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Resumo Geral: Autoecologia e o estudo dos mais variados aspectos sdo de fundamental
importancia para compreensao da historia natural e ecologia da espécie. Além disso, tais
aspectos contribuem para estratégias de manejo e conservacao ambiental e de espécies.
Portanto, considerando que os dados na literatura sobre populaces de Gymnodactulus
geckoides, no estado de Pernambuco permanecem pobremente, ou ndo estudados, o
presente trabalho teve como objetivo uma andlise de aspectos autoecolégicos, abordando
novas técnicas e perspectivas (Variacoes de periodos de seca e chuva) nunca previamente
utilizadas, para analsies de ecoldgia trofica, especificidade microambiental, biologia
reprodutiva e parasitologia, em uma populacdo dessa espécie de lagarto, em éarea de
Caatinga, no estado de Pernambuco. No total foram analisados, de acordo com alimentos
ingeridos, condigdes das gbnadais e corpéreas, além de micro-habitat e parasitos, 203
individuos, sendo 68 fémeas, 98 machos e 31 juvenis, e mais 6 animais avistados, porém
nédo capturados. Como previamente abordado, nossos dados de ecologia trofica também
permitem classificar G. geckoides como generalista, porém o presente estudo apresenta
variagdes de acordo com a disponibilidade do ambiente, variando o nimero e volume de
presas ingeridas. Presas menores tendem a ser ingeridas em maior quantidade no periodo
de estiagem, enquanto presas maiores sdo ingeridas em menor quantidade durante
periodos de chuva. O micro-habitat também tem variacGes de acordo com o ambiente,
indicando preferéncia pela vegetacdo nativa, quando presente. A relacdo parasito-
hospedeiro revelou baixa diversidade de parasitos, sendo registrada grande relacdo dos
helmintos com a morfologia e sazonalidade. Foram encontradas varia¢des de acordo com
presas ingeridas, tamanho corporeo e variagdes sazonains, considerando 0s niveis de
infeccdo. Finalmente os fatores de reservas energéticas, bem como modificacéo de células
reprodutivas, indicam que esta espécie apresenta reproducao continua e aciclica, sendo
altamente correlacionada ao periodo de chuva, no qual pdde ser encontrado maior
frequéncia de fémeas portando ovos no oviduto e ovarios em estagio vitelogénico.
Portanto as reservas energéticas sdo utilizadas em maior escala por este grupo em funcéo

da gestacdo e maturacdo de ovarios.

Palavras-chaves: Lagarto, Dieta, Microhabitat, Ecologia Parasitaria, Reproducao.



INTRODUCAO GERAL

Autoecologia é a area da ecologia responsavel pelo estudo das relagdes de
determinada espécie com o ambiente em que vive (VITT, 1986; STEARNS, 1992;
GARDA et al. 2014). Pesquisas nessa area vém sendo desenvolvidas com diversas
espécies de lagartos, considerando 0s mais variados aspectos autoecoldgicos como
alimentacdo (VITT, 1986; Garda et al. 2014), microhabitat (VITT, 1986; DIAS &
ROCHA, 2004; CARUCCIO et al. 2010), reproducdo (SHERBROOKE, 1975; PINILLA,
1991; MESQUITA et al. 2015) e parasitologia (ANDERSON, 2000; OITAVEN et al.
2019). Dentre os vertebrados, lagartos sdo considerados bons modelos para estudos
ecologicos, pois sdo terrestres, abundantes e faceis de capturar (VITT etal. 2007). Estudos
autoecologicos, utilizando lagartos de regido temperada e neotropical, tém contribuido de
forma significativa para diversas areas da ecoldgica e suas tedrias como: populacao e
comunidade e taticas de forrageio, considerando ocupacdo do ambiente e sucessdo
ecologica, historia de vida e biologia comparativa, considerando aspectos
comportamentais e adaptacfes sofridas pela espécie (HUEY et al. 1983; VITT and
PIANKA, 1994; PIANKA and VITT, 2003).

O Brasil constitui um dos paises com maior diversidade de espécies de lagartos
no mundo (GARDA et al. 2014). O nimero de espécies ja registradas chega a cerca de
282, agrupadas em quinze familias distintas (COSTA & BERNILS, 2018). Devido a
tamanha diversidade, muitas espécies permanecem com 0s apectos autoecologicos pouco
conhecidos, apresentando-se de grande valia em pesquisas cientificas voltadas para a
compreensdo de padrdes e modelos ecoldgicos (RAMOS, 1981; VITT et al. 1986), bem
como historia natural (DUNHAM et al. 1988; STEARNS, 1992; GARDA et al. 2014).
Portanto, parametros autoecoldgicos dos lagartos sao grandes indicadores no que se refere
a aspectos troficos, reprodutivos, parasitologicos, biométricos, especificidade
microambiental e distribuicdo espaco-temporal (COLLI et al. 2003; GARDA et al. 2014).

Especificidade microambiental

A especificidade microambiental, incluindo o uso de micro-habitat (utilizagdo dos

substratos disponiveis no ambiente), bem como distribuicdo espacial, esta diretamente
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vinculado as oportunidades para termorregulacdo, forrageio, defesa contra predadores e
reproducdo, além da disponibilidade de recursos no ambiente estudado (DIAS &
ROCHA, 2004; CARUCCIO et al. 2010), sendo altamente necessario para compreensao
da dindmica da espécie no ambiente e suas especificidades de microhabitats (TEXEIRA-
FILHO et al. 1995; OLIVEIRA & PESSANHA, 2013). Esse aspecto autoecolédgico vem
sendo descrito para lagartos nos mais variados Dominios Morfocliméaticos como restingas
(DIAS & ROCHA, 2004; VARGENS et al. 2008), Caatinga (SANTANA, 2011;
OLIVEIRA & PESSANHA, 2013), Mata Atlantica (CARUCCIO et al. 2010), Cerrado
(COLLI et al. 2003; MESQUITA et al. 2006; VITT et al. 2007) e Floresta Amazonica
(VITT et al. 2001; MESQUITA et al. 2015).

A selecéo de certos micro-héabitats pode resultar em diferencas na composicdo da
populacdo, o0 que pode tornar-se mais evidente quando esta se estuda em condicdes de
ambientes conservado e antropizado (GARDNER et al. 2007; VITT et al. 2007). Portanto,
a compreensdo do uso de micro-habitat faz-se necessaria para verificar o nivel de de
adaptacédo e reacdo da populacdo sobre condicGes distintas de recursos no ambiente,
verificando recursos necessarios para suas atividades gerais (Dieta, termorregulacéo e
reproducdo), as quais tendem a ser altamente vinculadas a tipos especificos de ambientes
para algumas espécies de lagartos (GARDNER et al. 2007). Além das condicdes
ambientais, o uso de micro-habitat também nos permite revelar tragcos da historia natural
da espécie e verificar variacdes entre fémeas e machos de uma populacdo. Portanto,
fémeas e machos podem estar associados a diferentes microhabitats revelando variacdes
morfoldgicas e ontogenéticas (PAULISSEN, 1987).

Morfologia

O aspecto da morfologia constitui um fator ecolégico de suma importancia para o
grupo dos lagartos. Em algumas espécies, machos ou fémeas podem apresentar
caracteristicas morfologicas diferenciadas, como cabe¢as maiores (COLLI et al. 2003;
AMORIM et al. 2017) ou membros, posteriores e anteriores, maiores (GARDA et al.
2014). Dessa forma, fémeas e machos tendem a apresentar comportamentos e habitos

distintos, o que auxilia para evitar competicdo, seja inter ou intraespecifica (HAINES
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et.al, 2016), bem como influénciar nas relagdes reprodutivas, determinando a selecdo de
individuos mais aptos para uma reproducdo bem sucedida, a exemplo da escolha de
machos com cabecgas mais largas, os quais tendem a vencer competicdo pelas fémeas,
bem como fémeas maiores revelando maior capacidade de gerar ninhadas mais
numerosas (COLLI et al. 2003; HUYGHE et al. 2005). Além disso, variacdes
morfoldgicas podem estar diretamente associdas a dieta, indicando a ingestdo de
alimentos distintos (Volume e robustez das presas) entre fémeas e machos (HERREL et
al. 2003; HERREL et al. 2006) Em resumo, conhecer aspectos morfolégicos é de grande
valia para compreender a evolucgdo dos fen6tipos da espécie, bem como suas relagcdes com
0 ambiente em que vive (HUYGHE et al. 2005).

Ecologia troéfica

A ecologia trofica consiste no estudo de todos os aspectos relacionados a
alimentacdo, desde a tatica de forrageio adotada, até a composicdo da dieta e fatores que
a influénciam (PIANKA, 1966; HUEY & PIANKA, 1981). No Brasil é conhecido que a
maioria dos lagartos possui dieta predominantemente composta por artrépodes,
especialmente insetos (VITT, 1995; ALCANTRA et al. 2019), com algumas espécies
consumindo vegetais, e outros vertebrados como anfibios, mamiferos, bem como outros
lagartos (SIQUEIRA & ROCHA, 2008). A ecologia trofica esta diretamente vinculada a
aspectos locais e a historia evolutiva da espécie estudada (HUEY & PIANKA, 1981;
MENEZES et.al, 2007), fornecendo informacbes a respeito dos tipos de alimentos
consumidos, sua importancia relativa, estratégias de forrageamento utilizadas (VITT,
1995; CASCIO & CAPULA, 2011; ALCANTARA et al. 2019), além da relacdo da dieta
com outros parametros ecolégicos como morfologia e especificidade microambiental
(COLLI et al. 2003; MESQUITA et al. 2006; MESQUITA et al. 2015).

A ecologia trofica também representa um pilar de grande importancia do nicho
ecologico de uma espécie, uma vez que sua amplitude indica um maior habito generalista
ou especialista da mesma, podendo também variar de acordo com popula¢des estudadas,
considerando uma Unica espécie (BOLNICK et al. 2003; COSTA et al. 2015;
CARVALHO-ROCHA et al. 2017). Como exemplos de lagartos especialistas, podem ser
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citadas as espécies Gymnophthalmus leucomastyx Vanzolini & Carvalho, 1991
(Gymnophthalmidae) e Cnemidophorus leminiscatus Linneaus, 1758 (Teiidae). Estas
espécies se alimentam exclusivamente de termitas e possuem diversas adaptagdes em sua
morfologia que permitem as especies viverem com tal habito (Vitt & Carvalho, 1995).
Em contrapartida, espécies generalistas, pertencentes a familias como Dactyloidae
Gymnophthalmidae, a exemplo de Norops fuscoauratus D'orbigny, 1837 e Dryadosaura
nordestina Rodrigues, Xavier Freire, Machado Pellegrino & Sites, 2005, se alimentam de
uma ampla gama de artrépodes de acordo com a disponibilidade do ambiente (VITT et
al. 2003; GARDA et al. 2014).

Ecologia Parasitaria

A relacdo parasita-hospedeiro constitui um fator importante para entender a
dindmica de uma populacdo e a estrutura da comunidade (ALBUQUERQUE et al. 2012;
HATCHER et al. 2012; OITAVEN et al. 2019). Estudos realizados sobre essa relacao
tém contribuido para definicdes de padrdes biogeograficos e de co-evolucdo (AVILA &
SILVA, 2010; AVILA et al. 2012), revelando adaptacbes do hospedeiro para resistir ao
parasito, e deste para poder sobreviver (HATCHER et al. 2012). Além disso, possibilitam
determinar como o parasito pode influenciar no comportamento do hospedeiro e as
consequéncias geradas para 0 mesmo (AVILA et al. 2012; HATCHER et al. 2012).

Parasitos podem influenciar os mais variados fatores em uma comunidade
ecologica como controle e enriquecimento das teias alimentares e relacGes troficas
(HATCHER et al. 2012), moldadores do ecossitema, seja influenciando o ambiente ou 0s
hospedeiros (AVILA & SILVA, 2010), elevando o fluxo de energia no ambiente,
aumentando as chances de predacao de uma espécie infectada, além do maior rendimento
na ciclagem de nutrientes por vegetais parasitados (MARC & WATSON, 2007) e como
bioindicadores, de acordo com a abundancia no ambiente e pela acumulacdo de metais
pesados (DOBSON et al. 2008).

Os lagartos sdo hospedeiros de uma ampla gama de parasitas. Esses parasitas, por
sua vez, podem ser adquiridos através da ingestdo de presas infectadas, material vegetal

contaminado, cropofagia, geofagia, ou penetracdo ativa (ANDERSON, 2000). Trabalhos
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recentes vem apresentando uma macro-fauna de endoparasitos, associados a lagartos bem
como os demais répteis, cada vez mais diversa (AVILA & SILVA, 2010;
ALBUQUERQUE et al. 2012; LIMA et al. 2017; ALCANTARA et al. 2019). Tal
diversidade vem sendo elevada consideravelmente a partir do momento em que sao
descritas novas espécies, seja de parasitos (BERTRAND et.al, 2013; QUIROZ-
GUTIERREZ etal, 2015), ou de novas hospedeiros para um parasito descrito
anteriormente (AVILA & SILVA, 2010; AVILA et.al, 2012), bem como a realizagio de
amostragens em novas areas (AVILA & SILVA, 2010; LIMA et.al, 2017; ALCANTARA
et.al, 2019).

Biologia Reprodutiva

O estudo da biologia reprodutiva tem fornecido dados importantes para
formulacéo e testes de hipoteses sobre a evolugdo da historia de vida dos lagartos, a
exemplo de tipos de reproducdo apresentados por cada espécie, periodos de
recrudescéncia e iniciacdo do processo reprodutivo (TORKI, 2007; ABU-ZINADAH,
2008), aléem de periodos de maturacdo e influéncia positiva e/ou negativa de fatores
bioticos e abidticos sobre o processo reprodutivo (LOZANO et al. 2014; LOZANO et al.
2015; NORVAL et al. 2019), indicando estratégias geradas pela espécie para alcangar seu
sucesso reprodutivo dentro do ambiente em que se encontra (RAMIREZ-BAUTISTA et
al. 2000; GARDA et al. 2012). Para compreender suas caracteristicas reprodutivas, €
necessario considerar fatores que incluem histdria de vida, fatores geoambientais, padrdes
de sazonalidade, tatica de forrageio, morfologia e filogenia (TORKI, 2007; LOZANO et
al. 2014; LOZANO et al. 2015).

Dentre os lagartos, o controle da gametogénese, juntamente com o seu ciclo
reprodutivo, tende a ser mediado por uma agao integrada entre o ritmo enddgeno de cada
espécie (GARDA et al. 2012; LOZANO et al. 2015) e a influéncia de fatores ambientais
(SERRANO-CARDOZO et al. 2007; SANCHEZ-HERNANDEZ et al. 2013). A maioria
das espécies se reproduz sexualmente e é ovipara, podendo ocorrer diferencas
significativas no tamanho da ninhada (VIEIRA et al. 2001). A reproducdo pode ser

classificada em trés tipos: continua sem variagdo na atividade reprodutiva (aciclica),
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continua com variacdo na atividade reprodutiva e ndo continua, contendo interrupcdes da
atividade reprodutiva em determinados periodos do ano (ciclica) (SHERBROOKE, 1975;
VIEIRA et al. 2001). Espécies com baixa expectativa de vida e alta fecundidade,
geralmente alcancam o estagio de maturacdo sexual mais rdpido, enquanto outras
amudurecem mais tardiamente, apresentando longos periodos de vida como individuos
reprodutivos e depositando menos ovos a cada ninhada (TINKLE, 1970; ALCANTARA
et al. 2019).

Em regibes de clima marcadamente sazonal, as espécies tendem a se reproduzir
de maneira sazonal (TORKI, 2007), o que acontece predominantemente nas regides
temperadas do globo em decorréncia dos rigorosos invernos (WIEDERCHECKER et al.
2002; GALDINO et al. 2003). Para as espécies que habitam a regido tropical, 0s
determinantes das estratégias reprodutivas se apresentam muito mais complexos, pois as
condicdes climaticas sdo mais favoraveis (COLLI et al. 2003; GALDINO et al. 2003;
ALCANTARA et al. 2019). Em populagdes isoladas, uma mesma espécie pode adotar
taticas distintas de reproducédo, o que torna ainda mais evidente a influéncia de fatores
abioticos distintos como: temperatura, precipitacdo e fotoperiodo sobre os ciclos
reprodutivos das espécies (WIEDERCHECKER et al. 2002; LOZANO et.al, 2014;
LOZANO et al. 2015).

Género Gymnodactylus Spix, 1825

O género Gymnodactylus (Spix, 1825) é endémico do Brasil, ocorrendo nos
dominios de Mata Atlantica, Caatinga e Cerrado (FREIRE, 1998; CASSIMIRO &
RODRIGUES, 2009). E um grupo pequeno dentro da familia Phyllodactylidae,
constituido por cinco espécies, presentes somente em territorio brasileiro (VANZOLINI,
2004; CASSIMIRO & RODRIGUES, 2009) (Figura 1). As espécies desse género
apresentam pequeno porte, com o0s individuos adultos alcancando em média 50 mm de
Comprimento Rostro Cloacal (CRC) (PELEGRINO et al. 2005; CASSIMIRO &
RODRIGUES, 2009; OITAVEN et al. 2019). Apresentam também palpebras fixas,

membros pentadactilos, pupila vertical eliptica, fileiras longitudinais de tubérculos



dorsais, dedos ndo dilatados e dotados de garras (COLLI et al. 2003; VANZOLINI, 2004;

VANZOLINI, 2005).
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Figura 1: Distribuicdo geografica do género Gymnodactylus (Spix, 1825) pelo territdrio brasileiro. Mapa

elaborado plo ArcGis. Fonte: Adaptado de Cassimiro, 2010.

Gymnodactylus apresenta habito diurno, terricola, e modo de forrageio voltado
para o tipo senta-e-espera (PELLEGRINO et al. 2005; PELLEGRINO et al. 2009;
CASSIMIRO, 2010). Costuma ocupar ambientes rochosos, com vegetacdo aberta, bem
como campos abertos e/ou abrigos (COLLI et al. 2003). O género é composto, até o
presente momento, pelas espécies G. amaralii (Barbour, 1925); G. darwinii (Gray, 1845);
G. geckoides (Spix, 1825) e G. gutullatus (Vanzolini, 1982); G. vanzolini (Cassimiro &
Rodrigues, 2009) (COSTA & BERNILS, 2018) (Figura 2). Pesquisas recentes reveleram
que esse género, diferentemente do que se conhecia, € constituido por espécies
polifiléticas, apresentando potencial para espécies distintas dentro de um mesmo Dominio
Morfoclimatico (CASSIMIRO, 2010). No dominio da Caatinga a espécie predominante
é Gymnodactylus geckoides (ALCANTARA et al. 2019), elevada ao status de espécie
apos revisdes realizadas em 2004 e 2005 (VANOLINI, 2004; VANZOLINI, 2005;
PELLEGRINO et al. 2009).



Figura 2: Espécies componentes do género Gymnodactylus: A) G. amaralii (Barbour, 1925); B) G. darwinii
(Gray, 1845); C) G. geckoides (Spix, 1825); D) G. vanzolini (Casimiro e Rodrigues, 2009); E) G. guttulatus
(Vanzolini, 1982). Fotos: Marco Antdnio de Freitas e Adaptado de Cassimiro & Rodrigues (2009) e
Cassimiro (2010).

Gymnodactylus geckoides Spix, 1825

A espécie G. geckoides é considerada endémica do Dominio da Caatinga, e ocorre
simpatricamente com G. darwinii em regides de dunas no Rio Grande do Norte
(VANZOLINI, 2004; CASSIMIRO & RODRIGUES, 2009). Esse lagarto possui ampla
distribuicdo, apresentando ocorréncia em areas de Caatinga desde o Rio Grande Norte até
a Bahia, além dos estados de Mato Grosso, Tocantins e Goias (COSTA & BERNILS,
2018).

Gymonodactylus geckoides é classificado como um lagarto de pequeno porte, com
cerca de 40 mm de Comprimento Rostro Cloacal (CRC) (CASSIMIRO & RODRIGUES,
2009; ALCANTARA et.al, 2019) e habito predominantemente terricolo e rupicolo
(SOUZA-OLIVEIRA et.al, 2017; ALCANTARA et.al, 2019). Apresenta cabega grande,
distinta do pescoco e contendo granulos dispostos aleatoriamente. O corpo também possui
esses mesmos granulos, apresentando coloragdo castanho acinzentado, com faixas

transversais escuras e irregulares na regido do dorso, assim como na cauda, formando



anéis completos. Os tubérculos dorsais em geral dispostos em 12, pareados de seis em
seis, em fileiras longitudinais (CASSIMIRO, 2010) (Figura 3).

[ T £ H

Figurar 3: Exemplares de G. geckoides fotografados na regido do Vale do Catimbau, Pernambuco, Brasil.
Fotos: Emelly Facundes e Euan Ketlle.
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Apesar de possuir distribuicdo e filogeografia conhecida, essa espécie possui 0s
dados referentes a alguns aspectos autoecoldgicos restritos, ou inexistentes,
especialmente considerando ciclos e influéncia ambiental sobre suas relagdes com o
ambiente, deixando lacunas na informacdo da historia natural da espécie e do género,
especialmente informando a influéncia de fatores ambientais e como 0s mesmos podem
modificar seus aspectos autoecologicos, levando em conta a grande distribuicdo dessa
espécie pelo dominio da Caatinga (ALCANTARA et al. 2019; COSTA et al. 2021). Com
relacdo aos aspectos autoecologicos, G. geckoides apresenta dados associados a estudo
de comunidades em locais restritos (VITT, 1986; VITT, 1995), sendo que, para a relacédo
Parasito-Hospedeiro, nenhuma populacdo de G. geckoides no estado de Pernambuco,
apresentou dados sobre sua fauna parasitaria e parametros da relacdo parasito-hospedeiro
em areas de Caatinga. Além disso, € importante considerar que, no decorrer de uma
determinada escala de tempo (Décadas), alguns lagartos podem apresentar mudancas nos
seus aspectos autoecoldgicos, seja em decorréncia de processos naturais, mudangas
climaticas, bem como mudancas nas conformag@es das paisagens, devido & expanséao de
ambientes urbanos e construcado de cidades (LOSOS et al. 1994; MESQUITA et al. 2007).
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Tais situagbes vém se demonstrando cada vez mais usuais nas Ultimas décadas,

especialmente em ambientes sazonais como Cerrado e Caatinga (AMORIM et al. 2017).

Devido a tal caréncia, e considerando possiveis mudangas ocorridas nos aspectos
autoecoldgicos de G. geckoides, o presente trabalho teve como objetivo principal realizar
uma andlise, sobre nova perspectiva e condi¢cdes, 0s quais incluem varia¢do sazonal e
ciclica, dos aspectos autoecoldgicos dessa espécie, para populacdes de Pernambuco em
area de Caatinga, presente na regido do Parque Nacional do Catimbau, além de avaliar a
influéncia de fatores ambientais (Precipitacdo, temperatura e umidade) e da intervencao
urbana sobre tais aspectos. Visando uma avaliacdo completa dos aspectos autoecoldgicos
das populacdes de G. geckoides, foram analisados os fatores de ecologia tréfica, relagdo
parasito-hospedeiro, biologia reproducéo e especificidade microambiental.

