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Abstract

Oxygern consumptiorn ( I'/o_, ) and body temperature ('T,) were measured at various
ambient temperatures (T, ) between 13° and 39° C in individuals of the Cape por-
cupine (Hystrix africaeaustralis ), acclimated toT, = 25° C at a controlled photope-
riod of 12L:12D. Voo of this species in the thermoneutral zone (T, = 24°-27°C) ix
oniy 57% of the Vo, of an 11.1+ 0.7 kg mammal as predicted by Kleiber. T, was well
regulated up toT, = 30° C. Hyperthermia was observed at T, above 30° C. T, regula-
tion was accompanied by an increase in overall thermal conductance and respira-
ro0iy frequency rate. Qverall minimal thermal conductance calculated at lower
critical point T, = 24° C is bigher than predicted by Bradley and Deavers. Appar-
ently digestible dry-mmatter intake and gross digestible energy intake are relatively
low and correlate with the low f’oz values recorded for this species. Water intake in
this species is significantly lower than that of the crested porcupine (H. indica) un-
der similar conditions. Low metabolic rates on the one band and bigh overall ther-
mal conductance on the other appear to be important physiological adaptations for
this large, burrowing, nocturnal rodent, which bas a wide ecological tolerance.

Introduction

Cape porcupines, Hystrix africaeaustralis, are large (12-18 kg) nocturnal
hystricomorph rodents that reside in habitats ranging from tropical forests
to deserts throughout southern Africa. They live in extended family groups
in shelters and breed in caves, rock crevices, modified aardvark burrows,
and/or burrows that they dig themselves. Porcupines usually forage alone
and feed on the bulbs, tubers, and bark of a variety of plants, several of which
are known to be poisonous to man and/or domestic animals (De Graaff
1981; Smithers 1983).

Extensive research has been carrica out on the Cape porcupine including
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the reproductive and population biology (Van Aarde 19854, 19855, 1987)
and digestion (Van Jaarsveld 1983; Van Jaarsveld and Knight-Eloff 1984).
However, no information is available on their metabolism and energy re-
quirements, although these aspects have been reported by Alkon et al.
(1986) and Sever (1986/1987) for the related Indian porcupine, H. indica.

The present study was designed to investigate the bioenergetics and ther-
moregulatory abilities of captive Cape porcupines as part of an ongoing proj-
ect on the ecoiogy and physiology of these animais.

Material and Methods

Six adult porcupines (three males, three females) bred in captivity (third-
generation offspring of free-ranging adults trapped in the semiarid Karoo,
South Africa) were acclimated for 3 wk to an ambient temperature (7;) of
25°C and a photoperiod of 12L:12D. Relative humidity within the climate
room (Speck Scientific) averaged 60%. The porcupines were housed in pairs
in separate cages within the room and fed daily on commercial pellets (An-
telope Cubes, Epol [Pty] Lid., Vereenigin, Scuth Africa). Drinking water was
freely available. All measurements were carried out from August to Novem-
ber 1986.

Oxygen Consumption

We measured oxygen consumption (Vo,) at various 7,'s between 13° and
39°C, using an open flow system (Depocas and Hart 1957; Hill 1972). For
this purpose the selected animal was moved from the climate room to a
large custom-built metabolic chamber (127 X 75 X 65 c¢cm), consisting of
two layérs of Perspex with 4 cm of insulation between the layers. Tempera-
ture was controlled by pumping hot or cold water from a bath into copper
pipes that densely surrounded the inner layer of Perspex of the chamber. A
fan was installed in the ceiling of the chamber. Within the metabolic cham-
ber the porcupine was kept in a wire-mesh cage, and under the cage was a
metal tray in which urine and feces were collected. Dried air (silica gel:
Holpro) was pumped at a rate of 10 L/min through the metabolic chamber.
Each porcupine was kept in the chamber for a period of 3 h. We recorded
Vo, at 3-min intervals for at least 60 min using an Amtek S-3A/1I (Applied
Electrochemistry) oxygen analyzer. Five consecutive readings that did not
differ by more than 0.01% were used to calculate resting metabolic rate
(RMR). O, concentration in the metabolic chamber did not drop lower than
.+ 19.95%. The oxygen analyzer was calibrated before and after each group of -
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recordings. All Vo, measurements were carried out during the light phase
and were corrected to STPD.

