UNIVERSIDADE ESTADUAL PAULISTA — UNESP
Instituto de Biociéncias, Letras e Ciéncias Exatas - Campus de Sédo José do

Rio Preto

ROMULO THEODORO COSTA

DISTRIBUIQAO ESPACO-TEMPORAL DE POPULACC)ES DE TATUS-GALINHA
(Dasypus novemcinctus) EM PAISAGENS FRAGMENTADAS DO CERRADO E
MATA ATLANTICA

Sao José do Rio Preto
2024



ROMULO THEODORO COSTA

DISTRIBUICAO ESPACO-TEMPORAL DE POPULACOES DE TATUS-GALINHA
(Dasypus novemcinctus) EM PAISAGENS FRAGMENTADAS DO CERRADO E
MATA ATLANTICA

Tese apresentada a  Universidade
Estadual Paulista (UNESP), Instituto de
Biociéncias, Letras e Ciéncias Exatas, Sao
José do Rio Preto, para obtencao do titulo
de Doutor em Biodiversidade.

Orientador(a): Prof.2 Dr.2 Rita de Cassia

Bianchi

Sao José do Rio Preto
2024



Costa, Romulo Theodoro
C337d Distribuicdo espago-temporal de populacdes de tatus-galinha

(Dasypus novemcinctus) em paisagens fragmentadas do Cerrado ¢

Mata Atlantica / Romulo Theodoro Costa. -- Sdo José do Rio Preto, 2025
90 f. : 1l., tabs., 3 v.

Tese (doutorado) - Universidade Estadual Paulista (UNESP),

Instituto de Biociéncias Letras e Ciéncias Exatas, Sdo José do Rio Preto

Orientadora: Rita de Cassia Bianchi

1. Biologia. 2. Ecologia. 3. Habitat. 4. Predacao. 1. Titulo.

Sistema de geragdo automatica de fichas catalograficas da Unesp. Dados fornecidos pelo autor(a).



ROMULO THEODORO COSTA

DISTRIBUIQAO ESPACO-TEMPORAL DE POPULAC}()ES DE TATUS-GALINHA
(Dasypus novemcinctus) EM PAISAGENS FRAGMENTADAS DO CERRADO E
MATA ATLANTICA

Tese apresentada a Universidade Estadual Paulista (UNESP), Instituto de
Biociéncias, Letras e Ciéncias Exatas, S8o José do Rio Preto, para obtencao do titulo
de Doutor em Biodiversidade.

Data da defesa: 19/12/2024

Banca Examinadora:

Prof.2 Dr.2 Rita de Cassia Bianchi
UNESP - Faculdade de Ciéncias Agrarias e Veterinarias - Campus Jaboticabal

Prof.2 Dr.2 Natalie Olifiers
UNESP - Instituto de Biociéncias Letras e Ciéncias Exatas - Campus Sao José do Rio
Preto

Dr.2 Ana Maria de Oliveira Paschoal
Universidade Federal de Minas Gerais, UFMG

Dr. Felipe Martello Ribeiro
Universidade Federal do Acre, UFAC

Dr. Nielson Aparecido Pasqualotto Salvador
Centro Nacional de Pesquisa e Conservacdo de Mamiferos Carnivoros
(CENAP/ICMBIo)



Aos meus filhos Heitor e Pedro, e a minha
esposa Francine, com infinito amor e
gratidao, dedico.



AGRADECIMENTOS

A minha esposa Francine, por ser meu porto seguro e exemplo de
superacao e resiliéncia. Agradego por suportar minhas auséncias com duas criangas
pequenas, pelas palavras de encorajamento e pelos empurrdes que precisava levar
de vez em quando. Obrigado por estar ao meu lado nas horas dificeis e brindar as
conquistas.

Aos meus filhos Heitor e Pedro, por ser minhas fontes de inspiracdo que
me fez persistir até o fim, na esperanga de contribuir um pouco para a geragao futura.
Agradeco ao Heitor por compreender, sempre que possivel para uma crianga, minhas
infinitas horas dedicadas em frente ao computador que me fizeram perder tantas
guerras de bolinha. Agradego ao Pedro que, por ter nascido durante uma pandemia,
me mostrar que mesmo nos momentos mais dificeis, € possivel ser feliz e ter
esperancga de que dias melhores virao.

Aos meus pais Silvan e Cristina € meus irmaos por estarem presentes
desde o inicio da minha jornada e apoiar minhas escolhas. Obrigado pelas
oportunidades que ndo me deixaram perder apesar dos sacrificios e por todo amor
que demonstram a mim e a minha Familia todos os dias.

A Rita de Cassia Bianchi, todo meu respeito e gratiddo por me acolher
novamente e encorajar meu trabalho. Agradeco a oportunidade de caminhar ao seu
lado por tantos anos e por fortalecer minha experiéncia, autonomia, autoconfianca e
meu otimismo.

Aos funcionarios do Parque Estadual Furnas do Bom Jesus, em especial
ao Arthur, Robertinho, e Ari por me atenderem sempre que necessario fornecendo
estrutura, apoio e uma boa prosa com café.

A todos os residentes de Pedregulho que abriram suas portas ao projeto e
nos receberam em suas propriedades para a instalagao das cameras.

A Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior - Brasil
(CAPES) pelo apoio na forma de financiamento do projeto, sob processo n°
88887.485988/2020-00



RESUMO

Esta tese aborda aspectos ecoldgicos do tatu-galinha (Dasypus novemcinctus) em
paisagens com diferentes niveis de antropizagdo nos biomas do Cerrado e da Mata
Atlantica em uma paisagem no nordeste do estado de Sao Paulo. Os tatus
desempenham papéis fundamentais na modificagdo do solo, dispersao de sementes
e criagao de refugios para outras espécies, no entanto, enfrentam ameacas, incluindo
a expansao urbana e o aumento da presencga de espécies exdticas. A primeira se¢ao
analisa como variaveis ambientais e caracteristicas do solo influenciam a ocupagao
dos tatus em uma paisagens heterogéneas. Foram obtidas 48 detec¢gbes com maior
probabilidade de ocupagcdo em areas proximas a cursos d’agua e formacdes
savanicas. Esses ambientes oferecem recursos essenciais para alimentacdo e
escavagao de tocas, enquanto a proximidade de estradas diminui a ocupagao. A
segunda secao investiga os padrdes de atividade e a segregacgao temporal dos tatus
na presenga de caes domésticos (Canis familiaris) e predadores nativos, como
jaguatiricas (Leopardus pardalis) e jaguarundis (Herpailurus yagouaroundi). Os tatus
e as jaguatiricas apresentaram atividade noturna, enquanto caes e jaguarundis foram
diurnos. Apesar de manterem sua atividade noturna, os tatus evitaram
temporariamente areas frequentadas por caes domésticos e jaguatiricas, aumentando
o intervalo entre detecgdes nessas condigdes. A terceira sec¢ao explora as interacoes
entre tatus e caes domésticos utilizando modelos de ocupacdo multiespécies. A
propor¢cao de formacdes savanicas em uma escala de 850 metros foi a principal
variavel explicativa para a ocupacao de ambas as espécies, mas com efeitos opostos:
enquanto os tatus preferem esses habitats devido a facilidade de escavacgao e acesso
a recursos, os caes domésticos tendem a ocupar areas proximas a zonas urbanas.
Os resultados destacam a importancia de habitats savanicos com baixa perturbagao
antropica. As interagdes negativas com caes domésticos reforcam a necessidade de
controle populacional desses animais, restricdes ao seu acesso a areas naturais e
conscientizagdo ambiental. Esta pesquisa ressalta a relevancia de estratégias de
manejo que considerem atributos ambientais e o impacto de espécies exdticas para a

conservagao do tatu-galinha em paisagens fragmentadas.

Palavras-chave: padrao de atividades; ocupacgao; coocorréncia; caes domeésticos;

areas protegidas.



ABSTRACT

This thesis addresses ecological aspects of the nine-banded armadillo (Dasypus
novemcinctus) in landscapes with varying levels of anthropogenic influence within the
Cerrado and Atlantic Forest biomes in a northeastern region of Sdo Paulo state, Brazil.
Armadillos play essential roles in soil modification, seed dispersal, and creating
refuges for other species; however, they face threats such as urban expansion and
increasing presence of exotic species. The first section examines how environmental
variables and soil characteristics influence armadillo occupancy in heterogeneous
landscapes. Atotal of 48 detections were recorded, with higher occupancy probabilities
in areas near watercourses and savanna formations. These environments provide
essential resources for foraging and burrow excavation, whereas proximity to roads
negatively impacts occupancy. The second section investigates activity patterns and
temporal segregation of armadillos in the presence of domestic dogs (Canis familiaris)
and native predators, such as ocelots (Leopardus pardalis) and jaguarundis
(Herpailurus yagouaround,). Armadillos and ocelots exhibited nocturnal activity, while
domestic dogs and jaguarundis were diurnal. Although armadillos maintained their
nocturnal activity, they temporarily avoided areas frequented by domestic dogs and
ocelots, increasing the detection intervals under these conditions. The third section
explores interactions between armadillos and domestic dogs using multi-species
occupancy models. The proportion of savanna formations within an 850-meter scale
was the main explanatory variable for the occupancy of both species but with opposite
effects: while armadillos prefer these habitats due to ease of excavation and access to
resources, domestic dogs tend to occupy near urban areas. The results highlight the
importance of savanna habitats with low anthropogenic disturbance. Negative
interactions with domestic dogs underscore the need for population control of these
animals, restrictions on their access to natural areas, and environmental awareness.
This research emphasizes the relevance of management strategies that consider
environmental attributes and the impact of exotic species for the conservation of the
nine-banded armadillo in fragmented landscapes.

Keywords: activity pattern; occupancy; co-occurrence; domestic dogs; protected

areas.
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1 INTRODUCAO

1.1 Os tatus e suas func¢des ecologicas

A superordem Xenarthra, que inclui tatus, tamanduds e preguicas, ¢ um grupo
emblematico das Ameéricas, conhecido por sua diversidade morfoldgica e especializagdes
ecologicas. Dentre as familias que compdem essa superordem, a Dasypodidae se destaca por
abranger espécies semifossoriais altamente adaptadas, com hébitos alimentares variados e
ampla distribuicao geografica. Atualmente, 20 espécies de tatus sdo reconhecidas no continente
americano, das quais seis ocorrem no estado de Sao Paulo: Cabassous tatouay, Cabassous
unicinctus, Dasypus novemcinctus, Dasypus septemcinctus, Euphractus sexcintus e Priodontes
maximus (BONATO et al., 2008; VIVO et al., 2011).

Os tatus possuem caracteristicas fisiologicas Uinicas, como temperaturas corporais e
taxas metabolicas mais baixas em comparagdo a outros mamiferos de tamanho semelhante
(MCNAB, 1980a). Essas adaptagdes fisioldgicas, aliadas a baixas taxas de fecundidade,
crescimento e dispersao, tornam as populacdes de tatus particularmente vulneraveis a alteragdes
ambientais (ICMBIO; MMA, 2018; RATTER; RIBEIRO; BRIDGEWATER, 1997). Contudo,
a importancia ecoldgica desses animais vai além de sua sensibilidade. Os tatus desempenham
um papel crucial como espécies engenheiras, transformando os habitats por meio da escavagao
de tineis, que promovem mudangas bioticas e abiodticas no solo. Essas alteragdes incluem maior
aeracdao (INOUYE et al., 1987), redistribui¢do de nutrientes (JONES; LAWTON; SHACHAK,
1994) e influéncia no escoamento de agua (LAUNDRE, 1993; VALENTINE, 2014). Além
disso, seus tineis beneficiam outras espécies ao facilitar a dispersdao de esporos de fungos
micorrizicos ¢ sementes (JAMES; ELDRIDGE; MOSEBY, 2010; JOHNSON, 1995),
contribuindo para a resiliéncia e funcionalidade dos ecossistemas.

Apesar de sua relevancia ecologica, os tatus permanecem como um grupo relativamente
pouco conhecido devido a desafios metodologicos. Suas baixas densidades populacionais,
habitos noturnos e comportamento semifossorial dificultam a obtencdo de informagdes sobre
sua ecologia, comportamento e historia de vida (LOUGHRY et al., 2015). Esse déficit de
conhecimento € particularmente problematico diante das crescentes ameagas as quais esses
animais estdo expostos, como a fragmentacdo de habitats e a caga, que comprometem a
viabilidade de suas populacdes (SUPERINA; PAGNUTTI; ABBA, 2014; MACE et al., 2008).

Nas ultimas décadas, a conversao de paisagens naturais em areas agricolas e urbanas
intensificou a degradagdo e fragmentacao dos habitats dos tatus. Esses processos reduzem a

disponibilidade de recursos, dificultam o fluxo migratério e levam ao isolamento populacional
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(KLINK; MACHADO, 2005; VERDADE et al., 2012). Além disso, areas fragmentadas sdo
mais suscetiveis a invasdo por espécies exoticas, como os caes domésticos (Canis familiaris),
que intensificam os riscos de predacdao e competicao por recursos (PASCHOAL et al., 2016;
SANTOS et al., 2017; ZANIN et al., 2019).

Portanto, compreender as interagdes entre os tatus e os fatores ambientais que afetam
sua persisténcia ¢ essencial para embasar estratégias de conservagao. Essas interagdes incluem
ndo apenas as dinamicas ecoldgicas dos proprios tatus, mas também os impactos de pressoes

externas, como a fragmentacdo, o desmatamento e a presenga de espécies invasoras.

1.2 A perda e fragmentacgio de habitats no Cerrado e na Mata Atlantica

A fragmentacdo e perda de habitats sdo processos em crescente aceleracdo nos biomas
tropicais, representando desafios significativos para a conservagdo da biodiversidade.
Globalmente, florestas remanescentes foram reduzidas a fragmentos menores que 10 ha e
situados a menos de 1 km das bordas florestais, o que aumenta a exposi¢ao a pressoes humanas,
a invasdo de espécies exoticas e a mudangas ambientais adversas (HADDAD et al., 2015). Esse
fendmeno ¢ evidenciado no Brasil, onde os biomas Cerrado ¢ Mata Atlantica, ambos
considerados hotspots de biodiversidade e de importancia ecoldgica e socioecondmica, sofrem
uma continua transformag¢do de seus ambientes naturais em areas antropizadas (HADDAD et
al., 2015).

