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ABSTRACT

Carnivores strongly depend on prey populations due to their high metabolic rates and food demands, thus the spatial dis-
tribution of carnivores is often related to prey distribution. However, human impacts often reduce carnivore populations
and limit their distribution. We studied the impact of prey distribution and hunting on the unique, isolated population
of the ocelot Leopardus pardalis in the Macanao Peninsula of Margarita Island. By means of camera trapping and tracking
we collected records of ocelots, rabbits Sylvilagus floridanus and partridges Colinus cristatus as well as records of hunting
(mostly gun cartridges and traps set for rabbits and partridges) along 20 transects in various habitats, and we documented
the activities of hunters. We developed a set of multiple regression models to analyse the relative impacts of prey and hun-
ting on the number of ocelot records and compared these models with AICc (corrected Akaike Information Criterion).
The best model included only two prey variables, records of rabbits and partridges, and predicted well the spatial distribu-
tion of ocelots (R? = 0.56). However, the second model (R? = 0.62) included the negative impact of hunting on ocelot dis-
tribution and got almost equal statistical support. We also found direct evidence of ocelots killed by hunters in retaliation
for stealing prey from hunters’ traps. We conclude that for the preservation of this unique island population of ocelots it is
most important to ensure effective protection of the habitats that provide prey and to control hunting.

Keywords: carnivores, conservation, impact of hunting.

RESUMEN

Los carnivoros dependen directamente de las poblaciones de sus presas debido a sus altas tasas metabdlicas y demanda de
alimento, mientras que su distribucién espacial a menudo se encuentra relacionada con la distribucién de sus presas. Sin
embargo, cada vez es més frecuente que el impacto humano reduzca las poblaciones de carnivoros, limitando asi su distribu-
cién geografica. Se estudio el impacto sobre la distribucién de las presas y caceria sobre una poblacién aislada de Leopardus
pardalis en la Peninsula de Macanao, Isla de Margarita, Venezuela. Por medio de fototrampeo y seguimiento, se obtuvieron
registros de cunaguaros, conejos (Sylvilagus floridanus) y perdices (Colinus cristatus), ast como también indicios de cacerfa
(registro de presencia de cazadores, cartuchos usados y trampas para conejos y perdices). Fueron analizadas 20 transectas
en varios tipos de hébitats y se documentaron las actividades de distintos cazadores. Se desarrollé un modelo de regresion
multiple para analizar el impacto relativo sobre las presas y las actividades de cacerfa sobre el nimero de registros de felinos.
Estos modelos se compararon usando una rutina estadistica conocida como el Criterio de Informacién Akaike (AICc por
sus siglas en inglés). El modelo més adecuado o ajustado solo usé dos variables de presas: registros de conejos y perdices.
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El modelo seleccionado predijo bien la distribucion espacial de los cunaguaros (R* = 0.56). Sin embargo, se encontraron
evidencias de caza de cunaguaros, la cual es ejecutada por cazadores en retaliacion hacia los felinos por robarles las presas de
sus trampas. Se concluye que para la preservacion de esta tinica poblacion insular de cunaguaros es importante garantizar la
proteccidn efectiva de los hébitats que proporcionan las presas para estos felinos, asi como el control de la caceria.

Palabras clave: carnivoros, conservacién, impacto de cacerfa.

INTRODUCTION

The abundance and distribution of animal species is di-
rectly related to the availability and distribution of food
resources (Krebs 2001). A relationship between food
abundance and density and distribution of animals has
been frequently documented for herbivores and carni-
vores. Carnivores strongly depend on their prey popula-
tions because of their high metabolic rates and high food
demands (Carbone ez a/. 1999).However, human activities
have marked effects on animal populations, and carnivores
are usually the most affected (Purvis ez 4/. 2000, Ceballos
& Ehrlich, 2002). Various species of carnivores are de-
clining worldwide, with hunting being one of the major
drivers (e.g., Woodroffe 2000, Cardillo ez a. 2004, Ripple
et al. 2014, Jedrzejewski ez al. 2017a, b). The reasons for
hunting carnivores can vary between species and regions,
but they are usually hunted for trophies, for the monetary
value of their skins and fangs, or as retaliation if they kill
domestic animals (Robinson & Bennett 2004, Henschel
et al. 2011, Wilkie ez al. 2011). Less often, carnivores are
hunted for consumption of their meat (Jedrzejewski ez al.
2017b).

