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Como expressar em uma tese ou inumeros artigos todos os registros e sensacoes,
dados e fatos, visualizagdes e olhares, conclusdes e percepgoes, coletadas e vividas durante as
inumeras noites e dias sob o céu estrelado e¢ sem fim do Brasil Central, nesse caso Goias?
Como medir em transectos as centenas de quildometros percorridos a pé, de moto, carro e,
quando dava sorte, com um companheiro de crina?

Na simplicidade e necessidade de utilizar duas metodologias antigas e para muitos
ultrapassadas, a observagao direta e a radiotelemetria, ganhei dois dos mais valiosos presentes
de minha vida. Itens imprescindiveis e sem valor mensuravel para um homem do campo, e
que trago fundo no coragdo: meus companheiros ¢ cada momento com os animais que
convivi.

Cada coordenada anotada carrega um pouco de cada um, seja humano, seja animal...
em cada caminhada, um longo momento de calor, temperado a cada encontro por um breve
momento de frio interior, seja humano, seja animal...

... € se ndo ¢ possivel expressar todas as informacdes em uma tese e inlimeros artigos,
como o fazer com todo o agradecimento aos que fizeram parte dessa historia, seja humano,

seja animal...?
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RESUMO

Lemos, Frederico G. 2016. Ecologia e conservacao da raposa-do-campo (Lycalopex vetulus) e
interacdes com canideos simpatricos em areas antropizadas do Brasil Central. Tese de
Doutorado em Ecologia e Conservagao de Recursos Naturais. UFU. Uberlandia-MG. 167p.

Palavras-chave: Areas de vida; armadilhas fotograficas; Carnivoros; Cerdocyon thous;
Chrysocyon brachyurus; comportamento animal; conservacao; radiotelemetria

Canideos selvagens apresentam maior distribuicdo que qualquer outro grupo de carnivoros no
planeta. Tal caracteristica faz deles parte importante na dindmica de uma variedade de
ecossistemas. Para melhor compreensdo da histdria evolutiva dos canideos sul americanos e
como estes compartilham recursos em areas antropizadas, este estudo teve como objetivos
descrever a organizacao espacial de raposas-do-campo Lycalopex vetulus e examinar parte das
suas interagdes com canideos sintopicos, além de identificar ameacgas a sua sobrevivéncia. A
fim de contribuir para a padroniza¢do de estratégias de amostragem para monitorar a vida
selvagem, foi avaliada a técnica de captura, potencial de armadilhamento e o sucesso no
monitoramento de canideos através de coleiras de alta frequéncia (VHF). Obtivemos 470
eventos de captura usando armadilhas do tipo caixa iscadas com sardinha. Destes, 347 (74%)
corresponderam a capturas de canideos selvagens (média de sucesso de 10,7 capturas por 100
armadilha*noite). Raposas-do-campo mostraram taxas de captura mais elevadas que as outras
espécies, mas foram capturadas quase exclusivamente por armadilhas de porte médio,
enquanto cachorros-do-mato tiveram altas taxas de captura por armadilha médias e grandes. O
lobo-guara teve altas taxas de captura em armadilhas de grande porte. Para possibilitar o
acompanhamento adicional de raposas-do-campo por armadilhas fotograficas e registrar
novos individuos, desenvolvemos uma técnica para identificar raposas através das marcas no
rabo destes animais. Durante este estudo foram monitorados por coleiras radio-transmissoras
73 canideos silvestres, sendo possivel estimar que o tamanho médio de area de vida da
raposa-do-campo ¢é 2,68 km?, do cachorro-do-mato 8,23 km?, e de lobos-guara 66,54 km?>.
Sabe-se que ha uma grande variagdo no sistema social entre canideos e isso esta diretamente
ligado a forma como espécies se organizam no espaco. Os resultados apresentados refor¢gam
que canideos Lupinae de pequeno porte sul americanos organizam-se em sistemas sociais
monogamicos e territoriais. As trés espécies mostraram-se ativas principalmente durante a
noite e utilizaram até 11 tipos diferentes de abrigos (n = 417 registros). Tocas de tatu peba
(Euphractus sexcinctus) foram o abrigo mais usado pela raposa-do-campo, enquanto
cachorros-do-mato e lobos-guard utilizaram com maior frequéncia moitas de capim alto. As
principais causas de morte de canideos na regido de estudo sdo decorrentes de agdes humanas
(41,3%) como atropelamentos, ataques de cdes domésticos, envenenamento e tiro. Predacao
intraguilda de ongas-pardas sobre os canideos menores ¢ a segunda causa de morte mais
frequente. O terceiro capitulo traz ainda uma avaliacdo do risco de extingdo da raposa-do-
campo, onde ap6s uma ampla revisdo, a espécie foi classificada vulneravel a extingdo. No
Cerrado, ecossistema prioritario para a conservacdo da biodiversidade, paisagens alteradas
pela agdo humana representam o cenario atual. Para melhor compreender como espécies vem
lidando com tais mudangas ¢ urgente o aumento de estudos neste sentido.
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ABSTRACT

Lemos, Frederico G. 2016. Ecology and conservation of the Hoary fox (Lycalopex vetulus)
and interactions with sympatric canids in anthropized areas of Central Brazil. Doctorate
Thesis on Ecology and Conservation of Natural Resources. UFU. Uberlandia-MG. 167p.

Key words: Animal behavior; Carnivores; camera trapping; Cerdocyon thous; Chrysocyon
brachyurus; conservation; radio telemetry; home range

Wild canids have the widest distribution than any other group of carnivores on the planet.
Such characteristic makes them an important part in the dynamics of a variety of ecosystems.
To better understand the evolutionary history of South American canids and how they share
resources along disturbed areas, this study aimed to describe the spatial organization of hoary
foxes Lycalopex vetulus, and examine part of their interactions with sintopic canids, besides
identifying threats to its survival. To contribute to the standardization of sampling strategies
to monitor wildlife, capture technique was evaluated, and also trapping potential and success
in monitoring canids through high frequency collars (VHF). We obtained 470 capture events
using box traps baited with sardines. Of these, 347 (74%) corresponded to wild canids
captures (mean success of 10.7 captures per 100 trap* night). Hoary foxes showed higher
capture rates than other species, but were captured almost exclusively by medium-sized traps,
while crab-eating foxes had high capture rates on medium- and large-sized traps. The maned
wolf had high capture rates in large-sized traps. To allow additional monitoring of hoary
foxes by camera trapping and register new individuals, we developed a technique to identify
foxes through marks on the tail of these animals. During this study 73 wild canids were
monitored by radio-collars and was possible to estimate that mean home range hoary foxes is
2.68 km?, of crab-eating fox 8.23 km?, and of maned wolves 66.54 km?. It is known that there
is a wide variation in the social system of canids and that this is directly linked to how species
are organized in space. The results presented reinforce that small South American Lupinae
canids live in monogamous and territorial social systems. The three species were active
mainly during the night and used up to 11 different types of shelters (n =417 records). Yellow
armadillo holes (Euphractus sexcinctus) were the most used shelter by the hoary fox while,
while crab-eating foxes and maned wolves used more often clumps of tall grass. The main
causes of canids deaths in the study area are result of human actions (41.3%) as road kill,
domestic dog attacks, poisoning and shooting. Intraguild predation of smaller canids by
pumas is the second most frequent cause of death. The third chapter also contains an
assessment on the risk of extinction of the hoary fox, where after a wide review, the species
was classified as vulnerable to extinction. In the Cerrado, a priority ecosystem for biodiversity
conservation, landscapes altered by human action represent the current scenario. To better
understand how species have been dealing with these changes it is urgent to increase studies
in this direction.
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APRESENTACAO GERAL

Esta tese, que tem como titulo “Ecologia e conserva¢do da raposa-do-campo
(Lycalopex vetulus) e interagdes com canideos simpatricos em areas antropizadas do
Brasil Central”, ¢ parte dos requisitos indispensaveis a obtengdo do titulo de Doutor,
exigido pelo Programa de Pos-Graduacdo em Ecologia e Conservacdo de Recursos
Naturais, da Universidade Federal de Uberlandia.

A fim de contribuir para o melhor entendimento da historia evolutiva dos
canideos sul-americanos, como estes compartilham recursos quando ocorrem em
simpatria € como tém utilizado areas alteradas pela acdo humana, o objetivo central
deste estudo foi descrever a organizagdo espacial e social da raposa-do-campo
(Lycalopex vetulus), examinar suas interagdes com outros canideos sintopicos, €
identificar as ameacas a sua sobrevivéncia em ambientes alterados de Cerrado.

Embora apresente aqui um conjunto de dados coletados durante o periodo de
doutoramento (2012 — 2016), parte consideravel das informagdes ¢ proveniente de um
projeto mais amplo, iniciado em 2007, na regido do Limoeiro, municipio de Cumari,
Goias. A iniciativa “Ecologia e conservacao da raposa-do-campo em areas de Cerrado
do Brasil Central” foi embasada em dois objetivos principais, entrelagados por um fato
comum: o pouco conhecimento disponivel sobre a raposa-do-campo, espécie de
ocorréncia unica no Brasil e endémica do Bioma Cerrado (Lemos et al. 2013).
Considerada um dos sete canideos menos estudados do mundo pelo grupo de
especialistas em canideos da UICN (Unido Internacional para a Conservacdo da
Natureza), pouquissimos trabalhos cientificos foram realizados com foco na raposa-do-
campo, exceto pelas classicas e ricas contribui¢des escritas pelo naturalista Jalio C.

Dalponte (Dalponte 1995, 1997, 2003, 2009; Dalponte e Lima 1999; Dalponte e
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Courtenay 2004), e algumas publicagdes pontuais (Jacomo et al. 2004; Courtenay et al.
2006; Ferreira-Silva e Lima 2006, Rocha et al. 2008). O desconhecimento cientifico
sobre aspectos bioldgicos basicos da espécie ¢ ainda evidente e se reflete nas imimeras
identificacdes errdneas presentes em artigos publicados recentemente (Lemos et al
2013). Se para a comunidade cientifica a raposa-do-campo segue pouco conhecida, para
o publico leigo nacional e internacional ela passa despercebida, embora comumente
avistada em fazendas no interior de Minas Gerais, Goias e outros estados. Assim, 0s
objetivos principais da iniciativa “Ecologia e conservacao da raposa-do-campo em areas
de Cerrado do Brasil Central” sdo levantar informac¢des em médio e longo prazo sobre a
historia natural da raposa-do-campo e, tdo importante quanto em termos
conservacionistas, divulgar e promover sua existéncia para diferentes publicos a fim de
aumentar o conhecimento e visibilidade deste canideo exclusivamente brasileiro.

A raposa-do-campo ¢ um canideo de pequeno porte (2, 5 — 4 kg), que ocorre em
fitofisionomias abertas de Cerrado (Dalponte 2009). Distribuida pelos estados de Minas
Gerais, Sao Paulo, Mato Grosso do Sul, Mato Grosso, Goids, Tocantins, Bahia, Piaui,
Maranhao e Ceara (Lemos et al. 2013; Olifiers e Delciellos 2013), grande parte da sua
distribui¢ao ¢ simpatrica com outros canideos silvestres como o cachorro-do-mato
(Cerdocyon thous), o lobo-guard (Chrysocyon brachyurus) e o cachorro-vinagre
(Speothos venaticus) ( Sillero-Zubiri 2009).

Juntamente com outras espécies dos géneros Lycalopex, Cerdocyon e
Atelocynus, a raposa-do-campo faz parte de um grupo especifico conhecido como
raposas sul-americanas (Sillero-Zubiri 2009). O ancestral destas espécies teria deixado
a América do Norte juntamente com uma segunda linhagem (representada por um
possivel ancestral dos géneros Chrysocyon e Speothos) e chegado a América do Sul ha

aproximadamente 3.4 milhdes de anos, durante o evento conhecido como ‘“‘grande
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intercAmbio de fauna” (Perini et al. 2010). Uma vez estabelecidas, ambas linhagens
teriam se dispersado por todo o continente e ocupado nichos até entdo disponiveis,
representados principalmente por grandes campos abertos, diferenciando-se entdo nos
géneros conhecidos atualmente (Perini et al. 2010; Favarini 2011; Garcez 2015).
Andlises genéticas recentes ndo s6 tem corroborado a hipdtese de que o género
Lycalopex de fato constitui um grupo originalmente sul-americano, mas também
sugerem que Lycalopex vetulus seja a espécie mais basal do género (Favarini 2011;
Garcez 2015).

Apesar de trabalhos anteriores tratarem principalmente de sua dieta (Dalponte
1997; Dalponte e Lima 1999; Jacomo et al. 2004; Ferreira-Silva e Lima 2006), e alguns
abordarem rapidamente a ecologia espacial da espécie (Juarez e Marinho-Filho 2002;
Dalponte 2003; Courtenay et al. 2006), poucos aspectos da sua historia natural e
conservacao foram descritos até recentemente, como por exemplo, o tamanho de grupo
de forrageio (Lemos e Facure 2011), a interacdo com outros canideos sintopicos (Lemos
et al. 2007, 2011b) e algumas causas de ameacga (Lemos et al. 2011a). Faltam estudos
quantificando tamanho e organizacao de areas de vida, descrevendo como a espécie
utiliza diferentes tipos de habitat disponiveis (sejam naturais ou antropizados),
longevidade e tendéncias populacionais, partilha de nicho temporal e espacial com
outros canideos, papel de doengas nas populagdes, entre outros.

Conhecer a biologia basica da raposa-do-campo vai além de entender suas
relagdes ecologicas, pois pode contribuir para compreendermos melhor a histdria
evolutiva da familia Canidae na América do Sul, como se deu a irradia¢do deste grupo
pelo continente sul-americano, e também representa um 6timo modelo de como se
comportam canideos do grupo Lupinae de pequeno porte (para revisdes do tema veja

Wang et al. 2004; Wang e Tedford 2008). Todos esses aspectos, além de serem



161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

importantes para entender a espécie também podem subsidiar a elaboragdo de futuras
estratégias para a conserva¢do da raposa-do-campo. Assim, organizei a tese em trés
capitulos, ja apresentados no formato de artigo cientifico, precedidos por esta
apresentacdo geral:

No primeiro capitulo, Monitoring methods success for the hoary fox Lycalopex
vetulus and other syntopic wild canids in the Brazilian Cerrado, apresento e discuto os
resultados de 28 campanhas de captura realizadas entre 2008 ¢ 2015 em uma regiao
conhecida como Limoeiro, no municipio de Cumari, Goids, € como se deu o
monitoramento (captura em armadilhas, radio-telemetria e armadilhas fotograficas) das
populagdes de canideos em uma area de agroecossistema de criagdo de gado bovino.
Neste trabalho, comparo o sucesso de captura entre diferentes tipos de armadilhas, as
vantagens e¢ desvantagens de cada uma, e a eficiéncia de coleiras radio-transmissoras,
além de apresentar um método de individualizagdo de raposas-do-campo nao-invasivo,
passivel de ser utilizado em diferentes trabalhos de estimativas populacionais.

O segundo capitulo, Spatial dynamics and conservation of the hoary fox

Lycalopex vetulus and syntopic canids in an anthropized landscape at Central Brazil, é

0 que mais avanca no conhecimento da raposa-do-campo em relacdo a sua historia
natural. Este trabalho representa o maior esfor¢o ja realizado de monitoramento de uma
populacdo dessa espécie, nao s6 em numero de individuos acompanhados mas também
duracdo do monitoramento. Entre 2008 ¢ 2015 monitoramos 38 individuos a fim de
conhecer sua area de vida e como raposas se organizam no ambiente. Apesar de este
capitulo ter como enfoque principal a dindmica espacial da raposa-do-campo, nele
discuto também informagdes sobre seu horario de atividade, uso de abrigos, e como a
raposa-do-campo compartilha certos nichos com outros canideos na regido do Limoeiro,

principalmente o cachorro-do-mato e o lobo-guara. Este capitulo apresenta também os
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primeiros dados quantificados de causas de mortalidade da espécie em um ambiente
antropizado.
Por fim, o terceiro capitulo, Avaliacdo do risco de extin¢do da raposa-do-

campo, Lycalopex vetulus (Lund, 1842) no Brasil, discorre sobre o estado de

conservagdo da raposa-do-campo no Brasil. O trabalho ¢ fruto da Oficina de Avalia¢do
do Estado de Conservag¢do de Carnivoros do Brasil, realizada pela Diretoria de
Pesquisa, Avaliacdo e Monitoramento da Biodiversidade/Coordenag¢do Geral de Manejo
para a Conservagao/I[CMBio, em parceria com o Centro Nacional para a Pesquisa e
Conservagao dos Mamiferos Carnivoros/ICMBio. Realizada em novembro de 2011, a
oficina teve como objetivo avaliar o risco de extingdo dos mamiferos carnivoros
brasileiros utilizando a metodologia sugerida pela UICN. O evento contou com a
presenca de varios especialistas em carnivoros que, munidos de informacgdes ja
publicadas, relatorios, e experiéncia com as espécies em questdo, puderam avaliar o
grau de ameaca a que estdo sujeitas espécies brasileiras, dentre elas a raposa-do-campo.
Compiladas e discutidas as informacgdes disponiveis, a espécie foi avaliada quanto a seu
risco de desaparecimento. O resultado do trabalho encontra-se publicado na forma de

artigo cientifico no periodico Biodiversidade Brasileira.
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CAPITULO 1

Monitoring methods success for the hoary fox
(Lycalopex vetulus) and other syntopic wild canids

in a Neotropical agroecosystem

# Artigo formatado de acordo com as normas para submissao ao peridodico Journal of

Applied Ecology
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Monitoring methods success for the hoary fox
(Lycalopex vetulus) and other syntopic wild canids in a
Neotropical agroecosystem

Running headline: Monitoring success of wild canids in an agroecosystem

ABSTRACT

1. Capture and marking species has become an important tool for monitoring wildlife
populations and technological advances have led to widespread adoption of innumerous
methods to survey wildlife. However, many researches discuss the feasibility and cost-
effectiveness of these methods for long-term monitoring. To address this query, more
studies are needed that simultaneously evaluate the efficiency of capture methods,
considering possible sampling error such as imperfect detection or risks when handling
wild animals.

2. To contribute to the standardization of sampling strategies to monitor wildlife, our
goal was to evaluate a capture technique for, trapping potential and radio-tracking
success of wild canids from an eight-year project that studied the ecology and
conservation of the hoary fox (Lycalopex vetulus) and its interactions with other
syntopic canids.

3. We obtained 470 capture events using cage-traps baited with sardine. Of these, 347
(74 %) events corresponded to wild canids captures (mean success of 10.7 captures per
100 trap/nights). We carried out 171 anesthetic procedures and blood collection without
any serious emergencies. Hoary fox showed higher capture rates than crab-eating foxes
and maned wolves, but it was captured almost exclusively by medium-sized traps,
whereas crab-eating foxes had high rates of capture by both trap sizes. Maned wolf had

higher capture rates in large-sized traps. Capture rates were independent of the sex of
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the captured individual or the season of the year. Wounds in the mouth and teeth were
the most common injuries in captures using cage-traps.

4. We radio-collared and monitored 73 wild canids; VHF radio collars constituted an
excellent tool for monitoring wild canids, especially hoary foxes, in altered landscapes
of Cerrado with accentuated relief.

5. To allow additional monitoring of the hoary foxes by camera trapping, and to register
new individuals for captures, we developed a technique to identify individuals via fur
markings. Through our camera trapping method it was possible to record and sex 87.5%
(n=7) of the potential number (n = 8) of hoary foxes living in the sampled area.
Synthesis and applications. This approach provides a framework for capture and
monitoring wild canids, accounting for imperfect detection and varying sampling effort,

issues of fundamental importance in wildlife populations monitoring.

KEY WORDS
Capture-recapture methods; Carnivores; population ecology; camera trapping; radio

telemetry; South American canids
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INTRODUCTION

The Cerrado, nestled in the center of Brazil, is the second largest Neotropical
ecosystem (cover approximately 2 million square kilometers), being composed by a
mosaic of physiognomies varying from open grasslands to wet forests (Oliveira-Filho &
Ratter 2002).This heterogeneity through the landscape promotes a high biodiversity,
sustaining over 160,000 species (Klink & Machado 2005), including a rich fauna of
mammals (Marinho-Filho, Rodrigues & Juarez 2002a). Of the 199 mammalian species
found in the Brazilian Cerrado, 85% have body mass less or equal to Skg and only 5
species weigh more than 50kg, making this wildlife essentially composed of small-sized
animals (Marinho-Filho, Rodrigues & Juarez 2002b). Twenty species are Carnivores,
which can be found in all Cerrado microhabitats: woodlands, savannas, grasslands,
gallery forest, and dry forest (Mamede & Alho 2008). However, only one species of
such taxa is considered endemic to the biome, the canid know as hoary fox (Lycalopex
vetulus; Marinho-Filho, Rodrigues & Juarez 2002; Lemos et al. 2013).

The hoary fox is a small canid (3-4.6 kg), predominantly nocturnal, that lives as
breeding pairs, but forages mainly individualy (Courtenay et al. 2006; Dalponte 2009;
Lemos & Facure 2011; Lemos 2016a). Apparently, the hoary fox uses exclusively open
grassland areas of Cerrado and pasturelands (Juarez & Marinho-Filho 2002; Jacomo,
Silveira & Diniz-Filho 2004a; Courtenay et al. 2006; Lemos, Facure & Azevedo 2011).
Juarez & Marinho-Filho (2002) suggest a home range for a female of 385ha and
Courtenay et al.( 2006) 456ha for a breeding pair, although both studies had monitored
three individuals for a short period. Hoary foxes are sympatric with other canid species,
as the crab-eating fox (Cerdocyon thous), the maned wolf (Chrysocyon brachyurus) and

the bush dog (Speothos venaticus), and in many regions of open cerrado habitats are
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also syntopic with at least two of these species (Juarez & Marinho-Filho 2002; Jacomo,
Silveira & Diniz-Filho 2004a).

The order Carnivora is one of the most endangered taxa among mammals in
Brazil (Machado et al. 2005). Considering the past and current deforestation trends of
the Brazilian Cerrado, it has been predicted that human activities may further influence
population trends of maned wolves, for example (Paula ef al. 2007; Paula et al. 2013).
Recently, the hoary fox was classified as “Vulnerable to Extinction”, due to rates of
habitat loss and high human causes mortality (Lemos et al. 2013). Based on the
ecological importance and conservation status of most Cerrado’s wild canids, research
efforts towards some species have been increasing (Jacomo, Silveira & Diniz-Filho
2004b; Curi & Talamoni 2006; Lemos, Facure & Azevedo 2011; Lima et al. 2012,
2015). However, ecological and biological parameters from monitoring programs and/or
mid-long term projects are still necessary for developing effective and appropriate
conservation and management strategies for canid species. To access such information a
variety of methodologies for capturing, handling, marking and monitoring wild canids
have been developed, tested, and applied in different arranges, species and conditions
(Wilson et al. 1996; Macdonald & Sillero-Zubiri 2004). However, the methods used to
capture and monitor the Cerrado's canid species remains poorly discussed in ecological
studies and their effectiveness remains poorly knowledge.

To contribute to the development of standardized field methods and sampling
strategies for a long-term effort to monitor hoary foxes populations, which may also be
applied to other sympatric and syntopic canids, our general goal was to present a
methodological discussion on capture techniques, capturing potential reached and radio-

tracking success, which we have used to study the ecology and some population aspects
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of the hoary fox, crab-eating fox and maned wolf. In addition, we present an individual

identification method via fur marking to hoary foxes identification.

