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Cheetah do not abandon hunts
because they overheat
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"Brain Function Research Group, School of Physiology, Faculty of Health Sciences, University of the
Witwatersrand Medical School, 7 York Road, Parktown 2193, South Africa

2School of Anatomy, Physiology and Human Biology, University of Western Australia, Stirling Highway,
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Hunting cheetah reportedly store metabolic heat during the chase and aban-
don chases because they overheat. Using biologging to remotely measure the
body temperature (every minute) and locomotor activity (every 5 min) of
four free-living cheetah, hunting spontaneously, we found that cheetah
abandoned hunts, but not because they overheated. Body temperature aver-
aged 38.4°C when the chase was terminated. Storage of metabolic heat did
not compromise hunts. The increase in body temperature following a suc-
cessful hunt was double that of an unsuccessful hunt (1.3°C + 0.2°C
versus 0.5°C + 0.1°C), even though the level of activity during the hunts
was similar. We propose that the increase in body temperature following a
successful hunt is a stress hyperthermia, rather than an exercise-induced
hyperthermia.

1. Introduction

Cheetah use ‘stalk and chase” hunting. Although they can sprint faster than any
of their potential prey [1], they are inefficient hunters, with less than 40% of
hunts ending in kills [2—4]. Cheetah appear to abandon most of their chases,
even when prey ought to be in range. Both successful and unsuccessful hunts
are followed by long periods of inactivity, including a delay before eating
after a successful hunt [5]. Their hunting inefficiency has been attributed to
cheetah abandoning hunts because they overheat [6,7]. That explanation can
be traced to a single study, in which Taylor & Rowntree exercised two hand-
reared cheetah on a treadmill, measured heat balance and concluded that run-
ning cheetah stored metabolic heat, with the result that further exercise soon
became impossible thermally, at a ceiling rectal temperature of 40.5°C [8].
Groundbreaking though the study was, it did not accurately simulate a hunt.
The cheetah ran on a treadmill at maximum speeds of 30 km h ™' and stopped
running within about 2km. In actual hunts, cheetah can sprint at more
than 100 km h™' [1] and may traverse as much as 500 m [9], but typically less
than 300 m [3,5]. To test whether free-living cheetah abandon hunts because
they overheat, we measured the body temperature and locomotor activity of
four free-living cheetah hunting naturally.

2. Material and methods

The study took place during summer, within the Tusk Trust Cheetah Rehabilitation
Camp (4000 ha) of the AfriCat Foundation (20°50'S 16°38' E), in central Namibia.
Two female and four male cheetah (Acinonyx jubatus), previously habituated to
human presence, were allocated to the study. Body mass at surgery was 43 + 6 kg
(mean + s.d.). We collected weather data at the field site (Hobo Weather Station, Onset
Computer Corporation, USA; see the electronic supplementary material for details).

© 2013 The Author(s) Published by the Royal Society. Al rights reserved.
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Figure 1. Body temperature (solid black line) and activity (grey vertical bars) patterns for two days during which a male cheetah (M1) was observed hunting (solid
arrows). Grey bands indicate the nychthemeral body temperature rhythm (mean =+ s.d.) for that cheetah. (c,d) Expansion of the areas between the dotted lines in
(a) and (b), respectively. (a) Unsuccessful hunt on an adult female kudu (Tragelaphus strepsiceros). (b) Successful hunt on an adult warthog (Phacochoerus
aethiopicus). Following both chases, the cheetah appeared exhausted (respiratory rate approx. 100 breaths min~") and rested in the shade for 2 h. In neither

case did body temperature rise measurably during the hunt.