Animal populations inhabiting islands are particu-
larly vulnerable to human impacts. Because they are often
isolated, migration cannot compensate for the mortali-
ties caused by humans. The high vulnerability of island
populations is a challenge for conservation. Good under-
standing of threats and factors that are causing population
declines are very important for successful conservation ac-
tions (Purvis ez /. 2000, Sanz 2007).

The geological history that has formed the Margarita
Island has been reflected in its particular faunistic compo-
sition. Margarita and Trinidad are the only islands in the
Caribbean with populations of native ocelot Leopardus
pardalis (Meiri et al. 2004). The uniqueness of this island is
also indicated by the occurrence of some endemic species,
as the skunk Conepatus semistriatus and deer Odocoileus
margaritae (Molina & Molinari 1999, Molinari 2007).

The main goal of this study was to investigate the rela-
tive importance of prey abundance and hunting on the
spatial distribution of ocelots in the Macanao Peninsula of
Margarita Island. Additionally, we wanted to investigate
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how frequent the hunting is in Macanao in general, which
species are hunted, what hunting methods are used and
how they interfere with ocelot population, and what are
the motivations to kill ocelots.

METHODS

The study area (100 km?, from 10°57°54” N, 64°12°37”
W to 11°2°36” N, 64°20°42” W) was located in the cen-
tral part of Macanao, a 330 km? peninsula on the western
part of Margarita Island, approximately 38 km north from
the mainland Venezuelan coast in the Caribbean. Annual
temperatures are above 25° C and annual rainfall varies be-
tween 125 and 500 mm. Most of Macanao has rough relief
with various hills, canyons, and a mid-elevation mountain
range (740 m) in the center. The vegetation is composed
mostly of dry scrub, columnar cactus scrub, and tropical
dry forests in the lower and middle elevations, and decidu-
ous forests and a small patch of semi-cloudy forest at high-
er altitudes (Hoyos 1985, Gonzélez ez al. 2001, Gonzalez
2007). The human population of Macanao is about 20,935
people (INE, 2014), distributed in 15 villages along the
coast and one village in the mountains. Various human ac-
tivities, particularly open-sky sand mining, have substan-
tially modified the areas around the coast. For this reason,
animal populations are confined to the central part of the
Peninsula, where they take refuge in the mid and higher
elevations (Gonzdlez et al. 2001, Sanz 2007). The “La
Restinga” National Park protects some coastal areas in the
north-east of Macanao.

Ocelots have been reported in Macanao, but not on
the eastern part of Margarita Island (Bisbal 2001, Sinchez
2006). Among the potential prey species of the ocelot, the
endemic subspecies of eastern cotton tail rabbit Sylvilagus
Sfloridanus margaritae, and the striped partridge Colinus
cristatus (Emmons 1987, Ludlow and Sunquist 1987)
are present in Macanao and also hunted for meat (Chap-
man & Flux 2008, Fergusson-Laguna 2008).The speckled
spiny tree-rat (Pattonomys semivillosus) and various species
of reptiles can supplement the ocelot’s diet (Bisbal 1986,
Ludlow & Sunquist 1987, Wang 2002).

We established 20 transects 0.6 to 3.6 km long (mean
2.0 km), usually along trails or streams and river beds. The
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transects were located in the three main habitat types,
proportionally to the share of these habitats in the study
area: 1) forests (includes dry, semi-cloudy, riparian forest,
2) cardonal (includes columnar cacti scrub, grassland, cul-
tivation and sandpits), and 3) dry scrub (Sanz 2004).

