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I. IN TRO D U C TIO N

Since the  b eg in n in g  of th e  th ir t ie s  of our c e n tu ry  m any  in v es tig a tio n s , c a rr ied  
ou t on d if fe re n t species, hav e  p rov ided  ev idence of sig n ifican t b io log ica l d iffe ren ces 
be tw een  seasona l g en e ra tio n s  of ro d en ts  a n d  c e r ta in  o th e r m am m als. A ll th e se  d a ta , 
how ever, w ere  m o stly  f r a g m e n ta ry  or even in c id en ta l and  th e re fo re  th ey  cou ld  no t 
se rio u sly  a ffec t w o rk  on g en e ra l p rob lem s of taxonom y , ecology and  th e  sc ience  of 
th e  dynam ics of a n im a l popu la tions .

T his s ta te  of a ffa irs  a lte re d  m ark ed ly  w ith  th e  p ub lish ing  of a se rie s  of p ap e rs  
by P rof. A. D e h  n  e 1 an d  his n um erous disciples. A g re a t p a r t  of th e ir  p ap e rs  
w ere  devo ted  to  a m an y -s id ed  ana ly s is  of seasona l v a ria tio n s  in th e  m o rpho log ica l 
and  physio log ica l c h a ra c te rs  of a la rg e  n u m b er of species of m am m als.
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In his f i r s t  g re a t w o rk  (1949) D e h n  e 1 had  a lre a d y  d iscovered  th e  s tr ik in g  fac t of 
seasonal v a r ia b il ity  of th e  m ain  c ran io log ica l fe a tu re s  of Soricidae.  T h is discovery 
w as la te r  co rro b o ra ted  by th e  de ta iled  in v es tig a tio n s  m ade by P u c e k  (1955, 1957) — 
w ho co n tin u ed  th e  re se a rc h  in s ti tu te d  by D e h n  e 1. T his d isco v ery  is of p r in e  
im p o rtan ce . I t  show s th a t  a co rrec t g rasp  of th e  specific  p e c u lia r itie s  of a given 
species can  be ob ta in ed  only  w h en  th e  seasonal v a ria tio n s  of th e  m a in  charac te rs  
of th e  a n im a ls  a re  du ly  ta k e n  in to  considera tion . T he in v es tig a tio n  of less stable 
ch a ra c te rs  (in com parison  w ith  cran io log ica l ones) w ith o u t th e  in v e s tig a tio n  of th e ir 
seasona l v a r ia tio n s  is p rac tic a lly  im possib le. T his w as show n by a se rie s  of papers , 
p rep a red  in  D e h n e l ’s la b o ra to ry , devo ted  to  th e  in v es tig a tio n  of d iffe ren t 
m orpho log ica l sy stem s of an im als .

T hese in v es tig a tio n s  c lea rly  d em o n s tra ted  th a t  an im a ls  born  in d if fe re n t seasons 
d iffe r by a w ho le  com plex  of d if fe re n t p ecu lia ritie s : g ro w th  ra te , d ev e lo p m en t ra te , 
a c tiv ity  of c e r ta in  en docrine  g lands, fecu n d ity  and  ra te  of sex u a l m a tu ra tio n , w eig h t 
of c e rta in  in te rn a l o rgans etc. (D e h n  e 1, 1949; 1952; A d a m c z e w s k a ,  1959; B a- 
z a n, 1952; 1955; B i e l a k  & P u c e k ,  1960; T a r k o w s k i ,  1955; W a s i l e w s k i ,  
1955 an d  m an y  others).

As a re s u lt  of th ese  f ind ings th e  in v es tig a tio n  of seaso n a l v a r ia tio n  reach ed  
a new  h ig h e r s tage  of d ev e lo p m en t an d  s tim u la ted  w o rk  on th is  in te re s tin g  p ro b lem  
in  d if fe re n t coun tries.

in  our la b o ra to ry  th e  in v es tig a tio n s  of th e  b io log ical p e c u lia r itie s  of sea so n a l 
g en e ra tio n s  of ro d en ts  beg an  in 1949 and  th e  re s u lts  w ere  f i r s t  p u b lish ed  in 19>55 
( S c h w a r z ,  P a v l i n i n  & S u s j u m o v a ,  1955). In  th is  p a p e r  w e h av e  tr ie d  to 
sum m arize  v a rio u s  d a ta  concern ing  th e  bio logy of re p ro d u c tio n  an d  n u tr it io n  of 
Arvico la  terres tr is  ( L i n n a e u s ,  1758) and  som e species of m ice, belong ing  to  d i f 
fe re n t g en e ra tio n s . L a te r  on th ese  in v es tig a tio n s  w ere  b ro ad en ed  an d  e x te n d e d . 
Specia l a tte n tio n  w as paid  to  an a ly s is  of the  seaso n a l rep ro d u c tiv e  cycle of th e  a n i 
m als, th e ir  g ro w th  ra te , d ev e lopm en t ra te  an d  ra te  of sex u a l m a tu ra tio n , th e  w e ig h t 
of c e rta in  in te rn a l o rgans (heart, liver, k idney , in te s tin e s , ad re n a ls , th y m u s), haem ia- 
to log ieal ind ices, oxygen  consum ption , th e  co n ten t of v itam in s  A an d  C in  vario ius 
organs an d  tissu es  and  so on. T he re su lts  of th ese  in v es tig a tio n s  h av e  been  p u b lish e d  
in a series of no tes and  g en era lized  p ap ers  ( S c h w a r z ,  1954; 1956; 1958; 1959; 1959; 
1959; 1960; 1961, 1963; S c h w a r z  & S m i r n o v ,  1957; 1959; L i v t s c h a k ,  1959; 
1960; K o p e i n, 1960; and  oth.) and  lead  us to  th e  conclusion th a t  th e  b io lo g ica l 
specific ity  of seasona l g en e ra tio n s  of m am m als  can  be m an ife s ted  by  a ll th e  speciies 
observed  in  ev e ry  g eo g rap h ica l en v iro n m en t (the w o rk  w as c a rr ie d  ou t in  are;as 
v a ry in g  fro m  sem id ese rt reg ions to  tu n d ra ). T his sp ec ific ity  is v e ry  p ronounced . O n  
th ese  g ro u n d s w e a re  enab led  to  sp eak  of a d is tin c tiv e  in te rc h a n g e  of g e n e ra tio n s  
in  m am m als.

I t is th e  a im  of th is p ap e r to  focus a tte n tio n  on th is  re g u la r i ty  an d  to  e x a m in e  
th e  p o ss ib ility  of using  it in  th e  an a ly s is  of som e fu n d a m e n ta l p ro b lem s of g e n e ra l 
biology. O ne of th ese  p rob lem s is th e  senescence of an im als .

T he process of senescence is one of the  m ost in te re s tin g  an d  s ig n ific an t p ro b lem s 
of g en e ra l biology b u t it has h ith e r to  been in v es tig a ted  only by  physio log ica l and  
b iochem ical m ethods. Z oological d a ta  a re  seldom  used  in th e  d iscussion  of g en e ra l 
p rob lem s of th e  ageing  process an d  th e n  only in th e  fo rm  of in te rsp ec ie s  com parisons . 
T he d iffe ren ces  in  th e  life sp an  of d if fe re n t species se rved  as a fo u n d a tio n  fo r m any  
hypo theses a tte m p tin g  to e s tab lish  a co rre la tio n  b e tw een  th e  ra te  of senescence  and 
the  p a r t ic u la r  b io logical fe a tu re s  of d if fe re n t o rgan ic  fo rm s. T he b es t k n o w n  of these  
hypo theses a re  as fo llow s: a) T he life span  of la rg e r  an im a ls  is g re a te r  th a n  th a t  of
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sm all ones, b) T he life  sp an  is in  in v e rse  p ro p o r tio n  to  th e  g ro w th  ra te  of th e  an im als  
com pared , c) T he life span  is in in v e rse  p ro p o rtio n  to  th e  ra te  of s e x u a l m a tu ra tio n  
and  fecu n d ity .

E ach  of th ese  hypo theses is based  on n u m ero u s  d a ta  (its an a ly s is  is fa c ili ta te d  by 
th e  a p p e a ra n c e  of special m o nographs p u b lish ed  in re c e n t y ea rs  — C o m f o r t ,  1959; 
W o l s t e n h o l m e  & O ’C o n n o r ,  1959, w h ere  n u m ero u s  d a ta  co n ce rn in g  th e  life 
span  of d if fe re n t species a re  sum m arized ), b u t none of th ese  can se rv e  as a su ffic ien t 
basis fo r a g e n e ra l th eo ry  of co m p ara tiv e  geron to logy . T h ere  is, h o w ev er, a d efin ite  
c o rre la tio n  b e tw een  a ll th e  hypo theses m en tio n ed  above. L a rg e  body size, slow  g row th  
ra te  an d  slow  sex u a l m a tu ra tio n , and  d ec reased  fecu n d ity  — a ll th e se  an d  analogous 
c h a ra c te rs  a re  p ecu lia r to  an im a ls  w ith  a d ecreased  m e tabo lic  level. T h e re fo re  it  is 
q u ite  n a tu r a l  th a t  a sy n th e tic  th eo ry  w as soon c rea ted  w hich  co n n ec ted  th e  life span  
w ith  th e  m etab o lic  level of th e  an im a ls . T h is re g u la r i ty  has a lre ad y  been  p o in ted  out 
by R u b n e r  an d  is now adays used as a basis fo r m odern  th eo rie s  ( B r o d y ,  1945; 
B o u  r  1 i e r, 1960).

T h is  th eo ry  is su b s ta n tia te d  by a g re a t n u m b e r of fac ts , i.e. th a t  species w ith  
re la tiv e ly  d ecreased  m etabo lic  level a re  c h a rac te rized  by a long life sp an ; th a t  in 
n u m e ro u s  species of p o ik ilo th e rm ic  a n im a ls  (lizards Sceloporus;  p ilch a rd s , s tick le - 
bocks, som e A m erican  g ray lings, etc.) th e  life of n o r th e rn  p o p u la tio n s  w ith  a slow  
g ro w th  ra te  is longer th a n  th a t  of so u th e rn  ones ( B r o w n ,  1943; M i l l e r ,  1946); 
th a t  e x p e rim e n ta lly  induced  in c rease  of th e  m etab o lic  level in  d if fe re n t A rth ro po da  
is acco m p an ied  by a s ig n ifican t dec rease  in  life sp an  (P e a r  1 e, 1928; M c A r t h u r  
& B a i 11 i e, 1929). G roups of ra ts  w ere  re a re d  on a d ie t su ffic ien t in a ll  o th e r con
s t i tu e n ts  b u t d e fic ien t in calories, an d  th e i r  longev ity  in c reased  (M c C a y, 1952, N i- 
k i t  i n , 1961).