MATERIAL AND METHODS

Study area

The data presented here is part of a project developed from 2008 to 2015
focused on the ecology and conservation of the hoary fox and two sympatric/syntopic
canids (C. thous and C. brachyurus) in altered Cerrado areas of Central and Southeast
Brazil. During this period, we carried out captures on hoary foxes, crab-eating foxes and
maned wolves, and continuously monitored part of captured animals through two
methods: Very High Frequency (VHF) radio telemetry and camera trapping. Fieldwork
was conducted in three study sites in the states of Goias (GO) and Minas Gerais (MG;
Fig. 1). All study sites are characterized by a tropical climate with two well-defined
seasons, one wet (October-April) and the other dry (May-September). Mean annual
temperature and precipitation varied between 22-25°C and 1,600-1,800-mm,
respectively (data from period 2008-2013 available by CPTEC/INPE).

One area was the Serra de Caldas Novas State Park (PESCaN;
17°43°S/48°40°W), a reserve of 124 km? at municipality of Caldas Novas-GO,
dominated by open savanna physiognomies typical of the Cerrado biome (Oliveira-
Filho & Ratter 2002; Ribeiro & Walter 2008). The second area was formed by
contiguous cattle ranches (approx. of 150km?;18°33°-18°43°S/48°07°-48°20W) in a
region called Limoeiro at the municipality of Cumari-GO. The third area was also
formed by contiguous cattle ranches (approx. of 120km?; 18°56°-18°74’S/48°25’-

48°30W) in the Araguari River’s valley at municipality of Araguari-MG. In these last
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two sites, up to three-quarters of the landscape was modified for exotic pastures and
agricultural fields. The remaining area is covered by small- and medium-sized (1-500
ha) scattered natural patches, which includes mainly closed physiognomies (i.e., gallery
and seasonal forests; ~21%) and in less extent Cerrado open physiognomies (~4%;
Lemos et al. 2016). In part, the predominance of forest habitat may be attributed to the
geographical location of the study sites, which are under influence of two large rivers
(i.e., in Paranaiba and Araguari rivers, respectively; Fig.1), whose basins were
considered as ecotones between the Cerrado and Atlantic Forest biomes(Lopes et al.

2012).

Trapping and procedures

To evaluate capture technique and capturing potential, we summarized and
compared data of capture success from 28 capture campaigns (range: 4-50 days)
performed over seven years (Table 1). Two pilot campaigns were carried at 2008, one at
PESCaN (April) and other at Limoeiro region (May). Afterwards, from July 2009 to
June 2011, 17 campaigns were conducted simultaneously at Limoeiro region and
Araguari River’s valley. Between January 2012 and September 2015 other 9 campaigns
were developed only at Limoeiro region. Gathered data comprised the length (days) of
capture campaigns, number and size of traps used, total number of capture events per
capture campaign, and total number of individuals captured. Once number of traps
armed and baited per night varied, the trapping effort performed in each campaign was
the sum of the number of traps armed every night during the campaign; traps found
defused in the day after were removed of counts (i.e., trap-event failed by unknown
reasons). The capture success responded to the ratio between total captures-recaptures

of wild canids by trapping effort. To compare capture success rates, we assumed
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random selection by the individual as to which trap to enter once multiple traps were
distributed over potential territories of previously sighted animals, to account for their
movement through sections of home-ranges.

Canids were captured in baited Tomahawk cage-traps of two different sizes (Fig.
2), both made with galvanized wire mesh (space between bars lesser than 2-cm).
Medium-sized traps werel15-cm long, 60-cm high and 40-cm wide (Gabrisa™), and
large-sized traps were 205-cm long, 105-cm high and 85-cm wide (custom-made by a
local metalworker).Medium-sized traps used a simple trigger, with the door held open
by a latch connected by a nylon thread to the foot pedal. Large-sized traps used a dual
trigger system, with the door supported and kept opened by a wooden pole linked to two
nylon threads, one tied to the foot pedal and other to suspended bait, at the trap
background. Canned sardines and cooked chicken were used as bait. In both trap types,
90g of sardines were placed on and after the pedal, while a chicken leg or wing (~100-
g) was used as suspended bait; only in the large-sized traps chicken bait was tied to the
trigger system.

Traps were distributed non-systematically way over the studied sites at locations
near areas where focal species were sighted (i.e., during night spotlighting surveys
before each capture campaign) or signs were found (e.g., feces and tracks). Each trap
was positioned close to cattle trails (constantly used by canids when moving) whenever
possible, and always under vegetation so that the captured animal would be protected
from the morning sun; we carefully choose areas avoiding the presence of aggressive
ants (such as fire ants and leaf-cutter ants which are very common in the Cerrado; Costa
& Vieira-Neto 2016) to reduce injuries to captured animals. Each trap was checked
daily before 08:00 am and baits were replaced every three days or after a capture.

Capturing procedures consisted on the immobilization, complete clinical
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examination, blood sampling and biometrical measurement. Captured wild animals
were immobilized with a handling intramuscular injection with a combination of
different anesthetics and protocols. Vital signs (heart and respiratory rates, and body
temperature) were recorded every 15 min during anesthesia (May-Junior et al
2009).Each anesthetized animal passed by a complete clinical examination (teeth, skin,
ears, footpads and toes, abdominal organs, and reproductive organs). Blood samples for
several studies on epidemiological and genetic aspects were collected via the cephalic
vein and stored in Vacutainer tubes without EDTA (e.g., Rocha et al. 2013). Thereafter,
we performed the biometrical measurement, and took weight using portable scales
(Pesola®, Switzerland). Frequencies of injuries (e.g., broken teeth, mouth wounds, skin
lesions, limbs harms) in canids caused by traps (likely when trying to escape) were also
registered.

All captured wild canids were marked with colored and numbered plastic ear-
tags (Alflex ©) positioned in the center of right ear for males and left ear for females
(Fig. 3). Part of the captured animals were also fitted with a VHF radio-collar to
continuously monitoring (Fig. 3). Finally, animal was photographed to record individual
marks as spots, scars, injuries, fur color, face and general body shape. Once finished the
procedure, the animal was placed back into the trap, allowed to fully recover from the
anesthesia (typically 2-3 hours post injection) and then released at its capture point/area.
Individuals recaptured during the same campaign were released without anesthesia.
Through the entire study, animals recaptured in campaigns apart by at least six months
were re-evaluated.

All captures and samples collection of the wild carnivores followed the
American Society of Mastozoology procedures (Sikes & Gannon 2011), and were

approved by the Brazilian government (Instituto Chico Mendes de Conservagdo da
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Biodiversidade — ICMBio/SISBIO license number 14576-2 of 2008-2015), and the
Ethics Committees on Animals Using (CEUA) of Universidade Federal de Goids (UFG;
process number 086/14) and Universidade Federal de Uberlandia (UFU; process

number 089/14).

Radio-tracking

To evaluate the radio-tracking method we summarized the success of animals
monitoring (i.e., number of monitored animals, length of monitoring, and number of
locations recorded per animal). Juvenile and adult canids (> 7 months of age) were
fitted with Advanced Telemetry System radio-collars (ATS™, Isanti, Minnesota, USA)
equipped with activity and mortality sensors (mortality triggered after 8 h without
movements). Hoary foxes and crab-eating foxes were fitted with collars models 1950
and 2320 (Hoary foxes exclusively with the first model and crab-eating foxes with
both), and maned wolves with model 2510. Collars weighted no more than 3% of
animal body weight. Terrestrial monitoring was performed though conventional
telemetry method, with most locations obtained by hoaming (sighting), besides
triangulation on the ground without fixed bases. Monitoring were performed daily,
alternating day periods (morning, afternoon and night) and individuals in order to find

the animals at different moments of the day and their home range.

Individual identification by camera trapping

To allow hoary foxes monitoring by camera trapping we developed a technique
to identify individuals via fur markings based on direct sightings of several foxes
followed in the field. Between December 2012 and March 2013, a grid with 35 camera

traps (30 Bushnell™ Trophy Cam DIGITALmodel-119736 and five Tigrinus®model-
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6.0D) was established at Limoeiro region (Fig. 4). Camera trap stations were distributed
1.0km apart (distance based on hoary foxes’ smaller home-ranges at Limoeiro,
according to preliminary analysis on spatial ecology, i.e. 100 ha) and installed in sites
where a) we had sightings and signs (tracks, scats, and holes/dens) of hoary foxes, or b)
habitat was suitable for the species. At each station, attached (60-cm height) to a wood-
pole, a camera trap was positioned 2.5 m away faced to a tree. Visual bait (fried chicken
head, neck, thigh, wing, or foot) was suspended 2 m above the ground in a steam of the
focal tree. Scent bait (oil from the fried bait and canned sardines) was poured around
visual bait on nearby cattle trails, termite mounds, and shrubs in order to attract
individuals to the local. With camera trap configured to movie-record, such frame-
method enabled to record the animal passing many times in front of the cameras. When
trying to access the visual bait in the tree, the fox would use the tree to support itself,
thereby, positioning its back to the camera and revealing its tail spot (Fig. 5). As other
species of the Lycalopex group, hoary foxes have a dark (mostly black) spot at the base
of the tail, which can be unique for each animal. Based on this individual mark we
roughly estimated the number of different hoary foxes present in the sampled grid. Our
estimate was tested in the subsequent capture campaign (April-May 2013), which

represented the longest capture effort in the study.

RESULTS

Capture success
After 28 capture campaigns carried between April 2008 and September 2015, we
summed an effort of 3,246 trap-nights (Table 1). Of the 347 wild canid captures events,

we carried 171 capturing procedures (71 of hoary foxes, 89 of crab-eating-foxes, 11 of
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maned wolves). Of total installed traps, 10.6% (n = 385) were found unset for unknown
reasons and then removed from total effort and estimate of capture rates. With such
effort, vertebrates accounted for 470 capture events (Table S1), from which 347
(74.0%) were wild canids, reaching an overall rate of 11 captures per 100 traps/night for
this group (Table 1). Such capture rate varied strongly over the campaigns, but it was
not significantly distinct between campaigns performed in wet or dry seasons (¢ = 0.009,
df = 27, P = 0.993). However, capture rate showed a significant difference between
canid species and trap sizes (Generalized Linear Model for interaction effect of canid
species and trap-size, P < 0.001; Table S2). Hoary foxes had higher capture rates, but
were captured almost exclusively by medium-sized traps (Fig. 6) and had the second
captured success (Table 2). Whereas, crab-eating foxes were captured by both trap sizes
in similar rates, with a slight trend for more captures in large-sized traps (Fig. 6).
Because of this, crab-eating fox totalized practically the same number of captures
observed for hoary fox, and had the highest capture success (Table 2). The less captured
canid was the maned wolf, whose capture rates were higher in large-sized traps (Fig. 6).
Capture rate per campaign was not significantly different among sexes regarding the
three species (student z-test paired with data from campaigns where at least one
individual of the species was captured; for hoary fox, t = 0.071, df = 24, P = 0.597; for
crab-eating fox, ¢t = 1.610, df = 18, P = 0.125; for maned wolf, # = 0.033, df =5, P =
0.975).

The number of different individuals captured along the study was higher for C.
thous than L. vetulus and C. brachyurus (Table 2). However, the overall capture success
per species was practically the same for hoary foxes and crab-eating foxes, with maned
wolves accounting for only 4% of the captures (Table 2). Such results may indicate

differences in trapness (i.e., catch effectiveness of trap-capture method, bait used)
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among the study species. Indeed, 37% of hoary foxes were caught just once, while 53%
and 78% of crab-eating foxes and maned wolves, respectively, were not recaptured (Fig.
7). Individuals captured three or more times in the same campaign (i.e., potential “trap-
happy” animals) were not unusual in L. vetulus (n = 12 foxes) and C. thous (n = 14
foxes), but were less common in C. brachyurus (n = 1). We also observed a large
difference between the three species regarding the number of animals captured through
subsequent campaigns in the same locality. Twenty-one hoary foxes (46%) and 12 crab-
eating foxes (15%) were caught over 2-6 different campaigns. The time interval
between the first and last captures was below one year for most individuals of these two
species, while for the remaining animals such interval ranged from 16 to 69 months
(Fig. 8). A unique maned wolf was captured in 4 campaigns over an interval of 51
months (Fig. 8).

No serious anesthetic emergencies such as cardiac arrest or apnea have occurred
during immobilizations. Injuries of different types and gravity (n = 70) caused by the
capture were recorded on 61 procedures (35.7%). Most of these traumas were oral
injuries composed by dental fractures and lacerations (mainly cuts in lips or gingiva).
The exceptional case of oral injury corresponded to a male crab-eating fox, which had
its palate fractured. Dental fractures were more common in crab-eating foxes, especially
in animals captured through medium-sized traps (recorded in 43% of 72 occasions),
when compared to large-sized traps (18% of 17 procedures). In contrast, dental fractures
were recorded only in 18% of 70 procedures carried with hoary foxes captured by
medium-sized traps, while maned wolves didn’t present any oral injury. In addition, we
recorded some superficial skin lesions (i.e., excoriates and cuts) in face or/and members,

and member traumas (i.e., broken finger and nail torn). It was also registered a male
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crab-eating fox which performed self-mutilation in two different occasions, biting the

tip of the tail.

Radio tracking monitoring success

From 171 canids captured and processed during the study, 69 were radio-
collared and monitored between 2008 and 2015 at the study site of Cumari, Goias.
Hoary fox was the species with more animals monitored (n = 35), followed by crab-
eating fox (n = 26) and maned wolf (n = §8; Table 3). During the monitoring, the number
of locations recorded strongly varied per animal (between 1 and 111), but a similar
mean number per individual was obtained for the three canid species (Table 3). Hoary
fox have shown the highest rate of locations obtained by animal visualizations, with a
similar pattern observed for crab-eating fox, while for maned wolf most data was
obtained by triangulations (Table 3). In great part, the variation in number of locations
recorded per animal was the result of the monitoring period length, which varied
between 15 and 2288 days (Table 4). On average, the monitoring length was not
significantly different among species and sex (Generalized Linear Model for effect
interaction of canid species and animal sex, P = 0.742; Table S3). However, there was a
trend to a shorter monitoring period for hoary fox, being most of individuals of this
species monitored for less than one year; in contrast, most crab-eating foxes and maned
wolves were monitored by two or more years (Table 4). Radio-collars were changed in
7 hoary foxes, 3 crab-eating foxes and 1 maned wolf (due the end of battery or eventual

defect), allowing to extend the monitoring.

Camera trapping identification

During the four months of sampling (December 2012 to March 2013), each
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camera trap worked on average 39 days (varying between 2 to 85 days) and totalized an
effort of 1324 trap/nights. All camera traps were installed in exotic pastures and the
cattle affected the sampling; in some stations, these animals brought down the cameras
or filled the memory card of the trap in few days stopping in front of it, thereby
hindering the records of hoary foxes. Although some stations hadn’t work properly, we
obtained 18 film-records in five stations (Fig. 4). Based on the tail mark (Fig. 10) seven
different hoary foxes were identified, and analyzing their behavior (e.g., territory
marking) it was possible to identify four males and three females. In the subsequent
capture campaign (April to June 2013), only one animal not recorded by the camera trap
sampling was captured in the area, while two recorded foxes were not caught (Fig. 4).
Therefore, through our camera trapping identification method it was possible to record
and sex 87.5% (n = 7) of the potential number (n = 8) of hoary foxes living in the
sampled area; our sampling effort didn’t allow to estimate the hoary fox population

properly in the entire sampled area in 2013.

DISCUSSION

The knowledge on the ecology of wild canids in the Cerrado is scarce, being the
hoary-fox the least studied (Lemos et al. 2013). Our study is the first long-term
assessment comparing the success of capture and monitoring of the hoary fox and two
syntopic canids in the Cerrado. Results showed that these canids differ largely in many
aspects (e.g., trapping potential, chance of recapturing, risk of injuries, and radio-
tracking time period). Information of this nature is very important for the planning and
success of future monitoring projects, besides the establishment of conservation and

management actions. Moreover, we present an individual identification method via fur
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markings to hoary foxes, which may allow a rapid and efficient population estimating
for this species.

On overall, we have reached a high capture rate for the Cerrado canid species
studied (11 captures per 100 traps/night), while non-target species corresponded
approximately to just one-quarter of total captures. However, the number of different
individuals captured by effort was different among the three canid species. The capture
success for crab-eating foxes was almost 1.7 fold higher than for hoary foxes (2.40%
and 1.42%, respectively). A similar difference in capture success among these two foxes
species was also found in the Serra do Cipd National Park, Brazil (capture success of
4.36% for crab-eating and 0.72% for hoary foxes; Curi & Talamoni 2006). Such results
may indicate a higher density of C. thous related to L. vetulus in the Cerrado. This
pattern is different to the recorded in the Bolivian Chaco, other Neotropical savanna
where pampas foxes (Lycalopex vetulus) — the ecological substitute of hoary fox — may
be more abundant than crab-eating foxes (capture success of 1.25% and 0.34%,
respectively; Maffei et al. 2007). For maned wolves, the capture success was lower
(0.28%), when compared to the registered in the Serra do Cip6é National Park (2.54%;
Curi & Talamoni 2006), suggesting a possible low density of this canid in our study
sites.

Many different factors related with trapping features (e.g., trap model, trigger
sensibility, bait type), trappers’ experience, weather, and biological variables (e.g.,
species behavior, home-range size) can affect trapping efficiency (target captures/trap-
night) and selectivity (avoid non-target species) for capturing wild carnivores species
(Boitani & Powell 2012). The fact hoary foxes were more recaptured may be explained
by an apparently higher tolerance to humans. These small foxes were generally calm

during the researchers approach to the trap for anesthetizing, in the other hand crab-
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eating foxes most times showed aggressive/scare behavior during the team approach,
many times biting the trap, barking to the researchers, and charging towards the door of
the trap. We didn’t observe capture technique bias related to sex. In some carnivores
species sexes can present different capture rates due different habitat use or to different
responses to trapping (Logan et al. 1999; Austin et al. 2004; Lofroth et al. 2008; Conde
et al. 2010).

Although the overall capture success varied between campaigns, there was no
differences in capture success among seasons for the three species as would be
expected, suggesting canids at our study sites, may be captured at any period of the
year, independent of season, resource availability (i.e. food) and reproduction period.
There were no differences in capture success among sexes for the three species neither,
as expected at least for the foxes. Although both fox species are considered monogamic
(Macdonald & Courtenay 1996; Courtenay et al. 2006) few is known on their sociality
and resource sharing. In spite of the fact that pairs stay together along the year (Brady
1979; Sunquist, Sunquist & Daneke 1989; Macdonald & Courtenay 1996) or the
reproductive season (Dalponte 2003; Courtenay et al. 2006; Lemos, Facure & Azevedo
2011). Hoary foxes forage alone (Lemos & Facure 2011), thus individuals of both sex
must find their own food. Therefore, it’s expected that both sexes be attracted to the trap
bait, consequently no difference in capture rate among sexes. Regarding crab-eating
foxes, it’s known that couples forage in pairs most part of time (Brady 1979; Lemos &
Facure 2011) and apparently both sexes search for food (more details on food share are
still a gap in the knowledge of the natural history of the species), with no sex being
specifically the one responsible for searching food.

Hoary foxes were the species with the highest capture success. This may suggest

a higher degree of “captureness” for the species. If so, the hoary fox can be a great
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model for future capture-recapture studies focused on better understand population
dynamics of carnivores in savanna environments. Hoary foxes were probably more
captured in medium-sized traps due to differences on sensibility among traps. Large
traps were much less sensible to light animals, as the hoary fox, though it would be
difficult for foxes to disarm the trap. In the other hand, high capture success of crab-
eating foxes could be explained by the population size of the species, which is
suggested to be the most common canid along South America. Although common,
lower recapture rates suggest the species may be less prone to enter traps for the second
time than the hoary fox, though affecting it’s captureness. Lastly, as expected, wolves
were the less captured canid, what could reflect the animals density in the study sites.
As a large predator, maned wolves are expected to occur in lower densities than smaller
canids. Besides, the species have large home ranges with low degree of overlapping
among couples (Azevedo 2008; Jacomo et al. 2009; Paula 2016), thus, considering our
sampling grid, it’s possible that few individuals were possible to be captured.

The capture rate between subsequent campaigns was higher for hoary foxes than
for the other species, even with this species being the one that lives less. Based on radio
telemetry monitoring data, hoary foxes have a high mortality and among the three
species is the one with shorter life expectancy (Lemos 2016a). A lower number of crab-
eating foxes (15%) were recaptured in the next campaign, although the grid hadn’t
change significantly, and many individuals were alive and with traps settled on their
home ranges (many times close to their dens). This reinforces the suggested that, at
Limoeiro region at least, crab-eating foxes are more averse to traps than hoary foxes.
Such result may probably be related to the higher percentage of crab-eating foxes that
had injuries during the capture (43% in medium-sized traps, and 18% in large ones)

(especially dental trauma). Though, a shyer species that also suffer an injury inside the
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trap will probably have its captureness quite affected. Still, crab-eating foxes are
nocturnal animals that uses more covered habitats, and It’s known that in different
regions of its distribution the species inhabits borders of forest and swamps, dense
cerrado, mangroves, among others, different from the hoary fox and the maned wolf,
which are more associated to open environments. This may suggest that crab-eating
foxes may not tolerate (or are more stressed) to be exposed in an open area during the
capture in medium-sized traps, increasing though its aggressiveness when inside the
trap and the chances of getting hurt, and as consequence not return to the trap. Maned
wolves recapture rate in subsequent campaigns may also be related with the number of
individuals of the study site (which is probably low) and how the species use the space.
Maned wolves have extensive home ranges with low degree of overlap between
couples, then fewer animals would be captured in relation to the most numerous species
with smaller home ranges, though more sampled.

Regarding the frequency of injuries, crab-eating foxes not only had the highest
frequencies but also the only three exceptional cases during the project. We believe that
some of the injuries resulted from the capture reflect the condition of higher aversion of
crab-eating foxes to human presence, especially during the day, when the species is less
active. Practically any study involving captures and monitoring of wild canids in Brazil
provides information on injuries resulted from the capture, but Curi & Talamoni (2006)
mentions crab-eating foxes were more stressed during approaches too. Exceptional
cases of injuries reinforce this, once this species was the only to perform self-mutilation
inside the trap. Maned wolves had few injuries and no broken teeth during captures.
Sollmann et al. (2010) mention that from 19 wolves captured in Emas National Park
only three had lacerations in the gingiva and no broken teeth was registered, suggesting

that maned wolves in fact are less subject to more serious injuries during handling. The
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posterior monitoring of several individuals of the three species, including the two crab-
eating foxes involved in the exceptional cases, allowed to know that none animal died
from the injuries or handling during the monitoring period. The two male crab-eating
foxes mentioned were monitored for six years and had different litters during this
period. However, we consider the general percentage of injuries for the three species
high and strongly reinforce that researchers must be prepared for emergencies that may
eventually show up during the capture/handling. For that, besides taking all the cares
when setting the traps, the presence of a trained wildlife veterinarian is vital to
guarantee the well being of captured animals and also the team (Curi & Talamoni
20006).

