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The body temperature of the bank vole, Clethrionomys glarecius
(Schreber, 1780}, is 33—34°C at the age of 1—9 days. This is followed
by an even increase in temperature from the tenth to eighteenth day
of life, reaching the adult level of 37—39°C by about the 19th day of
life. Measurements made in the laboratory at ambient temperatures
of 18—21°C and 4—7°C, and also in an enclosure at 2—12°C, show that
the body temperature of bank voles in the nest is subject to only
slight fluctuations. The thermal conditions of nest development are thus
characterized by stability, maintaining the body temperature of very
voung 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
with age, it is not wuntil the end of the second week of life that it
becomes distinct. Voles kept together in a litter have a greater resistance
to cooling (up to 33%) than separated animals, The nest forms an even
greater protection as it can produce a five-fold reduction in the rate of
fali of body temperature in young voles. In addition, maternal behaviour,
manifested inter alia in extensive warming of the young, makes the
of[spring independent of the effects of their environment. The metabolic
rate of newborn voles is low and only increases towards the end of the
second week of life. However, the effect of cooling for 15 minutes
catuses a distinet inecrease in oxygen consumption even during the first
few days after birth. In individuals from 10—18 days old oxygen con-
sumption at 15 and 20°C is higher than in older animals, suggesting
the development of heat-producing mechanisms and lack of heat con-
servation mechanisms. Metabolic reaction to cold in individuals from
litters of 1 vole only may be twice as high as that in lifters of 3 or
more young. The metabolic rate of individuals separated for the time
required to make measurements in no way describes the litters from
which they were taken, since it is usually higher and less dependent
on age. The increase in energy requirements necessary to rear ycung
is about 10 kcal of assimilated energy per 1 g of litter weight gain.
It depends only on the rate of increase in body weight of the offspring,
since it was similar in the winter group growing slowly at an ambient
temperature of 20°C and in the spring group growing quickly at 9
and 20°C. The amount of energy accumulated by newborn voles on the
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first few days after birth may be as much as 60%,; in voles 10—18 days
old it fluctuates between 10 and 20%, whereas in older animals it does
not exceed 5%. Thus the low metabolic rate of nestling voles and
maternal care enables this species te create favourable conditions for
the development of the young with a minimum expenditure.
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1. GENERAL INTRODUCTION

Not all mammals are born with the capacity for effectively maintaining
a constant body temperature. In many species, chiefly Micromammalia,
thermoregulatory mechanisms gradually develop after birth. The lack
of the capacity for maintaining the body temperature similar to that
of adult animals suggests that the role of this character and the growth
conditions connected with it depend on random factors and may therefore
be characterized by considerable variability. The assumption that body
temperature is variable finds some confirmation in the data collected
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up to the present, which indicate that in young mammals it fluctuates
with the ambient temperature (Gelineo & Gelineo, 1851,
Precht, Christopherson & Hensel, 1955; Capek, Hahn,
Kietek & Martinek, 1956; Pucek, 1958; Gelineo, 1959
and others).

Thus while much information is to be found con the absence of a con-
stant body temperature after birth in many mammals, we know very little
about the thermal environment in which the young of these species
grow. The question then arises as to whether the rapid growth characte-
ristic of postnatal life takes place independently of the effect of the
environment. If this is so, then is this kind of development comparable
with the development of mammal species born with a fully developed
thermoregulatory apparatus?

The bank wvole, Clethrionomys glareolus (Schreber, 1780), was
chosen as the study animal as it is a rodent which at birth is com-
pletely helpless and which spends the first weeks of life with other
members of the litter in the nest under maternal care. The naked newborn
voles gradually become covered by hair during the first 10 days of life,
but the true development of their fur takes place at the age of 19—20
days (Sviridenko, 1959; Mazak, 1962). The eyes of this species
do not open until the 11th to 15th day after birth (Sviridenko, 1959;
Petrov & Airapetjanc, 1961). Its secretive lifestyle accounts
for the fact that we do not know definitely whether the young can
leave the nest for a short period at the age of 14—15 days (Petrov &
Alirapetjanc, 1961), although at the age of three weeks they become
part of the trappable population (Bujalska, Andrzejewski &
Petrusewicz 1968). Bank voles are thus born completely incapable
of independent life, but by the fourth week of life are sufficiently
developed to become independent of their parents.

The first month of life in this species is characterized by a very
rapid increase in body weight; from about 2 g at birth (Sviridenko,
1959, Zejda, 1968) they attain the weight of 11—I15 g on the 30th
day of life (Drozdz, 1965, Bujalska & Gliwicz 1968, Fedylk,
1974a; Sawicka-Kapusta, 1974). Changes in body size are ac-
compartied by the development of physiological functions (Bashenina
& Borovskaja, 1963; Okon, 1972; Kostelecka-Myrcha,
1973) resulting in young animals having similar indices of these functions
to adults towards the end of the first month of life.

The rate of postembryonic development iz dependent on the season
in which the young were born (Bergstedt, 1963; Kubik, 1965;
Bujalska & Gliwicz 1968; Zejda, 1971) Individuals from
litters born in spring (spring generation) have a different gross body
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composition even at birth than the young of the autumn generation and
attain chemical maturity at a different rate (Fedyk, 1974b). Both
generations show differences in the tissue oxygen consumption rate of
growing voles (Gebczynski, 1973). There is therefore no doubt
that studies of metabolic rate and development conditions must be
related to the different seasons of birth. The postnatal development of
the vole is to a certain degree connected with the number of young in
the litter (Korabelnikov, 1972; Pegelman & Korahelni-
kov, 1972), and their survival during the period of nest life (Rysz-
kowski & Truszkowski, 1970). It is therefore essential that
this factor is taken into account when measuring the development of
physiological indices. :

All the above conditioning of development and growth during the
period from birth to independent life does not conceal the fact that it
i1s what helps the bank vole to maintain high population numbers.
This rodent inhabits enormous regions of Europa and Asia and is con-
sidered as one of the dominating species in forest areas of the temperate
zone. It may therefore be assumed that these particular properties of
their postnatal development form a favourable basis for maintaining high
number of bank voles.

The purpose of the study was to obtain information not only on the
physiological reactions of bank voles during the first month of their
lives, but also to evaluate the real living conditions of young voles,
Measurements were therefore aimed at defining the potential capacities
of this species, the course taken by changes occuring with age and the
natural range of fluctuations in the parameters examined. Body tempe-
rature, resistance to cooling, oxygen consumption at different tempera-
iures and the energy budget were measured in growing voles. This made
it possible to caiculate the growth efficiency of the young voles and to
compare it with other species of homeothermic animals. The effect of
litter size and maternal care on the rate of development of the measured
physiological functions were also taken into consideration. Thus an
estimate was made of the effect of conditions prevailing in the nest
on the postnatal development of small rodents. This would appear to be
important because the period of life in the nest is a specific prolongation
of intrauterine life. The young continue to live in a tightly-packed group
and although their nourishement is obtained in a different way, their
existence continues to depend entirely on their mother. Also, the in-
sulating properties of the nest and the presence of adults warming the
young, ensures stable temperature conditions during postnatal deve-
lopment.

The reason for presenting and discussing the various parameters
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separately was that each of them was measured in a different way
and forms a separate indicator of the changes taking place during
postnatal development of the bank vole.

A. PHYSIOLOGICAL AND BEHAVIQURAL ASPECTS OF BODY TEMPERATURE
REGULATION

2. BODY TEMPERATURE AND RESISTANCE TO COOLING

It is not easy to determine the body temperature of nestling voles, as
measurements outside the nest cause underestimation, and data on nest
temperature cannot be identified with the body temperature of the
young living init (Barnett, 1956, Poczopko, 1969; McManus,
1971). Therefore only direct meagurement of the animals’ body tempe-
ratures can indicate the thermal conditions during their development
in the nest. When the body temperature was measured in the nests of
Citellus citellus (Gelineo & Sokié¢, 1953) and laboratory mice
(Barnett, 1926; Pichotka, 1971) it was noticed that it is cha-
racterized by some degree of stability. In some species of nesting birds
it has also been observed that they maintain a certain constancy of body
temperature, despife the fact that their thermoregulatory capacity is
not yet formed (Irving & Krog, 1956). This would point to the
existence of factors which ensure that a certain temperature level is main-
tained, It was decided to investigate the degree of efficiency with which
these factors function in the bank vole, Measurements of body tempe-
rature were made for young animals on successive days of nest life
and for purposes of comparison also for individuals which had already
left the nest. In addition calculation was made of the resistance to
cooling, that is, the capacity to counteract the heat effect of the habitat.
The less body temperature is dependent on variations in ambient tempe-
rature, the higher the resistance to cooling of the given organism.

2.1, Material and Methods

The litters came from parents caught in spring, and were kept in cages measuring
40X20X 15 em, the nest part of the cage being separated from the run. The bottom
of the cage was lmed with peat and the nest material was hay. For other details
of breeding management see Buchalczyk (1970). Some litters were observed
outdoors, where the animals were released in pairs into an enclosure measuring
4X11 m, and in which they were able to build nests of leaves and grasses in wooden
Howard (1949) boxes sunk in the earth.

Temperatures were measured with an electric thermometer (Type TE3, Elektro-
laboratiet, Copenhagen) using H1 and F6 probes. The use of this thermometer
allowed accurate measurement to 0.1°C within a few seconds, thus reducing the
error due to handling. Temperature could be measured in regio axillaris (the
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armpit), with the H1 probe, and parallel measurement was made of rectal tem-
perature (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
animal, thus bringing the probe tip to approximately mid-body. It was almost
impossible to measure rectal temperature in individuals under 7 days old on
account of their size and the different shape of the rectum from that in older
animals, making it difficult to introduce the probe.

Body temperature was determined immediately after removing the animals
from the nest. As a rule the measurements were carried out between 9 am. and
1 p.m. in order to avoid 24-hour fluctuations in body temperature (Kayser &
Heusner, 1967y, The estimation of cooling rate was carried out in the following
way: after measuring the initial body temperature the voles were kept singly or in
whole litters in a glass chamber, with or without a nest, at an ambient temperature
of 5°C or 20°C. When measuring cooling resistance in nests an artificial nest of
cotton wool and cellulose tissue was used and was identical for all animals,

All measurements on the animals were made on consecutive days during their
first month of life, without taking zerc day into account. Age was determined
in these and subsequent experiments by inspecting pregnant females daily, and
when a litter was found during the morning inspection which had not been there
the previous day it was assumed that the young had been born the previous
evening or night and was one day old. When inspection time coincided with the
birth phase, or when there were clear indications (young not yet fed, skin unclean)
that birth had only just taken place, that day was taken as the time of birth and
measurements began the following day. In this way all measurements of body
temperature and cooling rate were made on animals which were not hungry. The
reason for such procedure was the fact that thermoregulatory reaction in replete
animals differs from that in hungry ones, as Barié¢ (1953) has shown in the case
of rats.

2.2, Ways of Measuring Body Temperature

Rectal temperature is the most convenient value for expressing the
characteristic temperature of a given species. However, measurement
of internal body temperature in very small animals presents some dif-
ficully when they are alive. It was difficult to introduce a probe per
rectum in voles during the first week of life and as this must be done
slowly, rendering it impossible te avoid underestimating body tem-
perature. A series of tests was therefore made to show which place on
the body surface gives a value close to internal body temperature and
also allows rapid measurement. This place proved to be the armpit,
regio axillaris. A series of temperature measurements were made in
regio axillaris and per rectum (Table 1}, which show that there is a high
degree of agreement in the values obtained. The difference in temperature
between these regions of the body is slight and in mean values does
not exceed 0.2°C.

To check the accuracy of the method several litters were masured
in this way and then killed to obtain a true internal temperature; again
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the difference did not exceed 0.2°C (Table 1). It is interesting that the
temperature in regio axillaris is either the same or slightly higher than
measured per rectum or straight inside. It was only in a few cases that
the reverse relation were found, this having no connection with age
(Table 1). It may therefore be taken that temperature measured in regio
exillaris represents with sufficient accuracy the temperature inside the
body of the individual examined.

2.3. Postnatal Changes in Body Temperature

A total of 1132 measurements was made on litters born and kept
in normal breeding conditions indoors, with ambient temperature from

-

Table 1

Comparison of body temperature levels (mean * SD) measured per rectum
and in regio axillaris, and in regio axillaris and straight inside.

The probe was .inserted 1.5 cm into the rectum in the youngest animals,

and up to 3.5 em in the oldest ones. n indicates number of measurements.

