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Abstract

The ocelot Leopardus pardalis is a medium-sized Neotropical spotted cat with a wide
geographic range. The present study was conducted in a reserve in an Atlantic Forest area
in southern Brazil, and provided information on ocelot ecology through photographic records.
Density estimated by the half of the mean maximum distance moved method resulted in 0.04
ocelots per km2. The minimum home range sizes were obtained by the minimum convex
polygon method and were in agreement with other studies for the males recorded. Our
female’s home range size was smaller than ranges reported elsewhere. The nocturnal
pattern recorded is probably related with prey activity, since it is suggested that ocelots adjust
their movements to the probabilities of encountering local prey, or with an evolutionary factor,
aiming to avoid competition/predation with larger cats. The low density observed could be
a consequence of the conditions of the study area, small and isolated, which indicates the
necessity for larger reserves and mechanisms to connect isolated populations.

Key words: camera trap, Felidae, individual recognition, spot pattern, activity pattern.

Resumo

A jaguatirica Leopardus pardalis € um gato pintado neotropical de porte médio e com ampla
distribuicdo geografica. O presente estudo foi conduzido em uma reserva em area de Floresta
Atlantica no sul do Brasil e forneceu informagdes a respeito da ecologia da espécie, por meio
de registros fotograficos. A densidade estimada pelo método do HMMDM (metade da média
das maximas distancias percorridas) resultou em 0,04 jaguatiricas por km2. As areas de
vida minimas foram obtidas pelo método do minimo poligono convexo e corroboraram com
outros estudos quando se analisaram os registros dos individuos machos. Os registros para
as areas de vida das fémeas foram menores do que as previamente reportadas. O padrédo
de atividade noturno esta provavelmente relacionado com a atividade das presas, ja que as
jaguatiricas tendem a ajustar os padrées de movimento com a probabilidade de encontro
com as mesmas, ou até mesmo com um fator evolutivo, objetivando evitar a competicédo/
predagao com felinos de maior porte. A baixa densidade observada pode ser consequéncia
das condi¢cdes da area de estudo, pequena e isolada, o que indica a necessidade por
reservas maiores e por mecanismos visando conectar populagdes isoladas.

Palavras-chave: armadilhas fotograficas, Felidae, individualizagdo, padrdes de manchas,
padrdes de atividade.
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Introduction

The ocelot Leopardus pardalis is a
medium-sized (adult weight range:
7-16 kg) neotropical cat with a geo-
graphic range from southern Texas
in the USA to northern Argentina
(Emmons and Feer, 1997; Murray and
Gardner, 1997; Oliveira, 1994). Except
for the jaguar (Panthera onca), the
ocelot is the largest spotted cat of South
America (Trolle and Kéry, 2003). Its
opportunistic habits allow this cat to
consume a great variety of small
and medium-size prey (Murray and
Gardner, 1997), hunting usually on the
ground (Bisbal, 1986). Besides, ocelots
are secretive, solitary, nocturnal, and
prefer covered vegetation sites, which
makes them difficult to study (Haines
et al., 2006). However, in comparison
with other wild cats, ocelots are
relatively easy to study because they
are easily captured in live traps or
camera traps (Di Bitetti et al., 2006).
Methodologies like radio-telemetry
and camera-traps have been recently
used for these aims. Radio-telemetry
is constrained by the small number
of animals that can be tagged si-
multaneously, the uncertainty about
how many individuals are not tagged,
and the high costs and efforts involved
(Karanth, 1995; Trolle and Kéry, 2003).
Camera-traps have been successfully
employed in monitoring and analyzing
capture-recapture data for felids such
as the tiger Panthera tigris (Karanth
and Nichols, 1998), leopard Panthera
pardus (Henschel and Ray, 2003),
bobcat Lynx rufus (Heilbrun et al.,
2006), jaguar Panthera onca (Maftei
et al., 2004; Soisalo and Cavalcanti,
2006) and ocelot (Di Bitetti et al,
2006; Haines et al., 2006; Maffei et
al., 2005; Trolle and Kéry, 2003; Trolle
and Kéry, 2005).