Dominio Morfoclimatico da Caatinga

Alguns Dominios Morfoclimaticos abarcam grande ndmero de espécies
endémicas de lagartos e, a0 mesmo tempo, essa biodiversidade permanece pobremente
estudada e subestimada, a exemplo da Caatinga (GARDA et al. 2013a). A Caatinga
representa um Dominio exclusivamente brasileiro, cobrindo uma area de
aproximadamente 800.000 km2 na regido Nordeste, sendo que destes, cerca de 2% se
encontram sobre protecdo de Unidades de Conservacdo (GARDA et al. 2013a;
PEDROSA et al. 2014). Além da escassa protecdo, esse Dominio encontra-se sobre

constante impacto, devido a atividades humanas (PEDROSA et al. 2014).

Estudos a respeito da diversidade da herpetofauna tém sido realizados nas mais
diversas areas da Caatinga ao longo dos anos, como Parque Nacional do Catimbau
(PEDROSA et al. 2014), Serra da Capivara (QUEIROGA et al. 2014) e Raso da Catarina
(GARDA et al. 2013a), porém os apectos ecoldgicos de muitas espécies, inclusive
lagartos, permanecem com dados escassos ou inexistentes (GARDA et al. 2013b). Uma
vez que iniciativas para definicdo de estratégias de manejo de espécies sdo regidas pela
avaliacdo da quantidade e qualidade da informacéo disponivel sobre as mesmas, estudos
autoecologicos sdo, também, de suma importancia para conservacdo de ambientes e

protecdo das espécies (PINTO et al. 2006; GARDA et al. 2014).
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Parque Nacional do Catimbau

O Parque Nacional do Catimbau é uma Unidade de Conservacgédo (UC), criada em
2002 a partir de Decreto Federal (Decreto n° 4.340/2002). Corresponde a um
remanescente de Caatinga situado no centro do estado de Pernambuco, na Regido do Vale
Ipanema, compreendendo os municipios de Buique, Sertania, Ibimirim e Tupanatinga
(PEDROSA et al. 2014) (Figura 3). O parque encontra-se inserido nos depositos
sedimentares das formacdes de Tacaratu, provenientes da Era Paleozoica (FERREIRA,
2010; PEDROSA et al. 2014). Devido a essas formacgdes rochosas, a regido também
apresenta pinturas rupestres e artefatos pré-historicos, datados de ao menos 6.000 anos
atras, fazendo do mesmo um importante sitio arqueologico (PROENCA, 2010). A regiéo
também considerada de alta importancia ecologica, devido a riqueza e ao endemismo que
abriga (PEDROSA et al. 2014).

A UC apresenta uma area de aproximadamente 62.000 ha, com altitudes variando
de 600 a 1.000 m acima do nivel do mar. O clima da regido é semi-arido, com a
precipitacdo mensal variando de 0 a 256 mm (Figura 3a), enquanto a temperatura anual
apresenta uma média de 23°C (IBGE, 2017). A fisionomia predominante inclui vegetacédo
tipicamente arbustiva e espinhada, solo arenoso e campos rochosos contendo tanto flora
perene como decidua, tipicos da Caatinga (SOUSA et al. 2012; PEDROSA et al. 2014).
Monitoramentos da condicdo do solo revelam supressdo de vegetacdo nativa para

atividades de agricultura, pecuaria e moradia dentro da UC (Figura 3b).
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OBJETIVOS
Objetivo geral:

Realizar uma anéalise, sobre nova perspectiva e condicbes, os quais incluem
variacdo sazonal e ciclica, dos aspectos autoecoldgicos dessa espécie, para populacdes de
Pernambuco em &rea de Caatinga.

Objetivos especificos:

Registrar 0s micro-habitats utilizados por G. geckoides, considerando também a
influéncia de fatores abidticos como sazonalidade (Baixa e elevada pluviosidade),
Temperatura e umidade, bem como bidticos como sexo e estdgio de maturacdo do

individuo.

Analisar a dieta da populacdo de G. geckoides estudada, identificando os tipos de presas
consumidas, grau de importancia, e niveis energéticos das mesmas. Verificar influéncia

da sazonalidade, sexo e tamanho corporeo dos individuos sobre a dieta.

Identificar os parametros da relacdo Parasito-Hospedeiro da populacdo de G. geckoides
no Parque nacional do Catimbau, além de verificar a influéncia da sazonalidade, presas
ingeridas e morfologia do hospedeiro sobre as intensidades de infec¢do dos parasitos

encontrados.

Verificar a atividades dos ciclos energéticos e reprodutivo de G. geckoides. Analisar
mudancas das condi¢bes corpdreas e maturacdo de células reprodutivas considerando

influéncia de fatores bidticos e abidticos (Temperatura, precipitacdo e umidade).

Elaborar processo de modelagem e distribuicdo da espécie em determinadas localidades
do Parque Nacional do Catimbau, utilizando intercruzamento de dados obtidos em coletas
feitas em diferentes localidades, juntamente com a sazonalidade e condi¢des de elevacdo

(nivel do mar).
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HIPOTESES

a)

b)

Estudos prévios definem G. geckoides como um lagarto generalista, do tipo senta-
espera, podendo ingerir alimentos diversos, independente do tamanho corpéreo.
Considerando um dominio altamente sazonal como a Caatinga, a disponibilidade
de presas no ambiente tende a variar ao longo do ano, devido as mudancas
climaticas, bem como mudancas na conformacéo de paisagens. Essa situagdo, por
sua vez, pode gerar mudancas na ecologia trofica da espécie em estudo,
considerando o tipo, nimero e volume de presas ingeridas. Portanto, a partir de
estudos atualizados sobre ecologia trofica, € possivel realizar comparagGes com
estudos prévios em outras populacdes no estado de Pernambuco, revelando
mudancgas nas caracteristicas autoecologicas da espécie, juntamente com

variagdes na dieta causada pela sazonalidade e/ou antropizagdo do ambiente.

Lagartos tendem a apresentar uma fauna parasitaria diversificada, sejam endo ou
ectoparasitos, 0s quais tendem a revelar distintos parametros de infec¢do na
relacdo Parasito-Hospedeiro. Esses parametros sdo de grande valia para
determinacdo do grau da relacdo apresentada entre Parasito e Hospedeiro.
Finalmente, a influéncia ambiental pode determinar reogarnizacdo do nivel de
agregacao dos parasitos, revelando mudancas de acordo com a sazonalidade, tipos
de presas ingeridas e disponibilidade de recursos do hospedeiro. Portanto, nds
acreditamos que o presente estudo pode revelar novos registros de G. gekcoides
como hospedeiro de determinadas espécies de parasitos, além de incluir o Parque
Nacional do Catimbau como nova localidade de ocorréncia para os prasitos
encontrados. Finalmente, considerando que o 0s parametros podem ser
influenciados por fatores bidticos e abioticos, nos acreditamos que variacoes
sazonais, bem como dieta e morfologia do hospedeiro, podem influenciar de

forma direta a intensidade de infeccdo do hospedeiro.

De acordo com estudos prévios, lagartos em ambientes sazonais tendem a
apresentar atividade reprodutiva do tipo aciclica, sem interrupcbes. Em G.

gekoides o processo de copula tende a ocorrer, de forma mais constante, como
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visto para outros lagartos do grupo Gecko, durante o periodo de menor
precipitacdo, enquanto a gestagdo ocorre, com maior frequéncia durante o periodo
de maior precipitagcdo. Essa situagdo pode ser altamente correlacionada aos
parametros ambientais, os quais proporcionam melhores condigdes para o
processo reprodutivo em diferentes fases, incluindo a disponibilidade de recursos

presentes no ambiente, devido ao aumento da precipitacéo.

d) Estudos prévios indicam que G. geckoides é capaz de utilizar uma ampla
variedade de microhabitats, indicando grande adaptabilidade da espécie a
mudancgas na conformacdo da paisagem. Portanto, o processo de modelagem
reforga que a ocorréncia da espécie esta altamente vinculada a disponibilidade de
microhabitats em cada tipo de ambiente analisado, assim como cada periodo do
ano. Mediante 0 exposto, o processo de modelagem pode ser utilizado como uma
ferramenta importante no estudo de distribuicdo de uma, ou mais, espécies de
vertebrados no ambiente, revelando também condicGes de restricdes ambientais

para cada espécie analizada.
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Abstract: Lizards' diet, mainly composed of arthropods, can be affected by biotic and
abiotic factors, also influencing the energy supply of dietary composition. The richness
and abundance of many arthropod species can be influenced by environmental
seasonality, especially in Caatinga due to the rainfall regimes. The present study aimed
to describe aspects of the seasonal and morphological variation in the lizard
Gymnodactylus geckoides diet and their energetical content. We collected 157 individuals
(63 females, 68 males, and 26 juveniles) at the Catimbau National Park, Northeastern
Brazil, of which 72 were analysed for the dry season and 59 for the rainy season. Our data
indicates Isoptera as dominating prey in G. geckoides diet. Considering diet and the
energetical content, the prey number, volume, and glycogen amount differed between
seasons, displaying higher values during the dry season. Proteins and lipids did not show
differences. The present study represents the first effort to understand variations on G.
geckoide's trophic ecology, considering the energetical content of the ingested prey and
the influence of seasonality, sex, and morphology. Our results indicate that neotropical
lizards tend to present high variation in the diet, especially regarding seasonal
environments, revealing their needs and restrictions according to prey availability and

environmental conditions.

Keywords: Prey composition; Prey selection; Biochemistry; Caatinga; Gecko.
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Kurzfassung: Da die Vielfalt und die Haufigkeit vieler Arthropodenarten durch
Umweltsaisonalitat beeinflusst werden kann, insbesondere in Caatinga aufgrund der
Niederschlagsverteilung, kann die Erndhrung von Eidechsen nicht nur durch biotische
Faktoren wie Morphologie, sondern auch durch abiotische Faktoren beeinflusst werden,
die auch die Energiezufuhr von diatetischer Zusammensetzung beeinflussen. Die
vorliegende Studie zielte darauf ab, Aspekte saisonaler und morphologischer Variationen
in der Erndhrung der Eidechse Gymnodactylus geckoides sowie ihren energetischen Inhalt
zu beschreiben, wobei 157 Individuen (63 Weibchen, 68 Méannchen und 26 Jungtiere) im
Catimbau-Nationalpark im Nordosten Brasiliens gesammelt wurden, 72 davon in der
Trockenzeit und 59 Tiere in der Regenzeit. Unsere Daten zeigen keinen sexuellen
Dimorphismus bei G. geckoides, wobei Isoptera die Nahrung dominiert. Unter
Berlicksichtigung der Erndhrung und des Energiegehalts unterschieden sich Beutezahl,
Volumen und Glykogenmenge zwischen den Jahreszeiten und zeigten wahrend der
Trocken- und Regenzeit jeweils hohere Werte, wéhrend Proteine und Lipide keine
Unterschiede zeigten. Die vorliegende Studie stellt den ersten Versuch dar, Variationen
der trophischen Okologie von G. geckoides zu verstehen, unter Beriicksichtigung des
Einflusses von Saisonalitat, Geschlecht und Morphologie sowie des energetischen Inhalts
der aufgenommenen Beute. Die vorliegende Studie weist auch auf ein hohe Variation in
der Erndhrung neotropische Eidechsen hin, insbesondere im Bezug auf saisonale
Umgebungen, was ihre Bedirfnisse und Einschrankungen je nach Beuteverfiigbarkeit

und Umweltbedingungen aufzeigt.

Keywords: Beutezusammensetzung; Beuteauswahl; Biochemie; Geschlecht; Caatinga;

Gecko.
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Introduction

Ecological studies regarding diet using lizards as models have been contributed
significantly for several theories, including community succession, evolutive process and
behavioural patterns (Caughley 1985; Huey et al. 1986; Vitt and Pianka 1994), foraging
and life history traits (Colli et al. 2003; Recoder et al. 2012), and comparative biology
(Costa et al. 2008). Lizards could display ecological aspects influenced by seasons (Colli
et al. 2003; Mamou et al. 2019), as well as variation in morphology and behaviour (Bock
and von Wahlert 1965; Losos 1990), especially neotropical lizards, revealing real

challenges to establish a life history' general model (Colli et al. 2003).

Studies in energetical support and trophic ecology areas are crucial to
understanding evolutionary biology, natural history (Colli et al. 2003), and energy
allocation (Franzini et al. 2019). Besides, the search for adequate nutrition represents a
challenge for many lizard species, influencing individuals' physical condition (Cooper
and Vitt 2002; Mamou et al. 2019). That search can be influenced by biotic factors,
including morphometric differences between females and males (Bolnick et al. 2002;
Bolnick et al. 2003), and by abiotic factors, including environmental changes (especially
in seasonal environments) and food availability (Diaz and Carrascal 1993; Martins et al.
2008). For neotropical lizards inhabiting the Caatinga domain, the food availability seems
to be highly associated with the unpredictable seasonality and the concentration of the
highest precipitation levels in a few months, which is an essential resource for many
arthropod orders and their reproduction (Nobre et al. 2008; Vasconcellos et al. 2010a;

Vasconcellos et al. 2010b; Ferreira et al. 2013).
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Studies concerning energy balance and stomach content revealing the number of
available biochemical components (proteins, lipids and glycogen) are crucial to
understanding evolutionary history traits and how ecological aspects could lead to dietary
differences (Cooper and Vitt 2002; Pafilis et al. 2007). Most lizard species tend to be
predators of small animals, including arthropods. However, many neotropical lizards
remain poorly or non-studied concerning their dietary aspects, especially considering

biochemical components.

Gymnodactylus geckoides is considered endemic from the Caatinga domain
(Alcantara et al. 2019), and several studies have been reported its diet composition (Vitt
1995; Souza-Oliveira et al. 2017; Alcantara et al. 2019), a possible sexual dimorphism in
the diet (Vitt 1986; Souza-Oliveira et al. 2017) and relationship with their morphology
(Vitt 1995; Souza-Oliveira et al. 2017). Although there is recent data on G. Geckoides'
diet and morphology, information from Caatinga remains restricted to the populations
from Ex0 municipality, Pernambuco (Vitt 1986; Vitt 1995) and Aiuaba and Barro
municipalities, Ceara (Alcantara et al. 2019). Besides, no study has considered energetical
values of the ingested prey or seasonal variation on the species’ diet, which could bring
helpful information about their energetical needs and use of feeding resources in the

environment.

Current studies have demonstrated adaptations in the lizard's feeding due to
environmental seasonality and landscape changes, leading to variations in the number and
volume of ingested prey (Amorim et al., 2017; Franzini et al. 2019; Mamou et al. 2019).

The G. geckoides diet would thus vary seasonally and between sexes, considering
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morphology, and the prey type, number, volume and energetical values. Therefore, the
present study aims to describe and update the information on the trophic ecology of G.
geckoides, considering a population from a Caatinga remnant at Pernambuco state,
Northeast Brazil. We verified variation in the prey type, number, volume, and energetical

values of stomach content, emphasising seasonal, morphological, and sex variation.

Material and methods

Study site

This study was performed in the Catimbau National Park (8°24'00" to 8°36'35" S
and 37°09'30" to 37°14'40" W), a Protected Area (PA) created by a federal decree in
2002. Featuring conformations of the Caatinga Domain, it is inserted on the centre of
Pernambuco, at the Ipanema Valley, encompassing the municipalities of Buique,
Ibimirim, and Tupanatinga (Ferreira et al. 2010) (Fig. 1). The PA presents approximately
62.300 ha, with altitude varying from 500 m to 1.000 m above sea level (ICMBio 2019).
The local climate is semiarid and strongly seasonal, with annual precipitations between 0
to 256 mm, reaching the highest rain level from March to July (ICMBio 2019; INMET
2019). The landscape includes shrubby spineless vegetation, sandy soils, rock fields, and

evergreen and deciduous forest (Sousa et al. 2012).

Lizards' collection and processing

Individuals were collected using an active search conducted monthly from
September 2018 to August 2019 to record the seasonal variation of ecological patterns.

The collected individuals were separated according to month, sex (female or male), and
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age (adult, juvenile, or sexually immature). Sexual maturity was determined according to
the gonads volume (< 0.1 mm3 for ovaries and < 1 mm?3 for testicles) (Kolodiuk et al.
2010; Ragner et al. 2014). All individuals were submitted to a lethal injection of Ketamine
(10 mg/Kg + 0.1 — 0.3 mg/Kg). Since climatic variations did not display significant
variation during the years (from 2014 to 2019) (See supplementary file 1), the present
study also considered animals previously captured in Catimbau National Park in 2014,
provided by scientific collections (Herpetological Collection of the Federal University of

Paraiba, UFPB).

After being euthanised, the following morphometric variables were recorded
using a digital calliper (0.01 mm): snout-vent length (SVL), body width (BW; at the
broadest point), body height (BH; at highest point), head height (HH; at highest point),
head width (HW; at the broadest point), head length (HL; from the tip of the snout to the
anterior margin of the ear-opening), tail length (TL; from cloaca to the tip of tail),
forelimb length (FL; from the forepaw-body bond to the tip of lamella), hindlimb length
(HLL; from the hind paw-body bond to the tip of lamella) (Colli et al. 2003). Tail length
was excluded from the analyses since most individuals showed broken tails or earlier
autotomy. All measurements were recorded before the dissection of the collected
individuals to remove their stomach content through a longitudinal incision from throat
to vent. The contents were analysed, and the preys were identified at the lower taxonomic
level (Order). Then, some contents were separated by individual and stored in cooling to

posterior biochemical analyses, while others were conserved in 70% Alcohol.
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Stomach contents were submitted to biochemical tests to measure the total protein,
lipid, and glycogen amount (S6onmez and Gilel 2008). The contents were macerated in
0.5 mL of sodium phosphate buffer (pH 7.2; 0.1 mM) and centrifuged at 3,000 x g for
three minutes. 100 pL of the supernatant were removed from the resulting homogenates
for protein measurement, and the remaining homogenates were centrifuged again for
lipids and glycogens. The Bradford Method (Bradford 1976) and bovine serum albumin
(BSA) were considered standards, with absorbance measured at 595 nm to determine the
total protein amount. Using the van Handel method (Van Handel 1985 a, b), 200 pL of
the homogenates were added with 200 pL of sodium sulphate and 800 puL of methanol
and chloroform (1:1) and centrifuged at 3,000 x g for three minutes in each experiment.
The precipitate was used for glycogen analysis, and the supernatant was transferred to a
test tube for lipid analysis. Lipids were analysed spectrophotometrically using the sulfo-
phospho-vanillin method, while glycogen contents were estimated by the anthrone-
sulphuric acid method, with both absorbances measured at 625 nm. Stomach contents
presenting results outside of their respective confidence intervals for protein (0.095—
0.602ug/mL), lipid (0.039-0.603ug/mL), and glycogen (0.226-1.575 pg/mL) were
excluded from analysis (Gasco et al. 2016). The results inserted on the confidence
intervals were converted to cal/mg, using the dataset established by a calorimeter pattern.
Individual collection and all procedures of the present study were authorised by the
Animal Use Environmental Agency (SISBIO # 64455-1 and SISBIO # 29550-4) and

Ethics Committee (CEUA UFRPE 123/2018).
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Data analysis

The packages corrplot and caret were used for morphometric analyses and the
package mice for missing data imputation (\Van Buuren and Groothuis-Oudshoorn 2011;
Penone et al. 2014;). We tested sexual dimorphism through an Analysis of Variance
(ANOVA), and the highest correlated measurements (> 0.7) were excluded from the
analysis (Tabachnick et al. 2001; Garda et al. 2014). The less correlated measurements
were isolated and submitted to Multiple Correspondence Analysis (MCA), using the
FactorMineR and factoextra packages. This analysis was performed to reveal distance
and group overlap. All morphometric variables were log-transformed (base 10) before
analyses to search for normality (Rohlf and Bookstein 1987). We also used ANOVA to
test differences in morphology according to seasonality (Dry and rainy season) in females

and males separately.

We recorded the length and width of prey from the stomach contents using a
digital calliper (0.01 mm) when it was not too fragmented. Those measurements were
used to estimate prey volume as an ellipsoid (V=4 /3 (w/2)2 (1/2)]. We calculated
frequency, numeric and volumetric percentage, and the relative importance index (RII)
for each prey category. Estimates considered individual stomachs (11S = (%N + %V)/2)
and pooled stomachs (IPS = (%N + %V+ %F)/3), where N is the numeric percentage, V

is the volume pooled percentage, and F is the occurrence frequency.

The trophic niche diversity was calculated using standardised Levin's index (Ba).
Ba=(B-1)/(n-1), where (n) is the prey category and (B) represents Levin's index of
niche breadth: B =1/ Xpi?, being (P) each prey category proportion (i). Ba ranges from 0
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to 1, with values close to '1" indicating generalised diet and values close to '0' specialised
diet. The index is used to verify the overall diet diversity and differences between seasons,
regarding the dry (Bads) and the rainy season (Bars) (Krebs 1999; Mamou et al. 2019).
We calculated diet overlap between females and males and dry and rainy seasons. It was
estimated through the numeric and volumetric niche overlap indices (Pianka, 1973) using
the following formula in R package spaa (Zhang, 2013): OFM = OMF =
Y pMipFi/\(p2Mi) \(p2Fi), where pMi is the male proportion prey category I, and pFi the

female proportion prey category i.

We used the individual-level diet variation index (E) to analyse the presence and
measure the individual specialisation (IS) degree (Araujo et al. 2008). This index is based
on network theory and quantifies the connections' average density, corresponding to the
average dissimilarity among individuals (interindividual variation condition). The values
of E could range from 0 (individuals with identical diets) to 1 (individuals with different
diets), sharing diet components among different degrees. Due to stochastic sampling,
individuals displaying similar diets may be captured by chance with different stomach
content. The lower the number of consumed items, the greater the likelihood the

individuals show different stomach content (Carvalho-Rocha et al. 2018).

We tested if IS was present for its correlation according to sex and seasonal
variation, considering prey number. Based on the PCA component scores, we calculated
a matrix (See supplementary file 2) of pairwise Euclidean morphological distances among
all individuals. We also calculated the PS index, where pik and pjk represent the

proportions of item category k in the diets of i and j individuals, respectively, to generate
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a pairwise diet overlap matrix among individuals. Finally, the correlation between the diet
overlap matrix and seasonal distance matrices was tested using a simple Mantel test
(10000 simulations) (Araujo et al. 2007). We would expect a negative correlation between
matrices of diet overlap and seasonal distances if functional seasonality affects individual
diet, indicating that individuals collected in the same season (small Euclidean distances)

also show similar diets (high diet overlap), regardless of sex.