A ll th e se  an d  s im ila r d a ta  show  th a t  a hy p o th es is  w h ich  connects th e  life span  of 
th e  a n im a ls  w ith  th e ir  m etabo lic  leve l can  se rv e  as a s ta r tin g  po in t fo r a g en e ra l 
th e o ry  of aging. A n an a ly s is  of c e r ta in  concep ts of th is  th eo ry  can  easily  be m ade 
by a  com parison  of b io logical p ec u lia ritie s  an d  th e  life sp an  of seaso n a l g en e ra tio n s 
of sm a ll m am m als  of d if fe re n t m etab o lic  levels. S uch  an  ap p ro ach  to  th e  p rob lem  
re ta in s  a ll th e  ad v an ta g es  of th e  c o m p ara tiv e  o b se rv a tio n s m en tio n ed  above, b u t is 
f re e  fro m  possib le  m istak es connec ted  w ith  gene tic  d iffe ren ces b e tw e e n  d iffe ren t 
fo rm s, (and  even  m ore  so species) of th e  specific in flu en ce  of e x p e r im e n ta l cond i
tio n s.

T h e  second  and  re la te d  pu rp o se  of th is  p a p e r is to  ex p la in  som e asp ec ts  of th is 
m a jo r  p rob lem .

II. B IO L O G IC A L  P E C U L IA R IT IE S  OF SEA SO N A L G EN E R A T IO N S O F ROD ENTS

1. Growth rate

One of the more important peculiarities of seasonal generations of ro
dents is their growth rate. Animals born in the spring (let us call them 
’’spring animals” or ’’spring rodents”) have a great growth rate and reach 
their maximum weight at the age of 3—4 months. Subsequent alterations 
in their weight are governed prim arily by seasonal regularities (P o- 
k r o v s k y, 1960). The animals born in the fall (let us call them ’’fall 
anim als” or ’’fall generations”) do not reach the maximum weight in the
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first period of their life and at the age of 1.5—2 months a cessation of 
their growth is observed. They began to grow again in the early spring. 
The maximum size of animals of different generations practically 
coincides in time (in different species the period of maximum weight is 
slightly different), but in spring animals it is established at the age of 
2 months, and in the fall generations — not until the age of 10 months.

This regularity was traced under experimental conditions in our labo
ratory on 4 species (Lagurur, lagurus ( P a l l a s ,  1773), Microtus gregalis

Fig. 5. G ro w th  
ra te  of A. aqrar-  
ius u n d e r n a tu ra l  

cond itions.

Fig. 6. S easonal 
v a ria tio n s  in  body 
w e ig h t of S. ara-  

n eus  (cT cT).

3 0 - |

CT)

TlOCNJ

c

c 2 0 -
o >

?
1 5 -

rr>

o

1 0 - b irth  - time middle VII 
b irth  - time middle v

—I----1---1----1---r-
X XI XII I II

 b ir th -t im e  last decode V
— I— i— i-1— i i i  ■

IV V VI VII VIII IX X
period of observation

( P a l l a s ,  1779), M. middendorffi ( P o l i a k o v ,  1881), M. oeconomus 
( P a l l a s ,  1776), and under natural conditions on Apodemus agrarius 
CP a 11 a s, 1771), A sylvaticus (L i n n a e u s, 1758), Clethrionomys gla- 
reolus (S c h r e b e r, 1780), C. rutilus ( P a l l a s ,  1779) and some other 
species. The following figures give a good idea of this phenomenon as 
manifested by different species (Figs. 1—4). Special attention must be 
draw n to the fact that early in the spring the rodents of fall generations
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grow almost as fast as the young animals born in the spring. The same 
regularity can be easily observed in investigation of the populations under 
natural conditions (Figs. 5, 6).

2. S ex u a l m a tu ra tio n

Field observations of many zoologists (B r a m b e 1 1 & R o w l a n d s ,  
1936; P a v l i n i n  & S c h w a r z ,  1953; 1955; P a v l i n i n ,  S c h w a r z  
& S u s j u m o v a ,  1957; K u b i k, 1957; K r y 11 z o v, 1957; K a r a s e 
va,  N e r s k a j a  & B e r n s t e i n ,  1957, and others) clearly demonstra
ted that the age of sexual maturation of voles correlates well with their 
birthtime. This phenomenon can be described as follows. The animals 
from spring and early summer litters reach sexual m aturity very fast and 
begin to reproduce early in the summer. The animals born in the second 
half of the summer do not become sexually mature until the following 
spring and do not reproduce in the year of their birth. In other words the 
spring generations have a very short vegetative phase of development, 
the fall generations — a prolonged one.

Almost all the investigators try to explain the delay in sexual m atura
tion by the direct influence of unfavourable conditions. Examples of re
lative rapid sexual development of the animals of some fall generations 
are adduced in corroboration of these views, but this is not the only 
possible explanation of the phenomenon described.

S t i e v e  (1923) long since put forward a theory that the fall gene
rations represent a ’’special physiological group” of animals which can 
attain sexual maturity only in the spring. A correct analysis of this phe
nomenon cannot, however, be based on field observations only, because 
it is difficult or even impossible to establish whether the cessation of 
growth and sexual maturation in late summer and in the fall are connected 
with unfavourable living conditions (low temperature, scarcity of food) or 
whether it is a manifestations of the physiological peculiarities of the fall 
generations of rodents.

We investigated this problem experimentally, which makes it possible 
to exclude the influence of different life conditions (except the alteration 
in the length of day) on the development of the animals. The main results 
of this work have been published ( P o k r o v s k y ,  1952), and we have 
therefore permitted ourselves to cite here only a table supplemented with 
new data and to say a few words in explanation (Table 1).

The experiment was carried out on L. lagurus. A strict correlation 
between the mean age of sexual maturation and the birthtim e was 
established. For certain reasons it was impossible to make analogous 
observations of other species of rodents but fragmentary data obtained 
from the observations of two subspecies of M. gregalis (M. g. gregalis and
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Age of se x u a l m a tu ra tio n  of d if fe re n t g en e ra tio n s  of ro d en ts  un d er ex p e rim e n ta l
conditions.

(M — m ean  age  of m a tu ra tio n , in days, n — n u m b er of an im a ls  investiga ted ).
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Lagurus n 23 12 12 9 17 17 12 5 4 11 8
lagurus M C4.5 56.3 43.2 28.9 21.6 29.8 55.9 126.8 127.0 140.9 107.7

M. gregalis n 4 2 7 5 5 _ — 7 7 — --- —
gregalis M 91.5 59.5 55.9 35.8 35.2 — 122.6 136.9 — --- —

M. gregalis n 4 _ 6 3 6 3 4 3 7 _ 3
m ajor M 58.2 — 58.0 58.0 52.0 51.7 39.5 62.0 132.6 — --- 101.7

Table 2.

A ge of se x u a l m a tu ra tio n  of d if fe re n t g en e ra tio n s  of M. g. major.

G en era tio n B ir th - tim e
T he p e rio d  
of sexual 

m a tu ra tio n

Age of sexua l m a tu ra tio n  and m in im al 
body w eig h t of m a tu re  an im als  (in g.)

cTcT

Oo

W in te r F e b ru a ry -
M arch

A p ril-M ay 2.0—2.5 m onths 
(20—30)

2.0—2.5 m onths 
(20—30)

S p ring A p ril-M ay Ju n e 1.0—1.5 m onths 
(25—30)

1.0—1.5 m onths 
(25—30)

S um m er Ju n e E nd Ju n e -  
beg inn ing  Ju ly

1.5—2.0 m onths 
or 8.0—9.0 m onths 

(24.0—26.0)

10—15 days 
(10.0—12.0)

Fall Ju ly F e b ru a ry -
M arch

8.0—9.0 m onths 8.0—9.0 m onths 
(30.0—35.0) (25.0-30.0)

M. g. major) provide good evidence (especially if compared with the 
results of the experiment with L. lagurus and field observations) that the 
seasonal variation in the age of sexual maturation is not a special feature 
of L. lagurus but is a phenomenon widely distributed among rodents.

It must be especially emphasised that this regularity is well pronounced 
under the extreme living conditions in the Far North also, which can be 
$giliK}nstrated on M. g. major from the tundra regions of Jamal (Table 2). 
The very short reproduction period means that the age of maturation in
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the polar forms takes place very early in life (Table 2, for reviews see 
K o p e i n, 1960).

We therefore reach the conclusion that not only the fall generations, 
but all the seasonal generations are ’’special physiological groups”. One 
of their major particularities is the specific age of sexual maturation. 
Some other peculiarities of these groups will be cited later in this paper, 
some others were described earlier ( S c h w a r z ,  P a v l i n i n & S u s i u -  
m o v a, 1957).

As to the facts of w inter reproduction of fall-born animals — they are 
a simple result of the great variation in the age of sexual maturation, 
which is common to each physiological group of animals. We cannot here 
go into details of this problem because it was thoroughly discussed in our 
paper cited above.

It is difficult to doubt that the difference in the age of sexual maturation 
and in the growth rate are determined by a complex of differences in 
more particular physiological patterns of the animals of different ge
nerations. Attention was drawn to some of them in our previous papers 
( S c h w a r z ,  1959; S c h w a r z  & S m i r n o v ,  1959; S c h w a r z ,  Ko-  
p e i n & P o k r o v s k y ,  1960), others, bearing particularly on the special 
aim of this article, will be discussed below.

3. Alterations in metabolic level and the weight of organs

In the animals from spring litters the metabolic level is markedly 
increased when compared with animals of fall litters of the same age. In 
addition to strict observations, this can be established by numerous indi
rect indices, such as enlargement of some internal organs ( S c h w a r z ,  
1959; S c h w a r z  & S m i r n o v ,  1959; K o p e i n, 1960). The use of 
these indirect indices enables us to reveal some significant details con
cerning the physiological peculiarities of rodents born in different seasons.

