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RESUMO

Os estudos sobre a historia natural de lagartos e serpentes ainda sdo escassos
para o bioma Caatinga, com descricbes desagregadas e pontuais em tipos
diferentes de Caatinga. As diferentes espécies de lagartos e serpentes ocupam
diferentes posigcdes no nivel tréfico e possuem grande importancia no
diagnostico de efeitos bidticos e abidticos sobre o ambiente. O presente foi
realizado através da necropsia dos animais mortos por atropelamento em
trechos de estradas circundantes a trés Unidades de Conservacdo Federal:
Parque Nacional de Furna Feia, Floresta Nacional de Agu e Estacdo Ecoldgica
do Serid6. Os animais atropelados foram levados para o laboratério de
Ecologia e Conservacédo da Fauna Silvestre, na Universidade Federal Rural do
Semi-Arido, para identificacdo da espécie, morfometria e andlise da dieta. O
objetivo geral do projeto foi caracterizar sazonalmente os habitos alimentares
de diferentes espécies de lagartos e serpentes mortos por atropelamento. O
estudo das dietas possibilita uma maior amplitude acerca das informacdes ndo
apenas ecoldgicas, de comportamento e fisioldgicas sobre as espécies
encontradas atropeladas. Essa abrangéncia de conhecimento contribui ainda
para que podem ser implantadas medidas de conservacdo para as espécies

estudadas.

Palavras-chave: Habitos alimentares, herpetofauna, Caatinga



ABSTRACT

Studies about natural history of lizards and snakes are yet scarce for the
Caatinga biome or descriptions are disaggregated and isolated in different
physionomys of Caatinga. Species of lizards and snakes occupy different
positions at the trophic level and has a great importance in the diagnosis of
biotic and abiotic effects on the environment. The present study was carried out
by necropsy from road-killsanimals of roads surrounding three Federal
Conservation Units: Furna Feia National Park, Acu National Forest and Serido
Ecological Station. The road-kill animals were carry to the Ecology and Wildlife
Conservation Laboratory at the Federal Rural Semi-Arid University to identify
the species, morphometry and diet analysis. The general objective of the project
was to characterize the food habits of different species of lizards and snakes
road-kills. The study of the diets allows greater amplitude on the information not
only ecological but also about behavior and physiological. This range of

knowledge also contributes to the conservation of the species studied.

Keywords: Food habits, herpetofauna, Caatinga
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1. INTRODUCAO

Os répteis possuem grande importancia no ecossistema ocupando
diversos niveis troficos e, ainda assim, existem muitas caréncias no
conhecimento desses animais em relacdo a sua historia natural e
caracteristicas comportamentais, reprodutivas, adaptativas e alimentares
(Rodrigues, 2003).

Considerando o seu papel vital no ecossistema, o estudo a cerca da
herpetofauna constitui relevante e vasta fonte de dados para conhecimentos
cientificos do ambiente em que habitam, sobretudo em areas impactadas por
atividades humanas e, principalmente, para compreensdo e descoberta de
peculiaridades inerentes as espécies (Caldwell & Vitt, 1999). As informacdes
provenientes dos estudos da fauna de anfibios e répteis da Caatinga sdo de
fundamental importancia para a compreenséo da historia do ecossistema atual
(Rodrigues, 2003).

Noventa e cinco por cento do territorio do Rio Grande do Norte
compreende o bioma Caatinga. Essa vasta area do Estado compreende
diversas areas classificadas por muito grave e grave em ocorréncia de
desertificacdo, verificando-se processos de degradacdo ambiental de grande
impacto. (Fernandes & Medeiros, 2009). A Caatinga € a terceira regiao
brasileira mais alterada por acfes antropicas (Guedes, 2012) e a mais
negligenciada quanto a conservacdo da sua biodiversidade apresentando a
menor area protegida através de unidades de conservacao de protecédo integral
(Rodrigues, 2003; Guedes, 2012).

O ultimo estudo que trata do registro de herpetofauna no Brasil tem
catalogadas 799 espécies de Répteis (Bérnils, 2018), sendo a maior parte
delas vista na Amazonia (Rodrigues, 2003). O estudo de Hauff (2010) lista 171
espécies de répteis para a Caatinga (24 familias, 85 géneros e 38
endemismos), numero que vem crescendo conforme sao direcionadas novas
pesquisas para esse bioma.

A estigmatizacdo dos répteis pela populacdo humana, que geralmente
alimenta crencas limitantes culturais acerca desses animais, encobre o seu
valor enquanto parte integrante da biodiversidade e quanto ao papel que esses

animais desempenham a nivel tréfico no ambiente (Fernandes-Ferreira, 2011).
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O estudo da dieta alimentar contribui com o conhecimento da fisiologia
digestiva dos animais e outras caracteristicas de &ambitos ambiental e
comportamental da espécie, podendo refletir as consequéncias antropicas ao
longo dos anos de pesquisa (Pizzatto et al., 2009). Ainda, pode-se conhecer
mais sobre cada espécie e sobre sua importancia no equilibrio biolégico a nivel
de individuo, de populacdo e comunidade (Caldwell & Vitt, 1999) e assim,
poder tracar diretrizes que visem contemplar medidas de mitigacdo néo s6 para
o ambiente, como também para a conservacdo das espécies de répteis.
Através do conhecimento da dieta pode-se caracterizar a oferta alimentar que o
animal encontra nos mais distintos perfis ambientais (area vegetada,
desertificada, agricultada, com criacdo de animais), assim como deve ser
avaliada a sazonalidade, que também pode influenciar na oferta de alimentos.
Por exemplo, Kolodiuk (2008) estudou duas espécies de lagartos em area do
bioma Caatinga e demonstrou que a importancia relativa (IR) dos alimentos
para a espécie Tropidurus semitaeniatus mudava consoante a época, com 0S
artrépodes da ordem Hymenoptera apresentando IR = 42% na época chuvosa
enquanto que na estacdo seca, folhas foram o item mais importante
(IR=43,2%).

Embora a abertura de estradas seja importante no desenvolvimento
sécio econdmico, possibilitando fluxo de pessoas, produtos e servicos (Perz et
al., 2007) é uma acao antropica que resulta na fragmentacdo de habitats e
grandes impactos ambientais e biologicos. Esses efeitos ndo se restringem as
areas no entorno direto das rodovias, podendo favorecer a dispersdao de
poluentes, alteracfes nas populacdes e predisposicdo dos animais silvestres a
atropelamentos representando ameacas a conservacdo da biodiversidade
(Laurance et al., 2009).

Dentre vérias espécies de vertebrados, a maioria dos répteis é
especialmente vulnerdvel ao atropelamento dada a locomocgédo lenta,
conformacao corporal longa, maturidade sexual tardia, possibilidade de uso da
estrada para a termorregulagéo, baixas taxas reprodutivas dentre outros fatores
(Haxton, 2000). Trabalhos com registro desse taxon por atropelamento em
estradas podem apresentar nimero de individuos impactados menor do que o
gue realmente ocorre ja que quanto menor o animal atropelado, menores sao

as possibilidades de serem detectados pelos observadores (Ruiz-Capillas et
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al., 2015). Ainda, pelo seu porte pequeno, suas carcagas atraem animais
carniceiros o que também leva a uma taxa alta de perda de dados pela sua
retirada (Teixeira et al. 2013). Um estudo realizado por Smith et al. (2005)
aponta problemas metodoldgicos histéricos na quantificacdo de répteis
atropelados ja que quando o monitoramento € realizado com o automovel em
movimento, 0S seus restos sdo negligenciados; mesmo quando o automével
para e, sdo encontrados apenas restos desses animais, sua identificagéao torna-
se dificil e acaba ocorrendo apenas para classe, subclasse ou ordem.

Em estradas na regido Sul do Brasil, Mesquita et al. (2015) elaboraram
um estudo para identificar a ocorréncia de atropelamentos intencionais a
animais considerados menos carismaticos, categoria que inclui os lagartos e,
principalmente, as serpentes e comprovaram, por meio de modelos sintéticos
realisticos de serpentes, aranhas, pintainhos e folhas de arvores dispostos nas
rodovias observadas, que muitos condutores de veiculos passavam
propositalmente como seu veiculo sobre as aranhas e serpentes. Em estudo
semelhante, Secco et al. (2014) testaram algumas hipéteses quanto ao
atropelamento intencional de serpentes, colocando modelos de serpentes feitos
em tecido, pintados e preenchidos com areia e objetos controle (garrafas de
Polietileno tereftalato — PET - parcialmente preenchidas com areia). Embora
nao tenham verificado diferenca significativa entre o atropelamento intencional
dos modelos de serpentes em tecido e garrafas PET, observaram que mais da
metade dos atropelamentos registrados durante o estudo foram classificados
como intencionais, reiterando a banalizagcdo do atropelamento da fauna
silvestre por grande parte dos condutores veiculares no Brasil.

Considerando que serpentes e lagartos estdo entre os vertebrados mais
atropelados e que ha poucos estudos sobre sua histéria de vida para o bioma
Caatinga, este estudo propfe gerar conhecimento através dos espécimes com

morte recente por atropelamento.

2. REVISAO DE LITERATURA

2.1. Serpentes e lagartos da Caatinga
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Até poucas décadas atras, mesmo entre os herpetdlogos, acreditava-se
que havia uma baixa riqueza faunistica para a Caatinga, compreendendo ainda
apenas espécies que ja ocorriam em outros biomas e sem perspectivas de
endemismos para esse bioma (Vanzolini, 1980, 1988; Mares et al. 1981). Essa
concepcao vem mudando paulatinamente a medida que novos estudos sao
realizados e reiteram a importancia desse bioma para estabelecer medidas
para a conservacao da sua fauna ja que € um bioma bastante alterado e pouco
conservado (Leal et al., 2003). Hoje se sabe inclusive que ha varios
endemismos nesse bioma para lagartos e serpentes (Rodrigues, 2003).

Inicialmente, no estudo realizado por Rodrigues (2003), foram
contabilizadas 52 espécies de serpentes e 47 de lagartos no bioma Caatinga.
Borges-Nojosa & Azabe (2005) analisaram simultaneamente trés areas
consideradas prioritarias para a conservacdo da Caatinga em trés Estados
brasileiros: Pernambuco, Paraiba e Ceara. Considerando todas as areas,
registraram 15 espécies de serpentes e 26 de lagartos. Logo, analisando 17
colecBes cientificas, Guedes (2012) registrou, para a Caatinga, 112 espécies
de serpentes distribuidas em nove diferentes familias com endemismo de 22
espécies. Em 2013, Garda et al. (2013) realizaram um estudo da fauna da
Estacdo Ecolégica Raso da Catarina, no Estado da Bahia, coletando 19
espécies de lagartos e 11 espécies de serpentes dentre outros membros da
herpetofauna. Cavalcanti et al. (2014) estudaram a fauna de répteis do Parque
Nacional da Serra da Capivara, no Estado do Piaui e identificaram 17 espécies
de lagartos e 11 de serpentes. Pedrosa et al. (2014) que fizeram um
levantamento da herpetofauna no Parque Nacional de Catimbau, situado no
Estado de Pernambuco e verificaram 25 espécies diferentes de lagartos e 11
de serpentes, com registros inéditos para o referido Parque. Um dos ultimos
trabalhos foi o realizado por Magalh&es et al. (2015) que desenvolveram um
trabalho de levantamento faunistico no Parque Nacional da Chapada
Diamantina visando abranger varios micro habitats e registraram 15 espécies
de lagartos (sete familias e 12 géneros) e 23 espécies de serpentes (sete
familias e 18 géneros). Seguindo a mesma metodologia dos quatro trabalhos
anteriores, estudando uma area dentro da Estacdo Ecologica do Seridd, no
Estado do Rio Grande do Norte, Caldas et al. (2016) registraram 13 espécies

de lagartos e oito de serpentes. Benicio et al. (2015) em um estudo que durou
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5 anos com captura e animais por meio de busca ativa no municipio de Picos,
no Estado do Piaui, catalogou 13 espécies de lagartos e 12 de serpentes.

O estudo e levantamento de dados para o bioma Caatinga,
compreendendo sua diversidade de paisagens e fragmentos distribuidos é de
extrema importancia para que se estabelecam medidas de conservacéo
(Borges-Nojosa & Azabe, 2005).