Age, days Regio axillaris Rectum n Body wt., g
8 340+21 339419 66 4.4
g 343 +t17 340t12 44 4.7
10 352115 3.0t 16 36 5.2
11 353114 353+ 1.6 42 8.
12 349+ 1.7 35014 39 6.1
13 35.8+11 356+1.8 35 6.2
14 k2t 14 3602 1.7 41 6.9
15 BHE 12 36.6 £ 1.0 32 7.4
16 37013 369+ 1.1 18 7.7
17 373t 1.5 37.2+0.8 26 8.1
18 38.0f 1.1 378109 25 8.6
19 388+08 38613 24 8.8
20 3meti10 3B.7+09 29 9.4
21—30 388+ 0.4 386103 149 12.8
QOlder ! 383+t04 382%05 20 16.7
Age, days Regio axillaris Straight inside n Body wt., g
40—120 381t 06 380t04 17 15.4

! Measurements were made in March immediately after the animals had
been caught in the forest, on individuals from 6 to 10 months old.

18° to 21°C (Tas), and 379 measurements on litters born and kept at
4—7°C (Tas). In addition 38 measurements of body temperature were
made on young bank voles which lived in outdoor enclosures.

2.3.1. Laboratory Studies

During the first 9 days of life body temperature in young voles from
litters kept at T .00, was on an average 34.2°C, but was 33.3°C for young



386 M. Gebczynski

from litters kept at T ,;. The average level of hody temperature showed
considerable stability in both these groups (Fig. 1). Thus at Tag the
average body temperature on the fifth day of life is 0.6° higher than on
the third and seventh day (Table 2). Slightly greater differences are
observed at T,s; when in young eight days old the body temperature
was about 1° higher than in younger and older animals (Table 2). Despite
these differences the regression equation for young animals from 1 to
9 days old does not exhibit significant deviations with age in either
group Tag (r=—0.09, n==502), or group T,s; (r=0.19, n=167).

The constancy of body temperature on a level of 33—34°C exhibited
by bank voles living in the nest during the first 9 days of life does not

temperature, °C

3 .
39r - -( ) a
38} o o=~ —0
{6}
37h
36 . 20°C
0 —— 5°p
35}
2 1)
e (2]
m 34 . P
o 2
o -l a—
3B — o 7,
° (4)
32 L — i 1 i 1 1 o]
| S {e] 15 20 25 30
Aqge, days
Fig. 1. Body temperature of the bank vole depending on age and ambient
temperature.
(1) Y=34.1—0.007x; r=—0.09, n=502 (4 ¥Y=33.3+0.09x; r==40.19, n=167
(2) Y=36.1+0.37x; r=-+0.71, n=295 (5) ¥Y=35.8+041x; r=-+0.65, n=168
(3) Y=388+0.009x; r=+40.13, n=202 {6) Y=37.4—0.022; r=-0.10, n=61

alter the fact that differences hetween the various individuals are far
greater than in adults. This is indicated by the value of the standard
deviation (Table 2).

Body temperature in bank voles from 10 tc 18 days old presents a
completely different picture. During this time there is a constani in-
crease on successive days of life (Fig. 1). This increase is both even and
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rapid, as it is 0.45° per day at Taz2 and 0.43° per day at Tas. These
relationships between body temperature and age are also confirmed by
the calculated regression equations. It is characteristic here that variation
in body temperature is less than in the previous period (Table 2), but
is more clearly marked than in individuals over 19 days old.

The level of body temperature again becomes stable about the 19th
cay of life and remains unchanged until the last day of observations.
"his stabilization takes place at an identical time in both groups — Ta

Table 2
Changes with age in the body temperature of bank voles kept at different ambient
temperatures,
Temperatures were recorded in regio axillaris immediately after removal from
the nest. Mean values, standard deviations (SD) and coefficient of variations (CV)
zre given. n indicates number of measurements.

Age, At ambient temperature 18—21"C At ambient temperature ¢—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 i8
3 33.9 2.7 8.0 87 33.2 1.7 3.1 18
4 34.0 1.5 44 52 33.1 1.6 4.8 16
5 345 1.4 4.1 52 334 1.3 39 19
6 34.4 1.9 55 654 33.0 1.7 5.2 17
7 33.9 1.6 4.7 50 33.4 1.2 36 22
8 34.0 2.1 6.2 66 34.3 09 2.6 11
2 34.3 1.7 5.0 44 33.6 1.3 39 23
10 35.2 1.5 4.3 36 34.2 1.9 5.6 21
11 35.3 14 4.0 42 34.4 1.6 4.7 21
12 34.9 1.7 4.9 39 349 1.1 3.2 13
13 35.8 1.1 3.1 36 35.3 1.1 11 16
14 36.2 1.4 1.9 41 36.0 0.5 1.4 14
15 36.6 1.2 3.3 32 36.6 1.1 3.8 24
16 37.0 1.3 3.5 18 36.9 1.1 3.0 21
17 37.3 1.5 4.0 26 37.0 0.7 19 24
18 38.0 1.1 2.9 25 374 8.7 1.9 14
19 38.8 0.8 21 24 37.9 0.8 21 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 14 377 0.6 1.6 10
25 38.3 0.3 0.8 9
26 389 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 1
29 38.3 0.5 1.3 g
30 38.6 0.7 18 14

ind T a5 — but at a different level of body temperature. At T,z it equals
38.8°C and at Tas it is 38.0°. This difference is very similar to that in
ndiwviduals from 1 to 9 days old. However, the difference between the
youngest voles is not statistically significant, but it is highly significant
n animals over 19 days old (P<0.01).
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2.3.2, Qutdoor Enclosure Studies

Data collected on litters living in outdoor enclosures, although few
in number, are important because the environment is closer to that found
in nature. Individuals under 10 days old have a hody temperature
not lower than 30°C, despite the fact that the enclosed female sometimes
leaves the nest for a long period (Table 3). In two of the litters examined
the body temperature of animals 10 to 12 days old was clearly higher
than in younger individuals. There can therefore be no doubt that

Table 3

Body temperature of nestling bank voles from litters living in nest in outdonr
enclosures. The nests were situated in boxes sunk into the soil.

Age, Body tempe- Mean, °C Air tempe- The mesurements
days rature, °C ean, rature, °C were made after:
2 33.0; 337, 335 33.4 6.1 The female left the nest for
25 minutes
3 30.0; 31.2; 30.6; 30.8 7.0 The female left the nest for
30.0; 32.4; 304 for 33 minutes
4 34.2; 33.8; 336; 33.9 105 Immediately after the female had
34.0 left the nest
5 329; 33.2; 33:2 33.1 8.3 The female remained outside tke
nest for at least 30 minutes
ki 31.4; 317, 3L7,; 314 5.2 —
314; 309
g 33.8; 33.8; 335 337 11.7 The female remained outside the
nest for at least 25 minutes
8 34.6; 34.8; 35.0; 34.6 4.0 The female left the nest for
34.0 38 minutes
10 35.4; 35.0; 34.5; 35.0 2.0 Immediately after the female had
35.1 left the nest
12 36.2; 35.4; 35.5 358 9.0 Immediately after the female haj
36.0 left the nest

under such conditions the body temperature of nesting bank voles is
high and is somewhat stable.

2.4. Development of Resistance to Cooling

By measuring the rate of reduction in body temperature under con-
dition of physiclogical cold it is possible to estimate the reverse of
resistance to cooling, that is cooling rate (C). The rapidity of reduction
in body temperature was calculated as an agreed index by means of
the following equation: C=(T;—THX100:¢

When:
T, — initial value of body temperature
Ty — final value of body temperature

t — time in minutes.
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Voles out of the nest, T,z At this ambient temperature index C
on the first days of life is almost 530 (Table 4}, but decreases fairly
rapidly. At the beginning of the second week of life this index is
reduced by almost half (Fig. 2). Heat loss rate estimated in this way
is only slightly higher in separated individuals than in those Lkept
together in whole litters; the difference is not significant,

or. 20°C

50

_lo,
190}

5°C

. L]

Separcted
o — — Litters

50

4
!

-10

Age, days

Fig. 2. Changes with age in the cooling rate index for the bank vole due to
varying ambient temperature.

Each dot indicates mean value for the litter irrespective of whether the young were

kept together during the experiment, or were separated.

(1) Y=37.2—276x; r=—0.64, n=13 (3) Y=119.2—11.24x; r=—0.86, n=24
(2) Y=208—2.78x; r=—0.69, n=17 4) Y= 943—10.397; r=—0.87, n=27

Voles out of the nest, Ts;. Under these conditions reduction in body
temperature during the course of the experiments was very great. On
the first days of life in animals kept singly index C iz three or more
times higher than at a temperature of 20°C (Table 4).

The resistance to cooling of voles subjected to the effect of cold in
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whole litters is slightly greater than was the case with separated voles:
nevertheless in both cases cooling rate during the first week of life is
rapid. It is subject only to a slight reduction during this period, which
can be explained chiefly by an increase in the body mass of the in-
dividuals examined. It was not until the second week of life that a rapid
increase in resistance {o cooling is observed in bank voles. In the third
week of life the capacity to resist the cooling effect of the habitat is

Table 4

Changes of cooling rate index (C) of nestling voles during their first two
weeks of life, depending on ambient conditions.

C shows a conventional value of body temperature decrease during a time

unit. Number of litters used for the mesurcmcnts is given in brackets.

N o n e s t N e s t
Age At tem-
days A' temperature 20°C At temperature §°C perature
Single Litter Single Litter 5°C
Litter
1—3 47 (8) 46 (6) 176 (9) 147 (D) 29 (6)
4—6 44 (12) 37 (5) 145 (11) 117 (8) 23(9)
T—8 34 (6} 29 (6} 116 (6) 87 (6) 16 (10}
10—12 26 (9) 22(9) 63 (7) 58 (6) 8(6)
13—13 133 10(4 48 (5) — 5 (6)

30

[A")
o

Cooling rate,C
o

O

w

Age, days
Fig. 3, Changes in cooling rate index for litters of bank voles in their nests, with
ambient temperature of 5°C. For explanation of symhols see Fig, 2,
(1) Y=229—291x;, r=—0,59, n=22 (2) Y=56—028x; r=—0.22 n=12

essentially established, proof of which is that the index of cooling is
close to zero (Fig. 2).

Voles in the nest, T,;. Under such conditions cooling rate was the
lowest in comparison with the previous experiments. During the first
week of life it varies within limits of 30 (Fig. 3) and therefore forms
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only slightly more than half the true value for measurements outside
the nest at Taap. If results obtained with T,; are compared it becomes
strikingly clear that the lack of a nest causes six times the increase in
cooling rate in the voungest individuals. This very sharp differentiation
is maintained through the first 10 davs of life and it is not until the
end of the second week of life that this difference decreases (Table 4).

The reaction to cold in animals over two weeks old is characteristic
here. It has been observed that the lack of a nest increases their activity
and/or causes shivering, which consequently causes a rise in body tem-
perature in comparison with the value at the start of the experimenst,
and thus index C sometimes has a negative value. Voles in the nest,
on the other hand, would not appear to increase their activity, as may
be seen from the resultant measurements of body temperature, when T
is rarely greater than T.,.

2.5. Discussion

Measuring body temperature in the bank vole on successive days of
its first month of life made it possible to assess not only how this
character is formed during the period of life in the nest, but also during
the period when the voung leave the nest and begin independent life.
There are unfortunately no reliable data on the length of time the
voles remain in the nest, when they begin to leave it and when they begin
a fully independent life. Petrov & Airapetjanc (1961} maintain
that under natural conditions the young begin to leave the nest at the
age of 14—15 days, but Bujalska, Andrzejewski & Petru-
sewicz (1968) assumed that bank voles may be caught at the age of
about 21 days, since they leave the nest at this time. If we take this
sccond period as correct it coincides with the period during which
adult body temperatures is established. It would. however, appear that
young bank voles periodically begin to leave the nest before becoming
completely independent, and this assumption is confirmed by the obser-
vations made by Petrov & Airapetjanc (1961). However, irre-
spective of which day of life bank voles do in fact become independent,
three separate stages of stabilisation of body temperature can be dis-
tinguished. The first of these lasts up to the 9th day of life, the second
between the 10th and 18th day and the third begins on the 19th day
of life. It must be remembered here that the duration of the different
slages in development of body temperature coincide exactly with the
times of development of the animals’ coat (Mazéak, 1962).

The bank vole, like many other species of mammals, is an »altriciale
species in which poikilothermic conditions extend well after birth. The
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opposite to such animals are »precocial¢ species which thermoregulation
at birth does not differ from that of adults. Although both these concepts,
which were in fact introduced for birds, have been used in physiology
for over a century, they are now considered as expressing extreme
forms among homeothermal animals. The increasing amount of knowi-
edge obtained on postnatal development of birds and mammals, although
not denying the existence of the differentiation referred to, shows that
there are many intermediate tvpes (see reviews by Gelineo, 1959;
Barnett & Mount, 1967, Dawson & Hudson, 1970; Po-
czopko, 1973). Species with well-developed heat production mecha-
nisms at birth, heat loss regulators and feedback control maintain
constant body temperature. Incomplete formation during the period
of foetal life of any one of the foregoing links results in the body
temperature of the animal being more or less subject to the effect of
ambient temperature. The degree to which it is dependent has been
exam’ned experimentally, chiefly in laboratory species such as mice
(e.g. Barnett, 1956; Lagerspetz 1962), rats (eig. Capek et al,
1956; Poczopko, 1961) and domestic animals: pigs Mount, 1968),
rabbits (Poczopko, 1969).

