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Resumo

As espécies da ordem Cingulata Illiger, 1811, coloquialmente chamadas de tatus, sdo
encontradas exclusivamente no continente americano. Presentes em diversas regides florestais
e campestres, elas apresentam uma variedade de padrbes ecoldgicos espaco-temporais,
inclusive em relagdo as formas como respondem a diferentes ambientes e a distdrbios
provocados por humanos e animais exoticos. Infelizmente, existe uma escassez de
conhecimentos sobre a ecologia dos tatus na maior parte de sua distribuicdo, o que dificulta a
formulacdo de esforcos de conservacdo. Usando registros de videos obtidos por armadilhas
fotogréficas, este estudo providencia uma avaliacdo de fatores que influenciam na ocupacéo de
sitios e atividade diaria da fauna de tatus da Savana Uruguaia e da Mata Atlantica meridional,
incluindo covariveis relacionadas ao ambiente fisico e a atividades humanas e de animais
exoticos. Devido a um nimero limitado de registros da maioria das espécies, esta dissertacao
enfatiza os padrfes de ocupacdo e atividade da espécie registrada mais frequentemente, o tatu-
galinha (Dasypus novemcinctus Linnaeus, 1758). Entretanto, também fornece informacdes
sobre os padrbes demonstrados pelas espécies menos detectadas. Modelos de ocupacdo de
sitios, utilizados para testar a influéncia de covariaveis ambientais, revelaram uma correlacédo
positiva entre a probabilidade de ocupacdo de sitios do tatu-galinha e as covariaveis distancia
de assentamentos humanos e deteccdo de cdes domesticos (Canis lupus familiaris Linnaeus,
1758). Visto que a Savana Uruguaia e a Mata Atlantica meridional possuem variacGes
ambientais internas consideraveis, foram realizadas analises independentes para cada regido.
Nesta escala, nenhuma covariavel influenciou a ocupacdo do tatu-galinha. Testes de
uniformidade de Rayleigh revelaram que o tatu-galinha, tatu-peba (Euphractus sexcinctus
Linnaeus, 1758), tatu-mulita (Dasypus septemcinctus hybridus Desmarest, 1804) e tatu-de-
rabo-mole-grande (Cabassous tatouay Desmarest, 1804) apresentaram padrdes de atividade
diaria ndo-uniformes e majoritariamente noturnos. N&o foram obtidos registros do tatu-mirim
(Dasypus septemcinctus septemcinctus Linnaeus, 1758). Embora baseados em poucos
registros, os resultados sobre o tatu-peba e o tatu-mulita sdo surpreendentes, pois diferem do
conhecimento sobre a atividade destas espécies, majoritariamente diurnas em outras partes de
suas distribuicdes. O tatu-galinha também apresentou alta sobreposicéo temporal com as outras
trés espécies de tatus e baixa sobreposicdo temporal com cdes domésticos e javalis (Sus scrofa
Linnaeus, 1758) e atividade similar entre a Savana Uruguaia e a Mata Atléntica meridional e
entre sitios com e sem deteccdo das espécies exodticas. A relacdo positiva com a distancia de
assentamentos humanos sugere que as populacdes de tatu-galinha na Mata Atlantica meridional
podem estar sofrendo, em relacdo as da Savana Uruguaia, devido a uma maior densidade
humana. J& a relacdo positiva com a deteccdo de cdes pode indicar que ambas as espécies
utilizam os mesmos locais, mas ndo ao mesmo tempo, como pudemos observar em nossos
resultados de sobreposicao de atividade diaria. Por fim, visto que o tatu-peba e o tatu-mirim
séo considerados comuns e existem em alta densidade em outras partes de suas distribuigdes,
0S poucos registros obtidos geram preocupacdes sobre os estados de conservacao locais destas
espécies. No geral, este estudo apresenta novos conhecimentos sobre os padrdes de ocupacao
e de atividade de diversas espécies de tatu em regides pouco estudadas e muito degradadas nos
limites de suas distribuicGes geograficas. Estes achados podem servir para direcionar futuras
pesquisas em busca da manutencao das funcdes ecoldgicas e servigos ecossistémicos prestados
por estas espécies.

Palavras-chave: distUrbio antropico; espécie exdtica; ocupacdo de sitios; padrdo de atividade;
tatu-galinha.
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Abstract

The species of the order Cingulata Illiger, 1811, colloquially referred to as armadillos, are
found exclusively in the American continent. Present in a wide range of forests and grasslands,
they show a variety of spatio-temporal ecological patterns, including the ways in which they
respond to different environments and to disturbances provoked by humans or exotic animals.
Unfortunately, there is a dearth of knowledge regarding the ecology of armadillos in most of
their distribution, which complicates the creation of conservation efforts. Using video records
obtained through camera traps, this study provides an assessment of drivers which influence
the site occupancy and daily activity patterns of the armadillo fauna in the Uruguayan Savanna
and southern Atlantic Forest, including site-specific covariates related to the physical
environment and to the activities of humans and exotic animals. Due to a limited number of
records of most species, this dissertation emphasizes occupancy and activity patterns of the
species, which was most frequently recorded, the nine-banded armadillo (Dasypus
novemcinctus Linnaeus, 1758). However, it also provides information about the patterns
presented by species with fewer detections. Site occupancy models, used to test the influence
of environmental covariates, revealed a positive correlation between the site occupancy
probability of the nine-banded armadillo and the distance to human settlements and detection
of domestic dogs (Canis lupus familiaris Linnaeus, 1758) covariates. As the Uruguayan
Savanna and southern Atlantic Forest show considerable internal environmental variabilities,
independent analyses were made for each region. On this scale, no covariate influenced the
occupancy of the nine-banded armadillo. Rayleigh uniformity tests revealed that the nine-
banded, six-banded (Euphractus sexcinctus Linnaeus, 1758), southern long-nosed (Dasypus
septemcinctus hybridus Desmarest, 1804) and greater naked-tailed (Cabassous tatouay
Desmarest, 1804) armadillos showed non-uniform and mostly nocturnal daily activity patterns.
No records were obtained for the seven-banded armadillo (Dasypus septemcinctus
septemcinctus Linnaeus, 1758). Although based on few records, the results for the six-banded
and southern long-nosed armadillos are surprising, as they differ from knowledge of these
species’ activities, which are mostly diurnal elsewhere in their distributions. The nine-banded
armadillo presented low temporal overlap with domestic dogs and wild boars (Sus scrofa
Linnaeus, 1758), and similar activity patterns between the Uruguayan Savanna and southern
Atlantic Forest and between sites where the exotic species were detected and those where they
were not. The positive relation with distance to human settlements suggests that nine-banded
armadillo populations in the southern Atlantic Forest might be suffering, relative to those of
the Uruguayan Savanna, due to a higher human density. The positive relation with dog
detection might indicate that both species use the same locations, but at different times, as we
could observe in our temporal overlap results. Finally, as the six-banded and seven-banded
armadillos are considered common and exist in high densities in other portions of their
distributions, the low number of records obtained raise concerns over these species’ local
conservation statuses. Overall, this study presents novel knowledge about the occupancy and
activity patterns of several species of armadillo in poorly studied and very degraded regions in
the limits of their geographic distributions. These findings could serve to direct future research
aiming to maintain the ecological functions and ecosystem services provided by these species.

Keywords: activity pattern; exotic species; human disturbance; nine-banded armadillo; site
occupancy.
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INTRODUCAO GERAL
Historia natural de Cingulata

As espécies pertencentes a ordem Cingulata sdo coloquialmente chamadas de tatus.
Junto das preguicas e dos tamanduds, os tatus compdem a superordem Xenarthra Cope, 1889
(Burgin et al., 2018). Atualmente, consistem em 21 espécies divididas entre duas familias:
Chlamyphoridae Bonaparte, 1850, com 13 espécies, e Dasypodidae Gray, 1821, com oito
espécies (Abba et al., 2015; Feijo et al., 2018). Sdo endémicos do continente americano,
distribuindo-se do Sul dos Estados Unidos (gracas a colonizacéo recente do tatu-galinha), até
o Sul da Argentina (Loughry et al., 2013). No entanto, é no seu berco de origem, a América do
Sul, que encontramos a maior riqueza de Cingulata: todas as espécies existentes ali estdo
presentes (Fig. 1; Santos et al., 2019). Além disso, um estudo recente identificou a porcao
central da Ameérica do Sul (i.e., Bolivia, Paraguai, Norte da Argentina e Norte, Centro-Oeste e
Sudeste brasileiros) como as areas de maior biodiversidade de Xenarthra (Feijo et al., 2022).

Entre o final da época do Eoceno (~34 milhdes de anos atras) e o final da época do
Pleistoceno (~12 mil anos atras), os tatus apresentavam uma diversidade maior de espécies e
habitos de vida do que hoje em dia, contando com herbivoros de grande porte (Delsuc et al.,
2016; Vizcaino et al., 1998). Por exemplo, Pampatherium humboldtii Lund, 1839, da familia
Pampatheriidae Couto, 1954, chegava aos 200 quilogramas (Tambusso e Farifia, 2015), e
Doedicurus clavicaudatus Owen, 1847, da subfamilia Glyptodontinae Burmeister, 1879,
passava de duas toneladas (Soibelzon et al., 2012). Além disso, existiu Macroeuphractus outesi
Ameghino, 1908, um tatu carnivoro que pesava até 100 quilogramas (Vizcaino e luliis, 2003).
As mudancgas climaticas consequentes do final do ultimo periodo glacial, somadas a expanséo
da populacdo humana no continente americano, resultaram na extingdo da megafauna de tatus

por toda a regido (Bartlett et al., 2015; Villavicencio et al., 2016).



