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RESUMO GERAL

A detectabilidade de uma espécie depende da iAteragtre suas
caracteristicas ecoldgicas, do habitat em que ietaer do método usado para
averiguar sua presenca. Ignorar o impacto da @diédade de uma espécie é
uma das maiores fontes de erro e viés em pesquosapopulacdes selvagens,
principalmente quando se busca estimar a propatedoma paisagem que €
ocupada pela espécie. A nova abordagem propostslgckenzie et al. (2002)
incorpora explicitamente a probabilidade de deteco@d modelagem da
ocupacado de uma area por certa espécie e, por gesa, pardmetros nao-
enviesados em suas estimativas. Neste estudo, gdedlamos as probabilidades
de ocupacéo e de deteccdo de dois prim&abidebus nigrifronse Callithrix
penicillata) em funcdo de covaridveis especificas de sitioe ecavariaveis
especificas de amostragem, respectivamente. Conmdssavaliamos o impacto
do habitat e da paisagem na ocupacdo de fragmdlotestais, e também
verificamos de que maneira as condi¢fes climatioamomento da amostragem
influenciam na deteccdo de espécies vocalmentensisjas, através do uso de
chamados de conspecificos \playback. Constatamos que as caracteristicas
ecolégicas das espécies explicam as diferencasadci@ de ocupacdo de
fragmentos florestais. Dessa forma, a ocupacasjEce especialista florestal é
principalmente afetada pelo tamanho e pela quaidid habitat e, portanto,
requer habitats com caracteristicas florestaiss@@dto e fechado). Além disso,
a ocupacdo da espécie generalista é explicadacpeéxtividade da paisagem
em uma relacdo contra intuitiva, em que o aumeateahectividade reduz a
probabilidade de ocupacéo. Isso sugere que a cinpk;espécies generalistas
pode nao ter um padrao 6bvio. A detectabilidadeedpécies também relaciona-
se a aspectos biolégicos das espécies, de moda @sigécie mais abundante é
também a de maior probabilidade de deteccdo. Aplissw, fatores intrinsecos
a amostragem, como as condi¢Bes climaticas ouci&mrdia do equipamento
usado nas buscas, também podem afetar a detetadbille uma espécie. Dessa
forma, o desenho amostral em pesquisas com divespasies deve ser ajustado
de modo a compensar as diferencas de deteccamsrgspécies.

Palavras-chave Modelagem. Ocupacado. Fragmentacdo. Monitoramento.



GENERAL ABSTRACT

The detectability of a species relies on the imtgoa between its
ecological characteristics, its habitat and on niethod used to determine its
presence. Detectability is also one of the greasestrces of bias in wild
population surveys, specially in the estimatiorthef proportion of a landscape
occupied by a target species. The new approacHapmee by Mackenzue et al.
(2002) allows the explicit incorporation of detecti probabilities, and thus
results in non-biased parameter estimates. In tbgept study, we modeled the
detection and occupancy probabilities for two ptesaCallicebus nigrifrons
and Callithrix penicillata) as a function of site-specific covariates andvew
specific covariates. Then, we evaluated the impeftthabitat and the
surrounding landscape on forest fragment occupamy,we also checked how
weather conditions affect the detection of vocakgponsive species at the
moment of the survey, via playback. We observedt thee ecological
characteristics of the species can explain themdiffces in the forest fragment
occupancy pattern. Therefore, the occupancy ofrasfospecialist species is
mainly explained by habitat quality and size, ahdst requires forest-like
habitats (closed and tall canopy). Furthermore, dbhcupancy of a habitat-
generalist species is explained by landscape ctimitgc but in a counter-
intuitive way. This suggests that the occupancyepatof a generalist species is
not obvious. The detectability of a species is alskated to its biological
features, such as population densities. Howeveryegtspecific weather
conditions and the effectiveness of the survey myait also influence the
detectability of a species. Therefore, the sampdiegign of multispecies surveys
must be adjusted, in order to compensate deteclifierences between the
species.

Keywords: Modeling. Occupancy. Fragmentation. Monitoring.
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1 INTRODUCAO

Algumas das questdes mais interessantes em Ezato@ionservacao
requerem estudos em larga escala ou replicacGgmtaimn ao longo de varios
anos. O monitoramento de espécies de ciclo delgitgo, por exemplo, tem
como requisito o acompanhamento das populacéesitdutempo o suficiente
para se verificar alteracbes em seus parametroglgoopnais (CHAPMAN;
PERES, 2001). Some-se a isso 0 atraso na respiodfgita as mudancas
ambientais, denominado “débito de extingdo” pomadih (TILMAN et al.,
1994), e temos urtrade-offem que as agdes efetivas de manejo e conservacao
sdo urgentes, mas dependem de resultados de déeagesquisa.

Além disso, a fragmentacdo de habitats € um psocgee ocorre na
escala da paisagem. Por isso, sugere-se que oonaonménto de populacdes
remanescentes em fragmentos florestais deva tammbgégrfetuado na escala da
paisagem (ARROYO-RODRIGUEZ; MANDUJANO, 2009). Poréos custos
de amostragem de algumas variaveis bioldégicas nessala podem ser
proibitivos. Monitorar, por exemplo, taxas vitaifow abundancia de certas
espécies ao longo do tempo e na escala da paigggaimente nao é possivel.

Em resposta a esses problemas, uma das ferrandentasnitoramento
de populacdes selvagens que tem ganhado muitoqdestam publicacBes
recentes é a modelagem de ocupacdo de sitios, spmopticialmente por
Mackenzie (MACKENZIE et al., 2002). A grande vargagdessa metodologia
em relacdo as demais é o uso de dados do tipongegaaséncia, além da
correcdo das estimativas pela probabilidade decclitedas espécies. Tais
fatores reduzem o custo das amostragens em laogda es ainda permitem
estimativas nao-enviesadas dos parametros.