A network analysis was performed aiming to describe resource patterns used by
each individual. First, we built an individual resource matrix (R), with individuals in
columns and resource categories in rows. Each element rij of R was filled with the number
of ingested preys of resource j by individual i. From R, we depicted bipartite networks,
comprising two sets of nodes (individuals and resource categories) and lines linking each
individual to each of their consumed resources (Pires et al. 2011). Then, we described
resource—sharing patterns between individuals testing for nestedness and modularity in
the individual-resource networks. Nestedness consists in the network propriety, which
indicates the presence of highly connected nodes and other less connected nodes that
interact in most cases with only the highly connected subset of nodes (Guimaraes et al.
2006). Here, nestedness would indicate how much of the most specialist diet represents a
subset of the more generalist ones (Araujo et al. 2010; Pires et al. 2011). All those

analyses were performed using the packages ade4, bipartite and RInSp.

Variances between sex and season were analysed considering individual stomachs
regarding the number and volume of ingested prey (Garda et al. 2014). Generalised Linear

Models (GLM) were performed using the number and volume of ingested prey as
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predictive models to test variance between females and males and dry and rainy seasons.
The GLM was used to avoid the difference between sampling months and, consequently,
captured individuals (predator and prey), using DHARMa and readxl packages (Zuur et
al. 2009). A Linear Regression test (r?) was performed, using SVL as independent
variables (Vitt 1995; Mesquita et al. 2015) to analyse the correlation between morphology

and ingested prey volume.

We also compared the energetical content (proteins, lipids, and glycogen) between
sexes (female and male) and seasons (dry and rainy) through a GLM analysis. Both
factors (sex and season) were tested, considering proteins, lipids, and glycogen as variants
to verify differences in the energetical content according to their interactions. The factors
were tested simultaneously and separately to verify their influence on the energetical
content values. The relationship between the number and volume of prey and energetical
values was measured by Multiple Regression test (r2) using protein, lipids, and glycogen
as dependent variables to associate the condition of the overall stomach content (Mesquita
et al. 2015). The statistical analyses were performed through the R program (v3.6.1 R
Development Core Team 2019), and the individual resource networks were built in Pajek

(<Networks / Pajek (uni-lj.si)>).

Results

A total of 83 individuals were collected throughout the sampling months, and
other 74 were provided from scientific collections, totalling a sample size of 157
individuals, being 63 females (40.1%), 68 males (43.3%), and 26 juveniles (16.5%). The

least correlated measures (HLL, HW, HL, HH, and BH) indicated a lack of significant
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variance in morphology between G. geckoides sexes (ANOVA2 129 F = 21.86, P = 0.74)
(Table 1). The MCA analysis isolated juveniles from adult individuals and differentiated
females and males as similar groups, with some individuals in a transition zone. All
analysed groups presented low variation between individuals (Fig. 2), indicating that the
sexual maturation stage is reached when SVL is above 34 mm for females and males.
Regarding seasonality, ANOVA test did not reveal significant variance for both female

(ANOVA61 F=32.70, P = 0.67) and male (ANOVA 66 F = 31.15, P = 0.15).

The Diet dataset was obtained from dissected stomachs of 131 individuals, being
56 females (42.7%), 66 males (50.3%), and nine juveniles (6.9%). Ten individuals
(7.63%) displayed empty stomachs. Data on 1035 food items was compiled and classified
in 18 different categories, representing 7.90 items/stomach. Diet was mainly composed
of invertebrates (Insects and arachnids) with occasional mineral, sand, and vegetal
sediments (Table 2). The most critical item was Isoptera, representing over two-thirds of
the prey number, almost one-third of the prey frequency, and half of the prey volume.
Coleoptera, Blattodea, and Orthoptera were always among the four most important

categories, considering pooled and individual stomachs.

Considering pooled stomachs, Isoptera and Coleoptera were the most numerically
and volumetrically significant, respectively. Both indices (iis and ips) revealed that half
of G. geckoide’s diet comprised only termites. In addition, Levi's index indicated a low
trophic niche breadth (Ba = 0.27), whereas the trophic breadth revealed higher values (Ba
= 0.56) when excluding termites from these analyses. Regarding seasonality, niche

breadth revealed a lower diversity during the dry season (Bads = 0.52) than the rainy
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season (Bars = 0.68). Diet showed high volume (0.78) and frequency (0.96) overlap
between sexes, as well as between seasons (volume = 0.70; frequency = 0.74), indicating

similar items consumed by females and males.

We found low individual-level diet variation index values, indicating a similar
diet between females and males, with lower variation in the dry season (E = 0.18) than
the rainy season (E = 0.27). That index, as well as the Network analysis, indicated
variation in IS according to seasonality, with females and males displaying a high
frequency of termites' ingestion during the dry season and other prey types (Coleoptera,
Araneae, Hymenoptera, and Orthoptera) being consumed in higher frequency during the

rainy season (Fig. 3).

Regarding individual stomachs, the GLM did not reveal significant variation
between sexes, for both prey number (B = SE = -0.038 £+ 0.025, z = -1.509, p = 0.849;
females: 0.90 + 1.11, males: 0.70 = 0.97) and volume ( £ SE =0.147 + 0.378, z=0.389,
p = 0.697; females: 1.78 £ 2.21, males: 1.39 + 2.17). Regarding seasonality, the GLM
found significant variation in prey number (B + SE = -0.150 = 0.047, z = -3.205, p <
0.001; dry season: 1.29 + 1.14, rainy season: 0.79 £+ 0.69), and volume (f = SE = 0.005 +
0.002, z=1.833, p = 0.05; dry season: 0.76 + 0.41, rainy season: 1.02 + 0.57). Therefore,
both females and males keep the diet at similar proportions, with a greater number of
preys consumed during dry season and higher volume during the rainy season. Prey
volume, in turn, configured a positive and significant relation with SVL and HW,
indicating that the individual's capacity for consumption of higher volumes increases with

morphology. However, linear regression revealed weak relationship for SVL (R? = 0.03,
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F2,08 = 4.33, P = 0.03) and HW (R? = 0.05, F2,53 = 6.48, P < 0.01), indicating

randomness on prey ingestion by G. geckoides.

Forty-eight individuals were used for biochemical tests, with 24 analysed for the
dry season (14 females and ten males) and 24 for the rainy season (13 females and 11
males). Regardless season and sex, the average protein was 0.15 £ 0.07 cal/mg (n = 37;
range = 0.04 — 0.32); lipids 1.92 £+ 1.59 cal/mg (n = 32; range = 0.36 — 6.19), and glycogen
3.54 £ 1.95 cal/mg (n = 35; range = 1.09 — 7.61). GLM test did not reveal significant
variation for amounts of protein and lipid between sexes and seasons, indicating similar
rates consumed between females and males and between dry and rainy seasons (Table 3).
A slightly higher rate was recorded for proteins in females during the rainy season, while
males displayed higher rates during the dry season (Fig. 4a). Regarding lipids, a slightly
higher rate was recorded in females, for both seasons, with higher values obtained during
the dry season (Fig. 4b). On the other hand, glycogen exhibited significant variance
according to season, with greater amounts during the rainy season for both sexes (Table

3 and Fig. 4c).

Multiple regression tests showed positive results and a weak correlation between
nutritional substances and stomach content rates. Proteins exhibited the highest
correlation (45%; CI = 30.67; R2 = 0.45), followed by glycogen (10%; Cl = 5.23; R2 =
0.10), and lipids (8%; CI = 0.67; Rz = 0.08), with no correlation revealing significant
variation (p > 0.05). Regarding prey type, we investigated reference values for four
different morphotypes (Isoptera, Orthoptera, Coleoptera, and Lepidoptera larvae), which

were found individually as stomach content. Despite presenting high Importance indexes,
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Isoptera yielded three to five times less energy of protein content, three to ten times less
energy in lipids, and three to five times less energy in glycogen than other prey types

consumed at a lower frequency (Table 4).

Discussion

The results found in the present study reveals an absence of sexual dimorphism
and seasonal variation of G. geckoides in Catimbau National Park, with half of the diet
comprised of just a single prey type. Our results show individual-level diet variation
patterns in G. Geckoides (Bolnick et al. 2002; Bolnick et al. 2003), implying more similar
diets among individuals during the dry season than in the rainy season, which indicates
an inconstant diet variation across the seasons (Martins et al. 2008). The present study
also suggests that the energy balance in stomach content could be adjusted according to

variations in prey number and volume consumed according to seasonality.

The present study investigated females and males with similar body measures
regarding morphology. In lizards, sexual dimorphism could be related to different
microhabitats, diet, and mating processes (Vitt et al. 2003; Mesquita et al. 2015; Franzini
et al. 2019). It is not uncommon that G. geckoides females and males present similar
morphology considering the high dietary overlap and similarities on microhabitat use
(Vitt 1986; Vitt 1995) and gregarious distribution records during fieldwork. The present
study also showed sexually mature individuals above 32 mm. According to Vitt (1986),
the sexually mature individuals reached maturation after 38 mm (SVL) in the Caatinga
remnant of Exu municipality, Pernambuco, considering the presence of eggs in females.

Despite the low number of gravid females in the present study, it was recorded females
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above 44 mm carrying eggs, reinforcing that the Caatinga domain is not a homogeneous
environment and indicating that sexually mature individuals could wait for better
resources availability and environmental conditions to start the mating process (Vitt 1986;
Mamou et al. 2019). The lack of morphological variation between seasons in G. geckoides
also indicates that the availability of food resources in Catimbau National Park is
sufficient to allow similar growth between individuals (Serrano-Cardozo et al. 2007)
since this species seems to display acyclic and continuous reproduction (Vitt 1986; Vitt

1992; Alcantara et al. 2019).

According to the trophic ecology, it was possible to verify low diversity, such as
high overlap on the G. geckoides population trophic breadth at Catimbau National Park.
This situation is reflected in the disproportional termite representation in pooled or
individual stomachs. Termites constitute a prominent insect suborder, mainly in semiarid
domains like Caatinga (Vitt 1995; Vasconcellos et al. 2010a) and Cerrado (Colli et al.
2003; Amorim et al. 2017), which tends to facilitate nests' construction (90 nests by
hectare — Caatinga) (Vasconcellos et al. 2010a; Souza-Oliveira et al. 2017). In addition,
termites are usually found in rocky outcrops and microhabitats with a high concentration
of organic material like leaf litter, shrubs, and fallen trunks (Colli et al., 2003,
Vasconcellos et al., 2010a). Since such microhabitat is likely to be occupied by G.
geckoides, it is not surprising that a large number and volume of termites are included in

their diet (Vitt 1995; Colli et al. 2003).

Other prey types with high importance Index could be associated with the G.

geckoides foraging habit related to prey availability (Diaz and Carrascal 1993; Alcantara
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et al. 2019). The ingestion of those prey types indicates that G. geckoides present a sit-
and-wait foraging tactic, spending most of the time waiting until preys get closer (Vitt
1995; Mamou et al. 2019; Baker et al. 2021). Therefore, arthropods with high or restricted
mobility, such as Coleoptera, Blattaria, and insect larvae, tend to be captured by this
lizard, characterising an opportunistic behaviour. Such behaviour is led by the prey
availability in the environment (Vitt and Colli 1994; Oliveira and Pessanha 2013;
Alcantara et al. 2019; Baker et al. 2021), which seems to vary according to climate and
landscape conformation changes (Vasconcelos et al. 2010a; Vasconcelos et al. 2010b;

Ferreira et al. 2013).

The present study indicates a variation in G. geckoides behaviour (Bolnick et al.
2002; Desfilis and Font 2002). Individuals tend to be more proactive during the dry
season, searching more intensely for termites' nests, a more guaranteed feeding source
due to the lack of other prey types. On the other hand, as long as the food availability
increases with rainfall levels, G. geckoides seem to display a stationary behaviour, often
capturing different prey types (Martins et al. 2008). Those variations on feeding habits
seem to help G. geckoides remain adaptable to environmental changes, mainly
considering prey availability (Desfilis and Font 2002). According to prey type ingested,
our results corroborate with previous studies involving neotropical lizards inhabiting
seasonal environments, including G. amaralli (Colli et al. 2003; Amorim et al. 2017);
other populations of G. geckoides (Vitt 1995; Souza-Oliveira et al. 2017), Ameiva ameiva
(Vitt and Colli 1994), Tropidurus semitaeniatus and T. hispidus (Kolodiuk et al. 2010),
Polychrus acutirostris (Garda et al. 2012), and Anotosaura vanzolinia (Oliveira and

Pessanha 2013).
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We also revealed significant variations in prey number and volume in stomach
content according to the season. Predation of small social arthropods is generally
advantageous for lizards because it represents a good food option to obtain energy
(Oliveira and Pessanha 2013; Souza-Oliveira et al. 2017; Alcantara et al. 2019). For G.
geckoides, the energy difference seems to be offset by both prey number and volume
ingested, which is evidenced by the increase of prey number and decrease of volume
consumption during the dry season, whereas the volume and diversity of prey consumed
increases during the rainy season (Vitt et al. 2001; Mamou et al. 2019). Hence, as the
landscape conformation changes at seasonal environments, mainly due to increased
rainfall levels, some arthropod orders also proliferate (Nobre et al. 2008; Ferreira et al.
2013), turning into better predation opportunities for G. geckoides. The lack of differences
in niche breadth between sexes could be associated with the lack of sexual dimorphism,
related to gregarious social behaviour, similarity in microhabitat use, and foraging tactics,
which keeps prey variation similar between sexes (Vitt 1995; Franzini et al. 2019). This
situation also tends to be explained by the biochemical tests performed in the present

study.

The biochemical tests allowed the description of the average protein, lipid, and
glycogen available in stomach content from sexually mature G. geckoides individuals. In
addition, it was possible to establish a primary nutritional value from some prey types
individually. Our results indicate that protein and lipids levels do not vary significantly
considering sex and seasonality. On a progressive scale, glycogen will be firstly
metabolised, liberating glucose in its absence. Then, lipids will be released for energetic

metabolism, generating an ecological cause and effect cycle (Karasov and Martinez Del
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Rio 2007; Pafilis et al. 2007). Since sugar absorption constitutes a temperature-sensitive
process, which increases at higher temperatures (Berne and Levy 1996), sugar—digesting
enzymes seem to show higher activity during the dry season, which presents warmer
environments at the Caatinga domain (Pafilis et al. 2007). It also seems associated with
higher energy demand for the lizards due to the termites' nest search. In addition, the
higher ingestion of energetically advantageous prey and higher volume during the rainy
season can lead to a later digestion and glycogen absorption (Souza-Oliveira et al. 2017,

Alcantara et al. 2019).

Once G. geckoides is classified as a sit—and—wait forager (Vitt 1995; Alcantara et
al. 2019), individuals tend to spend little energy to capture prey, being more selective
according to prey availability (Diaz and Carrascal 1993; Vitt 1995). In this sense, the
rainy season presents higher availability of energetically advantageous prey (Souza-
Oliveira et al. 2017; Alcantara et al. 2019). On the other hand, lipids and proteins
constitute stable organic compounds consumed at similar rates in both seasons, possibly
used at a lower frequency compared to glycogen. Our records of isolated prey indicate
that one or two units of prey like Orthoptera and Lepidoptera larvae may yield the same
calories from nutritional substances of about 5 to 11 units of other prey types like termites,
reinforcing theories about energetically and non—energetically advantageous preys (Costa

et al. 2008; Souza-Oliveira et al. 2017).

According to Vitt (1995), the G. geckoides diet was mainly composed of termites
and a few other prey types. Therefore, this lizard seems to keep a similar prey composition

in the diet. In addition, the present study represents the first effort to understand the
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energetical values presented in the G. geckoides stomach content, added to the first effort
to describe morphology and trophic ecology for this species in the Catimbau National
Park. The present study also reinforces the importance of more definitive studies using
lizards and other vertebrates as models to understand energetical needs in several
populations. The lack of this information for Brazilian species makes it impossible to
perform accurate comparisons between lizards regarding energetical values of stomach

content.
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Legend of Figures

Fig. 1. Map of Pernambuco (PE) State in Brazil, location of Catimbau National Park

inside the state and the municipalities that border the CU.

Fig.2. MCA Analysis for juvenils, females and males of Gymnodactylus geckoides in
Catimbau National Park (PE), using adjusted — size of HLL, HW, HL, HH, BH and Jaw
Width (JW). It was seen negative correlation, between HLL and HL, and HL and BH (All
above -0.2), while other meansurements revealed positive correlation (between 0.2 and

0.6).

Fig.3. Qualitative individual-resource matrices and networks of Gymnodactylus
geckoides, at Catimbau National Park. In the matrices, cells indicate a given individual in
their respective groups, regarding sex (Female and Male) and seasonality (Dry and Rainy)
(rows) consuming distinct prey typesin different intensity (columns). In the networks,
circles represent individuals, triangles represent resources and lines represent the

consumption of a given resource by an individual according to seasonality.

Fig.4. Variation of Proteins, Lipids and Glycogen regarding gender (Female and male)
and seasons (Dry and rainy), in stomach content of G. geckoides sampled, in Catimbau

National Park (PE).
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Figure 1. Map of Pernambuco (PE) State in Brazil, location of Catimbau National Park inside the state and

the municipalities that border the CU.
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Fig.2. MCA Analysis for juvenils, females and males of Gymnodactylus geckoides in Catimbau National

Park (PE), using adjusted — size of HLL, HW, HL, HH, BH and Jaw Width (JW). It was seen negative

correlation, between HLL and HL, and HL and BH (All above -0.2), while other meansurements revealed

positive correlation (between 0.2 and 0.6).
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Table 1. Average morphometric measurements for male and female Gymnodactylus geckoides, sampled
between setember 2018 and august 2019 and 2014, in Catimbau National Park (PE). Values represent mean
+ standard deviation, and range of isometric body size and shape (size-free) variables of each body shape

measured (mm).

Variables Females (n =63) Males (n = 68)

Snout-vent length 40.03 £4.92 40.93 + 2.74
(30.95-47.25) (32.11-45.74)

Body width 8.35 + 1.67 8.02 + 1.01
(5.74 — 13.3) (5.84 - 9.79

. 5.71 + 1.26 5.64 + 0.99
Bodyheight /05 "871)  (a.04-7.74)
Head height 4.31+0.59 450 +0.75

(333-5.44)  (3.42-6.69)
Head width 6.18 £ 0.77 7.13+0.89

(5.02-898)  (5.15-852)
Head length 10.73+150  10.36+ 1.59

(8.64—14.44)  (8.81-13.66)

Forelimb length 11.15+2.18 1156 £ 2.14
(8.20 — 15.58) (8.18 — 15.94)

1475 +£2.42 15.12 +2.10

Hindlimb length (11.07 - 19.06)  (11.24 — 18.84)
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Table 2. Diet composition of the 131 Gymnodactylus geckoides captured in Catimbau National Park (PE).
n = prey number; v = prey volume; SD = Standart deviation; f = number of stomachs which contained the

prey; ips — Importance index of pooled stomachs; iis — Importance index of individual stomachs.
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Pooled stomachs

Individual stomachs

category o g N n% v V% ips n+SD N%+SD V+SD V%:£SD is
Arachnid
Aranae 28 11.72 36 3.48 237.55 2.77 5.99 0.27 £ 0.53 3.48 + 0.05 1.81+16.7 2.77 £0.19 3.13
Pseudoscorpion 3 1.26 3 0.29 3.02 0.04 0.53 0.02 0.29 0.02 £ 1.36 0.04 £0.02 0.17
Insect
Blattodea 10 4.8 11 1.06 1390.76 16.20 7.15 0.08 £ 0.32 1.06 £0.03 10.62+323.64 16.20+3.77 8.63
Coleoptera 58 24.27 82 7.83 212.88 2.48 11.53 0.63+0.75 7.92 +0.07 1.63+8.28 2.48 +0.10 5.20
Diptera 5 2.09 6 0.58 4.62 0.05 0.91 0.05 +0.45 0.58 + 0.04 0.04 0.05 0.32
Hemiptera 2 0.84 5 0.48 58.30 0.68 0.67 0.04 £0.71 0.48 + 0.07 0.45+39.13 0.68+0.46 0.58
Hymnoptera 25 10.46 45 4.35 313.58 3.65 6.15 0.34+£1.08 4.35+0.10 2.39+£5155 3.65%0.62 4.00
Isoptera 66 27.62 802 77.49 4239.49 49.37 51.49 6.12 +12.12 77.50+1.16 32.36+146.13 4937170 63.44
Lepdoptera 5 2.09 5 0.48 39.28 0.46 1.01 0.04 £0.35 0.48+0.03 0.30+215.99 0.46+252 0.47
Mantodea 1 0.42 1 0.10 0.01 0.10
Neuroptera 1 0.42 1 0.10 107.63 1.25 0.59 0.01 0.10 0.82 1.25 0.68
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Odonata
Orthopthera
Larvae
Coleoptera
Insect larvae
Lepdoptera
Odonata
Vertebrate
Sgquamata

Total

15

2.09

6.28

0.84

2.51

2.09

0.42

0.42

16

1035

0.58

1.55

0.29

0.58

0.48

0.10

0.10

230.57

1052.57

98.94

129.71

463.86

4.82

2.68

12.26

1.15

1.51

5.40

0.06

1.79

6.69

0.76

1.53

2.66

0.19

0.05+0.55

0.12 +0.26

0.02+0.71

0.05

0.04

0.01

0.01

0.58 + 0.05

1.55+0.02

0.29 +41.92

0.58

0.48

0.10

0.10

1.76 + 42.69

0.76 + 0.07

0.99 + 39.37

3.54 + 87.88

0.04

2.69 +0.50

8.03+121.17 12.26+1.41

1.15+0.49

1.51 +0.46

54+1.02

0.06

1.64

6.91

0.72

1.05

2.94

0.08
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Table 3. ANOVA tests for energetical support of Proteins, Lipids and Glycogen in stomach content of G.
geckoides, regarding gender (Female and Male) and season (Dry and Rainy) in Catimbau National Park
(PE). Tests performed with with each factor analysed (Gender and Season), upon tested together for each

component analised. * indicates significant variation (< 0.05).

Protein (cal/mg) Lipid (cal/mg) Glycogen (cal/mg)

Sumsq Df F-value P-value Sumsq Df F-value P-value Sumsg Df F-value

P-value

(Intercept) 0.311 34 55.669 <0.001* 28.260 28 13.973 <0.001* 93.156 32 35.337
Gender 0.002 34 0.529 0.471 0429 28 0.212 0.648 5247 32 1.990

Season 0.007 34 0.094 0.760 0.183 28 0.09 0.764 39.069 32 14.830

<0.001*

0.167

<0.001*

Table 4. Reference values of energetical support, for protein, lipid and glycogen, of different prey types
founded isolated in individuals stomachs of Gymnodactylus geckoides sampled in Catimbau National Park

(PE).

