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SINOPSE
Nesse trabalho, nés avaliamos o uso de habitat de trés espécies de primatas (Saguinus
bicolor, Sapajus apella e Chiropotes sagulatus), em uma area de terra firme da Amazénia

Central, ao longo de um gradiente topografico, durante duas estacGes distintas (seca e

chuvosa).
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Resumo

A disponibilidade de frutos nas florestas tropicais varia temporal e espacialmente, devido
a sazonalidade e a heterogeneidade ambiental, que pode ser, em partes, explicada pelas
variacgdes topograficas. Espécies frugivoras, como os primatas, podem modular a selecdo
de habitat em funcéo de varia¢6es na disponibilidade de recurso alimentar. Nés utilizamos
a funcéo de selecdo de recursos (resource selection functions — RSF) para avaliar o uso
de habitat de trés espécies de primatas (Saguinus bicolor, Sapajus apella e Chiropotes
sagulatus), em uma area de terra firme da Amazénia Central, ao longo de um gradiente
topografico, durante duas estagdes distintas (seca e chuvosa). As trés espécies
apresentaram diferencas no uso de habitat entre as estacGes. Na estacdo chuvosa, o S.
bicolor usou, preferencialmente, areas mais inclinadas, mas o uso de habitat da espécie
foi uniforme na estacédo seca. S. apella e C. sagulatus segregaram habitat na estacdo seca,
usando areas de baixio e platd, respectivamente. Mas utilizaram o habitat uniformemente
na estacdo chuvosa. A segregacdo de habitat entre S. apella e C. sagulatus provavelmente
estd associada ao fato de que as espécies utilizam itens alimentares preferenciais
diferentes durante o periodo de escassez de frutos maduros. O uso de baixios por S. apella
nesse periodo, pode estar relacionado com a alta concentracdo de palmeiras de dossel
nessas areas, um importante item alimentar para a espécie, durante o periodo de escassez
de frutos. Da mesma forma, o uso de platés pelo C. sagulatus, provavelmente esta
associada a presenca de itens alimentares tipicamente selecionados pela espécie no
periodo da estacdo seca. Aqui, nés elucidamos algumas informacdes ecoldgicas de trés
espécies de primatas, e mostramos como modelos de RSF, combinados com informacdes
topograficas, podem ser uma ferramenta viavel para construir mapas de distribuicao
preditiva para ajudar programas de conservagdo de primatas.



Abstract

Fruit availability in tropical forests varies temporally and spatially due to seasonality and
environmental heterogeneity, which can be partly explained by topographic variations.
Frugivorous species, such as primates, can modulate the selection of habitat use due to
this variation in resource availability. We used the resource selection functions (RSF) to
evaluate habitat use of three primate species (Saguinus bicolor, Sapajus apella and
Chiropotes sagulatus) in a lowland Amazon forest along a topographic gradient in two
distinct seasons (dry and rainy). The three species showed differences in habitat use
between the seasons. S. bicolor presented preferences for slope areas during rainy season,
but uniformly in the dry season. S. apella and C. sagulatus segregated by habitat in the
dry season, using valley and plateau, respectively, but used the habitat uniformly in the
rainy season. Habitat segregation between S. apella and C. sagulatus is probably
associated to differences in foraging strategies when food resources are scarcer. The use
of valley by S. apella during this period is possibly related to the higher concentration of
palm in these areas, an important food item for this species during fruit shortages.
Likewise, the use plateau areas by C. sagulatus was probably associated to the presence
of food items typically selected during the dry season. Here we elucidate some basic
ecological information for three primate species, and show how RSF models aligned with
topographic information can be a feasible tool to build predictive distribution maps to
help primate conservation programs.
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INTRODUCAO GERAL

O uso do espaco pelos animais pode ser influenciado por caracteristicas ambientais como
elevacdo (Estevo et al., 2017), disponibilidade de agua (Paredes et al., 2017), composicdo da
vegetacao (Norris et al., 2011), efeitos antropicos (Nagy-Reis et al., 2017) e disponibilidade de
recurso alimentar (Haugaasen & Peres, 2007). Espécies frugivoras, por exemplo, podem
modular a selecdo e/ou extensdo do uso de habitat em funcdo das variagdes espaciais e
temporais na disponibilidade desse recurso alimentar (Van Schaik et al., 1993).