A. W eigh t of ad ren a ls

The adrenal weight may be regarded as one of the best indices of the 
physiological state of an organism. An enormous amount of literature 
exists (for reviews see C h r i s t i a n ,  1950; S e 1 y e, 1950; F r a n k ,  
1953), which indicates that every condition which evokes a mobilization 
of internal forces of an organism as a reaction to stress causes hyper
function of the adrenals, which is reflected in their histological structure1) 
and weight. Therefore it is especially interesting to investigate the weight 
of the adrenals in animals of different generations.

0 S pec ia l in v es tig a tio n , c a rr ied  o u t on Arvico la  terrestr is  ( K r o t o v a ,  1962) in 
o u r lab o ra to ry , w as d evo ted  to  th is  p rob lem . •
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Let us begin with the animals of the last generation, born in late 
summer or in the fall. Our data concerning 2 species of mice and one 
species of voles are given in Table 3.

Table 3.

S easo n a l a lte ra tio n s  in  re la tiv e  a d re n a l w e ig h t in an im a ls  of fa ll genera tions.

A. agrarius A. sylvaticus C. glareolus

M onth B o d y w e i g h t

10.1— 15.0 15.1—20.0 15.1—20.0 20.1—25.0 15.1—20.0 20.1—25.0

IX 0.170+0.002 
n =  184

X 0.160+0.0040 0.175+0.007 0.310+0.017 0.180+0.005
n =  115 n =  20 n  — 16 n =  43

XI 0.147+0.008 
n  =  14

0.155 
(0.095-0.228) 

n  =  4
0.276+0.014 

n =  11
0.137+0.010 

n  =  18
0.179+0.007 

n =  7

fill

T

0.116
(0.080-0.173) 

n  =  4
0.263 
n =  1

0.212+0.013 
n  =  39

II 0.151+0.014 
n =  17

0.152 
(0.120-0.195) 

n =  4

III
0.113 

(0.73—0.154) 
n  =  2

0.170 
n  =  1

0.255 
(0.240-0.270) 

n  =  2
0.127+0.08 

n  =  17
0.094 

(0.093-0.095) 
n  =  2

IV 0.158+0.005 0.166+0.009 0.309+0.018 0.201+0.012 0.206+0.012 0.282+0.063
n =  15 n =  19 n  =  12 n =  23 n  — 17 n p= 7

V
0.153

(0.100—0.194)
n  — 3

0.245+0.022 
n — 8 .

71 0.154+0.011 0.188+0.014 ■; +  * . ✓
n =  15 n =  9 :•+. /  ■ " J

on v i •. , "
As long as the rodents of the last generation begin their independent 

life when the w eather is really cold with heavy rains their relative 
adrenal weight is high (the concrete indices differ significantly with 
different species, but in comparison with the animals which developed 
under more favourable conditions, the increase in adrenal weight is quite 
obvious in all the species examined).

During the process of adaptation of animals to winter life conditions 
the adrenal weight decreases markedly and reaches a minimum value in 
mice as early as December, and in C. glareolus not until the end of the 
winter. It should be mentioned that with animals of different weight an
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analogical alteration in the adrenal weight is observed, but the larger 
animals possess larger adrenals.

As has already been said cessation of growth occurs during the winter 
and animals of most species do not begin to grow again until April. 
During this period a rapid increase of the adrenals can be observed in 
all the animals examined. Some time afterwards a new decrease of the 
adrenals is observed.

These data indicate clearly that there are 2 periods of increased adrenal 
weight: in spring (in connection with reproduction) and in the fall (in 
connection with unfavourable conditions). The same phenomena can be 
observed in other seasonal generations of rodents, but in this case the 
picture is more complex, because the relative reaction of different species 
to cold stress and to reproduction is different. This depends not only on

Table 4.

S easo n a l a lte ra tio n s  in m ean  a d re n a l w eig h t in M. g. major.

W in te r gen e ra tio n S pring  genera tion S um m er
genera tion F all gen era tio n

n
M + m

lim .

111
0.119+0.028
0.052—0.233

63
0.119+0.021
0.052—0.294

32
0.186+0.015
0.069—0.432

16
0.196+0.021
0.085-0.392

the differences in living conditions but also on the physiological specificity 
of the animals.

In the case of the m uskrat it was shown ( S c h w a r z  & S m i r n o v ,  
1960) that the spring generations are characterised by significantly larger 
adrenals when compared with the animals of the second generation at the 
same age. In females born in spring the adrenal weight is almost three 
time as great as in animals of the same age but born in summer. Tt was 
shown that this difference is due to the beginning of sexual maturation 
and the hyperfunction of the hypophysis in spring animals.

In some other species a reverse phenomenon is observed: the animals 
of those generations which begin their independent life later in the 
summer are characterized by more pronounced enlargement of the 
adrenals.

An especially interesting picture of the alteration of the weight of the 
adrenals may be observed in M. g. major — a typical representative of 
tundra fauna. In this species (Table 4) a regular increase of the adrenals 
can be observed in the subsequent generations. Animals born in winter 
have a minimum adrenal weight — it reflects the relative good and stable 
living conditions under the snow. Reproduction under the snow is charac
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teristic of this form — as it is of the lemmings. The summer and fall ge
nerations which develop under the extremely severe conditions of the Far 
North have large adrenals.

These data, like many others published earlier — as we may recall — 
demonstrated that the adrenal weight reflects "the alterations in iife 
conditions and the physiological differences between seasonal generations 
of rodents.

Additional data may be obtained by analysis of the same phenomenon 
under experimental conditions. Table 5 indicates that the differences 
between the seasonal generations of rodents in respect of their adrenal

Table 5.

S easo n a l a lte ra tio n s  in a d re n a l w e ig h t in  M. o. chahlovi  u n d e r e x p e r im e n ta l 
cond itions. A ll th e  an im a ls  com pared  a t th e  age of 3 m onths.

B ir th  tim e n Body w eig h t R ela tive  a d re n a l w eigh

I 24 60.3+3.4 0.125+0.009

III 15 67.5+3.5 0.108+0.012

IV 6 62.1+8.9 0.122+0.023

V 12 54.8+2.4 0.163+0.013

VII 13 29.4+2.2 0.154+0.016

IX 16 29.5+1.9 0.140+0.012

weight can also be observed in animals in captivity, due to stable living 
conditions. All the animals investigated are of the same age (3 months). 
It is therefore evident that the differences observed cannot be attributed 
to age differences in the animals. An obvious but im portant conclusion 
derived from this table is the statistically significant decrease in the 
adrenals in the late summer and fall generations. This shows that an 
increase in the weight of the adrenals of the fall generations is, under 
natural conditions, a direct reaction to cold-stress. Starting with animals 
born in July a clear decrease in adrenal weight takes place in the 
subsequent generations. The minimum adrenal weight is established in 
the animals born in March. A rapid increase in the weight of the adrenals 
then occurs and the voles born in May have the largest adrenals (0.163 
mg/kg). This means that the spring enlargement of the adrenals is 
manifested in captivity as well as in nature. It is worth mentioning that 
the enlargement of the adrenals fully coincides with the time of the 
animals’ most rapid growth but does not coincide with the beginning of 
sexual m aturation and sexual activity. It is obvious from the same table
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that the enlargement of testes (a sign of sexual development) is evident in 
the generations born in January, and that the enlargement of the adrenals 
takes place parallel to the decrease in the weight of the testes. This phe
nomenon deserves special analysis.

It was previously shown that in nature sexual development is accompa
nied by an increase in the adrenals. It is more pronounced in females, but 
can be observed in males as well. As this is not the case in captivity (in 
our experiments each pair of voles was kept in a separate cage) we came 
to the conclusion that the real reason for the spring enlargement of the 
adrenals in males is not sexual maturation and reproduction per se but is 
connected with the phenomena which accompany reproduction: search 
for females, fights between males, migrations, all of which takes place 
under relatively unfavourable spring living conditions. All these pheno
mena are excluded if each pair of animals is kept in a separate cage and 
the enlargement of the adrenals does not take place at the time of sexual 
maturation.

A rapid increase in the adrenals is observed only in the animals born 
in May and examined in August. In the animals of this generation the 
absolute and relative weight of the testes decreases (compared with the 
animals born earlier). In itself this phenomenon, which indicates 
a decrease in sexual activity, is quite understandable, because the ma
turation of the animals occurs in the second half of the summer, but the 
parallel increase in the adrenals is very interesting. It indicates that 
reproduction during a period of decrease in sexual activity is accompanied 
by a greater strain on the organism than in spring months. Here we can 
perceive an analogy with the hyperfunction of the endocrine glands in the 
reproducing animals of considerable age, when the reaction of the sexual 
glands on endocrine influences has decreased. From this point of view the 
animals born in May are already old at the age of 3 months 2). This 
conclusion is very im portant to the special aim of this paper and can be 
supported by analogous observations of the same subspecies in nature :i).

It is well known that rapid increase of the adrenals takes place during 
pregnancy. The older the female the more distinct is the enlargement. 
This regularity was demonstrated by comparison of the adrenals of 
females of M. oeconomus caught in Jamal tundra in July 1958. At that 
time the weight of the adrenals of the male voles was — 259 +  23.0 mg/kg 
(in the older males 233+11.4). All the females were pregnant and 
accordingly their adrenal weight was significantly higher: in old fe

2) H y p e rfu n c tio n  of th e  a d re n a ls  is reg a rd ed  as a com pensa to ry  m echan ism  
connected  w ith  physio log ical s tre ss  induced  by rep ro d u c tio n .

3) T he b reed in g  stock  w as fo rm ed  from  th e  an im a ls  of a tu n d ra  subspec ies  — 
M. oeconom us chahlovi.
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males =  477.0 +  26.1, in the young ones — 330.0 +  36.4 mg/kg. The results 
of these observations agree with the theoretical expectation: the older the 
female the better expressed is the increase in the adrenals during 
pregnancy. The most interesting fact, however, is that an enormous 
increase in adrenal weight was observed not only in really old animals 
(born the previous year) but also in females 3 months old. Their adrenal 
weight was even greater in comparison with really old females — 
488 +  48.4 mg/kg. It would seem that the spring generations of rodents in 
some respects become physiologically old at a very young calendar age.

These data may serve as an indirect but significant demonstration of 
the senescence rate of the spring generations, because the decrease in the 
capacity of the animals to maintain normal existence under increased 
physiological stress without compensatory endocrine mechanism is rightly 
considered one of the main indications of senescence ( C o m f o r t ,  1959).

