
A C T A  T H E R I O L O G I C A
VOL. 19, 27: 403— 427. BIAŁOWIEŻA November, 1974

Anna F E D Y K

Gross Body Composition in Postnatal Development of the 
Bank Vole. II. Differentiation of Seasonal Generations *

[With 6 Tables & 8 Figs.]

Changes in the ra te  of increase in the proportions of gross body 
composition accom panying the  developm ent of the  spring and au tum n 
generations w ere determ ined. Significant differences w ere found in 
these anim als both in the ra te  of accum ulation of fa t and also th e  ra te  
of increase of the com ponents of the  fa t-fre e  body mass (FFB). B ank 
voles of the spring generation a tta in  chem ical m atu rity  by the 35—40th 
day of life, bu t the  au tum n generation does not reach this stage un til 
the 110—120th day of life. Voles of the au tum n generation are 
physiologically younger than  of the spring generation of com parable 
age. It is suggested th a t th e re  may be a »specific m etam orphosis of 
generations« in rodents as a m echanism  of cyclomorphism.

I. INTRODUCTION

Data obtained from keeping sm all mam mals in captivity have provided  
inform ation on the characteristic features of their developm ent and 
growth. The parameters determ ined under these conditions are not, 
however, characteristic of the species w hen living under the influence  
of a large number of natural habitat conditions and no less com plex  
intrapopulation factors. It is on this accout that studies on the seasonal 
variations in skull height and body dim ensions in Soricidae (D e h n e 1, 
1949; 1950; B o r o w s k i  & D e h n e l ,  1953) supplied the stim ulus for 
numerous later studies on seasonal variation in small mammals, w hich  
have shown that, for insectivores and rodents, m any 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 betw een the animal rate of developm ent
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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 distinct differentiation in growth  
rate is evident when extrem e 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 m axi
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 IV2 —  2 monts, lasting until the spring of the next calendar year 
( S c h w a r z ,  P o k r o v s k i ,  I s t c h e n k o ,  O v t c h i n n i k o v a  & 
P j a s t o l o v a ,  1964). These individuals reach their m axim um  w eight 
at the age of 8— 9 months (Z e j d a, 1971).

The term  »seasonal generation« suggest th a t one generation is the paren t genera
tion a subsequent one born in a d ifferent season of the year. A t firs t it was used 
in scientific lite ra tu re  only to indicate the existence of a group of characters diffe
ren tiating  individuals born a t different tim es of the year ( A d a m c z e w s k a ,  1961; 
S c h w a r z  et al., 1964). It was also used in la ter studies to define anim als born 
in a given tim e interval, w ithout investigating  the relationships betw een generations 
distinguished in this w ay {eg. O l e n e v ,  1964; P o k r o v s k i ,  1966; 1971; P o 
k r o v s k i  & O v t c h i n n i k o v a ,  1967; A n d e r s o n ,  1970; A d a m c z e w s k a -  
- A n d r z e j e w s k a ,  1971). A lthough know ledge has been obtained on the rela tion
ships connecting litters and appering during the  reproductive season in m any ro 
dents, the basis for allocating an individual to the a p p ro p r ia te  generation continues 
to be its date of birth  ( S c h w a r z ,  B o l ’ s h a k  ov, O l e n e v  & P j a s t o l o v a ,  
1969/70), and it is therefore more correct to use the te rm  »cohort« to define the 
group of individuals born over a given period of tim e (G 1 i w i c z, A n d r z e 
j e w s k i ,  B u j a l s k a  & P e t r u s e w i c z ,  1968, Z e j d a, 1971).

In the  presen t study, however, the te rm  »seasonal generation« has been used to 
indicate anim als born a t the beginning and end of the reproductive season, over 
period of tim e longer than  th a t accepted for one cohort, w ithout taking relationships 
into considerations.

Seasonal generations d iffer in respect of a large number of features and 
according to A n d e r s o n  (1970) »have seasonal phenotypes w ith  
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 cyclom orphic species, since 
its cohorts or seasonal generations are characterized by differences in  
rate of growth and the rapidity w ith  which sexual m aturity is reached. 
Their ecological longevity is also different and consequently the part 
they play in m aintaining the biological continuity of the species is also 
differentiated (inter alia K u b i k, 1965, G 1 i w  i c z et al., 1968; P u c e k, 
R y s z k o w s k i  & Z e j d a ,  1969/70, H y v a r i n e n  & H e i k u r a ,
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1971; T u p i k o v a  & K o n o v a l o v a ,  1971; Z e j d a ,  1971; K a i k u
s a 1 o, 1972). It has been also shown that the m itotic activity of the 
ep ithelial tissues is different in exterm e seasonal generations (A m s t i -  
s l a v s k a j a ,  1970), which confirms the suggestions made earlier by 
S c h w a r z  et al. (1964) as to the prolongation of the period of 
physiological im m aturity in the late seasonal generations. This prolongation  
of youth in animals born at the end of the reproductive season is 
connected w ith the inhibition of developm ent during the winter. The 
rate of growth during the early part of postnatal developm ent is uniform  
in  representatives of all cohorts ( Z e j d a ,  1971), but it is not known  
w hether the uniform increase in body mass of bank voles from extrem e 
generations is accompanied by uniform changes in the proportions of 
gross body composition.