Information on mammals living under natural conditions provides only
the rough outlines of the situation (Gelineo & Sokié¢, 1953; Mor-
rison, Ryser & Strecker, 1954; Ostbyve, 1965; Hissa, 1968;
Gebceczynski, 1970; McManus, 1971). Morrison et al. (1954)
showed that Clethrionomys rutilus at the age of 7—14 days has a body
temperature in the nest 3°C lower than that of individuals 23—34 days
old. The collection of data on body temperature during the animals’
life in the nest involes the destruction of the nest, even if only partially.
This disturbs the normal living conditions of the litter and may alter
the behaviour of the parents (Barnett, 1973). Therefore in order to
reduce to a minimum the effect of such measurements on the deve-
lopment of the study individuals it is essential to use a large number of
litters, to be examined as seldom as possible. As the number of bank vole
litters examined in our case was well over 200 this condition was
to a certain extent satisfied.

The level of body temperature in the bank vole during the firet 9 days
of life is about 4.5° lower than in adults. In addition the range of
variation, as shown by the coefficient of variation (Table 1), is far higher.
It is nevertheless a fact that the level of this temperature is fairly
constant. Somewhat similar thermal conditions are characteristic of the
laboratory rat (Poczopko, 1961) and also of laboratory mice (P i-
chotka, 1971) in which body temperature is 32.5°C on the first day
of life, and 33.5--33.8°C on the second, fourth and fifth. In older in-
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dividuals it rises to reach the adult level between the 15th and 18th day
of life. In young Meriones unguiculatus in the laboratory, bodv tempe-
rature recorded immediately after removal from the nest is also fairly
constant and even higher, the average being 35°C (McManus, 1971).

As studies were carried out at two different T, it was possible to
ascertain that at 5°C the body temperature of bank voles 1—9 days
old was about 1° lower than in voles kept in a temperature of 20°C.
The considerable difference in ambient temperature did not disturb
the functioning of the mechanisms which ensure constant hody tempe-
rature in young voles, but merely caused a slight drop in its mean
value. Measurements of this index in litters kept out of doors also
confirm the results obtained. There are thus factors which compensate
for the effect of ambient temperature and create a certain stability of
thermal conditions for the growth and development of the young voles.
Among such factors the most important is maternal care, expressed inter
alia in nest-building behaviour, the nest being more solidly built when
ambient temperature is lower. Another form of maternal care is express-
ed in the bank vole by the mother warming her young with her own
body {for a detailed discussion of different forms of maternal care see
section 3).

The next factor to be of importance in maintaining constancy of body
temperature in the youngest bank voles is their huddling together in
a close-packed group. The importance of huddling together in a group,
and alse living in the nest, is shown by measurements of the cooling
rale. It is lower in individuals remaining in the litter, as can be seen
particularly clearly in experiments at an ambient temperature of 5°C.
However, no significant differences were found in the cooling rate for
small (2—3 wvoles) and large litters (4—6 individuals together). Litter
size is nevertheless an important factor, as is indirectly shown by the
greater capacity for survival in large than in small litters (Rysz-
kowski & Truszkowski, 1970).

We can only assume the answers to the question as to why body
temperature is 33—34°C in bank voles less than 10 days old. It is
certainly the result of all those factors which maintain its stability,
of these the most important would appear to be the fact that surface
body temperature of an adult bank vole is 34 £ 2°C for different ambient
conditions {Cotton & Griffith, 1967), hence litters are warmed
by the mother to this temperature.

Bank wvoles 10 to 18 days old are characterized by completely dif-
ferent body temperature properties than in the earlier period of life.
At this age their body temperature rises by almost 0.5°C daily. Therefore
it cannot be said that during this period in the nest bank voles have
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a constant level of body temperature, but rather that they are cha-
raclerized by a constant rate of increase in this temperature until it
reaches adult level.

A similar phenomenon of abrupt increase in body temperature in
young animals a few days after birth was found by Pichotka (1971)
in laboratory mice, and by Shilov (1968) in birds — Muscicapu
hypoleuve and Parus major. In Meriones unguiculatus resistance to
cooling develops gradually between the 12th and 19th day of life
{(McMauns, 1971). In all these species, as in the bank vole, body
temperature is fairly stable during the initial period, although lower
than in adults, and this is followed by a period of rapid increase up
to the adult level. It is possible that this type of development is con-
nected with the extremely small body dimensions, since all the species
referred to are small animals and do not weigh more than 15 g during
the period of their lives in which this rise in temperature takes place.
In larger mammals such as rabbits (Poczopko, 1969) cr edible
dormice (Gebceczynski, 1870), although the young have a lower
body temperature after birth than adult temperature, it increases
gradually on the successive days of their life. Therefore cnly two
periods can be distinguished in the rabbit and the dormouse: increase
in body temperature to the adult level and then its stabilisation. In
laboratory mice and the bank vole, and also in the two species of birds,
there are three such periods; namely, in addition to the two periods
mentioned above, there is a preceding period of postnatal establishment
with a stable temperature on a level lower than that of adults.

All the data presented above show that the bank vole reaches a state
of constant body temperature after passing through three successive
phases of development of body temperature. These phases are closely
connected with individual growth and development and in addition
depend of the habitat factors formed chiefly by parental care.

3. THE THERMOREGULATORY SIGNIFICANCE OF MATERNAL CARE

Maternal (=parental) care constitutes one of the important, although
insulficiently investigated, forms of social behaviour. The mother,
or both parents, and sometimes other members of the group, may con-
iribute to such manifestation of activity as building, protection and
defence of the nest, licking, grooming, playing and direct contact with
offspring. For young animals, also characterized by their own specific
reactions, maternal care is not only an essental condition of their existence
but it also provides the possibility of gradual adaptation to the habitat
before attainment of independent life. The specificity of maternal care



Heat economy and the energy cost of growth in the bank wvole 395

patterns is sufficiently great in different species of mammals to make
generalizations impossible {(Rheingold, 1963), but this phenomenon
has been far more thoroughly examined in a second group of homeother-
mic animals — birds (Kendeigh, 19532) and its importance fully
realized in consideration of postnatal development (Dawson & Hud-
son, 1970). Nevertheless the similarity due to the degree of physiological
development of young mammals during the postnatal period justifies
comparisons of maternal behaviour. Thus, although there were no data
of this kind available for the bank vole, it was possible to seek analogies
with other small rodents.

After building the nest. the chief form of care is the presence of the
mother or both parents, and sometimes also of other members of the
group with the newborn rodents (Hahn, Koldovsky, Krelek,
Martinek & Vacek, 1961; King, 1963; Rosenblatt &
Lehrmann, 1963; Ponugaeva, 1960; Pegelmannmn, 1966
Hill, 1972). As the length of time spent with the young animals can
be treated quantitatively, measurements of this kind of behaviour were

made for the bank vole.
3.1. Material and Methods

Observations were made of 10 litters of bank veles kept in the laboratory uat
a temperature of approx. 18°C. The female was kept together with the male in
cages measuring 40X20X15 cm. The nest containing the young was situated in a
separate part of the cage (20X20X15 cm) into which there were two entrances
from the part in which food and water were supplied. The cage was always kept
lighted, so that it was possible to observe the number of times the male or female
emerged from the nest part, and to record the length of the time spent outside it.

In the enclosure (4X11m) observations were made jointly of 6 voles with their
young, on consecutive davs of the latter's development. These females built nests
in Howard boxes sunk into the soil. To start with, it must be emphasised that the
males always lived separately in the enclosure and were never observed to stay
with the young, which were cared for by the mother only. Neither the construction
of the nest part of the cage nor the Howard box allowed confirmation of the
assumption that the adults inside them always staved in the nest with the young.
However, breeding practice and the fact that the lactating female, with double the
normal food requirements, remained twice as long as in the run of the cage jus-
tify the assumption.

The observer, using a stopwatch, recorded each exit and entrance of the adults,
whether this was into the nest under laboratory conditions or else into the tunnel
leading into the nest in the case of the enclosure, Observations were made both
day and night in the laboratory, but during the day only in the enclosure. Each
male was marked by cutting off the ends of the hair on neck and rump.

3.2 Laberatory Observations

As observations were made of families with offspring from 2 to 14 days
old, comparison was made of the time spent by the female and the male
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outside the nest depending of the day of life of the young, but no
significant differences were found. The females remained in the nest
on an average for 84% of the whole 24-hour period (Table 5). The
remaining period, lasting on an average almost 4 hours, was spent by

Table 3

Periods parent bank voles spent in nests with their offspring.

Laboratory Enclosure
Item
Female Male Female
Number of observations 10 10 6
Duration of observations, hr 231 231 93
Daily stay in the nest:

Mean, per cent 84 93 76
hours, minutes 20h 10° 22h 19’ 18h 14"t

Minimum, per cent Kk 38 64
hours, minutes 18 h 48 21h 7 15h 21”2

Maximum, per cent 88 96 87
hours, minutes 21h 7' 23h 2 20h 53’2

1 Observations were made only during the daytime and lasted for
and average 7 hours, the results obtained being extrapolated for a whole
24-hour period. ®Values calculated for the actual duration of obser-
vations,
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Fig. 4. Percentage distribution of time spent inside and outside the nest by a female
and a male during the first two weeks of life of their offspring.

the female outside the nest. Males emerge from the nest far less often
and for a shorter time. The average time of their activity was shorter
than 2 hours (Table 5). It is a striking fact here that it is only in a few
cases that the male was observed outside the nest during the same time
as the female. It also proved possible to establish that then the female
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was in the run together with the male, the former often behaved agres-
sively towards the male, forcing him to return to the nest.

These differences between males and females, and also the 24-hour
differentiation of activity outside the nest, are illustrated in Fig. 4. It can
be seen that during the day there are four periods of intensified activity
outside the nest in the case of the female, while the activity of the male
is more even. As in the case of Rattus norvegicus, females with young
exhibit a specific daily rhythm (Ader & Grota, 1970).

3.3. Observations in the Qutdoor Enclosure

The length of time spent by females away from their offspring under
the conditions in the enclosure differs from those in the laboratory

| Qutside the nest
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Fig. 5. Periods spent in and outside the nest by one of the females rearing 4 young
aged 6 days under semi-natural conditions (the enclosure). The observations were
made continuously for ¢ hours and 10 minutes.

(Table 5). By extrapolating data obtained for the enclosures to a 24-hour
period it was calculated that the females leave their young for about
6 hours.

The activity pattern of females kept in enclosures has been described
by taking a female observed for 9 hours 10 minutes as an example
(Fig. 5). During this period the female remained with the young in the
nest for a total time of 6 hours and 57 minutes, and outside the nest
(searching for food and wandering over the area of the enclosure),
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for 2 hours and 13 minutes. The longest times spent outside the nest were
43 and 36 minutes, the other periods being far shorter and not exceeding
14 minutes. In addition, the female was observed to emerge four times
from the nest for periods of less than 1 minute 1.

3.4. Discussion

The observations showed that the activity of females caring for their
offspring is different in cages from that in enclosures, and that in
enclosures males do not participate in rearing the young. The longer
period for which young are left without direct care in the enclosure
does not cause a significant change in the temperature condition of
their development. This is probably due to the fact that with cold
conditions the female builds a larger nest with thicker walls (Gelineg
& Gelineo, 1952; Pegelman, 1966), and consequently the cooling
process takes place more slowly in young left without maternal care.
This assumption has been confirmed by measurements of the body
temperature in offspring of females kept under different temperature
conditions (cf. section 2).

The capacity for building different nests depending on ambient tem-
perature has been assessed quantitatively not only in the laboratory
species: the rat (Kinder, 1927) and mouse (Barnett, 1956), but
also in wild Peromyscus (Layne, 1969). Nest-building behaviour
resulting in an organized nest arises shortly before parturition and
in the rat continues for the first two weeks of litter care, then declines
and disappears (Rosenblatt & Lehrman, 1963). In the bank
vole also the nest differs in respect of size and form depending on the
temperature in the laboratory. Observations in the forest show that the
female bank vole builds a solid nest for the young (Bujalska &
Rajska, 1972; Truszkowski, 1974; author’'s own observations).
This capacity for constructing nests appropriate to actual needs is
undoubtedly of prime importance in protecting the young voles from cold
during the first two weeks of their life.