To sum up. All the data mentioned above demonstrate that seasonal 
generations of rodents differ significantly as to the weight of their 
adrenals. Concrete manifestation of this phenomenon is different in the 
species compared but as a general rule the spring generations, other things 
being equal, are characterized by large adrenals. This corresponds with 
their growth rate, development rate and certain other biological pe
culiarities.

B. T hym us w e ig h t

The weight of the thymus is one of the most important indications of 
the development of the young animals. A well developed thymus gives 
evidence of a high degree of vitality in young animals and is connected 
with their repid growth and development. This observation Was sub
stantiated by many different species and its biological significance is 
nowadays sufficiently clear. An involution of the thymus takes place in 
adult animals (in humans approximately at the age of 15 years).

Investigation of the alterations in the thymus weight is a suitable 
method for the analysis of the differences in development of different 
seasonal generations.

In the spring generations the thymus reaches its maximum weight very 
rapidly (in A. agrarius for instance as much as 2000 mg/kg body weight) 
and decreases to 100 mg/kg in the early fall. In the spring generations 
a practically full involution of the thymus takes place by the age of 
4 months. Development of the thymus in rodents born in late summer is 
quite different. In these generations the decrease in the thymus weight 
in the fall is also well pronounced but in the spring a corresponding 
increase of the thymus weight takes place parallel to the renewal of 
growth of the animals.
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Curves (Figs. 7, 8) give a good picture of the main point of this process, 
which was observed in our laboratory on A. sylvaticus, A. c.grarius, M. 
ceconomus, C. rutilus and some other species of rodents. The animals 
from fall litters are at approximately the same stage of development at 
the age of 10 months as the spring animals at the age of 2—3 months. It

Fig. 7. S easona l v a r ia 
tions in  th y m u s w e ig h t 
of A . agrarius  u n d e r n a 

tu r a l  conditions.

IX  X  XI XII I II III IV  V VI VII

Fig. 8. S easona l v a r ia 
tions of th e  th y m u s  
w eig h t of C. glareolus  
in th e  fa ll g en e ra tio n .

must be mentioned that this phenomenon was observed in different geo
graphical environments (from the steppe regions to the tundra) and must 
therefore be regarded as a common feature peculiar to the age physiology 
of mouse-like rodents.

C. H e a r t an d  k idneys

In our previous papers we have already had the opportunity of 
demonstrating that seasonal generations of rodents differ significantly as 
to the weight of heart and kidneys. Thus, for instance, the first genera
tions of Ondatra zibethica have (in comparison with the animals of spring 
generations of the same age) lesser relative weight of the heart, liver and 
intestines ( S c h w a r z  & S m i r n o v ,  1959). Analogical data were ob-
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Table 6.

T he re la tiv e  w e ig h t of h e a r t  an d  k id n ey s in  A. agrarius, A . sy lva ticus  and
C. glareolus  of d if fe re n t g enera tions .

(Age — 3 m on ths, body  w e ig h t — 15-20 g.).

M onth
A. agrarius A. sylvaticus C. glareolus

h e a rt k idney h e a r t k id n ey h e a r t k idney

V III 7.2+0.16 
n  =  21

8.0+0.27 
n =  21

8.3+0.18 
n  =  7

8.6+0.29 
n  =  7

6.1+0.15 
n  =  18

8.0+0.23 
n  =  17

IX 8.7+0.15 
n  =  40

7.8+0.21 
n  =  39

8.5+0.23 
n  =  14

7.5+0.31 
n  =  13

6.9+0.14 
n  =  17

7.9+0.21 
n  =  17

X 9.1+0.24 
n  — 21

7.7+0.4 
n  =  20

8.9+0.22 
n  -  16

7.8+0.26 
n =  15

7.2+0.13 
n  =  46

7.7+0.12 
n  =  44

Table 7.

S easo n a l changes in  h e a r t w e ig h t and  k id n ey s  w e ig h t of th e  ro d en ts  of th e  la s t fa ll
g en era tio n s .

(E ir th - t im e  of a ll an im a ls  ex am in ed  — A u g u s t—N ovem ber, b o d y -w e ig h t — 15-20 g.).

M onth  
of ob 
se rv a 

tion

A. agrarius A . sylvaticus C glareolus

h ea rt k idney h e a rt k id n ey h e a rt k idney

IX 9.6+0.09 
n =  184

8.5+0.03 
n =  184

8.5+0.23 
n =  14

7.5+0.31 
n =  13

X 9.8+0.1 
n  =  121

8.5+0.11 
n  =  120

8.9+0.22 
n  =  16

7.8+0.26 
n  =  15

7.2+0.13 
n  =  46

7.7+0.12 
n  =  44

X I 10.5+0.31 
n =  14

7.6+0.15 
n  =  14

9.1+0.22 
n  =  10

7.7+0.37 
n =  11

7.0+0.19 
n  =  18

6.8+0.17 
n  =  18

X II 6.9+0.12 
n  =  40

6.7+0.16 
n  =  39

tained on some other species of rodents ( S c h w a r z ,  K o p e i n  & Po-  
k r o v s k y, 1960).

Some additional details of this interesting question are discussed in the
present paper.

In the south regions of the forest zone reproduction of A. agrarius and 
A. sylvaticus takes place during the whole of the warm period of the year, 
their populations being therefore replenished by new generations of mice
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every month. It is therefore possible to analyse the differences between 
litters born 20—30 days apart. Table 6 illustrates the differences between 
mice of summer, late-summer and fall litters.

If the animals of the same age and equal size are compared it is evident 
that every subsequent litter differs from the previous one by increased 
weight of the heart and decreased weight of the kidney. Below we shall 
try to outline the concrete biological sense of these differences, but it must

Table 8.

S easona l changes in re la tiv e  h e a r t  w eigh t and  k idneys w e ig h t of M. g. m ajor
of d if fe re n t g en era tions .

W eight
g roup 20.0—30.0 g- 30.1—40.0 g.

P eriod  of 
observa tion
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n 12 35 26 10 13 11 57 20 12 8
O) lim . 4.1—7.2 4.6—8.3 6.0-11.3 5.9-8.1 4.3—7.0 4.5—7.0 4.5—7.8 5.7—9.9 5.9—9.9 6.1—8.1
T3 M + 5.7 6.7 8.3 6.8 5.9 5.2 6.0 7.8 7.7 7.0

m ±0.25 ±0.15 ±0.23 ± 0.17 ± 0.47 ±0.19 ±0.10 ±0 .22 ± 0.32 ± 0 .23

n 12 35 26 14 23 11 46 22 16 10
urto

lim . 4 ,5-7.6 4.3—7.9 5.5—7.9 5.1—8.6 5.5—7.4 5.0—6.6 4.9—8.7 5.6—7.8 5.1—7.9 5.8—7.5
M ± 6.2 6.2 6.8 6.1 6.4 5.7 5.7 6.3 6.4 6.6

m ± 0.23 ±0.14 ±0.11 ±0.11 ± 0.11 ± 0.44 ±0.14 ± 0 .13 ± 0.24 ± 0 .16

also be remembered that significant differences are exhibited in the 
relative growth rate of several organs. This is especially apparent if the 
animals from the last litter (born in August—September) are examined 
(Table 7). Animals from these generations cease their growth as soon as 
they reach a weight of 10—20 g (at the age of one month or even younger). 
Nevertheless the relative weight of the heart continues to increase from 
September till November, while that of the kidney decreases. The general 
peculiarities of these alterations coincide well in the species examined. 
Thus very significant morpho-physiological differences can be observed 
even between subsequent litters. It is quite natural that when spring and 
fall litters are compared these differences may be much more pronounced. 
Since examples of such differences have been given in previous papers
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we shall confine ourselves to data on the northern subspecies of M. gre- 
galis (Table 8). We must also add that in some cases the differences bet
ween seasonal generations can lead to a disturbance of well-known 
morpho-physiological dependences.

In the Vast majority of animals the relative kidney weight is inversely 
proportional to the size of the body. But in a field mouse weighing 20— 
25 g, born in July and examined in August, the kidney index — 8.0+0.23 
and in mice weighing 10—15 g, born in September and examined in No
vember, this value is only 7.6 +  0.15. We could give many examples of this 
sort.

Let us now refer to the analysis of data obtained under laboratory 
conditions. Six generations of M. oeconomus chahlovi are represented in

T ab le  9.

R e la tive  h e a r t  an d  k id n ey  w e ig h t of M. oeconom us chahlovi  of d if fe re n t b ir th - t im e s
a t th e  age of 3 m onths.
(E x p e rim en ta l colony).

B irth  tim e n H eart K idney B ody w eight

I 24 3.27±0.093 3.65+0.085 60.3+3.4
III 15 3.51+0.14 3,79+0.12 67.5+3.5
IV 6 3.45+0.13 4.26+0.17 62.1+8.9
V 12 3.61+0.03 4.45+0.17 54 .8+2 4

VII 13 4.23+0.15 4 32+0.12 29.4+2.2
IX 16 4.41+0.4 4.30+0.10 29.5+1.9

Table 0. From this table it is apparent that the general direction in the 
alteration of the relative heart weight is inversely proportional to the 
alterations in body weight (growth rate); the greater the body weight the 
smaller the relative heart weight. Careful analysis of the data, however, 
enables us to detect some deviation from this regularity. The growth rate 
of voles born in the late summer remains practically unaltered. Therefore 
voles 3 months old born during the period from June to September attain 
on an average the same weight. Nevertheless the voles born in September 
have a significantly higher heart index (the differences are statistically 
significant).

Even more interesting is the seasonal alteration of the kidney index. The 
growth rate of the first 3 generations is nearly equal, but in each sub
sequent generation a regular increase in the kidney index can be observed
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and reaches a maximum in the animals born in May. After this time, 
despite a decrease in body size, the kidney index decreases. The alteration 
in relative growth rate of different organs in the animals of different 
generations can be detected under experimental conditions.

In accordance with the special aim of this paper we have paid more 
attention to the differences between the fall and the spring generations. 
All the data mentioned above, as well as some others published earlier, 
show that the fall generations are characterized by a decreased kidney 
index and an increased heart index.

It is known that the relative kidney weight is a fairly reliable index of 
general intensivity of the metabolic rate ( S c h w a r z ,  1960). This does not 
of course mean that the metabolic rate of an animal can be measured by

Fig. 9. T he re la tio n  b e tw een  body w e ig h t and  re la tiv e  k id n ey  w e ig h t of 
M. oeconom us,  P o la r  U ra l, A ugust, 1961.

weighing the kidney; the relation here is more complex. In the vast 
majority of cases, however, all the conditions which favour intensification 
of metabolism are accompanied by an enlargement of the relative kidney 
weight. A decrease in metabolic level is connected with a relative decrease 
of the kidney index.