O Cerrado ocupa 21% do territorio nacional e € reconhecido ser a formacao savanica
com a maior biodiversidade do planeta (KLINK; MACHADO, 2005; SANO et al., 2010). A
transformagdo do bioma em d&reas agricolas tem gerado impactos sobre a estrutura dos
ecossistemas € os servigos ecossistémicos essenciais, como a regulacao do clima, a conservagao
do solo e o armazenamento de carbono (CAMPEAO; SANCHES; MACIEL, 2020). Entre 2001
e 2017, cerca de 28.000 km? de vegetagdo nativa foram perdidos no Cerrado, embora a partir
de 2005 tenha havido uma desaceleragdo temporaria das taxas de desmatamento (MAURANO,
2019). No entanto, o desmatamento voltou a aumentar nos ultimos anos, evidenciado pelo
crescimento das taxas de supressdo entre 2019 e 2022, o que agrava a degradacgao dos habitats
naturais e intensifica os impactos sobre a fauna local (MAURANO, 2019).

De forma analoga, a Mata Atlantica, com sua biodiversidade tinica e relevancia para a
economia nacional, enfrenta uma constante reducao de seus fragmentos. O bioma, que sustenta
mais de 60% da populagdo brasileira e ¢ essencial para diversas atividades econdmicas, como

agricultura, turismo e recursos hidricos, continua a sofrer com a ocupa¢do humana e a conversao
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de habitats naturais (ARROYO-RODRIGUEZ et al, 2017, SAFAR; MAGNAGO;
SCHAEFER, 2020).

A fragmentacao e perda de habitat t€ém implicacdes profundas para a fauna desses biomas,
com efeitos diretos sobre a ocupagao, comportamento e ecologia das espécies. Para espécies
como o tatu-galinha, a transformacao das paisagens naturais pode interferir em suas rotinas de
atividade e na disponibilidade de recursos essenciais. A fragmentagdo limita a conectividade
entre habitats e reduz o acesso a locais adequados para alimentacao, abrigo e reproducao
(DELCIELLOS et al., 2018; HADDAD et al., 2015; KUIPERS et al., 2021). Além disso, a
perda de habitats pode induzir mudangas no comportamento dos tatus, forcando-os a se
adaptarem a novos ambientes, frequentemente mais fragmentados e com maior presenga de
predadores, além de espécies invasoras como caes domésticos, que impdem pressdes adicionais
sobre sua sobrevivéncia (HENLE ef al., 2004; LIU et al., 2018). Nesse contexto, investigar
como fatores como a presenca de predadores e a fragmentagdo de habitats influenciam a
ocupagdo e os padrdes de atividade do tatu-galinha € crucial para o desenvolvimento de
estratégias de manejo e politicas publicas que minimizem os impactos negativos dessa

transformagao ambiental (HENLE et al., 2004; LIU et al., 2018).

1.3 Impactos da fragmentaciio na biodiversidade

A perda e fragmentacdo de habitats em resposta as mudancas no uso da terra tém
impulsionado o aumento das taxas de extingdo de espécies, sendo reconhecida como uma das
principais causas do declinio da biodiversidade global (BETTS et al., 2019; CHAUDHARY;
MOOERS, 2018; NEWBOLD et al., 2015). Essas alteragdes nao apenas reduzem a diversidade
de espécies, mas também resultam em modificagdes no microclima, perda de habitats,
intensificacdo dos efeitos de borda e restricdes nos movimentos e no fluxo génico das espécies
(COTE et al., 2017; FAHRIG, 2003). Como consequéncia, os remanescentes florestais tornam-
se mais vulneraveis a perturbagdes externas, como a invasdo de espécies exoticas e suas
interagdes com espécies nativas, além da propagagdo de doencas entre animais silvestres
(RIBEIRO et al., 2015; SOLAR et al., 2016).

No Brasil, a conversao de areas naturais para agricultura e pecudria € a principal causa
da perda de biodiversidade, além de contribuir significativamente para as mudancas climaticas
devido as emissdes de carbono provenientes da supressao florestal (FIELD; BARROS, 2014).
Esses impactos sdo particularmente graves no Cerrado e na Mata Atlantica devido a alta
concentracdo de espécies endémicas e a situagdo critica de conservagao de seus habitats

(REZENDE et al., 2018; SAWYER et al., 2018).
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No Cerrado, a expansao de cultivos agricolas como soja, milho e eucalipto, associada a
criacdo de pastagens, tem acelerado o desmatamento, enquanto apenas 8,36% do bioma
encontra-se protegido por Unidades de Conservagdo, abaixo da meta de 17% estabelecida para
2020 (KLINK; MACHADO, 2005; SCARIOT; SOUZA-SILVA; FELFILI, 2005; BRASIL,
2000). Na Mata Atlantica, a proteg¢do limitada a cerca de 10% do territdrio, muitas vezes em
pequenos fragmentos isolados, compromete a sobrevivéncia de espécies que dependem de
grandes areas para suas atividades (DI MININ et al., 2016; VANCINE et al., 2024). A
fragmentacdo nesses biomas desregula processos ecologicos essenciais, como polinizacao,
dispersao de sementes e ciclagem de nutrientes, além de interferir no equilibrio das interagdes
interespecificas (DENER et al., 2021; FONTURBEL ef al., 2015; MULLU, 2016; RIBEIRO-
NETO et al., 2016). Essa desregulagdo gera efeitos em cascata, impactando a resiliéncia e a
estabilidade dos ecossistemas, com consequéncias para toda a rede ecologica (MITCHELL et
al., 2015).

Um dos impactos ¢ a facilitagdo da invasao de espécies exoticas, como cdes domésticos,
em areas protegidas. O comportamento predador desses animais, aliado a sua alta
adaptabilidade, intensifica a pressdo sobre espécies nativas, como o tatu-galinha (CARVALHO
et al., 2019; PASCHOAL et al., 2018). A presenca de caes domésticos pode reduzir a
disponibilidade de recursos e aumentar o risco de predagado para o tatu-galinha, comprometendo
sua sobrevivéncia e modificando padroes de atividade (RITCHIE et al., 2015; VANAK et al.,
2014).

Diante desse cendrio, investigar como fatores ambientais influenciam a intera¢do entre
o tatu-galinha e espécies invasoras, como caes domésticos, ¢ essencial para mitigar os impactos
da fragmentagdo na biodiversidade. As informacdes sobre essas dinamicas podem embasar
estratégias de manejo voltadas a restauragdo de ecossistemas, promoc¢ao da conectividade entre
fragmentos e controle de espécies invasoras, contribuindo para a preservacdo das funcdes
ecologicas e da biodiversidade em biomas criticos como o Cerrado e a Mata Atlantica

(REZENDE et al., 2018; STRASSBURG; IRIBARREM; BEYER, 2020).

1.4 Impactos dos caes domésticos nas comunidades nativas

Os caes domésticos sao atualmente a espécie da Ordem Carnivora mais abundante no
mundo, com estimativas populacionais que variam entre 700 milhdes e 1 bilhdo de individuos
distribuidos globalmente (HUGHES; MACDONALD, 2013; VANAK et al., 2014). Essa
proliferagdo reflete a alta adaptabilidade da espécie, que prospera tanto em areas urbanas quanto

em zonas rurais € ambientes naturais. No Brasil, os cdes domésticos representam uma das
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principais espécies invasoras, capazes de causar impactos significativos sobre populagdes
nativas e processos ecoldgicos (DOHERTY et al., 2017, HUGHES; MACDONALD, 2013;
PERRI et al., 2020).

Em habitats naturais, os cdes podem desempenhar multiplos papéis que afetam
negativamente a biodiversidade local. Como predadores, introduzem uma pressdo predatéria
exotica que pode levar a extingdo local de espécies vulneraveis, particularmente aquelas com
estratégias de defesa ineficazes contra predadores terrestres generalistas (SILVA-
RODRIGUEZ; SIEVING, 2011). Espécies de pequeno e médio porte, como o tatu-galinha,
frequentemente se tornam alvos devido a sua vulnerabilidade comportamental e ao
compartilhamento de habitats com esses invasores. Além disso, os cdes competem diretamente
com predadores nativos, disputando recursos alimentares ¢ territorios, o que pode comprometer
0 sucesso reprodutivo e a sobrevivéncia de espécies endémicas ja ameacadas (VANAK;
GOMPPER, 2009).

No contexto brasileiro, apesar da crescente preocupagdo com os impactos dos caes
domésticos na biodiversidade, ainda ha lacunas de informagdes sobre sua distribuicdo em
habitats naturais e seus efeitos sobre a fauna local (PERRI et al., 2020). Esta lacuna ¢
particularmente preocupante em biomas megadiversos, como o Cerrado e a Mata Atlantica,
onde a presenga de caes ¢ frequentemente associada a fragmentagao de habitats e a proximidade
de assentamentos humanos (CARVALHO et al., 2019b; PASCHOAL et al., 2018).

Entender as interagdes entre os caes domésticos e as populagdes naturais, com foco em
espécies vulneraveis como o tatu-galinha, ¢ fundamental para mitigar os impactos dessa espécie
invasora. Essas informacdes sdo essenciais para o desenvolvimento de estratégias eficazes de
manejo, como o controle de populagdes de cdes em areas protegidas e a implementagdo de

medidas para reduzir a sua expansdo em ambientes naturais.
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3 INFLUENCE OF HABITAT CHARACTERISTICS ON NINE-BANDED
ARMADILLOS (Dasypus novemcinctus) OCCUPANCY IN FRAGMENTED AREAS

ABSTRACT

Agricultural expansion, driven by the global demand for commodities, has led to significant
habitat loss and landscape simplification, particularly in Brazil’s Atlantic Forest and Cerrado
biomes. The nine-banded armadillo (Dasypus novemcinctus), an important ecosystem engineer
and crucial element in the food chain, faces increasing pressure due to habitat fragmentation
and human activity. However, its long-term survival in altered landscapes remains uncertain.
This study investigates how land use, soil composition, and topographic attributes influence the
occupancy probability of nine-banded armadillos in a heterogeneous landscape in northeastern
Sao Paulo State, Brazil. Between 2020 and 2022, we installed 55 camera traps across a 39,000-
hectare area, resulting in a total sampling effort of 3,597 trap-nights and 48 independent
detections of nine-banded armadillos. The species was detected at 11 of 55 sampling sites (naive
occupancy = 0.20), with a higher probability of occupancy associated with open areas,
proximity to roads, and watercourses. Savannah formations provided abundant food resources
and favorable burrowing conditions, while riparian zones offered stable thermal conditions and
access to water. Conversely, proximity to roads negatively influenced occupancy, highlighting
the importance of habitat stability and reduced disturbance for this semi-fossorial species. These
findings underscore the adaptability of nine-banded armadillos to less forested environments
and emphasize the need to preserve open habitats, riparian zones, and ecological connectivity

in fragmented landscapes.

Keywords: altered habitats; protected areas; land use; cerrado; mata atlantica; camera trap.

RESUMO

A expansdo agricola, impulsionada pela demanda global por commodities, tem levado a uma
perda significativa de habitat e a simplificacdo das paisagens naturais, especialmente nos
biomas da Mata Atlantica e do Cerrado no Brasil. O tatu-galinha (Dasypus novemcinctus),
considerado um importante engenheiro de ecossistemas e elemento fundamental na cadeia
alimentar, enfrenta pressdes crescentes devido a fragmentagao do habitat e a atividade humana.
No entanto, sua sobrevivéncia a longo prazo em paisagens alteradas permanece incerta. Este
estudo investiga como o uso do solo, a composicao do solo e os atributos topograficos

influenciam a probabilidade de ocupagdo do tatu-galinha em uma paisagem heterogénea no
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nordeste do estado de Sdo Paulo, Brasil. Entre 2020 ¢ 2022, instalamos 55 armadilhas
fotograficas em uma area de 39.000 hectares, resultando em um esforco total de amostragem
de 3.597 armadilhas-noite e 48 detec¢des independentes de tatus-galinha. A espécie foi
detectada em 11 dos 55 locais de amostragem (naive occupancy = 0,20), com maior
probabilidade de ocupacdo associada a areas abertas, proximidade de cursos d’agua e estradas.
Formagdes savanicas forneceram abundantes recursos alimentares e condigdes favoraveis para
escavacao de tocas, enquanto zonas riparias ofereceram condig¢des térmicas estaveis € acesso a
agua. Por outro lado, a proximidade de estradas influenciou negativamente a ocupacao,
destacando a importancia da redugdo de perturbacdes para essa espécie semifossorial. Esses
achados refor¢am a adaptabilidade dos tatus-galinha a ambientes menos florestados e enfatizam
a necessidade de preservar habitats abertos, zonas riparias e conectividade ecoldgica em

paisagens fragmentadas.

Palavras-chave: habitats alterados; areas protegidas; uso da terra; cerrado; mata atlantica;

armadilhas fotograficas.

1 INTRODUCTION

Global demand for agricultural commodities has driven the expansion of production,
triggering profound changes in ecosystems worldwide (LAURANCE; SAYER; CASSMAN,
2014; NEWBOLD et al., 2015). In the past three decades, approximately 178 million hectares
of forest have been converted to agricultural land globally (FAO, 2020). This trend is prevalent
in tropical regions, where deforestation has accelerated due to the growing global demand for
livestock products, soybeans, and beef (GARRETT et al., 2018; PARENTE et al., 2019).
Consequently, tropical forests have become global hotspot for agricultural expansion, leading
to environmental degradation.

In Brazil, two of the most biodiverse biomes, the Atlantic Forest and Cerrado, have
undergone extensive conversion to croplands (ROSA et al., 2021). This transformation has been
intensified by mechanization and extensive use of pesticides (CAMPOS, 2011; DURIGAN;
SIQUEIRA; FRANCO, 2007; ROSA et al., 2021). These changes have simplified landscapes,
reducing habitat heterogeneity and native vegetation cover (MARTENSEN et al., 2012). The
consequences of such landscape alterations to wildlife include shifts in species composition and
abundance (BECA et al., 2017; BENCHIMOL; PERES, 2015). While tolerant species may
prosper in these altered environments, more sensitive species face population declines and a

heightened risk of local extinction (NEWBOLD et al., 2020). Furthermore, the expansion of
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agriculture alters the availability of resources, modifies habitat structure, and creates
fragmented landscapes, thereby affecting animal movement patterns and habitat selection
(DOHERTY; DRISCOLL, 2018; FAHRIG, 2007; TUCKER et al., 2018). Understanding how
this species responds to these altered environments is crucial for predicting its occupancy in
regions undergoing rapid land use change.

In this context, nine-banded armadillo (Dasypus novemcinctus) has emerged as a species
of particular interest. This adaptable mammal, native to the Americas, has a broad geographic
range, from the southern United States to northern Argentina (SUPERINA; PAGNUTTI;
ABBA, 2014). Despite its adaptability, the ecological requirements and habitat preferences of
the nine-banded armadillo in human-altered landscapes remain poorly understood, particularly
in Neotropical regions (LOUGHRY et al., 2015; LOUGHRY; MCDONOUGH, 2013). Previous
studies have shown that armadillos can occupy a wide range of habitats, from riparian forests
and savannas to urban areas, frequently utilizing forest fragments for shelter and foraging.
(FERREGUETTI; TOMAS; BERGALLO, 2016; RODRIGUES; CHIARELLO, 2018). This
adaptability suggests this species may be resilient of habitat disturbance. However, their long-
term survival in highly modified landscapes remains unclear.