2.2. Dieta alimentar de lagartos na Caatinga

A abordagem descritiva de notoriedade cientifica sobre a dieta de
espécies de lagartos da Caatinga até o momento abrange, em sua maior parte,
espécies de pequeno porte como Ameivula ocellifera (Teiidae) e lagartos da
familia Tropiduridae. Kolodiuk (2008) analisou a dieta de duas espécies de
Tropidurus: T. hispidus e T. semitaeniatus coletados na Estacdo Ecolbgica do
Seridé (ESEC Seridd) que fica no municipio de Serra Negra do Norte, tracando
um comparativo entre a época de seca (coletas de animais nos meses de
outubro a dezembro de 2006) e a época de chuva (abril a junho de 2007);
Sales (2013) estudou a ecologia alimentar da espécie Ameivula ocellifera
(denominacéo atual para Cnemidophorus ocellifer) com coletas de animais no
periodo de setembro de 2008 a agosto de 2010 (Tabela 1); e os lagartos
também foram coletados na ESEC Seridd. No estudo de Cabral (2016) foram
analisadas as dietas de 30 A. ocellifera e seis T. hispidus encontrados em
armadilhas de queda no més de agosto de 2015. Nos trés estudos 0s animais
coletados foram dissecados para analise da dieta. Os autores analisaram
separadamente os itens encontrados em periodos de chuva e seca, mas a
tabela a seguir mostra a soma dos itens para todos os lagartos em todas as
épocas para a de visualizacao quantitativa dos itens alimentares.
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Tabela 1. Itens alimentares identificados no trabalho de Kolodiuk (2008) e Sales
(2013) em conteudos estomacais das espécies de lagartos A. ocellifera, T. hispidus e

T. semitaeniatus na Estacdo Ecolégica do Serido.

Espécies de lagartos

Itens alimentares A. Ocellifera T. hispidus T. semitaeniatus
(N= 141) (N=51) (N=83)
Acari 84 1 -
Araneae 44 6 20
Blattodea 11 -
Casca de ovo - 1 2
Coleoptera 97 40 20
Collembola - - 21
Diplopoda 4 18 4
Diptera 4 - 12
Embioptera - 5 7
Ephemeroptera - -
Escamas - -
Flor - 35
Folha - 116 204
Gastropoda 16 4 -
Hemiptera 36 17 11
Homoptera 25 - 5
Hymenoptera formicidae 153 1067 679
Hymenoptera néo formicidae 14 8 26
Isoptera 367 374 264
Larvas coleoptera 13 6 22
Larvas Hymenoptera 21 - -
Larvas Lepdoptera 275 41 121
Material vegetal n&o identificado - 55 96
Odonata 3 2 1
Oligochaeta - - 1
Orthoptera 51 13 2
Pseudoscorpiones 2 - -
Partes Artropodes - 780 1033
Semente - - 2
Thysanura - - 1
TOTAL 1220 2561 2595

2.3. Dieta alimentar de serpentes na Caatinga
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Ha diversos mecanismos diferentes utilizados pelas serpentes para a
busca do alimento e estratégias de identificacdo, apreensédo, imobilizagcéo e
ingestao de suas presas (Poughet al., 2008).

Boa parte das serpentes brasileiras, sobretudo as do bioma Caatinga,
ainda possui informacdes sobre a dieta escassas ou restritas a uma ou
algumas espécies (Bernardeet al., 2006; Pinto & Lema, 2002).

As informacdes oriundas dos estudos da fauna de serpentes e lagartos
na Caatinga sao fundamentais para compreender a historia do ecossistema
atual e levantar dados que ainda sdo escassos para 0 bioma (Rodrigues,
2003).

Como pode ser observado na Tabela 2, ndo ha muitos estudos
realizados de notoriedade cientifica na Caatinga. O trabalho mais
abrangente até o momento foi o de Mesquita et al. (2013), que descreve a
dieta de algumas espécies de serpentes encontradas no municipio de
Pentecostes (clima tropical quente semiarido brando), no estado do Ceara.
Almeida et al. relatam uma observacdo visual no ambiente natural da
predacdo de um lagarto da espécie Tropidurus cocorobensis pela serpente
Oxibelis aeneus no Parque Nacional do Catimbau, municipio de Buique,
Pernambuco (clima semiarido). Também por observagdo visual,
Mikalauskas (2017) registraram a predacao do lagarto Tropidurus hispidus
pela serpente Oxyrhopus trigeminus, no Monumento Natural Grota do
Angico, localizado na margem direita do Rio S&o Francisco, no municipio de
Poco Redondo, nas matas do estado de Sergipe (clima semiarido).
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Tabela 2- Resultados de trabalhos cientificos realizados com dieta de serpentes no bioma Caatinga, descrevendo o Estado,
municipio e presas ingeridas pelas serpentes, onde N é o numero de serpentes analisadas e n é o numero de itens alimentares
encontrados nos tratos digestivos das serpentes.

UF Municipio  Espécie Nome comum Origem do dado N n CLASSE Item alimentar Bibliografia
PE Exu Boa Jiboia Dissecagédo 9 1 Mammalia Galea spixii Vitt & Vangilder
constrictor(Linnae 1 Ave Titamus sp (1983)
us, 1758)
PE Exu Epicrates Salamanta Dissecacgéo 21 1 Mammalia Galea spixii Vitt & Vangilder
cenchria(Linnaeus - Ave ovos (1983)
, 1758)
1 Reptilia/Squamata Ameiva ameiva
PE Exu Clelia Cobra-preta Dissecacgéo 31 1 Mammalia Rattus rattus Vitt & Vangilder
occipitolutea*(Dau 1 Mammalia Trichomys apereoides (1983)
din, 1803) 2 Reptilia/Squamata  Ameiva ameiva
1 Reptilia/Squamata  Tropidurus torquatus
1 Reptilia/Squamata  Diploglossus lessonae (cauda)
1 Reptilia/Squamata Liophis lineatus
1 Reptilia/Squamata Liophis viridis
1 Reptilia/Squamata  Epicrates cenchria
1 Reptilia/Squamata Wagleorophis merremii
PE Exu Leptophis Cobra-cip6-verde Dissecacgdo 6 3 Amphibia Hyla rubra Vitt & Vangilder
ahaetulla(Linnaeu 1 Amphibia Phyllomedusa hypochondrialis (1983)
s, 1758)
PE Exu Lygophis Casaco listrado Dissecacgdo 44 2 Amphibia Hyla rubra Vitt & Vangilder
lineatus(Linnaeus, 2 Amphibia Hyla unid. (1983)
1758)
1 Amphibia Leptodactylus ocellatus
1 Amphibia Leptodactylus fuscus
3 Amphibia Physalaemus curvieri
11 Amphibia Leptodactylidae
PE Exu Liophis Cobra-preta Dissecacgéo 44 1 Amphibia Pipa carvalhoi Vitt & Vangilder
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Mmossoroensis* 1 Amphibia Leptodactylus ocellatus (1983)
(Hoge & Lima- 9 Amphibia Leptodactylidae
Verde, 1973)
PE Exu Liophis Cobra de capim Dissecacgéo 91 5 Amphibia Bufo granulosus Vitt & Vangilder
poecilogyrus 4 Amphibia Bufo, unidade (1983)
(Wied-Neuwied, 1 Amphibia Pipa carvalhoi
1825) 1 Amphibia Hyla rubra
2 Amphibia Leptodactylus ocellatus
1 Amphibia Physalaemus curvieri
8 Amphibia Leptodactylidae
PE Exu Liophis Cobra-verde Dissecagéo 56 8 Amphibia Hyla rubra Vitt & Vangilder
viridis(Guinther, 4 Amphibia Physalaemus curvieri (1983)
1862)
2 Amphibia Leptodactylidae
PE Exu Oxybelis Cobra-cip6 Dissecacgéo 16 1 Reptilia/Squamata  Platynotus semitaeniatus Vitt & Vangilder
aeneus(Wagler, 2 Reptilia/Squamata Cnemidophorus occellifer (1983)
1824)
2 Reptilia/Squamata Lygodactylus klugei
PE Exu Oxyrhopus Falsa coral Dissecagéo 9 1 Mammalia Bolomys lasiurus Vitt & Vangilder
trigeminus 1 Reptilia/Squamata  Tropidurus torquatus (1983)
(Duméril, Bibron & 3 Reptilia/Squamata  Cnemidophorus ocellifer
Duméril, 1854) 1 Reptilia/Squamata Ameiva ameiva (cauda)
- Reptilia/Squamata ovos
PE Exu Philodryas Corre-campo Dissecacgdo 93 1 Mammalia Rattus rattus Vitt & Vangilder
nattereri 1 Mammalia Bolomys lasiurus (1983)
(Steindachner, 1 Ave Ave ndo identificada
1870) 1 Amphibia Anfibio n&o identificado
5 Reptilia/Squamata Ameiva ameiva
1 Reptilia/Squamata Ameiva ameiva (cauda)
1 Reptilia/Squamata Cnemidophorus ocellifer
1 Reptilia/Squamata Cnemidophorus ocellifer(cauda)
1 Reptilia/Squamata Gymnophthalamus multiscutatus
1 Reptilia/Squamata  Tupinambis teguxin
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2 Reptilia/Squamata Mabuya heathi (cauda)
2 Reptilia/Squamata  Tropidurus torquatus (cauda)
1 Reptilia/Squamata Phyllopezus pollicaris (cauda)
PE Exu Philodryas Dissecagédo 99 1 Mammalia Calomys callosus Vitt & Vangilder
offersii(Lichtenstei 1 Mammalia Trichomys aperebides (1983)
n, 1823) 4 Mammalia Bolomys lasiatus
4 Mammalia Mamiferos nédo identificados
1 Ave Ave nao identificada
2 Reptilia/Squamata Ameiva ameiva
1 Amphibia Hyla maxima
1 Amphibia Hyla rubra
PE Exu Pseudoboa Cobra preta Dissecacgéo 12 1 Reptilia/Squamata Cnemidophorus ocellifer Vitt & Vangilder
nigra(Dumeéril,Bbi 1 Reptilia/Squamata  Tropidurus torquatus (1983)
bron & Dumeéril, 1 Reptilia/Squamata  Tropidurus torquatus (cauda)
1854)
PE Exu Spilotes Caninana Dissecacgdo 4 2 Mammalia Mamiferos n&o identificados Vitt & Vangilder
pullatus(Linnaeus, (1983)
1758)
PE Exu Thamnodynastes  Corredeira Dissecagéo 3 - Reptilia/Squamata Ovos Vitt & Vangilder
strigilis*(Linnaeus, (1983)
1758)
PE Exu Waglerophis Boipeva Dissecacgdo 46 10 Amphibia Bufo granulosus Vitt & Vangilder
merremii*(Wagler, 4 Amphibia Bufo paracnemis (1983)
1824) 6 Amphibia Geénero: Bufo
5 Amphibia Leptodactylidae
PE Exu Micrurus Coral verdadeira Dissecacgdo 23 2 Amphisbaena Amphisbaena vermicularis Vitt & Vangilder
ibiboboca 1 Reptilia/Squamata  Liophis lineatus (1983)
(Merrem, 1820) 1 Reptilia/Squamata  Liophis poecilogyrus
1 Reptilia/Squamata Liophis viridis
PE Buique Oxybelis Cobra-cip6 Observacao visual 1 1 Reptilia/Squamata  Tropidurus cocorobensis Almeida et al. (2009)
aeneus(Wagler,
1824)
CE Pentecoste  Philodryas Corre-campo Regurgitagdo e 58 3 Reptilia/Squamata Ameiva ameiva Mesquita et al. (2011)
nattereri
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(Steindachner, Animais de colecéo 9 Reptilia/Squamata Cnemidophorus ocellifer
1870) 1 Reptilia/Squamata  Teiidae nédo identificado
3 Reptilia/Squamata  Tropidurus hispidus
1 Reptilia/Squamata Hemidactylus mabouia
1 Reptilia/Squamata  Phyllopezus pollicaris
4 Reptilia/Squamata Lagarto ndo identificado
1 Reptilia/Squamata Oxybelis aeneus
1 Reptilia/Squamata Ovo de Squamata
1 Amphibia Leptodactylus macrosternum
1 Mammalia Necromys lasiurus
2 Mammalia Wiedomys pyrrhorhinos
1 Mammalia Monodelphis domestica
1 Mammalia Myotis nigricans
1 Mammalia Fragmentos de mamifero
1 Ave Passeriforme
PB Cabaceiras Leptodeira Jararaca falsa; Observacéao visual 1 Amphibia Phyllomedusa nordestina Falkenberg et al.
annulata Olho de gato anelada (2013)
(Linnaeus, 1758)
PE Petrolina Philodryas Corre-campo Dissecagéo 1 Reptilia/Squamata  Tropidurus hispidus Menezes et al. (2013)
nattereri
(Steindachner,
1870)
CE Pentecoste  Apostolepis Falsa coral Dissecacgdo 1 Reptilia/Squamata  Tantilla melanocephala Mesquita et al. (2013)
cearensis
(Gomes, 1915)
CE Pentecoste  Boa constrictor Jiboia Regurgitacdo 1 Ave Passer familiaris Mesquita et al. (2013)
(Linnaeus, 1758) 1 Reptilia/Squamata  Cnemidophorus ocellifer
- Mammalia Pelos de roedor
CE Pentecoste Leptodeira Jararaca falsa; Dissecacgéo 3 Amphibia Anuro néo identificado Mesquita et al. (2013)
annulata Olho de gato anelada 2 Amphibia Hylidae n&o identificado
(Linnaeus, 1758) 2 Amphibia Scinax xsighatus
1 Amphibia Dendropsophus microcephalus
1 Reptilia/Squamata Cauda de Gekkonidae
CE Pentecoste  Liophis dilepis Cobra d’agua Dissecacgéo 1 Amphibia Leptodactylidae Mesquita et al. (2013)
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(Cope, 1862) 1 Amphibia Leptodactylus sp.
1 Amphibia Scinax xsignatus
CE Pentecoste  Liophis Cobra de capim Dissecagédo 11 12 Amphibia Anuros Mesquita et al. (2013)
poecilogyrus
(Wied, 1825)
CE Pentecoste Liophis viridis Cobra verde Dissecagédo 7 1 Amphibia Anuro néo identificado Mesquita et al. (2013)
(Glnther, 1862) 2 Amphibia Rhinella granulosa
1 Amphibia Scinax xsignatus
3 Amphibia Physalaemus cuveri
1 Amphibia Leptodactylus macrosternum
1 Amphibia Leptodactylus troglodytes
1 Reptilia/Squamata Cauda de Gekkonidae
CE Pentecoste  Oxyrhopus Falsa coral Dissecacgéo 6 1 Reptilia/Squamata Cnemidophorus ocellifer Mesquita et al. (2013)
trigeminus 3 Reptilia/Squamata  Tropidurus hispidus
(Dumeéril, Bibron & 2 Reptilia/Squamata  Mabuya heathi
Duméril, 1854)
CE Pentecoste  Philodryas olfersii  Cobra verde Dissecacgdo 21 1 Amphibia Anuro ndo identificado Mesquita et al. (2013)
(Lichtenstein, 4 Amphibia Rhinella jimi
1823) 1 Amphibia Hylidae n&o identificado
3 Amphibia Hypsiboas raniceps
1 Amphibia Scinax xsignatus
2 Amphibia Leptodactylus fuscus
1 Amphibia Leptodactylus troglodytes
1 Reptilia/Squamata Lagarto néo identificado
1 Reptilia/Squamata Hemidactylus agrius
1 Reptilia/Squamata  Policrus acutirostris
1 Reptilia/Squamata Mabuya heathi
1 Reptilia/Squamata Ameiva ameiva
1 Reptilia/Squamata Cnemidophorus ocellifer
1 Reptilia/Squamata Tupinambis merianae
1 Reptilia/Squamata  Tropidurus hispidus
2 Ave Aves ndo identificadas
2 Ave Columbina talpacoti
1 Mammalia Mamifero n&o identificado
1 Mammalia Cricetidae néo identificado
CE Pentecoste  Pseudoboa nigra Cobra preta Dissecacgéo 7 6 Reptilia/Squamata Ovos Mesquita et al. (2013)
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(Duméril,Bbibron 3 Reptilia/Squamata Lagarto nao identificado
& Duméril, 1854) 1 Reptilia/Squamata  Teiidae n&o identificado
2 Reptilia/Squamata  Cnemidophorus ocellifer*
CE Pentecoste Xenodon merremii  Boipeva Dissecagéo - 1 Amphibia Anuro nao identificado Mesquita et al. (2013)
(Wagler, 1824) 3 Amphibia Rhinella jimi
CE Pentecoste  Oxybelis aeneus Cobra cip6 Dissecacgéo 10 7 Reptilia/Squamata Cnemidophorus ocellifer Mesquita et al. (2013)
(Wagler, 1824) 2 Reptilia/Squamata  Tropiduros hispidus
4 Amphibia Mabuya heathi
1 Leptodactylus fuscus
CE Pentecoste  Micrurus Coral verdadeira Dissecacgédo 7 4 Reptilia/Squamata Amphisbaena vermicularis Mesquita et al. (2013)
ibiboboca 1 Reptilia/Squamata Amphisbaena polystegum
(Merrem, 1820) Reptilia/Squamata  Vanzosaura rubricauda
Reptilia/Squamata Psomophis joberti
Crotalus durissus  Cascavel Dissecacgéo 1 1 Mammalia Galea spixii Souza et al. (2013)
cascavella
(Linnaeus, 1758)
BA Jeremoabo Leptodeira Jararaca falsa; Observacao visual 6 1 Amphibia Hypsiboas crepitans Santos-Silva et al.
annulata (Linaeus, Olho de gato anelada 1 Amphibia Phyllomedusa bahiana (2014)
1758) 1 Amphibia Rhinella granulosa
1 Amphibia Leptodactylus troglodytes
1 Amphibia Scinax x-signatus
1 Amphibia Physalaemus kroyeri
BA Andarai Siphlophis - Dissecagéo 1 1 Reptilia/Squamata  Tropidurus hispidus Maia-Carneiro et al.
leucocephalus (2016)
(Ginther, 1863)
SE Poco Oxyrhopus Falsa coral Observacao visual 1 1 Reptilia/Squamata  Tropidurus hispidus Mikalauskas et al.
Redondo trigeminus (2017)

