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Social Thermoregulation
in Apodemus ilavicollis (Melchior, 1834)*

[With 2 Tables & 3 Figs.]

Oxygen consumption was estimated in relation to ambient tempera-
ture in one hour respirometric runs in groups of A. flavicollis con-
sisting of 2,3,4 and 5 individuals. For comparison similar determinations
were carried out with single individuals. In the range of 5—20°C oxygen
consumption computed for unit of body weight was found to be corre-
lated with the numbers of individuals in a group. The lowest energy
requirements were shown by individuals in groups consisting of 5 mice.
Exceptionally at 25°C, due to increased locomotory activity of the ani-
mals, groups consisting of 4 and 5 individuals consumed more oxygen
than those of 3. Significant economy of energy by social thermoregu-
lation is visible in groups of four or five individuals.

I. INTRODUCTION

Among different signs of adaptative changes in the behaviour of
mammals, as a reaction to low ambient temperatures, social thermo-
regulation plays an important function. Its importance was, however,
underestimated for many years in considerations of the mechanisms
of body temperature regulation. Although already Richter (1927)
and Pearse & Hall (1928) regarded the phenomenon of mammals
huddling as the thermoregulatory action, Benedict (1938) claimed
that huddling of mammals has no effect on their metabolism rate. Br o-
dy (1945) and other later authors hold an opposite opinion.

Detailed studies on the effect of huddling are relatively recent.
Sealander (1952) demonstrated that both insulatory properties of
the nest, and huddling of Peromyscus prolong the survival time of these
animals at low ambient temperatures and with the lack of food.

* This study was carried out under the Small Mammal Project of the Interna-
tional Biological Programme in Poland.
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Reduced rate of energy loss in adult individuals in result of huddling
was studied by means of food rationing in laboratory mice by Pr y-
chodko (1958) and in the bank vole by Gebczynska & Geb-
czynski (1970). On the other hand, oxygen consumption in groups
consisting of various number of individuals was investigated in different
mammals by Ponugaeva (1960), Pearson (1960), G 6recki
(1968; 1969), Gebczynski (1969), Trojan & Wojciechow-
ska (1968; 1969). This problem in the aspect of various seasons was
studied in a few rodent species by Visinescu (1969).

The present study was aimed at investigation of social thermoregu-
lation in Apodemus flavicollis — the species living often in groups, e.g.
when occupies nest boxes for birds.

II. MATERIAL AND METHOD

A flavicollis was trapped in the Bialowieza National Park, in the Tilio-Carpi-
netum forest, in the period 26 July — 10 August 1969. Then the animals were
placed in cages in such groups as later used for the experiments. Groups of 2, 3,
4 and 5 individuals consisted of males and females, or representatives of only
one sex. Females prevailed in larger mixed groups. The animals were kept in the
laboratory, where climatic conditions and food supply were identical to those
described by Gebczynski (1969).

Oxygen consumption by single individuals and groups of animals was measured
during the period of 1.5 h in a modified Morrison respirometer in 9 1 chambers,
without nest material and food. The experiments were carried out in the range
of temperature 5 to 25°C in five degree intervals, between November 1969 and
February 1970. Respirometric determinations were always carried out in morning
hours after feeding animals. Each group was used many times in the experiments.
By the end of May 1970 a new series of animals was trapped, and after 4-weeks
acclimatization they were used for the experiments at 5°C, since previously obtained
number of determinations was found to be insufficient. Altogether 371 experiments
were carried out.

Initially the animals were weighted (the whole group) both before placing in the
respirometric chamber and after the experiment. Since, however, in the studied
range of temperatures no differences in the weight were observed to occur in this
interval of time, later the mice were weighted only before the experiment. The
employed animals showed considerable variations in body weight (from 19 to 46 g)
despite the fact that they all were adult. 7

III. RESULTS

The obtained results are shown in Table 1. Oxygen consumption is
given in ccm/g hr in relation to temperature and group size.

The oxygen requirement of A. flavicollis depends not only on ambient
temperature but also on the number of animals in a group. In all studied
temperatures, except 25°C, oxygen consumption computed per unit of
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body weight is lower in groups than in single individuals (see Table 1).
The lowest oxygen requirement at a given temperature was noted in
the most numerous groups (5 individuals). With decreasing number of
animals oxygen consumption gradually rises. In groups consisting of two
individuals it is still lower than in single individuals, the differences
being statistically significant at 10, 15 and 20°C (at the confidence in-
terval P=0.05 in t-Student test). Oxygen consumption by three indivi-
duals in comparison with pairs is significantly different only at 10 and
25°C. When a similar comparison is carried out for groups composed
of 3 and 4 individuals the differences are significant at all studied tempe-
ratures except 25°C. Analogous differences between groups consisting
of 4 and 5 individuals are not significant except the data for 5°C.

Table 1

Oxygen consumption in A. flavicollis in relation to temperature and group size.
Numbers of determinations are given in brackets.

