of the autumn generation attain
chemical maturity was not investigated. In addition the assumption cannot
be ruled out that parents of voles used for the nutrition experiment
were voles of the spring generation, which were born in the early spring
and began reproduction at the end of May. As the voles used for the
nutrition experiment were not analyzed for gross body composition
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during the first 25 days of their life, it is not possible to establish whether
the lack of green plant material in the food of young animals contributed
to a different percentage composition of their FFB during the period
from the 30 to 70th day of life, or whether these changes should be
attributed to an indirect influence through the mother’s milk. It is also
impossible to explain the intermediate rate, in relation to the seasonal
generations, of changes in proportions and amounts of the FFB
components of laboratory-bred bank voles (F e d y k, 1974 a) by differences
in length of photo-period. The development rate of these voles does not
depend on the lenght of the photoperiod or on seasonal differences in
the composition of the food, as voles born in spring and also late in the
autumn had a uniform ratio of FFB components at a comparable age.

The mature body water level unequivocally describes both extreme
generations of bank voles, but does not describe the species. Chemically
mature voles from a different part of Poland (Niepolomice Forest) are
characterized by a higher percentage content of water in the FFB than
voles from Bialowieza (cf. Sawicka-Kapusta, 1974).

Bailey et al. (1960) consider that the age at which an animal reaches
chemical maturity marks the end of the continued increase in FFB, as
the percentage composition of the FFB in older animals is stable. In
their opinion the later increase in body weight is due to fat, but this
is refuted by data obtained in the present study and also by GBC and
histological studies made on rats (Lesser, Deutsch & Markof-
sky, 1970). After chemical maturity is attained the FFB continues to
increase and this growth is due to the increase of all components,
without changes in proportion. Conclusions reached on the strength of
differences in percentage proportions do not always relate to biological
differences (see Miller & Weil, 1963) but are often due only to the
mathematical character of the relations examined (see review by Garn,
1963) and are thus mathematical regularities. On this account the
seasonal variations in body water in rodent and insectivore bodies (G 6-
recki, 1965; Myrcha, 1969; Sawicka-Kapusta, 1974) should
be re-examined, particularly in view of the fact that seasonal changes in
body weight have been explained by changes in amount and ratio of
body water (Myrcha, 1969). Conclusions are drawn as to seasonal
changes in body water on the basis of comparisons of the percentage
composition of the body or average body weights and gross body com-
position in sample individuals taken from populations at different
seasons. It is known, however, that the amount of fat in an organism is
synchronized with climatic conditions and its periodical losses affect the
proportions of other components. It is for this reason that FFB or lean
dry weight (LDW) has for a long time been accepted as the basis for
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all comparisons. Body water, expressed in percentages in relation to
LDW, is not subject to variation during the yearly cycle, despite seasonal
differences in its absolute values (Evans, 1973). The finding of
statistically significant differences in absolute values of body water
content in samples from different seasons is not necessarily the
consequence of periodical water loss by the organism, but only the result
of a smaller water content in the whole sample, which may for instance
be conditioned by a lack of uniformity in the age composition of the
samples from the population.

The discovered differences in the rate of physiological ageing and
attainment of chemical maturity are correlated with the earlier
established morphological characters and parameters, connected with the
biology of the generations. Bank voles of the spring generation which
attain chemical maturity about the 40th day of life are characterized
by a rapid growth rate, attain sexual maturity quickly and are more
fecund than voles of the autumn generation. The latter take three times
longer to reach chemical maturity, have inhibited growth during the
winter and become sexually mature in the following ‘calendar year (cf.
Newson, 1963, Bergstedt, 1965; Zejda, 1966; Claude, 1970;
Tupikova & Konovalova, 1971).

The development and biology of extreme litters from one reproductive
season are so closely synchronized with the cyclic changes in habitat
conditions that it would appear that there is a »specific metamorphosis
of generations« in cyclomorphic species as the result of which, if indeed
the characters differentiating generations are inherited, the characters
of the grandparents are inherited. Inheritance of characters not in the
first, but the second generation, would be the basis of the maintenance
of a eyclic interchangeability of phenotypes with different morphological,
physiological and behavioural characters. The simplified diagram of the
interchange of generations would thus appear as follows: the spring
reproductive basis of the population, consisting mainly of animals born at
the end of the previous reproductive season, begins reproducing and
produces numerous quickly growing and quickly maturing progeny — the
spring generation. Individuals of this generation crossbreed with each
other and their progeny, equipped with the grandparents’ characters
(slow growth, maturation in the following calendar year), form the basis
of the overwintering population which begins reproducing in spring. This
scheme does not exclude the possibility of crossbreeding between
generations, e.g., intermediate between phenotypes.

The data on age structure and the relationships between generations
in many species of rodents obtained by Schwarz et al. (1969/70) show
that an interchange of generations may take place in natural populations
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of rodents. Generations I and II distinguished by the autors in Apodemus
agrarius in fact constitue one generaiton F; (in relation to old adults),
while the great majority of individuals in generations IV and V, which
begin to overwinter and take part in reproduction during the subsequent
calendar year, is generation Fs in relation to old adults (see Fig. 8).
Owing to the different length of ecological life characterizing succesive
generations, and as a result of the spatial structurs of the species,
crossbreeding takes place chiefly within generations. According to
Schwarz et al. (l.c) crossbreeding also takes place between generations
(PXFy) but it is limited to contacts between old adult males and their
daughters. Male F; reach sexual maturity later than their sisters. It

Tig. 8. Diagram showing interchange of generations in Apodemus agrarius on basis
of data given by Schwarz et al., 1969/70.

appears likely that behavioural differences also play an important role
in limiting contacts between generations. There are data forming evidence
of the existence of antagonism between settled old adult males and the
current year’s males (Chitty & Phipps, 1966). The old males do not
allow the young to enter the areas they themselves frequent and the
young males are therefore obliged to emigrate from the area which forms
the winter shelter of the species and return after the death (natural or
violent) of the old adults. The chances of crossbreeding between old
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adults of the given ‘calendar year and old adults which took part in
reproduction the previous year are very small.

