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The body tem perature of the bank vole, C le th rio n o m ys g lareolus  
(S c h r e b e r, 1780), is 33—34°C at the age of 1—9 days. This is followed 
by an even increase in tem peratu re  from  the tenth  to eighteenth day 
of life, reaching the adult level of 37—39°C by about the  19th day of 
life. M easurem ents m ade in the laboratory at am bient tem peratures 
of 18—21°C and 4— 7°C, and also in an enclosure a t 2—12°C, show th a t 
the  body tem peratu re  of bank voles in the nest is subject to only 
slight fluctuations. The therm al conditions of nest developm ent are thus 
characterized by stability, m aintaining the body tem peratu re  of very  
young voles at a high and stable level. During the first week of life 
the voles’ resistance to cooling is low and although it increases gradually  
w ith  age, it is not un til the end of the second week of life th a t it 
becomes distinct. Voles kept together in a litter have a g rea ter resistance 
to cooling (up to 33°/«) than  separated  anim als. The nest form s an even 
greater protection as it can produce a five-fold reduction in the ra te  of 
fall of body tem perature in young voles. In addition, m aternal behaviour, 
m anifested in te r  alia  in extensive w arm ing of the young, m akes the 
offspring independent of the  effects of their environm ent. The metabolic 
ra te  of newborn voles is low  and only increases tow ards the end of the 
second week of life. However, the effect of cooling for 15 m inutes 
causes a d istinct increase in oxygen consum ption even during the first 
few days afte r birth. In individuals from  10—18 days old oxygen con
sum ption a t 15 and 20°C is higher than in older anim als, suggesting 
the developm ent of heat-producing mechanism s and lack of heat con
servation m echanisms. M etabolic reaction to  cold in individuals from 
litters  of 1 vole only m ay be tw ice as high as th a t in litters of 3 or 
m ore young. The metabolic rate  of individuals separated  for the tim e 
required  to m ake m easurem ents in no way describes the litters  from 
which they w ere taken, since it is usually higher and less dependent 
on age. The increase in energy requirem ents necessary to rear young 
is about 10 kcal of assim ilated energy per 1 g of lit te r  w eight gain.
It depends only on the ra te  of increase in body w eight of the offspring, 
since it was sim ilar in the w inter group growing slowly at an am bient 
tem pera tu re  of 20°C and in the spring group grow ing quickly at 9 
and 20°C. The am ount of energy accum ulated by new born voles on the
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first few days afte r b irth  may be as much as 60°/o; in  voles 10—18 days 
old it fluctuates betw een 10 and 20°/o, w hereas in older anim als it does 
not exceed 5°/o, Thus the low  metabolic ra te  of nestling voles and 
m aternal care enables this species to create favourable conditions fo r 
the developm ent of the young w ith a m inim um  expenditure.
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1. GENERAL INTRODUCTION

Not all m am m als a re  born  w ith  th e  capacity  fo r effec tiv e ly  m ain ta in in g  
a constan t body tem p e ra tu re . In  m any  species, ch iefly  M icrom am m alia ,  
th e rm o reg u la to ry  m echanism s g rad u a lly  develop a f te r  b irth . T h e  lack 
of the capacity  fo r m ain ta in in g  th e  body te m p e ra tu re  s im ila r to  th a t
of ad u lt anim als suggests th a t th e  ro le  of th is  ch a rac te r and  th e  g row th
conditions connected w ith  it depend on ran d o m  fac to rs  and  m ay th e re fo re  
be charac te rized  by considerable v ariab ility . T he assum ption  th a t  body 
tem p e ra tu re  is v ariab le  finds som e confirm ation  in th e  d a ta  collected
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u p  to  the p resen t, w hich  ind icate  th a t in young m am m als it flu c tu a tes 
w ith  th e  am bien t tem p e ra tu re  ( G e l i n e o  & G e l i n e o ,  1951; 
P r e c h t ,  C h r i s t o p h e r s o n  & H e n s e l ,  1955; C a p e k ,  H a h n ,
K f e i e k  & M a r t i n e k ,  1956; P u c e k ,  1958; G e l i n e o ,  1959
an d  others).

T hus w hile m uch in fo rm atio n  is to be found  on the  absence of a con
s ta n t body te m p e ra tu re  a f te r  b ir th  in  m any m am m als, we know  v e ry  little  
ab o u t the  th e rm a l env iro n m en t in  w hich th e  young of these species
grow . The question  th en  arises as to w h e th e r th e  rap id  g ro w th  ch a rac te 
ris tic  of p o stn a ta l life takes place in d ep en d en tly  of the  e ffec t of the  
env ironm en t. If th is  is so, th en  is th is  k ind  of developm en t com parable 
w ith  th e  developm ent of m am m al species b o rn  w ith  a fu lly  developed 
th e rm o re g u la to ry  app ara tu s?

T he bank  vole, C lethr ionom ys glareolus  (S c h  r  e b e r, 1780), was 
chosen as th e  s tudy  an im al as it is a ro d en t w hich a t b ir th  is com 
p le te ly  help less an d  w h ich  spends the  f irs t  w eeks of life w ith  o th e r 
m em bers of the l i t te r  in  th e  nest u n d e r m a te rn a l care. T he naked  new born  
voles g rad u a lly  becom e covered by h a ir  d u rin g  th e  f irs t  1 0  days of life, 
b u t the  tru e  developm ent of th e ir  fu r  takes p lace a t the  age of 19— 20 
days ( S v i r i d e n k o ,  1959; M a z a k ,  1962). T he eyes of th is species 
do not open u n til th e  11th to  15th day  a f te r  b ir th  ( S v i r i d e n k o ,  1959; 
P e t r o v  & A i r a p e t j a n c ,  1961). I ts  secretive  lifesty le  accounts 
fo r th e  fact th a t w e do not know  d efin ite ly  w h e th e r the young can 
leave th e  nest fo r a sh o rt period  a t the  age of 14— 15 days ( P e t r o v  & 
A i r a p e t j a n c ,  1961), a lthough  a t th e  age of th ree  w eeks th ey  becom e 
p a r t  of the trap p ab le  popu lation  ( B u j a l s k a ,  A n d r z e j e w s k i  & 
P e t r u s e w i c z ,  1968). B ank voles a re  th u s  bo rn  com pletely  incapab le 
of in d ep en d en t life, b u t by the  fo u rth  w eek  of life a re  su ffic ien tly  
developed  to becom e in d ep en d en t of th e ir  paren ts .

The f irs t  m on th  of life in  th is  species is charac te rized  by  a v ery  
rap id  increase in  body w eight; from  abou t 2  g a t b ir th  ( S v i r i d e n k o ,  
1959; Z e j d a ,  1968) th ey  a tta in  th e  w eigh t of 11— 15 g on th e  30th 
day  of life ( D r o ż d ż ,  1965; B u j a l s k a  & G l i w i c  z, 1968; F  e d y k, 
1974a; S a w i c k a - K a p u s t a ,  1974). C hanges in  body size are  ac
com panied by the developm en t of physiological functions ( B a s h e n i n a  
& B o r o v s k a j a ,  1963; O k o n ,  1972; K o s t e l e c k a - M y r c h a ,  
1973) re su ltin g  in young  an im als hav ing  s im ila r indices of these functions 
to ad u lts  to w ard s th e  end of the f irs t  m o n th  of life.

The ra te  of postem bryon ic developm ent is dependen t on the season 
in  w hich  th e  young w ere  born  ( B e r g s t e d t ,  1965; K u b i k ,  1965; 
B u j a l s k a  & G l i w i c  z, 1968; Z e j d a ,  1971). Ind iv iduals from  
litte rs  born  in  sp ring  (spring generation) have a d iffe ren t gross body
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com position even a t  b ir th  th an  th e  young of th e  au tu m n  genera tion  and 
a tta in  chem ical m a tu rity  a t a d iffe ren t ra te  (F e d y k, 1974b). Both 
generations show  d iffe rences in  th e  tissue  oxygen consum ption  ra te  of 
g row ing voles ( G ę b c z y ń s k i ,  1975). T here  is th e re fo re  no  doubt 
th a t  stud ies of m etabolic  ra te  and  developm ent conditions m ust be 
re la ted  to  the d iffe ren t seasons of b irth . T he p o stn a ta l developm ent of 
th e  vole is to a ce rta in  degree connected  w ith  the  n u m b er of young in 
the  l i t te r  ( K o r a b e l n i k o v ,  1972; P e g e l m a n  & K o r a b e l n i -  
k  o v, 1972), and  th e ir  su rv iv a l d u rin g  th e  period  of nest life (R y  s z- 
k o w s k i  & T r u s z k o w s k i ,  1970). I t is th e re fo re  essen tia l th a t 
th is fac to r is tak en  in to  accoun t w hen  m easu ring  the  developm ent of 
physiological indices.

All the above condition ing  of developm ent an d  g row th  d u rin g  the 
period from  b irth  to  in d ep en d en t life does not conceal th e  fact th a t  it 
is w hat helps th e  bank  vole to m ain ta in  high popu lation  num bers. 
This roden t in h ab its  enorm ous regions of E uropa an d  Asia and  is con
sidered  as one of th e  dom inating  species in  forest a reas of th e  tem p era te  
zone. It m ay  th e re fo re  be assum ed th a t these p a r tic u la r  p ro p e rtie s  of 
th e ir  p o stn a ta l developm ent form  a fav o u rab le  basis fo r m ain ta in in g  high 
num b er of bank voles.

The purpose  of th e  s tu d y  w as to ob ta in  in fo rm ation  no t only  on the 
physiological reac tions of bank  voles during  th e  firs t m onth  of th e ir 
lives, b u t also to ev a lu a te  th e  re a l liv ing conditions of y oung  voles. 
M easurem ents w ere  th e re fo re  aim ed a t defin ing th e  p o ten tia l capacities 
of th is species, th e  course tak en  by changes occuring w ith  age and  the 
n a tu ra l  range of flu c tu a tio n s  in  the p a ram e te rs  exam ined. Body tem p e
ra tu re , resistance to  cooling, oxygen consum ption  a t d iffe ren t tem p era 
tu re s  and th e  energy  b u d g et w ere  m easu red  in g row ing  voles. This made 
it possible to  ca lcu la te  th e  g row th  efficiency of th e  young voles and  to 
com pare it w ith  o th er species of hom eo therm ic anim als. T he effec t of 
l i t te r  size and  m a te rn a l care on th e  ra te  of developm ent of th e  m easured 
physiological func tions w ere  also tak en  in to  consideration . T hus an 
estim ate  w as m ade of th e  effec t of conditions p rev ailin g  in  th e  nest 
on th e  p o stn a ta l developm en t of sm all rodents. T his w ould ap p ear to  be 
im p o rtan t because th e  period  of life in th e  nest is a specific pro longation  
of in tra u te r in e  life. The young con tinue to  live in a tig h tly -p ack ed  group 
and  a lthough  th e ir  n o u rish em en t is ob ta ined  in a d iffe ren t w ay, their 
ex istence con tinues to depend e n tire ly  on th e ir  m other. Also, th e  in
su la ting  p ro p e rtie s  of the  nest and  th e  p resence of adu lts  w arm in g  the 
young, ensures s tab le  te m p e ra tu re  conditions d u rin g  p o stn a ta l deve
lopm ent.

The reason  fo r p re sen tin g  and  discussing th e  various param ete rs
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sep a ra te ly  w as th a t each of th em  was m easu red  in a d iffe ren t w ay  
and  fo rm s a sep a ra te  ind ica to r of th e  changes tak in g  place du rin g  
p o s tn a ta l developm ent of the  bank  vole.

A. P H Y S IO L O G IC A L  A N D  B E H A V IO U R A L  A S P E C T S  O F  B O D Y  T E M P E R A T U R E
R E G U L A T IO N

2. BODY TEMPERATURE AND RESISTANCE TO COOLING

I t  is no t easy  to  de term ine  the  body tem p e ra tu re  of n estlin g  voles, as 
m easu rem en ts  ou tside th e  nest cause underestim ation , and  d a ta  on n est 
te m p e ra tu re  cannot be iden tified  w ith  the  body te m p e ra tu re  of the  
young  liv ing in  it ( B a r n e t t ,  1956; P o c z o p k o ,  1969; M c M a n u s ,  
1971). T h erefo re  only  d irec t m easu rem en t of th e  an im als’ body tem pe
ra tu re s  can ind icate  the  th e rm a l conditions d u rin g  th e ir developm ent 
in the  nest. W hen th e  body tem p era tu re  w as m easu red  in  the  nests of 
C ite llus  citellus  (G e l i  n  e о & S o k i c ,  1953) and  lab o ra to ry  m ice 
( B a r n e t t ,  1956; P i c h o t k a ,  1971) it w as no ticed  th a t  it is cha
rac te rized  by som e degree  of stab ility . In  som e species of nesting  b irds 
it  has also been  observed th a t  th ey  m ain ta in  a certa in  constancy  of body 
te m p e ra tu re , desp ite  th e  fact th a t th e ir  th e rm o reg u la to ry  capacity  is 
n o t y e t fo rm ed  ( I r v i n g  & K r o g ,  1956). This w ould po in t to th e  
ex istence of fac to rs  w hich ensu re  th a t a certa in  tem p era tu re  level is m ain
tained . I t w as decided to  investigate  th e  degree of efficiency w ith  w hich 
these fac to rs  function  in th e  bank  vole. M easurem ents of body tem pe
ra tu re  w ere  m ade for young an im als on successive days of n est life 
an d  fo r purposes of com parison also fo r ind iv iduals w hich  had  a lready  
le ft th e  nest. In  add ition  ca lcu la tion  w as m ade of th e  resistance to 
cooling, th a t  is, th e  capacity  to  co un teract th e  h ea t effect of th e  hab ita t. 
T he less body te m p e ra tu re  is dependen t on varia tions in am b ien t tem p e
ra tu re , th e  h ig h er th e  resistan ce  to  cooling of the given organism .

2.1. Material and Methods

The litte rs  came from paren ts caught in spring, and were kep t in cages m easuring 
40X20X15 cm, the nest p art of the cage being separated from  the run. The bottom 
of the cage was lined w ith  peat and the nest m aterial w as hay. For other details 
of breeding m anagem ent see B u c h a l c z y k  (1970). Some litters  w ere observed 
outdoors, w here the anim als w ere released in pairs into an enclosure m easuring 
4X11 m, and in which they were able to build nests of leaves and grasses in wooden 
H o w a r d  (1949) boxes sunk in  the  earth.

T em peratures w ere m easured w ith  an electric therm om eter (Type ТЕЗ, E lektro- 
Iaboratiet, Copenhagen) using H i and F6 probes. The use of th is therm om eter 
allowed accurate m easurem ent to 0.1 °C w ithin a few  seconds, thus reducing the 
e rro r due to handling. T em perature could be m easured in regio  a x illa r is  (the



384 M. Gebczynski

arm pit), w ith the HI probe, and parallel m easurem ent was made of rectal tem 
p era tu re  (F6 probe) but only in the case of individuals over 7 days old, in which 
the probe was introduced to a depth of 1.5 to 3.5 cm, depending on the size of the 
anim al, thus bringing the probe tip to approxim ately  m id-body. It was alm ost 
im possible to m easure rectal tem perature in  individuals under 7 days old on 
account of the ir size and the different shape of the rectum  from th a t in older 
anim als, m aking it d ifficult to introduce the probe.

Body tem peratu re  was determ ined im m ediately a fte r rem oving the anim als 
from  the nest. As a ru le the m easurem ents w ere carried out betw een 9 a.m . and 
1 p.m . in order to avoid 24-hour fluctuations in  body tem peratu re  (K a y s e r  & 
H e u s n e r, 1967). The estim ation of cooling ra te  was carried  out in the following 
way: afte r m easuring the initial body tem peratu re  the voles w ere kept singly or in 
whole litte rs  in a glass chamber, w ith or w ithou t a  nest, a t an am bient tem perature 
of 5°C or 20°C. W hen m easuring cooling resistance in nests an artificial nest of 
cotton wool and cellulose tissue was used and "was identical for all anim als.

All m easurem ents on the anim als w ere made on consecutive days during their 
first m onth of life, w ithout taking zero day into account. Age was determ ined 
in these  and subsequent experim ents by inspecting pregnant fem ales daily, and 
when a litte r  was found during the m orning inspection which had not been there 
the previous day it was assumed th a t the young had been born the previous 
evening or night and w as one day old. W hen inspection tim e coincided w ith  the 
b irth  phase, or when there were clear indications (young not ye t fed, skin unclean) 
th a t b irth  had only ju st taken place, th a t day was taken as the  tim e of b irth  and 
m easurem ents began the following day. In this way all m easurem ents of body 
tem pera tu re  and cooling rate were made on anim als which w ere not hungry. The 
reason for such procedure was the fact that therm oregulatory  reaction in replete 
anim als differs from th a t in hungry ones, as B a r  id  (1953) has shown in the case 
of rats.

2.2. Ways of Measuring Body Temperature

R ectal tem p e ra tu re  is the m ost convenien t value  for expressing  the 
ch a rac te ris tic  tem p era tu re  of a given species. H ow ever, m easu rem en t 
of in te rn a l body tem p era tu re  in very  sm all an im als p resen ts  som e d if
f icu lty  w hen th ey  are alive. It w as d ifficu lt to  in troduce  a probe per  
rec tu m  in voles d u rin g  the  f irs t w eek of life an d  as th is m ust be done 
slow ly , ren d erin g  it im possible to avoid  u n d erestim a tin g  body tem 
p e ra tu re . A series of tests  was th e re fo re  m ade to show  w hich  place on 
the  body  su rface  gives a value close to  in te rn a l body te m p e ra tu re  and 
also allow s rap id  m easurem ent. T his p lace proved  to  be th e  arm pit, 
regio axillaris. A series of tem p era tu re  m easu rem en ts w ere  m ade in 
regio axillaris  and  per rec tum  (Table 1), w hich  show  th a t th e re  is a high 
degree  of ag reem en t in  th e  values obtained. T he d ifference in tem p era tu re  
b e tw een  these  regions of the body is sligh t and  in  m ean  values does 
not exceed  0.2°C.

To check th e  accuracy  of the m ethod several l i tte rs  w ere  m asured  
in  th is  w ay  and  th en  killed  to obtain  a tru e  in te rn a l tem p era tu re ; again
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th e  d iffe rence did  no t exceed 0.2°C (Table 1). I t is in te re stin g  th a t the 
te m p e ra tu re  in  regio  ax illa ris  is e ith e r the sam e or s ligh tly  h ig h er th an  
m easu red  p e r rec tu m  or s tra ig h t inside. I t w as only  in a few  cases th a t 
th e  reverse  re la tio n  w ere  found, th is having no connection w ith  age 
(Table 1). I t m ay th ere fo re  be tak en  th a t  tem p era tu re  m easured  in  regio 
axillaris  rep resen ts  w ith  suffic ien t accuracy  the  tem p e ra tu re  inside the  
body of th e  ind iv idual exam ined.

2.3. Postnatal Changes in Body T em perature

A to ta l of 1132 m easu rem en ts w as m ade on litte rs  born  and  kep t 
in  n o rm al breed ing  conditions indoors, w ith  am bient te m p e ra tu re  from

Table l

Com parison of body tem perature levels (mean ± SD) m easured per rec tu m  
and in regio  axilla ris , and in regio  axillaris and straigh t inside.

The probe was .inserted 1.5 cm into the rectum  in the youngest anim als, 
and up to 3.5 cm in the oldest ones, n indicates num ber of m easurem ents.

