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Abstract The jaguar Panthera onca requires large areas of
relatively intact habitats containing adequate amounts of
prey to survive. Since a substantial portion of jaguar range
occurs outside of strict protected areas, there is a need for
economic incentives for habitat conservation, which
carefully managed selective logging can provide. Forest
Stewardship Council and Pan European Forest Council
certifications intended to regulate wood extraction to
maintain the ecological functions of forests require
evidence of biodiversity and ecosystem conservation. We
draw on twelve surveys across four countries and a range
of biomes to present evidence that adequate logging
management can maintain jaguar populations, but that
they are at risk without efficient control of secondary
impacts of access and hunting. Where resident, the
presence of jaguars can serve as an indication that the
ecological requirements of certified timber extraction are
being met. We present a gradient of rigor for monitoring,
recommending cost-effective options.

Keywords Certified timber extraction �
Forest Stewardship Council certification � Jaguars �
Pan European Forest Council certification �
Selective logging

INTRODUCTION

The jaguar (Panthera onca) now occupies 47% of its his-
toric range (Zeller 2007). Large areas of relatively intact
habitats containing adequate amounts of suitable prey are
requisites for viable jaguar populations over the long-term.
Since a substantial portion of jaguar range occurs outside
of strict protected areas, and even they do not always
control against hunting and encroachment, there is a need

to additional incentives and tools for carefully managed
selective logging of valuable hardwoods and ecotourism
can provide (Hill and Hill 2011; Salvador et al. 2011).

Extraction of tropical hardwoods has often been viewed
as a threat to biodiversity and forest conservation. How-
ever, best practices have been developed for reduced-im-
pact selective logging and minimal environmental
damages. Considering high deforestation rates throughout
the Neotropics in almost all accessible locales where for-
ests do not have an explicit value, timber extraction that
generates revenue while leaving most ecological charac-
teristics of a forest intact can be viewed as beneficial for
conservation (Putz et al. 2008; Guariguata et al. 2010;
Radachowsky et al. 2012; Hodgdon et al. 2015) and a land
use that complements areas set aside for strict preservation
(Robinson 1993; Fimbel et al. 2001; Marcot et al. 2001;
Giam et al. 2011).

Certified hardwood extraction requires evidence of
biodiversity and ecosystem conservation. Forest Steward-
ship Council (FSC) and Pan European Forest Council
(PEFC) certifications are intended to regulate forest man-
agement and extraction to maintain ecological functions of
the forest while ensuring sustainable economic benefits.
The Forest Stewardship Council has developed principles
and criteria to guide forest management which include
social, economic, and environmental considerations, with
attention to conservation of species and natural processes
in managed forests, and promoting opportunities into the
global market for forestry products under FSC certificates
(FSC 2013a, b; WWF 2014; FSC 2015a, b).

Economic income from environmentally compatible
selective logging can provide an incentive for forest con-
servation. In Guatemala, forest concessions located in the
Multiple Use Zone of the Maya Biosphere Reserve (MBR)
have maintained FSC certification (through Rainforest
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Alliance-Certification) to permit exportation of timber to
overseas markets for an average of 13 years and generate
$10 million annually from sales of rough sawn timber and
value added products, such as locally hewn furniture.

In French Guiana, which is an oversea territory of the
European Union, PEFC eco-certification has been adopted.
A double FSC/PEFC certification process underway for all
logged forests mandates in PEFC Criterion 3: the
exploitation of non-timber forest products, including
hunting and fishing, shall be regulated, monitored, and
controlled; and Criterion 4: maintenance, conservation, and
appropriate enhancement of biological diversity in forest
ecosystems: Forest management planning shall aim to
maintain, conserve, and enhance biodiversity on ecosys-
tem, species and genetic levels, and, where appropriate,
diversity at landscape level (PEFC 2010).

Little has been published to document the ecological
impact of FSC certification (FSC 2013a, b, WWF 2014,
FSC 2015a, b) and compliance with principles and criteria
of FSC to wildlife conservation, particularly principles 1.4,
6, 8, and 9 (FSC 2015a, b), all relevant to jaguar conser-
vation. Principle 1.4 emphasizes the need to implement
measures, and/or engage with regulatory agencies, to sys-
tematically protect the ‘‘management unit’’ from unautho-
rized or illegal resource harvesting, settlement, and other
illegal activities. Principle 6.1 mandates that prior to ini-
tiating activities, ‘‘the organization’’ (a certificate applicant
or holder) make an assessment of the environmental values
of a forest management unit that may be affected, identify
potential impacts, and identify and implement preventative
actions. Principle 6.4 states that the organization shall
protect rare and threatened species in the management unit
through conservation zones, protection areas, and habitat
connectivity. Principle 6.6 requires that the certificate
applicant or holder shall effectively maintain the continued
existence on naturally occurring native species and geno-
types� and shall demonstrate that effective measures are
in place to manage hunting, fishing, trapping, and collec-
tion (FSC 2015a, b). Principle 8 includes the condition that
management units are monitored and evaluated propor-
tionate to the scales, intensity, and risk of management
activities, in order to implement adaptive management.