(Duméril,Bbibron
& Duméril, 1854)

*Alguns répteis sofreram alteragbes em suas nomenclaturas, como a Clelia occipitolutea, que é atualmente denominada Clelia
Clelia; o Cnemidophorus ocellifer, como ja foi discutido anteriormente, € atualmente denominado Ameivula ocellifera; a serpente
Liophis mossoroensis, € atualmente denominada Erythrolamprus mossoroensis; Thamnodynastis strigilis é sinénimo de
Thamnodynastis pallidus; Waglerophis merremii € sinbnimo de Xenodon merremii.
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CAPITULO I: CARACTERIZACAO PRELIMINAR ESPACO-TEMPORAL DAS
SERPENTES APROPELADAS ENTRE 2014 E 2018 EM ESTRADAS DO
BIOMA CAATINGA

RESUMO - As estradas promovem o transporte de pessoas e insumos, mas
tem se tornado um problema crescente nas taxas de mortalidade de
vertebrados silvestres. O levantamento do impacto do trafego sobre mamiferos
e aves tinha maior notoriedade, mas essa perspectiva vem mudando com a
importancia desses animais para 0 ambiente, sobretudo para o bioma
Caatinga, que possui menos estudos da fauna que os demais biomas no pais.
O presente trabalho foi realizado através de serpentes encontradas mortas por
atropelamento em trechos de estradas circundantes a trés Unidades de
Conservacao Federal: Floresta Nacional de Acu, Parque Nacional de Furna
Feia e Estacdo Ecolégica do Seridd. O objetivo do estudo foi fazer o
levantamento das espécies de serpentes encontradas atropeladas por area e
verificar se hé diferenca sazonal na mortalidade. Estudar os aspectos
envolvendo o atropelamento desses animais possibilita mais informacgdes sobre

as espécies e o direcionamento na tomada de medidas mitigadoras.

1. Introducéao

A construcdo de estradas estd intimamente relacionada com o
desenvolvimento econdmico, possibilitando o transporte de insumos e pessoas
entre as regides (Laurance et al., 2009). Quanto mais desenvolvida se torna a
sociedade, mais ramificacdes de estradas vao se formando para facilitar esse
fluxo socioecondmico (Smith et al., 2005). Até recentemente, a maioria dos
projetos de construcdo de estradas concentrava-se mais em aspectos do
desenvolvimento humano do que em todos os impactos negativos sobre o meio
ambiente e a fauna (Coffin, 2007). Sobretudo em décadas anteriores, 0S
projetos de criacdo de estradas levaram em considera¢cdo muito mais o aspecto
do desenvolvimento da sociedade humana do que todas as alteracbes
negativas que provocam tanto na esfera ambientais como biolégica (Coffin,

2007), com incidéncia cada vez maior de atropelamentos, levando a diminuigdo
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massiva de populacbes sendo requeridas cada vez mais medidas para

minimizar os impactos (Jochimsen, 2005).

As pesquisas com Ecologia, historicamente, tém focado em mamiferos e
aves, fato desproporcional a rigueza de espécies encontradas no ambiente.
Com a vasta gama de informacdes ja levantada para essas duas Classes, a
atencdo dada a animais ‘menos populares’ vem crescendo. Dentro deste
cenario, o estudo de répteis tem recebido maior atencdo e, por serem animais
pouco carismaticos, sua conservacao também requer a educacdo ambiental e

conscientizacdo da populacdo humana. (Shine & Bonnet, 2000).

Em consonancia com a crescente preocupacdo com a herpetofauna,
alguns trabalhos tém como objetivo avaliar os impactos das estradas sobre
essas espécies e o0 atropelamento intencional que sofrem devido a elas serem
menos atraentes culturalmente do que os mamiferos e as aves. Secco et al.
(2014) colocaram modelos de serpente construidos com tecido preenchido com
areia e frascos de polietileno tereftalato (PET) parcialmente preenchidos com
areia (como controle) em estradas nas proximidades de duas unidades de
conservacdo em Minas Gerais, Brasil. Embora as analises estatisticas néo
tenham apresentado diferenca significativa entre as colises, mais da metade
das observacfes dos atropelamentos das falsas serpentes foram classificados

como intencionais.

Em trabalho semelhante, Mesquita et al. (2015) elaboraram uma
pesquisa em rodovias no municipio de Santa Maria, no Sul do Brasil, dispondo
modelos falsos, porém realisticos, de serpentes, pintainhos, aranhas e folhas
como grupo controle. Concluiram a partir de andlises estatisticas das
observacbes no campo um maior indice de atropelamentos dos animais
denominados por eles de ‘menos carismaticos’. Somado a problematica que as
serpentes apresentam por parte dos humanos, elas; ainda, apresentam
algumas caracteristicas que podem favorecer impactos fatais por
atropelamento em estradas, como o corpo alongado, locomogéao lenta e uso de

estradas para aquecer o corpo (Rudolph et al., 1999).

Estudos de Ecologia de estradas séo relativamente recentes no Brasil,

que embora seja uma questdo em expansdo, remonta a poucas décadas
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(Bager, 2016).Dados para o bioma Caatinga, em relacdo a outros biomas
brasileiros, ainda sdo muito incipientes (Rodrigues, 2003). Quanto a disposicao
de Unidades de Conservagdo, a Caatinga € o bioma com menor area de
protecdo ambiental. A atividade exploratéria humana nesse bioma tem
desencadeado processos graves de desertificacdo e perda de espécies em

curso rapido (Leal et al., 2003).

Ha algumas décadas atras se acreditava que o bioma Caatinga ndo
possuia endemismos (Rodrigues, 2003). Hoje, quanto mais trabalhos sao
desenvolvidos no bioma, mais sua riqueza aumenta. Rodrigues (2003), em seu
trabalho de levantamento faunistico herpetolégico a partir de Colecdes e
classificando os animais de acordo com as regides onde foram encontrados,
verificou endemismos importantes. Mais especificamente para o estudo de
serpentes, Mesquita et al. (2013) em sua pesquisa em uma fazenda
experimental no semiarido do Ceara e através de diferentes métodos de
encontros e captura, registraram 22 espécies de serpentes para a area. E o
trabalho mais significativo até o momento foi desenvolvido por Guedes et al.
(2014), onde foram catalogadas 112 espécies de serpentes para a Caatinga,

sendo 22 espécies endémicas para o bioma.

Considerando a urgente necessidade de catalogar a diversidade de
espécies para a Caatinga do Rio Grande do Norte com o objetivo de se obter
dados realisticos da ameaca a fauna pelo trd4fego nas estradas, o presente
estudo faz um levantamento preliminar de espécies de serpentes atropeladas
em estradas circundantes a trés Unidades de Conservacdo no semiarido

nordestino no periodo de 2014 a 2018.

2. Métodos
2.1. Areade estudo e intervalo de amostragens

Os locais de estudo estao localizados no bioma Caatinga, no nordeste
do Brasil. Essa regido apresenta um clima semiarido com altas temperaturas,
longos periodos de seca e chuvas irregulares e reduzidas (<800 mm por ano)

normalmente concentradas entre janeiro e julho (Ab'Saber, 1974). As rodovias
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pesquisadas estdo localizadas no Rio Grande do Norte, nas proximidades de
trés Unidades de Conservacao Federais: a Floresta Nacional (FLONA) de Acu
(5° 57'74.79” N, 36° 94'7.14” W), localizada ao lado da cidade de Assu, na
microrregido do Vale do Acu (IBGE, 1990); Parque Nacional (PARNA) da Furna
Feia (5° 3'30,33" S, 37° 30 ' 36,68" O), localizado nos municipios de Barauna e
Mossord, na mesorregido de Oeste Potiguar (IBGE, 1990); e a Estacao
Ecologica (ESEC) do Seridd (6° 34'44.63” N, 37° 15'6.78” W), localizada no
municipio de Serra Negra do Norte, na microrregido do Serido Ocidental (IBGE,
1990).

Foram feitas saidas mensais para cada uma das trés areas de estudo
em periodos distintos. Para a amostragem das estradas circundantes a FLONA
de Acu, o periodo foi de janeiro de 2014 a dezembro de 2016, e entre abril e
julho de 2017. Para a amostragem de estradas circundantes ao PARNA da
Furna Feia, o monitoramento foi realizado entre janeiro de 2014 e maio de
2015, entre margo de 2016 e setembro de 2017 e entre fevereiro e dezembro
de 2018. Para a amostragem de estradas circundantes a ESEC Seridé foram
feitos monitoramentos entre janeiro de 2014 e novembro de 2015, entre marco

e outubro de 2016 e entre janeiro e setembro de 2017 e em marco de 2018.
2.2. Levantamento de dados

As saidas foram feitas de carro, percorrendo a uma velocidade média de
40 km/h. Dois observadores registraram a localizacdo GPS de cada serpente

encontrada no centro e nas margens das estradas.

