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Summary

Background: A robust understanding of prey use and selection by carnivores provides crucial
insights into their ecology, conservation and management. In majority of the cases, scat
analysis is most effective to assess diet spectrum of carnivores, but require correction for
potential biases for estimating biomass contribution of different prey items. Since small prey
have higher indigestible matter per unit body mass due to higher surface area-to-volume ratio,
relative frequencies of prey remains in scats do not represent their consumed biomasses.
Thus, to accurately estimate the proportions of different prey consumed, it is necessary to
develop relationships between biomass consumed per field collectable scat and prey weight
through feeding experiments. However, no such relationship exists for felids of the Indian
sub-continent. The studies on diet of big cats like lion (Panthera leo), tiger (Panthera tigris)
and leopard (Panthera pardus) have used a similar relationship based on cougars (Puma
concolor) by Ackerman er al. 1984 owing to the unavailability of any species specific
relations . _

Methods: A series of feeding trials were used on Asiatic lion (Panthera leo persica), leopard
and jungle cat (Felis chaus) to develop prey incidence to biomass conversion equations
(hereafter mentioned as biomass models or biomass equations).

Principal findings: All the models showed satiating relationships between biomass consumed
per collectable scat and prey weight given by asymptotic exponential functions. However,
carnivore specific models when scaled to their respective body weights did not differ
significantly between each other, allowing derivation of a generalized biomass model for
tropical felids. Inferences using present study models refined existing representation of diet
of tropical carnivores.

Significance: Results from the present study have strong implications on feeding ecology of
tropical felids. Present study refined previous understanding of biomass contribution of
different prey species in large felid diet by substantially increasing proportion of medium
prey consumption. Such inferences question niche separation of sympatric large felids on the
basis of prey species of different sizes, where large carnivores like tiger optimizing on large
prey like gaur (Bos gaurus) and sambar (Rusa unicolor), while medium felids like leopard
maximizing on chital (Axis axis). Domestic livestock significantly reduced in carnivore diet,

reducing livestock depredation rates, indicating lower human-carnivore conflict levels.









Many species have become rare and localized endemics (Nilgiri tahr- Hemitragus hylocrius,
swamp deer- Cervus duvaucelii) while many are widely distributed but at very low densities
(mouse deer- Moschiola meminna, four-horned antelope- Tetracerus quadricornis) (Karanth
2008). On the other hand, successful conservation policies have resulted in recovery of few
previously endangered species (Singh and Gibson 2011, Banerjee and Jhala 2012) often
leading into their population spill-over outside the formal boundaries of the Protected Areas
(Karanth and DeFries 2010). Carnivore conservation in India therefore becomes a
multifaceted challenge wherein, reduction in space available to carnivore species and conflict
mitigation stand out to be the major concerns (Karanth and Chellam 2009, Meena et al.
2011). Thus, clear and robust understanding of carnivore ecology (demography, ranging
patterns and resource utilization) becomes necessary in formulating viable conservation
strategies.

1.3. Carnivore diet

A predator's choice of prey serves as the foremost link connecting the dynamics of species on
different trophic levels. A predator’s prey choice is guided by natural selection to maximize
nutrient intake (Hayward and Kerley 2005) which in turn depends on its own body weight,
presence of competitors, habitat, activity pattern and differential use of space. Prey selection
of a predator determines spacing patterns, population growth rate and distribution of prey
species. Key factors that determine carnivore habitat use are prey abundance, less
disturbance, water availability and forest continuity (Banerjee 2012). The acquirement of
food is a fundamental component for every predator’s existence. Hence, prey selection is
critical for understanding life history strategies of any carnivore (Miquelle e al. 1996).