Morphotype prey Protein (cal/mg) Lipid (cal/mg) Glycogen (cal/mg)

Isoptera 0.03 0.31 0.33
Orthoptera 0.12 3.43 1.31
Coleoptera (larvae) 0.09 1.14 0.81
Lepidoptera (larvae) 0.16 1.08 1.81
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Fig.3. Qualitative individual-resource matrices and networks of Gymnodactylus geckoides, at Catimbau
National Park. In the matrices, cells indicate a given individual in their respective groups, regarding sex
(Female and Male) and seasonality (Dry and Rainy) (rows) consuming distinct prey typesin different
intensity (columns). In the networks, circles represent individuals, triangles represent resources and lines

represent the consumption of a given resource by an individual according to seasonality.
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Abstract

Body temperature, as well as microhabitat use, constitute wide importance patterns,
especially for ectothermic vertebrates, allowing us to explain patterns in their biology and
natural history. In the present study, we aimed to analyze the microhabitat use and thermal
ecology of Gymnodactylus geckoides Spix, 1825 (Squamata, Phyllodactylidae) sampled
in Catimbau National Park, a Caatinga remnant. Among individuals obtained,
microhabitat use was observed inside bromeliads and leaf litter, followed by on rocky
outcrops, fallen trunks and rocks. The microhabitats used did not differ by season or
group, with variability only detected depending on environmental condition. Although
lizards were found during both periods, the usual activity time for G. geckoides seemed
to be at night, with some individuals observed during twilight. Body temperature, as
expected, showed a high correlation with substrate and air temperatures temperature,
without differences between groups. Regarding environmental factors, only sunlight
intensity revealed significant variation, with juveniles foraging on sites during periods of
daylight. Despite the study not revealing significant differences between females and
males, anthropic environments tended to display greater temperature variability, both for
environmental and body temperature, as well as humidity, than the conserved
environment. Finally, our distribution model allowed us to observe G. geckoides
inhabiting lower elevations, influenced by microhabitat availability. The present study
allowed us to describe G. geckoides as a terrestrial, thermoconformist and generalist
lizard with a preference for shaded areas, according to microhabitat use. It also represents

the first effort to create a distribution model for this lizard in Caatinga domain.

Keywords: Gecko; Tropical dry forest; Environmental temperature; Substrate

temperature; Lizard.
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1. Introduction

Knowledge of the natural history of a species is crucial to understand its ecology,
such as ecological patterns (Rocha and Bergalo, 1990; Kiefer et al., 2005). For lizards,
microhabitat use, together with thermoregulatory behavior, consist of high importance
patterns which allow us to understand several functions, such as reproduction (Colli et
al., 2003; Pontes-da-Silva et al., 2018), thermoregulation (Caruccio et al., 2010; Jorge et
al., 2020) and prey capture (Mesquita and Colli, 2003; Dias and Rocha, 2004). These
aspects can also be useful to demonstrate the relevance of different microhabitats for

species conservation (Vitt, 1995; Souza-Terra et al., 2018).

According to Adolph (1990), natural selection involves the use of microhabitats
and suitable thermal conditions, as well as species behavior, which leads to the many
thermoregulation strategies adopted by different lizard species, as well as adjustments to
their activity periods (Hertz, 1992; Souza-Terra et al., 2018), shuttling between different
thermal microhabitats (Bauwens et al., 1996; Sears et al., 2016), and adjusting their
body posture (Bauwens et al., 1996; De Lanuza et al., 2016). In addition, microhabitat
use can be influeced by many factors such as: interspecific competition (Dias and rocha,
2004), predation (Caruccio et al., 2010), species morphology (Scheibe, 1987; Mesquita
and Colli, 2003) and seasonality and ontogenetic changes (Colli et al., 2003; Mesquita
et al., 2015). Such factors, together with microclimatic variations could explain the
microhabitat selected during both the activity and inactivity periods (Hatano et al.,
2001; Caruccio et al., 2010).

Studies of microhabitat use also allow us to perform modeling and detection
process (Caruccio et al., 2010), which can increase our knowledge of species
distribution, or population, in a given site, through the correlation of different factors,
such as: activity period, environment and microhabitat conditions (Caruccio et al., 2010;
Caruccio et al., 2011), with ecological aspects observed at the study site (Pontes-da-
Silva et al., 2018). Geographical variations in physiological traits, between and within
populations, usually result from plasticity or adaptation, displaying the spatial structure

of adaptive potential throughout species distributions (Caruccio et al., 2010; Pontes-da-

71



Silva et al., 2018). As such, differences in physiological traits and sensitivity to
temperature can lead to differences in vulnerability for populations or different species,
according to local habitat structure (Pontes-da-Silva et al., 2018; Souza-Terra et al.,
2018).

Several studies have reported the microhabitat use and thermal ecology of
various neotropical lizards that inhabit dry forests of arid shrubby Morphoclimatic
Domains, like Caatinga and Cerrado (Vitt, 1995; Colli et al., 2003; Hatano et al., 2001;
Dias and Rocha, 2004), including Gymnodactylus geckoides Spix, 1825 (Vitt, 1995).
This species is endemic to the Caatinga, occuring from Rio Grande do Norte to Bahia
state (Costa and Bérnils, 2018), being of small port and predominantly terrestrial (Vitt,
1995; Alcantara et al., 2019). Changes to climate, such as landscape modification, can
affect organisms in different ways in terms of their thermoregulatory behaviour and
microhabitat use (Caruccio et al., 2011; Souza-Terra et al., 2018). Important studies are
currently being carried out in order to understand thermal ecology and microhabitat use
of neotropical lizards and their vulnerability to those changes (Caruccio et al., 2010 ;
Pontes-da-Silva et al., 2018).

Taking this into account, the present study aims to analyse the microhabitat use
and thermal ecology of G. geckoides, associated with climate factors such as
temperature, humidity and light intensity, in Catimbau National Park region, also
considering altitude, substrate heigth and environmental conditions. Herein, we focused
on the following aspects: (1) microhabitats used by G. geckoides are chosen by
preference or availability? (2) what time of the day do G. geckoides display activity and
abundance? (3) are there differences in microhabitat use by G.geckoides in terms of
gender, ontogenetically and seasonality considering the landscape changes at the
Caatinga domain? (4) what body temperatures does the species present in the field and

to what extent is this related to air and substrate temperatures?
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2. Material and Methods
2.1 Study site

This study was carried out in the Conservation Unit (CU), Catimbau National
Park. The CU corresponds to a Caatinga remnant, located in the Vale Ipanema region,
comprising the municipalities of Buique, Sertania, Ibimirim and Tupanatinga, central
region of Pernambuco state. The CU is situated on sedimentary deposits of Tacaratu
formations (Ferreira, 2010) (Fig. 1). The CU displays an area of about 62.000 ha, with
altitudes reaching from 600 m to 1000 m above sea level. The climate is semi-arid, with
rainfall varying from 0 mm to 256 mm and the rainy period concentrated between March
and July, while mean annual temperature is 23°C (ICMBio, 2019; INMET, 2019). The
majority of the landscape includes typical shrubby and herbaceous vegetation, sandy soil
and rocky fields, containing perennial and deciduous flora (Sousa et al., 2012). However,
a few areas inside the park display urban environments, including housing and grazing
areas (IBGE, 2017).

2.2 Data Collection

Lizards were collected manually by active search, performed monthly from
September 2018 to August 2019, with the aim of describing seasonal variation in the
ecological patterns studied (Souza-Terra et al., 2018). Sampling was performed during
two sessions: day and night, with the goal of observing activity and inactivity periods,
which were classified according to the sighting of individuals moving around or just
hidden (Kiefer et al., 2005; Caruccio et al., 2010). We walked by a trail aproximately 300
m in extent sand, for 30 min, at hourly intervals for three days, during the day (between
9:00h and 14:00 h), as well as the night (between 16:00h and 20:00 h), usually with
collections and observations made by a pair of observers. Microhabitat use was
documented through data gathering or visual records, together with date and time of
capture and substrate depth for soil (Colli et al., 2003). At the time of capture, Body
Temperature (BT), Air Temperature (AT) (5 cm above ground), Substrate Temperature

(ST) and Humidity (HU) were recorded using digital thermohygrometers (0.1°C), as well
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as Ligthsome Intensity (LI), with digital luxmeter (Colli et al., 2003; Caruccio et al.,
2010).

Specimens collected were separated according to month collected, and by
category (Adult female, adult male and juvenile). After collection, each individual was
weighed, using a digital scale (0.001 g) and euthanized using liquid Ketamine through
intramuscular injection, in order to kill the lizards without pain. The collections were
authorized by the Animal Use Environmental Agency (SISBIO # 64455-1), and Ethics
Committee (CEUA UFRPE 123/2018).

The Distribution Model was created to display the distribution pattern of G.
geckoides for two different environmental conditions: anthropic (8°34°06”S
37°14°38”W) and conserved (8°35°42”S 37°15°08”W) (Fig. 1). Areas displaying
modified landscape (urban environments, housing, pecuary and grazing areas), were
considered as antropized. To detect lizard abundance, sampling was carried out during
both active and inactive periods, sampling only individuals found in sheltered sites.
Individuals were sampled during both dry and rainy seasons, being collected along the
transect drawn according to different altitudes (from 700 to 800 m above sea level). The
Main Matrix was created with the number of specimens found at each altitude, separated
according to season and environmental condition. Following this, the Main Matrix was
combined with the Secondary Matrix, which includes microhabitat used, soil condition
and altitude, with the aim of indicating tendencies to find G. geckoides regarding different
characteristics in both environmental conditions, as well as season, using permutation and

scaling analysis.

2.3 Data Analyses

Microhabitat use was analyzed according to type, individual category, season and
environmental conditions. Frequency of substrate type for groups of individuals (Adult
female, adult male and juvenile), as well as season (Dry and rainy) and environmental
condition (Anthropic and conserved), were compared using the Chi-square test (Colli et
al., 2003). For each group, substrate preference was analyzed via Principal Component

Analysis (PCA), using the packages xlsx, FactoMiner and factoextra (Caruccio et al.,
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2010). To verify differences between dry and rainy season, females and males, antropic
and conserved environments, as well as activity time, an ANOVA test. We performed
ANOVA tests for each classification, using these elements (Season, group and
environmental conditions) as covariates (Zar, 1999).

The correlations between BT and two other recorded temperatures (AT and ST)
were evaluated according to Linear Regression test (R?), using BT as the dependent
variable (Souza-Terra et al., 2018). The differences in mean body and substrate
temperature, between groups and substrate type, were tested using ANOVA and post-hoc
Tukey-test (Kiefer et al., 2005). Regarding environmental patterns recorded (BT, AT, ST,
HU, LI), as well as substrate height (SH), the differences were compared through the
ANOVA test, using group, season and environmental condition as covariants (Caruccio
etal., 2010; Souza-Terra et al., 2018). For each microhabitat type, environmental patterns
were analyzed using Generalized Linear Model (GLM) tests, with the goal of verifying
the degree and their percentage of influence, using the package readxl (Caruccio et al.,
2011). All analyses were performed using the R Program (v3.6.1 R Development Core
Team 2019).

To carry out the modelling process and understand how the species uses the
environment, permutation analyses were applied, seeking to test the hypothesis of
differentiated use between the seasons sampled (dry and rainy) and according to the
environment condition (anthropic and conserved). Additionally, NMDS scaling analysis
was used to reveal patterns of use in the sampling units. All these analyses were carried
out with the PCOrd program (Mazerolle et al., 2007).

3. Results
A total of 100 records of G. geckoides were obtained throughout the study,
encompassing 81 adults (40 males and 41 females), 13 juveniles, and 6 individuals (when
it was not possible to identify sex or age). The mean temperatures recorded at the moment
of animal capture were: body temperature (dry season: 28.90 + 3.73 °C, range: 22.1 —
37.9 °C, n = 52; rainy season: 27.55 + 3.29 °C, range: 20.9 — 33.9 °C, n = 42); substrate
temperature (dry season: 29.90 + 4.43 °C, range: 22.9 — 39.2 °C, n = 52; rainy season:
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28.80 = 3.25 °C, range: 23.7 — 36.2 °C, n = 42); air temperature (dry season: 29.10 + 4.01
°C, range: 22.9 — 38.7 °C, n = 52; rainy season: 28.60 + 3.26 °C, range: 23.3-35.9 °C, n
= 42). For the environmental patterns the following means were observed: Lightsome
intensity (dry season: 60.2 + 43.46 ft, range: 0.05 — 161.2 ft, n = 26; rainy season: 18.2 +
32.52 ft, range: 0.04 — 100.0 ft, n = 29); Humidity (dry season: 45.5 £ 16.91%, range: 30
— 85%, n = 52; rainy season: 58 + 13.84%, range: 31 — 82%, n = 42); Substrate height
2.70 £ 9.52 cm (range: 0 — 60 cm, n = 100).

In the present study, specimens were observed in five different microhabitats:
Inside bromeliads, on rocky outcrop, leaf litter, bricks and fallen trunks. The main
microhabitat used was leaf litter (38%), followed by inside bromeliads (28%) (always the
same species Encholirium spectabile Mart. ex Schult (Pitcairnioideae)), rocky outcrop
(15%), fallen trunks (14%) and under bricks (5%) (Fig. 2). Ninety-three (93%)
individuals were found in sheltered environments, while the remaining individuals were
found on rocks (5%), fallen trunks (1%) or on the ground (1%). All individuals were
motionless when initially sighted, with 77% of individuals remaining still after the

environment was disturbed, while the remaining individuals fled to the nearest shelter.

For microhabitats used, Chi Square tests did not reveal significant variance
between females and males (Chi2 = 3.44, df = 4, p = 0.48), or seasonality (Chiz = 1.40, df
= 4, p = 0.84), whereas significant variance between environmental conditions was
observed (Chi2z = 71.22, df = 4, p < 0.001). Although Correspondence Analysis did not
reveal robust evidence (x2 > 0.05), a fairly high use of “leaf litter” was recorded for
females and males, whereas juveniles tended to use “rocky outcrops”, being performed
just with individuals captured in anthropogenic environments, which have rather variation
of microhabitats used. Despite the low number of juvenile individuals recorded, G.
geckoides tend to display some preference for certain microhabitat types during different
lifestages, in anthropic environments. In conserved environments, the preference is

mainly for bromeliads.

As expected, according to time of day, individuals were found foraging on the

ground, only during nocturnal collections. Diurnal collections only revealed motionless
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individuals above sheltered environments. During the morning, the rather frequencies
were obtained between 10:00 and 11:00 am, with no lizards being observed from 13:00
pm onward. The activity period revealed higher frequencies of individuals, especially
during twilight (17:00 to 18:00 pm) (Fig. 3). Despite the relevant abundance during the
dry season, an ANOVA test did not reveal significant variation in lizard frequency
depending on seasonality (ANOVAy, 149 = 12.800; Df = 1, p = 0.25), whereas rather
frequency was seen during twilight (17:00 to 18:00 pm) considering both seasons
(ANOVA 1,354 = 76.166, Df = 3; p < 0.001).

Linear regression analysis (R?) indicated a positive and significant relation
between body temperature and both air (1 = 3.88; R2 =0.74; p < 0.001) and substrate (I =
3.22; Rz = 0.70; p < 0.001) temperatures, indicating a strong influence on
thermoregulation from both (Fig. 4). The ANOVA test did not reveal significant variance
in body temperature between groups (ANOV Ao 044 = 10.056, Df = 2, p = 0.46), indicating
similar body temperatures for juveniles, females and males. Regarding microhabitat types
used, there were no significant differences in mean body temperature (ANOVA2.021 =
24.370, Df = 4, p = 0.09), which had been observed for substrate temperature
(ANOVAsze21 = 50.140, Df = 4, p < 0.001). Tukey test revealed significant variation for
both temperatures tested, among the most used microhabitats (Bromeliad and Leaf litter),

as well as between leaf litter and bricks for substrate temperature (Table 1).

For the parameters studied, ANOVA tests revealed significant variation for LI
between groups, indicating that juveniles tend to forage more in places with higher light
intensity than females and males, while males tend to forage more under higher LI
conditions than females, mainly during the dry season. On the other hand, AT, BT and
HU revealed significant variance between environment conditions, mainly during the
rainy season, when considering anthropic environments (Table 2). The GLM test revealed
significant influence for SH, when considering the rocky outcrop microhabitat, as with
BT and LI, when considering bricks. A positive relation between substrate depth and
rocky outcrops was recorded (B£SE = 0.105 £ 0.052, z = 2.007, p = 0.04), whereas body

temperature and lightsome intensity revealed a negative (B+SE = -1.092 + 0.523, z = -
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2.086, p = 0.03) and positive relation (B+SE = 0.073 = 0.032, z = 2.286, p = 0.02),
respectively.

The distribution model revealed significant variation at the different altitudes sampled
(MRPP: Ao.s; t = - 4.43; p <0.001), for both anthropic and conserved environments. G.
geckoides abundance was higher at lower elevations (750m to 770m above sea level),
than at higher elevations (780m to 800m above sea level), regardless of seasonality or
environmental conditions. Of the variables used, six were most relevant: presence of leaf
litter, bromeliad, fallen trunks, rocks, temperature and altitude (750m, 760m and 780m).
These variables demonstrate that G. geckoides is more easily found in leaf litter and on
fallen trunks, when being sampled in anthropic environments, while in conserved
environments it is mainly associated with bromeliads. This lizard can be more easily

found between 750m and 770m in both environmental conditions (Fig. 5).

4. Discussion

Gymnodactylus geckoides tend to seek out shaded habitats, so as to avoid direct
sunlight, especially during the hottest hours of the day, basking mainly during late
afternoon. Despite being associated with rocky outcrops, our records in Catimbau
National Park indicate that this lizard can use diverse microhabitats to a similar degree,
making its classification as a rupicolous species strictu sensu, unfeasible (Vitt, 1995;
Alcantara et al., 2019). G. geckoides females and males did not differ in terms of
microhabitat use, with low movement rates, even after being approached, typically
indicating sit-wait behavior. However, by contrast with previous studies, G. geckoides
seems to display nocturnal activity, with higher activity during late afternoon until 21:00h
(Vitt, 1995), which can be demonstrated by the lack of individuals exposed and foraging

during diurnal collections (Kiefer et al., 2005).

Geckos tend to use rocky outcrops and bricks in seasonal environments, with
higher elevations, as well as warmer spots during the day, offering a better source for
thermoregulation, as well as more protected sites (Vitt, 1995; Colli et al., 2003). After
light incidence, those microhabitats tend to reach quite low temperatures, leading

individuals to leave this site, with the aim of keeping body temperature elevated for
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longer, especially during active periods (Caruccio et al., 2010; Caruccio et al., 2011). On
the other hand, another kind of microhabitat, such as leaf litter and bromeliads, could
display constant thermoregulation, as well as food and protection sources, being inhabited
by G. geckoides regardless of the activity and inactivity times (Rocha and Bergallo, 1990;
Jorge et al., 2020). This situation, together with the significant variance recorded between
most microhabitats used, when considering body and substrate temperatures, reinforces
that those differences in microhabitat use seems to be more associated with their
availability in the environment (Scheibe, 1987; Caruccio et al., 2010), when taking into
account conserved and anthropic environments (Souza-Terra et al., 2018). Since each
microhabitat observed was used to a similar degree, both female and male G. geckoides
probably display the same opportunities for thermoregulation (Adolph, 1990; Carrucio et
al., 2010).

Low body temperature seems to be a characteristic of gekkonids, especially in
Gymnodactylus genus (Vitt, 1995; Colli et al., 2003), indicating high thermoregulation
abilities of G. geckoides (Huey and Webster, 1976; Souza-Terra et al., 2018), such as
dependency from both temperatures (Kiefer et al., 2005). Significant association between
body, environmental and substrate temperatures, suggests that this species is a
thermoconformist (Vitt, 1995). The higer body temperature, compared to G. amaralli in
Cerrado domain (Colli et al., 2003) and G. darwinii in Atlantic Forest (Unpublished data),
possibly could be associated with higher environmental temperatures, as well as open
areas, in the Caatinga domain (Bergallo and Rocha, 1993). In addition, studies with
another lizard species in seasonal environments have demonstrated that dark coloration
can help with thermoregulation, optimizing quick heat absorption when heat becomes
available (Adolph, 1990; Carrucio et al., 2010). This could be very useful for lizards
inhabiting environments like Caatinga, to be able to optimize heat absorption and remain
less exposed during the warmer daytime, and to protect against predators (Carrucio et al.,
2010; Carrucio et al., 2011), also reflecting their lower thermal requirements, avoiding

extreme environmental temperatures in Caatinga (Hatano et al., 2001).

According to the environmental patterns analyzed, it was possible to observe that

they do not present strong influence on this species, since females, males and juveniles
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were recorded during both seasons (Scheibe, 1987; Alcantara et al., 2019). The difference
of lightsome intensity could be explained by different behaviors and metabolism. Since
juveniles tend to present faster metabolism, it is unsurprising that individuals, at this
stage, look for environments with higher sunlight incidence, especially to thermoregulate,
(Vitt, 1995; Carrucio et al., 2010). Males, in turn, could spend more time in shelters, but
on some occasions their observation tended to be associated with mating, which could be
intensified during the dry season (Colli et al., 2003; Alcantara et al., 2019). Unrelated to
this, most G. geckoides activities seem to occur in sheltered environments, regardless of
time of activity (Vitt, 1995). Despite not influencing the species frequency, the different
rates of detection recorded between anthropic and conserved environments, indicate that
native vegetation, like E. spectabile, could act as a potential regulator of environmental
variations in Caatinga Domain (Jorge et al., 2020).

Regarding the modelling process, our results tend to classify G. geckoides as a
terrestrial lizard (Vitt, 1995). In addition, our dataset allows us to infer that this is a
terrestrial species, well adapted to environmental changes, since its abundance remained
fairly constant regardless of season (Dry and rainy), as well as environmental condition
(conserved or anthropic) (Sears et al., 2016; Jorge et al., 2020). The lack of microhabitats
at higher altitudes, especially in anthropic environments, seems to lead G. geckoides to
inhabit less elevated sites (From 750m to 770m above sea level). Conserved
environments, in turn, seem to maintain the main microhabitat for this lizard (Bromeliad)
at higher altitudes, which allows G. geckoides to reach slightly elevated places within this
environmental condition (up to 780m above sea level) (Sears et al., 2016). In conserved
environments, G. geckoides seems to select bromeliads, which could display greater prey
abundance, as well as being an important site for thermoregulation and reproduction
(Souza-Terra et al., 2018; Jorge et al., 2020).

The present study indicates that G. geckoides could react quite well to large scale
climate change (Colli et al., 2003; Souza-Terra et al., 2018), especially considering their
generalist habits (Vitt, 1995; Kiefer et al., 2005). Those adaptations can be associated
with several activities performed by this species in these microhabitats, including feeding,

thermoregulation, reproduction, protection against predators, as well as other inter and
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intraspecific interactions (Vitt, 1986; Vitt, 1995; Jorge et al., 2020). On the other hand,
current models predict mass extinctions of species over the next decades, which has been
aggravated due to global warming and environmental modifications (Pontes-da-Silva et
al., 2018). Therefore, a decrease in Morpho-climatic Domains, as well as the reduction of
possible predators, could generate an increase in remnant populations, consequently
elevating the competition process, being inter or intraspecific, due to scarce resources
such as food and habitat. This situation could occur mainly in seasonal environments like
Caatinga, where resources are limited during certain periods, and may, therefore, be
aggravating for G. geckoides populations in a few decades (Souza-Terra et al., 2018;
Pontes-da-Silva et al., 2018).