The VHF radio collars proved to be a efficient tool to study hoary foxes.
Cheaper VHF collars allowed us to monitor a larger number of individuals for longer
periods than provided by Global Positional System (GPS) collars, as the autonomy of
the batteries of VHF collars were higher than the GPS available from wildlife
monitoring companies. Due to the use of small home ranges at open areas by hoary
foxes (for details see chapter 3), most locations (about 70%) were obtained by direct
views of animals during hoaming, this also allowed researchers to collect other types of
information (such as group size, activity period, shelters used, reproductive condition,
intraspecific and interspecific relationships, habits and feeding behavior, among others).
Crab-eating foxes and maned wolves showed to be shier and didn’t allow the same
approach in terms of distance from the observer and duration of observation, such as
hoary foxes, confirming that this species can be an excellent model for behavioral
studies on savanna canids. Also, VHF collars proved to be extremely resistant to

traumas suffered by monitored animals. Several individuals were roadkilled on
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highways and railways and yet transmitters continued working, allowing us to find the
animal's carcasses and register the cause of the death.

The monitoring of hoary foxes through camera trapping also proved to be
feasible and efficient, as we recorded and identified almost 90% of the potential
individuals to live in the sampled area. Camera traps and individual marks have been
used in several studies of population ecology (Carbone et al. 2001; Trolle & Kéry 2003;
Silver et al. 2004). However, besides most of these studies have been focused on
spotted cats such as jaguars (Panthera onca) and ocelots (Leopardus pardalis), some
have been done with carnivores with less marked signs that may allow the individuals
differentiation (Mace et al. 1994; Magoun et al. 2005). Besides non-invasive and easy
to use, our method to film hoary foxes tails’ mark may be useful for future studies on
population assessments along different areas, where the current population size of hoary
foxes is unknown.

Capture and marking animals has become an important tool for monitoring
wildlife populations, however technological advances have led to widespread adoption
of innumerous methods to survey wildlife distribution, abundance and behavior. In this
scenario many researchers question the feasibility and cost-effectiveness of these
methods for long-term monitoring. Based on two traditional methods (box traps and
VHF radio telemetry) and a relatively modern one (camera trapping), our work
evaluated the success of these methods for monitoring some population aspects of three
Cerrado wild canids. We also provide important data on the risks of injuries associated
to the manipulation of these carnivores. The main question to be answered regarding
species threatened of extinction, such as the hoary fox, is how many individuals are
there in the environment, though future studies on this aspect are urgent for Cerrado

canid’s conservation.
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Table 1. Summary of capture campaigns (length, trapping effort and capture success)
carried in the municipalities of Araguari (Minas Gerais), and Caldas Novas and Cumari
(Goias), Brazil, between 2008 and 2015. Canids capture success was calculated through
the ratio between the numbers of canid captures by trapping effort

Municipality Length Number of Traps* Effort in Total Captures (success)
Campaign period  indays  Medium Large traps/night**  Vertebrates Canids
Araguari - MG
2009, July 10 5 0 44 8 7 (0.16)
2009, August 8 7 0 56 7 6 (0.11)
2009, December 10 1 0 8 1 1(0.13)
2010, March-April 14 5 0 54 13 4 (0.07)
2010, July-August 32 2 0 56 9 4 (0.07)
2011, May 15 5 0 34 2 1 (0.03)
2011, September 10 5 0 45 1 1 (0.02)
Caldas Novas - GO
2008, April 10 5 0 45 4 3(0.07)
Cumari - GO
2008, May 6 6 0 27 4 4 (0.15)
2009, September 10 7 0 77 4 2 (0.03)
2009, November 10 6 0 44 13 6 (0.14)
2009, December 10 6 3 81 2 2 (0.02)
2010, February 10 7 3 99 7 6 (0,00)
2010, March-April 14 5 4 118 5 3(0.03)
2010, July 10 10 3 107 14 9 (0.08)
2011, February 10 10 0 90 5 5(0,006)
2011, April 10 4 0 36 6 6 (0.17)
2011, June 10 14 6 119 26 21 (0.18)
2011, July 5 0 4 20 1 1 (0,05)
2012, January 6 15 0 81 15 15 (0.19)
2012, March 4 10 0 36 5 5(0.14)
2012, May 4 10 1 39 4 4 (0.10)
2012, June 4 10 0 36 4 4 (0.11)
2013, April-May 50 24 8 1119 173 129 (0.12)
2013, July 10 20 6 169 22 16 (0.07)
2014, March 20 24 6 347 66 53 (0.21)
2014, July 5 8 0 31 11 7(0.23)
2015, September 18 16 6 228 38 22 (0.10)
Total 336 3,246 470 347 (0.11)

*Maximum number of traps opened and baited per day;
**Total amount of functional traps/nights.
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Table 2. Summary of captures using medium- and large-sized cage-traps for hoary fox
(Lycalopex vetulus), crab-eating foxes (Cerdocyon thous) and maned wolves
(Chrysocyon brachyurus), from April 2008 to September 2015 in three study sites at
Central and Southeast Brazil (n = 28 capture campaigns). Capture success = ratio
between the number of different individuals captured by effort.

Species Number of captures Individuals Capture rate Capture
Medium trap  Large trap captured per individual  success (%)

L. vetulus 163 4 46 3.63 1.42%

C. thous 116 50 78 2.13 2.40%

C. brachyurus 5 9 9 1.56 0.28%

Table 3. Summary of location record success obtained for hoary fox (Lycalopex
vetulus), crab-eating foxes (Cerdocyon thous) and maned wolves (Chrysocyon
brachyurus), monitored between 2008 and 2015 at Cumari-GO, Brazil.

No. of individuals No. of Locations Method of location record (%)
Species Male  Female Range Mean £ SE  Visualizations  Triangulations
L. vetulus 18 17 1-111 34.0+5.5 89.0 11.0
C. thous 14 12 1-82 389+44 60.4 39.6
C. brachyurus 3 5 1-103  40.7+9.6 43.6 56.4

Table 4. Summary of monitoring success for hoary foxes (Lycalopex vetulus), crab-

eating foxes (Cerdocyon thous) and maned wolves (Chrysocyon brachyurus), monitored
between 2008 and 2015 at Cumari-GO, Brazil.

Number of animals monitored (%) Monitoring length in days
Species <90 days 91-365 days > 365 days Range Mean + SE
L. vetulus 10 (28.5) 15 (43.0) 10 (28.5) 15-1.649 413.1+77.9
C. thous 5(9.2) 5(19.2) 16 (61.6) 15-2.288 561.5+100.4
C. brachyurus 0 1(12.5) 7 (87.5) 127-1.399 550.5+130.5
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Figure 1. Map of the three study sites where hoary foxes (Lycalopex vetulus), crab-
eating foxes (Cerdocyon thous) and maned wolves (Chrysocyon brachyurus) were
monitored between April 2008 and September 2015.
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Figure 2. Medium- (A) and large-sized (B) cage-traps used to capture three species of
canids (hoary fox Lycalopex vetulus, crab-eating fox Cerdocyon thous and maned wolf
Chrysocyon brachyurus) at three study sites in Central and Southeast Brazil.
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Figure 3. Colored and numbered ear-tags and Very High Frequency transmitters used to
mark and monitor individuals of three wild canids in the Brazilian Cerrado: Hoary fox
Lycalopex vetulus (A and B), crab-eating fox Cerdocyon thous (C and D) and maned
wolf Chrysocyon brachyurus (D and E).
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Figure 4. Camera trap grid (n = 35) established to record resident individuals of hoary
fox Lycalopex vetulus in 2012 and 2013 within the study area at Limoeiro region,
municipality of Cumari — Goias state, Brazil.
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1034  Figure 5. Tail spots of different hoary foxes Lycalopex vetulus captured in Cerrado
1035  areas of Goias and Minas Gerais states, Brazil, between 2008 and 2015.
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recaptures per individual along capture campaigns carried in three Cerrado study sites,
Brazil.



1048

1049
1050
1051
1052

1053

1054

1055
1056
1057
1058
1059
1060
1061

44

25 m Lycalopex vetulus (n = 46)
— 1 Cerdocyon thous (n=78)
2 20 - 1 Chrysocyon brachyurus (n = 9)
0
©
3 15 4
o
=
2 10 N
Y
(@)
o 54
Z I
0 = 1 1 1 1 1 |_| 1
0 1 2 3 4 5 6

Time interval of capture monitoring (year)
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campaigns by the time interval between the first and last captures in different
campaigns.

Figure 9. Frequencies of injuries (n = 70) recorded as a secondary result of the catch in
171 capture procedures of three wild canid species. Twenty-eight capture campaigns
were carried between 2008 and 2015 in three Cerrado study sites, Brazil. Oral
lacerations: cuts in lips or gingiva, and fracture of palate; Skin lesions: superficial
excoriates and cuts in the face or/and members; Member traumas: broken finger and
nail torn; Self-mutilation: biting the tip of the tail.
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Figure 10. Two different individuals of hoary fox Lycalopex vetulus recorded at one of
the 35 camera trap stations between 2012-2013 at Limoeiro region, municipality of
Cumari — Goids state, Brazil. Red circles evidence tail spot of the foxes.
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1068  ONLINE SUPPLEMENTARY MATERIAL
1069
1070  Table S1. List of Vertebrate species and number of captures — excluding wild canids —

1071  during 28 campaigns carried in three Cerrado study sites from April 2008 to September
1072 2015.

1073
Number of captures
Species Common name -
Mediumtrap Largetrap
Domestic mammals
Bos taurus Linnaeus 1758 Calf 0 1
Canis lupus familiaris Linnaeus 1758 Domestic dog 19 5
Felis catus Linnaeus 1758 Domestic cat 15 0
Wild mammals
Conepatus semistriatus Boddaert, 1785 Hog-nosed skunk 43 0
Didelphis albiventris Lund, 1840 White-cared 2 0
opossum
Euphractus sexcinctus Linnaeus 1758 Yellow armadillo 6 0
Myrmecophaga tridactyla Linnaeus 1758  Giant anteater 0 1
Nasua nasua Linnaeus 1766 Coati 1 0
Procyon cancrivorus F. Cuvier 1798 gz%gztmg 1 0
Tamandua tetradactyla Linnaeus 1758 Lesser anteater 1 0
Birds
Cariama cristata Linnaeus, 1766 Red-legged seriema 17 0
Milvago chimachima Vieillot, 1816 Yellow-headed caracara 3 0
Squamata
Tupinambis merianae Linnaeus 1758 Lizard 7
Total 115
1074

1075
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Table S2. Results of Generalized Linear Models testing the effect of species identity
and trap size on capture rates for hoary fox (Lycalopex vetulus), crab-eating foxes
(Cerdocyon thous) and maned wolves (Chrysocyon brachyurus) in 28 capture
campaigns carried out in three Cerrado sites between 2008 and 2015, Brazil

Source Sum-of-Squares  DF Mean-Square F-ratio P
Species 263.993 2 131.997 8.558 0.000
Trap size 40.328 1 40.328 2.615 0.109
Trap size*Species 363.198 2 181.599 11.774 0.000
Error 1711.986 111 15.423

Table S3. Results of Generalized Linear Models testing the effects of species and sex
on monitoring period length success for hoary fox (Lycalopex vetulus), crab-eating
foxes (Cerdocyon thous) and maned wolves (Chrysocyon brachyurus), monitored
between 2008 and 2015 at Araguari-MG and Cumari-GO, Brazil.

Source Sum-of-Squares DF Mean-Square  F-ratio P
Species 379248.367 2 189624.184 0.828 0.442
Sex 226664.714 1 226664.714 0.989 0.324
Species*Sex 137142.652 2 68571.326 0.299 0.742
Error 1.44362 63 229145.833




1089
1090
1091
1092

48

Figure S1. Captured wild canids in medium and large-sized cage-traps at three study
sites in Central and Southeast Brazil: hoary fox, Lycalopex vetulus (A); maned wolf,
Chrysocyon brachyurus (B and C); and crab-eating fox, Cerdocyon thous (D).
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CAPITULO I1

Spatial dynamics and conservation of the hoary
fox (Lycalopex vetulus) and wild canids in an

anthropized landscape at Central Brazil

# Artigo formatado de acordo com as normas para submissao ao periodico
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Spatial dynamics and conservation of the hoary fox
(Lycalopex vetulus) and wild canids in an anthropized
landscape at Central Brazil

ABSTRACT

There is a great variation in social system among canids and this is directly linked to
how species are organized in space. However, lack of information makes difficult to
understand the role of each factor to canid societies. Three sympatric species, the hoary
fox (Lycalopex vetulus), crab-eating fox (Cerdocyon thous) and maned wolf
(Chrysocyon brachyurus), were studied through radio telemetry and direct observations
between 2008 and 2015 at Limoeiro region, municipaly of Cumari, Goids, an
agroecosystem landscape at Central Brazil. The main objective of this study was to
describe the spatial organization of the hoary fox, examine its interactions with other
sympatric canids, and identify threats to their survival in a disturbed habitat of Cerrado.
Throughout this study, 115 wild canids were captured and marked, and 73 equipped
with Very High Frequency radio transmitters. Of these, 38 were hoary fox, 27 were
crab-eating fox and 8 maned wolves. Mean home range sizes for hoary foxes were 2.68
km?, 8.23 km? for crab-eating foxes, and 66.54 km? for maned wolves. All species were
active primarily during the night, with highest percentage of active fixes from 19:00
hours to 04:00 hours. Wild canids used up to 11 types of shelters (n = 417 registers);
yellow armadillo (Euphractus sexcinctus) holes were the most frequent shelter for hoary
foxes, whereas crab-eating foxes and maned wolves were most found using clumps of
tall grass. We were able to identify at least eight death causes of nearly 70% of the
monitored canids and human-related threats represented almost half of the causes

(41.3%). At Limoeiro region, the three canids overlap their home-range and activity at
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some degree. Apparently the three species overlap different niches, however occur

sintopically, being indeed subject to the same threats.

Key-words: animal behavior, Cerdocyon thous, Chrysocyon brachyurus, continuous
time movement modeling, fragmentation, home range, Lycalopex vetulus, Neotropical

ecology, telemetry, space use
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RESUMO

Dinamica espacial e conservacdo de raposa-do-campo (Lycalopex vetulus) e

canideos selvagens em uma paisagem antropizada do Brasil Central

H4 uma grande variagdo no sistema social de canideos e isso estd diretamente ligado a
forma como as espécies se organizam no espago. No entanto, a falta de informagao
torna dificil compreender o papel de cada fator nas sociedades de canideos. Trés
espécies simpatricas, a raposa-do-campo (Lycalopex vetulus), o cachorro do mato
(Cerdocyon thous) e o lobo-guara (Chrysocyon brachyurus) foram estudadas por meio
de radio telemetria e observacdes diretas entre 2008 e 2015 na regido do Limoeiro,
Cumari, Goias, uma paisagem agroecossistémica na regido central do Brasil. O principal
objectivo deste estudo foi descrever a organizacao espacial das raposas, examinar suas
interagdes com outros canideos simpatricos, e identificar as ameacas a sua
sobrevivéncia em um habitat perturbado de Cerrado. Ao longo deste estudo, 115
canideos silvestres foram capturados e marcados, e destes 73 foram equipados com
transmissores de radio de alta frequéncia (VHF), sendo 38 raposas-do-campo, 27
cachorros-do-mato e 8 lobos-guara. Areas de vida médias de raposas-do-campo tiveram
2,68 km?, 8,23 km? as de cachorro-do-mato, e 66,54 km? as de lobos-guara. Todas as
espécies apresentaram habito principalmente noturno, com a maior percentagem de
pontos ativos entre 19:00 horas e 04:00 horas. Esses canideos silvestres usaram até 11
tipos de abrigos (n = 417 registros); tocas de tatu-peba (Euphractus sexcinctus) foram o
abrigo mais usado por raposas-do-campo, enquanto cachorros-do-mato e lobos-guara
foram mais encontrados no interior de moitas de capim alto. Fomos capazes de

identificar pelo menos oito causas de morte para quase 70% dos canideos monitorados,
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sendo que ameacas relacionadas a humanos representaram quase metade dessas causas
(41,3%). Na regido do Limoeiro, os trés canideos tém areas de vida estaveis que podem
se sobrepor em algum grau, estando mais ativos durante a noite. Aparentemente, as trés
espécies se sobrepde em diferentes nichos, no entanto ocorrem sintopicamente e estao

sujeitas as mesmas ameagas.

Palavras-chave: area de vida, Cerdocyon thous, Chrysocyon brachyurus,
comportamento animal, fragmentagdo, Lycalopex vetulus, modelo de movimento de

tempo-continuo, Neotropical, uso do espaco, telemetria
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INTRODUCTION

There is a great variation in social system among canids and this is directly
linked to how species are organized in space (Burt 1943; Moehlman 1989). Such
variation may occur according to intrinsic (e.g. phylogeny, behavior) and extrinsic
relationships (e.g. intra and interspecific competition, food, opposite sex availability)
(Moehlman 1989; Macdonald and Sillero-Zubiri 2004; Sillero-Zubiri 2009), however
the lack of information about several species makes difficult to understand the role of
each factor to canid societies. In this scenario, knowledge on poor-known South
American canids may contribute to better understand how social systems work in the
Canidae, and also how some traits evolved in this family.

Currently, six genera and 11 Canidae species are recognized to occur in South
America (Sillero-Zubiri 2009). Phylogenetic studies have shown that two lineages of
canids derived from the lupine stock and arrived at South America during the Great
American Biotic Interchange, between the end of the Pliocene period and early
Pleistocene (approximately 3 million years ago) (Langguth 1975; Wang and Tedford
2008; Perini et al. 2010; Tchaicka et al. 2016). From this on, species differed and
occupied available habitats (specially open grasslands) and niches (e.g. consuming
small prey and fruits) (Berta 1987; Sillero-Zubiri 2009). One of these lineages, the
South American foxes (composed by genus Lycalopex, Cerdocyon, Atelocynus and
Dusicyon), has as common trait small-sized species which, despites resembling “foxes”
from the Old World (lineage Vulpinae), are much more related to Lupinae species.
Therefore, this particular represents a good opportunity to understand what may be
shaping social systems and other aspects of small-sized Lupinae species (Macdonald

and Courtenay 1996; Courtenay et al. 2006).
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Six canid species occur across the Brazilian territory in different biomes
(Sillero-Zubiri 2009). Of these, four are originally sympatric along the second largest
ecosystem of the Neotropical region, the Cerrado: the maned wolf (Chrysocyon
brachyurus), the bush dog (Speothos venaticus), the crab-eating fox (Cerdocyon thous)
and the hoary fox (Lycalopex vetulus) (Marinho-Filho et al. 2002; Paglia et al. 2012).
To occur sympatrically species must occupy different niches, whether spatial, temporal,
or trophic, and this is the result of thousands of years evolving (Pianka 1981). The
ecological coexistence of sympatric species depends on the segregation of niches, which
may lead to the partition of resources (Pianka 1974; Underwood 1986). When this
doesn’t happen the stage is armed for competition, which in higher intensity may lead to
a major component of Canidae ecology, the interference competition (Tannerfeldt et al.
2002; Macdonald and Sillero-Zubiri 2004; Kamler et al. 2012). However, few is known
on how Cerrado canids structure their community under this ecological aspect.

Great part of studies on Brazilian canids focused on single species, and most of
these on trophic or temporal niche aspects (e.g. Dalponte 1997; Aragona and Setz 2001;
Facure et al. 2003; Vieira and Port 2007). Furthermore, many are of short duration and
based on few individuals (e.g. Courtenay et al. 2006; Melo et al. 2007; Lima et al.
2015). Although some studies had quantified the overlap among species regarding
habitat use, diet, or activity period (Jacomo et al. 2004; Faria-Corréa et al. 2009), few
evaluated other aspects such as home range (Azevedo 2008; Jacomo et al. 2009),
specially along anthropized landscapes where resources may no more be available on
the same proportion as in natural habitats (Juarez and Marinho-Filho 2002). Within this
scenario, while crab-eating foxes, maned wolves and bush dogs are better known, the
small and endemic to the Cerrado hoary fox remains as one of the least known canid of

the Lupinae lineage.
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Powell and Mitchell (2012) recently suggested that home range is that part of the
cognitive map of an animal formed by the set of information about the resources it
needs to survive and where it needs to go to meet these requirements. Several studies
also have shown that resources should not be restricted to food, once shelter, potential
partners, den sites, secure areas, among other examples are also directly linked to
animals’ life histories and how they use the space (Logan and Sweanor 2001;
Tannerfeldt et al. 2002; Kamler et al. 2003b; Spencer 2012). Meet these demands must
be done while avoiding encounters with predators and rivals (Kamler et al. 2003a). In
this sense, understanding how species are organized in space (e.g. home range size,
overlapping degree) allows to estimate population size and dynamics and the minimum
areas necessary to maintain viable populations. For Cerrado canids, studies have begun
to shed light on how these species use the space (Dalponte 2003; Trovati et al. 2007;
Jacomo et al. 2009; Lima et al. 2012), and while most of these have been carried inside
protected areas (Melo et al. 2007; Azevedo 2008; Paula 2016), more data is necessary
from the other side of the fence (Juarez and Marinho-Filho 2002; Lima et al. 2015).

Although studies on the natural history of species contribute to understand their
evolution, these are also important on the other end of the time scale, the future.
Knowing what factors affect species occurrence and abundance can be a guide for
establishing conservation priorities and efficient management programs. Currently,
more than half of the Neotropical canids are under some risk of extinction (Sillero-
Zubiri 2009), including the hoary fox, the maned wolf and the bush dog (Jorge et al.
2013; Lemos et al. 2013; Paula et al. 2013). Although studies developed in natural areas
(e.g. national and state parks) are very important for learning how species originally
behave and interact, this condition doesn’t reflect the actual scenario of most

Neotropical ecosystems, as the Cerrado (Chazdon et al. 2009; Davies-Mostert 2014).
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Most of this savannah biome encompasses private lands, where wildlife is forced to live
and interact directly with domestic animals and humans. Therefore, it is vital to know
which threats may arise from this new dynamics and understand how species are
sharing the available resources.

Our work represents the largest effort conducted to understand the spatial
ecology of the hoary fox and part of its relations with other sintopic canids at an
anthropized landscape of Central Brazil. After a long term monitoring of several
individuals we were able to 1) estimate the home-range size of the hoary fox, the crab-
eating fox and the maned wolf at Limoeiro region, Central Brazil; 2) examine if sex and
weight affect home range size, and 3) determine the activity period and most used
shelters for each species. We also describe death causes of wild canids at the studied

community.

MATERIALS AND METHODS

Study area — This work is part of a broader project focused on the ecology and
conservation of the hoary fox and its relationship with syntopic canids in altered
Cerrado of Central and Southeast Brazil. We present data collected from hoary foxes,
crab-eating foxes and maned wolves monitored between 2008 and 2015.

The study area comprises 45 contiguous private cattle ranches (~ 150 km?) in a
region called Limoeiro, municipality of Cumari, Goids State, Brazil (18°33°—-18°43°S /
48°07°— 48°20W; Fig. 1). Cumari is inserted in the Cerrado biome and its original
vegetation is characterized by a mosaic of closed physiognomies (i.e., gallery and
seasonal forests) and open ones (i.e., open fields, cerrado stricto sensu; Lemos 2016a).

Particularly, in Limoeiro region there is the predominance of forested habitat, which
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may be attributed to the influence of Paranaiba River (Fig. 2), whose basin is regarded
as an ecotone between Cerrado and Atlantic Forest biomes (Lopes et al. 2012).

