BIOLOGY
LETTERS

rshl.royalsocietypublishing.org

t.)

Research

updates

Cite this article: Rey B, Fuller A, Mitchell D,
Meyer LCR, Hetem RS. 2017 Drought-induced
starvation of aardvarks in the Kalahari: an
indirect effect of climate change. Biol. Lett. 13:
20170301.
http://dx.doi.org/10.1098/rsbl.2017.0301

Received: 15 May 2017
Accepted: 23 June 2017

Subject Areas:
behaviour, ecology, environmental science

Keywords:
climate change, body temperature,
physiological flexibility

Author for correspondence:
Benjamin Rey
e-mail: benjamin.rey@univ-lyon1.fr

Electronic supplementary material is available
online at https://dx.doi.org/10.6084/m9.
figshare.c.3820750.

THE ROYAL SOCIETY

PUBLISHING

Physiology

Drought-induced starvation of aardvarks
in the Kalahari: an indirect effect
of climate change

Benjamin Rey'2, Andrea Fuller', Duncan Mitchell', Leith C. R. Meyer'3
and Robyn S. Hetem'4

IBrain Function Research Group, School of Physiology, Faculty of Health Sciences, University of the
Witwatersrand, 7 York Road, Parktown, Johannesburg 2193, South Africa

2Université Lyon 1, CNRS, Laboratoire de Biométrie et Biologie Evolutive UMR5558, 69622 Villeurbanne, France
3Department of Paraclinical Science, Faculty of Veterinary Science, University of Pretoria, Soutpan Road,
Onderstepoort, Pretoria 0110, South Africa

“5chool of Animal, Plant and Environmental Sciences, Faculty of Science, University of the Witwatersrand,

1 Jan Smuts Avenue, Braamfontein, Johanneshurg 2000, South Africa

=/ BR, 0000-0002-0464-5573; AF, 0000-0001-6370-8151; DM, 0000-0001-8989-4773;
LCRM, 0000-0002-5122-2469

Aardvarks (Orycteropus afer) are elusive burrowing mammals, predominantly
nocturnal and distributed widely throughout Africa except for arid deserts.
Their survival may be threatened by climate change via direct and indirect
effects of increasing heat and aridity. To measure their current physiological
plasticity, we implanted biologgers into six adult aardvarks resident in the
semi-arid Kalahari. Following a particularly dry and hot summer, five of the
study aardvarks and 11 other aardvarks at the study site died. Body tempera-
ture records revealed homeothermy (35.4—37.2°C) initially, but heterothermy
increased progressively through the summer, with declining troughs in the
nychthemeral rthythm of body temperature reaching as low as 25°C before
death, likely due to starvation. Activity patterns shifted from the normal
nocturnal to a diurnal mode. Our results do not bode well for the future of
aardvarks facing climate change. Extirpation of aardvarks, which play a key
role as ecosystem engineers, may disrupt stability of African ecosystems.

1. Introduction

Aardvarks (Orycteropus afer) are nocturnal fossorial mammals, distributed
throughout sub-Saharan Africa but absent from arid deserts [1]. As ecosystem
engineers, their prodigious excavation of burrows provides shelters to multiple
commensal species [2]; a decline of aardvark populations may thus have dire con-
sequences for African ecosystems. The semi-arid zones, which aardvarks inhabit,
are likely to become hotter and drier with climate change, with increased fre-
quency and duration of droughts [3]. Hotter and drier habitats will have direct
effects on aardvarks through greater heat gain from the environment and
increased water requirements. There also may be indirect effects, through changes
in resource quality and availability, altered habitats and other ecosystem changes.
Alterations in trophic interactions may be more pervasive than direct effects of
climate change [4,5].

Aardvarks are committed myrmecophages [6], and the primary factor
determining their habitat suitability is the abundance and distribution of ants
and termites [7]. Hotter and drier conditions are likely to alter distributions and
availability of these prey species [8]. Aardvarks may have to adjust their activity
and feeding patterns in response to changes in activity of prey, potentially at the
cost of other homoeostatic systems, such as thermoregulation. Aslarge, long-lived
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Table 1. Body temperature and activity patters from four aardvarks (three that died and one that survived summer 2013), together with prevailing ambient [JEJj
conditions at Tswalu Kalahari Reserve during early (November) and late (March) summer.

early summer (November 2012) late summer (March 2013)

‘ b/ack globe tempe(qwre (°Q)

24 h mean 283435
24 h minimum 15.5 + 3.2
24 h maximum M8+ 67
24 h amplitude 293+ 74

light/dark cycle (hh:mm)
sunrise (local time) 05:34 (05:30—05:42)
sunset (local time) 19:06 (18:55-19:18)
13:32 (13:12-13:48)

sunset (local time)
daylight duration» »
body temperature (°C)

24 h mean 36.1 + 0.5
24 h minimum 354407
24 h maximum 372+ 05
24 h amplitude 17403
24 h activity

‘totalltime‘active (hh:mm) 07:34 4+ 38
proportion diurnal activity (%) 13.6 + 6.4

mammals, aardvarks will have to rely on physiological
plasticity to buffer the effects of climate change [9,10].

To investigate their current physiological plasticity, we
implanted temperature and activity biologgers into six adult
aardvarks in the Kalahari. During the course of our study,
16 aardvarks, including five of our implanted aardvarks,
were found dead on site during a severe summer drought.

