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Abstract

Carnivores are considered a key component of animal communities, influencing the
structures and dynamics of most communities around the world. However, carnivores
represent some of the most threatened species as a result of the land-use changes, loss or
degradation of habitat, persecution by humans, decline of their natural preys, and diseases.
Once large carnivores control both herbivores populations, through predation, and
mesopredator carnivore populations though intraguild competition, their decline result in
cascading effects. Additionally it is known that species of carnivores can negatively
interact through competition by interference or exploitation. Therefore, coexistence of

potential competitors may depend upon temporal and/or spatial partitioning of resources.

In the present thesis, | address habitat selection, circadian rhythm and intraguild
competition in the use of space by the Pantanal carnivore species. | access richness and
distribution of carnivore species, estimate their occupancy rates and the factors affecting
occupancy and detectability, and evaluate potential spatial and temporal partitioning
between the predator and mesopredator species. Data was obtained using camera trapping
and analyzed by single season species occupancy models, accounting for imperfect
detection. I used kernel density to describe activity patterns, and pairwise co-occurrence
approach to evaluate the co-occurrence among carnivore species in four regions of the

Pantanal wetland.

Combining all study sites and camera trap stations, was recorded 11 carnivore
species in 1109 independent records. Among the study sites Sagrado ranch was the richest
(11 species detected) site. Regarding the probability of occupancy (), the outcome varied
among focal species with the highest probability of occupancy for the coati (v =0.79 +
0.10) and the lowest for the tayra (y = 0.35 = 0.11). The species exhibited a notorious
variability of detection probabilities (p), with the highest value for the crab-eating fox (p =
0.50 £ 0.06), and the lowest one for the puma (p = 0.18 £ 0.04). The inclusion of variables
in the occupancy models showed that presence of top predators, such as puma, has the
most consistent effect on the mesopredator community, with positive influence, followed
by the habitat categories. Unlike expected, puma was present in the occupancy models of
four species with a positive influence which can be an indicator of aggregation between
them probably as a result of same habitat selection patterns. Prey availability had the most

consistent effect on the predator community with positive influence in the occupancy



estimative of jaguar and pumas. Regarding to detectability, the habitat categories was the
most important predictor, influencing positively or negatively the detection probability of
carnivore species. The general activity patterns found in the present study resemble those
reported elsewhere for most carnivore species, with crepuscular or nocturnal activity,
except that tayra, coati and jaguarundi are mostly diurnal in the Pantanal. According to the
pairwise co-occurrence approach, most pairs of species co-occurred more than expected by

chance, an evidence of low spatial avoidance among the Pantanal carnivores.

Finally, the major findings of this study were that carnivores largely use similar
resources, with the share of space and/or time between few species, thus showing a low
general level of niche partitioning in the Pantanal. In addition, different circadian rhythms
contributed more than spatial partitioning for niche segregation among carnivores. In
conclusion, the ability of carnivore species in modifying their activity patterns to avoid
predators or competitors, or to adjust to the availability of their main preys, is a likely main

character that facilitates their coexistences in the Pantanal.

Keywords: Carnivores, Coexistence, Activity Patterns, Occupancy, Detectability, Pantanal

Resumo

Carnivoros sdo considerados componentes chave na comunidade animal, influenciando a
estrutura e a dindmica da maioria das comunidades ao redor do mundo. No entanto, 0s
carnivoros representam algumas das espécies mais ameacadas, resultado das mudancgas no
uso do solo, perda e degradacéo de habitat, perseguicdo por humanos, declinio de suas
presas principais e doencas. O declinio de grandes carnivoros resulta em um efeito cascata,
uma vez que eles controlam as populacdes de herbivoros por meio da predacéo e as
populacOes de mesopredadores por meio de competi¢do intraguilda. Adicionalmente,
espécies de carnivoros podem interagir negativamente por meio de competicéo por
interferéncia ou exploracdo. Assim, a coexisténcia entre potenciais competidores pode

depende da partilha temporal e/ou espacial de recursos.

Na presente tese estudei a selecdo de habitat, os ritmos circadianos e a competicéo
intraguilda quanto ao uso do espaco pelas espécies de carnivoros do Pantanal. Analisei a
riqueza e distribuicdo de espécies de carnivoros, estimei suas taxas de ocupacao e 0s
fatores que afetam a ocupacéo e a detectabilidade, e avaliei a partilha espacial e temporal
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entre grandes predadores e mesopredadores. Os dados foram obtidos com auxilio de
armadilhas fotogréaficas e analisados meio de modelos de ocupacéo, considerando a
deteccdo imperfeita. Utilizei densidade de kernel para descrever o padrdo de atividades, e
uma abordagem de co-ocorréncia par-a-par para avaliar a co-ocorréncia entre as espécies

de carnivoros em quatro regides do Pantanal.

Combinando todas as areas de estudo e esta¢es de armadilhas fotogréficas, 11
espécies foram registradas em 1109 registros independentes. Dentre as areas de estudo a
Fazenda Sagrado foi a que apresentou maior riqueza de espécie (11 espécies detectadas).
Relativamente a probabilidade de ocupacgéo (), os resultados variaram entre as espécies
focais, com a maior probabilidade de ocupagéo registrada para o coati (y =0.79 £0.10) e a
menor para a irara (y = 0.35 £ 0.11). As espécies exibiram uma notoria variabilidade na
probabilidade de detec¢édo (p), com o maior valor verificado para o cachorro-do-mato (p =
0.50 + 0.06), e 0 menor para a onga-parda (p = 0.18 + 0.04). A inclusdo de variaveis nos
modelos de ocupagdo demostrou que a presenca de predadores de topo, como por exemplo
a onca-parda, possuem o efeito mais consistente na comunidade de mesopredadores, com
influéncia positiva, seguida pelas categorias de habitat. Ao contrario do esperado a onca-
parda esteve presente nos modelos de ocupacgéo de quatro espécies de mesopredadores com
influéncia positiva o que pode ser considerado um indicador de agregacao entre eles,
provavelmente como um resultado de um padréo de selecdo dos mesmos habitats. A
disponibilidade de presas, teve o efeito mais consistente na comunidade de predadores com
influéncia positiva na estimativa de ocupacéo de onga-pintadas e onga-pardas. Em relacao
a detectabilidade, categorias de habitats foi o preditor mais importante, influenciando
positiva e negativamente a probabilidade de deteccdo das espécies de carnivoros. Os
padrdes gerais de atividade encontrados no presente estudo se assemelham com os ja
relatados em outros lugares para a maioria das espécies de carnivoros, com atividade
crepuscular ou noturna, com excessdo da irara, coati e jaguarundi, 0s quais sao
majoritariamente diurnos no Pantanal. De acordo com a abordagem de co-ocorréncia par-a-
par, a maioria dos pares de espécies estudadas ocorreram mais vezes do que o esperado por

chance (aleatoriamente), uma evidéncia de baixa evasdo espacial.

Por fim, os resultados deste estudo permitem concluir que os carnivoros utilizam
amplamente recursos similares, com compartilhamento do espaco e/ou do tempo entre
poucas espécies, demonstrando assim, em geral, baixa segregacdo de nicho no Pantanal.

Adicionalmente, diferentes ritmos circadianos contribuiram mais que a partilha espacial
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para a segregacao de nicho dentre os carnivoros. Concluindo, a habilidade das espécies de
carnivoros em modificar seus padrdes de atividade para evitar predadores ou competidores,
ou para ajustarem-se a disponibilidade de suas presas principais, € provavelmente a

principal caracteristica que facilita a coexisténcia delas no Pantanal.

Palavras - chaves: Carnivoros, Coexisténcia, Padréo de Atividade, Ocupacéo,

Detectabilidade, Pantanal



12

Introduction

Carnivores (Mammalia: Carnivora) are a group of ecological importance in several
ecosystems (Gese 2001, Gittleman et al. 2001, Barea-Azcon et al. 2006). They comprise
species of different sizes that play a significant role in maintaining the structures and
dynamics of most communities around the world (Prugh et al. 2009, Prevosti & Pereira
2014, Ripple et al. 2014). Carnivores includes large-sized specialized top predators, which
occupy the higher position in food webs, and mesopredators, that comprise medium-sized
species situated in trophic levels below top predators (Ritchie & Johnson 2009, Roemer et
al. 2009). These predators contribute in a variety of ways as indicators of ecosystem health
(Noss et al. 1996), regulation and evolution of prey populations (Terborgh et al. 2001),
seed dispersal (Lopez-Bao & Gonzélez-Varo), control of disease transmissions (Pongsiri et
al. 2009), carbon storage to buffer climate change (though the herbivores control) and
biodiversity enhancement (Terborgh et al. 2010). Nonetheless, carnivores have suffered a
global decline as a result of the land-use changes, loss or degradation of habitat,
persecution by humans, decline of their natural preys, and diseases (Gese 2001, Di Minin
et al. 2016). Since they often require large areas and occur in low population densities,
these environmental alterations have caused substantial reduction of their populations
(Gese 2001). For this reason, the carnivore guild globally shows a significant number of
species threatened to extinction, especially the largest ones (Ripple et al. 2014).

Large carnivores can control both herbivores populations through predation,
thereby limiting the pressure in the plant communities, and mesopredator carnivore
populations though intraguild competition (Terborgh et al. 1999, Miller et al. 2012).
Therefore, removal of large carnivores of a particular ecosystem results in cascading
effects (Ripple et al. 2014, 2016). Declining abundance of top predators can favor an
increasing of mesopredators — known as “mesopredator release” — that, in turn, change the
food web structures and the ecosystems’ functions (Prugh et al. 2009). For instance, the
removal of the largest Australian land predator (Canis lupus dingo) has been linked to the
expansion of invasive mesopredators and to the reductions of small mammals preyed on by
the mesopredators, and of plant biomass due to increased herbivory by kangaroos (Letnic
et al. 2012). Other example of top predator importance for ecosystem function has been
verified in the Yellowstone National Park (Ripple & Beschta 2012). Although the park is
still in early stage of ecosystem recovery, it is notable the trophic cascade restoration 15
years after wolf (Canis lupus) reintroduction. Among the changes observed are the control
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of elk (Cervus canadensis) populations that, in turn, reduced its dominance and allowed
the increasing of its potential competitors, such as beavers (Caster canadensis) and bisons
(Bison bison). This was a possible result of the reduction of the competition with elk for
food resources which increased the availability of plants such as aspen (Populus
tremuloides), willow (Salix spp.), and cottonwood (Populus spp.). Therefore, these studies
emphasize the importance of top predators in the community regulation, though pressures
of predation and competition on coexisting carnivores and herbivores, with consequences

on plant populations.

Studies have also supported that species of carnivores can negatively affect each
other in local communities due to intraguild competition by interference or exploitation
(Palomares & Caro 1999, Linnell & Strand 2000). Competition though exploitation occurs
between species mostly when there is a decline of their common resource (Putman, 1994)
and interference competition occurs when individuals have agonistic encounters or use
territorial signals that displace individuals of the dominated species (Schoener 1983).
Extreme negative effects may occur when interference causes injury or even the death of
fighting competitors (Case & Gilpin 1974). Population density and viability can be
strongly reduced under competition, so different carnivore species can develop strategies to
avoid competition risk (Lima 1998, Linnell & Strand 2000, Palomares & Caro 1999).
Hence, competition and aggressive interaction can shape patterns of spatial distribution and
of temporal avoidance between carnivore species. Thus, coexistence of potential
competitors may depend upon temporal and/or spatial partitioning of resources (Palomares
et al. 1996, Durant 1998, Lucherini et al. 2009). The niche partitioning consider that high
overlap between species in one niche component should be associated with low degree in
the other components to allow their coexistence (Schoener 1974). Therefore, knowledge
about overlapping niche components among carnivores is crucial to understand the factors

that enable or prevent their co-occurences.

Detecting terrestrial carnivores can be a challenge due to the secretive and
nocturnal behavior and low population densities of most species. Camera trapping has
proved an efficient method 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 model the
occupancy of target species, with a variety of applications such as site occupancy
estimation (MacKenzie & Royle 2005, O’Connell et al. 2006, Rich et al. 2013),
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determining the patterns of spatial partitioning among species (Sarmento et al. 2011,
Sollmann et al. 2012), to provide a general overview of the temporal interactions between
species as well as determining the species daily activity partterns (Foster et al. 2013,
Ridout & Linkie 2009), to evaluate effects of habitat disturbance on species interactions
(Cruz et al. 2015) and to predict the effects of future land-use changes on target species
(Kowalski et al. 2015). Additional uses of camera trapping include the estimation of
relative densities of elusive species (MacKenzie et al. 2006, Royle et al. 2005),
identification of critical habitats for threatened species as well as for predicting their
population trends (McCarthy et al. 2015).