Currently, up to three-quarters of the landscape was modified for exotic pastures
and other cultures (for details see Lemos 2016a). The area is covered mainly by
Urochloa sp. that has been supporting about 10,000 of cattle (Bos taurus) for ranching
(Fig. 3). Remaining natural vegetation represents about 25% of the area and is dispersed
in small and medium-sized patches (1--500 ha) of original and secondary
semideciduous and gallery forest (Lemos 2016a). Domestic dogs (Canis Ilupus
familiaris) are kept mainly for properties guard and to help cowboys with cattle work.
As cattle and horses, dogs are widely distributed along the entire study site (Lemos
2016a).

The study area is crossed by two paved roads, several dirt roads and a railway
(Figs.1 and 4). Federal highway BR-—050 borders the eastern portion of the area and is
one of the most important Brazilian roads for agricultural production from western and
northern regions of the country, though presenting a heavy nighttime traffic. The state
road GO-—402 has a less intense vehicle flow but is important once crosses the study
area and the range of the three studied species. As the state road, Centro-Atlantica
railway cross the region right in the center and may also play a threat role due its whole
day traffic. Although with less traffic movement, dirty roads cut the entire study site and
are commonly used by wild species for traveling (apparently more than paved roads).

The study region is characterized by a tropical climate with two well-defined
seasons, one wet (October-—April) and one dry (May-—September). Mean annual
temperature and precipitation varied between 22--25°C and 1,600-—1,800 mm,

respectively (data from period 2008-—2013 available by CPTEC/INPE).



1312

1313

1314

1315

1316

1317

1318

1319

1320

1321

1322

1323

1324

1325

1326

1327

1328

1329

1330

1331

1332

1333

1334

1335

1336

59

Capture, handling and monitoring — Wild canids were captured using
Tomahawk cage-traps baited with canned sardines and cooked chicken (for details see
Lemos 2016a). Traps were distributed non-systematically over the study area, and
placed at locations where focal species were registered by direct observations (during
spotlighting surveys) or indirect signs of its presence (e.g., dens, feces and footprints;
see Lemos 2016b). Each trap was positioned under vegetation so that the captured
animal would be protected from the morning sun; we also carefully choose areas
avoiding the presence of aggressive ants (such as fire ants and leaf-cutter ants which are
very common in the Cerrado; Costa and Vieira-Neto 2015) to reduce injuries to
captured animals. Each trap was daily checked before 08:00 am and baits were replaced
every three days or after each capture.

Animals were immobilized with a handling intramuscular injection with a
combination of different anesthetics and protocols (Lemos 2016b). Each individual was
weighed using a portable scale and its age estimated by physical characteristics such as
teeth wear, body measurements, appearance of fur and teats (nulliparous or breast
feeding signals). Based on these features we placed it on one of three age categories:
pups, subadults, and adults. All captured canids were assumed to be born on August 151
and the period between August 15 to August 14" a fox-year. The animal was classified
as a pup if it was < 6 months old (August 15 to Februay 14™), subadults when with
presumed > 6-12 months old (February 15" to August 14™), and adults when presumed
>12 months old (Baker et al. 2001). In general, pups and subadults are referred to as
juveniles, but following Courtenay et al. (2006) we kept the division between these two
classes. Foxes and wolves were marked with colored and numbered plastic ear-tags
positioned in the center of right ear for males and left ear for females, and when a target

animal fitted with a Very High Frequency radio-collar (ATS, Isanti, Minnesota, USA —
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Models 1950 for hoary foxes and crab-eating foxes, 2320 for crab-eating foxes, and
2510 for maned wolves). Finally, the animal was photographed to record individual
marks as spots, scars, injuries, fur color, and general body shape. Once finished the
procedure, the animal was placed back into the trap, allowed to fully recover from the
anesthesia, and then released at its capture point/area. Individuals recaptured during an
interval of six months were not submitted to a procedure and were released without
anesthesia. Through the entire study, animals recaptured in campaigns separated by at
least six months were anaesthetized, re-evaluated and had biological samples collected,
which are part of ongoing research lines focused on the epidemiology and genetics of
the studied species.

All captures followed the procedures recommended by the American Society of
Mastozoology (Sikes and Gannon 2011), and were approved by the Brazilian
government (Instituto Chico Mendes de Conservacdo da Biodiversidade
ICMBio/SISBIO license number 14576-2 of 2008-2015) and the Ethics Committees on
Animals Using of Universidade Federal de Goids (process number 086/14) and
Universidade Federal de Uberlandia (process number 089/14).

Terrestrial monitoring was performed through conventional telemetry method,
with most locations obtained by hoaming (sighting), besides triangulation in the ground
without fixed bases (for details see Lemos 2016b). Monitoring were performed daily,
alternating day period (morning, afternoon and night) and individuals in order to find

the animals at different moments of the day and their home range evenly.

Home ranges analysis — Home ranges analyses comprised location points data
from radio tracking, direct observations, and captures recorded between 2008 and 2015.

To estimate locations from triangulations we used the software LOAS 4.0 (Ecological
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Software Solutions, Inc.) according to the maximum likelihood estimator (Lenth 1981).
Magnetic declination, which is used for the correction of azimuths in relation to
geographical North, was calculated through the software GeoMag 2.5 for each year of
the study. Once obtained the coordinates, home ranges were estimated using the Auto
correlated Kernel Density Estimator (Fleming et al. 2015).

Despite the concept, home range is still intensely debated since Burt (1943) (for
an interesting discussion on what is a home range see Fieberg and Borger 2012; Powell
2012; Powell and Mitchell 2012) and several estimators have been developed and used
since the first studies on how wildlife uses the space (Powell 2012). Among these,
Minimum Convex Polygon has always been the most traditional one, despite its failures
and limitations, such as to consider areas of little or none use as part of an individual
home range, or not consider the intensity of use of internal coordinates (Powell 2000).
Nowadays, Minimum Convex Polygon continues to be used for single views of home
ranges and comparative purposes between studies on spatial ecology. Aiming on such
gaps, another significant step was taken when a probabilistic estimator started to be
used for predicting home ranges, the Kernel Density Estimator adapted from Silverman
(1986), this non-parametric estimator is calculated through probabilistic functions of
density from a random variable, in this case represented by the locations of individuals
in the space (Worton 1989).

Although extensively used since then for more detailed spatial analyses, this
estimator also may present failures. Besides being an adaptation from a non-parametric
statistical method (Powell 2000), it doesn’t consider the temporal sequence among
localizations (autocorrelation), what may underestimates home range sizes and the
degree of importance of certain areas to the individual (White and Garrot 1990; Powell

2012; Fleming et al. 2014). Addressing on the mentioned limitations of estimators cited,



1387

1388

1389

1390

1391

1392

1393

1394

1395

1396

1397

1398

1399

1400

1401

1402

1403

1404

1405

1406

1407

1408

1409

1410

1411

62

Fleming et al. (2015) recently developed the Auto correlated Kernel Density Estimator,
a estimator that generates the probability density of an animal occurrence based on the
individual's own movement parameters considering the time sequence of the set of
locations used. This results in more precise home range estimates and eliminates the
bias of autocorrelation between locations generally associated to other traditional
methods (Fleming et al. 2015). Although several studies have been using similar
methods to estimate and compare home ranges among areas/species, Powell and
Mitchell (2012) highlight that difficultly a perfect estimator will be developed, and this
will always depend on the question and biological processes of each study.

Considering the gap on hoary fox spatial ecology data for running strong
comparisons, except for the first insights provided by Juarez and Marinho-Filho (2002),
Dalponte (2003) and Courtenay et al. (2006), we estimated home ranges using the Auto
correlated Kernel Density Estimator. Home ranges were generated using the R language
(R 3.2.2.), through the specific package Continuous-Time Movement Modeling (CTMM;
version 0.3.2) (Fleming and Calabrese 2016). For that, we selected individuals of the
three species that attended two assumptions: stable variograms and monitoring length.
One of the functions of the package (variogram) allows to verify the stabilization of
home range through the analysis of semi variance of the data, by not only the
accumulation of points in the temporal gradient, but also calculating the stochasticity of
the movement (though, considering the dependence among coordinates). In other words,
a stable variogram means that the home range of the animal in the sampled period
reached stability based on independent locations thrpugh the monitoring period. For the
second assumption, we considered six months as the minimal monitoring length for an
animal to be considered for analyses once this was the shortest length in which

variograms of animals stabilized. Also, home ranges were estimated excluding 5% of
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most external coordinates, as normally done by Kernel Density Estimator (Powell

2012).

Mortality — In order to gather information on the death causes of wild canids at
Limoeiro region, radio-collars were equipped with mortality sensors that triggers when
the collar is inactive for > 8 hours (what is unexpected for mammals). When detected a
signal of mortality we immediately tried to locate and recover the carcass. Once found
the carcass, first we searched the region around it for signs (tracks, scratches) of the
possible predator or aggressor, and then at the basecamp a detailed examination was
carried out to identify the possible death cause.

We grouped causes of mortality in three main classes: human-related, natural or
unknown. The class human-related were divided into two categories: indirect causes
(road and railroad kills, and attacks of domestic dogs), which are events where a human
doesn’t choose to kill the animal, and direct causes (poisoning and shooting), which
account for events when a person is aware of her act. Among indirect causes, an animal
was considered road/railroad killed when its carcass was found in the road, roadside,
railroad or rail roadside with clear signs of vehicle/train collision (e.g. broken bones,
body parts torn apart). Death by domestic dog attack accounted for carcasses found
badly damaged by bites but not consumed (as would be expected for a predator). In this
case, registers were only considered when we witnessed the persecution and found the
carcass of the victim, or a cowboy confirmed his dog had taken the monitored animal.
Among direct causes, we classified as poisoning when a carcass was found with
internal bleeding, blood in the mouth, dead flies and/or other animals (i.e., vultures or

conspecifics) nearby, and had no signs of other causes. However, no toxicological
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exams were carried out to prove it. To determine shooting we searched the carcass for
shot marks in the skull and body.

Among natural causes, we concluded that a wild canid was predated after a
careful search around the place where the carcass was found. Predated animals had
canine puncture wounds associated with subcutaneous hemorrhaging, indicating the
animals were alive when attacked. We identified the predator species by examining
features of carcasses (i.e., size and placement of bite marks) and evidences at kill sites
(1.e. tracks and signs, pattern of consumption, vegetation type). We considered an
animal probably died by advanced age when familiar old individuals were found close
to dens or resting sites without any apparent death cause or previous signs of sickness or
apathy. Finally, we classified as unknown cause of mortality when carcasses were
missing or had none strong evidence of the death cause. Once no advanced disease
exams were carried out on monitored animals during the project, unfortunately we
didn’t quantify the role of diseases for wild canids, although much probably this
category is among the most dangerous for anthropized areas as Limoeiro.

Activity period and shelter use — To determine the activity pattern of wild canids
at Limoeiro region, all radio-collars used in this study were equipped with an activity
sensor, which worked in two modes: inactivity and activity. We recorded activity for
each monitored animal while obtaining locations by radio telemetry or during direct
observations. For triangulations, we determined the activity status considering the most
frequent status during data collection. For example, from the three coordinates taken, if
the animal was active in just one and inactive in two, then the animal was considered
inactive.

For allowing analyses and comparisons with other studies, day period was

divided into 12 time classes of two hours. Although an effort for properly data
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collection was done, the number of collected coordinates during night periods was
greater than during day period, though the total number of records of activity/inactivity
were not used to describe the species activity pattern. Once each individual had different
records of activity/inactivity in each time class, we calculated the percentage of activity
for each individual in each time class. Then we calculated the percentage of activity for
all sampled animals at each class. Though, for each time class the percentage represents
the proportion of active animals in that time period during the study.

Whenever possible, inactive animals were searched and observed to register if
they were using any sort of shelter in their inactivity moments. Once found, we verified
if the animal was using any kind of structure that could promote mechanical protection
or to other threats (e.g. against climate variations). Thus, animals found inactive, simply
sitting or lying on the grass, fully visible, and without any structure resembling a shelter
were not considered in this analyzes. Were also removed from the analysis of
description and frequency of shelter use every record accompanied by behavioral
descriptions of parental care or puppies presence in the structure. In this case the
structure would not account for shelter, but instead a den site. In short, we only
considered records when the animal was using a shelter for some kind of protection,
never for reproduction, even if that same structure (armadillo hole, for example) could

be used for both purposes.

Statistical analyses. — Significant deviation from a sex-ratio of 1:1 was evaluated
for each species, using chi-square tests for homogeneity. Differences in mean body
mass among species and between sexes were tested using analysis of variance and t-
tests for independent samples, respectively. Intra and interspecific variation in home-

range size was tested using the Kruskal-Wallis non-parametric test. The strength of the
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linear association between body weight and home range size was measured using the
Pearson correlation coefficient. The use of different shelter categories was compared
between sexes using chi-square test for independence. Statistical analyses were

performed in R 3.0.2 (R Core Team, 2014).

RESULTS

Captures and biometry — After 19 capture campaigns carried at Limoeiro region
between 2008 and 2014, a total of 115 wild canids were captured and ear tagged (Lemos
2016b). From these, 40 were hoary foxes (21 males / 19 females), 67 crab-eating foxes
(33 males / 34 females), and eight maned wolves (three males / five females). Sex ratio
did not differ from 1:1 for the small-sized species (hoary fox: > = 0.025, df =1, P =
0.874; crab-eating fox: x> = 0.058, df=1, P = 0.809), indicating that there was an equal
probability of capturing either a male or female. This trend seems to apply to maned
wolves as well, but once only 3 male wolves have been captured, we could not apply a
Chi-squared goodness of fit. The mean (£SE) adult body mass was different among
hoary foxes (mean = 3.54 + 0.35 kg, range: 2.62 — 4.64 kg, n = 24), crab-eating foxes
(mean = 6.576 £ 0.75 kg, range: 4.90 — 8.18 kg, n = 46), and maned wolves (mean =
24475 + 2.58 kg, range: 21.0 — 27.0 kg, n = 4). However, neither the hoary fox (t = -
0.744, df = 22, P= 0.464, n = 24) nor the crab-eating fox (t =-1.525, df =44, P = 0.134,
n = 46) presented significant differences in body mass among sexes; due the low
number of captured maned wolves no intraspecific comparisons were carried..

Monitoring — We radio-collared and monitored 38 hoary foxes (20 males / 18
females), 27 crab-eating foxes (14 males / 13 females), and 8 maned wolves (3 males / 5
females) (n = 73 wild canids monitored) (for details see Lemos 2016b). The mean

monitoring period per individual was 465 days (+ 452) (1 year and three months; range:



1511

1512

1513

1514

1515

1516

1517

1518

1519

1520

1521

1522

1523

1524

1525

1526

1527

1528

1529

1530

1531

1532

1533

1534

67

03 — 2,286 days), being shorter for hoary foxes (392 days, + 419), and longer for the
other larger species (541 days, £ 512, for crab-eating foxes; and 551 days, + 378, for
maned wolves). From 2,279 coordinates used at this study, 1,662 (72.9%) were obtained
byvisualizations, 516 (22.64 %) triangulations, and 101 (4.43 %) captures/recaptures.
Number of locations per individual/species ranged from: 01 to 97 (males) and 01 to 111
(females) for hoary foxes; 01 to 82 (males) and 01 to 56 (females) for crab-eating foxes;
and 11 to 103 (males) and 28 to 40 (females) for maned wolves.

Mortality — From the 73 canids monitored in Limoeiro region, it was possible to
identify eight probable causes of deaths for 30 individuals (65.22% of 46 death events
verified) (Figs. 5, 6, and 7). Of 29 hoary foxes, nine (31%) died from indirect-human
causes (20.7%, n = 6), such as roadkill (» = 5) and attacked by domestic dogs Canis
lupus familiaris (n = 1), and direct-human causes (10.3%, n = 3), as conflicts involving
the use of poison or shooting (retaliation or prejudice); eight (27.6%) died from natural
causes (seven predated by Puma concolor [24.1%] and one from advanced age
apparently [3.5%]). Death cause of 12 foxes (41.4%) couldn’t be identified. For 15
crab-eating foxes, human-related causes accounted for at least 60% of the deaths (n = 9)
(indirect causes: 3 railroad kills [20%], 1 road kill and 1 killed by domestic dogs
[6.66%, each]; direct causes: (26.68%, n = 4 conflicts with humans). Predation by P.
concolor and non-identified causes totalized 6 deaths (n = 3[20%] each). We also
registered the death of an ear tagged adult male crab-eating fox during a monitoring
session. The animal was stampeded by a cattle herd being managed by cowboys, but
moments before showed clear signs of apathy, suggesting it was already with some sort
of health disability. Only two monitored maned wolves died during the study, one

railroad killed and one from non-identified cause.
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Home range — Locations of 44 canids (20 hoary foxes, 17 crab-eating foxes, and
4 maned wolves - Figure 8) were analyzed based on their stable variograms and a
minimum monitoring length of 6 months (Fig. 9) (Table 2). One male (Rogerio) and
two female (Flavia and Constance) hoary foxes totally changed their home ranges
during the monitoring period, so their home ranges were analyzed separately for each

defined period, providing two different home range sizes. Both fox species presented a
wide variation in home range size (Figs. 10 and 11). Home range size of male (X = 2.77

km?, + 1.51, range: 0.358 — 5.389 km?, n = 12) and female hoary foxes (X = 2.60 kn??, +

1.96, range: 0.571 — 7.397 km?, n = 11) using the 95% AKDE were not different
(Kruskal-Wallis X? = 0.306; d.f. = 1; P = 0,579), (Figs. 12 and 13), as well as male (X =

8.864 km?, + 8.275, range: 2.080 — 27.829 km?, n = 8) and female (X = 7.611 km?, +
5.233, range: 2.259 — 16.253 km?, n = 9) crab-eating foxes ranges (Kruskal-Wallis X? =
0; d.f. = 1; P = 1) (Figs. 14 and 15). Maned wolves mean home range was 66.541 km?
(£ 7.794) and ranged from 56.707 to 75.769 km?; due to the low number of captures no
sexual comparisons were done (Fig.16). We also didn’t find correlation among body
weight and home range size for the two fox species (hoary fox: r =0.216,t=1.016, df =
21, P =0.321; crab-eating fox: r =0.175, t = 0.690, df = 15, P = 0.500).

The smallest maned wolf home range were at least two times larger than crab-
eating fox range, and seven times larger than the hoary fox range (Fig. 17). Among
small canids, crab-eating foxes had significantly larger home ranges than hoary foxes
(Kruskal-Wallis X = 11.79; d.f. = 1; P = 0.0005) (Fig. 18).

Activity period — During six years of monitoring we obtained 1,958 activity
registers (n = 73 wild canids, from which we analyzed 1,888 (996 from 23 hoary foxes,
628 from 19 crab-eating foxes, and 264 from seven maned wolves). All three species

were primarily active during night hours, with highest percentage of active fixes from
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19:00 hours to 04:00 hours (Figure 19). Foxes started decreasing activity after 04:00
hours, reached the lowest percentages of activity around 11:00 hours, and didn’t resume
activity before 16:00 hours. Maned wolves strongly decreased activity at 04:00 hours,
however kept higher percentage of active fixes than foxes during the day. Wolves also
resumed activity earlier (before 16:00 hours), using day hours with higher percentage
than foxes.

Shelter use — During nocturnal observations, most animals registered as
“inactive” were in fact resting (sitting or laying) meanwhile other behaviors (e.g.
foraging, marking, puppies caring), and in very few occasions were found using any
kind of shelter. During the day, when most wild canids at Limoeiro region are really
“inactive”, the three species were registered using up to 11 types of shelters (n = 417
registers; Figure 20, 21, 22 and 23; Table 3). Hoary foxes used only eight of the 11
categories described, and yellow armadillo (Euphractus sexcinctus) holes were visibly
the most frequent shelter. Crab-eating foxes and maned wolves had a wider variety of
shelters and for both species clumps of tall grass were the most used type.

Female and male hoary foxes used a similar number of types of shelter,
however, sexes differed in the use of each category (x> = 19.262, df = NA, P = 0.003).
Although armadillo holes were the most used shelter by both sexes, it was apparently
much more important for females than for males, which used other shelters in higher
and similar frequencies (Figure 24). Female hoary foxes also used shelters in different
frequencies among seasons, using much more armadillo holes in the wet season (> =
13.145, df = NA, P = 0.029; Figure 25); whereas males used shelters in similar
frequencies despite the season (x> = 11.85, df = NA, P = 0.081; Figure 26). Different
from the hoary fox, the crab-eating fox was the species with larger variety of shelters

used (Table 3). Male and females used shelters in similar frequencies (%> = 12.604, df =
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NA, P =0.163), being clumps of tall grass the most used category for both sexes (Figure
27). However, these foxes used shelters in different frequencies among wet and dry
season (females: x> = 19,829, df = NA, P = 0.003; males: x> = 14.308, df = NA, P =
0.021), alternating from clump of low grass in the dry season to clump of medium grass
in the wet season (Figure 28). Crab-eating foxes were also registered at armadillo holes
(most of registers from females) however much less than hoary foxes. Female maned
wolves also presented differences regarding shelter use when compared to males (> =
22.361, df = NA, P = 0.004) (Figure 29). While clumps of medium grass were the main
shelter for females, the opposite sex was more registered commonly inside clumps of
tall grass (also used by females). Males also used edges of marshes frequently, although
females had never been registered in such spots. Both sexes showed no differences in
shelter use among seasons (females: ¥ = 7.321, df = NA, P = 0.425; males: x> = 1.757,

df=NA, P = 1; Figure 30).

DISCUSSION

Home ranges and Spatial Dynamics — Our work represents the largest effort
conducted to understand the spatial ecology of the hoary fox and part of its relations
with the crab-eating fox and the maned wolf at an anthropized landscape of Central
Brazil. Based on the monitoring of 38 collared hoary foxes, 27 crab-eating foxes and
eight maned wolves, we present reliable data on their spatial dynamics, activity period,
shelters used, and death causes for wild canids at a non-protected region.

At Limoeiro region, where pastures comprise most of the landscape, male and
female hoary foxes had mean home range of 2.77 Km? and 2.60 Km?, respectively
(range: 0.358 — 7.397), male crab-eating foxes 8.86 Km? and females 7.61 Km? (range:

2.080 — 27.829), and maned wolves, as expected, the largest areas, with 66.54 Km?
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(range: 56.707 — 75.829). While home ranges of other Lycalopex have been studied, few
individuals of L. vetulus were monitored until this study (Juarez and Marinho-Filho
2002; Dalponte 2003; Courtenay et al. 2006). Home ranges are from 23 monitored
animals for on average thirteen months (range: 6 — 76) and are within the estimated to
hoary fox, thus, may actually represent the mean area used by individuals of the species.
While Dalponte (2003) has registered in Nova Xavantina (Mato Grosso state) smaller
areas (0.48 km?), and Courtenay et al. (2006) and Juarez and Marinho-Filho (2002)
larger ones in Unai (Minas Gerais state) and Jaborandi (Bahia state) (4.56 km? and 3.85
km?, respectively), in Limoeiro several individuals had similar home ranges to both
extreme values. Thus, although our study demonstrates that hoary foxes home ranges
may vary widely (including in the same population), most individuals (> 50%) had
home ranges of approximately 2.68 km?. When compared to other Lycalopex, although
studies had used different estimators and sampling desings, L. vetulus home ranges fit
into what have been described to the culpeo fox (L. culpaeus), the Darwin’s fox (L.
fulvipes), the pampas fox (L. gymnocercus), and the chilla fox (L. griseus) (Salvatori et
al. 1999; Jiménez 2007; Maffei et al. 2007; Sillero-Zubiri 2009; Luengos Vidal et al.
2012).