Another form of maternal care is the female herself warming her
young, to which Gelineo & Gelineo (1950) and Gelineo
& Sokié¢ (1953) have previously drawn attention. Observation of lacta-
ting female activity in the laboratory show that they spend about
20 hours out of the 24 in the nest (¢f. Gorecki, 1968). Preliminary
measurements made directly outdoors showed that the bank wvole

1 At the same time it was observed that some females on emerging from the
corridor leading to the nest part always concealed the entrance, using leaves
fallen from trees and sometimes grass blades lying close by.
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remain only 4 to 6 hours daily outside the nest (Karulin et al.,, 1973).
In other species of rodents also, e.g., those belonging to the genus
Peromyscus, the mother spends over 20 hours each day with her young
(King, 1963). Although Hill (1972) found in the case of Peromyscus
leucopus noveboracensis that the amount of maternal care depends on
experimental conditions, and that mothers in forests tended to spend
more time away from their young than the laboratory mothers, it was
nevertheless observed that young bank voles are warmed by the mother
over long pericds. Measurements of body temperature confirm that the
exit of the female does not mean that there is an immediate decrease
in the body temperature of the young, even at low ambient temperatures.
This refutes Hill's opinion (1972) that young Peromyscus leucopus
are maintained at a stable thermal staius only when in the company of
their mother.

Thus the period spent by females in the nest with their young is
even more variable than could been expected from laboratory chbservation.
However, it seems certain that the stable level of body temperature in
young bank voles essential to their development, is ensured by the pre-
sence of the mother and by the insulating properties of the nest. In
addition young bank voles are able to produce a certain amount of
warmth themselves when subjected to cold, thus contributing to main-
taining their own homeothermal state.

4, METABOLIC RATE AT DIFFERENT AGES AND AT DIFFERENT
AMEBIENT TEMPERATURES

Previous studies of small rodents, chiefly laboratory rats and mice,
have not shown unequivocally that they already possess the capa-
city for intensifying metabolism as a response to cold during the first
few days after birth. Some authors (Pembrey, 1895; Leichten-
tritt, 1919; Antoschkina, 1939; Hill, 1947; Fairfield, 1948)
state that rats are poikilothermal at birth, not showing evidence of
chemical regulation until one or two weeks of age. Pincus, Sterne
& Enzmann (1933), however, showed that day-old laboratory mice
have a body temperature slightly higher than their surroundings at
temperatures of 15 to 35°C. Measurements made on rats (Gelineo &
Gelineo, 1951; Barié¢, 1953) also confirmed the existence of certain
forms of chemical thermoregulation. Metabolism intensifies as a reaction
to the effect of cold even on the first day of life in the rat (Taylor,
1960; Varnai & Donhoffer, 1970). This does not of course mean
that under conditions of lasting cold the newborn rodents are capable
of maintaining a constant body temperature. In the first place they have
no mechanisms for heat conservation, since vasomotor reactions in the
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rat develop gradually from about the 4th to the 20th day of life (Pc-
czopko, 1961), neither is there any physical thermoregulation at all
in newborn laboratory mice (Pichotka, 1971).

The development of chemical thermoregulation in the bank vole was
studied by measuring the oxygen consumption of litters of 1 to 6 indivi-
duals. This made it possible to estimate the metabolic reactions of growing
rodents to the effect of both physiological cold and heat. The assumption
was made that litters form a certain functional unity and only the
indices proper to them reflect the living conditions in the nest. These
studies provide information on the rate of development of thermoregu-
latory functions and the metabolic rate and value of energy requirements
in different periods of the first month of life of the bank vole.

4.1. Material and Methods

Oxygen consumption was measured in a closed type respirometer as described
by Kalabukhov (1951). Jars of 300 to 1000 ml capacity, depending on the age
of the voles and litter size, were used as respiration chambers; the floor surface
allowed the dispersal of individuals from the litters examined.

Each measurement of oxygen consumption was made ag soon as possible after
remmoving the litter from the nest. The voles were taken from the nest directly to
the respiration chamber and measurement started immediately. Body weight was
determined at the end of the measurements. In practice the time lapse from
removal of the litter to the start of measurement was less than 10 minutes, this
was only exceeded at a temperature of 35°C for the youngest individuals, Oxygen
consumption was measured for 15 min (1—9 day old voles); 30 min,.older ones.

For control purposes measurements of oxygen consumption were made at tem-
peratures of 30°nd 35°C, lasting 90 minutes each time. Litters of 4 or 5 voles were
placed in the respiration chamber and their oxygen consumption recorded in
successive periods of the experiment. The values obtained in six successive 13-
minute pericds of measurement were compared, extrapolating each result to a full
hour. Voles 4—6 days old at TA 30°C exhibit a certain decrease in oxygen con-
sumption from the third 15-minute period of measurement (Table 8). The difference
between the first and last measurement period is significant (P<C0.001), indicatirg
the distinct effect of this temperature on the metabolism of the youngest voles. At
35°C, however, this relation was not observed. In voles 14—16 days and 24—27
days old the length of measurements at T,,, and 35°C do not appear to exert any
influence on the results obtained for oxygen consumption (Table 6). The results of
these control measurements show that 15- and 30 minute Tuns give a good descrip-
tion of the metabolic rate of very young bank voles.

Although changes may be caused in the development of young, physiologicaliy
undeveloped, animals by keeping them outside the nest, particularly at low tem-
peratures (Hahn, 1856; Harrison, 1963), this obviously could not be avoided.
However, efforts were made to keep the young animals outside the nest for tte
shortest possible time and the different litlers were used for the experiments not
more than 3-—4 times during the first three weeks of life. It may be assumed that
these precautions redueed any disturbanee to their growth and development caused
by handling.
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A total of 1076 measurements of oxygen consumption were made on 282 litters
from 1 to 33 days old, born in spring (April-July) and 72 measurements on 3¢
litters from the autumn generation (Oclober-November). The temperature at which
the metabolic rate of the young voles was measured was from 15 to 35°C, at 5°C
intervals. Measurements were made on whole litters with natural differentiation
of litter size. In addition oxygen consumption was measured separately for single
individuals taken from the litter, consisting of 4 or 5 individuals, only for the time
of the experiment.

Table 6

Oxygen consumption (ml/g hr > SD) in six sueccessive 15-
minute periods, by litters of 4 or 5 bank voles.

Consecutive Age in days
15-min. pETiOdS —6 14—18 2427
Ambient temperature 30°C
I 1.56 X 0.41 2,38 £0.42 2.73 £ 0.63
11 1.71 + 0.58 2.27 £ 0.63 298 £ 0.78
111 1.37+0.34 2741 0.79 264+ 083
v 1.12 + 0,27 2,22 % 0.53 2,371 0.4
\Y 1.37 £ 0.27 248+ 048 314101
VI 095 £0.18 2.63 £ 0.87 3.06 £ 0.82
Mean 1.33 £ 0.37 245+ 0.56 2821071
Body wt., E 3.2 7.1 12.2
n 12 10 10
Ambient temperature 35°C
I 1.39 £ 0.34 278 +0.42 3.36 1+ 0.48
I 1.07+0.18 3.08 % 0.58 3.22 X 0.64
II1 1.32 X+ 0.46 3.17 £ 0.47 348t 051
v 1.86 + 0.62 274 +0.59 3.17+0.59
v 1.46 + 0.49 348t 1.12 3121076
VI 1.35 + 0.29 3.39 £ 0.68 3.40  0.50,
Mean 1.41 £ 044 311078 3.29 £ 0.53
Body wt., g 3.1 6.2 11.8
n g 10 9

In the statizstical analysis Students’ t test was used and the significance of
differences was defined by the level P<{0.05. If the difference was significant with
a different P this has heen stated in the text.

4.2. Results for the Spring Generation

4.2.1. Litter Size and Oxygen Consumption

Although there is considerable variation in the oxygen consumption of
the youngest bank voles, the effect of social thermoregulation is clearly
perceptible from the first day of life. Smaller litters, particularly these
consisting of only one or two young, have a higer metabolic rate than
larger litters (Fig. 6). These differences are particularly clesr in the
youngest individuals from 1—3 days old. Voles of this age, born and
reared singly by their mothers, have an oxygen consumption rate twice



402 M. Gebczyaski

as high at T,y — Tass as individuals from litters of 3 or more young,
Litters of two individuals always have a lower metabolic rate, expressed
mi/g hr
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Fig. 6. Relation between age of bank voles, litter size and oxygen

consumption
rate at different temperatures.
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in units of body weight, than animals born singly, but higher than for
larger litters. The differences between litters of 3 to 6 young are smaller
and do not exceed 20%u (Fig. 6). In older animals up to 12 days old, the
kind of relation between litter size and metabolic rate remains the same
and the differences are not significant,

The action of social thermoregulation is very clearly shown under cold
conditions (Prychodko, 1958; Ponugaeva, 1960) and disap-
pears at temperatures close to the neutral zone (Gebczynski, 1969).
In the case of C. glareclus, however, during the first month of life this
reaction differs from that in adults. From Tag to Tas; individuals up to
9 days old from small litters always have a higher oxygen consumption
than larger litters. At T,,; this effect is even smaller, in bank voles from
7—9 days old the difference was about 20% (Fig. 6). In older voles,
from 10—12 days old, the reduction in oxygen consumption rate with
increase in litter size is very distinct at Taj; and 20 and 25°C. At Tase
the difference is smaller and at Tas; it disappears. Voles 13—15 days old
show a group effect only at 15°C, while at higher temperatures the
difference becomes insignificant. At the age of 16—18 days the group
effect is only faintly marked in the young animals, irrespective of
ambient temperature. In individuals over 19 days old reduction in meta-
bolic rate in larger litters is perceptible only at Ta5. Social thermore-
gulation is not perceptible. It is only at 35°C that an increase in the
number of very young voles causes a slight increase in oxygen consump-
tion, when calculated per unit of body weight,

All these data show that in the first month of life of bank voles oxygen
consumption depends on the number of young in a litter. Litter size does
not, however, exert a constant and unvarying effect on metabolic rate,
but this group effect depends both on age and on ambient temperature.

422 The Effect of Ambient Temperature on the Metabolic Rate of Single
Individuals of Different Ages

Data on oxygen consumption were compared in three groups, sccording
to age. The first group consisted of bank voles 1—9 days old, the second
10—-18 days old and the third 19—-33 days. The animals were divided
into these groups in accordance with the stages of development of tody
temperature during these periods of life (cf. section 2). The youngest
group is formed by individuals with a fairly constant but low (33--34°C)
body temperature. In the second group body temperature is characterized
by continual increase on successive days of life, and the oldest group
has a level of this index proper to adult individuals (37—38°C).

The metabolic reaction of growing voles is also dependent on litter
size, and consequently a separate analysis was made of data obtained on
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litters of 1 to 6 young, and also of single voles separated for the period
of measurement.

Single litters. In individuals 1—9 days old oxygen consumption de-
pends on ambient temperature only to a small extent. Within the tempe-
rature range of T 515 to Tazs this index remains unchanged. At T 53 0xygen
consumption is lower, although not to a significant degree, but the
difierence becomes significant (P<<0.01) at Taa; (Table 7). Bank voles
10—-18 days old are distinguished by strong thermoregulatory reaction,
since their oxygen consumption increases at lower ambient temperatures.
At Tay; their metabolic rate is 91% higher than at 30°C, and therefore
a reduction of 1° in ambient temperature brings about a 6% increase
1n oxygen consumption. Rodents from the oldest age group also exhibit
a distinet thermoregulatory reaction, but it is slightly smaller, ie,
5%0/1°C, showing that heat conservation mechanisms are better formed
than at the age of 10—18 days.

Ag differences in body weight between the various age groups are
considerable, appearing as 1.0:1.7: 2.9, the results for oxygen consum-
ption were calculated for metabolic body size, that is, unit of weight tu
the power of three quarters (MW?®™), after Kleiber's generalisation
{1961). The results (Fig. 7) show that the youngest group of bank voles
from single litters do not exhibit thermoregulatory reactions at T,
from 15 to 25°C, although at temperatures from 20 to 30°C their
metabolic rate is higher than in voles from 10—33 days old. Bank
voles over 9 days old are characterized by a good metabolic reaction
to the effect of cold and also heat.

Separated individuals. Single individuals about 4, 14 and 24 days
old were removed from litters of 4 or 5 young only for the duration
of the experiment. After oxygen consumption had been measured the
animals were returned to their original cages. The results obtained show
that oxygen consumption rate is different from that in voles from
single litters and also different from that in the litters from which
the separated animals were taken.

Individuals 4 days old had a significantly higher oxygen consumption
rate than those from single litters, and exceeded the values found for
whole litters by twice as much (Fig. 8). At Ta.2 oxygen consumption by
separated animals dropped significantly (P-<C0.01) in comparison with
T a15. despite the considerable variations in results (Table 8). The fact
is remarkable that oxygen consumption in 4 day old voles did not change
at higher temperatures. Separated voles at the age of 14 days differ
significantly from large litters, but when single litters are compared
with separated individuals no significant differences are found at Taj;,
but the difference is significant at higher temperatures. There are
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msignificant differences irrespective of temperature between the meta-
bolic rate of voles in large and single litters and separated individuals,
in their fourth week of life (Table 7 and Table 8).