Through the use of camera trapping, in the last two decades several factors that
favors coexistence have been studied for Neotropical carnivore species (Vieira & Port
2006, Di Bitetti et al. 2009, Foster et al. 2013, Bianch et al. 2016). Although the
Neotropical regions harbor a strikingly rich biodiversity, carnivores do not present the
richest diversity in this region and they has suffered a more significant decreased in
numbers than the African carnivores (Dalerum et al. 2009). Neotropical carnivores
comprise eight families and approximately 65 species. In Brazil, terrestrial carnivores
comprise 26 species in four families (Felidae, Canidae, Mustelidae and Procyonidae) with
18 species recorded in the Pantanal wetland (Hannibal et al. 2015). Carnivores in this
region include ecologically similar species, which should present different mechanisms of
coexistence (Shostell & Ruiz-Garcia 2013). Thus, carnivores in the Pantanal are a good
study system to address factors associated with coexistence (Jacomo et al. 2004; Di Bitetti
et al. 2010; Foster et al. 2013; Bianchi et al. 2016).

Felidae species may coexist in different parts of the Neotropics, the top predators,
jaguar (Panthera onca) and puma (Puma concolor), the medium-sized, ocelot (Leopardus
pardalis) and the small-sized, jaguarundi (Puma yagouaroundi), margay (Leopardus
wiedii), oncilla (Leopardus tigrinus), southern little spotted cat (Leopardus gutullus), guifia
(Leopardus guigna), geoffroy's cat (Leopardus geoffroyi) and pampas cat (Leopardus
colocolo) . Several studies have debated aspects enabling coexistence among jaguars,
pumas and ocelots based on food preferences (Nufiez et al. 2002, Foster et al. 2013,
Porfirio et al. 2016), habitat use (Di Bitetti et al. 2006; Sollmann et al. 2012; Palomares et
al. 2016) and temporal partitioning (Scognamillo et al. 2003, Lucherini et al. 2009,
Romero-Mufioz 2010, Foster et al. 2013, Bianchi et al 2016). However, few data are

available about mechanisms of coexistence among the others small-sized felid (Di Bitetti et


http://www.iucnredlist.org/details/15311/0
http://www.iucnredlist.org/details/15310/0
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al. 2010, Silva-Pereira et al. 2011, Nagy-Reis et al 2017). In its turn, for the Neotropical
canids only four out of 10 species have studies about mechanisms of coexistence, the crab-
eating fox (Cerdocyon thous), the pampas fox (Pseudalopex gymnocercus), the maned
wolf (Chrysocyon brachyurus), and the hoary fox (Lycalopex vetulus) (Juarez & Marinho-
Filho 2002, Jacomo et al. 2004, Vieira & Port 2006). However, like for the small felines,
few studies addressed mechanisms that favor the coexistence among the others canids, as
well as among Procyonidae and Mustelidae carnivores. Most studies about coexistence of
carnivores include two or three species, and so only a few investigate coexistence among
carnivores of different guilds (Davis et al. 2011, Kasper et al. 2015, Massara et al. 2016).
Therefore, to investigate the potential competition among the carnivores and its

consequences is necessary to understand the ecology of single species in its community.

In the present thesis, | address habitat selection, circadian rhythms and intraguild
competition in the use of space and time by the Pantanal carnivore species. | access
richness and distribution of carnivore species, estimate their occupancy rates and the
factors affecting occupancy and detectability, and evaluate the spatial and temporal

partitioning between the predator and mesopredator species.

As top predators exerts a strong role in maintaining the structures and dynamics of
the community (Terborgh, 1990), it was expected that mesopredators present mechanisms
to reduce competition effects, which might include different activity patterns and differential
habitat use. Based on previously reported relationships and data on ecological requirements

by carnivores, | hypothesized that:

1) Mesopredator occupancy and detection will be positively influenced by the
presence of prey species and negatively by the presence of competitors or predators
(Jjaguar, puma and ocelot);

2) Competitive species will show temporal and spatial nichi partition, such as jaguar
and puma, ocelot and crab-eating fox, and top predators and mesopredators.

3) Species with higher spatial partition will be more tolerant partion, mainly with the

species have similar diet.
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Methods

Study region and sites

The Pantanal is a vast wetland (160.000 km?) in South America that covers territories of
Brazil (140.000 km?), Bolivia (15.000 km?) and Paraguay (5.000 km?), comprising most of
the upper Paraguay basin. Climate is tropical savannic (Aw of Koppen) with the wet
season from October to April and the dry season from May to September (PCBAP, 1997).
Annual average temperature varies from 24 to 25 °C, and annual average precipitation is
approximately 1000 mm (Zavattini 2009). The Pantanal has two distinct seasonal flood
regimes, one in the northeastern part with intense and relatively fast flood pulse and other
in the southwestern part with more progressive and long pulses (Penatti et al. 2015). Based
on distinct flood dynamics and soil and vegetation types, the Pantanal has been divided
into different subregions with diverse landscapes (Silva & Abdon 1998, Junk et al. 2006,
Penatti et al. 2015) (Figure 1). In addition to the effects of seasonal floods, the Pantanal
biota has been influenced by the major surrounding domains - Cerrado, Amazon Forest,
Chaco and Atlantic Forest (MMA, 2010). The vegetation is mainly composed by
grasslands, deciduous and semideciduous forest patches, and forested savannahs (IBGE,
1992). Due to high habitat diversity and influence of different domains, the Pantanal hosts
a striking biodiversity, comprised of at least 170 species of mammals, 463 of birds, 263 of
fishes, 40 of amphibians, 177 of reptiles and more than 2000 species of plants (Britski et
al. 1999, Tubelis & Tomas 2003, Médri & Mourdo 2004, Junk et al. 2006, Alho et al.
2011). The seasonal floods have kept the Pantanal as a large pristine region in the world,
with almost 85% of its area still covered by natural vegetation (MMA, 2007). Due to the
high biodiversity and conservation status of this huge floodplain, the Pantanal was
classified as a Biosphere Reserve and World Heritage Site by UNESCO (Junk et al. 2006).
Nonetheless, intensive fish exploitation, livestock ranching, deforestation and degradation

of waterways have currently altered the ecosystem (Harris et al. 2005, MMA 2007).

The study was conducted in four sites that encompass most of the Pantanal
diversity of habitats and landscapes (Figure 1). The natural reserve Eliezer Batista
(18°05°25” S, 57°28°24” W) is located in the Upper Paraguay Basin in the western
Brazilian Pantanal, Paraguai subregion. This region is shaped by mountains, swamps and
seasonally flooded grasslands. The Sagrado Ranch (19°26°53”’S 57°00°28”W), situated in

the southern Pantanal, Abobral subregion, is characterised by the presence of several
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interspaced forest patches (0.5-5 ha) situated 1-2 m above the surrounding grasslands
subjected to annual floods. The Sagrado ranch is located near the Abobral river and its
riparian forest. The Caceres Ranch (19°09°32”S, 56°49°40”W), located in the Nhecolandia
subregion, is composed of a mosaic of seasonally flooded grasslands, savannas, scrub
savannas, forests patches, and several permanent and temporary lakes. The Mata Grande
Ranch (20°31°41”’S, 56°37°33”W), in the municipality of Bodoquena, is in the edge of the
Miranda subregion of Pantanal. The vegetation in this site is mainly composed by
deciduous forest with portions of semideciduous forest, shrubby and arboreal savanna
(Caceres et al. 2007) (Figure 1).



300000 360000 420000 480000 540000 600000 660000 720000 780000 840000
L 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1
- -8
e S
S [ e u AR &
(=3 _O
2 g
S >
= >
£ -5
g g
=3 )
=3
g- -8
3 g
o ©
==
8
=3 _Q
H g
S
~
=3 _Q
g1 g
3 3
= ~
Legend
o | . -3
g Pantanal by Silva&Abdon1998 | g
e ~
S Sub-regides L
. %] Abobral -
m Aquidauana
£ - - R
g- T ~ BarZo de Melgaco 8
® h I ! 2
8 iy, . Caceres ~
s Bolivia i L
- Jiginih I “.*.1 Miranda
fig ¢
5y MS 777 Nabileque
8- p ol "% Nhecolandia -8
=1 184 P 2 §
g Pt PR Paiaguas 2
A -
- ¢ Paraguai ~
-~ | Pocone
g 0 .25 50 100 Km | Porto Murtinho -8
I ey ) : S
=3 ~N
o o
2 Copyright: ©2013 Esri, DeLorme, NAVTEQ | ™
1 ] 1 1 U T 1 T U T 1 1 U ] 1 ] 1
330000 390000 450000 510000 570000 630000 690000 750000 810000

18

Figure 1. Brazilian Pantanal sub-regions according to Silva and Abdon (1998) and

the location of each study site. Map by André Coelho.
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Data collection

| surveyed carnivores using camera traps (Bushnell Trophy Cam), which varied in number
among study sites and seasons (Table 1). In the four study sites, cameras were fixed to the
vegetation 45-50 cm above the ground along dirt roads, river margins and in the forest, in
order to encompass most of the landscape diversity. No baits were used to attract animals.
All cameras were continuously active (24h/day), and programmed to take three pictures in
each detection or to record a video for 10 s with date and time marks after activation by
infrared movement or heat, and with delay of 5 s between records. Camera traps were
checked at 20-30 days intervals for downloading pictures and changing batteries. In each
study site, cameras were arranged in a grid following a habitat-stratified design with a
minimum inter-camera distance of 500 m and maximum of 1500 m to achieve spatial

independence among detections (Porfirio et al. 2014, Moreira-Arce et al. 2015).
Data analyses
Occupancy models

To avoid oversampling individuals (Silveira et al. 2003), for occupancy analyses, | only
used pictures of the same species by each camera with more than 24 h interval (Linkie &
Ridout 2011).

To investigate factors affecting the rate of occupancy (y) and detectability (p) of
carnivores, | used five groups of explanatory variables: habitat (vegetation categoty),
landscape (measures of landscape complexity and composition), prey (photographic
capture rates of large, medium and small mammals), competitors (photographic capture
rates of predators and mesopredators) and locality (variables related to sample efforts)
(Table 2). I added the survey variable “Area” in the models to evaluate potential effect of
the study areas on the carnivore occupancy and detectability. As there was no effect of

“Area”, | then polled all data from the four sampling sites for subsequent modelling.

A buffer of 1000 m encircling each camera trap was created to account for the
relative contribution of landscape structure to carnivore species distribution (Lyra-Jorge
2008, Jackson & Fahrig 2012). Inside each buffer area the landscape cover and landscape
structure were measured using ArcGis 10.2 (ESRI 2013), a 2014 land cover map of
Pantanal (SOS Pantanal & WWF-Brasil, 2015) and FRAGSTATS software at an 8-m cell

resolution (McGarigal et al. 2012). The vegetation category were measured using ArcMap
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10.2 (ESRI 2013). The proportions of vegetation category was calculated in defined areas
enclosed in each buffer. Four classes of habitat were defined to encompass all main types
of vegetation in the study sites — Grassland Savanna (GS), Forested Savana (FS), Forest

Formation (loggFF) and Vegetation with Fluvial Influence (VIF) (Table 2).

The prey variable was measured as capture rate of potential preys, defined as the
number of captures per camera trap location per 100 trap-days (Dillon & Kelly, 2007). Due
to low availability of previous data on prey species for several carnivores, all trapped
mammals (marsupials, rodents, lagomorphs and ungulates) were included as potential prey
source, but divided into three size classes according Davis et al. (2011): small (< 5 kg),
medium (5-15 kg) and large (> 15 kg) (Table 3). The capture rates of potential preys were
measured for species and for groups. Jaguars prey on animals weighting 15 kg on average,
and pumas prey on smaller ones (Sunquist & Sunquist, 2002). Medium and small
carnivores, like ocelots and crab eating foxes, usually prey on animals smaller thanl kg,

but can eventually do on larger ones (Konecny 1989, Abreu et al. 2008).

Continuous variables were standardized to z-scores before analyses (Royle &
Nichols 2003) and some variables were log transformed to reach normality prior to be used
in the models. To prevent collinearity effects, | calculated the Spearman rank correlation
coefficient (r) between predictor variables and used r > 0.6 to indicate high collinearity
(Zuur et al. 2009).