As ecosystem engineers, armadillos play a crucial role in maintaining habitat structure
and ecosystem function through burrowing activities (DESBIEZ; KLUYBER, 2013). Burrows
create microhabitats that benefit other species by providing shelter and by enhancing soil
nutrient cycling (CEBALLOS ef al., 1999; INOUYE et al., 1987). These burrowing activities
also contribute to the heterogeneity of the landscape and influence the biotic and abiotic
components of the ecosystem (FLEMING et al., 2014; JOHNSON, 1995). However, the semi-
fossorial lifestyle of the nine-banded armadillo, coupled with its lower body temperature and
metabolic rate, renders it particularly vulnerable to environmental changes such as temperature
fluctuations and habitat loss (CHIARELLO et al., 2008; LOUGHRY et al., 2013; MCNAB,
1980b; TORRES; ABBA; SUPERINA, 2015).

In addition to these physiological traits, the nine-banded armadillo also faces
anthropogenic pressures, including habitat fragmentation, poaching, and predation by domestic
dogs (GUEDES et al., 2021; LACERDA; TOMAS; MARINHO-FILHO, 2009; RODRIGUES
et al., 2020; SILVA; H. VARZINCZAK; C. PASSOS, 2021). Poaching and predation further
intensify these threats, particularly in regions where human-wildlife conflicts are prevalent
(OROZCO et al., 2022; SOUSA; SRBEK-ARAUJO, 2017). These pressures underscore the
need for a comprehensive understanding of how the nine-banded armadillo responds to

environmental changes and human activity in altered landscapes.
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Given the dual role of nine-banded armadillo as a species of conservation concern and
an ecosystem engineer, this study aimed to evaluate the effects of landscape components, such
as forest cover, croplands, pastures, and urban areas, on its occupancy patterns in northeastern
Sao Paulo state. Additionally, we will assess the impact of human disturbances, such as
proximity to highways and terrain attributes, such as soil texture, slope, and elevation, on
armadillo occupancy. By integrating camera trap data with environmental covariates, this study
aims to offer valuable insights into the habitat preferences and conservation needs of the nine-
banded armadillo in a rapidly changing environment. These findings will help to identify
priority areas for conservation and inform the development of effective mitigation strategies to

ensure the long-term survival of this species.

2 METHODS
2.1 Study site

This study was conducted in a fragmented landscape within the ecotone between the
Atlantic Forest and Cerrado biomes, encompassing and surrounding the Furnas do Bom Jesus
State Park (FBJSP), located in northeastern Sao Paulo state, Brazil (20°13'39.7" S, 47°26'19.7"
W). The study area spans approximately 39,000 ha, characterized by a mosaic of land uses,
including coffee plantations, pasturelands, sugarcane fields, and silviculture (Pinus spp. and
Eucalyptus spp.), interspersed with watercourses and urban areas. The FBJSP, covering 2,069
ha within this fragmented landscape, represents a protected area with rugged mountainous
terrain. It serves as a key habitat patch where semi-deciduous seasonal forests dominate valleys
and cliffs, while Cerrado formations prevail at higher elevations (SASAKI; MELLO-SILVA,
2008). As part of this ecotone, the park contributes to the diversity and connectivity of the
broader fragmented matrix.

The region has a Humid Subtropical Climate (Cwb) according to the Kd&ppen
classification. This climate is marked by regular rainfall and mild winters, with temperatures
exceeding 22°C in warmer months and falling below 18°C in cooler months (ROLIM et al.,
2007). The rainy season lasts from October to March with a drier and cooler period from April

to September (ROLIM et al., 2007).

2.2 Data collection

We installed 55 camera traps (models: Bushnell® Trophy Cam 6.0 Mpxl, Scoutguard®
SG 560, and Reconyx® Hyperfire 2 Covert) across the study landscape between December
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2020 and December 2022. Single cameras without baits were installed on tree trunks at a height
of 30-40 cm above the ground (ROVERO; TOBLER; SANDERSON, 2010; TOBLER et al.,
2008) and spaced at least 2 km apart to ensure independent sampling (Figure 1). The cameras
operated continuously (24 h/day) and were programmed to take three consecutive photos at 10-
second intervals upon triggering. We inspected the devices every 20-30 days for battery
replacement and memory card retrieval and relocated them to new sites every 60 days. To
ensure temporal independence in the data, we only considered records from the same camera
site if they were separated by at least 60 minutes (MEEK et al., 2014; TOBLER et al., 2008).
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Figure 1. Survey locations within Furnas do Bom Jesus State Park and surrounding areas using
camera traps between 2020 and 2022, northeastern Sdo Paulo state. Circular lines indicate
buffer radii used in the multi-scale analysis of nine-banded armadillo (Dasypus novemcinctus)

occupancy.
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2.3 Detection covariates

Environmental factors, such as habitat type, time of day, and weather conditions, can
significantly impact the detection probability, potentially leading to biased habitat effect
estimates (GU; SWIHART, 2004; MACKENZIE et al., 2002; MACKENZIE; ROYLE, 2005;
TYRE et al.,2003). To mitigate these risks and enhance the accuracy of occupancy assessments,
we incorporated environmental variables into detection models to reduce false absences
(MACKENLZIE, 2006).

We assessed daily mean temperature, precipitation, and sampling effort as detection
variables (MACKENZIE et al., 2009). The daily mean temperature and precipitation data were
sourced from the CITAGRO database (CIIAGRO, 2023). The sampling effort was quantified by
calculating the number of days each camera trap was operational at each site.

Climate fluctuations, particularly precipitation and temperature, shape armadillo
habitats and influence their distribution patterns (GREEN et al., 2016; SEITZ et al., 2017).
Lower temperatures may decrease armadillo activity because of increased thermoregulation
costs (GREEN et al, 2016; LAYNE; GLOVER, 1977). Precipitation, particularly annual
rainfall, is a key factor that influences the detection of armadillos (GALLO-REYNOSO et al.,
2018; SEITZ et al., 2017; TAULMAN; ROBBINS, 2014).

2.4 Occupancy covariates

Land use and cover data with a spatial resolution of 30 m were obteined from the
Mapbiomas dataset (mapbiomas.org — collection 7). To reduce redundancy, land use types were
reclassified into eight categories (Table 1): “Annual” (soybean and sugarcane); “Dense” (native
close-canopy vegetation such as semideciduous, deciduous, riparian forests, and “cerradao”);
“Open areas” (native grasslands, savannah formation, and wetlands); “Pasture” (livestock
grazing areas); ‘“‘Permanent” (coffee, Citrus spp. and other perennial crops); “Silviculture”
(Pinus spp. and Eucalyptus spp.), “Urban” (urbanized areas), and “Water” (rivers, stream, lakes,
and dams). The proportional area (ha) of each land use and cover category within the buffer
zones was calculated using QGIS v. 3.26 (QGIS Development Team, 2020).

Median values for slope and sand content were also assessed within the buffer zones
(Table 1). Slope data, with a spatial resolution of 30 m, were sourced from the DataGEO
database (SIMA, 2022). Sand content, expressed in grams per kilogram (g/Kg) at a soil depth

of 30-60 cm, was obtained from the Geoinfo database with a spatial resolution of 90 m
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(VASQUES et al., 2021). All geospatial analyses were performed using QGIS v. 3.26(QGIS
Development Team, 2020).

Distances between sampling sites and key features, including watercourses (“Dhidro”™),
highways (“Droad”), and residences (“Durb”’), were calculated using the ‘point-to-line distance’
tool in SAGA (QGIS Development Team, 2020) (Table 1). For rural areas, infrastructure

features were manually delineated using high-resolution imagery from Google Earth.

Table 1. Summary of covariates used in detection and occupancy models, including their range
values and applied scale. Positive (+) and negative (-) symbols indicate the direction of their
effects on occupancy and detection probabilities, while 'N.T." denotes covariates not evaluated

for their impact.

Expected
Covariates Categories Description Mean and range values ﬂ
p() w()
Sovb d Proportion of areas covered by
oybean an Annual short- to medium-term 0.03 (0.00-0.88) NT. -
sugarcane .
plantations
Proportion of native forest areas
Forest Dense oportior 40.00 (3.52-150.13) NT. +
with continuous canopy cover
Savanna, grassland, Proportion of savannah areas
and Open with arboreal and shrub- 1.29 (0.00-14.91) N.T. +
wetlands herbaceous strata
Pasture and .
. . Proportion of pasture areas
agriculture with Pasture rop 'p . 93.04 (21.24-158.58) NT. +
pasture linked to agricultural activity

Proportion of areas covered by
Perennial crops Permanent  long-term plantations (greater ~ 10.64 (0.00-71.54) N.T. -
than one year)

Proportion of areas covered for

Managed forests Silviculture . o 6.96 (0.00-76.37) NT -
timber exploitation
Urban Urban Proportion of urbanized areas  0.25 (0.00-7.51) NT -
Rivers, Ialfes, and Water Proportion of areas containing 0.02 (0.00-0.94) NT  +
water bodies watercourses and reservoirs
Terrain surface slope relative to
Slope Slop the horizontal plane 16.68 (6.58-40.04) N.T. -
Sandinthesoil  Sand Mean sand content (9/Kg) ata 549 19 (335 69.437.09) ~ NT. -

depth of 30-60 cm
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Minimum linear distance from
Droad the sampling site to the nearest  1576.57 (34.78-4791.28) NT. +
road

Distance to the
nearest road (m)

Minimum linear distance from
Durb the sampling site to the nearest  489.26 (56.92-1200.44) N.T. +
residence or rural infrastructure

Distance to the
nearest residence (m)

Distance to the Minimum linear distance from
nearest watercourses Dhidro the sampling site to the nearest 566.57 (8.00-415.00) - -
(m) watercourse

Daily mean temperature in the

Temperature (°C) Temp study area 23.88 (20.7-25.5) + N.T.
Precipitation (°C)  Prec Mean daily precipitationinthe ¢ o7 4 14 1) - ONT.
study area
Number of days each camera
Sampling effort Effort remained active at the sampling - + N.T.

site

2.5 Scale effect

In this study, we evaluated covariates across different buffer distances to determine the
most relevant spatial scale for predicting armadillo occupancy. Specifically, we analyzed site-
level covariates within two hierarchical buffer zones with radii of 200 m and 850 m (12.5 —
227.2 ha; Figure 1). The selection of buffer sizes was selected based on documented armadillo
movement patterns (GAMMONS; MENGAK; JONES, 2009; LAYNE; GLOVER, 1977;
MCDONOUGH; LOUGHRY, 1997).

For each buffer zone, we quantified the proportional areas of different land cover
categories and calculated the median values of slope and sand content in the soil. These spatial
scales were then incorporated into occupancy models to assess the influence of buffer size on

the armadillo's habitat selection.

2.6 Data Analysis

All covariates were standardized using z-scores to ensure comparability (LEGENDRE;
LEGENDRE, 2012). Spearman's rank correlation was employed to assess multicollinearity
among covariates, and highly correlated variables (|r] > 0.6) were excluded. A significant
positive correlation was observed between permanent land use and sand content (63%), leading
to the exclusion of models containing both covariates (Supplementary Material A; Table S1).

We used a single-season occupancy model to estimate the detection probability (p) and
occupancy probability (y) of the nine-banded armadillo across the study area (MACKENZIE

et al., 2002). We first grouped the sampling days into occasions of 10 days each to create a
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sampling history for each site, with species detected as 'l' and non-detected as '0'
(MACKENZIE et al., 2002). Continuous covariates, such as temperature and precipitation,
measured daily were aggregated to calculate the mean values for each 10-day occasion.

A two-step approach was used to build the occupancy models for the nine-banded
armadillos (MORIN et al., 2020). In the first step, we modeled the detection probability (p(.))
using additive combinations of temperature (p(Temp)), precipitation (p(Prec)), and sampling
effort (p(Effort)). In the second step, the top-ranked detection model was used to build the
occupancy probability model (y(.)). Both steps included a null model, which represented the
scenario with no covariate influence on species occupancy.

For model selection, we first recombined the covariates from the highest-ranked models
above the null model into new models, following a model recombination process until the
global model was constructed. These models were ranked based on AAICc values < 2
(BURNHAM; ANDERSON, 2002). We assessed covariate effects by checking that the 95%
confidence intervals of the coefficient estimates did not overlap zero. (ARNOLD, 2010;
BURNHAM; ANDERSON, 2002). Overdispersion was assessed using the ‘C-hat’ value,
calculated for the most parameterized model (global model) using 10,000 resamples in the
goodness-of-fit test (KERY; ROYLE, 2020). All analyses were conducted using the 'unmarked'
package in RStudio (FISKE; CHANDLER, 2011; KELLNER ef al., 2023).

3 RESULTS

Out of 3.597 trap-nights, we recorded 48 independent detections of nine-banded
armadillos across 11 of the 55 sampling sites, resulting in a naive occupancy estimate of 0.20
(the proportion of sites where a species was photographed at least once). The null detection
model was the top-ranked (AICc = 166.46; w = 0.48; Table 2), followed by the models that
included sampling effort (AICc = 168.37; w = 0.18; Table 2) and temperature (AICc = 168.39;
w = 0.18; Table 2).

We build 64 occupancy models based on the best detection model and identified three
with similar support. The best model (¢ ~ Open areas (850 m) + Distance to roads + Distance
to watercourses) ranked highest (AICc = 148.86; w = 0.20). The second-best model, which
included sand content (850 m) alongside the same variables (AICc = 149.66; w = 0.13), and a
third model that added forest areas (850 m) instead of sand content (AICc = 150.85; w=0.072),
also showed support. Collectively, these models highlight key factors influencing armadillo

occupancy, with a cumulative weight of 0.40 for the top-ranked models. The goodness-of-fit
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test for the most parameterized model (global model) indicated no overdispersion, with a C-hat
value of 0.95.

In the top-ranked model, open areas (B = 1.18, 95% CI: 0.35-2.01) increased the
likelihood of armadillo occupancy by 3.25 times per unit increase in coverage. Proximity to
roads (f = 1.38, 95% CI: 0.29-2.48) raised the probability by 3.97 times per unit decrease in
distance. Conversely, greater distances to watercourses (p = -1.20, 95% CI: -2.35 to -0.05)
reduced occupancy by 3.32 times per unit increase in distance.

In other models, sand content (f = -0.76, 95% CI: -2.40 to 0.87) showed a potential
negative effect, reducing the likelihood of occupancy by 2.14 times per unit increase, although

its influence was minimal due to the overlapping confidence intervals.

