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ABSTRACT

An animal’s diet is an important attribute of its niche, and affects the role that it plays
in the ecosystem. Comparing the diets of sympatric species reveals the level of dietary
niche overlap between them, which can be used to gauge the potential for
competition, as well as each species’ vulnerability to competitive exclusion. Because
of a morphology adapted to predation, sympatric carnivores can have particularly
aggressive and dangerous competitive interactions; the intensity of which may be
directly related to the amount of overlap in prey species consumed. Using predator
scat analysis and prey survey techniques, we analyse and compare the underlying
mechanisms of prey selection — prey body size and group size — between sympatric
populations of leopard Panthera pardus and lion Panthera leo, to test for possible
means of competitive avoidance between them. Because leopard and lion differ in
both size and social structure, we controlled for the differing prey handling ability of
each species, and found that there was still a significant difference in mean prey body
size preference between the two carnivores (P = 0.050), despite a relatively high level
of dietary niche overlap (0.717). Both species avoid prey in larger groups, but the
tendency is more pronounced for leopards. Where intraguild competitors overlap
spatiotemporally, dietary niche segregation such as this may be a mechanism through
which competition is avoided and, in the case of carnivores, could reduce the
frequency of potentially costly interactions.
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INTRODUCTION

The average carnivore in Africa overlaps in range with 26 other members of the order
Carnivora, and feeds on the same prey as 22 of them (Caro and Stoner 2003). The
leopard Panthera pardus has the largest natural range of any wild felid (Henschel et
al. 2008; Nowell and Jackson 1996), and overlaps spatially with more intraguild
competitors (N = 66) than any other predator (Caro and Stoner 2003). Comparable to
their relationship with the larger tiger Panthera tigris in Asia (Harihar et al. 2011),
leopard are competitively subordinate to lion Panthera leo in Africa (Macdonald et al.
2010; Palomares and Caro 1999). Competition may be reduced through temporal,
spatial and dietary niche segregation (Pianka 1973), and here we investigate whether
the level of dietary overlap could influence the competitive relationship between

leopard and lion.

Among the large carnivores, the leopard consumes the widest range of prey, with 92
species reported in Africa, from mice to adult eland (Bailey 1993; Hayward et al. 2006).
This dietary breadth, and prey size variation, could in part reflect the level of intraguild
competition that leopards face throughout their range, and may be a means by which
to relieve the potential effects of this competition. Caro and Stoner (2003) report that
the leopard is the most vulnerable carnivore to exploitative competition, with 13
potential kleptoparasitic competitors in Africa — as many as 10% of their kills lost just
to lion (Bertram 1979). In India, leopard were found to switch from a diet dominated

by rodents to consumption of larger prey following extirpation of the local tiger
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population (Mondal et al. 2011), suggesting that leopard alter their behavioural

ecology in relation to the level of intraguild competition.

Competition within the predator guild may force species into niches within which they
are less efficient, impacting on their survival. This niche deviation may include habitat
restricted hunting behaviour and limited prey accessibility (Harihar et al. 2011). The
available prey within the ecosystem may be largely responsible for determining the
carnivore guild component densities (Andheria et al. 2007; Karanth and Sunquist
1995), and selective killing could potentially facilitate their coexistence through
ecological separation (Karanth and Sunquist 2000). Prey selection may in fact be more
dependent on the level of intraguild competition than on the relationship between

predator and prey body size (Radloff and Du Toit 2004).

Here we compare the diets of sympatric lion and leopard to investigate the level of
dietary niche overlap between them. By considering only the prey species accessible
to direct predation by both carnivores, we test for the mechanisms by which the level
of dietary competition (as a proxy for general competitive potential) between lion and
leopard may be alleviated. Specifically, we investigate the patterns of prey group size
and prey body size utilisation between the carnivores to test for differences that may
reduce competition. Knowledge of dietary overlap between sympatric carnivores may
be particularly important in situations of asymmetric conservation attention, such as
there is currently on the lion (e.g. Macdonald et al. 2016), which may increase the risk

of competitive exclusion of sensitive or endangered species (e.g. Harihar et al. 2011).
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We aimed to establish whether individual characteristics of prey selection, as a proxy
for intraguild competition, potentially facilitate coexistence or exacerbate conflict
between sympatric lion and leopard. We therefore hypothesize, firstly, that the
differing social organisation and levels of intraspecies cooperation between leopard
and lion would lead to different patterns in prey group size utilisation; and, secondly,
that to reduce dietary competition between leopard and lion there would be a
difference in prey body size selection after controlling for differences in each

predator’s prey handling ability.

