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African large carnivore population
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African lions (Panthera leo) and spotted hyaenas (Crocuta crocuta) play key roles in savanna
ecosystems. Habitat change, overharvesting and retaliatory killing may threaten the persis-
tence of some populations. Climate may cause further disturbance that accentuate negative
effects. Droughts weaken the ability of prey to avoid predators resulting in larger carnivore
populations. We thus expected populations of African lions and spotted hyaenas to increase
during a drought in Kruger National Park (Kruger). Prey that is easier to hunt during droughts
may also influence age and sex structures through impacts on survival and fecundity
schedules. We tested these predictions by collating information from previous studies and
conducting afield call-up survey in Kruger. A severe drought in Kruger during the summer of
2015/2016 allowed pre- and post-drought comparisons. Before the drought, lion and spotted
hyaena numbers increased in response to increasing prey biomass. During the drought,
lions maintained their numbers, while spotted hyaena numbers increased further. There
were substantially more subadult male lions after than before the drought. The abundant
subadult males may induce higher incidences of human—carnivore conflict through more
dispersing males in future. Our analyses highlighted immediate and lag effects of carnivores
in response to droughts.

Keywords: climate change, drought, lions, spotted hyaenas, age and sex structure, abundance,

Kruger National Park.

INTRODUCTION

Large carnivores play important facilitating roles
within ecological dynamics (Atkins et al., 2019) in
relatively intact African ecosystems, as is the case
in Kruger National Park (Kruger), South Africa
(Owen-Smith & Mills, 2008). Here, lion (Panthera
leo) and spotted hyaena (Crocuta crocuta) popula-
tions recently increased in response to prey bio-
mass changes (Ferreira & Funston, 2020). The
leopard (Panthera pardus) population is also
relatively robust at 2188 (95% Cl: 1633-2862;
Maputla, 2014). Cheetah (Acinonyx jubatus) and
wild dog (Lycaon pictus) populations declined,
mostly in the northern parts of Kruger, but the
Park still had 412 (329-495) and 151 (144-157),
respectively, by 2009 (Marnewick et al., 2014). By
2017, the wild dog population was 163 (115-262)
adults and yearlings (Nicholson, Marnewick,
Lindsey, Marnewick & Mostert, 2020).

Lions and spotted hyaenas formed part of preda-
tor control operations in Kruger at intermittent
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intervals between 1912 and 1961 to allow recov-
ery of over-hunted antelope species (Joubert,
1986). By the early 1970s, management noted in
some areas in central Kruger and around Croco-
dile Bridge a doubling of lion numbers over a
50-year period (Smuts 1976) and initiated a short
period in the mid-1970s of controlling predators
again (Joubert, 1986). Since then, lion numbers
have fluctuated (Ferreira & Funston 2010a) until
recently when the number of adult lionesses
increased (Ferreira & Funston, 2020). The recov-
ery of spotted hyaenas after predator control
stopped was much slower and most likely only
reached pre-control abundances by the 2000s
(Ferreira & Funston, 2016). Recently, however,
spotted hyaena numbers have also increased
(Ferreira & Funston, 2020).

Lions can influence prey dynamics (Pienaar,
1969; Mills et al., 1995; Funston & Mills, 2006) as
do spotted hyaenas (Owen-Smith & Mills, 2008).
Both these species’ dynamics, however, are asso-
ciated with prey biomass (Ferreira & Funston,
2010a; Ferreira & Funston, 2016; Ferreira &
Funston 2020). Perturbations that influence prey
availability may thus have important conse-
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quences for apex predators such a lions and
spotted hyaenas in African systems.

The response of carnivores to perturbations are
important for persistence. For instance, emer-
gence of bovine tuberculosis in lions in Kruger
carries few consequences for lion population
persistence (Ferreira & Funston, 2010a) with lions
acting as a spill over host (Kosmala et al., 2016).
Lions, however, do respond to some environmen-
tal perturbations by switching prey (Maruping-
Mzileni, Funston & Ferreira, 2017). A previous
analysis did not find that lion and spotted
hyaena populations responded to the poaching of
rhinoceroses (Ferreira & Funston, 2020), which
theoretically provided them with access to atypical
prey (Everatt, Andresen, Ripple & Kerley, 2016).