The purpose of the present study was to exam ine changes in amounts 
and proportions of the gross body composition during postnatal 
developm ent in extrem e seasonal generations of Clethrionomys gla- 
reolus  (S c h r e b e r, 1870). A know ledge of the protein and w ater 
content of the anim al’s bodies, the quotient of w hich is the index of 
physiological age (see B a i l e y ,  K i t t s  & W o o d ,  1960), made it 
possible to compare the physiological age of individuals from the two 
generations.

II. MATERIAL AND METHODS

On account of the d ifficulty  in obtaining young bank voles of know n absolute 
age from  the field, w ild voles w ere caught, kep t in pairs in the  laboratory  and 
the ir firs t generation analysed, treating  it as wild. The paren t anim als w ere caught 
in Tilio-C arpinetum  and Fraxino-U lm etum  tree stands in the Białowieża N ational 
Park. The anim als w ere trapped  before the s ta rt of the  reproductive season 
(March — May 1971 and 1972) and a t the end of sum m er and in early  au tum n (end 
of Ju ly  — Septem ber 1971).

The p aren t pairs w ere kep t in a cage w ith the ir progeny for 21 days, afte r which 
the young w ere taken  from  the ir paren ts and each litte r  kep t separately . The two 
generations had a uniform , artificially  regulated, 16-hour light rhy thm  in th e  
laboratory  and constan t access to drinking w ater. They w ere fed ad lib itum  on a d iet 
of oats, beets, carrots and grasses during the growing season. W hen grass stopped 
growing a t the beginning of Novem ber there  was a change in th e  voles’ diet. 
While all individuals of the spring generation w ere supplied w ith grass un til the  
tim e they w ere killed, individuals of th e  au tum n generation w ere  deprived of 
green food a t d ifferen t ages. Those born earliest (in the  second half of August) and 
kept in captivity  for four m onths w ere given green food for 2>/2 m onths of the ir 
lives. In  order to understand  any d ifferen t effect due to greens in the  diet on the  
ra te  of grow th of bank voles 10 pairs of paren ts caught in May and  their progeny 
were kept on a diet w ithout the  addition of grass.

The young anim als w ere analysed for body w ater, protein, fa t and m inerals 
by the m ethods described previously (F e d y k, 1974 a), taking anim als from  1 to 
120 days old for these analyses. Basic com ponents w ere defined in anim als 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 in tervals. In  all, 193 individuals of the  spring generation, 112 individuals 
of the au tum n generation and 35 individuals kept on a diet not including grass 
w ere analysed.

The resu lts w ere elaborated statistically , describing the relations betw een body 
w eight (eviscerated body) and fa t content by straigh t-line regression equations, 
w hile equations of m ultip le regression w ere used for describing relationships 
w ithin fa t-free  body mass (after E 1 a n d t, 1964).

In  order to em phasise th a t the average ra te  of grow th is the  resu lt of changes 
differing in tim e in the ratios of the com ponents of gross body composition, the 
above relations w ere described by regression equations over a 4-m onth period 
of developm ent and in several stages of this process. Four stages of developm ent 
w ere distinguished: I. 1—20, II. 25—40, III. 45—60 and IV. 70—120 days old. The 
f irs t of the  above stages corresponds to  the  period the young rem ain  w ith the 
m other. The final days of the next th ree  stages correspond to the days on which 
the ratio  of FFB  com ponents was determ ined us unchangeable in the  represen tatives 
of the spring generation, laborato ry -b red  voles (see F e d y k ,  1974 a) and au tum n 
generation.

All the  equations of regression w ere subjected to a test which consisted of 
checking the  significance of the relations betw een them selves (f-S tudent test) and 
a com parison of the significance of differences betw een th e  groups or pairs of 
equations (F-Snedecor test). In  order to illu stra te  equations of m ultip le regression 
in diagram atic form  equations of partia l regressions (after M a r s z a ł k o w i e  z, 
1966) w ere caltu lated  from  them .

III. RESULTS

1. Rate of Growth

On account of the great accum ulation of fat in bank voles of the 
spring generation over the age of 90 days (about 4.5 g of fat, form ing  
over 60°/o of the dry mass) and their com plete lack of activity, the rate 
of growth of the seasonal generations w as exam ined during the first 
three months of postnatal developm ent. During this period the body 
w eight of voles born at the start of the reproductive season increases 
by eight times. This increase in body mass is due to an alm ost 50-fold  
increase in fat, a 14-fold increase in  protein and minerals and a 6-fold  
increase in body w ater in comparison w ith  the w eight of these components 
on the day of birth. Bank voles of the autumn generation, however, 
increase their mass by over 7 tim es as much (by 646%), this increase 
consisting of as alm ost 29-fold increase in protein mass and a 5-fold  
increase in  body w ater (Table 1, Fig. 1). The average rate of increase 
in body mass is almost uniform in the generations compared during the 
first three m onths of life  (0.140 g/day in the spring generation and 
0.137 g/day in the autumn generation). In comparable shorter periods 
of developm ent 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



Table 1

Eviscerated body w eight and gross body composition in postnata l developm ent of seasonal generations of C. glareolus. In  vertical colums: 1 aver
age value — standard  deviation; 2 — coefficient of variation; 3 — percentage content in rela tion  to body w eight. U pper line rela tes to  spring genera

tion, low er to au tum n  generation.