We implanted temperature-sensitive and movement-sensitive
data loggers under sterile surgical conditions. The temperature
logger (mlog_T1A, Sigma Delta Technologies, Australia, resolution
0.06°C, calibrated accuracy better than 0.1°C, approx. 25 x 25 x
10 mm, mass of approx. 10g when covered in wax), which
recorded temperature every minute, was tethered in the abdominal
cavity via an incision in the linea alba. Another incision was made
on the upper hind limb, where an activity logger was tethered sub-
cutaneously. The activity logger (Actical, Mini-Mitter Corporation,
USA, approx. 40 x 40 x 15mm, mass of approx. 40g when
covered in wax) recorded activity over successive 5 min intervals.
To compensate for inherent differences in sensitivity between
individual loggers, activity was expressed as a percentage of the
maximum recorded for that logger. A neck collar (African Wildlife
Tracking, South Africa) carried a tracking radio transmitter on each
cheetah. We measured temperature and activity for seven months
during which cheetah were free to conduct their own lifestyle,
including hunting naturally. We analysed body temperature and
activity for 12 + 3 (mean = s.d.) successful and 6 + 2 unsuccessful
hunts per cheetah for four cheetah (two of the six cheetah were
killed by a resident leopard). We identified successful hunts
mostly by finding cheetah on fresh kills (1 = 35) but also directly
observed five successful hunts and 23 unsuccessful hunts. We
used a series of generalized linear mixed models to investigate
the effect of hunting on cheetah body temperature (see the
electronic supplementary material).

3. Results

During the study, cheetah regulated their body temperatures
around a mean of 38.3 + 0.2°C, with a daily minimum of
37.3 4 0.2°C and a daily maximum of 39.5 + 0.2°C, resulting
in a daily amplitude of body temperature rhythm of 2.3 +
0.1°C (see the electronic supplementary material). Body temp-
erature seldom exceeded the 40.5°C ceiling [8], and far less

often than the cheetah abandoned hunts. Body temperature
profiles differed between successful and unsuccessful hunts
(figure 1). Hunts were associated with a transient increase in
activity, often confined to one 5-min interval of the logger,
usually preceded by a more extended period of lower-level
activity; these two kinds of activity reflected the searching
and stalking of prey and then the chase. Successful and unsuc-
cessful hunts were both followed by long periods of inactivity
or low activity; the cheetah in figure 1 was inactive for nearly
2 h after that unsuccessful hunt. Body temperature did not
rise significantly during the chase. Cheetahs’ body temperature
at the time chases were terminated did not differ from their
mean 24-h body temperature, for either successful (38.4 +
02°C, t;3=0.68, p=055) or unsuccessful (38.3+ 0.2°C,
t3=0.24, p=0.82) chases. The main factor affecting body
temperature when the chase was terminated was the time of
day when the hunt occurred and, by implication, the body
temperature of the cheetah when the hunt started, as
determined by the 24-h rhythm of body temperature (table 1).

(a) Comparison between successful and unsuccessful

hunts
Although body temperature did not increase significantly during
the chase, hunting did have thermal consequences. The tempera-
ture profile of cheetah for all hunts was similar to those shown
in figure 1. Following successful hunts, body temperature
increased steadily for an average of 40 min and by 1.3 + 0.2°C,
while after unsuccessful hunts it increased by only 0.5 + 0.1°C.
We investigated whether success of the hunt (i.e. successful or
unsuccessful) affected the cheetah’s body temperature profile,
controlling statistically for the effects of maximum hunt activity,
duration of the hunt, time of day when the hunt occurred and

200510 6 101 g BuoBusygndiaeposietoryes: g



Table 1. Generalized linear mixed model results for the relationship between parameters of the body temperature profiles of hunting cheetah and hunt [JEJ}

attributes. Note: cheetah identity was included as a random factor. n = 63 hunts. Italicized values indicate p << 0.05.
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air temperature (table 1). Compared to unsuccessful hunts,
successful hunts were associated with significantly higher sub-
sequent peak body temperature (39.2 + 0.2°C versus 38.7 +
02°C, p<0.001), body temperature increase (1.3 + 0.2°C
versus 0.5 + 0.1°C, p < 0.001) and area under the temperature/
time curve (78 + 19°C min ' versus 8 + 9°C min/, p < 0.001).