Table 2. Model selection results assessing the relative importance of detection covariates (p)
and probability of occupancy (¥) for nine-banded armadillos (Dasypus novemcinctus).
Reported metrics include: the number of parameters (k), Akaike’s Information Criterion
corrected for small sample sizes (AICc), relative difference in AICc (AAICc), cumulative model
weight (Cum. w), and estimated parameters () with their respective standard errors (SE) and

95% confidence intervals (CI).

Model k AICc AAICec Cum.w Parameters B SE Cl
Detection
Intercept (V) -1.32 034 )
Y() p() 2 166.46 0.00 0.48 Intercept (p) 072 025 2.00, -0.64
Intercept -0.71 0.26
¥(.) p(Effort) 3 168.37 1.91 0.66 Effort 016 027 -1.98, -0.62
Intercept -0.72 0.25
Y(.) p(Temp) 3 168.39 1.93 0.84 Temperature 012 022 -0.12, -0.22
Occupancy
Intercept -2.26 0.64 -3.51,-1.00
p(.) ¥(Open850) Open 850 m 118 0.42 0.35, 2.00
o() ¥(D. road) 5 14886 000 020 i 46 y0ad 138 056 028 248
p(.) ¥(D_hidro) Dist. to water -1.20 059 -2.35,-0.05
Intercept -235 0.67 -3.67,-1.02
p(.) ¥(Open850) Open 850 m 1.02 0.48 0.07,1.97
p(.) ¥(Sand850) 6 149.66 0.80 0.33  Sand 850m -0.76 0.83  -2.40,0.87
p(.) ¥(D_road) Dist. to road 1.06 0.60 -0.11,2.24
p(.) ¥(D_hidro) Dist. to water -1.04 0.61 -2.23,0.14
Intercept -2.25 0.64 -3.51,-1.00
p(.) ¥(Opend50) Open 850 m 1.16 0.47 0.25, 2.08
p(.) ¥(Den850) 6 150.85 1.99 0.40  Dense 850 m -0.05 0.61  -1.25,1.15
p(.) ¥(D_road) Dist. to road 137 057 0.27,2.48

p(.) ¥(D_hidro) Dist. to water 119 059  -2.35,-0.04
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Figure 2. Predicted occupancy probability of nine-banded armadillos (Dasypus novemcinctus)
based on best-ranked models for four environmental covariates. (a) percentage of savannah
formations within 850 m radii; (b) soil sand content (g/Kg) within 850 m radii; (c) distance to
watercourses (m); (d) distance to roads (m), and (e) percentage of forest cover within 850 m

radii.

4 DISCUSSION

Our study highlighted the critical environmental variables that influence nine-banded
armadillo occupancy in human-altered landscapes. The results emphasize the importance of
open areas, proximity to roads and watercourses as key predictors of armadillo presence.

The strong positive association between open areas and armadillo occupancy aligns with
studies highlighting the flexibility of nine-banded armadillos in adapting to less forested
environments (RODRIGUES; CHIARELLO, 2018; TROVATI, 2015). Our study area, situated

in the fragmented Cerrado biome, provides valuable context for these findings. Known for its
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high biodiversity and complex landscape, the Cerrado has undergone severe fragmentation
owing to agricultural expansion (KLINK; MACHADO, 2005). Despite these pressures, the
biome retains areas of savannah-like formations that might act as ecological refuges.

Savannah formations, a dominant feature of the Cerrado biome, provide an abundance
of food resources that align with the diet of nine-banded armadillos. This species has an
omnivorous diet, with a strong preference for insects, such as termites and ants, which thrive in
open habitats (CONSTANTINO; ACIOLI, 2006; SIKES; HEIDT; ELROD, 1990; SMITH;
REDFORD, 1990; TESTA et al., 2018). The termite fauna in savannahs is abundant and
accessible due to the lower vegetation density and higher visibility (OLIVEIRA; CARRIJO;
BRANDAO, 2013). These insect populations offer a rich food source for armadillos, which are
adapted to efficiently exploit these resources in open landscapes. Additionally, the availability
of fruits and other small invertebrates in savannah formations further supports their foraging
needs (LOUGHRY; MCDONOUGH, 2013). The physical structure of these areas,
characterized by higher visibility and reduced vegetation density, enhances foraging efficiency,
allowing armadillos to locate and exploit food resources effectively (DEGREGORIO; VEON;
MASSEY, 2022).

Furthermore, the mosaic of vegetation types in the Cerrado, including grasslands
interspersed with scattered trees, facilitates the movement and burrowing behavior of
armadillos, which prefer areas with loose, well-drained soils for constructing burrows
(TROVATI, 2015). These features make savannah formations particularly suitable for this
fossorial species, reinforcing the importance of these habitats in the landscape. However, the
role of these savannah formations as habitats remains complex. While they provide immediate
foraging and shelter benefits, they may also expose armadillos to higher risks of human
disturbance and environmental pressures. For instance, savannahs are often targeted for
agricultural expansion, which can increase habitat fragmentation and reduce connectivity
between suitable patches (CULLEN; BODMER; VALLADARES-PADUA, 2001; TROVATI,
2015).

In our study area, open areas often occur in proximity to watercourses, where they
benefit from the combined advantages of resource availability and favorable conditions for
thermoregulation. Thus, the mosaic of open habitats and riparian zones offers the ideal
environment for armadillos, combining foraging opportunities, suitable burrowing conditions,
and stable environmental conditions.

The observed positive effect of proximity to watercourses further supports these

predictions. Nine-banded armadillos rely on access to fresh water for survival and may exploit
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abundant food resources near water (FERREGUETTI; TOMAS; BERGALLO, 2016;
LOUGHRY; MCDONOUGH, 2013; RODRIGUES; CHIARELLO, 2018). This highlights the
importance of preserving riparian zones as crucial habitat features in agricultural landscapes,
where they serve as vital refuges amid extensive land use changes. Moreover, as poor thermal
regulators (ARTEAGA; VENTICINQUE, 2012; MCNAB, 1980b), armadillos benefit from the
stable temperature and humidity near watercourses, which aids in maintaining their metabolic
rates and reducing energetic costs, especially in the face of fluctuating environmental conditions
(ARTEAGA; VENTICINQUE, 2012).

The negative trend observed between sand content and armadillo occupancy further
supports the preference for these areas. Armadillos tend to avoid high sand content in soils, as
it can compromise the stability of their burrows, increasing the energetic cost of excavation
(ABBA; VIZCAINO; CASSINI, 2007; MCDONOUGH et al, 2000; PLATT, 2014).
Consequently, areas with lower sand content, commonly found near watercourses, provide more
stable and suitable substrates for burrowing. This preference for loamy soils further underscores
the importance of preserving areas with appropriate soil composition in riparian zones, where
armadillos can find both favorable thermal conditions and adequate substrates for burrow
construction.

Finally, the results of this study reveal that nine-banded armadillos exhibit a strong
preference for areas away from roads, which is influenced by the significant risks associated
with roads. The primary factor driving this avoidance is the high risk of road mortality. Due to
their slow and deliberate movements, armadillos are particularly vulnerable to vehicle
collisions, a well-documented phenomenon (CACERES, 2011; INBAR; MAYER, 1973;
ORLANDIN et al., 2015). As a result, they are likely to select habitats further from roads to
minimize this risk (RYTWINSKI; FAHRIG, 2012) who highlight roads as a primary source of
mortality, particularly for species with low mobility, such as armadillos.

In addition to the risk of mortality, roads impose other ecological pressures, such as
noise, pollution, and habitat fragmentation, which may further discourage armadillos from
occupying areas near roads. These factors can alter their movement and behavior, making road-
adjacent habitats less attractive. The disturbance caused by roads can significantly reduce their
suitability as habitat (FORMAN; ALEXANDER, 1998). These findings underscore the
importance of considering the broader ecological impacts of roads when assessing armadillo

habitat preferences.
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4 NINE-BANDED ARMADILLOS TEMPORALLY AVOID SITES VISITED BY
DOMESTIC DOGS AND NATIVE CARNIVORES

ABSTRACT

Human-induced habitat loss and fragmentation facilitate the presence of domestic dogs (Canis
familiaris) in natural habitats, posing risks to native wildlife through predation and competition.
The nine-banded armadillo (Dasypus novemcinctus) is particularly vulnerable to dog attacks
due to its susceptibility to being detected and captured as prey. We evaluate the effect of predator
presence (exotic and native) on the activity pattern and temporal avoidance behavior of nine-
banded armadillos in the Northeast region of Sdo Paulo state, Brazil. We analyzed camera trap
data (2020-2022) for co-occurrence activity between nine-banded armadillos and domestic
dogs, and native predators. We also investigated temporal variations between armadillo
detections in response to the presence of predators. Nine-banded armadillos and ocelots
(Leopardus pardalis) exhibited nocturnal activity, whereas domestic dogs and jaguarundis
(Herpailurus yagouaroundi) were diurnal. The activity pattern of nine-banded armadillos
remained consistent in the presence of domestic dogs and native predators, although the time
between detections increased at sites frequented by dogs and ocelots. Our findings suggest that
armadillos may avoid areas frequented by domestic dogs and ocelots overtime, even without
direct interactions. Our research may assist conservationists and policymakers in developing
domestic dog control to mitigate the impact of domestic dogs on nine-banded armadillos.
Controlling domestic dog populations and raising awareness among owners to confine their

pets are crucial measures.

Keywords: activity pattern; camera trapping; carnivores; exotic species; protected areas; risk-

disturbance; temporal avoidance; temporal overlap.
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RESUMO

A perda e fragmentagao de habitats causadas por atividades humanas facilitam a presenca de
cdes domésticos (Canis familiaris) em habitats naturais, representando riscos para a fauna
nativa por meio de predagdo e competicdo. O tatu-galinha (Dasypus novemcinctus) ¢
particularmente vulneravel aos ataques de cdes, dada sua suscetibilidade a ser identificado e
capturado como presa. Avaliamos o efeito da presenca de predadores (ex6ticos e nativos) sobre
o padrao de atividade e comportamento de evitagdo temporal do tatu-galinha na regido Nordeste
do estado de Sao Paulo, Brasil. Analisamos dados de armadilhas fotograficas (2020-2022) para
verificar a coocorréncia de atividades entre tatus-galinhas e cdes domésticos, além de
predadores nativos. Também investigamos variagdes temporais nas detecgcdes de tatus em
resposta a presenca de predadores. Os tatus-galinhas e as jaguatiricas (Leopardus pardalis)
exibiram atividades predominantemente noturnas, enquanto os cdes domésticos e 0s
jaguarundis (Herpailurus yagouaroundi) foram diurnos. O padrio de atividade dos tatus-
galinhas permaneceu consistente na presenca de cdes domésticos e predadores nativos, embora
o intervalo entre as detec¢des tenha aumentado em locais frequentados por caes e jaguatiricas.
Nossos resultados sugerem que os tatus-galinhas podem evitar areas frequentadas por caes
domésticos e jaguatiricas ao longo do tempo, mesmo sem interagdes diretas. Nossa pesquisa
pode auxiliar conservacionistas e formuladores de politicas no desenvolvimento de estratégias
de controle de caes domésticos para mitigar seus impactos sobre os tatus-galinhas. Controlar
populagdes de caes domésticos e conscientizar os proprietarios sobre a importancia de manter

seus animais confinados sdo medidas cruciais.

Palavras-chave: padrdo de atividades; armadilhas fotograficas; carnivoros; espécies exdticas;

areas protegidas; risco de distirbio; evitacao temporal; sobreposicao temporal.
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1 INTRODUCTION

Habitat loss and fragmentation in response to human activities influence spatio-temporal
patterns of native species and increases their interactions with non-native species, particularly
domestic dogs (CROOKS et al., 2011; DOHERTY; DRISCOLL, 2018; LESSA et al., 2016,
RIBEIRO et al., 2019). The global population of dogs has reached an estimated one billion
(GOMPPER, 2014; HUGHES; MACDONALD, 2013). Free-ranging and feral dogs are
commonly observed in natural landscapes and have a significant impact on wildlife
(PASCHOAL et al., 2018; RITCHIE; JOHNSON, 2009). Unlike wild canid species, free-
ranging dogs exhibit affinity to humans and usually do not establish self-sustaining populations
(BUTLER; BROWN; DU TOIT, 2018; RIBEIRO et al., 2019; VANAK; GOMPPER, 2009).
Free-ranging dogs frequently interact with native species while accompanying their owners in
natural landscapes (WESTON et al., 2014) or while freely roaming in search of food (CAMPOS
et al., 2007; VANAK; GOMPPER, 2009; VILLATORO et al., 2019). These interactions can
result in direct predation (RITCHIE; JOHNSON, 2009), competition for resources
(MONTEIRO-ALVES et al., 2021; VANAK; GOMPPER, 2009), disease transmission
(COSTANZI et al., 2021; CURI et al., 2016; FURTADO et al., 2016), and alterations in the
behavior and activity patterns of native mammals (HUGHES; MACDONALD, 2013;
ZAPATA-RIOS; BRANCH, 2016). Even non-lethal interactions with dogs may lead to
physiological and behavioral disturbances in native species (GAYNOR et al., 2018; MENDES
et al., 2020). Domestic dogs currently pose a threat to 188 endangered species worldwide and
have already contributed to the extinction of 11 species (DOHERTY et al., 2017).

The ecological impact of dogs on wildlife, particularly in the Neotropical region,
remains poorly understood despite their significant effects on native communities (DOHERTY
et al., 2017; RITCHIE; JOHNSON, 2009; WESTON et al., 2014). Multiple studies have
investigated how domestic dogs affect the temporal and spatial behavior of native predators;
however, further research is needed to understand how these interactions affect prey species
(BIANCHI et al., 2020; CARVALHO et al., 2019b; DAVISON et al., 2019; FOSTER et al.,
2013; LACERDA; TOMAS; MARINHO-FILHO, 2009). Nevertheless, the impact of free
ranging dogs on the behavior of nine-banded armadillos (Dasypus novemcinctus) is poorly
studied, despite documented predation and attacks (ABBA; VIZCAINO; CASSINI, 2007;
SILVA; H. VARZINCZAK; C. PASSOS, 2021).

The physiological traits of the nine-banded armadillo may render the species particularly

vulnerable to predation by domestic dogs. Armadillos belong to the order Cingulata and exhibit
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lower body temperatures and metabolic rates than other mammals (MCNAB, 1985;
SUPERINA; LOUGHRY, 2012). Burrowing species, such as nine-banded armadillos, may
allocate a limited portion of their active time foraging to meet their energy requirements
(ANCONA; LOUGHRY, 2009; MCDONOUGH; LOUGHRY, 1997). This delicate balance
between foraging and other essential activities, including social interactions, reproduction, and
resting, can be disrupted by habitat disturbance or predation pressure (MCDONOUGH;
LOUGHRY, 2005). These characteristics are associated with their semi-fossorial lifestyle,
contributing to decreased fertility, growth, and dispersal rates (MCNAB, 1980b) potentially
impacting their ability to evade predation, despite possessing defensive mechanisms to
counteract predation risk.