Mostly field studies on ocelot ecology
and behavior have focused on its
abundance, diet, activity patterns, home
range and habitat use, and these have
just started to provide information on its
degree of variability in response to the
environment (Di Bitetti e al., 2006).
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Despite of this, the use of different
methodologies has induced little con-
sistence on data, and the knowledge on
the species remains scarce (Maffei et al.,
2005; Trolle and Kéry, 2005), mainly in
the Atlantic Ombrophyll Forest and in
southern Brazil.

In this study, we used camera traps to
assess the density, minimum home
ranges and activity patterns of ocelots in
the Atlantic Ombrophyll Forest of Santa
Catarina, southern Brazil. This study
presents an important contribution for
ocelot ecology just because it is the
most austral study comprising pop-
ulation and conservation aspects of this
species.

Study area

The study was conducted in an Atlantic
Forest area in Santa Catarina state,
southern Brazil, in an ecological re-
serve, namely Reserva Ecoldgica do
Caraguata (4300 ha). It comprises five
districts located on the hills of the Serra
do Mar (headquarters at GPS position
27°25’51” S and 48°51°01” W) with
altitudes ranging from 420 to 900 m asl.
The main vegetation type of the area
is the dense ombrophyll forest with
montane and high-montane patches
(Veloso et al., 1991). There are few
relicts of Araucaria angustifolia
(the Brazilian pine tree), since the
area comprises bordering patches
of the mixed ombrophyll forest as
well (Gaplan, 1986). The -climate
is subtropical with a high annual
rainfall (1,800 mm). Mean annual
temperature varies between 20 and
24°C in January and between 12 and
16°C in July (Gaplan, 1986).

Material and methods
Trapping procedures

Data were collected from camera-traps
Tigrinus® installed all over the study
arca. The equipment consists of an
infrared sensor programmed to shoot
when an animal interrupt the beam.
Twenty nine camera-trap stations were
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placed during 14 months of study. Two
models of camera-trap (conventional
and digital) were distributed in ca.
30.54 km?* Distances between capture
stations ranged from 1.0 to 1.5 km
among the nearest sites as possible, due
to difficulties of the hilly and irregular
relief, the access toward the dense
coverage areas, and the availability
of animal trails. This distance interval
is recommended by Dillon and Kelly
(2007) for ecological studies involving
ocelots. The digital models were baited
with cat food in order to correct the
delay of this equipment for shooting.
Information from the baited cameras
were used as well, because we believe
the bait did not influence the activity
patterns and the size of the home ranges
for three reasons: (i) the bait is not the
original food of the species; (ii) the bait
is not so scented, reaching small areas,
and does not interfering in its long
movements; (iii) the bait does not have
a great validity, deteriorating in a few
days. The effective sampled area was
calculated including a circular radius
(buffer area) around each trap station.
This radius was the half of the mean
maximum distance moved (HMMDM)
for each individual of ocelot, according
to Karanth and Nichols (1998), which
resulted in a total surveyed area of ca.
70.62 km?, with no “holes” within it
(Figure 1). As the initial focus of our
study was to evaluate the mammal
community as a whole, the arrangement
of the camera-traps was also adjusted
for other larger mammal species than
only for ocelots (see Figure 1).

Although the equipments were not used
in pairs, it was able to unambiguously
identify some frequent individuals,
following Trolle and Kéry (2003) and
Tortato and Oliveira (2005). In order to
identify ocelots from the photographs
obtained, it was used a combination of
distinguishing characters including the
patterns of rosettes, spots, stripes and
sex (Figure 2). Photos of unidentified
ocelots were excluded from the
analysis. Ocelots’ activity patterns
were inferred from the time of the
photo shoot. Nocturnal records were
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considered as those occurred between
sunset and sunrise while diurnal
ones occurred between sunrise and
sunset. Sunrise and sunset hours were
determined by the software Moonrise
3.5 (Sidell, 2002), since the study was
carried out for more than a year and
the sunrise and sunset varies along the
year in the area. For this analysis, we
considered as the same capture (i.c., a
valid record) records of the species in a
given station during 1 hour interval and
on the same day, in order to maximize
the independence of the data.