Age,
days N Body weight F at W ater Protein Ash

Protein:
W ater
ratio

1 2 1 2 3 1 2 3 1 2 3 1 2 3 1

1 17
14

1.739± .125 
1.881± .288

7.2
15.3

.0471 .014 

.1291 .032
29.9
24.4

2.7
6.9

1.4431 .011 
1.5551 .135

.8
8.7

83.0
82.7

.199+ .017 

.1621 .028
8.7

17.4
11.4
8.6

.037+ .024 

.032+ .002
66.4

8.6
2.1
1.7

.128

.104

10 22
10

3.946± .611 
4.276± .212

15.5
4.9

.3271 .081 

.3671 .120
24.6
32.6

8.3
8.6

2.9491 .142 
3.231+ .123

4.8
3.8

74.5
75.6

.548+ .140 

.5851 .048
25.6
14.0

13.9
13.7

.0861 .017 

.0651 .000
20.1 2.2

1.5
.192
.178

20 17
10

5.364±1.623 
7.539± .685

30.2
9.1

.471+ .096 

.7221 .197
20.4
27.3

8.8
9.6

4.470+ .395 
5.226+ .391

8.8
7.5

83.3
69.3

1.1751 .125 
1.3371 .097

10.7
7.2

21.9
17.7

.176+ .010 

.236+ .017
5.7
7.3

3.3
3.1

.263

.256

30* 7 12.115± 1.904 15.7 .6631 .202 30.4 5.2 6.046+1.420 23.5 49.9 1.973+ .281 14.2 16.3 .321+ .051 6.9 2.6 .305

40 23
10

12.240±1.283
11.28412.751

10.5
24.4

1.393+ .630 
1.813+1.008

45.2
55.6

11.4
16.1

7.840+ .693 
7.141+1.030

8.8
14.4

64.0
63.3

2.517+ .221 
1.9111 .876

8.8
45.8

20.6
16.9

.415+ .057 

.357+ .053
13.8
14.8

3.4
3.2

.323

.268

60 13
15

12.650+2.360
13.257±2.352

18.6
17.7

2.53711.387
1.858+1.037

54.7
55.8

20.1
14.0

7.3101 .945 
8.51811.055

12.9
12.4

57.8
64.2

2.3701 .316 
2.3711 .301

13.4
12.7

18.7
17.9

.447+ .065 

.503+ .061
14.5
12.1

3.5
3.8

.322

.278

90 13
9

14.49412.446
14.04111.972

16.9
14.0

2.377+1.534
3.731+1.277

64.5
34.2

16.4
26.6

8.773+1.739 
7.700+ .867

19.8
11.2

60.5
54.9

2.845+ .431 
2.1201 .218

15.2
10.3

19.6
15.1

.5201 .085 

.4911 .057
16.3
11.7

3.6
3.5

.324

.276

110—120** 7 12.90ll2.190 17.0 1.6991 .775 45.6 13.2 8.120+1.430 17.6 62.9 2.5541 .143 5.6 19.8 .513+ .071 13.9 4.0 .315

* Spring generation. ** A utum n generation.
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0.75 g/day betw een the 20th and 30th day of life. During the second  
m onth 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 m ost 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 o f life  it decreases to about 0.20 g/day, and 
during the third m onths o f life decreases to 0.006 g/day. It m ust be 
em phasised that voles of the autum n generation are almost alw ays

Age (days)
Fig. 1. Gross body composition of seasonal generations of C. glareolus in postnata l

developm ent.

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 developm ent. W ith respect to body fat the  
seasonal generations d iffer as early as the day of brith. The bodies o f  
voles born at the end of the reproductive season w ere shown to contain
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Table 2

Relation between fa t accum ulation and eviscerated body w eight in postnatal de
velopm ent of seasonal generations of C. glareolus. Equations for age groups I, II, III 
and IV refer to the various stages of developm ent. The last two equations describe 

the  ra te  of fa t accum ulation during the  firs t four m onths of life in bank voles.

Age
group Generation N Y =body weight, X = fa t

I Spring
A utum n

84
54

Y =  +  2.254 +
Y =  +  1.503 +

6.070 X 
7.986 X

S y
S y  =

1.089;
.806;

sb =  
sb —

.523;

.433;
r =
r =

.788

.920

II Spring
A utum n

57
18

Y =  +  8.458 +
Y =  +  7.757 +

1.785 X 
1.894 X

S y  = 
S y  =

1.837;
.225;

sb =  
sb =

.309;

.125;
r — 
r =

.614

.960

III Spring
A utum n

26
15

Y = +  9.091 +  
Y =  +  9.798 +

1.358 X 
1.862 X

S y  —  
S y  =

1.551;
1.556;

sb =
sb =

.150;

.198;
r =  
r —

.880

.870

IV Spring
A utum n

26
25

Y =  +  11.463 +  
Y =  +  10.827 +

1.335 X 
1.050 X

S y  —  
S y  =

1.817;
1.178;

sb = 
sb —

.183;