The burrowing activities of armadillos provide shelter and food for other species
(DESBIEZ; KLUYBER, 2013; DI BLANCO et al., 2020). Burrowing significantly influences
nutrient cycling and seed dispersal, underscoring their significance in functional ecosystem
processes (DEGREGORIO et al., 2021; DESBIEZ et al., 2021; FLEMING et al., 2014).

We investigated the effect of domestic dogs and native carnivores on the activity patterns
and occurrence of nine-banded armadillos. We compared activity and occurrence patterns for
both native and exotic carnivores. We explored differences in armadillo activity patterns in the

presence of native carnivores.

2 METHODS
2.1 Study area

The study area covers ~39.000 hectares in the Northeast region of Sdao Paulo state,
Brazil, including the Furnas do Bom Jesus State Park (FBJSP) and the adjacent landscapes
(Figure 1). The FBISP, a protected area spanning 2.069 hectares, exhibits semi-deciduous
seasonal forests in valleys and Cerrado formations at higher elevations (SASAKI; MELLO-
SILVA, 2008). The physiognomies range from savanna grassland to semideciduous forest
(SASAKI; MELLO-SILVA, 2008).

The broader landscapes consist of a diverse anthropogenic matrix dominated by pasture,
coffee plantation, managed forest (Pinus spp. and Eucalyptus spp.), and sugarcane, in addition
to rural settlements and urban areas (BRANCO et al., 1991). The climate is humid subtropical,
with periodic rainfall and a mild, dry winter (ROLIM et al., 2007). Temperatures exceed 22°C

during the warmer months and remain below 18°C during the colder months (ROLIM ef al.,
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2007). The rainy season lasts from October to March, followed by drier and cooler periods that
extend from April to September (ROLIM et al., 2007).

A

© Rifaina

© Sampling sites

[ Furnas do Bom Jesus
State Park (FBISP)

Land cover and use
Agricultural areas

Bl Natural areas

Bl Urban areas

[ Watercourses

Coordinate system: WGS 84
Datum: WGS 84
Units: degree

Figure 1. Land cover classes and distribution of the 69 sampling sites surveyed with camera
traps between December 2020 and August 2022 in the Furnas do Bom Jesus State Park (FBJSP)

and surrounding landscapes, southeastern Sao Paulo state, Brazil.

2.2 Data collection

The study area was divided into quadrants with centroids every 2 kilometers. Camera
traps (models: Bushnell® Trophy Cam 6.0 Mpxl, Scoutguard® SG 560, and Reconyx®
Hyperfire 2 Covert) without bait were placed at these centroids to capture images of both native
and non-native mammals. Sampling occurred between December 2020 and August 2022.
Individual devices were attached to tree trunks 30—40 cm above the ground, inside (n = 4) and
outside (n = 65) the FBISP (ROVERO; TOBLER; SANDERSON, 2010; TOBLER et al., 2008).

Camera traps were programmed to operate continuously (24 hours/day), taking three

photos at 10-second intervals upon activation. We checked the devices every 20-30 days by
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replacing the batteries and memory cards. After 60 days, camera traps were moved to alternate
sampling sites. A total of 69 cameras were deployed throughout the study area. To ensure
temporal independence, we considered records of the same species taken by the same camera
at intervals greater than 60 min to be unique individuals (MEEK, 1999; ROVERO; TOBLER;
SANDERSON, 2010).

Previous camera trapping studies indicate the presence of domestic dogs near rural
homes and within the FBJSP, where they interact with wild carnivores (BIANCHI et al., 2020,
2021; FORNITANO et al., 2022). Native carnivores documented in the study area include tayra
(Eira barbara), ocelot (Leopardus pardalis), jaguarundi (Herpailurus yagouaroundi), South
American coati (Nasua nasua), crab-eating raccoon (Procyon cancrivorus), crab-eating fox
(Cerdocyon thous), puma (Puma concolor), and maned wolf (Chrysocyon brachyurus)
(BIANCHI et al., 2020; FORNITANO et al., 2022). We based our selection on the documented
presence of armadillos in the diets of potential predators, particularly ocelots and jaguarundis
(Table S1). Additionally, the substantial number of records obtained further supported the

suitability of these species for analysis.

2.3 Data analysis
2.3.1 Daily activity patterns

We used a nonparametric circular kernel density method (LINKIE; RIDOUT, 2011) to
estimate the activity pattern of nine-banded armadillos concerning domestic dogs, ocelots, and
jaguarundis. In addition, we compared the activity patterns of armadillos at sampling sites with
and without domestic dogs and native carnivores. First, time records were converted to radians,
and 95% kernel density estimation curves were used to determine the likelihood density
distribution for each species. We computed the overlap coefficient (A), scaled from 0 (no
overlap) to 1 (full overlap), to measure the extended overlap under the curves formed by two
density functions (Meredith and Ridout 2014). We used the A1 estimator for species with fewer
than 50 records and the A4 estimator for those with over 75 records (RIDOUT; LINKIE, 2009).
We then calculated 95% confidence intervals by performing bootstrap resampling (n = 1000)
for each estimator (Ridout and Linkie 2009). Finally, we conducted Watson’s two-sample test
of homogeneity (FREY et al., 2017; RAO; SENGUPTA AMBAR; SENGUPTA ASHIS, 2001)
to evaluate activity periods for sites with and without predators. All analyses were performed
in Rv. 42.1 (TEAM, 2022) using the ‘overlap’ (MEREDITH; RIDOUT, 2017) and ‘circular’
(LUND et al., 2022) packages.
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2.3.2 Temporal avoidance

We used detection data with a sufficient sample size (n > 4) (HUBBARD et al., 2022)
to evaluate the avoidance behavior of armadillos following prior visitation by domestic dogs,
ocelots, and jaguarundis. We used the Avoidance Attraction Ratios (AAR) method, which
determines odds ratios considering the armadillo as species A, and compares the odds of
detecting it in the absence of species B (T3) to the odds of detecting species A after species B
was detected (T4). A higher ratio of T4/T3 (mean ratio >1) suggests non-random movement
between the two species indicating that armadillos are avoiding the areas after the passages of
predators. Conversely, a lower ratio of T4/T3 (mean ratio <1) suggests that armadillos may not
exhibit avoidance behavior in response to predator presence (PARSONS et al., 2016).

We conducted a Cox proportional hazards regression (FRANK; HARRELL, 2015)
using T4/T3 ratios to assess whether armadillos exhibit avoidance or attraction responses to
predators. The coefficient associated with the independent variable (predator presence) reflects
the magnitude of its effect on the hazard or risk of armadillo presence (FRANK; HARRELL,
2015). A positive coefficient for a covariate indicates an increased risk of the event occurring
(i.e. a decrease in the time to detect armadillos when the predator was present); and a negative
coefficient indicates a decreased risk (i.e. an increase in the time to detect armadillos when the
predator was present) (FRANK; HARRELL, 2015).

The exponential value of the coefficient provides insight into how risk changes in
response to predators. The well-developed olfactory sense of armadillos may mean that, even
in the absence of direct visual or auditory stimuli, armadillos may still alter their behavior in
response to residual odor (FERRARI ef al., 1998; KUIJPER et al., 2014; LYNCH et al., 2015;
OBER et al., 2011). We account for this by including all time intervals between dog and
armadillo detections when calculating AARs (APFELBACH et al., 2005). We assess statistical
significance using o = 0.05 and calculate the 95% confidence interval.

Finally, we compared T4/T3 ratios for domestic and native predators using an Analysis
of Variance (ANOVA). For events with a significant level, we perform a post hoc Tukey
pairwise comparison to identify pairs with significant relationships and measure the degree of
difference between them. All statistical analyses were conducted with the ‘survival’ package

(THERNEAU, 2023) in R v. 4.2.1 (TEAM, 2022).
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3 RESULTS

We obtained 98 independent records of domestic dogs (0.14/day) with 5.195 camera-
nights of survey effort at 69 sampling sites (Supplementary Material B: Figure S1). Among
native mammals, we obtained 89 records of nine-banded armadillos (0.12/day) at 15 sampling
sites (site proportion: 22%), 29 of ocelots (0.04/day) at 18 sampling sites (26%), and 15 of
jaguarundis (0.02/day) at 6 sampling sites (9%) (Supplementary Material B: Table S2). We
assumed that any domestic dog within a 10-minute radius of a human was accompanied. As a
result, we recorded 94 instances of unattended domestic dogs at 36 sampling sites (52%).
Unattended dogs were detected more frequently (0.13/day) than ocelots (0.04/day) and
jaguarundis (0.02/day) (Supplementary Material B: Table S2).

3.1 Activity periods overlapping

Nine-banded armadillos and ocelots exhibited distinct activity patterns compared to
domestic dogs and jaguarundis. Most of the nine-banded armadillos (n = 88; 0.12/day) and
ocelots (n = 27; 0.04/day) exhibited nocturnal activity (Figure 2). Conversely, domestic dogs (n
= 64; 0.09/day) and jaguarundis (n = 14; 0.02/day) were diurnal (Figure 2).

The activity patterns of nine-banded armadillos showed low overlap with domestic dogs
[A4=0.36 (0.25-0.46)] and jaguarundis [A1 =0.11 (0.012-0.26)], but high overlap with ocelots
(A1 =0.88). The range of hours nine-banded armadillos were active was significantly different
from domestic dogs (U2 = 1.89, P < 0.05) and jaguarundis (U2 = 1.03, P < 0.05), but not
significantly different from ocelots (U2 = 0.05, P > 0.05).

We found no significant differences in the activity patterns of armadillos between sites
with and without the other species when evaluated with the Watson test. Nine-banded
armadillos consistently exhibited nocturnal activity, with high overlap in activity patterns with
domestic dogs [A1 =0.66 (0.52—0.80)], ocelots [A1 =0.75 (0.61-0.88)], and jaguarundis [A] =
0.61 (0.47-0.77)]. However, despite this high overlap, significant differences were detected in
armadillo activity patterns in the presence of domestic dogs and jaguarundis (U2 values, both
P < 0.05), whereas no significant differences were observed in their activity patterns in the

presence or absence of ocelots.
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Figure 2. Overlap of the kernel activity density (including overlap coefficient [A] and 95%

confidence intervals) of nine-banded armadillos (Dasypus novemcinctus) and potential predator

species: (A) domestic dogs (Canis familiaris), (C) ocelots (Leopardus pardalis), and (F)

jaguarundis (Herpailurus yagouaroundi); and the overlap of the kernel activity density of nine-

banded armadillos in sites with and without: (B) domestic dogs, (D) ocelots, and (E)

jaguarundis; (*) obtained from the Watson test (U?) indicates the significant difference (o =

0.05) in the activity period.
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3.2 Temporal avoidance

Due to the lack of sufficient T4/T3 values for jaguarundis, we calculated AAR only for
domestic dogs and ocelots to perform the Cox Proportional Hazard test. The mean T4/T3 values
indicate a significant avoidance response by armadillos following the passage of domestic dogs
(CoxPH: T4/T3 mean = 5.82, P = 0.036; Figure 3, Supplementary Material B: Table S3).
Notably, the time gap between the detection of armadillos after ocelots showed marginal
significance (CoxPH: T4/T3 mean=5.07, P=0.051; Figure 3, Supplementary Material B: Table
S3).

There was no significant difference in the time gap between armadillos' activity and the

presence of domestic dogs and ocelots (ANOVA, F =0.025, d.f. =3, P =0.884).

Nine-banded armadillos

| o,y

12

Avoidance Attraction Ratio (T4/T3)
(@)

Domestic dogs Ocelots
Species
Figure 3. Temporal avoidance of nine-banded armadillos (Dasypus novemcinctus) following
the detection of domestic dogs (Canis familiaris) and ocelots (Leopardus pardalis) at sites.
Avoidance-attraction ratios (AAR) greater than 1 indicate avoidance of nine-banded armadillos
by native and non-native species; (*) indicates a significant difference (o = 0.05) in detection

time at sites with and without predators.
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4 DISCUSSION
4.1 Activity periods

Armadillos exhibited significant temporal avoidance following dog passages, even
without direct encounters. Our results suggest that domestic dogs may negatively impact
armadillo behavior relative to their native predators. The presence and distribution of domestic
dogs in natural areas result from a complex interplay of ecological, cultural, social, and
economic factors (BUTLER; DU TOIT; BINGHAM, 2004; MORTERS et al., 2014; SILVA-
RODRIGUEZ; SIEVING, 2011). Habitat fragmentation significantly facilitates the incursion
of dogs into natural environments (PASCHOAL et al., 2018; RIBEIRO et al., 2019), while
human activities such as urbanization and agriculture contribute to the proximity of dogs and
their prevalence in these areas (ALLEMAND et al., 2019; PASCHOAL et al., 2018).

The use of natural habitats by domestic dogs is particularly influenced by the care and
attention provided by their owners (MEEK, 1999). For example, insufficient food resources
provided to domestic dogs have been associated with extended incursions into natural habitats,
potentially leading to the predation of native species (MORTERS et al., 2014; SILVA-
RODRIGUEZ; SIEVING, 2012). The frequent records of unattended dogs during daylight
hours in the study may indicate that they are searching for food resources (CREMONESI et al.,
2021; DAVISON et al., 2019; SEPULVEDA et al., 2015). Given their opportunistic scavenging
behavior, dogs may also scavenge when their primary food source is limited or unavailable
(BUTLER; BROWN; DU TOIT, 2018; SARKAR; SAU; BHADRA, 2019; STEADMAN;
WORNE, 2007; VANAK et al., 2014).

Our findings highlight the distinct temporal niches adopted by these native felids as a
strategy to minimize competition or encounters (ESTEVO; NAGY-REIS; NICHOLS, 2017,
FOSTER et al., 2013; HARMSEN et al., 2011; MARINHO et al., 2018; NAGY-REIS et al.,
2019). Among the surveyed native carnivores, ocelots exhibited a preference for nocturnal
activity, whereas jaguarundis were diurnal (FOSTER et al., 2013; HARMSEN et al., 2011;
MARINHO et al., 2020; NAGY-REIS et al., 2019). For example, ocelots typically hunt
medium-sized animals such as armadillos and opossums (AZEVEDO et al., 2019; DI BITETTI;
PAVIOLO; DE ANGELO, 2006). In contrast, jaguarundis tend to prey on small mammals and
birds with diurnal and terrestrial habits (GIORDANO, 2016; NAGY-REIS et al, 2019).
Nevertheless, there are cases in which both species share similar prey species (SILVA-

PEREIRA et al., 2011; WANG, 2002).
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Our findings corroborate previous research, indicating that nine-banded armadillos are
nocturnal (CEPEDA-DUQUE et al., 2021; DEGREGORIO; VEON; MASSEY, 2022;
MACCARINI et al., 2015; MARGARIDO et al., 2023). Although armadillos exhibit some
flexibility in their peak wakefulness hours (ANCONA; LOUGHRY, 2009; MCDONOUGH;
LOUGHRY, 1997), Their behavior adjusts peak activity to, or shifts to, nocturnal hours in areas
of high human activity (DEGREGORIO et al, 2021; DEGREGORIO; MCELROY;
JOHANSSON, 2023) and near plantations (PARDO et al.,, 2021). Regulation of peak
wakefulness is a shared strategy among medium and large-sized native mammals (CARVALHO
et al., 2019b; HEURICH et al., 2014), particularly in human-altered environments (GAYNOR
et al., 2018). Changing patterns of wakefulness reduces competition for resources between
conspecifics and limits interaction with generalist predators, such as domestic dogs (FREY et
al., 2017). Collectively, flexibility in wakefulness contributes to the survival of nine-banded
armadillos (NORRIS; MICHALSKI; PERES, 2010).