Crab-eating foxes are considered common throughout its distribution and their
home ranges were estimated at least in six different ecosystems. Unfortunately, very
few data is available from Cerrado sites, from few individuals monitored for short time,
and variation apparently is high (2.5km? — 12.8 km?) (Juarez and Marinho-Filho 2002;
Trovati et al. 2007). At Limoeiro region variation in home range size was also high. The
mean home range estimated from 17 individuals at our site (8.23 km?) is larger than
ranges from most studies (Brady 1979; Sunquist et al. 1989; Rocha 2006; Maffei et al.

2007; Campanha 2014), but very similar to the mean home range at Marajo Island (Para
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state, 5.32 km?), where Macdonald and Courtenay (1996) carried a very similar effort
(21 foxes monitored during 22 months). Although inserted in the Amazon Biome,
Maraj6 is characterized for having several patches of savanna inserted among gallery
forests, woodlands and secondary scrub. Smaller home ranges registered at Marajo may
reflect higher food availability at this heterogeneous Amazon landscape. Apparently,
home ranges at wetlands such as the pantanal and the /lanos are small (Brady 1979;
Sunquist et al. 1989; Rocha 2006; Campanha 2014), while savanna ecosystems seem to
hold the largest ranges (Juarez and Marinho-Filho 2002; Trovati et al. 2007; this study).
We were able to estimate the home ranges of four resident adult maned wolves.
Other four individuals accounted for young animals whose variograms never stabilized
and in fact home ranges didn’t stop increasing during the monitoring period. Two of
these wolves were known to be the offspring of a monitored couple and were in
dispersal process, as probably were the other two. The four adults corresponded to two
couples, and due to the small sample size mean home range was calculated for both
sexes combined. At Limoeiro, mean home range size for maned wolves was 66.54 km?,
this matches with home ranges registered in other regions with different degrees of
landscape conservation and calculated through Kernel and/or MCP estimators (Dietz
1984, 30 km?; Rodrigues 2002, 56.95 km?; Melo et al. 2007, 38 km?; Azevedo 2008,
50.97 km?; Jacomo et al. 2009, 80.18 km?; Emmons 2012, 74.9 km?; Paula 2016, 67.62
km?). Except for the small areas registered by Dietz (1984) at Serra da Canastra
National Park (Minas Gerais state, 30 km?) and Melo et al. (2007) at Galheiro Reserve
(Minas Gerais state, 38 km?), the rough mean home range calculated for the other
studies combined is approximately 66.19 km? (Rodrigues 2002; Azevedo 2008; Jacomo
et al. 2009; Emmons 2012; Paula 2016), very similar to the wolves at Limoeiro.

Although we hadn’t evaluated food availability at Limoeiro this region is undoubtedly
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different, regarding natural habitat availability and conservation degree (Lemos 2016a),
from the other studies’ areas, which correspond to conservation units of different sizes
and their surroundings.

No sexual dimorphism was found among hoary foxes regarding body mass,
confirming the reported by Dalponte and Courtenay (2004) and Courtenay et al. (2006).
However, we suggest it may be possible for the experienced researcher, eventually, to
identify different sexes during direct observations, though it will be interesting if future
evaluations consider other body features for sexual dimorphism as Jacomo et al. (2009)
did. Among crab-eating foxes no sexual dimorphism was detected neither, reinforcing
the registered by Macdonald and Courtenay (1996). Due to small sample size, we
couldn’t carry sexual comparisons among maned wolves, but sexual dimorphism was
described by Jacomo et al. (2009) for five of twelve measurements at Emas National
Park (Goiéas state, n = 74 adults). No other study presents data on sexual dimorphism for
maned wolves.

Body mass and gender had no effect on home range size of hoary and crab-
eating foxes; indeed variation was high within each gender of both species, and also for
individuals between different moments of its life history. Availability of different types
of resources (e.g. food and shelter) play important role on the spatial use (Lucherini et
al. 1995; Fisher 2000), but intraspecific social dynamics and interspecific relations
much probably play the same or even more intense effect on this aspect of foxes, as
other studies have been showing (White and Harris 1994; Tannerfeldt et al. 2002;
Kamler et al. 2003a, 2004; Périquet et al. 2015). So, it’s necessary to assess other
factors in order to understand which may affect home range size in the same population
of these small canids. Therefore, the sex ratio of 1:1 registered for both fox species,

together with the nonexistence of sexual dimorphism, non-difference in home range size
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among gender, total overlap of the couple home range, and the first reports on parental
behavior (Macdonald and Courtenay 1996; Dalponte and Courtenay 2004; Courtenay et
al. 2006; Lemos et al. 2011), strongly reinforce that both small-sized Lupinae species
live in monogamic social systems.

Regarding territorial system, apparently the three species had a high degree of
site fidelity and kept stable home ranges. Of 20 hoary foxes, only five changed their
ranges totally at least once. The female Constance used a stable home range between
2011 February and 2013 July, then on July 24" she left the area, just after offspring
dispersal and the arrival of a new female who paired with her male. Constance settled a
new range 13 days later approximately 1.5 km, after pairing with an unmarked male,
Sherlock, which was later captured and monitored. The couple reared an offspring
during the 2014 season. However, Sherlock and the puppies died during the first
semester of 2015, and on June 4™ Constance once more shifted her home range. We
found her once again in a totally new area approximately Skm from the last one, where
she lived for at least 10 months and breed. A second female, Flavia, showed similar
behavior. During two years (2011-2012) she used the same home range and gave birth
in both years. On 2011, her pair died and she apparently maited with her male pup
(Rogerio) on 2012. On December, Rogerio left the area and Flavia reared the puppies
alone, until their dispersal. On 2013 July 24™, she left the original home range and 15
days later settled a new one approximately 8 km. In less than a month she was found
with a monitored male, Villas-Boas, with whom she reproduced in 2013 and 2014.
Rogerio left his natal area on December 2012 to a new range approximately 10 km
away from the first one. He was observed with a new female just 22 days after he left

his home range and was monitored until his death on 2014 June.
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Home ranges analyses combined with direct observations indicate the three
canids settled new ranges as soon as they found a new partner and such process took
between 13 to 22 days. Except for the young male, the two females in all occasions left
their ranges between June-July, which is suggested to be the main period of mating for
hoary foxes (Courtenay et al. 2006; Dalponte 2009; Candeias 2014). Besides, new
ranges had visibly different sizes from the original ones, suggesting that extrinsic
factors may have significant impact on hoary foxes’ home range size.

Two young males also provided interesting information about home range
dynamics. After monitoring Gambarini for three weeks, he left his original area and
started using a range that belonged to an adult male, Grilo. Grilo used the area for 54
months (four years and a half) and shared the area with an adult female (Rachel), before
was predated by a puma (Puma concolor) on 2014 May 6. Gambarini took only 11
days to assume Grilo’s range and 38 days to pair with Rachel, with whom he reared an
offspring during 2014 season. Another young male, Livingstone, assumed an adult male
home range (Kerry). On 2014 October 18", a puma predated Kerry, and his offspring
disappeared during the same week. Living in a neighboring area, Livingstone took one
day to assume the area and 30 days to pair with Kerry’s female, Stacie.

Although our data suggest that hoary foxes have stable home ranges, but
dynamic territorial system, the events described suggest two hypotheses to be tested in
future studies: 1) the search for opposite sex partner of and/or offspring dispersal may
be strong mechanisms that influence hoary fox spatial dynamics, and 2) the colonization
of recently vacated areas and the acquisition of new partners by widowers is apparently
a fast process in hoary fox society.

Crab-eating foxes and maned wolves kept their home ranges over all time

individuals were monitored. Apparently, in Limoeiro region these species lasts longer in
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the environment than the hoary fox, though, if search for potential partners really is a
major factor on the spatial dynamics of these canids, it would be expected that crab-
eating foxes and maned wolves do not change their home ranges frequently.

Activity period and Shelter use — The three wild canids studied appeared to have
a generally nocturnal rhythm of activity at Limoeiro region. Based on home range maps
and field observations, it was possible to observe that hoary foxes ranges were
encompassed by maned wolves ranges in high degree and by crab-eating foxes at some
degree. Canids were active primarily during night hours, with most percentage of fixes
between 19:00 — 04:00 hours. While hoary and crab-eating foxes had very little activity
during the day, especially between the hottest hours (10:00 — 16:00), maned wolves
resumed activity earlier, from 14:00 hours onwards. Although different methods have
been used to evaluate the activity period of the three species across different studies and
habitats, our data are in accordance with the general pattern expected (Brady 1979;
Maftei and Taber 2003; Jacomo et al. 2004; Maffei et al. 2007; Emmons 2012).

However, it’s expected that related species of similar size use resources
differently to avoid competition (e.g. temporal, spatial, or dietary). Temporal
overlapping between the three species is apparently high at our study site, different from
Ibera Nature Reserve (Argentina) (Di Bitetti et al. 2009) and Aparados da Serra
National Park (Rio Grande do Sul state, Brazil) (Vieira and Port 2007), where crab-
eating foxes and pampas foxes seem to alternate activity periods and them reduce
temporal overlapping and competition. However, pampas fox are much more similar to
crab-eating foxes in terms of body mass and food habits than hoary foxes, and this
could explain the difference in overlapping degree among the two studies.

Although overlapping most part of the night, hoary foxes ceased their activity

some hours earlier than the other two larger species, as also recorded by Jacomo et al.



1759

1760

1761

1762

1763

1764

1765

1766

1767

1768

1769

1770

1771

1772

1773

1774

1775

1776

1777

1778

1779

1780

1781

1782

1783

77

(2004) at Emas National Park. The essentially nocturnal behavior of the species could
be related to a decrease on the activity of its main prey, termites (Isoptera; Termitidae),
which probably diminish its activities during early hours of the morning (Barbosa
1993). A first study on the three canids diet at Limoeiro region points to an
insectivorous diet of the hoary fox (Lemos et al. 2011), as already described for other
regions (Dalponte 1997; Juarez and Marinho-Filho 2002; Jacomo et al. 2004; Ferreira-
Silva and Lima 2006). Hoary foxes prey termites on soil surface licking termite lines or
turning dung disks. In these two situations termites are active and outside termite
mounds or underground nests. Hoary foxes were never observed breaking termites
mounds. This suggests that the species inevitably must be active when termites are out
to forage, though being forced to a nocturnal habit. Besides, diurnal high temperatures
at Cerrado may represent a limitation to the smaller hoary fox to be active during the
day. Crab-eating foxes showed a higher richness of food items consumed, and although
fruits comprised for most of them, Arthropods were common on its diet, as in hoary fox.
Although other studies report low dietary niche overlap for the hoary fox and the crab-
eating fox (Juarez and Marinho-Filho 2002; Jacomo et al. 2004), at Limoeiro these
species may compete in some degree.

Despite the apparent high spatial overlap between the three canids, hoary foxes
were able to keep exclusive shelters. Armadillo holes accounted for almost 50% of the
shelters used by the small hoary fox, and although already reported its use as a shelter
hadn’t been quantified yet (Dalponte and Courtenay 2004; Courtenay et al. 2006).
Although both sexes use armadillo burrows often, females were found more frequently
than males in these shelters, and more frequently in the wet season than dry. Females
use the holes throughout the year and probably guarantee this resource for the breeding

season. Different from other types of shelter (e.g. clumps of grass, with or without
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thorn), armadillo burrows are adapted during the weeks before the birth of puppies once
these will be born inside the modified hole (personal observation), and this activity
require energy investment. So, it’s possible that hoary foxes use the shelter along the
year as a way to keep it from competitors, until puppies are born mid August (Dalponte
and Courtenay 2004; Courtenay et al. 2006; Lemos et al. 2013). Despite the species use
up to eight types of shelters, the high frequency use of holes throughout the year
(mainly by females), suggests that this type of structure created by yellow armadillos
may be a key-resource in hoary fox occurrence in an environment. Future studies should
investigate in depth the relationship between the hoary fox and the use of holes,
describing the interior of the same and how couples use this resource as reproduction
den. Also, it would be of great relevance to evaluate how hoary foxes depend on the
presence of dens in their home range and their role on home ranges dynamics.

The larger species were more similar regarding shelters used. Crab-eating fox
was the species with the highest number of types of shelters used, reinforcing the
generalist character of the species, not only in relation to diet and habitat use as reported
by other studies, but also types of shelters used throughout the year. Different from the
hoary fox, the main shelters used by these foxes and maned wolves in Limoeiro were
clumps of tall grass, followed by edges of marshes for crab-eating foxes and clumps of
medium grass for wolves. Armadillo holes were little used by crab-eating foxes and
almost exclusively by females, and never by maned wolves as expected. Although
maned wolf females do not use edges of marshes, this was the second shelter more used
by males and crab-eating foxes. At Limoeiro, this environment is characterized by
wetlands associated with small water bodies. These areas keep moisture and are usually
fenced to prevent the cattle entry, promoting then a cool shelter of dense vegetation and

with little flow of domestic animals.
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The three canids were found using shelters mostly during day hours. During the
inactive moments of night period, animals were observed resting between foraging
intervals, both sitting as lying on the grass or on the top of a termite mound (in the case
of hoary foxes), but rarely inside or under shelters. Shelters are an essential resource for
several species, and generally are used for protection against predators and weather
(Manser and Bell 2004; Kowalczyk and Zalewski 2011; Periquet et al. 2015) or
reproducing (Courtenay et al. 2006), and may have significant effect on home ranges
settlement (Lucherini et al. 1995; Fisher 2000). Knowing aspects of the natural history
of species (e.g. shelters used by carnivores) may help understand their role on
ecological networks and even parasites cycles, such as Trypanosoma cruzi e Leishmania
sp., species of high importance for public health (Rocha et al. 2013). These authors
suggest that one of the possible causes for hoary fox infection with 7. cruzi is through
Triatomine bugs, which act as vectors also uses armadillo holes as shelter. Very few
studies described the shelter use for South American savannas’ canids and the role of
such structure on animals’ ecology. Emmons (2012) suggests that diurnal shelters
(which she calls “beds”) used by maned wolves at the Bolivian Cerrado Noel Kempff
Mercado National Park are used to offer protection against bees and flies, while
nocturnal beds for protection against mosquitoes. At Limoeiro, shelters were more used
during the day, suggesting it may be useful during this period, when temperatures can
reach 40° C degrees. Although pumas frequently predated both foxes and are common
at Limoeiro, the species has nocturnal habit and is more registered inside forested areas
(Fernanda C. Azevedo, personal observation), habitat not used by hoary foxes. Except
for this smaller species, escape from predation does not seem to drive shelter use, at
least for the larger species. We believe shelter use at the three canids may be an

alternative to escape high temperatures during the day, a common condition at Central
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Brazil and Cerrado ecosystem. However, hoary fox apparently also benefit of shelters
for rearing puppies, against predation and agonistic behaviors from the two larger
canids and domestic dogs (Canis lupus familiaris). Twice we registered a hoary fox den,
with puppies inside, be verified by a larger canid. On the first occasion, a monitored
female maned wolf inspected the den, threading its head and sniffing some times. On
the second occasion, a monitored couple of crab-eating foxes did the same, on two
different nights and tried to enter the den but gave up after some minutes. As long as we
able to observe any puppies were killed or predated on these occasions.

If spatiotemporal overlapping of the three species is really high at Limoeiro, and
small foxes may compete for food in some degree, it would be expected high degrees of
interspecific competition and killing, as reported to several other sympatric canids
(Tannerfeldt et al. 2002; Kamler et al. 2003b, 2012). However, as previous reported by
Lemos et al. (2007, 2011), interspecific encounters among the three species, especially
agonistic interactions, are probably rare and were not common during observation
sessions at Limoeiro. Although hoary foxes have been mentioned in maned wolves scats
(Juarez and Marinho-Filho 2002; Jacomo et al. 2004) any hoary or crab-eating foxes
was predated or killed by wolves at Limoeiro. Di Bitetti et al. (2009) and Johnson and
Franklin (1994) point out that, although species apparently share niches in certain
degrees, differences may be on the microhabitat use scale and allow coexistence. We
believe such nuances may be especially difficult to detect through conventional radio
telemetry, or even Global Positional System (GPS) with very spaced data collection.
Though, more studies allying GPS technology with direct observations focusing on the
differences of space and microhabitat use are necessary.

Despite the apparently high home range overlap, especially among the smaller

species, and same activity period, the three species coexist in Limoeiro region.
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According to Juarez and Marinho-Filho (2002) and Jacomo and collaborators (2004),
diet overlap between L. vetulus and Cerdocyon thous is low. Our previous study at the
area also showed that diet overlap probably is low, or at least not at a level that would
generates competition for food resource. Shelters also do not seem to be the source of
competition. However, agonistic events were registered throughout the study,
suggesting interspecific territoriality. So what moves this behavior is not yet clear,
being necessary future studies that quantify encounters rates and consequences in order
to understand which resources trigger the competition and if this reaches the level of
interference and displacement.

Mortality — We were able to identify the probable death cause of nearly 70% of
the monitored canids. The two smaller species are subject to the same threats, with a
large percentage of deaths caused directly or indirectly by man. Also, from the two dead
wolves, one at least died due to human cause (railroad killed). More than one third
(31%) of hoary foxes and two thirds (60%) of crab-eating foxes deaths were due to
causes such as roadkill (6), rail roadkill (4), poisoning or shooting (7), or persecution by
domestic dogs (2). Combining results of the three species, from a total of 46 canids,
almost half (41.3%, n = 19) were killed by some kind of human action. From 19 deaths,
12 were from involuntary action, as someone or a train doesn’t choose to roadkill an
animal (although this is highly arguable, once lack of mitigation measurements, and
management of security zones and sideways along road and rail roads, over speed, or
targeting an animal could be considered voluntary actions). However, the remaining 7
deaths are result of voluntary actions and this means someone choose to fire a gun or
put poison in a bait, although killing and persecuting wildlife in Brazil is considered
federal crime. Lemos et al. (2011a; b) had already reported on the threats wild canids

face at Central Brazil, specially at highly anthropized, non protected areas such as the
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Southeastern of Goids state, and consequently Limoeiro region. Macdonald and
Courtenay (1996) also present a high rate of deaths caused by humans at Maraj6 Island,
where hunters killed ten of 12 crab-eating foxes. The hoary fox was considered
threatened of extinction recently (Lemos et al. 2013), though, unless the species shows a
high birth rate, if we consider that the species is endemic to a biome which greatest part
comprises private lands, such as Limoeiro, and that humans are responsible for a
significant part of fox’s deaths, chances are that the species may really down the slope
to an anthropogenic extinction.

The main human-related death causes were road killing and poisoning/shooting.
Canids, specially the crab-eating fox followed by the hoary fox, have been described in
several studies on road killings as two of the most impacted species (Cunha et al. 2010;
Lemos et al. 2011a; Huijser et al. 2013). Regarding poisoning, this practice is common
in Brazil, and also at Limoeiro region. During informal talks, people confirm the use of
poison to kill predators, blamed for preying on domestic animals. According to Lemos
et al. (2011b), no signs of domestic fowl were found in analyzed hoary fox scats at
Limoeiro, and appeared in low number in crab-eating foxes. However, prejudice and
poor knowledge on wildlife leads farmers and cowboys to kill potential predators, most
of the time without a reason or a clear guilty. This practice goes beyond the conflict
with canids and extends to other species of Brazilian carnivores such as jaguars
(Panthera onca) (Conforti and Azevedo 2003; Marchini and Macdonald 2012; Palmeira
and Trinca 2012) and pumas (Mazzolli et al. 2002; Verdade and Campos 2003).
Although road killings are commonly reported and poisoning frequent, several other
threats may have similar effects but end up going undetected, given the difficulty of

finding the carcass and further confirmation of death cause. Thus, it is important that
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more studies quantify the loss of individuals, especially for endangered species as the
hoary fox and the maned wolf (Paula et al. 2013).

The main canids natural death at Limoeiro was the predation by pumas, which is
the largest predator inhabiting Limoeiro region (Lemos 2016a). Our data represent the
first estimative on the impact of a large predator on a Cerrado canid community. At our
area, pumas were responsible for at least almost 22% of individuals’ removal, with
similar impact on both small fox populations (24% of hoary foxes deaths; 20% of crab-
eating fox deaths). Intraguild predation is apparently common and expected among
carnivores, however very few have been described for South American species
(Palomares and Caro 1999; Fedriani et al. 2000; Oliveira and Pereira 2014). Such
interaction regulate natural populations and shape community structure (Oliveira and
Pereira 2014). Foxes predated were mainly adults and juveniles dispersing, however
puppies monitoring in the future may reveal higher rates of this relation, once intraguild
predation is one of the main causes of cubs and juvenile mortality in other species (see
Ralls and White 1995; Rasmussen 1996; Mills and Mills 2003).

We couldn’t identify the death cause of 35% (16) of carcasses found, due lack of
clear signs or advanced state of decay. Except for old carcasses, animals with no clear
signs of death cause could be associated to several epidemic diseases known to be fatal
to wild species (Jorge et al. 2010), so properly quantifying the proportion of animals
affected by this type of threat is vital to understand the population dynamics of wild
canids at natural and anthropized landscapes.

Conservation and Management Implications — Our data suggest that at least half
of the threats to wild canids are related to human activities, especially road kill and
conflicts. Once road kills were the leading cause of death in the monitored assemblage

and considering that one of the most used shelter by at least two wild canids were
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clumps of high grass, we strongly suggest that the management of roads’ and railroads’
security zones have a more frequent maintenance. However, since they are not managed
by the government (federal and state) or by concession companies, these areas favor the
growing of dense vegetation, high and without the presence of domestic animals,
creating ideal habitats for crab-eating foxes and maned wolves, which also reproduce at
these areas regularly, and for their prey. It is known that medium and large mammals’
vehicle collisions are direct linked to the effect of road attraction caused by increased
resource availability (carcasses, seeds), nesting areas or dispersal route (Rosa and Bager
2013). In different years couples of crab-eating foxes birthed and reared puppies in the
security zones of the highways and railway that cross the study site. From time to time
these areas are burned by farmers illegally without any prior study of the fauna
associated to these areas. The most common and efficient maintenance of this type of
environment can make it less favorable to be used not only by crab-eating foxes, thus
reducing the chances of road killing for different species, not only those evaluated in
our study. Although crab-eating foxes are not threatened of extinction (Beisiegel et al.
2013), the species play important role along different ecosystems as a mesopredator
carnivore and possible disperser of seeds.

Many canid populations throughout the world are declining due to the expansion
of human populations, habitat loss and fragmentation, persecution and illegal poaching,
introduction of exotic species and many other reasons (Macdonald and Sillero-Zubiri
2004; Sillero-Zubiri 2009). Several of these were registered as causing foxes’ deaths at
Limoeiro, on different levels and impact. We hope our data help stakeholders when
taking decisions on how to share and apply resources to mitigate such conservation
problems. For example, in a region where roadkill is responsible for most of canids’

populations’ deaths maybe it could be more strategic to invest on the creation of
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wildlife corridors, wildlife, roadside management, signage, and awareness of drivers. In
addition, we strongly suggest to the city hall of Cumari the creation of a program to
domestic dogs control on farms and awareness of rural community about the risks of
these to wildlife and people when kept in an uncontrolled manner (no reproduction
control) and without health care, as annual vaccination. We hope our data contribute to
different approaches, helping to learn how the hoary fox shares traits with other
Canidae, and to understand how these three sympatric canids coexist and interact under

the same conditions.
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Fig. 1.— Map of the study area showing the land use of altered landscape and highways,
railway and farm houses at Limoeiro region, municipality of Cumari, Goids, Brazil. Red
line comprises the main region covered by the project.