0°N
1

30'N
1

20'N
n

20°N
3

10°N
L

10'N
L

108
1
108
I

30's
"
T
40'Ss 20°8
1 n

T
40's
L

50'S
n

0 2750 5500

Figura 1 Distribuicdo geografica das espécies das familias: a) Dasypodidae; b) Chlamyphoridae (subfamilias Chlamyphorinae e Euphractinae);
c¢) Chlamyphoridae (subfamilia Tolypeutinae). Fonte: Santos et al., 2019.
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As espécies viventes sdo somente uma amostra da riqueza dos tatus no passado. Com
excecdo do tatu-canastra (Priodontes maximus Kerr, 1792), que pode chegar aos 60
quilogramas (Carter et al., 2016), todas as espécies modernas de tatu sdo de pequeno ou médio
porte, raramente ultrapassando 10 quilogramas. Além disso, todas possuem adaptagdes para a
fossorialidade, sendo que escavam tocas subterraneas onde passam seus periodos de
inatividade ou, no caso dos tatus-de-rabo-mole (Cabassous spp. McMurtrie, 1831), pichiciego-
maior (Calyptophractus retusus Burmeister, 1863) e pichiciego-menor (Chlamyphorus
truncatus Harlan, 1825), a maior parte de suas vidas (Attias et al., 2016; Vizcaino e Milne,
2002). Também sdo adaptados a uma dieta predominantemente insetivora, embora algumas
espécies tenham dietas generalistas (Anacleto, 2007).

Algumas adaptaces notaveis dos tatus ao habito fossorial e a dieta insetivora sdo a
baixa taxa metabdlica (50% do esperado para outros mamiferos do mesmo porte; McNab,
1979) e temperatura corporal (32,7 - 35,5 °C, em relacdo aos 36 - 38 °C da maioria dos
mamiferos; McNab, 1985), e uma alta condutividade térmica (200% do esperado para outros
mamiferos do mesmo porte; McNab, 1985). Ao mesmo tempo em que estas caracteristicas
permitem aos tatus sobreviver de uma dieta pobre em calorias e evitar superaquecer dentro de
suas tocas, elas limitam sua capacidade de termorregulacdo e restringem a distribuicdo da
maioria das espécies a areas de clima guente e ameno na regido neotropical (McNab, 1985).
As poucas espécies que ocorrem em climas temperados possuem adaptagdes interessantes para
contornar suas dificuldades de termorregulacdo. Por exemplo, o tatu-galinha é capaz de
armazenar gordura suficiente para sobreviver ao inverno (McNab, 1980), enquanto o pichi
(Zaedyus pichiy Desmarest, 1804) é capaz de entrar em estado de hibernacdo (Roig, 1971).
Além disso, devido a estas peculiaridades fisioldgicas, existe uma relagdo entre a temperatura
ambiental e a atividade de diversas espécies de Cingulata. Por exemplo, quando a temperatura

é menor, o tatu-peba e 0 mataco (Tolypeutes matacus Desmarest, 1804) tornam-se mais diurnos



156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

(Attias et al., 2018; Maccarini et al., 2015), enquanto o tatu-peludo-gritador (Chaetophractus
vellerosus Gray, 1865) e o pichi tornam-se menos ativos (Seitz e Puig, 2018). Existe também
uma relacdo entre temperatura ambiental e selecdo de habitat pelo tatu-peba e mataco, que
utilizam ambientes florestais com maior frequéncia quando a temperatura € muito quente ou
muito fria (Attias et al., 2018).

Mesmo com a perda de grande parte da sua diversidade, os tatus ainda exercem uma
variedade de funcgdes ecoldgicas importantes para 0s ecossistemas latino-americanos. Por
exemplo, sdo agentes causadores de bioturbacdo, alterando as propriedades fisicas e quimicas
do solo através do transporte de materiais e nutrientes (Rodrigues et al., 2019). Este processo
chega a causar mudancas na composi¢édo da flora no entorno de suas tocas (Sawyer et al., 2012).
Além de alterar as comunidades vegetais, seu habito fossorial também resulta na criacdo de
refagios para diversas espécies animais (Desbiez e Kluyber, 2013; Platt et al., 2004; Silveira e
Cademartori, 2017). Assim, os tatus tornam-se engenheiros ecossistémicos ao alterarem as
condicdes para o estabelecimento de outros organismos (Desbiez e Kluyber, 2013). Também
se destacam pelo consumo de uma grande biomassa de invertebrados (Redford, 1985),
contribuindo com o controle de suas populacdes (Anacleto, 2007; Whitaker et al., 2012),
inclusive de pragas agricolas (Elizalde e Superina, 2019; Gallo et al., 2019). Além disso,
algumas espécies generalistas sdo predadoras de vertebrados, como o tatu-peba, que consome
grande biomassa de sapos e lagartos (Anacleto, 2007). Outras espécies sdo predadoras de
ninhos, como o tatu-canastra, que consome ovos de jacaré-coroa (Campos et al., 2016), e o
tatu-galinha, que consome ovos de tartarugas-marinhas (Engeman et al., 2006). Por outro lado,
tatus constituem uma por¢édo consideravel da dieta de felideos neotropicais, como a jaguatirica
(Bianchi et al., 2010), a on¢a-parda e a onca-pintada (Gémez-Ortiz e Monroy-Vilchis, 2013),
sendo ocasionalmente consumidos por diversas outras espécies de mamiferos carnivoros e aves

de rapina (Rodrigues et al., 2019). Tatus também s&o reservatorios e transmissores de zoonoses,
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tais como a doenca de Chagas (Yeo et al., 2005), a Hanseniase (da Silva et al., 2018) e a
Blastomicose (Bagagli et al., 2003), sendo que o monitoramento de suas populacdes pode
fornecer informacg6es sobre a dindmica da disseminacdo destas doencas (Rodrigues et al.,
2019). Tatus também sd@o modelos laboratoriais para experimentos médicos, sendo o tatu-
galinha o modelo animal mais utilizado em experimentos com Hanseniase (Sharma et al.,
2013). Por fim, tatus tém um importante papel socioecondémico para comunidades
empobrecidas e isoladas na América Latina, sendo uma fonte importante de proteina animal
(Mesquita et al., 2018; Nunes et al., 2019) e de insumos para medicina tradicional (Alonso-
Castro, 2014; Alves e Alves, 2011).

A despeito de sua importancia ecoldgica, ainda existem lacunas importantes no
conhecimento sobre os tatus. Por exemplo, em 2013, um artigo de revisdo encontrou 3117
publicacBes sobre as espécies existentes de Cingulata (Superina et al., 2013). Destas, 1337
abordaram o tatu-galinha, principalmente sobre aspectos médicos (1100 publicacbes, sendo
541 sobre Hanseniase). Por altimo, 1115 publicacdes foram realizadas com dados dos Estados
Unidos, pais que conta com apenas uma espécie de tatu. Em contrapartida, relativamente
poucos estudos foram realizados na porcdo meridional do continente Sul-americano, que
contém diversas espécies (Superina et al., 2013). Esta deficiéncia na pesquisa se reflete na
taxonomia de Cingulata, que sofreu diversas revisdes em anos recentes. Por exemplo, um
estudo de 2018 encontrou através de dados morfologicos que o tatu-mulita, até entdo
considerado uma espécie propria, € uma subespécie de Dasypus septemcinctus (Feijo et al.,
2018). Outro estudo, de 2015, utilizou dados morfoldgicos e moleculares para determinar que
0 tatu-peludo-andino (Chaetophractus nationi Thomas, 1894) é a mesma espécie que o tatu-

peludo-gritador (Abba et al., 2015).
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Diversidade de Cingulata no Rio Grande do Sul e no Uruguai

O Uruguai e o estado do Rio Grande do Sul (RS), Brasil, compartilham quatro espécies
de tatus (Santos et al., 2019), uma das quais apresentando duas subespécies (Feijo et al., 2018).
A fauna de Cingulata nesta regido é composta pelo tatu-de-rabo-mole-grande, tatu-galinha,
tatu-mirim, tatu-mulita e tatu-peba (Fig. 2). Dentre estas espécies, o tatu-de-rabo-mole-grande
¢ o mais fossorial, alimentando-se no subsolo proximo a col6nias de insetos (Carter e
Encarnacdo, 1983). Embora pouco se saiba sobre o padrao de atividade diaria desta espécie, 0
género Cabassous €é tradicionalmente considerado noturno (Meritt, 1985). A espécie esta
presente no Uruguai, Leste da Argentina e na metade Sul do Brasil. Estudos demonstraram gue,
na Argentina, ocorre principalmente em formacdes florestais, embora possa ser encontrada em
ambientes campestres (Abba et al., 2012), enquanto no Brasil, ocorre em todos os biomas,
embora com maior frequéncia no Cerrado, Mata Atlantica e Pantanal (Anacleto et al., 2006).
As maiores ameacas para a manutencao de suas popula¢fes na natureza sao a conversao do
habitat em areas de atividades agropecuarias, e a caca para consumo humano (Gonzalez e Abba,
2014).