Body Temperature

Body (rectal) temperature (7;,), was measured at the end of each Vo, mea-
surement with a chromel-alumel thermocouple connected to a 52 K/J Fluke
thermometer, which was inserted approximately 3 cm into the rectum for
about 30 s. To facilitate this we moved the porcupine from the metabolic
chamber into a custom-built cage (70 X 29 X 49 cm) within which it could
be restrained.

Respiratory Frequency

Respiratory frequency was measured at the end of each Vo, recording before
the porcupine was removed from the metabolic chamber. Three consecutive
measurements of 1 min each were taken with a stopwatch.

Overall Thermal Conductance

s

We calculated thermal conductance (C) at21°, 24° (lower critical tempera-
ture), 27° (upper critical temperature), and at 30°C, using the formula
of Scholander et al., as given by Hart (1971): C = (M/T;, — T,), where M
= metabolic rate, 7, = body temperature, and 7, = ambient temperature.

Food Consumption and Gross Digestible Energy Intake

Food consumption over a 5-d period, measured as apparent digestible dry-
matter intake (DDMI), was calculated as the difference between the mass
of dry food consumed and the mass of dry feces excreted daily. For this
purpose individuals were kept within the temperature room in wire-mesh
cages (101 X 75 X 65 cm) below which a stainless-steel trav was set at a
slope, a tray in which feces accumulated and from which urine ran off
through a funnel into a jar containing paraffin. A known mass of pellets dried
at 70°C and a measured volume of fresh water were provided every day in
metal containers. The volume of water left over was measured and removed
every day, while the remaining pellets were dried in an oven and then
weighed. Porcupines were weighed at the onset and at the end of the 5-d
experimental period. Feces were removed daily from the tray and dried in
an oven at 70° C to a constant mass.

We calculated gross digestible energy intake from the energy values of
the pellets and feces determined using a DDS CP 400 bomb calorimeter.
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Fig. 1. Oxygen consumption (f/o_7 mlL O,/g - h) andT, (° C) of the Cape
porcupine Hystrix africaeausralis at different T,’s (° C). Porcupines were
acclimated toT, = 25° C at a controlled photoperiod of 12L:12D. All results
are given asX + SDofn= 6.

All results are given as mean values and followed by 1 SD of the mean.
Student’s t-test was used to test the level of significance of differences.

Results

The thermoneutral zone of the Cape porcupine, with a mean body mass of
11.1 kg, acclimated to 7, = 25°C and 12L:12D, lies between 24° and 27°C
(fig. 1). Mean Vo, within this zone (RMR) was 0.209 = 0.02 mL O,/g - h,
and mean T, was 37.6°Cat T, = 24° Cand 37.3°Cat 28°C. Between the lower
critical temperature (24°C) and 13°C Vo, increased at 0.0168 mL O,/g - h -
°C (fig. 1). At 7's above the upper critical point (7, = 28°C), Voz increased
at a rate of 0.0009 mL O,/g - h - °C.

Body temperature was well regulated up to a 7, of 30°C, and at higher
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Fig. 2. Respiratory frequency of the Cape porcupine Hystrix africaeausralis
(breaths/min), as a function of T, (° C). Porcupines were acclimated to
T, = 25°C with a photoperiod of 12L:12D. All results are given asX + SD
of n=06.

temperatures hyperthermia occurred (fig. 1). Respiratory frequency also in-
creased with an increase in 7, (fig. 2). We noticed that, at 7,’s above 30°C,
the porcupines were wet when removed from the metabolic chamber, while
ata 7, of 39° C all studied porcupines urinated in the metabolic chamber.

Overall C was significantly higher (P < 0.005) at 7, = 27°C than at 24°C
and 7.’s below it (table 1).

Apparent DDMI was 7.48 + 1.11 g/kg - d, and gross digestible energy
intake was 144.8 + 17.1 kJ/kg - d. Dry-matter digestibility was 87.0% + 2.3%,
and water intake under the conditions of acclimation was 40.7 = 4.3 mL
H,O/kg - d.

Discussion

In their wide distribution throughout southern Africa, Cape porcupines ex-
perience a variety of climatic conditions. Animals in the Karoo, on the one
hand, face a dry, cold winter during which they are exposed to relatively
low T,’s during their nocturnal bouts of activity. On the other hand, during "
summer nocturnal 7,'s can be much higher (25° C and above).