1.4. Diet quantification and its problems

Estimation of carnivore diet has been done using different techniques. each subject to
different biases (Mills 1992, Marker e al. 2003). However, carnivore diet has been most
extensively characterized by quantifying undigested prey remains in scats (Korschgen 1980,
Putman 1984, Kohn ef al. 1997). But relative frequencies of prey remains in scats do not
represent their consumed biomass (Floyd et al. 1978), leading to a biased estimation of
predator’s diet. This is because of differential.digestibility of small and large prey. Smaller
prey having higher surface area-to-volume ratio contain more indigestible matter (hair) per
unit biomass compared to larger prey. Thus, when a carnivore consumes a small prey. the
prey remains are more frequent in scats than in case of consumption of large prey. Hence.

relative frequencies of prey remains in scats over-estimate small prey in a carnivore’s diet






















2. Study Site

===

The study was conducted in Sakkarbaug Zoological Park (henceforth mentioned as SBZP) in
Junagadh, Gujarat. SBZP, established in 1863, is one of the oldest zoos in India. Spread over
198 Ha in the foothills of Mount Girnar, the zoo houses more than 1100 wild animals which
includes 38 spp. of mammals, 56 spp. of birds and 13 spp. of reptiles. The zoo serves to the
curiosity and educational needs of around 1.2 million visitors each year. Based on its
collection of wild animals, area and number of visitors, Central Zoo Authority (CZA), India
has designated SBZP as one of the 15 large and one of the 57 important zoos, out of 350
animal collections in the country.

2.1. SBZP: past and the present

Established as a personal animal collection by the then Nawab of Junagadh, the zoo was
maintained by the nawabs from 1863 to 1947. Post Indian independence, SBZP came under
the administration of the Education Department and subsequently under the supervision of
the District Forest Officer, Junagadh of the Greater-Bombay state. After the reorganization of
the present Gujarat state in 1960, SBZP came under the direct governance of Gujarat Forest
Department.

SBZP is a ‘specialist’ zoo as it is the only zoo in the country set up exclusively to cater to the
needs of a single state, Gujarat. SBZP runs conservation breeding programmes for Asiatic
lion (Panthera leo persica), Chinkara (Gazella bennettii), Chowsingha (Tetracerus

quadricornis), Indian wolf (Canis lupus pallipes) and Asiatic wild ass (Equus hemionus).
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3. Methods

Ethics Statement

All permissions to carry out the research work were obtained from the Office of the Chief
wildlife Warden, Gujarat State and Ministry of Environment and Forests, Government of
India under the provisions of the Wildlife (Protection) Act, 1972, Government of India and
Central Zoo Authority (CZA), Government of India. Domestic livestock used in the feeding
trials were bought from their owners without any coercion, euthanized and offered to the
carnivores under strict supervision of veterinary officials of SBZP. Wild prey carcasses used
in the trials were from road kills and natural mortalities and only entire carcasses were used.
House rats offered to jungle cats were trapped from SBZP premises and once an animal was

trapped it was quickly killed.

3.1. Field Methods

3.1.1 Feeding experiments

Between January 2013 and April 2013, 44 feeding trials were conducted on three lions, two
leopards and two jungle cats. During the trials the conéemed carnivores were kept in
observation enclosures with ad libitum access to water. All the carnivores used in the study
were wild caught individuals, excluding one captive born female lion (Table 3).

Table 3. Details of carnivore individuals used in the study

SL.No. Species Sex Individual code Details

Adult, caught from Rajula range, Nageshri.
L. Asiatic lion Male L Greater-Gir Landscape, 31.08.2012.

Adult, caught from Ransivao range, Girnar
2. Asiatic lion ~ Female L, WLS. 26.05.2008.

Sub-adult (3 years), cub of L,, captive born.
3. Asiatic lion  Female e used as a lion group with wild mother.

Adult, caught from Bhojde, Sasan range,
4. Leopard ~ Male s Sasan-Gir, 09.12.2012.

Adult. caught from Veraval range. Sasan-
3. Leopard ~ Female L Gir, 30.12.2012
6. Jungle cat Male IC, Adult, rescued from SBZP premises, 2010
7. Jungle cat Male JC, Adult, caught from Girnar WLS. 2010.
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Procedure used by Floyd et al. (1978), Jethva and Jhala (2004) and Wachter ef al. (2012) was
used for conducting feeding experiments. Each feeding trial was divided into three periods:
the fasting period before feeding, feeding event and fasting period after feeding.