O tatu-galinha € uma espécie que apresentou atividade crepuscular e noturna em
estudos realizados na Mata Atlantica do Sudeste brasileiro (Ferreguetti et al., 2016; Loughry e
McDonough, 1998), e atividade crepuscular e diurna no Sul estadunidense (Loughry e
McDonough, 1998). Esta diferenca, que vem acompanhada de mudancas morfoldgicas entre
populacGes da espécie (Feijo et al., 2019), pode representar uma adaptacéo aos diversos climas
encontrados ao longo de sua area de ocorréncia. A espécie também apresenta respostas distintas
a diferentes disturbios antrépicos em ambientes diversos. Por exemplo, estudos demonstraram
que, nos Estados Unidos, a proximidade de assentamentos humanos e a presenca de cées
domeésticos estdo relacionadas a habitos mais noturnos do que o usual (DeGregorio et al., 2021),

enquanto na Amazonia brasileira, foi encontrada uma relagdo entre ambientes florestais mais



Figura 2 Registros fotograficos das espécies de Cingulata que habitam o Uruguai e o Rio
Grande do Sul. a) tatu-de-rabo-mole-grande; b) tatu-galinha; c) tatu-mirim; d) tatu-mulita;
e) tatu-peba. Fonte: ICMBiIo, 2015.



229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

fragmentados e habitos mais diurnos (Norris et al., 2010). A espécie se alimenta principalmente
de invertebrados e oportunamente de vegetais e pequenos vertebrados (Whitaker et al., 2012).
E o tatu de maior distribuicdo geografica, sendo encontrado desde o Norte da Argentina até o
Sul dos Estados Unidos, onde sua distribuicao segue se expandindo (Feng e Papes, 2015).
Ocorre em diversos tipos de ambientes ao longo de sua distribuicdo. Um estudo demonstrou
que, no Brasil, a espécie ocorre com maior frequéncia no Cerrado, Caatinga e Mata Atlantica
(Anacleto et al., 2006). Outros encontraram que, em areas do Cerrado e Mata Atlantica do
Sudeste brasileiro, a espécie ocorre com maior frequéncia em florestas densas (Ferreguetti et
al., 2016; McDonough et al., 2000; Rodrigues e Chiarello, 2018). J& no Sul estadunidense, foi
encontrada uma maior ocorréncia em capdes e pantanos (McDonough et al., 2000). Devido a
sua alta taxa reprodutiva, esta espécie ndo possui ameacas importantes as suas populagdes,
embora seja cacada para consumo humano (Loughry et al., 2014).

O tatu-mirim apresenta habitos diurnos, estando ativo do amanhecer ao entardecer no
Cerrado brasileiro (Feijé, 2020). Ocorre em ambientes florestais na Bolivia, Brasil e Paraguai
(Anacleto et al., 2006). E predominantemente insetivoro, consumindo vegetais ocasionalmente
(Vaz et al., 2012). As ameacas a conservacdo do tatu-mirim sdo a conversao do habitat, caca
para consumo humano, e predacéo por cdes domesticos (Anacleto et al., 2014).

O tatu-mulita também é diurno, sendo que um estudo na Argentina demonstrou que esta
ativo do amanhecer ao entardecer, com atividade reduzida em meses frios (Abba et al., 2011).
Alimenta-se predominantemente de invertebrados e vegetais, com consumo ocasional de
vertebrados (Abba e Cassini, 2010). Ocorre em ambientes campestres da Argentina, sul do
Brasil e Uruguai (Abba et al., 2007; Abba e Vizcaino, 2011). As principais ameacas para sua
conservacdo sdo a conversdo de seu habitat, atropelamentos, caga para 0 consumo humano e

predacdo por caes domésticos (Abba e Gonzalez, 2014).
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O tatu-peba apresenta habitos diurnos na Mata Atlantica do Sudeste brasileiro
(Ferreguetti et al., 2016), e catemerais no Cerrado da mesma regido (Bonato et al., 2008). Além
disso, estudos demonstram que, no Pantanal brasileiro, o tatu-peba modifica seu padrao de
atividade em fungéo da temperatura ambiente, tornando-se mais noturno e menos ativo em dias
mais quentes (Attias et al., 2018; Maccarini et al., 2015). Esta espécie é onivora, alimentando-
se de diversas espécies de invertebrados, vertebrados e vegetais (Anacleto, 2007). Distribui-se
por grande parte da América do Sul, desde o Suriname até o norte da Argentina, sendo que no
Brasil é mais frequente na Caatinga, Cerrado, Mata Atlantica e Pantanal (Anacleto et al., 2006).
Um estudo na Mata Atlantica do Sudeste brasileiro demonstrou que a espécie apresenta maior
ocorréncia em ambientes campestres e bordas de florestas (Ferreguetti et al., 2016), enquanto
outro, realizado no Pantanal, encontrou que o tatu-peludo seleciona ambientes florestais
quando a temperatura ambiental é muito fria ou muito quente (Attias et al., 2018). E cacado
para consumo humano, porém nao ha indicios de ameacas graves a sua conservacao (Abba et
al., 2014).

Segundo os critérios da Unido Internacional para a Conservacdo da Natureza (IUCN) o
tatu-de-rabo-mole-grande, tatu-galinha, tatu-mirim e tatu-peba possuem um estado de
conservacdo menos preocupante a nivel global (Abba et al., 2014; Anacleto et al., 2014;
Gonzalez e Abba, 2014; Loughry et al., 2014), enquanto o tatu-mulita é considerado quase
ameacado, com sua populacdo atualmente encontrando-se em declinio (Abba e Gonzalez,
2014). No Brasil, o Instituto Chico Mendes de Conservagdo da Biodiversidade (ICMBio)
considera o tatu-de-rabo-mole-grande e o tatu-mulita como possuindo dados insuficientes para
que seus estados de conservacdo a nivel nacional sejam avaliados (ICMBio, 2015).

As espécies descritas acima coexistem na ecorregido da Savana Uruguaia e no limite
meridional do bioma Mata Atlantica. A Savana Uruguaia é constituida pelo bioma Pampa na

metade sul do RS e no Uruguai (Brazeiro et al., 2020), abrangendo uma area de 355.605 km?
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(Olson et al., 2001). Caracteriza-se pela cobertura extensa de gramineas e vegetacdo arbustiva,
e em menor extensdo manchas naturais de vegetacdo florestal riparia. Possui um clima que
varia sazonalmente, com verdes tipicamente quentes e secos, e invernos tipicamente frios e
umidos (Boldrini, 2009). A ecorregido esta sob severa ameaca pela conversao de sua vegetacao
nativa em areas de atividade agropecuaria (Brazeiro et al., 2020). Além disso, possui uma
insuficiéncia de esfor¢cos de conservagdo, uma vez que o Pampa brasileiro possui uma menor
cobertura de areas protegidas do que qualquer outro bioma brasileiro (Overbeck et al., 2015).
A metade norte do RS representa o limite meridional do bioma Mata Atlantica. Essa
porcdo do bioma é composta por partes de trés ecorregides, representando diferentes tipos de
vegetacdo (Oliveira-Filho e Fontes, 2000). Estendendo-se por 104.894 km?, do estado de
Espirito Santo ao RS (Olson et al., 2001), a ecorregido das Florestas da Serra do Mar apresenta
florestas densas, cuja composicao varia conforme a altitude. O clima dessa ecorregido torna-se
continuamente mais frio e tmido com o aumento da altitude (Duarte et al., 2014). A ecorregido
das Florestas de Araucaria cobre uma area de 216.005 km?, do sul do estado de S&o Paulo ao
norte do RS, além de uma parte da provincia de Misiones, Argentina (Olson et al., 2001). Se
distingue pelo predominio de Araucaria angustifolia (Bertoloni) Kuntze, 1898, na sua
vegetacdo (Duarte et al., 2014). Possui clima constantemente umido e temperaturas amenas.
Por fim, a ecorregio das Florestas do Alto Parana estende-se por 483.809 km?, do sul do estado
de Mato Grosso do Sul ao norte do RS, além de pelo leste do Paraguai e por uma parte da
provincia de Misiones na Argentina (Olson et al., 2001). Composta em grande parte por
vegetacao decidua, ela se distingue por possuir duas estagdes marcadamente distintas: um verdo
quente e chuvoso, e um inverno frio e seco (Duarte et al., 2014). O bioma Mata Atlantica esta
seriamente degradado, com uma cobertura de vegetacédo nativa de apenas 28% (Rezende et al.,

2018).
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Meétodos estatisticos

Existe uma deficiéncia de informacGes sobre os tatus da Savana Uruguaia e do sul da
Mata Atlantica, ambientes com um estado de conservacdo preocupante. Visto que estas
espécies possuem diversas funcdes essenciais para a manutencdo de seus ecossistemas e
prestam servigos importantes para populagdes humanas, a inclusdo de conhecimentos sobre
seus padrdes de utilizacdo espacial e temporal deveria ser uma etapa na concepcao de futuros
projetos de conservacdo. Uma medida ecologica valida para fomentar a conservacdo de
espécies € a estimativa da probabilidade de ocupacéo das espécies em um dado grupo de sitios.
Uma abordagem quantitativa bastante frequente para estimar tal probabilidade é a modelagem
de ocupacdo de sitios (Mackenzie et al., 2002; 2006). Por exemplo, ao se estimar a
probabilidade de ocupacdo de sitios em funcdo de uma covariavel ambiental, pode-se
determinar um limite minimo ou maximo desta covariavel em que é possivel a presenca de uma
espécie em um local (Rhodes et al., 2008). Além disso, modelos de ocupacéo de sitios podem
ser utilizados de maneira a predizer os efeitos que mudancas ambientais terdo sobre diferentes
espécies. Por exemplo, em funcdo da expansao ou reducdo de suas distribuicGes potenciais
(Spencer et al., 2011). Esta medida também pode ser utilizada de maneira a quantificar o efeito
de programas de conservacgdo ja implementados, comparando as probabilidades de ocupacao
de sitios por espécies dentro e fora de areas protegidas (Weller, 2008), ou ao longo do tempo
(da Silva et al., 2018). Outra medida ecoldgica que deve ser considerada na conservacgao é o
padrdo de atividade diéria. Multiplas espécies modificam seus padrées de atividade em funcéo
de distarbios antrdpicos e de variagdes nas condi¢cdes ambientais, em geral tornando-se mais
noturnas (Gaynor et al., 2018). Essas mudancas podem alterar drasticamente as interacGes entre
predadores e presas, gerando efeitos graves na manutencao de cadeias troficas (Shamoon et al.,