Occupancy (y) and detectability (p) of carnivore species were estimated using a
maximum likelihood framework from our detection/non-detection data (MacKenzie et al.
2002, MacKenzie et al. 2006). Conceptually, occupancy models have been used to estimate
the proportion of sites or sampled areas occupied by a target species (MacKenzie et al.,
2002). Using five sampling occasions of consecutive 20 days, detection histories were
constructed for each camera trap station to generate a sufficient number of captures of each
target species. Data of all study sites were polled for analyses, except if a given focal
species was not recorded in one the site, then this site was not incorporated. To ensure
spatial independence, for occupancy and detectability I only used data from at least 1000 m
interspaced cameras, which included 98 out 231 camera traps. The detection histories were
coded as 1 (record of target species), 0 (no record of target species) or “.” (if the site was
not sampled on the occasion). The product of multinomial likelihood model was used to
estimate the detection probabilities (p) and the proportion of sites occupied by a target

species (y) using single species-single season models (MacKenzie et al. 2006). As these
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parameters can be influenced by site characteristics (MacKenzie et al. 2002), variables
were used for construction of realistic models of occupancy (y) and detectability (p) of
species, while accounting for imperfect detectability (MacKenzie et al. 2002, Wintle et al.
2005, MacKenzie et al. 2006, Long et al. 2010). Analyses were done in the software R
3.1.3 (R Core Development Team, 2012) using a 2-step approach (Sarmento et al. 2011)
with the package unmarked (Fiske & Chandler, 2011). Firstly, | assessed the effect of the
variables on detection probability keeping occupancy constant (i.e. y [.] p[variable]). The
variables were firstly tested individually. Only those whose R coefficient 95% confidence
intervals did not overlap zero were selected to construct the models with only one variable

or with additive combination of variables.

Using the best-fitting model for detection probabilities, | created models adding
variables to explain patterns of occupancy. A global model was constructed contained all
potential variables that can affect occupancy. The best models were ranked through Akaike
Informaton Criterion corrected for small sample size (AIC¢) using the dredge function of
the MuMin package (Barton 2013). Models with A AIC. values < 2 compared with the
most parsimonious model were considered robust, and variables included were considered
as determinant on the species occurrence patterns (Burnham & Anderson, 2002). | used the
Akaike weights (o) to determine the individual importance of each variable (Burnham et
al. 2010). When no single model had a wi > 0.9, other models were considered to infer
about the data by using the sum of each weight until achieved wi = 0.9 (Burnham &
Anderson, 2002). A 90% confidence model set was created by summing all wi values until
achieved 0.90. For determining significant differences among the models we used the
likelihood ratio (LR) test based on deviance (-2logL) between pairs of nested models and
the critical value of the Chi-square distribution (Neyman & Pearson 1928 a, b). Only
models significantly different were used. Selected models allowed the average estimates of

occupancy and detectability for each species.
Activity pattern

To estimate the daily activity patterns of carnivore species | only used pictures of a given
camera that were obtained at least 1 h after the last record of the same species, except when
possible a clear identification of distinct individuals. | pooled all records of the target
species obtained in all surveys. Only carnivore species with more than 20 independent
records were included in the temporal analyses (Gémez et al. 2005). The activity of these

carnivores was classified into one of the six categories (cf. Gomez et al. 2005): diurnal
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(<15 % of night records), mostly diurnal (15 — 35% of night records), nocturnal (> 85% of
night records), mostly nocturnal (65-85% of night records), cathemeral (diurnal and
nocturnal peaks), and crepuscular (> 50% of records in the until 1 h before sunrise or 1 h
after sunset). | determined the exact time of sunset and sunrise using the software
Moonrise 3.5 (Sidell 2002).

The overlap of daily activity periods between carnivore species was measured using
the two-step approach developed by Ridout & Linkie (2009). In the first step, | estimated
the activity pattern for each species separately using kernel density, which assumes
pictures as random samples from an underlying continuous distribution instead of grouping
them into discrete time categories (Ridout & Linkie 2009). At this step, | calculated the
proportion of time active for each period by integrating the areas under the activity curve
for each respective period, corresponding to the probability of observing the species during
that time. In the second step, | calculated the coefficient of overlapping (A), which varies
from O (no overlap) to 1 (complete overlap). Among Ridout and Linkie’s (2009)

estimators, | used the most suitable for small sample size (A1). It is defined as A1=
fol min{f (t), g (t)} dt, where f (t) and g (t) are the two activity functions of time t

being compared. The statistical analyses were implemented in the software R 3.1.3 (R Core

Development Team, 2012) using the “overlap” package (Meredith & Ridout 2016).
Co-occurrence

To estimate co-occurrences between carnivore species | used the pairwise co-occurrence
approach (Veech, 2014). Differently from matrix-level approaches used in co-occurrence
analyses, the pairwise one evaluates positive (co-occurrence), negative (exclusion), or
random patterns between two species. Thus, represents all possible ways of species
associations (Veech, 2013, 2014). The probabilistic model through combinatorial analyses
estimates the probability of two species co-occur at an observed frequency (Jobs)
significantly greater than (Pgt ), significantly less than (Py) or not significantly different of
the frequency expected if the two species were distributed randomly from each other (Jexp)
among the sites (Veech, 2013). Based on values of Pg and Pyt the species pairs were
classified in positive, negative or random associations. The data was organized in a
presence-absence matrix (10 row x 88 columns) where each row represented a focal
species and each column represent the camera trap location. Similar to the detection

history, the presence of the target species was coded as 1 and its absence coded as 0. The
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matrix were imported into R software and analyzed using the “Cooccur” package 1.3
version (Griffith et al. 2016). The model calculates the probability of two species co-occur
at exactly j number of camera station given that each one occurs at N1 (number of stations
with presence of species 1) and N2 (number of stations with presence of species 2) out of

the total of N (number of stations surveyed), as follow:

N o Kl e)

! W)

N 1) calculate the numbers of ways that j selected station have the species 1;

where, (]

(IX;N?) calculate the numbers of ways that N> - j selected stations have only the species 2
=]

given that there are N — N1. The result of this multiplication gives the total number of ways

of select j station have both species. The denominator (13'2 ) gives the total number of ways

that N2 can be obtained out of the N stations. The result of this equation is the proportion of
N2 with presence of species 1 under the condition that the two species co-occur at j stations
(Griffith et al 2016).

Table 1. Camera-trapping surveys, and efforts in four sites of Pantanal

southwestern Brazil.

Average Sampling

Survev Cameras distance effort
Study sites Survey periods y between (Camera
days (n)
cameras days)
(m)
Feb - May 2014 99 23 1000 2277
Sagrado
Oct 2014 - Jan 2015 920 23 1000 2070
May - Sep2014 119 20 1000 2380
Caceres
Jan - May 2015 110 20 1000 2200
Mata Grande Apr - Augu 2014 110 13 1000 1430
Jan - May 2015 108 13 1000 1404
Aug — Sep 2011 62 23 500 1426
Nov 2011- Jan 2012 58 12 1500 696
Eliezér Batista Fev-May 2012 95 20 1500 1900
Aug-Sep 2012 30 14 500 420
Nov 2012-May 2013 169 41 2000 6929
Apr-Sep 2013 148 9 500 1332

Total 1198 231 24464
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Table 2. Predictor variables (and used abbreviations) for investigating occupancy

rates of carnivores in the Brazilian Pantanal. *Variables log transformed.

Variable Description Target species

HABITAT

Grassland Savanna (GS)  Grass fields with scattered trees; All carnivores

Forested Savanna (FS) Tree dominance with low canopy height; All carnivores

Forest Formation (logFF*)  Deciduous and semi-deciduous forests; All carnivores

Vegetation with fluvial Swamp and monodominant formations with All carnivores

Influence (VIF) pioneer trees influenced by water;

LANDSCAPE

Shannon's diversity index  Measure of relative patch diversity All carnivores

(SHDI)

FOOD

Medium (Med) Trapping success of 5-15kg mammals All carnivores

Large Trapping success of mammals >15 kg All carnivores

Small Trapping success of mammals < 5 kg All carnivores

COMPETITORS

Puma (Puma) Trapping p success of Puma concolor All carnivores

Jaguar (Jaguar) Trapping success of Panthera onca All carnivores

Ocelot (Lpard) Trapping success of Leopardus pardalis All carnivores,
except jaguar
and puma

Crab-eating fox (Cthous) Trapping success of Cerdocyon thous All carnivores,
except jaguar
and puma

LOCALITY

Effort (Eff) Sample effort used as co-variable All carnivores

Area (Area) Sample area used as co-variable All carnivores
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Table 3. Mean capture rate (100 days/trap), weight and size class (L: large, M:

medium, S: small) of mammal species included as potential prey for carnivores in

four sites of Pantanal, southwestern Brazil.

Mean capture rate (SE) per study site

Species Weight Size  Sagrado Céceres Mata Eliezer
(kg)?@ class Grande Batista
Alouatta caraya 3.8-9.0 M 0.14 (0.06) 0 0 0.08 (0.05)
Blastocerus dichotomus 150 L 0.03(0.03) 0.25(0.22) 0 0.02 (0.02)
Sapajus cay 14-48 S 0.00 0 0.35(0.26) 0.07 (0.05)
Cuniculus paca 4-6.5 M 0.00 0 1.97 (1.49) 0
Cabassous tatouay 6.2 M 0.00 0 0.24 (0.09) 0
Dasyprocta azarae 15-28 S 5.10(1.60) 3.31(1.21) 2.78(1.24) 4.21(1.31)
Didelphis albiventris 05-27 S 0.04 (0.04) 0 0.10 (0.07) 0
Dasypus novemcinctus 3.2-41 S 1.13(0.27) 0.38(0.13) 0.79(0.43) 0.14 (0.08)
Euphractus sexcinctus 3.2-65 M 0.85(0.30) 1.10(0.51) 0.11(0.07) 0
Hdrochaeris hydrochaeris 3.5-6.5 M 0.17 (0.13) 0 0.04 (0.04) 0.51(0.27)
Mazama americana 25-30 L 4.85(1.06) 1.44(0.35) 1.01(0.28) 1.24(0.47)
Mazama gouazoubira 17 - 23 L 4.48 (0.86) 2.42(0.40) 1.05(0.50) 1.65(0.39)
Myrmecophaga tridactyla 45 L 0.69 (0.25) 1.10(0.39) 2.26(0.79) 0.02 (0.02)
Ozotocerus bezoarticus 30-40 L 0.00 0.29 (0.19) 0
Pecari tajacu 18- 30 L 0.89 (0.19) 11.07 (1.95) 8.63(2.07) 0
Sylvilagus brasiliensis 1.2 S 0.00 0 1.12 (0.51) 0.53(0.26)
Sus scrofa 50 - 350 L 0.78 (0.27) 29.87 (4.97) 0 0
Tayassu pecari 25-40 L 14.35(2.62) 15.89(2.23) 5.59(2.03) 0
Tapirus terrestris 150-300 L 3.39(1.00) 5.26(1.26) 8.38(2.64) 2.05(0.81)
Tamandua tetradactyla 7 M 0.36(0.13) 0.13(0.06) 1.63(0.41) 0.02(0.02)

aWeights obtained from Reis et al. 2006
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Results
Global results

Combining all study sites and camera trap stations, | recorded 11 carnivore species in 1109
independent records with a global capture success of 4.53 captures per 100 trap days (1
carnivore capture per 22.07 trap days) (Figure 2). Among the species recorded Cerdocyon
thous and Nasua nasua had more than 300 records; four species scored between 80 and
270 records and the remaining five species, less than 20 records (Table 4). Leopardus
colocolo (n=2), Lycalopex vetulus (n=16) and Chrysocyon brachyurus (n=2) were not
incorporated in the analyses because of their low record numbers. Sagrado ranch was the
richest (11 species detected) site, where all recorded carnivore species occurred (Table 4).
The other study sites presented seven to eight carnivore species. Twenty non-carnivore
mammal species were additionally recorded, and thus incorporated as prey variables in the

occupancy models (Table 3).

Table 4. Carnivore species captured, conservations status conservations status
according to the International Union for Conservation of Nature (IUCN, 2017),
number and rate captures, number of camera-trapping station and study site
where the species were captured (Ab: Abobral, Pa: Paraguai, All: in all for
subregions) through camera-trapping surveys in the Pantanal wetland,

southwestern Brazil.