.293;
r — 
r =

.756

.741

I-IV Spring
A utum n

193
112

Y =  +  5.371 +
Y =  +  4.298 +

2.616 X 
3.121 X

S y  —  
S y  =

2.743;
2.701;

sb =  
sb =

.140;

.188
r —
r=

.804

.945

30 i

2 0

D
Li_

QJ
O
O. 10-

0-1

— Spring 
- A u t u m n

50 100 150 
Age (days)

Fig. 2. Average gross body composition in percentages of C. glareolus of seasonal 
generations in postna ta l developm ent.
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175°/o more fat than these of individuals of the spring generation (Table 
1). Although, during developm ent, the amounts and ratio of fat in vo les’ 
bodies is subject to fluctuation, it is possible to perceive a tendency  
towards an increase in fat mass w ith  increased body mass (Table 1, 
Fig. 2). The greatest fat accum ulation is found in 60-day old voles of the 
spring generation and 90-day old voles of the autumn generation.

The relationships betw een body fat and body w eight 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

Fat (g)

Fig. 3. Relation betw een fa t accum ulation and body w eight of seasonal generations 
of C. glareolus in postnata l development.

generations compared and it is higher in voles born at the end of the 
reproductive season. The rate of fat accum ulation is also higher in them  
during the first three stages of developm ent (1— 60 day of life). Betw een  
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 w ith
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excesive adiposis, referred to above, in voles during the fourth month  
of life (Table 2). It m ust be emphasised that the m athem atical relationship  
betw een body w eight and amount of fat w hen comparing the generations 
and also in comparing the rate of fat deposit in different age groups o f  
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 tim es and in the autumn gene
ration by almost 6 times during the first four months of life  (Table 3).

T able 3

F a t-fre e  body weight and its percentage composition in postnatal developm ent of 
C. glareolus of seasonal generations. In vertical colum ns: 1 — average value — 
standard  deviation, in brackets coefficient of variation; 2, 3, 4 — average values in 

percentages, in  brackets — range of th e ir  variations.

Age,
days FFB W ater

Percentage of 
P rotein Ash

1 2 3 4

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) 1.9 (1.8—2.0)

10 S 3.612± .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—2.4)

20 S 5.834± .525 (9.0) 76.6 (76.1—77.0) 20.1 (19.4—21.5) 3.0 (2.2—2.3)
A 6.817± .506 (7.4) 76.7 (76.4—77.2) 19.6 (19.0—19.9) 3.5 (3.0—3.6)

30 S 8.906±1.189 (13.3) 72.7 (72.2—73.1) 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) 23.4 (22.8—23.9) 3.8 (3.3—4.6)
A 9.472±1.369 (14.4) 75.4 (75.2—75.6) 20.0 (19.5—20.5) 3.8 (3.6—4.0)

60 S 10.113±1.289 (12.7) 72.3 (72.0—72.8) 23.3 (22.9—23.8) 4.4 (3.4—5.0)
A 11.398±1.414 (12.4) 74.7 (74.2—75.0) 20.8 (20.3—21.2) 4.4 (4.3—4.6)

90 S 12.116±1.973 (16.3) 72.4 (72.1—72.7) 23.2 (22.9—23.6) 4.3 (4.2—4.4)
A 10.310+1.115 (10.8) 74.7 (74.2—74.9) 20.6 (20.3—21.0) 4.8 (4.3—5.7)

120 A 11.202±1.934 (17.3) 72.4 (72.0—73.0) 22.8 (21.4—23.7) 4.6 (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 developm ent (Table 
4 and 5, Fig. 4 and 5). The participation by body w ater in the increase 
in mass of the voles of the autum n generation is almost uniform  in all 
stages of developm ent, w hile 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 sim ultaneous effect of increase in body w ater (X2), m inerals (X3) 
and protein  (X4) on FFB  increase (Xt) in  various stages of developm ent and during 
four m onths of life of C. glareolus. U pper equation (S) describes the spring generation,

lower (A) — autum n generation.

Age
group M ultiple regression equations

S X j= —.0623 +1.0716 X2+2.0439 X8+  .5961 X 4 
A X , - — .0354 +1.0345 X2+ 1.9585 X 3 +  .7336 X 4 sy

.0412; sb2=0186; sb3=  .3503; sb4= .0571 

.0190; sb2 =  .0114; sb3=  .2206; sb4=.0482

II S X t =  + .8833+ .0094 X2+3.0749 X 3 +  3.4895 X 4 
A X ^ —.0307 +  1.1229 X2 +  .8712 X3+  .6143 X4

sy =  .2720; sb2=.1003; sb3=1.0197; sb4=.2589 
Sy =  .0059; sb2=.1207; sb3=  .3572; sb4=.4914

III S
A

X 1=  +  .0831 +  1.2883 X 2+  .2076 X 3+  .2192 X 4 s v=.0297; sb2= 0872; sb3=  .1262; sb4= .2589 
X ^ —.0027 +  1.0438 X2+  .2292 X3 + 1.0095 X4 sy =  .0547; sb2 =  .0188; sb3=  .2185; sb4=.0431