Data analyses

Population estimation by the program
CAPTURE was tested and rejected
since there were just a few individuals
in a large sampling period, contesting
some and important premises. So we
opted to estimate the ocelots’ population
size by the Jolly-Seber method. Ocelot’s

——— density was then obtained dividing the
Figure 1. Effective sampled area (buffer area added around each trap station) in the study ~M€an population size by the effective
of ocelot ecology in the Atlantic Ombrophyll Forest of Santa Catarina State, southern Bra- ~ sampled area (areas of the cameras and
zil. Points are the stations where the cameras were installed. Buffer area was obtained by respective buffers), acc()rding to Trolle

the HMMDM method (Karanth and Nichols, 1998). Numbers outside the picture are the and Kéry (2003).
coordinates (in UTM) of the study area.

712000 714000 716000
0 700 1,400 2,800 4,200 5,600

The minimum convex polygon (MCP
—100%) method was used to calculate
the minimum polygonal home ranges
of three individuals of ocelot, two
males and one female, by using the
program ArcView 9.1. Data obtained
with the two models of camera-trap
(conventional and digital) were used
for this analysis.

The chi-square test was used to
examine differences in the ocelots’
activity patterns by comparing the
number of valid records of ocelots in
each period (diurnal and nocturnal),
following Dillon and Kelly (2007).
The Spearman rank correlation was
used in order to verify the activity
pattern of ocelots along the night.

Results

During the 14 months of study, four

Figure 2. Records of the same individual of ocelot (Leopardus pardalis) in two distinct individuals were recorded in the
occasions in an Atlantic Ombrophyll Forest reserve in Southern Brazil, evidencing the  sampled area covered by a minimum

capacity of identification by spot patterns. convex polygon of ca. 30.54 km?. The
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total camera-trapping effort was about
4250 trap-nights. Forty two camera-
trapping photographs of ocelots
were obtained in 13 trap stations,
becoming possible to identify the
four individuals. In five photos we
were not able to individualize ocelots
and, therefore, these pictures were
excluded from the analyses. The mean
population size estimated by the Jolly-
Seber method was 3.07 individuals,
and the maximum number of estimat-
ed ocelots was five, between June and
August 2006. Ten sample periods with
14.7 days in average (SD =2.21) were
considered. Intervals between sample
periods were 20.2 days in average (SD
= 2.33). Total sampled area was 70.62
km?, resulting in a density of 0.04
ocelots per km? (Table 1).

Calculated minimum home ranges
obtained by the MCP — 100% were
12.29 (# 1) and 2.69 km? (# 2) for

males and 0.38 km? for the female
(# 1). The other individual was a
female and was recorded in only
two stations, becoming impossible
to estimate its minimum home range
(Figure 3). Maximum distances of
movements observed during the
survey periods were 4.75 and 7.54
km for males and 1.12 and 1.69
km for females. Ocelots showed
a nocturnal activity pattern (y* =
26.947; df = 1; p < 0.001), being
more recorded at night (n = 35) than
during diurnal (n = 3) period, with
two peaks of activity during the
night, one near 21 h and the other
near midnight. But in general, after
the two initial peaks of activity, there
was a trend to a decreasing activity
pattern along the night (Figure 4)
as confirmed by the Spearman rank
correlation (r, = -0.817; n = 9 hour
classes; p = 0.007).

Discussion

Density estimate for ocelots was low
in comparison with those of other
studies in the neotropical (Di Bitetti
et al., 2006; Dillon and Kelly, 2008;
Emmons, 1988; Jacob, 2002; Ludlow
and Sunquist, 1987; Maffei et al,
2002; Maffei et al., 2005; Trolle and
Kéry, 2003; Trolle and Kéry, 2005)
and temperate regions (Haines et al.,
2006; Lopez-Gonzalez et al., 2003).
However, most studies used different
methods to estimate density, like the
full MMDM (Jacob, 2002), radio-
telemetry (Emmons, 1988; Ludlow
and Sunquist, 1987) and records of
ocelot observations (Lopez-Gonzalez
et al., 2003). In comparison with
studies that used the same method
employed in the actual work
(HMMDM) we still observed a low
ocelot density. This fact can be related

Table 1. Mean population density and home range size (in km2) of ocelots (Leopardus pardalis) recorded with different methodologies
in several studies carried out in the Americas. Abbreviations: RT, radio-telemetry; CT, camera-trap. Observations: 1, mean density (indi-
viduals per km2); 2, home range estimated by the minimum-area method; 3, home range estimated by the MCP — 100%; 4, home range
estimated by the MCP — 95%; 5, home range estimated by the Fixed Kernel — 95%; 6, buffer derived independently from each survey grid.

