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Abstract: Understanding the use of habitats by jaguars (Panthera onca) is fundamental to comprehend the 
ecological role of the species in the environments in which they occur. In Brazil, the Amazon and Pantanal 
biomes are considered fundamental for the conservation of the species. The Pantanal wetlands are in the 
centre of South America and the jaguar occupies about 47% of the territory. Poaching and habitat loss 
are the main threats to the population in this region. The highest densities of P. onca are found mainly 
in the north-central regions of Pantanal, where is situated the Taiamã Ecological Station (TES), a small 
federal protected area. The present study aims to elucidate fine-scale jaguar habitat selection in the TES 
region and check for seasonal differences. Through GPS collar information obtained from 11 animals, an 
analysis with the integrated step selection function (iSSF) was performed to investigate jaguar habitat 
selection. Our analysis indicated that these felines often use forested areas close to rivers, in contrast to 
open areas and away from watercourses. During the wet season, these cats tended to use forested areas 
more often than in the dry season. These data are important to support actions for the conservation of 
jaguars in the studied region.
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INTRODUCTION

Animals select habitats that maximise fitness 
by optimising access to food, mates, and other 
resources (Klaassen & Broekhuis 2018). It is 
commonly assumed that species occupy habitats 
that most suit their dietary and reproductive 
needs if the benefits received outweigh the risks 
from competitors or other predators (Manly et 
al. 2002). In addition to prey abundance, the 
physical characteristics of the habitat, such 

as the presence or absence of water, and the 
landscape context, which can be understood as 
the variation of selection of a cover depending 
on the local background, are also important 
covariates of habitat selection (McGarigal et al. 
2016). In this sense, obtaining these correlations 
can bring important information about the 
ecology of animals, their distributions, and 
population dynamics. Habitat selection studies 
can also provide information on environmental 
characteristics necessary for animals to 
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consistently assist in the development of wildlife 
management and conservation (Calenge 2007, 
Froehly et al. 2020, Wang 2021). The improvement 
of predictive habitat models has greatly increased 
our ability to identify the actual and potential 
occurrence of species to enhance biodiversity 
conservation planning (Peterson & Dunham 
2003). These models can make predictions that 
can be used to assess the impact of change on land 
use, detect important areas for reintroduction or 
conservation, and identify potential conflicts with 
human activities (Kramer-Schadt et al. 2005, 2011, 
Johnson et al. 2006, Rio-Maior et al. 2019).

Studies on habitat selection by jaguars 
(Panthera onca, Linnaeus 1785) have been carried 
out by several researchers (Conde et al. 2010, Cullen 
et al. 2013, de la Torre et al. 2017, Morato et al. 2018a, 
Kanda et al. 2019, de Azevedo et al. 2021). The main 
findings are the importance of water bodies and 
forested areas for the species, the tendency to 
return to the home-range centre, and the selection 
differences between the sexes, among other 
characteristics. This type of information is very 
important for the implementation of conservation 
efforts, such as the National Action Plan for the 
Conservation of Big Cats in Brazil (ICMBio 2018). 

In Brazil, the Amazon and the Pantanal are 
considered important jaguar refuges (Sanderson et 
al. 2002). The Pantanal wetlands (150,355 km²) are 
located in the upper Paraguay River basin, in the 
centre of South America, covering neighbouring 
areas in Brazil, Bolivia and Paraguay, with 
roughly 80% of this area on the Brazilian side. In 
this biome, the jaguar occupies about 47% of the 
territory, with an effective population size smaller 
than 1,000 individuals (Morato et al. 2013). The 
highest densities of P. onca are found mainly in the 
north-central regions of Pantanal (Alvarenga et al. 
2021), and these regions are considered extremely 
important for the long-term conservation of this 
large cat (Quigley & Crawshaw 1992, Tortato et al. 
2021). Retaliatory killing and poaching, as well 
as the loss of habitat associated with agricultural 
expansion are the main threats to the population 
in this region (Morato et al. 2013, Süssekind 2019). 
However, there are also examples of the use of 
the jaguar in ecological tourism with excellent 
returns for local populations as well as for jaguar 
conservation (Tortato & Izzo 2017). Therefore, 
the present study aims to: (1) elucidate fine-scale 

jaguar habitat selection in the Taiamã Ecological 
Station (TES) region and (2) determine if there is a 
seasonal difference in habitat selection. 

MATERIAL AND METHODS 

Study Site

The TES is an island delimited by the Paraguay  
river and its branch (locally named as Bracinho 
river) in the northern Pantanal, Cáceres 
municipality, Mato Grosso state of Brazil, 
comprising an area of 115.55 km2 (Figure 1). The 
Pantanal is one of the largest freshwater wetlands 
in the world (Harris et al. 2005, Junk & Cunha 
2005, Tomas et al. 2019), harbouring a great 
diversity of aquatic environments influenced by 
the flooding pulse (Calheiros & Oliveira 2010). This 
protected area is mainly composed of floodplains, 
and its interior contains a great variety of aquatic 
environments, such as permanent, temporary 
lagoons, meander lagoons, and ‘corixos’ (natural 
connections between rivers and lagoons that have 
great importance to water bodies in the Pantanal). 
The TES has the highest jaguar population density 
estimate to date (12.4 jaguars/100 km²) (Eriksson 
et al. 2022) and was declared a Ramsar site in 2018 
(Brasil 2021).

The TES is inserted in a region that plays 
important roles in the flood control and sediment 
depositional processes of the north Pantanal. This 
region is characterised by the overflow of waters of 
the Paraguay river, and it is flooded during most of 
the year (Assine & Silva 2009).

Near the TES, an environmental regulation 
(Resolution 02/2018 of the State Fisheries Council 
of the State of Mato Grosso, Brazil) delimits an 
area where fishing is prohibited to protect the 
fish fauna present in this region. To the north 
and adjacent to the TES, there is a private reserve, 
Reserva Particular do Patrimônio Natural Jubran, 
with an area of 355.31 km2. To the southeast of TES 
it is located the Sararé Island, which belongs to the 
Brazilian state and is part of the proposal to create 
a federally protected area (Tortato 2018).

Habitats

To characterize the types of macrohabitats found 
in the TES and surroundings areas, the Maximum 
Likelihood methodology was used in the 
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Quantum GIS software with the help of the Semi-
Automatic Classification – SCP plugin, which is 
based on spectral information from pixel-by-
pixel classification. The search for homogeneous/
equal regions in a Landsat-8 satellite image 
dated 02/07/2017 was carried out in a supervised 
manner through the determination of regions of 
interest for each macrohabitat. To assess the types 
of these macrohabitats, a Phantom 4 Pro drone 
was used to capture images of the vegetation. All 
coordinates and images collected were authorised 
under license from the Chico Mendes Institute 
for Biodiversity Conservation- ICMBio (SISBIO 
number 66671-1).

Band accuracy was performed in the SCP plugin 
to determine the quality of the classification, 
which was based on the Kappa’s index (IK) (Landis 
& Koch 1977), in which values less than < 0.00 are 
classified as Poor, from 0.00–0.20 Slight, 0.21–0.40 
Fair, 0.41–0.60 Moderate, 0.61–0.80 Substantial 
and 0.81–1.00 Almost Perfect.

