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Although known globally for its biodiversity, only around 5% of the Brazilian Pantanal is protected. The Network
for Protection and Conservation of Amolar Mountain Ridge is an informal initiative that legally protects over 2000
km2 of the Pantanal biome. Several camera-trapping surveys were carried out at Amolar Mountain Ridge from
August 2011 to September 2013 in order to increase our knowledge of the species occurrence and its ecological
requirements. The aims of this study were : 1) to inventory the carnivore species occurring within this network
of protected areas; 2) to describe their activity patterns and 3) to discuss threats for those species’ conservation
in the region. We used the Kernel density method to describe the species’ activity patterns. We obtained 764
records (from 12703 camera-days) of eight carnivores, including endangered species in Brazil, such as the jaguar
(Panthera onca), puma (Puma concolor), and ocelot (Leopardus pardalis), that were among the most frequently
recorded by camera traps. The other species detected were the South America coati (Nasua nasua), the tayra
(Eira barbara), the crab-eating raccoon (Procyon cancrivorus) and the jaguarundi (Puma yagouaroundi). We
provided information on activity patterns of the jaguar and puma, which exhibited cathemeral activity patterns,
on the ocelot and crab-eating fox, which were mostly nocturnal, and on the Southern coati and jaguarundi, which
were diurnal. Scansorial and species that occur naturally in low densities as the tayra and the crab-eating raccoon
were difficult to be detected with the used camera trapping setting. However, due to the natural characteristics of
the study area, camera trapping is among the most appropriate tools for providing data about carnivores and their
prey. This information is essential to delineate conservation plans for Amolar Mountain Ridge.
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Introduction
The Pantanal biome is considered to be the
largest seasonal floodplain in the world, covering territories in the South American countries
of Brazil, Bolivia and Paraguay. The Brazilian
Pantanal, which is located in the states of Mato
Grosso and Mato Grosso do Sul, encompasses
the largest area (approximately 140 000 km2)
(Junk et al., 2006). The biome comprises a complex mosaic of habitats, being influenced by
neighbouring biomes such as the Cerrado, Amazon Forest and Chaco, which contributes to a
high environmental diversity (MMA, 2006).
Due to its attributes and conservation value,
the Pantanal was proclaimed as a region of «National Heritage» in the Brazilian Constitution in
1988. The UNESCO recognised it as a Ramsar
Site in 1993 and as a World Biosphere Reserve
in 2000. Also in 2000, the UNESCO accredited
the Pantanal a Natural World Heritage Certificate
(Junk et al., 2006). Despite its great diversity and
environmental importance, about 95% of the land
in the Pantanal is privately owned, where the main