Characters such as body weight, growth, matabolism etfc. are quantita-
tive characters. The regularities in inheritance of these characters were
ascertained under artificial breeding conditions in which guided selection
was applied. There are no data on inheritance of quantitative characters
in natural populations of wild rodents and the possibility of inheriting
a group of characters not in the first but in the second generation is
doubtful. Probably the cause of the differentiation revealed is the
cyclically changing habitat. It has however, been found that experimental
changes in length of photoperiod and presence or lack of green plant
food in the diet do not affect changes in rate of growth of young animals
born over the course of a year, neither do they affect seasonal changes
in body weight in adult males (Pokrovski & Ovtchinnikova,
1967).

It will only be possible to establish whether the rate of changes in
body composition and other characters differentiating seasonal generations
of cyclomorphic rodents are hereditary, or whether they depend on
habitat factors, after the inheritance of these characters and the effect
of the habitat have been studied.
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PODSTAWOWE SKELADNIKI CIALA W ROZWOJU POSTNATALNYM
NORNICY RUDEJ.
II. ZROZNICOWANIE GENERACJI SEZONOWYCH

Streszezenie

Zbadano zmiany w tempie przyrostu oraz w proporcjach podstawowych skladni-
kéw ciala, towarzyszgce rozwojowi generacji wiosennej i jesienniej C. glareolus,
a takze tempo uzyskiwania przez przedstawicieli tych generacji dojrzaloSci che-
micznej.

Nornice skrajnych generacji, stanowigce pierwsze pokolenie urodzone w warun-
kach hodowli, juz w dniu urodzenia majg rbézng zawarto§¢ tluszczu (Tabela 1).
W toku rozwoju, w ciggu pierwszych czterech miesiecy 2zycia, przecietne tempo
odkladania sie tluszczu jest wyisze u nornic generacji jesiennej. Matematyczne
zalezno§ci miedzy ciezarem ciala a otluszczeniem sg istotnie rézne rdéwniez przy
poréwnywaniu krétszych odecinkéw rozwoju obydwu generacji jak tez w obrebie
jednej generacji (Tabela, 2 Ryc. 3).

Roznie ksztaltuje sie takze iloSciowy udzial wody, biatka i substancji mineralnych,
wchodzgcych w sklad beztluszczowej masy ciala (FFB) (Tabela 4 i 5, Ryc. 4 i 5).
Odmienny skiad iloSciowy komponentéw FFB znalazl swoje odbicie w stosunkach
procentowych (Tabela 3, Ryc. 6). W miare rozwoju nornic generacji wiosennej — az
do osiggniecia dojrzaloci chemicznej — zmniejsza sie procentowa zawarto§é¢ wody
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a zwieksza sie procentowa zawarto$¢ bialka i substancji mineralnych. Nornice tej
generacji osiggajq dojrzatos¢ chemiczng okolo 40 dnia zycia. Nornice generacji je-
siennej juz w dniu urodzenia majg odmienny sklad procentowy komponentéw FFB
i inne jest u nich tempo zmian rozwojowych. Np. poziom bialka pozostaje prawie
jednakowy miedzy 20 a 90-tym dniem zycia. Nornice generacji jesiennej osiggajg
dojrzato§¢ chemiczng okolo 120 dnia zycia, czyli w terminie trzy razy dluiszym niz
nornice generacji wiosennej.

Roéznice w iloSci biatka i wody, istniejgce juz u noworodkéw generacji sezono-
wych oraz zréznicowania w tempie przyrostu tych skladnikéw w trakcie rozwoju,
spowodowaly réznice w wieku fizjologicznym. Proces fizjologicznego starzenia sie,
ktérego miernikiem jest indeks wieku fizjologicznego, trwa u nornic generacji wio-
sennej nieprzerwanie — od urodzenia do osiggniecia dojrzalo$ci chemicznej. Na-
tomiast §redni wiek fizjologiczny nornic generacji jesiennej jest prawie jednakowy
miedzy 40 a 90 dniem zycia. W wyniku réznego tempa fizjologicznego starzenia sie,
jednodniowa nornica generacji wiosennej, pod wzgledem wieku fizjologicznego od-
powiada pieciodniowej nornicy generacji jesiennej, Natomiast podobnym wskaZni-
kiem wieku fizjologicznego do dwu- i trzymiesiecznych nornic generacji jesiennej
charakteryzujg sie dwudziestokilkudniowe nornice generacji wiosennej.

Wykazane réznice generacyjne w wieku, w ktérym nornice osiggajg dojrzalosé
chemiczng, korelujg z wezeéniej poznanymi cechami morfologicznymi i parametrami
zwigzanymi z biologig generacji. Jednocze$nie za§ §wiadczg o tym, ze w odniesieniu
do gatunkéw cyklomorficznych nie mozna méwié o charakterystycznym dla gatun-
ku wieku osiggania tej dojrzaloSei. Przecietna ani maksymalna dlugo§é¢ zycia kaz-
dej z generacji nie korelujg z tempem uzyskiwania przez nie dojrzalo$ci chemicz-
nej w sposob obliczony wczeSniej dla innych ssakéw.