Fig. 2. — Limoeiro region, municipality of Cumari, Goias, Brazil. Natural vegetation
represents about 25% of the area and is dispersed in patches (I — 500 ha) of
semideciduous and gallery forest, most along the margins of Paranaiba River.
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2336

2337

2338  Fig. 3.— Overlap is intense between wildlife and domestic animals in Limoeiro region,
2339  municipality of Cumari, Goias, Brazil. This picture highlights the proximity among the
2340  hoary-fox (Lycalopex vetulus) and the cattle (Bos taurus) in an exotic pasture.

2341
2342

2343

2344  Fig. 4.— The Limoeiro region, municipality of Cumari, Goias, Brazil, is crossed by
2345  paved and dirt roads that play important role as threat to wildlife. This picture highlights
2346  federal highway BR-050 crossing vegetation patches and pastures.
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Fig. 5. — Indirect human threats to wild canids monitored between 2008 and 2015 in the
anthropized region of Cumari, Goias state, Brazil. Lycalopex vetulus (a, b and d);
Cerdocyon thous (¢ and f); and Chrysocyon brachyurus (e and f).
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Fig. 6. — Apparent and confirmed causes of monitored wild canids death monitored
between 2008 and 2015 in the municipality of Cumari, Goias state, Brazil. a) and b)
unidentified causes; ¢) and d) natural causes such as advanced age; e) and f) predation
by Puma concolor.
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Fig. 7. — Direct and indirect human causes of wild canids death in the anthropized
region of Cumari, Goias state, Brazil. a ) and b) purposeful poisoning; ¢) and d) possible
diseases from the close contact with domestic animals such as mange (c); e) and f)
attack by domestic dogs (Canis lupus familiaris) and shooting. Credits of pictures: c)
for Caio F. M. Lima and f) for Adriano Gambarini. The red circle at picture d)
highlights a Lycalopex vetulus (Hoary fox).
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2367  Fig. 9. — Examples of stable variograms from three wild canids monitored at Cumari,
2368  Qoias state, Brazil. a) Lycalopex vetulus (hoary fox); b) Cerdocyon thous (crab-eating
2369  fox); ¢) Chrysocyon brachyurus (maned wolf).
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Fig. 10.— Home range size of hoary foxes (Lycalopex vetulus) (n = 38) monitored
between 2008 and 2015 at Limoeiro Region, municipality of Cumari, Goids state,
Brazil. Striped columns represent males and gray columns females.
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2383  Fig. 12.— Home range size variation of female and male hoary foxes (Lycalopex vetulus)
2384  (n = 38) monitored between 2008 and 2015 at Limoeiro Region, municipality of
2385  Cumari, Goias state, Brazil.
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2389  Fig. 13.— Home ranges of hoary foxes (Lycalopex vetulus) (n = 38) monitored between
2390 2008 and 2015 at Limoeiro Region, municipality of Cumari, Goias state, Brazil. The
2391  green lines represent males and red lines females.
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Fig.14.— Home range size variation of female and male crab-eating foxes (Cerdocyon
thous) (n = 27) monitored between 2008 and 2015 at Limoeiro Region, municipality of

Cumari, Goias state, Brazil.
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Fig.15.— Home ranges of crab-eating foxes (Cerdocyon thous) (n = 27) monitored
between 2008 and 2015 at Limoeiro Region, municipality of Cumari, Goids state,

Brazil. The green lines represent males and red lines females.
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Fig.16.— Home ranges of maned wolves (Chrysocyon brachyurus) (n = 4) monitored
between 2011 and 2015 at Limoeiro Region, Southeast of Goias state, Brazil.
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foxes (Cerdocyon thous) and hoary foxes (Lycalopex vetulus) monitored between 2008
and 2015 at Limoeiro Region, Southeast of Goiés state, Brazil, was different in size and
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Fig. 20. — Types of shelters used by three species of wild canids at Limoeiro region,
municipality of Cumari, Goias State, Brazil. Legend: a) clump of low grass; b) hoary
fox (Lycalopex vetulus - red circle) resting in a clump of low grass; c) extern side of a
clump of medium grass; d) intern side of a clump of medium grass; e) clump of tall
grass and f) maned wolf (Chrysocyon brachyurus) resting in a clump of tall grass.
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Fig. 21. — Types of shelters used by three species of wild canids at Limoeiro region,
municipality of Cumari, Goias State, Brazil. Legend: a) armadillo hole; b) hoary fox
(Lycalopex vetulus) in an armadillo hole; ¢) and d) edge of marsh; e) clump of grass
with dead branches and f) hoary fox (Lycalopex vetulus- red circle) resting in a clump of
grass with dead branches.



2440

2441
2442
2443
2444
2445
2446

116

Fig. 22.— Types of shelters used by three species of wild canids at Limoeiro region,
municipality of Cumari, Goias State, Brazil. Legend: a) clump of grass with bush; b)
hoary fox (Lycalopex vetulus - red circle) in a clump of grass with bush; c) clump of
grass with thorn bush; d) intern side of a clump of grass with thorn bush; e) bacuri palm
(Platonia insignis) and f) resting site in the bacuri palm.



2447

2448
2449
2450
2451

117

Fig.23. — Types of shelters used by three species of wild canids at Limoeiro region,
municipality of Cumari, Goids State, Brazil. Legend: a) clump of grass with gravata
(Bromelia balansae), b) reed plantation (Pennisetum purpureum or Saccharum sp.).
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Fig.24. — Types of shelters used by male and female hoary foxes (Lycalopex vetulus) at
Limoeiro region, municipality of Cumari, Goids state, Brazil. Legend: black bars are
females and grey bars are males. Gravatd (Bromelia balansae),Bacuri Palm (Platonia
insignis).
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Fig. 25. — Frequency of shelters used in different seasons by female hoary foxes
(Lycalopex vetulus) at Limoeiro region, municipality of Cumari, Goias state, Brazil.

Legend: black bars are dry season and grey bars are wet season. Gravata (Bromelia
balansae).

Fig. 26. — Frequency of shelters used in different seasons by male hoary foxes
(Lycalopex vetulus) at Limoeiro region, municipality of Cumari, Goids state, Brazil.
Legend: black bars are dry season and grey bars are wet season. Gravata (Bromelia
balansae) and Bacuri Palm (Platonia insignis).
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Fig. 27. — Types of shelters used by male and female crab-eating foxes (Cerdocyon
thous) at Limoeiro region, municipality of Cumari, Goids state, Brazil. Legend: black
bars are females and grey bars are males. Bacuri Palm (Platonia insignis) and reed
(Pennisetum purpureum or Saccharum sp.).
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Fig. 28. — Frequency of shelters used in different seasons by male and female crab-
eating foxes (Cerdocyon thous) at Limoeiro region, municipality of Cumari, Goids state,
Brazil. Legend: black bars are dry season and grey bars are wet season. Gravatd
(Bromelia balansae) and Bacuri Palm (Platonia insignis)
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Fig. 29. — Types of shelters used by male and female maned wolves (Chrysocyon
brachyurus) at Limoeiro region, municipality of Cumari, Goias state, Brazil. Legend:
black bars are females and grey bars are males. Gravata (Bromelia balansae) and
Bacuri Palm (Platonia insignis).

Fig.30.— Frequency of shelters used in different seasons by male and female maned
wolves (Chrysocyon brachyurus at Limoeiro region, municipality of Cumari, Goias
state, Brazil. Legend: black bars are dry season and grey bars are wet season. Gravatd
(Bromelia balansae) and Bacuri Palm (Platonia insignis).
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CAPITULO III

Avaliacao do risco de extin¢cao da raposa-do-

campo Lycalopex vetulus (Lund, 1842) no Brasil

# Artigo publicado no periddico Biodiversidade Brasileira 21/06/2013
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Justificativa

A raposa-do-campo, Lycalopex vetulus, ¢ a Ginica espécie de canideo brasileiro
endémica do Cerrado, bioma sob alta pressdo antropica e com menos de 20% de sua
area original ainda em estado primitivo. Considerando estimativas conservadoras, o
Cerrado sofreu um desmatamento de 50% de sua area nos ultimos 40 anos; destes,
pode-se estimar uma perda de 20% desta drea em um periodo de 15 anos ou trés
geragdes, que deve corresponder a uma perda populacional equivalente para a espécie.
Este declinio ndo cessou. Estima-se que a espécie tera uma perda de habitat de, pelo
menos, 10% nos proximos 15 anos. Considerando que a espécie também sofreu e
continua sofrendo perdas importantes ndo quantificadas decorrentes de atropelamento,
predacao por cdes domésticos, doencas, retaliagdo a suposta predagdo de animais
domésticos, e alta mortalidade de filhotes/juvenis, o declinio populacional deve, em
uma estimativa conservadora, ter sido de pelo menos 30% nos tltimos 15 anos e deve
atingir o limite de 30% nos proximos 15 anos. Até onde se sabe a espécie s6 ocorre em
territorio brasileiro, ndo havendo populagdes em paises vizinhos. Por estas razodes, a

espécie foi categorizada como Vulneravel (VU) pelos critérios A2+3cd.

Nome popular

Raposa-do-campo, raposinha, raposinha-do-campo (Portugués), jaguarapitanga
(Tupy), waptsa wa (Xavante), hoary fox, hoary zorro, small-toothed dog (Inglés), zorro
de campo comun (Espanhol), renard du Bresil (Francés), kampfuchs (Alemao)

(Dalponte & Courtenay 2004).
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Notas taxonémicas
Atualmente ndo sdo reconhecidas subespécies de Lycalopex vetulus (Wozencraft

2005).

Sinonimia

Em alguns trabalhos a espécie ¢ denominada Dusicyon vetulus, seguindo
Clutton-Brocket al. (1976). Apesar de alguns trabalhos utilizarem Pseudalopex vetulus
a partir de Berta (1987), o mais aceito atualmente € Lycalopex vetulus, de acordo com

Wozencraft (2005) e Dalponte (2009).

Historico das avaliacées nacionais

A espécie nao esta incluida na lista brasileira oficial de espécies ameacadas de

extingado (MMA 2003).

Avaliacoes em outras escalas

A raposa-do-campo ¢ considerada Menos Preocupante (LC — Least Concern)
pela UICN (Dalponte & Courtenay 2008), mesmo sendo uma espécie endémica ao
Cerrado e sujeita a varias ameagas antrOpicas. Esta avaliacdo baseia-se no fato de a
espécie aparentar ser relativamente comum e localmente abundante na area central de
sua distribuicdo, além de exibir certa adaptabilidade a disturbios antropogénicos
(Dalponte & Courtenay 2008). De acordo com os autores, ndo existiam, até 0 momento

da avaliacdo, ameagas conhecidas que resultassem ou pudessem resultar em um declinio
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significantivo da popula¢do. Entretanto, os mesmos ressaltam que apesar de suas
populagdes serem consideradas estaveis, ainda sdo inexistentes estimativas precisas do
tamanho e dinamica populacionais.

No Brasil a raposa-do-campo esta presente nas listas vermelhas de espécies
ameacadas de extingdo dos estados de Sao Paulo ¢ Parana. Em Sao Paulo ¢é considerada
Vulneravel (critério A2c), uma vez que o tamanho da populagdo e sua dindmica sdao
desconhecidos, além do elevado numero de atropelamentos e conflitos com humanos
(para detalhes ver Lemos & Azevedo 2009). No Parana, a raposa-do-campo consta
como Dados Insuficientes (DD), devido a falta de informagdes sobre a real distribuicao
da espécie no estado (Mikich & Bérnils 2012). O Parani pode representar o possivel
limite sul da area de ocorréncia da espécie (Mikich & Bérnils 2012), e ndo o estado de
Sao Paulo, como atualmente reportado na literatura (Dalponte 2009). Entretanto, este
aspecto ¢ discutido no tdpico seguinte. Em Minas Gerais, apesar de nao constar na
pesquisa online de espécies ameacadas do estado (Biodiversitas 2012), Chiarello et al.

(2008) citam a raposa-do-campo como uma espécie Em Perigo (EN).

Distribuicao geografica

Endémica do Brasil, a distribuicdo geografica da raposa-do-campo originalmente
parece estar associada aos limites de extensdo do Cerrado (4reas de vegetagdo savanica)
(Dalponte 2009). A espécie pode ainda ser encontrada em zonas de transi¢do, incluindo
habitats abertos no Pantanal (mosaico de campos e vegetacao xerofitica), embora ainda
existam certos estados e regides neste bioma onde a espécie ndo foi registrada até a
conclusdo deste artigo. E mais comum na regido centro-sul do bioma (Dalponte 2009),

mas registros recentes t€ém ampliado consideravelmente sua distribuicdo para a regido
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norte e nordeste do pais. Considerando as novas informacgdes, a area de ocorréncia atual
da raposa-do-campo estende-se do centro-nordeste e oeste do estado de Sao Paulo
(Dalponte 2003, Dalponte 2009) ao norte do Piaui (Costa & Courtenay 2003) ¢ médio-
leste do Maranhdo (Lemos & Azevedo, observagao pessoal), incluindo os estados do
Mato Grosso (centro-sul) e Mato Grosso do Sul (areas secas e ndo inundaveis do
pantanal), sul de Rondonia (Ribeiro comunicagdo pessoal) Goias, Tocantins, Distrito
Federal, sudoeste da Bahia, e centro-oeste de Minas Gerais (Dalponte 2003, Dalponte &
Courtenay 2008, Dalponte 2009, Lemos & Azevedo observacao pessoal) (Figura 1).
Apesar de sua distribuicdo razoavelmente conhecida, trés regides ainda
representam lacunas de conhecimento devido a auséncia ou ndo confirmacido de
registros. O extremo oeste de sua distribuicao, no Mato Grosso do Sul, representa uma
destas lacunas. Apesar de sua ocorréncia ser sugerida, mas nao confirmada, por
Anderson (1977) no Cerrado Boliviano, na area da Serrania de Huanchaca, o registro
mais a oeste estd a cerca de 75 km antes da fronteira boliviana (Dalponte 2009). Outra
lacuna ¢ a regido nordeste de sua distribuicao, na regido onde o Cerrado ¢ substituido
pelo bioma Caatinga. Apesar de durante a confec¢do deste artigo os autores terem
recebido diversos relatos de outros pesquisadores que afirmam ter registrado a raposa-
do-campo no centro e regido leste da Caatinga, ao serem analisados, nenhum dos
materiais testemunhos (fotos de animais vivos e atropelados, e rastros) confirmou tratar-
se da espécie. Por fim, o Parand representa a terceira lacuna de conhecimento sobre a
distribuicdo da raposa-do-campo. Apesar do estado de Sdo Paulo ser o limite de
distribuicdo conhecido e confirmado por material testemunho (Dalponte 2009), Mikich
& Bérnils (2012) incluem a raposa-do-campo na lista vermelha de espécies ameagadas

de extincdo do Parand, baseando-se em trés registros na porcao leste do estado.
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Entretanto at¢é o momento ndo existem evidéncias ou registros comprovados que
suportem esta ampliacdo na distribuigdo.

Uma das maiores dificuldades no conhecimento da real distribui¢do da raposa-
do-campo reside na identificagdo erronea da espécie por pesquisadores,
tradicionalmente baseada na coloragdo. A raposa-do-campo ¢ facilmente confundida
pelo pesquisador ndo especialista na espécie com outras duas espécies de canideos
brasileiros de mesmo porte: o cachorro-do-mato (Cerdocyon thous) e o graxaim-do-
campo (Lycalopex gymnocercus). O primeiro ocorre simpatricamente ao longo de toda a
distribui¢do de L. vetulus. J& o graxaim-do-campo substitui a raposa-do-campo no limite
sul de sua distribui¢ao, ndo sendo conhecida atualmente a distribuicdo norte da espécie e
se a mesma ocorre simpatricamente ou ndo com a raposa-do-campo. Lemos & Azevedo
registraram o graxaim-do-campo no sudoeste do estado de Sao Paulo, porém ¢
necessario que mais amostragens sejam realizadas na regido para melhor conhecer os
limites de cada espécie e se as mesmas tém distribuicdo sobreposta. Ainda, diversos
registros no nordeste do pais atribuidos a raposa-do-campo, quando analisados mais
profundamente, revelam se tratar do cachorro-do-mato, cuja populagdo da regido leste
de sua distribuigao possui individuos com pelagem mais clara do que a geralmente
encontrada em outras partes do Brasil. Estudos demonstraram que a maior parte dos
canideos diagnosticados com leishmaniose e raiva na regido nordeste, identificados
como L. vetulus, eram na verdade Cerdocyon thous (Courtenay et al. 1996, Carnieli et
al. 2008).

Entretanto, vale ressaltar que mesmo havendo sobreposicdo de coloragdo da
pelagem da raposa-do-campo com as outras espécies de canideos de pequeno porte do
Brasil, a identificacdo das mesmas deve ser baseada em outras diferengas morfologicas

menos variaveis como o tamanho corporal, tamanho e formato da cabeca e focinho em
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relacdo ao corpo (sempre maiores € mais robustos no cachorro-do-mato, seguido do
graxaim-do-campo), e a presenca de uma mancha negra na base da cauda da raposa-do-
campo, caracteristica peculiar a todas as espécies deste género (Lycalopex), além da
ponta da cauda negra. Com relagdo ao graxaim-do-campo, as manchas na cauda podem
representar um fator de confusdo entre as espécies, mas o graxaim ¢ maior (5 — 8 kg)
que a raposa-do-campo (2 — 4 kg), sendo a cabeca, o focinho e o peito mais largos e
robustos. Adicionalmente, a realizagdo da identificagdo das espécies por meio de
técnicas moleculares ¢ uma alternativa interessante nos casos em que houver
disponibilidade de amostras dos individuos, conforme constatado por Carnieli et al.
(2008).

Portanto, sdo necessarios mais estudos e amostragens que ajudem a eliminar
lacunas de conhecimento sobre a distribuicdo da raposa-do-campo, além da elaboragao
de material descritivo-fotografico (artigos, guias e livros) que ndo s6 divulgue mais a
espécie, mas também auxiliem na formacao e qualificagdo de pesquisadores e leigos

interessados na raposa-do-campo e no grupo Canidae.

Populacao

Nao existem estudos sistematicos sobre a densidade populacional de raposa-do-
campo ao longo de sua distribuicdo, exceto o realizado por Rocha et al. (2008) em duas
areas no Estado do Mato Grosso, uma de campo sujo e outra de pastagem. Segundo os
autores, a estimativa populacional para a area de campo sujo foi de 1,21 individuos/km?
e para a pastagem de 4,28 individuos/km?. Apesar dos autores sugerirem uma possivel
adaptagdo da espécie a ambientes antropizados, onde a vegetacdo natural do Cerrado ¢

substituida por pastagens exdticas, ¢ importante ressaltar que as areas utilizadas durante
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o estudo, além de proporcionarem visibilidade diferente, muito maior nas pastagens do
que no campo sujo, foram amostradas em momentos diferentes (“campo sujo” em
agosto e setembro, “pastagem” em outubro e novembro). Os dois periodos amostrados
sdo momentos diferentes na historia de vida da raposa-do-campo. Em agosto os filhotes
estdo nascendo e as maes passam mais tempo na toca, € os machos fora (Dalponte 2009,
Lemos et al. 2011la, Lemos & Azevedo observagdo pessoal), diminuindo a
probabilidade de avistamento de individuos. Em outubro os filhotes ja circulam fora de
suas tocas, juntos com seus pais, em pequenos grupos familiares (Dalponte 2009,
Lemos et al. 2011a, Lemos & Azevedo observagdo pessoal), aumentando o ntimero de
individuos que poderiam ser avistados. Portanto, ¢ possivel que a diferenca de
densidade encontrada nao reflita a realidade populacional das areas de estudo, mas seja
resultante de um viés amostral. Assim, ¢ imprescindivel que futuros estudos de
densidade populacional sejam ndo apenas realizados durante periodos maiores de
tempo, que abranjam diferentes épocas do ano, mas que principalmente os transectos
sejam feitos em estagdes/épocas de historias de vida similares. Isso € extremamente
importante dada a falta de outros estudos populacionais, uma vez que a espécie talvez
nao seja realmente favorecida pela conversdao de ambientes naturais de Cerrado em
pastagens. Além disto, Lemos e Azevedo (observagdes pessoais), a partir do
acompanhamento de uma populacdo em uma area fragmentada com matriz de pastagens
no sudeste de Goids, municipio de Cumari, relataram um possivel declinio populacional
ao registrarem em dois anos consecutivos a morte da maior parte dos filhotes nascidos e
também de varios juvenis e adultos. Desta forma, os resultados relatados por Rocha et
al. (2008) devem ser interpretados com cautela e ndo podem ser aplicados em toda a
distribuicao da espécie, dada a inexisténcia de estudos acerca de densidade e dinamicas

populacionais da raposa-do-campo em outras areas.



2726

2727

2728

2729

2730

2731

131

Além disso, a area de distribui¢do da raposa-do-campo ¢ grande e a espécie nao
s6 ocorre em diferentes tipos de ambientes, mas também enfrenta diferentes tipos e
niveis de pressdo antropica. De acordo com a UICN a espécie ¢ localmente abundante,
mas suas populagdes sdo menores que as do cachorro-do-mato, espécie para a qual

estimativas populacionais no Brasil também sdo escassas (Dalponte & Courtenay 2008).
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Consideramos que ndo se pode afirmar que L. vefulus se adapta a dareas
antropizadas até que sejam obtidos dados conclusivos sobre as densidades
populacionais da espécie em diferentes partes de sua distribuicdo geografica. Por esse
motivo, as perdas populacionais da espécie foram estimadas com base na perda de
habitat ocorrida em um periodo de trés geracdes (15 anos). Segundo Myers et al.
(2000), o Cerrado possui apenas 20% de area de vegetagdo primaria, sendo que a
degradacao do Cerrado iniciou-se na década de 1970 (Sano et al. 2010). Dados mais
conservadores sobre o desmatamento deste bioma apontam para uma perda de cerca de
50% da area de Cerrado (MMA/IBAMA/PNUD 2009). Considerando que esta perda
ocorreu em 40 anos, pode-se estimar uma perda de 20% desta drea em um periodo de 15
anos ou trés geragdes, que deve corresponder a uma perda populacional equivalente
para a espécie. As perdas populacionais da espécie ndo cessaram. Estima-se que a
espécie terd uma perda de habitat de, pelo menos, 10% nos proximos 15 anos. Esta
estimativa esta embasada em dados de desmatamento do Cerrado no periodo de 2002 a
2008 (MMA/IBAMA/PNUD 2009). De acordo com este estudo, foram perdidos
aproximadamente 14.000 km? de Cerrado por ano no periodo, o que corresponde a
1,34% da 4area remanescente do bioma (1.063.289 km?). No entanto, estimamos que,
desta taxa anual de desmatamento, aproximadamente 50% se referem a conversdao em
agricultura e 50% em pastagem e, uma vez que a espécie utiliza pastagens, foi decidido
utilizar 0,67% como a perda anual de habitat para a espécie.

Considerando que a espécie também sofreu no passado e ainda sofre perdas
importantes ndo quantificadas decorrentes de atropelamento, predagdo por caes
domésticos, doengas, retaliacdo a suposta predacdo de animais domésticos, e alta
mortalidade de filhotes/juvenis (ver item Ameacas e usos), o declinio populacional nos

ultimos 15 anos deve ter atingido 30% e o declinio nos proximos 15 anos deve também
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atingir o limite de 30%, ambos em uma estimativa conservadora, qualificando a espécie

a categoria Vulneravel (VU) pelos critérios A2+A3cd.