Description of macrohabitats

Field: these are wetlands covered with grasses, 
herbs, and shrubs, with a very variable floristic 
composition during the annual cycle, and 
depending on the duration of the dry period, 
shrubs and some trees may grow. The fields remain 
completely flooded in the wet season (in the study 
area) and are the most extensive physiognomy of 
the Pantanal. It is also significant at the TES (72% 
of the area) (ICMBio 2017, Frota et al. 2020).

Polyspecific Forest (PEF): this macrohabitat 
is located mainly on the banks of rivers and is 
formed by shrubs and pioneer forests along the 
river (8% of the TES area) (Frota et al. 2020). 

Monospecific Abobreiro’s Forest (Abobral) (MAF): 
this is the local name used when the dominant 
pioneer formation is composed of individuals of 
the species Erythrina fusca Lour (Fabaceae) (16% 
of the TES area) (Frota et al. 2020).

These two types of macrohabitats above are 
classified as Seasonal Semideciduous Alluvial 
Forest (IBGE 2012).

Figure 1. Region of the Taiamã Ecological Station (TES), delimited by the Paraguai River and one of its 
branches; note that the region is an area with many water bodies.
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Lakes: popularly known as bays, lakes have 
different shapes and sizes ranging from tens to 
hundreds of meters (4% of the TES area) (Frota et 
al. 2020).

River: the river channel, as a macrohabitat, is 
represented by the channels of the Paraguay river, 
which delimit the TES.

The two types of forests presented above were 
separated in this analysis because they occupy 
different proportions of the TES area (PEF with 8% 
and MAF with 16%) (Frota et al. 2020), and the E. 
fusca forests have a very irregular soil due to aerial 
roots. In addition, MAF can colonise areas that are 
seasonally flooded longer than PEF (Martins et al. 
2020; Olivo-Neto et al. 2020).

Data collection

Eleven jaguars (six males and five females) were 
monitored using GPS collars at the TES between 
October 2013 and April 2016 under license from 
ICMBio (SISBIO number 308963). All data used to 
develop this study are available to the scientific 
community (Morato et al. 2018b). The animals 
were captured according to the foot snare 
method (de Araujo et al. 2021), immobilised with a 
combination of tiletamine and zolazepam (Zoletil 
100®, Virbac SA, Carros-Cedex, France), and fitted 
with GPS-satellite collars (Lotek-Iridium). These 
collars were programmed to obtain locations 
every hour. The drop-off system was programmed 
for 400 days, and when triggered, the transmitter 
collar automatically loosened from the animal. 
The collars were programmed to send data to the 
Iridium satellite system every 24 hours.

Statistical analysis

We applied an integrated step selection function 
(iSSF) (Avgar et al. 2016) using the amtGUI 
(Buchmüller et al. 2018), a graphical interface to the 
package amt for R (Signer et al. 2019) to investigate 
jaguar habitat selection. Locations were treated as 
linear steps between two consecutive relocations 
(Fortin et al. 2005, Thurfjell et al. 2014). Step 
selection functions test for habitat selection by 
conducting a conditional logistic regression 
comparing available to used habitat, while iSSFs 
allow to include movement parameters into 
habitat selection analysis (Avgar et al. 2016), which 
reduces inferential bias (Forester et al. 2009). Step 

lengths (m) were assumed to follow a gamma 
distribution. Jaguar locations were resampled to 
an interval of 1 h ± 10 min to achieve a regular time 
interval and a set of random steps (n = 10) created 
for each true step. 

Habitat covariates extracted at step end 
were simplified in four categorical variables to 
macrohabitats (‘PEF’, ‘MAF’, ‘RIVER’ and ‘LAKE’) 
and in 10 classes of “distance from the river” 
(0–100 m buffer from the river, 100–200 m, up to 
900–1000 m). We chose to use open land (field) as 
the intercept in the testing habitat selection and 
the first buffer (0–100 m from the river) as the 
reference for the tests. The field was chosen as the 
intercept because it is one of the most abundant 
macrohabitats in the study area (71% of the TES) 
(Frota et al. 2020), to avoid errors when making the 
comparisons, and we knew in advance that there 
were selection differences between fields and the 
analysed forests.

For non-seasonal analyses of selection strength 
(versus distance from river and macrohabitats), the 
means of individual results were used. Due to the 
difficulty of obtaining statistically significant data 
for the different animals in short periods (seasonal 
analyses), the records of the animals’ movements 
were grouped by period (drought and flood). 
Then the selection of habitats was carried out for 
“distance from the river” and macrohabitats.

To make comparisons between different 
seasonal periods, the months of February, 
March, and April were considered for the period 
of maximum flooding (wet season) and August, 
September, and October for the lowest level of 
the river in the TES region (dry season) (station 
ruler - data from November 2018 to present). It was 
not possible to seasonally compare the selection 
strength for LAKE and RIVER, as the results 
contained many non-significant values. The 
same occurred in the seasonal analyses with the 
classes of “distance from the river”, and it was only 
possible to perform the analyses for 100–200 m, 
200–300 m, and 300–400 m. Only results that were 
statistically significant (p < 0.05) were considered 
for the various analyses performed in the study.

RESULTS 

During the four years of radio collar/GPS 
monitoring of jaguars, it was possible to 
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obtain 42,741 location points. Variations in the 
monitoring period were observed, among which 
are M5 and M4, the animals with more and fewer 
days monitored, with 10.990 and 572 coordinate 
points, respectively (Table 1).

The Kappa index of the macrohabitat 
areas classified by the Maximum Likelihood 
methodology in the Quantum GIS software was 
0.8396, characterising it as an almost perfect 
classification of characteristics. Among the 
macrohabitats obtained, jaguars preferred the 
PEF (β = 1.1306 ± 0.11, SE) and MAF (β= 0.7558 
± 0.10, SE) (Figures 2 and 4). For the LAKES (β=-
0.1415.1306 ± 0.17, SE) and RIVERS (β=-0.4380 ± 
0.14, SE) categories, negative selection results 
were obtained. Importantly, the results obtained 
for all animals (11) were statistically significant for 
the macrohabitat PEF, followed by MAF with ten 
individuals, LAKE with five, and RIVER with six 
animals.

ID Sampling period (months)
M1 10/2013 to 05/2015 (20)
M2 09/2014 to 05/2015 (09)
M3 11/2014 to 04/2015 (06)
M4 09/2014 (01)
M5 12/2014 to 08/2015 (09)
M6 10/2015 to 04/2016 (07)
F1 10/2013 to 04/2014 (07)
F2 10/2014 to 12/2015 (15)
F3 12/2014 to 04/2015 (05)
F4 10/2015 to 02/2016 (04)

Table 1. Monitoring period of 11 jaguars at the 
Taiamã Ecological Station and surroundings from 
2013 to 2016.

Figure 2. Relative strength of macrohabitat 
selection by jaguars at the Taiamã Ecological 
Station, Mato Grosso, Brazil; the blue bars 
represent the selection coefficients (±SE).

Figure 3. Relative selection force of “distance from 
the river” classes by jaguars (n=11) at the Taiamã 
Ecological Station, Mato Grosso, Brazil; the blue 
bars represent the selection coefficients (±SE) 
and the yellow dashed line represents logarithmic 
trend line (R2 = 0.9328).

In the analysis related to the different uses for 
the classes “distance from the river”, it is possible 
to observe that the further away from the river, 
the lower the probability of use of the areas by 
the jaguars (Figure 3 and 4). In eight individuals, 
all values obtained for all distance classes were 
significant. All data from one of the animals (F3) 
were excluded from the analysis because they 
were not significant. In two individuals, the results 
of five classes were also removed, as they were not 
significant.