Capture rate . Naive

Species Status Captures (1%0 traps Ocpupled occupied SL_Jb'

(n) day™) stations (n) stations (%) regions
Chrysocyon NT 1 Ab
brachyurus 2 0.008 0.01
Cerdocyon thous LC 317 1.29 50 0.51 All
Eira barbara LC 67 0.27 23 0.23 All
Leopardus colocolo NT 2 0.008 1 0.01 Ab
Leopardus pardalis LC 185 0.75 46 0.47 All
Lycalopex vetulus LC 16 0.065 3 0.03 Ab
Nasua nasua LC 325 1.33 58 0.59 All
Panthera onca NT 70 0.28 28 0.43 Ab/Pa
Procyon cancrivorus  LC 20 0.08 13 0.13 All
Puma concolor LC 104 0.41 36 0.37 Al

Puma yagouaroundi LC 13 0.05 10 0.10 Al
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Figure 2. Carnivores recorded through camera-trapping in the Pantanal wetland,
southwestern Brazil. Legend: A- Crab eating fox (Cerdocyon thous), B- Jaguarundi
(Puma yagouaroundi), C- Pampas cat (Leopardus colocolo), D- Jaguar (Panthera
onca), E- Ocelot (Leopardus pardalis), F- Tayra (Eira barbara), G- Coati (Nasua
nasua), H- Puma (Puma concolor), |- Crab-eating Raccoon (Procyon
cancrivorous), J- Maned Wolf (Chrysocyon brachyurus), K- Hoary Fox (Lycalopex

vetulus).

Occupancy models
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Among the eleven carnivores recorded, six presented adequate capture rates to carry out
occupancy analyses (Table 5). These species exhibited a notorious variability of detection
probabilities (p), with the highest value for the crab-eating fox Cerdocyon thous (p = 0.50
+ 0.06), and the lowest one for the puma Puma concolor (p = 0.18 + 0.04). Regarding the
probability of occupancy (), the outcome varied among focal species with the highest
probability of occupancy for the coati Nasua nasua (y = 0.79 = 0.10) and the lowest for the
tayra Eira barbara (v =0.35+0.11) (Table 5). Though the probability of occupancy was
possible to generate distribution maps for each species in each study area (Figure S1 until
Figure S9).

The jaguar Panthera onca was registered only on the Sagrado Ranch and Eliezer
Batista reserve, in 28 sites out of 65 surveyed, corresponding to a naive occupancy of 0.43.
Nineteen candidate models were selected which showed a A AIC; <2 and a cumulative
AIC. weight (wi) of 0.9. However, only eight showed significant difference among them
(Table S2). None of the best candidate models presented a w; > 0.90, thus the final
estimative for jaguar occupancy and detectability used the average of models (v mean =
0.65, SE = 0.12; p mean = 0.23, SE = 0.07) (Table 5).

Jaguar detection probability was positively correlated with Vegetation under
Fluvial Influence (VIF; z = 0.19; P(>|z|) = 0.01) and Forest Formation (logFF; z = 0.18;
(P(>[z]) = 0.10). Both variables were present in most of the best candidate models (Table
S2) and their 3 coefficient 95% confidence intervals did not overlap zero (Table S3).
Capture rate of medium mammals (Med) and Grassland Savanna (GS) were also present in
the best candidate models, with low representativeness in detection probability (Table 6).
On the other hand, jaguar occupancy probability did not exhibit correlation with the tested
variables. Although capture rate of small mammals (Small) and large mammals (Large)
entered in the best models, they did not present significant influence as their 3 coefficient
95% confidence intervals overlapped zero (Table S4). So the top-ranked model for

occupancy was a constant function (Table 5; Table 7).

The puma Puma concolor was recorded in 36 camera trap stations (Table 4) in the
four study sites with a naive occupancy of 0.37. Our analysis obtained five top candidate
models to predict puma occupancy and detectability with A AIC. <2 with a cumulative
AIC. weight of 0.9. Through the LR test only three candidate models showed significant

differences among them (Table S5). Since no single model achieved a wi> 0.90 all best
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candidate models were used to predict mean occupancy and detectability for puma (Y
mean = 0.44, SE = 0.09; p mean = 0.19, SE = 0.04) (Table 5). Its detection probability was
best modelled as a constant function (p(.)) followed by the variable VVegetation under
Fluvial Influence (VIF). This variable had a significant negative influence on puma
detectability (z = -1.23; P(>|z|]) = 0.02) (Table 5). Other variables, such as Area, also
influenced puma detection, but their 95% confidence intervals of R coefficients overlapped
zero indicating a low predictive role for puma occupancy (Table S6). Occupancy, in its
turn, was significantly positively affected by the capture rate of large mammals (Large; z =
2.95; P(>|z|) = 0.003) and small mammals (Small; z = 1.94; P(>|z|) = 0.05), with 95%
confidence interval of 3 coefficient not overlapping zero (Table 5; Table S6). The Large
and Small variables entered in three best candidate models and they consequently ranked
high in importance when summed the AIC. weights of the models (Table 7).

The ocelot Leopardus pardalis was detected in 46 sites and in all study sites (Table
4), with a naive occupancy of 0.47. After analysis four candidate models presented A AlC.
<2 and a cumulative AIC. weight of 0.9. However, using the LR test, only two models
presented significant differences between them (Table S7). Considering that none of them
achieved a ®i>0.90, the two models were used to calculate the average occupancy and
detectability as the final estimative (Table S7).

Ocelot detection probability was best explained by Forested Savannas (FS) with a
significant positive influence (z = 3.13; P(>|z]) = 0.001) (Table 5). Forested Savannas (FS)
was present in all best models, supporting its high importance for predicting the ocelot
detection probability (B coefficient 95% confidence interval did not overlap zero in all
models) (Table 5; Table S8). The most parsimonious model was
y(Jaguar+Puma+GS+Small)p(FS) with Akaike weigh (wi) of 0.53, followed by
y(Jaguar+Puma+Small)p(FS+GS) with Akaike weigh (wi) of 0.47 (Table S7). The top-
ranked model for ocelot occupancy included significant positive relationship with the
capture rates of Puma concolor (Puma; z = 2.30; P(>|z|) = 0.02) and of small mammals
(Small; z = 2.17; P(>|z|]) = 0.03). The variables Puma and Small entered in all best ranked
models (Table 7, Table S7). Jaguar was present in the model but with no significance (z =
1.76; P(>|z|) = 0.08). Grass Savannah (GS) was negatively correlated (z = -1.94; P(>|z|) =
0.05) with ocelot occupancy. The B coefficient 95% confidence intervals of these variables

did not overlap zero (Table S9).
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The crab-eating fox Cerdocyon thous was the second most common carnivore,
being recorded in 50 camera trap stations (Table 4) in the four study sites, which
corresponded to a naive occupancy of 0.51. Thirteen models of occupancy and
detectability were produced with AIC. < 2 and cumulative AIC. weight of 0.9. Through the
LR test, only five showed, significant differences between them. No candidate models
achieved AIC. weight (i) of 0.9, then they were all used for averaging occupancy and
detectability (Table S10).

Crab-eating fox detectability was positively influenced by the capture rate of jaguar
(Jaguar; z = 3.02; P(>|z|) = 0.002) and negatively by Vegetation under Fluvial Influence
(VIF; z = - 3.04; P(>|z|)=0.002). Both variables entered in all best candidate models and
their 3 coefficient 95% confidence intervals did not overlap zero in all models (Table 6;
Table S11). The species’ occupancy was positively affected by capture rate of puma
(Puma; z= 1.35; P(>|z|) = 0.18) and negatively affected by Forested Savanna (FS) and
Vegetation under Fluvial Influence (VIF; z = -1.62, P(>|z|) = 0.10; z = -1.44, P(>|z|]) = 0.15,
respectively) (1 coefficient 95% confidence interval did not overlapped 0) (Table 5, Table
S12). Through the average model it was predicted that 64 % of the study surveyed area is
occupied by crab-eating fox (y mean = 0.56, SE = 0.14) with a mean detectability of 0.36
(p mean =0.36, SE = 0.05) (Table 5).

Individuals of tayra Eira barbara was detected in 23 camera trap stations in the four
study sites (Table 4) with a naive occupancy of 0.23 (67 records). The Dredge analysis
resulted in nine candidate models with AlC. < 2 and cumulative AIC. weight of 0.9. The LR
test showed that two models did not differ from the nested models and were excluded. Thus,
seven models were used to calculate average occupancy and detectability values (Table S13).
Once no candidate models achieved AIC. weight (i) of 0.9 all the best models were used
to determined occupancy and detectability as the final estimative (v mean = 0.34, SE = 0.10;
p mean = 0.26, SE = 0.06) (Table 5). Detection probability of tayra was best explained by
the capture rate of medium mammals (Med; z = 2.47; P(>|z|) = 0.01). Med entered in all best
models and its 3 coefficient 95% confidence interval did not overlapped zero (Table 6; Table
S14). The capture rate of small mammals (Small) also entered in some models, but with low
representativeness for detection probability (Table 6). The capture rate of puma (Puma) had
a significantly positive influence (z = 2.36; P(>|z|) = 0.02) on tayra occupancy. On the other
hand the Grassland Savanna (GS) had a negative influence on tayra occupancy (z = -1.94;

P(>|z|) = 0.05) and its 3 coefficient 95% confidence interval did not overlapped zero (Table
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5; Table S15). The most parsimonious occupancy model was ¢(Puma+GS)p(Med), with (i)
= 0.21. Puma was present in all best models and ranked high in importance when summed
models’ AIC. weights (Table 7). Area and Jaguar were also included in the best models,

however with low representativeness compared to Puma (Table 7).

The coati Nasua nasua was the most recorded species, being detected in the four
study sites and 58 camera trap stations (Table 4), corresponding to a naive occupancy of
0.59. Final analysis indicated that nine models can explain its patterns of occupancy and
detection (Table S16). Since no single model achieved a ;> 0.90 the average values of the
eight best ranking models were used to estimate occupancy and detectability (y mean =0.79,
SE = 0.10; p mean = 0.29, SE = 0.05) (Table 5). Coati detection probability was positively
influenced by the capture rate of large mammals (z = 2.82; P(>|z|) = 0.004) and negatively
affected by two habitat variables, forest formation (z = -2.80; logFF, P(>|z|) = 0.005) and
vegetation under fluvial influence (VIF; z = -1.98; P(>|z]) = 0.04), as 95% interval of 3
coefficient did not overlap zero (Table 5, Table S17).

The best supported model for coati occupancy was
y(Puma+FS+VIF)p(Large+logFF+Med+VIF) with Akaike weight (i) = 0.22, which
means 22% of probability of being the best among candidate models, followed by
y((Jaguar+Puma+FS+VIF)p(Large+logFF+Med+VIF) with i = 0.20 (Table S16).
Considering the covariates in the first best model, capture rate of puma (Puma) was
positively associated, however without significance (z = 1.29; P(>|z|) = 0.19), with coati
occupancy, whereas the covariate forested savanna (FS) and Vegetation under fluvial
Influence (VIF) had significant negative influence with z = -2.45 and P(>|z|) = 0.01; and z
=-2.22 and P(>|z|) = 0.02, respectively. Although the variable Jaguar as also included in
the best model, the 95% confidence interval of [3 coefficient overlapped zero, thus it was
not considered a good predictor (Table S16, Table S18). The FS and VIF were present in
all best candidate models and also ranked high in importance when summed the w; of the

models that contain them (Table 7).
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Table 5: Probability of detection and occupancy, with the best predictors and

estimatives of beta coefficients, of carnivore species among sites surveyed through

camera-trapping in the Pantanal wetland, southwestern, Brazil.

Probability of Detection (p) Probability of Occupancy (y)
Species Variable (Estimates of Variable (Estimates of
Mean (SE) | peta coefficients (SE)) | Mean (SE) | peta coefficients (SE))
Panthera onca 023(0.07) | viF (0.48 (0.19)) 0.65 (0.12) 0
GS (-0.43 (0.19))
Med (-0.33 (0.23))
Puma concolor 0.19 (0.04) ) 0.44 (0.09) Large (1.81 (0.61))
VIF (-0.35 (0.19)) Small (0.66 (0.34))
Leopardus pardalis 0.35 (0.05) FS (0.18 (0.11)) 0.64 (0.12) Puma (1.26 (0.80))
Small (0.63 (0.48))
GS (-2.22 (1.12))
Cerdocyon thous | 938 (005) | jaquar (1.14 (0.40)) | 056 (0.14) | Puma (0.45 (0.33))
VIF (-1.40 (0.49)) VIF (-0.80 (0.56))
FS (-0.34 (0.21))
Eira barbara 026 (0.06) | \ed (0.42 (0.17)) 0.34(0.10) | Puma (1.99 (0.84))
Small (0.15 (0.19)) GS (-0.66 (0.34))
Nasua nasua 029(0.05) | |arge (0.35(0.12) | 0.79(0.10) | Puma (1.38 (1.07))

FF (-0.33 (0.12))
VIF (-0.60 (0.30))

FS (-2.35 (0.96))
VIF (-2.33 (1.05))
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Table 6. Ranking of covariates (FS — Forested Savanna, GS — Grassland Savanna,
VIF — Vegetation under Influence Fluvial) based on the sum of AIC. weight of
detectability of carnivore species in the Pantanal wetland, southwestern Brazil. *

Constant function.