As florestas de terra-firme da Amazonia Central crescem em um ambiente heterogéneo
em relacdo as caracteristicas do solo e a topografia, e essa heterogeneidade influencia
diretamente a biodiversidade e a heterogeneidade ambiental (Castilho et al., 2006; Costa et al.,
2008a). Pequenas variagOes na elevacdo e declividade do terreno sdo acompanhadas por
mudancas nas caracteristicas do solo, onde, ao longo do gradiente topografico, ocorre uma
progressiva substituicdo de latossolo férteis e ricos em argila nos platés a solos arenosos e
menos férteis em areas de encostas e baixios (Chauvel et al., 1987). Essa mudanga desempenha
um papel importante na variacdo da biomassa viva acima do solo (Castilho et al., 2006), na
composicdo de assembleias de plantas (Costa et al., 2005; Kinupp & Magnusson, 2005; Costa
et al., 2008b) e nas mudangas estruturais da floresta, onde as areas mais altas sustentam uma
floresta mais densa, enquanto em areas de encontras e baixios, a vegetacdo é mais esparsa, com
predominio de arvores emergentes, de sub-bosque e palmeiras (Castilho et al., 2006).

Os gradientes topograficos, mesmo que sutis, desempenham um papel importante na
abundancia, composi¢do de espécies e uso do habitat de diferentes taxons de animais, como
formigas (Vasconcelos et al., 2003), anuros (Menin et al., 2007; Rojas-Ahumada et al., 2012),
aves (Cintra & Naka, 2012), morcegos (Capaverde et al., 2018) e quel6nios (Tavares et al.,
2019). A relacéo entre as caracteristicas do solo e a altitude e inclinacdo do terreno séo tdo
evidentes, que estudos apontam que as varidveis topograficas podem ser utilizadas como
substitutas para textura e fertilidade do solo (Costa et al., 2005; Costa et al., 2008b). Essa
substituicdo se torna muito Gtil para estudo de mesoescala, visto que mapas de solo nessa escala
sdo raros para a Amazonia, diferente das variaveis topogréficas, que séo facilmente estimadas
a partir de modelos digitais de elevacdo (MDE) derivados de imagens de radar SRTM (Shuttle
Radio Topographic Mission), o que facilita sua aplicabilidade (Costa & Magnusson, 2010).



A disponibilidade de recurso alimentar também varia temporalmente (Smythe, 1986).
Em florestas tropicais, a abundancia de frutos é sazonal, sendo que em florestas de terra firme
da Amazodnia Central, a maior disponibilidade de frutos coincide com o inicio do periodo de
chuvas, seguido por um periodo de escassez na estacdo seca (Hawes & Peres, 2016). Essa
sazonalidade na disponibilidade de frutos impulsiona mudancgas no uso de habitat de diversas
espécies de frugivoros [Dasyprocta leporina (Silvius & Fragoso, 2003); Tayassu pecari
(Carrillo et al., 2002); Pithecia albicans e Ara spp. (Haugaasen & Peres, 2007)]. Os frugivoros
representam a maioria da biomassa de mamiferos e aves tropicais (Terborgh, 1986), e sdo um
grupo alvo para os esforgos de conservagao, pois sao essenciais para a manutencao das florestas
tropicais (Fleming & Kress, 2011), influenciando a diversidade, estrutura, e regeneragao
florestal através da dispersdo e / ou predacdo de sementes (Wright et al., 2000; Nunez-Iturri et
al., 2008; Stevenson, 2011; Galetti et al., 2013). Considerando a limitacdo dos recursos
financeiros para conservacao, é essencial compreender a relagéo entre espécies e meio ambiente
para otimizar estratégias de conservacédo (Primack & Rodrigues, 2001; Negrdes etal., 2011). A
relacdo entre disponibilidade de frutos e uso de habitat é ainda mais intensa em frugivoros de
dossel (Schleuning etal., 2011), como os primatas, que em sua maioria consomem frutos verdes
e maduros como recursos-chave da dieta (Fleming & Kress, 2011). Estudos apontam que, em
relacdo a heterogeneidade espaco-temporal, a disponibilidade de recursos alimentar é o
principal impulsionador do comportamento dos primatas (Reyna-Hurtado et al., 2018), que
podem modificar sua dieta (Paim et al., 2017), comportamento (Gémez-Posada et al., 2019),
estratégias de forrageio (Nagy-Reis & Setz 2016; Reyna-Hurtado et al., 2018) e uso do habitat
(Haugaasen & Peres, 2007) para maximizar aquisicdo de alimentos no periodo de escassez de
recursos.