METHODS

Study site

Between August 2010 and November 2012, carnivore scats were collected
opportunistically on the 3,230 km? Bubye Valley Conservancy (BVC) in southern
Zimbabwe (centred at 21°33.3'S, 30°06.0'E; 550 m elevation). BVC is a wildlife
conservancy boasting the full complement of historically endemic species. The mean
annual rainfall between 2007 and 2012 was 351 + 76 mm, falling mostly during
November through March with May through August being the driest months. Artificial
water points are abundantly available throughout the conservancy, and help to
sustain the wildlife in drought years. The vegetation on BVC is dominated by mopane

Colophospermum mopane and acacia Acacia spp. scrub and woodland, traversed by
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seasonal drainage-lines and associated riparian vegetation, with dispersed patches of

open grassland.

Lion and leopard dietary data

The most commonly used technique employed to determine predator dietary
composition is identification and analysis of the undigested prey matter detected in a
sample of their scats (Andheria et al. 2007; Klare et al. 2011). The volume, mass and
frequency of each prey type detected may be modelled to define a species’ diet, and
allow determination of dietary overlap and niche partitioning between species (Klare
et al. 2011). If a prey species is consumed in a greater proportion than it naturally
occurs relative to other species, then this indicates that it is preferentially taken
(Hayward et al. 2006), possibly because it is easier to kill (Schaller 1972). Klare et al.
(2011) review and describe the most common methods of modelling carnivore diets
from scat analyses, and conclude that biomass calculations tend to produce the most

accurate depiction of actual predation and consumption.

Here we used samples of sympatric leopard and lion scats to determine and compare
their diets; only fresh scats that were identifiable by the visible spoor of the carnivore
that left them were collected. The majority of the scats were collected along roads

and game trails (e.g. Figure 1).
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Figure 1: Camera-trap image of a leopard and recently deposited scat (indicated by

the arrow) on a high-traffic game trail in the study site.

Scat component identification and analysis

Identification of consumed prey was done almost solely on identification of hairs
present in the scats (see Appendix 1). We classified scat prey remains to the highest
taxonomic level possible (e.g. Klare et al. 2011) based on hair length, width, colour,
cross-sectional shape and structure (Keogh 1985), as well as microscopy of their

external scale patterns (Demarinis and Agnelli 1993; Mukherjee et al. 1994).

To avoid problems associated with regional variation, hair identification was based on

a reference sample of 29 mammal species’ collected from carcasses opportunistically
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encountered at the study site. Non-mammalian prey was identified using whatever

undigested matter detectable in the scat, such feathers and claws.

Statistical analyses

All statistical analyses were done in R (R 3.2.1; R Core Team 2015).

Diet stabilisation curves of leopard and lion

To remove a potential source of error, strict criteria for including scats in the sample
required that the scat had to be both fresh and accompanied by the spoor of the
animal that left it. This led to many unusable scats, resulting in an accurate sample of
64 (wet season: 10; dry season: 54) leopard and 89 (wet season: 24; dry season: 65)
lion scats (Supplementary Information 1a and 1b). A Fisher’s exact test of prey species
proportionality per season was non-significant for both leopard (P = 0.895) and lion (P

= 0.776), and the seasonal samples were thus pooled for each predator.