Os animais passaram por registro fotografico in situ. As carcacas secas
e em estagio avancado de decomposicdo foram removidas da pista e
marcadas com tinta biodegradavel para ndo serem contabilizadas novamente
num monitoramento subsequente. Os animais com morte recente foram
transportados em uma caixa térmica contendo gelo e encaminhados para o
Laboratério de Ecologia e Conservacdo da Fauna Silvestre da Universidade
Federal Rural do Semi-Arido (municipio de Mossor6, Estado do Rio Grande do
Norte, Brasil). No laboratério os animais foram identificados quanto a espécie.
Alguns dos animais frescos foram destinados a colecdo herpetoldgica da
UFERSA e outros a colegao da Universidade Federal da Paraiba (UFPB).
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2.3. Pluviometria

A pluviometria durante o periodo de estudo, foi obtida na pagina web da
EMPARN — Empresa de Pesquisa Agropecuaria do Rio Grande do Norte —
através trés estacdes meteoroldgicas correspondentes as microrregioes: Vale

do Acu, Oeste Potiguar e Seridd Oriental.

3. Resultados e discussao

Foram registradas 265 serpentes mortas por atropelamento: 51
espécimes nas estradas proximas ao PARNA da Furna Feia, 91 proximas a
FLONA de Acu e 123 em estradas circundantes a ESEC Seridd, com registro

de ocorréncia de 16 diferentes espécies para todas as areas.

As espécies registradas foram: Boa constrictor, Corallus hortulanus e
Epicrates cenchriaassisi(familia Boidae); Boiruna sertaneja, Leptophis ahaetulla
e Oxybelis aeneus (familia Colubridae); Erythrolamprus viridis, Leptodeira
annulata, Lygophis dilepis, Oxyrhopus trigeminus, Philodryas nattereri,
Philodryas olfersii, Pseudoboa nigra e Xenodon meremii (familia Dipsadidae);
Micrurus ibiboboca (familia Elapidae) e Bothrops erythromelas (familia

Viperidae).

Das 16 espécies, Philodryas nattereri foi a que obteve maior nUmero de
individuos encontrados mortos, correspondendo a 38.11% do numero total de
serpentes atropeladas em todas as areas de estudo (Figura 1). A segunda
espécie com maior numero de atropelamentos foi Boa constrictor,
correspondendo a 24.9% do total de serpentes encontradas. A terceira foi P.

nigra, com 9.05%.
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Figura 1. Espécies de serpentes com maior indice de atropelamento. (a)
Philodryas nattereri; (b) Boa constrictor; (c) e (d) Pseudoboa nigra. Em (d) o

espécime P. nigraapresenta leucismo, carater genético comum para a espécie.

O ranking de atropelamentos permaneceu o mesmo do total para todas
as areas, mas o atropelamento de B. constrictor € ainda mais acentuado
considerando isoladamente as estradas circundantes a ESEC Seridd, onde o
namero de individuos da espécie chega a 37.4% do total de serpentes

encontradas atropeladas.

As estradas monitoradas proximas a FLONA de Acu constituem a area
que apresentou maior diversidade de espécies dentre as trés areas de estudo,
com registro das cinco familias de serpentes distribuidas em 15 das 16
espécies verificadas. A segunda com maior diversidade encontrada foi a ESEC
Serid6 com 12 espécies e, por ultimo, o PARNA de Furna Feia, com registro de

oito das 16 espécies verificadas.

As estradas situadas proximas a ESEC Serid6 apresentam trechos
menos habitados do que as outras duas areas. O atropelamento de espécimes
de B. constrictor, majoritariamente sub-adultos ou adultos (considerando o

tamanho dos animais), pode ter relacdo com essa menor antropizacao
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habitacional humana, mas ha uma preocupacao intrinseca visto que essa
mortalidade de animais aptos a reproducdo pelas estradas pode prejudicar a
manutencdo da espécie no local (Lodé, 2000). A area préxima a FLONA de
Acu apresentou a segunda maior variedade de serpentes. Dentre elas, P.
olfersii e E. viridis, espécies que apresentam coloracdo verde, mecanismo
biolégico importante para sua estratégia defensiva na vegetacéo (Martins et al.,
2008).

Observamos um numero maior de animais atropelados no periodo
chuvoso, corroborando Souza et al. (2005) em seu estudo de herpetofauna

atropelada no Cerrado.

Grande parte do numero de espécimes atropelados foi de espécies de
habitos diurnos. Serpentes terrestres e semi-arboricolas também apresentaram
maior indice de atropelamentos, corroborando Kunz e Ghizoni-Jr (2008) em
seu estudo com serpentes atropeladas em rodovias de Santa Catarina. Embora
classificada como de habitos noturnos e diurnos (Marques et al., 2017),
exemplares de B. constrictor e foram vistos locomovendo-se proximo as
estradas durante os monitoramentos, assim como também foram observadas
espécimes de P. nattereri atravessando as estradas, serpente diurna e semi-

arboricola (Mesquita et al., 2011).

Embora ndo estejam na lista de animais em risco de extingdo ou
ameacados, das 16 espécies de serpentes encontradas atropeladas,
Epicratescenchriassisi, Bothrops erythromelas e Boiruna sertaneja sao
endémicas no bioma Caatinga (Guedes et al., 2014). E importante tracar
diretrizes para coibir a mortalidade desses animais, que tém papel fundamental
na cadeia tréfica, por meio de atropelamentos e outras ameacas a vida

silvestre.
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CAPITULO II: SALVATOR MERIANAE (Black-and-white Tegu). DIET

Nota submetida a Revista Herpetological Review, foi aceita e publicada na
edicdo de abril de 20109.

SALVATOR MERIANAE (Black-and-white Tegu). DIET. The Black-and-white
Tegu is considered to be a dietary generalist, whose food items range from
plant parts (Castro et al. 2004. Pap. Avulsos Zool. 44:91-97) and fungi (Toledo
et al. 2004. Herpetol. Rev. 35:173-174) to arthropods and a wide variety of
vertebrates (e.g. Sazima et al. 2013. Herpetol. Notes. 6:427-430). Although it is
widely distributed in South America, there is little information on this species’
diet for the semiarid region of the Caatinga. We collected four S. merianae in
the March-May period, three of which in 2015 and one in 2016. These animals
were found roadkilled in the vicinities of Seridé Ecological Station (ESEC
Seridd; 6.5789° S, 37.2555 W, WGS 84, 204 m elev.), in Rio Grande do Norte
state, northeastern Brazil. Three S. merianae had ingested arthropods
(Coleoptera and/or Orthoptera), while the fourth one did not present any
distinguishable food content. Additionally, one individual had ingested four
Rhinella granulosa and two other unidentified amphibians. Although its diet was
already known to include amphibians (Kiefer et al. 2002. Amphibia-Reptilia.
23:105-108; Maffei et al. 2009. Herpetol. Rev. 40:439), this is the first
description of R. granulosa as a food item of S. merianae and that of
amphibians as prey of this species in the Caatinga. Since the tegus were
collected during the rainy season, when amphibians are generally more active,
this indicates that amphibians may provide an important food source for S.
merianae during this period, in the semiarid region of the Caatinga. Sofia de
Oliveira Cabral (email: sofiamedvet@gmail.com), Marco Katzenberger (email:
katzenberger@ebd.csic.es), Cecilia Calabuig, Universidade Federal Rural do
Semi-Arido, Rua Francisco Mota 572, Bairro Presidente Costa e Silva,
Mossoro, 59625-900, Rio Grande do  Norte, Brasil (email:

cecicalabuig@ufersa.edu.br).
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CAPITULO lIl: SEED DISPERSERS: A NEW FACET OF THE ECOLOGICAL
ROLE OF BOA CONSTRICTOR CONSTRICTOR LINNAEUS 1758

Dispersores de sementes: uma nova faceta do papel ecologico de Boa

constrictor constrictor Linnaeus 1758

Artigo submetido a revista Biota Neotropica e aceito para publicacdo apés

correcdes sugeridas pelos revisores.

ABSTRACT. The boa (Boa constrictor) is considered a top predator and its diet
includes a wide variety of birds, mammals, and other reptiles, all related directly
to their availability in the environment inhabited by the snake Seven boas were
found roadkilled on highways adjacent to conservation units in the semi-arid
region of Rio Grande do Norte state, in northeastern Brazil. Their digestive tract
was analyzed to identify food items and classify them according to their
orientation in the tract. Two novel items were identified, the plain-breasted
ground-dove (Columbina minuta) and carnauba palm seeds (Copernicia
prunifera), while several other food items had already been recorded for the B.
constrictor diet. Their orientation (head-first or posterior first) followed what was
expected for each type of prey, based on previous studies. In addition, the
presence of carnauba palm seeds indicates that, while being a top predator, the
boa may also be a potential disperser of seeds, which would constitute a

previously unrecorded ecological role for this species.

Keywords: Caatinga; Feeding behavior; Snake; Seed dispersal; Zoochory
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1. INTRODUCTION

The boa constrictor (Boa constrictor Linnaeus, 1758) is a large, robust
snake of the Boidae family Gray, 1825a (Pizzatto et al. 2009, Mesquita et al.
2013) and is widely distributed in the Neotropical region, including South and
Central America. However, this species can also be found in areas outside its
native range and its introduction has been frequently associated with
anthropogenic activities (e.g. pet trading) (Martinez-Morales & Cuarén 1999,
Quick et al. 2005, Snow et al. 2007). Several subspecies of Boa constrictor
have been described, although taxonomic recognition varies among studies
(Card et al. 2016), two of which can be found in Brazil. Amaral’s boa, B. c.
amarali Stull 1932, also known as short tailed boa, can be found in Bolivia,
Paraguay and southern Brazil (Hynkova et al. 2009, Card et al. 2016), and
usually occurs in the Cerrado biome (Pizzatto et al. 2009); and the red-tailed
boa, B. c. constrictor, which has a widespread distribution in northern and
central South America (Hynkova et al. 2009, Card et al. 2016), can be
commonly found in several biomes such as the Amazon and Atlantic forests
(Pizzatto et al. 2009), the Cerrado and the Caatinga (Loebmann & Haddad
2010, Marqgues et al. 2017).

Boas are primarily nocturnal, although daylight activity has also been
reported, and present terrestrial or semi-arboreal behavior (Strissmann &
Sazima 1993, Martins & Oliveira 1999, Freitas 2003, Pizzatto et al. 2009,
Bernarde 2012, Mesquita et al. 2013, Guedes et al. 2014). They are non-
venomous snakes with aglyphous dentition and are considered mostly ambush
predators, although they can also actively forage (Montgomery & Rand 1978,
Greene 1997, Martins & Oliveira 1999, Freitas 2003). Similarly to other
members of the Boidae family, boas detect their prey using infrared radiation
(Cock Buning 1983, Gracheva et al. 2010). Once the prey is captured, it is
subdued by constriction (Vanzolini et al. 1980, Scartozzoni & Molina 2004,
Bernarde 2012) which causes circulatory arrest followed by death (Boback et al.
2015).

Boa constrictor is considered a dietary generalist, typically consuming

preys available in its local environment (Pizzatto et al. 2009) such as birds,
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mammals, and reptiles (Vitt & Vangilder 1983, Martins & Oliveira 1999, Freitas
2003, Quick et al. 2005, Mesquita et al. 2013, Guedes et al. 2014, Marques et
al.2017). Hence, boas usually reside in higher trophic levels (Campbell&
Campbell 2001) and they are considered top-predators, since they are
generally free of predation, particularly in the adult stage (Sergio et al. 2014).
Because of their ecological role as top-predators, boas can exert strong top-
down pressure on the food webs associated with trophic cascades (Schmitz et
al. 2000), affecting both species abundance and composition. This effect on
community structure has also been observed in areas were boas were
introduced (Martinez-Morales & Cuaron 1999, Snow et al. 2007).

The present study describes prey items found in the digestive tracts of
boas found roadkilled on highways in the vicinity of two federal conservation
units in the state of Rio Grande do Norte, northeastern Brazil. These records
provide a preliminary analysis of the composition of the diet Boa constrictor in
this region of the Brazilian Caatinga biome. In addition, a review on the feeding
habits of this species for its Brazilian distribution was conducted to provide a
general overview on the ecological role of this species, also considering the

new data presented.