Age, days R egio  axilla ris Rectum n Body wt,, g

8 34.0 ± 2.1 33.9 ±  1.9 66 4.4
9 34.3 ±1.7 34.0 ± 1.2 44 4.7

10 35.2 ± 1.5 35.0 ± 1.6 36 5.2
11 35.3 ± 1.4 35.3 ± 1.6 42 5.7
12 34.9 ± 1.7 35.0 ± 1.4 39 6.1
13 35.8 ± 1.1 35.6 ±  1.9 36 6.2
14 36.2 ± 1.4 36,0 ± 1.7 41 6.9
15 36.6 ± 1.2 36.6 ± 1.0 32 7.4
16 37.0 ± 1.3 36.9 ± 1.1 18 7.7
17 37.3 ± 1.5 37.2 ± 0.8 26 8.1
18 38.0 ± 1.1 37.8 ± 0.9 25 8.6
19 38.8 ± 0.8 38.6 ±  1.3 24 8.8
20 38.8 ± 1.0 38.7 + 0.9 29 9.4

21—30 38.8 ± 0.4 38.6 ± 0.3 149 12.8
Older 1 38.3 ± 0.4 38.2 ± 0.5 20 16.7

Age, days Regio axilla ris S traigh t inside n Body wt., g

40—120 38.1 ± 0.6 38.0 ± 0.4 17 15.4

1 M easurem ents w ere made in M arch im m ediately after the anim als had 
been caught in the forest, on individuals from  6 to 10 m onths old.

18° to  21°C (TA20), and  379 m easurem ents on litte rs  b o rn  and  k ep t a t 
4— 7°C (TA5). In  add ition  38 m easurem ents of body tem p e ra tu re  w ere  
m ade on young bank voles w hich lived in outdoor enclosures.

2.3.1. Laboratory Studies

D u rin g  th e  f irs t  9 days of life body tem p era tu re  in young voles from  
litte rs  k ep t a t T A20, w as on an average 34.2°C, b u t was 33.3°C fo r young
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from  litte rs  k ep t a t T Aa. T he average  level of body tem p e ra tu re  show ed 
considerable stab ility  in bo th  these g roups (Fig. 1). Thus a t T Ajo the  
average  body te m p e ra tu re  on th e  fifth  day  of life is 0 .6 ° h ig h er th an  on 
the th ird  and sev en th  day  (Table 2 ). S lig h tly  g re a te r  d ifferences a re  
observed  a t T A5, w hen in  young e ig h t days old th e  body tem p e ra tu re  
w as abou t 1° h ig h er th an  in  y ounger an d  o lder an im als (Table 2). D espite 
these d ifferences th e  regression  eq u a tio n  for young  an im als from  1 to  
9 days old does no t exh ib it sign ifican t deviations w ith  age in e ith e r  
g roup  T A2o ( r =  — 0.09, n =  502), or g roup  T A 5 (r= 0 .1 9 , n = 1 6 7 ).

The constancy  of body te m p e ra tu re  on a level of 33— 34°C exh ib ited  
by bank voles liv ing in th e  n est d u rin g  th e  f irs t  9 days of life does not

O
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35
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O
m 34

33

32
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* a-<r (6 )

—  20 °C
— 5 °C

(4 )

1 0 15 20 25 30
A g e , days

Fig, 1. Body tem peratu re of the bank vole depending on age and am bient
tem perature .

(1) Y =  34.1 —0.007x; t =  -0 .09 , n =  502 14) Y=33.3-t-0.09x; r=H 0.19, n =  167
(2) Y=36.1 +  0.37x; r  =  +  0.71, n =  295 (5) Y =  35.8 +  0.41x; r =  4-0.65, n =  168
(3) Y=38.b +  0.009.r; r  =  +  0.13, n=202 (6) Y =37.4-0 .02x; r  =  -0 .10 , n =  64

a lte r  th e  fact th a t  d iffe rences betw een  th e  various ind iv iduals a re  fa r 
g re a te r  th an  in adults. This is ind icated  by  th e  value  of th e  s tan d a rd  
dev iation  (Table 2).

Body tem p e ra tu re  in  bank  voles fro m  10 to  18 days old p resen ts  a 
com pletely  d iffe ren t p ic tu re . D uring  th is  tim e th e re  is a constan t in 
crease on successive days of life (Fig. 1). T his increase is both even  and
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rapid, as it is 0.45° per day  a t T A2o and  0.43° p e r day  a t T As. These 
re la tionsh ips betw een  body tem p era tu re  and  age a re  also confirm ed by 
the ca lcu la ted  regression  equations. It is ch a rac te ris tic  h e re  th a t  v a ria tio n  
in body tem p e ra tu re  is less th an  in th e  p rev ious period  (Table 2), b u t 
is m ore c lea rly  m ark ed  th a n  in ind iv iduals over 19 days old.

T he level of body tem p e ra tu re  again becom es stab le  ab o u t th e  19th 
cay of life and  rem ains unchanged  u n til th e  last d ay  of observations. 
This s tab iliza tion  takes place at an  identical tim e in  bo th  g roups —  T Ai>o

Table 2
Changes w ith age in the body tem perature of bank voles kep t a t  d ifferent am bient

tem peratures,
tem pera tu res  w ere recorded in regio  a x illa r is  im m ediately a fte r rem oval from  
the nest. Mean values, standard  deviations (SD) and coefficient of variations (CV) 
ire  given, n indicates num ber of m easurem ents.

Age, At am bient tem peratu re  18—2IUC At am bien t tem peratu re  4—7°C
days Mean SD CV n Mean SD CV n

1 34.2 1.9 5.6 69 33.2 1.5 4.5 23
2 34.1 1.6 4.7 48 32.8 2.2 6.7 18
3 33.9 2.7 8.0 57 33.2 1.7 5.1 18
4 34.0 1.5 4.4 52 33.1 1.6 4.8 16
5 34.5 1.4 4.1 52 33.4 1.3 3.9 19
6 34.4 1.9 5.5 64 33.0 1.7 5.2 17
7 33.9 1.6 4.7 50 33.4 1.2 3.6 22a 34.0 2.1 6.2 66 34.3 0.9 2.6 119 34.3 1.7 5.0 44 33.6 1.3 3.9 23

10 35.2 1.5 4.3 36 34.2 1,9 5.6 21
11 35.3 1.4 4.0 42 34.4 1.6 4.7 21
12 34.9 1.7 4.9 39 34.9 1.1 3.2 13
13 35.8 1.1 3.1 36 35.3 1.1 3.1 16
14 36.2 1.4 3.9 41 36.0 0.5 1.4 14
15 36.6 1.2 3.3 32 38.6 1.1 3.6 24
16 37.0 1.3 3.5 IB 36.9 1.1 3.0 21
17 37.3 1.5 4.0 26 37.0 0.7 1.9 24
18 38.0 1.1 2.9 25 37.4 0.7 1.9 14
19 38.8 0.8 2.1 24 37.9 0.8 2.1 15
20 38.8 1.0 2.6 29 37.9 0.4 1.1 12
21 38.8 0.7 1.8 22 38.2 0.7 1.8 10
22 38.9 0.5 1.3 20
23 39.1 0.5 1.3 17
24 39.0 0.5 1.3 14 37.7 0.6 1.6 10
25 38.3 0.3 0.8 9
26 38.9 1.0 2.6 20
27 38.8 0.4 1.0 14 38.1 1.0 2.6 17
28 39.3 0.6 1.5 11
29 38.3 0.5 1.3 a
30 38.6 0.7 1.8 14

ind  T A5 —  b u t a t a d iffe ren t level of body te m p e ra tu re . A t T A2I) it equals 
J8 .8 °C and  a t T A 5 it is 38.0°. This d ifference is v e ry  s im ila r to  th a t  in  
ndiv iduals from  1 to 9 days old. H ow ever, th e  d iffe ren ce  betw een  the  

youngest voles is not s ta tis tica lly  significant, b u t it is h ig h ly  significan t 
n an im als over 19 days old ( P < 0.0 1 ).
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2.3.2. Outdoor Enclosure Studies

D ata  co llected  on litte rs  liv ing  in  ou tdoor enclosures, a lth o u g h  few 
in  n u m b er, a re  im p o rtan t because th e  en v iro n m en t is closer to  th a t found 
in  n a tu re . Ind iv iduals  u n d er 1 0  days old have a body tem p e ra tu re  
no t low er th an  30°C, desp ite  th e  fact th a t th e  enclosed fem ale  som etim es 
leaves th e  nest fo r a long period  (Table 3). In  tw o of th e  litte rs  exam ined 
th e  body te m p e ra tu re  of an im als 1 0  to  1 2  days old w as c lea rly  h igher 
th a n  in yo u n g er ind iv iduals. T here  can th e re fo re  be no doub t that

Table 3
Body tem pera tu re  of nestling bank voles from  litte rs  living in nest in outdoor 

enclosures. The nests w ere situated  in boxes sunk into the soil.

¿ g e ,
days

Body tem pe
ra tu re , °C Mean, °C Air tem pe

ra tu re , °C
The m esurem ents 
w ere made after:

2 33.0; 33.7; 33.5 33.4 6.1 The fem ale left the nest for 
25 m inutes

3 30.0;
30.0;

31.2;
32.4;

30.6;
30.4

30.8 7.0 The fem ale le ft the nest for 
for 33 m inutes

4 34.2;
34.0

33.8; 33.6; 33.9 10.5 Im m ediately afte r the fem ale had 
left the nest

5 32.9; 33.2; 33;2 33.1 8.3 The fem ale rem ained outside the 
nest for at least 30 m inutes

7 31.4;
31.4;

31.7;
30.9

31.7; 31.4 5.2 —

8 33.8; 33.8; 33.5 33,7 11.7 The fem ale rem ained outside the 
nest for at least 25 m inutes

8 34.6;
34.0

34.8; 35.0; 34.6 4.0 The fem ale left the nest for 
38 m inutes

10 35.4;
35.1

35.0; 34.5; 35.0 2.0 Im m ediately afte r the fem ale had 
le ft the nest

12 36.2;
36.0

35.4; 35.5; 35.8 9,0 Im m ediately a fte r the fem ale had 
left the nest

u n d e r  such conditions th e  body te m p e ra tu re  of nesting  ban k  voles is 
h igh  and  is som ew hat stable.

2.4. Development of Resistance to Cooling

B y m easu rin g  the  ra te  of red u c tio n  in  body te m p e ra tu re  u n d e r con
d itio n  of physio logical cold it is possible to  es tim ate  th e  rev e rse  of 
re s is tan ce  to  cooling, th a t  is cooling ra te  (C). The rap id ity  of reduction 
in  body te m p e ra tu re  was ca lcu la ted  as an  ag reed  index  by m eans of 
th e  fo llow ing  equation: C =  (TS—T ^ X  1 0 0  : t
W hen:
T s —  in itia l v a lu e  of body te m p e ra tu re  
T f —  final v a lu e  of body te m p e ra tu re  
t  —  tim e in  m inutes.
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Voles ou t of th e  nest, TA20. A t th is am bien t te m p e ra tu re  in d ex  C 
on th e  f ir s t  days of life is alm ost 50 (Table 4), b u t decreases fa ir ly  
rap id ly . A t th e  beginning  of the second w eek of life th is  index  is 
red u ced  by  a lm ost h a lf (Fig. 2). H eat loss ra te  es tim ated  in th is  w ay 
is on ly  s lig h tly  h ig h er in separated  ind iv iduals th an  in  those kep t 
to g e th e r in  w hole litters; th e  difference is not significant.

I l l t l._ __ _____________ i
! 5 10 15 20 25

Age, days
Fig. 2. Changes w ith  age in  the cooling ra te  index for the bank vole due to

varying am bient tem perature.
Each dot indicates m ean value for the litter irrespective of w hether the young w ere 
kept together during the  experim ent, or were separated.

(1) Y =37.2 —2.76T; r  =  -0 .64 , n =  13 (3) Y =  119.2-I1.24x; r^-O .SG , n =  24
(2) Y = 29 .8 -2 .78 x ; r= - 0 .6 9 ,  n =  17 (4) Y =  94.3-10.39t ; r  =  -0 .87 , n=27

Voles out of th e  nest, TA5. U nder these conditions reduction  in  body 
te m p e ra tu re  d u rin g  th e  course of th e  experim en ts w as v ery  g rea t. On 
the  f i r s t  days of life in an im als k ep t sing ly  index C is th re e  or m ore 
tim es h ig h e r th an  a t a tem p era tu re  of 20°C (Table 4).

T he resistan ce  to  cooling of voles sub jected  to the  effec t of cold in
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whole litte rs  is s lig h tly  g rea te r th a n  w as th e  case w ith  sep a ra ted  voles; 
n ev e rth e less  in bo th  cases cooling ra te  d u rin g  th e  f irs t  w eek  of life is  
rap id . It is su b jec t only  to  a s lig h t red u ctio n  d u rin g  th is  period, w h ich  
can be exp lained  ch iefly  by an  increase  in  th e  body m ass of the in 
d iv iduals exam ined . It was n o t u n til the second w eek of life th a t a ra p id  
increase  in  resistan ce  to cooling is observed  in  ban k  voles. In the  th ird  
week of life the capacity  to  re s is t th e  cooling effect of th e  h ab ita t is

Table 4
Changes of cooling ra te  index (C) of nestling voles during th e ir  first two 

weeks of life, depending on am bient conditions.
C shows a conventional value of body tem peratu re  decrease during a tim e 
unit. Num ber of litte rs  used for the m esurcm cnts is given in brackets.

N o  n e s t  N e s t

Age .  „ At tem_
(jays A* tem peratu re  20 C A t tem peratu re  5 C perature

Single L itte r  Single L itter 5°C
L itter

1—3 47 (8) 46 (6) 170 (9) 147 (7) 29 (6)
4—6 44(121 37 (5) 145(11) 117 (8) 23 (9)
7—9 34 (6) 29 (6) 116(6) 87 (6) 16 (10)

10—12 26 (9) 22(9) 63 (7) 58(6) 8(6)
13—15 13(3) 10(4) 48(5) — 5(6)

i___________ i______________ i______________ i______________ i
1 5  10 15 2 0

Age,  days
Fig. 3. Changes in cooling ra te  index for litters  of bank voles in the ir nests, w ith 

am bient tem pera tu re  of 5°C. For explanation  of symbols see Fig, 2,
(1) Y =  2 2 .9 -2.911; r  =  —0.59, n= 22  (2) Y = 5 .6 -0 .28x ; r =  -0 .22, n =  12

essen tia lly  estab lished , p roof of w hich is th a t th e  in d ex  of cooling is 
close to zero (Fig. 2).

Voles in  the nest, T A3. U n d er such conditions cooling ra te  w as the  
low est in com parison  w ith  th e  p rev ious experim en ts. D u rin g  th e  firs t 
vveek of life it v aries w ith in  lim its  of 30 (Fig. 3) and  th e re fo re  form s



only  s ligh tly  m ore th an  h a lf th e  tru e  value fo r m easu rem en ts  outside 
the  nest a t T Aan- if  re su lts  obtained w ith  T As a re  com pared  it becomes 
s tr ik in g ly  clear th a t the  lack of a nest causes six  tim es th e  increase in 
cooling ra te  in th e  youngest individuals. This v e ry  sh a rp  d iffe ren tia tio n  
is m ain ta ined  th rough  the  f irs t 1 0  days of life and  it is not u n til the 
end of the  second w eek of life th a t th is d ifference decreases (Table 41,

T he reaction to cold in anim als over two w eeks old is charac te ristic  
here . It has been observed th a t the  lack of a nest increases th e ir ac tiv ity  
an d /o r causes sh ivering , w hich consequently  causes a rise  in  body tem 
p e ra tu re  in com parison w ith  the value at th e  s ta r t  of th e  experim ent, 
and  th u s index  C som etim es has a negative value. Voles in  th e  nest, 
on th e  o th er hand, w ould not appear to increase th e ir  ac tiv ity , as m ay 
be seen from  th e  re su ltan t m easurem ents of body tem p era tu re , w hen Tt  
is ra re ly  g rea te r th an  Ts.

2.5. Discussion

M easuring body tem p era tu re  in the bank vole on  successive days of 
its  f irs t m onth  of life m ade it possible to assess no t only  how  this 
ch a rac te r  is fo rm ed  du ring  the  period of life in  th e  nest, b u t also during  
the period  w hen the  young leave the  nest and  begin  in d ep en d en t life. 
T here  a re  u n fo rtu n a te ly  no re liab le  data on th e  len g th  of tim e the 
voles rem ain  in the nest, w hen th ey  begin to leave it and  w hen th ey  begin 
a fu lly  independen t life. P e t r o v  & A i r a p e t j a n c  (1961) m ain ta in  
th a t u n d er n a tu ra l conditions the young begin to  leave th e  nest a t the 
age of 14— 15 days, bu t B u j a l s k a ,  A n d r z e j e w s k i  & P e t r u -  
s e w i c z  (1968) assum ed th a t bank voles m ay be cau g h t a t th e  age ot 
abou t 2 1  days, since th ey  leave the nest a t th is  tim e. If we tak e  th is  
second period  as correct it coincides w ith  th e  period d u rin g  w hich 
ad u lt body tem p e ra tu re s  is established. It w ould, how ever, ap p ear th a t 
young bank  voles periodically  begin to leave th e  nest befo re becom ing 
com plete ly  independen t, and th is assum ption is confirm ed  by  th e  obser
vations m ade by P e t r o v  & A i r a p e t j a n c  (1961). H ow ever, i r re 
spective of w hich day  of life bank voles do in fac t becom e independent, 
th ree  sep a ra te  stages of stab ilisa tion  of body te m p e ra tu re  can be d is
tinguished . The f irs t of these lasts up to  the 9th  day  of life, the  second 
be tw een  th e  10th and  18th day and th e  th ird  begins on th e  19th day 
of life. I t m ust be rem em bered  here  th a t the d u ra tio n  of th e  d iffe ren t 
stages in  developm ent of body tem p era tu re  coincide ex actly  w ith  the 
tim es of developm ent of the  an im als ' coat ( M a z a k ,  1962).

T he bank vole, like m any  o ther species of m am m als, is an »altricial« 
species in w hich poik ilo therm ic conditions ex ten d  w ell a f te r  b irth . The
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opposite to such an im als a re  »precocial« species w hich  th e rm o reg u la tio n  
a t b ir th  does no t d iffer from  th a t of adults. A lthough  bo th  these concepts, 
w hich w ere in  fac t in tro d u ced  fo r b irds, have been  used in  physiology 
fo r  over a cen tu ry , th ey  a re  now  considered as exp ressing  ex trem e  
fo rm s am ong ho m eo th erm al an im als. The increasing  am ount of k now l
edge obtained  on p o stn a ta l developm ent of b irds an d  m am m als, a lthough  
no t denying the  ex istence of th e  d iffe ren tia tio n  re fe rre d  to, show s th a t 
th e re  a re  m any  in te rm ed ia te  ty p es  (see rev iew s by G e 1 i n  e o, 1959; 
B a r n e t t  & M o u n t ,  1967; D a w s o n  & H u d s o n ,  1970; P  o
c z o p k o, 1973). Species w ith  w ell-developed  h ea t p roduc tion  m echa
n ism s a t b irth , h ea t loss re g u la to rs  and  feedback  con tro l m ain ta in  
constan t body tem p e ra tu re . Incom ple te  fo rm a tio n  d u rin g  th e  period  
of foe ta l life of an y  one of th e  foregoing links re su lts  in  th e  body 
tem p e ra tu re  of the an im al being m o re  or less su b jec t to  th e  effect of 
am bien t tem p era tu re . T he degree  to  w hich  i t  is d ep en d en t has been 
exam ined  ex p erim en ta lly , ch iefly  in  lab o ra to ry  species such as m ice 
(e.9 . B a r n e t t ,  1956; L a g e r s p e t z ,  1962), ra ts  (e.g. C a p e k  et al., 
1956; P o c z o p k o ,  1961) and  dom estic an im als: pigs ( M o u n t ,  1968), 
rab b its  ( P o c z o p k o ,  1969).

