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HAIM. A.. R. 1. VAN AARDE AND J. D. SKIN NER. Bllrrowing and huddling in newborn porcupine. rile eflec/ 011 thl'rmoreg
II/arion. PHYSIOI. BEHAV 52(2) 247-250, 1992.-The newborn cape porcupine Hystrix aji'icocallslralis is a precocial rodent.
However, the newborn spends its first 9 weeks in the burrow. Heat production (oxygen consumption-I/o,) and body temperature
(Th ) were measured at various ambient temperatures (Tal in newborn (4-8-week-old) porcupines. with a body mass between
1340-1993 g during summer. from the colony kept at the Mammal Research Institute, University of Pretoria. To assess the effect
of huddling. these parameters were also measured in adult pairs of porcupines (Ta = 15 and 25°C) kept together in the metabolic
chamber and the values were compared with those obtained from single porcupines. Overall minimal thermal conductance was
calculated for newborn and paired adult porcupines. The newborn porcupines can regulate their body temperature at Tas between
1O-28 D C. VO , measured at lower critical point is 0.602 ± 0.08 mlj02/g' h. At Ta = 100e, Vo, oscillated with a characteristic
amplitude and frequency. while body temperature was well regulated. Huddling decreases the lower critical point. The overall
minimal thermal conductance (0.044 ± 0.002 ml 02/g' h . I DC) is higher than expected from body mass, so that the young are
liable to lose heat rapidly. It is well known that the newborn porcupine spends a long period in the burrow and the results of this
study suggest that this may be in order to conserve energy and presumably allocate it to growth. Apart from decreasing vulnerability.
delaying foraging also avoids heat loss in the newborn porcupine.
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THE increased ratio of surface area to mass in a small-sized
mammal is clearly reflected in the newborns, which are very
sensitive to cooling. This tendency diminishes progressively as
the newborn mammal grows. The studies carried out on ther
moregulation of young mammals were reviewed by Hull (11),
while aspects concerning thermoregulation of newborn polar
homeotherms were reviewed by Blix and Steen (2). Aspects of
thermoregulation and metabolic rates were also studied in
mammals from warm regions; for instance. the hyrax Procavia
capensis from the Southern African subregion (16).
The Cape porcupine Hystrix africaeaustralis. which is the
largest Southern African rodent, is widely distributed in the
subregion. This nocturnal species has a wide ecological tolerance
(5,20). The newborn Cape porcupine is a precocious offspring;
it is born with open eyes. the body is covered with short spines.
and the back quills are soft at birth. The young are born in grass
lined nesting boles. In one litter there can be between 1-3 young
porcupines, and a difference in body mass is noted between the
sibling neonates. The average body mass is about 300 g. Until
weaning at about 12 weeks, the young can increase body mass
at a rate of up to 50 gjday (20).
As in many other mammals, the newborn porcupine is at
tached to its mother for suckling but, under natural conditions,
it also spends many hours of the day with its parents in the
burrow sleeping during daytime (20). At 8-9 weeks. after the
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quills have developed. the young porcupines leave their burrow
and accompany the male on foraging explorations (5).
In the summer rainfall regions, porcupines are born during
the warm and wet months from August to March, while Van
Aarde (personal communication) noted that in captivity por
cupines breed throughout the year.
Extensive research has been carried out in the last decade on
various biological topics of this species (21). Recently. metabolic
and thermoregulatory aspects of this species were studied (7.8).
and it was noted that the metabolic rates of the adult porcupine,
acclimated to an ambient temperature of 25°C with a photo
period of 12L: 120, are only 57(!{ of that expected for its body
mass (12). However, so far no data have been published on these
topics in the newborn Cape porcupine. I leat production and
temperature regulation in precocial and altricial rodents have
been compared (22,23). Although the newborn porcupine is a
precocial rodent, it stays in its nest site for a very long period
(8-9 weeks) before it forages above ground. Therefore, it seems
to be an interesting animal in which to study thermoregulatory
abilities.
The aim of this study was to investigate the metabolic and
thermoregulatory abilities of the newborn precocia1 Cape por
cupines at different ambient temperatures. and to assess the role
of burrowing and huddling in temperature regulation of this
species.
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The study was carried out on lour porcupines. 1-2 months
old. with a body mass of 1350-1900 g. Measurements were car
ried out from mid-November to the end of December 1986 at
the Mammal Research Institute. University of Pretoria. The
young porcupines were taken hom the colony kept in the ex
perimental farm (University of Pretoria) and were returned to
the colony immediately after measurements.
Oxygen consumption ([7°') was measured in the young por
cupines at ambient tempcratures (Ta) bctween 10-30°e:. using
an open flow system (6, 10), in a metabolic chamber with a vol
ume of 4.8 liters. ~;'o, was monitorcd on an Ametek S-3A/II
(Applied Electrochcmlstry) oxygen analyzer. A flow of air. dricd
over silica gel (uniLA B). at a rate of 1300 mljmin was used.
["0, was recordcd for a minimal period of 30 min aftcr a 2-3 h
period of stabilizing in the metabolic chamber at each i~. The
average resting metabolic rate (RMR) was calculated from read
ings. recorded every 3 min during the recording period. Because
of fluctuations in readings during the recording period at Ta =
100e, ~'o, was also calculated lor cvery rcading.
For m-easuring the metabolic and thermoregulatory effects
of huddling, adult porcupines acclimated to Ta = 25°C with a
photoperiod of 12L: 12D were used. [70 2 was measured as in
Haim et al. (7), cxcept that two sibling porcupincs were kept in
the metabolic cage. Such measurements were carried out at i~
= IS and 25°e:. and the results were comparcd with those mea
sured for each porcupine kept singly.
All ~'02 measurements were carried out during the light phase
and all results were corrected to standard conditions (STPD).
Body (rectal) temperaturc (Tb) of the newborn porcupincs
was measured at the beginning and at the end of each [:'0, mea
surement. using a chromcl-alumel thermocouplc conncc-ted to
a 52 K/J Fluke thermometer. Body tcmperature of the adult
porcupines was mcasurcd by using the same methods as in Haim
et al. (7).
Below the lowcr critical temperature, overallminimallhermal
conductance for the newborn porcupines was calculated, using
thc formula of Scholandcr ct al. (18), as given by Hart (9): C =
!'v/;:tb - Ta; (M, rate of metabolism = VoJ
Allmeasurcments were carried out during daytimc. All results
are given as mean and standard deviation. Student's {-test was
used to determine signilleant differences.
RESULTS

