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Abstract: The jaguar Panthera onca is threatened throughout its range and categorized as Near
Threatened on the IUCN Red List. To inform conservation of the jaguar population in Corcovado
National Park, Costa Rica, population size was estimated using data from a 3-month camera trap
study. Individuals were identified from their coat patterns. The resulting density estimate of 6.98 +/-
SD 2.36 individuals per 100 km2 was lower than expected. The sex ratio was 1.33 males per female,
and the minimum home ranges of two males were 25.64 and 6.57 km2. Hunting pressure on jaguar
and white-lipped peccaries Tayassu pecari, the jaguar's main prey in the Park, may be responsible for
the low jaguar density as space does not seem to be a limiting factor. The numbers of females may
have been underestimated because of sampling bias and therefore the sex ratio obtained in this and
similar studies must be interpreted cautiously. Better protection of the corridor that connects the Park
with other protected areas is essential to guarantee long-term survival of the jaguar in Costa Rica.
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Abstract The jaguar Panthera onca is threatened
throughout its range and categorized as Near Threat-
ened on the IUCN Red List. To inform conservation of
the jaguar population in Corcovado National Park,
Costa Rica, population size was estimated using data
from a 3-month camera trap study. Individuals were
identified from their coat patterns. The resulting density
estimate of 6.98 + SD 2.36 individuals per 100 km? was
lower than expected. The sex ratio was 1.33 males per
female, and the minimum home ranges of two males
were 25.64 and 6.57 km®. Hunting pressure on jaguar
and white-lipped peccaries Tayassu pecari, the jaguar’s

main prey in the Park, may be responsible for the low
jaguar density as space does not seem to be a limiting
factor. The numbers of females may have been under-
estimated because of sampling bias and therefore the sex
ratio obtained in this and similar studies must be
interpreted cautiously. Better protection of the corridor
that connects the Park with other protected areas is
essential to guarantee long-term survival of the jaguar in
Costa Rica.
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Introduction

Jaguar Panthera onca, categorized as Near Threatened on
the IUCN Red List (IUCN, 2006), are found throughout
the Americas, ranging from northern Mexico to south-
ern Argentina (Seymour, 1989; Sanderson et al., 2002b).
There has, however, been a decrease in the number of
their prey and increased fragmentation of their natural
habitat, and so-called problem jaguars accused of
preying on livestock have been killed (Swank & Teer,
1989; Emmons, 1990; Saenz & Carrillo, 2002; Sanderson
et al., 2002b). Only 4% of the most important areas
for jaguar are currently being protected effectively
(Sanderson et al., 2002b) and Costa Rica is one of the
countries where, because of habitat loss and hunting,
the jaguar is most threatened (Swank & Teer, 1989;
Sanderson et al., 2002a). Although forested areas large
enough to support 500 or more jaguars may no longer
exist in Central America (Emmons, 1990; Ceballos et al.,
2002; Maffei et al., 2004) connections between popula-
tions living in distinct areas could help to guarantee the
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survival of the species in the long term (Shaffer, 1989;
Swank & Teer, 1991).

Camera traps have been used to estimate populations
of tiger Panthera tigris in India (Karanth & Nichols, 2000;
Carbone et al., 2001) and are also now being used
with jaguar and other felids in the Neotropics (Trélle &
Kéry, 2003; Sarmiento, 2004; Silver et al.,, 2004). The
present study is one of the first investigations in
Central America to use this methodology for jaguar.
Our objective was to estimate the population size and
examine the conservation status of jaguar in Corcovado
National Park.