Cerca de 60% das espécies de primatas sdo consideradas ameagadas, e aproximadamente
75% sofrem com declinio populacional devido ao aumento das pressdes antropogénicas
(Estrada et al., 2017). Entre elas encontra-se o0 sauim-de-coleira (Saguinus bicolor), cuja
distribuicdo geografica é a mais restritas entre os primatas da Amazonia Brasileira (Rohe,
2006), sendo parte dela inserida nas areas de expans&o urbana da cidade de Manaus (Amazonas,
Brasil) (Gordo, 2012). A destruicdo e fragmentacdo da floresta na area de ocorréncia de S.
bicolor sdo as principais ameacas a preservacdo da espécie, que esta classificada como
“Criticamente em Perigo” (Lista de Espécies Ameacadas — ICMBIo, 2014). Mesmo diante dos
numeros expressivos e do aumento acelerado dos efeitos negativos sobre os primatas em geral
em razdo do aumento dos efeitos antropicos (Estrada et al., 2017), boa parte das espécies de

primatas que ocorrem na regido amazénica apresenta caréncia de informacGes ecoldgicas
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(Gordo et al., 2008). Diante da necessidade de elucidar os fatores ecoldgicos que afetam o uso
de habitat das espécies, e obter informacdes sobre como diferentes espécies respondem a
diferengas na disponibilidade de frutos, o presente trabalho busca investigar com o uso de
habitat de Saguinus bicolor (Spix, 1823), Sapajus apella (Linnaeus, 1758) e Chiropotes
sagulatus (Traill, 1821) responde a mugcancas sazonais e topograficas na disponibilidade de
recurso alimentar em uma &rea de floresta de terra firma da Amaz6nia Central. Utilizamos
variaveis topograficas (altitude de declividade) e as estacGes seca e chuvosa como preditores

de variacao espacial e temporal, respectivamente.

OBJETIVOS

Objetivo geral

Avaliar 0 uso de habitat das espécies de primatas presentes em uma floresta de terra firme da

Amazonia Central.

Objetivos especificos

a) Investigar o uso do habitat de Sagunus bicolor, Sapajus apella e Chiropotes sagulatus

ao longo do gradiente topogréfico;

b) Avaliar se ha diferenca no uso do habitat das espécies entre as esta¢cdes chuvosa e seca,

que correspondem ao periodo de maior e menor disponibilidade de frutos.
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ABSTRACT

Fruit availability in tropical forests varies temporally and spatially due to seasonality and
environmental heterogeneity, which can be partly explained by topographic variations.
Frugivorous species, such as primates, can modulate the selection of habitat use due to this
variation in resource availability. We used the resource selection functions (RSF) to evaluate
habitat use of three primate species (Saguinus bicolor, Sapajus apella and Chiropotes
sagulatus) in a lowland Amazon forest along a topographic gradient in two distinct seasons
(dry and rainy). The three species showed differences in habitat use between the seasons. The
habitat use of S. bicolor was positively related to slope in the rainy season but uniformly in
the dry season. S. apella and C. sagulatus segregated by habitat in the dry season, using
baixio and plateau, respectively, but used the habitat uniformly in the rainy season. Habitat
segregation between S. apella and C. sagulatus is probably associated to differences in
foraging strategies when food resources are scarcer. The use of baixios by S. apella during
this period is possibly related to the higher concentration of palm in these areas, an important
food item for this species during fruit shortages. Likewise, the use plateau areas by C.
sagulatus was probably associated to the presence of food items typically selected during the
dry season. Here we elucidate some basic ecological information for three primate species,
and show how RSF models aligned with topographic information can be a feasible tool to

build predictive distribution maps to help primate conservation programs.
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INTRODUCTION