O conceito de ocupacdo de sitios é definido comurogporcdo de

unidades amostrais ocupadas por certa espécie ena uwagido
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(MACKENZIE et al.,, 2002). Essa ideia tem sido ammate utilizada em

Ecologia. Em meados nos anos de 1970, a probatslidke ocorréncia de
espécies de aves em diferentes fragmentos flosdsiagstimada em funcéo de
caracteristicas do habitat (DIAMOND, 1975). As chdas “funcdes de

incidéncia” foram largamente usadas em estudospmgt#acionais. No inicio

dos anos 1990, llkka Hanski descreveu como a frdedmnidades de habitat é
dependente da area do fragmento e do isolamentb @A GILPIN, 1991).

Porém, as espécies podem néo ser detectadas, meamdn presentes
em uma é&rea, de modo que a maioria das funcOewidi€mcia provavelmente
sdo enviesadas negativamente em algum grau (MACKENE al., 2002). A
ndo-deteccdo de uma espécie pode ser causadavprodifatores. Populacfes
pequenas, comportamentos e/ou morfologias cripties esforco amostral
limitado reduzem a chance de se encontrar pelo snemoindividuo da espécie
por unidade amostral. Raramente pode-se estar etangnte seguro de que
uma espécie serd sempre detectada quando preseare,falsas auséncias
ocorrem quando a deteccao é imperfeita. Ignoratecthbilidade das espécies
gera, entdo, a incerteza na analise dos dadospcacdb desnecessaria de
esforcos amostrais, além da imprecisdo de estastégi manejo (WINTLE et
al., 2004).

A abordagem desenvolvida por Mackenzie et al. Z20frové um
arcabouco tedrico flexivel que permite estimaraasgs de ocupacgédo de sitios,
mesmo quando a probabilidade de deteccédo é menmgualom. Além disso, o
método de maxima verossimilhanca, usado nessaad®mny foi considerado o
estimador de probabilidades de ocupacéo e detkdtald menos enviesado em
uma série de metodologias alternativas (WINTLE let 2004). Ademais, tal
abordagem ainda prevé a inclusdo de ndo observaidgdo a problemas em

campo, e permite a inclusdo de covariaveis explast
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Nesta dissertacdo foram modeladas as probabiddel@cupacdo e de
deteccao dos primat&allicebus nigrifronse Callithrix penicillata Os primatas
sdo considerados prioridade de conservacdo em doamndo devido a sua
vulnerabilidade a fragmentacdo de habitats. Em ratando de primatas
brasileiros, compreendem 40% dentre todos os graptsacados e 74% das
espécies consideradas alta prioridade de conseryag@encem a esse grupo
(COSTA et al., 2005).

Além do preocupante grau de ameacga, algumas edstichs dos
primatas podem reduzir sua detectabilidade. Panpke algumas espécies sdo
cripticas, alguns animais sdo muito pequenos, ocugprandes areas de vida
e/ou fogem do observador. Esses fatores dificutateteccao dos individuos e
podem levar a resultados enviesados negativanfeotdésso, € necessario usar
métodos que considerem explicitamente a deteatad#i das espécies em
estudos com primatas.

A modelagem de ocupacdo tem sido considerada uxcaleate
ferramenta de monitoramento de populacdes selvatpepematas. Essa técnica
inclusive foi considerada o método mais acurada mEucidar o efeito da
fragmentac&o de habitats em populacdes de prifsRROYO-RODRIGUEZ;
MANDUJANO, 2009).

Por isso, em primeiro lugar modelamos as prolutgulks de detecgéo
das duas espécies de primatas, em condi¢cfes de teanp e de tempo ruim.
Com isso, apresentamos uma técnica de calibrac@&sfdeco amostral para ser
usada em pesquisas que envolvam mais de uma espléoedisso, modelamos
a probabilidade de ocupacdo em funcédo de carditasisle habitat: tamanho e
abertura de dossel. E também modelamos a ocupagéofuacdo de
caracteristicas da paisagem: area do fragmentaextividade da paisagem do

entorno dos fragmentos.
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Portanto, ao utilizarmos a abordagem de Mackeeize. (2002) para
modelarmos a ocupac¢do de populacdes naturais detps em fragmentos
florestais de Mata Atlantica, estamos na vangudegatendéncias mundiais de
pesquisa. Até o0 momento, esta é a primeira imigiate modelagem explicita da
probabilidade de deteccéo e, consequentementestideativas ndo-enviesadas
da ocupacéo de primatas em ambientes fragmentad®sasil.

O artigo oriundo desta dissertacéo foi submetaoeavistaBiodiversity
and Conservatiore possui o titulo On the use of occupancy modeling for
monitoring wild primate populations in fragmented landscapes: a case
study in the Brazilian Atlantic forest”. Nesse artigo, o enfoque é a
probabilidade de ocupacédo e de deteccdo das es@allieebus nigrifronse
Callithrix penicillata A ocupacéo foi modelada em funcéo de caradtaréstla
paisagem e do habitat no interior do fragmento.efectdo foi modelada em
funcdo de caracteristicas climaticas no momentandastragem. A partir dos
modelos resultantes, sugestdes de manejo dasespéoi apresentadas, levando
em consideracdo tanto o resultado das analisesoqa@tologia das espécies.






18

2 REFERENCIAL TEORICO

2.1 Perda de habitat

Perda de habitat e de fragmentacdo estdo entremagscas mais
relevantes a biodiversidade na atualidade. Este®gsos reduzem a quantidade
de habitat disponivel, aumentam o isolamento eosrdragmentos e geram
ambientes caracterizados por manchas de habgatptde forcar as espécies a
sobreviver em populacdes locais menores e isoladass das outras por
matrizes de habitat inéspito. Entender os efeitsses fatores em populacdes-
alvo é fundamental para a correta proposicdo datégias de conservacao
(BOSCOLO; PAUL METZGER, 2011).