Study site

The 425 km? Corcovado National Park on the Osa
Peninsula of the Pacific coast of Costa Rica borders the
Guaymi Indigenous Reserve and the Golfo Dulce Forest
Reserve. A portion of the latter forms a corridor that
connects the Park with Piedras Blancas National Park
and Golfito National Wildlife Refuge (Fig. 1). The
altitude of the Park is 0-745 m, annual maximum and
minimum temperatures for the nearest weather station
are 31.7 and 22.1°C, respectively, and mean precipitation
is 4,656.5 + SD 43.8 mm, one of the highest in Costa
Rica. The Park has a rich and diverse flora and fauna
and a relatively large number of endemic species
(Hartshorn, 1983; Soto, 1994; Naranjo, 1995). This and
other forests on the Osa Peninsula are the last of
the tropical rainforests on the Pacific side of Central
America (Hartshorn, 1983).
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Fig. 1 Protected areas of the Osa Peninsula, Costa Rica, with perimeter and buffer areas (see text for details) and location of the camera-trap
stations (numbered) used to estimate the jaguar population within Corcovado National Park (in light grey).The inset shows the location of

the Osa Peninsula in Costa Rica.

Methods

A pilot project was carried out in Corcovado National
Park from August 2002 to January 2003 with five camera
trap stations, each with two cameras sensitive to heat
and motion (CamTrakker, Watkinsville, USA). The data
from this was not used to determine jaguar population
size but was used for other calculations (as explained
below). For the full study 12 trap stations, each also with
two cameras, were run from 19 January to 18 April 2003.
Because of robbery or failure of the cameras we were
only able to use the information from 11 stations. We
divided the trap stations into two blocks to be able to use
only the days in which all trap stations were active
continuously in each block. Block 1 consisted of traps
1-6 (data collected 21 January-22 February) and Block
2 of traps 7-11 (data collected 23 February—27 March).
Based on a previous radio telemetry study the
minimum home range for a female jaguar in the Park
is 12 km? (Carrillo, 2000) and therefore we placed at least
one trap station in every 12 km? circular area to ensure
that all individuals had a probability >0.0 of being
photographed. The two cameras at each trap were

focused at the same spot but not at each other, to avoid
flash interference, and were 0.5 m above the ground and
2-4 m from the centre of the trail. The cameras were
active 24 hours per day and the minimum interval
between photographic events was set to 25 minutes.

Trap stations were located in areas where signs of
felid or other mammal activity had been observed
(based on photos from the pilot project, faeces and
tracks). The cameras were checked c. every 15 days to
change film and ensure they were functioning correctly.
Every photograph obtained of a jaguar in a sampling
occasion is equivalent to one capture. Photos of the same
individual in successive sampling occasions were
considered recaptures. Individuals were identified by
their fur pattern, which is unique to each jaguar (Silver
et al., 2004).

The area covered by the study was calculated by
drawing a polygon, which we refer to as the perimeter
area, whose vertices were formed by the outermost trap
stations. A buffer area was added to the polygon in the
form of a band to determine the total area covered by
the study (Fig. 1). The width of this band was half of the
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Table 1 Maximum distance moved (MDM) by 10 jaguars in Corcovado National Park. These distances were used in the calculation of the

total area covered by the study (see text for further details).

Jaguar MDM (km) Gender Source

jm1 3.17 Male This study

jm2 5.21 Male This study

jm3 3.81 Male This study

jhl 0 Female This study

rjml 3.1 Male Radio telemetry (E. Carrillo, unpubl. data)
rjm2 52 Male Radio telemetry (E. Carrillo, unpubl. data)
rjhl 2.8 Female Radio telemetry (E. Carrillo, unpubl. data)
rjh2 3.7 Female Radio telemetry (E Carrillo, unpubl. data)
rjh3 3.3 Female Radio telemetry (E. Carrillo, unpubl. data)
rjh4 45 Female Radio telemetry (E. Carrillo, unpubl. data)

mean maximum distance moved (MMDM) by indivi-
duals photographed more than once during the 3-month
study period (Wilson & Anderson, 1985; Karanth &
Nichols, 1998). To improve the calculation of MMDM
we also used the maximum distance moved by six
jaguars monitored in the Park with radio telemetry
during January-March of 1996-98 (E. Carrillo, unpubl.
data; Table 1).