economic activity is cattle ranching (Crawshaw &
Quigley, 1991; Seidl et al., 2001). Consequently,
less than 5% of the Brazilian Pantanal is protected
(Crawshaw & Quigley, 1991; Harris et al., 2005).
Implementation of protected areas in localities
possessing relevant biological attributes has been
one of the main strategies for safeguarding biodiversity (Alho & Sabino, 2011; Lourival et al., 2011).
In an attempt to protect this greatly biodiverse
biome, some landowners have joined forces to
create an informal mosaic of protected areas called
the «Network for Protection and Conservation of
Amolar Mountain Ridge». This mosaic legally
protects over 2000 km2 of the Pantanal biome
(Bertassoni et al., 2012), representing 7% of
the total area of private reserves in Brazil (IHP,
unpublished data). The Amolar Mountain Ridge
is located in the Paraguay sub-region of the Pantanal in the state of Mato Grosso do Sul, extending northwest for about 40 km along the Bolivian
border to the border of Mato Grosso in Brazil. Due
to its uniqueness, the Environment Ministry of
Brazil considers the Amolar Mountain Ridge and
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its surroundings as an important area, endowing it
with a high priority for biodiversity conservation
(MMA, 2007). Therefore, knowledge of its
regional biodiversity is critical to implementing
better conservation strategies.
Carnivores are essential to ecosystem balance,
but several species are threatened worldwide,
mainly due to anthropogenic activities (SilleroZubiri et al., 2004; Loveridge et al., 2010; IUCN,
2018). Detecting terrestrial carnivores can be a
challenge, especially in vast and densely vegetated
protected areas, due to their secretive and mainly
nocturnal behaviour and the low population densities of most species. Camera trapping has proved to
be one of the most useful tools for wildlife surveys
as it is non-invasive and provides information on
cryptic and inconspicuous species (Harmsen et al.,
2009; Sarmento et al., 2009; Surnato et al., 2013).
Data obtained from camera trapping can be used to
study several topics of animal ecology such as inventories (Srbek-Araujo & Chiarello, 2005; Tobler
et al., 2008), site occupancy (Mackenzie & Royle,
2005; O’Connell et al., 2006; Rich et al., 2013),
patterns of spatial partitioning among species (Sarmento et al., 2011; Sollmann et al., 2012), temporal interactions between species as well as activity
patterns (Foster et al., 2013; Frey et al., 2017). In
the last two decades, several factors contributing to
Neotropical carnivore coexistence have been studied using camera trapping (Vieira & Port, 2007; Di
Bitetti et al., 2010; Bianchi et al., 2016). Additional
applications of camera trapping include estimation
of relative densities of elusive species (Royle et
al., 2005; Mackenzie et al., 2006), identification of
critical habitats for threatened species and predicting their population trends (McCarthy et al., 2015).
Protected areas play an important role in the
conservation of Neotropical carnivores, since
most carnivores have large home ranges, need
high quality habitats, and a broad and abundant
prey base (De Ângelo et al., 2011; De la Torre
et al., 2017). Thus, this study aimed 1) to list the
carnivore species that occur in the network of
protected areas, 2) to describe their activity patterns, and 3) to discuss threats for those species
conservation in the region.

DOI: 10.24189/ncr.2018.035

Area (EEB), comprising an area of 830 km2. Amolar Mountain Ridge is located in the Upper Paraguay River Basin of the western Brazilian Pantanal.
The climate is considered seasonal and as tropical
savannah (AW) according to the Köppen classification (Cadavid-Garcia, 1984), with hot and humid conditions in summer and dry and cold during
winter. The main vegetation types at both sites are
pioneer herbaceous formations (50%) that can be
submerged during the flooding periods, seasonal
semi-deciduous alluvial forest (11%), and seasonal
deciduous sub-montane forest (19%). Permanent
rivers and lakes cover approximately 20% of both
areas (Porfirio et al., 2014).
Data collection
We carried out six surveys between August
2011 and September 2013. In the first, fourth and
sixth survey cameras were spaced 500 m apart,
while in the second and third survey cameras
were spaced 1500 m apart, and in the fifth survey
camera were distant 2000 m each other (Fig. 1).
Each station consisted of one camera trap, which
was placed at a distance of 40–50 cm above the
ground and 2–3 m away from the trail along dirt
roads, river margins, within the forest, and in
open habitats in order to sample different habitats and carnivore species of the protected area.
We used Bushnell Trophy Cam (Bushnell®, Kansas, USA) and Panthera V3 (Panthera, New York,
USA) digital cameras. The cameras operated 24
hours/day, with 30-second intervals between pictures, and were checked at 15–30 day intervals
to download pictures and to change batteries. A
total of 119 camera trap stations were established
(minimum of 9 camera traps/survey to maximum
of 41 camera traps/survey). Surveys were carried
out over 562 days, representing 12 703 cameradays of sampling effort.
Data analysis
The identification of carnivore species was
carried out following Lima-Borges and Tomas
(2004), and by using the drawings from Eisenberg
& Redford (1999). A species accumulation curve
was built using the package vegan in the software
R version 3.0.0 (R Development Core Team, 2013).
An interval of 24 h between records was given in
order to guarantee independence of records of the
same species. This premise was not followed when
it was possible to identify different individuals, in
which case each one was considered an independent
record (Ross et al., 2013).