The present study shows that Cape porcupines acclimated to 25°C can
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TABLE 1
Overall thermal conductance (C) of six Cape porcupines

T, ™y, C

°C) (kg) (mLO,/g-h-°C)
R B T 11.6%x.7 016 %+ .001

18 ........ 115+ .9 017 +.002

21 ..., 115+ .9 016 % .002

24 ... .. 11.1%.7 018 = .001

27 o 112+ 8 023 +.002*

30 ... 11.1+.7 032+ .005**

Note. Values for C calculated using the formula C = MR/ T, — T, (MR = metabolic rate as
measured by oxygen consumption) at 7;’s 13°, 18°, 217, 24°, 27", and 30°C. m, = body mass.
All values are X+ SD; = 6.

* P < 0.005 when compared with Cat 7, = 24° C.

** P < 0.005 when compared with Cat 7, = 27°C.

regulate their 7,’s at 7,’s between 13° and 30°C. At higher 7;’s (31°-39°C)
an increase in metabolic rate occurred, and porcupines became hyperther-
mic at 39°C. However, in their natural environment in the Karoo it may be
assumed that porcupines are not exposed to 7,’s above 30°C since they are
nocturnal.

Metabolic rates measured through Vo, in the Indian crested porcupine
during spring (0.312 mL O,/g - h; Sever 1986/1987) are higher than those
recorded for the Cape porcupine in the thermoneutral zone. Vo,, further-
more, is 43% lower than the value expected from Kleiber’s equation
(Kleiber 1961). Low metabolic rates recorded in several desert rodents (see
Hudson and Wang 1969; Hart 1971; Yousef and Johnson 1975; Yousef 1980;
Lovegrove 1986; Haim 1987; McNab 1988) may be a useful adaptation be-
cause they minimize the need for water and food, which are usually in short
supply in arid environments.

The relatively low metabolic rate and high C recorded for porcupines (ta-
ble 1), which are in agreement with those recorded for other fossorial ro-
dents, may aid in preventing overheating during burrowing (see McNab
19606). Overall minimal C measured at the lower critical point in porcupines
(0.018 £ 0.001 mL O,/g - h - °C) was 29% higher than the value expected
from Bradley and Deavers’s equation, C = 0.760 W °%*¢ (Bradley and Deav-
ers 1980), and this may aid in reducing heat storage during spells of high
activity.
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At high 7.'s it seems that porcupines dissipate heat by evaporative water
loss. Above the upper critical point, overall minimal C (table 1) and respira-
tory frequency (fig. 2) increase significantly. The increase in these parame-
ters is accompanied by an increase in Vo,. Although regulation of 7 is
achieved by loss of water, in typical desert rodents under equal condi-
tions an increase in 7, is used, a mechanism that conserves water (Haim
1984, 1987).

The daily DDMI rate of 7.48 & 1.11 g/kg - d and gross digestible energy
intake of 144.8 = 17.7 kJ/kg - d obtained in the present study is similar to
that recorded for the crested porcupine kept on 40% of ad lib. diet (8.13 g/
kg - d and 72.3 £ 38.2 ki/kg - d; Alkon et al. 1986). Digestibility in Cape
porcupines under our experimental conditions (87.0% * 2.33%) is higher
than that of the crested porcupine (68.3% + 15.9%; Alkon et al. 1986) but
very close to the rate (83.04% + 2.52%) reported by Van Jaarsveld (1983)
for Cape porcupines kept on high protein diet. Dry-matter intake reported
by Van Jaarsveld (1983) for the Cape porcupine (35.12 g/kg - d) is higher
than that reported by us, possibly because of the different conditions to
which animals were acclimated. Daily water intake for the Cape porcupine
(40.7 £ 4.3 mL H,O/kg - d) was significantly lower than that of crested
porcupines on a 40% ad lib. diet during summer, but similar to that of crested
porcupines kept on 60% of ad lib. diet during winter (Alkon et al. 1986).

The results of our study explain to some extent how porcupines, with
their low metabolic rate (lower than expected for body mass), can cope with
conditions prevailing in semiarid and even arid environments. Their low
metabolic rates and ability to dissipate heat by high C may be important
physiological adaptations for a big burrowing mam:mal. Their high digestive
efficiency and relatively low water intake may also be important adaptations
to arid environments.
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