In fo rm ation  on m am m als liv ing u n d er n a tu ra l conditions provides only  
the  rough  outlines of the  situation  ( G e l i n e o  & S o k i c ,  1953; M o r 
r i s o n ,  R y s e r  & S t r e c k e r ,  1954; O s  t  b y e ,  1965; H i s s  a, 1968; 
G ^ b c z y n s k i ,  1970; M c M a n u s ,  1971). M o r r i s o n  et al. (1954) 
show ed th a t  C le thr ionom ys ru ti lus  a t  th e  age of 7— 14 days has a body 
te m p e ra tu re  in  the nest 3°C low er th an  th a t  of ind iv idua ls  23— 34 days 
old. The collection of d a ta  on body te m p e ra tu re  d u rin g  th e  an im als’ 
life in the nest involes th e  d estru c tio n  of th e  nest, even if only p artia lly . 
This d is tu rb s  the  no rm al liv ing  conditions of th e  l i t te r  and  m ay a lte r  
th e  behav iou r of th e  p a ren ts  ( B a r n e t t ,  1973). T h erefo re  in  o rd e r to 
reduce to  a m in im um  th e  effec t of such m easu rem en ts  on th e  deve
lopm ent of th e  s tu d y  ind iv idua ls  it is essen tia l to  use a large  n u m b er of 
litte rs , to be exam ined  as seldom  as possible. As the n u m b er of bank vole 
l itte rs  exam ined in  our case w as w ell over 2 0 0  th is  condition was 
to  a ce rta in  ex ten t satisfied .

T he level of body te m p e ra tu re  in th e  ban k  vole d u rin g  th e  f irs t 9 days 
of life is abou t 4.5° low er th an  in  adults. In ad d itio n  the  ran g e  of 
varia tion , as show n by th e  coefficient of varia tion  (Table 1), is fa r  h igher. 
I t is nev e rth e less  a fact th a t th e  level of th is  te m p e ra tu re  is fa ir ly  
constant. S om ew hat s im ila r th e rm a l conditions a re  ch a rac te ris tic  of the 
lab o ra to ry  ra t  ( P o c z o p k o ,  1961) an d  also of lab o ra to ry  m ice (P  i
c h o t k a, 1971) in w hich  body te m p e ra tu re  is 32.5°C on th e  f irs t  day 
of life, and  33.5— 33.8°C on th e  second, fo u rth  and  fifth . In  o lder in 



Heat economy and the energy cost of growth in the bank vole 3&3

d iv id u als  it rises to  reach  the ad u lt level betw een the  15th an d  18th day 
of life. In  young Meriones unguicnlatus  in  the labo ra to ry , bodv tem p e
r a tu r e  reco rded  im m ediately  a f te r  rem oval from  th e  nest is also fa ir ly  
co n stan t and  even  h igher, the average being 35°C ( M c M a n u s ,  1971).

A s s tud ies w ere  ca rried  out a t tw o d iffe ren t T A it was possible to 
a sc e rta in  th a t a t 5°C  th e  body tem p era tu re  of bank  voles 1— 9 days 
old w as ab o u t 1° low er th an  in voles kept in a te m p e ra tu re  of 20°C. 
T he considerable d ifference in am bien t tem p era tu re  did  not d is tu rb  
th e  fu n c tio n in g  of th e  m echanism s w hich ensure co n stan t body tem p e
ra tu re  in young voles, b u t m ere ly  caused a sligh t d ro p  in  its  m ean 
v a lu e . M easu rem en ts of th is  index in litte rs  kep t out of doors also 
co n firm  th e  re su lts  obtained. T here  a re  thus factors w hich  com pensate 
fo r  th e  effec t of am bien t tem p era tu re  and create a ce rta in  s tab ility  of 
th e rm a l conditions for th e  g row th  an d  developm ent of th e  young voles. 
A m ong such fac to rs the  m ost im p o rtan t is m atern a l care, ex p ressed  in ter  
alia  in  n est-b u ild in g  behaviour, the  nest being m ore so lid ly  b u ilt w hen 
am b ien t tem p e ra tu re  is low er. A nother form  of m ate rn a l care  is ex p ress
ed in  th e  b an k  vole by th e  m other w arm ing  h e r young w ith  h e r  own 
body (for a detailed  discussion of d iffe ren t form s of m a te rn a l care see 
section  3).

T he n ex t fac to r to  be of im portance in m ain tain ing  constancy  of body 
te m p e ra tu re  in  th e  youngest bank  voles is th e ir  hudd ling  to g e th er in 
a close-packed group. T he im portance of huddling to g e th er in  a group, 
an d  also liv ing  in  th e  nest, is show n by m easurem ents of th e  cooling 
ra te . I t is low er in  ind iv iduals rem ain ing  in the  litte r , as can be seen 
p a r tic u la r ly  c lea rly  in  experim en ts a t an  am bient te m p e ra tu re  of 5°C. 
H ow ever, no  sign ifican t d ifferences w ere  found in  the cooling ra te  fo r 
sm all (2— 3 voles) and  large  litte rs  (4— 6  ind iv iduals together). L itte r  
size is n ev erth e less  an  im p o rtan t factor, as is in d irec tly  show n by  the  
g re a te r  capacity  fo r su rv iv a l in large  than  in  sm all l i tte rs  (R y s z- 
k o w s k i  & T r u s z k o w s k i ,  1970).

W e can only  assum e th e  answ ers to  the question  as to  w hy  body 
te m p e ra tu re  is 33— 34°C in  bank voles less th an  10 d ay s old. I t  is 
c e rta in ly  th e  re su lt of a ll those facto rs w hich m ain ta in  its s tab ility , 
of th ese  the m ost im p o rtan t w ould ap p e a r to be th e  fact th a t su rface  
body tem p e ra tu re  of an  ad u lt bank vole is 3 4 ± 2 °C  for d iffe ren t am bien t 
conditions ( C o t t o n  & G r i f f i t h ,  1967), hence litte rs  a re  w arm ed  
by th e  m o th er to  th is  tem p era tu re .

B ank  voles 10 to  18 days old a re  characterized  by com pletely  d if
fe re n t body tem p e ra tu re  p ro p erties  th an  in the e a rlie r  period  of life. 
A t th is  age th e ir  body tem p era tu re  rises by alm ost 0.5°C daily . T herefo re  
it canno t be said th a t du rin g  this period  in the nest b an k  voles have



394 M. Gebczynski

a constan t level of body tem p era tu re , bu t ra th e r  th a t th ey  are cha
racterized  by a constan t ra te  of increase  in th is  tem p e ra tu re  u n til it 
reaches ad u lt level.

A sim ilar phenom enon of ab ru p t increase  in body te m p e ra tu re  in  
young an im als a few  days a f te r  b ir th  w as found  by P i c h o t k a  (1971) 
in  lab o ra to ry  m ice, and  by  S h i l o v  (1968) in  b irds —  JViuscicapu 
hypoleuca  an d  P a m s  major.  In  Meriones unguicu la tus  resistance to 
cooling develops g rad u a lly  betw een  the  12th and  19th day  of life  
( M c M a u n s ,  1971). In  all these species, as in th e  bank  vole, body 
tem p era tu re  is fa ir ly  s tab le  d u rin g  th e  in itia l period, a lthough  low er 
th an  in adu lts , and  th is  is follow ed by a period  of rap id  increase u p  
to  the ad u lt level. It is possible th a t  th is ty p e  of developm ent is con
nected  w ith  the  ex trem ely  sm all body dim ensions, since all the  species 
re fe rred  to a re  sm all an im als an d  do n o t w eigh m ore th an  15 g d u rin g  
th e  period  of th e ir  lives in  w hich th is  rise  in  te m p e ra tu re  tak es  place. 
In  la rg e r m am m als such as rab b its  (P o c z o p k o, 1969) or edible 
dorm ice ( G ^ b c z y r i s k i ,  1970), a lth o u g h  th e  young have a low er 
body tem p era tu re  a f te r  b irth  th an  ad u lt tem p era tu re , it  increases 
g rad u a lly  on the  successive days of th e ir  life. T h erefo re  only  tw o 
periods can be d istingu ished  in  th e  rab b it and  th e  dorm ouse: increase 
in  body te m p e ra tu re  to the ad u lt level and  th en  its  stab ilisa tion . In 
labo ra to ry  m ice and  th e  bank  vole, and  also in  th e  tw o  species of birds, 
th ere  a re  th ree  such periods; nam ely , in  add ition  to the  tw o periods 
m entioned above, th ere  is a p receding  period  of p o s tn a ta l estab lishm en t 
w ith  a stab le  tem p era tu re  on a level low er th an  th a t of adults.

A ll the  d a ta  p resen ted  above show  th a t th e  bank  vole reaches a s ta te  
of constan t body te m p e ra tu re  a f te r  passing th ro u g h  th ree  successive 
phases of developm ent of body tem p era tu re . These phases a re  closely 
connected w ith  ind iv idual g ro w th  an d  developm ent an d  in  addition  
depend  of th e  h ab ita t facto rs  fo rm ed  ch iefly  by  p a ren ta l care.

3. THE THERMOREGULATORY SIGNIFICANCE OF MATERNAL CARE

M aternal ( =  p aren ta l) care co n stitu tes  one of th e  im p o rtan t, a lthough  
in su ffic ien tly  investigated , form s of social behav iour. The m other, 
or both  paren ts , and  som etim es o th e r m em bers of th e  group, m ay  con
tr ib u te  to  such m an ifesta tion  of ac tiv ity  as bu ild ing, p ro tec tio n  and 
defence of the  nest, licking, groom ing, p lay ing  an d  d irec t contact w ith  
offspring. F o r young an im als, also charac te rized  by  th e ir  ow n specific 
reactions, m a te rn a l care is n o t only  an  essen ta l condition  of th e ir ex istence 
b u t it also p rovides th e  possib ility  of g rad u a l ad ap ta tio n  to  th e  h ab ita t 
before a tta in m en t of in d ep en d en t life. The specificity  of m a te rn a l care
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p a tte rn s  is su ffic ien tly  g rea t in  d iffe ren t species of m am m als to m ake 
generaliza tions im possible ( R h e i n g o l d ,  1963), b u t th is  phenom enon 
has been  fa r  m ore tho rough ly  exam ined in a second g roup  of ho m eo th er- 
m ic an im als  —  birds (K e n  d e i g h, 1952) and  its  im p o rtan ce  fully- 
realized  in  consideration  of postnatal developm ent ( D a w s o n  & H u d 
s o n ,  1970). N evertheless the s im ilarity  due to the  degree  of physiological 
deve lopm en t of young m am m als du ring  the  p o stn a ta l period  ju stifies  
com parisons of m a te rn a l behaviour. T hus, a lthough  th e re  w ere  no data  
of th is  k in d  ava ilab le  for the  bank vole, it was possible to  seek analogies 
w ith  o th er sm all rodents.

A fte r b u ild ing  the nest, the  chief fo rm  of care is th e  p resence of the 
m o th e r or bo th  paren ts , and  som etim es also of o th er m em bers of the 
g ro u p  w ith  th e  new born  roden ts ( H a h n ,  K o l d o v s k y ,  K r e i e k ,  
M a r t i  n e k  & V a c e k ,  1961; K i n g ,  1963; R o s e n b l a t t  & 
L e h r m a n n ,  1963; P o n u g a e v a ,  1960; P e g e l m a n n ,  1966; 
H i l l ,  1972). As the  leng th  of tim e sp en t w ith  th e  young an im als can 
be trea ted  q u an tita tiv e ly , m easu rem en ts of th is k ind  of b ehav iou r w ere 
m ade fo r th e  bank  vole.

3.1. Material and Methods

O bservations w ere m ade of 10 litters of bank voles kept in the laboratory  at 
a tem pera tu re  of approx. 19°C. The fem ale was kept together w ith the m ale in 
cages m easuring 40X20X15 cm. The nest containing the young w as situated  in a 
separate p a rt of the cage (20X20X15 cm) into which the re  w ere tw o entrances 
from  the p art in which food and w ater w ere supplied. The cage was alw ays kept 
lighted, so th a t it was possible to observe the num ber of tim es the m ale or female 
em erged from  the nest part, and to record the  length of the tim e spent outside it.

In  the enclosure ( 4 Xl l m)  observations w ere m ade jointly  of 6 voles w ith  their 
young, on consecutive days of the la tte r’s development. These fem ales bu ilt nests 
in H ow ard boxes sunk into the soil. To s ta rt w ith, it m ust be em phasised th a t the — 
m ales alw ays lived separate ly  in the enclosure and w ere never observed to stay 
w ith the young, which were cared for by the m other only. N either the construction 
of the nest p a r t  of the cage nor the Howard box allowed confirm ation of the 
assum ption th a t the adults inside them always stayed in th e  nest w ith  the young. 
However, breeding practice and the fact that the lactating fem ale, w ith  double the 
norm al food requirem ents, rem ained tw ice as long as in the run  of the cage ju s 
tify the assum ption.

The observer, using a stopwatch, recorded each exit and entrance of the adults, 
w hether this was into the nest under laboratory  conditions or else into the tunnel 
leading into the nest in the case of the enclosure. O bservations w ere m ade both 
day and night in the laboratory, but during the day only in  the enclosure. Each 
male was m arked  by cutting off the ends of the hair on neck and rum p,

3.2 Laboratory Observations

As observ a tio n s w ere m ade of fam ilies w ith  offsp ring  from  2 to  14 days 
old, com parison w as m ade of th e  tim e spen t by th e  fem ale an d  the  m ale
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outside th e  nest d epend ing  of th e  day  of life of th e  young, b u t no 
sign ifican t d iffe rences w ere  found. The fem ales rem ained  in  th e  n est 
on an  average for 84%  of th e  w hole 24-hour period  (Table 5). The 
rem ain ing  period, lastin g  on an  average alm ost 4 hours, w as spen t by

Table 5
Periods p a re n t bank  voles spent in nests w ith  their offspring.

Item
L aboratory Enclosure

Fem ale Male Fem ale
Num ber of observations 10 10 6
D uration of observations, hr 
Daily stay in the nest:

231 231 93

Mean, per cent 84 93 76
hours, m inutes 20 h 10' 22 h 19' 18 h 1 4 '1

Minimum, per cent 77 88 64
hours, m inutes 18 h 48' 21 h 7' 15 h 2 1 '8

M aximum, per cent 88 96 87
hours, m inutes 21 h 7' 23 h 2' 20 h 5 3 '8

1 O bservations w ere m ade only during the daytim e and lasted  for 
and average 7 hours, the  results obtained being ex trapolated  fo r a whole 
24-hour period. 8 Values calculated for the actual duration  of o bse r
vations.

va Outside the nest

Hours
Fig. 4. Percentage distribution  of tim e spent inside and outside the nest by a fem ale 

and a m ale during the firs t two weeks of life of the ir offspring.

th e  fem ale ou tside th e  nest. M ales em erge from  th e  n es t fa r  less often 
and fo r a sh o rte r  tim e. T he average tim e of th e ir  a c tiv ity  w as sh o rte r 
th an  2 hours (Table 5). I t is a s trik in g  fact h e re  th a t it  is only  in  a few  
cases th a t  the  m ale w as observed outside th e  n es t d u rin g  th e  sam e tim e 
as the  fem ale. I t  also p roved  possible to  estab lish  th a t th en  the fem ale
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w as in  th e  ru n  together w ith  th e  m ale, th e  fo rm er o ften  behaved ag res- 
s ively  tow ards th e  m ale, forcing h im  to re tu rn  to  th e  nest.

T hese d ifferences betw een m ales and  fem ales, and  also th e  24-hour 
d iffe ren tia tio n  of ac tiv ity  outside the nest, a re  illu s tra te d  in  Fig. 4. I t  can 
be seen th a t d u rin g  th e  day th e re  a re  fo u r periods of in tensified  ac tiv ity  
ou tside  th e  nest in  the case of th e  fem ale, w hile  th e  ac tiv ity  of th e  m ale 
is  m ore even. As in  the  case of R a ttu s  norvegicus,  fem ales w ith  young 
e x h ib it a specific daily  rh y th m  ( A d e r  & G r o t  a, 1970).

3.3. Observations in the Outdoor Enclosure

T he len g th  of tim e spen t by fem ales aw ay  from  th e ir  o ffspring  u n d er 
th e  conditions in  the enclosure d iffe rs  fro m  those in th e  lab o ra to ry

 i i_______i i i_______ I______I______ I______ I
9  10 II 12 I 2 3 4  5 6

Hours
Fig. 5. Periods spent in and outside the nest by one of the fem ales rearing  4 young 
aged 6 days under sem i-natural conditions (the enclosure). The observations w ere 

m ade continuously for 9 hours and 10 m inutes.

(Table 5). By ex trap o la tin g  da ta  ob ta ined  fo r  th e  enclosures to  a 24-hour 
p erio d  it w as calcu lated  th a t the fem ales leave th e ir  young  for abou t 
6  hours.

T he ac tiv ity  p a tte rn  of fem ales k ep t in  enclosures has been described  
by tak ing  a fem ale observed fo r 9 ho u rs  10 m in u tes  as an  exam ple 
(Fig, 5). D uring  th is  period  th e  fem ale rem a in ed  w ith  th e  young in the  
n es t fo r a to ta l tim e of 6  ho u rs  and  57 m inutes, and  outside the n est 
(searching fo r food and  w an d erin g  over th e  area  of th e  enclosure),
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fo r 2 ho u rs  and  13 m inutes. The longest tim es sp en t ou tside th e  nest w ere  
45 and  36 m inutes, th e  o th er periods being fa r sh o rte r  and  not exceeding 
14 m inu tes. In  addition , th e  fem ale was observed  to  em erge fo u r tim es 
from  th e  nest for periods of less th an  1 m in u te  *.

3.4. Discussion

T he observations show ed th a t  th e  ac tiv ity  of fem ales ca ring  fo r th e ir  
o ffsp ring  is d iffe ren t in  cages from  th a t  in  enclosures, and  th a t in  
enclosures m ales do not p a rtic ip a te  in  re a rin g  th e  young. T he longer 
period  fo r w hich young a re  le ft w ith o u t d irec t care in  the  enclosure 
does n o t cause a sign ifican t change in  th e  te m p e ra tu re  condition of 
th e ir developm ent. This is p ro b ab ly  due to  th e  fac t th a t  w ith  cold 
conditions the  fem ale builds a la rg e r n es t w ith  th ick er w alls (G e 1 i n e o 
& G e l i n e o ,  1952; P e g e l m a n ,  1966), and  consequen tly  th e  cooling 
process tak es  p lace m ore slow ly in young le ft w ith o u t m a te rn a l care. 
This assum ption  has been  confirm ed  by m easu rem en ts  of th e  body 
te m p e ra tu re  in  o ffsp ring  of fem ales k ep t u n d er d iffe ren t te m p e ra tu re  
conditions (cf. section 2 ).

T he capacity  fo r bu ild ing  d iffe ren t nests  depending  on am bien t tem 
p e ra tu re  has been assessed q u an tita tiv e ly  n o t only  in the  lab o ra to ry  
species: th e  ra t ( K i n d e r ,  1927) and  m ouse ( B a r n e t t ,  1956), bu t 
also in  w ild  Perom yscus  (L a y n  e, 1969). N est-bu ild ing  behav iour 
re su ltin g  in an  organized  nest arises sh o rtly  befo re  p a r tu r itio n  and 
in the  r a t  con tinues fo r the f irs t tw o w eeks of l i t te r  care, th en  declines 
and  d isappears ( R o s e n b l a t t  & L e h r m a n ,  1963). In  th e  bank  
vole also the  nest d iffe rs  in respect of size and fo rm  depending  on the 
te m p e ra tu re  in  th e  lab o ra to ry . O bservations in  th e  fo rest show  th a t the 
fem ale  bank  vole builds a solid nest fo r the young ( B u j a l s k a  & 
R a j s k a ,  1972; T r u s z k o w s k i ,  1974; a u th o r’s ow n observations). 
This capacity  fo r co nstruc ting  n ests  ap p ro p ria te  to  ac tua l needs is 
undou b ted ly  of p rim e im portance in  p ro tec ting  the young voles from  cold 
d u rin g  th e  f irs t tw o w eeks of th e ir  life.

