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Effect of huddling on heat losses in infant dogs

Yasuyuki SUGANO and Tetsuo NAGASAKA

Department of Physiology, School of Medicine, Kanazawa
University, Kanazawa 920, Japan

The effect of huddling on the thermogenic
response to cold has been extensively
studied in rodents and in some -cattle®.
The animals in huddling lose less heat than
animals separated each other by reduc-
ing the effective body surface area per
animal. Prychodko® has reported a reduc-
tion in food consumption resulting from
increasing number of mice in the group.
The prolonged survival time in colder
environments was also proportional to the
number of mice in the group?. Studies on
this behavioral response to cold, however,
have been rather limited in other animals
such as the dog. Since the dog has been
frequently used as a favorite experimental
animal for cardiovascular, respiratory, endocr-
inological and metabolic studies, it seems
necessary to determine the contribution of
this behavior to energy expenditure on a
quantitative basis for the dog. By using
direct calorimetric methods, we compared
heat losses of infant dogs in the different
number of pups in a group and investigated
the nature of the behavioral thermal response
to subneutral ambient temperatures in this
animal.

Six intact pups, 3 males and 3 females
delivered from the twin mother Mongrel
dogs, were used. All measurements were
made during the 28-46 days of life (October
18-November 5). The pups were allowed to
suckle and then taken from the kennel. Air
temperature of the kennel was not controlled.
They were weighted (mean body weight :
1,800 gm at 28 days and 2,320 gm at 46 days
of life) and confined in the gradient layer
type calorimeter (SEC-A, Thermonetics Corp.,
San Diego™) of which inside temperature
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was kept at a constant set level (15, 20 and
2540.17C). After a thermal steady state was
obtained, the number of the pups which
were firstly 6 in each experiment were
reduced by taking some pups (1 ~ 2 pups at
a time) form the group. The same procedure
was repeated throughout the experiment. In
some cases, the number of the pups were
increased by adding the pups to the already
confined group. The pups were allowed to
move freely in the calorimeter during the
experiment. Room air (4/-min~!) drawn
through a Silica Gel can was sent through
the calorimeter. The temperature of the air
was brought to the same set temperature
by heat exchange between the air and the
circulating temperature controlled water.
The sensible heat loss (Hp4y=radiative+
conductive+convective heat loss) and heat
loss by evaporative water loss (Hrye:) Were
continuously measured and recorded on a

_recorder (SP-H5 P, Riken Denshi). To pre-

vent unwarrantable evaporation from the
wastes, feces and urine were collected into
a metal pan filled with liquid paraffin placed
underneath the animal cage during the
experiment.

The rates of heat losses (Hyiota1=Hypary -
Hig.:) expressed in W « m~2 of body surface
are summarized in Fig. 1. The surface area
of the pups was calculated using the formula
of S (m?)=0.101 x weight(kg)?’® given for
the dog under 4 kg of body weight®. At an
ambient temperature of 15C and within the
number of the pups not exceeding three,
there was a close inverse relationship bet-
ween Hrary 0r Hygora1 and the number of the
pups, that is, the smaller the number of
the pups, the higher were the heat losses.
The importance of huddling in temperature
regulation in colder environments was also
confirmed in the infant dogs as reported in
many other animals®. When a single pig
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was exposed at 5 C, its oxygen consumption
increased more than doubled, while a group
of pigs of the same age which huddle
together increased their oxygen consumption
very slightly?®. Heat loss from the body
surface (Hpary) depends on the temperature
gradients, thermal tissue conductance and
the body surface area. Below the critical
temperature, the thermal conductance and
the temperature gradients tended to be
constant in most animals®’®. Although the
thermal conductance was not measured in
this study, the increase in Hi4y may have
been largely attributed to the increased
effective body surface area per animal.
Rectal temperature (T..) of one pup was
monitored continuously throughout the
measurement. T,. was 37.8°C in the single
pup and 37.9°C in the pup with other 5 pups
together, in other words, within 6 pups T:.
was not seemed to be influenced by changing
the number of the animals. Therefore, the
oxygen consumption should have been in-
creased in the animals either alone or with
2 pups together at this temperature. With
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more than 3 pups, however, Hyay tended to
be constant regardless of the number. This
may indicate that the T, of 15C in still air
conditions is not cold enough to force a
large number of the pups aggregating togeth-
er. Since 4/.min~! of fresh air was sent
through the calorimeter which had a fairly
large amount of air inside, air movement
inside the calorimeter must have been kept
at minimum levels in the present study.
A more clear inverse relationship between
the heat losses and the number of the pups
with more than 3 may have been seen if the
forced convection was increased by increas-
ing air movement. Hy,oa and Hpsy were
already at the minimum with 2 pups togeth-
er at T,=20C. At T,=25C, there was no
significant increase in the heat losses in the
animals when the number was reduced to
one.

The relationship between the body weight
of an imaginary dog, which was simply
calculated from the mean weight and the
number of pups, and Hi.y expressed per
square meter of body surface of the dog is

Ta20°C

03 4 ¢

Fig. 1.

1 1 1 1

123 4 b 1
Effect of the number of pups on Hytotal, Hrary and Hiwe: at 3 different
ambient temperatures. Abscissae : number of pups, Ordinates : heat losses in Wem™
(@ : Hiary, O : Hiwet, A : Hriota1). Dotted lines show Hrary of an imaginary dog,
of which the body weight is obtained by the mean body weight (approximately 2 kg)x
number of pups. Bars are+SD.
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also shown in Fig. 1. Hpqy was not affected
by body size when the number of the pups
was less than 3 at 15¢C, less than 2 at 20C
and 1 at 25°C. The results indicate that the
rate of the increase in body weight and
effective surface area can be appropriately
proportional only within these number of
pups. With more than these number, an
aggregation of the animals is not beneficial
to the pups in these environments. Hyge:
expressed as Hy¢ota1-Hraey (actually measured
by the plate meter and moisture condenser
of the SEC-A calorimeter) were not influ-
enced by number of the pups in groups.
However, the levels of Hipy.. were always
higher at T,=25°C than those at the other
ambient temperatures. The thermoneutral
temperature may have been slightly lower
than 25°C for the pups under the present
experimental conditions. From these data,
it is concluded that in the infant dogs the
effect' of huddling, that is, increasing the
number of the animals aggregating together
is important in temperature regulation in
the subneutral thermal conditions.
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