Material and Methods
Study site
The study was carried out at two adjacent sites
in the Network for Protection and Conservation
of Amolar Mountain Ridge: Santa Tereza Ranch
(STR) and Engenheiro Eliezer Batista Protected
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Fig. 1. Map of the study sites located in Engenheiro Eliezer Batista Protected Area and Santa Tereza Ranch (Brazilian Pantanal), indicating the different camera trapping surveys carried out from August 2011 to September 2013. The gray shades mean
water (rivers, lakes and water bodies). (According to Porfirio et al. (2016a), with modifications).

59

Nature Conservation Research. Заповедная наука 2018. 3(2): 57–67		

To describe carnivore activity patterns,
we used pictures taken at least one hour apart
for each species. Because of the proximity of
camera traps in the first, fourth and sixth survey,
only the first record per hour per camera site was
used as a detection event in each 24 h period.
The remaining records were eliminated from the
analysis to reduce bias (Ross et al., 2013). Then,
the time of each picture was converted to solar
time (Foster et al., 2013; Porfirio et al., 2016a),
and observations were classified as diurnal (activity predominantly between 1 h after sunrise
and 1 h before sunset), nocturnal (activity predominantly between 1 h after sunset and 1 h before sunrise) or crepuscular (period that last 1 h
before to 1 h after sunrise and sunset) following Romero-Muñoz et al. (2010). Based on the
percentage of pictures in each category, species
were classified as diurnal (< 15% of the observations were at night), nocturnal (> 85% of the
observations were at night), mostly diurnal (15–
35% of the observations were at night), mostly
nocturnal (65–85% of the observations were at
night), crepuscular (50% of the observations occurred during the crepuscular period), and the
rest were classified as cathemeral (i.e. species
that were active both day and night) (RomeroMuñoz et al., 2010; Foster et al., 2013). These
analyses were also performed in the software
R, using the approach developed by Ridout &
Linkie (2009).
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To date, 174 species of mammals have
been recorded in the Pantanal, of which 20 are
carnivores (Alho et al., 2011). Therefore, we
recorded 40% of the carnivores known to occur
in the Pantanal. Nevertheless, our accumulation
curve showed an asymptotic trend, demonstrating
that we detected the majority of terrestrial
carnivore species occurring in the study area (Fig.
4). Considering solely the protected areas of STR
and EEB, our camera traps recorded 80% of the
carnivore species registered (Porfirio et al., 2014),
only failing to detect aquatic carnivorous species.
Several studies have demonstrated the efficiency of camera traps for detecting terrestrial
mammals (Silveira et al., 2003; Lyra-Jorge et
al., 2008; Carvalho et al., 2013). Furthermore,
studies have also demonstrated the potential of
this tool for recording and studying arboreal
and aquatic species, such as marsupials, rodents
and primates (Oliveira-Santos et al., 2008;
Leuchtenberger et al., 2014; Bowler et al.,
2017). As camera traps were set in trails, some
species of carnivores were favoured in terms
of detection, as crab-eating foxes, ocelots and
jaguars (Tobler et al., 2008; Harmsen et al.,
2010). Our study revealed a high number of
records from crab-eating fox and ocelot, followed
by the jaguar, whereas the tayra and crab-eating
raccoon, which use less the trails and dirt roads,
were less detected (Harmsen et al., 2010).
Crab-eating foxes and ocelots are common and
abundant in the Pantanal (Bianchi et al., 2014),
and this area is also considered one of the main
strongholds for jaguars (Zimmermann et al.,
2005). Moreover, dense habitats close to water
and with prey abundance favour the jaguar’s
presence (Emmons, 1987; Crawshaw & Quigley,
1991). In contrast, our study area does not seem
to be suitable for pumas, which have a preference
for drier habitats (Núñez et al., 2000). We are
somewhat surprised by the few records of South
American coati Nasua nasua, since this species
is one of the most common in other subregions
of the Pantanal (such as Nhecolândia), but this
may have been because of its preference for
savannas (Bianchi et al., 2016). The scansorial
behaviour of tayras probably explains their lower
detection (Asensio & Gómez-Marín, 2002). As
for other studies carried out in the Pantanal, the
crab-eating raccoon and jaguarundi Puma yagouaroundi presented one of the lowest capture
success rates (Bianchi et al., 2016), most likely
due to its secretive habits and low densities.