Climate is a key global environmental change
driver that should have additional perturbation
impacts on carnivores (Pandey & Papes, 2018).
Most climate change scenarios reflect some
increase in temperature, but consistently also
predict more variable rainfall expected in future
(Déqué et al., 2017). Incidences of droughts are
likely to increase (Gizaw & Gan, 2017). The
drought in the summer of 2015/2016 in Kruger
(Swemmer et al., 2018) provided an opportunity to
evaluate carnivore responses to climate variability.
Within Kruger, prey dynamics dictate large carni-
vore dynamics (Owen-Smith & Mills, 2008). Prey
accessibility typically improves during droughts,
simply because many poorer conditioned animals
may have weaker predator defence mechanisms
(Knight, 1995). Indeed, wild dog and lion numbers
increased in some areas in Kruger during dry
periods between 1989 and 1993 (Mills, 1995).
Such a scenario predicts that spotted hyaena and
African lion populations should remain stable or
increase in the short term through a drought.

Abundant prey was one of the factors that
improved survival of spotted hyaenas in Zambia’s
Liuwa Plain National Park (M’soka, Creel, Becker
& Droge, 2016), while prey availability also
improved fecundity and survival in the Masai Mara
National Reserve, Kenya, once researchers
accounted for competition with lions (Watts &
Holekamp, 2009). Prey availability also has a key
influence on lion survival (e.g. Ferreira & Funston,
2010a) and cub recruitment rates in older age
classes (e.g. Vinks et al., 2021). Readily accessi-
ble prey during droughts should thus improve
fecundity as well as sex- and age-specific survival
that translates into changes in the age and sex
structure of populations. We tested these predic-

tions by collating published information and con-
ducting an African lion and spotted hyaena survey
in Kruger after the drought of 2015/2016.

MATERIAL AND METHODS

Study area

The study took place in Kruger, a large,
protected area (19 485 km?®) in the northeastern
region of South Africa (Fig. 1). The focal southern
area comprises granite and gneiss soils in the
western half, while nutrient-rich basalt soils domi-
nate the eastern half. A narrow band of Karoo sedi-
ment joins the granite and basalt (Schutte, 1986).
The southern part of Kruger covers an area of
9653 km® with mean annual rainfall ranging from
750 mm in the south to 450 mm in the north
(Gertenbach, 1980). Winter daily temperatures
can reach 26.8°C with minimums as low as 5.6°C.
In mid-summer, daily temperatures typically reach
34.9°C with daily minimums of 19.2°C (Venter &
Gertenbach, 1986). The vegetation on the south-
ern basalts is largely wooded savanna, with
Sclerocarya caffra and Acacia nigrescens domi-
nating the tree canopy. Mixed Combretum spp.and
Acacia spp. dominate the southern granites
(Gertenbach, 1983).

Data collection

Several prey species for lions and hyaenas have
varied in abundance over time (Table 1). We
collated and converted these to prey biomass by
extracting the average female body mass of focal
species from Skinner & Chimimba (2005) and
multiplied these by the estimates and their confi-
dence intervals for each species for each year that
had an available estimate. Adding these values
provided an estimate of available prey biomass
during any particular year (Fig. 2). In addition, her-
bivore species that make up most of the prey of
large carnivores live at higher densities on the
fertile basalts than on the granites (Gertenbach,
1983) (Fig. 1). Previously, prey densities and
prevalence of bovine tuberculosis in prey species
defined six zones (Ferreira & Funston, 2010a).

Most rainfall is during summer months from
October to March in Kruger. Kruger experienced
an intense drought during the summer of 2015/
2016 (i.e. October 2015 to March 2016; Swemmer
et al., 2018) similar to that in the summers of
1982/1983 and 1991/1992 (Smit, Peel, Ferreira,
Greaver & Pienaar, 2020). During 2015/2016, the
southern and central parts of Kruger experienced



Ferreira & Viljoen: African large carnivore population changes in response to a drought 3

L

1 Low Prey
Low BTb

I

]

I

I

I

I

l 3 High Prey
i Medium BTb
I

I

I

I

I

I

I

I

I

: 5 High Prey
1 High BTb
I

I

Medium Prey 5
Low BTb

Very High Prey 4
Medium BTb

Very High Prey 6
High BTb

Fig. 1. Map of Kruger National Park showing the six zones. Researchers sampled all these zones during 2005/2006,
2008 and 2015, with only zones 3 to 6 sampled during 2017. Samples during 2017 focused on southern Kruger where
the drought was most severe during the summer of 2015/2016. BTb = bovine tuberculosis.