The present study also indicates that populations of this species may also exhibit
an ability to acclimate to environments and landscape changes, which is typical of the
well-established relationship of gecko lizards with the environment that they inhabit. In
conclusion, microhabitat use may have functional consequences for G. geckoides,
especially for thermoregulation, since the lizards selected shelters adequate to their
thermoregulatory needs. Aiming to avoid predators and high light intensity, G. geckoides
tend to thermoregulate in sheltered environments, spending less time in exposed
environments. The present study highlights the need for further research involving
thermoregulation, microhabitat use, and distribution modelling, including different
locations and habitats of the Caatinga, so as to be able to evaluate different

thermoregulatory strategies used by ectothermals.
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Figure 2. Microhabitats where G. geckoides were observed and collected according to Dry (n = 58) and
Rainy (n= 42) season, as well as Anthropic (n = 57) and Conserved (n = 43) environments in the study site,

Catimbau National Park between September 2018 and August 2019.
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Figure 3. Frequency of G. geckoides (n = 100) found during each hourly interval at Catimbau National
Park, Buique, Pernambuco. Daylight (8:00 — 12:00) interval indicates the time of inactivity, while

Nocturnal (16:00 — 20:00) indicates time of activity.
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Figure 4. Linear regression analysis displaying positive relation between body temperature, from G.
geckoides individuals, and air temperature (A) and substrate temperature (B) in the study site, Catimbau

National Park, municipality of Buique, Pernambuco state, between September 2018 and August 2019.
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Figure 5. Distribution of G. geckoides in the Catimbau National Park, Pernambuco, Brazil, according to

season and collection area, considering the most relevant variables. Alt_760 = Altitude (760m above sea

level); Alt_750 = Altitude (750m above sea level); Alt_780 = Altitude (780m above sea level); Hab_Tro =

Fallen trunks; Hab_Ser = Leaf litter; Hab_Mac = Bromeliad. 1- Anthropic environment during dry season;

2 - Anthropic environment during rainy season; 3- Conserved environment during dry season; 4 -

Conserved environment during rainy season. The regions with the largest extension and largest area indicate

the locations with the highest abundance of individuals according to the MRPP (p < 0.001).
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Table 1. Results of Tukey Test (pairwise mean differences) for statistical analysis of differences between
mean substrate (ST) and body (BT) temperatures in population of Gymnodactylus geckoides sampled in
Catimbau National Park between September 2018 and August 2019. Significant differences are highlighted

with an asterisk (ST: above the diagonal and BT: below the diagonal).

Above bromelids  Leaf litter ~ Rocky outcorps Fallen trunk Under bricks

Above bromelids -2.758* -2.186 -0.169 -2.344
Leaf litter -2.640* 0.571 2.589 -5.103*
Rocky outcorps -1.553 1.086 2.017 -4.531
Fallen trunk -1.450 1.190 0.103 -2.513
Under bricks 1.623 -1.016 0.070 0.173
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Table 2. Variances analysis, using ANOVA test, of ecological patterns of individuals of G. geckoides,

according to groups, seasonality and environment conditions in the study site, Catimbau National Park,

municipality of Buique, Pernambuco state, between September 2018 and August 2019. (LI) = Ligthsome

Intensity; (HU) = Humidity; (SH) = Substrate Height; (BT) = Body Temperature; (ST) = Substrate

Temperature; (AT) = Air Temperature. *Significant variance (p < 0.05).

Analyzed conditions

Factors Groups (Juvenile, Females, Males) Season (Dry and Rainy)

Environment conditions (Anthropic and

conserved)
F-value df p F-value  df p F-value df p
AT 0.203 83 0.81 0.010 82 092 4.794 82 0.03*
ST 0.158 83 0.85 0.036 82 0.85 3.421 82 0.06
BT 0.784 83 0.46 0.044 82 0.83 6.210 82 <0.01*
HU 0.336 83 0.71 1.043 82 031 5.693 82 <0.01*
SH 0.457 83 0.63 0.883 82 035 0.021 82 0.88
LI 5.376 83 <0.01* 2.268 82 0.13 2.751 82 0.1
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Resumo: O estudo da relacdo parasito-hospedeiro constitui um aspecto de grande
relevancia no entendimento das dindmicas populacionais, bem como interagOes
ecoldgicas de um determinado hospedeiro e a regido que habita. Como estudos prévios
indicam, fatores bidticos (morfologia e dieta), assim como abidticos (sazonalidade)
tendem a influenciar na intensidade de carga parasitaria, o presente estudo buscou
identificar a fauna de helmintos de G. geckoides em fragmento de Caatinga, bem como
verificar reducéo e aumento da intensidade de infeccdo, considerando fatores bidticos e
abidticos, das espécies de parasitos encontradas. O estudo foi realizado na unidade de
conservagdo Parque Nacional do Catimbau, localizada na regido central do estado de
Pernambuco, regido Nordeste do Brasil. Foram capturados 83 individuos, dos quais 43
(51,8%) apresentaram helmintos: cistacantos de acantocéfalos (prevaléncia 47%;
abundéncia média 1,61 + 3,25; intensidade média 2 + 3,99; 1 — 20), bem como
nematodeos das espécies Parapharyngodon alvarengai (prevaléncia 15,7%; abundancia
média 0,25 + 0,66; intensidade media 1 + 0,74; 1 — 3), Physaloptera lutzi (prevaléncia
2,4%; abundancia média 0,10 + 0,64; intensidade média 4 = 1,00; 3 — 5), larvas de
Physaloptera sp. (prevaléncia 4,8%; abundancia média 0,05 * 0,24; intensidade média 1
+ 0,00; 1) e Spauligodon oxkutzcabiensis (prevaléncia 3,6%; abundancia média 0,06 +
0,36; intensidade média 1 + 0,94; 1 — 3). O helminto de maior prevaléncia (acantocéfalo)
revelou relacdo direta e significativa entre a intensidade de infeccdo com a morfologia (3
+ SE = 6,421 + 1,555, z = 4,128, p < 0,001), bem como alguns itens da dieta (B £ SE =
0,256 = 0,078, z = 3,251, p < 0,001). Finalmente, a intensidade de acantocéfalos
apresentou-se mais alta durante o periodo chuvoso, independente do sexo. O presente
estudo representa o primeiro esforco para identificacdo de parametros ecoldgicos da
relacdo parasito-hospedeiro em G. geckoides, além de incluir o Parque Nacional do
Catimbau como nova localidade para os parasitos registrados. Comprimento corpéreo,
bem como alguns contetdos estomacais e intensidade de chuva revelaram efeito positivo

nos indices de infeccdo, sejam fémeas ou machos os hospedeiros.

Palvras-chave: Geckos, nematddeos, comprimento corpéreo, tipos de presa, seca, chuva.
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1. Introdugéo

Informacdes a respeito da relagdo parasito-hospedeiro séo de suma importancia
em diferentes perspectivas, inclusive na area da Conservacdo ambiental (Goldberg
and Bursey 2001; Mendonza-Roldan et al., 2020). A perda de habitat e sua
degradacdo, podem gerar transmissdo de novos parasito e modificacbes nas
intensidades de infeccdo em diversos hospedeiros, sendo diretamente vinculado a
perdas populacionais e extin¢bes de algumas espécies (Gray et al., 2009). Niveis de
infeccdo também podem influenciar de forma direta o crescimento da populacao e seu
sucesso reprodutivo, bem como teias tréficas, com parasitos debilitando seus
hospedeiros priméarios e facilitando sua predacdo pelos hospedeiros seguintes,
representando grandes ferramentas de flutuacdo populacional e sua dinamica (Hudson
et al., 1998; Albon et al., 2002; Marcogliese, 2002; Marcogliese 2004). Finalmente, o
ciclo de vida complexo de alguns parasitos, bem como sua elevada sensibilidade,
tornam esses organismos excelentes bioindicadores de mudangas ambientais
(MacKenzie et al., 1995; Marcogliese 2005), indicando que mudangas nos niveis de
infeccdo apresentam-se como potenciais ferramentas para estudo de conservagédo
ambiental (Koprivnikar et al., 2012). Nesse contexto, lagartos sdo considerados bons
modelos de estudos, seja para ecto ou endoparasitos, pois sdo terrestres, abundantes e
de facil captura (Vitt et al., 2007; Oitaven et al., 2019).

Devido a ampla diversidade e extensdo de alguns dominios no Brasil, como a
Caatinga (Costa and Bérnils, 2018), muitas espécies apresentam dados escassos na
literatura sobre sua ecologia parasitaria, a exemplo de Gymnodactylus geckoides Spix
1825, espécie amplamente distribuida neste dominio (Vanzolini, 2004; Costa and
Bérnils, 2018). Devido a grandes variacOes climaticas, especialmente considerando
0s niveis de precipitacdo, a relacdo parasito-hospedeiro em G. geckoides pode ser
influenciada, ndo somente pelas condi¢cBes do hospedeiro, como também pela
sazonalidade da regido de estudo (Lima et al., 2017). Para esse lagarto, a literatura
apresenta dados de identificacdo dessa espécie como hospedeiro de Paradistomum
rabusculum, Spauligodon oxkutzcabiensis, Physaloptera lutzi, Trichospirura sp.,

Piratuba sp. e Bertrandiella jimenezi (Avila and Silva, 2010; Goldberg et al., 2010;
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Lima et al., 2017; Alcantara et al., 2019), enquanto os dados de descri¢do da relagéo
parasito-hospedeiro permanecem limitados a populagdes presentes na regido de
Aiuaba, Ceard. Apesar de apresentar parametros parasitologicos conhecidos em
algumas populagdes, a influéncia da dieta, morfolégia sazonalidade sobre os niveis

de infeccdo permanecem desconhecidos em G. geckoides.

A partir de uma definicdo mais acurada da dindmica e estrutura da populacéo,
estudos da relacdo parasito-hospedeiro podem ajudar a preencher lacunas no
conhecimento, especialmente com relacéo a historia natural das espécies. No presente
trabalho foram analisadas as seguintes condi¢des: i) composicdo e estrutura da fauna
parasitaria de G. geckoides provenientes do Parque Nacional do Catimbau; ii)
determinacdo dos indices parasitologicos para espécies de nematddeos encontrada
para indicar niveis de infeccdo na populacdo estudada; iii) analises de influéncia do
tamanho corporeo, sexo, sazonalidade e dieta do hospedeiro sobre as cargas

parasitarias dos hospedeiros capturados.
2. Material e Métodos

O presente estudo foi aprovado pelo Instituto Chico Mendes de Biodiversidade
(ICMBIO/SISBIO #64455-1) e pelo Comité de Etica do Uso de Animais da Universidade
Federal Rural de Pernambuco (CEUA/UFRPE #123/2018).

2.1 Area de estudo

O trabalho foi realizado na Unidade de Conservacao (UC) Parque Nacional do
Catimbau, unidade localizada no centro do estado de Pernambuco, Vale Ipanema,
compreendendo 0s municipios de Buique, Sertania, Ibimirim e Tupanatinga. Essa
unidade constitui um remanescente de Caatinga, abrangendo uma area de
aproximadamente 62.300 ha (Ferreira, 2010; IBGE, 2017). O clima da regido é semiérido,
com a precipitacdo mensal variando de 0 a 256 mm, enquanto a temperatura anual
apresenta uma meédia de 23°C (Sousa et al., 2012; INMET, 2019), contendo vegetacao
tipicamente caracteristico de ambiente semi-arido: arbustiva e espinhosa. Considerando

variacOes de precipitacdo, o Parque Nacional do Catimbau apresenta o periodo de seca
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entre 0s meses de setembro a fevereiro, enquanto o periodo chuvoso se concentre desde
marco até agosto (Ferreira, 2010; INMET, 2019).

2.2 Coleta e processamento dos animais

Os lagartos foram coletados por busca ativa, sendo essas realizada coletas manuais
de forma mensal, uma diurna (9:00 as 13:00) e outra noturna (16:00 as 20:00). As coletas
foram feitas desde setembro de 2018 até agosto de 2019, sendo capturados individuos em
diferentes localidades em um perimetro de 5 km. Cada individuo coletado foi
devidamente separado, de acordo com 0 més de coleta e em diferentes grupos: adulto
macho, adulto fémea e juvenil. Os individuos capturados foram classificados em seus
respectivos grupos de acordo com a analise dos 6rgdos sexuais: fémeas contendo ovarios
e ovos no oviduto, machos contendo testiculos e juvenis condi¢Ges imaturas dos 0rgaos
sexuais (< 0.03 mm) (Galdino et al., 2003; Serrano-Cardozo et al., 2007). Apos a coleta,
o comprimento rostro-cloacal (CRC) e massa dos individuos foi aferido com auxilio de
paquimetro (0.01 mm) e balanca digital (0.001 g), sendo em seguida eutanasiados com e
quetamina liquida, fixados com formol 10% e conservados em alcool 70%. Os individuos

capturados foram depositados na colecdo Herpetologica e Paleoherpetologica da UFRPE.
2.3 Coleta e processamento de parasitos

Em cada espécime, foi realizada uma inciséo longitudinal, da garganta a cloaca,
com finalidade de remover 6rgdos internos (figado, pulmdes e trato gastrointestinal), os
quais foram vistoriados em busca de helmintos, utilizando estereomicroscopios (Avila et
al., 2012). Os parasitos encontrados foram fixados em AFA (etanol 70°GL, formalina e
acido acético glacial), conservados em alcool 70%, sendo clarificados com lactofenol de
Aman (Amato and Amato, 2010) e montados temporariamente em laminas. Os parasitos
encontrados foram identificados, pelo departamento de identificacdo do Laboratério de
Parasitologia (CPLAPAR), de acordo com Vicente et al. (1993); Anderson et al. (2009)
e artigos cientificos especializados. Apds a identificacdo os parasitos foram tombados na
Colecdo Parasitologica do Laboratério de Parasitologia (CPLAPAR) da Universidade
Federal Rural de Pernambuco (UFRPE).
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A incisdo longitudinal também proporcionou a remocdo e identificacdo do
conteddo estomacal até o menor nivel taxondmico possivel (Ordem) (Colli et al., 2003).
A partir desse processo, foi possivel verificar os tipos de presa de maior importancia na
dieta de G. geckoides (Isoptera e Coleoptera) (dados ndo publicados). O indice de
importancia foi calculado a partir de estbmagos agrupados utilizando a seguinte férmula:
IPS = (%N + %V+ %F)/3, onde N representa o percentual nimerico, V o percentual de
volume e F o percentual de frequéncia de presas ingeridas.

2.4 Anélise de dados

Os parametros de ecologia parasitaria analisados foram prevaléncia (hospedeiros
infectados por determinado parasito/ total de hospedeiros analisados x 100), intensidade
média (nimero total de uma dada espécie de parasito entre os hospedeiros infectados) e
abundancia media de infecgdo (numero total de uma dada espécie de parasito dividido
pelo numero total de hospedeiros analisados), de acordo com Bush et al. (1997). A média
de intensidade de infec¢éo foi associada com o SVL do hospedeiro, bem como com as
estacGes do ano (seca e chuvosa), as quais foram definidas de acordo com o periodo de
niveis de chuva elevados (Mar — Jul) e reduzidos (Ago — Fev) (INMET, 2019).

Foi utilizado o teste de correlacdo de Spearman para anlisar a influéncia do
tamanho corpéreo do hospedeiro sobre a intensidade de parasitos, sendo a mesma
representada graficamente visando demonstrar, em percentagem, a incidéncia de
individuos infectados em cada intervalo de SVL determinado (Zar, 1999; Anjos et al.,
2005). Para determinar a variancia na comunidade de parasitos, de acordo com as
diferencas morfoldgicas e de dieta, considerando as presas de maior importancia para o
hospedeiro (Isoptera e Coleoptera), foi utilizado um Modelo Bivariado de Regressao
Logistica (BLM), sendo 0 mesmo elaborado através do pacote VGAM (Zar, 1999). Com
relacdo aos parametros sazonais e intersexuais, a intensidade de parasitos foi comparada
a partir do teste ANOVA, utilizando as estacbes seca e chuvosa, bem como fémeas e
machos como covariantes, sendo 0 mesmo rodado através dos pacotes Rmisc e Ismeans
(Zar, 1999). Finalmente, foi calculado o indice de Agregacdo para cada taxon, utilizando

o Indice de Dispersdo, dividindo a Variancia pela Média de Parasitos (Von-Zuben, 1997;
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Amarante et al., 2015), sendo todos realizados no programa R (v3.0.2 R Development
Core Team 2013).

3. Resultados

No total, foram analisados 83 exemplares, sendo 39 fémeas, 36 machos e oito
juvenis. Individuos adultos, os quais incluiram 75 exemplares (> 30 mm), apresentaram
uma média de SVL de 40,79 + 4,46 mm (range: 30,95 — 47,25 mm). De todos os
individuos analisados, 43 apresentaram helmintos (51,8%). Dentre os hospedeiros
parasitados, nove espécimes (20,9%) estavam parasitados por mais de uma espécie de

helminto.

Foram coletados 172 helmintos, sendo 134 cistacantos (larvas) de acantocéfalos,
encontrados na cavidade celomatica (aderidos a parede do trato gastrointestinal, figado e
pulmé&o), e nematodeos das espécies Parapharyngodon alvarengai, Physaloptera lutzi,
larvas de Physaloptera sp. e Spauligodon oxkutzcabiensis. Os parametros ecologicos de

cada parasito s@o apresentados na tabela 1.

Com relacdo ao helminto mais prevalente (Acantocephala), parametros de SVL e
dieta apresentaram relacdao positiva e significativa, revelando que um maior SVL dos
hospedeiros também indica maior carga parasitaria (B £ SE = 6,421 + 1,555,z = 4,128, p
<0,001) (Figura 2). Com relacdo a dieta, analises de GLM revelaram relacdo significativa
com a ingestdo de coledpteros (B + SE = 0,256 + 0,078, z = 3,251, p < 0,001), o que ndo
foi visto para Isoptera (B = SE = -0,006 + 0,013, z = -0,494, p = 0,621). A sazonalidade
também revelou variacéo significativa na abundancia de parasitos (ANOVA F1,166 = 5.70;
Df =81; p <0.01), indicando maior intensidade de parasitos durante periodos chuvosos.
Por outro lado, fémeas e machos ndo apresentaram variacao significativa na intensidade
de infecgdo por acantocéfalos (ANOVA F1 205 = 1.57; Df = 73; p = 0.21), independente

da sazonalidade (Figura 3).

De acordo com os niveis de agregacao, o parasito mais prevalente revelou taxas
similares de agregacdo entre fémeas e machos, enquanto a sazonalidade apresentou

maiores taxas de agregacOes durante periodos de chuva abundante. Animais com maior
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SVL também tendem a apresentar niveis de agregacdo mais elevados em relagdo aos
animais com menor SVL (Tabela 2).

4. Discusséo

Os lagartos séo hospedeiros de uma ampla gama de parasitos, inclusive helmintos,
podendo atuar como hospedeiros definitivos, intermediarios ou paraténicos (Anjos et al.,
2005; Avila and Silva, 2010; Avila et al., 2012; Lima et al., 2017; Oitaven et al., 2019).
Alguns estudos tém demonstrado que a interacdo arasito-hospedeiro pode revelar ndo
somente agentes patogénicos, como também padrGes da dindmica populacional
(Goldberg and Bursey, 2001; Campido et al., 2012).

Dos helmintos identificados, todos os nematddeos apresentam registros previos
para G. geckoides, considerando outras populagdes estudadas no dominio da Caatinga no
estado do Ceara (Avila and Silva, 2010; Lima et al., 2017; Alcantara et al., 2019).
Entretanto, o presente estudo revela os primeiros indicios de abundancia média para 0s
nematodeos Spauligodon oxkcutzcabiensis e Physaloptera lutzi. Além disso, o presente
estudo apresenta o Parque Nacional do Catimbau como nova localidade de ocorréncia
para todas as espécies de parasitos encontradas. Todos os parasitos identificados no
presente estudo sdo parasitos generalistas de lagartos, sendo encontrados em diversas
espécies, seja da mesma familia ou de familias distintas (Avila and Silva, 2010; Avila et
al., 2012; Lima et al., 2017).

Como previamente reportado em outros Geckos, os helmintos encontrados em G.
geckoides apresentam ciclo de vida indireto (heteroxeno) (Sousa et al., 2014; Oitaven et
al., 2019). Os acantocéfalos, parasitos mais prevalentes, tendem a estar fortemente
associado a dieta, especialmente a ingestdo de coledpteros, e a sazonalidade. Uma vez
que este tipo de presa apresenta maior disponibilidade na Caatinga durante o periodo de
chuva abundante, ndo € surpreendente que ocorra também uma maior intensidade de
infeccdo durante tal periodo (Vitt and Colli, 1994; Vasconcellos et al., 2010). G.
geckoides pode atuar como hospedeiro paraténico de acantocéfalos, que utilizam como
hospedeiros definitivos aves e mamiferos (Vircibradic et al., 2002; Anjos et al., 2005;

Oitaven et al., 2019). Os nematddeos registrados, por sua vez, podem utilizar uma ampla
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gama de insetos como hospedeiros intermediarios, e os lagartos atuam como seus
hospedeiros finais (Anderson, 2000; Lima et al., 2017; Oitaven et al., 2019). O habito
terrestre e a tatica de forrageio senta-espera também tendem a favorecer as infec¢des pelos
helmintos registrados no presente estudo (Avila et al., 2012).

Com relacdo a morfologia e sexo, o SVL apresentou relagdo significativa com a
intensidade de infeccdo de acantocéfalos, o que pode estar associado com diversos
fatores, como maior oportunidade de ingestdo de presas contaminadas por individuos
maiores (Anjos et al., 2005; Viana et al.,, 2010), bem como maior espagco para
compartilhar recursos dos hospedeiros (Oliveira et al., 2016; Oitaven et al., 2019). Por
outro lado, a reducdo da imunidade do hospedeiro, em estagios mais avangados do
crescimento também tende a gerar aumento na intensidade de infecgédo (Oitaven et al.,
2019). Portanto, o parasitismo tende a estar associado com o periodo de maturidade dos
individuos, bem como o principio da maior ingestdo de presas contaminadas e imunidade
do hospedeiro (Viana et al., 2010; Alcantara et al., 2019; Oitaven et al., 2019). Como
fémeas e machos apresentam morfologia similar, além de ingestdo de tipos, volume e
quantidade de presas, bem como uso de micro-habitat, a intensidade ndo apresenta

variacgdo entre os grupos (Oitaven et al., 2019).