Species Covariate  Sum AICwt  Rank

Panthera onca VIF 0.70 1
logFF 0.48 2

Med 0.46 3

GS 0.39 4

Puma concolor () 0.43 1
VIF 0.56 2

Leopardus pardalis FS 1.00 1
GS 0.47 2

Cerdocyon thous Jaguar 1.00 1
VIF 1.00 1

Eira barbara Med 0.99 1
Small 0.20 2

Nasua nasua Large 0.998 1
logFF 0.998 1

Med 0.792 2

VIF 0.723 3

Cthous 0.301 4
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Table 7. Ranking of covariates (FS — Forested Savanna, GS — Grassland Savanna,
VIF — Vegetation under Influence Fluvial) based on the sum of AIC. weight of the
best models of occupancy of carnivore species in the Pantanal wetland,

southwestern Brazil. * Constant function.

Species Covariate  Sum AICwt  Rank
Panthera onca ()** 0.72 1
Small 0.16 2
Large 0.12 3
Puma concolor Large 0.99 1
Small 0.99 1
Leopardus pardalis Small 1.00 1
Puma 1.00 1
Jaguar 1.00 1
GS 0.53 2
Cerdocyon thous Puma 0.71 1
VIF 0.62 2
FS 0.54 3
Lpard 0.31 4
GS 0.26 5
Eira barbara Puma 0.99 1
GS 0.59 2
Area 0.50 3
Jaguar 0.31 4
Nasua nasua FS 1.00 1
VIF 1.00 1
Puma 0.73 2
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Activity pattern

Activity patterns differed among the eight carnivore species (Table 8). Only Procyon
cancrivorus was completely nocturnal with one pronounced peak from early night to
sunrise (1830 to 0600 h) (Figure 3). Leopardus pardalis and Cerdocyon thous were mostly
nocturnal (Table 8). The ocelot exhibited a homogenous activity from early night (1900h)
to sunrise (0500h), and occasional diurnal activity with some records near midday (Figure
3). The crab-eating fox presented two pronounced peaks of activity, in the night (2200h)
and sunrise (0500 to 0600 h) (Figure 3). Eira barbara, Puma yagouaroundi and Nasua
nasua were recorded throughout the day with two pronounced peaks, in the early morning
after sunrise (0600 and 0800 h) and in the late afternoon (1600 and 1700 h); and presented
few activity in the hottest hours (1100 and 1400 h) (Figure 3). The two top predators,
Panthera onca and Puma concolor, largely overlapped their circadian activity patterns.
They were cathemeral as activity occurred throughout the day and night (Table 8), with
crepuscular peaks (0500 to 0600 h, and 1730 to 1900 h) and few activity in the hottest
hours (Figure 3).

Temporal partitioning occurred among the carnivore species (Table 9). Some species
presented high temporal segregation, with a low coefficient of overlap between tayra and
ocelot (A1=0.27, Cl 0.17 - 0.29) and between coati and ocelot (A1 = 0.27, CI 0.19 - 0.28).
On the other hand, temporal overlap occurred between jaguar and puma presented low
temporal segregation, with high coefficient of overlap (A1=0.85, CI 0.78 - 0.95) (Table 9).



36

Table 8. Classification of activity patterns and percentage of records in each part
of the day for the carnivore species recorded across camera-trapping surveys

carried out in the Pantanal

. Records Activity period (%) S

Species : Classification
(n) Crepuscular Diurnal Nocturnal

Procyon cancrivorous 20 10% 0% 90% Nocturnal
Leopardus pardalis 273 13% 9% 78% Mostly nocturnal
Cerdocyon thous 494 24% 10% 66% Mostly nocturnal
Panthera onca 99 17% 33% 50% Cathemeral
Puma concolor 102 30% 34% 36% Cathemeral
Eira barbara 80 25% 74% 1% Diurnal
Nasua nasua 339 20% 7% 3% Diurnal
Puma yagouaroundi 27 22% 78% 0% Diurnal

Table 9. Overlap coefficients (A1) and 95% confidence intervals (lower-upper) of
daily activity patterns between carnivorous species in the Pantanal wetland,

southwestern of Brazil.

. Panthera Cerdocyon Eira Leopardus Puma

Species .
onca thous barbara pardalis concolor

Cerdocyon 0.80 ) i
Thous (0.73 - 0.88)
Eira 0.50 0.33 i
Barbara (0.38 - 0.57) (0.23 - 0.36)
Leopardus 0.74 0.86 0.27 i
Pardalis (0.65-0.83) (0.82-0.92) (0.17 - 0.29)
Puma 0.85 0.72 0.57 0.66 )
Concolor (0.78 - 0.95) (0.62 - 0.80) (0.47 - 0.65) (0.54 - 0.73)
Nasua 0.50 0.33 0.81 0.27 0.59
Nasua (0.39-0.57) (0.25-0.34) (0.73 - 0.90) (0.19-0.28) (0.48 - 0.67)
Puma 0.51 0.34 0.79 0.29 0.58
yagouaroundi (0.36 - 0.60) (0.21-0.39) (0.74 - 0.99) (0.14 - 0.32) (0.45 - 0.68)
Procyon 0.64 0.76 0.20 0.80 0.54
cancrivorous (0.51-0.80) (0.63 - 0.93) (0.03 - 0.26) (0.74 - 0.99) (0.40 - 0.68)
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Figure 3. Kernel time-density distributions of camera trap records of eight carnivore

species in the Pantanal wetland, southwestern of Brazil. Small bars above the X-

axis show individual records.
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Co-occurrence

The pairwise co-occurrence approach included ten carnivore species in 88 camera trap
stations, and performed 45 different pairwise co-occurrences (Table 10). Among these
pairs, 33 represented random associations between carnivore species and 12 were
nonrandom, being nine positive and three negative associations (Table 11, Figure 4). The
Panthera onca was present in most of the negative associations (n = 3), which occurred
with Nasua nasua, Cerdocyon thous and Eira barbara. The Puma concolor showed only
positive or random associations. The Nasua nasua, was the species with more positive
associations (n = 4) and the Leopardus pardalis presented the highest number of random

associations (n = 9) (Table. 11).

Table 10. Percentage and number of positive, negative and random associations

between carnivore species in the Brazilian Pantanal wetland.

Number of associations (%)

Species — .

Positive Negative Random
Cerdocyon thous 4 (44) 1(11) 4 (44)
Nasua nasua 3 (33) 1(11) 5 (55)
Eira barbara 4 (44) 1(11) 4 (44)
Puma concolor 4 (44) 0 5 (55)
Puma yagouaroundi 3 (33) 0 6 (66)
Panthera onca 0 3 (33) 6 (66)
Leopardus pardalis 0 0 9 (100)
Leopardus vetulus 0 0 9 (100)
Leopardus colocolo 0 0 9 (100)
Procyon cancrivorus 0 0 9 (100)
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Figure 4. Species co-occurrence matrix showing positive, negative or random
pairwise associations between carnivore species in the Pantanal wetland,

southwestern Brazil.
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Table 11. Co-occurrence parameters of 45 pairs of carnivore species in the Pantanal

wetland, southwestern Brazil (p_It and p_gt are considered p-values for observed

negative and positive co-occurrences respectively). *Significant values.

Species pairs Sites Sites Sites Co- Expected
with with with occur siteswith p_It p_gt
1 2 spl(n) sp2(n) both(n) (p) both (n)

C. thous N. nasua 50 58 43 0.374 33 1.00 0.00*
C. thous P. concolor 50 36 27 0.232 20.5 1.00 0.00*
C. thous L. pardalis 50 46 27 0.297 26.1 0.72 0.44
C. thous P. onca 50 29 12 0.187 16.5 0.03* 0.99
C. thous L. vetulus 50 3 2 0.019 1.7 0.82 0.60
C. thous L. colocolo 50 1 1 0.006 0.6 1.00 0.57
C. thous E. barbara 50 23 19 0.149 13.1 1.00 0.00*
C. thous P. cancrivorus 50 13 8 0.084 7.4 0.75 0.48
C. thous P. yagouaroundi 50 10 9 0.065 5.7 1.00 0.02*
N. nasua P. concolor 58 36 30 0.27 23.7 1.00 0.00*
N. nasua L. pardalis 58 46 28 0.345 30.3 0.21 0.90
N. nasua P. onca 58 29 10 0.217 19.1 0.00* 1.00
N. nasua L. vetulus 58 3 3 0.022 2 1.00 0.28
N. nasua L. colocolo 58 1 1 0.007 0.7 1.00 0.66
N. nasua E. barbara 58 23 21 0.172 15.2 1.00 0.00*
N. nasua P. cancrivorus 58 13 11 0.097 8.6 0.98 0.11
N. nasua P. yagouaroundi 58 10 9 0.075 6.6 0.99 0.08
P. concolor L. pardalis 36 46 22 0.214 18.8 0.95 0.12
P. concolor P. onca 36 29 8 0.135 11.9 0.06 0.98
P. concolor L. vetulus 36 3 0 0.014 1.2 0.20 1.00
P. concolor L. colocolo 36 1 0 0.005 0.4 0.59 1.00
P. concolor E. barbara 36 23 17 0.107 9.4 1.00 0.00*
P. concolor P. cancrivorus 36 13 7 0.06 5.3 0.91 0.23
P. concolor P. yagouaroundi 36 10 8 0.046 4.1 1.00 0.01*
L. pardalis P. onca 46 29 18 0.172 15.2 0.94 0.14
L. pardalis L. vetulus 46 3 1 0.018 1.6 0.47 0.90
L. pardalis L. colocolo 46 1 0 0.006 0.5 0.48 1.00
L. pardalis E. barbara 46 23 12 0.137 12 0.59 0.60
L. pardalis P. cancrivorus 46 13 6 0.077 6.8 0.43 0.78
L. pardalis P. yagouaroundi 46 10 7 0.059 5.2 0.94 0.20
P. onca L. vetulus 29 3 1 0.011 1 0.75 0.70
P. onca L. colocolo 29 1 1 0.004 0.3 1.00 0.33
P. onca E. barbara 29 23 2 0.086 7.6 0.00* 1.00
P. onca P. cancrivorus 29 13 2 0.049 4.3 0.13 0.97
P. onca P. yagouaroundi 29 10 3 0.037 3.3 0.57 0.71
L. vetulus L. colocolo 3 1 0 0 0 0.97 1.00
L. vetulus E. barbara 3 23 1 0.009 0.8 0.83 0.60
L. vetulus P. cancrivorus 3 13 0 0.005 0.4 0.62 1.00
L. vetulus P. yagouaroundi 3 10 1 0.004 0.3 0.97 031
L. colocolo E. barbara 1 23 0 0.003 0.3 0.74 1.00
L. colocolo P. cancrivorus 1 13 0 0.002 0.1 0.85 1.00
L. colocolo P. yagouaroundi 1 10 0 0.001 0.1 0.89 1.00
E. barbara P. cancrivorus 23 13 6 0.039 3.4 0.98 0.08
E. barbara P. yagouaroundi 23 10 7 0.03 2.6 1.00 0.00*
P. cancrivorus P. yagouaroundi 13 10 2 0.017 15 0.84 0.45




41

Discussion

Carnivores species richness and composition in the Pantanal sub-regions

This study is one of the few focusing on species richness and habitat use of mammalian
carnivores in the Pantanal wetland. Camera trapping surveys recorded 11 out of the 18
carnivore species known to inhabit the study sites (Hannibal et al. 2015), thus proving to
be an efficient method to survey elusive, nocturnal and rare species. Some Pantanal
carnivore species not recorded here were the bush dog Speothos venaticus, which is a rare
species in its entire range of distribution (Jorge et al. 2013), and the semi-aquatics otters
Pteronura brasiliensis and Lontra longicaudis. Absence of them in my records is likely
related to distinct behavior of otters and rarity of bush dog in the study regions (Hanibbal
et al. 2015). The bush dog was already recorded in the Nhecolandia Pantanal sub-region
however only in the dense forests (Desbiez el al. 2010). Sometimes, the placement of the
camera traps in dense vegetation was difficult since the movement while surveying the
area was restrict and there places impossible to cross. Even so, estimative of species
richness show a high diversity of small to large sized carnivores, and the presence of nearly
all species expected for the Pantanal (Alho et al. 2011, Hanibbal et al. 2015).