1 individual | 2 individuals | 3 individuals | 4 individuals | 5 individuals

Temp.,
C Wt g* cem/g hr Wt., g cem/g hr Wt., g cem/g hr Wit

cem/g hr cem/g hr
+ SD. 4+ S.D. + S.D.

w8 +sp, W8 8D

5 | 3447 631 | 7480 547 |10500 500 15350 4.2 |201.20 352
(30) +189| (30) +132| (15) +099 | (15 +0.64 | (200 -+ 0.33
10 | 3990 5857620 480 11625 4.39 |157.22  3.71 (20645 3.4
(16) +048 | (12) +042| (12) +042 | (120 +0.84 | (120 -+ 081
15 | 3796 6525|7300 451 11880 390 |142.50  3.26 (17630  2.97
(120 +047| a6) +112| (10) +027 | (100 +051 | (16) -+ 0.36
a0 | 3710 473 | 7950 381 11490 3.35 |16510 271 |219.80  2.67
(16) +o076 | (10) +116| (15) +0.17 | (16) +0.41 | (16) + 0.28
05 | 4054 376 | 7810  2.08 |10640 250 |153.00  2.61 |200.17  3.10
(100 4050 | (12) +o011| (12 +020 | (12) +051 | (15) +1.19

* Average body weight of the individual or group.

When the amount of oxygen (in cem/g hr) consumed by a single in-
dividual at each studied temperature is assumed as 100% (Fig. 1) then
two individuals consume from 14.1 to 20.8% less oxygen in the studied
range of temperatures. After computation per one degree this amounts
on average to 3.56%. In groups consisting of 3, 4 and 5 individuals
compared with single mice the corresponding figures of reduced oxygen
consumption per 1°C are 5.50, 7.31 and 7.88%, respectively.

In the studied range of ambient temperatures (Fig. 2) relative decrease
of oxygen consumption shows with increased temperature a similar
character both in single individuals and in groups consisting of two
or three individuals. A different situation exists in groups of 4 or 5 in-
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Fig. 1. The effect of huddling of mice on the metabolism rate. The amount of
oxygen in ccm/g hr consumed by one individual in a given temperature is assumed
as 100%.
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Fig. 2. Character of thermoregulation in the range 5—25°C in single individuals

of A. flavicollis and in groups consisting of 2, 3, 4 and 5 individuals. Oxygen
consumption at 5°C assumed as equal to 100%.

dividuals at higher temperatures. This results probably from increased
locomotory activity of these groups, as observed at 25°C.

When, however, the lowest oxygen consumption in each group is
assumed as being equal to 100%, then in single individuals oxygen con-
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sumption increases by 3.37%/°C, for two individuals by 4.17% and for
three by 5.0%. On the other hand, for four individuals it increases only
by 2.89% and for five — by 2.12%/°C.

After computing oxygen consumption per metabolic unit of body
weigth (W%™) the reduction of metabolism in groups of four or five
individuals in comparison with other groups is also well visible (Fig. 3).

1V. DISCUSSION
The existence of social thermoregulation, well documented in other
species of mammals, has been now demonstrated in the yellow-necked

field mouse. The amount of consumed oxygen computed for unit of body
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Fig. 3. Oxygen consumption in A. flavicollis computed per metabolic unit of body
weight. Numbers 1—5 indicate the number of individuals in a group.

weight is considerably lower in mice which had the possibility of hud-
dling. This relationship is stronger expressed in more numerous groups.
A similar situation was observed in the laboratory mouse (Prychod-
ko, 1958), harvest mouse (Pearson, 1960), bank vole (Gebczyn-
s ki, 1969), and other species (Ponugaeva, 1960). In the common vole
the effect of huddling was visible only in larger groups consisting of
more than four individuals (Trojan & Wojciechowska, 1968).

Acta theriol. 15
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The efficiency of social thermoregulation depends not only on the
group size. Its existence is particularly striking at low temperatures but
is reduced at higher ones. At 5°C the mice in the group of five indi-
viduals consume 44.3Y% less oxygen per gram body weight per hour
than single individuals. At 15°C this difference amounts to 49.2%, but
at 25°C in the two most numerous groups an increased oxygen con-
sumtion is observed. However, when for each group the lowest oxygen
consumption is assumed as equal to 100%, then the rise of oxygen
consumption increases by 3.37%/°C in single individuals and only by
2.12%/1°C in a group of five.

Table 2

Comparison of reduction of oxygen consumption (ccm/g hr) in different rodent
species in relation to group size at 20°C. Percentage reduction of metabolism in
comparison with single individuals is given in brackets.