De acordo com os niveis de agregacdo, os helmintos tendem a apresentar grande
influéncia da sazonalidade, bem como da morfologia dos hospedeiros (Von Zuben, 1997).
Os maiores niveis de agregacdo em individuos com maior SVL normalmente estdo
associados a maior ingestdo de presas contaminadas, especialmente apds atingirem o
estagio de maturacdo (Vitt, 1995, Luque et al., 2005; Reboredo-Fernandez et al., 2017),
0 que também pode estar vinculado a disponibilidade de hospedeiros intermediarios no
ambiente (coledpteros), que é otimizada, especialmente, no periodo de chuva abundante,
bem como esta relacionada com taticas de forrageio e micro-habitat utilizado pelo
hospedeiro (Von Zuben, 1997; Amarante et al., 2015). Por outro lado, a auséncia de
dimorfismo sexual e similaridade na ingestdo de presas e uso de micro-habitat,
contribuem para que 0s niveis de agregacdo sejam similares entre fémeas e machos
(Poulin, 2013; Vaclav et al., 2017).
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O presente estudo corrobora resultados prévios realizados em areas de Caatinga
na regido Nordeste do Brasil, considerando as espécies de helmintos identificados em G.
geckoides (Lima et al., 2017; Alcantara et al., 2019). Além disso, representa o primeiro
esforgo para analisar a influéncia de fatores ambientais, bem como da morfologia e dieta
do hospedeiro em associacdo com a carga parasitaria no dominio morfocliméatico da
Caatinga. Os resultados obtidos contribuem de forma significativa para os conhecimentos
sobre ecologia parasitaria de G. geckoides e para a conservacao da espécie e do dominio
da Caatinga.
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Figura 1. Mapa do estado de Pernambuco (PE) com a localizacdo do Parque Nacional do Catimbau
e o0s limites com os municipios bordeando a UC, Nordeste, Brasil.

108



Tabela 1. Parasitos de Gymnodactylus geckoides (Squamata, Phyllodactylidae) no dominio
morfoclimético da Caatinga na regido do Catimbau National Park, Nordeste do Brasil, de setembro de 2018
a agosto de 2019. (N) nimero de parasitos; (P) prevaléncia; (MI) intensidade de infeccao média, (MA)

média de abundancia, (SE) erro padrao.

Parasites Site of Infection N P(@%) MI(*SE) MA(xSE) Intensity (range)

Acanthocephala

Celomatic cavity (Intestine;
non_identify Cystacanths i 134 47.0 2+3.99 1.61+3.25 1-20
stomach; liver; lungs)

Nematoda

Parapharyngodon alvarengai Intestine 21 15.7 1+£0.74 0.25+0.66 1-3
Physaloptera lutzi Stomach 8 2.4 4+100 0.10+0.64 3-5
Physaloptera sp. (larvae) Stomach 4 4.8 1+£0.00 0.05+0.24 1
Spauligodon oxkutzcabiensis Intestine 5 3.6 1£094 0.06 +0.36 1-3
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Fig. 2. Correlacdo entre a intensidade de infec¢do por Acanthocephala e o comprimento-rostro-cloacal

(SVL) em Gymnodactylus geckoides no dominio morfoocliméatico da Caatinga, no Parque Nacional do

Catimbau, Nordeste do Brazil, de setembro de 2018 até agosto de 2019.
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Fig. 3. Variacdo da intensidade de Acanthocephala (n), em Gymnodactylus geckoides, durante as estacGes

seca e chuvosa, considerando fémeas e machos, no dominio morfoclimatico da Caatinga no Parque

Nacional do Catimbau, nordeste do Brasil, de setembro de 2018 até agosto de 2019.

Table 3. Distribuicdo da média de agregacéo e intervalo de confianga (0.05%) de parasitos em

Gymnodactylus geckoides no dominio morfoclimatico da Caatinga no Parque Nacional do Catimbau, de

acordo com sazonalidade, sexo e morfologia, de setembro de 2018 até agosto de 2019, nordeste do Brasil.

Variable  Category

Acantocephala

Season  dry
rainy
Sex female
male
SVL <40 mm

> 40 mm

11.40 (10.42;12.38)
35.47 (33.21;37.73)
9.02 (7.95;10.09)
10.12 (9.39;10.85)
4.25 (2.86; 5.68)
50.33 (49.80;50.86)
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Abstract. — In this study we analyzed the cycles of lipid (RFB), hepatic (RWL), and
gonadal masses (RGS), in addition to the condition factor (K1) and gonad volume, of
female and male Gymnodactylus geckoides in the Caatinga biome, northeast Brazil. Using
individuals collected between September 2018 and December 2021, we investigated
whether these proxies of body condition changed in response to variation in
environmental abiotic factors (i.e., humidity, temperature, and precipitation). The
condition factor (K1) revealed an isometric growth pattern in the studied population,
while the RFB, RWL and RGS correlated with body growth and showed monthly and
seasonal variation, especially in females. The body indices did not explain the appearance
of the species in face of different precipitation amounts (low or high precipitation levels),
but gonad volume varied significantly in males, which showed enlarged, more robust
testes in rainy periods. Abiotic factors exerted varying effects on body indices and gonads.
In females, RFB decreased with increasing temperature and decreasing precipitation,
while RGS showed a reduction with increasing humidity. In males, gonad volume
increased with increasing temperature and humidity. The snout-vent length (SVL)
showed a significant and positive relationship with gonad volume in both females and
males. Our study—the first one to investigate energy cycles and reproductive strategies
in G. geckoides—revealed that this species stores greater amounts of energetic reserves
during the rainy season and then depletes these reserves during the dry period, when

energy consumption increases due to gestation and egg deposition by females.

Key words. — brood; energy cycle; gecko; reproductive activity; endogenous factors;

exogenous factors.
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INTRODUCTION

Terrestrial animals, especially ectotherms such as Squamata, use biochemical
mechanisms to build up (Pinilla 1995; Schaffner 1998) and accumulate energy reserves
in a short time span (Derickson 1976; Norval et al. 2019). In lizards, the accumulation
and use of energy reserves (i.e., energetic cycle) varies temporally and ontogenetically,
and are mostly directed to vital activities including body growth, survival, and
reproductive activity (Derickson 1976; Cheng 1987; Galdino et al. 2003; Ramirez-
Bautista et al. 2006; Norval et al. 2019; Paz et al. 2019). Although lizards have efficient
feeding strategies that facilitate energy storage, the energetic cycle is ultimately
influenced by abiotic factors, such as temperature, precipitation, and photoperiod

(Benabib 1994; Ramirez-Bautista and Vitt 1997; Norval et al. 2019).

Seasonal and annual variation in environmental variables often correlates with
variation in natural history traits of a population (Sexton and Brown 1977; Benabib,
1994). Food availability and abiotic factors (e.g., temperature, precipitation, and
humidity), for example, can affect growth rates and reproductive strategies, including
time and duration of the reproductive event, brood size and frequency, and the period and
size at which individuals reach sexual maturity (Ramirez-Bautista and Vitt 1997; Bautista
and Bercerill, 2004). Lizard populations and individuals can also show variation in
different proxies of energy reserve, including the condition factor (K1) (Le Cren 1951;
Galdino et al. 2003), the lipid index (RFB) (Derickson 1976; Sexton and Brown 1977;
Paz et al. 2019), the hepatic index (RWL) (Schaffner 1998; Ramirez-Bautista et al. 2006;
Norval et al. 2019), and the gonadossomatic index (RGS) (Pinilla 1995; Ramirez-Bautista

and Vitt 1997; Sanchez- Hernandez et al. 2013).
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Due to high diversity of lizards in the tropical region, information on indices of
energy reserves is scarce or even unknown for most species, especially in dry tropical
forests. This is the case of Gymnodactylus geckoides Spix, 1825, a species widely
distributed in the Caatinga domain, occurring from the states of Rio Grande do Norte to
Bahia, and throughout the states of Tocantins, Goias, and Mato Grosso (Costa and Bérnils
2018; Alcéantara et al. 2019). Previous studies with neotropical lizards have shown that
energetic cycles are regulated mostly by food availability, patterns of reproductive
investment, and variation in abiotic factors (Derickson, 1976; Cheng 1987; Benabib 1994;
Galdino et al. 2003; Ramirez—Bautista et al. 2003; al. 2006; Ramirez-Bautista et al. 2009;
Norval et al. 2019; Paz et al. 2019; Guedes et al. 2020). For sexually mature individuals,
energy reserves tend to diminish as reproductive activities demands high investment in
spermatogenesis, oogenesis, gestation, development of gonads, concurrently with
investment in body growth and survival (Ramirez-Bautista and Vitt 1997; Ramirez—

Bautista et al. 2006; Paz et al. 2019).

In this study we analyzed the cycles of lipid, hepatic, and gonadal masses, in
addition to the condition factor and gonad volume, of a population of G. geckoides from
the Caatinga morphoclimatic domain, Northeastern Brazil. We aimed to answer the
following questions: (1) What are the minimum body dimensions reached by sexually
mature males and females? (2) What are the minimum values and type of growth factor
presented in the studied population? (3) Do energy reserves and growth factor of females
and males vary throughout the year? (4) How does seasonal variation in precipitation,
temperature and humidity affect the energy reserves of female and male G. geckoides?

Given that the Caatinga domain has a marked seasonal climate, we hypothesize that the
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body indices representing different energy reserves vary seasonally with precipitation,
humidity, and air temperature, and are associated with several vital activities and bodily

structures in G. geckoides.

MATERIAL AND METHODS

Study area

We carry out the study in the Catimbau National Park (692781.38E;
9050296.71S), a remnant of Caatinga vegetation located in the Ipanema Valley, central
region of the state of Pernambuco, Brazil, encompassing an area of approximately 62,300
ha in the municipalities of Buique, Sertania, Ibimirim and Tupanatinga (Fig. 1) (Ferreira
2010; Pedrosa et al. 2014). The local climate is semi-arid, with monthly precipitation
ranging from 0 to 256 mm, while the mean annual temperature is around 23°C (Proenca
2010; Pedrosa et al. 2014). We defined the dry and the rainy seasons as a constant process
(Fig. 2), in which the dry season (September to February) presented reduced precipitation
levels (4 — 94 mm) but greater variation in air temperature (28 — 33 °C). The rainy season
(March to August), in turn, had higher precipitation levels (38 — 188 mm) and more
constant air temperatures (28 — 30 °C). We obtained data on monthly air temperature (°C)
and rainfall (mm) levels from the Pernambuco Water and Climate Agency database

(APAC), based on meteorological stations neighboring the study site (APAC 2019).

Data collection

We captured lizards monthly between September 2018 and August 2019 using the

active search method, which consists of searching for individuals in different
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microhabitats and collecting them manually. We searched by a trail, walking
aproximately 500 m, for 30 min, at hourly intervals for three days, during four hours by
the day, as well as four hours by the night, usually with collections made by a pair of
observers, comprising aproximately 576 hour/men. Given that the region of Picui,
Paraiba, presents climatic conditions similar, as well as microhabitats, to those of our
study area (i.e., limited amounts of rainfall and constant high temperatures), we added to
our sample size individuals captured in 2021 in the Picui region, totaling 108 captured
individuals, 44 of which were females and 64 males. We also included to our sample size
54 specimens collected in 2014 in Catimbau National Park, increasing the sample size to
162 individuals (66 females and 96 males). The mean number of individuals collected per
month during the years 2018 and 2021 was 8 (range = 4 — 15; Table 1). We euthanized

the individuals collected using intramuscular liquid ketamine.

We fixed the euthanized specimens in formaldehyde (10%), preserved them in
alcohol (70%), and deposited them at Herpetological and Paleoherpetological Collection
of the Universidade Federal Rural de Pernambuco (UFRPE/LEHP), voucher number: Xx.
The Picui individuals were deposited at the Collection of the Laboratory of Anuran
Biology of the Universidade Federal de Campina Grande (CES/LABAN; vouchers: LBN
024, 026, 036, 064, 092 — 093, 138 — 139, 145, 148, 152, 155 — 156, 159 — 160, 173 —
174,190, 193, 250 — 252, 255, 258, 307, 309 — 310, 312, 314, 318 — 320, 322 — 323). The
specimens collected during 2014 were deposited at the Herpetological Collection of the
Universidade Federal da Paraiba (UFPB/CHUFPB; vouchers: CHUFPB 7423 — 7424,
7523, 7615, 7617, 7646, 7658, 7667, 7669, 7679 — 7680, 7682 — 7683, 7689, 7692, 7862,

7930, 7932, 7957, 7963, 8044, 8085, 8092, 8157, 8207 — 8208, 8217, 8222 — 8223, 8229,
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8262, 8271, 8279, 8285, 8352 — 8353, 8361, 8391, 8409, 8481, 8510 — 8512, 8554 — 8555,
8572 — 8573, 8620, 8632, 8637, 8661 — 8662). All specimens were collected, euthanized,
and preserved in accordance with the permits issued by the Instituto Chico Mendes de
Conservacdo da Biodiversidade (SISBIO #64455-1; TBC SISBIO #29550-4; AAG
SISBIO # 32575-1) and the UFRPE Ethics Committee (Comite de Etica de Uso dos

Animais, CEUA 123/2018).

We weighed each collected individual using a digital scale (accuracy to the nearest
+ 0.001 g) and measured the snout-vent length (SVL) with a digital caliper (accuracy to
the nearest = 0.01 mm) (Colli et al. 2003). We removed the caudal region of each
specimen through a cross-section. Because geckos accumulate lipid reserves in the caudal
region (Vitt 2007), we separately weighed the lipid reserves, including tail mass bonded
to the abdominal region of some individuals (Paz et al. 2019). To analyze hepatic and
gonad reserves, we removed these organs through a ventromedial incision and weighed
them using the same digital scale (+ 0.001g) (Ramirez-Bautista and Vitt 1997; Galdino et

al. 2003).

We sorted the individuals collected according to collection period and sex.
Females were considered as sexually mature when having either vitellogenic follicles or
eggs in the oviduct. We considered vitellogenic follicles to be those follicles showing a
yellowish color and diameter > 0.3 mm. Follicles with diameter < 2.1 mm were arbitrarily
regarded as small, whilst those with diameter > 2.1 mm were regarded as large. Males
were considered as sexually mature when having enlarged testes, contorted epididymis,

and sperm in the testes and/or epididymis (Colli et al. 2003; Galdino et al. 2003). We
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related all these conditions to the SVL of individuals to stablish the minimum body size

of sexually mature males and females (Benabib 1994; Colli et al, 2003).

To estimate gonad volume (Vitt 1986; Guedes et al. 2020), we obtained the length
and width of the testes and eggs using a digital caliper (= 0.01 mm). The gonad volume
was estimated using the ellipsoid formula (V = 4/3ma?b), where “V” is the gonad volume,
"a" is half the smallest gonad diameter, and "b" is half the longest gonad diameter (Selby
1965; Ramirez- Bautista et al. 2006). The volume of eggs was measured using the formula
for an ovoid sphere (V = aw?1/6), where “V” is the egg volume, "w" is the egg width, and
"I" is the egg length (Ramirez-Bautista and Vitt, 1997; Ramirez-Bautista and Olvera-
Bercerill, 2004). We calculate K1 using the Allometric Method, following the expression
K1 = w/Lb, where “W” is the total mass and “L” is the specimen standard length. To
estimate the “b” coefficient, we performed a simple mass-length ratio equation (W = aLb)
(Le Cren 1951; Galdino et al. 2003). Finally, to estimate energy reserves we use total
mass (WT) in relation to tail mass (WFB) for RFB (RFB = WFB (100) /WT), total mass
in relation to liver mass (WL) for RWL (RWL = WL (100) /WT), and total mass in
relation to gonad mass (WG) for RGS (RGS = WG (100) /WT) (Ramirez-Bautista and

Vitt, 1997; Schaffner 1998; Wootton 1999).

Data analysis

Prior to statistical analysis we checked the data for normal distribution using the
Shapiro-Wilk test, with the data of male and females pooled. Because the data were not
normally distributed, we used a Kruskal Wallis test to test for monthly variation in the
indices used as proxies of energy reserves, followed by post hoc pairwise comparisons to
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check which samples differ significantly (Ramirez-Bautista and Vitt, 1997; Norval et al.
2019). To control for effects on the response variables of variation in body condition
between individuals, we performed linear regressions (R?) between SVL, and body mass,
and each body variable (lipid, hepatic, and gonadal masses) (Ramirez- Bautista and Vitt

1997; Paz et al. 2019).

For the analysis of monthly variation, we used only data from months in which
three or more individuals of each sex were captured (Ramirez-Bautista et al. 2006;
Ramirez-Bautista et al. 2009). To test for seasonal variation in body indices and gonad
volume we performed Analysis of Variance (ANOVA), entering the dry and rainy periods

as predictors (Zar 1999; Ramirez-Bautista et al. 2006).

We tested the influence of seasonality and body indices on the presence of
individuals in each period using Generalized Linear Models (GLM) in the DHARMa,
readxl, and mice packages (Zuur et al. 2009; Villamar-Duque et al. 2019). We modeled
Generalized linear “mixed” models (GLMM) to control for the influence of sampling
periods and between-individual variation. We used body indices and gonad volume as the
predictor variables in a model fitted to verify the absence or presence of individuals along
the seasons, and air temperature, humidity, and precipitation as predictors variables in
models fitted to test the influence of abiotic factors on body indices (Zuur et al. 2009).
We considered an effect to be statistically significant when p < 0.05. All analyses were
performed in the R program (R Development Core Team 2019) (Zar 1999; Zuur et al.

2009).
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RESULTS

Analyzing the growth rate, G. geckoides display a coefficient (b), considering
mass-length ratio, of 2.850. This value, which is close to the Condition Factor (K1),
indicates similar investment in body mass and body length (i.e., isometric growth) in the
sampled population of G. geckoides (Fig. 3). The mean SVL of females was 41.40 + 4.43
mm (range: 28.55 — 47.25 mm, n = 66), while the mean SVL of males was 40.22 + 3.63
mm (range: 29.50 — 45.74 mm, n = 96). The minimum female and male SVL at sexual
maturity were 32.84 mm and 32.11 mm, respectively. The mean gonad volume was 4.67
+ 4.52 mm3 for females (range: 0.3 — 22.42 mm3, n = 64), and 7.82 + 5.96 mm3 for males
(range: 1.49 — 32.78 mm3, n = 95). Large follicles were found in females year-round,
noticeably in the dry periods (September-February). Eggs were found during both
seasons, but predominantly in rainy periods (March-August) (Fig. 4a), always in a fixed
brood of one egg per female, with a mean volume of 295.40 £ 120.12 mm3 (range: 112.33
- 434.19 mm3, n = 6). Males presented similar gonad cycle, with larger testes found in the
dry periods (September-December), reduced testes at the end of the dry season (January-
February), and growing testes during the rainy season, except in May and June, without

recrudescence (Fig. 4b).

Body length had positive, significant effect on gonad volume, both in females
(B£SE = 0.074 £ 0.027, z = 2.723, p < 0.01) and males (B£SE = 0.091 + 0.020, z = 4.488,
p < 0.001), indicating that gonad growth is proportional to the SVL of the individuals. In
females, SVL had a positive, significant correlation with lipid (R?> = 0.36; t = 5.86; p <
0.001; n = 59) and hepatic reserves (R? = 0.37; t = 6.14; p < 0.001; n = 59), but not with

gonadal condition (R?=-0.01; t=0.12; p = 0.48; n = 59). Likewise, body mass of females
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had a positive and significant correlation with lipid (R = 0.53; t = 8.15; p < 0.001; n =
59) and hepatic reserves (R? = 0.56; t = 8.72; p < 0.001; n = 59), but not with gonadal
condition (R? = -0.01; t = 0.58; p = 0.56; n = 59). For males, SVL had a positive and
significant correlation with lipid (R? = 0.40; t = 7.81; p < 0.001; n = 92), hepatic (R? =
0.25; t =5.59; p < 0.001; n = 92), and gonadal reserves (R? = 0.21; t = 4.92; p < 0.001; n
= 92). The body mass of males also showed positive and significant correlation with lipid
(R?=0.59; t = 11.49; p < 0.001; n = 92), hepatic (R?> = 0.45; t = 8.72; p < 0.001; n = 92),

and gonadal reserves (R? = 0.28; t = 6.02; p < 0.001; n = 92).

Females showed a reduction in lipid reserves (RFB) prior to the beginning of the
rainy season (Fig. 5a) but did not show significant seasonal variation in RFP (Kruskal-
Wallis = 2.32; p = 0.50). Males, on the other hand, experienced an increase in RFB prior
to the beginning of the rainy season and showed significant variation in RFP along the
rainy and dry seasons (Kruskal-Wallis = 22.33; p = 0.02). Hepatic reserves (RWL)
decreased slightly during the end of the dry season and beginning of the rainy season,
followed by an increase at the end of this period, especially in females (Fig. 5b). In
females, the major variation in RWL occurred at the end of the period of abundant rainfall,
especially in June (Kruskal-Wallis = 17.01; p = 0.02) and August (Kruskal-Wallis =
17.01; p < 0.01). Males, in turn, showed no significant variation in RWL (Kruskal-Wallis
= 4.86; p = 0.85). Regarding gonadal reserves (RGS), both sexes experienced a decrease
at the end of the dry season and beginning of the rainy season, followed by an increase at
the end of the latter (Fig. 5¢). Females showed significant variation in RGS in November,
for both years (Kruskal-Wallis = 20.63; p < 0.01), and males showed significant variation

in RGS in the driest months (October and February) (Kruskal-Wallis = 17.22; p = 0.03).
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The Analysis of Variance showed higher concentrations of energy reserves, for
both females and males, in periods coinciding with the end of abundant rainfall and the
beginning of dry season. Such seasonal differences in energy reserves were more
pronounced in females, except for conditions of the sexual gonads (Table 2). The volume
of sexual gonads in females did not show significant seasonal variation; males, on the
other hand, presented enlarged, more robust gonads during periods of high amounts of

precipitation (Table 2).

The Generalized Linear Models revealed no influence of body indices, nor gonad
volume, on the seasonal appearance of individuals of neither sex (Table 3). Regarding
abiotic factors, the models showed significant effects of temperature and precipitation on
the RFB of females, with negative and positive effects of these variables, respectively.
Humidity, on the other hand, showed a significant but negative effect on RGS (Table 4).
Overall, these results indicate that lipid reserves in females increases as precipitation
increases and the air temperature decreases, while increasing humidity reduces gonadal
reserves. In males, abiotic factors influenced gonad volume only, which increased with
increasing temperature, humidity, and precipitation, indicating a constant increase in

gonad volume.