A fragmentacado do habitat geralmente é definidaocam processo que
deve ser medido na escala da paisagem, envolventio & perda do habitat
guanto a separacdo do habitat remanescente. E®ogiiEcos sugerem que a
perda do habitat apresenta um consideravel efeigativo sobre a
biodiversidade local, e que a fragmentap@o sepode apresentar efeitos tanto
negativos quanto positivos em relacdo a riguezauadiincia de espécies. Os
efeitos negativos da fragmentacdo séo devidos dmasite a duas grandes
causas. Primeiro, a fragmentacfer seimplica em um numero maior de
fragmentos de menor tamanho. Em algum ponto, cadaento de habitat sera
muito pequeno para sustentar uma populagdo locshleez até um territorio
individual. Espécies que ndo podem atravessargapardo-habitat da paisagem
(a matriz) serdo confinadas a um grande nimercadenEntos muito pequenos,
0 que deve reduzir o tamanho populacional geraua Eobabilidade de
persisténcia. A segunda grande causa do efeitdinegia fragmentacaper se

sdo os efeitos de borda; paisagens mais fragmentat@ém mais borda, para
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uma quantidade fixa de habitat. Isto aumenta aghmiibade de individuos
deixarem o habitat e entrarem na matriz (FAHRI®3}0

Paisagens fragmentadas podem ser particularmesfavdeaveis para
especialistas florestais que raramente usam halltatentorno de fragmentos
florestais (ARROYO-RODRIGUEZ; MANDUJANO, 2009). Afé disso, os
efeitos da fragmentacdo podem ser imediatos ouaapevidentes apds certo
periodo de tempo, sendo que este tempo, ou 0 KAeicepsra se obter uma
resposta aos efeitos da fragmentagéo, dependerabiladéde de disperséo do

taxon analisado e do tamanho do fragmento em quéBEAMAN et al., 1994).

2.2 Impactos da perda de habitat em primatas

O Brasil é o pais que apresenta a maior diversididprimatas nao-
humanos. Os primatas neotropicais sdo prioridadeodservacdo em todo o
mundo e correspondem a 31% de todos os primataecidios. Essencialmente
arboricolas, os primatas neotropicais sdo particigate vulneraveis aos efeitos
da fragmentacéo porque os distlrbios antropogéeixeicem um forte impacto
negativo na sustentabilidade de suas populacéesatiNdidade, os primatas
compreendem cerca de 40% de todos os taxons amssagadBrasil e a mais
recente lista de espécies ameagadas publicaddngétato Brasileiro de Meio
Ambiente e Recursos Renovaveis apresenta 26 esplcigrimatas ameacados
de extingdo. Além disso, a maioria dessas espé@esiémica a Mata Atlantica,
um dos habitats mais explorados do planeta ehatapotde biodiversidade
(COSTA et al., 2005; RYLANDS; MITTERMEIER, 2009).

A Mata Atlantica possui cerca de 11,4% de suartafzeoriginal, e a
maioria dos remanescentes florestais é pequena@enmmenos de 50 ha. Nesse
bioma, a maioria das popula¢gbes animais estateestrdiminutos fragmentos

florestais distribuidos em paisagens agriculturaisde € pequena a
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probabilidade de persisténcia de longo-prazo déoisp especialistas em habitat
florestal (TABARELLI et al., 2010).

2.3 Modelagem de ocupacéo

Mackenzie et al. (2002) desenvolveram um modelopgumite corrigir
detecgBes imperfeitas através do uso de estimateasaxima verossimilhanca
dos parametros de ocupacdo. Considerando-se espéf@s probabilidades de
deteccao sejam inferiores a 1 visita multipla aesmos sitios geram padrdes de
detecgéo e néo deteccdo (chamados de historicdstedecdo). Tais historicos
permitem estimar as probabilidades de deteccapar@metro de interesse, que
€ a proporcéo de sitios ocupados ou a probabilidaadeupacao.

Esses dados coletados sobre presenca/auséncia aleegpécie em
fragmentos “discretos” podem ser usados para denwababilidades de
extincdo e colonizacdo, numa perspectiva metapcpula. Outros dados,
como a taxa de substituicdo, podem ser calculades eelacdes entre a
persisténcia de uma populacao e as caracterisickagmento (como tamanho
ou qualidade do habitat) podem ser postulados. Emetagem de habitat, a
intencdo é geralmente construir um modelo que ioFlaca distribuicdo das
espécies a certas caracteristicas do habitat artia gai, inferir se a espécie
exibe preferéncia por alguma caracteristica dotéabi identificar outras areas

de habitat potencialmente adequado.
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3 CONSIDERACOES GERAIS

Neste trabalho utilizamos a metodologia propostaNtackenzie et al.
(2002) e modelamos as probabilidades de ocupadateecdo de duas espécies
de primatas em fragmentos florestais do sudeskéatia Atlantica brasileira. As
conclusdes do trabalho apontam para sugestdesragamas populacdes dessas
espécies e porventura de outras com ecologia sinéilém disso, nos dois
manuscritos apresentados sdo discutidas adaptaedewetodologia de busca
usada, de modo a evitar possiveis erros em trabalhaos.