When comparing the different levels of relative 
selection strength of macrohabitats in different 
periods of the year (dry and wet), in 2014 and 
2015, animals increased the use of forested areas 
during the flooding season. (Figure 5). When 
comparing the relative selection levels relative 
to the “distance from the river” classes in 2015, 
the selection levels for the 100–200 m, 200–300 
m, and 300–400 m categories were always more 
negative for the wet seasons. In 2014, the same 
phenomenon was observed, but there is almost no 
seasonal difference in selection for the 100-200 m 
class (Figures 6 and 7).

DISCUSSION

Habitat selection is a hierarchical process by 
which a species makes decisions that occurs on 
four spatial scale or orders: 1st order = selection of 
the physical or geographical range of a species;  
2nd order = selection of a home range of an 
individual or social group; 3rd order = selection 
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Figure 4. Satellite image of the Paraguay River, border of the TES. The dots represent the locations of the 
jaguars, with one color for each individual, where it is possible to see that the most used areas are those 
closest to the rivers and more forested; satellite image: ESRI Satellite (ArcGIS/World_Imagery).

of various habitat patches within the home range; 
and 4th order = selection of specific resources 
within a habitat patch (Johnson 1980). In order to 
identify the main habitats used by the TES jaguars, 
a habitat selection analysis was carried out, which 
corresponds to Johnson’s third order, since it 
allows the identification of fine-scale movement 
within home range.

Understanding how large carnivores select 
habitats in a mosaic of human-altered and 
naturally occurring land cover is critical to 
the appropriate allocation of resources for 
the conservation and management of such 
populations. Furthermore, such information may 
be useful for identifying areas with high potential 
for species persistence (Dellinger et al. 2013). In 
this way, the data generated in this study can be 
used to support actions for the conservation of 
jaguars in the studied region.

The study region is flat and is characterised by 
the overflow of waters in the Paraguay river, and it 

is flooded during most of the year (Assine & Silva 
2009, Lo et al. 2019). During the wet season, only 
some portions of the soil are higher, locally known 
as “cordilheiras”, which take longer to flood or do 
not even get flooded, depending on the annual 
variations of water flow in the hydrographic basin. 
The origin of the “cordilheiras” is associated with 
the old and recent marginal dikes of the rivers, 
which are covered by vegetation and serve as 
places of refuge for wild animals during the flood 
season (Souza & Souza 2010) and, in the case of 
TES they are the areas most used by jaguars.

The data obtained for habitat selection and 
selection of “distance from rivers” classes clearly 
indicate that the jaguars very often use forested 
areas (mainly PEF) close to rivers, in contrast to 
open areas and away from rivers (Figure 4). The 
preference for forest habitats and water appears 
to be common for this species in Brazil (Astete 
et al. 2007, Morato et al. 2018a, Kanda et al. 2019). 
Their selection may be related to a preference for 
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Figure 5. Seasonal differences in relative macrohabitat selection strength by jaguars at the Taiamã 
Ecological Station, Mato Grosso, Brazil; PEF= Polyspecific Forest; MAF = Monospecific Abobreiro’s Forest; 
the bars represent the selection coefficients (±SE).

consuming prey associated with these habitats 
(Astete et al. 2007, de Azevedo & Murray 2007, 
Cavalcanti & Gese 2010). This association seems to 
be directly related to the diet of jaguars from TES 
since the main items in their diet are caiman and 
fish (Eriksson et al. 2022). The annual variation 
of the water level of the Paraguay river in the TES 
is approximately 1.50 m, which is the smallest 
amplitude recorded for the entire Paraguay river 
(Oliveira et al. 2013). Due to the flat feature of 
the region (ICMBio 2017), the water level above 
approximately 1 m during the peak of the annual 
flood makes it possible for jaguars to move within 
the flooded area also enabling the capture of 
aquatic prey. In addition, the region of the study 
area is a place with high temperatures, so the use 
of forested areas is a way to avoid the incidence of 
sunlight.

The difference between the coefficients of 
the two types of forested areas (PEF and MAF) is 
probably due to the characteristics of these two 
macrohabitats: (1) Areas with monodominant 
forest are susceptible to a longer period of flooding 
than the polyspecific forest areas and (2) the aerial 

roots of E. fusca make the MAF terrain very uneven 
compared to the PEF (Olivo-Neto et al. 2020). 
Thus, it is possible to assume that jaguars prefer 
less flooded forests with less uneven terrain. Even 
with approximately twice the area of occurrence 
of the MAF relative to the PEF in the TES (Frota 
et al. 2020), the jaguars more strongly selected the 
polyspecific forest. It is important to state that 
the methodology used in this study to identify 
habitat selection uses only real and random steps 
to estimate the coefficients, so that the differences 
between the proportions of macrohabitats in the 
home ranges do not directly interfere with the 
calculations performed. 

Solitarily living species that have few social 
interactions except during mating and do not 
show cooperative behaviours (Sandell 1989) 
form the majority (80–95%) of carnivore species 
(Gittleman 1986). If a limiting resource is 
predictable in space and time and restricted to a 
constrained area, this leads to territorial defence 
(Hixon 1980), while unpredictability or variation 
leads to overlapping ranges or roaming tactics 
(Erlinge & Sandell 1986, Sandell 1989). In this way, 
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Figure 6. Seasonal differences in relative selection strength between “distance from the river” classes 
by jaguars from the Taiamã Ecological Station, Mato Grosso, Brazil; the bars represent the selection 
coefficients (±SE).

solitary carnivores are expected to form spatial 
groups when the heterogeneity of resources 
is high and competition among residents for 
those resources is low (Macdonald 1983, Carr & 
Macdonald 1986, Gehrt & Fritzell 1998). Evidence 
of high social tolerance of jaguars at TES includes 
highly overlapping home ranges, substantial 
time spent co-traveling, and social interactions 
directly observed by video monitoring, and the 
main cause of this behaviour, considered unusual 
for the species, is the abundance of aquatic prey 
(Eriksson et al. 2022). The preferential use of 
narrow strips near the rivers, as observed in this 
study, should lead to many encounters between 
individuals, so this information complements 
the aforementioned scenario. In addition, many 
social interactions observed by video (Eriksson et 

al. 2022) were obtained by equipment installed in 
areas very close to the rivers.

Landscape attributes and prey abundance 
appear to be the factors that regulate resource 
selection in carnivores (Stephens & Krebs 2019). 
The choice of feeding habitat by predators can 
be governed by the location of abundant prey or 
where capture is easiest (Hopcraft et al. 2005). In 
the case of Serengeti lions (Panthera leo - Felidae, 
Carnivora), the animals preferentially hunt in 
areas with short grass rather than high prey 
densities to improve hunting success (Hopcraft 
et al. 2005). In contrast, other studies (Litvaitis et 
al. 1986, Murray et al. 1994, Palomares et al. 2001, 
Spong 2002, Santos et al. 2019) have shown that 
they selected their habitats according to the sites of 
greatest abundance of prey. Both hypotheses use 
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the same theoretical framework: predators select 
hunting habitats where they can obtain food with 
the least amount of energy (Hayward & Kerley 
2005). In the case of jaguars from TES, the second 
hypothesis seems to occur, since jaguars use the 
territories close to rivers more frequently, which is 
the place where their prey (fish and caiman) are 
more abundant. 