2018).
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Dada a vasta distribuicdo geografica das quatro espécies descritas anteriormente, torna-
se interessante realizar estudos em larga escala, que demonstrem tanto padrGes gerais na
probabilidade de ocupacdo e padrdo de atividade de cada espécie, quanto diferencas entre
ambientes distintos. Um método muito utilizado para a obtencdo de dados ecologicos em areas
extensas € o armadilhamento fotografico (Tobler et al., 2015). Os registros obtidos por
armadilhas fotogréaficas instaladas em campo possibilitam a elaboracdo de histéricos de
deteccdo necessarios para a realizacdo de analises estatisticas referentes a probabilidade de
ocupacao de sitios, padrdo de atividade diaria e diversas outras caracteristicas ecologicas de
espécies animais. Entretanto, é um método de deteccdo imperfeito, sendo que algumas espécies
sdo detectadas com muito mais facilidade que outras (Tobler et al., 2015). Métodos
matematicos que levam em conta a detec¢do imperfeita das espécies, como o modelo de
probabilidade de ocupacédo descrito em MacKenzie et al., 2002, servem para minimizar o erro
provocado pela falha do método amostral. Este tipo de modelo é considerado hierarquico, pois
é composto de submodelos relacionados, onde uma covariavel presente em um submodelo
depende de um parametro estimado por outro submodelo (Kéry e Royle, 2016). No caso, um
submodelo estima pardmetros relacionados ao processo ecologico (a probabilidade de
ocupacao de sitios), o qual é dependente de um submodelo que estima parametros relacionados
ao método amostral (a probabilidade de detec¢do). Ainda assim, quando s&o obtidos muito
poucos registros de uma espécie, pode ser inviavel realizar analises com base em

armadilhamento fotogréfico.
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Objetivos

Este trabalho tem por objetivo geral avaliar os padrdes de ocupacédo e atividade das
quatro espeécies da ordem Cingulata no sul da Mata Atlantica e na ecorregido Savana Uruguaia.
O trabalho possui dois objetivos especificos: (1) estimar a probabilidade de ocupagéo de sitios
em funcdo da distancia de assentamentos humanos, temperatura média, variacdo de
temperatura, categoria de cobertura do solo e da detec¢do de cdes domesticos e javalis; (2)
analisar o padrdo de atividade diaria em relacdo a regido de estudo e a deteccdo de cdes

domésticos e javalis.
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Sintese dos resultados

Foram obtidos 618 registros em video do tatu-galinha, 26 do tatu-peludo, 25 do tatu-
mulita, 15 do tatu-de-rabo-mole-grande e nenhum do tatu-mirim. Foram construidos modelos
de ocupacéo de sitios apenas para o tatu-galinha. Foram elaborados 21 modelos utilizando o
conjunto completo de dados. Apenas um foi considerado plausivel, revelando uma correlacao
positiva significativa (p < 0,05) com as covariaveis distancia de assentamentos humanos e
deteccao de cdes domeésticos. Também foram elaborados 15 modelos com os dados da Savana
Uruguaia e outros 15 com os dados da Mata Atlantica. Estes ndo revelaram correlacfes
significativas com quaisquer covariaveis.

Todas as espécies de tatu apresentaram padrdes de atividade ndo-uniformes e
majoritariamente noturnos. O tatu-galinha apresentou alta sobreposicao temporal com as outras
espécies de tatu e baixa sobreposicao temporal com cées e javalis, que foram majoritariamente
diurnos. O tatu-galinha também apresentou padrdes de atividade parecidos entre a Savana

Uruguaia e a Mata Atlantica e entre sitios com e sem deteccdes de cées e javalis.
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Estrutura da dissertacéo

A dissertacdo esta estruturada em trés capitulos, conforme a resolucdo n° 38/2019 do
Programa de Pos-Graduacdo em Biologia Animal. O primeiro capitulo contém uma descricao
dos objetivos, uma revisao bibliografica do tema e uma sintese dos resultados. O segundo tem
forma de um artigo intitulado “Drivers of occurrence and activity of armadillos (Mammalia,
Cingulata) in the Uruguayan Savanna and southern Atlantic Forest”. O terceiro contém uma
sintese das conclusdes resultantes do trabalho. Também conforme a resolucgéo, as referéncias
bibliogréaficas e o texto do capitulo 1l estdo formatados de acordo com as normas da revista
cientifica “Mammalian Biology”, a qual o artigo sera submetido. Visando facilitar a leitura,

figuras e tabelas foram apresentadas na sequéncia de sua citacao no texto.
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Abstract

Few studies have analyzed the ecology of multiple armadillo species coexisting in different
regions. Through camera trapping, we sought to assess the site occupancy and daily activity of
four armadillo species inhabiting the Uruguayan Savanna and Atlantic Forest. Most records
belonged to Dasypus novemcinctus. We created site occupancy models for this species using
data from all sites, and then only from those in either region. For all sites, the distance to human
settlements and detection of domestic dogs presented a significant positive influence. For either
region, no covariate presented a significant influence. D. novemcinctus activity showed high
overlap with the three other armadillo species’, which were all nocturnal. It was also similar in
either region and had low overlap with the activity of two exotic species, Canis lupus familiaris
and Sus scrofa, and there was no difference in the armadillo’s activity regarding the detection
of these exotic species. Results highlight that i) the occurrence of D. novemcinctus in the
Atlantic Forest might be hampered by human settlements and ii) the positive influence of C. I.
familiaris detection on D. novemcinctus occurrence does not imply a beneficial interaction.
The activities of Euphractus sexcinctus and Dasypus septemcinctus hybridus were
predominantly nocturnal, which differs from scientific literature. Finally, we were alarmed by
the scarcity of records of armadillos other than D. novemcinctus. We hope that these results
will help guide future research on armadillo ecology and conservation, for which there is a
dearth of knowledge.

Keywords: exotic species; human disturbance; nine-banded armadillo; spatio-temporal
ecology.
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Introduction

Occurrence and daily activity are important quantities in ecology and conservation.
They show how species’ use of available space and time can be affected by abiotic (i.e., the
properties of the physical environment; Ferreguetti et al., 2016; Rodrigues and Chiarello, 2018;
Zimbres et al., 2012), biotic (i.e., the presence of conspecific and other species; Foster et al.,
2013; Hegel et al., 2019; Zapata-Rios and Branch, 2018) and human-mediated processes (e.g.,
Gaynor et al., 2018; Shamoon et al., 2018). Species with wide distributions often respond
differently to these processes throughout their range (Loughry and McDonough, 1998).
Therefore, when most ecological studies take place in a small fraction of a species’ distribution,
we are left with major spatial gaps in our understanding of its biology. Such is the case of the
nine-banded armadillo (Dasypus novemcinctus Linnaeus, 1758), a widely distributed and
locally abundant species that is present from the South of the United States to the North of
Argentina (Santos et al., 2019). The species is neglected by scientific research in most of its
geographic distribution. For example, as of 2013, most of the research done on the nine-banded
armadillo was performed in the United States (Superina et al., 2013). Additionally, more
studies addressed the armadillo as a medical model (35%) than any other topic, such as ecology
(11%) or conservation (2%; Superina et al., 2013).

Armadillos provide several important ecological functions and ecosystem services. For
example, they improve soil quality (Sawyer et al., 2012), create shelter for other species (Platt
et al., 2004, Silveira & Cademartori, 2017), control invertebrate populations (Whitaker et al.,
2012), and are a food resource for wildlife (Bianchi et al., 2010; Gomez-Ortiz & Monroy-
Vilchis, 2013; Rodrigues et al., 2019) and humans (Nunes et al. 2019). Despite this fact, nine-
banded and other species of armadillo present a great dearth of scientific knowledge. For
instance, so little is known about the greater naked-tailed (Cabassous tatouay Desmarest, 1804)

and southern long-nosed (Dasypus septemcinctus hybridus Desmarest, 1804) armadillos that it
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is impossible to determine their conservation statuses in Brazil, which comprises a large portion
of these species’ distributions (Anacleto et al., 2015; Faria-Corréa et al., 2015). Furthermore,
even the identity of the southern long-nosed armadillo as a subspecies of the seven-banded
armadillo (Dasypus septemcinctus septemcinctus Linnaeus, 1758) is still being debated (Feijé
et al., 2018). The six-banded armadillo (Euphractus sexinctus Linnaeus, 1758) also suffers
from a lack of research in most of its distribution (Superina et al., 2013).