the most intense drought effects. The southern
region of Kruger only received 57.7% of its normal
annual rainfall of 638 mm. The central region had
the worst and only received 37.2% of its normal
annual rainfall of 532 mm. Contrast that to the far
northern region of Kruger that only received 62.6%
of its 487 mm annual rainfall (Smit et al., 2020). We
focused on the four zones of southern Kruger
(Fig. 1) to evaluate predictions associated with
drought impacts on lions and spotted hyaenas.
Previous surveys focused on lions and spotted
hyaenas across the whole of Kruger. We extracted
lion estimates for the four zones constituting
southern Kruger from the data of surveys for

2005/2006 (Ferreira & Funston, 2010a), 2008
(Young-Overton, Funston & Ferreira, 2014) and
2015 (Ferreira & Funston, 2020). For spotted
hyaenas, we extracted estimates for the four
zones from the data for surveys in 2005/2006 and
2008 (Ferreira & Funston, 2016) and 2015
(Ferreira & Funston, 2020). The estimates during
2015 served as measures shortly before the
drought. For the 2015 survey, we also extracted
the overall sex and age frequencies for lions.
During 2017, we used the same protocol as that
used during previous surveys (Ferreira & Funston,
2010a; Young-Overton et al., 2014; Ferreira &
Funston, 2016; Ferreira & Funston, 2020) that
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Fig. 2. Estimates of the annual biomass of prey that lions and spotted hyaenas typically feed on in Kruger National

Park. The error bars represent 95% confidence intervals.

comprised a 4.25-min recording of a buffalo
(Syncerus caffer) calf in distress repeatedly for 1 h
on a LG FM12 MP3 player (LG Electronics Inc.,
Seoul, Korea). This was connected to a 12-V 60-W
Jedia Mobile 60 Mixing Power Amplifier (Jedia Co.
Ltd, Kyung Gi-Do, Korea) powered by the vehicle’s
12-V battery. The amplifier connected to two Show
40-M 4-ohm horn speakers (Show Co. Ltd, Kyung
Gi-Do, Korea, diameter 40 cm), with Show TU-35
M4 40-W driver units (Show Co. Ltd, Kyung Gi-Do,
Korea) connected in a series and facing 180
degrees direction from each other. During the
survey, we broadcasted the vocalizations at full
volume.

For population surveys, we placed call-up
stations in the four focal zones (Fig. 1) as follows:
Zone 3, 29 call-up stations; Zone 4, 28; Zone 5, 56;
and Zone 6, 21. Stations were at least 10 km apart
to minimize any chance of double-counting indi-
viduals (Ferreira & Funston, 2010a; Ferreira &
Funston, 2016). Sampling took place during
the dry season towards the end of winter from
August—September 2017, at a similar time to previ-
ous surveys (Ferreira & Funston, 2010a; Young-
Overton et al., 2014; Ferreira & Funston, 2016;
Ferreira & Funston, 2020), by playing the record-
ing of a buffalo calf in distress for 1 h. All call-ups
were conducted a minimum of half an hour after
dark in the evening from 18:00 to 01:00 because
lions are most active during this period (Hayward &
Hayward, 2007; Schaller, 1972; Stander, 1992).
Spotted hyaenas are active through most of the
night (Kolowski, Katan, Theis & Holekamp, 2007).

We recorded each group of lions or spotted
hyaenas that arrived during the hour. For lions, we
also assigned sexes and ages using relative size
criteria (Ferreira & Funston, 2010b). At most, we
surveyed four call-up stations a night.

Data analysis

We used previously developed lion (Ferreira &
Funston, 2010a) and spotted hyaena estimators
(Ferreira & Funston, 2016) making use of the
recorded data collated through call-up stations.
These approaches treat call-up stations as sample
units with the area sampled by each unit defined
by the distance away from which individuals will
respond (lions: 4.3 + 0.9 km, mean = S.D., sam-
pling 57.7 + 24.9 km?, Ferreira & Funston, 2010a;
spotted hyaenas: 2.12 + 0.4 km, mean + S.D,,
sampling 14.12 + 5.47 km?, Ferreira & Funston,
2016).

