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Abstract Predation can be an important driver of popu-
lation dynamics but can also pose a dilemma to conserva-
tion managers if the species interacting are of conservation
concern or have a high public profile. For 5 years we
conducted regular transect surveys to monitor the spatial
and temporal patterns of predation of adult marine turtles
by jaguars Panthera onca in Tortuguero National Park,
Costa Rica. Predation occurs throughout the study site on
Tortuguero Beach although at lower rates at the northern
and southern ends, probably because of increased human
presence in these areas. There was a marked increase in
predation, from an average of , 2 turtles predated per
survey in the first season to . 5 predated per survey in the
last, with 676 jaguar-predated marine turtles recorded
during the study period. With a minimum of 189 individuals
predated in the last season, predation of adult turtles has
now reached a magnitude never before recorded in a marine
turtle rookery. Although the nesting population of marine
turtles in Tortuguero is one of the largest in the world and
suffers from both direct and indirect anthropogenic
pressures, the increase in predation by jaguars makes this
ecological interaction relevant to the management of both
the jaguar and marine turtle populations. The situation
could lead to a potential conflict in conservation strategies
that, given the flagship role of the species involved, will need
to be addressed both in the context of species management
and conservation marketing.
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Introduction

As biodiversity faces growing anthropogenic pressures
conservationists increasingly face conflicts between

the management of different species. The resolution of
such conflicts often requires making difficult decisions,

particularly when the species are of conservation concern
and/or have a high media profile (Simberloff, 1998). This is
especially true when it comes to predatory interactions
(Coonan et al., 2005; Gibson, 2006; Pudyatmoko et al., 2007)
that, while involving the death of individuals, are critical in
the dynamics of ecosystems (Heithaus et al., 2008).

Marine turtles and jaguars Panthera onca are widely
recognized as conservation flagship species (Caro et al.,
2004; Eckert & Hemphill, 2005) and large-scale projects
such as Operation Green Turtle (Bjorndal et al., 1999) and
Paseo Pantera (Ceballos et al., 2002) have been developed to
conserve them. All marine turtle species occurring around
the American continent are threatened with extinction, with
the green turtle Chelonia mydas categorized as Endangered
and leatherback Dermochelys coriacea and hawksbill
Eretmochelys imbricata turtles categorized as Critically
Endangered (IUCN, 2011; but see Broderick et al., 2006;
Godfrey & Godley, 2008; Seminoff & Shanker, 2008).
Although heavily affected by a range of natural predators
during their early life stages (Fowler, 1979; Opay, 1998;
Engeman et al., 2005) adult marine turtles have only a
small number of documented regular predators (see
Heithaus et al., 2008, for a review). Together with a lack of
available data this has contributed to the assumption that
predation has little impact on adult turtles (Heithaus et al.,
2008).

Tortuguero National Park in Costa Rica is a globally
important area, hosting one of the largest green turtle
rookeries (Bjorndal et al., 1999), together with nesting
populations of leatherback and hawksbill turtles (Troëng
et al., 2004, 2005). The Park also contains an unknown
number of jaguars. Although categorized globally as Near
Threatened (Caso et al., 2008) jaguar populations in Costa
Rica are considered to be highly threatened (Sanderson
et al., 2002; Salom-Pérez et al., 2007). Despite the absence of
a current estimate of the population Tortuguero National
Park and the adjoining Barra del Colorado Wildlife Refuge
were identified in an expert consultation as a priority Jaguar
Conservation Unit, considered critical for the long-term
survival of the species (Zeller, 2007).

Information on jaguar predation of marine turtles is
sparse and anecdotal, with published records from
Suriname (Autar, 1994) and Costa Rica (Carrillo et al.,
1994; Chinchilla, 1997; Troëng, 2000; Salom-Pérez, 2005).
Nevertheless, this ecological interaction is also reported to
occur in French Guiana (J. Chevalier, pers. comm., in
Troëng, 2000) and Guyana (R. de Freitas, pers. comm.). In
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Tortuguero National Park jaguar predation of marine
turtles has been monitored to varying degrees for over a
decade. Regular turtle track surveys on Tortuguero Beach
began in 1971 (Bjorndal et al., 1999; Troëng & Rankin, 2005)
but prior to 1997 there were only two records of green turtles
being killed by jaguars, in 1981 (Carrillo et al., 1994) and 1984
(J. Mortimer, pers. comm., in Troëng, 2000). In 1997 the
Caribbean Conservation Corporation (now Sea Turtle
Conservancy) recorded four marine turtle mortalities as
jaguar kills (Troëng, 1997). The following nesting season a
minimum of 25 green turtle deaths were attributed to
jaguars (Troëng, 1999).