IV S X x= —.0032 +  1.3658 X2+  .2508 X 3+  .0037 X4 
A X t =  +.0304 +  1.0368 X 2+  .3667 X3 + 1.0013 X,

.0391; sb2=.0304; sb3 =  .1835; sb4=.0633 

.0478; sb2 =  .0493; sb3=  .2445; sb4= .0802

I

V
y

S X 1 =  +  .3919+ .7236 X 2+ 1.0456 X3 + 1.7089 X4 Sy =  .2377; sb2=.0493; sb3=  .3789; sb4=.1446 
1 1V A X t= —.0372+ 1.0254 X2 +  .6108 X3 +  1.0126 X4 sy =  .0325; sb2 =  .0090; sb3=  .0653; sb4 =  .0291
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is m inim al in comparison w ith the other stages of developm ent (Fig. 4). 
This affects the average rate for the four m onths 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 accum ulation is more variable during postnatal developm ent 
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 w ithin the second age group (25— 40 
days of life). During the first 20 days of life the increase in body protein  
is alm ost five  times smaller than during the second period of developm ent.

Table 5

Equations of partia l regression. Relations betw een one of FFB com ponents 
and FFB. Value of coefficient of regression betw een pair of variables (e.g.,
X 1—X2) defines not only the  actual effect of independent variab le {e.g., X 2) on 
value of dependent variable (e.g., X J  but also effect on this independent 
variables increasing para llel to each other (X3 and X4). U pper line relates to 

spring generation, low er to au tum n generation.

Age
group X t =  FFB; X2 = w ater; X 3 — m inerals; X 4 =  protein

I

II 
II

.5507 +  1.0716 X 2 

.5848 +  1.0345 X2
* 1  = 3.6889 +  2.0439 X 3 

1.7379 +  1.9585 X3
X t =  3.5082+ .5962 X 4 
X x=  3.2204+ .7336 X 4

II * 1=
* 1 =

9.4190+ .0094 X2 
1.3543 +  1.1229 X2

* 1  =  
* 1  =

8.3841 +  3.0749 X 3 
8.7543+ .8712 X3

X t =  7.8935 +  3.4895 X 4 
Xj =  7.9835+ .6143 X 4

III * 1=
Xi=

.6860 +  1.2883 X 2 
2.5066 +  1.0438 X2 *1=

9.8879+ .2076 X3 
11.2825+ .2292 X3

X x=  9.4736+ .2192 X 4 
X j=  9.0039 + 1.0095 X 4

IV *1=
.1380 +  1.3658 X2 

2.6347 +  1.0368 X 2
*1= 11.4335+ .2508 X3 

10.7738+ .3667 X 3
Xj =  11.5547+ .0037 X 4 
X x=  8.5484 +  1.0013 X 4

I-IV *1 = 
Xi=

3.4330+ .7236 X 2 
1.4591 +  1.0254 X2

*1=
*1=

4.4413 +  1.0456 X 3 
6.4452+ .6108 X3

X x=  4.6587 +  1.7089 X 4 
X x =  6.5693 +  1.0126 X 4

A fter the fortieth day of life the rate of increase in protein slackens 
abruptly, resulting in its participation in the increase of FFB mass being  
m inim al during the fourth month of life. In voles of the autumn gene
ration, however, protein increases at a com pletly 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 

..months of protein accumulation in the FFB for voles of the autumn
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FFB
g

Fig. 4. Increase in fa t-fre e  body mass (FFB) depending on ra te  of increase in body 
w ater, conditioned by sim ultaneous increase in protein and m inerals.

FFB
g

Pro te in  (g)
Fig. 5. Increase in fa t- f re e  body mass (FFB) depending on ra te  of increase in protein, 

conditioned by sim ultaneous increase in body w ater and m inerals.
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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 m ineral substances, defined m athem atically  
in the form of m ultiple regression equations, on the rate of increase in 
FFB is statistically significantly different for each of the periods )f 
developm ent w ithin of the generations compared. These equations are

o''

< o -------- Spring
c‘  ^  ---------Autumn

Fig. 6. Composition and percentage of FFB in seasonal generations of. C. glareous
in  postna ta l developm ent.

also significantly different w hen comparing the same age groups in tie  
two generations (Table 4, Figs. 4 and 5).

The different quantitative composition of FFB com ponents in  the tvo  
generations is reflected in the ratios (Table 3, Fig. 6). On the day of 
birth, voles of the spring generation have over 85°/o body water, alrmst 
12°/o protein and over 2% ash in the FFB.  As developm ent proceeds tie  
level of w ater in the FFB drops and become stable at the age 35—10 
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 
betw een the 40th and 90th day of life may, however, be due to an error 
in  the method used for determ ining m inerals. It m ay therefore be 
assum ed that voles of the spring generation reach chemical m aturity 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 com ponents 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 chem ical m aturity, 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 
autum n generation however, the increase of protein and decrease of 
w ater 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.  
V oles about 20 days old, belonging to the spring generation, are 
characterized by a similar body water level. Even greater differences 
betw een generations occur w ith  respect to the proportions of body protein, 
the level of w hich 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 m inerals which is similar in both  
generations.