DISCUSSION

Our results show that individuals of G. geckoides of a Caatinga population
maintains relatively constant values of body indices, displaying variations during the
year, and that females and males show similar patterns of investment into energy reserves

after attaining sexual maturity (Derickson 1976; Paz et al. 2019). The energetic cycles of
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both sexes appear to be synchronized, with sexual maturity attained at a minimum SVL
of 31 mm (Vitt 1986; Ramirez-Bautista and Vitt 1997). In G. geckoides, the energetic
cycle can be attributed to different reproductive roles of each sex and to different sexual
responses to abiotic factors such as temperature, humidity, and precipitation (Sexton and

Brown 1997; Norval et al. 2019; Paz et al. 2019).

There was no significant variation in the total mass of the sampled population of
G. geckoides throughout the year, indicating that individuals constant gain mass, a pattern
confirmed by the condition factor (K1) (Sexton and Brown 1977). Isometric growth
populations are characterized by similar energy investment into both gonads and body
size (Sexton and Brown 1977; Cox et al. 2009). Because gonad growth accompanies
increase in SVL, investing in body growth is key for an individual to reach sexual
maturation (Sexton and Brown 1977; Ramirez-Bautista et al., 2006; Norval et al. 2019).
The lack of lipid reserves in internal body parts other than the tail indicates that the tail
region stores the most important lipid reserves in this species (Paz et al. 2019). Because
all types of reserves analyzed showed a direct relationship with SVL and body mass, it is
reasonable to infer that the availability of food resources in Catimbau National Park is
sufficient to allow individuals of G. geckoides to accumulate energetic reserves necessary

to sustain vital activities (Vitt 1986; Serrano -Cardozo et al. 2007).

An endogenous mechanism seems to be triggered in G. geckoides after individuals
reach sexual maturity, which can make them sensitive to environmental variation and
affect body indices and gonad development in different ways (Norval et al. 2019).

According to our results, RFB accumulation differed between the sexes: females
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experienced a constant reduction in RFB until the end of the rainy season, while males
accumulated RFB until the end of this period. On the other hand, RWL and RGS showed
synchronized activity, both indices showing reduction until the beginning of rainy
periods, in both females and males. However, females showed much greater variation in
body indices than males; such sexual difference in energy reserves are likely due to the
high energy costs faced by females during the gestation process (e.g., during the
vitellogenic process and egg deposition) (Ramirez-Bautista and Vitt 1997; Scahffner
1998). The variation in gonad volume indicates that males in G. geckoides show variation
in mating activity during each period, although reproduction seems to be constant and
there are no signs of gonad recrudescence (Sandoval et al. 2014; Paz et al. 2019). Finally,
the reduced RGS levels also indicate reduced mating activity during the period of
abundant rainfall, possibly because most females in the population are gestating (Galdino

et al. 2003; Ramirez-Bautista et al. 2009).

With regards to egg deposition, high humidity tends to increase hatching success
and brood survival (Derickson 1976; Norval et al. 2019). In the population of G.
geckoides from Catimbau National Park, females presented a fixed single egg brood in
oviducts (Vitt, 1986; Alcantara et al. 2019; Souza et al. 2019). In geckos, the low
investment in egg number is compensated by the production of more than one brood per
year, with females likely investing similar amounts of their energy reserves in consecutive
gestations (Norval et al. 2019; Guedes et al. 2020). The predominance of gravid females
in periods of high precipitation and minor variation in air temperature, suggests that this
combination of abiotic conditions is favorable for gestation and egg deposition, likely

because increased rainfall and more stable temperatures reduce the risks of egg
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desiccation and brood mortality (Colli et al. 2003; Norval et al. 2019). Consequently,
energy reserves experience a significant reduction as the rainy season progresses,
especially in reproductively active females (Ramirez-Bautista and Vitt 1997; Ramirez-
Bautista et al. 2006). The results of our study are in line with previous studies on several
other Neotropical lizards, including Liolaemus huacahuasicus (Pinilla 1991), Liolaemus
bitaeniatus (Pinilla 1995), Anolis nebulosus (Ramirez-Bautista and Vitt 1997),

Eurolophosaurus nanuzae (Galdino et al. 2003) and Anolis sagrei (Norval et al. 2019).

The alternations between lipid reserves and gonad conditions in females, plus the
fact that some females simultaneously presented ovaries in different stages (i.e., pre-
vitellogenic and vitellogenic), provide evidence that, throughout the annual cycle of G.
geckoides, more than one vitellogenesis process may take place simultaneously in some
individuals (Paz et al. 2019). This process causes marked reduction in lipid reserves,
which is followed by the appearance of yolk follicles and oocysts. Subsequently, the
process is characterized by an increase in lipid and hepatic reserves, and an increase in
liver volume correlated with an increase in lipids in this organ; these lipids will then be
used in the second vitellogenesis process (Martori and Aun, 2010; Paz et al. 2019). In the
Caatinga, such stages coincide with late periods of the dry and rainy seasons. This seem
to be an adaptative reproductive strategy, because producing multiple broods maximize
the probability that some broods will face favorable environmental conditions for their
development and survival, which ultimately increases reproductive success (Vitt 1986;
Colli et al. 2003). The lack of variation in the energy reserves of males, on the other hand,
suggest that sperm production and copulation do not impose high energetic costs to males

(Guillete and Casas-Andreu, 1980; Ramirez-Bautista et al. 2006). Finally, factors
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including food availability in the environment, the sit-and-wait foraging tactic, and the
reduced degree of intraspecific competition in G. geckoides (Vitt 1986; Alcantara et al.
2019), also contribute to individuals maintaining constant levels of energy reserves

(Sexton and Brown, 1977; Galdino et al. 2003; Ramirez-Bautista et al. 2006).

This study represents the first examination of energy cycles and reproductive
strategies in G. geckoides, in the Caatinga domain, that have described the cycles of
different body indices and gonads while also testing the effects of environmental factors
and morphological traits on them. Despite the seasonal variation found in energy reserves,
G. geckoides presents constant activity throughout the year and reproduce more than once
in asingle year. The energy required for sustaining the continuous activity and the related
vital processes (maintenance and reproduction) in G. geckoides is dependent on diet,

which in turn depends on prey availability in the environment.
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Figure 1. Map of Brazil depicting the state of Pernambuco and the location of the Catimbau National Park

(study area), a conservation unit in the Caatinga biome whose area extends over four municipalities.
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Figure 2. Climatological variations in CU Catimbau National Park, municipality of Buique, state of

Pernambuco, Brazil between September 2018 and august 2019, regarding total rainfall (mm) and mean of

the temperature (°C).
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Table 1. Summary of the total numbers of female and male G. geckoides collected by month and year in

Catimbau National Park, municipality of Buique, Pernambuco state, and Picui municipality, Paraiba state,

Brazil. The quantity of asterisks (*) denotes how many gravid females were found in that month.

Sampling month 2018 — 2021 Monthly total
Females  Males

September 03 03 06
October 02 02 04
November 06 02 08
December 03 03 06
January 03 03 06
February 03 08 11
March 04 06 10
April 03" 11 14
May 04™ 05 09
June 04™ 04 08
July 03" 08 11
August 06" 09 15
Total 108
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Figure 3. Relationship between the snout-vent length (SVL, in mm) and the body weight (in mg) of
individuals of G. geckoides Spix, 1825 collected in Catimbau National Park, municipality of Buique,

Pernambuco, and Picui municipality, Paraiba, Brazil, between September 2018 and September 2021.
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Figure 4. Annual gonad conditions of G. geckoides from Catimbau National Park, municipality of
Buique, Pernambuco, and Picui municipality, Paraiba, Brazil, between 2018 and 2021. A) Monthly
proportions of females presenting small follicles (diameter < 2.10 mm), large follicles (diameter > 2.10
mm), and oviductal eggs. B) Monthly variation in the weight of testes (in g); the white circles are the

adjusted means, and the vertical bars denote the associated standard error.
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Figure 5. Seasonal condition of different types of energetic reserves in female and male G. geckoides

Seasonality

Spix, 1825 from Catimbau National Park, municipality of Buique, Pernambuco, and Picui municipality,

Paraiba, Brazil, from September 2018 to September 2021. A) Liposomal ratio (RFB); B) Hepatosomatic

ratio (RWL); C) Gonadosomatic ratio (RGS). Triangles and squares are the adjusted means, and the

vertical bars denote the associated standard error.
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Table 2. Summary of results of the Analysis of Variance (ANOVA) performed to test for
seasonal differences in body indices and gonad volume, according to precipitation levels, in female and
male G. geckoides Spix, 1825 from Catimbau National Park, municipality of Buique, Pernambuco, and
Picui municipality, Paraiba, Brazil, from September 2018 to September 2021. Body indices: liposomal
ratio (RFB), hepatosomatic ratio (RWL), gonadosomatic ratio (RGS). An asterisk (*) indicates a

statistically significant difference.

Seasonal variation (Precipitation level)
Df SumSg MeanSq F-value P-value

Females

RFB 36  170.7 56.90 2.79 0.05*
RWL 36 5.98 1.99 2.97 <0.01*
RGS 36 12.94 431 3.21 0.03*
Gonadal volume 36 8.30 2.75 0.10 0.95
Males

RFB 91 30.3 10.08 1.43 0.23
RWL 91 1.74 0.58 1.35 0.26
RGS 91 3.88 1.29 458 <0.001*

Gonadal volume 91 161.62 4.44 2.58 < 0.001*

140



Table 3. Summary of results of the Generalized Linear Model (GLM) fitted to test the influence of body

indices and gonad volume, according to seasonal variations (precipitation levels), on the appearance of

individuals of G. geckoides Spix, 1825 in Catimbau National Park, municipality of Buique, Pernambuco,

and Picui municipality, Paraiba, Brazil, from September 2018 to September 2021. Body indices: liposomal

ratio (RFB), hepatosomatic ratio (RWL), gonadosomatic ratio (RGS).

Low precipitation levels (n = 66)

High precipitation levels (n = 63)

Predictors
Estimate + SE  z-value p Estimate + SE  z-value p
Intercept 3.305+4.718 0.701 0.484 -3.446+4.709 -0.732 0.464
RFB -0.001 £0.060 -0.022 0.982 0.004+0.060 0.083 0.934
RWL -0.115+0.317 -0.363 0.717 0.136+0.321 0.426 0.670
RGS 0.446 +0.478 0933 0.351 -0.533+0.499 -1.069 0.285
Gonadal volume -0.028 £0.060 -0.467 0.640 0.024 +0.060 0.398 0.691
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Table 4. Summary of results of the Generalized Linear Model (GLM) fitted to test the influence of abiotic

environmental factors on different body indices and gonad volume of female and male G. geckoides Spix,

1825 from Catimbau National Park, municipality of Buique, Pernambuco, and Picui municipality, Paraiba,

Brazil, from September 2018 to September 2021. Body indices: liposomal ratio (RFB), hepatosomatic ratio

(RWL), gonadosomatic ratio (RGS).

Females (n = 61)

Males (n = 97)

Estimate Std. Error  z-value  p-value Estimate Std. Error z-value p-value
RFB
(Intercept) 4.333 0.926 4.679 <0.001 18.926 6.887 2.748 <0.001
Temperature -0.067 0.034 -1.983 0.047 -0.148 0.214 -0.694  0.489
Humidity -0.016 0.017 -0.949 0.342 -0.014 0.030 -0.460  0.646
Precipitation 0.001 0.019 2.774 <0.001 0.019 0.056 0339 0.735
RWL
(Intercept) 3.271 1.593 2.053 0.040 4.341 1.146 3.789  <0.001
Temperature -0.013 0.049 -0.273 0.785 -0.043 0.029 -1.460 0.147
Humidity -0.007 0.007 -1.035 0.305 -0.014 0.008 -1.760 0.081
Precipitation 0.004 0.013 0.035 0.972 -0.003 0.005 -0.644 0.520
RGS
(Intercept) 1.297 0.629 2.059 0.044 1.861 0.784 2.372 <0.01
Temperature -0.001 0.017 -0.085 0.932 -0.015 0.002 -0.751 0.454
Humidity -0.009 0.004 -2.044 0.045 -0.006 0.005 -1.061 0.291
Precipitation -0.004 0.003 -1.367 0.177 -0.004 0.003 -1.059 0.292
Gonadal
Volume
(Intercept) 17.442 9.733 1.792 0.050 -4.888 1.744 -2.802 <0.01
Temperature -0.328 0.301 -1.089 0.280 0.103 0.050 2.032 0.042
Humidity -0.067 0.047 -1.410 0.164 0.047 0.025 1.917 0.050
Precipitation -0.117 0.079 -1.477 0.145 0.003 0.001 3.165 <0.001
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Resumo: O ciclo anual e sazonal das mudangas histoldgicas das células reprodutivas e
estruturas celulares, foram descritos para as génadas sexuais (ovarios e testiculos) do
lagarto oviparo Gymnodactylus geckoides habitando um fragmento do dominio
morfocliméatico da Caatinga. Individuos adultos, tanto fémeas como machos foram
coletados mensalmente na regido do Parque Nacional do Catimbau, estado de
Pernambuco, Brasil. Ovérios e testiculos foram removidos e fixados em Formalina,
desidratados com alcool em diferentes concentracbes, embebidos em parafina,
seccionados a 5 um e coloridos utilizando Hematoxilina e eosina. Na populacao estudada,
foi possivel verificar condicdes aciclica e continua de reproducédo, sendo influenciados
pela sazonalidade, bem como fatores ambientais, especialmente a temperatura ambiental,
uma vez que é responsavel por controlar a temperatura corporea de lagartos. Fémeas
apresentaram influéncias significativas sobre a Base Germinativa, enquanto machos
revelaram influéncia dos fatores analisados sobre tubos seminiferos e ductos, bem como
estagios primarios de maturacdo das células reprodutivas, sendo encontrada células em
estagio final de maturacdo durante todo o ano. Portanto, modificacdes observadas nas
células reprodutivas e estruturas celulares sdo explicadas ndo somente por um fator
ambiental, mas por um conjunto de fatores ambientais e sazonais, as quais influenciam
fatores bidticos dos individuos, como temperatura e morfologia corporea. Para a
populacdo estudada, fémeas e machos apresentaram reproducdo sincronizada. Além
disso, o presente estudo representa o primeiro esforco para descrever ciclo anual de

mudancas histologicas para a espécie G. geckoides, utilizando histologia reprodutiva.

Palavras chave: ectotérmicos; gecko; espemiogénese; vitelogénese; corte histoldgico.
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1. Introducédo

A compreensao do ciclo reprodutivo dos répteis é de grande valia, pois representa
indicadores das estratégias reprodutivas adotada por cada espécie, as quais
apresentam grandes variedades, especialmente em lagartos (Vitt, 1986; Lozano et al.,
2015). Dessa forma, a caracterizacdo do ciclo reprodutivo de fémeas e machos
(momentos de acasalamento, deposicao de ovos e maturacao de células reprodutivas),
seja a nivel morfoldgico ou celular, bem como a influéncia de fatores bidticos e
abioticos, (Trauth, 1979; Hernandez-Franyutti and Uribe, 2012). Uma vez que
lagartos apresentam alta sensibilidade a diversos fatores ambientais, seu ciclo
reprodutivo pode estar associado a fatores como: fotoperiodo, precipitacéo,
temperaturas, crescimento corpéreo e disponibilidade de recursos (Ferreira et al.,
2002; Hernandez-Gallegos et al., 2018), O delineamento e compreensdo do ciclo
reprodutivo depende de uma série de eventos que o compde, como gametogénese,
crescimento folicular, acasalamento, estocagem de espermatozoides, ovulacao,
gravidez/gestacdo e época de nascimento dos filhotes (Newlin, 1976; Moodley and

Van-Wyk, 2007; Almeida-Santos et al., 2014).

Com relacdo aos répteis, o processo de maturacdo das células germinativas
apresenta grande interesse evolutivo, uma vez que permite revelar estratégias
reprodutivas intermediarias entre grupos amnioticos (Aves e mamiferos) e nao-
amnidticos (Peixes e anfibios) (Gribbins et al., 2003, 2007; Hernandez-Franyutti and
Uribe, 2012). A literatura define trés tipos distintos de ciclos reprodutivos em
lagartos: descontinuo, continuos sem interrupcdo e continuos com interrupcoes

(Sherbrooke, 1975), sendo o primeiro comumente encontrado em lagartos de regides
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temperadas (Torki, 2007; Abu-Zinadah, 2008; Lozano et al., 2014), enquanto 0s
demais sdo predominantes em lagartos neotropicais (Ferreira et al., 2002; Mamou et

al., 2017; Migliore et al., 2017; Hernandez-Gallegos et al., 2018).

Schuett (1992) organizou os ciclos reprodutivos de Squamata em quatro
classificacfes baseadas nos eventos da gametogénese. O ciclo dissociado ou poés-
nupcial, caracterizado pela producdo de gametas posterior a época de cépula e exige
estocagem obrigatoria dos machos ou fémeas; ciclo misto, envolve uma pausa na
producdo dos gametas numa determinada estacdo do ano, geralmente no inverno; o
ciclo associado ou nupcial, onde a producdo dos gametas coincide com a epoca de

copula; ciclo continuo, onde a gametogénese ocorre durante o ano todo.

Outra forma de classificacdo, mais recente, do ciclo reprodutivo de machos e
fémeas de Squamata foi proposta por Mathies (2011) onde os animais sdo avaliados
a nivel individual e populacional. A nivel individual o ciclo pode ser classificado
como: descontinuo ciclico (onde ha regressdo total da gbnada e consequente
interrupcdo na producéo de gametas), continuo ciclico (ha regressédo parcial da génada
e uma reducdo na producdo de gametas) ou aciclico (ndo ha regressdo da gbnada e a
producdo de gametas é continua). Ja a nivel populacional o ciclo continuo e
descontinuo pode ser sazonal sincrénico/semi-sincronico (quando 0s eventos
reprodutivos se concentram em uma estacdo ou intervalo de tempo e estdo ou ndo
sincronizados entre os individuos) ou assazonal (quando os eventos reprodutivos ndo
estdo concentrados num intervalo de tempo e se encontram bem distribuidos ao longo

de todo 0 ano e ndo ha sincronia entre os individuos (Sherbroke, 1975; Mathies, 2011).
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Em decorréncia da grande diversidade de espécies presentes na regido neotropical,
muitos lagartos possuem dados escassos, ou inxistentes, na literatura sobre seu ciclo
reprodutivo, a exemplo de Gymnodactylus geckoides Spix, 1825. Essa espécie ocorre
no Dominio da Caatinga (Costa and Bérnils, 2018; Alcantara et al., 2019), bem como
ambientes ecétonos (Restinga) (Souza-Oliveira et al., 2017). Até o presente momento,
G. geckoides apresenta estudos do ciclo, bem como estratégias reprodutivas, limitado
a variagBes corpdreas e dimorfismo sexual, variagbes morfologicas de ovos e
tamanhos de ninhadas (Vitt, 1986; Alcantara et al., 2019), além de descricdo de
volume testicular na identificacdo de individuos maduros e imaturos (Souza-Oliveira
etal., 2017). G. geckoides ndo apresenta estudos prévios do ciclo reprodutivo baseado
em analises histoldgicas, além de ndo considerar influéncia da sazonalidade, bem

como fatores bidticos.

Como apresentado em estudos anteriores, populacGes que habitam regides
semiaridas e distintas podem apresentar ciclos reprodutivos variados, sendo altamente
influenciados pela sazonalidade (Vitt, 1986; Gribbins, 2011; Hernandez-Franyutti
and Uribe, 2012; Lozano et al., 2015). Considerando tal condicdo, é possivel que
lagartos habitando o dominio da Caatinga apresentam processo de maturacdo celular
marcadamente sazonal, sendo influenciado, de forma positiva ou negativa, por fatores
bidticos e abidticos (Benabib, 1994; Lozano et al., 2015). Mediante 0 exposto, 0
presente estudo tem como objetivos: (1) descrever estruturas morfoldgicas dos
sistemas reprodutivos feminino e masculino em G. geckoides; (2) descrever mudancas

dos processos de oogénese e espermatogénese na populacdo de G. geckoides do
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Parque Nacional do Catimbau de acordo com a sazonalidade; (3) relacionar o padréo

reprodutivo de fémeas e machos com fatores bidticos e abioticos.

2. Material e métodos

2.1 Local de estudo

A coleta de individuos foi realizada na Unidade de Conservacao (UC), Parque
Nacional do Catimbau. A UC corresponde a remanescente de Caatinga, localizada no
centro do estado de Pernambuco, comprimindo os municipios de Buique, Sertania,
Ibimirim e Tupanatinga (Pedrosa et al., 2014) (Fig. 1). O parque encontra-se inserido
nos depdsitos sedimentares das formacgdes de Tacaratu, provenientes da Era
Paleozoica (Ferreira, 2010; Pedrosa et al., 2014). A UC possui uma area de
aproximadamente 62.000 ha, com altitudes variando de 600 a 1000 metros acima do
nivel do mar. O clima da regido é semi-arido, com a precipitacdo mensal variando de
0 a 256 mm, enquanto a temperatura anual apresenta uma média de 23°C (Pedrosa et
al., 2014). Os dados mensais de temperatura e precipitacdo foram obtidos por meio

da Agéncia Pernambucana de Aguas e Clima (Fig. 2) (APAC, 2019).

2.2 Triagem de animais e gbnadas

No presente estudo, os lagartos foram capturados manualmente através da
Busca Ativa, sendo encontrados durante vistorias no ambiente. Para caracterizar a
variacdo sazonal, as coletas foram realizadas mensalmente, sendo registrado, no
momento da coleta, os parametros ambientais de temperatura e umidade, com auxilio
de termohigrémetro (0.1°C) (Colli et al., 2003). Apds serem coletados, os individuos

foram devidamente eutanasiados a partir do uso de Quetamina liquida, com injecao
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intramuscular (Ferreira et al., 2009). Todas as coletas e procedimentos laborais foram
autorizados pela agéncia ambiental (SISBIO #64455-1) e pelo Comité de Etica

(CEUA UFRPE 123/2018).

Apos a eutanasia, foi aferida a medida do Comprimento-Rostro-Cloacal (SVL) de
cada espécime, com auxilio de paquimetro digital (0.01 mm). Cada exemplar também foi
submetido a uma inciséo longitudinal, da regido gular a cloaca, com o objetivo de remover
as gonadas sexuais (Testiculo e Ovério) (Galdino et al., 2003). O comprimento e largura
de cada gbnada coletada foram aferidos utilizando paquimetro digital de mesma precisdo
(0.01 mm), sendo calculado o volume através da férmula ellipsoide (V = 4/3ra%b), onde
V representa o volume, a representa a metade do menor diametro e b a metade do didmetro

mais longo (Mayhew 1963; Selby 1965).