2. MATERIALS AND METHODS

The B. c. constrictor specimens were obtained from highways adjacent to
two federal conservation units in the Brazilian state of Rio Grande do Norte: (i)
the Acu National Forest (5°03'15.53”S, 37°30'39.85"W, altitude: 123 m) in the
municipality of Acu, located in the Vale do Acu microregion (IBGE 1990), and
(i) the Serid6 Ecological Station (6°35°15.43”S, 37°15'19.63"W, altitude: 214 m)
in the municipality of Serra Negra do Norte, located in the West Seridd
microregion (IBGE 1990). Highways were surveyed by motor vehicle, traveling
at a speed of 40—60 km/hour. Collected specimens were preserved in ice-filled
coolers, and then taken to the Laboratory of Wildlife Ecology and Conservation
at the Federal Rural University of the Semi-Arid in Mossord, Rio Grande do

Norte, Brazil.
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In the laboratory, snout-vent length (SVL) and tail length (TL) were
measured using a ruler (precision 1 mm) and body mass was determined using
a 5000 g Pesola Macro-Line Spring Scale (precision 50 g). Sex of specimens
was determined through the examination of the gonads. Food items were
weighed using a Shimadzu AUW220 digital bench-top balance (precision
0.0001 g) and then identified to the lowest taxonomic level possible. Those
items still largely intact were measured with a caliper (precision 0.05 mm) and
their direction of ingestion classified as head-first or posterior-first (Sazima
1989, Ruffato et al. 2003), according to the orientation of the prey item in
relation to the body of the snake. The intestinal content in an advanced
digestive stage was placed in a plastic sieve (1 mm mesh) and washed under
running water. Its remaining content was then examined using a
stereomicroscope (PHYSIS) with a WF10X wide-angle lens for the identification
of hairs, feathers, bones, and teeth to the lowest possible taxonomic level. All
material collected was fixed in 70% alcohol and stored in glass containers in the

laboratory.

3. RESULTS

Of the seven boas obtained from highways adjacent to the two federal
conservation units considered, two of them were found in the Acgu region and
five in the Seridd region (Table 2). Two of the boas (B3 and B5) presented
empty stomachs and digestive tracts, while the remaining five presented food
items at different states of digestion (Table 2). Specimens B1 and B6 contained
food items, in both the stomach and the digestive tract, that could be classified
guantitatively and qualitatively. In specimen B1, both the white-eared opossum
(Didelphis albiventris Lund, 1840) and the black-and-white tegu (Salvator
merianae Duméril & Bibron, 1839) were ingested head-first. Additionally, its
digestive tract also contained two seeds of the carnauba palm tree (Copernicia
prunifera (Miller) H.E. Moore, 1963; Arecales: Arecaceae). The digestive tract of
specimen B6 contained two plain-breasted ground-doves (Columbina minuta
Linnaeus, 1766), which were both ingested posterior-first. Although specimens
B2 and B4 had empty stomachs, their digestive tracts did contain hairs and
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teeth of rodents (order Rodentia). In specimen B2, the material could only be
identified to order (Greene 1959), whereas in specimen B4, the teeth could be
identified as belonging to a punaré (Thricomys laurentius Thomas, 1904) and a
Spix's yellow-toothed cavy (Galea spixii Wagler, 1831), based on available
identification keys (Neves & Pess6a 2011, D’Elia & Myers 2014, Ubilla &
Rinderknecht 2014).

DISCUSSION

Both the review (Table 3) and the new data here presented confirm that
Boa constrictor constrictor acts as a top predator in the Caatinga by preying
upon higher vertebrate taxa, such as mammals, birds and other reptiles. Some
food items identified in this study had already been described for the diet of
boas in the Caatinga, including Galea spixii (Vitt & Vangilder 1983) and rodents
(Mesquita et al. 2013). However, other food items identified were already known
in the diet of boas but for different biomes (Table 1): rodents of the family
Echimyidae (Pizzatto et al. 2009), represented by Thrichomys laurentius;
marsupials of the family Didelphidae Gray, 1821 (Sawaya et al. 2008, Pizzatto
et al. 2009), represented by D. albiventris; and lizards of the family Teiidae
(Pizzatto et al. 2009, Bernarde & Abe 2010, Rocha & Bernade 2012, Franca &
Braz 2013, Mesquita et al. 2013), represented by Salvator merianae. Moreover,
while boas are known to prey on birds, Columbina minuta doves (family
Columbidae Leach, 1820) had not been previously recorded in the diet of B.

constrictor.

Food items such as S. merianae (this study) and Iguana iguana
Linnaeus, 1758 (Oliveira et al. 2015) emphasizes the capacity of Boa constrictor
for the ingestion of relatively large prey, which is a characteristic of the boids

(Sazima & Martins 1990), and reinforces their ecological role of top predators.

Furthermore, these snakes ingest their prey in different ways, depending on the
type of animal being preyed on. Boas tend to ingest more reactive animals
(which are able to respond to attacks with defensive behaviors, such as biting)

head-first, as observed by Scartozzoni & Molina (2004). This would be
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consistent with the head-first orientation of the D. albiventris and S. merianae
prey items recorded in the present study. By contrast, columbiform birds, such
as C. minuta, are more passive, and much less likely to wound a predator like a
boa. Hence, a posterior-first ingestion position would rapidly immobilize the

prey’s wings, minimizing its potential for escape.

The two seeds of the carnauba palm tree (C. prunifera) found in the
digestive tract of a boa (B1, Table 2) raise the question of whether its ingestion
was voluntary or accidental. The carnauba palm fruit presents a dark colored
epicarp (when it is mature), a fleshy mesocarp (rich in nutrients) and a hard
endocarp that protects the seed (Braga 2001). Since dark-colored items heat
more and faster than lighter ones, it is possible that carnauba palm fruits retain
more heat due to their dark coloration. Hence, considering that boas detect their
prey’s heat using infrared radiation (Cock Buning 1983, Gracheva et al. 2010),
the boa could have mistaken these fruits for a potential prey and purposefully

ingested them.

The ingestion of the carnauba palm seeds/fruits by the boa may have
also been accidental, occurring during the maneuvering and swallowing of a
prey (direct ingestion) or they were already within the stomach and digestive
tract of the prey (indirect ingestion). Boas are known to prey on relatively large
animals, such as the marsupial D. albiventris, which are capable of ingesting
and dispersing C. prunifera seeds. Cantor et al. (2010) and Céaceres & Lessa
(2012) found seeds of a size similar to those of C. prunifera in the digestive
tracts of D. albiventris. In a camera-trap study of two areas of Caatinga (Furna
Feia National Park and the TRIPOL trail on the Rafael Fernandes Experimental
Farm in the municipality of Mossord), Torquato (2015) recorded the ingestion of
C. prunifera seeds by: two birds, the white-naped jay (Cyanocorax cyanopogon
Linnaeus, 1766) and rufous-bellied thrush (Turdus rufiventris Viellot,1818); a
mammal, the crab-eating fox (Cerdocyon thous Linnaeus, 1766); and a lizard,
the black-andwhite tegu (S. merianae). While it is unknown if C. thous can be a
potential prey of boas, S. merianae certainly is (Table 2) and the bird species
most likely are. Indirect ingestion of seeds/fruits and other plant structures can
be relatively common, as the two plain-breasted ground-doves found in the

digestive tract of another boa (B6, Table) also contained unknown seeds.
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Prior to the present study, no published records had described the
ingestion of seeds by boas in its Brazilian distribution (Table 1). This lack of
records could be the result of no seeds being found on the stomach and
digestive tract of boas or simply because they were not considered food items,
and thus unreported. However, regardless of how these fruits/seeds are
ingested, the boa could have benefited from its nutritional content, in particular
if the fruits possess a fleshy mesocarp. Furthermore, seeds may survive the
digestive process of these snakes, in particular those which present a fruit with
a hard endocarp that protects the seed, such as the carnauba palm (Braga
2001). If this is the case, these snakes can become seed rescuers and
secondary dispersers of different plants, as seen in other species (Reiserer et
al. 2018). Hence, the findings of this study not only expand the list of prey
known to be exploited by B. constrictor, reinforcing its capacity to adapt to
different environments and the availability of prey (Martins & Oliveira 1999,
Pizzatto et al. 2009), but also indicate that, in addition to being a top predator
that feeds on terrestrial and arboreal vertebrates, the boa may also be a
potential disperser of carnauba palm seeds, a previously unrecorded ecological

role.
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Table 1 -Prey taxa identified in the diet of Boa constrictor (principally Boa constrictor constrictor) during field studies in a number of
different biomes in Brazil, showing the Brazilian state, locality, and type of prey, where N = the number of snakes observed or

examined, and n = the number of prey items observed or found in the digestive tract of the snakes.

UF Locality Biome Source of data N n  Category of pray Food items Bibliography
PE Exu Caatinga Dissection 9 1 Mammalia Galea spixii Wagler, 1831 Vitt and Vangilder (1983)
1 Ave Tinamus sp Hermann, 1783
PA Ilha de Amazon Visual observation 1 1 Mammalia Chiropotes satanas utahicki Ferrari et al. (2004)
Germoplasma
MT Cuiab& Pantanal  Visual observation 1 1 Mammalia Noctilio albiventris Esbérard and Vrcibradic
(2007)
DF Distrito Federal Cerrado Dissection 9 1  Mammalia Muridae llliger, 1811 Franca et al. (2008)
1 Repttilia/Squamata Ameiva ameiva Linnaeus, 1758
SP  ltirapina e Brotas Cerrado Dissection 12 6 Ave Not specified Sawaya et al. (2008)
1 Mammalia Didelphis albiventris Lund, 1840
- Several - Scientific 422 4  Reptilia/Squamata Ameiva ameiva Pizzatto et al. (2009)
collections 1 Reptilia/Squamata  Tropidurus sp
2  Reptilia/Squamata Not specified
3  Ave Not specified
1  Mammalia Echimyidae Gray, 1825b
3 Mammalia Not specified rodents
1 Mammalia Didelphis marsupialis Linnaeus, 1758
4  Mammalia Not specified
RO Espigdo do Amazon Dissection 5 1 Reptilia/Squamata Ameiva ameiva Bernarde and Abe (2010)
Oeste 1 Ave Volatinia jacarina
- Ave Fragments of bird
—  Mammalia Fragments of rodent
RO Cacaulandia Amazon Visual observation 1 1 Ave Ara severus Begotti and Marcos Filho



https://es.wikipedia.org/wiki/Johann_Karl_Wilhelm_Illiger

(2012)

CE Fortaleza Caatinga Dissection 1 Ave dré%'?or_nuscums Gondim et al. (2012)
dytes musculus
Troglodytes musculus
MT Alta Floresta Amazon Visual observation 1 Reptilia/Squamata Tupinambis teguixin Linnaeus, 1758 Rocha and Bernarde
(2012)
CE Pentecoste Caatinga Regurgitation 1 Ave Passer domesticus Mesquita et al. (2013)
1 Reptilia/Squamata Cnemidophorus ocellifer Spix, 1825
—  Mammalia Rodent hair
RO Rolim de Moura Amazon Visual observation 1  Mammalia Alouatta puruensis Quintino and Bicca-
Marques (2013)
MS Campo Grande Cerrado Visual observation 1 Ave Turdus rufiventris Rocha-Santos et al. (2014)
1 Ave Pitangus sulphuratus Linnaeus, 1766
PA Oriximina Amazon Regurgitation 1 Reptilia/Squamata Iguana iguana Oliveira et al. (2015)
GO Campos Belos Cerrado Visual observation 2  Mammalia Callithrix penicillata Teixeira et al. (2015)
ES Cachoeiro de Atlantic Visual observation 1 Ave Género Furnarius Vieillot, 1816 Giori et al. (2016)
Itapemirim Forest
SP Séo Paulo Atlantic Visual observation 1 Ave Diopsittaca nobilis Travaglia-Cardoso et al.
Forest (2016)
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Table 2 - Morphometric measurements are given in millimeters (mm) and body mass in
grams (g). SVL = Snout-Vent Length, TL = Tail Length, HW = Head Width, IND =
Internarial Distance, IOD = Interorbital Distance, ED = Eye Diameter, END = Eye-
Nostril Distance, and NSD: nostril-snout distance. Missing values indicate

measurements that could not be determined due to the condition of the corpse.

Animal Site Sex Mass SVL TL HW IND 10D ED END NSD

Al Agu F 4250 1770 185 - 105 281 66 245 65
A2 Agu F - - 917 - 69 75 51 141 35
A3 Serido M - 572 70 - 49 50 39 95 2.4
A4 Serido M 2500 1435 205 39 79 78 55 178 44
A5 Serid6 F 1200 1129 189 341 76 69 56 160 4.8
A6 Serid6 F 3000 1510 161 503 95 66 62 85 5.4
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roadkilling of serpents is still poorly understood, in particular in the Brazilian
semiarid region of the Caatinga. Philodryas nattereri (Paraguay green racer) is
one of the species of serpents most commonly found roadkilled. Yet, despite
being particularly impacted by vehicles circulating on the roads, little information
is known on why this occurs. This study aimed to provide insights on the diet,
morphology and reproductive state of P. nattereri specimens found roadkilled,
while also determining the space-temporal patterns of roadkilling in the vicinities
of three Federal Conservation Units in the Brazilian semiarid region. As
expected of a generalist predator, the diet of P. nattereri collected presented a
wide array of food items, including several classes of vertebrates, also
elucidating the semi-arboreal habits of this species. In some cases, there were
also morphological differences between populations (nostril distance) and
sexes, with females presenting larger internarial distance and eye diameter.
Space-temporal patterns indicate a strong influence of seasonality and resource
availability in activity rates, with more animals being found roadkilled in the rainy
season than in the dry season. In addition, males were largely active during the
rainy season and almost completely absent during the dry season, while
females did not show such pattern. This variation in sex ratio between seasons
may be attributed to the different energy requirements of each sex, since some

females found in the dry season were carrying eggs.