Note that not all individuals respond where a
response is defined as a visual observation of an
individual lion. Biases evaluated previously noted
that 73.4 + 7.6% (mean + S.E.) of lion groups with-
out cubs and 28.6 + 7.9% of lions groups with cubs
within the effective sampling areas of a call-up
station responded (Ferreira & Funston, 2010a).
Typically 95.7% (95% CI: 55.5—-100.0%) of the
lions in a group with cubs will appear while 90.2%
(95% CI:32.0-100.0%) of the lions in a group with-
out cubs will appear (Ferreira & Funston, 2010a).
For spotted hyaenas, previous evaluated biases
noted that 68% (95% CI: 48—-87%) of individuals
within the effective sampling area of a call-up
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station responded (Ferreira & Funston, 2016). We
used these previously estimated probabilities to
correct for lions and spotted hyaenas observed at
call-up stations using the estimators of Ferreira &
Funston (2010a) and Ferreira & Funston (2016),
respectively.

We concluded that there were population
changes in southern Kruger as a whole if the
95% confidence intervals did not overlap. This
approach allowed us to evaluate the first prediction
of expected increases in lion and spotted hyaena
populations.

To evaluate predictions associated with age and
sex distributions of lions, we conducted chi-square
tests (Fisher, 1922) to evaluate parity of male and
female frequencies in cub (<1 year old), juvenile
(1—<2 years old), subadult (2—<4 years old) and
adult (4 years and older) age classes (see Ferreira
et al., 2020). We also calculated binomial propor-
tion confidence intervals (Wallis, 2013) to evaluate
age-specific sex ratio differences.

RESULTS
Population estimates for lions in the four focal
zones varied among survey periods (Table 2). Lion
abundances, however, were higher during 2015
and 2017 than approximately ten years before
(Fig. 3). Spotted hyaenas were also more abun-

dant than ten years before, but the increase noted
in 2015 (Ferreira & Funston, 2020) may have
continued during 2017 (Fig. 3). Such increases
appeared to be in Zones 4 and 5 (Table 2).

The age and sex structures during 2015, prior
to the drought, were typical of those expected for
normal lion populations that have differential sex-
and age-specific survival rates. Females domi-
nated the adult age class (Fig. 4). Just before the
drought, adult lions comprised 61.3% (95% CI:
53.7-68.8%) females. Post-drought, the adult age
class was also dominated by females (Fig. 4), with
females comprising 72.9% (95% CI: 60.7-85.1%)
of adult lions.

Note that we did not find significant differences
in the frequencies of sexes encountered in the
juvenile age classes during 2015 and 2017 (Fig. 4)
even though it changed from 46.8% (95% CI:
29.2-64.3%) to 59.1% (95% CI: 30.0-88.1%)
being male. We found, however, substantial
changes in the subadult age group (Fig. 4). Prior to
the drought males made up 47.0% (95% CI: 38.5—
55.5%) of the subadults, but after the drought that
increased to 65.3% (95% Cl: 52.0-78.6%).

DISCUSSION
Lion populations maintained their abundances
following the increase previously noted (Ferreira &

Table 2. Zone-specific population estimates of spotted hyaenas and lions in southern Kruger National Park where
drought was most severe during the summer of 2015/2016. The values in brackets reflect 95% confidence intervals.

a) Spotted hyaenas

Year Zone 3 Zone 4 Zone 5 Zone 6
2005 424 861 1056 48
(285-563) (521-1201) (852—1260) (24-72)
2008 399 755 962 243
(314-484) (613-897) (818-1106) (131-355)
2015 1318 1476 1400 430
(912—1724) (1022-1930) (1095—-1705) (248-612)
2017 1309 1549 1889 430
(754—-1864) (892—-2206) (1104-2674) (243-617)
b) African lions
Year Zone 3 Zone 4 Zone 5 Zone 6
2005 183 525 299 51
(137-230) (353-698) (255-344) (34-68)
2008 337 284 120 20
(201-473) (215-353) (95-145) =)
2015 299 850 213 37
(223-375) (625-1075) (181-245) (24-50)
2017 582 680 96 52
(357-807) (404-956) (63-129) (34-70)
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bt

Funston, 2020). Contrary to expectations, how-
ever, lions did not increase in the focal study area.
The dynamics we noted align with saltatory equi-
librium dynamics previously noted in the Serengeti
(Packer et al., 2005). Prey increases facilitate
changes, but other social requirements impose
constraints and limitations, particularly on highly
social species (Bertram, 1973; Bertram, 1975). It

is likely that the southern part of Kruger as a whole
is displaying similar saltatory dynamics as noted
elsewhere (Packer et al., 2005).