3.1.1.1. Fasting period before feeding

Before each trial, the concerned carnivores were fasted for a minimum of 60 hours to a
maximum of 120 hours (depending upon the weight of prey consumed in the preceding trial

event) to clear their digestive systems. All scats were removed from their respective

enclosures.

3.1.1.2 Feeding event

Whole carcasses of different prey species, representing the entire weight range of prey
normally taken by the concerned carnivores in the wild (Sinha 1987, Chellam 1993, Karanth
and Sunquist 1995, Sankar and Johnsingh 2002, Mukherjee et al. 2003 Andheria et al. 2007,
Edgaonkar 2008, Meena ef al. 2010, Harihar ef al. 2011, Majumder ef al. 2011, Banerjee and
Jhala 2013) were accurately weighed and offered through 44 different feeding experiments.
18 trials were conducted for lions, 13 for leopards and 13 for jungle cats (Table 4, 5 and 6).
Prey items weighing less than 30 kg were weighed to an accuracy of 0.002 kg, items from 30-
100 kg to an accuracy of 0.2 kg and prey weights greater than 100 kg to an accuracy of 1 kg.
For prey items weighing less than 3 kg, more than one carcass was offered to lions and
leopards, to avoid depriving them of food. The same was done for prey items less than 100 g
for jungle cats. Simulating wild conditions, the carcasses were kept in the enclosures till the
carnivores stopped feeding on them. Large carcasses were kept for longer duration than
smaller ones. Uneaten portions of the carcasses were removed 24 hours after the carnivores’
last feeding attempt and precisely weighed to calculate consumed biomasses.

3.1.1.3. Fasting period after feeding

During this period, scats were categorized into collectable (hard, firm feces which would
retain their form and most likely get collected in the field) and non-collectable (loose. viscous
feces unlikely to persist long enough to be collected in the field) (Floyd er al. 1978,
Ackerman et al. 1984). Collectable scats were collected in paper bags twice daily from the
enclosures to prevent trampling and desiccation until further scat production stopped. The
scats were then cleaned using a soft brush and weighed on an electronic scale to an accuracy

of 0.002 kg. All collectable and non-collectable scats were counted and noted down.
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3.1.2. Computing moisture loss from carcasses

Weight loss from carcasses was an outcome of the synergistic effects of consumption and
desiccation. To account for moisture loss from the carcasses owing to evaporation, procedure
used by Jethva and Jhala (2004) was implemented to calculate actual fresh weight amounts
(kg) consumed by the carnivores. Since the carcasses (during the trials) were kept in the
enclosures for a minimum of 24 hours to a maximum of 120 hours (depending on the prey
size offered), there were varying degrees of moisture loss from the carcasses. Three different
prey types (chicken, goat and buffalo) representing the entire weight and surface area to
volume ratio range of prey used in the trials, were selected. These prey types were dressed
and portions of skin, bones and little meat attached to them (usually left unconsumed in the
trials) were left open to the environment for periods corresponding to their consumption
times during the trials. The carcasses were precisely weighed (to an accuracy of 0.002 kg)
every 24 hours. Chicken carcass was allowed to lose moisture for 48 hours, goat for 72 hours

and buffalo for 120 hours. Percentage weight loss was calculated.

3.2. Laboratory methods
Cleaned collectable scats were sun-dried and then oven-dried at 70°C for 24 hours (Jethva
and Jhala 2004). Dried scats were then weighed on an electronic scale to an accuracy of 0.002

kg and the respective dry weights noted.