A n o th er form  of m a te rn a l care is th e  fem ale h erse lf w arm ing  h er 
young, to  w hich  G e l i n e o  & G e l i n e o  (1950) and  G e l i n e o  
& S o  k i ć  (1953) have p rev iously  d raw n  a tten tio n . O bservation  of lacta - 
ting  fem ale ac tiv ity  in  th e  lab o ra to ry  show  th a t  th ey  spend abou t 
20 h o u rs  out of th e  24 in  th e  n est (cf. G ó r e c k i ,  1968). P re lim in a ry  
m easu rem en ts  m ade d irec tly  ou tdoors show ed th a t th e  bank  vole

1 A t the same tim e it was observed th a t some fem ales on em erging from  the 
corridor leading to the nest p a rt always concealed the entrance, using leaves 
fallen from  trees and sometim es grass blades lying close by.
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rem ain  only 4 to 6  hou rs daily  outside the nest (К а г u  1 i n  et a I., 1973). 
In  o th er species of roden ts  also, e.g., those belonging to  th e  genus 
Perom yscus,  the m o th er spends over 20 hours each day w ith  h e r young 
( K i n g ,  1963). A lthough H i l l  (1972) found in  th e  case of Perom yscus  
leucopus not'eboracensis th a t  the  am ount of m a te rn a l care depends on 
ex p e rim en ta l conditions, and  th a t  m o th ers  in  fo rests  tended  to  spend 
m ore tim e aw ay from  th e ir  young th an  th e  lab o ra to ry  m others, it was 
nevertheless observed th a t young bank  voles a re  w arm ed  by the  m o th er 
over long periods. M easurem ents of body te m p e ra tu re  confirm  th a t the  
ex it of th e  fem ale does not m ean th a t th e re  is an im m edia te  decrease 
in th e  body tem p e ra tu re  of the young, even a t low am bien t tem p era tu res . 
T his re fu tes  H i 1 l ’s opinion (1972) th a t young P erom yscus leucopus  
a re  m ain ta ined  at a stab le  th e rm a l s ta tu s  only  w hen in  th e  com pany of 
th e ir  m other.

T hus the  period sp en t by fem ales in th e  n e s t w ith  th e ir  young is 
even m ore v ariab le  th an  could been expected  from  lab o ra to ry  observation . 
H ow ever, it seem s ce rta in  th a t th e  stab le  level of body te m p e ra tu re  in 
young bank voles essen tia l to  th e ir  developm ent, is ensu red  by th e  p re 
sence of the m o ther and by th e  in su la ting  p ro p e rtie s  of th e  nest. In 
addition  young bank  voles a re  ab le  to  p roduce a ce rta in  am oun t of 
w a rm th  them selves w hen sub jected  to  cold, th u s co n trib u tin g  to  m ain
ta in ing  th e ir own hom eotherm al state.

4. METABOLIC RATE AT DIFFERENT AGES AND AT DIFFERENT 
AMBIENT TEMPERATURES

P rev ious stud ies of sm all rodents, chiefly  lab o ra to ry  ra ts  and  mice, 
have not show n unequivocally  th a t th ey  a lread y  possess th e  capa
city  fo r in tensify ing  m etabolism  as a response to  cold d u rin g  th e  f irs t  
few days a f te r  b irth . Som e au th o rs  (P e m  b г e y, 1895; L e i с h  t e n - 
t r i t t ,  1919; A n t o s c h k i n a ,  1939; H i l l ,  1947; F a i r f i e l d ,  1948) 
s ta te  th a t ra ts  a re  po ik ilo therm al a t b irth , no t show ing evidence of 
chem ical regu la tion  u n til one or tw o  w eeks of age. P i n c u s ,  S t e r n e  
& E n z m a n n  (1933), how ever, show ed th a t day-o ld  lab o ra to ry  m ice 
have a body te m p e ra tu re  s lig h tly  h ig h er th an  th e ir  su rro u n d in g s a t 
tem p era tu res  of 15 to  35°C. M easurem ents m ade on ra ts  ( G e l i n e o  & 
G e 1 i n  e o, 1951 ; В a r  i c, 1953) also confirm ed  th e  ex istence of certain  
form s of chem ical therm o reg u la tio n . M etabolism  in tensifies  as a reaction  
to th e  effect of cold even on the  f irs t day  of life in  th e  ra t  ( T a y l o r ,  
1960; V a r n a i  & D o n h o f f e r ,  1970). T his does not of course m ean 
th a t u n d e r conditions of lastin g  cold th e  new born  ro d en ts  a re  capable 
of m ain ta in ing  a constan t body tem p era tu re . In  th e  f irs t p lace th ey  have 
no m echanism s fo r h ea t conservation , since vasom otor reactions in  the
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ra t  develop g rad u a lly  from  about th e  4 th  to  th e  20th d ay  of life  (P c- 
c z o p k o ,  1961), n e ith e r is th e re  any  physical th e rm o reg u la tio n  at a ll 
in  n ew born  lab o ra to ry  m ice ( P i c h o t k a ,  1971),

The developm ent of chem ical th e rm o reg u la tio n  in the bank  vole w as 
stud ied  by m easu ring  the oxygen consum ption  of li tte rs  of 1 to  6  in d iv i
duals. This m ade it possible to  estim ate  the  m etabolic reactions of grow ing 
roden ts  to  th e  effect of both  physiological cold an d  heat. The assum ption  
w as m ade th a t li tte rs  fo rm  a ce rta in  fu n c tio n a l u n ity  an d  only  the 
indices p ro p e r to  th em  re fle c t th e  living conditions in  th e  nest. These 
stud ies p rovide in fo rm ation  on the ra te  of developm ent of th e rm o reg u 
la to ry  functions and  the m etabo lic  ra te  and  value  of en e rg y  req u irem en ts  
in d iffe ren t periods of th e  f irs t  m on th  of life of th e  bank  vole.

4.1. Material and Methods

Oxygen consumption was m easured in a Closed type respirom eter as described 
by K a l a b u k h o v  (1951). Ja rs  of 300 to 1000 ml capacity, depending on the age 
of the  voles and litte r  size, w ere used as respiration  cham bers; the floor surface 
allowed the dispersal of individuals from  the litters exam ined.

Each m easurem ent of oxygen consum ption was made as soon as possible after 
rem oving the litte r  from  the nest. The voles w ere taken from the  nest directly to 
the respiration  cham ber and m easurem ent started  im m ediately. Body w eight was 
determ ined at the end of the m easurem ents. In practice the tim e lapse from 
rem oval of the litte r  to the s ta rt of m easurem ent was less than 10 m inutes, this 
was only exceeded a t a tem peratu re  of 35°C for the youngest individuals. Oxygen 
consum ption was m easured for 15 m in (1—9 day old voles); 30 m in,. older ones.

f o r  control purposes m easurem ents of oxygen consum ption w ere m ade a t tem 
pera tu res of 30°and 35°C, lasting 90 m inutes each time. L itters of 4 or 5 voles were 
placed in the respiration  cham ber and the ir oxygen consum ption recorded in 
successive periods of the experim ent. The values obtained in  six successive 15- 
m inute periods of m easurem ent w ere com pared, ex trapolating  each resu lt to a full 
hour. Voles 4—6 days old a t TA 30°C exhibit a certain  decrease in oxygen con
sum ption from  the third 15-minute period of m easurem ent (Table 6). The difference 
between the first and last m easurem ent period is significant (P<0.001), indicating 
the distinct effect of this tem peratu re on th e  m etabolism  of the youngest voles. At 
35°C, however, this rela tion  w as not observed. In voles 14— 16 days and 24—27 
days old the length of m easurem ents a t TA30 and 35CC do not appear to ex ert any 
influence on the results obtained for oxygen consum ption (Table 6), The results of 
these control m easurem ents show th a t 15- and 30 m inute ru n s give a good descrip
tion of the m etabolic ra te  of very  young bank voles.

Although changes m ay be caused in the developm ent of young, physiologically 
undeveloped, anim als by keeping them  outside th e  nest, particu larly  a t low tem
peratures ( H a h n ,  1956; H a r r i s o n ,  1963), this obviously could not be avoidei. 
However, efforts w ere made to keep the young anim als outside the nest for the 
shortest possible tim e and the d iffe ren t litte rs  w ere used for the experim ents not 
more than  3—4 tim es during the firs t th ree  weeks of life. I t m ay be assum ed that 
these precautions reduced any disturbance to the ir grow th and developm ent caussd 
by handling.
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A to ta l of 1076 m easurem ents of oxygen consum ption w ere m ade on 282 litters  
from  1 to 33 days old, born in  spring (A pril-July) and 72 m easurem ents on 34 
litters  from the au tum n  generation (Oclober-November). The tem peratu re  a t which 
the metabolic ra te  of the young voles was m easured was from  15 to 35°C, at 5°C 
in tervals. M easurem ents w ere m ade on whole litters  w ith na tu ra l differentiation 
of litte r  size. In addition oxygen consum ption was m easured separately  for single 
individuals taken from  the  litte r, consisting of 4 or 5 individuals, only for the tim e 
of the experim ent.

Table 6
Oxygen consum ption iml/g hr ± SD) in six successive 15- 

m inute periods, by litters  of 4 or 5 bank voles.

Consecutive Age in  days
15-min. periods 4—6 14—16 24—27

I
Am bient tem peratu re  30°C 

1.56 ± 0.41 2.38 ± 0.42 2.73 ± 0.63
II 1.71 ± 0.58 2.27 ± 0.63 2.98 ± 0.78
III 1.37 ±0.34 2.74 ±  0.79 2.64 ± 0.63
IV 1.12 ± 0.27 2.22 ± 0.53 2.37 + 0.44
V 1.17 ±  0.27 2.48 ±  0,48 3.14 ±  1.01
VI 0.95 ± 0.18 2.63 ± 0.67 3.06 ± 0.82
Mean 1.33 ± 0.37 2.45 ± 0.56 2.82 ± 0.71
Body wt., g 3.2 7.1 12.2
n 12 10 10

I
Am bient tem peratu re  35°C 

1.39 ± 0.34 2.78 ± 0.42 3.36 ± 0.46
II 1.07 ± 0.18 3.08 ± 0.58 3.22 ± 0.64
III 1.32 ± 0.46 3.17 ±0.47 3.48 ± 0.51
IV 1.86 ± 0.62 2.74 ± 0.59 3.17 ± 0.59
V 1.46 ±  0.49 3.48 ± 1.12 3.12 ± 0.76
VI 1.35 ± 0.29 3.39 ± 0.68 3.40 ± 0.80,
Mean 1.41 ± 0.44 3.11 ± 0.78 3.29 ± 0.63
Body wt., g 3.1 6.2 11.9
n 8 10 9

In the statistical analysis S tuden ts’ t  test was used and the significance of 
differences was defined by the level P<0.05. If  the difference was significant w ith 
a d ifferen t P th is has been stated  in the text.

4.2. Results for the Spring Generation

4.2.1. L itter Size and Oxygen Consum ption

A lthough  th ere  is considerab le v aria tio n  in  th e  oxygen consum ption  of 
the  y o ungest bank voles, th e  effec t of social th erm o reg u la tio n  is c learly  
percep tib le  from  th e  f irs t  day of life. S m alle r litte rs , p a r tic u la rly  these 
consisting of only one or tw o  young, hav e  a h ig er m etabo lic  ra te  th an  
la rg e r l i tte rs  (Fig. 6 ). These d ifferences are  p a r tic u la rly  c lear in  the  
youngest ind iv iduals from  1— 3 days old. Voles of th is  age, born  and 
re a re d  sing ly  by  th e ir  m others, have  an  oxygen  consum ption  ra te  tw ice
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as high a t T A20 — T Aa5 as ind iv idua ls  from  litte rs  of 3  or m ore young. 
L itte rs  of tw o ind iv iduals a lw ays have a low er m etabolic ra te , expressed

ml/q hr
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IVunber of young in litter

Fig. 6. Relation betw een age of bank voles, litte r  size and oxygen consumption
ra te  at d ifferen t tem peratures.
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in  u n its  of body w eight, th an  an im als bo rn  singly , b u t h ig h er th an  fo r 
la rg e r  litte rs . The d ifferences b e tw een  litte rs  of 3 to  6  young a re  sm alle r 
an d  do not exceed 20%  (Fig. 6 ) In  o lder an im als up to  12 days old, the  
k ind  of re la tio n  betw een l i tte r  size and m etabolic  ra te  rem ains the  sam e 
and  the d iffe rences a re  no t significant.

T he action  of social th e rm o reg u la tio n  is v e ry  clearly  show n u n d er cold 
conditions ( P r y c h o d k o ,  1958; P o n u g a e v a ,  1960) and  d isap
pears a t tem p era tu res  close to the n e u tra l zone ( G q b c z y h s k i ,  1969). 
In  th e  case of C. glareolus, how ever, d u rin g  th e  f irs t m on th  of life th is 
reac tio n  d iffe rs  from  th a t in  adu lts . F rom  T A 20 to T Aas ind iv iduals up  to 
9 days old  from  sm all l i tte rs  a lw ays have a h ig h er oxygen consum ption 
th an  la rg e r litte rs . A t T A!S th is effec t is even sm aller, in  b ank  voles from  
7— 9 days old the  d ifference w as abou t 20%  (Fig. 6 ). In  o lder voles, 
from  1 0 — 1 2  days old, th e  red u ctio n  in oxygen  consum ption ra te  w ith  
increase  in  li tte r  size is v e ry  d istinc t a t T Ai5 and  20 and  25°C. A t T A 39 

the  d iffe ren ce  is sm alle r an d  a t T A 33 it  d isappears. Voles 13— 15 days old 
show  a g ro u p  effect on ly  a t 15°C, w h ile  a t h igher te m p e ra tu re s  the  
d iffe ren ce  becomes insign ifican t. A t the age of 16— 18 days th e  g roup  
effec t is on ly  fa in tly  m ark ed  in  th e  young an im als, irre sp ec tiv e  of 
am b ien t tem p era tu re . In  ind iv iduals  over 19 days old red u ctio n  in  m eta 
bolic ra te  in  la rg e r li tte rs  is percep tib le  on ly  a t T AiS. Social th e rm o re 
g u la tio n  is n o t percep tib le . I t  is only a t  35°C th a t an  increase in  the  
n u m b er of v e ry  young voles causes a s lig h t increase in  oxygen  consum p
tion, w hen  ca lcu la ted  p e r  u n it of body w eight.

A ll these d a ta  show  th a t in  th e  f irs t m onth  of life of bank  voles oxygen 
consum ption  depends on th e  n u m b er of young in a litte r . L itte r  size does 
not, how ever, ex e rt a constan t and  u n v ary in g  effect on m etabolic ra te , 
b u t th is g roup  effect depends bo th  on age and  on am b ien t tem p era tu re .

4.2.2. The Effect of A m bient T em perature on the M etabolic R ate of Single 
Individuals of D ifferent Ages

D ata  on oxygen consum ption  w ere  com pared  in th ree  groups, according 
to  age. T he f irs t  g roup  consisted  of ban k  voles 1— 9 days old, th e  second 
10— 18 d ay s old and the  th ird  19— 33 days. T he an im als w ere  d ivided 
in to  th ese  g roups in accordance w ith  th e  stages of developm ent of body 
te m p e ra tu re  du ring  these periods of life (cf. section 2). T he youngest 
g roup  is fo rm ed  by ind iv iduals w ith  a fa ir ly  constan t b u t low  (33-—34°C) 
body te m p e ra tu re . In th e  second g roup  body te m p e ra tu re  is characterized  
by co n tin u a l increase on successive days of life, and  th e  o ldest g roup  
has a level of th is index  p ro p e r to  a d u lt ind iv idua ls  (37— 39°C).

T he m etabo lic  reaction  of grow ing  voles is also dep en d en t on li tte r  
size, and  consequen tly  a sep a ra te  ana lysis w as m ade of d ata  obtained  on
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l i tte rs  of 1 to  6  young, and  also of sing le voles sep a ra ted  fo r the period  
of m easu rem en t.

S i n g l e  litte rs . In  in d iv idua ls  1— 9 days old oxygen consum ption  de
p ends on am b ien t te m p e ra tu re  only  to  a sm all ex ten t. W ith in  the  tem pe
ra tu re  ran g e  of T Ais to T A2s th is index  rem ain s  unchanged. A t T A:to oxygen 
consum ption  is low er, a lth o u g h  n o t to  a sign ifican t degree, b u t the 
d iffe rence becom es sign ifican t (P<0.01) a t T A 35 (Table 7). B ank  voles 
10— 18 days old a re  d istingu ished  by  strong  th e rm o reg u la to ry  reaction, 
since th e ir  oxygen consum ption  increases a t  low er am bien t tem p era tu res . 
A t T Ai5 th e ir  m etabolic ra te  is 91%  h ig h er th an  a t 30°C, an d  th e re fo re  
a reduction  of 1 ° in  am bien t te m p e ra tu re  b rings ab o u t a 6 %  increase 
in oxygen consum ption. R oden ts from  th e  o ldest age g roup  also exh ib it 
a d istinc t th e rm o reg u la to ry  reaction , b u t it is s ligh tly  sm aller, i.e , 
5 % / lcC, show ing th a t  h ea t conservation  m echanism s are  b e tte r  fo rm ed  
th an  a t th e  age of 10— 18 days.

As d iffe rences in body w eigh t betw een  th e  various age groups are  
considerable, ap p earin g  as 1.0 : 1.7 : 2.9, th e  re su lts  fo r oxygen consum 
p tion w ere  ca lcu la ted  fo r m etabolic body size, th a t  is, u n it of w e ig h t to 
the  pow er of th re e  q u a r te rs  (MW075), a f te r  K l e i b e r ’s generalisa tion  
(1981). T he re su lts  (Fig. 7) show  th a t  the  youngest g roup  of bank  voles 
from  single li tte rs  do not exh ib it th e rm o reg u la to ry  reactions a t T A 
from  15 to  25°C, a lth o u g h  a t  tem p e ra tu re s  from  20 to  30°C th e ir  
m etabolic ra te  is h igher th an  in voles from  10— 33 days old. Bank 
voles over 9 days old a re  ch arac te rized  by  a good m etabolic reaction  
to the effec t of cold and also heat.

S e p a r a t e d  ind iv iduals. S ingle ind iv idua ls  ab o u t 4, 14 and  24 days 
old w ere rem oved from  litte rs  of 4 or 5 young only  fo r the  d u ra tio n  
of the experim en t. A fte r oxygen consum ption had  been  m easu red  the  
an im als w ere  re tu rn e d  to th e ir  o rig inal cages. T he re su lts  ob tained  show  
th a t oxygen consum ption  ra te  is d iffe ren t from  th a t  in voles from  
single l itte rs  an d  also d iffe ren t from  th a t in th e  litte rs  from  w hich 
the sep a ra ted  an im als  w ere taken.