The study was conducted during two 23-day visits, in
February and July, 2010. During each visit, we walked all
the transects and recorded any signs of presence (visual
observations, tracks, and feces) of ocelots and their main
prey (rabbits and partridges). We also recorded the pres-
ence of hunters or any other evidence of hunting (car-
tridge remains or traps) (Bennett ez /. 1940, Palomares
et al.2001).We also installed camera traps (Reconyx, Eco-
tone, and Steelcamp) along the transects: 38 cameras in
February and 31 in July. We attempted to distribute the
cameras proportionally to the length of the transects, at
similar distances between the cameras. However, because
some cameras failed, we only obtained images from 30
cameras in February and 14 in July. The cameras worked
18 days on average. On the images, we counted records of
ocelots, their prey (rabbits and partridges) as well as hunt-
ers. If an animal of the same species or a human was regis-
tered by a camera more than once during 30 minutes, we
counted it as a single record (Kelly 2008, Kelly & Holub
2008).

For each transect we calculated indices of relative abun-
dance of each species (ocelots, rabbits, and partridges) by
combining all their records (tracks, groups of feces, visual
observations, camera records) and dividing this number by

transect length. Similarly, we calculated hunting indices
(number of cartridges or hunters observed during walks,
and records of hunters by camera traps) and trapping indi-
ces (number of rabbit or partridge traps) (Rios-Uzeda ez al.
2006, Monroy-Vilchis ez al. 2008, Harmsen ez /. 2010). In
the further analysis we treated the number of ocelots per
kilometer as a dependent variable and numbers of rabbits,
partridges, records of gun hunting, and records of traps
(each expressed in numbers per 1 km of transect) as inde-
pendent (predictive) variables.

To explore which factors (those related with prey
abundance or those with hunting) are associated with the
spatial distribution of ocelots in Macanao, we calculated
Pearson correlations between all variables. Also, we built a
set of multiple regression models with all possible combi-
nations of predictive variables and compared these models
using the corrected Akaike Information Criterion (AICc)
(Burnham & Anderson 2002). Additionally, we also in-
quired of hunters met in the field about cases of ocelot
hunting and their motivations to hunt ocelots.

RESULTS

We obtained 46 records of ocelots, 273 of rabbits, and
38 of partridges. Records of hunters™ activities were also
common: we found 40 signs of hunting with guns (mostly
cartridges but also photos of hunters from camera traps,
Fig. 1). Additionally, we recorded 55 traps (53 set for rab-
bits and 2 for partridges) along the transects (Figs. 2a, b,

Figure 1. Hunters photographed by a camera trap in Chacaracual, Macanao Peninsula.
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Figure 2. Common traps found along trails in the Macanao Peninsula. (a) Loop trap type “corralito” used to catch rabbits; (b) loop
trap type “portillo” used to catch rabbits, (c-d) loop trap used for partridge - in the middle of the tray the hunter places water and the
animal is caught when it passes through the only entrance to drink. The stealing of prey from these traps by ocelots can be also a reason

for retaliatory killing of ocelots by hunters.

and c). Numbers of ocelot records were correlated with
the number of rabbit or partridge records (Pearson r =
0.52 and 0.65, respectively), but not with records of gun
hunting or records of traps (Pearson r = —0.06 and 0.04,
respectively, Table 1).

The best multiple regression model, with the lowest
AICc value, included only the prey variables (numbers of
records of rabbits and partridges) (R* = 0.56, SE = 0.66,
p < 0.001) (Table 2, 3). However, the second model that
included gun hunting records, got only slightly lower sup-
port (AAICc = 0.49, R? = 0.62, SE = 0.63, p = 0.007), al-
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though the regression coeflicient for hunting was not sig-
nificantly different from zero in this model (Tables 2 and
3). During our field work, we also found direct evidences
of ocelot hunting: a skull of a hunted ocelot in a hunter’s
house and a hunter’s hide-out with hanging remains of a
killed partridge, obviously as bait for ocelots, found in the
forest. We also found one dead ocelot, with signs of be-
ing killed by a gunshot (Fig. 3). Additionally, three people
encountered during field walks testified to ocelot hunting
in Macanao. As the main motivation they declared retali-
ation to stealing hunters’ prey from traps by ocelots. They
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Table 1. Pearson correlations between records of ocelots, rabbits, partridges, hunting with guns, and traps set by hunters
(each N/km of transect), collected along our 20 transects in the Macanao Peninsula (Margarita Island) in February and