Data related to seasonal variation in the use 
of forested areas and distance from the river 
indicate that the annual variation of flooding and 
drought in the study area imposes changes in 
the distribution of resources for jaguars. During 
periods when the water level is higher, jaguars use 
the “cordilheiras” more frequently, since these 
areas are above the water, or submerged for a 
short time. The open areas (in this study indicated 
as macrohabitat “Field”) and away from the rivers 
have lower altitudes than “cordilheiras” and are 
flooded when the river level is high, and so during 
the dry season, these cats tend to use these open 
places more often than during the wet season. 
However, even in the dry season, the areas closest 
to the rivers are still the most used. 

In a habitat selection study with jaguars 
carried out in the southern Pantanal (de 
Azevedo et al. 2021), the animals responded 
to local increases in water levels within their 
home ranges by selecting forested areas more 
strongly, like jaguars from TES. Accordingly, the 
same pattern was observed in these two studies, 
which is the most intense use during the flood of 
forest areas that remain submerged for little or 
no time.

Conservation implications

The target population of this study has the 
highest density of individuals ever recorded 
and has a unique characteristic for the species 
(Eriksson et al. 2022) so, with a deeper knowledge 
of the characteristics of this population, it will be 
possible to carry out conservation actions more 
efficiently. In this way, it is necessary to guarantee 
the maintenance of the jaguars’ preferred 
habitats, such as the Polyspecific Forest and the 
areas close to the rivers so that the way of life of 
this population is not altered. The preservation 
of forest remnants on the banks of the river as 
permanent preservation areas (Brazilian Federal 
Law nº 12651/12) of rural properties that are close 
to the river channel must also be considered for 
ecological corridors from the TES to the Pantanal 
Matogrossense National Park (Silveira et al. 2014). 
The gene flow between the jaguar populations in 
these two conservation units has already been 
identified (Kantek et al. 2021).

One of the actions that can cause severe 
impacts on the riverbanks in the study region is 
the large-scale navigation coming from port units 
planned to be implemented upstream of the TES 
(Tortato et al. 2022). In previous experiences of 
navigation of this type, however on a much smaller 
scale than current intentions, the riverbanks were 
seriously impacted by the navigation of barges 
(WWF 2001). This happens because the rivers 
that surround the TES have a width much smaller 
than the average of the Paraguai river, both above 
and below the Station, and in some stretches, the 
width of the Bracinho river is approximately 55 
meters. In addition, in this region, the river is also 
much more sinuous, with sharp curves (Figure 1). 
To cross these winding regions, convoys of barges 
used the concave banks as an auxiliary element 
for manoeuvres, having to make consecutive 

Figure 7. Seasonal differences scheme in relative 
selection strength between “distance from 
the river” classes by jaguars from the Taiamã 
Ecological Station, Mato Grosso, Brazil; the shades 
of green represent the use of the classes; the darker 
green the more used the class by the jaguars; blue 
represents the river.
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movements backwards after collisions with the 
riverbank to be able to move. 

As a result of the seasonal nature of dry and 
flood periods in the Pantanal, the planned vessels 
will be more used when the water level in the 
rivers is high since there will be less difficulty in 
navigation and because the flood season coincides 
with the seasonal period of soy exportation. In 
this way, if we consider that floods are the most 
intense periods of riverbank use by the studied 
jaguars, it is possible that the seasonal nature of 
the use of these large vessels even further affects 
the behaviour of these felines.

Our study provides the type of data that could 
be used to improve management decisions to 
minimise the loss of preferred habitats for jaguars 
in the TES region and thus may help improve 
human-predator conflicts. The Pantanal is rich 
in wildlife diversity, yet more than 95% of its 
area is privately owned, with livestock being the 
main economic activity (Quigley & Crawshaw 
1992, Soisalo & Cavalcanti 2006). Illegal jaguar 
control in response to livestock depredation is a 
significant source of jaguar mortality (Schaller & 
Crawshaw 1980). However, jaguars from the TES 
do not eat cattle (Eriksson et al. 2022) and have 
few traces of cattle-related diseases (Onuma et 
al. 2014, 2015) and thus, the maintenance of these 
characteristics depends on the absence of cattle 
in the riverbanks of the farms that border the 
Station. In Brazil, the presence of cattle in areas 
close to rivers is prohibited by law (Brazilian 
Federal Law n°12.651/2012), but not always 
respected (Paula De Oliveira et al. 2009, Chaves et 
al. 2020), so compliance with the legislation in the 
study area would be good for the analysed feline 
population. 

The fact that protected areas often fail 
to provide adequate area to support viable 
populations of large carnivores is not a new 
finding and has been documented extensively in 
the scientific literature (Newmark 1985, Simonetti 
& Mella 1997, Chape & Mulongoy 2004, Johnson 
et al. 2006, Baeza & Estades 2010). However, small 
protected areas for large carnivore conservation 
can be enhanced by improving the quality of the 
surrounding landscape (Baeza & Estades 2010, 
Cardoso et al. 2020). The environments most 
preferred by jaguars near TES are crucial for these 
animals to disperse, hunt wild prey and take care 

of their cubs without being disturbed, and thus, 
management efforts should focus on protecting 
these environments, through conservation 
projects or the creation of protected areas, whether 
public or private.

ACKNOWLEDGMENTS 

We thank Antonio Carlos Csermak Junior, Dale 
Anderson, Leanes Silva, Paulo Roberto Amaral, 
Rogério Cunha de Paula, Tarcizio Paula and 
Wendy Debbas for supporting on animal capture 
and monitoring. Studies were funded by CNPq, 
Cat Heaven Endangered Species-Project Survival 
and Dallas World Aquarium. 

REFERENCES

Alvarenga, G. C., Chiaverini, L., Cushman, S. A., 
Dröge, E., Macdonald, D. W., Kantek, D. L. Z., 
Morato, R. G., Thompson, J. J., Oscar, R. B. L. 
M., Abade, L., Azevedo, F. C. C. de, Ramalho, 
E. E., & Kaszta, Ż. 2021. Multi-scale path-level 
analysis of jaguar habitat use in the Pantanal 
ecosystem. Biological Conservation, 253, 
108900. DOI: 10.1016/j.biocon.2020.108900

Assine, M. L., & Silva, A. 2009. Contrasting 
fluvial styles of the Paraguay River in the 
northwestern border of the Pantanal wetland, 
Brazil. Geomorphology, 113(3–4), 189–199. DOI: 
10.1016/j.geomorph.2009.03.012

Astete, S., Sollmann, R., & Silveira, L. 2007. 
Comparative Ecology of Jaguars in Brazil. CAT 
News, (4), 9–14.

Avgar, T., Potts, J. R., Lewis, M. A., & Boyce, M. 
S. 2016. Integrated step selection analysis: 
bridging the gap between resource selection 
and animal movement. Methods in Ecology 
and Evolution, 7(5), 619–630. DOI: 10.1111/2041-
210X.12528

Baeza, A., & Estades, C. F. 2010. Effect of the 
landscape context on the density and 
persistence of a predator population in a 
protected area subject to environmental 
variability. Biological Conservation, 143(1), 94–
101. DOI: 10.1016/j.biocon.2009.09.008

Brasil. 2019. Ministério do Meio Ambiente. Sítios 
Ramsar brasileiros. (Retrieved on September 
13th, 2022, from https://www.gov.br/mma/



304 | Habitat selection of jaguars from Pantanal

Oecol. Aust. 27(3): 294-308,2023

pt-br/assuntos/ecossistemas-1/areas-umidas/
sitios-ramsar-brasileiros).