Results and Discussion
We obtained a total of 764 records of eight
carnivore species (Fig. 2, Table 1). The crabeating fox Cerdocyon thous Linnaeus, 1766 (n
= 385) and the ocelot Leopardus pardalis (Linnaeus, 1758) (n = 176) were the most recorded
species, whereas the least recorded species were
the tayra Eira barbara (Linnaeus, 1758) (n = 4)
and the crab-eating raccoon Procyon cancrivorus (C. Cuvier, 1798) (n = 2).
We were able to describe activity patterns for
the crab-eating fox, ocelot, jaguar Panthera onca
(Linnaeus, 1758), puma Puma concolor (Linnaeus, 1771), Southern Coati Nasua nasua (Linnaeus, 1766), and jaguarundi Puma yagouaroundi (É. Geoffroy, 1803), due to the low number
of records for the other species. Both the crabeating fox and the ocelot were mostly nocturnal,
jaguars and pumas displayed cathemeral activity
patterns, whereas Southern Coati and jaguarundi
were diurnal (Fig. 3).
60

Nature Conservation Research. Заповедная наука 2018. 3(2): 57–67		

DOI: 10.24189/ncr.2018.035

Fig. 2. Carnivore species detected in camera trapping surveys carried out in Engenheiro Eliezer Batista Protected Area and
Santa Tereza Ranch within the Brazilian Pantanal between August 2011 and September 2013. A. Crab-eating fox (Cerdocyon
thous); B. Ocelot (Leopardus pardalis); C. Tayra (Eira barbara); D. Jaguarundi (Puma yagouaroundi); E. Crab-eating
����������������
raccoon (Procyon cancrivorus); F. Jaguar (Panthera onca); G. Southern Coati (Nasua nasua); H. Puma (Puma concolor).
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Table 1. List of species, number of records, common names, habitat types, and conservation statuses according to the IUCN
Red List (IUCN, 2018) for carnivores identified in Engenheiro Eliezer Batista Protected Area and Santa Tereza Ranch within
the Brazilian Pantanal between August 2011 and September 2013
Conservation
Scientific Name
Common name
n of records
Habitat type
status
Crab-eating fox
385
GF, DS, SDF, SSF
LC
Cerdocyon thous Linnaeus, 1766
GF, RF, DS, HS,
Ocelot
176
LC
Leopardus pardalis (Linnaeus, 1758)
SDF, SSF
Jaguar
122
RF, GF, HS, SSF
NT
Panthera onca (Linnaeus, 1758)
Puma concolor (Linnaeus, 1771)

Puma

47

SDF, SSF

LC

Puma yagouaroundi (É. Geoffroy, 1803)

Jaguarundi

15

SSF

LC

Nasua nasua (Linnaeus, 1766)

Southern Coati

13

DS, SDF, SSF

LC

Eira barbara (Linnaeus, 1758)

Tayra

4

SDF, SSF

LC

Crab-eating raccoon
2
SSF
LC
Procyon cancrivorus (C. Cuvier, 1798)
Note: GF – Gallery Forest, RF – Riparian Forest, DS – Dry Savannah, HS – Humid Savannah, SDF – Seasonal Deciduous Forest, SSF – Seasonal Semi-deciduous Forest; LC – Least Concern, NT – Near Threatened.