Nevertheless, a substantial amount of variation
exists at the local scale — lion trends varied from
year to year in the different zones that we studied.
We acknowledge that response rates of lions and
spotted hyaenas to distress calls may be lower if
prey is more accessible during droughts (Knight,
1995). For lions, a previous study highlighted that
response rates associated largely with distance
to water in the landscape (Young-Overton et al.,
2014). Variation in trends from year to year in
different zones is also likely because of spatial
responses by individual lions, some of which may
not be loyal to existing home ranges (Loveridge
etal., 2009), in response to the distribution of prey.
During the drought, several large grazers like
hippos (Hippopotamus amphibius), buffaloes and
white rhinos (Ceratotherium simum), re-distri-
buted substantially and this changed again after
the drought (Smit et al., 2020). Spatial responses
to varying prey distributions could thus influence
estimates and generate the variance we noted.

Spotted hyaenas appeared to have further
increases through the drought following the initial
increase noted between 2005 and 2015 (Ferreira
& Funston, 2020). Spotted hyaenas are slow at
recovering following major population disruptions.
Indeed, the recovery of spotted hyaenas following
culling in Kruger has been significantly slower
than that of lions (Ferreira & Funston, 2016). This
trend may associate with the clan social structure,
with females being the dominant individuals
(Engh, Esch, Smale & Holekamp, 2000), accentu-
ated by social relationships inherited from their
mothers (llany, Holekamp & Akgay, 2021). Female
dispersal seldom takes place (Henschel &

43 33 31 11 132 49 240 85
02 *
= 0.15
3 0.1
= m 1
0
@ 005 u
© 01
€ o1 *
U 02 02015 m2017
L. 0.25 Pre-drought Post-drought %
Cubs Juveniles Subadults Adults

Fig. 4. Age-specific sex biases for lions in southern Kruger National Park. The numbers reflect the number of
individuals encountered during a specific survey — note that for 2015, we extracted all observations including those
made in northern Kruger National Park. The horizontal line reflects when the number of males and females are exactly
equal. The asterisks indicate when sex ratios differed significantly from parity.
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Skinner, 1987), with males leaving natal territories
at 2 to 5 years of age (van Horn, McElhinny &
Holekamp, 2003). This scenario suggests that
once a clan has disappeared from a territory, other
spotted hyaenas may take a long time to perma-
nently occupy vacant space because it depends
on females colonizing available areas. Once colo-
nized, however, increases in clan size could be
rapid under conditions of high prey abundance
and availability (Holekamp & Dloniak, 2010). The
increases in southern Kruger, specifically during
the drought, most likely resulted from increases in
clan sizes rather than more clans occupying
vacant spaces. Increases in clan size would most
likely associate with a combination of higher
reproductive outputs and better survival of clan
members because of more readily and easily
available prey.

During droughts, prey are predictably easier to
catch than in wet periods (Owen-Smith & Mills,
2008). The responses of herbivores during the
drought (Smit et al., 2020) provide a premise that
the drought increased prey availability to the carni-
vores. Access to easy prey should translate into
better food availability, improved body conditions,
and hence increased survival and fecundity.
Survival effects could also be differential. For
instance, better survival during the drought of
male lion offspring born shortly before the drought
may result in dominating female siblings at
carcasses, with consequent effects of female
survival. If realized, such influence on vital rate
schedules should translate into changes in the
age and sex structure of populations. For lions,
we noted changes in the standing age and
sex structures of lions, with many more subadult
male lions than expected after the drought
compared to before. Lionesses with good body
condition may produce litters that have a male-
favoured sex bias (Trivers & Willard, 1973).
Although survival of male and female lion cubs
may vary during the first year after birth (e.g.
Ferreira, Beukes, Haas & Radloff, 2020), most
studies make no distinction between sex-specific
survival of cubs (e.g. Stander, 1991; Funston,
Mills, Richardson & van Jaarsveld, 2003). Lion
sociology (Orsdol, Hanby & Bygott, 1985) typically
induces substantial male-biased mortalities during
the subadult stages (Stander, 1991; Ferreira et al.,
2020). If male-biased cub mortalities are negligi-
ble, male-biased litters induced by droughts
should result in male-biased juveniles in the one to
two years after the drought. Our results, however,

noted no differences in juvenile sex ratios before
and after the drought.