FRUGIVOROUS VERTEBRATES REPRESENT THE MAJORITY OF TROPICAL
mammal and bird biomass (Terborgh, 1986). They are essential for maintaining tropical
forests (Fleming & Kress, 2011), acting on seed dispersal, forest recruitment and regeneration
(Nunez-lturri et al., 2008; Stevenson, 2011). Environmental characteristics such as elevation
(Estevo et al., 2017), water availability (Paredes et al., 2017), vegetation composition (Norris
etal., 2011), and anthropic effects (Nagy-Reis et al., 2017) may influence habitat use of
frugivorous vertebrates. Frugivorous species are modulated by fruit availability (Stevenson,
2001), and their habitat selection and/or extent of habitat use is a function of the spatial and
temporal variation in fruit availability (Van Schaik et al., 1993).

Topography is a determining factor for resource spatial distribution, as it affects biodiversity
and environmental heterogeneity (Castilho et al., 2006; Costa et al., 2008a). Studies in
Central Amazonia have shown that small variations in terrain slope and elevation may
influence soil characteristics (Chauvel et al., 1987), plant assemblages, forest structure (Costa
et al., 2008b; Castilho et al., 2006), and, consequently, the distribution, composition and
abundance of species of different taxa, such as ants (Vasconcelos et al., 2003), anurans
(Menin et al., 2007; Rojas-Ahumada et al., 2012), birds (Cintra & Naka, 2012), and bats
(Capaverde et al., 2018). In fact, it has been shown that topographic variations can influence
intraspecific and interspecific use of habitat in various areas (e.g., tinamous — Estevo et al.,
2017; salamanders — MacKenzie et al. 2004; tortoises — Tavares et al., 2019).

Resource availability also varies temporally (Smythe, 1986). In tropical forests, fruit
abundance is seasonal, with the highest fruit availability in the start of the rainy season,
followed by a period of scarcity during the dry season (Hawes & Peres, 2016; Van Schaik et
al., 1993). Seasonality in fruit availability leads to changes in habitat use by frugivores
[Dasyprocta leporina (Silvius & Fragoso, 2003); Tayassu pecari (Carrillo et al., 2002);
Pithecia albicans and Ara spp. (Haugaasen & Peres, 2007)]. This relationship between
frugivores and fruit availability is even more pronounced in arboreal frugivores (Schleuning

etal., 2011), such as the primates, which change diet (Paim et al., 2017), behavior (Gomez-
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Posada et al., 2019), foraging strategies (Nagy-Reis & Setz 2016; Reyna-Hurtado et al., 2018)
and habitat use (Mourthé, 2014) to maximize food acquisition during fruit shortages.

Due to the increase of anthropogenic pressures (e.g., expansion of industrial agriculture,
large-scale cattle ranching, logging, and poaching), about 60 percent of all primate species are
now considered threatened and approximately 75 percent have declining populations (Estrada
etal., 2017). Considering that financial resources for conservation are extremely limited,
understanding the relationship between species and the environment is essential to optimize
conservation strategies (Primack & Rodrigues, 2001; Negrdes et al., 2011). Here we
investigated the habitat use of pied tamarin, (Saguinus bicolor), brown capuchin monkey
(Sapajus apella) and bearded saki (Chiropotes sagulatus) along a topographic gradient during
the rainy and dry seasons, which corresponds to the highest and lowest fruit availability in a

lowland Amazon forest.