Number of animals in group
Species
1 2 3 4 b
Clethrionomys glareolus ! 5.56 4.32 3.82 — 4.18
(22.4) (31.3) (24.9)
Microtus arvalis? 5.11 5.06 5.10 4.38 3.88
(1.0) (0.2) (14.3) (24.1)
Microtus oeconomus 3 3.31 2.97 2.83 — —
(10.3) (14.5)
Apodemus agrarius? 5.81 -4.24 3.56 o -
(27.1) (39.0)
Apodemus flavicollis 4.76 3.81 3.3b6 2.1 2.67
(20.0) (29.7) (43.1) (44.0)

References: ! Gebczynski, 1968; 2 Trojan & Wojciechowska, 1968;
3 Gebeczynska, 1970; 1 Gérecki, 1968.

The phenomenon of social thermoregulation is undoubtedly important
for the field mouse, since this species changes its one-family model of
life in the breeding season to collective wintering. It was observed in
outdoor enclosure conditions, that all the individuals of A. flavicollis
occupied in winter only one of the nest boxes offered to them (Olszew-
ski, unpubl.). In normal conditions the field mouse is probably not
exposed to extreme low ambient temperatures because apart from col-
lective nesting it uses winter nestes lying 15—17 cm below the ground
surface. In some cases nest chambers are found at the depth of 104 cm,
and galleries reach 150 ¢cm down in the ground (Snigirevskaja,
1952). At such depths the soil temperature is stable and much higher
than that at the surface. Moreover, field mice store food for winter. The
amount of stored food may be shown by the fact that during two weeks
one pair of mice carried to the burrow 37.958 beech seeds (i.e. 7.8 kg)
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(Sviridenko, 1951). Provisions discovered in A. flavicollis burrow
contained: 4 kg of acorns approximately 4 kg of hazel nuts, 150 g of
lime seeds, 100 g of maple seeds, 150 g of ash seeds and 25 g of evony-
mus fruits (Naumov, 1948; after Novikov, 1959). Such accumu-
lation of highly caloric food makes these animals independent of the
environment to a certain degree. Hence voles or their tracks are often
encountered on the snow, while mice — almost never (Novikow,
1959).

Since the adaptation of organism to cold depends on reduction of heat
losses, and not on increasing heat production, it may be realized by
winter changes of behaviour such as nest building, reduction of loco-
motory activity and social thermoregulation.

The phenomenon of social thermoregulation is undoubtedly important
to most rodents. However, the available data are too fragmentaric (Table 2),
and the conditions of experiments too artificial. Still it is possible to
conclude that in A. flavicollis the efficiency of social thermoregulation
depends in the highest degree on the group size. In the group of 2
and 3 individuals (in comparison with single individuals) the reduction
of oxygen consumption is almost identical in the field mouse and bank
vole, but in the group of 5 mice oxygen consumption is reduced by 19.19%
more than in such group of voles.

The thermoregulation, even on the population level, is variable, de-
pends on many factors and is related among others to the thermal
history of animals (see Hart, 1953). Hence at the present stage of
our knowledge of this subject the comparison is rather premature.
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TERMOREGULACJA ZESPOLOWA U APODEMUS FLAVICOLLIS
(MELCHIOR, 1834)

Streszczenie

Zmierzono zuzycie tlenu u 120 myszy wielkookich leénych w zespolach o liczeb-
nosci 2—5 osobnik6w, w zakresie temperatur otoczenia 5—25°C.

Zuzycie tlenu u A, flavicollis zalezy nie tylko od temperatury otoczenia, ale
rowniez od liczebnoSci grupy (Tabela 1). W badanym zakresie temperatur z wy-
jatkiem 25°C zuzycie tlenu przypadajace na jednostke ciezaru ciala jest istotnie
nizsze u osobnikéw w grupach. NajniZsze zapotrzebowanie energetyczne zanoto-
wano w grupach skladajacych sie z 5 osobnikéw. W miare zmniejszania liczebnosci
grupy zuzycie tlenu stopniowo wzrasta. Tym nie mniej, w zespolach zlozonych
z dwu osobnik6w jest ono nizsze niz u pojedynczych myszy. Wyjatkowo w tempe-
raturze 25°C grupy 4 i 5-osobnikowe wykazywaly wyzsze zuzycie tlenu niz zespoly
trzyosobnikowe, co wigze sie niewatpliwie ze zwiekszong ruchliwo$cia zwierzat
w tych zespolach.

Przy por6éwnaniu iloSci zaoszczedzonej energii przez poszczegdlne zespoly i przez
pojedyncze osobniki (Ryc. 1) okazuje sie, ze dwa osobniki zuzywajg $rednio na 1°
0 3,56% tlenu mniej, a grupy trzy-, cztero- i piecio-osobnikowe odpowiednio o 5,409,
7,31%0 i 7,886 mniej.

JeSli jednak przyjmiemy najnizszy dla kazdej grupy poziom metabolizmu za
1009/, to istotna oszczedno§é energetyczna zaznacza sie dopiero w zespolach zlo-
zonych z 4 i 5 osobnik6w, co réwniez uwypukla sie po przeliczeniu zuzycia tlenu
na metaboliczng jednostke ciezaru grupy (Ryc. 3).