Com isso, concluimos que o uso de modelagem deagén de sitios,
aliada as estimativas de detectabilidade, prové@tee®s robustos e permite a
implementacgéo de acdes de manejo de forma dirden disso, tal metodologia
reduz os custos das coletas em campo, uma vez &quaissdos dados de
presenca e auséncia. Também permite que estudmmgke duracdo e larga
escala sejam realizados de forma logisticamenteliBessa forma, sugerimos
seu uso em programas de monitoramento de populagfiegens.
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Abstract Monitoring primates in tropical forests can be tdmajing because
visibility is usually poor, animals are cryptic dadflee from the observer, occur
in low population densities and/or occupy large bomanges. Occupancy
modeling has, therefore, been seen as a surrogratehfer biological variables
(e.g. abundance, vital rates) in order to assesdmservation status of wild
populations within a landscape. We modeled the mexocy and detection
probabilities of the Black-fronted Titi MonkeyCéllicebus nigrifron¥ and the
Black-tufted-ear MarmosetCallithrix penicillata) within an Atlantic forest
fragmented landscape of Southeastern Brazil. Bbth dccupancy and the
detection estimates greatly varied between the iepedhe less abundant
species presented the lower detection probabditso, bad weather conditions
reduced the detection probabilities. The occuparicthe species that is not a
forest-specialist was mainly explained by the catimity of the landscape, and
the occupancy of the forest-specialist also depamtshe quantity and the
quality of the available habitat. We recommenduke of occupancy modeling
in the monitoring of wild populations living in fganented landscapes due to the
low costs, straightforward results and the logistiacilities of the
presence/absence data.

Keywords: Callicebus nigrifrons Callithrix penicillata, Brazilian Atlantic

forest, conservation, wildlife-habitat.



INTRODUCTION

Habitat loss is one of the main threats to gendraldiversity
conservation but forest-dwelling mammals such @maies can be particularly
vulnerable to habitat fragmentation (Chapman anck$P€001). Studies of
primates in fragments usually conclude that fragaitgon has negative effects
on some aspect of their biology or ecology, althotigere may be no consensus
regarding fragmentation concepts. Primates arerefine, a worldwide
conservation priority. Unsurprisingly, they are theost endangered group
among all Brazilian mammals, comprising 40% of thecatened taxa, and
correspond to 74% of the mammal species that arsidered high conservation
priority (Costa et al. 2005).

Historically, primate studies have been performid relatively
undisturbed areas, and the emphasis has been pdacstlidying primates in
their native environment (Chapman and Peres 200dged, protected tropical
forests in parks and nature reserves are meantegenye plant and animal
populations and are becoming the final refuge lfoedtened species. Yet few
tropical forests worldwide are legally protected, ssnall fragments may offer
opportunities of conservation of the remaining pdapans. Besides,
conservation efforts must also look for long-terppaortunities of documenting
patterns of change on biological responses andtdtabariables in order to
increase the future persistence of fragmented ptipns (Chapman and Peres
2001).

Long-living species, often endangered, requirgdasample sizes for
studies to be conducted at the appropriate spatiltemporal scales, which is

logistically very difficult. Also, the biological esponses to environmental
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changes may be slow (Tilman et al. 1994), whichuireg long-term monitoring
in order to assess the biological changes. Furthermas fragmentation is a
landscape-scale process, the monitoring of pomustivithin forest fragments
should be conducted at that scale of analysis Iirntis important to consider
multiple anthropogenic effects of land-use typethim persistence of species on
fragmented tropical forest landscapes (Arroyo-Rnorz and Mandujano 2009).

Recent researchers argue that site-occupancy mgdetay be a
feasible surrogate tool for the continued monitgrid wild primate populations.
Accordingly, site-occupancy modeling is consideos@ of the most accurate
methods for assessing the effects of habitat fragmtien on primate
populations (Arroyo-Rodriguez and Mandujano 200®kcupancy is defined as
the proportion of sampling units in a landscapé teaoccupied by a target
species and is an extensively used concept in gg¢hackenzie et al. 2002).

In the 1970's the probability of occurrence ofdbépecies in different
forest patches was described as a function of dtatfitaracteristics, such as size
(Diamond 1975).. The so called “incidence functions” were widelged in
metapopulation studies. Later in the 1990's llkenska described how the
fraction of occupied habitat units is dependent patch area and isolation
(Hanski and Gilpin 1991). Yet species may go urctettwhen present, so it is
expected that most incidence function estimatdsetoegatively biased to some
degree (Mackenzie et al. 2002).

The approach developed by Mackenzie et al. (2p6@)ides a flexible
framework that allows the estimation of site oceuparates when detection
probabilities are less than one, accounting extpliébr detection probabilities.
The non-detection of a species' presence may bsedaby small population
size, individuals may be difficult to sample, ongaing effort may be limited. It
is rarely if ever possible to be completely surat th species is absent, and false

absences may occur when detection probabilitiedem® than one. This may



lead to uncertainty in the data analysis and ursssocg allocation of survey
efforts, plus the imprecision of management stiatefVintle et al. 2004).

Wintle et al. (2004) compared six approaches tonasing detection
probabilities and the proportion of sites occupian binary observation data.
Their findings suggest that maximum likelihood noetd, such as that proposed
by Mackenzie et al. (2002), are the least bias¢ithe®rs of occupancy and
detectability rates. Moreover that approach enattesriate information to be
included and it also accepts missing observations.

The goal of this research is to answer the folhlgvjuestions 1) The
forest fragments occupancy pattern differs betwten species? 2) Can that
occupancy pattern be explained by habitat andfmisieape characteristics? 3)
The climatic conditions, and associated backgrounie, affect detection
probabilities? 4) Is occupancy modeling an effitigml to monitor populations

remaining in fragmented landscapes?