Trites and Joy (2005) used Fisher’s exact test on Monte Carlo simulations of frequency
of occurrence methods to investigate the effect of sample size in scat analyses,
calculating that a minimum of 59 scats is required to broadly describe a site specific
species’ diet (but see Mukherjee et al. 1994). Similarly, we undertook a diet
stabilisation analysis to test whether our sample sizes were adequate. Using a for loop
in R, for each number of subsequently collected scats since the first, we took 1,000

random samples from the analysed data set of both lion and leopard, and calculated
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the mean and standard deviation of the number of prey species present in each
sample. This indicated that there were no significant additional prey species to be
detected in our sample after analysing 55 leopard and 65 lion scats (Figure 2; but see

Supplementary Information 2).
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Figure 2: Diet stabilisation curves for leopard (Fig. 2i) and lion (Fig. 2ii). Points
represent the mean number of prey species detected in increasing numbers of scats.

Bars represent the standard deviation of the mean.

While scat analyses are inherently biased, this affects equally the results for both lion
and leopard, and is not a confounding factor in their comparison (see Appendix 2).
Increased sample sizes would probably reveal additional prey species (e.g.
Bodendorfer et al. 2006; Trites and Joy 2005), however the aim of this research was
not to exhaustively list each predator’s menu, but to investigate the dietary niche
overlap between them. For comparative purposes, categorising species by body size

and social grouping behaviour was therefore sufficient.

Dietary analysis
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Prey biomass consumption was calculated using Ackerman’s equation, Y = 1.980 +
0.035X [where X is the prey species” mean female weight (kg), and Y is the weight of
prey consumed per scat (kg)], which was derived from feeding trials of captive cougars
Puma concolor (see Ackerman et al. 1984). Comparative studies on leopard and lion
digestion are not available, but assumed equivalent (e.g. Andheria et al. 2007,

Henschel et al. 2005; Karanth and Sunquist 1995).

Prey species’ body weights were taken from Kingdon and Hoffmann (2013a & b).
There were breaks in the distribution of the mean female body mass of prey
consumed (e.g. Packer 1983; Caro and Stoner 2003), and prey was therefore divided
into the body size classes ‘small’ (<5 kg), ‘medium’ (5 — 100 kg), ‘large’ (101 — 500 kg)

and ‘mega’ (>501 kg) based on these breaks (Figure 3).
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Figure 3: Distribution of the mean female body mass of prey species recorded in the
scat samples of lion and leopard in this survey. Colour of the bars indicates the body
size classification of each species (black = ‘small’, dark grey = ‘medium’, light grey =
‘large’, white = ‘mega’). Only prey in the ‘mega’ body size class was inaccessible to

/

leopard, and all prey in the ‘small’, ‘medium’ and ‘large’ body classes were considered
available for consumption by both leopard and lion. [Inset top left: impala Aepyceros

melampus ewes. Mean impala ewe body mass lies approximately at the median

position in the body mass spectrum of the prey consumed by leopard and lion].

Although the actual size of the animals killed cannot readily be determined from scat
samples, it is likely that larger prey species detected in the leopard diet were juveniles
(e.g. Radloff and Du Toit 2004); and we therefore recognise the potential limitation of

direct prey body size inference due to the uncertainty of the actual size of prey

10
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consumed. However, intraspecific prey size variation is not important with respect to
investigating niche segregation between the carnivores, as juveniles and adults of the
same prey species are likely to associate spatiotemporally (see Estes 1991; Kingdon
and Hoffmann 2013b). Therefore, even though there may be separation in the
age/size class selection of the same prey species by each carnivore, there may be little
spatial separation in actual predation behaviour and events when consuming the
same prey species. Hunting different size classes of the same species could therefore
still lead to incidents of predator interaction and conflict; and the potential ecological
separation between the carnivores to reduce competition may still be tested without

including data on the size of individuals consumed.

Predator prey preference

Prey selection preference was determined by comparing the proportional abundance
of each species recorded in the scat samples to the proportional density of the species
in the study site (e.g. Karanth and Sunquist 1995; Ramesh et al. 2009) (see Appendix
3), using Jacobs’ index (Jacobs 1974), D = r-p/((r+p)-(2rp)) [where r is the proportion of
total kills containing a particular prey species, and p is the proportional abundance of

that species detected in the ecosystem’s prey population].