Comparisons of oxygen consumption by individuals examined singly
and in litters of different size show that not only is there a considerable
difference in metabolic rate, but also that the separated voles at the age
of 4 and 14 days do not exhibit chemical thermoregulation at T .90—T a3;.

[5° 20° 25° 30° 35°C
-
u ~ _
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Fig. 8, Oxygen consumption rate in voles grouped in litters (shaded part of diagram)
in comparison with the oxygen consumption rate of individuals removed from
litters for the time taken by measurements {(whole height of column).

As individuals measured singly had been removed from litters of 4 or § young,
the results obtained were compared with the mean values for litters of 4 or

5 young.

Only the temperature of 15°C causes a significant increase in metabolic
rate. Young voles kept together with the other members of the litter
during measurements exhibit a strong reaction to the effect of physio-
logical heat and cold. Single litters exhibit intermediate reactions; the
youngest group of 4-day old separated voles do not possess chemical
regulation, but 10—18 days old single litters differ from 14 day old
separated voles. All these differences show that the capacity for in-
creasing heat production under the influence of the thermal effect of
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their habitat also depends on behavioural stimuli created either by living

in a litter or outside it.

Table 7

Changes with age in oxygen consumption expressed in ml/g hr = SD, by bank voles
in litters of different size at different ambient temperatures.

1—9 days 10—18 days 18—33 days
Litter
size ml/g hr Body ml/g hr Body ml/g hr Body

+SD wt, g n +SD wt.g n +SD wt, g n

Ambient temperature 15°C
1 3.89 3.8 3 5082038 6.4 7 4.80 £ 0.59 95 3
2 3951033 34 B8 146F 079 60 11 4.12+0.45 10.6 19
3 3.29 + 0.31 34 28 399+076 6.3 27 1.08 £ 0.41 93 25
4 2834042 29 19 420+ 084 64 24 3.50 + 0,22 107 24
5 291 £047 3.1 15 380+080 58 27 3.59+0.49 10.0 17
[ 292+026 2.7 9 374+ 069 59 6 3.31 9.2 a

Ambient temperature 20°C
1 419 %076 3.2 9 4,04 5.7 3 367081 1.4 12
2 3747049 44 9 383+044 77 13 336 £ 048 120 14
3 21812037 236 16 348073 6.7 17 3.59 ¥ 0.52 96 32
! 224+036 3.3 19 349+ 061 64 21 345+ 0.33 96 38
5 2.03+058 36 23 2941+016 58 16 333+056 10.2 16
6 1.84 091 36 9 2.64+078 6.0 10 3.16 = 0.27 11.2 10

Ambient temperature 25°C
1 4,13+028 38 7 3.73+025 4.9 T 2.76 £ 0.63 12.7 1
2 3552062 3.7 7 283*07¢ 55 8 3.04 £ 056 10.1 11
3 2011040 3.7 17 2781068 56 16 2.94 + 0,43 10,2 17
4 184+t062 3.5 17 277040 55 17 3.09 £ 0,62 10.0 21
3 1.87 £ 0.51 35 10 2881t 064 6.2 11 302 +0.48 9.9 i}
6 1.62+042 32 11 2.54+053 6.1 it 2.83 = 0.29 9.3 7

Ambient tempertaure 30°C
1 3.59 4.6 2 265+044 7.0 5 2.60 £ 0.88 8.7 4
2 3.15 +0.51 4.0 8 267+082 65 B 2.73 £ 0.62 10.6 15
3 2.04t0.38 4.8 4 2.23 - 0.61 5.8 8 2,713 £ 0.56 10.2 8
4 151043 3.1 9 227+049 6.2 6 2.90 + 0.52 105 14
5 1.49 066 29 5 231+063 59 10 2.80 £ 0.30 10.1 14
] 1.32 2.9 1 190013 5.4 4 2.81 10.0 2

Ambient temperature 35°C .

1 238+098 33 7 3.02£076 6.0 8 300£036 10.1 2
2 2371066 3.8 4 288+ 045 648 9 3.04 £ 0.61 11.2 11
3 1.72 2.7 1 287056 59 6 3.00+025 120 28
4 1.30 + 042 3.1 7 3.02+0.41 63 19 3.31 + 0.52 115 21
5 1.42+031 30 11 281 %058 6.0 9 352068 12.3 9
1] 1.33 25 2 290+030 63 3 3641045 108 4

4,2,3, Effect of Ambient Temperature and the Size of the Litter (2—6 young)
on the Metabolic Rate at Different Ages

Litters of two. Voles 1-—8 days old reduce their metabolic rate

at Tais—Tase, but this difference is not significant.

It is not until

Tass that it is lower (P<0.01) than at 30°C. Unlike the young voles in
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single litters, animals over 9 days old have only a very slightly lower
respiration rate than that of wvoles below this age (Table 7). Oxygen
consumption calculated for MW?®™ shows that at T,y3 and 20° metabolic
rate is similar regardless of age. At T 595 and 30° it is higher in individuals
1—9 days old and at 35°C is markedly lower than in the two older
groups.

Litters of three. The development of a metabolic reaction to the
effect of ambient temperatures in these voles differs from that in litters
of two. Young voles from 1—9 days old from these and larger litters
have a distinctly lower metabolic rate than older individuals. This

Table 8
Oxygen consumpiion by separated bank voles of different age.
Ambient Age in days
tempera-
ture, °C 1—6 1416 24—30
15 ml/g hr £ 8D 617t 1.58 5.85 + 0.51 578 £ 0.71
keal/kgl.i5 hr 10.98 9.58 9.04
Body wt., g 3.0 59 10.3
n 20 20 19
20 ml/g hr £ 8D 414 * 0.81 521 £ 0.74 4.35 £ 0.86
keal/kgl.7s hr 6.87 B.58 7.32
Body wt., g 3.5 7.1 12.8
n o 18 20 20
25 mi/g hr £ SD 4.08 +1.12 551 £0.73 351 +0.70
keal/kgh. 75 hr 6.79 8.85 5.78
Body wt., g 36 6.6 13.1
n 12 24 24
30 ml/g hr  SD 396 +0.84 561+ 0.34 3.20 £ 0.562
keal/kg0.75 hr 6.74 8.57 5.38
Body wt., g 33 6.2 13.3
n 31 10 14
35 ml/g hr = SD 4.28 £ 0.95 5.36 £ 0.90 373+ 0-88
keal/kg0.?5 hy 7.27 8.57 6.28
Body wt., g 34 6.4 129
n 20 18 14

difference also depends on ambient temperature, but is primarily due
to age differences. At T,y; 3 voles in one litter consume significantly
(F<<0.001) more oxygen than at T s (Table 7), but at higher temperatures
these differences are not so great. A similar conclusion is reached when
comparing values calculated for MW®™ (Fig. 7). In voles 10—33 days
old the dependence of metabolic rate on ambient temperature is already
distinct (Table 6).

Litters of four. During the first 9 days of life voles have significantly
higher oxygen consumption (P<0.01} at Tas than at Tas; and the dif-
ference between T 415 and Taz is also significant. Temperatures over 25°,



Heat economy and the energy cost of growth in the bank vole 409

however, do not cause distinct differences in the metabolic rate of the
youngest animals. Voles 10-—18 days old are distinguished by a significant
dependence of oxygen consumption on ambient temperature (T 5;:—T aso,
but Ta3; causes a renewed significant increase in metabolic rate. In-
dividuals at the age of 19—33 days also reduce their metabglic rate
with increase in temperature from T 405 to T 430 {Table 6).

Litters of five and six. Reduction of T, from 20°C to 15°C
causes a significant increase in oxygen consumption (Table 7), but an
increase of T, to 35°C brings about only a negligible change in metabolic

i
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Fig. 9. Metabolic rate in voles at Tais in consecutive periods of the first month
of life, the single litters were compared with the litters containing 3—6 young.
Average body weight is given in Table 7.

rate. Voles 10—18 days old show only a slight increase in oxygen
consumption above T,,;. In the oldest group the effect of temperature
on metabolic rate is small, and this is confirmed when expressed as
MW (Fig. 7).

At a temperature close to the neutral zone the metabolic rate of litters
containing from 3 to 6 young ccarcely differs but is very different
from the values found for single litters. In order tfo trace more exactly
the age changes in the metabolism of voles growing in large and single
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litters, they have been presented over successive 3-day periods. At T,.g;
MW?T j5 markedly higher during the first 12 days of life in single
litters than in large ones (Fig. 9). These values are almost identical in
older individuals. Similarly, when calculated for one individual, energy
consumption in litters of 3 to 6 voles is lower during the earliest part
of their life, but becomes higher in voles over two weeks old (Fig. 9).
This is caused by the greater body weight of the voles growing in larger
litters over this period (Table 7).

4.3. Results for the Autumn Generation

4.3.1. Litter Size and Oxygen Consumption

The number of animals born in autumn was too small to divide the
values obtained according to the number of young in a litter, especially
as the most frequent litter size was 3 or 4. Only in one case that it
proved possible to establish that litter size affects oxygen consumption
that is at Ta.y5 single individuals from 19—27 days old are characterized
by a higher metabolic rate than that for litters containing an average
number of 3.6 young (Table 9). This difference is statistically highly
significant (P<X0.001).

4.3.2. The Effect of Age and Temperature on Metabolic Rate

The very small number of litters obtained for this generation did not
allow the separation of the stages of development of body temperature
and resistance to cooling during the postnatal period. Therefore the same
division into age groups has been used as in the case of voles born in
spring.

Oxygen consumption in bank voles of the autumn generation is highest
at Tays; but is simultaneously dependent on age. Voles at the age of
1—9 days have a significantly (P-<<0.01) lower metabolic rate than those
10-—18 days cld, while this group also has a significantly (P-<0.02} higher
oxygen consumption rate than individuals 19—27 days old (Table 9).
A rise in ambient temperature leads to a reduction in metabolic rate,
this being particularly marked in the youngest voles, when at T.j
oxygen consumption is 81%v lower than that recorded at Tays. Similarly
the calculated difference for 10—18 day old voles is 73%u, but only 20%s
for the oldest individuals.

Despite the differences in the metaholic reaction of the various age
groups to the effect of ambient temperature, the amount of oxygen
consumed at Tago is also determined by the voles’ age. The youngest
group also has a significantly lower oxygen consumption rate at this
temperature compared with voles from 10—28 days old. On the other



Table §
Oxygen consumption by bank vole litters born in the autumn generation.

Ambient 1—% days 10—18 days 19—33 days

tempeera- ml g hr Body Litter mlg hr Body n Litter ml.g hr Body Litter

ture "C 48D wt., g size +SD wt., g size +SD wt., g size
15 2881027 3.2 15 3.3 3.714 £ 051 5.6 12 3 333+ 029 9.5 16 36
15 — — — —_ —_ — — — 422 + 0.61 10.4 8 1
20 — — — — 2.88 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 2 235 2.87 6.1 1 3.0
30 1.60 + 0.36 3.0 10 3.3 2.16 * 0.60 5.5 12 32 2.79 +0.42 8.4 5 3.4
35 1.21 29 2 35 2717 6.0 1 3.0 — — — —_—

I
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hand the difference dividing this group from the oldest animals is on
the borderline of significance (Table 9). At T,.s; metabolic rate is even
more closely dependent on age, but the small amount of data obtained
did not allow the statistical significance to be marked.

4.4. Differences between Generations

Data on oxygen consumption for the spring generation were inter-
polated to the size of litters characteristic of the autumn generation,
and were expressed per metabolic body size so that the two generations
could be compared. The bank wvoles born in spring have, in almost all

1 Spring generation El Autumn generation
ér -9 days 10-18 days 19 -33 days

kcal 7 kg® "> hr
(93]

N
-

oL

15°  25° 30° 35° I5° 20° 25° 30° 35° I15° 20° 25° 30°
Ambeent temperature

Fig. 10. Comparison of metabolic rate at different temperatures expressed in
calorific requirements per metabolic body size (kg0.7%) for voles of different age
and coming from the spring and autumn generations.

cases, a higher metabolic rate, than those born in autumn (Fig. 10).
The size of differences does not depend so much on age, but on the
effect of ambient temperature. It is most distinet at Tay; and 20°C,
but is very slight at higher temperatures. All these differences are not,
however, significant, except for single litters, which differ significantly
at 15°C. The picture of the metabolic properties observed in growing
voles thus indicates that there is some retardation of the development
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rate in animals born in autumn. However, these differences are not
sufficiently great to be able to state that the development pattern is
different in the two generations.

