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Abstract We measured oxygen consumption of
hedgehogs from Dunedin during normothermy, tor-
por, and arousal from torpor during the winter. Ba-
sal oxygen consumption and minimum thermal
conductance were not significantly different from
expected values for an average mammal of the same
body mass. Torpid oxygen consumption at 5°C was
only 0.5% of resting normothermic oxygen con-
sumption at the same temperature. Oxygen con-
sumption during arousal was not significantly
different to that predicted theoretically or to that re-
corded during resting normothermy over the same
time period. Using previous measures of pre-hibernal
body fat content, we build a simple model showing
the relative energetic implications for a hedgehog of
entering or not entering hibernation, and suggest that,
at low temperatures, body fat stores would be de-
pleted in < 1 day and > 100 days in non-hibernating
and hibernating hedgehogs, respectively.
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INTRODUCTION

European hedgehogs (Erinaceus europaeus) were
introduced into New Zealand in the late 1800s and
early 1900s, primarily as predators of garden pests
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(Brockie 1990). Hedgehogs spread rapidly and can
now be found in exceptionally high densities (much
higher than in Europe) in lowland and coastal farm-
land, though are rare or absent in highland areas and
the south-west of the South Island (Brockie 1990).
Hedgehogs are carnivorous members of the
Insectivora that, except in the mildest of climates,
spend much of the winter in hibernation. Distribu-
tion in New Zealand may be limited by a combina-
tion of high winter mortality in mountainous areas
(winter mortality of juveniles even in relatively mild
climates in the United Kingdom is c. 65%; Brockie
1990) and a lack of suitable dry hibernacula in re-
gions of high rainfall (e.g., Morris 1973).

Hedgehogs are renowned for their ability to use
torpor (a condition in which both body temperature
and metabolic rate are facultatively depressed) as a
mechanism for energy conservation in response to
reduced energy (i.e., food) availability and/or to cold
weather when the energy requirements for ther-
moregulation are excessively high. Torpor in mam-
mals (including hedgehogs) can be divided into two
types: daily torpor and hibernal torpor. Daily torpor
can occur at any time of the year and is a state where
metabolic rate falls to c. 30% of the minimum non-
torpid rate, body temperature does not fall below
c. 17°C, and the animal remains torpid for <22 h at
a time (Geiser & Ruf 1995). Hibernal torpor only
occurs in winter and is a state where the animal re-
mains continuously torpid for periods of >22 h at a
time, metabolic rate falls to c. 5% of the minimum
non-torpid rate, and body temperature falls to within
a few degrees of the ambient (Geiser & Ruf 1995).
Hedgehogs do hibernate (hibernation = one or more
periods of hibernal torpor interspersed with periods
of activity) in New Zealand, but the proportion of
the population hibernating and the length of hiber-
nation appears to vary regionally, probably as a func-
tion of climate (Parkes 1975; Moors 1979; Brockie
1990) and/or regional variation in body condition
(Parkes & Brockie 1977). Whether a hedgehog en-
ters hibernal torpor or not will depend on the rela-
tive costs and benefits of such behaviour. The most
obvious benefit of becoming torpid is a substantial
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reduction in total energy expenditure and hence in
the rate of utilisation of body energy reserves.

In this study we collected wild hedgehogs from
suburban Dunedin (45°52'S, 170°30'E) and meas-
ured the energetic costs of normothermy (normal,
high, stable body temperature), hibernal torpor, and
arousal from torpor. Our intention was to build a sim-
ple model to establish the energetic advantages of
hibernation in this population.

METHODS

Animal maintenance
Seven hedgehogs were caught by hand in suburban
Dunedin during March and April 1996. Captured
individuals were maintained under natural photope-
riod and temperature conditions in individual wire
mesh cages c. 0.8 m long by 0.6 m wide containing
sufficient straw for bedding. A 100 g/day mixture of
mashed potato, raw beef mince, and chicken mash
with a mineral and vitamin supplement, and 20 g/day
of cat biscuits, were provided as diet. Excessive
weight gain by some individuals was counteracted
by reducing food availability. Drinking water was
supplied ad libitum. To prevent mange (Caparinia
tripilis), individuals were dusted with external para-
site powder once a week for the first 4 weeks and
bathed in a "Savlon" bath twice weekly for the first
2 weeks. Animals were retained under these condi-
tions for-at least 6 weeks before observations began.

Experimental procedure
For each individual we determined resting oxygen
consumption (as a measure of metabolic rate) and
thermal conductance while normothermic at ambi-
ent temperatures (Ta) of 5, 15, 20, 25, and 30°C, tor-
pid oxygen consumption at Ta = 5 and 10°C, and the
energetic cost (measured as oxygen consumption) of
arousal from torpor at a Ta — 5°C.

For measurements of resting oxygen consumption
and thermal conductance, individuals were deprived
of food for 8 h and then removed from their cages,
weighed (±1 g), and placed in a respirometry cham-
ber (vol. 3.7 L) within a controlled temperature cabi-
net set to the appropriate temperature. Dry air was
drawn through the respirometry chamber at a rate of
1600 ml/min, excurrent gas was dried and then
passed through an oxygen analyser (Model S-3A/II,
Ametek, Pittsburgh). A voltage output from the oxy-
gen analyser representing the oxygen content of the
gas was logged at 3 s intervals on a microcomputer.
Logged voltages were averaged over 1 min intervals

and converted to estimates of oxygen consumption
using the appropriate equation of Withers (1977),
assuming a respiratory quotient of 0.8. All data were
converted to standard temperature and pressure of
dry air. Hedgehogs were checked at regular intervals
through a window in the side of the controlled tem-
perature cabinet to ensure that they remained rest-
ful. Any individual that became active for a
prolonged period was removed, the data rejected,
and the experiment repeated at a later date. Record-
ing continued for 4 h after which the hedgehog was
removed and its body temperature taken by placing
a thermocouple against the belly of the tightly curled
up animal (Nairn 1972). The hedgehog was then
replaced in its cage, fed, and watered. Resting oxy-
gen consumption was taken as the lowest 5 consecu-
tive minutes of oxygen consumption during the 4 h
measurement period. Thermal conductance was
taken as the ratio between the mean of the last 5 min
of oxygen consumption and the body to ambient
temperature differential.

Measurements of torpid oxygen consumption
were made using the same procedure as measure-
ments of resting oxygen consumption, except that
flow rate through the system was reduced to 230 ml/
min and respiratory quotient was assumed to be 0.7.
Food available to individuals was restricted to one-
eighth of that normally available for 48 h before
measurement to encourage them to enter torpor, and
the torpid individual was then transferred carefully
into the respirometry chamber. Where individuals
aroused from torpor during the 4 h measurement
period, all data were rejected.

Measurements of oxygen consumption during
arousal from torpor were again made using the same
respirometry setup. Food available to individuals
was again restricted to one-eighth of that normally
available for 48 h to encourage them to enter torpor
and torpid individuals then transferred into the
respirometry chamber. However, after 10 min of
measurement, the chamber was shaken until arousal
commenced. The hedgehog was then left to arouse
completely (with oxygen consumption increasing
from the torpid rate, overshooting resting oxygen
consumption, and then coming back down to stablise
at around resting oxygen consumption for at least
30 min) before it was removed from the chamber and
its normothermic state confirmed by taking its body
temperature. The commencement of arousal was
defined as the first measure on the upward curve of
oxygen consumption that fell above the range of
measurements over the previous 5 min (Fig. 1). The
end of arousal was defined as the first measure on