METHODS

STUDY AREA — This research was conducted at Reserva Florestal Adolpho Ducke (Ducke
Reserve), of the Instituto Nacional de Pesquisa da Amazonia, located northeast of the city of
Manaus, Amazonas, Brazil (02°55'S, 59°59'W). The Reserve covers 10,000 ha of terra firme
tropical rain forest, with irregular terrain, with altitude ranging from 40 to 140 m (Ribeiro et
al., 1999). Topography is an important factor in soil formation in the region, where structure
and floristic composition of the forest are mainly defined by soil and relief variations
(Baccaro et al., 2008). Between January 2018 and April 2019, the temperature, relative
humidity, and precipitation ranged from 25°C, 95% and 173mm during the rainy season
(January to April), and 27°C, 88% and 85mm during the dry season (July to October) (data

obtained from a weather station located inside the Ducke Reserve).

PRIMATE SAMPLING — To sample the primates, we used the linear transect protocol
(Peres, 1999; Peres & Cunha, 2011). Sampling was conducted on six 5-km long transects (Fig
1), using the RAPELD trail system (Magnusson et al., 2005). Transects were traveled seven
times in the rainy season (February to April 2018 and 2019) and seven times in the dry season
(July to October 2018) in the morning (0600 — 1100 h) and in the afternoon (1230 — 1700 h),
totaling 440-km of sampling effort. We sampled transects at a constant speed (approximately
1,25 km / h), and after visual detection of a group of primates, we recorded its georeferenced

position and time of sighting. In the case of detections through vocalization, we only
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considered groups with a maximum distance of 40-m (radius) from the observer. In such

cases, we recorded the species, time, and georeferenced position of the detection site.

PRIMATE SPECIES — Six primate species occur in the Ducke Reserve (Gordo et al., 2008):
red howler monkey (Alouatta macconnelli), spider monkey (Ateles paniscus), bearded saki
(Chiropotes sagulatus), golden-faced saki (Pithecia chrysocephala), pied tamarin (Saguinus
bicolor), and brown capuchin monkey (Sapajus paella). Due to the low number of detections
of Alouatta macconnelli and Pithecia chrysocephala in the dry season, and the lack of
detections of Ateles paniscus, these three species were not included in our analyses.

The pied tamarin belongs to the family Callitrichidae. It is an insectivorous-frugivorous
species, and its diet consists mainly of fruits, but complements its diet with exudates, nectar,
arthropods and small vertebrates (Egler, 1986). Estimated home range at Ducke is
approximately 100 ha (M. Gordo unpubl. data). Groups contain 2 - 12 individuals and species
density in the study area is 1 - 1.5 groups / km? (Rodrigues & Vidal, 2011; W.R. Spironello
unpubl. data).

The brown capuchin monkey belongs to the family Cebidae. Capuchins are frugivores-
insectivores, consuming a wide variety of fruits, seeds and arthropods, frogs, nestlings and
even small mammals, supplemented by stems, flowers and leaves (Spironello, 2001; Boubli et
al., 2018). Their estimated home range is approximately 850 ha, social groups can consist of
up to 36 individuals (Spironello 1991, 2001), and species density in the study area varies is
0.31 - 0.67 groups / km? (W.R. Spironello unpubl. data; Rodrigues & Vidal, 2011).

The bearded saki belongs to the family Pitheciidae. They feed mainly on immature seeds, but
also consume ripe fruit pulp, young leaves and insects (Moura, 2016). Home range of the
species can reach 500 ha; they live in social groups of up to 37 individuals (Gordo et al.,
2008), and species density in the study area varies from 0.3 (Rodrigues & Vidal, 2011) and
1.19 (W.R. Spironello unpubl. data) groups /km?.

HABITAT SELECTION ANALY SES — We obtained SRTM-HASL (Shuttle Radar
Topography Mission—Height Above Sea Level) elevation and slope topographic data with
30-m resolution from Instituto Nacional de Pesquisas Espaciais (INPE, 2019).

We analyzed primate habitat selection using resource selection functions (RSF; Boyce et al.,
2002). RSF uses geographic information system (GIS) data and animal location information
to generate predictive resource selection models, estimated from use-available data (Morris et

al., 2016). Units where animals are detected (in this case, pixels) are considered “used”, while
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random units where animals have access but not necessarily where detected are considered
“available”. We considered the georeferenced positions obtained for each species during our
transect sampling as “used” resources. We then generated a set of random points (“pixels”) in
the study area to sample landscape availability at a 1:5 used-available ratio, following
Fattebert et al. (2018), using the randomPoints function in R version 3.6.0 (R Core Team,
2017). We extracted values of the landscape variables at each used and available point using
the package raster (Hijmans, 2019) in R version 3.6.0 (R Core Team, 2017).
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FIGURE 1 - RAPELD trail grid installed at Ducke, highlighting the sampled trails. The letters and numbers

refer to the trail names, where NS and LO represent the north-south and east-west rows, respectively.