To estimate the jaguar population and the average
probability of a capture per sampling occasion (P) we
used the software CAPTURE (Otis et al., 1978; Rexstad &
Burnham, 1991; Karanth & Nichols, 1998). One of the
assumptions of CAPTURE is that the study population is
closed, i.e. individuals do not enter or leave the area. We
considered the study period of 3 months short enough to
be certain that this assumption held. Nevertheless,
CAPTURE also tests for closure. Every sampling occasion
was set to 3 days. Because of differences in mobility
between male and female and between adult and juvenile
jaguar it cannot be assumed that there is no variation in
the probability of capture of individuals. We therefore
used the heterogeneity estimator in CAPTURE. The
population estimate and the size of the study area were
used to calculate jaguar density.

To determine the sex ratio, activity patterns, and the
minimum home range of jaguar we used data from this
3-month study, the pilot project, and a parallel study of
sea turtle predation by jaguar carried out within the
limits of the study area (September 2002-June 2003;
Salom-Pérez, 2005). Minimum home ranges were esti-
mated as the minimum convex polygon. To calculate the
perimeter and buffer areas we used the geographical
information system ArcView v. 3.2 (ESRI, Redlands,
California). Distances between trap stations were
obtained using a global positioning system.

Results

Average distance between consecutive trap stations was
2.75 + SD 0.67 km (range 1.10 — 3.64 km), i.e. there was
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no area >10.41 km? without a camera (mean of one
camera per 7.82 km? Fig. 1). In a total of 363 trap nights
four individual jaguars were photographed (Table 2).
The total number of captures (including recaptures)
used for the population estimate was seven, and P was
0.11. The closure test of CAPTURE indicated that the
population was closed (z = 2.13, P = 0.98) and the
population estimate was 6.0 + SE 1.96 individuals (95%
confidence interval 5-14). All four jaguars photographed
were recaptured during the 3-month study period
(Table 2). The MMDM used to calculate the buffer area
was 3.48 + SD 0.47 km. The total area (perimeter area of
29.46 km? + buffer area of 56.55 km?) studied was 86.02

Table 2 Camera-trap capture history of jaguars in Corcovado
National Park, 2002-2003.

Jaguar® Date Time Trap station*
Jm1 8/9/2002 0.35 Pilot study 5
Jm1 3/10/2002 23.38 Pilot study 4
Jm1 23/2/2003 7.49 10

Jm1 25/3/2003 4.20 10

Jm1 6/4/2003 17.42 8

Jm2 13/9/2002 22.38 Pilot study 1
Jm2 26/1/2003 8.14 4

Jm2 4/2/2003 2.52 1

Jm2 14/2/2003 23.42 4

Jm2 18/4/2003 4.24 4

Jm2 18/4/2003 5.31 3

Jm3 14/3/2003 1.57 7

Jm3 9/4/2003 15.07 10

Jm4 22/8/2002 19.55 Pilot study 3
Jhi 8/3/2003 10.58 8

Jhi 18/4/2003 9.19 8

Jh2 14-16/10/2002 Turtle study 3
Jh2 10/11/2002 21.44 Turtle study 5
Jh3 2/9/2002 Turtle study 2

'Only the records in italics were used for the population estimate
(see text for further details).

’In this study (see numbered locations in Fig. 1) and in an earlier
pilot study and a study of jaguar predation of turtles (see text for
details)
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+ SD 7.75 km? (Fig. 1), giving a jaguar density of 6.98 +
SD 2.36 individuals per 100 km?.

In the pilot project and the parallel study of jaguar
predation on turtles two additional female (jh2 and jh3)
and one juvenile male (jm4) jaguar were photographed
(Table 2). The total of seven jaguars therefore gave a
1.33 male/female sex ratio. Of the 17 photographs in
which the time could be clearly determined, 11 (64.7%)
were during the night (18.00-6.00) and the others
(35.3%) during the day (6.00-18.00; Table 2). Mean home
range could only be determined for the two jaguars,
both males (jml and jm?2), that were photographed
at >two trap stations: 25.64 km> (jml, 6 captures) and
6.57 km® (jm2, 6 captures).