FSC Principle 9 emphasizes the need to maintain and/or
enhance the high conservation values (HCV) of excep-
tional forests (Finegan et al. 2004) through applying the
precautionary approach (FSC 2015a, b). The values
defining these HCV forests may include threatened and
indicator species such as the jaguar, providing another
justification for protecting and monitoring jaguars and their
prey (Rumiz et al. 2004).

As the apex predators of low elevation Neotropical
forests, jaguars can serve as a testimony to intact trophic
chains, validating assertions that timber extraction can

impart only minimal impacts on a site’s ecological char-
acteristic. They thus are ecologically valid and socially
emotive indicators that FSC or PEFC standards have been
met. We present examples from a range of biomes and
management contexts in which the presence of jaguars
indicated success in meeting those goals.

Remotely triggered camera traps have become a widely
used tool to evaluate furtive animals in forest settings
(Kays and Slauson 2008; Nichols et al. 2011; O’Brien et al.
2011; Kelly et al. 2012) including jaguars (Maffei et al.
2011; Foster and Harmsen 2012; Noss et al. 2013; Tobler
and Powell 2013). In this paper, we present data (and
observations) gathered during jaguar camera trap surveys
conducted in forest areas of French Guiana, Guatemala,
Bolivia, and Nicaragua (Fig. 1). We draw upon experience
to emphasize the management interventions needed to
maintain jaguars in areas from which certified timber is
extracted, review data from similar studies, discuss using
jaguars as an indicator of success in meeting FSC and
PEFC goals, and make monitoring recommendations.

MATERIALS AND METHODS

Camera trap surveys followed design recommendations for
jaguar capture–recapture population estimation as pre-
scribed in Silver et al. (2004) and updated in Noss et al.
(2013) and Polisar et al. (2014a, b). Since our objective was
to document within site presence of jaguars and potential
prey species, capture frequencies, rather than densities,
were considered as a valid common denominator, with
comparisons of frequencies only made within each country,
avoiding comparisons across surveys of varying size and
duration. Photographs were used to identify individual
jaguars by spot patterns and to generate capture frequencies
by counting independent events—occurred at least an hour
apart—for each other species. Capture frequencies of ter-
restrial species were lumped by groups such as tayassuids,
cervids, edentates, tapirids, caviomorph rodents, and pro-
cyonid, canid, and mustelid mesocarnivores. Sampling
effort was expressed as total trap nights (numbers of sta-
tions multiplied by the number of days/nights the stations
were operating), while capture frequency for each species
was expressed as number of detection events per 1000 trap
nights.

French Guiana

Logging practices

Management of forests is under the responsibility of the
government Office National des Forêts (ONF). To date,
24 000 km2 is managed by the ONF with production and
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protection areas, including 2400 km2 of reserves (Brunaux
and Demenois 2003). Selective logging is carried out by
small private companies, but opening of logging roads, and
identification of wood resources, is under the responsibility
of the ONF, preventing illegal harvesting and following
PEFC criteria, although the certification process is not yet
complete. Management units are small, with a mean size of
300 ha. The average area of cutting blocks (‘‘production
units’’), defined for 1 or 2 years of activity, is 30–50 ha. More
than 60% of timber production was concentrated on only two
species, with average logging intensity ranging from 1.5 to 6

trees per hectare and associated canopy damage of 29%
(Guitet et al. 2012; Pithon et al. 2013) and cutting cycles of
65 years. The logged areas are located in the north of the
country; the southern areas are unoccupied, almost not
hunted, unlogged, and nearly pristine, acting as a refuge and
potential source for recolonization after logging.

Study sites

The camera trap surveys were in four sites covered by
moist evergreen upland forest (Fig. 2a) characterized by

Fig. 1 Study areas in Bolivia, French Guiana, Nicaragua, and Guatemala
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high tree diversity (de Granville 1988), with mean
elevation of 140 m above sea level (Guitet et al. 2015)
and mean annual precipitation between 3100 and
4300 mm.

Two surveys were implemented in logged forests man-
aged under PEFC certification process (Fig. 2a; Table 1).

(1) In Counami (* 5�160S, 53�410W), logging activity
was recent (implemented concomitantly to the
survey). Several communities hunt in the site, with
documented impacts mainly on large primates (de
Thoisy et al. 2005), large frugivorous birds (de
Thoisy et al. 2010), and tapirs (de Thoisy, unpub-
lished data).

(2) Montagne de Fer (5�70S, 53�160W) was logged at a
high intensity 20–10 years before the survey per-
formed in 2007. Mixed communities hunt in the site,
and there is low-scale illegal wood harvesting in some
peripheral areas.

Two surveys were implemented in unlogged forests,
facing no or low human pressures (Fig. 2a; Table 1).

(3) Kaw mountain (4�290S, 52�130W), located in the
north of the country, is partly included in the Kaw-
Roura natural reserve (94 500 ha, IUCN protected
area category I). Small human settlements 5–10 km
from the study area resulted in low-intensity hunting
pressure and small patches of deforestation.

Fig. 2 a, b, c, d Landscape context and forest cover of study areas in French Guiana, Bolivia, Nicaragua, and Guatemala. Specific sample areas
are indicated by solid yellow polygons, protected areas are illustrated by green polygons, and main highways indicated by numbers in symbols
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