Mean home range size

Study Method Mean density’
Male Female

Ludlow and Sunquist (1987) Radio-telemetry 0.4 10.0? 3.02
Emmons (1988) Radio-telemetry 0.8 7.0 1.8%
Crawshaw and Quilgley (1989) Radio-telemetry - - 1.2
Jacob (2002) MMDM - CT 0.31 11.74 7.24
Maffei et al. (2002) HMMDM - CT 04 - -
Trolle and Kéry (2003) HMMDM - CT 0.56 - -
Lépez-Gonzalez et al. (2003) Records 0.06 - -
Maffei et al. (2005) HMMDM - CT 0.3 - -
Trolle and Kéry (2005) HMMDM - CT 0.11 - -
Di Bitetti et al. (2006) e CgT 8:](7) 13.49 6.0°
Haines et al. (2006) HMMDM - CT 0.3 - -
Dillon and Kelly (2007) HMMDM - CT 0.25 - -

Radio-telemetry® 0.12 19.7 18.3

Radio-telemetry® 0.11 33.2 21.3
Dillon and Kelly (2008) HMMDM - RT 0.08

MMDM - CT 0.13

HMMDM - CT 0.3
Maffei and Noss (2008) CT® 0.21 3.94 2.94

HMMDM - RT 0.18 5.95 3.25
This study HMMDM - CT 0.04 7.5% 0.4°
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Figure 3. Home ranges of the three individuals of ocelot (Leopardus pardalis), calculated
by the MCP, in an Atlantic Ombrophyll Forest reserve in southern Brazil. Figure shows the
sampled area (A) and the home ranges of three individuals: the male 1 (B), the male 2 (C)
and a female (D). The points in the top of the picture indicate the two stations where the
other female was recorded. Central coordinates: 27°25’51” S and 48°51°01” W.

Valid records

Hours

Figure 4. Activity patterns of ocelots (Leopardus pardalis) in an Atlantic Ombrophyll For-
est reserve in southern Brazil, showing their nocturnal activity. Activity tends to decrease

along the night.

to the conditions of the study area
(a reserve) that would not provide a
sufficient size for a large population.
The reserve is small (ca. 43 km?) and
it is surrounded by crop areas, where
signs of illegal hunting are frequently

seen, limiting the ocelots to live in a
small and partially isolated “island”.
Besides, in almost half of the reserve,
there were no records of ocelots,
which indicate at least a low level of
occupancy and a high heterogeneity in
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the spatial occupation. Due to this last
explanation, we believe that, rather
than a result of failure of sampling
(Maffei and Noss, 2008), the pop-
ulation of ocelots can be suffering
problems of insulation in this small
reserve, as observed by Dillon and
Kelly (2008) elsewhere.

Independent of the density estimation,
the determination of buffer width and
its effect on estimates are subject of
discussions and need further studies
(Di Bitetti et al., 2006; Dillon and
Kelly, 2008; Trolle and Kéry, 2005).
Forinstance, the suggestion of Karanth
and Nichols (1998) to define the
HMMDM method was based on small
mammals, becoming unclear its use
for large territorial carnivores. In the
same way, some studies reported that
the HMMDM method overestimates
jaguars and ocelots population sizes
in comparison with the GPS telemetry
(Dillon and Kelly, 2008; Soisalo
and Cavalcanti, 2006). In contrast to
the results above, Maffei and Noss
(2008) found that the camera trapping
HMMDM accurately reflected ocelot
home range in Bolivia. In the actual
case in the Atlantic Forest, estimates
appear to be underestimated, but we
believe that population levels are
really low, which would be explained
by the insulation caused by the
small-reserve factor, or even hunting
pressure or other anthropogenic
effect as observed for Di Bitetti et al.
(2006). Given that traps sampled all
extent of the reserve, this is another
important factor assuring the low
population level of ocelots here.