Discussion

Although we only photographed four jaguars during
the 3 months of the study we know that there were at
least three more jaguars present (Table 2). In Bolivia
Wallace et al. (2003) and Maffei et al. (2004) also captured
different individuals while performing consecutive
studies in the same area within <1 year. It is possible
that several jaguars share an area but at different
times. Presumably they detect other individuals by
the presence of faeces or other sign and move to other
parts of their home ranges (Rabinowitz & Nottingham,
1986). The occurrence of a localized resource (marine
turtles) that are relatively easy to predate could explain
this convergence of home ranges, at least for jaguars
captured near the beach.

The density of jaguar calculated in this study (6.98 +
SD 2.36 per 100 km?) is higher than that reported in a
number of other localities in South America and Mexico
(0.45-5.23 per 100 km? Schaller & Crawshaw, 1980;
Quigley & Schaller, 1988; Aranda, 1991; Nufiez et al.,
2002; Wallace et al., 2003; Maffei et al., 2004; Silver et al.,
2004), but similar to that determined from a 3-year radio
telemetry study of jaguar in Calakmul, Mexico (Ceballos
et al., 2002), and similar to or less than that determined
from camera-trap studies (Silver et al., 2004) in Cerro
Cortado, Bolivia (5.11 + 2.10 per 100 km?) and in two
sites in Belize (8.80 + 2.25 per 100 km? and 7.48 + 2.74
per 100 km?). The jaguar density in Corcovado National
Park was, however, lower than we expected. It was
previously thought that, because of the abundance of
prey and high habitat quality, the Park had the highest
density of jaguar in Costa Rica, and that the density was
greater than that found in Belize (E. Carrillo, pers. obs.).
As our study only encompassed 20% of the Park it is
possible that we underestimated density. However, the
similarity of the maximum distance moved by jaguars
monitored with radio telemetry (E. Carrillo, unpubl.
data) and in this camera-trap study suggest that the

movement patterns reported here, and hence our
estimate of density, are relatively accurate.

As an individual jaguar’s range is usually not
exclusive (e.g. male jaguar jm1 shared his home range
with male jm3 and female jh4) it is likely that Corcovado
National Park could accommodate a greater density
than that estimated (Schaller & Crawshaw, 1980;
Quigley & Schaller, 1988; Nufez et al., 2002; Maffei
et al., 2004). As space does not appear to be a limiting
factor it is possible that food supply is limiting jaguar
density in the Park. This is supported by the fact that in
the past few years hunting has caused a considerable
decrease in the numbers of white-lipped peccaries
Tayassu pecari, the primary prey of the jaguar in the
Park (E. Carrillo, unpubl. data; Chinchilla, 1994; Carrillo,
2000). Jaguar activity depends mainly on the prey being
hunted (Carrillo, 2000) and as c. 65% of the jaguar
photographs were taken during the night this suggests
they were probably searching for alternative, nocturnal
prey such as marine turtles.

The limitations of our data do not allow us to
confidently extrapolate our density estimate to the
whole of Corcovado National Park. However, if jaguar
occur at a similar density throughout the Park the total
population would be c. 30 individuals, and even if the
Park could support the maximum density reported for
the species in Central America (8.80 + 2.25 per 100 km?;
Silver et al., 2004) it would contain no more than 50
jaguars. If this population is reproductively isolated its
survival is threatened as it probably does not contain
sufficient individuals for a minimum viable population
(Eizirik et al., 2002). However, jaguars killed in areas
surrounding the Park and individuals photographed in
the corridor that connects the Park with Piedras Blancas
National Park and Golfito National Wildlife Refuge
(E. Carrillo, unpubl. data), are evidence that there is
probably movement of jaguars between the Park and
other protected areas. This indicates the importance of
upgrading the management level of Golfo Dulce Forest
Reserve, or at least a part of it, because a National Park
in Costa Rica provides better protection to large and
medium size mammals than that given by a Forest
Reserve (Carrillo et al., 2000).