Buchmüller, A., Höhn, D., Dippel, O., & Signer, 
J. 2018. amtGUI - Developing a graphical 
user interface with Shiny for the analysis of 
telemetry data.

Calenge, C. 2007. Exploring Habitat Selection by 
Wildlife with adehabitat. Journal of Statistical 
Software, 22(6), 1–19. DOI: 10.18637/jss.v022.i06

Calheiros, D. F., & Oliveira, M. D. 2010. O rio 
Paraguai e sua Planície de Inundação. Ciência 
& Ambiente, 41, 113–130.

Cardoso, H. M., Morato, R. G., Miyazaki, S. S., 
Pereira, T. D. C., Araújo, G. R. de, & Kantek, 
D. L. Z. 2020. Effectiveness of protected areas 
for jaguars: the case of the Taiamã Ecological 
Station in Brazil. Papéis Avulsos de Zoologia, 
60(0), e20206048. DOI: 10.11606/1807-
0205/2020.60.48

Carr, G. M., & Macdonald, D. W. 1986. The sociality 
of solitary foragers: a model based on resource 
dispersion. Animal Behaviour, 34(5), 1540–
1549. DOI: 10.1016/S0003-3472(86)80223-8

Cavalcanti, S. M. C., & Gese, E. M. 2010. Kill rates 
and predation patterns of jaguars (Panthera 
onca) in the southern Pantanal, Brazil. 
Journal of Mammalogy, 91(3), 722–736. DOI: 
10.1644/09-MAMM-A-171.1

Chape, S., & Mulongoy, K. J. 2004. Protected Areas 
and Biodiversity: an overview of key issues. 
UNEP-WCMC Biodiversity Series 21. p. 55.

Chaves, L. A., Aparecida, M., Pierangeli, P., Mara, 
S., Da, A., & Neves, S. 2020. Impactos do novo 
código florestal nas áreas de preservação 
permanente do rio Cabaçal em Mato Grosso. 
Revista Equador (UFPI), 9, 1–20.

Conde, D. A., Colchero, F., Zarza, H., Christensen, 
N. L., Sexton, J. O., Manterola, C., Chávez, C., 
Rivera, A., Azuara, D., & Ceballos, G. 2010. Sex 
matters: Modeling male and female habitat 
differences for jaguar conservation. Biological 
Conservation, 143(9), 1980–1988. DOI: 10.1016/j.
biocon.2010.04.049

Cullen, L., Sana, D. A., Lima, F., de Abreu, K. C., & 
Uezu, A. 2013. Selection of habitat by the jaguar, 
Panthera onca (Carnivora: Felidae), in the upper 
Paraná River, Brazil. Zoologia, 30(4), 379–387. 
DOI: 10.1590/S1984-46702013000400003

de Araújo, G. R., de Deco-Souza, T., Morato, R. G., 

Crawshaw Jr., P. G., da Silva, L. C., Jorge-Neto, 
P. N., Csermak-Jr, A. C., Bergo, L. C. F., Kantek, 
D. L. Z., Miyazaki, S. S., Beisiegel, B. de M., 
Tortato, F. R., May-Junior, J. A., da Silva, M. C. 
C., Leuzinger, L., Salomão-Jr, J. A., & de Paula, 
T. A. R. 2021. Use of foot snares to capture large 
felids. Methods in Ecology and Evolution, 12(2), 
322–327. DOI: 10.1111/2041-210X.13516

de Azevedo, F. C. C., Bastille‐Rousseau, G., & 
Murray, D. L. 2021. Habitat selection of jaguars 
in a seasonally flooded landscape. Mammalian 
Biology, 101(6), 817–830. DOI: 10.1007/s42991-
021-00185-4

de Azevedo, F. C. C., & Murray, D. L. 2007. Spatial 
organization and food habits of jaguars 
(Panthera onca) in a floodplain forest. Biological 
Conservation, 137(3), 391–402. DOI: 10.1016/j.
biocon.2007.02.022

de la Torre, J. A., Núñez, J. M., & Medellín, R. A. 
2017. Habitat availability and connectivity 
for jaguars (Panthera onca) in the Southern 
Mayan Forest: Conservation priorities 
for a fragmented landscape. Biological 
Conservation, 206, 270–282. DOI: 10.1016/j.
biocon.2016.11.034

Dellinger, J. A., Proctor, C., Steury, T. D., Kelly, M. 
J., & Vaughan, M. R. 2013. Habitat selection of 
a large carnivore, the red wolf, in a human-
altered landscape. Biological Conservation, 
157, 324–330. DOI: 10.1016/j.biocon.2012.09.004

Eriksson, C. E., Kantek, D. L. Z., Miyazaki, S. S., 
Morato, R. G., dos Santos-Filho, M., Ruprecht, 
J. S., Peres, C. A., & Levi, T. 2022. Extensive 
aquatic subsidies lead to territorial breakdown 
and high density of an apex predator. Ecology, 
103(1). DOI: 10.1002/ecy.3543

Erlinge, S., & Sandell, M. 1986. Seasonal changes 
in the social organization of male stoats, 
Mustela erminea: An effect of shifts between 
two decisive resources. Oikos, 47(1), 57–62. 
DOI: 10.2307/3565919

Forester, J. D., Im, H. K., & Rathouz, P. J. 2009. 
Accounting for animal movement in 
estimation of resource selection functions: 
sampling and data analysis. Ecology, 90(12), 
3554–3565. DOI: 10.1890/08-0874.1

Fortin, D., Beyer, H. L., Boyce, M. S., Smith, D. W., 
Duchesne, T., & Mao, J. S. 2005. Wolves Influence 
Elk Movements: behavior Shapes a Trophic 



Kantek et al. | 305 

Oecol. Aust. 27(3): 294-308,2023

Cascade in Yellowstone National Park. Ecology, 
86(5), 1320–1330. DOI: 10.1890/04-0953

Froehly, J. L., Beane, N. R., Evans, D. E., Cagle, K. 
E., & Jachowski, D. S. 2020. Using multi-scale 
behavioral investigations to inform wild pig 
(Sus scrofa) population management. PLOS 
ONE, 15(2), e0228705. DOI: 10.1371/journal.
pone.0228705

Frota, A. da, Ikeda-Castrillon, S. K., Kantek, D. 
L., & Silva, C. J. da. 2020. Macrohabitats da 
Estação Ecológica de Taiamã, no contexto da 
Área Úmida Pantanal mato-grossense, Brasil. 
Boletim Do Museu Paraense Emílio Goeldi 
- Ciências Naturais, 12(2). DOI: 10.46357/
bcnaturais.v12i2.387

Gehrt, S. D., & Fritzell, E. K. 1998. Resource 
distribution, female home range dispersion 
and male spatial interactions: group structure 
in a solitary carnivore. Animal Behaviour, 
55(5), 1211–1227. DOI: 10.1006/anbe.1997.0657

Gittleman, J. L. 1986. Carnivore Life History 
Patterns: Allometric, Phylogenetic, and 
Ecological Associations. The American 
Naturalist, 127(6), 744–771. DOI: 10.1086/284523

Harris, M. B., Tomas, W. M., Mourão, G., da Silva, C. 
J., Guimarães, E., Sonoda, F., & Fachim, E. 2005. 
Desafios para proteger o Pantanal brasileiro: 
ameaças e iniciativas em conservação. 
Megadiversidade, 1, 156–164.