Very little information is available about armadillo occurrence. Some of what is known
is that the nine-banded armadillo, in small areas of the Brazilian Atlantic Forest and Cerrado,
presented higher occurrence close to water and within forested environments (Ferreguetti et
al., 2016; Rodrigues and Chiarello, 2018), whereas the six-banded armadillo showed higher
site occupancy away from forests in small areas of the Cerrado (Ferreguetti et al., 2016). In
contrast, neither of these species showed covariate influence in site occupancy when many
areas, scattered throughout the Cerrado, were analyzed together (Zimbres et al., 2013). As for
daily activity, available literature suggests that some armadillo species present different
patterns in response to certain ecological processes, mainly the human-mediated ones. As an
example, the nine-banded armadillo increases nocturnality close to human settlements and in
the presence of domestic dogs (Canis lupus familiaris Linnaeus, 1758; DeGregorio et al.,
2021). This species and the six-banded armadillo, also alter their activities when exposed to
differing atmospheric temperatures (Attias et al., 2018; Maccarini et al., 2015). To the extent
of our knowledge, general patterns of occurrence and activity remain mostly unknown for large
areas with heterogeneous environments.

To elucidate patterns of spatio-temporal ecology of the species of armadillo, we
gathered data in several areas of the Uruguayan Savanna and of the southern portion of the
Atlantic Forest. First, we sought to determine the influence of potential environmental drivers

of these species occurrence. To identify differences between patterns specific to the Uruguayan
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Savanna or Atlantic Forest, we analyzed both regions together, and then separately. We
hypothesized that there are differing responses to the covariates between regions. We predicted
that all armadillos show negative responses to: i) high temperature variations and low average
temperatures, as they are poor thermal regulators (McNab 1979; 1980; 1985); ii) the detection
of exotic species, proximity to human settlements, and human land uses (e.g., forestry,
agriculture and pasture), as these are known threats to armadillo populations (Abba et al., 2014;
Anacleto et al., 2014; Hegel et al., 2019; Paschoal et al., 2018). We also sought to determine
the daily activity patterns of these species, and to discover if there is a difference between
regions and whether they are temporally segregated relative to each other and to exotic species.
More specifically, we expected that i) daily activity would be different between the Uruguayan
Savanna and the Atlantic Forest, as environmental processes that affect this quantity differ
between regions; ii) the greater naked-tailed and nine-banded armadillos are highly nocturnal,
whereas the seven-banded, six-banded and southern long-nosed armadillos are mostly diurnal
(Abba et al., 2011; Feijd, 2020; Ferreguetti et al., 2016; Meritt, 1985); iii) the nine-banded
armadillos’ activity would be altered by the detection of exotic species (DeGregorio et al.,

2021).
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Materials and methods
Study areas

We carried out the study in 18 areas (Fig. 1, Table 1). Five areas were in the northern
half of the state of Rio Grande do Sul (RS), Brazil, within the southern limit of the Atlantic
Forest biome. The sampled portion of the biome consists of two major vegetation types: mixed
and deciduous forests (Oliveira-Filho and Fontes, 2000). Also known as the Araucaria Forests
ecoregion, the mixed forests are notable by the predominance of the Parana pine Araucaria
angustifolia (Bertoloni) Kuntze, 1898. These forests are located at elevations higher than 500m,
possess humid climates, with no dry season and mild temperatures (Duarte et al., 2014). The
deciduous forests, or Upper Parana Forests ecoregion, are marked by seasonal changes in
climate, with hot, rainy summers and cold, dry winters. Consequently, much of their vegetation
is deciduous (Duarte et al., 2014). The Atlantic Forest biome is severely degraded, with only
28% of it being covered by native vegetation, most of which lies outside protected areas
(Rezende et al., 2018).

Eight areas are in the Brazilian Pampa biome, in the southern half of RS, while the
remaining five are situated in northern Uruguay. By sharing biodiversity, the Brazilian and
Uruguayan Pampas comprise the Uruguayan Savanna ecoregion (Brazeiro et al., 2020). This
ecoregion is characterized by extensive areas of grassland and shrubland, with patches of
riparian forests. Climate changes seasonally, with hot, dry summers and cold, rainy winters
(Boldrini, 2009). The biodiversity of the Uruguayan Savanna is extremely endangered by the
conversion of grasslands and shrublands into crop fields and exotic tree plantations, while still
perishing from insufficient coverage of protected areas (Brazeiro et al., 2020; Overbeck et al.,

2015).
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. Upper Parand Forests

Figure 1 Geographic location of the areas sampled during this study (white dots). Black lines indicate borders of ecoregions; red lines indicate
borders of countries. Modified from: Olson et al., 2001.
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Table 1 Description of each study area. No

obtained from Dudley, 2008.

of sites is the number of camera trap sites in each area. IUCN categories of protected areas were

S -
Name Category Land cover Ecoregion Location Latitude  Longitude n_ of Sam;_)llng
sites period
Teutbnia Private rural properties Agriculture, foresry, pasture, and Alto P_arana Teutbnia, RS, Brazil -29.381 -51.784 20 Oct - Nov
secondary forest Atlantic Forest 2018
. . Alto Parana . Mar - Apr
Turvo State Park Strict nature reserve (IUCN category la) Primary forest Atlantic Forest Derrubadas, RS, Brazil -27.210 -53.843 20 2018
. Protected area with sustainable use of natural resourc Avraucaria Moist .
Passo Fundo National Forest ' rea with sustai us ural resources Forestry and secondary forest ucari : Passo Fundo, RS, Brazil -28.314 -52.188 20  Jan-Feb 2019
(IUCN category VI) Forest
Pré-Mata Besearch and Private nature reserve Primary forest, savanna, and Avraucaria Moist Sao Fran.msco de Paula, 29.480 50,174 20 Dec 2017 - Jan
Conservation Center secondary forest Forest RS, Brazil 2018
. . . Forestry, pasture, primary forest, Avraucaria Moist Cambara do Sul, RS,
Serra Geral National Park Strict nature reserve/national park (IUCN category la/Il) Y. p P Y . -29.122 -50.011 20  Sep- Oct 2017
savanna, and secondary forest Forest Brazil
Banhado dos Pachecos . . . Uruguayan N .
- Habitat/species management area (IUCN category V) Agriculture, savanna, and wetland guay Viamao, RS, Brazil -30.091 -50.842 20 Sep-Oct2017
Wildlife Refuge Savanna
Cerro dos Porongos Farm Private rural property Agriculture, pasture, riparian forest, Uruguayan Alegrete, RS, Brazil -30.082 -55.517 6 Oct - Nov
and savanna Savanna 2019
Maronna Foundation: Ranch Private rural property in protected area with sustainable use Agriculture, forestry, pasture, riparian Uruguayan . Oct - Nov
Alegrete, RS, Brazil -30.077 -55.
28 of natural resources (IUCN category VI) forest, and savanna Savanna egrete, RS, Brazi 300 55.696 6 2019
. Agriculture, pasture, riparian forest, . .
Quarai | Private rural property gricufture, pasture, riparian fores Uruguayan Quarai, RS, Brazil -30.215 -56.650 6 Jan-Feb 2020
and savanna Savanna
. Agriculture, , riparian f , P .
Quarai Il Private rural property griculture, pasture, riparian forest Uruguayan Quarai, RS, Brazil -30.164 -56.517 6  Jan - Feb 2020
and savanna Savanna
Quarai 1 Private rural property Agriculture, pasture, riparian forest, Uruguayan Quarai, RS, Brazil -30.154 -56.601 6  Jan - Feb 2020
and savanna Savanna
Privat | i tected ith sustainabl Agriculture, pasture, riparian forest, U Rosério do Sul, RS, Oct-N
Tapera Farm rivate rural property in protected area with sustainable use griculture, pasture, riparian fores ruguayan OSEi.I‘IO o Su -30.254 -55.508 6 ct - Nov
of natural resources (IUCN category VI) and savanna Savanna Brazil 2019
. . Agriculture, pasture, riparian forest, Uruguayan . .
Umbu Station Private rural property 9 P P guay Cacequi, RS, Brazil -29.990 -55.209 6  Jan - Feb 2020
and savanna Savanna
Arapey River Private rural property Forestry, riparian forest, and savanna g;\ljg;::an L'\frautgzg Salto, -31.088 -56.185 6 (23(;:; 0 Nov
FYMNSA Private rural property Forestry and savanna Uruguayan Tranqueras, Rivera, 31203 -55.907 g Oct-Nov
prop Y Savanna Uruguay ' ’ 2020
. - Uruguayan . Oct - Nov
Laureles Stream Private rural property Riparian forest and savanna Savanna Tacuaremb6, Uruguay -31.360 -55.983 4 2020
. . — . -N
Rincdn de Pacheco Private rural property Forestry, riparian forest, and savanna Uruguayan Artigas, Uruguay -30.666 -56.178 6 Oct - Nov
Savanna 2020
. — Uruguayan . Oct - Nov
Sepulturas Private rural property Riparian forest and savanna Savanna Artigas, Uruguay 30.877 56.061 4 2020
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Field sampling design

We collected data in the Atlantic Forest between 2017 and 2019, and in the Uruguayan
Savanna between 2019 and 2021. Sampling lasted 60 days in each area to guarantee closed
populations, as required by single-species, single-season site occupancy models (Mackenzie et
al., 2006). Sampling in all areas was realized during austral spring and summer (mid-September
to mid-March) to minimize variations in temperature, rainfall, and other seasonal changes in
weather. A total of 186 camera traps were installed in sites across the study areas. One hundred
in the Atlantic Forest (20 per study area), in a one km2 grid, and 86 in the Uruguayan Savanna
(4 or 6 per study area), in a two kmz2 grid, except in the Banhado dos Pachecos Wildlife Refuge,
which followed the Atlantic Forest design. To ensure spatially independent records (Mackenzie
et al., 2006), our sites were separated by distances greater than the home range of the nine-
banded armadillo, 0.04 km2 (McDonough, 2000).