(b) Factors that increase body temperature following

successful hunts
Having established that successful hunts differed thermally
from unsuccessful hunts, we investigated the effect that
various hunt-related factors had on the cheetah’s body temp-
erature profile following successful hunts (table 2). Time of
day at which the hunt occurred was the only factor that
significantly influenced the maximum body temperature fol-
lowing successful hunts (p = 0.01); maximum activity of the
hunt, duration of the hunt, air temperature and prey mass
had no significant effect on the maximum body temperature
after a hunt. Although they did not affect the maximum body
temperature, both duration of the hunt and maximum
activity of the hunt significantly affected the rate of increase
in body temperature. Duration of the hunt significantly
affected the integrated temperature increase over time (area
under curve; p = 0.01). Air temperature at the time of the
hunt, and body mass of the prey, did not significantly
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influence the cheetah’s body temperature profile following
successful hunts (table 2).

4. Discussion

Using biologging to measure activity and body temperature
in free-living cheetah hunting spontaneously in their natural
habitat, we have shown that our cheetah abandoned hunts,
but not because they overheated. Even when one male chee-
tah (M1) came close to the maximum chase distance (300 m)
reported for cheetah [3], its temperature did not increase mea-
surably during the chase (figure 1a). At the termination of
intense activity during hunts, body temperatures did not
exceed those of the 24-h rhythm and did not reach the
40.5°C thermal limit to exercise reported for cheetah running
on a treadmill [8]. Indeed, body temperature reached 40.5°C
so seldom that the supposed thermal limit to exercise of
40.5°C appeared irrelevant in these free-living cheetah.
Following the termination of unsuccessful hunts, body
temperatures increased at approximately 0.03°C min™' over
15 min, only a fraction of the rate (1.6°C min~ ') predicted
if cheetah stored 90% of the heat produced during a
110 kmh ™! sprint [8]. The absence of a measurable increase
in body temperature during chases was not the result of ther-
mal inertia of the logger (7= 3 min). Metabolic heat during
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Figure 2. Body temperature (solid black line) and activity (grey vertical bars) pattern for two cheetah siblings. Grey bands indicate the nychthemeral body temp-
erature rhythm (mean =+ s.d.) for each cheetah. (a) The female cheetah (F2) hunted a steenbok (Raphicerus campestris) at 06:30 (arrow). (b) The male cheetah (M3)
joined his sibling shortly after the hunt; he had a thorn in his foot, was unable to run, and had not participated in the hunt. Note, however, the similar increase in
body temperature after the hunt. The female cheetah presumably hunted again the next day (c,d), although the hunt was not confirmed by visual observation.

Table 2. Generalized linear mixed model results for the relationship between parameters of the body temperature profiles of cheetah after successful hunts,

and hunt attributes. Cheetah identity was included as a random factor. n = 40 successful hunts. ltalicized values indicate p << 0.05.
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chases would have been generated mainly in leg muscles, but
we expect redistribution from highly perfused muscles in
minutes, with delay unrelated to hunt success.

After successful hunts, cheetah rested at their prey and
did not immediately begin eating but body temperature
increased. Therefore, the larger increase in body temperature
after a successful than an unsuccessful hunt could not be
attributed to heat increments of feeding. Body temperatures
sometimes remained elevated above normal for the 24-h
rhythm for more than an hour after the hunt (figure 1b).
The elevation was not related to activity levels, air tempera-
ture or heat released during the subduing of prey. Cheetah
suffocate their prey at the neck and strangulation may take
up to 10 min [5], but the cheetah’s nasal anatomy allows
effective evaporative cooling during the act [10], provided
the vapour pressure of the air is sufficiently low. If the
1.3°C rise in body temperature following successful hunts
resulted from metabolic heat generated during the chase,
metabolic rate during the chase would have had to be
equivalent to about 1200 ml kg~ min ™" of oxygen consump-
tion (170 times the resting metabolic rate of cheetah), an
unattainable power even from combined aerobic and anaero-
bic sources. We propose that the increased body temperature
that followed successful hunts was a stress hyperthermia, a
phenomenon associated with high sympathetic nervous
system activity, similar to the fear-induced hyperthermia
exhibited by antelope [11]. Figure 2 shows evidence
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