D ifferences in the amounts of protein and water already existing in  
newborn anim als of the seasonal generations and differences in the rate 
of increm ent of these components during developm ent cause differences 
in physiological age. The process of physiological ageing continues 
uninterruptedly in voles of the spring generation from birth until they  
attain chem ical m aturity. Its rate decreases w ith  age, e.g. during the 
first 10 days of life it is 50°/o higher than during the subsequent 10 days 
of life, and as much as 3.5 tim es higher than betw een 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. B etw een the 40th and 90th day 
of life the average physiological age of voles belonging to the autumn  
generation is alm ost uniform —  practically speaking there is an interval 
in physiological ageing. A fter an interval lasting about two months voles 
of this generation again begin to age in the fourth month of life until 
they reach chem ical m aturity. 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 autum n generation. T w enty-day old voles of the spring generation  
have a similar index of physiological age to that of two and three-m onth  
old voles of the autumn generation (Table 1). The relationship between  
physiological and absolute age and the m athem atical picture of these 
relationships are given in Fig. 7. As a result of the generalization due to 
the m athem atical character of the relationships analysed, differences in  
physiological age calculated from regression equations are different from

Fig. 7. Relation betw een absolute age and physiological age in seasonal generations
of C. glareolus.

T he thin S -shaped line indicates relations between the param eters exam ined 
on basis of interpolation. The thick line corresponds to m athem atical relation

of param eters.

those obtained w hen comparing the average index of physiological 
age for the given absolute age (for details see F e d y k ,  1974 b).

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

The differences revealed in amounts and proportions of the gross body 
composition o f voles of d ifferent seasonal generations suggested that 
a check should be made to ascertain w hether at least one of the sources



Table 6

Gross body composition in postnata l developm ent 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 varia tion  in  brackets, 
in columns 7—9 average values in percentages of FFB com ponents, and  range of the ir variations in barckets.

Age
days Body weight Fat Water Protein Ash FFB

Percentage of Protein-'
W aterW ater P rotein Ash

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 9.141±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± .492 1.786±.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 11.575± .834 1.895± .332 7.205± .529 2.062±.161 ,400±.035 9.680± .733 74.4 21.3 4.2 .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 7.957± .370 2.402±.097 .478±.030 10.857+ .499 73.3 22.2 4.4 .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 12.591±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 3.794±1.934 8.580±1.155 2.729±.332 .547±.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)
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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 
w ithout the addition of grasses was determ ined (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 w ith  the 
addition of grass. They w ere fatter, had sm aller amounts of protein, 
larger amounts of w ater 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  
w ith respect to the parameters analyzed.

Changes in the proportions of the FFB com ponents accompanying the 
developm ent of voles deprived of green plant m atter in their food take 
place continually, in the same w ay 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 chem ical m aturity  
betw een the 60th and 70th day of life. V oles subjected to the feeding  
experim ent w ere physiologically younger betw een 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 mam mals also 
applies to the rate of increase in body mass, its various organs and 
tissues and also gross body composition (see review  by S p r a y  & W i d -  
d o w  s o n, 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, w ater and minerals. The rate of 
increase of these substances decreases w ith  age ( M o u l t o n ,  1923; C h a 
n u t i n ,  1931: B a i l e y  et al., 1960). Changes in the proportions of FFB 
com ponents accompanying developm ent are particularly characteristic —  
the percentage of water gradually decreases, w hile that of protein and 
m inerals increases. Changes in the proportions of FFB components 
continue until the time the organism reaches chem ical m aturity, which  
consist of a stabilization of the percentage level of water, protein and 
m ineral substances in the FFB (M o u 1 1 o n, 1923). The age at which  
an animal attains this m aturity has been accepted as characteristic of 
the species ( W i d d o w s o n  & D i c k e r s o n ,  1960). A correlation was 
also observed betw een the longevity of mam mals and the age at w hich  
they reach chem ical m aturity, calculatnig that this constitutes from  
4— 5°/o of the life span ( M o u l t o n ,  1923).
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The »mature body water level« has been used to describe a chem ically  
m ature animal, as this comes w ithin narrow lim its for many species of 
mammals: 72.8% for laboratory mice ( B a i l e y  et al., 1960), 73.2 for the 
rat, guinea pig, rabbit and m onkey ( P a c e  & R a t h b u n ,  1945) and for 
man ( W i d d o w s o n ,  M c C a n c e  & S p r a y ,  1951) and 74.4% for 
pigs ( K r a y b i l l ,  G o o d e ,  R o b e r t s o n  & S l o a n  e, 1953).

The first GB C  studies in samples from populations of w ild  mam m als 
have been concentrated chiefly  on the problem of seasonal variation  
( H a y w a r d ,  1965; G ó r e c k i ,  1965; M y r c h a, 1969; E v a n s ,  1973; 
S a w i c k a - K a p u s t a ,  1974). It is only in M. arvalis  and C. glareolus  
that GBC  has been studied in postnatal developm ent ( S a w i c k a - K a 
p u s t a ,  1970; 1974).

In the present study it has been shown that the process of developm ent 
of different seasonal generations of C. glareolus is accompanied by 
characteristic and significant changes in the amounts and proportions of 
FFB com ponents and also by a different rate of fat accumulation. Bank 
voles of the extrem e seasonal generations differ w ith  respect to GBC  
even on the day of birth. D ifferences in the rate of accum ulation of FFB 
components in the generations compared w ere discovered by applying  
m ultiple regression equations to describe the quantitative relationships 
betw een the FFB and its components at different stages of developm ent. 
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 w hich voles attain chem ical 
m aturity show that it is im possible to speak of a characteristic age of 
attainment of this m aturity in the case of cyclom orphic species. In 
addition, neither the average nor the m axim un longevity of each of the 
generations correlates w ith  the rate at which they attain chem ical 
m aturity in the w ay calculated by M o u l t o n  (cf. S c h w a r z  et. al., 
1964; P  u c e k et  al., 1969/70).