A single camera trap was placed per site. They were all unbaited, attached to trees or
fences at approximately 30 cm above the ground, active 24 hours per day, recording date and
time, and programmed to capture 10 seconds videos when activated by passing animals. Data
was collected using different models and brands of camera traps (Bushnell® NatureView® Cam
119438, Bushnell® NatureView® HD Essential Cam 119739, Bushnell® Trophy® Cam HD
Aggressor 119774, Bushnell® Trophy® Cam HD Essential E2 119836, Scoutguard®
ZeroGlow™ 10M and Scoutguard® SG2060K™ 20M).

We were able to collect data from 162 sites, as some equipment was stolen or damaged.
We gathered data from 92 sites in the Atlantic Forest and 70 in the Uruguayan Savanna,
resulting in a total sampling effort of 9,720 camera trap-days. We obtained a total of 618
records of nine-banded, 26 of six-banded, 25 of southern long-nosed and 15 of greater naked-
tailed armadillos. We were unable to obtain any records of seven-banded armadillos. As for

the exotic species, we obtained 193 records of wild boars and 121 of domestic dogs.
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Unfortunately, the nine-banded was the only armadillo species with enough records to allow

site occupancy modeling and temporal overlap analysis.

Site occupancy modeling

We fit our camera trap data on the nine-banded armadillo’s detection to a single-species,
single-season site occupancy model described in Mackenzie et al., 2002. This is a hierarchical
model comprising two conditionally related submodels, where one estimates site occupancy
probability (¥) and covariate influences on ¥, and is probabilistically dependent on the other,
which estimates detection probability (p) and covariate influences on p (Kéry and Royle, 2016).
Site occupancy models are fed with a detection history comprising the detection (1) and non-
detection (0) of the species in a series of sites and sampling occasions (Guillera-Arroita, 2017).
Our nine-banded armadillo detection histories had 12 sampling occasions, which aggregate
data in five-day periods, as done in other studies on this species (e.g., Ferreguetti et al., 2016;
Rodrigues and Chiarello, 2018).

We selected two covariates likely to influence the p of the nine-banded armadillo (Table
2). The range of each camera trap’s infrared flash was expected to influence p positively. The
distance to roads was expected to show a negative relation, as seen in Rodrigues and Chiarello,
2018. Based on the knowledge of armadillo biology presented in the introduction, we also
chose six covariates expected to influence the ¥ (Table 2). We scaled the continuous covariates
by their averages and standard deviations. We then tested for correlation between them using
the Spearman correlation test (Supplementary material S1). Detection covariates that showed
correlation with one another would not be used in the same submodel, neither would correlate

occupancy covariates.
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Table 2 Description of each covariate used in occupancy modeling.

Covariate Unit  Code Type Description Prediction Reference
Detection
Positive Bushnell Outdoor Products, 2012;
Cameratraprange  meters rang  continuous Maximum range of each camera trap model’s infrared flash. Obtained from official manuals correlation 2014; 2015; ScoutGuard
Australia, 2014
. . . Euclidean distance from site to nearest roads. Extracted from a raster file obtained from Fundag&o Negative
Distance to roads ixels road  continuous . . . . . . . FEPAM, 2022
P Estadual de Protecdo Ambiental Henrique Luis Roessler. Pixel size: 0.009 km? correlation
Occupancy
Distance to human ixels et continuous Euclidean distance from site to nearest human settlements. Extracted from a raster file obtained Positive FEPAM. 2022
settlements P from Fundag&o Estadual de Protegdo Ambiental Henrique Luis Roessler. Pixel size: 0.009 km? correlation '
Mean of the average temperatures during the sampled months between 2010 and 2018. Average L.
Average o . . . L Positive . "
C tavg  continuous temperatures estimated from maximum and minimum monthly temperature values extracted from . Fick and Hijmans, 2017
temperature . . . . . ) correlation
raster files obtained from WorldClim. Pixel size: 1 km
Mean of the temperature variations during the sampled months between 2010 and 2018. .
Temperature o . - - . L Negative . .
L C tvar continuous  Temperature variation estimated from maximum and minimum monthly temperature values . Fick and Hijmans, 2017
variation ' - o 2 correlation
extracted from raster files obtained from WorldClim. Pixel size: 1 km
Detection of . Detection (1) or non-detection (0) of domestic dogs (Canis lupus familiaris) at the site. Obtained Negative
- - cfam  categorical . R
domestic dogs from our own data correlation
Detection of wild . Detection (1) or non-detection (0) of wild boars (Sus scrofa) at the site. Obtained from our own Negative
- sscr - categorical . -
boars data correlation
Land cover Primary type of land use at the site: natural forest, forest plantation, grassland, or mosaic of Positive or
- cate  categorical agriculture and pasture. Extracted from a raster file obtained from MapBiomas. Pixel size: 0.0009 negative Souza et al., 2020
category km? correlation
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In order to determine which covariates influence the p of the nine-banded armadillo,
we applied a model selection analysis using the Akaike Information Criterion (AIC) on
detection models, keeping the ¥ constant and using different combinations of detection
covariates. Afterwards, to find out which covariates influence ¥, we ran a model selection
analysis once again. This time, on site occupancy models, using the detection covariates in the
best-ranked model, and different combinations of the occupancy covariates. Plausible models
were those with a AAIC < 2, as per Burnham and Anderson, 2004. When more than one model
was equally plausible, we used model averaging using all covariates present in plausible
models to obtain the average p and ¥ per site and the effect of each covariate. Models were
built with the aid of the package 'unmarked' version 1.1.1 (Fiske and Chandler, 2011) of R
programming environment v.4.0.2 (R Core Team, 2021). Model averaging was done with the
packages ‘MuMIn’ version 1.43.17 (Burnham and Anderson, 2002) and ‘AICcmodavg’
version 2.3-1 (Mazerolle, 2006).

To discover if this species responds differently to covariates in each region, we repeated
our modeling procedure using three alternative datasets: i) all sites, ii) only the Atlantic Forest
sites, and iii) only the Uruguayan Savanna sites. Due to an insufficient sample size, we did not

include the main land cover category covariate for datasets ii and iii.

Daily activity patterns

We estimated the daily activity patterns of the four armadillo species, the domestic dog
and the wild boar using date and time data recorded by the camera traps. We only used records
with a gap of at least one hour. To determine the number of nocturnal records, we calculated
the mean sunrise and sunset hours in each study area during the respective sampling periods
using data from https://www.timeanddate.com/ (Supplementary material S2; Time and Date

AS, 2022). We used the Rayleigh test of uniformity to evaluate whether daily activity patterns
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were more uniform (i.e., equally spaced across hours) than expected by a uniform statistical
distribution. We ran this test using the three datasets mentioned above. The angular mean,
representing the average period of activity, was calculated for each dataset.

To better understand if this species behaves differently in each region, we estimated the
coefficient of overlap (A) of nine-banded armadillo records in the Atlantic Forest sites with
those in the Uruguayan Savanna sites. To identify whether the nine-banded armadillo’s activity
overlaps with that of the other species, we estimated A between them. Finally, to investigate
potential negative effects of the domestic dog and wild boar on nine-banded armadillo activity
patterns, we estimated A of nine-banded armadillo records in sites where either exotic species
was detected with those in sites where they weren’t detected. Overlap values range from 0 to
1, where 0 means no temporal overlap and 1 means complete overlap (Ridout and Linkie,
2009). We used the A4 estimator for sample sizes greater than 75 when estimating overlap
between the nine-banded armadillo and the exotic species or between different sets of nine-
banded armadillo records. When estimating overlap between species of armadillo, we used the
A1 estimator for small samples. We obtained confidence intervals through 1000 resamples of a
bootstrapping procedure. Rayleigh tests and angular mean calculations were carried out in the
R package circular’ version 0.4-93 (Agostinelli and Lund, 2017). Overlap analysis was carried

out in the R package ‘overlap’ version 0.3.4 (Ridout and Linkie, 2009).
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Results
Drivers of the nine-banded armadillo’s occurrence

The nine-banded armadillo was detected in 88 of 162 sites, resulting in a naive
occupancy of 0.54. Naive occupancy was smaller in the Atlantic Forest (0.38) than in the
Uruguayan Savanna (0.76). We created four detection models for each dataset (Supplementary
material S3). We designed 21 site occupancy models for dataset i, from which only one was
plausible (Table 3). Estimated p for dataset i ranged from 0.08 to 0.44 (mean = 0.32), while
estimated ¥ ranged from 0.29 to 0.98 (mean = 0.54). In the plausible model, four covariates
presented statistically significant effects (p < 0.05; Supplementary material S4). Camera trap
range had a positive influence on p (Fig. 2a), whereas distance to roads influenced p negatively
(Fig. 2b). Distance to human settlements had a positive influence on ¥ (Fig. 2c), as did the
detection of domestic dogs (Fig. 2d).

For dataset ii (Atlantic Forest sites), we made 15 site occupancy models. Two were
equally plausible (Table 3). The estimated p ranged from 0.03 to 0.62 (mean = 0.34), and the
estimated ¥ ranged from 0.27 to 0.87 (mean = 0.43). The same detection covariates were
present as in dataset i and, after model averaging, they also showed statistically significant
influences on p (Supplementary material S5). Camera trap range showed a positive influence
(Fig. 2e), while distance to roads showed a negative influence (Fig. 2f). Average temperature
and detection of domestic dogs were present in the best model of ¥. However, they did not
show a significant influence on .