To compare the similarity of the diet between lion and leopard, and their overlapping

consumption of the same species, we used Pianka’s multiplicative measure of niche

overlap (Pianka 1973), P = Spipi/V(Sipi?Sipi’) [Where pij is the percentage of prey i of

11
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predator j, and pi is the percentage of prey i of predator k]. This index is a value

between ‘0’, indicating no dietary overlap, and ‘1’, suggesting complete overlap.

Potential for dietary niche segregation between leopard and lion

The potential for dietary segregation between leopard and lion was considered

separately in two different respects: prey group size, and prey body size.

The effect of prey group and body size on predation by each carnivore was first
investigated with all prey for both species included. However, group and body size
differences between the predators themselves means that lion are able to kill prey
larger than is possible for leopard. Therefore, if a significant difference was detected
either in group or body size selection, the data would be reanalysed including only
those prey species accessible to both carnivores. By considering only those species
available to predation by both leopard and lion means that any differences in the

patterns of predation between them may be directly due to dietary niche segregation.

RESULTS

Jacobs’ Indices of individual prey species

In total, 19 prey species were identified from 64 leopard scats, and 18 species from 89

lion scats. A Jacobs’ Index value was calculated for each prey species to determine its

12
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comparative preference (relative to abundance) by each carnivore (see

Supplementary Information 3).

Pianka’s Index of niche overlap

In total there were 11 prey species common to leopard and lion, while eight species
were preyed on exclusively by leopard, and seven by lion (see Supplementary
Information 4). The Pianka Index of dietary overlap was calculated as 0.717 between

the two carnivore species.

Prey group size preference

A linear model was used to regress the Jacobs’ Index values of prey selection prefer-
ence against prey group size, and was compared between the carnivores. This analysis
revealed no significant difference in prey group size utilisation between lion and
leopard (model: Im(JacobsIindex~GroupSize*CarnivoreSpecies), F3,as=0.793, P=0.504,

R? = 0.047).

The mean Jacobs’ Index values for each prey group size class were compared for the
influence of group size on selection by each carnivore (Figure 4). Leopard and lion both
displayed a decreasing trend of prey selection preference with increased group size;
and although there was no significant difference in the trend of group size preference

between the carnivores, this was more exaggerated for leopard than lion.

13



290

291

292

293

294

295

296

297

298

299

300

301

302

303

1.0
1.0

| —‘7 i. Leopard Prey Selection ii. Lion Prey Selection
e} v
% J;
% -
=]
=)
— o (=
:8 S S 7
o
Q
=
v o v
S 2
T [
S | T S |
T 5} = =] 5 T ) = g o
e E] E} o e E E] 2
E & e K = 5 z 3
= =
Leopard Prey Group Size Lion Prey Group Size

Figure 4: Jacobs’ Indices indicating the mean and standard error leopard (Fig. 4i) and

lion (Fig. 4ii) prey group size class preference.

Prey body size preference

A linear model was used to regress the Jacobs’ Index values of lion and leopard prey
selection preference against prey body weight, and compared between carnivores.
This analysis revealed a significant difference in prey body size utilisation between lion
and leopard (model: Im(Jacobsindex~PreyMass*CarnivoreSpecies), F3as = 4.126, P =
0.011, R? = 0.205). The mean Jacobs’ Index values for each prey body size class were
compared as to the influence of prey body size on selection by each carnivore (Figure

5).

14
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Figure 5: Jacobs’ Indices indicating the mean and standard error leopard (Fig. 5i) and

lion (Fig. 5ii) prey body size class selection preferences.

Potential dietary niche segregation between leopard and lion

Prey characterised by each group size (‘single’, ‘small’, ‘medium’ and ‘large’) were
represented in the scat samples of both leopard and lion, and there was no significant
difference in the selection patterns of any of the classes between the carnivore

species.