Habitat e ecologia

A raposa-do-campo ¢ uma espécie tipica de formacdes abertas do Cerrado,
preferindo as fitofisionomias de campos ou com vegetagdo mais rala e espagada como
os campos limpos, campos sujos, campos cerrados e cerrado stricto sensu, as formagdes
mais densas ou florestais, sejam elas deciduais ou matas de galeria (Cabrera & Yepes
1960, Coimbra-Filho 1966, Dalponte 1997, Dalponte 2003, Silveira 1999, Juarez &
Marinho-Filho 2002). Os ambientes preferenciais parecem focar as planicies e
chapaddes bem drenados do Brasil central, em que o regime de chuvas ¢ bem marcado,
apresentando uma estagdo seca longa onde a chuva ¢ escassa ou inexistente durante pelo
menos trés meses (Dalponte 2003). Dalponte (2003) estimou que dentre as 53
localidades em que a raposa-do-campo foi observada, 22,6% eram de cerrado stricto
sensu, 18,8% eram campos umidos (veredas, campos de murunduns ou campo de
vazante), 13% eram campo cerrado, e 11,3% eram campos naturais (campo limpo ou
campo sujo).

Apesar de aparentemente evitar regides pantanosas ou alagadi¢as, pode também
ser encontrada em algumas regides do Pantanal, onde existem grandes extensdes de
terrenos secos e abertos durante o periodo de inundacdo (Dalponte 2003). Censos
realizados nas planicies inundaveis do rio Paraguai ndo registraram a presenga da
espécie tanto em areas baixas e continuas (Alho ef al. 1988) quanto em areas altas e

isoladas (Shaller 1983, Dalponte 2003). No nordeste de sua distribui¢do foi registrada
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em ambientes de transicdo entre Cerrado e Caatinga (Barbosa Souza & Olmos 1991,
Olmos 1993, Dalponte 1995, Juarez & Marinho-Filho 2002).

Também existem diversos registros da espécie em areas antropizadas como as de
pastagem (Courtenay et al. 2006, Dalponte & Courtenay 2008, Rocha er al. 2008,
Dalponte 2009, Lemos et al. 2011a, b), de agricultura (Juarez & Marinho-Filho 2002,
Dalponte 2003, Lemos & Azevedo, observacao pessoal) e de silviculturas, mais
especificamente plantacdes novas de eucalipto (Courtenay et al. 2006) e seringueiras
(Lemos & Azevedo observagao pessoal). Segundo Dalponte (2003), areas de pastagem
de gado (pastagem manejada e pastagem suja) representaram 24,5% dos pontos onde
raposas foram registradas, enquanto campos de cultivo de graos representaram 7,5% das
observagoes realizadas. Em fazendas de gado no sudeste de Goids, Lemos et al. (2011a)
observaram que raposas-do-campo utilizam mais areas de pasto (preferencialmente
pastagem pastada) em detrimento de outros tipos de habitats disponiveis como
pastagens abandonadas em algum estdgio de sucessdo, mata semidecidua e borda de
mata, e brejos e borda de brejos, ndo ocorrendo nenhum registro da espécie em areas de
floresta nem permanentemente alagadas.

A raposa-do-campo € um carnivoro insetivoro-onivoro, que utiliza cupins como
a base de sua alimentacdo (e.g. Dalponte 1995, Dalponte 1997, Juarez & Marinho-Filho
2002, Jacomo et al. 2004, Ferreira-Silva & Lima 2006, Trovati et al. 2006, Dalponte
2009, Lemos et al. 2011a). A espécie consome também, em menores proporgoes,
besouros e gafanhotos e conforme a disponibilidade no ambiente e época do ano frutos
silvestres e exdticos, pequenos mamiferos, escamados, anuros e aves (Dalponte 1995,
Dalponte 1997, Juarez & Marinho-Filho 2002, Jacomo et al. 2004, Ferreira-Silva &
Lima 2006, Trovati et al. 2006, Dalponte 2009, Lemos et al. 2011a). Segundo Dalponte

& Lima (1999), L. vetulus pode ser considerada uma dispersora potencial de sementes
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devido a alta diversidade de frutos consumidos e a elevada presenca de sementes
intactas nas fezes analisadas.

Possui um padrao de atividade crepuscular-noturno, iniciando sua atividade apos
o por do sol e terminando ao amanhecer (Dalponte 2009). Ocorre em simpatria com
outros canideos brasileiros como o cachorro-do-mato e o lobo-guard (Chrysocyon
brachyurus), existindo alguma sobreposicao entre as dietas dos mesmos (Jacomo et al.
2004). Entretanto, aparentemente as adaptacdes morfoldgicas que permitem a raposa-
do-campo habitar areas mais secas de campos abertos e sua dieta direcionada
primordialmente aos cupins permitem que ela coexista com as outras duas espécies de
canideos (Dalponte 2009). Em algumas regides foi observado uma sobreposicao
alimentar moderada entre as duas espécies menores de canideos brasileiros, C. thous e
L. vetulus, uma vez que apresentaram alguma diferenca na preferéncia por alguns itens
alimentares (Silveira 1999, Juarez & Marinho-Filho 2002, Lemos et al. 2011a). Jacomo
et al. (2004) analisaram a sobreposi¢ao dos nichos alimentares entre estas trés espécies
no Parque Nacional das Emas, em Goias. Segundo os autores, a maior sobreposi¢ao
observada foi entre o lobo-guard e a raposa-do-campo, no entanto foi verificado que
existe diferenca no padrao de atividade das espécies, permitindo que habitem o mesmo
ambiente em simpatria. Entretanto, na regido do Limoeiro (sudeste de Goids), ambas as
espécies tém padrao de atividade similar e ainda assim ocorrem sintopicamente (Lemos
& Azevedo observacdo pessoal).

Com relagdo ao comportamento, raposas-do-campo sdo consideradas de habitos
solitarios (Lemos & Facure 2011) e monogamicos, formando pares reprodutivos durante
a estacdo de acasalamento que permanecem juntos durante a criagdo dos filhotes, sendo
o contato entre a fémea e o macho mais intenso nos quatro primeiros meses de vida da

prole (Dalponte 2003, Courtenay et al 2006, Lemos ef al. 2011a, Lemos & Azevedo
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observagdo pessoal). Observagdes de interagdes sociais estdo restritas as realizadas entre
os pares reprodutivos, que podem forragear proximos, mantendo alguma distdncia de
contato, e também entre a mae e seus filhotes (Dalponte 2003, Dalponte & Courtenay
2004, Courtenay et al. 2006, Lemos et al. 2011a).

As fémeas tém ninhadas de 2 a 5 filhotes que nascem geralmente de julho a
agosto, sendo o periodo de gestagdo de aproximadamente 50 dias (Dalponte 2003,
Dalponte 2009, Lemos et al. 2011a, Lemos & Azevedo observagdo pessoal). No sudeste
de Goias, (Lemos et al. 2011a, Lemos & Azevedo observagdo pessoal) raposas tiveram
ninhadas que variaram entre um (N = 1) e 4 filhotes (N = 2), mas ninhadas com trés
filhotes foram predominantes (N = 5). Normalmente, sdo usadas as tocas de tatus-peba
(Euphractus sexcinctus) abandonadas para o nascimento da ninhada (Courtenay et al.
2006, Dalponte 2009, Lemos et al. 2011a). As fémeas amamentam os filhotes até os 4
meses de vida, podendo permanecer com eles por 2 a 4 meses (Dalponte, 2009) e
eventualmente mais tempo (Lemos & Azevedo observacao pessoal). A dispersao dos
juvenis ocorre entre nove ¢ 10 meses de idade, quando eles comecam a estabelecer seus
proprios territorios, podendo ser proximos a area onde passaram seus primeiros meses
de vida (Dalponte 2003, Lemos & Azevedo observagdo pessoal). Registros recentes
indicam que o macho e a fémea participam nos cuidados com a prole (Courtenay et al.
2006, Dalponte 2009, Lemos & Azevedo observacdo pessoal).

Poucos trabalhos foram realizados a respeito do tamanho de area de vida
utilizado por raposas-do-campo. Em um estudo realizado na Bahia, Juarez & Marinho-

2 ¢ a de um

Filho (2002) estimaram a é4rea de vida de uma fémea adulta em 3,8 km
macho juvenil em 2 km?. Além disso, conforme registrado pelos autores, a distancia

percorrida por uma fémea adulta em uma noite foi de 4,55 km. Courtenay et al. (2006)

acompanharam um casal e dois filhotes numa area antropizada em Minas Gerais por
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alguns meses e estimaram em 4,56 km’ a 4rea de vida compartilhada pelo grupo. No
Mato Grosso, trés grupos, compostos por um grupo familiar e dois casais foram
acompanhados e a média da 4rea de vida encontrada foi de 0,48 km? (Dalponte 2009).
Tendo em vista o baixo niumero de animais acompanhados e a curta duracdo dos
trabalhos, faz-se necessario que novos estudos de monitoramento em longo prazo sejam
priorizados, para conhecer a area minima necessaria para uma raposa-do-campo atender
suas necessidades basicas.

Em relacdo as interacdes interespecificas, existem pouquissimos relatos
publicados sobre encontros entre a raposa-do-campo e outros carnivoros. De 2005 a
2011, no sudeste de Goias, Lemos e Azevedo (observagao pessoal) testemunharam trés
encontros entre raposas-do-campo e cachorros-do-mato, os quais resultaram em
perseguicdes da espécie maior sobre a menor, o que poderia indicar uma competi¢ao
interespecifica por uso de habitat (para mais detalhes ver Lemos et al. 2007, para uma
descricdo do primeiro registro). O segundo e terceiro registros consistiram em
individuos de raposa-do-campo monitoradas por colares VHF (Very High Frequency)
sendo afastadas de sua area por cachorros-do-mato também monitorados, sendo que
todas as observagdes foram visuais. Isso contraria o registrado por Courtenay et al.
(2006), que afirmam que a raposa-do-campo poderia tolerar cachorros-do-mato em suas
areas de forrageio. Fernanda C. Azevedo (observagdo pessoal) relata um macho de
raposa-do-campo em outubro de 2008 com comportamento agressivo afastando um
lobo-guaré que se aproximou muito de uma toca de filhotes (Lemos et al. 2011a).

Com relagdo aos carnivoros de grande porte, como ongas-pardas (Puma
concolor) e lobos-guaras, apesar de Jacomo et al. (2004) registrarem pelos de raposa-
do-campo em fezes de lobos-guaras, ndo existem registros que indiquem se a mesma foi

ativamente predada ou consumida como carcaca encontrada, embora de Paula
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(comunica¢do pessoal) tenha registrado um lobo-guara perseguindo uma raposa-do-

campo, mas sem alcangéa-la, no Parque nacional da Serra da Canastra.

Ameacas e usos

As maiores ameacas a conservacdo da raposa-do-campo parecem ser a
destruicao de seu habitat e outros efeitos negativos diretos e indiretos causados pelo
homem (Lemos et al. 2011b). Uma vez que a espécie s6 ocorre nos dominios do
Cerrado, e este se encontra entre os 25 ecossistemas mais ameagados do planeta (Myers
et al.; 2000), as a¢des antrdpicas aparentemente representam a maior fonte de
mortalidade da espécie (Lemos et al 2011b). Por serem consideradas terras
improdutivas”, nas ultimas duas décadas o governo federal incentivou o desbravamento
e “desenvolvimento” das fronteiras comerciais e industriais no Cerrado. Sdo diversas as
ameacas resultantes de tais agdes, sendo a expansao da fronteira agropastoril a principal
fonte de fragmentagdo e supressdo de habitats adequados a sobrevivéncia da espécie.
Areas de Cerrado nos estados de Sdo Paulo e Minas Gerais ocorrem em manchas
isoladas e atualmente encontram-se separadas da por¢ao mais continua e central do
bioma.

Como resultados do avanco desordenado das atividades humanas estdo o
crescimento (em tamanho e numero) dos centros urbanos, a crescente exploragao da
madeira para fornecimento de carvdo e a expansdo da malha viaria e ferroviaria
(Dalponte 2003, Lemos & Azevedo 2009, Lemos et al. 2011b). Atropelamentos (tanto
em rodovias quanto em ferrovias) contribuem com um niimero relativamente elevado de
retirada de individuos das populagdes de raposas-do-campo (Dalponte 2003, Dalponte

& Courtenay 2004, Lemos & Azevedo, 2009, Lemos ef al. 2011b). Outras ameagas sdo
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os ataques por cdes domésticos, que perseguem tanto adultos quanto filhotes, e a
perseguicao direta pelo homem em virtude da percepc¢ao erronea de ataques a animais
domésticos (Dalponte 2003, Lemos & Azevedo 2009, Lemos et al. 2011b), apesar de
aves domésticas serem pouco frequentes ou ausentes na dieta da espécie (Lemos et al.
2011a).

Além disso, a proximidade da espécie com animais domésticos possibilita a
transmissao de patdogenos, principalmente em dreas periurbanas e sedes de fazenda
(Silveira 1999, Dalponte & Courtenay 2008, Lemos ¢ Azevedo 2009, Megid ef al. 2010,
Lemos et al. 2011b). Apesar de no passado raposas-do-campo terem sido identificadas
como reservatorio de Leishmania chagasi (Deane & Deane 1954), Courtenay et al.
(1996) realizaram um trabalho comparativo de cranios e demonstraram que o0s
individuos infectados tratavam-se na verdade de cachorros-do-mato identificados
erroneamente como raposas-do-campo. Dados confirmados de animais infectados
incluem um individuo atropelado cujos exames confirmaram o diagnostico de cinomose
(Megid et al. 2010), dois individuos positivos para o virus da parvovirose canina (Curi
2005), e um caso de mortalidade por sarna reportado no Brasil central (Marinho-Filho
comunicacao pessoal). Assim, ¢ urgente que sejam realizados estudos em longo prazo
que ajudem a conhecer melhor a susceptibilidade de raposas-do-campo a doencas em
geral e a entender melhor o papel destas na sobrevivéncia de populacdes em diferentes

partes de sua distribui¢cdo, tanto em 4reas protegidas quanto antropizadas.

Acoes de conservaciao

Nao existem agdes de conservagdo especificas para esta espécie em curso ou

planejadas por parte de instituicdes governamentais. A¢des necessarias incluem medidas
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que priorizem a protecdo dos habitats adequados a sobrevivéncia da raposa-do-campo,
que sdo especificos do bioma Cerrado, j4 que esta espécie ¢ endémica deste
ecossistema. Em segundo lugar, mas ndo menos importante, estd a realizacdo de um
Plano de A¢ao Nacional (PAN) para a conservagdo da raposa-do-campo, com o objetivo
de reunir especialistas e informag¢des que possam discutir as melhores estratégias para
aumentar o conhecimento da espécie e garantir sua sobrevivéncia em longo prazo.
Projetos e iniciativas, governamentais e privadas, que visem reduzir os impactos
humanos causados no Cerrado, como agdes voltadas para a produgdo e desenvolvimento
sustentdvel, e a manutengdo da biodiversidade em agro-ecossistemas nas politicas de
desenvolvimento agro-pastoril (Dalponte 2003) podem contribuir de forma efetiva para
a conservacao da raposa-do-campo em areas antropizadas.
Programas pontuais ou de menor escala devem complementar as agdes acima
sugeridas, permeando os temas abaixo:
Estudos sobre densidade, abundancia relativa e tendéncias populacionais da raposa-do-
campo, que comparem areas protegidas com areas sob diferentes niveis de perturbacao
antropica;
e Atualizacdo da distribui¢ao da espécie;
e Papel de doengas na regulag¢do populacional da raposa-do-campo;
e Programas de informagdo e educacdo para a conservacao da biodiversidade que
desestimulem a captura e caga de animais silvestres e que divulguem a espécie;
e Programas de implementa¢do de técnicas para a mitigagdo do impacto de
empreendimentos lineares nas populagdes de raposas-do-campo;
e Programas de vacinagdo, castracdo e posse responsavel de cdes domésticos nas
areas de ocorréncia da raposa-do-campo, principalmente no entorno de unidades

de conservacao.
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Pesquisas realizadas

O Programa de Conservagao Mamiferos do Cerrado (PCMC), sob coordenagao
de Frederico Gemesio Lemos e Fernanda Cavalcanti de Azevedo e com a participacao
de outros colaboradores, vem estudando a espécie desde 2002 na regido do sudeste de
Goias, municipio de Cumari, Goids, e no Triangulo Mineiro. O grupo vem estudando os
aspectos basicos da historia natural da raposa-do-campo (ecologia espacial, uso de
habitat, dieta, dispersao de filhotes e taxas de sobrevivéncia e mortalidade), sua relagao
com canideos sintopicos, como o cachorro-do-mato e o lobo-guard (sobreposi¢ao
espacial, temporal e alimentar, além de interagdes diretas), seu perfil sanitario na regiao
e as causas de mortalidade em um ambiente antropizado. Inserido no PCMC, o Projeto

Raposa-do-campo tem atividades previstas para pelo menos até 2015.
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CONCLUSOES GERAIS

Nas ultimas décadas, o crescente interesse pela manutencdo de espécies em
ambientes fragmentados levou ao surgimento de novas abordagens e ao delineamento
de agdes globais relacionadas a conservacao da biodiversidade. Neste contexto, sdo cada
vez mais necessarios estudos que avaliem como a fauna vem respondendo aos diferentes
graus de modificagdo nos ecossistemas promovidos por acdes humanas. A porcao
sudeste do estado de Goids representa boa parte deste cenario, uma vez que esta situado
no centro do bioma Cerrado e, como em muitas outras regides deste ecossistema, sua
fauna e flora vém sofrendo forte influéncia antropica.

O trabalho de acompanhamento de trés espécies de canideos silvestres em uma
area modificada como a regido do Limoeiro e sem qualquer protecao oficial permitiu
entender um pouco mais como esses organismos tem sobrevivido nesse ambiente e as
ameacas com que convivem diariamente. Ainda, mais especificamente, conhecer a
biologia da raposa-do-campo vai além de entender suas relagdes ecologicas, pois pode
contribuir para entendermos melhor a histéria evolutiva da familia Canidae na América
do Sul e como se deu a irradiagdo de canideos deste grupo pelo continente sul-
americano. Raposas-do-campo e cachorros-do-mato também representam um 6timo
modelo de como se comportam canideos de pequeno porte do grupo Lupinae.

Resultados obtidos durante este trabalho nos permite chegar as seguintes conclusdes:

1. Pouquissimos trabalhos comparando esfor¢os de amostragem, e métodos e sucesso de
captura com canideos silvestres foram realizados no Brasil, sendo que muito pouca

informagao sobre este aspecto encontra-se disponivel na literatura;
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2. Armadilhas tipo caixa de médio e grande porte iscadas com sardinhas em 6leo sdo
muito eficientes para capturar e monitorar (através de eventos de captura/recaptura)
canideos silvestres; ainda, tomadas as devidas precaugdes, € sempre com a presenca de
um médico veterinario, mostraram ser um método seguro;

3. Apesar de ter a segunda maior taxa de captura, a raposa-do-campo (Lycalopex
vetulus) teve a maior taxa de recaptura e pode ser um 6timo modelo para estudos de
dindmica populacional,;

4. O formato da mancha na base do rabo presente em canideos do género Lycalopex
pode ser usado para identificar individuos de maneira ndo-invasiva; estudos
populacionais com armadilhamento fotografico e/ou observacao direta podem se utilizar
desta caracteristica morfologica;

5. Raposas-do-campo apresentaram area de vida média de 2,68 km?, embora éreas
possam ser sete vezes menores ou trés vezes maiores; ainda, areas de vida ndo variam
com 0 sexo nem massa corporea dos individuos;

6. Cachorros-do-mato (Cerdocyon thous) tiveram éareas de vida média de 8,23 km?.
Areas ndo variaram com sexo nem massa corporea dos individuos, podendo ser quatro
vezes menores ou trés vezes maiores que a média;

7. Assim como em outras areas sob diferentes graus de conservagdo, lobos-guara
(Chrysocyon brachyurus) tiveram areas de vida média de 66,54 km?;

8. As trés espécies de canideos silvestres demonstraram ter alta sobreposi¢ao espacial e
temporal, e mesmo utilizando abrigos em diferentes frequéncias, ainda sdo necessarios
mais estudos que permitam entender como as trés espécies coexistem sem estabelecer
altos niveis de competicdo direta ou por interferéncia;

9. Apesar de estarem sujeitas a causas de morte naturais, as principais ameagas a

sobrevivéncia de canideos silvestres no Limoeiro sdo oriundas de ag¢des humanas,
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fazendo-se urgente a criacdo e implementacdo de medidas de mitigacdo que envolvam
as comunidades rurais, as quais convivem com estas espécies diariamente;

10. Devido a condigdo de endemia, as taxas atuais de desmatamento e substitui¢do de
ambientes naturais onde a raposa-do-campo ocorre, altas taxas de mortalidade de
filhotes, e outros fatores de ameaga relatados neste trabalho e compilados na literatura
nacional e internacional, a raposa-do-campo ¢ classificada como uma espécie vulneravel

a extingao.
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3153 o

3154  Anexo A: Ata de defesa de tese defendida na Universidade Federal de Uberlandia, em
3155 02 de setembro de 2016.

3156
Servigo Publico Federal - Ministério da Educagdo - Universidade Federal de Uberlandia . .
r Programa de Pés-Graduagdo em Ecologia e Conservacdo de Recursos Naturais o)
Campus Umuarama — Bloco 2D — Sala 26 — Uberlandia (MG) — CEP: 38400-902 e
@ (034) 3225-8641 T http://www.ppgeco.ib.ufu.br/ = ecologia@umuarama.ufubr  £COLOGIA
1 ATA DA SESSAO PUBLICA DE DEFESA DA 43° TESE DE DOUTORADO DO PROGRAMA DE
2 POS-GRADUAGAO EM ECOLOGIA E CONSERVAGAO DE RECURSOS NATURAIS (PPGECRN)
3 DA UNIVERSIDADE FEDERAL DE UBERLANDIA (UFU)
4
5  Defesa de Tese de Doutorado, N2. 43, PPGECRN
6  Data: 02 de setembro de 2016
7  Discente: Frederico Gemesio Lemos Matricula: 11213ECR005
8 Titulo do Trabalho: “Ecologia e conservagio da raposa-do-campo (Lycalopex vetulus) e suas
9  interagdes com canideos simpatricos em areas antropizadas de Cerrado do Brasil Central.”
10 Area de concentracgo: Ecologia.
11 Linha de pesquisa: Ecologia Animal
12 Projeto de Pesquisa de vinculagéo: Ecologia Animal e Interagdes Ecolégicas
13
14 No dia 02 de setembro do ano de 2016 na sala 2D14, Campus Umuarama da UFU reuniu-se a Banca
15  Examinadora designada pelo Colegiado do PPGECRN composta pelos seguintes Professores Doutores:
16  Julio Cesar Dalponte — Instituto Pré-Carnivoros, Rogerio Cunha de Paula - ICMBio, Ronaldo Gongalves
17 Morato — Instituto Chico Mendes, Natdlia Mundim Torres - INBIO/UFU e Katia Gomes Facure Giaretta
I8 - INBIO/UFU, presidente da banca e orientador do(a) candidato(a). O(a) Presidente declarou aberta a
19 sesséo as 13h00min, saudou a todos e apresentou os membros da Banca Examinadora e, em seguida,
20  passou a palavra ao(a) candidato(a) para que expusesse sua tese. A duragdo da apresentacio do(a)
21  discente e o tempo de argiiicio e resposta foram conforme as normas do Programa. A seguir o
22 presidente concedeu a palavra, pela ordem sucessivamente, aos(as) examinadores(as), que passaram a
23 argliir o(a) candidato(a). Terminada a argiiicdo, que se desenvolveu dentro dos termos regimentais, a
24 Banca, em sessdo secreta, atribuiu os conceitos finais. Em face do resultado obtido, a Banca
25  Examinadora considerou o(a) candidato(a) APROVADO(A). Esta defesa de Tese de Doutorado é parte
26 dos requisitos necessarios para a obtenc3o do titulo de “Doutor(a) em Ecologia e Conservacio de
27  Recursos Naturais”. O competente diploma sera expedido apds cumprimento dos demais requisitos,
28  conforme as normas do Programa, a legislagdo pertinente e a regulamentac3o interna da UFU. O(a)
29  Presidente(a) agradeceu aos membros da Banca Examinadora e a todos que contribuiram para o éxito
30  do processo que concluia as 18h15min e declarou encerrada a sessdo, cujos trabalhos s3o objeto desta
31  Ata que serd assinada pelo candidato(a) avaliado(a) e os m'embros da Banca Examinadora. Uberlandia
g% (MG), 02 de setembro de 2016 4,
3 Dr. Frederico Gemesio Lemos.....}.
35  Prof. Dr. Julio Cesar Dalponte..........
36  Prof. Dr. Rogerio Cunha de Paula ......"
37  Prof. Dr. Ronaldo Gongalves Morato ......\
38  Profa. Dra. Natdlia Mundim Torres ....J.
39  Profa. Dra. Kitia Gomes Facure Giaretta ....K: !
40
L 1 copia do aluno, 2 cépias PROPP, 1 cdpia secretaria
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Anexo B: Parecer de aprovagdo do projeto na Comissdo de Etica no Uso de Animais
(CEUA) da Universidade Federal de Goids.