As in other camera-trap studies of jaguar a greater
number of males were captured than females (Wallace
et al., 2003; Silver et al., 2004). The number of females
could, however, have been underestimated because
females have smaller territories and move less than the
males, and therefore have fewer opportunities to be
captured. In addition, females are known to be more
timid than males and are more likely to avoid walking
on man-made trails; six of the 12 trap stations were
located on man-made trails. Two females were photo-
graphed on the beach preying on turtles (jh2 and jh3, on
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two and one occasions, respectively) and one was
photographed on a game trail (jhl, on two occasions),
but none of these individuals were photographed on
man-made trails.

The use of camera traps allows the calculation of more
accurate population estimates of felids and other
animals than earlier methods based on indirect signs
(Mondolfi & Hoogesteijn, 1991; Smallwood & Fitzhugh,
1993; Cutler & Swann, 1999; Grigione et al., 1999; Silveira
et al., 2003; Troélle & Kéry, 2003). Radio telemetry has
also been used to obtain data on home range size and
densities but, in addition to being expensive, has
problems related to topography, forest cover, data
collection and animal health (because of capture and
sedation; Rabinowitz & Nottingham, 1986; Mondolfi
& Hoogesteijn, 1991; Carrillo et al., 2000). However,
cameras are expensive (USD 90-400 per camera, plus the
price of the film and developing), must be checked
frequently, may be stolen, and may malfunction,
especially in extremely humid conditions (R. Salom-
Pérez, pers. obs.; Maffei et al., 2004; Silver ef al., 2004).

Our results emphasize the need to safeguard corridors
that connect protected areas in Costa Rica. Such
protection could include the possibility of modifying
the management categories of such prioritized areas. In
addition, more rigorous control of hunting and an
increase in environmental education in the communi-
ties neighbouring the protected areas are required.
Currently, RS-P, EC and others from various state
universities and the National Institute of Biodiversity
are carrying out investigations to facilitate delineation of
the corridor between Corcovado and Piedras National
Parks. Other governmental and non-governmental
organizations are resolving matters regarding land
possession, providing environmental education, and
supporting sustainable development programmes for
the area.

Acknowledgments

We thank Scott Silver for his guidance and valuable
comments. In addition we thank Daniela Araya, Juan de
Dios Valdez, Alexander Gémez, Alfonso Chamorro,
Carolina Orta, Nereyda Estrada, Marcela Fernandez,
Rebeca Chaverri, Martin Zeilbauer, Coral Pacheco,
Eduardo Toral, Franklin Castafieda, Charles Foerester,
Rausel Sarmiento and the 14th promotion of PRMVS-
UNA for their invaluable help and companionship in
the field, the staff at Corcovado National Park for their
support and for sharing their facilities, Jose Pablo
Carvajal for his assistance with the maps, and Meg
Harper for translating this document. We thank the
Wildlife Conservation Society, Corcovado National
Park, the University of Costa Rica and the National

© 2007 FFI, Oryx, 41(1), 51-56

Jaguar in Corcovado, Costa Rica

University of Costa Rica for their support, and Gerardo
Umana, Marcella Kelly and an anonymous reviewer for
their comments.

References

Aranda, .M. (1991) El jaguar (Panthera onca) en la Reserva
Calakmul, México: morfologia, habitos alimentarios y
densidad de poblacion. In Felinos de Venezuela: Biologia,
Ecologia y Conservacién, pp. 235-274. Fudeci, Caracas,
Venezuela.