The Sagrado Ranch was richer (11 species) than the other study sites (7-8 species),
which is reasonable as this ranch is close to the Abobral river and presents lower
deforestation and habitat degradation levels when compared to the other study sites.
Sagrado ranch has some parts without management, whereas the management practices in
the other study area transformed natural vegetation into planted pasture lands. Therefore,
the high richness of carnivores found in the Sagrado Ranch can be due the high habitat
quality, with more available preys that is a major ecological requirement of carnivores
(Pierce et al. 2000).

The frequency of records of carnivore species varied according to study site, which
is probably related to differences of detectability influenced by distinct behavioral patterns,
differences in sampling designs and environmental factors (Bailey et al. 2004). For
example, the frequency of records of the maned wolf, jaguar and jaguarundi was low when
compared to that of coati and crab-eating fox. The jaguar was not record neither in the
Céceres Ranch nor Mata Grande Ranch, however in the Sagrado Ranch and Eliezer Batista
reserve the jaguar presence was common. The low density and absence of this species in

the other study sites are linked to the habitat fragmentation caused by human and
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intensification of land use in Pantanal (Cavalcanti et al. 2012). The jaguarundi was
recorded in all study sites with low frequency, suggesting rarity in the Pantanal wetland.
The rarity of jaguarundi can be related with the higher abundance of ocelots in the
Pantanal, a potential competitors (Oliveira et al. 2010). Other species such as puma, coati
and crab eating fox were frequently recorded in all study sites, due to this plasticity to use

habitats with human presence and cattle ranching.
Factors influencing carnivore occupancy and detectability

The spatial analyses indicate that distinct carnivore species respond differently to variation
of habitats, food and competitors, as these covariates influenced positively or negatively
the occupancy estimates of particular carnivore species (Manley et al. 2005, Lesmeister
2015). In addition, I also identified species-specific patterns of variations across the entire
community, highlighting their preference and avoidance trends, and habitat use segregation
among the carnivore species. This was based on differences of occupancy estimates for
each species (Table 29), incorporating the imperfect detection probability parameters
(detection probability < 1) into the occupancy model (Royle & Nichols, 2005). It is
especially important accounting for imperfect detection in occupancy models of rare and
elusive species, such as the carnivore species studied here, as the bias is reduced (Royle &
Nichols, 2005).

| observed that presence of top predators has the most consistent effect on the
mesopredator community, with positive influence, followed by the habitat variable. Unlike
expected, the predator puma was present in the occupancy models of four species - ocelot,
crab-eating fox, tayra and coati - with a positive influence which can be an indicator of
facilitation between them probably as a result of same habitat selection patterns. Some of
these mesopredators such as coati were already present in the puma diet (Novack et al.,
2005). However, the abundance of small and medium vertebrates (Table 2) potentially
preyed on by puma in the Pantanal can be considered factors promoting the spatial
aggregation between species. It is supported by the positive influence of the potential
small-sized preys in both best models of puma and ocelots. These results indicate no
spatial segregation between puma and mesopredator species in the Pantanal, likewise in
western Belize where small carnivores and puma share the same areas (Davis et al. 2010).
On the other hand, the jaguar was not a good predictor mesopredators occupancy and was

only present in a few models with low representativeness (Table 9).
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Habitat types entered in the occupancy models of mesopredator species, with
positive or negative association showing that carnivore species use the available habitats
differently. For example, the Vegetation under Fluvial Influence was positive for jaguar
occupancy, but negative for occupancies of the mesopredators coati and crab-eating fox, an
outcome that can be a behavioral mechanism to avoid encounters with large predators
(Droge et al. 2017).

Among the tested variables, prey availability had the most consistent effect on the
predator community with positive influence in the occupancy estimative of jaguar and
pumas. These results agree with other studies supporting prey abundance as the most
important driving force on felid occurrence (Pierce et al. 2000, Ramalho 2006), once
jaguar and puma are considered opportunist predators, using preys relative to their
abundances (Weckel et al., 2006). My results concur with Fuller & Sievert (2001) that prey
abundance is the major force influencing the density and distribution of carnivores, such as
the large felines. Those authors also suggested that the availability of resources largely
affects the reproduction and survival of carnivores. The prey availability can also influence
the coexistence between jaguar and puma, as is discussed below. Similarly, Karanth et al.
(2004) found that under a wide range of ecological conditions prey density is a key

determinant for distribution and abundance of tigers Panthera tigris.

Regarding to detectability, the results showed that the habitat categories influence,
positively or negatively the detection probability of carnivore species. Estimated carnivore
detection probabilities can reflect the species-specific behavioral patterns, for example, it is
known the preference of jaguar from habitats dominated by water (Emmons, 1987,
Crawshaw & Quigley, 1991, Sollmann et al 2012) and this habitat use was found in the
present study where the jaguar detectability increased in areas with VVegetation under
Fluvial Influence. On the other hand, detectability of pumas was negatively influenced by
the Vegetation under Influence Fluvial, which can be interpreted as a behavioral
mechanism to avoid encounters with jaguars (Sollmann et al. 2012) and/or due to a

preference of pumas for dry habitats (Nufiez et al. 2010).

Through the jaguar occupancy models, it was verified that the predictors used in the
candidate models did not improve model precision, suggesting a low interference in jaguar
distribution (Table 2). When modelling jaguars occupancy, the null model ranked as the
highest among the candidate models (Table 9), however, the prey variables, capture rates

of small mammals and large mammals, entered in the best models indicating a positive
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influence in the jaguar occurrence. Alternatively, the jaguar detectability increased with the
increase of Vegetation under Fluvial Influence. The positive correlation of the jaguar with
habitats dominated by water has been documented before in the Pantanal floodplain
(Crawshaw & Quigley 1991) as well as in the Amazon rainforest (Emmons 1987) and
Cerrado grasslands (Sollmann et al. 2012). The close association of this species with water
may be explained for the fact that the species was only recorded in two of the four study
sites, which present more habitats dominated by water: the Sagrado Ranch in the subregion

Abobral, and the natural reserve Eliezer Batista located in the Paraguai subregion.

The puma occupancy models indicate that availability of preys has stronger effect
on its occupancy than the other predictors (Habitat, Landscape and Competitors; Table 2) -
which was positively correlated with the presence of small and large mammals. These
results are in line with those obtained in Central Brazil where the best predictor was the
prey abundance (Negrdes et al. 2010). The habitat categories did not interfere in puma
occupancy. In fact, pumas are considered to be super generalists in habitat use (Iriarte et
al., 1990), although their detectability in the Pantanal was negatively influenced by the
Vegetation under Fluvial Influence. This negative effect may decrease potential
competition with jaguars. However, this negative correlation also can be a result of the
difficult to movement in this habitat type and the preference, already recorded, by puma to
dry habitats (Nufiez et al. 2010).

The models for ocelot indicated that occupancy was positively affected by the
increased capture rate of small mammals, which are potential preys, and by the presence of
pumas. It is known that ocelots occupy a wide range of habitats (Murray & Gardner 1997),
and it was suggested that their habitat preference may have been related to prey availability
(Oliveira et al. 2010, Caso 2013), corroborating with its positive association with the
presence of small mammals in the Pantanal. In the present study, ocelot not appear to have
well defined habitat preferences, but Grass Savanna negatively influenced its occupancy.
The negative effect of Grass Savanna was also observed in other regions, such as in the
Emas National Park, Brazil (Oliveira 2010) and in Nhecolancia subregion of Pantanal
(Rocha 2006). Contrary to my expectation, the ocelots did not avoid areas with large
predators. Puma and jaguar are present in the best model for ocelot occupancy with a
positive association suggesting no spatial partitioning, nevertheless, more investigation in a
fine scale is needed to confirm this pattern. Ocelots may feed on preys smaller than those

of top predators (Moreno et al. 2006), thus avoiding competition with these large
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carnivores. In contrast, for ocelot, the detection probability seems to be higher in the areas
presenting forested savannas, confirming the importance of this habitat to this species
(Oliveira 2010, Bianchi et al. 2016). This association supports the need of dense vegetation

cover by ocelots (Haines 2006, Horne et al. 2009).

Crab-eating fox occupancy is influenced by five predictor variables that include
competitors (Puma and Ocelot) and habitats (Forested savannah, Grassland savannah and
Vegetation under fluvial influence). It is known that the crab-eating fox use all available
habitats in proportion to their availability being considered a habitat generalist (Jacomo et
al. 2004, Juarez & Marinho-Filho 2002). Crab-eating fox are known by their flexibility in
terms of habitat use, either natural, deforested or regenerating areas (Jacomo et al. 2004,
Ferraz et al. 2010). Therefore, use of anthropogenic disturbed areas, such as agricultural
areas, should not be interpreted as ideal habitat, but it may bring benefits to this species,
providing increased foraging opportunities (Jacomo et al. 2004, Ferraz et al. 2010). Other
study in the Nhecolandia subregion showed that crab-eating foxes randomly uses all
habitats within their home range (Bianchi et al. 2016). In the present study, the Forested
Savannah and Vegetation under Fluvial Influence had a significantly negative effect on the
fox occupancy. As expected, the avoidance of these habitats can be a mechanism for
coexistence with other carnivores, such as ocelots that are positively associated with
Forested Savannah (Table 13). On the other hand, the presence of pumas had a significant
positive influence on the occupancy of foxes, indicating no spatial partitioning between
them and probably the use of similar habitats in the Pantanal. This result matches the ones
of Davis et al. (2010) in Belize, where small carnivores, such as the crab-eating fox, did
not avoid habitats used by large carnivores, like puma and jaguar.

This was the first study on the occupancy patterns for tayra. The averaging models
indicated that tayra is mostly positively influenced by the presence of puma, thus
supporting no spatial partitioning between them. However, areas mainly composed by
Grassland Savannah negatively influenced tayra occupancy. Other studies also indicate
that tayra avoid open areas, and occurs in dense forests along watercourses (Caceres et al.
2007, Alves et al. 2012). Its habitat preference may be partly linked to an exploratory
behavior and food habits, once tayra’s diet is majority compost with prey items found in
closed habitat (Presley 2000). Although the tayra was detected in all study sites, this
species was mostly recorded inside dense forests with watercourses, especially in the Mata

Grande ranch, corroborating results achieved by Alves et al. (2012). More investigation is
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needed concerning the other factors that affect tayra occurrence, to clarify if the preference

or avoidance of such habitats are linked to prey abundance or escaping from competitors.

Habitat categories and presence of pumas were the most important predictors of
coati occupancy. Forested savannah and Vegetation under Fluvial Influence negatively
influenced its occupancy, and other habitats presented low interference, which agrees with
other studies that also found low presence of coati in habitats under fluvial influence and
Forested Savannah (cerrado) (YYanoshi & Mecolli, 1992, Holt 2001, Rocha 2006). On the
other hand, the presence of puma had positive influence on the occupancy of coati and the
presence of jaguar did not influence coati distribution in the Pantanal, contrary to the
expectations of negative effects of both top predators on it, since jaguar and puma were
reported as predators of coatis (Novack et al. 2005). Absence of negative influence of top
predators on coati occupancy in the Pantanal might be explained by the high abundance of
potential prey species, more profitable than coatis to those predators diet, such as Pecari
tajacu, Myrmecophaga tridactyla, and Hydrochaeris hydrochaeris (Emmons 1987, Iriarte
et al. 1990, Scognamillo et al. 2003) (Table 2).

Capture rate of medium mammals (variable Med) had no effect on the occupancy
of carnivore species in the Pantanal, as it was only present among the best model for tayra
detectability. Medium mammals comprised species with 5 and 15 kg body mass, and
included Alouatta caraya, Cuniculus paca, Cabassous tatouay, Euphractus sexcinctus,
Hydrochaeris hydrochaeris and Tamandua tetradactyla. These species presented low
capture rates at the study sites, which contributed to the low representativeness of medium

mammals in the occupancy models.
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Table 29. Negative (-), positive (+) or none (n) influence of habitat types (FS —
Forested Savanna, GS — Grassland Savanna, VIF — Vegetation under Fluvial
Influence and Forested Formation - FF) On the probability of occupancy and

detectability of carnivore species in the Pantanal wetland, southwestern Brazil.

Habitats
Species Detectability Occupancy
FS GS VIF FF FS GS VIF FF

Panthera onca n n + n n n n n
Puma concolor n n - n n n n n
Leopardus pardalis + n n n n + n n
Cerdocyon thous n n - n - n - n
Eira barbara n n n n n - n n
Nasua nasua n n - - - n - n

Daily activity patterns

My results on carnivore activity rhythms indicate temporal segregation among Pantanal
carnivore species. The general activity patterns found in the present study resemble those
reported elsewhere for most carnivore species, with crepuscular or nocturnal activity
(Gémez et al. 2005, Di Bitteti et al. 2006, Bianch et al. 2016), except that tayra, coati and

jaguarundi are mostly diurnal in the Pantanal.