July of 2010.
Variables Ocelots Rabbits Partridges Gun hunting Traps
Ocelots 1.00
Rabbits 0.52 1.00
Partridges 0.65 0.25 1.00
Gun hunting -0.06 0.37 0.07 1.00
Traps 0.04 0.14 -0.03 0.44 1.00

Table 2. Comparison of multiple linear regression models predicting number of ocelot records on 20 transects in Macanao
Peninsula. Dependent and predictive variables expressed as N records/km of transect. AICc denotes the corrected Akaike
Information Criterion (see Methods).

Model No Predictive variables in the model AlICc AAICc AICc weigth
1 Rabbits, Partridges 47.31 0 0.40
2 Rabbits, Partridges, Gun hunting 47.8 0.49 0.31
3 Partridges 49.59 2.28 0.13
4 Rabbits, Partridges, Traps 50.93 3.62 0.06
5 Rabbits, Partridges, Gun hunting, Traps 51.21 3.9 0.06
6 Partridges, Gun hunting 52.41 5.1 0.03
7 Rabbits 54.05 6.74 0.01

Table 3. Parameters of the two best-fitting multiple regression models of numbers of ocelot records on 20 transects in

Macanao Peninsula in 2010.

Effect Coefficient Standard Error t p-Value
A. Top model, AAICc =0

Constant 0.523 0.20 2.64 0.017
Rabbits 0.051 0.02 2.31 0.034
Partridges 0.209 0.06 3.30 0.004

B. Second model, AAICc = 0.49
Constant 0.607 0.20 3.10 0.007
Rabbits 0.064 0.022 2.85 0.012
Partridges 0.206 0.060 3.41 0.004
Gun hunting -0.194 0.118 -1.65 0.119

also testified to consuming ocelot meat and occasional

selling ocelot skins in Macanao.

DISCUSSION

The close relationship between the abundance of ocelots
and number of rabbits and partridges indicates that ocelots
probably often consume these prey species in Macanao, al-
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though there have been no direct studies on ocelot food
preferences on this island. Other carnivore studies have
also shown strong correlations between the distribution of
carnivores and their prey (e.g. Jedrzejewska & Jedrzejewski
1998, Palomares ¢z al. 2001, Karanth ¢z 4/. 2004). This sug-
gests that persistence of the ocelot population in Macanao
is strongly dependent on the effective protection of habi-
tats important for rabbits and partridges.
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Figure 3. Photo of an ocelot killed by hunters, found during the field work, Boca Chica, Macanao Peninsula.

Hunting appears to be frequent and widespread in
Macanao and includes hunting with guns and trapping.
Importance of hunting for the ocelot population was con-
firmed by our modeling as well as by the direct evidences
of killed ocelots and interviews with hunters. Our models
indicate that hunting can influence ocelot distribution
and possibly ocelot numbers in certain habitats. The main
reason to kill ocelots appears retaliation to stealing hunt-
ers’ prey from traps. Other studies demonstrated that
hunting can pose a real danger for carnivore populations,
often being one of the main causes of their extirpations
(e.g. Ceballos & Ehrlich 2002, Wilkie ez al. 2011). Re-
taliatory killing induced by conflicts between humans
and carnivores can be especially effective in reducing or
eliminating carnivore populations (Jedrzejewski er al.
2017b). Taking into account that the population of oce-
lots in Macanao is isolated and must be very small because
of the small area of the island - any increase of hunting
could pose a real threat for further persistence of ocelots
on Margarita Island.

We conclude that for the preservation of this unique
island population of ocelots it is most important to ensure
an effective protection of habitats that provide prey for
ocelots and to control hunting.
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