4.5. Discussion

In the bank vole heat production mechanisms are not fully developed
during the immediate postnatal period. This development depends on age
(metabolic rate is higher in older animals) and on litter size. Young
voles from small litters {I—2 individuals) have a different metabolic
rate at given temperatures than individuals from larger litters (3—6).
However, the oxygen consumption rate of individuals separated for the
duration of measurements is twice as high as that for whole litters. In
addition, it only partly agrees with results for young voles born and
reared singly. It would therefore appear that the only way to measure
the characters of young bank voles living with their siblings is to treat
them together as a group. This conviction, which is obvious to ethologists
concerned with relations between the mother and her offspring, is slowly
finding acceptance among physioclogists (Mount, 1960; Cosnier,
Duveau & Chanel, 1963).

The rate at which metabolic reaction is formed in the bank vole is
rapid, as suggested by the results obtained by Bashenina & Bo-
rovskaja (1963) in their observations of the development of 6 litters.
A significant increase in metabolic rate occurs on the final days of the
second week of life. Nevertheless, despite the low metabolic rate on the
first few days after birth, the effect of cold for 15 minutes causes
considerable increase in oxygen consumption. Although measurements
made for 11/2 hours at T, 30° revealed a decrease of 40%p in metabolic
rate in voles 4—6 days -0ld, the first two 15-minute periods of the
measurement show that chemical thermoregulation exists, and thus even
on the first few days after birth oxygen consumption by voles increases
under cold conditions, as it does in the case of laboratory mice (Cassin,
1963) and rat (T aylor, 1960a). This contradicts the opinion that small
rodents are completely incapable of increasing oxygen consumption when
ambient temperature drops.

The reduction in oxygen consumption rate in voles 4—6 days old
when measurements are made for a considerable time can be explained
to some extent by the fact that the chemical thermoregulation of replete
individuals is markedly higher than in hungry ones (Barié, 1953,
Taylor, 1960b). This relation was not, however, observed in very
young laboratory mice (Fitzgerald, 1953). The corbohydrate re-
serves of a newborn rat are very low (Mourek, 1958), so thal hungry
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individuals would be expected to have a reduced oxygen consumption
in cold conditions. It would seem that it is not the explanation of the
differences in metabolic rate and reaction to cold in bank voles depending
on litter size. Small litters are undoubtedly better fed and that is why
their metabolism and reaction to cold differs from those of less well fed
individuals from larger litters. This does not mean that young voles
from small litters have more favourable conditions for development than
individuals from large litters. It has been found under field conditions
that mortality among litters consisting of 4 to 7 young is lower than
in smaller litters (Ryszkowski & Truszkowski, 1970). It may
therefore be concluded that the low metabolic rate characteristic of large
litters is a character preferred by natural selection, despite the fact that
the amount of food available for each of its members is relatively smal-
ler than in litters with fewer individuals. Reduction in energy losses
is thus more important to the voles’ survival than increase in its potential
sources.

In voles 10—18 days old oxygen consumption is sometimes higher than
in older animals. This is connected with the fact that their heat pro-
duction mechanisms are already well developed, but not their fur and
vasomotor reactions. Bank voles can therefore produce a considerable
amount of heat which is lost more quickly than in older individuals.

The season of birth exerts only an influence on the rate at which
metabolic reaction is formed. Bank voles born in winter in captivity
(cf. section 5), like rats born at an ambient temperature of 5°C (Chevil-
lard, Portet & Cadot, 1963), grow more slowly, and also have
a higher tissue metabolism (Gebczynski, 1975) confirmating that
they are physiclogically (metabolically) younger.

The examination of the oxygen consumption of voles during the first
month of life shows that a short period in a temperature even as low
as 15°C causes a distinet inerease. The degree of this reaction is clearly
different in young voles from small and large litters, but the metabolic
reaction of young voles up to about the 9th day of life is not as constant
as in older animals. Metabolic rate is also low in the youngest voles
and does not increase quickly until the animals are older. Therefore
the constant body temperature observed in the bank vole during the
period of postnatal development {cf. section 2) is ensured not only by
the mother’s behaviour or presence of the nest and by the young voles
huddling together in a litter. Such a litter can produce more heat when
subjected to the effect of cooling than can an individual. Group thermo-
regulation consists of improving the relation between body surface and
its weight (Gebczynski, 1969). Hence heat production by a litter
is subject to smaller fluctuations than in single individuals in which
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hypothermy restricting metabolism may easily take place. It must,
however, be remembered that the result of metabolism in a group also
depends on social relations and reactions (Ponugaeva, 1860; Myr-
cha & Szwykowska, 1969, Myrcha, 1975), and these pheno-
mena are completely unknown in rodent litters. It is possible that these
{actors also may determine the greater capacity for survival of large
litters.

B, THE ENERGY COST OF NESTLING DEVELOPMENT

5. THE COST OF GROWTH IN NESTLINGS AT DIFFERENT TEMPERATURES

The increase in the mother’s calorific requirements during her gestation
and lactation periods is due te the necessity for transmitting part of
the assimilated energy to her offspring. In the bank vole, which produce
5 and rears 4 young, according to Kaczmarski's estimate (1966)
energy requirements increased by 24%y during gestation and by 92%%
during lactation. This considerable metabolic burden may be increased
even more, when litters are larger, but may be reduced when the number
of offspring is small. Since nestling development rate in captive bank
voles clearly depends on the season of birth, measurement were made
of the food consumption of parents rearing litters in winter and in spring.
This allowed the estimation of the relation between maintenance costs
and growth of the litter rate of growth and development of the young.
In addition a series of measurements were made in spring at low
temperatures in order to estimate the effect of ambient temperature cn
the above correlation. '

3.1, Material and Methods

Measurements of food consumption were made on voles rearing voung at a
temperature of 20.3°C (winter I series), 18.7°C (spring II series) and 9.0°C (spring
III c=eries). For purposes of comparison about 10 pairs without offspring were
kept under identical conditions for each series. All the animals used for the
experiments were taken from among those kept in captivity in the laboratory,
the conditions of which have been described by Buchalczyk (1970).

The voles were supplied with husked oats, carrot and water. Unconsumed food
was weighed daily to determine the amount censumed, which was expressed as
dry mass. Food consumption and changes in body weight were assessed for three
successive days of each week. On the remaining day food and water were supplied
without touching the young, in order to reduce the effect of handling on their
growth., The voles were kept in plastic cages measuring 30X20X10 em, with wire
mesh lids. The nest material consisted of cotton-wool, 30 g of which was supplied
for room temperature conditions and 40 g for the lower temperature.

When calculating the energy budget of adult individuals, a correction was in-
troduced for changes in body weight, adding 7 kcal/g for weight loss, and sub-
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tracting 9 kcal/g when weight increased, on the assumption that lipids are the
main material utilized or deposited (Drozdz 1968). The coefficient of digestion
and assimilation of voles fed on the same food varied very little, being 86.3%
and 85.0%, depending on ambient temperature (Gebczyniski & Gebczynska,
1971). As the difference in temperatures in this study was 16°C, greater than in the
present study, two different values were not introduced. It was assumed that 85%s
energy was assimilated in all calculations.

5.2, Results

The combined food requirements of a male and female not rearing
offspring were established by means of 24-hour measurements at tem-
peratures of 20°C and 9°C (Table 10). At the lower temperature these
are over 20%o greater than at room temperature. Both these wvalues,
expressed as assimilated energy, were used for calculating the energy
requirements of litters, since the values appropriate to parents without
offspring were subtracted from the requirement values measured for
parents with offspring. Calculations of the litter's energy requirements

Table 10

Food consumption by pairs (male + female) not rearing offspring.
n indicates number of measurements of daily food requirements expressed in units
of assimilated energy.

te;?lm:rl::::re Mean weight n kcal ‘pair keal/g Differences in
pg of the pairs, g per day per day -+5D consumption. %
20.1 45.0 36 18.95 0.422 +0.103 ' 100.0
9.0 44.3 99 22.55 0.509 £ 0.089 120.6

were limited to the first 10 days following birth, when the only source
of food for the young is their mother’'s milk. Thus costs of food conversion
to milk enter into the established value.

Owing to the use of litters varying in size from 1 to 5 young, it was
possible to show that an increase in the size of the litter is accompanied
by increased energy requirements for its support during the first two
weeks of life. The coefficient of correlation between these is 0.49 in
series I and is even lower in series II and 1II, being 0.31 and 0.29,
respectively, This shows that, with the number of measurements discus-
sed, there are no significant relations between the number of young in
a litter and daily energy expenditure by the parents. The differences
m food consumption of voles rearing offspring cannot therefore be
explained by the different number of young in a litter.

On the other hand by comparing the calculated expenditure on the
litter’s maintenance with the rate of growth of body weight for the
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Table i1l

Energy requirements of bank voles rearing offspring.

The measured value of food requirements was calculated only for the first 14 days
of life of young voles while stil}! constantly in the nest. Requirement value was
converted to assimilated energy (85% of gross energy). Consumption of a female
and male not rearing offspring, determined in conirol experiments, made it possible
to calculate the parents’ requirements, the difference being treated 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 weight and energy cost of
supporting offspring. Each measurement indicated a mean value for a 1l4-day
experiment.

Parents-}- . .
No. of  offspring Parents Offspring
expe-~
ri- . kcal . . Efficien-
. keal Litter : Gain g Gain .
ment keal day Weight. g ) litter cy of gain
.day size or day 14 days g day keal g
I =eries, winter, ambient temperature 20.3°C
1 20.42 40,2 16.94 2 3.48 4.8 0.24 10.18
2 19.32 39.1 16.49 2 2.83 416 0.33 8.63
3 18.87 36.2 15.23 2 374 52 0.37 10.08
4 23.68 42.4 17.83 3 5.85 89 0.64 9.21
3 2230 41.3 17.37 3 4.93 7.8 0.56 8.86
6 23.39 374 15.73 L] 7.66 11.3 0.81 9.49
7 21.17 42.0 17.70 4 3.47 7.0 0.50 6.94
B 25.14 48.2 20,31 5 4.83 8.0 0.57 8.46
X 21.79 40.8 17.20 31 4,60 7.2 0.52 8.98
11 series, spring, ambient temperature 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 3051 456 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
L] 27.66 45.8 18.36 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 34 10.19 13.1 1.05 11.40
I1I series, spring, ambient temperature 8.0°C
1 34,27 578 29.43 1 4,84 4.5 0.32 15.09
2 27.37 45.3 23.06 2 431 7.9 0.55 7.83
3 28.81 42,0 21,29 3 8.42 11.8 0.84 10.00
1 35.02 54.0 2787 3 7.33 6.3 0.45 16.34
5 28.41 43.0 21.90 3 6.51 116 0.83 7.87
6 30.27 417 21.23 4 9.04 12.6 0.90 10.04
7 30.86 478 2433 4 6.53 10.0 0.71 9.14
8 32.44 48.4 2464 4 7.80 14.2 1.01 7.70
9 27.93 . 424 21.59 5 6.34 10.6 0.76 8.37
X 30.11 46.9 2393 3.2 6.79 29 0.71 10.28

litter, very high correlation was obtained for these two characters. The
equation of regression for these relations are:

series I, 203°C, winter, Y=0.514+0.08¢ x; r=085 P<{0.001

series II, 19.7°C, spring, ¥=0934+0.106 x; r=083 P<{0.001

series III, 9.0°C, spring, Y=0697--0.132 x; r=0.86 P=<I0.001
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Although the amount of energy used for increase of 1 g of body
weight of the offspring is 7.8 assimilated kcal, to 17.5 kcal, it is onlyv
in three cases out of the 26 examined that the figure of 15 is exceeded.
These three litters consisted in one case of three young, and in two
other cases were single litters (Table 11). In both single litters the in-
crease in body weight per individual is high, while it is relatively low
in the third litter. All the other litters come within limits of 10+ 2 keal.
No distinct relation between this index and season of birth, growth rate
or antbient temperature can be found. Litters kept at a temperature
of 9°C need the least energy for an increase in body weight of 1 g,
although the difference is not significant.

Various litters differ by as much as five times in the value of the
weight increase due to growth during the first two weeks of their life.
This is due in some measure to the litter size, since increase per in-
dividual in different litters differs by a factor of only 2.5. In series I
the voles were born in winter, having a growth rate of 0.5 g/day/litter.
However, the voles born in spring (series II, April; series IIT, March) have
respecively a distinetly higher growth rate of 0.9 and 0.7 g/day/litter.
Differences between series II and Il may be due to the effect of lower
ambient temperature (Chevillard et al., 1963), and also to the
fact that litters in series III are slightly smaller.