Ocelot was the mostly nocturnal mesopredator being active throughout the night
and crepuscular periods, as already reported in the Pantanal (Bianch et al. 2016). However,
this crepuscular activity was not found in other regions, as in the Bosque Chiquitano in
Bolivia (Maffei et al. 2002), Amazon (Gémez et al. 2005, Kolowski & Alonso 2010) and
Atlantic Forest of Argentina (Di Bitteti et al. 2006) where ocelots present predominately
nocturnal activity. The crepuscular behavior of ocelots in the Pantanal can be related to an
increased activity of their preys in crepuscular periods rather than an effect of top predator
avoidance, once no temporal segregation occurred between ocelots and jaguars or pumas
(Table 19). The crab-eating fox also presented predominantly nocturnal activity, as
previously reported in the Pantanal (Porfirio 2014, Bianch et al. 2016) and others regions
(Maffei et al. 2002, Vieira & Port 2007, Di Bitteti et al. 2009). Circadian activity of crab-
eating foxes highly overlapped with ocelots, jaguars and pumas, indicating no temporal
partitioning among them. On the other hand, activity period of crab-eating fox differed

from other mesopredators, such as tayra, coati and crab-eating racoon. Once these species
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present similar diet and habitat use, the temporal segregation among them potentially

reduces competition (Silva-Pereira et al. 2011, Bianch et al. 2016).

The crab-eating raccoon was the only species completely nocturne like observed in
other Pantanal region (Bianch et al. 2016). However, in the Amazon forest and in the
Bosque Chiquitano of Bolivia the raccoon has presents some crepuscular activity, being
classified as mostly nocturnal (Arispe et al. 2008, Goméz et al. 2005). This species
presented higher activity overlap with all Pantanal carnivore species, except tayra which
presented no temporal partitioning with raccoon (Table 19). In general, therefore, the
results indicate that time sharing is more important among small mesopredators, which
likely present a more similar diet and habitat use (Alho et al. 1987, Presley 2000, Arispe et
al. 2008).

Tayra was the only species with diurnal activity in the Pantanal. This result concurs
with others conducted in the Pantanal region (Alho et al. 1987) and in Medellin, Colombia
(Delgado et al. 2011). However, tayra is cathemeral in the Amazon, where it also presents
nocturnal activity (Gomez et al. 2005). High activity overlap was verified among tayra and
large predators, thus with no temporal segregation between them. However, low circadian
activity overlap between tayra and ocelot supports temporal segregation between these
mesopredators. Tayra has been recorded as prey of ocelot (Bianch et al. 2010, 2014),
which supports the circadian activity of tayra as a mechanism to avoid predation by ocelots
(Massara et al. 2016). Likewise, diurnal habits have been observed for coatis in the
Pantanal (Bianchi et al. 2016; present study) and also in the Amazon and Atlantic forests
(GOmez et al. 2005, Massara et al. 2016). Therefore, time sharing might be an anti-predator
mechanism between coatis and the mesopredators crab-eating fox and ocelot, both

considered as predators of coatis (Bianchi et al. 2010, 2014).

My results indicate that jaguarundis are mainly active during the daylight in the
Pantanal wetland, such as in the Chaco-Chiquitano of Bolivia (Maffei et al. 2002, 2007), in
Atlantic Forest of Argentina (Di Bitetti et al. 2010) and in the Tamaulipan thorn scrub of
Mexico (Caso 2013). Jaguarundi’s activity temporally segregates it from the others felines
and medium-size predators, thus its diurnal habit would be an adaptive trait reducing
intraguild competition and favoring coexistence of jaguarundi and other predators (Caso

1994, Kronfeld-Schor & Dayan 2003). In the Pantanal, daylight activity of jaguarundis can
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specially contribute for its co-occurrence with ocelots, as these felines are closely similar

regarding to other ecological traits (Table 19).

The top predators jaguar and puma where cathemeral with similar activity patterns,
being active during the night and day periods. This behavior differs from that observed in
Belizean rain forests, where jaguars and pumas are predominantly nocturnal (Harmsen et
al. 2009), as well as it differs from that reported in other Pantanal parts where they are
mostly diurnal (Crawshaw & Quigley 1991, Foster et al. 2013). The absence of temporal
partitioning between jaguars and pumas in the Pantanal has been also found in the
Venezuelan Ilanos and in Belizean rain forests (Scognamillo et al. 2003, Harmsen et al.
2009). Studies in other regions have associated the circadian activities of these top
predators with the diurnal activity of their local preys (Emmons 1987, Foster et al. 2013,
Nufiez et al. 2000, Scognamillo et al. 2003, Harmsen et al. 2009), supporting that jaguars
and pumas respond to prey availability rather than to each other avoidance. In the present
study, although daytime activity is not a mechanism of segregation between jaguars and
pumas, they present differential use of habitats, which may promote their coexistence in

the Pantanal wetland.
Carnivore co-occurrences

The present study showed that carnivore species in the Pantanal wetland differently use the
available habitats, with preference and avoidance trends among them. According to the
pairwise co-occurrence approach, most pairs of species co-occurred more than expected by
chance, an evidence of low spatial avoidance among the Pantanal carnivores. Jaguar, the
largest predator of Pantanal, was the only species negatively associated with other
carnivores, the mesopredators coati, crab-eating fox and tayra (Figure 4). If these
mesopredators are susceptible to predation by jaguars, then the avoidance of habitats
occupied by jaguars could be shaped throughout the interaction history among them in the
Pantanal floodplain (Lesmeister 2015). The two top predators, jaguars and pumas, were
randomly associated each other in the Pantanal, nonetheless some spatial segregation
occurs based on differential occupancy of habitats, as already discussed above. The
random co-occurrence between these top predators in the Pantanal could be mediated by

the consumption of distinct prey species (Foster et al. 2013).

Contrasting to jaguars, pumas were positively or randomly associated with the

others studied mesopredators, indicating that pumas do not affect the occurrence patterns
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of small carnivores in the Pantanal, as also found in western Belize by Davis et al. (2010).
Likewise, ocelot occurrence does not influence the spatial distribution of smaller
mesocarnivores in the Pantanal, as ocelots are randomly associated with them. It was
contrary to my expectation, as a clear negative influence of ocelot on other small cats was
found in the lowland neotropics, including sites from the northernmost (South Texas) and
southernmost (north-eastern Argentina and southern Brazil) by Oliveira et al (2010) and in
the Tamaulipan thorn scrub of Mexico by Caso (2013). Nonetheless, similarly to my
results, no spatial influence of ocelots on small carnivores also occurs in the Atlantic
Forest (Massara et al. 2016). Spatial overlapping with ocelots can be mediated by the
behavioral plasticity of some small carnivores that adjust their circadian rhythms to avoid
encounters with ocelots (Massara et al. 2016). In addition, the nocturnal mesocarnivores
species in the Pantanal, crab-eating fox and crab-eating raccoon, might be unthreatened by
ocelots (Massara et al. 2016).

Overall Conclusion

In the present study | assessed spatio-temporal dynamics of Pantanal carnivores, revealing
their trends of habitat use, spatial pairwise association types and circadian rhythms at a
large scale, incorporating the regional landscape heterogeneity. In almost all cases,
distributions of taxa were best predicted by the frequency of potential preys and habitat
types. It has been suggested that the spatial environmental complexity, such as that of the
Pantanal, together with the trend of habitat preference and avoidance of carnivores, may
facilitate the coexistence of predator and mesopredator species (Simon 1974, Sollmann et
al. 2012) and contribute to the high diversity of carnivores in the Pantanal. | highlight that
results indicate more avoidance than preference of certain habitats by the species, as the
frequency of some types of habitat presented negative effect in their occupancy models. It

suggested a mechanism against competition or predation among carnivores in the Pantanal.

Overall findings of this study support that carnivores largely use similar resources,
with the share of space and/or time between few species, thus showing a low general level
of niche partitioning in the Pantanal. This behavior can be associated to the abundance of
preys founded in the Pantanal, facilitating the coexistence between carnivore species.
However, to affirm this hypothesis specific diet studies are required. In addition, in the
present study different circadian rhythms contributed more than spatial partitioning for

niche segregation among carnivores. The ability of carnivore species in modifying their



activity patterns to avoid predators or competitors, or to adjust to the availability of their

main preys, is a feature that facilitates their coexistence.
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Figure S1. Maps of carnivore species occupancy estimation per site at natural

reserve Eliezer Batista, in the Pantanal wetland, southwestern Brazil.
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Figure S3. Maps of carnivore species occupancy estimation per site at Caceres

Ranch, in the Nhecolandia subregion of the Pantanal wetland, southwestern Brazil.
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Figure S4. Continuation of Maps of carnivore species occupancy estimation per site
at Caceres Ranch, in the Nhecolandia subregion of the Pantanal wetland,

southwestern Brazil.
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southwestern Brazil.
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Table S1. Probability of detection and occupancy of carnivore species among sites

surveyed through camera-trapping in the Pantanal wetland, southwestern, Brazil.

Species

Mean (SE) probability of
detection (p)

Mean (SE) probability of

occupancy ()

Panthera onca 0.23 (0.07) 0.65(0.12)
Puma concolor 0.19 (0.04) 0.44 (0.09)
Leopardus pardalis 0.35(0.05) 0.64 (0.12)
Cerdocyon thous 0.36 (0.05) 0.56 (0.14)
Eira barbara 0.26 (0.06) 0.34 (0.10)
Nasua nasua 0.29 (0.05) 0.79 (0.10)

Table S2. Best candidate models (A AIC: < 2) for estimating the probability of

occupancy and detectability of jaguar Panthera onca in the Pantanal wetland,

southwestern Brazil. Models average (SE): w = 0.65 (0.12) and p = 0.23 (0.07).

Species  Models nPars AIC AAIC  wi Cumul w
Jaguar

JMO01 W(.)p(logFF+VIF) 4 317.04 0 0.166 0.17
JMO02 w(.)p(Med+VIF) 4 31749 045 0.133 0.3
JMO03 Y()p(GS) 3 31755 051 0.129 0.43
JM04 y(Large)p(logFF+Med+VIF) 6 317.77 0.73 0.116 0.54
JMO05 W(.)p(logFF +Med+ VIF) 5 317.78 0.74 0.115 0.66
JMO6 w(.)p(Med+GS) 4 318.14 1.1 0.096 0.75
JMO7 W(.)p(GS+VIF) 4 318.37 1.32 0.086 0.84
JMO0S8 w(Small)p(logFF+VIF) 5 318.44 1.4 0.082 0.92
JMO09 W(Small)p(GS) 4 318.55 1.5 0.078 1.00

Table S3. Estimates of beta coefficients and standard error (SE) for all covariates

contained in the best candidate models for detectability of jaguar Panthera onca in

the Pantanal wetland, southwestern Brazil. **Significant values

Models Intercept (p) p(logFF) p(VIF) p(GS) p(Med)
JMO01 -1.27(0.25) 0.30(0.19)  0.48(0.19)** NA NA
JMO02 -1.28(0.24) NA 0.33(0.20) NA -0.33(0.23)
JMO03 -1.18(0.24) NA NA -0.43(0.19)** NA
JMO04 -1.28(0.24) 0.25(0.19)  0.40(0.20)** NA -0.26(0.24)
JMO05 -1.23(0.24) NA NA -0.31(0.21) -0.30(0.24)
JMO06 -1.43(0.22) 0.28(0.18)  0.58(0.21)** NA -0.34(0.23)
JMO07 -1.26(0.25) NA 0.26(0.23) -0.27(0.24) NA
JMO08 -1.26(0.25) 0.30(0.19) 0.46(0.19) NA NA
JMO09 -1.18(0.24) NA NA -0.43(0.20)** NA
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Table S4. Estimates of beta coefficients and standard error (SE) for all covariates
contained in the best candidate models for occupancy of jaguar Panthera onca in
the Pantanal wetland, southwestern Brazil. *SFs that overlap with O.