Ind iv iduals 4 days old h ad  a sign ifican tly  h ig h er oxygen consum ption 
ra te  th an  those from  single litte rs , and  exceeded th e  values found  fo r 
w hole li tte rs  by tw ice as m uch (Fig. 8 ). A t T A2o oxygen consum ption by 
separa ted  an im als d ro p p ed  sig n ifican tly  (P < 0 .01 ) in  com parison w ith  
TAi5 , desp ite  th e  considerable v aria tio n s in re su lts  (Table 8 ). The fact 
is rem ark ab le  th a t oxygen  consum ption in 4 d ay  old voles did  not change 
a t h ig h er tem p era tu res . S ep ara ted  voles a t th e  age of 14 days d iffe r 
s ign ifican tly  from  larg e  litte rs , b u t w hen  single litte rs  a re  com pared 
w ith  sep a ra ted  ind iv iduals no sign ifican t d iffe rences a re  found  a t  T Ai3, 
but th e  d iffe rence is sign ifican t a t h ig h er tem p era tu res . T here  are
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insign ifican t d ifferences irrespec tive  of te m p e ra tu re  betw een  the m e ta 
bolic ra te  of voles in  large  and single l itte rs  and  sep a ra ted  ind iv iduals, 
in  th e ir  fo u rth  w eek of life  (Table 7 an d  T able 8 ).

C om parisons of oxygen  consum ption by in d iv idua ls  exam ined  singly  
and  in  litte rs  of d iffe ren t size show  th a t no t only  is th e re  a considerable 
d ifference in  m etabolic ra te , b u t also th a t th e  sep a ra ted  voles a t th e  age 
of 4 an d  14 days do not ex h ib it chem ical th e rm o reg u la tio n  a t T A2o— T A3J.

15' 20 ' 2 5 ' 3 0 ’ 35°C

Cdo

A ge,days

Fig. H, Oxygen consum ption ra te  in  voles grouped in Litters (shaded part of diagram) 
in com parison w ith  the oxygen consum ption ra te  of individuals rem oved from 

litters for the tim e taken  by m easurem ents (whole height of column).
As individuals m easured singly had been rem oved from  litters  of 4 or 5 young, 
the results obtained w ere com pared w ith  the m ean values for litters of 4 or 
5 young.

Only th e  te m p e ra tu re  of 15°C causes a s ign ifican t increase  in  m etabolic 
ra te . Y oung voles k ep t to g e th er w ith  th e  o th er m em bers of th e  litte r  
du ring  m easu rem en ts exh ib it a s tro n g  reac tion  to  th e  effect of physio
logical hea t and  cold. S ingle litte rs  ex h ib it in te rm ed ia te  reactions; the 
youngest g roup of 4-day  old sep a ra ted  voles do not possess chem ical 
regu la tion , b u t 10— 18 days old sing le litte rs  d iffe r from  14 d ay  old 
sep a ra ted  voles. A ll these d iffe rences show th a t th e  capacity  for in 
creasing hea t p roduction  u n d er the  in fluence of th e  th e rm a l effec t of



t h e i r  h a b i t a t  a lso  d e p e n d s  on b e h a v io u r a l  s t im u l i  c r e a te d  e i t h e r  b y  liv in g  
in  a  l i t t e r  o r  o u ts id e  it. .

Table 7
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Changes w ith  age in oxygen consumption expressed in ml/g hr ± SD, by bank voles 
in litters  of different size a t d ifferen t am bient tem peratures.

1—9 days 10—18 days 19—33 days
L itter

size m l/g  hr 
± S D

Body 
wt., g n

m l/g  hr 
± S D

Body 
wt., g n

m l/g  hr 
+ S D

Body 
wt., g n

Ambient tem peratu re 15°C
1 3.99 3.8 3 5.08 + 0,38 6.4 7 4.80 ± 0.59 9.5 30
2 3.95 ± 0.33 3.4 8 4.46 ±  0,79 6.0 11 4.12 ± 0.45 10.6 19
3 3.29 ± 0.31 3.4 28 3.99 ± 0.76 6.3 27 4.08 ± 0.41 9.3 25
4 2.83 ± 0.42 2.9 19 4.20 ± 0.84 6.4 24 3.50 ±0.22 10.7 24
5 2.91 + 0.47 3.1 15 3.80 ± 0.60 5.8 27 3.59 ± 0.49 10.0 17
6 2.92 ± 0.26 2.7 9 3.74 ± 0.6^ 5.9 6 3.31 9.2 2

Ambient tem peratu re  20°C
1 4.19 ±0.76 3.2 9 4,04 5.7 3 3.67 ± 0.81 11.4 12
2 3.74 ± 0.49 4.4 9 3.83 ± 0.44 7.7 13 3.36 ± 0.48 12.0 14
3 2.18 ±  0.37 3.6 16 3.48 ± 0.73 6.7 17 3.59 ± 0.52 9.6 32
4 2.24 ± 0.36 3.3 19 3.49 ± 0.61 6.4 21 3.45 ± 0,33 9.6 38
5 2.03 ± 0.59 3.6 23 2.94 ± 0.16 5.9 10 3-33 ± 0.56 10.2 16
6 1.84 ± 0.91 3.6 9 2.64 ± 0.78 6.0 10 3.16 ± 0.27 11.2 10

Ambient tem peratu re 25°C
1 4.13 ± 0,28 3.6 7 3.73 ± 0.25 4.9 7 2.76 ± 0.63 12.7 4
2 3.55 ± 0.62 3.7 7 2.83 ± 0.74 5.5 8 3.04 ± 0.56 10.1 11
3 2.01 ± 0.40 3.7 17 2.78 ± 0.68 5.6 16 2.94 ± 0.43 10.2 17
4 1.84 ± 0.62 3.5 17 2.77 ± 0,40 5.5 17 3.09 ± 0.62 10.0 21
5 1.87 ±0.51 3.5 10 2.88 ± 0.64 6.3 11 3.02 ± 0.49 9.9 6
6 1.62 ±0.42 3.2 11 2.54 ± 0.53 6.1 11 2.83 ± 0.29 9.3 7

Ambient tem pertau re 30°C
1 3.59 4.6 2 2.65 ± 0.44 7.0 5 2.69 ± 0.88 8.7 4
2 3.15 ±0.51 4.0 6 2.67 ± 0.82 6.5 8 2.73 ± 0.62 10.6 15
3 2.04 ± 0.38 4.8 4 2.23 ± 0.61 5.8 8 2.73 ± 0.56 10.2 8
4 1.51 ±  0.43 3.1 9 2.27 ± 0,49 6.2 6 2.90 ± 0.62 10.5 14
5 1.49 ± 0.66 2.9 5 2.31 ± 0.63 5.9 10 2.80 ± 0.30 10.1 14
6 1.32 2.9 1 1.90 ± 0.73 5.4 4 2.81 10.0 2

A m bient tem peratu re 35°C
1 2.38 ± 0.98 3.3 7 3.02 ±  0.76 6.0 8 3.09 ± 0.36 10.1 2
2 2.37 ± 0.66 3.8 4 2.98 + 0.45 6.6 9 3.04 ± 0.61 11.2 11
3 1.72 2.7 1 2.87 ± 0.56 5.9 6 3.00 ± 0.25 12.0 28
4 1.30 ± 0.42 3.1 7 3.02 ±0.41 6.3 19 3.31 ± 0.52 11.5 21
5 1.42 ±0.31 3.0 11 2.81 ± 0.58 6.0 9 3.52 ± 0.68 12.3 9
e 1.33 2.5 2 2.90 ± 0.30 6.3 5 3.64 ± 0.45 10.8 4

4.2,3, E ffect of A m bient Tem perature and the Size of the L itter (2—6 young) 
on the M etabolic Rate a t D ifferent Ages

L itte rs  of t w o. Voles 1— 9 days old reduce th e ir  m etabolic ra te  
a t T Ais— T A30, b u t th is d ifference is not sign ificant. I t is no t u n til 
T A35t h a t i t i s  low er (P < 0 .0 1 ) th an  a t 30°C. U nlike the  young voles in
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sing le litte rs , an im als over 9 days old have only  a very  s ligh tly  low er 
re sp ira tio n  ra te  th an  th a t of voles below  th is  age (Table 7). O xygen 
consum ption  ca lcu la ted  for MW 0-75 show s th a t  a t  T Ais and 20° m etabolic  
ra te  is sim ilar regard less of age. A t T A 25 and 30° it is h ig h er in ind iv iduals  
1— S days old and  a t 35°C is m ark ed ly  low er th an  in  th e  tw o older 
groups.

L itte rs  of t h r e e .  The developm ent of a m etabolic  reaction  to th e  
e ffec t of am bien t tem p era tu res  in  these voles d iffe rs  from  th a t in litte rs  
of tw o. Y oung voles from  1— 9 days old from  these an d  la rg e r litte rs  
h av e  a d is tin c tly  low er m etabolic ra te  th a n  o lder individuals. This

T able 8
Oxygen consumption by separated  bank voles of d ifferent age.

Ambient 
tem pera
ture, °C

Age in days

4—6 14—16 24—30

15 m l/g h r ± SD 
kcal/kgn-75 hr 
Body wt., g 
n

6.17 ± 1.58 
10.96 
3.0 

20

5.85 ± 0.51 
9.58 
5.9 

20

5.78 ±0.71 
9.04 

10.3 
19

20 m l/g hr + SD 
kcal/kg»-75 hr 
Body wt., g 
n

4.14 + 0.61 
6.87 
3.5 

18

5.21 ± 0.74 
8.58 
7.1 

20

4.35 ± 0.86 
7.32 

12.8 
20

25 ml/g hr ± SD 
kcal/kgn'75 hr 
Body wt., g 
n

4.08 ± 1.12 
6.79 
3.6 

12

5.51 ±0.73 
8.85 
6.6 

24

3-51 ± 0.70 
5.78 

13.1 
24

30 m l/g hr ± SD
kcal/kgO-TS hr
Body wt., g 
n

3.96 ± 0.84 
6.74 
3.3 

31

5.61 ± 0.34 
8.57 
6.2 

40

3.20 ± 0.62 
5.38 

13.3 
14

35 m l/g hr ± SD
kcal/kgo.fs hr
Body wt., g 
n

4.28 ± 0.95 
7.27 
3.4 

20

5.36 ± 0.90 
8.57 
6.4 

18

3.73 ± 0-86 
6.28 

12.9 
14

d iffe ren ce  also depends on am bien t tem p era tu re , b u t is p rim arily  due 
to age d ifferences. A t T Ai5 3 voles in  one li tte r  consum e sign ifican tly  
(f’< 0 .0 0 1 ) m ore oxygen  th an  a t TA2o (Table 7), bu t a t h ig h er tem p era tu res  
th ese  d iffe rences a re  no t so great. A s im ila r conclusion is reached  w hen  
com paring  values calcu lated  fo r M W 0-75 (Fig. 7). In  voles 10— 33 days 
old th e  dependence of m etabolic ra te  on am b ien t te m p e ra tu re  is a lread y  
d is tin c t (Table 6 ).

L itte rs  of f o u r .  D uring the f irs t 9 days of life voles have sign ifican tly  
h ig h e r oxygen consum ption  (P < 0 .01) a t T A 20  th an  a t T A25, an d  the d if
fe ren ce  betw een  T A ] 5 and TA2n is also sign ificant. T em p e ra tu re s  over 25°,
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how ever, do not cause d istinc t d iffe rences in the m etabolic ra te  of th e  
youngest an im als. Voles 10— 18 days old a re  d istingu ished  by a sign ifican t 
dependence of oxygen consum ption on am bien t tem p e ra tu re  (TAli— T A30), 
bu t T Aas causes a renew ed  sign ifican t increase in  m etabolic ra te . In 
d iv iduals a t th e  age of 19— 33 days also reduce th e ir  m etabolic  ra te  
w ith  increase  in tem p e ra tu re  from  T A 25 to  T A3n (Table 6 ).

L itte rs  of f i v e  and s i x .  R eduction of T A from  20°C to 15°C 
causes a s ign ifican t increase in oxygen consum ption (Table 7), b u t an  
increase of T A to 35°C brings abou t only  a negligible change in m etabolic

200

150 -
h.

I  1 0 0  ■
c oN
S 5 0  -

O i----------------1----------------1--------------- 1--------------- 1--------------- 1------------ -J ----------------1--------------- 1
1-3 4 -6  7 -9  10-12 13-15 16-18 I9'2l 22~24 2 5 ‘33

A g e ,d a y s

Fig. 9. M etabolic rate  in voles a t T .\3,, in consecutive periods of the firs t m onth 
of life, the single litte rs  w ere com pared w ith the litters containing 3—6 young. 

A verage body weight is given in Table 7.

ra te . V oles 10— 18 days old show  only a slight increase in oxygen 
consum ption  above T A2S. In  the  o ldest g roup the  effect of tem p e ra tu re  
on m etabo lic  ra te  is sm all, and th is  is confirm ed w hen expressed  as 
M W °-75 (Fig. 7).

At a te m p e ra tu re  close to  the  n e u tra l zone the m etabolic ra te  of l i tte rs  
con tain ing  from  3 to  6  young scarcely  d iffers b u t is v e ry  d iffe ren t 
from  th e  values found fo r  single litte rs . In  order to  trace  m ore ex actly  
the  age changes in  th e  m etabolism  of voles grow ing in  large an d  single
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l itte rs , they  have  been  p re sen ted  over successive 3-day periods. At T AiJJ 
MW 3-75 is m ark ed ly  h ig h er du ring  the  f irs t  12 days of life in single 
litte rs  th an  in la rg e  ones (Fig. 9). T hese values a re  alm ost id en tica l in 
o lder ind iv iduals. S im ilarly , w hen ca lcu la ted  fo r one ind iv idual, energy  
consum ption  in l itte rs  of 3 to 6  voles is low er d u rin g  th e  ea rlies t p a r t  
of th e ir  life, b u t becom es h igher in  voles over tw o  w eeks old (Fig. 9). 
T his is caused by  th e  g re a te r  body w eigh t of th e  voles grow ing in  la rg e r 
li tte rs  over th is  period  (Table 7).

4.3. Results for the Autumn Generation

4.3.1. L itte r  Size and Oxygen Consum ption

T he n u m b er of an im als  born  in  au tu m n  w as too sm all to d iv ide the 
v a lu es  ob ta ined  accord ing  to  the nu m b er of young in  a li tte r , especially  
as th e  m ost fre q u e n t l i t te r  size w as 3 or 4. O nly  in  one case th a t it 
p roved  possible to  estab lish  th a t  li tte r  size affects oxygen  consum ption  
th a t is a t T A1S sing le  ind iv idua ls  from  19— 27 days old a re  ch arac te rized  
by a h ig h e r m etabo lic  ra te  th an  th a t for li tte rs  con tain ing  an average  
n u m b er of 3.6 young (Table 9). T his d ifference is s ta tis tica lly  h igh ly  
s ig n ifican t ( P <  0 ,0 0 1 ).

4.3.2. The Effect of Age and Tem perature on M etabolic Rate

T he v e ry  sm all n u m b er of li tte rs  ob ta ined  for th is g en e ra tio n  did not 
allow  th e  sep a ra tio n  of th e  stages of developm ent of body te m p e ra tu re  
and  re sis tan ce  to  cooling d u rin g  the postna ta l period. T h erefo re  th e  sam e 
division  in to  age g roups has been used as in the  case of voles born  in 
sp ring .

O xygen  consum ption  in  bank  voles of th e  au tu m n  genera tion  is h ighest 
a t T A1s, b u t is sim u ltan eo u sly  d ep en d en t on age. V oles a t the  age of 
1 — 9 d ay s have a sig n ifican tly  ( P < 0 .0 1 ) low er m etabolic ra te  th an  those 
Id — 18 days old, w h ile  th is  g roup  also has a sign ifican tly  (i3 < 0 .0 2 ) h igher 
oxygen  consum ption  ra te  th an  ind iv iduals 19— 27 days old (Table 9), 
A rise  in  am b ien t te m p e ra tu re  leads to  a red u ctio n  in  m etabolic rate , 
th is  being p a r tic u la r ly  m ark ed  in  th e  youngest voles, w hen a t T Ajo 
oxygen consum ption  is 81°/« low er th an  th a t recorded  at T AiS. S im ilarly  
th e  ca lcu la ted  d iffe ren ce  for 10— 18 day old voles is 73°/u, bu t only  20Vo 
fo r the  o ldest ind iv iduals.

D esp ite  th e  d iffe ren ces in the  m etabolic reaction  of th e  various age 
g roups to  th e  effec t of am b ien t tem p e ra tu re , th e  am o u n t of oxygen 
consum ed a t T A 30 is also d e te rm in ed  by th e  voles’ age. The youngest 
g ro u p  also has a sig n ifican tly  low er oxygen  consum ption  ra te  a t this 
te m p e ra tu re  com pared  w ith  voles from  10— 28 days old. On th e  o ther



Table 9
Oxygen consumption by bank vole litte rs  born in the autum n generation.

1 - -9 days 10-—18 days 19-—33 days
tem pera
ture °C

ml g h r 
± S D

Body 
wt„ g n L itter

size
ml g hr

± S D
Body 
wt„ g n L itter

size
ml.g h r  

+ S D
Body 
wt., g n L itter

size

15 2.89 ± 0.27 3.2 15 3.3 3.74 ±0.51 5.6 12 3.2 3.33 ± 0.29 9.5 16 3.6
15 — — — — — — — — 4.22 ± 0.61 10.4 8 1
20 — — — — 2.86 6.2 2 2.5 2.59 10.4 3 3.7
25 1.88 ± 0.21 3.1 12 3.4 2,42 6.3 2 2.5 2.87 6.1 1 3.0
30 1.60 ± 0.36 3.0 10 3.3 2.16 ± 0.60 5.5 12 3.2 2.79 ± 0.42 8.4 5 3.4
35 1.21 2.9 2 3.5 2.77 6.0 1 3.0 — — — —
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hand  th e  d iffe ren ce  d iv id ing  th is  g roup  from  th e  o ldest an im als is on 
the b o rd e rlin e  of significance (Table 9). A t T A 35 m etabolic  ra te  is even  
m ore closely dependen t on age, b u t th e  sm all am oun t of d a ta  ob ta ined  
did not allow  th e  s ta tis tica l significance to  be m arked .

4.4. Differences between Generations

D ata on oxygen consum ption fo r th e  sp rin g  g en era tio n  w ere  in te r
po lated  to th e  size of li tte rs  ch a rac te ris tic  of th e  a u tu m n  generation , 
an d  w ere  exp ressed  p e r m etabolic  body size so th a t  th e  tw o  g en e ra tio n s 
could be com pared. T he ban k  voles bo rn  in  sp ring  have, in  a lm ost all

I i Spring generation Autumn generation
19 -33  days

15° 25° 3 0 “ 35" 15° 20° 25° 3 0 “ 3 5 “ 15“ 2 0 “ 25" 3 0 “
Ambient temperature

Fig. 10. Comparison of metabolic rate at different temperatures expressed in 
calorific requirements per metabolic body size (kgo.ts) for voles of different age 

and coming from the spring and autumn generations.

cases, a h ig h e r m etabolic ra te , th a n  those bo rn  in  au tu m n  (Fig. 10). 
T he size of d ifferences does no t depend  so m uch  on  age, b u t on the  
effect of am b ien t tem p e ra tu re . I t is m ost d is tin c t a t T Au  and  20°C, 
but is very  sligh t a t h ig h er tem p era tu res . A ll these d iffe ren ces a re  not, 
how ever, sign ificant, excep t for sing le litte rs , w hich d iffe r sig n ifican tly  
a t 15°C. T he p ic tu re  of the m etabolic p ro p e rtie s  observed  in  g row ing  
voles th u s  ind icates th a t  th e re  is som e re ta rd a tio n  of th e  developm ent
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ra te  in  an im als  born  in au tu m n . H ow ever, these d iffe rences a re  no t 
su ffic ien tly  g rea t to be able to  s ta te  th a t th e  developm en t p a tte rn  is 
d iffe ren t in  th e  tw o  generations.