Carbone, C., Christie, S., Conforti, K., Coulson, T., Franklin, N.,
Ginsberg, J.R., Griffiths, M., Holden, J., Kawanishi, K.,
Kinnaird, M., Laidlaw, R., Lynam, A., Macdonald, D.W.,
Martyr, D., McDougal, C., Nath, L., O’Brien, T., Seidensticker,
J., Smith, D.J.L., Sunquist, M., Tilson, R. & Wan Shahruddin,
W.N. (2001) The use of photographic rates to estimate
densities of tigers and other cryptic mammals. Animal
Conservation, 4, 75-79.

Carrillo, E. (2000) Ecology and conservation of white-lipped peccaries
and jaguars in Corcovado National Park, Costa Rica. PhD thesis,
University of Massachusetts, Massachusetts, USA.

Carrillo, E., Wong, G. & Cuarén, A.D. (2000) Monitoring
mammal populations in Costa Rican protected areas under
different hunting restrictions. Conservation Biology, 14,
1580-1591.

Ceballos, G., Chavez, C., Rivera, A., Manterota, C. & Wall, B.
(2002) Tamafio poblacional y conservacién del jaguar en la
reserva de la biosfera Calakmul, Campeche, México. In El
jaguar en el nuevo milenio (eds R.A. Medellin, C. Equihua,
C.L.B. Chetkiewicz, P.G. Crawshaw, A. Rabinowitz, K.H.
Redford, J.G. Robinson, E.W. Sanderson & A.B. Taber),
pp- 403-418. Universidad Nacional Auténoma de México
& Wildlife Conservation Society, Mexico D.F., Mexico.

Chinchilla, F. (1994) La dieta del jaguar (Panthera onca), el puma
(Felis concolor) y el manigordo (Felis pardalis) (Carnivora:
Felidae) y dos métodos de evaluacion de su abundancia relativa en el
Parque Nacional Corcovado, Costa Rica. MSc thesis, Universidad
Nacional, Heredia, Costa Rica.

Cutler, T.L. & Swann, D.E. (1999) Using remote photography in
wildlife ecology: a review. Wildlife Society Bulletin, 27,
571-581.

Eizirik, E., Indrusiak, C.L. & Johnson, W.E. (2002) Analisis de la
viabilidad de las poblaciones de jaguar: evaluacion de
parametros y estudios de caso en tres poblaciones
remanentes del sur de Sudamérica. In E! jaguar en el nuevo
milenio (eds R.A. Medellin, C. Equihua, C.L.B. Chetkiewicz,
P.G. Crawshaw, A. Rabinowitz, K.H. Redford, J.G. Robinson,
E.W. Sanderson & A.B. Taber), pp. 501-518. Universidad
Nacional Auténoma de México & Wildlife Conservation
Society, Mexico D.F., Mexico.

Emmons, L.H. (1990) Neotropical Rainforest Mammals: A Field
Guide. University of Chicago, Chicago, USA.

Grigione, M.M., Burman, P., Bleich, V.C. & Pierce, B.M. (1999)
Identifying individual mountain lions Felis concolor by their
tracks: refinement of an innovative technique. Biological
Conservation, 88, 25-32.

Hartshorn, G. (1983) Plants. In Costa Rican Natural History (ed.
D.H. Janzen), pp. 118-157. University of Chicago, Chicago,
USA.

IUCN (2006) 2006 ILICN Red List of Threatened Species. IUCN,
Gland, Switzerland [http://www.redlist.org, accessed 18
January 2006].

55



56

R. Salom-Pérez et al.

Karanth, K.U. & Nichols, J.D. (1998) Estimation of tiger
densities in India using photographic captures and
recaptures. Ecology, 79, 2852-2862.

Karanth, K.U. & Nichols, J.D. (2000) Ecological Status and
Conservation of Tigers in India. Final Technical Report.
Unpublished Report, Centre for Wildlife Studies, Bangalore,
India.