The lower critical point iic lor the newborn porcupines is at
an ambient temperature of 28°C. Body temperature at Tic is
38.5 :r 0.6°(' with an oxygen consumption of 0.602 ± 0.08 ml
07jg' h. Body temperature is well regulated between 10-28°e:,
while at ambient temperature of 30°C. hyperthermia was ob
served and Tb increased to 39.0 ± 0.3°C (Fig. I). At Ta = looe:,
V02 values. calculated at intervals of 3 min, show oscillations
with a characteristic amplitude and frequency. The amplitude
of fluctuations was 0.4 ml 02/g' h, the frequency being 1.4 ±
0.2 h- 1 (Fig. 2). Overall minimal thermal conductance of the
newborn porcupine, calculated below the lower critical point,
had a value of 0.044 ± 0.002 ml/g· h· 1°C.
The V02 and Tb values measured for two porcupines kept
together in the metabolic cage are given in Fig. 3. The results
show that at 15°C, nonspecific V02 values oftwo porcupines are
the same as those of a single porcupine at 25°C. A significant
increase is noted in C values (C = 0.023 ± 0.003 ml 02/g . h· 0c)
at Ta = 25°C for the two porcupines kept in a cage when com
pared with a single porcupine (C = 0.016 ± 0.002) kept under
the same conditions. At Ta = 15°C, the value ofC, calculated
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FIG. 1. Oxygen consumption (Vo ,) and body temperature (Tb) of new
born porcupines Hl'slri.x iljricueallslralis at different ambient tempera
tures (Ta). Measurements were carried out during November and Dc
cember 1986 (summer acclimatization). All results are given as mean ±
SD of 11 = 4.

for two porcupines kept in a cage was 0.014 ± 0.00 I ml O 2 /
g. h . DC, while for a singlc porcupine the value calculated at '/~
IS 0e: was 0.0 I 7 ± 0.002 ml 02/g' h . 0C.
DISCUSSION

Newborn mammals have some features in common: they
have a larger exposed surface area in relation to body mass as
well as less insulation and a high lower critical temperature when
compared with the adults (2). These fcaturcs may causc ther
moregulatory problems for the newborn porcupine which, al
though it is a prceocial offspring, it spends up to 9 wceks in the
burrow without leaving it to forage. Thus. it is logical to assume
that thc high cnergetie demands due to incrcased hcat production
and growlh must be providcd by the lactating mother, while
physiological and behavioral adaptations of thc newborn con
serve encrgy expenditurc as much as possible. Following the
parents on foraging trips would be risky not only because of
predation, as the quills protect only 8-9 weeks after birth (20),
but may also dissipate a great amount of heat to the environment
which, in turn, would increase food demands.
Clarke and Brander (4) showed that in the New World por
cupine Erethizon dorsatum, the loss of radiant heat from the
heavily quilled rosette area is significantly higher than from other
parts covered with more hair. They concluded that quills alone
are poor insulation. Therefore, the newborn porcupine, which
has neither much hair or heavy quills, may remain in the burrow
for a long time because of poor insulation and the large relative
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FIG. 2. Oxygen consumption (1;'02) measured in newborn porcupine
IIrslrix aji"iClll'lllistralis over a period of 60 min (I). at an ambient tem
perature (7;.) of looe.