4.5. Discussion

In  th e  bank  vole hea t p roduction  m echanism s a re  not fu lly  developed 
d u rin g  th e  im m ed ia te  p o stn a ta l period. This developm ent depends on age 
(m etabolic ra te  is h ig h er in  o lder anim als) and  on  li tte r  size. Young 
voles from  sm all li tte rs  ( 1 — 2  ind iv iduals) hav e  a d iffe ren t m etabolic 
ra te  at given tem p e ra tu re s  th a n  ind iv iduals from  la rg e r l i tte rs  (3— 6 ). 
H ow ever, th e  oxygen consum ption  ra te  of in d iv id u a ls  sep a ra ted  fo r the  
d u ra tio n  of m easu rem en ts is tw ice as high as th a t  fo r w hole litte rs . In  
add ition , it only  p a r tly  agrees w ith  resu lts  fo r young  voles b o rn  and 
re a re d  singly . I t  w ould  th e re fo re  ap p ear th a t  th e  only  w ay  to  m easure 
th e  ch a rac te rs  of young bank  voles liv ing w ith  th e ir  siblings is to  tre a t 
them  to g e th e r as a group. T his conviction, w hich is obvious to  ethologists 
concerned  w ith  re la tio n s  betw een  th e  m other an d  h e r  offspring, is slow ly 
find ing  accep tance am ong physiologists ( M o u n t ,  1960; C o s n i e r, 
D u v e a u  & C h a n e l ,  1965).

The ra te  a t w hich  m etabolic reaction  is fo rm ed  in  th e  b an k  vole is 
rap id , as suggested  by th e  re su lts  ob tained  by  B a s h e n i n a  & B o- 
r o v s k a  j a (1963) in  th e ir  observations of th e  developm ent of 6  litte rs . 
A s ign ifican t increase  in m etabolic ra te  occurs on th e  fin a l days of the  
second w eek of life. N evertheless, desp ite  the low  m etabolic ra te  on the  
f irs t  few  days a f te r  b irth , th e  effect of cold fo r 15 m in u tes  causes 
considerable increase  in  oxygen consum ption. A lthough  m easu rem en ts  
m ade fo r 1 1/2 ho u rs  a t  T A 30° revealed  a decrease  of 40%  in  m etabolic 
ra te  in  voles 4— 6  days -old, th e  f irs t  tw o 15-m inute periods of the  
m easu rem en t show  th a t chem ical th erm o reg u la tio n  exists, an d  th u s  even 
on th e  f irs t  few  days a f te r  b ir th  oxygen consum ption  by  voles increases 
u n d er cold conditions, as it does in  th e  case of lab o ra to ry  m ice (C a s s i n, 
1963) an d  ra t  ( T a y l o r ,  1960a). T his con trad ic ts  th e  opinion th a t sm all 
roden ts  a re  com pletely  incapab le  of increasing oxygen  consum ption  w hen 
am b ien t te m p e ra tu re  drops.

The red u ctio n  in  oxygen consum ption  ra te  in  voles 4— 6  days old 
w hen  m easu rem en ts  a re  m ade fo r a considerab le tim e can be exp lained  
to som e ex ten t by th e  fac t th a t  th e  chem ical th e rm o reg u la tio n  of rep le te  
in d iv id u a ls  is m ark ed ly  h ig h er th an  in  h u n g ry  ones ( B a r i c ,  1953; 
T a y l o r ,  1960b). This re la tio n  w as not, how ever, observed in  very  
young lab o ra to ry  m ice ( F i t z g e r a l d ,  1953), T he co rb o h y d ra te  r e 
serves of a n ew born  ra t  a re  v ery  low (M o u r  e k, 1958), so th a t h u n g ry
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in d iv id u a ls  w ould  be expected  to  have a reduced  oxygen consum ption  
in  cold conditions. I t  w ould  seem  th a t i t  is no t the exp lana tion  of th e  
d iffe ren ces  in  m etabolic ra te  and  reac tion  to cold in bank  voles depend ing  
on l i t te r  size. S m all l itte rs  a re  undou b ted ly  b e tte r  fed  and  th a t  is w h y  
th e ir  m etabo lism  and  reaction  to  cold d iffe rs  from  those of less w ell fed  
in d iv id u a ls  from  la rg e r litte rs . T his does no t m ean th a t  young  voles 
fro m  sm all l i tte rs  have m ore favourab le  conditions fo r developm ent th an  
in d iv id u a ls  from  large  litte rs . I t has been found u n d er field  conditions 
th a t m o rta lity  am ong litte rs  consisting of 4 to  7 young is low er th a n  
in  sm a lle r l i tte rs  ( R y s z k o w s k i  & T r u s z k o w s k i ,  1970). I t m ay  
th e re fo re  be concluded th a t th e  low  m etabolic ra te  ch a rac te ris tic  of la rg e  
li t te r s  is a ch a rac te r p re fe rre d  by  n a tu ra l selection, desp ite  th e  fact th a t  
the am o u n t of food ava ilab le  fo r each of its  m em bers is re la tiv e ly  sm a l
le r  th an  in  litte rs  w ith  few er ind iv iduals. R eduction  in  en e rg y  losses 
is  th u s  m o re  im p o rtan t to  th e  vo les’ su rv iv a l th an  in crease  in  its  p o ten tia l 
sources.

In  voles 10— 18 days old oxygen consum ption  is som etim es h ig h er th a n  
in  o lder an im als. This is connected w ith  th e  fact th a t  th e ir  h ea t p ro 
d uction  m echan ism s a re  a lread y  w ell developed, b u t no t th e ir  fu r  and  
v asom oto r reactions. B ank voles can th e re fo re  produce a considerab le 
am o u n t of h ea t w hich  is lost m ore qu ick ly  th an  in  o lder ind iv iduals.

T he season of b ir th  ex e rts  only  an  in fluence on th e  ra te  a t w hich  
m etabo lic  reaction  is form ed. B ank voles born  in  w in te r in  cap tiv ity  
(cf. sec tion  5), like ra ts  b o rn  a t an  am b ien t te m p e ra tu re  of 5°C (C h  e  v  i 1- 
l a r d ,  P o r t e t  & C a d o t ,  1963), grow  m ore slow ly, and  also have 
a h ig h e r tissu e  m etabo lism  ( G ^ b c z y n s k i ,  1975) con firm atin g  th a t 
th ey  a re  physio log ically  (m etabolically) younger.

T he ex am in a tio n  of the  oxygen consum ption  of voles d u rin g  th e  f irs t 
m o n th  of life  show s th a t a sh o rt period  in  a te m p e ra tu re  even as low 
as 15°C causes a d istinc t increase. T he degree of th is  reac tion  is c lea rly  
d iffe ren t in  young voles from  sm all and  la rg e  litte rs , b u t th e  m etabolic  
reac tio n  of y oung  voles up to  abou t th e  9th  day  of life is n o t as constan t 
as in  o lder anim als. M etabolic ra te  is also low in th e  youngest voles 
an d  does n o t increase  qu ick ly  u n til th e  an im als a re  older. T herefo re  
th e  co n stan t body te m p e ra tu re  observed  in  th e  bank  vole d u rin g  the  
period  of p o s tn a ta l developm en t (cf. section 2 ) is en su red  no t only  by 
th e  m o th e r’s behav iour or p resence of th e  n es t and  by th e  young voles 
h u d d lin g  to g e th e r in a litte r . Such a li tte r  can p roduce m ore h ea t w hen 
su b jec ted  to  th e  effect of cooling th an  can an  ind iv idual. G roup  th erm o 
reg u la tio n  consists of im prov ing  the re la tio n  betw een body su rface  and 
its  w eigh t ( G ^ b c z y h s k i ,  1969). H ence h ea t p roduc tion  by a litte r  
is su b jec t to  sm alle r flu c tu a tio n s th an  in  single in d iv id u a ls  in w hich
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h y p o th erm y  re s tr ic tin g  m etabolism  m ay easily  take  place. I t  m ust, 
how ever, be rem em b ered  th a t th e  re su lt of m etabolism  in a g ro u p  also 
depends on social re la tio n s  and  reactions ( P o n u g a e v a ,  I960; M y r -  
c h a  & S z w y k o w s k a ,  1969; M y r c h a ,  1975), and  these pheno
m ena are  com plete ly  u nknow n  in ro d en t litte rs . I t  is possible th a t  these 
fac to rs  also m ay  d e te rm in e  th e  g re a te r  capacity  fo r su rv iv a l of large  
litte rs .

B , T H E  E N E R G Y  C O ST  O F N E S T L IN G  D E V E L O P M E N T

5. THE COST OF GROWTH IN NESTLINGS AT DIFFERENT TEMPERATURES

T he increase  in  th e  m o th e r’s calorific req u irem en ts  d u rin g  h e r g esta tio n  
an d  lac ta tion  periods is due to  th e  necessity  fo r tran sm ittin g  p a r t  of 
th e  assim ila ted  en e rg y  to  h e r offspring . In  th e  bank  vole, w hich  p roduce 
5 and  re a rs  4 young, according to  K  a c z m  a r  s  k  i ’s estim ate  (1966) 
en e rg y  re q u irem en ts  increased  by 24%  d u rin g  gesta tion  and  by  92n/o 
d u rin g  lacta tion . T his considerab le m etabolic  b u rd en  m ay be increased  
even  m ore, w hen l itte rs  a re  larger, b u t m ay  be reduced  w hen th e  n u m b er 
of o ffsp ring  is sm all. Since nestling  developm ent ra te  in cap tiv e  bank 
voles c lea rly  depends on th e  season of b irth , m easu rem en t w ere  m ade 
of the  food consum ption  of p a re n ts  rea rin g  litte rs  in w in te r  and  in  spring. 
T his allow ed th e  estim ation  of th e  re la tio n  betw een  m ain ten an ce  costs 
and  g ro w th  of th e  l i t te r  ra te  of g row th  an d  developm ent of th e  young. 
In  ad d itio n  a series of m easu rem en ts  w ere  m ade in sp rin g  a t  low 
te m p e ra tu re s  in  o rd e r to  es tim ate  th e  effect of am bien t te m p e ra tu re  on 
th e  above co rre la tion . *

5.1. Material and Methods

M easurem ents of food consum ption w ere made on voles rearing  young at a 
tem pera tu re  of 20.3°C (w inter I series), 19.7°C (spring II series) and 9.0°C (spring 
III  series). F or purposes of com parison about 10 pairs w ithout offspring w ere 
kept under identical conditions for each series. All the anim als used for the 
experim ents w ere taken  from  among those kep t in captivity  in the laboratory, 
the conditions of which have been described by B u c h a l c z y k  (1970).

The voles w ere supplied w ith  husked oats, carro t and w ater. U nconsum ed food 
was weighed daily to determ ine the am ount consumed, which was expressed as 
dry mass. Food consum ption and changes in body w eight w ere assessed for th ree 
successive days of each week. On the rem aining day food and w ater w ere supplied 
w ithout touching the young, in order to reduce the effect of handling on the ir 
growth. The voles w ere kept in p lastic cages m easuring 30X20X10 cm, w ith  w ire 
m esh lids. The nest m ateria l consisted of cotton-wool, 30 g of which w as supplied 
for room  tem peratu re conditions and 40 g for the  lower tem perature .

W hen calculating the energy budget of adu lt individuals, a correction was in 
troduced  for changes in  body weight, adding 7 kcal/g for weight loss, and sub
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tra d in g  9 kcal/g w hen w eight increased, on the assum ption that lipids are th e  
main m ateria l utilized or deposited ( D r o ż d ż ,  1968). The coefficient of digestion 
and assim ilation of voles fed on the sam e food varied very little , being 86.3®/o 
and 85.0°/o, depending on am bient tem peratu re ( G ę b c z y ń s k i  & G ę b c z y ń s k a .  
1971). As the difference in tem peratu res in this study was 16°C, g rea ter than in th e  
present study, two d ifferen t values w ere not introduced. It was assum ed that 85°/« 
energy was assim ilated in all calculations.

5.2. Results

T he com bined food re q u irem en ts  of a m ale and  fem ale not re a rin g  
o ffspring  w ere es tab lish ed  by m eans of 24-hour m easu rem en ts  a t te m 
p e ra tu re s  of 20°C and  9°C (Table 10). A t th e  low er tem p e ra tu re  th ese  
a re  over 20%  g re a te r  th an  a t room  te m p e ra tu re . B oth these  values, 
expressed  as ass im ila ted  energy , w ere  used fo r ca lcu la ting  th e  en e rg y  
req u irem en ts  of litte rs , since the  values ap p ro p ria te  to  p a ren ts  w ith o u t 
offsp ring  w ere su b trac te d  from  th e  req u irem en t va lu es m easu red  fo r 
p a ren ts  w ith  o ffspring . C alcu lations of th e  l i t te r ’s energy  re q u irem en ts

Table 10 .
Food consum ption by pairs (male +  fem ale) not rearing  offspring. 

n  indicates num ber of m easurem ents of daily food requirem ents expressed in  un its  
of assim ilated energy.

A m bient Mean w eight kcal pair kcal'g D ifferences in
*C of the pairs, g per day per day drSD consum ption. %

20.1 45.0 36 18.96 0.422 ± 0.103 ■ 100.0
9.0 44.3 99 22.55 0.509 ±  0.089 120.6

w ere lim ited  to  th e  f irs t  10 days fo llow ing b irth , w hen  the  on ly  source 
of food fo r th e  young  is th e ir  m o th e r’s m ilk. T hus costs of food conversion 
to  m ilk  e n te r  in to  th e  estab lished  value.

Ow ing to  th e  use of li tte rs  v a ry in g  in  size from  1 to  5 young, it w as 
possible to  show  th a t an  increase  in th e  size of th e  l i t te r  is accom panied  
by increased  en e rg y  req u irem en ts  fo r its su p p o rt d u rin g  th e  f irs t tw o 
w eeks of life. T he coefficien t of co rre la tio n  b etw een  these is 0.49 in 
series I an d  is even  low er in  series II and  III, being  0.31 and  0.29, 
respectively . T his show s th a t, w ith  th e  n u m b er of m easu rem en ts  d iscus
sed, th e re  a re  no sign ifican t re la tio n s betw een  th e  n u m b er of young in 
a l i t te r  and  d a ily  en e rg y  ex p en d itu re  by  th e  p aren ts . The d ifferences 
in  food consum ption  of voles re a r in g  o ffsp ring  cannot th e re fo re  be 
exp lained  by th e  d iffe ren t nu m b er of young  in  a litte r .

On the  o th er h an d  by com paring  th e  ca lcu la ted  ex p en d itu re  on the  
l i t te r ’s m ain tenance  w ith  th e  ra te  of g ro w th  of body w eigh t fo r the
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Table II
Energy requirem ents of bank voles rearing offspring.

The m easured value of food requirem ents was calculated only for the first 14 days 
of life of young voles while still constantly  in the nest. R equirem ent value was 
converted to assim ilated energy (85“/o of gross energy). Consum ption of a fem ale 
and m ale not rearing  offspring, determ ined in control experim ents, m ade it possible 
to calculate the  paren ts’ requirem ents, the difference being trea ted  as the cost of 
supporting  offspring. The litters were weighed and these data form  the basis for 
calculations of the relation between increase in body w eight and energy cost of 
supporting offspring. Each m easurem ent indicated a mean value for a 14-day 
experim ent.

No. of 
expe

r i 
m ent

P a re n ts +
offspring Parents Offspring

kcal day Weight, g L itter
size

kcal 
litter 

per day
G ain g 
14 days

Gain 
g day

Efficien
cy of gain 

kcal g

I series, w inter, am bient tem peratu re  20.3°C
1 20.42 40.2 16.94 2 3.48 4.8 0.34 10.18
2 19.32 39.1 16.49 2 2.83 4.6 0.33 8.63
3 18.87 36.2 15.23 2 3.74 5.2 0.37 10.08
4 23.68 42.4 17.83 3 5.85 8.9 0.64 9.21
5 22.30 41.3 17.37 3 4.93 7.8 0.56 8.86
6 23.39 37.4 15.73 4 7.66 11.3 0.81 9.49
7 21.17 42.0 17.70 4 3.47 7.0 0.50 6.94
3 25.14 48.2 20.31 5 4.83 8.0 0.57 8.46
X 21.79 40.8 17.20 3.1 4.60 7.2 0.52 8.98

II series,, spring, am bient tem perature 19.7°C
1 21.51 37.7 15.89 1 5.62 4.5 0.32 17.50
2 26.44 47.2 19.90 2 6.54 9.1 0.65 10.07
3 30.04 44.0 18.54 3 11.49 14.2 1.01 11.33
4 30.51 45.6 19.22 3 11.29 14.5 1.04 10.90
5 31.35 44.2 18.63 3 12.72 16.2 1.16 10.99
6 27.66 45.8 19.36 4 8.30 12.0 0.86 9.46
7 31.85 48.5 20.44 5 11.41 15.8 1.13 10.11
8 30.55 46.1 19.43 5 11.12 12.5 0.89 12.49
9 32.55 45.9 19.35 5 13.20 18.9 1.35 9.77
X 29.16 45.0 18.97 3.4 10.19 13.1 1.05 11.40

III series, spring, am bient tem perature 9.0°C
1 34.27 57.8 29.43 1 4.84 4.5 0.32 15.09
2 27.37 45.3 23.06 2 4.31 7.7 0.55 7.83
3 29.81 42.0 21.39 3 8.42 11.8 0.84 10.00
4 35.02 54.0 27,67 3 7.35 6.3 0.45 16.34
5 28.41 43.0 21.90 3 6.51 11.6 0.83 7.87
6 30.27 41.7 21.23 4 9.04 12.6 0.90 10.04
7 30.86 47.8 24.33 4 6.53 10.0 0.71 9.14
8 32.44 48.4 24.64 4 7.80 14.2 1.01 7.70
9 27.93 - 42.4 21.59 5 6.34 10.6 0.76 8.37
X 30.71 46.9 23.93 3.2 6.79 9.9 0.71 10.20

litte r , v e ry  h ig h  co rre la tion  w as obtained  fo r these tw o  ch arac te rs . The 
equation  of regression  fo r these re la tio n s are:

series I, 20.3°C, w inter, Y=0.514+0.084 x; r=0.95 P<0.001
series II, 19.7°C, spring, Y =  0.934+0.106 x; r  =  0.93 P<0.001
series III, 9.0°C, spring, Y=0.697+0.132 x; r  =  0.86 P-C0.001
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A lthough  th e  am o u n t of energy  used fo r increase  of 1 g of body 
w eigh t of th e  offsp ring  is 7.8 assim ila ted  kcal, to  17.5 kcal, it is only 
in th ree  cases out of th e  26 exam ined  th a t the fig u re  of 15 is exceeded. 
These th ree  litte rs  consisted in one case of th ree  young, and  in  two 
o th er cases w ere  single litte rs  (Table 11). In both  single litte rs  the in 
crease in body w eigh t p e r ind iv idual is high, w hile  it is re la tiv e ly  low 
in the  th ird  litte r . All th e  o th er l i tte rs  come w ith in  lim its  of 10 ± 2 kcal. 
No d is tin c t re la tio n  betw een  th is index  and  season of b irth , g row th  ra te  
or am bien t te m p e ra tu re  can  be found. L itte rs  k ep t a t  a tem p era tu re  
of 9°C need th e  least en e rg y  fo r an increase in body w eight of 1 g, 
a lth o u g h  th e  d ifference is no t significant.

V arious litte rs  d iffe r by as m uch as five tim es in  th e  value  of the 
w eigh t increase due to  g ro w th  d u rin g  th e  f irs t tw o  w eeks of th e ir life. 
This is due in  som e m easu re  to  th e  l i t te r  size, since increase p er in
d iv idual in  d iffe ren t li tte rs  d iffe rs  by a facto r of only  2.5, In  series I 
th e  voles w ere  born  in w in ter, hav ing  a g row th  ra te  of 0.5 g /day /litter. 
H ow ever, th e  voles bo rn  in  sp rin g  (series II, A pril; series III, M arch) have 
respecively  a d istin c tly  h ig h er g ro w th  ra te  of 0.9 and  0.7 g /day /Iitter. 
D ifferences betw een series II an d  III m ay be due to  th e  effect of lower 
am bien t tem p e ra tu re  ( C h e v i l l a r d  e t  ah , 1963), and  also to the 
fact th a t li tte rs  in series  III a re  slig h tly  sm aller.