We fitted generalized linear models with binomial error distribution (logistic regression) to
the used-available data, for each species and season separately. We selected the models using
Akaike’s Information Criterion corrected for small sample size (AIC¢), using the package
Ime4 (Bates et al., 2015) in R version 3.6.0 (R Core Team, 2017). We projected the

coefficients of the selected models in the following equation (Johnson et al., 2004),

RSF = wrsrx = exp (B + B2xz + ... + Bnyxn)

where B is the coefficient of variable y. We rescaled the resulting RSF predicted values

between 0 and 1, as



WRSF(x) = (WRsF(X) - WRsF min) / (WRSF max - WRSF min))

to generate a continuous raster surface of our study area, where each pixel represented the

spatial projection of the relative probability of use for that unit. The maps were built using

QuantumGIS (v. 2.18) raster calculator.

RESULTS

From a 420-km sampling effort, we obtained 136 primate records (Table 1). Due to the low
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number of detections of Alouatta macconnelli and Pithecia chrysocephala in the dry season,

these two species were not included in the analyses.

In the rainy season, Saguinus bicolor seems to select units with steeper slope (Figure 2 - A),

but in the dry season, the species did not select any of the tested variables, showing

homogeneous distribution over the topographic gradient. In the dry season, Sapajus apella

selected locations with lower elevations values (baixios) (Figure 2 - B), whereas Chiropotes

sagulatus selected more elevated locations (Figure 2, C). During the rainy season, Sapajus

apella and Chiropotes sagulatus did not select any of the analyzed topographic variables

(Table 2).

TABLE 1 — Number of primate records (detections), sampling by linear transect protocol, in

the rainy (Jan — Apr) and dry (Jul — Oct) seasons at Ducke Reserve, Manaus, Amazonas,

Brazil.
Species N. of detections Rainy season Dry season
(Jan — Apr) (Jul = Oct)
Sapajus apella 46 33 13
Saguinus bicolor 29 18 11
Chiropotes sagulatus 24 8 16
Alouatta macconnelli 19 18 1
Pithecia chrysocephala 18 15 3
136 92 44
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TABLE 2 - Top models (AAICc<2) used to evaluate habitat use by three species of primates

at Ducke Reserve.

Species Season Covariates B
Saguinus bicolor Rainy Slope 0.13 (+0.05)
Dry Null -
Sapajus apella Rainy Null
Dry Elevation -0.04 (x0.02)
Chiropotes sagulatus Rainy Null -
Dry Elevation 0.06 (x0.02)
DISCUSSION

Most primate populations are currently declining due to the increase of anthropogenic
pressures (Estrada et al., 2017). Saguinus bicolor, for instance, has one of the narrowest
geographical distributions among the primates of the Brazilian Amazon (Rohe, 2006) and is
facing eminent threat by forest destruction and fragmentation (Gordo, 2012), being classified
as “Critically Endangered” (List of Endangered Species — ICMBIo, 2014).

Despite a National Conservation Action Plan (PAN Sauim-de-coleira), which aims to
establish and implement an integrated research program to gain greater knowledge of the
species, we still have basic knowledge gaps, including species-habitat relationships. Here by
investigating the habitat use of S. bicolor and other two species (Sapajus apella and
Chiropotes sagulatus) along a topographic gradient in a lowland Amazon forest we brought
new information on how these species relate to their environment.