METHODS

Study area

This study was carried out in Atlantic forest fragnts in the region of
Lavras, Minas Gerais, southeastern Brazil (Fig.VBgetation is classified as
semideciduous forest and it belongs to the Atlarfierest Domain in
southeastern Brazil and the soil characteristiaghisfregion makes it extremely
profitable for cattle ranching and farming (Oliveeffilho and Fontes 2000). The
historic fragmentation that has been occurring esigolonization created a
highly fragmented mosaic of land-use types, withigh proportion of coffee
culture and pasture (Assis et al. 2013). The ckmgitclassified as Subtropical,

i.e., temperate with a mild summer and a dry winfene average annual
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temperature is 19.4°C and the average annual jeg@p is 1493 mm which is
unevenly distributed throughout the year (Olivetiizo and Fontes 2000).

Animal sampling

We performed three surveys in 51 forest fragmeiitse sampled
fragments were all similar in vegetation, topogiaphand climatic
characteristics, and their size varied from 0.3ag78 ha. The detection of the
species was based on vocal responses to playbdskaod visual encounters
were used to confirm the identification of the spsc

We conducted surveys of the Black-fronted Titi Mey (Callicebus
nigrifrons) and the Black-tufted-ear Marmos&g(lithrix penicillata) in forest
fragments between January 2013 and March 2013.at® files used in the
playback calls were recorded from groups of C.ifigs belonging to Serra do
Caraca (Minas Gerais state, Brazil) and C. peateilfrom Caratinga (Minas
Gerais state, Brazil) and were edited in the Auglamftware version 2.0.

We used a CSR megaphone (model HMP1501) attachadpbrtable
MP3 player with the vocalization of the Black-fredt Titi Monkey in each
playback session. The amplification of the Blackead-ear Marmoset's audio
file produced strong background noise, so we pewartheir playback sessions
without the megaphone. We placed the sound equiporgn some tree branch
at about 1.5 m above the ground. At each survegtpan audio session was
performed. Each audio session was composed of hlites, in which we
played the vocalization of both species in sounachkd of 1 minute each,
separated by 2 minutes of silence. We kept an vateof at least two
consecutive days between surveys in order to avalfituation of the animals.
The procedures regarding data collection were octedu under the legal
approval and consent of the Brazilian Federal Auittho(IBAMA process
number 14083-1) and follow the guidelines of the ekitan Society of



Primatologists (ASP) Principles for the Ethical dment of Non-Human
Primates.

Weather covariates

In order to determine if weather conditions affdetection probability
models, we also collected data on the main weatbaditions, which were
roughly categorized as “good weather” or “bad wenth Bad weather
conditions are those that might prejudice auditdstection, in which the
background noise is expressive (e.g., strong maitior wind), and good weather
is considered the absence of bad weather condif@gs rainless moments and
the absence of strong wind or other natural backgto noise). That
simplification was necessary because we did not leeess to any equipment

that could properly measure the background souetgity.

Habitat covariates

In order to assess habitat variables related éarte canopy, we used
one 100 m line transect from the border of eachsibfragment. Each transect
was then divided into 10 points, and at each poamiopy height was measured
with a clinometer. In addition, we took 10 picturgsthe canopy above each
point transect using a Nikon D40 digital cameraigoed with an 8 mm
hemispherical “fish-eye” lens and positioned 1.9m\e the ground. It allowed
us to quantify canopy openness as the ratio ofkbtéxel — vegetation — and
white pixel — openness, in the software Gap Liginalyzer (GLA) 2.0. The
mean values obtained from each transect were usgmiegdictor variables, so
that there was one single value of both canopyhteigd canopy openness for
every forest fragment.

Landscape covariates
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The image classification used in this paper wasinbd from Assis et
al. (2013). The landscape variables we evaluate@ fragment size and the
amount of suitable habitat within buffers. Fragmsize was obtained as the
area, measured in hectares, of each polygon ofenegigetation. The amount of
suitable habitat within buffers was used as a pafihe landscape connectivity
because the concept of landscape connectivity desluboth the landscape
structure and the species' ability to move amornches.

We used the amount of suitable native vegetatidthinv buffers of
1000m, which is the mean day range of @allicebus spp(Norconk 2007),
from the border of each forest fragment as a prokyandscape structural
connectivity. Both fragment size and connectivigravanalyzed in QuantumGis
2.0.1.

Occupancy modeling

We fitted a set of single-season occupancy modals the
presence/absence data for each species separktelysingle-season models
involve the estimation of two parameters: the oectuy v, which is the
probability that a certain species is present Bite, and the probability pi of
detecting the species in survey i, given that thecies is present in the site
(Mackenzie et al. 2002). The estimation of thoseapeters is done by
performing multinomial maximum likelihood procedsrthat allow estimation
of occupancy probabilities even when the specigagerfectly detected.

At first, we ran models in whicty and p were held constant. Then, we
modeledy as function of different combinations of the habiand landscape
covariates. The detection probabilities were matleds function of weather
conditions. Therefore, we got a set of 16 candideteupancy models, and 3

candidate detectability models for each species f@sulting models were



ranked by their Akaike Information Criterion (AIC)determined by
-2LogelL + 2N in which L is the maximum likelihood abtaining one particular
model and N is the number of estimated paramefgre. AIC approach is
embedded in the concept of parsimony because dtvies a trade-off between
model fit and complexity, with more complex modeésng selected only if they
provide a sufficiently superior fit (McCarthy 2007)

The AIC differences of each model were convertedkaike weights
(wi). The AIC weights measure the likelihood of tdata given the model
(McCarthy 2007). When there are R candidate mottedsAkaike weights are:

wi =exp (-Ai/ 2)Y exp(-Ar/ 2)

This equation indicates that the Akaike weights abtained by the
transformation of the AIC differenceai) using exp(Ai / 2) and then re-scaling
the subsequent values so that they add up to 1.

We also assessed the goodness-of-fit of the maysineterized model
and that of the top-ranking model. It was done ¢apparing the X2 statistics of
the history probabilities of the model to historrendomly estimated from the
model parameters. That procedure is performed wearpetric bootstraps
(MacKenzie and Bailey 2004).