In 2002 the Costa Rican Ministry of the Environment
and Energy (now Ministry of the Environment, Energy and
Telecommunications) began a study in Tortuguero National
Park, focusing solely on jaguar predation of nesting marine
turtles, which aimed to record not only the total number of
marine turtles killed by jaguars but also, using track surveys,
how jaguar and marine turtles use the beach habitat. After
2003 the study ceased because of a lack of resources. In July
2005 the Ministry invited Global Vision International Costa
Rica to establish a systematic monitoring programme in the
Park based on the discontinued investigations.

In this study we aimed to document the temporal and
spatial trends of jaguar predation of marine turtles in
Tortuguero National Park and highlight potential impli-
cations for the conservation of the species concerned and
the need for similar studies in other locations where their
ranges overlap. We also discuss what challenges a conflict
between two high profile taxa may bring to the use of such
species in campaigns for fundraising and for influencing
people’s behaviour.

Study area

The 72,359 ha Tortuguero National Park, which includes
areas of both land and sea, lies along the north Caribbean
coast of Costa Rica (Bermúdez & Hernández, 2004). It
is managed by Área de Conservación Tortuguero under
the Ministry of the Environment, Energy and Tele-
communications. The rookery at Tortuguero Beach is on a
c. 30 km stretch of coast from the Tortuguero River mouth
in the north to the Jalova River mouth in the south.
Bordering a total of c. 6.2 km of the beach in the north are
several tourist lodges, a small airport for light aircraft and
Tortuguero village, the largest human settlement neigh-
bouring the National Park. This study focuses on the
National Park coastline, which begins at the southern end of
the village and continues for c. 23.8 km to the river mouth at
Jalova (Fig. 1). The study area was divided into 805-m (half-
mile) sections, numbered 1–29 from north to south, along a
length of 23.3 km (14.5miles), which corresponds to the area
with historically high numbers of nesting marine turtles.

The beach within Tortuguero National Park is bordered by
rainforest, with the exception of a small cattle ranch and
coconut farm at the southern end.

Methods

Data collection took place over 176 surveys from July 2005 to
June 2010. Surveys were conducted on foot at c. 3–4 km h−1

along the length of the study area, once per week during
each of the quarterly 9-week research periods per year. Field
teams of 4–6 researchers started at dawn, covering the width
of the beach from the tide line to the vegetation to maximize
detection. The teams recorded presence/absence of jaguars
(i.e. tracks or scats) and marine turtle tracks for each 805-m
section of the study area. In both cases only fresh tracks that
retained sufficient definition to be measured, and therefore
could be identified accurately, were counted.

Upon detecting a turtle carcass teams would cross-
reference against previously recorded data (description,
coordinates, location, estimated time since death) to avoid
double-counting. If the team concluded the carcass had not
been previously recorded it was examined for characteristic
signs of a jaguar kill, such as bite marks to the neck or drag
marks (Aranda Sánchez, 1981). In instances of marine turtle
mortality in which insufficient remains were encountered to
record the relevant data or the evidence indicated that
jaguars were not involved (e.g. cut marks indicating
poaching by humans), information was recorded but
excluded from analysis. The only terrestrial species present
locally that are known to predate adult marine turtles are
jaguars, humans and the American crocodile Crocodylus
acutus, which has a distinctive attack pattern (Ortiz et al.,
1997) and for which there are no local records of predation.
Consequently kills were recorded as jaguar predation when
the evidence was compatible with jaguar predation and
there were no signs of predation by other species.

For each marine turtle carcass determined to be the
result of jaguar predation teams recorded evidence of
predation (photographs, descriptive notes, estimated time
since death), curved carapace length, location, study area
section, vertical position on the beach, location photograph,
and flipper tag numbers (where present) for each individual
turtle. Data on presence/absence of turtles and jaguars were
coded as binary variables. Data on predation events were
coded using the number of individuals killed.

We investigated temporal patterns both among and
within years. To account for differential survey effort we
averaged the results across the number of surveys conducted
during the relevant period. As the study began at the start
of the green turtle nesting season in 2005 (July), the analysis
of the data was considered on an annual basis from 1 July to
30 June, to capture each full year of data.

As we were dealing with count data and small sample
sizes a Poisson generalized linear model was used to
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investigate the spatial and temporal relationships between
predation, presence of turtles, presence of jaguars and, for
spatial scale only, distance to human settlements. To
investigate the temporal trends in jaguar predation of
marine turtles, using presence and predation data, we used
linear regression. All statistical tests were performed using
SPSS v. 18.0 (SPSS, Chicago, USA).

Results

The mean number of surveys per month was three, with 5

months having a single survey and 1 month having seven
surveys. There were no surveys in January 2006, October
2008 and September 2009 because of logistical constraints
or adverse weather. A total of 676 turtles were recorded as
killed by jaguars. All were green turtles except for three
hawsbill turtles and one leatherback turtle. The majority of
the turtles were found lying on their plastron. As
documented by Troëng (2000) individuals seemed to be
killed by a bite to the neck, with only the neck muscles

(and occasionally the area around one of the flippers) eaten
(Plate 1).