Maffei, L., Cuéllar, E. & Noss, A. (2004) One thousand jaguars
(Panthera onca) in Bolivia’s Chaco? Camera trapping in the
Kaa-Iya National Park. The Zoological Society of London, 262,
295-304.

Mondolfi, E. & Hoogesteijn, R. (1991) Investigaciones para el
manejo de poblaciones de jaguar. In Felinos de Venezuela:
Biologia, Ecologia y Conservacion, pp. 75-82. Fudeci, Caracas,
Venezuela.

Naranjo, E.J. (1995) Abundancia y uso de habitat del tapir
(Tapirus bairdii) en un Bosque Tropical Himedo de Costa
Rica. Vida Silvestre Neotropical, 4, 20-31.

Nufiez, R., Miller, B. & Lindzey, F. (2002) Ecologia del jaguar en
la reserva de la biosfera Chamela-Cuixmala, Jalisco, México.
In El jaguar en el nuevo milenio (eds R.A. Medellin, C. Equihua,
C.L.B. Chetkiewicz, P.G. Crawshaw, A. Rabinowitz, K.H.
Redford, J.G. Robinson, E.W. Sanderson & A.B. Taber), pp.
107-126. Universidad Nacional Auténoma de México &
Wildlife Conservation Society, Mexico D.F., Mexico.

Otis, D.L., Burnham, K.P., White, G.C. & Anderson, D.R. (1978)
Statistical inference from capture data on closed animal
populations. Wildlife Monographs, 62, 1-135.

Quigley, H.B. & Schaller, G.B. (1988) Ecology and Conservation of
the Jaguar in the Pantanal Region of Brazil. National Geographic
Society, Washington, DC, USA.

Rabinowitz, A.R. & Nottingham, B.G. (1986) Ecology and
behaviour of the jaguar (Panthera onca) in Belize, Central
America. Journal of Zoology, 210, 149-159.

Rexstad, E. & Burnham, K.P. (1991) User’s Guide for Interactive
Program Capture. Abundance Estimation of Closed Populations.
Http:/ /www.mbr-pwrc.usgs.gov/software.html [accessed
20 June 2005].

Saenz, ].C. & Carrillo, E. (2002) Jaguares depredadores de
ganado en Costa Rica: jun problema sin solucién? In El jaguar
en el nuevo milenio (eds R.A. Medellin, C. Equihua, C.L.B.
Chetkiewicz, P.G. Crawshaw, A. Rabinowitz, K.H. Redford,
J.G. Robinson, E.W. Sanderson & A.B. Taber), pp. 127-138.
Universidad Nacional Auténoma de México & Wildlife
Conservation Society, Mexico D.F., Mexico.

Salom-Pérez, R. (2005) Ecologia del jaguar (Panthera onca) y del
manigordo (Leopardus pardalis) (Carnivora: Felidae) en el
Parque Nacional Corcovado, Costa Rica. MSc thesis, Universidad
de Costa Rica, San José, Costa Rica.

Sanderson, E.W., Chetkiewicz, C.L.B., Medellin, R.A.,
Rabinowitz, A., Redford, K.H., Robinson, J.G. & Taber, A.B.
(2002a) Prioridades geograficas para la conservacion del
jaguar. In El jaguar en el nuevo milenio (eds R.A. Medellin, C.
Equihua, C.L.B. Chetkiewicz, P.G. Crawshaw, A. Rabinowitz,
K.H. Redford, J.G. Robinson, E.W. Sanderson & A.B. Taber),
pp. 601-627. Universidad Nacional Auténoma de México &
Wildlife Conservation Society, Mexico D.F., Mexico.

Sanderson, E-W., Chetkiewicz, C.L.B., Medellin, R.A.,
Rabinowitz, A., Redford, K.H., Robinson, J.G. & Taber, A.B.
(2002b) Un analisis geografico del estado de conservacion y

distribucién de los jaguares a través de su drea de
distribucion. In El jaguar en el nuevo milenio (eds R.A.
Medellin, C. Equihua, C.L.B. Chetkiewicz, P.G. Crawshaw, A.