1. Introduction

Networks of roads and highways are associated with economic
development and promote the movement of people and goods among localities.
However, these anthropogenic structures pose a threat to natural systems and
species by increasing habitat fragmentation and pollution of natural resources,
establishing ecological barriers and the roadkilling of wild animals (Perz et al.,
2007, Coffin, 2007), among other negative effects. Concern regarding these
impacts is increased when considering roads on the vicinity of protected areas

and conservation units (Bager et al., 2016).

Philodryas nattereri (Paraguay green racer) is a serpent of the

Colubridae Family and occurs in Brazil, in biomes such as the Pantanal and the
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Caatinga and its transitions to the Cerrado, extending its distribution to
Paraguay (Vanzolini et al., 1980, Smith et al. 2013, Guedes et al.2014, Marques
et al.,, 2017, Uetz et al., 2018). In northeastern Brazil, it is commonly found in
the Caatinga, in moist forests enclaves and in dunes (Marques et al., 2017). In
semiarid regions of Brazil, this species is particularly impacted by vehicles
circulating on the roads and is one of the species of serpents most commonly
found roadkilled in the Caatinga biome (Vanzolini et al., 1980; Freitas, 2014;
Ramos-Abrantes et al., 2018). Moreover, this species has also been found
roadkilled in the Cerrado biome, although generally less frequently than other

species (Franga & Araujo, 2006; Souza et al., 2015).

The Paraguay green racer possesses characteristics that can increase
its likelihood of being roadkilled. It can reach a length of approximately two
meters (Freitas, 2003) and its coloration ranges from greyish with dark patterns
on the dorsal scales (Freitas, 2003) to an occasionally brownish coloration on
the ventral side posterior to the head (Vanzolini et al., 1980). In addition, its
presents diurnal habits, being both terrestrial (Vazolini et al., 1980; Vitt, 1980;
Vitt & Vangilder, 1983; Rodrigues, 1996; Marques et al., 2017) and arboreal
(Marques et al. 2017, Mesquita et al., 2011), and can occur in anthropized
areas (Mesquita et al., 2013). Furthermore, Vitt (1980) and Mesquita et al.
(2011) found that the Paraguay green racer preyed on Spix's Whiptails
(Ameivula ocellifera), a Teiidae lizard with fast locomotion and diurnal habits
which can be found active during the hottest period of the day (Vitt et al., 1997,
Mesquita & Colli, 2003). These observations seem to indicate that P. nattereri is
more active during daylight hours, the time of day when vehicle traffic is usually

more intense.

Considering that roadkilling of serpents is still poorly understood
(McDonald, 2012), this study aims to provide insights on the biology and
ecology of P. nattereri by assessing the diet, morphometry, reproductive state
and activity patterns of roadkilled animals found in the vicinities of three Federal
Conservation Units in the Brazilian semiarid region. Previous studies show that
this opisthoglyphous serpent ambushes its prey (Vitt, 1980), presenting
generalist feeding habits by feeding on mammals, birds, lizards, other serpents
and anuran (Vanzolini et al, 1980; Vitt, 1980; Vitt & Vangilder, 1983; Freitas,
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2003; Guedes et al., 2014, Marques et al., 2017). Hence, we expect to find a
wide variety of food items on the collected animals. Since there is a significant
difference in resource availability between seasons in the Caatinga, we also
expect to find more animals roadkilled in the rainy season, when resources are

more abundant.

2. Methods

Study sites are located in the Caatinga biome, in northeastern Brazil.
This region presents a semiarid climate with high temperatures, long dry
periods and, irregular and reduced rainfall (<800 mm per year) usually
concentrated between January and July (Ab’Saber, 1974). Surveyed roads are
located in Rio Grande do Norte, in the vicinities of three Federal Conservation
Units: Floresta Nacional (FLONA) de Acgu (5°57°74.79’N, 36°94°7.14”W),
located next to the city of Assu, in the microregion of Vale do Acu (IBGE, 1990);
Parque Nacional da Furna Feia (5° 3'30.33" S, 37° 30’ 36.68" W), located in
the Baratuna and Mossoré municipalities, in the mesoregion of Oeste Potiguar
(IBGE, 1990); and the Estacdo Ecologica (ESEC) do Seridd (6°34’44.63"N,
37°15’6.78"W), located in Serra Negra do Norte municipality, in the microregion
of Serid6 Ocidental (IBGE, 1990).

Between May 2015 and March 2018, roads around the Federal
Conservation Units, were surveyed by car, traveling at an average speed of 40
km/h. Two observers recorded the GPS location of every Paraguay green racer
found at the center and margins of the roads. All specimens found with an
estimated time of death of <4 hours were collected and transported in a cooled
thermal box to the Laboratério de Ecologia e Conservagédo da Fauna Silvestre,
at the Universidade Federal Rural do Semi-Arido (Mossor6 municipality, Rio

Grande do Norte state, Brazil).

In the laboratory, collected animals were weighted using a Pesola Macro-
Line Spring Scale of 5,000 g (precision of 50 g) and morphological
measurements were made using a ruler (precision of 1 mm) and a pachymeter

(precision of 0.05 mm). These measurements include snout-vent length (SVL),
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tail length (TL) and several head measurements as seen in figure 1 (Boback,
2006; Franca et al., 2008).

Figure 2. Head measurements made of collected specimens of
Philodryas nattereri found roadkilled in the vicinities of three Federal
Conservation Units in the Brazilian Caatinga. Head width (HW), internarial
distance (IND), interorbital distance (IOD), eye diameter (ED), eye nostril
distance (END), upper eyelid width (UEW) and nostril-snout distance (NSD).

After the external measurements, animals were necropsied to assess the
state of the internal organs and to characterize the breeding season through the
presence/absence of eggs in the female specimens. Furthermore, the contents
of the gastrointestinal tract were also collected and analysed. Food items found
that were still in the preliminary stages of digestion were readily identified.
Those found in an advanced stage of digestion were first sieved and rinsed with
tap water, and then placed under a stereoscopic microscope (PHYSIS) with a
WF10X lens to identify feathers, hairs, bones or teeth to the lower taxonomic

level possible. All diet material was fixated and kept at 70% ethanol.
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2.1. Statistical Analysis

To determine the effect of seasonality, two One-way ANOVAs were
conducted to determine differences in body size and body mass between the
dry season (August-December) and the rainy season (January-July). In
addition, a Chi-square test was used to determine if mortality in roads differed

between males and females while also considering the seasons.

A simple linear regression between total body length (TBL = SVL + TL)
and body mass was performed and its residuals used as a new variable that
represented body size (see Supporting Information, S1). To assess
morphological differences between sexes, study areas and the interaction of
both (sex x area), a MANCOVA analysis was performed using sex (male and
female) and area (Seridd, Acu and Furna Feia) as categorical variables, body
size as a covariate and the morphological measurements (HW, 10D, IND, NSD,
ED, END and UEW) as dependent variables. Fisher’s test was used to compare

means of variables with more than two factors.

All analyses were conducted using STATISTICA software (StatSoft,

version 12) at a significance level of a = 0.05.

3. Results

During the road surveys, 32 P. nattereri had an estimated time of death
<4 hours prior to collecting and were brought back to the laboratory: 19 from the
vicinities of ESEC Serido; eight from the vicinities of Flona de Acu; and five from
the vicinities of Parque Nacional da Furna Feia. Of the 32 snakes collected, 17

were males and 15 were females.

Considering the collection period, more serpents were roadkilled in the
rainy season (23 serpents) than in the dry season (nine serpents), but the sex
ratio of P. nattereri roadkills significantly differed according to season (N=32;

X2=8.9; p<0.05). In the dry season only one of the nine serpents found was
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male, whereas in the rainy season the majority of serpents found were male (16
of 23).

Overall, according to the MANCOVA model, there were no significant
differences between sexes (N= 32, F=1.7, p>0.05, Table 1). However, females
did present larger values of IND (F= 4.8. p<0.05, Figure 2a) and ED (F=9.8,
p<0.05, Figure 2b) than males.
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Graphicl. Difference between males and females of P. nattereri in a) internarial
distance (IND) and b) eye diameter (ED). Values are presented in millimetres

(mean + SE).

Similarly, according to the MANCOVA model, there were no overall
significant differences in the morphological measurements among study areas
(N= 32, F=1.5, p>0.05). However, internarial distance (F= 3.8, p<0.05) and
nostril distance (F=3.9, p<0.05) did show differences among areas. Serpents
collected in Serido presented larger internarial distance (F= 3.8, p<0.05, Figure
3a) than those from Furna Feia (LSD test=0.026). Additionally, serpents from
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Seridd also presented larger nostril distance (Figure 3b) than those from
FLONA de Acu (LSD test=0.033) and Furna Feia (LSD test=0.045).
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Graphic 2. Difference among areas (1- Serido, 2- Acu, 3- Furna Feia) in the a)

internarial distance (IND) and b) nostrils distance (NSD) of Philodryas nattereri.

Values are presented in millimetres (mean + SE).

According to the MANCOVA model, there were no overall significant
differences in the morphological measurements (N= 32, F=1.3, p>0.05) when
considering the interaction between sex and study area. However, head width
(F= 6.2, p<0.05) and UEW (F=3.8, p<0.05) did show differences sexes, when
separating the serpents per collection area. Hence, female P. nattereri from Agu
presented wider heads (Tukey HSD test=0.02, Figure 4a) and larger UEW

(Figure 4b) than males from the same location.
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Additionally, male P. nattereri from Acu also presented narrower heads
and smaller UEW than males (HW: Tukey HSD test=0.01; UEW: Tukey HSD
test=0.02) and females (HW: Tukey HSD test=0.04; UEW: Tukey HSD test=
0.02) from Serido.

Regarding the reproductive state, seven of the 15 female snakes found
presented eggs formed in their oviduct: 4 collected in Acu (2 on March 2015, 1
on March 2016 and 1 on April 2017; and 3 in Seridé (1 on June 2016, 1 on
August 2017 and 1 on March 2018).

For the remainder of the serpents collected, a wide array of food items
was identified, including several classes of vertebrates (Table 2). In addition,
available knowledge on the diet of P. nattereri in the Caatinga and Cerrado is

summarized in Table 3, to ease comparisons with the current study.

4. Discussion

Based on the road surveys conducted during this study, there is a clear
difference in P. nattereri activity between the dry and the rainy seasons. More
animals were found roadkilled in the rainy season, indicating that this increased
activity might be associated with an increase in resource availability, in
particular food. Moreover, female presence seems relatively unaffected by
season (8 in dry season and 7 in rainy season), while male activity varied
greatly (1 in dry season and 16 in rainy season). This pattern may be
associated with the different energy requirements of each sex. Collected data
indicates that females carry eggs mostly during the rainy season and early dry
season, between March and August, which deviates slightly from the pattern
previously found by Fowler et al. (1998) (June to September) and Vitt (1980)
(July to September).

However, it agrees with Vitt (1980) that, because of the semiarid climate,
this species concentrates its breeding season during the rainy season.
Nevertheless, both this and Fowler et al.(1998) studies suggest that female
activity can extend between the rainy and the dry seasons. However, males

seem to be more active during the rainy season, when resources are more
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abundant and when breeding occurs. In the dry season, the very low number of
males found (one) suggests a reduced activity pattern, possibly indicative of
behavioural adaptations, such as aestivation. This differentiation in the activity
pattern between seasons, associated with resource availability and breeding
cycle, has also been seen in males of Gopher Snakes (Pituophis catenifer) from
the arid region of Idaho (United States of America) (Jochimsen, 2006).
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Regarding the morphological measurements, according to Fowler and
Salomao (1995), all P. nattereri found are adults since they all present SVL
larger than 48 cm for males and 52 cm for females. Most morphological
measurements do not present differences between males and females within
and between populations, males from the Acu region do present some
morphological differences when comparing to females of the same population
and with individuals (males and females) of other populations. Additional
studies are required to confirm this pattern and to determine the ecological
basis and adaptive nature of these populational differences. Furthermore, the
genetic basis of each population should be studied to determine if the Acu

population of P. nattereri may have suffered a populational bottleneck, possibly
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as a consequence of additional anthropogenic pressure due to the proximity to

a medium-large city.

When compared to previous works (Table 3), the diet of the P. nattereri
found roadkilled are in line with what is expected for this species, with a few
notable exceptions. The Iguana iguana skin found is the first record of this
species being a prey of and probably belonged to a juvenile/young individual,
since adult I. iguana can grow larger than P. nattereri. Nevertheless, lizards are
a common prey of this serpent (Table 3). The I. iguana, a lizard with strong
arboreal habits (Vitt et al., 2008), and the bones and feathers of birds found
(Table 2) are indicative that P. nattereri most likely also explores the arboreal
stratum, corroborating the notion that this species is semi-arboreal rather than
solely terrestrial (Mesquita et al., 2011). Ants and plant parts are either usually
not found on the diet of P. nattereri or they are not considered food items and,
consequently, remain unreported. Furthermore, since P. nattereri is an ambush
predator (Vitt, 1980). that immobilizes its prey by poisoning and/or constriction
(Vitt, 1980; Mesquita et al., 2011), it is unlikely that the ant and plant parts found
were ingested intentionally. One of the serpents which presented ants in its
digestive tract also presented a Tropidurus sp., a lizard that commonly feeds on
ants. Hence, the ants found may have originated from the digestive tract of the

Tropidurus sp., constituting a secondary ingestion.