T he ex p en d itu re  of energy  on rea rin g  young also increases during 
th e  successive days of life of the  offspring . For instance, th e  average 
food req u irem en ts  of ad u lts  d u rin g  the f irs t w eek of life of th e ir young 
is 28.7 kcal, b u t 32,4 kcal in th e  second week. R eduction  in such ex
p en d itu re  undo u b ted ly  begins w hen  th e  young suck lings begin to eat 
solid food in add ition  to  m ilk, w hich  is observed fo r the  f irs t tim e m 
young voles on th e  15th day  of life (S v  i r  i d e n k o, 1959; M a z a k .  
1962).

5.3. Discussion

The ra te  of g row th  of the lab o ra to ry  r a t  and  lab o ra to ry  m ouse depends 
on the  num b er of an im als in  the  litte r . T he ex p lan a tio n  fo r th is is that 
th e  m o th er is not able to feed  la rg e r li tte rs  w ell (see rev iew  by H a h n  
& K o 1 d  o v  s k y, 1966). A sim ila r re la tion  w as also found between 
l i tte r  size and  ra te  of g row th  in  w ild  species of ro d en ts  ( C a m e r o n ,  
1973). In  litte rs  of 3— 5 bank  voles th e  body w eigh t is h ig h er on the 
2 0 th  day  of life th an  of ind iv iduals fro m  litte rs  of 6 — 9 individuals 
( K o r a b e l n i k o v ,  1972). As, how ever, g ro w th  ra te  depends signifi
can tly  on m any  o th er factors, th e  effec t of th e  n u m b er of young n  
U tter varies  in im portance. V e t u l a n i  (1931) has in  fac t show n th it
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th e  g ro w th  of lab o ra to ry  m ice kep t sing ly  is poorer th an  th a t of m ice 
k e p t together.

T h e  s tu d ies  p re sen ted  on the costs of re a rin g  o ffspring  show  th a t in 
g ro u p s of 5 voles the g ro w th  ra te  p e r ind iv idual is low er th an  in single 
litte rs . The cost of an  increase  of 1 g of body w eigh t in  la rg e r litte rs  is 
a lso  m ark ed ly  low er th a n  in  single litte rs . Two of th e  single litte rs  
ex am in ed  have  fa r h ig h er g ro w th  costs, b u t th e ir  m etabolic ra te  is also 
m ark e d ly  h ig h er th an  th a t of all the  la rg e r litte rs .

D espite  the  fact th a t  th e  low er am bien t te m p e ra tu re  causes an increase 
in h ea t losses, th is  does no t b rin g  ab o u t a change in  th e  cost of rea rin g  
young . T he fact th a t th is  index  is even slig h tly  low er in  voles re a red  
a t 9°C, as in  the  case of lab o ra to ry  m ice ( B a r n e t t  & L i t t l e ,  1965), 
th a n  at 20°C m ust be exp la in ed  as due bo th  to  b e tte r  p a ren ta l a tte n 
tiv en ess  and  also to som e red u ctio n  in  th e  body te m p e ra tu re  of the  
y o u n g  voles (cf. section 2). This las t fac to r w as undo u b ted ly  the  cause 
of th e  red u c tio n  in th e  g ro w th  ra te  of ind iv iduals from  g roup  III as 
com pared  w ith  g roup II.

N e ith e r reduction  in  g ro w th  ra te  caused by low er am b ien t tem p e ra tu re  
nor th e  low  g ro w th  ra te  in  voles b o rn  in  w in te r  a lte rs  th e  fac t th a t  the 
cost of re a rin g  young ca lcu la ted  p er u n it of increase in  th e ir  m ass w ould 
a p p e a r  to  be fa ir ly  constan t. T hus the  cost of re a rin g  young m ay  be 
assu m ed  to  be constan t u n d e r n a tu ra l conditions, and  th e re fo re  th e  costs 
b o rne  by th e  m o th er a re  d irec tly  re la ted  to th e  ra te  of increase in  the 
body w eigh t of young voles.

T he q u estio n  w h e th e r u n d e r n a tu ra l conditions th e  g row th  of the  bank  
vole d u rin g  th e  f irs t m onth  of life depends on the  season has rem ained  
u nso lved  up  to  th e  p re sen t tim e. I t is, how ever, ce rta in  th a t fu r th e r  
g ro w th  in  voles born  in sp rin g  is m ore rap id  th an  in  those born  in 
a u tu m n  (W a s i 1 e w s k i, 1952; I l y e n k o  & Z u b c h a n i n o v a ,  
1963; B e r g s t e d t ,  1965; K  u  b i k, 1965). E xperim en ts  have show n 
th a t bo th  poorer food conditions ( S v i r i d e n k o ,  1959) and  low er 
te m p e ra tu re  (this paper) m ay  re ta rd  th e  g ro w th  of young voles, n ev e rth e 
less it is considered  th a t u n d e r n a tu ra l conditions d u rin g  th e  f irs t 
3— 4 w eeks of th e  young bank  vole’s life it g row s a t  a un ifo rm  ra te , 
irre sp ec tiv e  of th e  season ( B u j a l s k a  & G l i w i c z ,  1968; Z e j d a ,  
1971; F e d y k, 1974b; S a w i c k a - K a p u s t a ,  1974). B e r g s t e d t  
(1965) opposed th is  opinion. I t  m ust, how ever, be s tro n g ly  em phasised 
th a t a ll opinions on nest g ro w th  a re  based on lab o ra to ry  data , or on 
ex tra p o la ted  values defined  fo r bank  voles caugh t in  the  second m onth  
of life. T he d ifficu lty  of d e te rm in in g  age in  grow ing bank voles u n d er 
fie ld  conditions is d em onstra ted  by  B e r g s t e d t ’s s ta tem en t (1965) 
th a t he considers th a t voles 1 0  days old m ade sho rt excursions in  the
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v ic in ity  of th e  nest. D ata  on p o stn a ta l developm en t (cf. S v i r i d e n k o ,  
1959; M a z a k, 1962) how ever, show, th a t a t th is  age bank  voles are 
s till  b lind.

T here  is th u s s till  a lack  of convincing in fo rm atio n  on th e  re la tio n  
b e tw een  th e  season in  w hich  th e  ban k  vole is bo rn  and  the rap id ity  of 
its  g ro w th  d u rin g  th e  n es t period. U nder ex p e rim en ta l conditions the  
red u c tio n  of to ta l ex p en d itu re  on rea rin g  young is effec ted  by slow ing 
dow n th e ir  g ro w th  ra te . U nder n a tu ra l conditions, how ever, reduction  
of th e  sam e ex p en d itu re  m ay p e rh ap s  be ach ieved  a t the  expense of 
li tte r  size. S u p p o rt fo r th is  in te rp re ta tio n  is p rov ided  by  the  fact th a t 
l i t te r  size is abou t 40n/<> sm alle r u n d e r th e  po o rer au tu m n  conditions 
th an  in  sp rin g  ( Z e j d a ,  1966; R y s z k o w s k i  & T r u s z k o w s k i ,
1970). I t m ay  th e re fo re  be concluded from  th is  th a t  th e  ra te  of nest 
g ro w th  is s im ila r in  all generations. P resu m ab ly  an  ind iv idual w ith  
excessively  sm all body m easu rem en ts w ould  have  sm alle r chances of 
successfu lly  begin ing  in d ep en d en t life.

6. ENERGY ACCUMULATION IN GROWING BANK VOLES

T he m ain ten an ce  costs of w e ll-p ro tec ted  young voles rem ain ing  con
s tan tly  in  th e  n es t a re  sm all, and  it m ay  th e re fo re  be assum ed th a t 
th e ir  ra p id  g ro w th  is an en erg e tica lly  p roduc tive  process w hich enables 
th e  b an k  vole to  p roduce o ffsp ring  a t low cost. Indices defin ing  th is  
p ro d u c tiv ity  a re  fo rm ed  by th e  ra tio  of th e  am oun t of en e rg y  deposited  
in  th e  organ ism  to th e  am oun t of energy  assim ilated . E nergy  assim ila ted  
{/4) is ex p en d ed  on m ain ten an ce  costs (R  — resp ira tion ) and  m ay also 
be deposited  in  th e  form  of body com ponents (P —  production). K now ing 
the  re le v an t values, it p roved  possible to  ca lcu late  th e  coefficient of 
p ro d u c tio n  efficiency  K =  (P /A )X 100 fo r assim ila ted  energy .

6.1. Calculations

The am o u n t of en e rg y  accum ula ted  in  th e  form  of tissues (P) of the 
grow ing  o rgan ism  can in th eo ry  be exactly  m easu red , since i t  is equal 
to  th e  body m ass m u ltip lied  by its  calorific equ ivalen t. In  practice, 
how ever, th e  body g ro w th  ra te  is know n only  from  observations m ade 
u n d er lab o ra to ry  or s« m i-n a tu ra l conditions (cf. discussion in  section 5). 
In  ad d itio n  th is  index  is su b jec t to considerable flu c tu a tio n . T he m ajo rity  
of th e  data , how ever, show  th a t d u rin g  th e  f irs t  m o n th  of life the 
increase  in  a vo le’s body w e ig h t is ab o u t 9 to  13 g (for re feren ces see 
G eneral In troduc tion ). A lthough  in th e  opinion of som e au th o rs  (M a z a k, 
1962; P e a r s o n ,  1962) g ro w th  ra te  d u rin g  th e  f irs t  m on th  of bank 
vo le’s life is n o t sm ooth , m any  o th e r d a ta  ( B u j a l s k a  & G l i w i c z ,
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1968; S a w i c k a - K a p u s t a ,  1974; F e d y  k. 1974a; a u th o r’s own 
d ata) show th a t it is in  fac t v ariab le  and not re la ted  to the age of the  
young. I t depends, fo r instance, on l i t te r  size (R o d 1, 1973), since it is 
u n ifo rm  in sm all litte rs , w hich is not the case w ith  la rg e  ones.

T he calorific v a lu e  of body tissue  in the bank  vole a lte rs  m ark ed ly  
d u rin g  th e  firs t fou r w eeks of life. A lthough the energy  v a lu e  of fa t 
an d  p ro te in s  rem ains constan t an d  independen t of age (F e d y k, 1974a) 
th e  am o u n t of w a te r in  ind iv idua ls  of the  sp ring  g en era tio n  decrease 
from  85.3u/o on th e  f irs t  day  a f te r  b ir th  to 72.7°/« on th e  th ir t ie th  day  
a f te r  b irth . Reduction in th e  re la tiv e  w a te r con ten t in  the body w ith  
s im u ltan eo u s g row th  of the  body re su lts  in  th e  w eigh t of p ro te in  in
creasing  14 tim es and fa t  by  as m uch as fif ty  tim es, w hile  w a te r increases

Table 12
V ariations in gross body composition and calorific value of the bank vole during

the first m onth of postnatal life.
1 — data calculated afte r S a w i c k a - K a p u s t a ,  1974, obtained for bank voles 
kep t in an outdoor enclosure under sem i-natural conditions; 2 — data calculated 
a fte r  F e d y k ,  1974b, for young born in the spring generation.

Age, days 1 10 20 30
A uthority 1 2 1 2 1 2 1 2

Body wt., g g 2.20 1.74 5.33 3.90 7.80 5.36 _ 12.11
W ater V* 83.2 83.0 72.5 74.5 70.9 76.0 — 75.9

g 1.83 1.44 3.86 2.94 5.57 4.07 _ 9.19
Fat 5.0 2.7 11.8 8.3 11.7 8.8 — 5.2

g 0.11 0.05 0.63 0.33 0.92 0.47 __ 0.66
Protein 10.0 11.4 13.5 13.9 14.6 11.9 — 16.3

g 0.22 0.20 0.72 0.55 1.15 0.64 __ 1.97
Ash % 1.8 2.1 2.2 2.2 2.8 3.3 — 2.6

g 0.04 0.04 0.12 0.09 0.22 0.18 — 0.31
kcal/'animal 2.024 1.379 9.121 5.570 13.771 7.449 15.126

only  six tim es, th e  m in era l substance con ten t of tissues also in creasin g  
( F e d y k ,  1974b).

T he energy  value  of th e  deposited  tissue is equal to  the sum  to ta l 
of th e  deposited  p ro te in  and  fa t. D ifferences in  th e  am o u n t of these 
substances a re  ev iden t as ea rly  as th e  f irs t day of th e  vole’s life (Table 1 2 ) 
and  la s t over the  w hole period  of grow th . The da ta  given, p resen tin g  
a ce rta in  range of v aria tio n , a llow  th e  estim ation  of th e  p ro d u c tiv ity  
index in  ind iv iduals grow ing  e ith e r qu ick ly  or slowly.

C alcu la tion  of th e  re sp ira tio n  level (R) was based on the re su lts  of 
m easu rem en ts  of oxygen consum ption  by  litte rs  having  an  av e rag e  of 
4 y oung  (see Table 7). I t was assum ed th a t the m o th er spends 18 ho u rs  
ou t of th e  24 in th e  nest w ith  h e r offspring, and  th a t d u rin g  th is  tim e 
th e  n est tem p era tu re  w as approx . 34— 35°C, as in the case of alb ino
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m ice ( L a g e r s p e t z ,  1966). N est te m p e ra tu re  is from  3— 5°C low er 
du rin g  the  rem ain ing  6  hours, hence values of m etabolic ra te  m easu re 
m en ts m ade at tem p era tu res  of 35° and  30°C respectively  w ere  used fo r 
th e  calculations.

A litte r  consisting of 4 young voles uses only  3.6 1 of oxygen du rin g  
th e  f irs t  9 days of life, w hereas R  is d is tin c tly  h ig h er in  o lder ind iv iduals  
(Table 13). In  ind iv idua ls  g row ing slow ly th e  coefficient of p ro d u c tiv ity  
a t the age of 1— 9 days (cf. T able 12) is 46.5% , an d  59,5%  in  those 
g row ing  quickly. H ow ever, in  ind iv iduals from  10— 18 day  old it

Table 13
Energy requirem ents and grow th efficiency of a litte r  of 4 bank voles for successive

periods of the  first m onth of life.
K  =  iP /A )X  100; A = P + R
K  indicates coefficient of production efficiency; P — tissue production (body gain); 
ft — respiration  (cost of m aintenance); A  — assim ilation (sum to tal of production 
and respiration).

Age
days

Mean 
body 
wt. g

Oxygen consumption, 
ml g h r '

kpal.litter 
per day Efficiency

1*

K ,J

23At 30°C At 35°C

1—9 12.4 1.51 1.30 1.93 59.5 46.5
10—18 25.2 2.27 3.02 8.22 19.3 9.4
19—33 44.0 2.90 3.31 33.87 — 4.5

1 It was assum ed tha t the female spends about 6 hours outside the  nest during 
24-hour period, and during this period nest tem peratu re  was 30°C. W hen the 
fem ale was in the nest it was assum ed tha t the young w ere in a tem pera tu re  of 
approxim ately  35°C. In order to sim plify calculations it was also assum ed th a t the 
group of oldest voles also live in the sam e am bient tem peratu re  as the younger 
individuals, which stay continually in the nest. * Variation in gross body composition 
w ere accepted afte r data given by S a w i c k a - K a p u s t a ,  1974 (cf. Table 12). 
3 V ariations in gross body composition w ere accepted after data  given by F e d y k ,  
1974b (cf. Table 12).

decreases considerab ly  (Table 13). In  the  o ldest of th e  litte rs  exam ined 
it is only 4.5"/«, d iffe rin g  by m ore th an  ten  tim es from  th a t ob tained  
fo r the  youngest voles.

6.2. Discussion

The indices ca lcu la ted  for production , a lth o u g h  only  ap p ro x im a te  
values, show c lea rly  th a t g ro w th  efficiency in  th e  bank  vole changes 
rad ica lly  du rin g  the an im a l’s f irs t m onth  of life. O n th e  f irs t  few  days 
a f te r  b irth , w hen  the  young do no t leave th e  nest a t all, th e ir  m etabolic 
ra te  is re la tiv e ly  low, b u t the  ra te  of increase in m ass is no slow er than  
th a t in o lder ind iv iduals, hence th e  ra tio  of en e rg y  deposited  in  the 
organism  in th e  form  of p ro te ins and  fa ts  in re la tio n  to  th e  am oun t of



en e rg y  expended  in  m ain tenance  is m ost favourab le  in  th e  youngest 
ind iv iduals. A t the age of 1— 9 days g ro w th  is as effic ien t in  Clethrio-  
nom ys giareolus  as in ce rta in  b irds ( B r o d y ,  1945). I t  m ust, how ever, 
be em phasised  th a t th is index is even m ore favo u rab le  in  th e  ra t  
(W i d  d  o w s o n, 1971), and  sev e ra l of th e  species of sm all b irds 
ex am in ed  ( D a w s o n  & E v a n s ,  1960; M y r c h a ,  P i n o  w s k i  & 
T o m e k ,  1972; D i e h l  & M y r c h a ,  1973).

In th e  bank  vole a t the age of 10— 18 days p roduction  efficiency is 
3— 5 tim es low er, despite the  fac t th a t  it  con tinues to rem ain  re la tiv e ly  
high and  com parab le w ith  the  efficiency  m easu red  in the lab o ra to ry  
m ouse. In an  ex p e rim en ta l popu la tion  of m ice the  value  of the p roduction  
coefficien t fo r the f irs t 26 days of life is 12.2% ( M y r c h a ,  1975). 
A lthough  sign ifican t changes in  coefficien t K  a re  observed  in  successive 
w eeks of life, th ey  are n o t co rre la ted  w ith  age.

By th e  tim e bank  vole reach  th e  age of 18— 33 days p roduction  
efficiency  is not high and  is in fact the sam e as in  an o th e r species of 
vole, e.g., M icrotus arvalis, in w hich K  a t the age of 20— 30 days equals 
5.0%  ( D r o ż d ż ,  G ó r e c k i  & S a w i c k a - K a p u s t a ,  1972). A de
crease in  th e  index  of p rod u c tio n  efficiency  in  successive w eeks of life 
was also found  in the ra t  (W i d  d  o w s o n, 1971). T here  is no doubt 
th a t b ioenergetic  p a ram ete rs  in these tw o  roden ts  a re  su b jec t to  fu n 
d am en ta l changes w ith in  a sh o rt tim e a f te r  b irth . T issue p roduction  
efficiency is v e ry  high d u rin g  th e  perio d  w hen n e ith e r the ra t  n o r the  
bank  vole hav e  an  efficien t th e rm o reg u la to ry  m echanism . The cost of 
depositing  tissue  is m ark ed ly  h igher d u rin g  th e  tim e in w hich  this 
m echan ism  begins to act e ffic ien tly  and  is h ighest in ind iv iduals  posses
sing a fu lly  developed  capacity  for reg u la tin g  body tem p era tu re . The 
hea t from  th e  m o th e r’s body, w arm in g  the  young voles hudd led  in  a w ell 
co n stru c ted  nest, enables th em  to m ain ta in  a stab le  te m p e ra tu re  (of. 
section 2) w ith  a sim u ltaneous low  m etabolic ra te  (section 4). D uring  the 
f irs t  n ine  days of life th e  bank vole uses only  a sm all am oun t of energy  
for re sp ira tio n . A t the  age of 10— 18 days, w hen voles become fu lly  
hom eo therm al, m ain ten an ce  costs con tinu te  to  increase, so th a t a f te r  ho- 
m eo th erm y  has been  reached  th ese  costs a re  tw e n ty  tim es g re a te r  th an  
the  am o u n t of energy  deposited  in tissues in these still g row ing  anim als.