In order to assess the relative contribution atheeovariate on the
occupancy probabilities, we summed the AIC weiglitthe top-ranking models
that include the covariate.

We also calculated the minimum number of visitsessary to declare
that the species is absent. It was done considesiodevels of confidence (95%
and 90%). If visits are comparable and independemtl the detection
probability is p, then the probability F of not deting the species after N visits

IS:
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F=(1-pN

Therefore, if we want to be 95% confident that #pecies is absent,
then F = 0.05 (Pellet and Schmidt 2005). That eguatan be solved for the
minimum number of visits required to be 95% confidihat a species is absent,

which gives us:

Nmin = log(0.05) / log(1-p)

The untransformed estimates of coefficients fa tvariates (Beta's)
were used to verify the behavior of the occupamay @robabilities as functions

of the covariates.

RESULTS

Detectability

The minimum detection probability estimated f@r nigrifrons is
approximately 0.84 (95% CI = 0.65 - 0.94) and treximum is up to 0.92 (95%
Cl =0.73 - 0.98). The estimated values@rpenicillatarange from 0.33 (95%
Cl = 0.19 - 0.50) up to 0.46 (95% CI = 0.29 — 0.6Ehe comparison of AIC
values indicates that at least one of the top-rankiodels includes the weather
covariates (Table 1). The best model €ar nigrifrons considers the detection
probabilities as a function of weather conditicansdlC. penicillatahas two top-
ranking models: the null model and the weather hode

In good weather, the detection probabilities @rnigrifrons are 0.91
(95% CIl = 0.81 - 0.96), and bad weather conditimtiice those estimates to
0.81 (95% CIl = 0.36 - 0.97). The same behaviob&eoved folC. penicillata in



which the detection probabilities in good weather @.42 (95% CI = 0.30 -
0.56) and decrease to 0.35 (95% CIl = 0.13 - Or6Bad weather conditions.
Occupancy

During our surveys, we heard the Black-fronted Mibnkey at least
once in 26 out of 51 forest fragments, and the IBtafted-ear Marmoset was
heard at least once in 33 out of 51 fragments. &fbe, naive (non-corrected)
occupancy estimate of the Black-fronted Titi Monkegs 0.51 and the naive
occupancy estimate of the Black-tufted-ear Marmoses 0.67. Yet the
corrected occupancy estimate for the Black-froftgidVonkey was 0.51 (SD +
0.07) and for the Black-tufted-ear Marmoset it Wa5 (SD = 0.11).

The minimum number of visits required to achieve®®or 99% of
confidence that the species is detected when pregéren the estimated
detection probability, varied between the speckes. the Black-fronted Titi
Monkey (whose detection probability was 0.88) odl#0 visits per site is
necessary, considering a confidence level equadsO®. If the confidence level
equals 0.01, the minimum number of site visits. 162

On the other hand, the Black-tufted-ear Marmosad la detection
probability of 0.41 and the minimum number of \8sitequired to be 95%
confident that the species will be detected whezsgmt, using our sampling
methodology, was 5.71 visits (confidence level D&¥4d 8.78 (confidence level
0.01).

We found no evidence of lack of fit for the Blaftknted Titi Monkey's
models, neither for the most parameterized modglaf@meters, c-hat = 0.90)
nor for the top-ranking model (4 parameters, c=h@t95) because-hat values
are nearly one (Burnham and Anderson 2002). THerdiice between the top-
ranking model indicates the relative support of sbe of models, so thatAIC

values less than two AIC scores from the top-ramkimodel denotes high level
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of support. Three models hatAIC < 2, thus the set of best models of the
Black-fronted Titi Monkey contained three modelsifle 2).

Canopy height (ch) and fragment size (size) wdre $trongest
predictors of the occupancy probability for the dddronted Titi Monkey, as
demonstrated by the sum of the adjusted AIC weiffois all models in the
top-ranking set containing this covariate (Table 3)

The untransformed estimates of coefficients fa tovariates canopy
height, fragment size and landscape connectivittheroccupancy models of the
Black-fronted Titi Monkey were positive. Apsi was also positive, the
occupancy probabilities increase with canopy heighagment size and
landscape connectivity. However, the coefficiends the covariate canopy
openness were negative, thus suggestive that aocygarobabilities of the
Black-fronted Titi Monkey decrease with canopy apess.

The Black-tufted-ear Marmoset models also showepbad fit to the
data, for both the most parameterized model (6rpatersc-hat= 1.17) and the
top-ranking model (3 parametecshat= 1.15). Therefore, the Black-tufted-ear
Marmoset presented two best models (Table 2).

Connectivity (con) was the strongest predictor tbé occupancy
probabilities for the Black-tufted-ear Marmoset. ilas the only covariate
indicated by the top-ranking models (AIC wgt = Q.18lthough psi estimates
were positve, the coefficient for the covariate regtivity was negative, hence
occupancy probabilities decrease with the increfdee landscape connectivity.

DISCUSSION
We modeled the occupancy probabilities of the Bfachted Titi Monkey

(Callicebus nigrifrony and the Black-tufted-ear MarmosetCalithrix

penicillata) as functions of habitat and landscape covaridtbe. species had



markedly different forest fragments occupancy patieand detectability greatly
varied between them. Hence the species whose idetgrbbability was higher
required a smaller sampling effort in order to ¢héar the absence of this

species.

Detectability

The detection probability of the Black-frontediTidonkey was at lest
two times higher than that of the Black-tufted-sErmoset. It means that it was
twice as easy to find a Black-fronted Titi Monkéman to find a Black-tufted-ear
Marmoset, using our sampling scheme. It also indgcghat playback calls are
an efficient research method for the Black-frontétl Monkey and, therefore,
should be used in species surveys and monitorindpisfspecies. The Black-
tufted-ear Marmoset, on the other hand, had a lol&&zction probability using
this method, and some adjustments, such as inngett® number of sampling
points, should be made.