Although the stim ulating effect of the length of photoperiod and green  
plant food in the diet of rodents on their rate of growth is w e ll known  
(e.g. P i n t e r ,  1968; M a r t i n e t  & M e u n i e r ,  1969; M a r t i n e t  & 
S p i t z ,  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 chem ical m aturity, since the effect of diet w ith  the addition of 
spring grasses on the rate at which voles of the autumn generation attain  
chemical m aturity was not investigated. In addition the assumption cannot 
be ruled out that parents of voles used for the nutrition experim ent 
were voles of the spring generation, which w ere born in the early spring 
and began reproduction at the end of May. As the voles used for the 
nutrition experim ent w ere not analyzed for gross body composition
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during the first 25 days of their life, it is not possible to establish w hether  
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 w hether these changes should be 
attributed to an indirect influence through the m other’s milk. It is also 
impossible to explain the interm ediate 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 developm ent 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 extrem e 
generations of bank voles, but does not describe the species. Chem ically  
mature voles from a different part of Poland (Niepołomice Forest) are 
characterized by a higher percentage content of w ater in the FFB than  
voles from Białowieża (cf. S a w i c k a - K a p u s t a ,  1974).

B a i l e y  et al. (1960) consider that the age at w hich an animal reaches 
chem ical m aturity 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 w eight 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 ( L e s s e r ,  D e u t s c h  & M a r k o  f-  
s k y ,  1970). After chem ical m aturity 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 M i l l e r  & W e i l ,  1963) but are often due only to the 
mathematical character of the relations exam ined (see review  by G a r n ,  
1963) and are thus m athem atical regularities. On this account the 
seasonal variations in body w ater in rodent and insectivore bodies (G Ó- 
r e c k i ,  1965; M y  r c h a, 1969; S a w i c k a - K a p u s t a ,  1974) should 
be re-exam ined, particularly in view  of the fact that seasonal changes in 
body w eight have been explained by changes in amount and ratio of 
body w ater (My r c h a, 1969). Conclusions are drawn as to seasonal 
changes in body w ater on the basis of comparisons of the percentage 
composition of the body or average body w eights 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 w ith climatic conditions and its periodical losses affect the 
proportions of other components. It is for this reason that FFB or lean  
dry w eight (LDW) has for a long tim e been accepted as the basis for

420 A. Fedyk
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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 ( E v a n s ,  1973). The finding of 
statistica lly  significant differences in absolute values of body water 
content in samples from different seasons is not necessarily the 
consequence of periodical w ater loss by the organism, but only the result 
of a sm aller w ater content in the w hole sample, which m ay for instance 
be conditioned by a lack of uniform ity in the age composition of the 
sam ples from the population.

The discovered differences in the rate of physiological ageing and 
attainm ent of chem ical m aturity are correlated w ith the earlier 
established m orphological characters and parameters, connected w ith the 
biology o f the generations. Bank voles of the spring generation which  
attain chem ical m aturity about the 40th day of life are characterized  
by a rapid grow th rate, attain sexual m aturity quickly and are more 
fecund than voles of the autumn generation. The latter take three times 
longer to reach chem ical m aturity, have inhibited growth during the 
w inter and become sexually  mature in the follow ing calendar year (cf. 
N e w s o n ,  1963, B e r g s t e d t ,  1965; Z e j d a, 1966; C l a u d e ,  1970' 
T u p i k o v a & K o n o v a l o v a ,  1971).

The developm ent and biology of extrem e litters from one reproductive 
season are so closely synchronized w ith the cyclic changes in habitat 
conditions that it w ould appear that there is a »specific metamorphosis 
of generations« in cyclom orphic 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, w ould be the basis of the maintenance 
of a cyclic interchangeability of phenotypes w ith  different morphological, 
physiological and behavioural characters. The sim plified diagram of the 
interchange o f generations w ould thus appear as follows: the spring 
reproductive basis of the population, consisting m ainly 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 w ith each 
other and their progeny, equipped w ith  the grandparents’ characters 
(slow growth, m aturation in the follow ing calendar year), form the basis 
of the overwintering population which begins reproducing in spring. This 
schem e does not exclude the possibility of crossbreeding between  
generations, e.g., interm ediate betw een phenotypes.