On the basis of this regularity the small kidney weight of the fall 
rodents can be explained by their low metabolic level. This explanation is 
in agreement with observations which show that in the autumn and winter 
the metabolic level of various animals decreases and therefore, taking 
into consideration the biological peculiarities of the fall generations



P ecu lia ritie s  of seaso n a l g en e ra tio n s  of ro d en ts 29

(cessation of reproduction, their way of life under snow, etc.), is not likely 
to give rise to objections.

The relative heart weight is also generally connected with body size by 
inverse correlation. In some cases, however, a decrease in kidney weight 
is accompanied by an increase in the heart index. This contradiction is 
easily explained by means of an ecological analysis of some particular 
observations. It was found that in all such cases a general decrease in 
metabolic rate was accompanied by an increase in the physical activity of 
the animals (an intensification in heart activity) at least in some particular 
periods of the life cycle ( S c h w a r z ,  1960; 1962). We come across a similar 
situation in investigating the biological specificity of seasonal generations 
of rodents. The cessation of reproduction, the decrease in the growth rate 
and a way of life under snow lead to a general decrease in the metabolic 
level. The decrease in the metabolic level is of greatest importance to the 
animals since it creates conditions for the formation of reserves of energy 
(in the form of fat or glycogen) in the organism. It is at this very time, 
however, that a fall redistribution of rodents takes place; changes of 
habitat sometimes become real migrations. An increase of movement, of 
physical activity of the animals is therefore inevitable. In accordance 
with the alterations in the life history of the animals their heart index 
increases and that of the kidney decreases.

A question still remains to be explained. Are the morphophysiological 
peculiarities of the fall generations a direct reaction to their mode of life 
and external conditions or should they be regarded as being to some 
degree a manifestation of a genetically fixed rhythm  of rodent physio
logy-

An analysis of experimental data gives us an answer to this question. 
In captivity under almost stable life conditions the same alterations in 
morpho-physiology of the fall generations were observed as in nature. 
This means that the seasonal alterations of the light factor act like a signal, 
which induces a decrease in growth rate, accompanied by an increase in 
the heart index and a decrease in the kidney index.

During the winter the relative weight of the kidney remains at a com
paratively low level and begins to increase only with the beginning of the 
spring. At this time, however, a rapid increase in growth rate occurs. 
A simple confrontation of the kidney weight of animals in different 
spring months cannot therefore explain the real regularities which govern 
the relative growth rate of different organs, and for this reason we used 
an examination of allometric dependences for this analysis.

Correlation between the body weight of separate organs is expressed by 
an allometric equation y ~ b x a (x  — body weight, y — organ weight, a — 
allometric exponent which reflects the correlation between body weight
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and organ weight, b — a coefficient which reflects the alterations in 
weight under the influence of all the other factors except the body weight). 
In most cases 1, organ growth is not isometric, but allometric growth.

In the case of the kidneys a is always less than 1; with the increase in 
body weight a decrease in relative kidney weight occurs. Comparison of 
animals with different birth-dates shows that this correlation is expressed 
in a specific way. To illustrate this we shall use an experimental colony 
of L. lagurus.

The correlation between the kidney index and the body weight in 
animals born in the spring and killed when 120 days old can be described 
by the equation y = 107x—°-893- In voles of the same age, but born in winter,

Fig. 10. T he re la tio n  b e tw een  body w e ig h t an d  re la tiv e  k id n ey  w e ig h t in 
L. lagurus  of d if fe re n t genera tions .

y = 14.62#- °-254- Comparison of these equations shows that the correlation 
between the body weight and kidney weight in these two groups of 
animals from one colony is different. First of all the equations demonstrate 
that when all the other conditions are equal, the kidney weight of spring 
voles is essentially greater than that of animals born in winter (factor b is 
8 times as great). This result is of some interest but could be foreseen, as 
it reflects an increase in the metabolic rate of the animals in spring. 
Another phenomenon is more interesting. The allometric curves show that 
the increase in body size in the spring voles is connected with a much 
greater decrease in relative kidney weight when compared with the 
animals born in winter. The following explanation of this unexpected fact 
can be given.
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The whole life of the animals born in spring — from birth to death — 
is a period of rapid growth. Under these conditions the relation between 
body weight and kidney weight is manifested very clearly. The position 
with the animals born in winter differs completely. The first stages 
of their development coincide with the period of retarded growth. As 
spring begins some of the animals enter the phase of fast growth. The 
larger animals are those which react earlier to the seasonal alterations in 
life conditions and begin to grow faster, and their metabolic rate and 
kidney increase accordingly. A decrease in the relative kidney weight 
with increasing body weight becomes less pronounced.

Analogical investigation was made of M. oeconomus. The data obtained 
are shown on Fig. 11. In w inter voles the relation between the body weight 
and kidney index is expressed as y — 11.25x~°-268, in spring voles as y — 
= 57.16x—0-64. This result concurs with the result of the observations of 
L. lagurus even as to details.

All the data represented above demonstrate that significant morpho- 
-physiological differences are evident between seasonal gerenations of 
rodents. These differences are manifested in the regularities of relative 
growth of the internal organs and are based on differences in metabolic 
level.

The range of problems discussed provides an analysis of one question 
more. It is well known that in many if not all species (including man) 
sexual maturation is accompanied by an increased growth rate (for review 
see S c h w a r z ,  1962). This regularity is especially well expressed in 
shrews. Individual animals from this group ,which attain  sexual maturity 
in the first year of their life, greatly exceed the unmatured animals of the 
same age in size. It would seem that sexual maturation stimulates rapid 
growth. New data enable us to go into some details of this interesting 
problem.

The weight of the testes is positively correlated with the body weight 
in all the species investigated (in M. oeconomus the coefficient between 
these indices r — + 0.814 +  0.091). If the transition of an animal from the 
vegetative to the generative phase of development is initiated by sexual 
maturation the relationship discribed must be especially well expressed 
early in the spring, because the larger animals are those which enter the 
generative phase earlier. In reality a reverse phenomenon is observed. In 
3-months old M. oeconomus born in January the correlation coefficient 
between body weight and testes weight is only r =  +  0.354 +  0.178. This 
means that the spring acceleration of the growth rate and the correspond
ing increase in kidney weight occurs earlier than the beginning of the 
enlargement of the testes. On this basis it is of course difficult to state 
that the spring increase in the secretion of gonadotropic hormones of the
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hypophysis begins later than that of the somatotropic ones, because the 
possibility cannot be excluded that the initial phases of the activisation of 
sexual glands do not induce enlargement of the testes. These data, how
ever, undoubtedly indicate that the transition of animals from the 
vegetative phase of development to a generative one is a complex physio
logical process integrating the increase in growth rate, sexual maturation 
and metabolic rate of the animals.

D. T he Jens w eig h t

Of recent years the dry weight of the lens of the eye has been used as 
an indicator of the age of different animals (for reviews see L o r d ,  1959), 
and in all probability this method will become widely used in the 
near future. It was tested in our laboratory in connection with other 
problems, on O. zibethica, A. terrestris and some other species of voles, 
Alopex lagopus, Mustela erminea and by L. T o p o r k o v a (in litt.) on 
frogs. In all the experiments the results were the same: the senescence of 
animals is accompanied by a regular increase in the weight of the lens.

W. P o p o v  & A. A l - S a k i n i  (1962), in summing up modern views 
on the peculiarities of the growth of lens write: ’’The eye lens of the 
Vertebrata are subject to regular histological alterations throughout 
almost the whole of their life. These alterations consist in permanent 
formation of lens fibres owing to reproduction of the cells of the anterior 
epithelium  and the degeneration of old centrally situated fibres, which 
leads to a formation of a compact homogenous nucleus of fibrous mass” 
As mentioned above the dry lens weight increases during the whole of 
the life of the animal; the lens growth curve takes on the character of 
a hyperbole. It indicates a gradual decrease in the reproduction rate of the 
epithelium cells, that is, the tempo of the aging process on cell level. It is 
therefore especially interesting to investigate the development of this 
process in animals of different generations. Our investigations were 
carried out on two species, and the following results were obtained:

M. gregalis, animals 110— 149 days old, born in January, the dry lens 
weight was —2.16+0.07 mg, in animals of the same age but born in 
May —2.72 +  0.06 mg.

M. oeconomus, animals 90— 100 days old, from spring (March) and late 
sum sr (July) litter were compared. In the first group the lens weight 
was —2.54 +  0.147, in the second 1.94 +  0.08 mg. In both cases the differen
ces between the seasonal generations in respect to lens weight are statisti
cally significant. These differences are pronounced if not absolute but 
the relative lens weight (in relation to body weight) is compared.

From these data it appears that the vegetative phase in the development 
of rodents is characterized by a decreased rate of cell reproduction. An
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obvioas conclusion derived from this study is that the slowly growing 
generations of rodents are physiologically younger than the animals of the 
same age from the faster growing generations; they retain their capacity 
for fast growth with the alteration of life conditions in the spring.

4. The life span of different generations in nature

The age of the animals from natural populations was estimated by 
means of several methods (general look of the skull, the degree of wear 
of teeth, adrenal weight, thymus weight, development of gonads, lens 
weight etc.). It is therefore possible to estimate the age of the animals 
with sufficient accuracy. Errors are possible but if the data are biometri- 
call treated they are negligible. If we subdivide the animals in age groups 
(first generation, second generation... fall generation and so on) these 
errors are eliminated.

It then becomes possible to estimate the life span of animals of different 
generations in nature. The relevant data are summarized in table 10.

Table 10.

T he life sp an  of d if fe re n t seasona l g en e ra tio n s  of ro d en ts  u n d e r n a tu r a l  cond itions .
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A. agrarius  
(Sverdlovsk 
region)

A ug .-S ep t. Ju ly 11—12 M ay-Ju ly Sept. 6 6

C. rutilus and 
C. glareolus 
(U dm urt ASSR)

Aug Oct. 14 M ay May 12 9 7

M. m iddendorfji  
(Jam al)

Ju ly -A u g . Sept. 14 M ay -Ju n e Oct. 5 6—7 5

M. gregalis 
(Jam al)

Ju n e -Ju ly Ju ly 12— 13 A pr.-M ay Sept. 5 5 5

M. oeconomus  
(Jam al)

Aug. Aug. 12 M ay Oct. 5 5 5



34 S. S. S ch w arz  e t al.

From these data it appears that rodents born in late summer live essen
tially longer as compared with the animals of spring generations. This 
conclusion agrees with some data in literature on this subject, but the 
reason for this phenomenon is not clear.