Understanding predator—prey interactions provide valuable insights into how felids
coexist within an ecosystem. Factors such as prey availability and competition from other
predators can influence the activity patterns of felids (CARO; STONER, 2002; DAYAN;
SIMBERLOFF, 2005; MONROY-VILCHIS et al., 2009). Coordination of activity rhythms
between felids and their prey enhances the efficiency of predator-prey encounters (FOSTER et
al., 2013; HARMSEN et al., 2011; MARINHO et al., 2018; PORFIRIO et al., 2016), and
increases the likelihood of encounters during activity peaks (AZEVEDO et al., 2018; MATOS
DIAS; CAMPOS; GUIMARAES RODRIGUES, 2018).

4.2 Temporal avoidance

There are a few studies comprehensively examining the impact of domestic dogs on the
temporal behavior of potential prey species, such as nine-banded armadillos. The nocturnal
activity of armadillos remains consistent regardless of the presence of native or non-native
predators, suggesting that predators alone may not be sufficient to alter their activity patterns.
This observed consistency in armadillo behavior may be attributed to defensive strategies,
including the presence of a dermal carapace and digging behavior, which reduce the risk of
predation during predator encounters (CARTER; ENCARNACAO, 1983; MCDONOUGH et
al., 2000). However, our analyses do not assess whether other potential factors, such as
proximity to human activities, agriculture, or habitat fragmentation, influence the nocturnal

activity, as noted by DeGregorio et al. (2021) and Pardo et al. (2021).
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Although temporal segregation suggests a strategy to avoid direct encounters with dogs,
the AAR indicates that armadillos temporally avoid areas where dogs and ocelots are detected.
Despite their distinct periods of activity, armadillos do not discriminate between domestic dogs
and ocelots, avoiding both species for a similar amount of time. However, while direct
interactions between dogs and armadillos are rare due to their different activity periods, the
presence of dogs in forest fragments is sufficient to trigger avoidance behavior in armadillos,
consistent with observations in other species (PARSONS et al., 2016; WENG et al., 2022).
Scent markers and dog feces can induce fear and spatiotemporal avoidance in mammals
(APFELBACH et al., 2005). Given their limited visual acuity, armadillos rely heavily on their
acute sense of smell, which influences their behavior (MCDONOUGH; LOUGHRY, 1997;
VINCENT; VONK, 2022). The presence of dogs leaves scent markers and dog feces, which
can induce fear and spatial avoidance in mammals (APFELBACH et al., 2005). This response
persists even when dogs are no longer present (APFELBACH et al., 2005). Thus, even though
dogs and armadillos have distinct activity periods, the olfactory cues left by dogs in habitats

they share are enough to trigger avoidance responses in armadillos.

5 CONCLUSION

Our study provides insights into the effects of domestic dogs and native carnivores on
the activity patterns and temporal avoidance behavior of nine-banded armadillos in human
altered environments. Despite consistent nocturnal activity, armadillos exhibit comparable
avoidance behavior to dogs and ocelots. This suggests that armadillos perceive dogs as a threat,
leading to temporary avoidance even in the absence of direct encounters, highlighting their
responses to different predators in human-altered landscapes. Acknowledging the impact of
domestic dogs on ecological dynamics is crucial to improving conservation efforts, including
control of free roaming dogs and campaigns to promote responsible pet ownership in rural
areas. These measures are essential to mitigate the impact of domestic dogs on nine-banded

armadillo populations.
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5 FATORES ECOLOGICOS ASSOCIADOS A INTERACAO ENTRE CAES
DOMESTICOS E TATU-GALINHA (Dasypus novemcinctus) EM PAISAGENS
ALTERADAS POR ATIVIDADES ANTROPICAS

RESUMO

Interacdes interespecificas entre espécies nativas e exoticas sdo influenciadas por fatores
ambientais e antropicos em paisagens alteradas. Utilizando modelos de ocupagao multiespécies,
analisamos a relacdo entre tatu-galinha (Dasypus novemcinctus) e caes domésticos (Canis
familiaris) em uma area de 39.000 ha no nordeste do estado de Sao Paulo, entre 2020 ¢ 2022.
A partir de 3.597 armadilhas-noite, registramos 48 detec¢des independentes de tatus e 58 de
caes. A propor¢ao de formagdes savanicas em uma escala de 850 metros foi a principal variavel
explicativa para a ocupagao de ambas as espécies, mas com efeitos opostos: enquanto os tatus
preferem areas savanicas, os cdes tendem a evitar esses locais, concentrando-se em areas
proximas a zonas urbanas. Esses padroes refletem as adaptagdes ecoldgicas dos tatus a
ambientes com menor densidade de vegetagdo, que facilitam a escavacdo de tocas e o acesso a
recursos alimentares, e a dependéncia dos caes domésticos de recursos associados a presenga
humana. Apesar de as formagdes savanicas oferecerem refligio para os tatus, a presenca de caes
domésticos em paisagens periurbanas representa uma ameaca as espécies nativas,
intensificando riscos de predagdo, transmissao de doengas e competicdo por recursos. Esses
impactos sdo especialmente preocupantes em biomas ameagados, como o Cerrado, que ja
enfrenta altas taxas de perda de habitat. Recomendamos estratégias de manejo, como controle
populacional de cées, restrigdes ao acesso a areas protegidas e educacao ambiental, para mitigar

os efeitos negativos e promover a conservacao da biodiversidade local.

Palavras-chave: coocorréncia; espécies invasoras; risco de disturbio; éareas protegidas;

armadilhas fotograficas.
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ABSTRACT

Interspecific interactions between native and exotic species are influenced by environmental
and anthropogenic factors in altered landscapes. Using multi-species occupancy models, we
analyzed the relationship between nine-banded armadillos (Dasypus novemcinctus) and
domestic dogs (Canis familiaris) within a 39,000-ha area in northeastern Sdo Paulo State,
Brazil, from 2020 to 2022. Based on 3,597 trap-nights, we recorded 48 independent detections
of armadillos and 58 dogs. The proportion of savanna formations at an 850-meter scale emerged
as the primary variable explaining the occupancy of both species, but with opposing effects:
armadillos preferred savanna habitats, while dogs tended to avoid these areas, concentrating
near urban zones. These patterns reflect armadillos' ecological adaptations to environments with
lower vegetation density, which facilitate burrow excavation and access to food resources, and
domestic dogs' dependence on resources associated with human presence. Although savanna
formations provide refuge for armadillos, the presence of domestic dogs in periurban
landscapes poses a significant threat to native species by increasing risks of predation, disease
transmission, and resource competition. These impacts are particularly concerning in threatened
biomes like the Cerrado, which already experiences high rates of habitat loss. We recommend
management strategies, such as dog population control, restricted access to protected areas, and
environmental education, to mitigate these negative effects and support local biodiversity

conservation.

Keywords: co-occurrence; alien species; risk disturbance; protected areas; camera traps.

1 INTRODUCAO

As interagdes entre diferentes espécies desempenham um papel fundamental na
regulagao das populacdes e comunidades ecologicas (MOUGI; KONDOH, 2012; WALLACE;
ERIC BENBOW, 2019). Essas interagdes podem ocorrer por meio de mecanismos diretos,
como predacdo ou competi¢do por recursos, onde uma espécie impacta diretamente a
sobrevivéncia ou o acesso a recursos de outra (CARO; STONER, 2002; CONNELL, 1961;
RITCHIE; JOHNSON, 2009; SEVEQUE et al., 2020). Além disso, interagdes indiretas,
resultantes de mudancas comportamentais induzidas por outras espécies, também influenciam
a dindmica populacional e o uso do habitat (BAILEY; WHITHAM, 2007; RODEWALD;
ARCESE, 2016; WERNER; PEACOR, 2003). Essas interagdes sao moduladas tanto por fatores
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bidticos quanto por condi¢des ambientais (BERGER-TAL; SALTZ, 2019; MAGRACH et al.,
2014).

Paisagens alteradas por atividades humanas, como rodovias e trilhas influenciam a
distribuicao de recursos e os padroes de movimentagdo das espécies, impactando suas
interagdes (SOULTAN; ATTUM; LAHUE, 2021). Tais fatores ampliam o escopo das interagdes
interespecificas, gerando variagcdes nos padrdes de coexisténcia em diferentes ambientes
(TURRINI; SANDERS; KNOP, 2016). A presenga crescente ¢ a permanéncia de caes
domésticos em habitats naturais tem despertado preocupagdes sobre seus impactos na dinamica
das interagdes com a fauna nativa (GOMPPER, 2014; LESSA et al., 2016; SOULTAN;
ATTUM; LAHUE, 2021; VANAK; GOMPPER, 2009).

Os caes domésticos ¢ um carnivoro como as demais espécies desta ordem e mantém
comportamentos que podem afetar as populagdes nativas, seja por competicdo por recursos,
predacdo ou ocupacao de territorios (LAZZARONI et al., 2020; PERRI et al., 2020; VANAK;
GOMPPER, 2010). Embora amplamente estudadas em rela¢ao a outros predadores (BIANCHI
etal.,2020; BUTLER; DU TOIT; BINGHAM, 2004; FARRIS et al., 2020), as interagdes entre
cdes e espécies semifossoriais, como o tatu-galinha (Dasypus novemcinctus), sio menos
exploradas (DOHERTY et al., 2017).

O tatu-galinha, um mamifero semifossorial amplamente distribuido nas Américas,
apresenta caracteristicas ecoldgicas e fisiologicas que o tornam potencialmente vulneravel a
presenca de cdes (DEGREGORIO et al, 2021; LOUGHRY; MCDONOUGH, 2013;
RODRIGUES et al., 2020). Devido a sua baixa taxa metabolica e a dependéncia de uma
regulacdo eficiente da temperatura corporal (MCNAB, 1980b), o tatu-galinha pode alterar seu
comportamento em resposta a presenca de predadores, como caes. Essas mudangas
comportamentais podem impactar diretamente sua capacidade de buscar alimento, reproduzir-
se e sobreviver (GUEDES et al., 2021; LESSA et al., 2016; SEPULVEDA et al., 2015; SILVA-
RODRIGUEZ; SIEVING, 2012). Além disso, a agressdo por cdes domésticos aumenta
significativamente a mortalidade de tatus (DEGREGORIO et al, 2021; SILVA; H.
VARZINCZAK; C. PASSOS, 2021).

A presenca de cdes domésticos em habitats naturais ¢ frequentemente associada a
fragmentacao das paisagens devido a expansao urbana e agricola. No Brasil, os biomas Cerrado
e Mata Atlantica estdo entre os mais afetados pela perda de habitat, com menos de 50% do
Cerrado e apenas 11,6% da Mata Atlantica ainda cobertos por vegetagao nativa, a maior parte
em pequenos fragmentos (BEUCHLE et al., 2015; CATOJO; JESUS, 2022; REZENDE et al.,
2018; ROSA et al., 2021; VANCINE et al., 2024). A fragmentacao facilita o acesso de caes
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domésticos e aumenta suas interacdes com a fauna silvestre, intensificando a competicao por
recursos (CARRETE et al., 2010; DANIELSON, 1992).

O tatu-galinha, embora tolerante a ambientes alterados, desempenha um papel ecoldgico
importante como um componente da cadeia alimentar regional, além de contribuir para a
ciclagem de nutrientes, a aera¢do do solo e a dispersdo de sementes, o que afeta diretamente a
estrutura das comunidades vegetais (DEGREGORIO; VEON; MASSEY, 2022; RODRIGUES
et al., 2020). Compreender os efeitos dos caes domésticos sobre as populagdes de tatus &,
portanto, uma das condi¢des essenciais para avaliar o estado de conservagao dessas espécies €
a integridade dos ecossistemas em que vivem.

Neste estudo, investigamos os efeitos da presenca de caes sobre as populagdes de tatu-
galinha em uma paisagem com diferentes usos, incluindo fragmentos de vegetagdo nativa, areas
protegidas e regides de alta atividade humana em dois municipios no nordeste do estado de Sao
Paulo. Especificamente, testamos as seguintes hipdteses: (1) a presenca de cades afeta
negativamente a ocorréncia de tatus, que neste trabalho sera interpretado como uso do habitat.;
(2) a fragmentacao do habitat aumenta a probabilidade de encontros entre caes e tatus; e (3) a
proximidade de infraestruturas, como rodovias e residéncias, eleva o risco de interacdo entre

essas espécies.

2 METODOLOGIA
2.1 Area de estudo

O estudo foi realizado em uma area de aproximadamente 39.000 ha, abrangendo os
municipios de Pedregulho e Rifaina, no nordeste do estado de Sao Paulo (Figura 1). A area
inclui o Parque Estadual das Furnas do Bom Jesus, uma Unidade de Conservagdo de Protegdo
Integral com 2.069 ha. A regido ¢ caracterizada por uma topografia montanhosa, com
remanescentes de Mata Atlantica e Cerrado (RODRIGUES; HOTT, 2010). No Parque, as areas
de encostas e riparias apresentam florestas estacionais semideciduas primarias, enquanto as
areas mais elevadas contém fragmentos de vegetacdo savanica, gramineas naturais e Cerrado
stricto sensu (SASAKI; MELLO-SILVA, 2008).

A leste dos municipios, o Rio Grande delimita a divisa entre os estados de Sao Paulo e
Minas Gerais. As margens do Rio Grande e seus tributarios sdo caracterizadas por vegetacao
preservada, com fitofisionomias que variam entre campo sujo, campo cerrado, cerrado stricto

sensu ¢ floresta semidecidua (SASAKI; MELLO-SILVA, 2008).
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Esses municipios sdo considerados areas prioritarias para conservagao no estado de Sao
Paulo devido as suas caracteristicas geomorfologicas e a presenga de espécies raras com
distribuicao restrita aos habitats savanicos (DURIGAN et al., 2003b, 2003a). As principais
atividades agricolas incluem pastagens extensivas, plantagdes de café, producao de cana-de-
acucar, silvicultura (Pinus spp. € Eucalyptus), além de areas urbanas e cursos d'agua (BRANCO
etal., 1991).