The observed differences in detectability may indeld to species-
specific parameters, such as population size. TaekBronted Titi Monkey has
an average population density of 10-12 ind/km2antimuous forests (Trevelin
et al. 2007) and up to 24 ind/kmz in forest fragisgCosta et al. 2012). There
are no records of population densities of the Blafted-ear Marmoset in
protected areas, but the Buffy-tufted-ear Marmd&allithrix aurita) exhibit
average population densities of 7.5 ind/km? in wtus forest (Norris et al.
2011) and the Black-tufted-ear Marmoset reached@4nd/km2 in Cerrado
fragments (Miranda and Faria 2001).

Those differences in population densities may he ¢ause of the
detection probabilities contrasts between the sathmpecies because the

variation in abundance induces variation in debectprobabilities. That is,
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higher population densities increase the chancedaifcting at least one
individual of the species per sampling unit. Thieralso a general tendency that
locally abundant species are more widely distridutespace than rare species,
which forms a positive occupancy-abundance relakign

We also observed evidence that bad weather conditeduce detection
probabilities as compared with good weather comatti As the detection of
primates in this work was based on auditory cliiesyas expected that bad
weather conditions would increase the level of gamknd noise and, thus,
reduce detection probabilities. This interferen€éewveather on vocal/auditory
communication is not something new. (Wiley and Rids 1978) previously
postulated that acoustic communication relies daafi®n and discrimination of
signal differences and that optimal placement wittiie habitat and optimal
weather conditions increase the effectiveness efttansmission of acoustic
signals. Therefore, detection probabilities may dffected by bad weather
conditions either because of the reduced singiravier of monkeys at those
moments or because background noise prevents sbarohers from detecting
the responses to playback calls.

The detectability of a species is also one ofrttest important sources
of uncertainty in determining the proportion of dsnape units occupied by a
species (Wintle et al. 2004). Our data shows stimag in the Black-tufted-ear
Marmoset's nhaive occupancy estimate, which is theemwed proportion of
occupied sites, not corrected by the detection gisitty. The naive estimate is
at least 25% lower than the detection-correctedupaecy estimate. This
discrepancy could lead to inadequate conservatemspor alarmist reactions to
observed declines in population sizes, besidescinglerroneous predictions of
a species' response to habitat changes due toydoamulated wildlife-habitat

models.



Those differences in detection probabilities alead to unequal
sampling effort in order to declare that a spetsesbsent from a sampling site.
The number of visits to necessary to declare aispés absent was markedly
different between the primate species sampled & gresent study. Thus,
multispecies surveys may be inefficient (Pellet &timidt 2005), so that some
adjustments should be made. Rare species requievisits in order to declare
their absence, and multispecies surveys should lomlgione for those that are
ecologically similar, or have similar populationndéies. Also, methodology
calibration should be conducted in order to maxa@mie detectability of the less
conspicuous species. The present study indicagsathleast 2 more visits

would be necessary in order to declare the Blaftedtear Marmoset is absent.

Occupancy

In addition to those differences in detectabilithe top-ranking
occupancy models of the Black-fronted Titi Monkeydahe Black-tufted-ear
Marmoset also revealed variation, which is related their ecological
characteristics. For the Black-fronted Titi Monkelye best predictor variables
of occupancy were fragment size (size) and canagghh (ch), but only
connectivity (con) was important according to thiadR-tufted-ear Marmoset
top-ranking model.

Titi Monkeys are small to medium in size, arborgabkdrupeds, that
occupy the canopy or subcanopy forest levels. Alingty, Callicebus spp. do
not systematically utilize the ground or emergente$t levels and are
considered “habitat specialists” (Norconk 2007). the Titi Monkeys are an
essentially arboreal group, it is expected thatrtlecupancy pattern be
explained by canopy measures. Indeed, canopy héaht is one of the

strongest predictor variables of the Black-fronfetl Monkey occupancy, and
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higher canopy height values corresponded to higlteupancy values. The
opposite behavior is observed in the canopy openmakies, so that closed
canopies are related to higher occupancy probiasilifTherefore, habitats in
which the canopy is higher and more closed havatgreoxccupancy probability
for the Black-fronted Titi Monkey, thus suggestititat this primate requires
forest-like environments.

Actually, the occupancy of other forest-speciatismates is probably
linked to forest-like habitat variables. Other $tsd also suggest that the
occurrence of forest-specialist primates is posiyivinked to canopy height and
canopy cover or that forest-habitat measures, asctiensity of high trees, are
the best predictors of some primate species occypgkrroyo-Rodriguez and
Mandujano 2009). Therefore, the quality of the tatbseems to have major
importance for the forest-specialist primate speae that the observed patterns
of occupancy of the Black-fronted Titi Monkey, whiare related to canopy
height and openness, may reflect the specializaifahis group to the life in
canopy and sub-canopy habitats.

Another equally important predictor of the Blacksfted Titi Monkey
occupancy is fragment size. This result may be exhuy/ the greater habitat
diversity, larger population sizes, smaller stotibasxtinction rates, higher
colonization rates, larger concentration of trophim/or structural resources,
and smaller edge effects (Connor and McCoy 2001¢. 8ffect of patch size on
biodiversity ultimately reflects the effect of tenount of habitat available for
the species (Fahrig 2003), so that small fragméaige a lower occupancy
probability due to the reduced quantity of habitat.