The expenditure of energy on rearing young also increases during
the successive days of life of the offspring. For instance, the average
food requirements of adults during the first week of life of their young
is 28.7 kcal, but 324 kcal in the second week, Reduction in such ex-
penditure undoubtedly begins when the young sucklings begin to eat
solid food in addition to milk, which is observed for the first time i
young voles on the 15th day of life (Sviridenko, 1959; Mazak,
1962).

5.3. Discussion

The rate of growth of the laboratory rat and laboratory mouse depends
on the number of animals in the litter. The explanation for this is that
the mother is not able to feed larger litters well (see review by Hahn
& Koldovsky, 1966). A similar relation was also found between
litter size and rate of growth in wild species of rodents {Cameron,
1973). In litters of 3—5 bank voles the body weight is higher on the
20th day of life than of individuals from litters of 6—9 individuals
{(Korabelnikov, 1972). As, however, growth rate depends signifi-
cantly on many other factors, the effect of the number of young n
litter varies in importance. Vetulani {1931) has in fact shown that
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the growth of laboratory mice kept singly is poorer than that of mice
kept together.

The studies presented on the costs of rearing offspring show that in
groups of 5 voles the growth rate per individual is lower than in single
litters. The cost of an increase of 1 g of body weight in larger litters is
also markedly lower than in single litters. Two of the single litters
examined have far higher growth costs, but their metabolic rate is also
markedly higher than that of all the larger litters.

Despite the fact that the lower ambient temperature causes an increase
in heat losses, this does not bring about a change in the cost of rearing
young. The fact that this index is even slightly lower in voles reared
at 9°C, as in the case of laboratory mice (Barnett & Little, 1965),
than at 20°C must be explained as due both to better parental atten-
tiveness and also to some reduction in the body temperature of the
young voles (cf. section 2). This last factor was undoubtedly the cause
of the reduction in the growth rate of individuals from group III as
compared with group II

Neither reduction in growth rate caused by lower ambient temperature
nor the low growth rate in voles born in winter alters the fact that the
cost of rearing young calculated per unit of increase in their mass would
appear to be fairly constant. Thus the cost of rearing young may be
assumed to be constant under natural conditions, and therefore the costs
borne by the mother are directly related to the rate of increase in the
body weight of young voles.

The question whether under natural conditions the growth of the bank
vole during the first month of life depends on the season has remained
unsolved up to the present time. It is, however, certain that further
growth in voles born in spring is more rapid than in those born in
autumn (Wasilewski, 1952; Ilyenko & Zubchaninova,
1963; Bergstedti, 1965; Kubik, 1965). Experiments have shown
that both poorer food conditions (Sviridenko, 1959) and lower
temperature (this paper) may retard the growth of young voles, neverthe-
less it is considered that under natural conditions during the first
3—4 weeks of the young bank vole’s life it grows at a uniform rate,
irrespective of the season (Bujalska & Gliwicz 1968; Zejda,
1971; Fedyk, 1974b; Sawicka-Kapusta, 1974). Bergstedt
(1965) opposed this opinion. It must, however, be strongly emphasised
that all opinions on nest growth are based on laboratory data, or on
extrapolated values defined for bank voles caught in the second maonth
of life. The difficulty of determining age in growing bank voles under
field conditions is demonstrated by Bergstedt's statement (1965)
that he considers that voles 10 days old made short excursions in the
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vicinity of the nest. Data on postnatal development (c¢f. Sviridenko,
1959; Mazak, 1962) however, show, that at this age bank voles are
still blind.

There is thus still a lack of convincing information on the relation
between the season in which the bank vole is born and the rapidity of
its growth during the nest period. Under experimental conditions the
reduction of total expenditure on rearing young is effected by slowing
down their growth rate. Under natural conditions, however, reduction
of the same expenditure may perhaps be achieved at the expense of
litter size. Support for this interpretation is provided hy the fact that
litter size is about 40% smaller under the poorer autumn conditions
than in spring (Zejda, 1966; Ryszkowski & Truszkowski,
1970). It may therefore be concluded from this that the rate of nest
growth is similar in all generations. Presumably an individual with
excessively small body measurements would have smaller chances of
successfully begining independent life.

6. ENERGY ACCUMULATION IN GROWING BANK VOLES

The maintenance costs of well-protected young voles remaining con-
stantly in the nest are small, and it may therefore be assumed that
their rapid growth is an energetically productive process which enables
the bank vole to produce offspring at low cost. Indices defining this
productivity are formed by the ratio of the amount of energy deposited
in the organism to the amount of energy assimilated. Energy assimilated
{4) is expended on maintenance costs (R — respiration) and may also
be deposited in the form of body compoenents (P — production). Knowing
the relevant wvalues, it proved possible to calculate the coefficient of
production efficiency K=(P/A}X 100 for assimilated energy.

6.1. Calculations

The amount of energy accumulated in the form of tissues (P) of the
growing organism can in theory be exactly measured, since it is equal
to the body mass multiplied by its calorific equivalent. In practice,
however, the body growth rate is known only from observations made
under laboratory or semi-natural conditions (cf. discussion in section 5).
In addition this index is subject to considerable fluctuation. The majority
of the data, however, show that during the first month of life the
increase in a vole’s body weight is about 9 to 13 g (for references see
General Introduction). Although in the opinion of some authors (Mazak,
1962; Pearson, 1962) growth rate during the first month of bank
vole’s life is not smooth, many cther data (Bujalska & Gliwicgz,
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1968; Sawicka-Kapusta, 1974; Fedyk, 1974a; author's own
data) show that it is in fact variable and not related to the age of the
young. It depends, for instance. on litter size (R6d 1, 1973), since it is
uniform in small litters, which is not the case with large ones.

The calorific value of body tissue in the bank vole alters markedly
during the first four weeks of life. Although the energy value of fat
and proteins remains constant and independent of age (Fedyk, 1974a)
the amount of water in individuals of the spring generation decrease
from 85.3% on the first day after birth to 72.7% on the thirtieth day
after birth. Reduction in the relative water content in the body with
simultaneous growth of the body results in the weight of protein in-
creasing 14 times and fat by as much as {ifty times, while water increases

Table 12

Variations in gross body composition and calorific value of the bank wvole during
the first month of postnatal life,

1 — data calculated after Sawicka-~-Kapusta, 1974, obtained for bank voles

kept in an outdoor enclosure under semi-natural conditions; 2 — data calculated

after Fedyk, 1974b, for young born in the spring generation.

Age, days 1 10 20 30
Authority 1 2 1 2 1 2 1 2
Body wt., g g 220 174 533 390 7.86 5.36 — 121
Water %/e 83.2 8§3.0 725 745 708 78.0 — 759
B 183 1.44 3.6 2904 557 4.07 — 9.19
Fat s 5.0 2.7 11.8 83 11.7 8.8 —_ 5.2
B .11 0.05 063 0.33 092 047 —_ 0.66
Protein %o 10.0 11.4 13.5 13.9 14.6 11.9 —_ 16.3
8 022 020 0.72 055 .15  0.64 — 1.97
Ash iy 1.8 2.1 22 2.2 2.8 33 — 2.8
g 004 0.04 012  0.09 8.22  0.18 —_ 0.31
kcal/animal 2024 1379 9.121 5.570 13771 7.449 15.126

only six times, the mineral substance content of tissues also increasing
(Fedyk, 1974b).

The energy value of the deposited tissue is equal to the sum total
of the deposited protein and fat. Differences in the amount of these
substances are evident as early as the first day of the vole’s life (Table 12)
and last over the whole period of growth. The data given, presenting
a certain range of wvariation, allow the estimation of the proauctivity
index in individuals growing either quickly or slowly.

Calculation of the respiration level (R) was based on the results of
measurements of oxygen consumption by litters having an average of
4 young (see Table 7). It was assumed that the mother spends 18 hours
out of the 24 in the nest with her offspring, and that during this time
the nest temperature was approx. 34—35°C, as in the case of albino
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mice (Lagerspetz 1966). Nest temperature is from 3—5°C lower
during the remaining 6 hours, hence values of metabolic rate measure-
ments made at temperatures of 35° and 30°C respectively were used for
the calculations.

A litter consisting of 4 young voles uses only 3.6 1 of oxygen during
the first 9 days of life, whereas R is distinctly higher in older individuals
(Table 13). In individuals growing slowly the coefficient of productivity
at the age of 1—9 days (cf. Table 12) is 46.5%, and 59.5% in those
growing quicklv. However, in individuals from 10—18 day old it

Table 13

Energy requirements and growth efficiency of a litter of 4 bank voles for successive
periods of the first month of life.

K=(P/4)X100; A=P+R

K indicates ccefficient of production efficiency; P — tissue production (body gain);

R — respiration (cost of maintenance); A — assimilation {sum total of production

and respiration),

Mean Oxygen consumption, kealditter . .
c‘i:gyes body ml g hr! per day Efficiency K, %
wt.
g At 30°C At 35°C 1 2
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 2.90 331 33.87 — 45

1 7t was assumed that the female spends about 6 hours outside the nest during
24-hour period, and during this period nest temperature was 30°C. When the
female was in the nest it was assumed that the young were in a temperature of
approximately 35°C. In order to simplify calculations it was also assumed that the
group of oldest voles also live in the same ambient temperature as the younger
individuals, which stay continually in the nest. ? Variation in gross body composition
were accepted after data given by Sawicka-Kapusta, 1974 (ef. Table 12).
3 Variations in gross body composition were accepted after data given by Fedyk,
1974b (cf. Table 12). -

decreases considerably (Table 13). In the oldest of the litters examined
it is only 4.5%s, differing by more than ten times from that obtained
for the youngest voles.

6.2. Discussion

The indices calculated for production, although only approximate
values, show clearly that growth efficiency in the bank vole changes
radically during the animal’s first month of life. On the first few days
after birth, when the young do not leave the nest at all, their metabolic
rate is relatively low, but the rate of increase in mass is no slower than
that in older individuals, hence the ratio of energy deposited in the
organism in the form of proteins and fats in relation to the amount of
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energy expended in maintenance is most favourable in the youngest
individuals. At the age of 1—9 days growth is as efficient in Clethrio-
noniys glareolus as in certain birds (Brody, 1945). It must, however,
be emphasised that this index is even more favourable in the rat
(Widdowson, 1971), and several of the species of small birds
examined (Dawson & Evans, 1960; Myrcha, Pinowski &
Tomek, 1972; Diehl & Mwyrcha, 1973).

In the bank vole at the age of 10—18 days production efficiency is
3—5 times lower, despite the fact that it continues to remain relatively
high and comparable with the efficiency measured in the laboratory
mouse. In an experimental population of mice the value of the production
coefficient for the first 26 days of life is 12.2% {(Myrcha, 1975).
Although significant changes in coefficient K are observed in successive
weeks of life, they are not correlated with age.

By the time bank vole reach the age of 18—33 days production
efficiency is not high and is in fact the same as in another species of
vole, e.g., Microtus arvalis, in which K at the age of 20—30 days equals
50% (Drozdz Gérecki & Sawicka-Kapusta, 1972). A de-
crease in the index of production efficiency in successive weeks of life
was also found in the rat (Widdowson, 1971). There is no doubt
that bioenergetic parameters in these two rodents are subject ioc fun-
damental changes within a short time after birth. Tissue production
efficiency is very high during the period when neither the rat nor the
bank wvole have an efficient thermoregulatory mechanism. The cost of
depositing tissue is markedly higher during the time in which this
mechanism begins to act efficiently and is highest in individuals posses-
sing a fully developed capacity for regulating body temperature. The
heat from the mother’s body, warming the young voles huddled in a well
constructed nest, enables them to maintain a stable temperature frf.
section 2) with a simultaneous low metabolic rate (section 4). During the
first nine days of life the bank vole uses only a small amount cof energy
for respiration. At the age of 10—18 days, when voles become fuily
homeothermal, maintenance costs continute to increase, so that after ho-
meothermy has been reached these costs are twenty times greater than
the amount of energy deposited in tissues in these still growing animals.

7. GENERAL DISCUSSION

Small mamrmals, as a rule, are born blind and incapable of independent
life, only a small number of species belonging to the Micromammalia are
similar to the majority of large mammals in this respect. Many of the
physiological mechanisms, including those which regulate body tempe-
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rature, are still undeveloped at birth in small species. For instance there
is no neural thermoregulation control in rats (Capek et al., 1956). It
cannot, however, be said that all mammals not fully developed at birth
are at a uniform stage of development. The degree of formation of the
functions connected with homeothermy varies in different species (Ge -
lineo, 19539; Poczopko, 1973), but mammals fully developed at
birth can be justifiably considered as the opposite of all those species
which acquire the capacity for independent life within a shorter or longer
period after birth. Similarly, in another group of homeothermic animals
— birds, there are many species possessing intermediate characteristics
between typical nesting and non-nesting types. Leaving the question nf
the significance of such differentiation in degree of development aside,
an attempt may be made at answering the question as to why small
species of mammals are not fully developed at birth.