A regido possui um clima tropical de altitude, com precipitagdo média anual de 145 mm

entre outubro e margo € invernos secos entre abril e setembro. As temperaturas variam entre

13,7°C nos meses mais frios e ultrapassam 26,5°C nos meses mais quentes (CEPAGRI, 2023).
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Figura 1. Disposi¢do das armadilhas fotograficas instaladas entre 2020 e 2022 nos municipios
de Pedregulho e Rifaina, no nordeste do estado de Sdo Paulo. O detalhe apresenta os raios dos
buffers tracados a partir de cada sitio amostral para anélise da escala de efeito nos modelos de

ocupacao.

2.2 Coleta de dados

Para amostrar areas com diferentes niveis de interferéncia antropica e categorias de
protecdo, utilizamos armadilhas fotograficas (modelos Bushnell® Trophy Cam 6.0 Mpxl,
Scoutguard® SG 560 e Reconyx® Hypefire 2 Covert). A fim de garantir a independéncia
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espacial, os equipamentos foram instalados a uma distancia minima de 2.000 metros entre os
sitios de amostragem. Um total de 55 cameras foram instaladas, sem o uso de iscas (Figura 1).

As cameras foram posicionadas a uma altura de 30-40 cm do solo, fixadas em troncos
de arvores, preferencialmente em trilhas, e orientadas para o Norte ou Sul, a fim de minimizar
a incidéncia direta de luz solar no sensor (ROVERO; TOBLER; SANDERSON, 2010). Todas
as cameras operaram 24 horas por dia e foram programadas para capturar trés registros em
intervalos de 10 segundos quando acionadas (ROVERO et al., 2014; ROVERO; TOBLER;
SANDERSON, 2010).

Os equipamentos permaneceram, em média, 60 dias em cada sitio de amostragem e
foram revisados mensalmente para troca de pilhas, cartdes de memoria e verificagdo das
configuracdes. O periodo de amostragem se estendeu de dezembro de 2020 a agosto de 2022,
totalizando um esforco de 3.597 armadilhas-noite. Para garantir a independéncia temporal nas
analises, consideramos apenas os registros com intervalo igual ou superior a 60 minutos entre

detecgoes (MEEK et al., 2014; TOBLER et al., 2008).

2.3 Parametros de detecgio e ocupacio

Foram utilizados sete covaridveis ambientais para compor os modelos de ocupagdo
multipla (Tabela 1), com base em estudos anteriores sobre a sele¢cdo de habitats por caes
domésticos e tatus (DEGREGORIO; VEON; MASSEY, 2022; HAYWOOD; NIELSEN;
JIMENEZ, 2021; LESSA et al, 2016; LOUGHRY; MCDONOUGH, 1988, 2013;
MALHOTRA; JIMENEZ; HARRIS, 2021; PASCHOAL et al, 2018; RODRIGUES;
CHIARELLO, 2018; SOULTAN; ATTUM; LAHUE, 2021; TORRES; PRADO, 2010).

Para minimizar a redundancia entre as covariaveis ambientais, as classes de uso da terra
foram agrupadas em duas categorias: "Dense", que engloba formagdes florestais com
predominancia de espécies arboreas com dossel fechado, como Floresta Estacional
Semidecidual, Decidual, Mata Ciliar, Mata de Galeria e Cerraddo; e "Open", composta por
estratos arboreos e arbustivo-herbaceos, como as formagdes savanicas de Cerrado e areas
alagaveis (RIBEIRO; WALTER, 1998). A cena matricial dos usos e cobertura da terra possui
resolugdo espacial de 30 metros e acurdcia geral de 88,1% (MAPBIOMAS, 2021).

As distancias dos sitios de amostragem até os cursos d'dgua (“Dhidro”), rodovias
(“Droad”) e residéncias (“Durb”) mais proximas foram calculadas utilizando a fung¢do "point to
line distance" do pacote SAGA no QGIS 3.26 (QGIS Development Team, 2020). Os dados da

rede hidrografica do Estado de S@o Paulo na escala 1:50.000 foram obtidos no banco de dados
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DataGEO (SIMA, 2022). A malha rodoviaria foi obtida através do plugin “Open Street Maps
Downloader”, versao 1.0.3, no QGIS 3.26 QGIS Development Team, 2020). As localizagdes
das infraestruturas rurais e residéncias foram determinadas manualmente a partir de imagens
do Google Satellite, usando a ferramenta “QuickMapServices” no QGIS 3.26 (QGIS
Development Team, 2020).

Os dados climaticos de médias diarias de temperatura e precipitacdo foram obtidos da
base de dados CITAGRO (CIIAGRO, 2023). Adicionalmente, incluimos o esfor¢o amostral das

cameras como parametro de deteccao.

2.4 Escala de efeito

A escala de efeito refere-se a area espacial onde as varidveis ambientais exercem maior
influéncia sobre a presenca ou o comportamento de uma espécie (JACKSON; FAHRIG, 2015).
Neste estudo, investigamos as propor¢oes das classes de uso e ocupagdo da terra em diferentes
escalas da paisagem, com o objetivo de identificar a escala mais adequada para prever a
ocupagdo das espécies em questdo. Utilizamos duas escalas hierarquicas com raios de 200 e
850 metros (12,5 — 227,2 ha; Figura 1), baseadas em dados sobre os padrdes de movimentacao
do tatu-galinha presentes na literatura (GAMMONS; MENGAK; JONES, 2009; LAYNE;
GLOVER, 1977; MCDONOUGH; LOUGHRY, 1997).

2.5 Analise dos dados

Neste estudo, adotamos uma abordagem em trés etapas para investigar como variaveis
ambientais influenciam a interacdo entre tatus-galinha e cdes domésticos. Primeiramente,
estimamos a probabilidade de detec¢do individual das espécies (p(p)), seguida pela estimativa
da probabilidade de ocupacdo individual (p(y)) e, por fim, avaliamos a probabilidade de
coocorréncia entre as espécies, com base nos parametros obtidos nos modelos de espécie tinica.

Para construir o historico de ocupagdo, agrupamos os periodos de amostragem continua
em ocasioes de 10 dias (MACKENZIE et al., 2002; SOLLMANN, 2018). Registramos a
presenca das espécies como "1" (detec¢do) quando ao menos uma observacao foi registrada
durante o intervalo de 10 dias, e como "0" (ndo detec¢do) quando nenhuma detec¢do foi
registrada. As variaveis ambientais de temperatura e precipitacdo foram calculadas como
médias diarias para cada intervalo de 10 dias, totalizando 14 ocasides de amostragem.

Os modelos foram ajustados utilizando a fun¢do occuMulti do pacote unmarked no

RStudio (RSTUDIO TEAM, 2022), com a sele¢do dos melhores modelos baseada no Critério
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de Informagdo de Akaike corrigido (AICc) (MACKENZIE et al., 2018). Consideramos
fortemente suportadas apenas as covaridveis cujos intervalos de confianca de 85% nao
incluiram o valor zero. Todas as covariaveis foram padronizadas em z-scores (x-média/desvio
padrao) (LEGENDRE; LEGENDRE, 2012), e covariaveis com correlagao de Spearman (|r| >
0,60) foram excluidas do mesmo modelo para evitar multicolinearidade.

Na primeira etapa da analise, modelamos a probabilidade de detec¢ao (p(p)) de ambas
as espécies, assumindo ocupagao constante (y(.)), para investigar a influéncia da temperatura
média diaria (p(Temp)), da precipitagdo média diaria (p(Prec)), e do esforgo amostral (p(Effort),
(Tabela 1). Na segunda etapa, modelamos a probabilidade de ocupacao (p(y)) para cada espécie,
mantendo fixada a covariavel de deteccdo mais bem classificada na etapa anterior. Utilizamos
modelos hierarquicos de primeira ordem para estimar a ocupagao sem considerar interagcdes
entre as espécies. Na terceira etapa, exploramos a interacdo entre tatus-galinha e caes
domésticos por meio de um modelo multi-espécies de unica estagdo (MACKENZIE et al.,
2018), que incorpora um estado latente de ocupacgdo (Zi) representando a deteccao (1) ou ndo
detecg¢do (0) de cada espécie em um local (i). O modelo utiliza uma distribui¢do Bernoulli
Multivariada (MVB), Zi~MVB(yi), onde yi contém as probabilidades de coocorréncia, e
estima trés parametros principais na escala logit: as log odds de ocupacao individual para cada
espécie (F1,i, §2,i) e as log odds de coocorréncia (f12,i) (ROTA et al., 2016).

As covariaveis mais relevantes identificadas nas etapas anteriores, como proporcao de
areas savanicas ("Open") e florestais ("Dense"), distancia até rodovias, residéncias e cursos
d’agua, foram incorporadas aos modelos multi-espécies. Os resultados foram interpretados
conforme Rota et al. (2016), considerando que a coocorréncia entre as espécies pode ser
influenciada positiva ou negativamente por variaveis ambientais. Quando modelos com
interacdes entre as espécies apresentaram melhor ajuste em relagdo aos modelos sem interagoes,
concluimos que a presenca da espécie dominante exerce maior influéncia na ocupagdo dos

tatus-galinha do que as varidveis ambientais.
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Tabela 1. Covariaveis ambientais utilizadas para quantificar as probabilidades de ocupagdo

(p(v)) e deteccdo (p(p)) em modelos multi-espécies, considerando multiplas escalas espaciais

de efeito na area de estudo. N.T. refere-se aos parametros nao testados.

., Identificacdo nos - ., Escala de A
Covariavel Descricéo da covariavel : Parametro
modelos efeito (M)
Formacses Proporgao de areas com
§ Dense predominancia de espécies arborease 200 e 850 v N.T.
florestais x
formacdo de dossel
Cerrado sentido x .
restrito Proporcdao de areas com
) S Open predominancia de estratos arboreo e 200 e 850 Y NT
SR ElEREER arbustivo-herbaceo
gramineas nativas
s Distancia linear entre o sitio de
Distancia de - .
. Droad amostragem e a rodovia mais - b4 p
rodovias (m) L
préxima
s Distancia linear entre o sitio de
Distancia de x .
A Durb amostragem e a constru¢do mais - v o
residéncias (m) "
préxima
s Distancia linear entre o sitio de
Distancia de cursos . Y :
, Dhidro amostragem e o curso d'agua mais - v p
de agua (m) L
préximo
Temperatura (°C) Temp Temperatura média mensal - NT. »p
Precipitacdo (mm)  Prec Precipitacdo média mensal - NT. »p
NUmero de dias em que a cAmera
Esforco de - o
Effort permaneceu ativa no sitio de - NT. »p
amostragem

amostragem




73

Area agricola [ll Corpo de 4gua [l Formacao :
; " savanica | Densidade de
M Area urbana [l Formacgo florestal 0 60 residéncias

C A D A

Rede hidrografica Malha rodoviaria
0 7.5 15 km 0 7.5 15 km

Figura 2. Espacializacdo das covariaveis ambientais e limite do Parque Estadual Furnas do
Bom Jesus nos municipios de Pedregulho e Rifaina, nordeste do estado de Sao Paulo. A) classes
de uso e cobertura do da terra; B) localizacdo e densidade de residéncias rurais; C) rede

hidrogréfica; e D) malha rodoviaria.

3 RESULTADOS

A partir de um esfor¢o amostral de 3.597 armadilhas-noite, registramos 48 deteccdes

independentes de tatus-galinha e 58 de caes domésticos. Na primeira etapa, o parametro de
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detec¢do que apresentou o esforco amostral (p(Effort)) como ajuste para a deteccdo e caes

domésticos (Tabela 2).

Tabela 2. Valores estimados (B) e seus respectivos erros padrdo (SE) para as covariaveis de
detecgdo (p) do tatu-galinha (Dasypus novemcinctus) e do cao doméstico (Canis familiaris) nos
modelos selecionados (AAICc < 2). Para cada modelo, sdo apresentados os valores do Critério
de Informagao de Akaike corrigido (AICc), a diferenga em relacao ao melhor modelo ajustado

(AAICc), o peso acumulado dos modelos (Cum.Wt), e o nimero de parametros (K).

Covariavel B estimado SE K AlCc AAICc Cum.Wt
P(dasypus) Intercept -0.72 0.25
P(canisy Intercept -1.32 0.22 5 434.45 0.00 0.33
P(eanis) Effort -0.48 0.20
P(dasypus) Intercept -0.74 0.26
P(dasypus) Effort 0.16 0.27
P(canis) Intercept -1.32 0.22 6 436.64 219 0.44
P(canis) Effort -0.48 0.20

Na segunda etapa da anélise, construimos 92 modelos sem considerar interagdes entre
as espécies, utilizando diferentes escalas de paisagem. Dentre esses, quatro modelos foram
considerados plausiveis para explicar a ocupacdo individual de cada espécie (Tabela 3). A
propor¢ao de formagdo savanica na escala de 850 metros apresentou o melhor ajuste para a
ocupacdo de ambas as espécies, embora com efeitos opostos. O efeito positivo dessa variavel
sugere que os tatus-galinha preferem &areas com maior proporcdo de vegetacdo savanica,
enquanto os cdes domésticos tendem a ocupar dreas com menor propor¢ao dessa vegetagao.

A distancia de 4reas urbanas foi identificada como uma varidvel determinante para a
ocupacdo de caes domésticos. O efeito negativo dessa covaridvel indica que os caes preferem
areas proximas as residéncias humanas. Adicionalmente, a proporcao de formagao florestal na
escala de 850 metros e a distancia de rodovias também foram incluidas como fatores relevantes
nos modelos selecionados para os caes domésticos, embora os intervalos de confianga dessas
variaveis tenham incluido o valor zero, indicando baixa robustez desses efeitos.

As covariaveis selecionadas nos modelos de primeira ordem foram usadas para estimar
a probabilidade de ocupacdo dos tatus-galinha em fun¢do da presenca ou auséncia de caes
domésticos nos modelos de segunda ordem. Apenas um modelo apresentou um valor de AAICc
<2, incluindo a proporg¢ao de formagao savanica na escala de 850 metros. Contudo, o parametro
de interagdo apresentou um intervalo de confiang¢a que incluiu o valor zero, indicando que o

efeito dessa covariavel sobre a interacdo entre as espécies nao foi fortemente suportado.



75

Tabela 3. Valores estimados dos coeficientes () e seus respectivos valores de erro padrao e
intervalos de confianga (I.C.) de 85% para as covariaveis que influenciam a probabilidade de
ocupacdo (p(y)) de tatu-galinha (Dasypus novemcinctus) na presenca e auséncia de caes
domésticos (Canis familiaris). As informagdes dos modelos incluem o nimero de parametros
(K), o Critério de Informagao de Akaike corrigido (AICc), a diferenca em relagdo ao melhor

modelo ajustado (AAICc) e o peso acumulado dos modelos (Cum.Wt).