Hayward, M. W., & Kerley, G. I. H. 2005. Prey 
preferences of the lion (Panthera leo). Journal 
of Zoology, 267, 309–322.

Hixon, M. A. 1980. Food production and competitor 
density as the determinants of feeding territory 
size. The American Naturalist, 115(4), 510–530. 
DOI: 10.1086/283577

Hopcraft, J. G. C., Sinclair, A. R. E., & Packer, C. 
2005. Planning for success: Serengeti lions 
seek prey accessibility rather than abundance. 
Journal of Animal Ecology, 74(3), 559–566. DOI: 
10.1111/j.1365-2656.2005.00955.x

IBGE. 2012. Manual técnico da vegetação 
brasileira. 2a edição revisada e ampliada. Rio 
de Janeiro: p. 272.

ICMBio. 2017. Plano de Manejo da Estação 
Ecológica de Taiamã. Brasília: Instituto Chico 
Mendes de Conservação da Biodiversidade: p. 174.

ICMBio. 2018. Plano de Ação Nacional para a 
Conservação dos Grandes Felinos. Portaria Nº 
612, de 22 de junho de 2018.

Johnson, A., Johnson, A., Vongkhamheng, C., 
Hedemark, M., & Saithongdam, T. 2006. 
Effects of human-carnivore conflict on tiger 
(Panthera tigris) and prey populations in Lao 
PDR. Animal Conservation, 9(4), 421–430. DOI: 
10.1111/j.1469-1795.2006.00049.x

Johnson, D. H. 1980. The comparison of usage 
and availability measurements for evaluating 
resource preference. Ecology, 61(1), 65–71. DOI: 
10.2307/1937156

Junk, W. J., & Cunha, C. N. de. 2005. Pantanal: a 
large South American wetland at a crossroads. 
Ecological Engineering, 24(4), 391–401. DOI: 
10.1016/j.ecoleng.2004.11.012

Kanda, C. Z., Oliveira-Santos, L. G. R., Morato, R. 
G., de Paula, R. C., Rampim, L. E., Sartorello, 
L., Haberfeld, M., Galetti, M., & Ribeiro, M. C. 
2019. Spatiotemporal dynamics of conspecific 
movement explain a solitary carnivore’s space 
use. Journal of Zoology, 308(1), 66–74. DOI: 
10.1111/jzo.12655

Kantek, D. L. Z., Trinca, C. S., Tortato, F., Devlin, A. 
L., de Azevedo, F. C. C., Cavalcanti, S., Silveira, 
L., Miyazaki, S. S., Junior, P. G. C., May-Junior, J. 
A., Fragoso, C. E., Sartorello, L. R., Rampim, L. 
E., Haberfeld, M. B., de Araujo, G. R., Morato, R. 
G., & Eizirik, E. 2021. Jaguars from the Brazilian 
Pantanal: Low genetic structure, male-biased 
dispersal, and implications for long-term 
conservation. Biological Conservation, 259. 
DOI: 10.1016/j.biocon.2021.109153

Klaassen, B., & Broekhuis, F. 2018. Living on the 
edge: Multiscale habitat selection by cheetahs 
in a human-wildlife landscape. Ecology and 
Evolution, 8(15), 7611–7623. DOI: 10.1002/
ece3.4269

Kramer-Schadt, S., Revilla, E., & Wiegand, T. 
2005. Lynx reintroductions in fragmented 
landscapes of Germany: Projects with a future 
or misunderstood wildlife conservation? 
Biological Conservation, 125(2), 169–182. DOI: 
10.1016/j.biocon.2005.02.015

Kramer-Schadt, S., S. Kaiser, T., Frank, K., & 
Wiegand, T. 2011. Analyzing the effect of 
stepping stones on target patch colonisation 
in structured landscapes for Eurasian lynx. 
Landscape Ecology, 26(4), 501–513. DOI: 
10.1007/s10980-011-9576-4

Landis, J. R., & Koch, G. G. 1977. The measurement 
of observer agreement for categorical 



306 | Habitat selection of jaguars from Pantanal

Oecol. Aust. 27(3): 294-308,2023

data. Biometrics, 33(1), 159–174. DOI: 
10.2307/2529310

Litvaitis, J. A., Sherburne, J. A., & Bissonette, J. 
A. 1986. Bobcat habitat use and home range 
size in relation to prey density. The Journal 
of Wildlife Management, 50(1), 110–117. DOI: 
10.2307/3801498

Lo, E. L., McGlue, M. M., Silva, A., Bergier, I., 
Yeager, K. M., de Azevedo Macedo, H., Swallom, 
M., & Assine, M. L. 2019. Fluvio-lacustrine 
sedimentary processes and landforms on 
the distal Paraguay fluvial megafan (Brazil). 
Geomorphology, 342, 163–175. DOI: 10.1016/j.
geomorph.2019.06.001

Macdonald, D. W. 1983. The ecology of carnivore 
social behaviour. Nature, 301(5899), 379–384. 
DOI: 10.1038/301379a0

Manly, B. F. J., Mcdonald, L. L., Thomas, D. 
L., Mcdonald, T. L., & Erickson, W. P. 2002. 
Resource selection by animals statistical 
design and analysis for field studies, Second 
Edition. p. 222.

Martins, B. A. A., Castrillon, S. K. I., Sander, N. L., 
Olivo-Neto, A. M., Lázaro, W. L., Silva, C. J. da, 
Morais, F. F. de, & Pedroga, J. A. 2020. Flood 
effect on tree communities in the multispecific 
forest at Taiamã Ecological Station (Sítio 
Ramsar), Pantan al Matogrossense. Research, 
Society and Development, 9(8), e385985808. 
DOI: 10.33448/rsd-v9i8.5808

McGarigal, K., Wan, H. Y., Zeller, K. A., Timm, B. 
C., & Cushman, S. A. 2016. Multi-scale habitat 
selection modeling: a review and outlook. 
Landscape Ecology, 31(6), 1161–1175. DOI: 
10.1007/s10980-016-0374-x

Morato, R., Beisiegel, B., Ramalho, E. E., & Bueno 
De Campos, C. 2013. Avaliação do risco de 
extinção da onça-pintada Panthera onca 
(Linnaeus, 1758) no Brasil. Biodiversidade 
Brasileira, 3(1), 122–132. 