The data on age structure and the relationships betw een generations 
in m any species of rodents obtained by S c h w a r z  et al. (1969/70) show  
that an interchange of generations m ay take place in natural populations
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o f rodents. Generations I and II distinguished by the autors in Apodemus  
agrarius in fact constitue one generaiton Fj (in relation to old adults), 
w hile the great m ajority of individuals in generations IV and V, which  
begin to overwinter and take part in reproduction during the subsequent 
calendar year, is generation F2 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 ch iefly  w ithin  generations. According to 
S c h w a r z  et oL (Z.c) crossbreeding also takes place betw een generations 
(PX Fj) but it is lim ited to contacts betw een old adult m ales and their 
daughters. Male Fi reach sexual m aturity later than their sisters. It

Fig. 8. D iagram  showing interchange of generations in A podem us agrarius on basis 
of data given by S c h w a r z  et al., 1969/70.

appears likely  that behavioural differences also p lay an important role 
in  lim iting contacts betw een generations. There are data form ing evidence 
of the existence of antagonism betw een settled old adult m ales and the 
current year’s m ales ( C h i t t y  & P h i p p s ,  1966). The old m ales do not 
allow the young to enter the areas they them selves frequent and the 
young m ales are therefore obliged to em igrate from the area w hich forms 
the winter shelter of the species and return after the death (natural or 
violent) of the old adults. The chances of crossbreeding betw een 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 w eight, growth, matabolism etc. are quantita
tive characters. The regularities in inheritance of these characters w ere  
ascertained under artificial breeding conditions in which guided selection  
w as applied. There are no data on inheritance of quantitative characters 
in  natural populations of w ild  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 experim ental 
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 w eight in adult m ales ( P o k r o v s k i  & O v t c h i n n i k o v a ,  
1967).

It w ill 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 w hether 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 SKŁADNIKI CIAŁA W ROZWOJU POSTNATALNYM
NORNICY RUDEJ.

II. ZRÓŻNICOWANIE GENERACJI SEZONOWYCH

Streszczenie

Zbadano zmiany w tem pie przyrostu oraz w proporcjach podstaw owych składni
ków ciała, towarzyszące rozwojowi generacji w iosennej i jesienniej C. glareolus, 
a także tempo uzyskiw ania przez przedstaw icieli tych generacji dojrzałości che
micznej.

Nornice skrajnych generacji, stanow iące pierwsze pokolenie urodzone w w aru n 
kach hodowli, już w dniu urodzenia m ają różną zaw artość tłuszczu (Tabela 1). 
W toku rozwoju, w ciągu pierwszych czterech miesięcy życia, przeciętne tempo 
odkładania się tłuszczu jest wyższe u nornic generacji jesiennej. M atem atyczne 
zależności między ciężarem ciała a otłuszczeniem są istotnie różne również przy 
porównyw aniu krótszych odcinków rozw oju obydwu generacji jak  też w obrębie 
jednej generacji (Tabela, 2 Ryc. 3).

Różnie kształtu je  się także ilościowy udział wody, białka i substancji m ineralnych, 
wchodzących w skład beztłuszczowej m asy ciała (FFB ) (Tabela 4 i 5, Ryc. 4 i 5). 
O dmienny skład ilościowy kom ponentów  FFB znalazł swoje odbicie w stosunkach 
procentowych (Tabela 3, Ryc. 6). W m iarę rozw oju nornic generacji wiosennej — aż 
do osiągnięcia dojrzałości chemicznej — zm niejsza się procentow a zaw artość wody



G eneracje sezonowe nornicy rudej 427

a zwiększa się procentow a zawartość białka i substancji m ineralnych. Nornice te j 
generacji osiągają dojrzałość chemiczną około 40 dnia życia. Nornice generacji je 
siennej już w dniu urodzenia m ają odm ienny skład procentow y kom ponentów  FFB 
i inne jest u nich tem po zm ian rozwojowych. Np. poziom białka pozostaje praw ie 
jednakow y między 20 a 90-tym dniem życia. Nornice generacji jesiennej osiągają 
dojrzałość chemiczną około 120 dnia życia, czyli w term inie trzy  razy dłuższym niż 
nornice generacji wiosennej.

Różnice w  ilości białka i wody, istniejące już u noworodków generacji sezono
wych oraz zróżnicowania w  tem pie przyrostu tych składników  w trakcie rozwoju, 
spowodowały różnice w  w ieku fizjologicznym. Proces fizjologicznego starzenia się, 
którego m iernikiem  jest indeks wieku fizjologicznego, trw a u nornic generacji w io
sennej nieprzerw anie — od urodzenia do osiągnięcia dojrzałości chemicznej. N a
tom iast średni wiek fizjologiczny nornic generacji jesiennej jest p raw ie jednakow y 
między 40 a 90 dniem życia. W wyniku różnego tem pa fizjologicznego starzenia się, 
jednodniowa nornica generacji w iosennej, pod względem  wieku fizjologicznego od
powiada pięciodniowej nornicy generacji jesiennej. N atom iast podobnym w skaźni
kiem w ieku fizjologicznego do dw u- i trzym iesięcznych nornic generacji jesiennej 
charak teryzu ją się dw udziestokilkudniow e nornice generacji wiosennej.

W ykazane różnice generacyjne w wieku, w k tórym  nornice osiągają dojrzałość 
chemiczną, korelu ją z wcześniej poznanym i cecham i morfologicznymi i param etram i 
związanymi z biologią generacji. Jednocześnie zaś świadczą o tym, ze w odniesieniu 
do gatunków  cyklomorficznych nie można mówić o charakterystycznym  dla g a tu n 
ku wieku osiągania te j dojrzałości. Przeciętna ani m aksym alna długość życia każ
dej z generacji nie korelu ją  z tem pem  uzyskiw ania przez nie dojrzałości chem icz
nej w sposób obliczony wcześniej dla innych ssaków.