Finally, we built another 15 site occupancy models for dataset iii (Uruguayan Savanna
sites). Seven were equally plausible (Table 3). Estimated p was constant at 0.28, while
estimated ¥ ranged from 0.76 to 0.86 (mean = 0.81). While no detection covariates influenced

the armadillo’s detection, all occupancy covariates appeared in at least one plausible model.
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However, after model averaging, they had no significant influence on ¥ (Supplementary

material S5).

Table 3 Model selection table showing the plausible site occupancy models (AAIC < 2) for the
nine-banded armadillo. ¥ = occupancy, p = detection, rang = camera trap range, road = distance
to roads, sett = distance to human settlements, tavg = average temperature, tvar = temperature
variation, cfam = detection of domestic dogs, sscr = detection of wild boars.

Model n° parameters AlC AAIC  AIC weight  Cumulative weight
All sites
Y(sett+cfam) p(rang+road) 6 1387.18 0.00 0.51 0.51
P(sett) p(rang+road) 5 1389.33 2.15 0.17 0.69
Atlantic Forest
P(tavg+cfam) p(rang+road) 6  594.49 0.00 0.27 0.27
Y(tavg) p(rang+road) 5 595.39 0.90 0.17 0.44
Y(sett+tavg) p(rang+road) 6 596.93 2.44 0.08 0.52
Uruguayan Savanna
() p() 2 76107  0.00 0.17 0.17
P(tvar) p(.) 3 76214 108 0.10 0.27
P(tvar+cfam) p(.) 4  762.16 1.10 0.10 0.37
P(cfam) p(.) 3 762.37 131 0.09 0.45
P(sett) p(.) 3 76248 141 0.08 0.54
P(sscr) p(.) 3 762.50 1.44 0.08 0.62
P(tavg) p(.) 3 762.80 1.73 0.07 0.69
Y(sett+cfam) p(.) 4 763.77 2.70 0.04 0.73

Daily activity patterns of armadillo species

The majority (97%) of nine-banded armadillo detections occurred during nighttime
(19:18 - 06:15). This species showed non-uniform activity (p < 0.05) for the three datasets (Fig.
3a, b and c), with an angular mean always between 23:00 and 00:00. Activity patterns were
similar in the Atlantic Forest and Uruguayan Savanna sites (A4 = 0.92; confidence interval (CI)
= 0.86 - 0.97; Fig. 4a).

The six-banded armadillo had 92% nocturnal records, non-uniform activity in the full
dataset (i) (Fig. 3d), and an angular mean between 23:00 and 00:00. Its A; with the nine-banded
armadillo was 0.77 (C1 = 0.61 - 0.93; Fig. 4b). The southern long-nosed armadillo showed 80%
nocturnality, non-uniform activity in dataset i (Fig. 3e), and an angular mean between 23:00
and 00:00. It presented a A; of 0.78 (CI = 0.63 - 0.94) with the nine-banded armadillo (Fig. 4c).

Finally, all records of the greater naked-tailed armadillo were nocturnal. Like the other species,
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in dataset ii.
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it showed non-uniform activity in dataset i (Fig. 3f). However, the angular mean was between
22:00 and 23:00. Its A; with the nine-banded armadillo was 0.93 (CI = 0.76 - 1.00; Fig. 4d).
Domestic dog and wild boar records were mostly diurnal (Supplementary material S6).
The A4 between domestic dogs and nine-banded armadillos was low (0.27; CI = 0.20 - 0.36;
Fig. 4e), and nine-banded armadillo activity was similar in sites where the domestic dog was
detected and in those where it was not (As = 0.92; Cl = 0.84 - 1.00; Fig. 4f). The A4 between
wild boars and nine-banded armadillos was medium-low (0.45; Cl = 0.37 - 0.52; Fig. 4g), and
nine-banded armadillo activity was similar in sites with and without wild boar detections (A4 =

0.94; CI = 0.88 - 0.99; Fig. 4h).
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Discussion

We bring novel information on the occurrence of the nine-banded armadillo --as
measured by site occupancy probability (%) that accounts for detection biases-- and on the daily
activity patterns of it and three other armadillo species in an extensive portion of southern
Brazil and northern Uruguay. The region comprises the Atlantic Forest and the Uruguayan
Savanna. It is therefore characterized by sharp ecological gradients produced by the presence
of biotic components from both biomes. We found a general pattern of nine-banded armadillo
occurrence being positively related to the distance to human settlements, in agreement with our
predictions. Proximity to human settlements has been shown to negatively affect this species
in other portions of its distribution (e.g., DeGregorio et al., 2021). However, to the extent of
our knowledge, this is the first time this covariate has been associated with differences in the
species’ occurrence. Although with wide intervals of confidence, we found that mean
occurrence probability was almost twice as high in the Uruguayan Savanna (0.81) than in the
Atlantic Forest (0.43). The distance to human settlements covariate was also higher in the
Uruguayan Savanna (mean = 20.05 km) than in the Atlantic Forest (mean = 9.41 km). It seems
that, in the southern limits of the Atlantic Forest, the high density of human settlements may
be harming the nine-banded armadillo populations by greatly reducing the amount of suitable
habitat for the species. As 80% of Atlantic Forest sites were located within protected areas, and
the nine-armadillo occurred in 43% of these sites, it seems reasonable to suggest that protected
area coverage alone is not enough to maintain suitable habitats for the species in the Atlantic
Forest. The reverse scenario --of successful conservation of nine-armadillo armadillo
populations-- can be inferred for the Uruguayan Savanna, where the species occupied 81% of
the studied sites.

We found a positive relation between nine-banded armadillo occurrence and the

detection of domestic dogs. This was contrary to our predictions and somehow surprising, as

42



919

920

921

922

923

924

925

926

927

928

929

930

931

932

933

934

935

936

937

938

939

940

941

942

943

scientific literature often reveals that dogs are an important threat to the conservation of
medium sized mammals (e.g., Cassano et al., 2014; Lessa et al., 2016; Paschoal et al., 2018;
Zapata-Rios and Branch, 2018). We suggest that this pattern can be explained by two
phenomena: i) the widespread distribution of the nine-banded armadillo, which occurred in
over half the sites we analyzed,; ii) both species are affected similarly by one or more covariates
that favor the occurrence of both, resulting in a sharing of occurrence sites.

We found that all recorded species of armadillo are mostly nocturnal in the study areas,
and that the nine-banded armadillo showed high temporal overlap with the other three
armadillos. The nine-banded armadillo was expected to be mostly nocturnal, as in studies set
in other portions of its distribution (e.g., Ferreguetti et al., 2016). Almost nothing is known
about the greater naked-tailed armadillo’s biology, although its genus is considered mostly
nocturnal (Meritt, 1985). We were surprised by the predominantly nocturnal activity of the six-
banded and southern long-nosed armadillos, which are mostly cited as diurnal in the scientific
literature (e.g., Feijo, 2020; Ferreguetti et al., 2016). The nocturnal behavior of the last two
species in the studied sites might be related to the environmental temperature, as armadillos are
known to show greater nocturnality when temperature exceeds their physiological limits (e.qg.,
Attias et al., 2018; Maccarini et al., 2015). In the studied region, high temperatures (mean =
20.5 °C) are frequent in the spring and summer, seasons in which we carried out our sampling
procedure. It would be necessary for further studies to analyze these species’ activity patterns
during the autumn and winter months, to better assess the effect of temperature on their
activities.

We discovered that the nine-banded armadillo showed low temporal overlap with
domestic dogs, and medium to low overlap with wild boars. This result reveals that the nine-
banded armadillo is for the most part temporally segregated from the exotic species. The

mismatch in temporal activity can decrease the chance of encounters, as both species seem to
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share sites (i.e., the positive relation between dog detection and armadillo occurrence) and dogs
are known predators of armadillos (Paschoal et al., 2018). Furthermore, nine-banded armadillo
activity was revealed to be very similar in sites with and without the detection of either exotic
species, and between the Atlantic Forest and Uruguayan Savanna. Average temperatures,
calculated from 2010 to 2018, were similar in Uruguayan Savanna sites (mean = 20.7 °C) and
in Atlantic Forest sites (mean = 20.31 °C), which is consistent with this result. However,
DeGregorio et al. (2021) found a relation between proximity to human settlements and
increased armadillo nocturnality in the United States. We believe that, because this species is
highly nocturnal in all our study areas, there is no room for a change in its activity pattern in
response to disturbances. It is plausible that this local inability of the nine-banded armadillo to
change its activity pattern makes it more susceptible to the encroachment of human populations
into its natural habitat than in the northern limit of its distribution.

The number of records we obtained for the nine-banded armadillo was much greater
than for every other armadillo species. This compromised our ability to analyze the patterns of
occurrence and temporal overlap of the greater naked-tailed, southern long-nosed, six-banded,
and seven-banded armadillos. Scientific knowledge is very deficient for the former two species,
leading us to have no expectations regarding their detection. However, the latter two species
are given least concern conservation statuses on a national level (ICMBio, 2015), are as
abundant as the nine-banded armadillo in other parts of their distributions (Bonato et al., 2008;
Silva and Henriques, 2009), and the six-banded armadillo has been studied through camera
trapping before (e.g., Ferreguetti et al., 2016). This leads us to be concerned about their local
conservation statuses, as it was unexpected that they would show so few detections, or none in
the case of the seven-banded armadillo. Seeing as even the nine-banded armadillo presented

results that suggest its populations are diminishing due to human influence, we strongly
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968 recommend that further research be done to elucidate the patterns of use of time and space by

969 the less studied armadillo species before they disappear from these ecosystems.
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Supplementary materials

S1 Results of the Spearman correlation test between our continuous covariates. Correlated
covariates are indicated in bold. rang = camera trap range, road = distance to roads, sett =
distance to human settlements, tavg = average temperature, tvar = temperature variation.