First of all we have to disprove one of the possible and often used 
explanations. The major part of the life of the fall generations of rodents 
is lived during the winter period. In winter shelter conditions are more 
favourable, the rodents suffer less from predators and therefore their 
mean life span increases. This assumption is based on real facts: in winter 
time the rate of mortality due to predators decreases sharply. Examination

Table 11.

D iffe re n tia l m o r ta lity  of d if fe re n t g en era tions .
(E x p lan a tio n  in  th e  tex t).

W /I — th e  re la tio n  (in %>) of th e  n u m b e r of an im als  of fa ll g en e ra tio n s  to  th e  
n u m b e r  of sp r in g  g e n e ra tio n  (W /I +  W).

L II — th e  re la tio n  of th e  n u m b e r of an im a ls  of th e  f ir s t  g en e ra tio n  to n u m b e r of 
second  g en era tio n .

P eriod  of 
ob serv a

tion

S p e c i e s

A. agrarius 
(Sverd lovsk  region)

M. oeconomus  
(Jam al)

M. gregalis 
(Jam al)

W /I I II w /I I II W /I I l l II III III/IV

V _ _ _ — 33+6.5 — — —

VI 48+9.0 89+7.4 92+5.4 — 10+2.6 49+3.3 82+3.6 —

VII 27+13.4 44+11.7 60+2.6 81+9.0 6+3.2 46+4.7 40+3.9 69+4.0

V III 20+17.5 40+15.5 37+11.0 52+12.5 — 46+15.0 22+7.8 28+5.1

IX 22+13.8 29+9.3 — 38+8.8 — — — 11+3.6

of table 10 shows that the life span of fall generations, even during the 
snowless period, exceeds the whole life span of the spring generations.

On the other hand, if we compare the mortality rate (removal from the 
population) of rodents of different generations during a period when the 
compared groups do not differ in respect of behaviour, reproduction and 
the degree of general activity (under these conditions the differences in 
mortality rates caused by predators are not significant), it will be seen 
that the m ortality rate of ’’old” animals is higher than that of the ’’young” 
ones. In the animals of fall generations, however, the increase in mortality 
rate can be observed at the age of 10 months, and in spring generations 
as early as at the age of 3 months. This is illustrated by Table 11.

It is clear that data on the m ortality rate of different generations agree 
with their morpho-physiological peculiarities.
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III. D ISC U SSIO N

An obvious conclusion suggested by the data given is that significant 
ecological and morphological differences exist between different gener
ations of rodents. These differences are based on the peculiarities of 
seasonal generations in respect of development rate, growth rate and 
metabolic level.

As has already been said, a considerable amount of various and well 
co-ordinated data indicate that a decrease in metabolic rate leads to an 
increase in the life span, and thus there are grounds for expecting to 
discover signs of ’’physiological youth” in old animals from fall gener
ations. This supposition was corroborated by the results of the present 
study.

At the present time there are no unversally recognized criteria of se
nescence. Investigation of the aging process on a molecular level (M e d- 
v i e d e v, 1961; O e r i u, 1962 etc.) justify optimistic conclusions, but the 
problem is far from solution. Suffice it to say that the author of one of the 
most valuable recent summaries of the problem — C o m f o r t  (1959) 
adheres to the opinion that it is useless even to search for some universal 
character of senescence.

Senescence is a complex biological process, which starts as early as in 
the embryonic period of life and can be characterized by a permanently 
increasing differentiation of an organism and by alterations of main phy
siological features. The most significant manifestation of this process 
takes place more slowly in fall generations than in spring generation 
owing to the prolongation of the vegetative phase of development. The 
following phenomena must be especially emphasised:

1. A complex of biological peculiarities reflects the decrease in metabo
lic level of fall generations.

2. The rodents of fall generations which survive the w inter period 
possess energy of growth comparable to that of spring rodents 3—4 times 
vounger. The physiological mechanisms of this phenomenon are apparantly 
connected with the anabolic effect of the androgens and estrogens sti
mulating protein synthesis. It is most significant that the organisms of old 
animals from the fall generations maintain their capacity for rapid growth, 
as rapid as in very young animals. The intensification of protein synthesis 
still inhibits the phenomena of skin degeneration and external signs of 
senescence. The fall rodents at the age of 10 months are in the true sense 
of the word young animals, as soon as the assimilative processes in them 
predominate over the dissimilative ones.

3. In the spring a remarkable increase in thymus weight of fall rodents 
can be observed; in spring animals of the same age the thymus is comple
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tely involuted. In order to draw correct conclusions from these obser
vations the well known role of this gland in the process of growth and 
development of young animals, its role in protein metabolism and the 
classical experiments of P a r h o n (1959), which demonstrated that signs 
of rejuvenation can be observed even by very old animals under the 
influence of thymus extracts, must be borne in mind. The injection of 
thymus extracts evokes activization of tissue metabolism.

4. The experiments with the lens weight clearly demonstrate that 
during the vegetative phase of development the tempo of cell repro
duction decreases markedly. It may therefore be assumed that the process 
of tissue differentiation is inhibited, which in the end leads to a prolonged 
maintenance of physiological youth.

All these data as a whole indicate that the vegetative phase in deve
lopment of rodents is not only a period of inhibited growth rate and sexuai 
m aturation but also a period of inhibited senescence. This conclusion is 
in agreement 'with experimental data (M c C a y, 1952; D i c k e r s o n  
& W i d d o w s | o n ,  1960; N i k i t i n ,  1961) and modern conceptions of the 
relation between the life span of animals and their metabolic rate. This 
paper indicates that alteration in the rate of senescence can be observed 
during the normal course of the life cycle of animals under natural 
conditions. Great differences in calendar age are not therefore always 
accompanied by corresponding differences in the physiology of the ani
mals compared. This means that the rate of senescence is not strictly 
fixed genetically but may vary to a great degree.

In fact fall rodents spend more than half of their life in a state of inhi
bited senescence. Under experimental conditions the tem perature and 
nutrition regime remain unaltered during the whole year and the sole 
cause of the transition of the animals from the vegetative to the gene
rative phase of development may be the alteration of light conditions. The 
shortening of the day light in the fall leads to a hypofunction of the hy
pophysis and inhibits sexual maturation with all the accompanying phe
nomena (decrease in metabolic rate and growth rate, hypofunction of 
other endocrine glands etc.) which together result in inhibition of 
senescence.

The results of these investigations show that it is in principle possible 
to regulate the process of senescence by the influence of external con
ditions w ithout such violent influneces as chronic starvation (compare 
M c C a y, 1952). It becomes evident that prolongation of the life span can 
take place not only at the expense of the prolongation of the later stages 
of development (’’active old age”), but at the expense of youth. In natural 
conditions it can be observed in a great number of species. This is quite 
understandable. If the fall rodents grew old at the same rate as the spring
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animals they would become decrepit senile animals before the season of 
reproduction occurs and could not maintain the reproduction of the popul
ation. Therefore the prolonged life span of fall rodents is biologically fully 
understandable.

Are the phenomena described typical of rodents only? We have no 
completely analogical data on other groups of animals, but some fragm en
tary  data on Soricidae and Lagomorpha (Ochotona) indicate that similar 
phenomena are observed in other orders. Further development of our 
investigations tends in this direction, and will be accompanied by attem pts 
at working out methods of influencing the process of senescence in 
mammals of different groups.

IV. SU M M A RY

M any o b se rv a tio n s in  co m p ara tiv e  geron to logy , c a rr ie d  ou t on d if fe re n t a n im a ls  
(insects, fish , m am m als) by d if fe re n t b io log ists d em o n s tra te d  th a t  one of the  
possib le  cause of th e  tem po  of th e  ageing  process m ay  be th e  re la tiv e  in te n s ity  of 
th e  m etab o lism . T he in v es tig a tio n s  of th e  a u th o rs  of th is  p ap e r show  th a t  th is  p o in t 
of v iew  find  su b s ta n tia tio n  by th e  an a ly s is  of th e  ch ro n o g rap h ic  v a r ia b il ity  of d iffe 
re n t  species of m am m als. O ne of th e  m ain  w ays of th e  in v es tig a tio n  of th is  p rob lem  
is th e  an a ly s is  of th e  b io log ical p ec u lia ritie s  of seasona l g en e ra tio n s  of a n im a ls  w h ich  
w as in itia te d  by th e  fam ous in v es tig a tio n s  of p ro f. A u g u st D e h  n e 1 a n d  his 
la b o ra to ry  on th e  v a ria b il ity  of Soricidae.

In  th e  p re se n t p a p e r  a su m m ary  of th e  w orks of th e  L a b o ra to ry  of Zoology of th e  
E io log ica l In s ti tu te  (U ral B ran ch  of th e  A cadem y of Sciences, USSR) on th e  b io log ical 
p ecu lia ritie s  of ro d e n ts  is g iven . T he an a ly s is  of th e  d a ta  is d irec ted  on a b e tte r  
u n d e rs ta n d in g  of th e  g en e ra l law s, w h ich  govern  th e  ageing  p rocess in  m am m als. 
T he in v es tig a tio n s  w ere  c a rr ie d  ou t fro m  1951 in  e x p e r im e n ta l co n d itio n s an d  in 
n a tu re  in  d if fe re n t c lim atic  zones (from  th e  s tep p e-zo n e  ti ll tu n d ra )  on d if fe re n t 
species: L ag urus  lagurus, M icro tus gregalis, M icro tus m id d en d o r f j i ,  M icro tu s  oeco- 
n om u s ,  L e m m a s  obensis> Arvico la  terrestr is ,  Ondatra  z ibeth ica , C le th r io n o m ys  
rutilus,  C le th r io n o m ys  glareolus, A p o d e m u s  agrarius, A p o d e m u s  sy lva t icu s  an d  som e 
o thers .