The recorded female home range size
in our study area was lower than the
ones reported elsewhere, even when
considering the fact that home range
size and density are negatively
correlated in within-species compar-
isons of territorial carnivores (Di
Bitetti e al, 2006). Even other
camera-trap studies have showed larg-
er home ranges (see Di Bitetti e al,
2006; Jacob, 2002) as well as those
with radio-telemetry (Crawshaw and
Quigley, 1989; Emmons, 1988; Lud-
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low and Sunquist, 1987). Due to the
fact that movement rates of females
are lower than those of males (Oli-
veira, 1994), our mean distances be-
tween camera traps may not have
been the best adjustment for females,
being maybe and often longer than the
expected female movements. If this
has occurred, home range sizes of
females in this study are quite un-
derestimated, which is inferred by the
comparative approach done with other
studies. For example, female home
range size in the Atlantic Forest of
north-eastern Argentina was 6.0 km?
(Di Bitetti et al., 2006) whereas it was
0.4 km? in the present study.

For males, we observed the mean
home range size in accordance with
the range observed elsewhere, and
larger than those of females. This
uniformity suggests that this home
range size maintained by ocelots is
probably on the optimum limit that
they could maintain, as prey density
might vary considerably among sites
(Oliveira, 1994). The knowledge
that male’s home ranges are
generally larger than female’s ones
(Dillon and Kelly, 2008; Murray and
Gardner, 1997, Oliveira, 1994), even
3-4 times (Ludlow and Sunquist,
1987), usually overlapping several
territories (Emmons, 1988; Murray
and Gardner, 1997) is probably due
to the male’s need to cover large
distances for reproductive and
energy requirements (Ludlow and
Sunquist, 1987).

We could observe an overlapping
between the home ranges of the three
individuals monitored as well. The
greater area belonged to a male and
included the home ranges of the other
two individuals (another male and a
female). Overlaps in adult male home
ranges are not common (Emmons,
1988), restricting the overlaps only
to the boundaries of the areas (Jacob,
2002). Our records showed an
overlapping during the same period
(January and July 2006), suggesting
that these two individuals are relative,
since adult ocelots appear to tolerate
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independent offspring in their natal
ranges (Ludlow and Sunquist, 1987).
The nocturnal habit of ocelots has
already been recorded, but the degree
of nocturnality varies from region
to region (Di Bitetti e al., 2006;
Oliveira, 1994). We also recorded a
bimodal activity pattern at night (like
Emmons, 1988), but our peaks were
recorded near 21 h (like Maffei et al.,
2005) and near midnight. It is quite
possible that these peaks are just
noise and the pattern tends to decrease
during the night after a high peak in
the evening. These nocturnal habits
are probably a main consequence
of the major prey activity (Ludlow
and  Sunquist, 1987), because
ocelots” movements are probably
locally fitted to probabilities of prey
encounter (Emmons, 1988; Emmons
et al., 1989). Nocturnal pattern can
be result of an evolutionary factor
as well, in order to avoid the com-
petition/predation of the ocelot with
larger cats, like puma and jaguar,
which display cathemeral, crepus-
cular or diurnal activity patterns
(Gomez et al.,, 2005; Maffei et al.,
2002). This strategy can act as a
resource partitioning, similar to
that observed for the microhabitat
selection by mammal species in the
same area (Goulart et al., 2009).

Camera trapping is being used
frequently to get estimates of home
range size and ranging patterns
of wild animals. However, it is
important to obtain information on
home range size in order to determine
the appropriate camera spacing,
buffer size and total grid size, in
order to tailor the camera-traps to
the local studied populations (Dillon
and Kelly, 2008; Maffei and Noss,
2008). In our study, the effective
sampled area covered all extent of
the reserve and hence results showed
a small population size of ocelots. If
low population levels are a reality
here, this would imply in the ne-
cessity for a larger reserve size for
conservation of a minimum viable
population size of ocelots, and an
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efficient dispersal and immigration
mechanism to connect isolated
populations of this species (Mazzolli,
1993).
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