Covariate rang road sett tavg

All sites

road -0.24 - - -
sett 0.05 -0.00 - -
tavg 0.08 -0.51 0.15 -
tvar 0.22 -0.44 0.35 0.46
Atlantic Forest

road -0.34 - - -
sett -0.16 0.16 - -
tavg 0.37 -0.68 0.13 -
tvar 0.47 -0.66 -0.45 0.37
Uruguayan Savanna

road 0.05 - - -
sett -0.32 -0.18 - -
tavg -0.35 -0.18 0.45 -
tvar 0.18 -0.35 0.09 0.18

S2 Mean sunrise and sunset hours in each study area during their sampling periods. Data

obtained from https://www.timeanddate.com/.

Area

Mean sunrise Mean sunset

Teutdnia

Turvo State Park

Passo Fundo National Forest

Pro-Mata Research and Conservation Center
Serra Geral National Park

Banhado dos Pachecos Wildlife Refuge
Cerro dos Porongos Farm; Maronna Foundation: Ranch 28
Quarai [; 11; 111

Tapera Farm

Umbu Station

Arapey River

FYMNSA

Laureles Stream

Rincon de Pacheco; Sepulturas

06:08
06:49
06:38
06:37
06:24
06:16
05:50
06:25
05:45
06:14
05:59
06:06
05:57
06:15

19:25
18:27
19:39
20:13
18:57
19:10
19:17
19:23
19:15
19:21
19:10
19:33
19:08
19:11
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S3 Model selection table showing the plausible detection models (AAIC < 2) for the nine-
banded armadillo. ¥ = occupancy, p = detection, rang = camera trap range, road = distance to
roads.

Model n° parameters  AIC  AAIC AIC weight Cumulative weight
All sites
¥(.) p(rang+road) 4 1403.26 0.00 1.00 1.00
¥(.) p(road) 3 1416.68 13.42 0.00 1.00
Atlantic Forest
?(.) p(rang+road) 4 597.64 0.00 1.00 1.00
?(.) p(road) 3 61442 16.78 0.00 1.00
Uruguayan Savanna
() p(.) 2 761.07 0.00 0.46 0.46
#(.) p(rang) 3 76217 111 0.26 0.72
?(.) p(road) 3 76295 1.89 0.18 0.90
¥(.) p(rang+road) 4 764.09 3.03 0.10 1.00
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S4 Estimated effect of each parameter in the plausible site occupancy models for the nine-
banded armadillo. ¥ = occupancy, p = detection, rang = camera trap range, road = distance to
roads, sett = distance to human settlements, tavg = average temperature, tvar = temperature

variation, cfam = detection of domestic dogs, sscr = detection of wild boars.

Model Parameter Estimate Standard error Standard score p-value
All sites
P(sett+cfam) p(rang+road)  Occupancy intercept 0.20 0.21 0.96 0.34
sett 0.85 0.24 3.58 0.00
cfam (1) 0.88 0.45 1.97 0.05
Detection intercept -0.92 0.08 -11.60 0.00
rang 0.30 0.08 3.70 0.00
road -0.37 0.10 -3.70 0.00
Atlantic Forest
Y(tavg+cfam) p(rang+road) Occupancy intercept -0.38 0.36 -1.04 0.30
tavg -0.75 0.50 -1.51 0.13
cfam (1) 0.94 0.56 1.68 0.09
Detection intercept -0.94 0.14 -6.74 0.00
rang 0.62 0.14 4.47 0.00
road -0.76 0.17 -4.49 0.00
P(tavg) p(rang+road) Occupancy intercept -0.09 0.36 -0.25 0.80
tavg -0.76 0.58 -1.31 0.19
Detection intercept -0.95 0.14 -6.68 0.00
rang 0.63 0.14 4.44 0.00
road -0.78 0.17 -4.54 0.00
Uruguayan Savanna
() p() Occupancy intercept 1.44 0.34 4.23 0.00
Detection intercept -0.93 0.10 -9.52 0.00
P(tvar) p(.) Occupancy intercept 1.49 0.36 4.15 0.00
tvar 0.31 0.32 0.98 0.33
Detection intercept -0.93 0.10 -9.54 0.00
Y(tvar+cfam) p(.) Occupancy intercept 1.25 0.38 3.28 0.00
tvar 0.54 0.36 1.50 0.13
cfam (1) 1.32 1.01 1.30 0.19
Detection intercept -0.92 0.10 -9.55 0.00
P(cfam) p(.) Occupancy intercept 1.29 0.37 3.51 0.00
cfam (1) 0.72 0.94 0.77 0.44
Detection intercept -0.92 0.10 -9.50 0.00
P(sett) p(.) Occupancy intercept 1.46 0.35 4.21 0.00
sett 0.27 0.37 0.74 0.46
Detection intercept -0.92 0.10 -9.52 0.00
¥(sscr) p(.) Occupancy intercept 1.30 0.38 3.45 0.00
sscr (1) 0.62 0.88 0.71 0.48
Detection intercept -0.93 0.10 -9.52 0.00
P(tavg) p(.) Occupancy intercept 1.44 0.34 4.23 0.00
tavg 0.17 0.34 0.51 0.61
Detection intercept -0.92 0.10 -9.50 0.00
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S5 Estimated effect of each parameter in the average site occupancy models for the nine-banded
armadillo. Parameters with statistically significant effects are indicated in bold. ¥ = occupancy,
p = detection, rang = camera trap range, road = distance to roads, sett = distance to human
settlements, tavg = average temperature, tvar = temperature variation, cfam = detection of
domestic dogs, sscr = detection of wild boars, Cl = confidence interval.

Parameter Full Subset 2.5% ClI 97.5% CI
Atlantic Forest

Y(intercept) -0.26 - -1.02 0.51
tavg -0.75 - -1.80 0.29
cfam (1) 054 094 -0.16 2.03
p(intercept) -0.94 - -1.22 -0.67
rang 0.63 - 0.35 0.90
road -0.77 - -1.10 -0.43
Uruguayan Savanna

Y(intercept) 1.39 - 0.67 2.11
sett 0.03 0.27 -0.45 0.99
tavg 0.02 0.17 -0.49 0.84
tvar 011 042 -0.28 1.12
cfam (1) 025 1.02 -0.98 3.01
sscr (1) 0.07  0.62 -1.11 2.36
p(intercept) -0.92 - -1.12 -0.73
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S6 Daily activity patterns of: a) the domestic dog in all sites (dataset i); b) the domestic dog in the Atlantic Forest (dataset ii); ¢) the domestic
dog in the Uruguayan Savanna (dataset iii); d) the wild boar in dataset i; e) the wild boar in dataset ii; f) the wild boar in dataset iii. Arrows
indicate angular means; their lengths are proportional to the non-uniformity of the data. Below each graph are the results of their respective

Rayleigh tests of uniformity.
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CONCLUSAO

O estudo resultou na obtencdo de conhecimentos inéditos sobre a ocorréncia do tatu-
galinha e sobre a atividade diaria de toda a fauna de tatus na Savana Uruguaia e na Mata
Atlantica sul-rio-grandense. Quanto ao tatu-galinha, espécie de maior destaque neste estudo,
foi encontrada uma maior probabilidade de ocorréncia na Savana Uruguaia do que na Mata
Atlantica. A ocorréncia do tatu-galinha sofreu influéncia positiva da distancia de assentamentos
humanos e da deteccdo de cdes domésticos. Visto que a por¢do amostrada da Mata Atlantica
possui ampla cobertura de areas protegidas, a ocorréncia diminuida do tatu-galinha nesta regido
ressalta a importancia da obtencdo de conhecimentos sobre os padrBes de utilizacdo espacial
da espécie, a fim de avaliar o impacto dos esforcos de conservacéo vigentes. Além disso, foram
obtidas evidéncias de que os padrGes de utilizacdo temporal do tatu-galinha nas regides
amostradas independem de variacdes em medidas relacionadas a distdrbios antropicos ou a
presenca de espécies exoticas (i.e., 0s tatus sdo quase exclusivamente noturnos). Este resultado
pode auxiliar na delimitacdo de futuras medidas de conservacdo desta espécie, mesmo em
cendrios de perda de habitat e invasdes bioldgicas.

Quanto ao tatu-peludo e tatu-mirim, a pequena amostra obtida para estas espécies pode
ser uma indicacdo de um estado de conservacdo preocupante a nivel regional. Estas espécies,
junto do tatu-mulita, sdo consideradas diurnas pela literatura cientifica, mas foram registradas
principalmente a noite neste estudo. Isto pode se dever a temperaturas médias elevadas ou ser
uma resposta a distlrbios antrdpicos, porém seriam necessarios mais estudos para confirmar
qualquer destas possibilidades. Ja o tatu-de-rabo-mole-grande apresentou atividade noturna,
conforme o esperado pela pouca literatura disponivel.

Acreditamos que estes resultados serdo Uteis para direcionar futuras pesquisas sobre
estas espécies, de maneira a preencher as lacunas no conhecimento bioldgico e garantir a

manutengdo de suas popula¢bes nesta porcdo pouco estudada e muito degradada de suas
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1202

1203

1204

1205

distribuicdes. Assim, indicamos que esforcos futuros busquem desvendar os fatores que levam

as diferencas de ocupacdo de sitios do tatu-galinha em diferentes regides, e procurem adaptar

0s métodos deste estudo de maneira a obter resultados mais detalhados sobre as outras trés

espécies.
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