Subadult male lions have low survival when they
disperse from natal prides (van Hooft, Keet,
Brebner & Bastos, 2018). Dispersing young males
do successfully hunt (Lehmann, Funston, Owen &
Slotow, 2008), but encounter increased inci-
dences of intraspecific aggression especially from
adult males (Loveridge, Hemson, Davidson &
Macdonald, 2010). Prey abundance is key to the
coexistence of lions and spotted hyeanas despite
their strong potential for prey competition (Périquet,
Fritz & Revilla, 2015). Access to easy prey during a
drought may thus allow better survival of subadult
male lions. This survival predicts strong male-
biased frequencies in the subadult and young
adult age classes of the lion population one to two
years after the drought. We noted that sex ratios
prior to the drought had no significant male bias,
but 18 months after the drought, subadult males
were more abundant than subadult females.
Young lions find it difficult competing for food at
kills, often leading to reduced survival, particularly
in the lean season (Orsdol et al., 1985). Part of this
competition most likely originates from the stress
experienced by juvenile and subadult males when
pride males or other adult lions harassed them.
Having abundant food is likely to reduce these
incidences, alleviating influences that typically
impact subadult survival including reduced hunt-
ing success (Funston, Mills & Biggs, 2001) and
opportunities to acquire territories (Funston et al.,
2003) when emigrating from natal areas (Hanby
& Bygott, 1987). The observations that there
were relatively more abundant subadult males 18
months post-drought suggest that juvenile and
subadult males survived better during the drought.

Our results highlighted that lions and spotted
hyaenas have maintained or increased abun-
dances; and, there were relatively more subadult
males 18 months after a drought compared to
before. Male lions disperse from natal territories
when three to four years old (Hanby & Bygott,
1987). The higher abundances of lions compared
to a decade prior (Ferreira & Funston, 2020) and
the likely play out of saltatory dynamics due to
social constraints (Packer et al., 2005) has impli-
cations for lion management. Specifically, authori-
ties could expect more dispersing male lions
exploring while seeking territories and/or refuge in
areas outside Kruger where lions, and in particu-
larly adult males, are absent or densities are low.
Indeed, the incidence of reports on transgressing
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lions from Kruger increased substantially during
the dry season of 2019 (SANParks, Unpublished
data*), four years after the drought of 2015/2016.
In this context, authorities could consider proactive
responses and remove young male lions within
peripheral prides.

Higher spotted hyaena abundances, most likely
because of large clan sizes, should also result in
more dispersing males of 2 to 5 years of age
(van Horn, McElhinny & Holekamp, 2003). This
scenario thus predicts substantive increases in
spotted hyaena males exploring beyond clan
territories, some areas of which would be outside
Kruger. Spotted hyaenas are particularly good at
acquiring new diets (Abay, Bauer, Gebrihiwot &
Deckers, 2011). Authorities should thus also
expect delayed increases in reports of transgress-
ing spotted hyaenas because of drought influ-
ences on their population dynamics. Managers in
Kruger reported substantial increases during
2019 and 2020 (four to five years after the drought)
in spotted hyaena depredation of livestock in
areas abutting the Park (SANParks, Unpublished
data®).

It is likely that responses of apex carnivores to
droughts may have variable effects on ecosystem
resilience through various cascade effects (Atkins
et al.,, 2019; Ripple et al., 2014) such as release
or suppression of mesocarnivore dynamics, or
increased predation pressures that alter herbivore
top—down regulating mechanisms. The cascade
influences on other species and critically binding
ecosystem keystone effects of lions and spotted
hyaenas may enhance biological diversity as illus-
trated by wolves (Canis lupus) in the Americas and
Europe (Linnell et al., 2005; Ripple & Beschta,
2012).

Mesopredator interactions with large carnivores
(Ritchie & Johnson, 2009), however, may degrade
some other species’ resilience in the face of
responses of large carnivores to incidences of
drought. Similarly, human—carnivore conflict may
also be variable, but intensified under conditions
following droughts. Our results highlight key contri-
butions that carnivores can make. Authorities,
however, would do well to consider the conse-
quences of environmental variability such as
droughts when developing policies aimed at
enhancing benefits that humans may carry from
biological diversity, while minimizing costs and
risks to people and wildlife species alike.

*Stephen Midzi, Conservation Management, SANParks, Skukuza,
South Africa, e-mail: stephen.midzi@sanparks.org
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