Our results suggest that sympatric primates can respond differently to topographic gradients
and their habitat use can vary between seasons in lowland Amazon forest. In the rainy season,
Sapajus apella and Chiropotes sagulatus has homogeneous distribution throughout a
topographic gradient, while in the dry season, they might segregate in habitat by selecting
baixio and plateau areas, respectively. Food availability is often the main driver of primate
spatio-temporal behavior (Reyna-Hurtado et al., 2018). Seasonal changes in fruit supply can
alter primate diet (Paim et al., 2017) and movement (Gomez-Posada et al., 2019) as a result of
changes in foraging strategies (Nagy-Reis & Setz, 2016) to optimize energy. In our study, S.
apella and C. sagulatus segregated in the topographic gradient during the dry season, which
corresponds to the period of fruit scarcity. Topography is a composite variable, linked to soil

characteristics (Chauvel et al., 1987), and structural features of the forest, such as plant
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composition, tree and palm density (Costa et al., 2008b; Castilho et al., 2006). S. apella
presented a higher probability of habitat use in baixio areas, sites associated with higher palm
density, such as Oenocarpus bataua (Raupp & Cintra, 2011; Ribeiro et al., 1999), which is an
important food item for this species in the period of shortage of other fruits (Spironello,
2001). In these periods, palm fruits can represent about 33% of the total vegetable items
consumed by S. apella (Spironello, 1991; 2001). C. sagulatus was more likely to be found in
plateau areas because, unlike most primates, the most part of the species diet is composed of
immature seeds (Moura, 2016), and in the dry season the species also consumes flowers and
seeds, items that are most abundant in plateau areas (Tavares et al., 2019; Capaverde et al.,
2018).
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FIGURE 2 - Probability of habitat selection for Saguinus bicolor during rainy season (A),
Sapajus apella during dry season (B) and Chiropothes sagulatus during dry season (C)
derived from a resource selection functions (RSF). In the rainy season, S. apella and C.
sagulatus did not select any of the analyzed topographic variables, nor did S. bicolor in the

dry season.

Habitat segregation is an important mechanism regulating the co-existence of sympatric

species (Estevo et al., 2017). Minor variations in relief influence plant assemblages (Costa et
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al., 2005; Costa et al., 2008b; Rodrigues et al., 2014) and animal taxa (Vasconcelos et al.,
2003; Menin et al., 2007; Rojas-Ahumada et al., 2012; Cintra & Naka, 2012; Capaverde et
al., 2018). Tavares et al. (2019) report that associated intraspecific changes in habitat use of
yellow-footed tortoise (Chelonoidis denticulatus) are related to food resource heterogeneity
and shelter along the topographic gradient. Similarly, Estevo et al. (2017) and MacKenzie et
al. 2004 report co-occurrence patterns of tinamids and salamanders, respectively, being more
likely related to habitat preferences in an altitudinal gradient than interspecific interactions. In
our study, the preference for distinct food items between Sapajus apella and Chiropotes
sagulatus may be important to explain habitat segregation between them in the period of
resource scarcity as a strategy to reduce the negative effects of food competition.

We applied the resource selection functions (RSF) as a tool for measuring primate habitat use.
This approach requires less time and financial effort than the traditional ones, since resource
selection function models were built from the georeferenced fixed points of records obtained
in linear transects, using existing trail system (Costa & Magnusson, 2010), combined with
variables obtained from Shuttle Radar Topography Mission (SRTM) images. The use of
topographic variables as predictors for habitat use of species is an optimal tool for mesoscale
studies as elevation variations are easily estimated from digital elevation models (DEM),
which facilitates their applicability (Costa & Magnusson, 2010). By enabling building
predictive distribution maps based on information at sites being used and contrasting them
with available DEM characteristics, this tool is highly applicable in species monitoring

programs, and it is more refined and robust than presence-only analyses (Boyce, 2010).
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CONCLUSAO

O uso de habitat das espécies respondeu ao gradiente topografico, e diferiu entre as
estacdes. Na estacdo chuvosa, Saguinus bicolor selecionou areas com maior declividade,
enguanto o Sapajus apella e Chiropotes sagulatus apresentaram distribuicdo homogénea. Ja na
estacdo seca, a distribuicdo do Saguinus bicolor foi homogénea, enquanto Sapajus apella e
Chiropotes sagulatus segregaram o uso de habitat, ao selecionarem éreas de baixio e platos,

respectivamente.