Reduction in body size involves a deterioration in the relation between
body mass and its surface. This has in fact led Pearson (1948} to
put forward the hypothesis that mammals weighing less than 2.5 g are
incapable of maintaining a constant body temperature. This also applies
to the period of postnatal development, in which many species of small
maminals attain a state of homeothermy only after reaching a certain
body size {Chew & Spencer, 1967). The smallest shrews of the
genus Sorexr so far examined are in fact homeothermic (Gebczyn-
ski, 1971), aithough the body weight of some individuals of S. minutus
is about 2 g. It is only by maintaining a very high metabolic rate that
Micromammalia keep their heat balance (see review by Hart,
1971).

What then are the advantages of small body measurements? Reduction
in body size allowed the occupation of new ecological niches which would
otherwise have been impossible. Small species with lesser space and food
requirements were able to adapt themselves to many habitats. The va-
riety of such habitats is in fact immeasurably greater, and niches more
varied, for small animals than for large ones. Although small body
dimensions, and consequently the size of the brain cause reduction in
»mentale efficiency (Szarski, 1967) the possibility of the creation «f
small species has become the basis of their evoluticnary efficiency.
Among mammals a group of this kind is formed by the rodents (Ro-
mer, 1959), which have reached peak development at the present time
{(Szarski, 1967).

The advantages of small body dimensions are attained at the expense
of the young animals being born not fully developed, as in the case of
the vole. A large litter {on an average 4—6 young; Zejda, 1966) at
birth weighs nearly as much as the mother animal. It is impossible to
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imagine that gestaticn could last long enough for all the embryos to pass
through all stages of development in utero. A different sclution would
be for only one individual to be born at a time, but the possession of
numerous offspring is one of the important features of the dynamic
character of these species and allows the rapid invasion of unoccupied
habitat. Even the mortality during the first three weeks of life, affecting
half the total number born (Ryszkowski & Truszkowski,
1970}, does not deprive the bank vole of this advantage. Offspring are
thus born incompletely developed, but on the other hand the energy
requirements of the pregnant female increase by only 24%% (Kacz-
marski, 1966). The female, hampered in her movements by preg-
nancy when searching for food, is exposed to the notice of predators for
a relatively short time. The virtual doubling of food requirements, shifted
to the lactation period (Kaczmarski, 1966), undoubtedly obliges
the female to move about the area meore frequently but by that time its
agility is in no way diminished.

After birth bank voles are entirely dependent on maternal cara. There-
fore in order that the offspring may grow quickly and rapidly become
independent they must be sure of suitable conditions for their develop-
ment. Care of the young is manifested in complicated forms of behaviour.
Many mammals display what Darwin called the »architectural instincte
(Barnett & Mount, 1967). The female bank vole searches for
a suitable place to build a nest, depending on local conditions (Smir-
nov, 1968), and then builds a nest which effectively protects the litter
from the efect of low temperatures. There can be no doubt that nest
making is especially important to small mammals.

The female spends the greater part of the 24 hours with its offspring.
warming them with the heat of her body. This is of particular importan-
ce during the first few days of life, as has been shown by experiments
on the rat (Gelineo, 1959), although probably all small mammals,
and many large ones, sleep and rest in contact with others when they
can. This is shown by the data given by specialists on behaviour (Rhein-
gold, 1963), experiments made by physiologists (Moun1i, 1968),
but also by ecologists’ observations.

It has been shown that in several species of small rodents, including
the bank vole, infants possess a way of calling for help by the emission
of ultrasonic signals (Okon, 1971; 1972). The temperature stimulus
evokes emission of such signals and it may therefore be assumed that
emission of ultrasonic signals enables the offspring to call the mother
when temperature drops beyond a certain point.

Infant rodents can withstand a reduction in body temperature even
down to 0°C, but this property gradually disappears as they grow and
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their thermoregulatory capacity simultaneously develops (Adolph,
18957, Lagerspetz, 1962), It would. however, appear somewhat im-
prcbable that under natural conditions fluctuations in the body tempe-
rature of very young animals would exceed more than a few degrees C,
since the nest hidden under the soil is exposed to relatively small
variations in ambient temperature and its insulating properties can be
very accurately suited to actual conditions of heat loss. In addition the
offspring are able to warn the mother of a drop in temperature. Direct
measurements of the body temperature of infant Glis glis (Gebczyn-
ski, 1970), the rat {(Poczopko, 1961}, laboratory mice (Pichot-
ka, 1971), Meriones unguiculatus (McManus, 1971) and Clethriono-
mys glareolus show that although it is lower than in adults, it does not
fall below 30°C. In all the above species the value of body temperature
is on an average higher, and comes within limits of 32--36°C. Measu-
rements made on bank voles at different ambient temperatures, both in
the laboratory and the enclosure, showed that the litters of this species
have a stable body temperature ensured during the whole period of nest
life. This is undoubtedly an important condition of their development,
owing to which the infensive changes in the growing organism can take
place quickly and without disturbance.

It is thus impossible to agree with the opinion that instability of body
temperature is the main defence of the infants against detrimental envi-
ronmental effects (Hahn & Koldoveky, 1966; Okon, 1972).
The capacity for surviving a very great drop in body temperature does
not mean that young rodents ensure their existence in this way. This is
refuted by the stability of body temperature found in infants in the nest.
The fact that considerable cooling of young individuals leads to distur-
bances in their development rate may be even more convincing (Har-
rison, 1963; Barnett & Mount, 1967). All these considerations
indicate that stability of body temperature is an essential condition of
normal development in rodents.

It may be added in passing, in connection with the above discussion,
that a rise in body temperature from 34° to approx. 38°C during the
postnatal development of the bank vole recalls the evolution of this
character in mammals. The phylogenetic development of mammals is
accompanied by an increase in thermoregulatory efficiency and a rise
in the level of body temperature (Kuznicki & Urbanek, 1967).

The high and stable level of body temperature in newborn bank voles
does not involve high energy expenditure. The total metabolic rate in
the bank vole, as in many other species of small mammals (Mott 1963;
Hill, 1961; Hissa, 1968) is lowest during the first period of the
animal’s life and it is for this reason that tissue production efficiency
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can be so high. Although maintenance cost in comparison with weight
gain increases as the animal grows larger (Brody, 1943), the ener-
getic efficiency of growth in nestling birds and small mammals is the
highest in comparison with all other animals.

The physiclogical immaturity of newborn bank voles is also evident
at the tissue level (Gebeczynski, 1975). Oxygen consumption rate of
tissue homogenates changes with age. It also depends on the degree of
physiological maturity of the animal, varying even with the time of its
birth. In bank voles of the autumn generation, the body composition on
the first day of life indicates that they are less mature chemically than
individuals of the spring generation (Fedyk, 1974b); they bave also
a different rate of tissue respiration. The energy metabolism of litters
of both generations, on the other hand, does not differ in essentials (see
section 5), and the energy costs of growth (section 6) are also uniform
and independent of seasonal differences or differences caused by a change
in ambient temperature.

The degree of development at birth may impose differences in growth
rate and attainment of physiological maturity in ontogenesis, and there-
fore the period of growth in utero and postembryonic development sup-
plement each other. This plasticity of reproduction in mammals, allowing
the shifting of maternal care to either the prenatal or postnatal period,
is outstanding indication of its progressiveness. The transfer of the costs
connected with the rearing of offspring from the gestation period to the
period of postnatal life in the nest was undoubtedly one of the causes
which enabled the bank vole to occupy a wide variety of habitats over
the whole of- Euroasia, Development of this kind make it far easier for
the bank wvole, like other small mammals, to cope, at the expense af
transitory helplessness, with the energetic problems of small size.
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Marek GEBCZYNSKI

ROZWOJ STALOCIEPLNOSCI I ENERGETYCZNE KOSZTY WZROSTU
U NORNICY RUDEJ W PIERWSZYM MIESIACU ZYCIA

Streszezenie

Badania przeprowadzone na norniey rudej, Clethrionomys glareolus (Schreber,
1780) mialy za cel poznanie nie tylko fizjologicznych reakeji nornic w okresie ich
pierwszego miesigea Zycia, ale takie ocene rzeczywistych warunkow bytowania
miodych. Dokonano tez proby ustalenia, czy sezon urodzenia modyfikuje tempo
rozwoju w poczatkowych tygodniach zycia.

Stwierdzono, ie temperatura ciala nornicy rudej wynosi w wieku od 1 do 9 dnia
zycia, okolo 33-34°C, w wieku 10—18 dni cechuje sie réwnomiernym wzrostem,
by okolo dziewietnastego dnia po urodzeniu osiggngé 37—39°C, poziom wlasciwy
osocbnikom doroslym (Ryc. 1). Pomiary w laboratorium, przy temperaturze srodo-
wiska 18--21% i 4—7°C (Tabela 2) a takie w zagrodzie przy 2—12°C (Tabela 3)
wskazujg, Ze temperatura ciala gniazdujgcych nornic podlega tylko niewielkim
wahaniom. Poniewaz pomiary cieploty ciala u nowourodzonych nornic nastreczajag
klopoty metodyczne, dlatego tez wykonano dodatkowe do$wiadczenia, ktore wska-
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zaty, ze temperatura w dole pachowym, regio axillaris, dobrze oddaje wartosci
wlasciwe wnetrzu ciata (Tabela 1)

W pierwszym tygodniu 2Zyeia opornogé nornic na dziatanie chlodu jest mala
i choé wzrasta ona stopniowo z wiekiem, to dopiero w koiicu drugiego tygodnia
zycia staje sie wyraZna (Tabela 4). Opornoéé na ochladzanie jest nieco wieksza
u nornic trzymanych razem w miocie, w poréwnaniu do osobnikéw rozitaczonyeh
na czas doswiadczenia (Rye, 2). Jeszeze wigkszg ochrone stanowi gniazdo, ktére moze
az pieciockrotnie zmniejszyé tempo znizania sie temperatury ciepla u przebywa-
jgcych w nim noworodkdéw (Ryc. 3).

Bardze wainym czynnikiem pozwalajacym na stworzenie termicznie stabilnych
warunkéw rozwoju gniazdowego jest takze behawior macierzynski. Przejawia sig
to m. in, w ekstensywnym ogrzewaniu miodych w ciagu wiekszoéei okresu doby
{Ryc. 4, 5; Tabela 5). Tempo metabolizmu jest u noworodk6éw niskie i wazrasia
dopiero pod koniec drugiego tygodnia zycia (Ryec. 9). Dzialanie chiodu przez
15 minut powoduje jednak wyrainy wzrost zuzycia tlenu, juz w pierwszych dniach
po urodzeniu (Ryc¢. 7, 8). U osobnikéw w wieku 10—18 dni zuZvecie tlenu przy
15 i 20°C jest wyzisze niz u starszych (Tabela 6), co $wiadczy o rozwoju mecha-
nizmoéw produkcji ciepta a braku peinej zdolnosci do kontroli nad jego utratg.
Reaiicja metaboliczna na chiéd u osobnikéw pochodzacych z miotéw pojedynezyeh
moze by¢ dwukrotnie wyzsza niz u miotdéw ziozonych z 3 lub wigcej miodych
tTabela 7; Ryc. 6). Tempo metabolizmu osobnikéw branych z miotéw na czas
pomiaru nie charakteryzuja w Zadnym stopniu miotéw, z ktérych one pochodzg,
gdyz jest inne i mniej zaleine od wieku (Tabela 8).

Dane o zuzyciu tlenu przez nornice urodzone w generacji wiosennej i jesiennej
wskazuja, ze istnieje pewne zwolnienie tempa rozwoju u osobnikéw urodzonych
jesienig (Ryc. 10; Tabela 9). Roznice te jednak nie sa na tyle duie by moina
powiedzied, ze wzorzee rozwoju cbu generacji jest inny.

Zwigkszenie zapotrzebowania energetycznego potrzebnego do odchowania mio-
dych, wynosi okolo 10 kcal energii asymilowanej na 1 g przyrostu miotu na cie-
zarze. Zalety ono tylko od tempa przyrostu cigzaru ciala potomstwa, bowiem bylo
podobne w grupie zimowej, rosnagcej wolno przy temperaturze otoczenia 20°C
i w grupie wiosennej, rosnacej szybko przy 9 1 20°C (Tabela 10, 11). Tlo§é energii
deponowana przez miode nornice w poczatkowych dniach po urodzeniu moze osig-
ga¢ 60% energii asymilowanej, a u osobnikéw w wieku 10—18 dni waha sie
migdzy 10 a 20%, podczas gdy u starszych nie przekracza 5% {Tabela 12, 13).

Zatem niskie tempo metabolizmu osobnikdw gniazdujacych pozwala temu ga-
tunkowi, dzigki opiece macierzynskiej, na stworzenie warunkéw do rozwoju miodyvch
przy niskich nakladach energetycznych.