Within years turtle presence peaked during the nesting
seasons, as expected (Fig. 2a). Jaguar presence, determined
from prints and scats, was recorded throughout the year,
with the lowest detected presence between July and October,
unexpectedly coinciding with the highest recorded presence
of turtle tracks (Fig. 2a). As expected, analysis of mean
monthly trends for predation, jaguar presence and turtle
presence during the entire study period shows that the
seasonal presence of turtles is the main determinant of
predation (χ1

25 77.95, P, 0.001, df5 1) whereas jaguar
presence was not as important (χ1

25 0.25, P5 0.620,
df5 1).

Analysis of temporal trends among years revealed a
relatively constant jaguar and turtle presence for the last 4
years of the 5-year study period (Fig. 2c). Predation showed
a positive linear increase (R25 0.90, F5 27.092, P5 0.014,
df5 4), with the mean number of turtles found predated
per survey increasing from , 2 in 2005/2006, to . 5 in

FIG. 1 (a) Costa Rica, (b) the
location of Tortuguero
National Park on the north
Caribbean coast, and (c) the 30
numbered study sections (see
text for details) on Tortuguero
Beach.
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FIG. 2 (a) Mean number ± SE of 805-m (half-mile) sections of Tortuguero Beach (Fig. 1) with signs of jaguar Panthera onca and
marine turtle presence per month, (b) mean number ± SE of turtles found killed by jaguars per month, from 1 July 2005 to 30 June
2010, (c) mean number ± SE of 805-m sections with signs of jaguar and turtle presence per year, and (d) mean number ± SE of turtles
killed by jaguars per year. In (c) and (d) the 12 months are from 1 July to 30 June.

(a)

(c)

(b)

(d)
PLATE 1 (a) Green turtle Chelonia mydas and (b) leatherback turtle Dermochelys coriacea, with typical signs of jaguar Panthera onca
predation, and (c, d) camera-trap photographs of jaguars feeding off green turtles. (All photographs GVI Costa Rica).
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2009/2010 (Fig. 2d) and with a total of 189 jaguar-predated
turtles recorded in the final season.

Jaguars and marine turtles were detected throughout the
study area, although detection of presence of both jaguars
and turtles declined at the extreme north and south of the
study area (Fig. 3a). Predation followed the same pattern
(Fig. 3b). Both jaguar presence (χ1

25 36.90, P, 0.001,
df5 1) and increased distance to human settlements
(χ1

25 7.84, P5 0.005, df5 1) were important predictors of
predation by jaguars, with turtle presence less relevant
(χ1

25 0.64, P5 0.425, df5 1). Predated turtles were not
evenly distributed across the width of the beach (χ1

25 9.36,
P, 0.001, df5 2), with a higher proportion found in the
open sand area (44%) and vegetation (37%) as opposed to
the zone between them (14%).

Discussion

In marine turtle biology Tortuguero Beach is one of the
most intensively studied beaches, with monitoring for
marine turtle nesting activity having started in the early
1970s (Bjorndal et al., 1999). This is also the case for the
study of jaguar predation of marine turtles, with incidental
records dating back to the 1980s and regular reporting
beginning in 1997. However, because of substantial
differences in methodology, study period and annual
effort or nesting season, it was not previously possible to
examine trends in predation by jaguars on this beach.

The importance of marine turtles as a prey item

The jaguar’s diet has been extensively studied and the
species is an opportunistic predator of a wide variety of
prey species (Chinchilla, 1997; Taber et al., 1997; Garla et al.,
2001; Polisar et al., 2003). Nonetheless, the level of
predation in Tortuguero National Park suggests a previously
undocumented relationship between marine turtles and
jaguars. Evidence indicates that jaguars are present

throughout the year.With few or nomarine turtles recorded
for 3 months of each year (Fig. 2a) and comparatively little
predation occurring outside the green turtle nesting season
(Fig. 2b), this may indicate that the coastal habitat is of
importance to jaguars in this region for reasons additional
to hunting. Predation of marine turtles may therefore be
opportunistic in those months when the species’ ranges
overlap. However, there was a decrease in jaguar presence
when marine turtle presence was highest (Fig. 2a). This
could be explained by retraction of the jaguar’s range
because of an increase in the availability of other prey types.
However, we believe these results to be an artefact of the low
detectability of jaguar prints during the height of the green
turtle nesting season. The very high density of turtle tracks
are likely to erase and obscure the predator’s signs. This
interpretation is supported by the data for September and
October, when jaguar-predated marine turtles were re-
corded over a wider area than other signs of jaguar presence.