MINISTERIO DA EDUCACAO @

UNIVERSIDADE FEDERAL DE GOIAS ")
PRO-REITORIA DE PESQUISA E INOVACAO ol

COMISSAO DE ETICA NO USO DE ANIMAIS/CEUA UFG

Goiania. 10 de novembro de 2014.
PARECER CONSUBSTANCIADO REFERENTE AO PROJETO DE PESQUISA DO
PROTOCOLO N. 086/14

I- Finalidade do projeto de pesquisa: Outros — projeto isolado

II - Identificacio:

O Titulo do projeto: Projeto ecologia e conservagdo da raposa-do-campo (Lycalopexvetulus) em areas
antropizadas de Cerrado no Brasil Central

O Pesquisador Responsavel/ Unidade: Frederico Gemesio Lemos/ Regional Cataldo

O Pesquisadores Participantes: Frederico Gemesio Lemos, Fernanda C. de Azevedo, Ricardo Corasa

Arrais, Mozart Caetano de Freitas Junior
O Unidade onde sera realizado: Regional Cataldo
O Data de apresentacao a CEUA: 19/09/14

III - Objetivos e justificativa do projeto: Aumentar o conhecimento sobre a ecologia da espécie e
conhecer sua relagdo com outros carnivoros sintdpicos em fazendas de gado no municipio de Cumari. Goias,
Brasil. Os objetivos especificos do projeto sdo: 1) descrever a 4rea de vida. o uso de habitat, o padrio de
atividade e o comportamento social da raposa-do-campo em um ambiente alterado com matriz de pastagens
antrépicas e fragmentos de cerrado; 2) descrever o cuidado do casal & prole, a dieta. idade da dispersdo dos
filhotes ¢ o sexo que dispersa; e 3) descrever a sobreposi¢do de nicho espacial e as interagdes da espéeie
com outros canideos sintépicos.

IV - Sumario do projeto:

a Discussio sobre a possibilidade de metodos alternativos e necessidade do numero de
animais: O projeto propde a investigacdo dos processos ecoldgicos de canideos silvestres. Estas questdes
permeiam o acompanhamento de individuos de vida livre, através da captura ¢ instalacio de coleira
radiotransmissora, para obtengdo de dados ecolégicos e comportamentais dificilmente obtidos utilizando-se
de outra metodologia. O niimero de animais a serem empregados na pesquisa foi estabelecido baseado em
um projeto piloto realizado na drea de estudo utilizando focagem noturna e 30 armadilhas fotograficas (que
possuem sensores de calor e movimento que disparam automaticamente) entre os anos de 2013 ¢ 2014.

m} Descricio do animal utilizado (numero, espécie, linhagem, sexo, peso, etc): Serdo utilizadas
3 diferentes espécies, a saber: Lyealopex vetulus (raposa-do-campo) com peso de 2.5kg - 4.2kg, Cerdocyon
thous (cachorro-do-mato) com peso de 6 kg — 8 kg, Chrysocyon brachyurus (lobo-guara) com peso de 20kg
- 30kg. Todos da linhagem Canidae, todos adultos e subadultos, entre machos e fémeas.

Q Espécie e numero total de animais utilizados: Serdo utilizadas: 30 Lycalopex vetulus, sendo 15
fémeas ¢ 15 machos; 30 Cerdocyon thous, sendo 15 fémeas e 15 machos; 08 Chrysocyon brachyurus, sendo
04 fémeas e 04 machos.

a Descriciao das instalacoes utilizadas e numero de animais/area/qualidade do ambiente (ar,
temperatura, umidade), alimentacio/hidratacio: Serdo capturados canideos de vida vidra livre na drea de

Comissdo de Etica no Uso de Animais/CEUA
Pro-Rettoria de Pesquisa e Inovagio/PRPI-UFG, Caixa Postal: 131, Prédio da Reitoria, Piso 1, Campus Samambaia (Campus IT) -
CEP:74001-970, Goiinia — Goias, Fone: (55-62) 3521-1876.
Email: ceua.ufg@gmail com
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MINISTERIO DA EDUCACAO ) .“.
UNIVERSIDADE FEDERAL DE GOIAS sl @!
PRO-REITORIA DE PESQUISA EINOVACAO UFG
COMISSAO DE ETICA NO USO DE ANIMAIS/CEUA

estudo, localizada na Regido do Limoeiro, municipio de Cumari, Goias, Brasil. Os animais serdio observados
em seu habitat natural.
a Utilizacao de agente infeccioso/gravidade da infeccio a ser observada e analise dos riscos
aos pesquisadores/alunos: Nio se aplica. Por se tratar da captura de carnivoros silvestre em area natural,
toda a equipe deve estar preparada para eventuais riscos. Para que todo o procedimento anestésico ¢ a coleta
de dados, mncluindo a vistoria presencial das armadilhas, os integrantes deste projeto de pesquisa possuem
cursos ¢ especializacdes no manejo de fauna silvestre. Serd utilizada pela equipe durante toda execugdo das
atividades equipamentos de protecdo fisica como roupas resistentes, perneiras, luvas de couro, chapéus ou
bonés, botas antiderrapantes e resistentes a dgua. A equipe também dispde de cambao com cabo de 1,80 m,
puga de aro grande, arma anestésica reserva (pistola e zarabatana), lanternas potentes, equipamento de
telemetria e sistema de radio comunicagdo. Obrigatoriamente todos os membros da equipe executora estdo
devidamente protegidos contra a raiva (carteira de vacinacio e sorologia atualizados). febre amarela ¢
tetano.
1 Adequacio da metodologia e consideracdes sobre o sofrimento imposto aos animais: Vide pag. 18
a 21 do projeto de pesquisa.
Meétodo de entanasia: Nio se aplica.

Destino do animal: Permanecerad em seu ambiente natural.

a

a

IV — Comentarios do relator frente as orientacoes da CEUA:

a Quanto a documentos: A documentacio esta de acordo com o exigido pela CEUA/UFG.

a Quanto aos cuidados e manejo dos animais e riscos aos pesquisadores: As informacdes
constantes no projeto ¢ ficha protocolo quanto aos cuidados e manejo dos animais e riscos aos pesquisadores

estdo de acordo com principios éticos indicados pelo CONCEA.

V - Parecer da CEUA:

De acordo com a documentagdo apresentada a CEUA, consideramos o projeto APROVADO.

Reiteramos a importincia deste parecer Consubstanciado, ¢ lembramos que o(a) pesquisador(a) responsével
devera encaminhar 8 CEUA-PRPI-UFG o Relatério Final baseado na conclusdo do estudo e na incidéncia de
publica¢des decorrentes deste, de acordo com o disposto na Lei n°. 11.794 de 08/10/2008, ¢ Resolucdo
Normativa n°. 01, de 09/07/2010 do Conselho Nacional de Controle de Experimentagio Animal-CONCEA.
O prazo para entrega do Relatorio ¢ de até 30 dias apds o encerramento da pesquisa.

VI - Data da reuniao: 10/11/14

Assinado de forma digital por

RENATA MAZARO:12343522812
Dados: 2014.11.14 13:12:52
-02'00"

Dra. Renata Mlazaro e Costa
Coordenadora da CEUA/PRPI/UFG

Comissdo de Etica no Uso de Animais/CEUA
Pro-Rettoria de Pesquisa e Inovagio/PRPI-UFG, Caixa Postal: 131, Prédio da Reitoria, Piso 1, Campus Samambaia (Campus IT) -
CEP:74001-970, Go1dnia — Goids, Fone: (55-62) 3521-1876.
Email: ceua ufg@gmail com
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3164  Anexo C: Parecer de aprovagdo do projeto na Comissio de Etica no Uso de Animais
3165 (CEUA) da Universidade Federal de Uberlandia.
3166

@j Universidade Federal de Uberlandia
Pré-Reitoria de Pesquisa e Pos-Graduacao
Comissao de Etica na Utilizacdo de Animais (CEUA)
Rua Ceara, S/N - Bloco 2T, sala 113 — CEP 38405-315
Campus Umuarama — Uberlandia/MG — Ramal (VolIP) 3423;
e-mail:ceua@propp.ufu.br; www.comissoes.propp.ufu.br

ANALISE FINAL N° 166/14 DA COMISSAQ DE ETICA NA UTILIZACAO DE
ANIMAIS PARA O PROTOCOLO REGISTRO CEUA/UFU 089/14

Projeto Pesquisa: “Ecologia e comportamento da raposa-do-campo
(Lycalopex vetulus), do cachorro-do-mato (Cerdocyon thous) e do lobo-
guara (Chrysocyon brachyurus) em areas antropizadas de Cerrado no Brasil
Central”

Pesquisador Responsavel: Frederico Gemesio Lemos.

O protocolo n@o apresenta problemas de ética nas condutas de pesquisa com
animais nos limites da redaca@o e da metodologia apresentadas. Ao final da
pesquisa devera encaminhar para a CEUA um relatorio final.

SITUAGAO: PROTOCOLO DE PESQUISA APROVADO.

OBS: O CEUA/UFU LEMBRA QUE QUALQUER MUDANCA NO PROTOCOLO

DEVE SER INFORMADA IMEDIATAMENTE AO CEUA PARA FINS DE
ANALISE E APROVACAO DA MESMA.

Uberlandia. 28 de outubro de 2014

Prof. Dr. César Augusto Garcia
Coordenador da CEUA/UFU
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3167 Anexo D: Autorizag¢do para execugdo do projeto concedida pelo Instituto Brasileiro do
3168 Meio Ambiente ¢ do Recursos Naturais (IBAMA) e Instituto Chico Mendes de
3169  Conservacao da Biodiversidade (ICMBio), Brasil.

3170

3171 Ministério do Meio Ambiente - MIMA
Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renovaveis - IBAMA
3172 N\ Instituto Chico Mendes de Conservagéo da Biodiversidade - ICMBio

ey v Sistema de Autorizacdo e Informagdo em Biodiversidade - SISBIO

Autorizagao para atividades com finalidade cientifica

Numero: 14576-1 | Data da Emissédo: 31/03/2008 16:05 Data de Validade: 31/03/2009
Dados do titular

Registro no Ibama: 1827988 | Nome: Frederico Gemesio Lemos |CPF. 014.293.776-23

Titulo do Projeto: ECOLOGIA E CONSERVAGAO DA RAPOSA-DO-CAMPO LYCALOPEX VETULUS EM AREAS DE CERRADO NO SUL DE
GOIAS, BRASIL

Nome da Instituicdo - UNIVERSIDADE FEDERAL DE GOIAS |CNPJZ 01.567.601/0001-43

Observacdes, ressalvas e condicionantes

A participacao de pesquisador(a) estrangeiro{a) nas atividades previstas nesta auforizacao depende de aulorizagao expedida pelo Ministério de Ciéncia e Tecnologia
(CNPQ/MCT).

5 |Esta autorizagdo ndo exime o titular e a sua equipe da necessidade de obter as anuéncias previstas em outros instrumentos legais, bem como do consentimento do
responsavel pela drea, publica ou privada, onde serd realizada a atividade.

Esta autorizac3o ndo podera ser utilizada para fins comerciais, industriais, esportivos ou para realizag3o de atividades inerentes ao processo de licenciamento
ambiental de empreendimentes. O material biolégico coletado devera ser utilizado para atividades cientificas ou didticas no mbito do ensino superior.

A auterizagdo para envio ao exierior de material biolégico ndo consignado devera ser requerida per meio do enderego eletrénice www.ibama.gov bricites. Em caso de
material consignado, consulte www.ibama.gov.brisishio - menu Exportacio

O titular de licenca ou autorizacdo e 0s membros da sua equipe deverdo optar por métodos de coleta e instrumentos de captura direcionados, sempre gue possivel,

5 | ao grupo taxondmico de interesse, evitando a morte ou dano significativo a outros grupes; e empregar esforgo de coleta ou captura que ndo comprometa a viabilidade
de populaciies do grupo taxondmico de interesse em condigdo in situ

Este documento n3o dispensa o cumprimento da legislacdo que dispde sobre acesso a componente do patriménio genético existente no territério nacional, na

6 | plataforma continental e na zona econdmica exclusiva, ou ao conhecimento tradicional associado ao patrimdnio genético, para fins de pesquisa cientifica
bioprospeccio e desenvolvimento tecnolégico

Em caso de pesquisa em Unidade de Conservagdo Federal, o pesquisador fitular devera contactar a administragdo dessa unidade a fim de CONFIRMAR AS DATAS

1

7 das expedigdes, as condigdes para realizagio das coletas e de uso da infra-estrutura da unidade.
a As afividades contempladas nesta autorizacdo NAO abrangem espécies brasileiras constante de listas oficiais (de abrangéncia nacional, estadual ou municipal) de
espécies ameacadas de extingio, sobree ou ar de sobri El
Equipe
# Nome Funcio CPE Doc. Identidade. Nacionalidade
1 | Joares Adenilson May Janior Velerinario 910.011.888-34 2539600 ssp-SC Brasileira
2 | Katia Gomes Facure Pesquisadora 102.087.368-44 19270500 SSP-SP Brasileira
Biloga de campo e
3 |Fernanda Cavalcanti Azevedo coordenadora 032.310.089-60 62624531 ssp-PR Brasileira
4 | Hugo Cardoso de Moura Cosia Biologo de campo 069 416.176-40 13084336 ssp-MG Brasileira
Locais onde as atividades de campo serdo executadas
# Municipio UF_| Descricao do local Tipo
1 [ CUMARI GO Sul de Goids Fora de UC
2 | CALDAS NOVAS GO Pargue Estadual da Serra de Caldas Novas - PESCAN UC Estadual
Atividades X Taxons
# Afividade Taxons
1_| Capiura de animais silvesires in situ Pseudalopex vetulus, Cerdocyon thous
2 [ Coletaftransporte de amosiras hiologicas in situ Cerdocyon thous, Pseudalopex vetulus
3 [ Marcagio de animais silvestres in situ Cerdocyon thous, Pseudalopex vetulus
Material e métodos
1 | Amostras biolagicas (camivoros) Animal morto ou partes (carcaca)/osso/pele, Sangue, Regurgitagdo/conteddo estomacal, Pélo,
Fragmento de tecido/orgdo, Fezes, Ectoparasita, Urina, Ecdise
2| Método de capiuralcoleta (Camivoros] ‘Armadilha fipo gaiola com atracao por iscas (‘Box I rap/Tomahawk/Sherman™)

Este documento (Autorizag&o para atividades com finalidade cientifica) foi expedido com base na Instrugdo Normativa Ibama n°154/2007. Atraves do
codigo de autenticacdo abaixo, qualquer cidaddo podera verificar a autenticidade ou regularidade deste documento, por meio da pagina do
Ibama/Sisbio na internet (www.ibama.gov.br/sisbio).

Cadigo de autenticagdo: 38868557 Hll‘HlHl‘lHl‘"Hl‘

[ Pagina 1/3 |
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Ministério do Meio Ambiente - MMA
Instituto Chico Mendes de Conservacéo da Biodiversidade - ICMBio
Sistema de Autorizacdo e Informacdo em Biodiversidade - SISBIO

Autorizagao para atividades com finalidade cientifica

Numero: 14576-6 | Data da Emissao: 03/08/2015 22:56 ‘ Data para Revalidagao™: 01/09/2016
* De acordo com o art. 28 da IN 03/2014, esta autorizacdo tem prazo de validade equivalente ao previsto no cronograma de atividades do projeto,
mas devera ser revalidada anualmente mediante a apresentacdo do relatorio de atividades a ser enviado por meio do Sisbio no prazo de ate 30 dias
a contar da data do aniversario de sua emissao.

Dados do titular
Nome: FREDERICO GEMESIO LEMOS CPF: 014.293.776-23

Titulo do Projeto: Ecologia e Conservacdo da Raposa-do-campo (Lycalopex vetulus) em areas antropizadas de Cerrado no Brasil Central

Nome da Instituigdo : UNIVERSIDADE FEDERAL DE GOIAS CNPJ: 01.567.601/0001-43

Cronograma de atividades

[#] Descricac da afividade [_Inicio (més/ano) [Fim (més/ano) ]
XECcucao do projeto (captura dos animails, monitoramento dos animais, coleta e analise de dados,
1|E 30d T tura d i itol to d is, colefa 3lise de dad 01/2013 1212016

Observagdes e ressalvas

As afividades de campo exercidas por pessoa natural ou juridica estrangeira, em todo o territorio nacional, que impliguem o deslocamento de recursos humanos e

1 | materiais, tendo por objeto coletar dados, materiais, espécimes bioldgicos e minerais, pecas integrantes da cultura nativa e cultura popular, presente e passada,
obtidos por meio de recursos e técnicas que se destinem ao estudo, & difusdo ou & pesquisa, estdo sujeitas a autorizacSo do Ministério de Ciéncia e Tecnologia

Esta autorizagdo NAC exime o pesquisador titular e os membros de sua equipe da necessidade de obter as anuéncias previstas em oufros instrumentos legais, bem
como do consentimento do responsavel pela area, plblica ou privada, onde sera realizada a atividade, inclusive do 6rg3o gesfor de terra indigena (FUNAL), da
unidade de conservagio estadual, distrital ou municipal, ou do proprietario, amendatario, posseiro ou morador de area dentro dos limites de unidade de conservago
federal cujo processo de regularizagdo fundidria encontra-se em curse.

Este documento somente podera ser utilizado para os fins previstos na Instrug3e Nermativa ICMBio n° 03/2014 ou na Instrugde Normativa ICMBic n® 10/2010, no que
3 | especifica esta Autorizacdo, ndo podendo ser utilizado para fins comerciais, industriais ou esportivos. O material biologico coletado devera ser utilizado para atividades
cientificas ou didaticas no Ambito do ensino superior.

A auterizacdo para envio ao exterior de material biolégico ndo consignado devera ser requerida per meio do endereco eletrdnice www.ibama.gov.br (Servigos en-ine -
Licenga para importacdo ou exportacdo de flora e fauna - CITES e ndo CITES).

O ftitular de licenga ou autorizacdo e os membros da sua equipe deverdo optar por métodos de coleta & instrumentos de captura direcionados, sempre gue possivel,

5 | ao grupo taxondmico de interesse, evitande a morte ou dane significativo a oufros grupes; e empregar esforco de coleta ou captura que ndo comprometa a viabilidade
de populacdes do grupo taxondmice de interesse em condigdo in situ.

O fitular de autorizagdo ou de licenga permanente, assim como os membros de sua equipe, quando da violagdo da legislacdo vigente, ou quando da inadequagdo,

6 |omissdc ou falsa descricdo de informagdes que subsidiaram a icdo do afo, pedera, mediante decisdo motivada, ter a autorizagdo ou licenga
suspensa ou revogada pelo ICMBio, nos termos da legislacdo brasileira em vigor.

Esle documento ndo dispensa o cumprimento da legislagdo que dispGe sobre acesso a componente do patrimdnio genético existente no territdrio nacienal, na

7 | plataforma continental e na zona econdmica exclusiva, ou ao conhecimento tradicional associado ao patrimdnio genético, para fins de pesquisa cientifica,
hioprospeccdo e desenvolvimento tecnoldgico. Veja maiores informacdes em www.mma.gov.bricgen.

Em caso de pesquisa em UNIDADE DE CONSERVACAD, o pesquisador titular desta autorizac3o devera contactar a administrac3o da unidade a fim de CONFIRMAR
AS DATAS das expedicies, as condigdes para realizag3o das coletas e de uso da infra-estrutura da unidade.

As afividades contempladas nesta autorizacao NAO abrangem espécies brasileiras constante de listas oficiais {de abrangéncia nacional, estadual ou municipal) de
espécies ameagadas de extingdo, sobree; ou de sobr El

Qutras ressalvas

| A pesquisadora estrangeira Stacie Marie Castelda informou que deu enirada em processo CNPq - Expedicao Cientifica e so estara contemplada
por esta Autorizacdo Sisbio mediante a emissao de autorizacao do MCT. concedida por meio de Portaria ministerial.

Equipe

7 Nome Funcao CPF Doc. Identidade. Nacionalidade
1 [JOARES ADENILSON MAY JUNIGR Veterinario 10.011.880-34 2539600 SSP-5C Brasieira

2 | Femnanda Gavalcanti Azevedo f;ﬂ?:’:"adom eBiologade | o35 340.099-50 62624531 SSP-PR Brasiieira

3 [RICARDO CORASSA ARRASRT Coordenador Velenans TTTA%5.085.41 754103503 S5P5P EESEE

4 | RONALDO GONCALVES MORATO gﬂ'ﬁi'c’gm"”'e Consultor 074.413.198-70 15931144 SSP-SP Brasileira

5 | ROGERIO CUNHA DE PAULA g‘z‘;‘c’gm"‘"e Consultor 166.165.498-36 201852718 SSP-SP Brasileira

& [Adranc Gambanni Fotografo 1535512882 7677156 SS0/sD 57 Eraslena

Este documento (Autorizagdo para atividades com finalidade cientifica) foi expedido com base na Instrug3o Normativa n® 03/2014. Através do codigo
de autenticacdo abaixo, qualquer cidaddo podera verificar a autenticidade ou regularidade deste documento, por meio da pagina do Sisbio/ICMBio na
Internet (www.icmbio.gov.br/sisbio).

Cadigo de autenticacao: 63256922 mlm ‘l‘"‘ Hl”"‘
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