area of exposed surface, although this does not preclude other
advantages resulting from this behavior. Hull (1 1) states that
the capacities for thermoregulation in young as well as in adult
mammals arc limited by their area of exposed surface, which is
relatively higher in smaller mammals.
The results of this study show that overall minimal thermal
conductance of the few weeks old porcupine is 35% higher than
the value expected for a mammal with a body mass of 1567 g
according to the Bradley and Deavers equation (3). Thus, it
seems that the newborn porcupine. with its poor insulation. pro
tects itself from heat loss by using the nest for the relatively long
period of 9 weeks. High values of thermal conductance have
also bccn recordcd for the juveniles of other species, C.g.. hyrax,
i'rocavia capensis (16), and the reindeer Rangifcr tarandlls ta
ram/lis (14).
As in othcr ncwborn mammals (11), the lower critical point
(Tic) for newborn porcupines is higher by 4 DC than that of the
adult porcupinc (7). However, V02 measured at the thermoneu
tral zone is the same as predicted for an adult mammal with a
body mass of 1567 g 0.602 ml 02/g' h, (10 ml 02/kg· min). The
maximal Vo • value measured in newborn rabbits and guinea
pigs is 70 ml 02/kg. min (11). The values measured in this study
may not be maximal (Ta = 10°C), and the newborn porcupine
has a body mass 10-fold higher than that of a newborn rabbit
or guinea pig. As newborn mammals are expected to have a
higher specific metabolic rate than ad ults. the results obtained
in this study may suggest why the newborn porcupine stays in
its burrow for such a long period. Emerging at an earlier stage
from the burrow would transfer energy from the avenue of
growth to heat production for thermoregulation and activity:
staying in the burrow can allow most of the energy to be allocated
to growth.
Energy allocation in newborn rodents is under discussion. A
comparative thermoregulatory study between altricial and pre
cocial newborn rodents was carried out. The precocial newborn
cotton rat, Sigmodon hispidus, has a high metabolism and a
rapid growth. This result does not support the theory of energy
allocation in newborn mammals (23). Yet, from an earlier study
on these two species, allocation of energy for growth and for
development of homeothermy was suggested (15).
In our study, the newborn porcupine increased its body mass
between birth and 8 weeks at an average rate of about 25 g/day.

During this period, under natural conditions the newborn por
cupine is still in its burrow and the main increase in body mass.
50 g/day, begins only after 12 weeks while it is foraging above
ground (20). In the case of the newborn porcupine, it seems as
if energy is contributed to high metabolism and to rapid growth
as suggested for the cotton rat (23). In the adult porcupine. me
tabolism decreases and RMR values arc only 57% ofthe expected
(7) from its body mass according to Kleiber's equation (12).
A nonsteady-state of ('0. and It, was reported in the shrew
eroddura monadz (17). The oscillation frequency of 17.1 ± 0.2
h- J , with a deviation of (0. values of 0.4 ± 0.03 ml 02/g' h were
recorded at Ta = 17°e. The oscillation in Tio, was accompanied
by an oscillation in It,. U sing such an oscillation was found to
be an efficient mechanism for reducing heat loss in the shrew .
Similarly, when exposed to I~ = lODe. the newborn porcupine
did not reach a steady-state and ('0, rates oscillated (Fig. 2). As
availability of energy prior to wean{ng is a limiting tactor (22).
(0, oseillationswith a charaeteristicamplitudeand frequencvcan
be ';:m important mechanism for energy conservation. Thus: the
newbom porcupine, when left alone in its burrow, may use a pattem
which conserves energy but also avoids hypothermia.
The role of huddling in energy conservation was studied in
several rodent species (1,13,19,24). Even under captive condi
tions the adult porcupines tend to huddle, one individual tending
to orientate its head towards the back parts of the other. The
newbom porcupines in the colony are frequently in direct contact
with their parents, and under natural conditions they spend many
hours with their parents in the bun'ow (20). When two porcupincs
were kept together in the metabolic chamber, they huddled. Their
lower critical point was reduced and at To = 15°C, r>0, was lower
than that ofa single individual at 25°C (7). The ambient temperature
of the porcupine burrow is in the range of l4-17°C, Therefore, it
may be assumed that huddling is an important mechanism for
reducing energy expenditure in the newbom porcupine.
The results of our study suggest that the long period spent
by the newborn porcupines in their burrow, up to 9 weeks after
birth, is mainly. but not exclusively. for conserving energy. Dur
ing daytime they are warmed up by their parents while at night,
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when the parents are foraging, they ean decrease V02 by a reg
ulated oscillating mechanism. This behavior pattern of delaying
foraging, which contributes to energy conservation, could have
been selected because it also fits well with decreasing the vul
nerability of the newborn porcupines as they lack sufficient pro
tection until they are 8-9 weeks old.
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