1. The specific  g ro w th  ra te  is one of th e  m ain  p ecu lia ritie s  of seaso n a l g en e ra tio n s  
of ro d en ts . T he an im a ls  fro m  sp rin g  li tte rs  re ach  th e ir  m ax im u m  w e ig h t a t  th e  age 
of 3—4 m o n th s By th e  an im a ls  from  fa ll  g en e ra tio n s  a t th e  age of 1.5— 2 m on ths 
a cessa tion  of g ro w th  is observed  and  th ey  b egan  to g row  an ew  only  in  th e  sp ring  
of th e  n e x t y ea r. T he m ax im u m  w eig h t of th e  an im a ls  of d if fe re n t g e n e ra tio n s  
p ra c tic a lly  coincides in  tim e, b u t ta k e  p lace a t d if fe re n t age. In  sp r in g  th e  ro d en ts  
of fa ll g en e ra tio n s  g row  a lm o st as fa s t as th e  young  an im als . I t  d e m o n s tra te d  th a t 
th e  fa ll g en e ra tio n s  m a in ta in  th e ir  po ss ib ility  fo r fa s t g ro w th  till a co m p ara tiv e ly  
v ery  h igh  age.

2. F ie ld  o b se rv a tio n s  of m an y  zoologists d em o n s tra ted  th a t  th e  age of sex u a l 
m a tu ra tio n  of voles an d  o th e r  ro d en ts  co rre la te s  w ell w ith  th e ir  b ir th - t im e . T he 
an im a ls  from  sp r in g  li t te r s  reach  sex u a l m a tu ra tio n  v e ry  fa s t an d  beg in  to rep ro d u ce  
ea rly  in th e  su m m er; th e  an im a ls  from  fa ll g en e ra tio n s  do n o t rep ro d u c e  in  th e ir  
b ir th -y e a r , th ey  becom e sex u a lly  m a tu re  only  in  th e  fo llow ing  sp ring . T h e  in v e s ti
ga tion  of th is  re g u la r i ty  in e x p e rim e n ta l cond itions d e m o n s tra te d  th a t  th e  seasonal 
g e n e ra tio n s  of ro d e n ts  m u s t be reg a rd ed  as physio log ica lly  d if fe re n t g ro u p s  of
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an im als . E specia lly  s ig n ific an t d iffe ren ces  a re  observed  by com parison  of the  ar.im als 
from  sp rin g  an d  fa ll l i tte rs , b u t th ey  can be de tec ted  as w ell if th e  an im als  from  
su b seq u en t l i t te rs  a re  com pared .

3. In  acco rdance  w ith  th e  d iffe ren ces  in g ro w th  ra te  an d  ra te  of se x u a l m a tu ra tio n  
seaso n a l g en e ra tio n s  d iffe r g re a tly  in  th e  d ev e lo p m en t of som e o rgans. E specially  
s ig n ifican t d iffe ren ces b e tw een  g en e ra tio n s  a re  observed  by th e  in v es tig a tio n  of th e  
th y m u s w eigh t. By th e  sp rin g  g en e ra tio n s  a p rac tic a lly  fu ll in v o lu tio n  of the  thym us 
ta k e  p lace a t  th e  age of 4 m on ths. In  th e  an im a ls  from  fa ll l i t te rs  th e  decrease of 
th e  th y m u s w e ig h t coincides in  w ith  th e  cessa tion  of g ro w th  an d  is w ell pronounced , 
b u t in  th e  sp rin g , p a ra lle l to  the  re n e w a l of g row th  of th e  an im als , a correspond ing ly  
in crease  of th e  th y m u s w e ig h t ta k e  p laces. In  re sp ec t of th y m u s w e ig h t th e  an im als 
from  fa ll l i t te rs  a t th e  age of 10 m o n th s a re  a p ro x im a te ly  in th e  sam e stage of 
d ev e lopm en t as th e  sp rin g  an im a ls  2—3 m o n th s old.

4. I t  is d em o n s tra ted  th a t  th e  a lte ra tio n s  in  a d re n a l w e ig h t re f le c t th e  a lte ra tio n s  
in life cond itions of th e  an im a ls . D u ring  th e  life h is to ry  of th e  p o p u la tio n  th e re  a re  
tw o periods of in c reased  a d re n a l w eigh t, in  sp rin g  (in connection  w ith  the  r e p r o 
duction) an d  in th e  fa ll (in connection  w ith  th e  beg inn ing  of th e  cold tim e). B ui in 
co m p arab le  life cond itions th e  ro d en ts  from  sp rin g  g en e ra tio n s  a re  ch a rac te rized  by 
g re a te r  a d re n a l w eigh t, w h a t in d ica te s  on th e  in ten s ifica tio n  of th e ir  m etabolism . 
New  d a ta  a re  re p re se n te d  w h ich  d e m o n s tra te  th a t  th e  h y p e rfu n c tio n  of th e  ad ren a ls  
(w hich is m an ife s ted  by th e ir  en la rg em en t), m u s t be reg a rd ed  as an  ad ap tiv e  
reac tio n  to  d if fe re n t e x te rn a l s tre s s -fa c to rs . T he o lder th e  an im a l — th e  s tro n g er 
is th e  ex p ress io n  of th is  reac tio n . I t  w as m an ife s ted  th a t  in co m p arab le  age th e  
ro d en ts  from  sp rin g  g en e ra tio n s  re a c t on d if fe re n t s tre s s -fa c to rs  by a g re a te r  e n 
la rg em en t of th e  ad re n a ls  if  com pared  w ith  th e  an im als  b o rn  in th e  fall. I t  is 
a s ig n ifican t in d ica tio n  of m o re  rap id  senescence of th e  an im als  from  sp rin g  ge
n e ra tio n s.

5. In  eq u a l life cond itions th e  ro d en ts  from  sp rin g  g en e ra tio n s  a re  charac te rized  
by re la tiv e  g re a te r  h e a r t an d  k idney . T he fa ll g en e ra tio n s a re  a lw ays charac te rized  
by a decrease  of th e  k id n ey  w eig h t, b u t by som e species an  en la rg em en t of th e  
h e a r t m ay  be observed . S p ec ia l an a ly s is  d em o n s tra te s  th a t  th is  phenom enon  can be 
e x p la in ed  by an  increase  in  ac tiv ity  (fall m ig ra tions), accom pained  by a decrease  in 
m etabo lic  level. I t  is e sp ec ia lly  s ig n ific an t th a t  seasona l g en e ra tio n s  of ro d en ts  
d iffe r  n o t only in re sp ec t of th e ir  o rgan  w eigh t, b u t a lso  in re sp ec t of th e ir  re la tiv e  
g ro w th  ra te . T hese  d iffe ren ces in d ica te  on deep physio log ica l d iffe ren ces b e tw een  
th e  an im a ls  com pared .

6. T he senescence of an im a ls  is accom pan ied  by a re g u la r  in crease  in th e  eye lens 
w eigh t. In  co m p arab le  age th e  lens w e ig h t of th e  an im a ls  from  sp ring  g en e ra tio n  
is m uch  g re a te r  in com parison  w ith  th e  ro d en ts  or fa ll g en era tio n . F rom  th ese  d a ta  
it ap p ea rs  th a t  in th e  fa ll ro d en ts  th e  tem p o  of cell rep ro d u c tio n  is dec reased ; it 
ind ica te s  on a decrease  of th e  tem p o  of th e  ageing  process on cell level.

7. T he sum  of th e  d a ta  re p re se n te d  in th is  p ap e r d em o n s tra te s  c lea rly  th a t  seasonal 
g en e ra tio n s  of ro d en ts  hav e  w e ll ex p ressed  b io log ical p ecu lia ritie s . T he v ast m a jo rity  
of th ese  d a ta  show  th a t  th e  ro d e n ts  from  fa ll g en e ra tio n s  a re  ch a rac te riz ed  by 
a co m p ara tiv e ly  d ecreased  m e tab o lic  level. Som e th e o re th ic a l co n sidera tions (for 
rev iew  see § 1) a llow  us to  suppose  th a t th e  in c rease  in m etabo lic  level is accom pan ied  
w ith  an  a c c e le ra t io n  of th e  ageing  process. F ie ld  o b se rv a tio n s su b s ta n tia te  th is  su p 
position : th e  life sp an  of fa ll g en e ra tio n  is g re a te r  in  com parison  w ith  sp rin g  g en e 
ra tio n s.

8. T he a lte ra t io n  in  th e  tem po  of senescence  can be observed  d u rin g  th e  n o rm a l 
course of th e  life  cycle of th e  an im a ls  in  n a tu ra l  conditions. T he tem po of senescence
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is n o t s tr ic t fix ed  gen e tica lly  an d  can  v a ry  in  a g re a t degree. T h ere fo re  it is in 
p r in c ip le  possib le to re g u la te  th e  age ing  process and  to p ro lo n g a te  th e  life  sp an  of 
th e  a n im a l no t only by a p ro lo n g a tio n  of th e  la te r  stages of dev e lo p m en t (“ac tive  
old a g e ”), but by th e  ex p en se  of th e  physio log ica l you th .
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S. S. S ch w arz  e t al.

ST R E SZ C ZE N IE
B adan ia  z z ak re su  g e ron to log ii po rów naw cze j p rzep ro w ad zo n e  p rzez  w ie lu  a u to 

ró w  n a  różnych  o b iek tach  w y k aza ły , że je d n ą  z m ożliw ych  p rzyczyn  ok reś la jących  
szybkość p rocesu  s ta rz e n ia  się  je s t in ten sy w n o ść  p rzem ian y  m a te r i i  zw ierzą t. B a d a 
n ia au to ró w  w y k aza ły , że te n  p u n k t w id zen ia  zn a jd u je  p o tw ie rd zen ie  i w  chrono- 
g ra ficzn e j zm ienności poszczególnych g a tu n k ó w  ssaków  ( S c h w a r z ,  1963). Jednym  
7 w ażnych  sposobów  ana lizy  tego  p ro b lem u  są b ad an ia  b io logicznej specyfik i sezo
now ych  g en e rac ji zw ierzą t, k tó re  zap oczą tkow ał p ro f. d r  A. D e h n  e 1 i k ie ro w an y  
p rzez niego Z ak ład , znak o m ity m i p racam i nad  zm iennością  ry jó w ek .