Morato, R G, Connette, G. M., Stabach, J. A., de 
Paula, R. C., Ferraz, K. M. P. M., Kantek, D. L. 
Z., Miyazaki, S. S., Pereira, T. D. C., Silva, L. C., 
Paviolo, A., de Angelo, C., di Bitetti, M. S., Cruz, 
P., Lima, F., Cullen, L., Sana, D. A., Ramalho, 
E. E., Carvalho, M. M., da Silva, M. X., Moraes, 
M. D. F., Vogliotti, A., May, J. A., Haberfeld, 
M., Rampim, L., Sartorello, L., Araujo, G. R., 
Wittemyer, G., Ribeiro, M. C., & Leimgruber, P. 
2018a. Resource selection in an apex predator 

and variation in response to local landscape 
characteristics. Biological Conservation, 228, 
233–240. DOI: 10.1016/j.biocon.2018.10.022

Morato, Ronaldo G, Thompson, J. J., Paviolo, 
A., de La Torre, J. A., Lima, F., McBride Jr, 
R. T., Paula, R. C., Cullen Jr, L., Silveira, L., 
Kantek, D. L. Z., Ramalho, E. E., Maranhão, 
L., Haberfeld, M., Sana, D. A., Medellin, R. A., 
Carrillo, E., Montalvo, V., Monroy-Vilchis, O., 
Cruz, P., Jacomo, A. T., Torres, N. M., Alves, G. 
B., Cassaigne, I., Thompson, R., Saens-Bolanos, 
C., Cruz, J. C., Alfaro, L. D., Hagnauer, I., da 
Silva, X. M., Vogliotti, A., Moraes, M. F. D., 
Miyazaki, S. S., Pereira, T. D. C., Araujo, G. R., 
da Silva, L. C., Leuzinger, L., Carvalho, M. M., 
Rampin, L., Sartorello, L., Quigley, H., Tortato, 
F., Hoogesteijn, R., Crawshaw Jr., P. G., Devlin, 
A. L., May Jr, J. A., de Azevedo, F. C. C., Concone, 
H. V. B., Quiroga, V. A., Costa, S. A., Arrabal, J. P., 
Vanderhoeven, E., di Blanco, Y. E., Lopes, A. M. 
C., Widmer, C. E., & Ribeiro, M. C. 2018b. Jaguar 
movement database: a GPS-based movement 
dataset of an apex predator in the Neotropics. 
Ecology, 99(7), 1691. DOI: 10.1002/ecy.2379

Murray, D. L., Boutin, S., & O’Donoghue, M. 1994. 
Winter habitat selection by lynx and coyotes 
in relation to snowshoe hare abundance. 
Canadian Journal of Zoology, 72(8), 1444–1451. 
DOI: 10.1139/z94-191

Newmark, W. D. 1985. Legal and biotic boundaries 
of western North American national 
parks: A problem of congruence. Biological 
Conservation, 33, 197–208.

Oliveira, R. A. de, Silva, J. S. da S., Pereira, P. A., 
Calmant, S., & Seyler, F. 2013. Caracterização do 
regime hidrológico do rio Paraguai utilizando 
dados da missão altimétrica ENVISAT. In: X 
Simpósio Brasileiro de Sensoriamento Remoto.

Olivo-Neto, A. M., da Silva, C. J., Castrillon, S. K. 
I., Lazaro, W. L., Damasceno-Junior, G. A., 
Gris, D., Pereira, T. D. C., & Sander, N. L. 2020. 
Spatial distribution of single specie dominant 
forests of Erythrina fusca Lour. at the Taiamã 
Ecological Station, Pantanal, Mato Grosso, 
Brazil. Tropical Ecology, 61(2), 248–257. DOI: 
10.1007/s42965-020-00081-x

Onuma, S. S. M., Kantek, D. L. Z., Crawshaw Júnior, 
P. G., Morato, R. G., May-Júnior, J. A., de Morais, 
Z. M., Ferreira Neto, J. S., & de Aguiar, D. M. 2015. 
Detecção de anticorpos para Leptospira spp. E 



Kantek et al. | 307 

Oecol. Aust. 27(3): 294-308,2023

Brucella abortus em onças-pintadas (Panthera 
onca) de vida livre em duas áreas protegidas no 
Pantanal Norte, Brasil. Revista Do Instituto de 
Medicina Tropical de Sao Paulo, 57(2), 177–180. 
DOI: 10.1590/S0036-46652015000200014

Onuma, S. S. M., Melo, A. L. T., Kantek, D. L. Z., 
Crawshaw-Junior, P. G., Morato, R. G., May-
Júnior, J. A., Pacheco, T. dos A., & de Aguiar, 
D. M. 2014. Exposure of free-living jaguars to 
Toxoplasma gondii, Neospora caninum and 
Sarcocystis neurona in the Brazilian Pantanal. 
Revista Brasileira de Parasitologia Veterinaria, 
23(4), 547–553. DOI: 10.1590/S1984-29612014077

Palomares, F., Delibes, M., Revilla, E., Calzada, J., 
& Fedriani, J. M. 2001. Spatial ecology of the 
Iberian lynx and abundance of european rabbit 
in southwestern Spain. Wildlife Monographs, 
148, 1–36. 

Paula De Oliveira, A., Alves, S. M., Neves, S., & Neves, 
R. J. 2009. Implicações ambientais do uso na APP 
do rio Paraguai, entre a foz do rio Cabaçal e a foz 
do córrego Padre Inácio-Pantanal de Cáceres-
Brasil. In: 2o Simpósio de Geotecnologias no 
Pantanal. Vol. 548, pp. 548–555. Corumbá: 
Embrapa Informática Agropecuária/INPE.

Peterson, J. T., & Dunham, J. 2003. Combining 
Inferences from Models of Capture Efficiency, 
Detectability, and Suitable Habitat to Classify 
Landscapes for Conservation of Threatened 
Bull Trout. Conservation Biology, 17(4), 1070–
1077. DOI: 10.1046/j.1523-1739.2003.01579.x

Quigley, H. B., & Crawshaw, P. G. 1992. A 
conservation plan for the jaguar Panthera onca 
in the Pantanal region of Brazil. Biological 
Conservation, 61(3), 149–157. DOI: 10.1016/0006-
3207(92)91111-5

Rio-Maior, H., Nakamura, M., Álvares, F., & Beja, P. 
2019. Designing the landscape of coexistence: 
Integrating risk avoidance, habitat selection 
and functional connectivity to inform 
large carnivore conservation. Biological 
Conservation, 235, 178–188. DOI: 10.1016/j.
biocon.2019.04.021

Sandell, M. 1989. The Mating Tactics and Spacing 
Patterns of Solitary Carnivores. In: J. L. 
Gittleman (Ed.), Carnivore Behavior, Ecology, 
and Evolution. pp. 164–182. Boston, MA: 
Springer US.

Sanderson, E. W., Redford, K. H., Chetkiewicz, C.-L. 
B., Medellin, R. A., Rabinowitz, A. R., Robinson, 

J. G., & Taber, A. B. 2002. Planning to Save a 
Species: the Jaguar as a Model. Conservation 
Biology, 16(1), 58–72. DOI: 10.1046/j.1523-
1739.2002.00352.x

Santos, F., Carbone, C., Wearn, O. R., Rowcliffe, J. 
M., Espinosa, S., Lima, M. G. M., Ahumada, J. 
A., Gonçalves, A. L. S., Trevelin, L. C., Alvarez-
Loayza, P., Spironello, W. R., Jansen, P. A., 
Juen, L., & Peres, C. A. 2019. Prey availability 
and temporal partitioning modulate felid 
coexistence in Neotropical forests. PLOS 
ONE, 14(3), e0213671. DOI: 10.1371/journal.
pone.0213671

Schaller, G. B., & Crawshaw, P. G. 1980. Movement 
Patterns of Jaguar. Biotropica, 12(3), 161–168. 
DOI: 10.2307/2387967

Signer, J., Fieberg, J., & Avgar, T. 2019. Animal 
movement tools (amt): R package for managing 
tracking data and conducting habitat selection 
analyses. Ecology and Evolution, 9(2), 880–890. 
DOI: 10.1002/ece3.4823

Silveira, L., Sollmann, R., Jácomo, A. T. A., Diniz 
Filho, J. A. F., & Tôrres, N. M. 2014. The potential 
for large-scale wildlife corridors between 
protected areas in Brazil using the jaguar as a 
model species. Landscape Ecology, 29(7), 1213–
1223. DOI: 10.1007/s10980-014-0057-4

Simonetti, J. A., & Mella, J. E. 1997. Park size 
and the conservation of Chilean mammals 
Tamafio de parques y la conservación de 
los mamíferos chilenos. Revista Chilena de 
Historia Natural, 70, 213–220.