Several works have described P. nattereri as a common serpent in the
Caatinga (Vanzolini et al., 1980, Rodrigues & Prudente, 2011, Mesquita et al.,
2013). Although 32 animals were found roadkilled, this value may be
underestimated for several reasons. The coloration of this serpent resembles
the colour of the asphalt, in particular when the animal has not been recently
roadkilled, which hinders its identification when surveying the roads. Moreover,
some roadkilled animals may also be promptly removed by scavengers
(Pinowski, 2005), particularly by large vertebrates such as the Southern crested
caracara (Caracara plancus, Miller 1777) or the Black vulture (Coragyps
atratus, Bechstein, 1793). Additionally, during one of our surveys, we observed
a recently run over P. nattereri. Although the animal was badly injured with a
head trauma, as evidenced by the hyphema in both eyes (confirmed after

necropsy, in spite of our efforts to save the animal), the serpent was still trying
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to leave the road. This indicates that some animals that collide with vehicles,
eventually die off the road, contributing to the underestimation of the road
impact. Finally, the study of roadkilled serpents is lacking a standardization of
the sampling methods that can contribute to a precise identification of the
species, thus providing a reliable account of the loss of specimens (McDonald,

2012), which affects the recompilation of data across studies.

Despite being a common species, P. nattereri is frequently seen
roadkilled and the effects of the road on population dynamics and survival,
especially during the breeding season, are still poorly understood. Further
insights on the ecology and biology of this species can be gained by expanding
road surveys and assessing the biotic and abiotic factors that determine the
road mortality of this species
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Table 1.Means among areas (1- Seridd, 2- Acu, 3- Furna Feia) and sexes (M- male, F- female in the morphological measurements

of Philodryas nattereri found roadkilled in the vicinities of three Federal Conservation Units in the Caatinga. Head width (HW),

interorbital distance (IOD), internarial distance (IND), nostril-snout distance (NSD), eye diameter (ED), eye nostril distance (END)

and upper eyelid width (UEW). Values are presented in millimetres (mean + SD).

N HW IOD IND NSD ED END UEW
VARIABLE Mean SD | Mean SD | Mean SD | Mean SD | Mean SD | Mean SD | Mean SD
32| 1589 + 3.20| 296 * 041| 514 £ 0.73| 332 * 046 | 513 £ 0.82| 574 + 082| 3.62 * 051
1 19| 16.65 £ 271 | 3.07 £ 040| 539 * 057| 3.49 * 044 | 515 +* 0.84| 585 = 0.70| 3.75 * 0.43
area 2 8 | 1443 * 411 | 283 * 0.35| 489 £ 089 | 3.09 £ 043| 516 £ 1.00| 573 * 1.14| 3.35 * 0.68
3 5] 1534 * 3.06| 272 £ 043 | 462 £ 0.75| 3.04 £ 034 | 49 £ 055| 536 £ 0.70| 352 * 0.31
cex M 17| 1549 £ 331 | 292 * 041| 496 * 0.76| 3.28 * 057 | 487 * 068 | 546 * 0.66| 3.53 * 0.48
F 15| 16.35 £ 3.13| 299 £ 041| 535 * 066| 3.36 + 0.31| 541 + 090| 6.06 + 0.89| 3.71 * 0.53
1 ™M 10| 17.07 * 212 | 3.12 £ 0.39| 534 * 0.71| 352 £ 058| 509 * 0.78| 573 * 0.66| 3.77 £ 0.33
1 F |9)|1619 £ 332| 3.02 + 043| 544 + 041 | 346 * 0.22| 522 *+ 094 | 599 * 0.75| 3.73 £ 054
area*sex 2 M| 41110 £ 189| 265 * 033| 435 * 048] 280 * 0.32| 438 + 0.36| 498 * 050| 2.88 = 0.25
2 F |4 |1775 £ 253| 3.00 £ 0.29| 543 £ 092| 338 £ 0.33| 595 * 0.74| 6.48 * 1.13| 3.83 * 0.64
3 M| 3]1607 £320| 263 * 0.21| 450 £ 050| 3.13 *+ 040| 480 * 0.17| 523 £ 045| 3.60 * 0.36
3 F|2]1425 * 361 285 * 0.78| 480 £ 1.27| 290 £ 0.28| 520 £ 099| 555 * 1.20| 3.40 * 0.28




Table 2. Food items collected from the digestive tract of 11 Philodryas nattereri
found roadkilled in the vicinities of three Federal Conservation Units in the

Caatinga.

Food item Number of snakes

Mammals

Unidentified small mammal (hair) 1
Birds

Unidentified bird (bones and 1
feathers)
Reptiles

Ameivula ocellifera

Iguana iguana (skin)

Squamata (skin)

Teidae

Tropidurus sp. (remains)
Amphibians

Leptodactylus macrosternum 1
Arthropoda

Ants 2
Plants

Unidentified plant (leaves) 1

Poaceae (leaves) 1

NER R RPN
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Table 3. Diet of Philodryas nattereri for the Caatinga and Cerrado biomes from available literature, including information on state

and locality of collection, number of serpents collected (N), and number (n) category and identification of food items.

Biome FU  Locality N n Category Food Item Reference
Caatinga PE Exu 92 1 Mammalia Rattus rattus Linnaeus, 1758 Vitt (1980)
1 Mammalia ZygodontomysJ.A. Allen, 1897
3 Mammalia Unidentified mammals
2 Aves Unidentified birds
5 Reptilia Ameiva Ameiva Linnaeu, 1758
1 Reptilia Ameiva Ameiva (tail)
10 Reptilia Cnemidophorus ocellifer Spix, 1825
1 Reptilia Cnemidophorus ocellifer (tail)
1 Reptilia Gymnophthalmus multiscutatus Amaral, 1933
1 Reptilia Tupinambis teguixin Linnaeus, 1758
2 Reptilia Mabuya heathi Schmidt & Inger, 1951 (tail)
1 Reptilia Tropidurus torquatusWied-Neuwied, 1820 (tail)
1 Reptilia Phyllopezus pollicaris Spix, 1825 (tail)
1 Reptilia Unidentified lizard
1 Amphibia Unidentified anuran
Cerrado DF Brasilia 30 12 Mammalia Echimidae Gray, 1825 and unidentified mammals Franca et al. (2008)
1 Aves Volatinia jacarina Linnaeus, 1766
Aves Unidentified
1 Reptilia Mabuya sp Fitzinger, 1826
1 Reptilia Tropidurus itambere Rodrigues, 1987
4  Reptilia Tropidurus torquatus Wied, 1820
Amphibia Unidentified anurans
Caatinga CE Pentecoste 1 1 Reptilia Cnemidophorus ocellifer Mesquita & Borges-
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1 Reptilia Oxybelis aeneus Wagler, 1824 Nojosa (2009)
Caatinga CE Pentecoste 1 1 Mammalia Myotis nigricans Schinz, 1821 Mesquita & Borges-
Nojosa (2010)
Caatinga CE Pentecoste 39 1 Mammalia Necromys lasiurus Mesquita et al. (2011)
2 Mammalia Wiedomys pyrrhorhinos
1 Mammalia Monodelphis domestica
1 Mammalia Unidentified
1 Aves Passeriformes
3 Reptilia Ameiva Ameiva
9 Reptilia Cnemidophorus ocellifer
1 Reptilia Unidentified Teiidae
3 Reptilia Tropidurus hispidus
1 Reptilia Hemidactylus mabouia
1 Reptilia Phyllopezus pollicaris
4  Reptilia Unidentified lizards
1 Reptilia Squamate egg
1 Amphibia Leptodactylus macrosternum
Cerrado MG Buritizeiro 1 1 Reptilia Hemidactylus mabouia Godinho et al. (2012)
1 Amphibia Scinax x-signatus
Caatinga PI Nossa 1 1 Amphibia Leptodactylus vastus Araujo et al. (2013)
Senhora de 1 Aranae Theraphosidae
Nazaré
Caatinga PE  Petrolina 1 1 Reptilia Tropidurus hispidus Menezes et al. (2013)
Cerrado BA Litoral da 2 2 Reptilia Ameivula ocellifera Marques et al. (2016)
Bahia
(restinga)
Caatinga RN  Caico 1 2 Ave Eupsittula cactorum Kuhl, 1820 Sobral & Mendes (2016)
Caatinga RN  Serra 1 1 Reptilia Leptodeira annulata Linnaeus 1758 Guedes (2017)
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Supporting Information, S1

Means among areas (Seridd, Acu, Furna Feia) and sexes (male, female) in the

morphological measurements of Philodryas nattereri found roadkilled in the

vicinities of three Federal Conservation Units in the Caatinga. Mass, snout-vent

length (SVL), tail length (TL). Values are presented in grams and SVL and TL in

millimetres (mean + SD).

MASS SVL TL

Mean = SD Mean = SD Mean = SD

Serido 19 213,42 73,56 873,95 112,40 324,58 57,01

AREA Acu . 8 191,63 114,71 830,38 188,78 304,38 43,67
FurnaFeia 5 162,40 48,98 820,20 136,89 322,20 48,02

Total 32 200,00 82,34 854,66 135,54 319,16 51,87

Males 17 165,24 60,62 804,76 125,55 329,59 42,20

SEX Females 15 239,40 87,64 911,20 127,35 307,33 60,34
Total 32 200,00 82,34 854,66 135,54 319,16 51,87

84



References

Ab’Saber, A.N. (1974). O dominio morfoclimatico semi-arido das caatingas
brasileiras. Geomorfologia 43: 1-39.

https://acervo.socioambiental.org/sites/default/files/documents/11D00001.pdf

Aradjo, S.C.M., Sousa, G.L., Andrade, E.B. (2013). Philodryas nattereri
(Paraguay Green Racer). Diet. Herpetological Review 44: 526.

Bager, A., Lucas, P.S., Bourscheit, A., Kuczach, A., Maia, B. (2016). Os
Caminhos da Conservacao da Biodiversidade Brasileira frente aos Impactos da
Infraestrutura Viéria. Biodiversidade Brasileira 6: 75-86.

https://www.researchgate.net/publication/297704345 Os caminhos da conser

vacao da biodiversidade brasileira frente aos impactos da infraestrutura vi

aria

Boback, S.M. (2006). A morphometric comparison of island and mainland boas
(Boa constrictor) in Belize. Copeia 1: 261-267.
https://www.researchgate.net/publication/242083253 A _Morphometric_Compar

ison of Island and Mainland Boas Boa Constrictor in Belize

Coffin, A. (2007). From roadkill to road ecology: A review of the ecological
effects of roads. Journal of Transport Geography 15: 396-406.
https://www.researchgate.net/publication/222688089 From_roadkill to _road e

cology A review of the ecological effects of roads

Fowler, I.R., Saloméo, M.G., Jordao, R.S. (1998). A description of the female
reproductive cycle in four species from the neotropical colubrid snake
Philodryas  (Colubridae, @ Xenodontinae). @ The Snake 28: 71-78.
https://www.researchgate.net/publication/282132451 A _description_of the fe

male reproductive cycle in four species from the Neotropical colubrid sna

ke Philodryas Colubridae Xenodontinae

Franca, F.G.R., Araujo, A.F.B. (2006). The conservation status of snakes in
Central Brazil. South American Journal of Herpetology 1. 25-36.
http://www.chufpb.com.br/Disciplinas/Ecologia_de Populacoes e Comunidade
s 2015-1 files/Serpentes%20-%20FRANC%CC%A7A2006.pdf

85


https://acervo.socioambiental.org/sites/default/files/documents/11D00001.pdf
https://www.researchgate.net/publication/297704345_Os_caminhos_da_conservacao_da_biodiversidade_brasileira_frente_aos_impactos_da_infraestrutura_viaria
https://www.researchgate.net/publication/297704345_Os_caminhos_da_conservacao_da_biodiversidade_brasileira_frente_aos_impactos_da_infraestrutura_viaria
https://www.researchgate.net/publication/297704345_Os_caminhos_da_conservacao_da_biodiversidade_brasileira_frente_aos_impactos_da_infraestrutura_viaria
https://www.researchgate.net/publication/242083253_A_Morphometric_Comparison_of_Island_and_Mainland_Boas_Boa_Constrictor_in_Belize
https://www.researchgate.net/publication/242083253_A_Morphometric_Comparison_of_Island_and_Mainland_Boas_Boa_Constrictor_in_Belize
https://www.researchgate.net/publication/222688089_From_roadkill_to_road_ecology_A_review_of_the_ecological_effects_of_roads
https://www.researchgate.net/publication/222688089_From_roadkill_to_road_ecology_A_review_of_the_ecological_effects_of_roads
https://www.researchgate.net/publication/282132451_A_description_of_the_female_reproductive_cycle_in_four_species_from_the_Neotropical_colubrid_snake_Philodryas_Colubridae_Xenodontinae
https://www.researchgate.net/publication/282132451_A_description_of_the_female_reproductive_cycle_in_four_species_from_the_Neotropical_colubrid_snake_Philodryas_Colubridae_Xenodontinae
https://www.researchgate.net/publication/282132451_A_description_of_the_female_reproductive_cycle_in_four_species_from_the_Neotropical_colubrid_snake_Philodryas_Colubridae_Xenodontinae
http://www.chufpb.com.br/Disciplinas/Ecologia_de_Populacoes_e_Comunidades_2015-1_files/Serpentes%20-%20FRANC%CC%A7A2006.pdf
http://www.chufpb.com.br/Disciplinas/Ecologia_de_Populacoes_e_Comunidades_2015-1_files/Serpentes%20-%20FRANC%CC%A7A2006.pdf

Franca, F.G.R., Mesquita, D.O., Nogueira, C.C., Araujo, A.F.B. (2008).
Phylogeny and ecology determine morphological structure in a snhake
assemblage in the central Brazilian Cerrado.Copeia 1. 23-38.

http://www.chufpb.com.br/danmesg/Publicacoes files/Franc%CC%A7aetal2008
-pdf

Freitas, M.A. (2003). Serpentes Brasileiras.Pp 160. Lauro de Freitas: Malha-de-

Sapo-Publicacgtes.