Fig. 3. Kernel densities of activity patterns of the most detected carnivore assemblage in Engenheiro Eliezer Batista Protected
Area and Santa Tereza Ranch (Brazilian Pantanal) between August 2011 and September 2013. Short vertical lines indicate
individual records of species. Designations: A. Crab-eating-fox (Cerdocyon thous); B. Ocelot (Leopardus pardalis); C. Jaguar
(Panthera onca); D. Puma (Puma concolor); E. Southern Coati (Nasua nasua); F. Jaguarundi (Puma yagouaroundi).
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Although the jaguarundi is usually seen during the
day, studies estimating the activity patterns of this
species by camera traps are scarce, since it generally has low detection rates by the method, probably due to its low density.
Camera trapping can undoubtedly greatly
contribute to conservation efforts. Of the eight
carnivore species recorded in our study, three
are considered Vulnerable according to ICMBio
(2016), with the jaguar classified as Near Threatened by the IUCN (2018) (Table 2). All other
species are considered Least Concern (ICMBio,
2016; IUCN, 2018). Locally, the main factors
negatively affecting the biodiversity of Amolar
Mountain Ridge are overfishing, unregulated
tourist activities, poaching, retaliatory hunting,
deforestation, logging and forest fires around the
protected areas (Moreira, 2011; Bertassoni et al.,
2012). Furthermore, it has been observed that the
negative human perceptions and attitudes towards
the felids in this region are a concern regarding
their conservation (Porfirio et al., 2016b).
An improved understanding of the occurrence, biological and ecological requirements of
carnivores and their prey through camera trapping
studies will be useful for identifying additional
areas that could be included in the Network for
Protection and Conservation of Amolar Mountain
Ridge, thereby enlarging its conservation coverage
and effectiveness. Much of this understanding can
be achieved using medium-to-long-term carnivore
monitoring through occupancy and co-occurrence
models (Cruz et al., 2015). This kind of monitoring
indicates more than just the proportion of sites
occupied by a species, since it provides data on
habitat preferences, abundance estimates and
patterns of species interactions and coexistence
(Mackenzie et al., 2002; Royle & Nichols,
2003; Sollmann et al., 2012). Furthermore, the
characteristics of this particular protected area
network can provide some relevant details about
carnivore behaviours in relation to flood and
drought periods (that could possibly change
occupancy and activity patterns, prey availability
and, consequently, interactions among species). In
this context, and given that the Pantanal is facing the
ever-increasing threat of habitat conversion (Harris
et al., 2005; Roque et al., 2016), conservation of
self-sustaining carnivore populations in the region
relies heavily on this protected network and a
considerable knowledge about species generated
from it, which has largely been provided by camera
trapping surveys.

Fig. 4. Carnivore species accumulation curve obtained through
randomisations of camera-trapping survey data collated from
Engenheiro Eliezer Batista Protected Area and Santa Tereza
Ranch (Brazilian Pantanal) from August 2011 to September
2013. Grey shaded area means the confidence intervals.