3.3. Analytical methods

3.3.1 Carcass weight loss through evaporation

Actual fresh weight amounts consumed by the carnivores in the study were calculated after
correcting for loss of weight from the carcasses owing to evaporation. For this, a pooled
regression analysis was done for goat and buffalo carcasses (assuming similar moisture loss
between mammalian carcasses), and a separate one for chicken. Since the initial weights kept
for drying in case of buffalo and goat carcasses were different, so the weights corresponding
to the different time intervals were standardized by scaling them to their respective initial
weights (standardization by the maximum). Scaled carcass weights respective to the different
time intervals were regressed against time to estimate percentage moisture loss.

3.3.2. Carnivore specific biomass equations

Correction equations for lion, leopard and jungle cat were determined by regressing

consumed prey mass per excreted collectable scat to the mean prey body weight. When more
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than one carcass was offered in the feeding experiments, the mean of the consumed mass of
each carcass was used. Observation from the scatter plots (see appendix, Fig. i), residual plots
(see appendix, Fig. ii and iii) and following Wachter ef al. (2012) non-linear regression
models were fitted. The non-linear exponential model represented a satiating response where
biomass consumed to excrete one collectable scat reached an asymptote at higher prey sizes.
3.3.3. Comparison of the three equations
Data from trials on lion, leopard and jungle cat were combined together to compare the
different correction equations across tropical felids. However, such a comparison was
inappropriate as the four carnivores differed in their range of prey size classes and
consumption rates and hence, the equations differed in their scales. Published literature on
carnivore energetics and life history parameters suggested that prey size and consumption
patterns have a strong relationship with physiological rates, hence with carnivore body size
(Huggett and Widdas 1951, McNab 1980, Gittleman 1986, Earle 1987). This relationship was
further strengthened when the asymptotes of the correction equations were positively
correlated with their respective predator body weight (further discussed in section 4). Thus,
biomass equations were scaled to their respective predator mass so as to compare scale free
equation coefficients.
3.3.4. Computing digestibility indices
Digestibility indices (D) for different prey size classes of the three carnivores were
determined using the underlying formula (moisture content of carnivore diet was assumed to
be 70%) (Robbins 1983, Jethva and Jhala 2004) and plotted against mean fresh weight of
prey.

D = Dry weight of prey consumed — Dry weight of all collectable scat

Dry weight of prey consumed

3.3.5. Comparison of Ackerman’s (1984) and present study equations

Biomass equation based on feeding trials on cougar (Ackerman er al. 1984) was a linear
regression model where biomass consumed per collectable scat (Y,) increased linearly with
increase in prey body weight (Xa), given by:

Ya=1.98+0.035 Xx

However, the equations developed in fhe present study were explained through non-linear

functions. Thus, comparison between the parameter estimates of Ackerman’s equation and

the present study equations was inappropriate. Hypothetical prey weight classes within the
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Fig. 12. Comparison between percentage prey biomass consumption of leopard in Sariska
Tiger Reserve using Ackerman’s equation (Mondal et al. 2011) and using present study

models. Error bars represent standard errors.

Percentage biomass consumption from common langur (Semnopithecus entellus) and chital
increased significantly, whereas reduced in significant proportion from large prey like sambar
(Rusa unicolor) and nilgai (Boselaphus tragocamelus) in leopard diet. Again, no significant

difference was found from results of leopard specific (eqn. 2) and generalized model (eqn. 4).

4.6.3. Tiger
Since there was no significant difference between results obtained using carnivore specific

equations and the generalized model, the latter was used to re-characterize tiger diet from
published literature. A study from Pench Tiger Reserve by Biswas and Sankar (2002) was
chosen and data was re-analysed using eqn. 4. Average body weight of tiger was taken from

Schaller (1967) Percentage biomass consumption of each prey species were compared

between former and present approach (Fig. 13).
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S. Discussion

This study in agreement with Wachter et al. (2012) demonstrates the need of using a wide
prey weight range for proper development of biomass models for carnivores. When prey sizes
above the preferred weight range of a carnivore are included in feeding experiments, they
enhance the accuracy of the biomass models by generating more information on intrinsic
physiology of that carnivore. Number of collectable scats produced by a carnivore from a
certain prey weight class is a function of the ratio of digestible-to-indigestible matter in

consumed biomass and proportion of utilized carcass.