Rabinowitz, K.H. Redford, J.G. Robinson, E.W. Sanderson &
A.B. Taber), pp. 551-600. Universidad Nacional Auténoma
de México & Wildlife Conservation Society, Mexico D.F.,
Mexico.

Sarmiento, R. (2004) Métodos de estimacion poblacional del jaguar
(Panthera onca), Parque Nacional Corcovado, Costa Rica. MSc
thesis, Universidad Nacional, Heredia, Costa Rica.

Schaller, G.B. & Crawshaw, P.G. (1980) Movement patterns of
jaguar. Biotropica, 12, 161-166.

Seymour, K.L. (1989) Panthera onca. Mammalian Species, 340, 1-9.

Shaffer, M. (1989) Minimum viable populations: coping with
uncertainty. In Viable Populations for Conservation (ed. MLE.
Soulé), pp. 69-86. Cambridge University Press, Cambridge,
UK.

Silveira, L., Jacomo, A.T.A. & Diniz-Filho, J.A.F. (2003) Camera
trap, line transect census and track surveys: a comparative
evaluation. Biological Conservation, 114, 351-355.

Silver, S.C., Ostro, L.E., Marsh, L.K., Maffei, L., Noss, A.]., Kelly,
M.J., Wallace, R.B., Gémez, H. & Ayala, G. (2004) The use of
camera traps for estimating jaguar Panthera onca abundance
and density using capture/recapture analysis. Oryx, 38, 1-7.

Smallwood, K.S. & Fitzhugh, E.L. (1993) A rigorous technique
for identifying individual mountain lions Felis concolor by
their tracks. Biological Conservation, 65, 51-59.

Soto, R. (1994) Informe de humedales de la Peninsula de Osa, Costa
Rica. Fundacién Neotrépica, San José, Costa Rica.

Swank, W.G. & Teer, J.G. (1989) Status of the jaguar. Oryx, 23,
14-21.

Swank, W.G. & Teer, ].G. (1991) A proposed program for
sustained jaguar populations. In Felinos de Venezuela: biologia,
ecologia y conservacion, pp. 95-106. Fudeci, Caracas,
Venezuela.

Trolle, M. & Kéry, M. (2003) Estimation of ocelot density in the
Pantanal using capture-recapture analysis of camera-
trapping data. Journal of Mammalogy, 84, 607-614.

Wallace, R.B., Gémez, H., Ayala, G. & Espinoza, F. (2003)
Camera trapping for jaguar (Panthera onca) in the Tuichi
Valley, Bolivia. Mastozoologia Neotropical, 10, 133-139.

Wilson, K.R. & Anderson, D.R. (1985) Evaluation of two density
estimators of small mammal population size. Journal of
Mammalogy, 66, 13-21.

Biographical sketches

This study was a part of Roberto Salom-Pérez’s MSc thesis at
the University of Costa Rica, which included a population
estimate for ocelots and investigation of the predator/prey
relationship between jaguars and marine turtles. This
research was also part of the Jaguar Conservation Program
(JCP) of the Wildlife Conservation Society, which began in
1999 with the objective of reversing jaguar decline through-
out its range. Eduardo Carrillo is a professor at the Wildlife
and Management Institute (IMVS) of the National University
in Costa Rica and the coordinator for the JCP of Mesoamerica.
As part of the JCP Roberto Salom-Pérez and Eduardo Carrillo
are now carrying out a camera-trap based investigation to
help delineate the corridor in Golfo Dulce Forest Reserve,
using spider monkey Ateles geoffroyi and large felids as key
species. José M. Mora is a professor at the University of Costa
Rica and has carried out research focused on mammals and
reptiles. Joel C. Sdenz is the director of IMVS and carries out
research on habitat fragmentation.

© 2007 FFI, Oryx, 41(1), 51-56