Prey of all the body size classes (‘small’, ‘medium’, ‘large’ and ‘mega’) were detected

in the lion scat samples; however, only three prey body size classes (‘small’, ‘medium’

and ‘large’) were detected in the leopard diet, with notable absence of the ‘megad’

15
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body size class. The overall comparison between leopard and lion diet revealed a
significant difference in prey body size preference when all prey was included;
however this analysis alone was not enough to determine whether this difference was
due to dietary niche segregation, or whether it was just because of the physical
disparity between the carnivores in terms of the maximum size of prey they could

each handle.

Therefore, to test whether the difference in the prey body size utilisation between
leopard and lion was due to selection by the individual carnivore, as opposed to
differential ability to subdue large prey species, only those prey within the body size
range consumed by both carnivores in this study were compared. This analysis
revealed that there was still a significant difference in prey body size selection
preference between the carnivores — despite the exclusion of prey accessible to only
lion (model: Im(Jacobsindex~PreyMass*CarnivoreSpecies), F3as = 2.794, P = 0.050, R?
= 0.099). All of the prey considered in this analysis, including those preferentially
selected for by lion, were within the body size range accessible to predation by

leopard.

DISCUSSION

The difference in the body sizes of leopard and lion may largely be the result of long-
term evolutionary adaptation, by one or both species, to reduce competition through

allowing each carnivore to maximise the cost-benefit trade-off of preying on different

16
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sized animals. However, here we show that leopard and lion further reduce dietary
competition with each other in the short-term by still selecting for different prey even

within the body-size range accessible to predation by both carnivores.

Relative to their body and group sizes, leopards may kill proportionally larger prey
than do lion — but that they are not selecting some prey within the limits of what they
can handle suggests a trade-off in effort regarding killing versus consumption. Whilst
leopard preferentially killed smaller prey species, this may be less due to their inability
to kill large prey than their inability to defend it from kleptoparasitism; smaller prey
items may either be instantly consumed, or are easier to cache. If lion density was
reduced, and hence the level of kleptoparasitism lowered, the balance of predation
risk/reward would be different, and under less competitive conditions leopard may
select for larger prey, as has been found for cheetah (McVittie 1979), wild dog

(Carbone et al. 1997), and insectivorous mammals (Dickman 1988).

The Pianka Index of dietary overlap between leopard and lion calculated here, at
0.717, was lower than reported between sympatric leopard and tiger, of 0.940 by
Mondal et al. (2012a), 0.840 by Andheria et al. (2007) and 0.777 —0.897 by Harihar et
al. (2011). Where the dietary niches of sympatric competitors are identical, the species
that can survive at the lowest resource density will outcompete and exclude the other
(Odden et al. 2010). Preying on the same species increases the level of competition;
but the ability to hunt a wider variety of prey may allow for dietary niche partitioning,
and reduce the risk of encounters between carnivores (Andheria et al. 2007; Karanth

and Sunquist 1995). Where leopard and tiger have high dietary overlap they may

17
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reduce competition by selecting different age and sex classes of prey (Mondal et al.
2012a), although increasing tiger density still resulted in a significant decline in

leopard density (Mondal et al. 2012b).

That there was no significant difference in the prey group size utilisation between
leopard and lion is not surprising. Despite any differences in leopard and lion social
organisation that may result in different hunting strategies (e.g. Hayward et al. 2006),
the success of the hunt may still depend on the predator being able to approach
undetected to within a critical distance of the prey. Both carnivores favoured preying
on smaller group sizes, which is likely due to a reduced level of vigilance and a greater
chance of hunt success than there is in larger groups with higher levels of vigilance

(e.g. Pays et al. 2012; Periquet et al. 2012).

CONCLUSION

Increased competition for prey may in turn lead to increased incidents of direct
interaction and a greater level of interference competition between predators
(Harihar et al. 2011). Competition between species may be directly related to their

resultant density and, ultimately, their survival (e.g. Mondal et al. 2012b).

Sympatric carnivores, with similar predatory morphology, and that utilise the same
prey resources, have the potential for both exploitative and interference competition

(Caro and Stoner 2003; Durant 2000), which may include intraguild predation. In fact,
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more than a third of the prey species identified in this study were other carnivores
(9/26). We found that differential prey selection may facilitate sympatry between lion

and leopard by reducing the potential for competition between them.
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