W n in ie jsze j p racy  zeb ran o  w y n ik i b ad ań  Z ak ład u  Zoologii In s ty tu tu  Biologii 
U ra lsk ie j F ilii A kadem ii N au k  Z SR R  dotyczących  bio logicznej specy fik i szeregu  ga
tu n k ó w  gryzoni. P rzy  an a liz ie  o trzy m an y ch  w yników  zw rócono uw agę  na poznanie  
ogólnych p ra w  rządzących  p rocesem  s ta rz e n ia  się u ssaków . B adan ia  prow adzono  od 
1951 roku , zarów no  w  w a ru n k a c h  e k sp e ry m en ta ln y ch , ja k  i w  te ren ie , w  różnych 
s tre fa c h  k ra jo b razo w y ch  (od stepów  do tu n d ry ). P odstaw o w y m i o b iek tam i b ad ań  by 
ły : L agurus  lagurus  ( P a l l a s ,  1773), M icrotus gregalis  ( P a l l a s ,  1779), Microtus  
m id d e n d o r f f i  ( P o l i a k o v ,  1881), M icro tus  oeconom us  ( P a l l a s ,  1776), L e m m u s  
obensis  B r a n t s ,  1827; A rv íco la  ierres tr is  ( L i n n a e u s ,  1758), O ndatra  zibe th ica  
( L i n n a e u s ,  1758), C le th r io n o m y s  glareolus  (S c h r  e b e r, 1780), C le th r io no m ys  
ru t i lu s  ( P a l l a s ,  1779), A p o d e m u s  agrarius  ( P a l l a s ,  1771), A p o d e m u s  sy lva ticus  
( L i n n a e u s ,  1758).

1. Szybkość w zro stu  je s t je d n ą  z w ażn ie jszych  cech, o d ró żn ia jący ch  generac je . 
G ryzon ie  należące  do g e n e ra c ji w io sen n e j osiąga ją  m ak sy m aln y  c iężar c ia ła  w  w ie 
ku  3—4 m iesięcy. U zw ie rzą t z g en e rac ji je s ien n e j, w zro st z a trzy m u je  się w  w ieku  
1,5—2 m iesięcy  i w zn aw ia  się dop iero  n a  w iosnę n astęp n eg o  roku . Z w ie rzę ta  z ró ż 
nych  g en e rac ji o siąg a ją  m ak sy m a ln y  c iężar p rak ty czn ie  b io rąc  w  ty m  sam ym  o k re 
sie. N a w iosnę w zro st g en e rac ji jes ien n y ch  odbyw a się ta k  sam o in ten sy w n ie , jak  
i zw ie rzą t u rodzonych  w  ty m  sezonie. W skazu je  to  na fak t, że zw ierzę ta  u rodzone 
je s ien ią  zach o w u ją  zdolność do energ icznego  w zro stu  i rozw oju .

2. D o jrzew an ie  płciow e. B ad an ia  te ren o w e  w ie lu  au to ró w  m ów ią o tym , że w iek  
do jrzew an ia  p łciow ego n o rn ik ó w  zależy od ok resu  ich u rodzen ia . M ioty w iosenne 
d o jrzew a ją  szybko i w chodzą do ro z ro d u  jeszcze w  ty m  sam ym  roku , je s ie n n e  zaś 
w y k azu ją  p rze rw ę  w  ak ty w n o śc i p łciow ej i zaczyna ją  rozm nażać  się dop iero  w iosną 
następnego  roku . B ad an ie  te j p raw id łow ości w  w a ru n k a c h  e k sp e ry m e n ta ln y c h  (na 
L. lagurus)  w ykazało , że sezonow e g en e rac je  pow inny  być ro zp a try w a n e  ja k o  fiz jo 
logicznie odm ienne g ru p y  zw ierzą t. Szczególnie w y raźn e  różn ice zachodzą  p rzy  po
ró w n an iu  g en e rac ji w iosennych  i je s ien n y ch , a le  m ogą się one u w idaczn iać  i u zw ie
rz ą t n a s tęp u jący ch  po sobie pokoleń.

3. O dpow iednio  do różn ic  w  szybkości w zro stu  i do jrzew an ia  p łciow ego, g en e rac je  
sezonow e różn ią  się ro zw o jem  szeregu  o rganów  i czynności fizjo log icznych . Szcze
gó ln ie  is to tn e  różn ice pom iędzy  g en e rac jam i stw ierdzono  p rzy  b ad a n iu  w iekow ej 
zm ienności c iężaru  g rasicy . L g en e rac ji w iosennych  g ras ica  szybko osiąga m a k sy 
m aln y  ciężar, w  w iek u  około 4 m iesięcy  n a s tę p u je  p raw ie  ca łkow ita  in w o lu c ja  tego 
o rganu . U m io tów  późnych o b se rw u je  się je s ien ią  zm nie jszen ie  w y m ia ró w  grasicy . 
Je d n a k ż e  na w iosnę, rów no leg le  ze w znow ien iem  w zrostu , g ras ica  pow iększa  się. 
W te n  sposób gryzon ie  g en e rac ji w iosennych  w  w iek u  10 m iesięcy z n a jd u ją  się  na 
ty m  sam ym  e tap ie  rozw o ju , ja k  w io sen n e  w  w iek u  2—3 m iesięcy.

4. W ykazano , że c iężar n ad n erczy  zm ien ia  się za leżn ie  od w a ru n k ó w  b y to w an ia  
zw ierzą t. S tw ierdzono  is tn ien ie  różn ic  pom iędzy sezonow ym i g en e rac jam i gryzoni. 
W życiu  p opu lac ji o b se rw u je  się dw a okresy  szybkiego podw yższenia  c ięża ru  n a d 
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n e rc z a : w iosenny  (w zw iązku  z d o jrzew an iem  płciow ym  i rozm nażan iem ) i je s ien n y  
(w zw iązk u  z n a s ta n ie m  chłodów ). W jed n ak o w y ch  w a ru n k a c h  środow iskow ych , g ry 
zonie  n a leżące  do g en e rac ji w iosenne j p o s iad a ją  w yższy w sk aźn ik  n ad n ercza . W sk a
z u je  t,o n a  in te n sy fik a c ję  ich  p rzem ian y  m a te rii. P rzed s taw io n e  now e d ane , p o k a z u 
jące , że h y p e rfu n k c ja  n ad n erczy , p rz e ja w ia ją c a  się zw iększen iem  ich w y m ia ró w , je s t 
p rzy s to so w aw czą  re a k c ją  zw ierzęcia  na  dow olne bodźce zew n ętrzn e , w y m ag a jące  
m o b ilizac ji w ew n ę trzn y ch  sił o rgan izm u. N ależy zauw ażyć, że im  zw ierzę  je s t s t a r 
sze ty m  re a k c ja  ta  je s t w y rażo n a  s iln ie j. U stalono , że w  rów nym  w iek u  g ryzon ie  p o 
ko leń  w io sen n y ch  re a g u ją  na  d z ia łan ie  czynn ików  stre sso w y ch  siln ie jszy m  p o w ięk 
szen iem  n ad n e rczy  niż zw ie rzę ta  u rodzone  na  jesien i. F a k t te n  m oże św iadczyć 
o szybszym  s ta rz e n iu  się g ryzon i z pokoleń  w iosennych .

5. W jed n ak o w y ch  w a ru n k a c h  b y to w an ia  gryzon ie  g en e rac ji w io sen n y ch  c h a ra k 
te ry z u ją  się s to sunkow o  dużym  rozw o jem  n e re k  i serca . P oko len ia  je s ien n e  zaw sze 
c h a ra k te ry z u ją  się obn iżen iem  w sk aźn ik a  n erek . U n iek tó ry ch  g a tu n k ó w  je s ien ią  
o b se rw u je  się  zw iększen ie  w y m ia ró w  serca. W ykazano, że je s t to zw iązan e  z p o d 
w yższen iem  ak ty w n o śc i ru ch o w ej zw ie rzą t w  okres ie  jes ien n y ch  m ig rac ji. G e n e ra 
cje g ryzon i ró żn ią  się n ie  ty lk o  ab so lu tn y m i w y m ia ram i organów , a le  i zm ian ą  te m 
pa w zro stu . R óżnice te  są  szczególnie is to tn e  i w sk azu ją  na  g łębok ie  fiz jo log iczne 
z ró żn icow an ie  po ró w n y w an y ch  g ru p  zw ierzą t.

6. W proces ie  s ta rz e n ia  się zw ie rzą t m a m iejsce  w zro st c iężaru  suche j m asy  s o 
czew ki oka. U sta lono , że gryzon ie  u rodzone w iosną , c h a ra k te ry z u ją  się  w iększym  
ciężarem  soczew ki niż zw ierzę ta  tego  sam ego w iek u  z późn ie jszych  m io tów . R óżnice 
te  w sk a z u ją  n a  zw oln ien ie  tem p a  podziałów  kom órkow ych  u gryzon i p oko leń  je s ie n 
nych, a ty m  sam y m  św iadczą  też  o różn icach  w  szybkości p rocesu  s ta rz e n ia  się zw ie
rzą t u ro dzonych  w  różnym  czasie.

7. C a ło k sz ta łt o trzy m an y ch  w yn ików  w sk azu je , że sezonow e b io log iczne g e n e ra 
cje g ryzon i ró żn ią  się m iędzy  sobą w  sposób is to tny . Z w ierzę ta  z poko leń  w iosennych  
p o siad a ją  w yższy poziom  m etabo lizm u . T eore tyczne  założen ia  p o zw a la ją  sądzić, że 
rów nocześn ie  fiz jo log iczny  proces s ta rz e n ia  się p rzeb iega  u n ich  s to sunkow o  szyb 
ciej n iż  u poko leń  jes iennych . Z ałożen ia  te  p o tw ierd za  an a liza  m a te r ia łu  zdobytego 
w  te ren ie . D ługość życia pokoleń  jes ien n y ch  je s t w iększa  n iż  w iosennych .

8. Z m ian y  szybkości p ro cesu  s ta rzen ia  się obserw ow ane  są w  p rzeb ieg u  cyk lu  ży 
ciow ego n a tu ra ln y c h  p o p u lac ji zw ierzą t. D ochodzim y w ięc do w n iosku , że n aw e t 
4—5 -k ro tn e  różn ice  w  w iek u  zw ie rzą t n ie  o d b ija ją  się na  ich fiz jo log icznym  stan ie . 
Szybkość p ro cesu  s ta rz e n ia  się n ie  u trw a la  się dziedzicznie, m oże się ona zm ien iać 
w szerok im  zak res ie . M ożliw e je s t za tem  znaczne p rzed łużen ie  życia zw ie rzą t p rzez 
w yd łużen ie  ich  o k resu  m łodości, lecz n ie  p rzez p rzed łużen ie  końcow ych  e tapów  ich 
cyk lu  życiow ego.