7. GENERAL DISCUSSION

Sm all m am m als, as a ru le , a re  born  b lind  and  incapable of independen t 
life, on ly  a sm all n u m b er of species belonging to  th e  M icrom am m alia  a re  
sim ilar to th e  m ajo rity  of la rg e  m am m als in th is  respect. M any of the  
physiological m echanism s, includ ing  those w hich  reg u la te  body tem p e
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ra tu re , a re  still undeveloped  a t b ir th  in  sm all species. F o r instance th e re  
is no n eu ra l th e rm o reg u la tio n  contro l in  ra ts  (C a p  e k  e t al., 1956). I t  
cannot, how ever, be said th a t  all m am m als not fu lly  developed a t b ir th  
a re  at a un ifo rm  stage of developm ent. T he degree of fo rm ation  of th e  
functions connected w ith  hom eo th erm y  varies in d iffe ren t species (G e - 
I i n  e o, 1959; P o c z o p k o ,  1973), b u t m am m als fu lly  developed a t  
b ir th  can be ju s tif ia b ly  considered as th e  opposite of all those species 
w hich acqu ire  th e  capacity  fo r in d ep en d en t life w ith in  a sh o rte r  or lon g er 
period  a f te r  b irth . S im ilarly , in  an o th e r g roup  of hom eotherm ic an im als  
—  birds, th e re  a re  m any  species possessing in te rm ed ia te  ch a rac te ris tic s  
betw een  typ ical nesting  and  n o n-nesting  types. L eav ing  th e  question  of 
the  significance of such d iffe ren tia tio n  in  degree of developm ent aside, 
an  a ttem p t m ay be m ade a t answ ering  th e  question  as to w hy  sm all 
species of m am m als a re  n o t fu lly  developed  a t b irth .

R eduction  in  body size involves a d e terio ra tio n  in th e  re la tio n  be tw een  
body m ass and  its surface. This has in  fact led P e a r s o n  (1948) to  
p u t fo rw ard  th e  h ypo thesis  th a t m am m als w eighing  less th an  2.5 g a re  
incapable of m ain ta in in g  a constan t body tem p era tu re . T his also app lies 
to  the period  of p o stn a ta l developm ent, in w hich  m any  species of sm all 
m am m als a tta in  a s ta te  of hom eo therm y  only  a f te r  reach ing  a ce rta in  
body size ( C h e w  & S p e n c e r ,  1967). T he sm allest sh rew s of the  
genus S o rex  so fa r exam ined  are  in  fact hom eo therm ic (G q b c z y h 
s k i, 1971), a lth o u g h  the  body w eigh t of som e ind iv iduals  of S. m in u tu s  
is abou t 2  g. I t is on ly  by m ain ta in in g  a v ery  h igh  m etabo lic  ra te  th a t 
■Micro-mammalia keep  th e ir  hea t balance (see rev iew  by H a r t ,
1971).

W hat th en  are th e  advan tages of sm all body m easu rem en ts?  R eduction  
in  body size allow ed the  occupation of new  ecological n iches w hich  w ould  
otherw ise have been  im possible. Sm all species w ith  lesser space an d  food 
req u irem en ts  w ere able to  adap t them selves to m any  hab ita ts . T he va
rie ty  of such h ab ita ts  is in  fact im m easu rab ly  g re a te r , an d  niches m ore 
v aried , fo r sm all an im als th an  fo r large ones. A lthough  sm all body 
dim ensions, and  consequen tly  the size of the  b ra in  cause red u ctio n  in 
»m ental« efficiency ( S z a r s k i ,  1967) th e  possib ility  of the creation  of 
sm all species has becom e the  basis of th e ir  ev o lu tio n ary  efficiency. 
Am ong m am m als a g roup of th is  k in d  is form ed by th e  roden ts  ( R o 
m  e r, 1959), w hich have reached  peak  developm ent a t th e  p re sen t tim e 
( S z a r s k i ,  1967).

The advan tages of sm all body d im ensions a re  a tta in ed  a t th e  expense 
of the  young an im als being bo rn  no t fu lly  developed, as in  the  case of 
the vole. A la rg e  l i t te r  (on an  average  4— 6  young; Z e j d a, 1966) at 
b irth  w eighs n ea rly  as m uch as the  m o th er anim al. I t is im possib le to



im agine th a t gesta tion  could last long enough for all the em bryos to  pass 
th ro u g h  all s tages of developm ent in utero. A d iffe ren t solution w ould  
be fo r only one ind iv idual to be bo rn  a t a tim e, b u t the  possession of 
n um erous offspring is one of th e  im p o rtan t fe a tu res  of the dynam ic 
ch a rac te r of these species and  allow s the rap id  invasion of unoccupied 
hab ita t. Even th e  m o rta lity  d u rin g  the  firs t th ree  w eeks of life, affecting  
h a lf th e  to ta l nu m b er born  ( R y s z k ó w  s k i  & T r u s z k o w s k i ,  
1970), does no t deprive the  bank vole of th is advantage. O ffspring are 
th u s  born  incom pletely  developed, bu t on th e  o th e r hand  the  energy  
req u irem en ts  t)f th e  p reg n an t fem ale increase by only 24"/o ( K a c z 
m a r s k i ,  1966). The fem ale, ham pered  in h e r  m ovem ents by p re g 
nancy  w hen search ing  for food, is exposed to the  notice of p red a to rs  for 
a re la tiv e ly  sh o rt tim e. The v irtu a l doubling of food req u irem en ts , sh ifted  
to  the  lacta tion  period ( K a c z m a r s k i ,  1966), undo u b ted ly  obliges 
the  fem ale  to  m ove abou t the area m ore freq u en tly  bu t by th a t tim e its 
ag ility  is in no w ay dim inished.

A fte r  b irth  bank  voles a re  en tire ly  dependent on m atern a l care. T h e re 
fore in o rder th a t the offspring m ay grow  quickly  and  rap id ly  become 
in d ep en d en t th ey  m ust be su re  of su itab le  conditions fo r th e ir  develop
m ent. C are of the young is m anifested  in com plicated form s of behaviour. 
M any m am m als d isp lay  w h a t D arw in  called th e  » arch itec tu ra l instinct«  
( B a r n e t t  & M o u n t ,  1967). The fem ale bank  vole searches for 
a su itab le  p lace to build a nest, depending on local conditions ( S m i r 
n o v ,  1968), and  th en  builds a nest w hich effectively  p ro tec ts the litte r  
from  th e  efect of low  tem p era tu res . T here can  be no doub t th a t  nest 
m ak ing  is especially  im p o rtan t to  sm all m am m als.

T he fem ale spends the  g re a te r  p a rt of the 24 hours w ith  its  offspring, 
w a rm in g  them  w ith  th e  hea t of her body. This is of p a r tic u la r  im p o rtan 
ce d u rin g  the  f irs t few  days of life, as has been show n by experim en ts 
on th e  ra t  (G e 1 i n e o, 1959), although  probab ly  all sm all m am m als, 
and  m an y  large ones, sleep and re s t in  contact w ith  o th ers  w hen they  
can. T h is is show n by th e  data  given by specialists on behav iour ( R h e i n 
g o l d ,  1963), ex p erim en ts  m ade by physiologists ( M o u n t ,  1968), 
b u t also by ecologists’ observations.

It has been show n th a t in  several species of sm all roden ts, including  
the bank  vole, in fan ts  possess a w ay of calling for help  by the em ission 
of u ltraso n ic  signals (O k  o n ,  1971; 1972). T he tem p e ra tu re  stim ulus 
evokes em ission of such signals and  it m ay th e re fo re  be assum ed th a t 
em ission of u ltraso n ic  signals enables the offsp ring  to  call the  m o th er 
w h en  tem p e ra tu re  d rops beyond a ce rta in  point.

In fa n t roden ts  can w ith stan d  a reduction  in  body tem p e ra tu re  even 
dow n to 0°C, bu t th is p ro p e rty  g radually  d isappears as th ey  grow  and
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th e ir  th e rm o re g u la to ry  capacity  s im u ltaneously  develops ( A d o l p h ,  
1957; L a g e r s p e t z ,  1962), I t would, how ever, ap p ea r som ew hat im 
probab le  th a t u n d er n a tu ra l conditions flu c tu a tio n s in th e  body tem pe
ra tu re  of v ery  young an im als w ould exceed m ore th an  a few  degrees C, 
since th e  nest h idden  u n d er the soil is exposed to  re la tiv e ly  sm all 
v a ria tio n s in  am b ien t tem p e ra tu re  and  its  in su la ting  p ro p e rtie s  can be 
v e ry  accu ra te ly  su ited  to  ac tu a l conditions of hea t loss. In  add ition  the  
offsp ring  are ab le  to w a rn  th e  m o th e r of a d rop  in tem p era tu re . D irect 
m easu rem en ts  of th e  body te m p e ra tu re  of in fan t G íis glis (G q b c z y  ñ  - 
s k i ,  1970), the ra t  ( P o c z o p k o ,  1961), lab o ra to ry  m ice ( P i c h o t -  
k a, 1971), M erioiies unguicu la tus  ( M c M a n u s ,  1971) and  Clethrionn - 
m y s  glareolus  show  th a t a lthough  it is low er th an  in  adu lts , it  does no t 
fall below  30°C. In  all the above species th e  value  of body tem p era tu re  
is on an  average h igher, and  com es w ith in  lim its  of 32—-36°C. M easu
rem en ts  m ade on bank voles at d iffe ren t am bien t tem p era tu res , both  in 
th e  lab o ra to ry  and  th e  enclosure, show ed th a t th e  litte rs  of th is  species 
have a s tab le  body tem p e ra tu re  ensu red  d u rin g  the w hole period  of nest 
life. T his is u n d o u b ted ly  an  im p o rtan t condition of th e ir  developm ent, 
ow ing to  w hich  th e  in tensive  changes in  the grow ing  o rgan ism  can take 
place q u ick ly  and  w ith o u t d istu rbance .

I t is th u s  im possible to agree  w ith  th e  opinion th a t in s tab ility  of body 
te m p e ra tu re  is th e  m ain  defence of th e  in fan ts  aga inst d e trim en ta l en v i
ro n m en ta l effects ( H a h n  & K o 1 d  0  v< 6 k  y, 1966; O k o n, 1972). 
The capacity  fo r su rv iv in g  a very  g rea t d ro p  in  body te m p e ra tu re  does 
n o t m ean th a t y oung  roden ts  en su re  th e ir ex istence in  th is  w ay. This is 
re fu ted  by the  s tab ility  of body tem p e ra tu re  found  in in fan ts  in  th e  nest. 
The fac t th a t considerab le cooling of young ind iv iduals leads to d is tu r
bances in  th e ir  developm en t ra te  m ay be even m ore convincing ( H a r 
r i s o n ,  1963; B a r n e t t  & M o u n t ,  1967). A ll these considerations 
ind icate  th a t s tab ility  of body tem p e ra tu re  is an  essen tia l condition of 
no rm al deve lopm en t in  rodents.

It m ay  be added  in  passing, in  connection w ith  th e  above discussion, 
th a t a rise  in  body te m p e ra tu re  from  34° to approx . 38°C d u rin g  the  
p o s tn a ta l developm ent of th e  bank  vole reca lls  th e  evo lu tion  of this 
ch a rac te r in m am m als. T he phy logenetic  developm en t of m am m als is 
accom panied by an  increase  in  th e rm o reg u la to ry  efficiency and  a rise 
in  the level of body te m p e ra tu re  ( K u z n i c k i  & U r b a n e  k, 1967).

The h igh  and  stab le  level of body te m p e ra tu re  in  new born  bank voles 
does no t involve high energy  exp en d itu re . The to ta l m etabolic ra te  in 
th e  b an k  vole, as in  m any  o th e r species of sm all m am m als ( M o t t ,  1963; 
H i l l ,  1961; H i s s  a, 1968) is low est d u rin g  th e  f irs t  period  of the  
an im al’s life an d  it is fo r th is  reason  th a t tissue  p ro d u c tio n  efficiency
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can  be so high. A lthough m ain ten an ce  cost in  com parison w ith  w eight 
ga in  increases as the an im al g row s la rg e r (B r o d y, 1945), the en er
getic  efficiency of g ro w th  in  n estlin g  b irds and sm all m am m als is the 
h ig h est in  com parison w ith  all o th er anim als.

T he physiological im m a tu rity  of new born  bank voles is also ev iden t 
a t th e  tissue  level ( G ę b c z y ń s k i ,  1975). O xygen consum ption ra te  of 
tis su e  hom ogenates changes w ith  age. It also depends on th e  degree  of 
physiological m a tu rity  of th e  an im al, vary in g  even w ith  the  tim e of its 
b ir th . In  bank  voles of th e  au tu m n  generation , the body com position on 
th e  f irs t day  of life ind icates th a t  th ey  a re  less m atu re  chem ically  th an  
in d iv id u a ls  of th e  sp ring  genera tion  (F e d y k, 1974b); th ey  have  also 
a d iffe ren t ra te  of tissue resp ira tio n . The energy  m etabolism  of litte rs  
of both  generations, on th e  o ther hand , does no t d iffe r in  essen tia ls (see 
section 5), and  th e  energy  costs of g row th  (section 6 ) a re  also un ifo rm  
an d  independen t of seasonal d iffe rences or d ifferences caused by a change 
in  am b ien t tem p era tu re .

The d eg ree  of developm ent a t b ir th  m ay  im pose d ifferences in  g row th  
ra te  an d  a tta in m en t of physiological m a tu rity  in ontogenesis, and  th e re 
fo re  the p e rio d  of g ro w th  in  u tero  and  postem bryonic developm ent su p 
p lem en t each o ther. T his p lastic ity  of rep roduction  in  m am m als, a llow ing 
th e  sh ifting  of m a te rn a l ca re  to  e ith e r th e  p re n a ta l or p o stn a ta l period, 
is o u ts tan d in g  ind ication  of its  progressiveness. The tra n s fe r  of th e  costs 
connected  w ith  th e  re a rin g  of o ffsp ring  from  the gestation  perio d  to the  
p e rio d  of p o stn a ta l life in  the n est w as undoub ted ly  one of the causes 
w hich  enab led  th e  ban k  vole to  occupy a w ide v a rie ty  of h ab ita ts  over 
th e  w hole of-E uroasia . D evelopm ent of th is  k ind  m ake it fa r  easier fo r 
the  b an k  vole, like o th e r sm all m am m als, to  cope, a t the expense of 
tra n s ito ry  help lessness, w ith  th e  en erg e tic  p rob lem s of sm all size.
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M arek GĘBCZYNSKI

ROZWÓJ STAŁOCIEPLNOSCI I ENERGETYCZNE KOSZTY WZROSTU 
U NORNICY RUDEJ W PIERWSZYM MIESIĄCU ŻYCIA

Streszczenie

B adania przeprow adzone na nornicy rudej, C lethrionom ys g lareo lus  ( S c h r e b e r ,  
3730) m iały za cel poznanie nie tylko fizjologicznych reakcji nornic w okresie ich 
pierwszego m iesiąca życia, ale także ocenę rzeczywistych w arunków  bytow ania 
młodych. Dokonano też próby ustalenia, czy sezon urodzenia m odyfikuje tempo 
rozwoju w początkowych tygodniach życia.

Stw ierdzono, że tem peratu ra  ciała nornicy rudej wynosi w wieku od 1 do 9 dnia 
życia, około 33—34°C, w wieku 10—18 dni cechuje się równom iernym  wzrostem, 
by około dziewiętnastego dnia po urodzeniu osiągnąć 37—39°C, poziom właściwy 
osobnikom dorosłym  (Ryc. 1). Pom iary w laboratorium , przy tem peraturze środo
w iska 18—21° i 4—7°C (Tabela 2) a także w  zagrodzie przy 2—12°C (Tabela 3) 
w skazują, że tem pera tu ra  ciała gniazdujących nornic podlega tylko niewielkim  
w ahaniom . Poniew aż pom iary ciepłoty ciała u nowourodzonych nornic nastręczają 
kłopoty metodyczne, dlatego też wykonano dodatkowe doświadczenia, k tóre w ska-
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zaiy, że tem peratu ra  w dole pachowym, repio aarillaris, dobrze oddaje w artości 
właściwe w nętrzu ciała (Tabela 1).

W pierw szym  tygodniu życia oporność nornic na działanie chłodu jest m ała 
i choć w zrasta ona stopniowo z wiekiem, to dopiero w końcu drugiego tygodnia 
życia sta je  się w yraźna (Tabela 4). Oporność na ochładzanie jest nieco większa 
u nornic trzym anych razem  w miocie, w porów naniu do osobników rozłączonych 
na czas doświadczenia (Ryc. 2). Jeszcze w iększą ochronę stanow i gniazdo, które może 
aż pięciokrotnie zm niejszyć tem po zniżania się tem peratury  ciepła u przebyw a
jących w  nim  noworodków (Ryc. 3).

Bardzo ważnym czynnikiem  pozw alającym  na stw orzenie term icznie stabilnych 
w arunków  rozwoju gniazdowego jest także behaw ior m acierzyński. P rzejaw ia się 
to m, in. w ekstensyw nym  ogrzewaniu młodych w  ciągu większości okresu doby 
(Ryc. 4, 5; Tabela 5). Tempo m etabolizm u jest u now orodków  niskie j w zrasta 
dopiero pod koniec drugiego tygodnia życia (Ryc. 9). Działanie chłodu przez 
15 m inut pow oduje jednak  w yraźny w zrost zużycia tlenu, już w pierwszych dniach 
po urodzeniu (Ryc. 7, 8). U osobników w wieku 10—18 dni zużycie tlenu  przy 
15 i 20°C jest wyższe niż u starszych (Tabela 6), co św iadczy o rozwoju m echa
nizmów produkcji ciepła a b raku  pełnej zdolności do kontro li nad jego u tratą. 
Reakcja m etaboliczna na chłód u osobników pochodzących z miotów pojedynczych 
może być dw ukrotnie wyższa niż u m iotów  złożonych z 3 lub więcej młodych 
iTabela 7; Ryc. 6). Tem po m etabolizm u osobników branych z miotów na czas 
pom iaru nie charak teryzu ją  w żadnym stopniu miotów, z których one pochodzą, 
gdyż jest inne i mniej zależne od w ieku (Tabela 8).

Dane o zużyciu tlenu przez nornice urodzone w generacji w iosennej i jesiennej 
w skazują, że istnieje pew ne zwolnienie tem pa rozwoju u osobników urodzonych 
jesienią (Ryc. 10; Tabela 9). Różnice te jednak  nie są na ty le duże by można 
powiedzieć, że wzorzec rozw oju obu generacji jest inny.

Zwiększenie zapotrzebowania energetycznego potrzebnego do odchowania m ło
dych, wynosi około 10 kcal energii asym ilow anej na 1 g przyrostu  m iotu n a  cię
żarze. Zależy ono tylko od tem pa przyrostu  ciężaru ciała potom stwa, bowiem było 
podobne wr grupie zimowej, rosnącej wolno przy tem peratu rze  otoczenia 20°C 
i w grupie wiosennej, rosnącej szybko przy 9 i 20°C (Tabela 10, 11). Ilość energii 
deponowana przez m łode nornice w  początkowych dniach po urodzeniu może osią
gać 80% energii asym ilow anej, a u osobników w wieku 10—18 dni w aha się 
między 10 a 20%, podczas gdy u starszych nie przekracza 5% (Tabela 12, 13).

Zatem  niskie tempo m etabolizm u osobników gniazdujących pozwala tem u ga
tunkowi, dzięki opiece m acierzyńskiej, na stw orzenie w arunków  do rozwoju młodych 
przy niskich nakładach energetycznych.