5.1. Trial observations

Carnivores consumed the viscera and highly digestible parts (flesh) from the carcasses at the
beginning of their feeding bout. Small carcasses were entirely eaten up with few bony
remnants and feathers left unconsumed. Proportional utilization of carcasses decreased with
increasing weight of prey (see appendix, Fig. v). From large carcasses carnivores consumed
the choicest parts, leaving much of indigestible matter (hair, bones, skull, hooves and hide)
and considerable proportion of muscle mass untouched. The duration of feeding on a carcass
by the carnivores during the trials, reflected wild conditions where small carcasses were
consumed within a day or two, whereas large carcasses through prolonged durations. The
number of days the carnivores fed on a carcass in the trials also mimicked natural conditions
where, for a certain carcass weight the number of feeding attempts of a carnivore had an

upper limit based on biomass scavenged by other carnivores and rate of carcass decay.

The number of non-collectable scats did not differ significantly between lion and leopard
(lion: 10%, leopard: 9%), whereas in jungle cats non-collectable scats were not observed.

This might indicate that jungle cats were more efficient in re-absorption of water in their guts.

5.2. Moisture loss from carcasses

Moisture loss from unconsumed parts of carcasses accounted for a significant (26% for
mammalian carcasses in 5 days, 38% for chicken carcasses in 2 days) (Section 4.1.1. and
4.1.2.) overestimation of consumption by the carnivores. Thus, if not accounted for, weight

loss through desiccation could lead to biased results in computation of actual biomass

consumption of carnivores.
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Fig. 14. Comparison of Ackerman’s model (linear) and lion specific model (satiating) using a

hypothetical dataset
5.5. Generalized equation for tropical felids

The present study comprised of three different tropical felids which represented a wide range
of carnivore body size. However, estimates of the parameters of the three equations scaled to
their corresponding predator weights, which indicated a strong allometric relation of biomass
consumption and prey size class. Thus, biomass consumption and prey weight range of
predators were a function of their individual body weight. Also, when the three equations
were scaled to their respective carnivore body weights, no significant difference was found
between them. A generalized equation representing a wide range of tropical felid body weight
was established. From the generalized model it was evident that, for tropical predators,
biomass consumed to excrete one collectable scat satiated at prey weight approximately half
the carnivore’s body weight (Fig. 8). The generalized equation differed with that of
Ackerman’s equation in the same proportion as did the lion and leopard specific equations.

The generalized model had no significant difference with the carnivore specific equations and

thus. could be used on tropical felids where no feeding trials have been done to calibrate

biomass consumption and scat produced.
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6. Synthesis

1. Results showed that more biomass was consumed per collectable scat for larger prey in
comparison to smaller prey eaten by the carnivores, which satiated after a certain prey
weight. This reflected the higher surface area-to-volume ratio and utilization of small prey.,

higher digestibility of large prey and upper consumption limit of carnivores from carcasses.

2. Three relationships between biomass consumed per collectable scat (Y) and prey weight

(X) were computed for lion (a), leopard (b) and jungle cat (c):
a. Y =3.674 (1-e %%

b. Y =1.922(1 — e *12%)

¢. Y =0.125(1 — e 004

3. Equation developed for small tropical felid (jungle cat) would help in better understanding

of the intricacies of small carnivore guilds by better representation of their diets.

4. A generalized correction equation was developed for all tropical felids where biomass
consumed to produce one collectable scat scaled to predator body mass (Y,) increased with
mean prey weight per predator mass (Xg) and satiated after a certain prey to predator weight

ratio, given by:
Y, = 0.029(1- e >
5. Equations specific for lion and leopard significantly differed from Ackerman’s equation.

6. Re-characterization of Indian large felid diet using current study models substantially
refined opr previous understanding of biomass contribution of different prey by increasing

proportion of medium prey consumption. Domestic livestock significantly reduced in

carnivore diet, reducing conflict levels.
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