Models Intercept (p) y(Large) w(Small)
JMO01 0.62(0.47) NA NA
JMO02 0.47(0.42) NA NA
JMO03 0.63(0.45) NA NA
JMO04 0.62(0.45) NA NA
JMO05 0.54(0.43) NA NA
JMO06 1.70(1.87) 1.67(2.33)* NA
JMO07 0.59(0.46) NA NA
JMO08 0.48(0.43) NA -0.30(0.30)*
JMO09 0.60(0.47) NA -0.27(0.33)*

Table S5. Best candidate models (A AIC: = 2 and Cumwi of 0.9) for estimating

occupancy and detectability of puma Puma concolor in the Pantanal wetland,
southwestern Brazil. Models average (SE): y = 0.44 (0.09) and p = 0.19 (0.04).

Species Models nPars AIC  AAIC  wi Cumul wy;
Puma

PM0O1  y(Large+Small)p(.) 4 392.51 0 0.43 0.43
PM02  y(Large+Small)p(VIF) 5 39291 04 0.35 0.79
PM03  y(Areat+Large+Small)p(VIF) 6 39393 141 0.21 1.00

Table S6. Estimates of beta coefficients and standard error (SE) for all covariates

contained in the best candidate models for estimating occupancy and detectability

of puma Puma concolor in the Pantanal wetland, southwestern Brazil. *SFs that

overlap with 0; ** Significant values.

Models '”tezl:f)Ept psi(Large)  psi(Smal)  psi(Area) '”te(g;e'ot p(VIF)
PMO1  -0.11(0.44) 1.81(0.61)* 0.66 (0.34)** NA -1.37 (0.20) NA
PMO2  -0.15(0.42) 147 (0.66)* 0.68 (0.36) NA 11,50 (0.23) -0.35 (0.28)
PMO3  -0.77(0.70) 1.37 (0.67) 0.71(0.36)* 0.27 (0.28)* -1.51 (0.23) -0.38 (0.29)
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Table S7. Best candidate models (A AIC. < 2 and Cumwi of 0.9) for estimating
occupancy and detection of ocelot Leopardus pardalis in the Pantanal wetland,
southwestern Brazil. Models average (SE): y = 0.64 (0.12) and p = 0.35 (0.05)

Species Models nPars AIC AAIC  w; Cumw
Ocelot

OMO01 w(Jaguar+Puma+GS+Small)p(FS) 7 607.01 0 0.53 0.53
OoM02  w(Jaguar+Puma+Small)p(FS+GS) 7 607.22 0.21 0.47 1.00

Table S8. Estimates of beta coefficients and standard error (SE) for all covariates
contained in the best candidate models for estimating detectability of ocelot

Leopardus pardalis in the Pantanal wetland, southwestern Brazil. **Significant

values

Models Intercept (p) FS SG
OMO01 -0.50 (0.11) 0.18 (0.11)** NA
OMO02 -0.76 (0.13) 0.19 (0.12)** 0.45 (0.11)**

Table S9. Estimates of beta coefficients and standard error (SE) for all covariates
contained in the best candidate models for estimating occupancy of ocelot
Leopardus pardalis in the Pantanal wetland, southwestern Brazil. **Significant

values

Models Intercept (@) Jaguar Puma GS Small
OMO01 1.90 (0.83) -0.25(0.22) 1.26 (0.80)** 2.22 (1.12)** 0.63 (0.48)**
OMO02 1.51 (0.50) -0.53(0.29)  1.03 (0.94)* NA 1.26 (0.92)**

Table S10. Best candidate models (A AIC: < 2 and Cumuwi of 0.9) for estimating the
probability of occupancy and detectability of crab-eating fox Cerdocyon thous in the
Pantanal wetland, southwestern Brazil. Models average (SE): y = 0.56 (0.14) and
p = 0.36 (0.05).

Cumul
Wi
533.25 0 0.305 0.3
533.81 0.55 0.231 0.54
534.03 0.77 0.207 0.74
534.37 1.12 0.174 0.92
535.88 2.62 0.082 1.00

Species Models nPars AIC AAIC  w;

CFM01 w(Puma+SF+VIF)p(Jaguar+VIF)
CFMO02 y (Lpard+Puma+SF+VIF)p(Jaguar+VIF)
CFM03 v (.)p(Jaguar+VIF)

CFM04 y (Puma+SG)p(Jaguar+VIF)

CFMO05 y (Lpard+SG+VIF)p(Jaguar+VIF)

N OO~ 00N
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Table S11. Estimates of beta coefficients and standard error (SE) for all covariates

contained in the best candidate models for detection of crab-eating fox Cerdocyon

thous in the Pantanal wetland, southwestern Brazil. **Significant values

Models

Intercept (p)

p(Jaguar)

p(VIF)

CFMO01
CFMO02
CFMO03
CFMO04
CFMO05

-0.74 (0.28)
-0.96 (0.20)
-0.82 (0.29)
-1.04 (0.19)
-0.76 (0.29)

1.14 (0.40)**
1.34 (0.36)*
1.23 (0.41)**
1.42 (0.36)*
1.18 (0.41)*

-1.40 (0.49)**
-1.80 (0.34)**
-1.54 (0.51)**
-1.93 (0.32)**
-1.44 (0.51)*

Table S12. Estimates of beta coefficients and standard error (SE) for all covariates

contained in the best candidate models for occupancy of crab-eating fox Cerdocyon

thous in the Pantanal wetland, southwestern Brazil. **Significant values

Models Intercept (¢) w (Lpard) w(GS) W(VIF) W(Puma) Y(FS)
CFMO01 0.14 (0.40) NA NA -0.80 (0.56) 0.45 (0.33) -0.34 (0.21)
CFMO02 0.04 (0.38) 0.36 (0.31) NA -1.01 (0.57) 0.26 (0.33)  -0.43 (0.23)**
CFMO03 0.57 (0.24) NA NA NA NA
CFMO04 0.45 (0.25) NA 0.21 (0.22) NA 0.46 (0.33) NA
CFMO05 0.04 (0.35) 0.35(0.26) 0.21(0.23) -0.78 (0.52) NA

Table S13. Best candidate models (A AIC: < 2 and Cumuwi of 0.9) for estimating the

probability of occupancy and detectability of tayra Eira barbara in the Pantanal

wetland, southwestern Brazil. Models average (SE): ¢ = 0.34 (0.10) and p = 0.26

(0.05).

Species Models nPars AIC AAIC Wi Cumul wi
TMO1 Y (Puma+GS)p(Med) 5 22799 O 0.208 0.21
TMO02 w(Jaguar+Puma+GS)p(Med) 6 228.26 0.27 0.182 0.39
TMO3 y(Puma+Area)p(Med) 5 228.27 0.28 0.181 0.57
TMO04 W(Area+Jaguar+Puma)p(Med) 6 228.97 0.98 0.127 0.70
TMO5 Y(Puma+GS)p(Med+Small) 6 229.35 1.37 0.105 0.80
TMO6 W(Area+Puma)p(Med+Small) 6 229.47 1.48 0.099 0.90
TMO7 Y(Area+Puma+GS)p(Med) 6 229.53 1.54 0.096 1.00
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Table S14. Estimates of beta coefficients and standard error (SE) for all covariates

contained in the best candidate models for detection of tayra Eira barbara in the

Pantanal wetland, southwestern Brazil. ** Significant values

Models Intercept (p) p(Med) p(Small)
TMO1 -1.07(0.27) 0.42(0.17)** NA
TMO02 -1.09(0.28) 0.41(0.17)** NA
TMO3 -1.08(0.27) 0.41(0.17)** NA
TMO04 -1.09(0.28) 0.41(0.17)** NA
TMO5 -1.12(0.28) 0.39(0.16)** 0.15(0.19)
TMO06 -1.14(0.29) 0.39(0.16)** 0.17(0.19)
TMO7 -1.08(0.27) 0.42(0.17)** NA

Table S15. Estimates of beta coefficients and standard error (SE) for all covariates
contained in the best candidate models for occupancy of tayra Eira barbara in the

Pantanal wetland, southwestern Brazil. **Significant values

Models Intercept () W(Puma) Y(GS) W(Area) y(Jaguar)
TMO1 -0.63(0.39) 1.99(0.84)**  -0.66(0.34)** NA NA
TMO02 -0.68(0.42) 2.03(0.88)** -0.52(0.35) NA -0.64(0.63)
TMO3 -1.80(0.78) 1.88(0.86)** NA 0.50(0.26) NA
TMO04 -1.50(0.82) 1.95(0.89)** NA 0.35(0.29) -0.63(0.70)
TMO5 -0.61(0.40) 1.94(0.84)**  -0.67(0.34)** NA NA
TMO6 -1.83(0.77) 1.83(0.86)** NA 0.52(0.27)** NA
TMO7 -1.24(0.99) 1.94(0.87)** -0.42(0.49) 0.25(0.38) NA

Table S16. Best candidate models (A AIC: < 2) for estimating occupancy and
detection of coati Nasua nasua in the Pantanal wetland, southwestern Brazil.
Models average (SE): g = 0.79 (0.10) and p = 0.29 (0.05).

Model nPars AICc AAICc wi Cumw
CM01 W(Puma+FS+VIF)p(Large+logFF+Med+VIF) 9 65143 0 0224 0.22
CM02 W(Jaguar+Puma+FS+VIF)p(Large+logFF+Med+VIF) 10 651.62 0.18 0.204 0.43
cMo03 w(Jaguar+Puma+FS+VIF)p(Cthous+Large+logFF+Med+VIF) 11 652.41 097 0.137 0.57
CM04 W(Puma+FS+VIF)p(Cthous+Large+logFF+Med+VIF) 9 653.18 1.75 0.093 0.66
CM05  W(FS+VIF)p(Cthous+Large+logFF) 7 65372 229 0071 0.73
CM06 W(Puma+FS+VIF)p(Large+logFF) 7 65375 231 0.07 08
CM07 W(FS+VIF)p(Large+logFF+Med) 7 65378 235 0.069 0.87
CMO08 Ww(Jaguar+FS+VIF)p(Large+logFF) 7 653.89 246 0.065 0094
CM09 W(FS)p(Large+logFF+Med+VIF) 7 65391 248 0.065 1.00
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Table S17. Estimates of beta coefficients and standard error (SE) for all covariates

contained in the best candidate models for estimating detection of coati Nasua

nasua in the Pantanal wetland, southwestern Brazil.

Models Intercept (p) Large p(logFF) p(Med) p(VIF) p(Cthous)
CM01  -1.15(0.18) 0.35(0.12)** -0.33 (0.12)** 0.17 (0.09) -0.60 (0.30)** NA
CM02  -1.11(0.16) 0.36 (0.12)* -0.33 (0.12)** 0.16 (0.09) -0.52 (0.27)** NA
CM03  -1.10(0.16) 0.38(0.13)** -0.32(0.12) 0.16(0.09) -0.44(0.28)  0.10 (0.09)
CM04 -1.13(0.17) 0.37 (0.13)* -0.32(0.12)** 0.16 (0.09) -0.52 (0.31)  0.10 (0.09)
CM05  -0.90(0.12) 0.50 (0.11)** -0.31 (0.12)** NA NA 0.14 (0.09)
CM06  -0.87 (0.12) 0.49 (0.11)* -0.32 (0.12)** NA NA NA
CM07  -0.89(0.12) 0.46 (0.11)* -0.35(0.12)** 0.14 (0.09) NA NA
CM08  -0.87(0.12) 0.49 (0.12)* -0.32 (0.12)** NA NA NA
CM09  -1.33(0.13) 0.35(0.12)** -0.31 (0.12)** 0.19 (0.09)** -0.87 (0.20)** NA

Table S18. Estimates of beta coefficients and standard error (SE) for all covariates

contained in the best candidate models for estimating occupancy of coati Nasua

nasua in the Pantanal wetland, southwestern Brazil. *SE that overlap with 0.

Models Intercept (w) Puma FS VIF Jaguar
CMO1 3.58 (1.42) 1.38 (1.07)  -2.35 (0.96) -2.33(1.05) NA
CMO02 3.44 (1.35) 1.18(0.88)  -2.36 (0.92) -2.88 (1.02)** 0.76 (0.77)*
CMO03 3.47 (1.38) 1.15(0.87)  -2.38(0.95)  -2.94 (1.03)** 0.75 (0.76)*
CMO04 3.59 (1.46) 1.33(1.04) -2.37 (0.99)**  -2.41 (1.06)** NA
CMO05 2.58 (1.35) NA -1.75 (0.93) -2.61 (0.91) NA
CMO06 2.73 (1.31) 0.97 (0.75)  -1.99 (0.93)**  -2.60 (0.87)** NA
CMO07 2.45 (1.21) NA -1.68 (0.84)**  -2.58 (0.83)** NA
CMO08 2.38 (1.08) NA -1.69 (0.75)**  -2.88 (0.81)** 0.50 (0.43)
CMO09 4.16 (1.71) NA -1.64 (0.82)** NA NA