Soisalo, M. K., & Cavalcanti, S. M. C. 2006. 
Estimating the density of a jaguar population 
in the Brazilian Pantanal using camera-
traps and capture–recapture sampling in 
combination with GPS radio-telemetry. 
Biological Conservation, 129(4), 487–496. DOI: 
10.1016/j.biocon.2005.11.023

Souza, C. A. de, & Souza, J. B. de. 2010. Pantanal 
Mato-Grossense: Origem, Evolução e as 
Características Atuais. Revista Eletrônica Da 
Associação Dos Geógrafos Brasileiros, Seção 
Três Lagoas, 11, 34–54.

Spong, G. 2002. Space use in lions, Panthera 
leo, in the Selous Game Reserve: social and 
ecological factors. Behavioral Ecology and 
Sociobiology, 52(4), 303–307. DOI: 10.1007/
s00265-002-0515-x

Stephens, D. W., & Krebs, J. R. 2019. Foraging 



308 | Habitat selection of jaguars from Pantanal

Oecol. Aust. 27(3): 294-308,2023

Theory. Princeton University Press. p. 262. 
DOI: 10.1515/9780691206790

Süssekind, F. 2019. A história de gigante: 
conservação e caça no pantanal. Sociologia & 
Antropologia, 9(3), 847–869. DOI: 10.1590/2238-
38752019v936

Thurfjell, H., Ciuti, S., & Boyce, M. S. 2014. 
Applications of step-selection functions in 
ecology and conservation. Movement Ecology, 
2(1), 4. DOI: 10.1186/2051-3933-2-4

Tomas, W. M., de Oliveira Roque, F., Morato, R. G., 
Medici, P. E., Chiaravalloti, R. M., Tortato, F. R., 
Penha, J. M. F., Izzo, T. J., Garcia, L. C., Lourival, 
R. F. F., Girard, P., Albuquerque, N. R., Almeida-
Gomes, M., Andrade, M. H. da S., Araujo, F. A. S., 
Araujo, A. C., Arruda, E. C. de, Assunção, V. A., 
Battirola, L. D., Benites, M., Bolzan, F. P., Boock, 
J. C., Bortolotto, I. M., Brasil, M. da S., Camilo, A. 
R., Campos, Z., Carniello, M. A., Catella, A. C., 
Cheida, C. C., Crawshaw, P. G., Crispim, S. M. 
A., Junior, G. A. D., Desbiez, A. L. J., Dias, F. A., 
Eaton, D. P., Faggioni, G. P., Farinaccio, M. A., 
Fernandes, J. F. A., Ferreira, V. L., Fischer, E. A., 
Fragoso, C. E., Freitas, G. O., Galvani, F., Garcia, 
A. S., Garcia, C. M., Graciolli, G., Guariento, R. 
D., Guedes, N. M. R., Guerra, A., Herrera, H. 
M., Hoogesteijn, R., Ikeda, S. C., Juliano, R. S., 
Kantek, D. L. Z. K., Keuroghlian, A., Lacerda, 
A. C. R., Lacerda, A. L. R., Landeiro, V. L., Laps, 
R. R., Layme, V., Leimgruber, P., Rocha, F. L., 
Mamede, S., Marques, D. K. S., Marques, M. I., 
Mateus, L. A. F., Moraes, R. N., Moreira, T. A., 
Mourão, G. M., Nicola, R. D., Nogueira, D. G., 
Nunes, A. P., Nunes da Cunha, C. da, Oliveira, 
M. D., Oliveira, M. R., Paggi, G. M., Pellegrin, 
A. O., Pereira, G. M. F., Peres, I. A. H. F. S., 
Pinho, J. B., Pinto, J. O. P., Pott, A., Provete, D. 
B., dos Reis, V. D. A., dos Reis, L. K., Renaud, 
P. C., Ribeiro, D. B., Rossetto, O. C., Sabino, J., 
Rumiz, D., Salis, S. M., Santana, D. J., Santos, S. 
A., Sartori, Â. L., Sato, M., Schuchmann, K. L., 
Scremin-Dias, E., Seixas, G. H. F., Severo-Neto, 
F., Sigrist, M. R., Silva, A., Silva, C. J., Siqueira, 
A. L., Soriano, B. M. A., Sousa, L. M., Souza, F. 
L., Strussmann, C., Sugai, L. S. M., Tocantins, 
N., Urbanetz, C., Valente-Neto, F., Viana, D. P., 
Yanosky, A., & Junk, W. J. 2019. Sustainability 
Agenda for the Pantanal Wetland: Perspectives 
on a Collaborative Interface for Science, Policy, 
and Decision-Making. Tropical Conservation 

Science. SAGE Publications Inc. p. 30. DOI: 
10.1177/1940082919872634

Tortato, F. R. 2018. Resumo executivo da 
proposta de criação do mosaico de unidades 
de conservação do Pantanal Norte. Brasília: 
Ministério do Meio Ambiente. p. 64. (Retrieved 
on September 20th, 2022, from https://www.
gov.br/icmbio/pt-br/assuntos/participacao-
social/resumo_executivo_mosaico_pantanal.
pdf/view)

Tortato, F. R., Hoogesteijn, R., Devlin, A. L., Quigley, 
H. B., Bolzan, F., Izzo, T. J., Ferraz, K. M. P. M. 
B., & Peres, C. A. 2021. Reconciling biome-wide 
conservation of an apex carnivore with land-
use economics in the increasingly threatened 
Pantanal wetlands. Scientific Reports, 11(1), 
22808. DOI: 10.1038/s41598-021-02142-0

Tortato, F. R., & Izzo, T. J. 2017. Advances and 
barriers to the development of jaguar-tourism 
in the Brazilian Pantanal. Perspectives in 
Ecology and Conservation, 15(1), 61–63. DOI: 
10.1016/j.pecon.2017.02.003

Tortato, F., Tomas, W. M., Chiaravalloti, R. M., & 
Morato, R. 2022. Tragedy of the Commons: 
How Subtle, “Legal” Decisions Are Threatening 
One of the Largest Wetlands in the World. 
BioScience, biac025. DOI: 10.1093/biosci/
biac025

Wang, G. 2021. Bayesian and frequentist 
approaches to multinomial count models in 
ecology. Ecological Informatics, 61, 101209. 
DOI: 10.1016/j.ecoinf.2020.101209

WWF. 2001. Retrato da Navegação no Alto rio 
Paraguai. p. 64. (Retrieved on May 4th, 2022, 
from https://wwfbr.awsassets.panda.org/
downloads/retrato_nav_wwf_brasil.pdf).

Submitted: 2 June 2022
Accepted: 29 September 2022

Published online: 24 October 2022
Associate Editor: João Pedro Souza-Alves

 