2. Material and methods

(a) Aardvark body temperature and activity data

collection

The study took place at Tswalu Kalahari Reserve (27°14'57"S,
22°22'52" E) in South Africa. In July 2012, we implanted tempera-
ture- and motion-sensitive biologgers and tracking transmitters
(electronic supplementary material, S1) into six free-living adult
aardvarks (37-45 kg) under anaesthesia [11]. Following surgery,
aardvarks were released at their capture sites. We tracked the aard-
varks occasionally, but mostly they functioned free of human
presence. Only one of the six aardvarks survived the summer of
2013. We recovered the temperature and activity loggers from
the carcasses, and explanted them from the survivor.

(b) Climatic variables

We assessed ambient temperature at the study site using a 150 mm
diameter black globe thermometer (Hobo U30-NRC, Onset
Computer Corporation, USA). We assessed local climatic varia-
bles over the previous 35 years using the Global Land Data
Assimilation System (electronic supplementary material, S2).

(c) Data analyses
We analysed two periods with similar ambient temperatures,
namely early (November 2012) and late (March 2013) summer

Zz-value p-value
295423 -1 02
13.8 + 40 —0.894 037
468+ 34 1493 013
330 + 46 —1567 0.12
06:34 (06:27-06:42) —6.48 <0.001
1852 (1838-1907)  —488 <0001
12:17 (11:55-12:39) —647 <0.001
» - » F—values bp—val‘ue »
342 + 05 56.94 <0.001
e am S
358 + 03 4739 <0.001
38403 14994 <0001
0521 + & 5318 <0001
674+ 6.7 263.34 <0.001

(table 1). We compared climatic data between these two periods
with Mann-Whitney rank sum tests. Changes in aardvarks’
body temperature and activity patterns were investigated by fit-
ting linear mixed models by entering “period” as an explanatory
variable with two modalities (November and March) and indi-
vidual identity as a random factor.

In two cases the biologger was lost after the aardvark’s death,
so analyses were restricted to four individuals. Analyses were
performed using the ‘nlme” R software package (http://cran.at.
r-project.org).

3. Results

During the 2012-2013 summer, monthly precipitation was
in the lower quartile range of data recorded over 35 years
(electronic supplementary material, S2). Substantial summer
rainfall (greater than 100 mm) occurred late, i.e. only at the
end of March. Concomitantly, mean air temperatures were
the hottest since records began in 1980, with air temperature
in January 2013 almost 3°C higher than the 35-year mean.
Mean wind speed was 32% higher than that averaged over
35 years. This combination of climatic conditions resulted in
a severe drought; the soil moisture content was 23% lower
than average (electronic supplementary material, S2). Daily
black globe temperature, which integrates air temperature,
wind speed and solar radiation, typically exceeded 40°C and
reached 55°C (figure 1a).

At the beginning of summer, the aardvark were homeo-
thermic with daily body temperature varying between 35
and 37°C (table 1, n = 4); however, the mean, minimum and
maximum 24 h body temperature decreased progressively
throughout summer in aardvarks that died later (figure 1c,d).
Because minimum 24 h body temperature decreased to a
greater extent than did maximum 24 h body temperature,
heterothermy (as indexed by the 24h amplitude of the
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Figure 1. Hourly recordings of black globe temperature (a) and 30-min recordings of body temperature from a representative aardvark that died (c) and one that
survived (e) the summer drought. Right panels represent body temperatures (zoomed in from rectangles in (c) and (e) during the month of March, during which 16
aardvarks were found dead. The upper right photograph (b) illustrates poor body condition of an aardvark.

body temperature rhythm) increased progressively over the
summer in these aardvarks (reaching an amplitude of 8.6°C).
Visual observations of the implanted but also non-implanted
aardvarks indicated a decline in the aardvarks’ body condition
as the summer progressed. Poor body condition was evidenced
by prominent ribs, spine and pelvic bones (figure 1b). The
single study aardvark that survived (figure 1e,f) also exhibited
heterothermy during summer (3.9°C), an effect that resolved
partially at the end of summer.

The body temperature rhythm changed from a bimodal
pattern in November (start of summer), when body tempera-
ture elevation coincided with activity, to a more-cosinor
rhythm in March (end of summer), with body temperature
peaking just after sunset when aardvarks were inactive in
their burrows (figure 2). Despite similar ambient conditions
in these two months (figure 24, table 1), aardvarks regulated
their body temperature at a lower level and showed increased
heterothermy in March compared with in November (1 = 4,

table 1, figure 2b). Aardvarks shifted activity from an almost
exclusively nocturnal pattern in November to mainly diurnal
activity in March (table 1, n = 4), with the length of the circa-
dian activity periods being 30% shorter in March than in
November. This effect was more pronounced in the aardvark
that did not survive the summer (figure 2c).

4. Discussion

We have shown that aardvarks did not exhibit sufficient phys-
iological plasticity to survive a summer drought in a semi-
arid desert. Despite shifting from a nocturnal to diurnal activity
pattern, the aardvarks experienced a progressive decline in
body temperature over the dry summer, most until death. We
propose that the decrease in body temperatures reflects a nega-
tive energy balance, as indicated by the loss of body condition,
and as demonstrated for other food-deprived mammals [12].
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Figure 2. Nychthemeral rhythm of black globe temperature (a), body temp-
erature (b) and activity (c), double plotted for clarity, of a single
representative aardvark at the beginning (November, grey lines) and at
the end (March, black lines) of a particularly hot and dry summer. Black/
grey bars represent night for the respective periods. This subject did not
survive the summer of drought.

The severe drought was likely to have reduced aardvark
prey availability. Soil moisture directly affects activity,
development and survival of subterranean insects such as
ants and termites [13,14], on which aardvarks depend [7].
Furthermore, the low soil moisture severely affected
grassland phenology and overall vegetation productivity, as
evidenced by Moderate Resolution Imaging Spectroradi-
ometer (MODIS)-derived time-series enhanced vegetation
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