Although the number of jaguars preying on marine
turtles is unknown and there are no studies of the
composition of the diet of jaguars at Tortuguero National
Park, the increasing predation of marine turtles suggests
that their importance as prey is increasing. Predation was
less at the northern and southern ends of the beach (Fig. 3a),
where human disturbance is higher. Any further disturb-
ance or encroachment could not only diminish the available
jaguar habitat but could also limit jaguar access to an
important prey item. To establish the ecological significance
of this interaction it would be valuable to estimate the size
of the jaguar population of Tortuguero National Park and
the proportion of their diet made up by marine turtles
(Salom-Pérez, 2005).

Predation by jaguars as a potential threat to marine
turtles

Adult mortality of long-lived, large-bodied animals such as
marine turtles can have profound ecological impacts

FIG. 3 (a) Mean number ± SE of signs of jaguar and turtle presence, and (b) mean number ± SE of turtles killed by jaguars, per 805-m
(half-mile) section of Tortuguero Beach (Fig. 1), from 1 July 2005 to 30 June 2010.
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(Heithaus et al., 2008), especially in populations simul-
taneously affected by anthropogenic factors. The impact of
jaguar predation has nevertheless been previously over-
looked on Tortuguero Beach because of the large number of
marine turtles that nest there (Troëng, 2000; de Haro &
Troëng, 2005; de Haro & Harrison, 2006) and the large
numbers of adult marine turtles harvested from the
population by people, particularly in the Nicaraguan feeding
grounds (Campbell & Lagueux, 2005). Whilst the current
predation levels do not appear to be the most immediate
threat to the Tortuguero rookery, it is not possible to dismiss
the potential impact as insignificant given the total number
of adult turtles predated and the annual increase since our
study began (Fig. 2d). However, presence/absence data may
be too coarse to examine how predation is affected by
changes in annual abundance of nesting marine turtles.
Nonetheless, given the wide non-linear variation in the
estimated numbers of turtles nesting during the study
period (Atkinson et al., 2009, 2010) we are confident that the
increase in predation is unrelated to the availability of
nesting turtles. Jaguar predation should therefore rank
alongside, if not higher than, other documented threats. For
example, feral domestic dogs predated 119 nests in the study
area in 2007 (Nolasco et al., 2007) and have been the target
of conservation measures locally since 1977 (Fowler, 1979;
Atkinson et al., 2009). Given the low hatching rate
and hatchling survivorship of green turtles in Tortuguero
(Fowler, 1979; Bjorndal, 1980) nest predation is likely to have
fewer implications for the management of the rookery
than the increasing numbers of adult female turtles lost to
jaguars.

Jaguars are known to predate four species of marine
turtle (Autar, 1994): green, leatherback, hawksbill and olive
ridley Lepidochelys olivacea, all of which are globally
threatened (IUCN, 2011). To examine how widespread this
ecological interaction is further studies need to be
undertaken where the range of the jaguar overlaps with
that of these species.

When flagship species clash

Conservation campaigns for behaviour change and to raise
funds have long relied on flagship species to engage their
target stakeholders (Smith et al., 2011; Veríssimo et al., 2011).
This approach has limitations when one high profile taxon,
such as the jaguar, becomes a potential threat to other high
profile taxa, such as marine turtles (Simberloff, 1998). In
such a case it is important to manage not only the ecological
and behavioural interactions between these species but
also the relationships between stakeholders such as local
communities, conservation organizations and foreign
donors. Management strategies need to take into account
the human context and be effectively communicated to all

relevant stakeholders. This would not only avoid conflicts
between those working to conserve different taxa but also
avoid conflicts between local stakeholders and those using
jaguars and sea turtles as flagship species for conservation.
Such conflicts have already occurred in some places where
marine turtle densities have increased markedly (Balazs
et al., 1993; Lal et al., 2010). Conservationists need therefore
to be aware of the potential trade-offs involved in the use
of flagship species to market biodiversity conservation
(Smith et al., 2011; Veríssimo et al., 2011) and to recognize
the importance of establishing relationships with their
target stakeholders through, for example, the use of social
marketing principles (Veríssimo et al., 2011).

Conclusions

The responsible authorities in Costa Rica may soon be faced
with a management dilemma. On the one hand the
predation of Endangered and Critically Endangered species
of marine turtles by jaguars is increasing and it is unclear as
to the level at which it will stabilize. On the other hand the
degree to which marine turtles are of importance in the diet
of the Near Threatened jaguar in and around Tortuguero
National Park is unknown. Improved understanding of
these issues will be required for appropriate management of
the marine turtles and the jaguar. It has been hypothesized
that the increase in turtle predation is driven by destruction
and fragmentation of the jaguar’s habitat (Troëng, 2000) as
a result of human activities around the National Park and in
its buffer zone. Management of this predator–prey relation-
ship may therefore need to take into consideration not only
the terrestrial and marine components of the Park but also
areas beyond its borders.
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