Most of the carnivores we studied followed
activity patterns previously known. The mostly
nocturnal activity pattern has also been reported
for crab-eating foxes in the Chaco-Chiquitano
Transitional Forest of Bolivia (Maffei et al., 2002),
in northeastern Argentina (Di Bitetti et al., 2009)
and in southeastern Brazil (Vieira & Port, 2007).
Ocelots were predominantly nocturnal in our study
area, as also reported for the Bosque Chiquitano of
Bolivia (Maffei et al., 2002), the Bolivian Amazon
(Gómez et al., 2005), the Atlantic Forest of Argentina (Di Bitetti et al., 2006), and the Peruvian Amazon (Kolowski & Alonso, 2010). This nocturnal
behaviour of ocelot may reflect the activity of their
favourite small prey (Bianchi et al., 2014), which
also tends to be nocturnal (Emmons, 1987). In fact,
Porfirio et al. (2016a) demonstrated that ocelots
tend to tailor their activity to that of their potential
prey, probably in an attempt to increase encounters. Jaguars in Amolar Mountain Ridge exhibited
cathemeral behaviour, a pattern different of the observed in other areas of the Pantanal (Crawshaw
& Quigley, 1991; Foster et al., 2013). Pumas were
also cathemeral, which is consistent with observations of Gómez et al. (2005) in Bolivia; although
in Argentina, western Bolivia and Chile, pumas are
crepuscular (Lucherini et al., 2009). As opportunistic predators, jaguars and pumas feed on a large
variety of prey, but they mainly consume medium
to large-sized prey (Emmons, 1987; Taber et al.,
1997; Núñez et al., 2000; Monroy-Vilchis et al.,
2009). Some studies have suggested that the activity patterns of these large felids may be determined
by those of their main prey (Harmsen et al., 2011;
Foster et al., 2013; Porfirio et al., 2017). The Southern Coati followed the diurnal pattern observed in
another area of the Pantanal (Bianchi et al., 2016).
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Conclusions
Camera trapping allowed us to establish
the occurrence of the majority of the Pantanal’s
carnivore species in Amolar Mountain Ridge.
Moreover, we found this tool to be essential for
detecting secretive and nocturnal species, which
otherwise would be difficult to observe using a
diurnal census. As demonstrated by this study and
others, camera trapping provides useful information
about carnivore activity patterns and temporal
interactions, enhancing our knowledge of their
ecological requirements and providing information
that can be applied to regional conservation plans.
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ФОТОЛОВУШКИ КАК ИНСТРУМЕНТ ДЛЯ ОХРАНЫ
ХИЩНЫХ МЛЕКОПИТАЮЩИХ В СЕТИ ОСОБО ОХРАНЯЕМЫХ
ПРИРОДНЫХ ТЕРРИТОРИЙ ПАНТАНАЛА (БРАЗИЛИЯ)
Г. Порфирио1,2*, В. К. Фостер3, П. Сарменто1, К. Фонсека1
Университет Авейру, Португалия
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Хотя бразильский Пантанал известен во всем мире своим биоразнообразием, лишь около 5% которого
находится под охраной. Сеть по охране и сохранению горного хребта Амолар является неофициальной инициативой, которая законодательно защищает более 2000 км2 биома Пантанала. Для увеличения
познания о разнообразии видов и их экологических требований с августа 2011 г. по сентябрь 2013 г.
на хребте Амолар-Маунтин были проведены несколько обследований с использованием фотоловушек.
Целью этого исследования было: 1) провести инвентаризацию видов хищных млекопитающих, встречающихся в пределах этой сети особо охраняемых природных территорий (ООПТ); 2) описать модели их
активности; 3) обсудить угрозы для сохранения этих видов в регионе. Мы использовали метод ядерной
оценки плотности распределения плотности для описания моделей активности видов. Мы получили 764
записи (за 12703 фотоловушко-дня) для восьми хищных млекопитающих, в том числе находящихся под
угрозой исчезновения видов в Бразилии. Среди них – ягуар (Panthera onca), пума (Puma concolor) и
оцелот (Leopardus pardalis) – одни из наиболее часто регистрируемых фотоловушками видов. Из других
зарегистрированных видов – это обыкновенная носуха (Nasua nasua), тайра (Eira barbara), енот-ракоед
(Procyon cancrivorus) и ягуарунди (Puma yagouaroundi). Мы представили информацию о моделях активности животных. Ягуар и пума проявляли катемеральную активность. Оцелот и енот-ракоед были
преимущественно ночными животными. Обыкновенная носуха и ягуарунди проявили круглосуточную
активность. Лазающие животные и виды с естественной низкой плотностью, такие как тайра и енотракоед, были трудно обнаруживаемыми с использованием фотоловушек. Тем не менее, из-за природных особенностей области исследования метод фотоловушек является одним из наиболее подходящих
инструментов для получения данных о хищных млекопитающих и их добыче. Эта информация имеет
важное значение в планировании охраны природных объектов горного хребта Амолар.
Ключевые слова: биология сохранения, инвентаризация видов, метод фотоловушек, модель активности, хищные млекопитающие

67