Modelos P estimado Erro Padrao I.C. (min-max) k AICc AAICc Cum.w

Primeira ordem

(intercept) -1.51 0.40 -2.09, -0.93
W(dasypus) Ope850 1.05 0.39 0.49, 1.60
(intercept) -0.20 0.46 -0.85, 0.46 8 420.93 0.00 0.20
W(canis) Ope850 -1.40 0.75 -2.48,-0.33
W(canis) D_urb -0.66 0.41 -1.24,-0.07
(intercept) -1.51 0.40 -2.09,-0.93
Wi(dasypus) Ope850 1.05 0.39 0.49, 1.60
(intercept) 20.09 0.45 074,055 | 421.020.09 038
Y(canis) Ope850 -1.35 0.69 -2.34,-0.36
(intercept) -1.51 0.40 -2.09, -0.93
W(dasypus) Ope850 1.05 0.39 0.49, 1.60
(intercept) -0.03 0.50 -0.75, 0.69 8 42246 153 047
V(canis) Ope850 -1.70 0.87 -2.95,-0.44
Wi(canis) D_road 0.53 0.54 -0.24, 1.30
(intercept) -1.51 0.40 -2.09,-0.93
y(dasypus) Ope850 1.05 0.39 0.49, 1.60
(intercept) -0.10 0.46 -0.76, 0.56 8 422.83 190 0.55
y(canis) Ope850 -1.24 0.69 -2.23,-0.25
y(canis) Den850 0.42 0.50 -0.31,1.14
Segunda ordem
(intercept) -3.76 2.35 -7.13, -0.38
y(dasypus) Ope850 2.29 1.39 0.29, 4.30
(intercept) -0.17 0.51 -0.9, 0.57
y(canis) Ope850 -1.22 0.92 -2.55,0.11 O aZBel LY e
(intercept) 2.53 2.56 -1.15, 6.22
(dasypus:canis) Ope850 -2.03 2.03 -4.95, 0.90
4 DISCUSSAO

Os resultados deste estudo indicam que a propor¢do de formagdes savanicas em uma
escala de 850 metros e a distancia de areas urbanas sao fatores determinantes para a ocupagao
de tatus-galinha e caes domésticos, respectivamente, em paisagens antropizadas. Esses achados
oferecem novos insights sobre os fatores extrinsecos que influenciam as interagdes ecoldgicas
entre essas espécies em ambientes alterados por atividades humanas.

A relacdo positiva entre a propor¢do de formacdes savanicas e a ocupacgdo de tatus-
galinha reflete as condigdes favoraveis desses ambientes. Vegetagdes savanicas apresentam
solos mais expostos € menor densidade de cobertura vegetal, proporcionando maior facilidade

para escavagdo de tocas e acesso a recursos alimentares, como insetos e outros invertebrados
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(ANACLETO, 2007; FERREIRA et al., 2017; JOSE LIO PIRES COELHO et al., 2013;
PINHEIRO et al., 2002). Essas caracteristicas reduzem o custo energético associado a
escavacdo ¢ a locomogdo, aspectos cruciais para espécies semi-fossoriais, como 0s tatus
(LAYNE; GLOVER, 1977, MCNAB, 1980b). Além disso, a maior visibilidade nesses
ambientes pode diminuir a vulnerabilidade a predadores naturais, enquanto a plasticidade
comportamental dos tatus possibilita a exploracdo de habitats menos densos (OLIVEIRA;
LUZA; TIRELLI, 2023; TROVATI, 2015). Dessa forma, essas adaptacdes sao particularmente
relevantes em paisagens alteradas, onde a heterogeneidade ambiental pode favorecer a
persisténcia de espécies generalistas (MAGALHAES et al., 2023).

Por outro lado, os cdes domésticos foram a espécie de carnivoro mais prevalente
registrada no estudo, corroborando pesquisas anteriores que destacam sua ampla distribui¢ao
no Brasil (CURI et al., 2016; LACERDA; TOMAS; MARINHO-FILHO, 2009; PASCHOAL
et al., 2016). A preferéncia dos cdes por areas proximas a zonas urbanas esta diretamente
relacionada a dependéncia de recursos associados a presenga humana, incluindo alimento,
abrigo e interagdes sociais (HUGHES; MACDONALD, 2013; SEPULVEDA et al., 2014). Na
area de estudo, as formagdes savanicas, predominantemente localizadas em regides com baixa
densidade de residéncias, apresentaram menor ocupagdo por caes. Esses padrdes reforcam
estudos que indicam que cdes sdo frequentemente encontrados em fragmentos de vegetagao
periurbanos (LESSA et al., 2016; PASCHOAL et al., 2016).

Embora a preferéncia dos caes domésticos por areas periurbanas seja bem documentada,
nossos dados sugerem que suas atividades podem se estender a areas mais remotas. Esse
deslocamento pode ocorrer tanto pela supervisdo de seus cuidadores durante atividades
agricolas quanto pela acdo de caes ferais, que buscam recursos alimentares em habitats naturais
(SEPULVEDA et al., 2014; SILVA-RODRIGUEZ; SIEVING, 2012). A capacidade de caes
domésticos de acessar areas naturais adjacentes a zonas urbanas pode intensificar os impactos
negativos sobre as espécies nativas, como o aumento da pressdo predatéria, a transmissao de
doencas e a competicao por recursos. Esses efeitos podem alterar profundamente os padrdes de
uso do habitat, comprometendo a sustentabilidade das populagdes de espécies nativas
(CAMPOS et al., 2007; GUEDES et al., 2021; VANAK; GOMPPER, 2010).

Esses impactos sdo ainda mais preocupantes em biomas como o Cerrado e a Mata
Atlantica, que ja enfrentam multiplos desafios, incluindo perda de habitat, fragmentagao, caca
e atropelamentos (CACERES et al., 2010; CULLEN; BODMER; VALLADARES-PADUA,
2001; SOUSA; SRBEK-ARAUJO, 2017). A presen¢a de caes domésticos nessas areas pode

aumentar significativamente o risco de extingdes locais de espécies nativas, como os tatus-
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galinha. Portanto, ¢ essencial implementar medidas de manejo para mitigar esses impactos.
Estratégias como o controle populacional de caes, restricdes ao acesso a areas protegidas e
politicas de manejo da fauna sdo fundamentais para minimizar a pressao sobre espécies nativas
(HUGHES; MACDONALD, 2013; ZAPATA-RIOS; BRANCH, 2016). Além disso, a educagio
ambiental desempenha um papel determinante a0 aumentar a conscientizacdo da populagio
sobre os efeitos negativos de cdes em habitats naturais e a necessidade de preservagdo da

biodiversidade.
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6 CONCLUSAO

Este estudo contribui para a compreensao dos fatores que influenciam a ocupagao de
tatus-galinha em paisagens antropizadas, com énfase nas interagdes entre variaveis ambientais,
uso do habitat e impactos causados por espécies invasoras, como caes domésticos. Os resultados
revelaram que caracteristicas ambientais, como propor¢ao de vegetacdo savanica ¢ a
proximidade de cursos d’dgua, desempenham um papel determinante na ocupagdo de tatus,
refletindo sua dependéncia de condigdes especificas para escavagdo de tocas, acesso a recursos
e protecdo contra predadores. Por outro lado, os caes domésticos, altamente associados a areas
urbanizadas, destacaram-se como potenciais agentes de disturbio ecologico, afetando
diretamente a disponibilidade de habitats dos tatus-galinha. Embora a interag@o direta entre caes
e tatus ndo tenha sido robustamente confirmada, a sobreposi¢cdo de areas ocupadas e os efeitos
indiretos, como pressao predatoria e evitagdo temporal, apontam para um cenario de conflito
ecoldgico em ambientes modificados por humanos.

De forma integrada, este estudo reforca a importancia de paisagens heterogéneas para a
conservagao de espécies generalistas e semi-fossoriais, como os tatus-galinha, especialmente
em biomas altamente ameagados, como o Cerrado e a Mata Atlantica. No entanto, também
evidencia os desafios impostos pela presenca de espécies introduzidas, que podem agravar os

efeitos da perda e fragmentagdo de habitats.

Para garantir a coexisténcia entre espécies nativas e os processos humanos, medidas de
manejo, como o controle de populagdes de cdes domésticos, a protecao de formagdes savanicas
e a conscientizagdo sobre os impactos da urbanizagao, sdo essenciais. Esses esfor¢os devem ser
alinhados a estratégias de conservagdo que considerem as necessidades ecologicas das espécies
e as dinamicas das paisagens antropizadas, promovendo, assim, a sustentabilidade das

comunidades biologicas.
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APENDICE A

SUPPLEMENTARY MATERIAL A

Table S1. Spearman correlation matrix illustrating the relationships among variables used to quantify occupancy (y) and detection probability (p)
of nine-banded armadillos (Dasypus novemcinctus) in northeastern Sao Paulo state, Brazil. Correlation coefficients exceeding 0.6 were excluded
from the same occupancy model. The variables are as follows: Annual (Annual precipitation), Dense (Forest fragments), Open (Savannah
formations), Pasture (Pasture areas), Permanent (Permanent water bodies), Silviculture (Silviculture areas), Urban (Urban areas), Water

(Watercourses), Sand (Sand content in the soil), Slo (Slope), Dhidro (Distance to watercourses), Droad (Distance to roads), Durb (Distance to

residences).

Annual Dense Open Pasture Permanent Silviculture Urban Water Sand Dec Dhidro Droad Durb
Annual 1.00 0.08  -0.11 -0.03 -0.18 0.06 -0.10  -0.06 -0.13 -0.03 -0.09 -0.01 0.20
Dense 1.00  -0.32 -0.37 -0.07 0.01 -0.09  -0.20 0.18 0.58 -0.13 -0.09 0.17
Open 1.00 -0.04 -0.29 0.18 0.21 0.10 -0.22 -0.30 0.10 0.17 0.17
Pasture 1.00 -0.41 0.00 0.09 0.03 -037 -0.16 -0.26 0.15 -0.30
Permanent 1.00 -0.22 -0.04 -0.12 0.63 -0.10 0.26 -0.32 -0.23
Silviculture 1.00 0.13 -0.18  -0.01 -0.36 0.11 -0.06 0.29
Urban 1.00 -0.05 -0.08 -0.17 -0.13 0.03 -0.14
Water 1.00  -0.18 0.05 -0.13 0.00 0.05
Sand 1.00  0.01 0.30 -0.39 -0.01
Dec 1.00 -0.08 0.14 0.05
Dhidro 1.00 -0.07 -0.08
Droad 1.00 0.05

Durb 1.00
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APENDICE B

SUPPLEMENTARY MATERIAL B

Table S1. List of mammals potentially preyed by domestic dogs (Canis familiaris), ocelot

(Leopardus pardalis), and jaguarundi (Herpailurus yagouaroundi).

Predator Species of prey mammals References
Cabassous tatouay
Caluromys lanatus
Coendou prehensilis
Conepatus semistriatus
Cuniculus paca
Dasyprocta azarae
Dasypus novemcinctus

Didelphis albiventris (CAMPOS et al., 2007; GALETTI,
Canis familiars Euphractus sexcintus SAZIMA, 2006; MITCHELL; BANKS,

Leopardus guttulus 2005; VANAK; GOMPPER, 2009)

Marmosa paraguayana

Mazama sp.

Nasua nasua
Procyon cancrivorus
Sapajus nigritus
Sciurus sp.
Sylvilagus minensis
Cabassous tatouay
Callithrix sp.
Caluromys lanatus
Cerdocyon thous
Coendou prehensilis
Conepatus semistriatus
Cuniculus paca
Dasyprocta azarae

Dasypus novemcinctus (BIANCHI et al., 2011, 2014;

Didelphis albiventris GIARETTA, 2002; GRIFFITHS;

Eira barbara GILMORE; BOWLER, 2020;
Leopardus pardalis Euphractus sexcinctus MORENO; KAYS; SAMUDIO, 2006;

Marmosa paraguayana VILLA MEZA; MARTINEZ MEYER;

Mazama sp. LOPEZ GONZALEZ, 2002; WANG,

Nasua nasua 2002)

Pecari tajacu

Procyon cancrivorus
Herpailurus yagouaroundi
Sapajus nigritus

Sciurus sp.

Sus scrofa

Sylvilagus minensis
Tamandua tetradactyla
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Cabassous tatouay

Callithrix sp.

Caluromys lanatus (BIANCHI et al., 2011; CAMPOS, 2009;

Coendou prehensilis GOMEZ-ORTIZ; MONROY-VILCHIS;
Herpailurus Dasyprocta azarae MENDOZA-MARTINEZ, 2015;
yagouaroundi Dasypus novemcinctus ROCHA-MENDES et al., 2010; SILVA-

Didelphis albiventris PEREIRA et al., 2011; TROVATI;

Euphractus sexcinctus BUENO DE CAMPOS; ALVES DE

Marmosa paraguayana BRITO, 2008)

Sciurus sp.

Sylvilagus minensis
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Figure S1. Distribution and density of records for nine-banded armadillos (Dasypus
novemcinctus), domestic dogs (Canis familiaris), ocelots (Leopardus pardalis), and
jaguarundis (Herpailurus yagouaroundi) obtained at 69 sampling points between December
2020 and August 2022 in study area.
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Table S2. Number of records and daily frequency (number of records per day) of nine-banded
armadillos (Dasypus novemcinctus), domestic dogs (Canis familiaris), ocelots (Leopardus
pardalis), and jaguarundis (Herpailurus yagouaroundi). The number of sites where each
species was recorded, and site proportion was based on 69 sampling sites surveyed with camera

traps between December 2020 and August 2022 in study area.

Species No. Frequency Number of sites Site
records (count/day) detected proportion

Nine-banded armadillo 89 0.12 15 0.22

;J:;ttended domestic 94 0.13 36 0.52

Ocelot 29 0.04 18 0.26

Jaguarundi 15 0.02 6 0.09

Table S3. Cox proportional hazards models for time interval detection built from T4/T3 mean
of nine-banded armadillos (Dasypus novemcinctus) with Domestic dogs (Canis familiaris) and
ocelots (Leopardus pardalis). Exponential values of hazard ratios coefficient (Exp(coef))
quantify the relative risk associated with each predator species. A significant p-value (a=0.05)

indicates a significative influence of predators on the time detection of armadillos (i.e., provoke

avoidance).
Species Coef Exp(coef) SE(coef) p-value C.l. T4/T3
Domestic dog -1.19 0.30 0.56 0.04 0.10-0.93 5.82

Ocelot -1.45 0.23 0.75 0.05 0.05-1.01 5.07