However, the Black-tufted-ear Marmoset did nopogsl to any of the
covariates that are important for the Black-frontéidMonkey. The top-ranking
models of the Black-tufted-ear Marmoset showed alation to fragment size,

canopy height nor to canopy openness. The besictwedf the Black-tufted-ear



Marmoset was actually the worst predictor of thadBironted Titi Monkey,
which is the connectivity of the fragments acrasssurrounding landscape. The
landscape connectivity was therefore a better predof the Black-tufted-ear
Marmoset occupancy than fragment size, thus suggetitat the landscape-
scale may be more appropriate than the fragmete-fmathe comprehension of
its occupancy patterns.

The marmosets of the genuZallithrix are small-bodied (<500g)
primates specialized on chewing tree trunks anddbres to feed on the tree
exudates. As gum tree are patchily distributed sscreal landscapes and the
home range of the Black-tufted-ear is directly tedlato the location of the gum,
the marmosets probably exploit this resource byingpinto patches. Therefore,
an increase in landscape connectivity could allosvtetter exploitation of gum
trees distributed in patches, which would enhahe& permanence in small and
highly seasonal forest patches (Passamani and dyI2000). But our results
are counter-intuitive because occupancy probadsliiecrease with landscape
connectivity. Forest fragments surrounded by atgrgaroportion of tree crops
are supposed to maintain a higher number of telmestammals (Garmendia et
al. 2013).

Some authors suggest that the response of prinmathe fragmentation
process is not obvious, because studies use diffaretrics and results are not
comparable (Arroyo-rodriguez et al. 2013). Perlibpsncorporation of the gum
tree distribution as a site-covariate would expthat relationship.

Our study shows that the occupancy pattern of r@stespecialist
primate, the Black-fronted Titi Monkey, is explaihéy both the amount of
habitat and the quality of the habitat within tharelst fragment. The Titi
Monkeys rarely uses the ground and the dependencgnopy structures may
inhibit the dispersal ability of forest-specialigtimates and thus confines the

remaining populations in forest fragments contajnguitable habitat. In this
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case, fragmentation processes and habitat losodeatred several years ago
isolated them in forest patches, so that the saiithprocesses that threaten
small and isolated populations must already hakentglace. Therefore, these
populations must be prone to extinction due toohisal habitat loss, so that the
next generations will have to pay for this extiontidebt.

On the other hand, the occupancy of a primate ighatot a forest-
specialist, the Black-tufted-ear Marmoset, is maaplained by the landscape
connectivity. The marmosets regularly use the ggion several situations, such
as predation-avoiding behavior or in foraging abosmemy ant swarms
(Passamani and Rylands 2000). That ability to nwtlein diverse forest strata
and the efficient habitat exploitation must inceedlse dispersal ability of the
marmosets, allowing them to cross the anthropogknmidscape matrix that
surrounds the forest fragments. It also explainsy vihe Black-tufted-ear
Marmosets occupied a greater proportion of the deaple than the Black-
fronted Titi Monkeys.

The Black-fronted Titi Monkeys studied in the messtudy, therefore,
seem to be more vulnerable to fragmentation andtaidbss than the Black-
tufted-ear Marmosets, because of the difference their ecological
characteristics. Those differences are reflectedhbyr occupancy patterns of
forest remnants within a fragmented landscape. r@kwpiestions arise from
those conclusions and future studies should inyat&ti the existence of a
metapopulation of the Black-fronted Titi Monkeythre region, and to verify the
extent to which their populations are isolated fremch other. Moreover,
modeling the occupancy of the Black-tufted-ear Maget as a function of the
patchy distribution of tree gum should improve kinewledge about the ecology

and conservation of primates living in fragmentaadscapes.
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Table 1 Summary of model selection fBrllicebus nigrifronsand Callithrix

penicillata
Species Model AAIC AlICw c-hat
C.nigrifrons y(.),p(weather) 0 0.66 0.97
v(.),p(.) 2.55 0.28 0.84
y(.),p(full_identity) 4.93 0.06 1.16
C. penicillata v(.),p(.) 0 0.54 1.17
y(.),p(weather) 1.03 0.32 1.17
y(.),p(full_identity) 2.81 0.13 1.28

Table footnote: In the model specificatiopsthe occupancy and p is the detection
probability. The notation (.) indicates that thergmaeter is kept constant, while
(weather) indicates that the parameter is modeted function of weather conditions.
The notation (full identity) indicates that detectiprobabilities are allowed to vary
throughout the surveys without any survey-specificariate;c-hatis the overdispersion
parameter.

Table 2 Occupancy models for the black-fronted ritnkey and the black-
tufted era marmoset in fragments of the Brazilialartic forest, with
AIC values within 2 units from the top-ranking made

Species Model AIC AAIC AIC wgt C-hat

Black-tufted ear y(con),p(.) 195.20 0.00 0.18 1.15
marmoset

w(.),p() 195.20 0.22 0.16 1.17

Black-fronted titi  y(sizerch),p(.)  116.00 0.00 0.32 0.95

monkey
y(sizerch+cop)  117.13 1.13 0.18 0.91
y(sizerch+con  117.65 1.65 0.14 0.96

Table footnote: In the model specificatiogsis the occupancy. The notation (.)
indicates that the parameter is held constantenthi¢ acronyms inside the brackets are
the predictor covariateSizeis the area (ha) of the forest fragmettt;is the average
canopy heightrop is the average canopy openness amalis the connectivity of the
fragment. AIC indicates the Akaike Information @rit. AAIC is the difference in AIC
units between the top-ranking model and model. Mgt is the weight of evidence in
favor of model being the best model for the situagtigiven the data and the set of
models.C-hatis the overdispersion parameter.



Table 3 Sum of AIC weights from the set of best gledor the titi monkey.

Predictor covariates > AIC wgt
Canopy height 0.64
Fragment size 0.64

Canopy openness 0.18
Connectivity 0.14

Table footnote¥ AIC wgtis the sum of the Akaike Information Criteria weligof all
the models containing each of the predictor vaesbl