Freitas, M.A. (2014). Squamate reptiles of the Atlantic Forest of northern Bahia,
Brazil. Check List 10: 1020-1030.
https://biotaxa.org/cl/article/view/10.5.1020/10062

Godinho, L.B., Moura, M.R., Peixoto, M.A., Feio, R.N. (2012). Notes on the diet
Philodryas nattereri (Squamata: Colubridae) in southeastern Brazil. Salamandra
48:233-234.

https://www.researchgate.net/publication/261912730 Notes on_diet of Philodr

yas nattereri Squamata Colubridae in southeastern Brazil

Guedes, T.B. (2017). Philodryas nattereri (Paraguay Green Racer). Diet.
Herpetological Review 48:679-680.
https://www.researchgate.net/publication/321316157 Philodryas nattereri_Para

guay Green Racer Diet

Guedes, T.B., Nogueira, C., Marques, O.A.V. (2014). Diversity, natural history,
and geographic distribution of snakes in the Caatinga, Northeastern Brazil.
Zootaxa 1:1-93.
https://www.researchgate.net/publication/265787253 Diversity natural history

and geographic distribution of snakes in the Caatinga Northeastern Brazil

IBGE (1990). Divisdo do Brasil em Mesorregides e Microrregides Geograficas.
Vol. I. Pp 137. Fundacdo Instituto Brasileiro de Geografia e Estatistica.
Departamento de Geografia, Brasil.
https://biblioteca.ibge.gov.br/visualizacao/monografias/GEBIS%20-
%20RJ/DRB/Divisao%20regional vO1.pdf

86


http://www.chufpb.com.br/danmesq/Publicacoes_files/Franc%CC%A7aetal2008.pdf
http://www.chufpb.com.br/danmesq/Publicacoes_files/Franc%CC%A7aetal2008.pdf
https://biotaxa.org/cl/article/view/10.5.1020/10062
https://www.researchgate.net/publication/261912730_Notes_on_diet_of_Philodryas_nattereri_Squamata_Colubridae_in_southeastern_Brazil
https://www.researchgate.net/publication/261912730_Notes_on_diet_of_Philodryas_nattereri_Squamata_Colubridae_in_southeastern_Brazil
https://www.researchgate.net/publication/321316157_Philodryas_nattereri_Paraguay_Green_Racer_Diet
https://www.researchgate.net/publication/321316157_Philodryas_nattereri_Paraguay_Green_Racer_Diet
https://www.researchgate.net/publication/265787253_Diversity_natural_history_and_geographic_distribution_of_snakes_in_the_Caatinga_Northeastern_Brazil
https://www.researchgate.net/publication/265787253_Diversity_natural_history_and_geographic_distribution_of_snakes_in_the_Caatinga_Northeastern_Brazil
https://biblioteca.ibge.gov.br/visualizacao/monografias/GEBIS%20-%20RJ/DRB/Divisao%20regional_v01.pdf
https://biblioteca.ibge.gov.br/visualizacao/monografias/GEBIS%20-%20RJ/DRB/Divisao%20regional_v01.pdf

Jochimsen, D.M. (2006). Factors influencing the road mortality of snakes on
the upper snake river plain, ldaho. In: Proceedings of the 2005 International
Conference on Ecology and Transportation, 351-365. Irwin, C.L., Garrett, P.,
McDermott, K.P. (eds.). Center for Transportation and the Environment, North
Carolina State University, Raleigh, N.C.
https://escholarship.org/uc/item/2rm731ww

Marques, O.A.V., Eterovic, A., Guedes, T.B., Sazima, |. (2017). Serpentes da
Caatinga. Guia ilustrado. Pp. 239. Cotia: Ponto A.

Marques, R., Mebert, K., Fonseca, E., Roédder, D., Solé, M., Tinéco, M.S.
(2016). Composition and natural history notes of the coastal snake assemblage
from Northern Bahia, Brazil. ZooKeys 611:93-142.
https://zookeys.pensoft.net/article/9529/

McDonald, P.J. (2012). Snakes on roads: an arid Australian perspective.
Journal of Arid Environments, 79: 116-1109.

https://www.researchgate.net/publication/256941629 Snakes on roads An ari

d Australian perspective

Menezes, L.M.N., Reis, P.M.A.G., Souza, K., Urias, I.C., Walker, F.M., Ribeiro,
L.B. (2013). Death of a snake Philodryas nattereri (Squamata: Dipsadidae) after
predation on a large-sized lizard Tropidurus hispidus (Squamata: Tropiduridae).
Herpetology Notes 6: 55-57.
https://www.researchgate.net/publication/264384452 Death _of a snake Philo

dryas nattereri Squamata Dipsadidae after predation on a large-

sized lizard Tropidurus hispidus Squamata Tropiduridae

Mesquita, P.C.M.D., Borges-Nojosa, D.M. (2009). Philodryas nattereri
(Paraguay green racer): ophiophagy. Herpetological Bulletin 108: 36-37.
https://www.researchgate.net/publication/293176155 Philodryas nattereri_Para

quay Green Racer Ophiophagy

Mesquita, D.O., Colli, G.R. (2003). Geographical Variation in the Ecology of
Populations of Some Brazilian Species of Cnemidophorus (Squamata,
Teiidae).CopeiaZ2: 285-298.
http://chufpb.com.br/danmesqg/Publicacoes_files/MesquitaColli2003.pdf

87


https://escholarship.org/uc/item/2rm731ww
https://zookeys.pensoft.net/article/9529/
https://www.researchgate.net/publication/256941629_Snakes_on_roads_An_arid_Australian_perspective
https://www.researchgate.net/publication/256941629_Snakes_on_roads_An_arid_Australian_perspective
https://www.researchgate.net/publication/264384452_Death_of_a_snake_Philodryas_nattereri_Squamata_Dipsadidae_after_predation_on_a_large-sized_lizard_Tropidurus_hispidus_Squamata_Tropiduridae
https://www.researchgate.net/publication/264384452_Death_of_a_snake_Philodryas_nattereri_Squamata_Dipsadidae_after_predation_on_a_large-sized_lizard_Tropidurus_hispidus_Squamata_Tropiduridae
https://www.researchgate.net/publication/264384452_Death_of_a_snake_Philodryas_nattereri_Squamata_Dipsadidae_after_predation_on_a_large-sized_lizard_Tropidurus_hispidus_Squamata_Tropiduridae
https://www.researchgate.net/publication/293176155_Philodryas_nattereri_Paraguay_Green_Racer_Ophiophagy
https://www.researchgate.net/publication/293176155_Philodryas_nattereri_Paraguay_Green_Racer_Ophiophagy
http://chufpb.com.br/danmesq/Publicacoes_files/MesquitaColli2003.pdf

Mesquita, P.C.M.D., Borges-Nojosa, D.M., Passos, D.C., Bezerra, C.H. (2011).
Ecology of Philodryas nattereri in the Brazilian semi-arid region. Herpetological
Journal 21: 193-198.
https://www.researchgate.net/publication/224905916 Ecology of Philodryas n

attereri in the Brazilian semi-arid region

Mesquita, P.C.M.D., Passos, D.C., Borges-Nojosa, D.M., Cechin, S.Z. (2013).
Ecologia e histéria natural das serpentes de uma area da Caatinga do nordeste
brasileiro. Papéis Avulsos de Zoologia 53: 99-113.
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0031-
10492013000800001

Perz, S.G., Caldas, M.M., Arima, E., Walker, R.J. (2007). Unofficial road
building in the Amazon: socioeconomic and biophysical explanations.
Development and Change. The Hague 38: 529-551.
https://onlinelibrary.wiley.com/doi/full/10.1111/].1467-7660.2007.00422.x

Rodrigues, M.T. (1987). Sistemética, ecologia e zoogeografia dos Tropidurus
do grupo Torquatus ao Sul do Rio Amazonas (Sauria: Iguanidae). Arquivos de
Zoologia. Sao Paulo 31: 105-230.
http://www.revistas.usp.br/azmz/article/view/11998/13775

Pinowski, J. (2005). Roadkills of vertebrates in Venezuela. Revista Brasileira de
Zoologia 22: 191-196.
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0101-
81752005000100023

Rodrigues, T.M. (1996). Lizards, Snakes, and Amphisbaenians from the
Quaternary Sand Dunes of the Middle Rio Sao Francisco, Bahia, Brazil. Journal
of Herpetology 30: 513-523.

Rodrigues, F.S., Prudente, A.L.C. (2011). The snake assemblage (Squamata:
Serpentes) of a Cerrado-Caatinga transition area in Castelo do Piaui, state of
Piaui, Brazil. Zoologia 4. 440-448.
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1984-
46702011000400005

88


https://www.researchgate.net/publication/224905916_Ecology_of_Philodryas_nattereri_in_the_Brazilian_semi-arid_region
https://www.researchgate.net/publication/224905916_Ecology_of_Philodryas_nattereri_in_the_Brazilian_semi-arid_region
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0031-10492013000800001
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0031-10492013000800001
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1467-7660.2007.00422.x
http://www.revistas.usp.br/azmz/article/view/11998/13775
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0101-81752005000100023
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0101-81752005000100023
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1984-46702011000400005
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1984-46702011000400005

Sobral, R., Mendes, D.M.M. (2016). Philodryas nattereri (Paraguay Green
Racer). Diet. Herpetological Review 47: 686-687.

Souza, A.M., Pires, R.C., Borges, V., Eterovick, P.C. (2015). Road mortality of
the herpetofauna in a Cerrado ecosystem, central Brazil. Herpetological Journal
3:141-148.

Smith, P., Scott, N., Cacciali, P., Atkinson, K., Pheasey, H. (2013). Confirmation
of the presence of Philodryas nattereri Steindachner, 1870, in Paraguay.
Herpetozoa 26: 91-94. https://www.zobodat.at/pdf/HER 26 1 2 0091-0094.pdf

Uetz, P., Freed, P. & Jiri Hosek (eds.), The Reptile Database,
http://www.reptile-database.org, accessed [April 5, 2018].

Vanzolini, P.E., Ramos-Costa, A.M.M., Vitt, L.J. (1980). Répteis das Caatingas.
Pp 161. Rio de Janeiro: Academia Brasileira de Ciéncias.

Vitt, L.J. (1980). Ecological observations on sympatric Philodryas (Colubridae)

in northeastern Brazil. Papéis Avulsos de Zoologia 35: 87-98.

Vitt, L.J. & Vangilder, L.D. (1983). Ecology of a snake Community in
Northeastern Brazil. Amphibia-Reptilia 4: 273-296.

Vitt, L.J., Zani, P.A., Caldwell, J.P., Aradjo, M.C., Magnusson, W.E. (1997).
Ecology of Whiptail Lizards (Cnemidophorus) in the Amazon Region of Brazil.
Copeia 4: 745-757.

https://www.researchgate.net/publication/262820161 Ecology of Whiptail Liza

rds Cnemidophorus in the Amazon Region of Brasil

Vitt, L.J., Magnusson, W.E., Pires, T.C.A., Lima, A.P. (2008). Guia de Lagartos
da Reserva Adolpho Ducke, Amazénia Central. Pp 176. Manaus: Attema

Design Editorial.

89


https://www.zobodat.at/pdf/HER_26_1_2_0091-0094.pdf
https://www.researchgate.net/publication/262820161_Ecology_of_Whiptail_Lizards_Cnemidophorus_in_the_Amazon_Region_of_Brasil
https://www.researchgate.net/publication/262820161_Ecology_of_Whiptail_Lizards_Cnemidophorus_in_the_Amazon_Region_of_Brasil