As gbnadas foram fixadas em Solucéo de Bouina (mistura constituida de 71% de
acido picrico, 24% de formaldeido puro e 5% de acido acético glacial) por 48 horas, em
seguida desidratados em séries de etanol crescentes (70% - 100% por 30min), passando
pela solucéo de Xilocaina (Hopwood, 1990). Posteriormente, incluidos e emblocados em
parafina, seccionados em microtomo Leica com espessura de 5um e por fim corados em
Hematoxylina e Eosina, com 0s cortes postos em laminas para analise (Robinson and
Gray, 1990; Aguilar-Morales et al., 1996). Todos os cortes, bem como anélises
qualitativas das laminas, foram analisados utilizando o microscépio Nikon E800 e as
fotografias digitais tiradas a partir da camera Nikon modelo DS-Ri, sendo todas as
medidas das estruturas celulares aferiadas utilizando o programa NIS Elements System
ver. 4.60 (Laboratory Imaging, 2016). As figuras utilizadas no presente trabalho

contemplaram individuos coletados ao longo do ano, considerando diferentes periodos de
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acordo com a sazonalidade do ambiente. Individuos sexualmente maduros de G.
geckoides revelaram condicGes distintas das gonadas sexuais, considerando a maturagédo

e dimensdes de estruturas celulares, seja para fémeas como para machos.

Os tipos e estruturas celulares encontrados foram identificados de acordo com o
trabalho descrito por Gribbins (2011), Siegel (2011) e Santos et al. (2020), sendo
realizada uma analise estereoldgica com o objetivo de descrever estruturas dos 6rgaos
reprodutivos, bem como o ciclo reprodutivo anual em G. geckoides. Em fémeas foi
analisado o ciclo oogénico (Lozano et al., 2014), enquanto nos machos foi analisado o
ciclo espermatogénico (Lozano et al., 2015). As mudancas nos ciclos foram descritas
levando em conta o periodo de captura: inicio da seca (ODS), final da seca (EDS), inicio
da chuva (ORS), final da chuva (ERS). Com relacdo a fémeas e machos, foram analisadas
células e estruturas internas e da camadas periférica do ovario (Lozano et al., 2014; Santos
etal., 2020), e regiBes dos tubos seminiferos, bem como células reprodutivas dos mesmos,
além de ductos testiculares em suas diferentes dimensées (Gribbins 2011; Siegel 2011,

Lozano et al., 2015), respectivamente.

Com relacdo aos machos, o ciclo espermatogénico foi baseado nos preceitos de
Mandarim-de-Lacerda (1995) e Weibel (1979). Foi calculada a densidade de volume (\Vv)
das espermatides primarias e secundarias e dos espermatozoides, sendo as mesmas
representantes do estado de maturacéo reprodutiva do individuo (Torki, 2007), bem como
o didametro das seguintes estruturas celulares: Diametro dos Tubos Seminiferos (STD),
Altura do Epitélio Seminifero (SEH), Diametro dos Ductos Deferentes (DEF), Diametro
dos Ductos do Epididimos (DEP), e Altura dos Ductos do Epididimo (DEH) (N = 8 por

estruturas, 40 por individuos, Table 1) (Hernandez-Franyutti and Uribe, 2012; Lozano et
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al., 2015). O célculo da amostra foi realizado pela formula de Hally (1964) e corrigido

para melhor representar os preceitos estereoldgicos (Mandarim-de-Lacerda, 1995).

Finalmente, para determinar o periodo reprodutivo da espécie foi quantificado a
densidade de perfis (Qa), sendo contados variados campos de testes em uma Area Teste
(AT) para cada individuo analisado. O resultado foi obtido ap6s a utilizagdo da média em
seus respectivos perfis e aplicagdo da seguinte formula: Q A = ) perfis/A T (mm?)
(Mandarim-de-Lacerda, 1995), sendo contabilizados os tipos celulares em dez Tubos
Seminiferos por individuo, com magnificacdo de 40X (Santos and Oliveira, 2007). As
estruturas para medigdes, bem como contagem celular, foram escolhidas aleatoriamente

entre os individuos (Lozano et al., 2015).
2.3 Analise de dados

Os valores de densidade celular, bem como morfologia das estruturas celulares,
foram comparados entre os periodos do ano a partir do Teste do Kruskal-Wallis e, caso
necessario, pelo Teste Dunn, tanto para fémeas como para machos. Ja a correlacédo entre
fatores ambientais (Temperatura, Umidade e Precipitacdo) e corporeos (Temperatura
corporea, SVL, Volume das gbnadas e K1) para com densidades das células reprodutivas,
e morfologia das estruturas celulares, foi analisado a partir de Modelos Lineares
Generalizados (GLM), utilizando os fatores ambientais e corporeos como preditores,
através dos pacotes DHARMa, readxl e mice (Zar, 1999; Zuur et al., 2009). Em machos,
as dimensBes de estruturas celulares responsaveis pelo armazenamento de células
sexualmente maduras (Ductos do Epididimo), também foram comparadas com a

intensidade da maturacdo de células reprodutivas (espermatozoides) utilizando o teste
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GLM (Zar, 1999). Todas as anélises foram feitas a partir do programa R (v3.6.1 R

Development Core Team 2019).

3. Resultados

As maiores taxas de precipitacdao foram registradas entre 0s meses de marco e
junho de 2019, enquanto os menores niveis de precipitacdo foram registrados nos meses
de setembro e outubro de 2018. A temperatura, por sua vez, as maiores variagcdes foram
registradas nos meses de outubro, novembro e maio (Fig. 2). No total, foram coletados
77 individuos sexualmente maduros, sendo 39 fémeas e 38 machos, apresentando uma
proporcao sexual de 1:1. Os espécimes foram encontrados em todos 0s meses de coleta,
sejam fémeas ou machos, sendo a distribuicdo mensal de captura dos individuos

apresentado na Tabela 1.

a. Morfologia genal dos sistemas reprodutivos
i. Fémeas
Em G. geckoides a regido do oviduto encontra-se altamente enrolada e opaca,
provocando desagregacdo grosseira das diferentes regides oviducais, tipicamente
representando individuos vitelogénicos. Os ovarios consistiam em 0Orgaos pares e
ovoides, localizados na cavidade abdominal e aderidos a parede dorsal do corpo. A
partir das laminas elaboradas foi possivel visualizar regides do utero glandular,

ovarios e porcdes renais (Fig. 3).

O utero glandular apresentou musculatura estreita com fibras musculares
circulares e longitudinais encapsuladas pelo pleuroperitonio visceral, com o epitélio

colunar, revestindo a regido do Iimen, apresentando células densas e ovoides (Fig. 3).
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As glandulas apresentaram forte aderéncia & LAmina Propria, enquanto as células
epiteliais encontravam-se altamente preenchidas com granulos secretores, 0s quais se
coram intensamente com eosina (Fig. 3). Contudo, ndo foi observado estocagem de
espermatoizoides no Utero glandular de nenhum individuo, indicando reproducéo
constante e continua. O ovario de G. geckoides consiste em um ¢éocito, granulosa,
células tecais e base germinativa. Ovarios em estagio vitelogénicos e previtelogénicos
foram encontrados ao longo de todo o periodo de coleta, inclusive de forma

simultanea, o que reforca a ideia de reproducédo continua (Figs. 4 and 5).

3.1.2 Machos

Em G. geckoides os testiculos apresentavam-se em Orgdos pares, simétricos e
ovoides, localizados dorso-medialmente na cavidade celomatica, enquanto o hemipénis
apresentou formato corneado, também em pares (Fig. 7A and 7B). Adjacente aos
testiculos, foram registrados os ductos anteriores testiculares, os quais incluem ductos do
epididimo e deferentes, os quais apresentavam formato coovulado, rodeado por tecido
conectivo (Fig. 7A). Os testiculos também se encontravam rodeados por uma camada
fibrosa e vascularizada de tecido conectivo, denominada tunica albuginea (Figs. 7A and

9A).

Do tecido conectivo dessa camada, origina-se a trabeculae, a qual penetra os
testiculos, sendo visualizadas fibras nervosas, bem como células de Leydig, compondo o
compartimento intersticial (Figs. 7, 8 and 9). Entre esse compartimento, é encontrado o
compartimento germinal, composto pelos tubos seminiferos, sendo os mesmos limitados

pela membrana basal, a qual separa os dois compartimentos previamente mencionados
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(Figs 7A and 9A). Os tubos seminiferos apresentam-se alinhados através do Epitélio
Germinal, o qual contém células de Sertoli, bem como células germinativas em diferentes
estagios de espermatogénese. Células de Sertoli possuiam formato cilindrico, ou
irregular, com nucleo oval, enquanto as células germinativas foram evidenciadas em
todos os estagios de espermatogénese, independente do periodo de coleta (Figs 7A and

9A, B, C).

Os ductos anteriores testiculares apresentaram dois tipos de ddctos: ductos
deferentes e ductos do epididimo (Fig. 8). Os ductos deferentes apresentam formato
coovulado, contendo didmetro menor em relagdo aos ductos do epididimo, além da
auséncia de celulas maduras (espermatozoides) na regido do limen. Esse dicto apresenta
um epitélio cubico, contendo estereocilios largos e apicais nas regides das bordas, bem
como uma jungdo com o segmento inicial do epididimo (Fig. 8B). Os dictos do epididimo
apresentaram diametros mais largos com formato arredondado, ou irregular, sempre com
a regido do lumen preenchida por células maduras (Fig. 8A and C). Esses ductos
encontram-se alinhados por uma espessa coluna de células epiteliais, as quais contém
nucleo esférico, em posicao basal, com o citoplasma extendido até a regido do lumen (Fig.
8C). De acordo com a analise microscopica, 0 hemipénis apresentou epitélio pregueado,
com células pavimentosas, enquanto a superficie apresentou células musculares (Fig. 7B).
A regido central revelou o tecido conjuntivo dotado de vasos, com células granulares na

parte interna e epitélio colunar estratificado (Fig. 9D).
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b. Ciclo reprodutivo anual e influéncia da sazonalidade sobre os ciclos
o0genicos e espermaticos

3.2.1 Fémeas
Ao longo do ano, fémeas de G. geckoides apresentaram ovarios em estagios
avancados de desenvolvimento, sejam em condigdo pré-vitelogénica (estagios Il e 1V)
ou vitelogénica (estagios V a IX). Fémeas gravidas foram encontradas em ambos 0s
periodos, apesar da maior frequéncia durante momentos de precipitacdo elevada (Tabela
1). O ciclo reprodutivo em fémeas de G. geckoides, indicando distintas atividades e
maturacao de células reprodutivas, bem como frequéncia de ovos no oviduto, encontram-

se representados na figura 7.

Com relacdo aos estagios pré-vitelogenicos, Il e 1V, 0s oocitos apresentaram
médias de diametro de 290 £ 45.6 um e 835 £ 75.0 um respectivamente. Os nucleos sao
excéntricos, apresentando formato ovoide ou esférico. Proximo ao nucleo, podem ser
visualizados granulos densos, os quais correspondem a ndcleos de gema. Nos estagios
pré-vitelogénicos tanto a zona central do ooplasma, como a periferia apresentaram
conformidade homogénea (Fig. 4A). Conforme a oogenese progride, 0 ooplasma tende a
apresentar vacuolos, distribuidos de maneira irregular, crescendo em nimero e largura ao
longo da regido central. A zona pellucida encontra-se homogénea e altamente visivel (Fig.
4B). A espessura da zona pellucida nessa fase alcangou 4.75 + 0.7 um, enquanto a camada

Granulosa apresentou espessura de 50.45 + 10.7 pm.

Com relacdo as células que compBem a camada granulosa, células pequenas sdo

mais abundantes na regido periférica da granulosa, proximas ao Od6cito (Figs 4A and B).
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As células médias, semelhante as pequenas células, apresentaram formato ovoide, com
nucleos densos e altamente corados, enquanto as células piriformes apresentam formato
achatado e nucleo esférico, contendo somente um nucléolo (Fig. 4A). No citoplasma
dessas células é possivel notar a presenca de vacutolos e granulos. Com relacdo a base
germinativa, esta encontra-se altamente espessa, especialmente nos estagios iniciais (Fig.
4C). As células germinais apresentam formato ovoide ou achatado e muito abundantes. E
possivel notar a presenca de odcitos primarios, bem como oogonia (Fig. 4C). Conforme
0 estdgio pre-vitelogénica avanca, a base germinativa tende ficar mais homogénea e
reduzida (Figs. 4B and C).

Ao alcancarem o estagio vitelogénico o crescimento folicular segue avangando.
Nos estagios iniciais da fase vitelogénica, V e VI, G. geckoides apresentou uma média do
didmetro do odcito de 1100 + 318 um. Vacuolos também continuam em crescimento,
sejam em ndmero e em didmetro, especialmente na regido periférica do ooplasma (Figs
5A and B). Nesses estagios € possivel notar a presenca de pequenos granulos acidofilicos
na regido periférica do ooplasma, os quais podem estar associados ao principio do
processo vitelogénico. No estagio vitelogénico as trés camadas encontram-se bem
visiveis, entretanto a camada granulosa, assim como a base germinativa, tem sua
espessura reduzida, alcancando meédias de 21.1 + 35 um e 40.8 £ 6.6 um,
respectivamente. A granulosa é convertida em uma camada Unica, contendo somente
pequenas células com nucleos reduzidos e menos corados (Fig 5B). A regido tecal é
composta de fibroblastos, fibras de colageno e pequenos vasos sanguineos (Figs 5A and
B). Nesses estagios é possivel também notar mudancas na zona pellucida, a qual apresenta

duas camadas: uma homogénea (banda hialina) e outra camada estriada interna (zona
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radiata) (Fig 5B). Outra estrutura presente nesses estagios sdo inimeros depositos de
lipidios, distribuidos desde a regido periférica até o centro do ooplasma (Fig 5B). Esses
depositos de lipidios apresentaram uma média de didametro de 50.6 + 72.9 um, possuindo
maiores diametros na regido periférica em relacdo regido central do Ooplasma.

Com relacdo aos estagios finais da vitelogénese, VII a IX, o odcito continua a
crescer conforme a vitelogénese avanca. Nos estagios finais G. geckoides apresentou uma
média de didmetro do odcito de 3.98 + 0.94 mm. Os depositos de lipidios encontram-se
maximizados em didmetro, ocupando quase todo o espago do ooplasma (Fig. 5A). Em
comparagdo aos estagios previamente mencionados, as plaquetas de gemas encontram-se
mais abundantes na periferia do oocito. Os depositos de lipidios apresentam conformacao
irregular na regido central do ooplasma (Fig. 5B). Durante esses estagios, a zona pellucida
apresentou altamente reduzida, bem como a granulosa, a qual é constituida de uma Unica
camada composta por células esféricas, apresentando uma média de diametro de 4.68 +
0.56 mm, enquanto a camada tecal apresentou aumento na sua vascularizacao (Fig. 5B).

Quanto a influéncia dos fatores abioticos, eles aparentaram apresentaram maior
influéncia sobre a base germinativa. Essa estrutura encontra-se com tamanho elevado
durante periodos de maior temperatura, umidade e precipitacdo, indicando maior
atividade da mesma durante periodo de chuva abundante (Table 2). Os fatores bidticos,
por sua vez, revelaram maior influéncia sobre o didmetro do o6cito, bem como a base
germinativa. O aumento da temperatura corpdrea nas fémeas influencia de forma positiva,
e significativa, o aumento do didmetro do odcito e da base germinativa. Além disso, a

base germinativa também sofre influéncia positiva e significativa do fator de crescimento
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(K1), bem como volume das gbénadas (Table 2). Por outro lado, fatores biéticos, bem
como abidticos, ndo revelaram influéncia significativa sobre a camada granulosa.
3.2.2 Machos

Em machos de G. geckoides, houve aumento consideravel em SED e SEH, durante
o inicio e final do periodo chuvoso, enquanto o final do periodo chuvoso também revelou
elevada reducdo de DEF e aumento em DEP e DEH (Table 2). Com relagdo a maturacao
celular, as células maduras (SPZ) experimentaram consideravel aumento durante o inicio
e final da estacdo chuvosa, bem como inicio da seca, sendo registrada a situagao contraria
considerando células em estagio primario (Sptl) e secundario (Spt2) de maturacédo (Table
2). Apesar da maturacdo celular constante, o teste ANCOVA revelou variagOes
significativas para as dimensGes das estruturas celulares, assim como a quantidade de
células em diferentes estagios, indicando varia¢fes na atividade reprodutiva em machos
de G. geckoides, seja de acordo com a sazonalidade ou com o ciclo anual (Table 3). O
didmetro das estruturas celulares de armazenamento (DEP) revelou relacdo direta e
significativa considerando a intensidade de células maduras (SPZ) (B + SE = 0.065 +

0.009, z = 6.638, p < 0.001).

As analises de regressao maltipla revelaram relacdo significativa entre STD, SEH,
DEF, DEP, DEH, Spt1, Spt2 e SPZ e determinados fatores, sejam 0os mesmos end6genos
ou exogenos. Tanto a maturacdo celular como a medidas das estruturas (diametro e altura)
aparenta ser mais fortemente influenciados pelos fatores enddgenos do individuo,
especialmente temperatura corpdrea e volume das gbnadas (Table 4). O volume das
gbnadas revelou correlacdo positiva com STD e negativa com 0s estagios primarios de

maturacdo celular (Sptl e Spt2), revelando maiores estruturas, bem como maior
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quantidade de células maduras, conforme o aumento das gobnadas (Table 4). A
temperatura corpérea, por sua vez, revelou correlacdo negativa para diversas estruturas
celulares (SEH, DEF, DEP e DEH), enquanto somente Sptl revelou correlagdo positiva
para com a temperatura corporea. K1, por sua vez, revelou correlagdo negativa somente
para com DEH, revelando baixa influéncia no processo de maturagéo celular (Table 4).
Os fatores enddgenos revelam condicdes especificas de otimizacdo do processo de
maturacdo de células reprodutivas, bem como estruturas celulares, especialmente
considerando temperatura corpdrea e volume das gonadas. Por outro lado, a auséncia de
correlagéo significativa com os estagios finais de células sexualmente maduras (SPZ),

indica maturagéo constante em machos de G. geckoides

Considerando os fatores exdgenos, temperatura ambiental e umidade se
apresentaram como os fatore mais influentes, especialmente na maturacéao celular (Table
4). A temperatura revelou correlacédo positiva, considerando DEF e Sptl, enquanto SPT
revelou correlacdo negativa, considerando temperatura e umidade. Essa situacdo também
revela uma taxa mais reduzida na maturacéo celular, considerando grandes elevacdes de
temperatura e umidade, apesar da maturacéo constante de células reprodutivas, revelando

momentos de otimizacdo da atividade reprodutiva no local de estudo.

Machos de G. geckoides revelaram o  Epitélio  Seminifero
espermatogeneticamente ativo durante todo o ano no Parque Nacional do Catimbau, sem
a presenca de estagios de quiescéncia, com processos de espermiogéneses e espermiacao
ao longo de todo o ano. Células reprodutivas em estagio primario (Sptl) encontravam-se
sempre na periferia dos Tubos Seminiferos, apresentando forma arredondada e ndcleo

denso, enquanto as células em estdgio secundario (Spt2) apresentavam tamanhos
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reduzidos e ndcleos menos densos, mais proximos a regido do lumen (Fig. 9B). Células
em estagio final de maturacdo (SPZ), por sua vez, foram registrados ocupando
principalmente & regido do Lumen nos tubos seminiferos, apresentando formato alongado
de bastonetes (Fig. 9C). Espermatogonias (SPG) foram registradas em quantidade muito
reduzida e sempre na regido periférica dos tubos, com formato redondo e nucleo reduzido
(Fig. 9B). As espermatides (SEP) encontravam-se proximas aos espermatozoides na
regido do lumen, apresentando formatos similares, porém menos alongado, além de

estagio inicial (EST) e final (LST) (Fig. 9C).

Apesar de ambos 0s processos ocorrem de maneira constante, a espermiogenese e
espermiacdo foram registradas de maneira isolada nos individuos coletados. Em
setembro, foram registrado incidéncia de espermatides alongadas, bem como grande
quantidade de espermatozoides maduros, na regido do limen nos tubos seminiferos. Em
oposi¢do, outubro revelou um decréscimo no nimero de células maduras, assim como
leve decréscimo em SED e SEH. Individuos coletados em novembro, por sua vez,
revelaram alta incidéncia de espermatides arredondadas, indicando aumento do processo
de espermiacéo (Fig. 9B). Dezembro, por sua vez, apresentou leve aumento no processo
de espermiogénese, revelando maior quantidade de espermatides alongadas e
espermatozoides maduros, além de um aumento nas dimensdes de SED e SEH (Fig. 9C).
Em condicdo similar, os meses de janeiro e fevereiro revelaram aumento gradativo do
processo de espermiacdo, principalmente devido ao decréscimo do nimero de células
maduras nos tubos seminiferos. Por outro lado, as alteracGes das dimensbes de SED e
SEH foram muito discretas (Fig. 9B and C). Novamente em marco a maioria dos

individuos apresentam atividade espermiogénese intensificada, revelando espermatides
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alongadas em grande quantidade na regido do Lamen. Tal condi¢éo também foi registrada
para 0s meses de abril e maio, revelando aumento gradativo nas dimensdes de SED e
SEH. O pico da atividade espermiogénica foi registrado para 0 més de junho, juntamente
com as maiores dimensdes de SED e SEH, enquanto o processo de espermiacdo sofre
aumento gradativo, de acordo com a maioria dos individuos coletados nos meses de Julho

e Agosto, sendo novamente registrados descrécimos nas dimensdes de SED e SEH.

Com relagdo aos ductos seminiferos, os ductos deferentes revelaram pouca
variacdo ao longo do ciclo anual em G. geckoides (Fig. 8B). Ductos do epididimo, por
outro lado, seguiram padrdo similar aos STD e SEH, revelando quatro picos de atividade
maxima, considerando diametro e altura, indénticos aos meses mais intensos do processo
de espermiacéo. Os ductos do epididimo encontravam-se preenchidos de espermatozoides
maduros independente do periodo do ano, com grandes variagdes considerando cada
individuo analizado (Fig. 9E and F). Além disso, para ambos DEP e DEH, os menores
valores foram registrados nos periodos de dezembro e marco (Fig. 9E), enquanto 0s

maiores valores foram encontrados principalmente nos meses de julho e agosto (Fig. 9F).

4. Discussao

Dentre os lagartos, as variacdes morfologicas e diferenciacao celular nos 6rgédos
reprodutivos tendem a variar entre populacfes e entre espécies, sendo coordenado por
acOes integradas entre o ritimo enddgeno da espécie, bem como variacbes ambientais
(Abu-Zinadah, 2008; Hernandez-Gallegos et al., 2017). Os resultados encontrados no
presente estudo corroboram com trabalhos prévios em outras espécies de lagartos, a

respeito da morfologia das células e variagGes histolégicas (Abu-Zinadah, 2008; Lozano
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et al. 2015; Hernandez-Gallegos et al., 2017), bem como serpentes (Tumkiratiwong et al.
2012), testudines (Sanchez-Ospina et al. 2014), e crocodilianos (Rey et al. 2009;

Machado-Santos et al. 2015), seja para fémeas como para machos.

De acordo com Sherbroke (1975), Shuett (1992) e Mathies (2011), squamatas
podem adotar distintas estratégias diferentes de reproducéo, considerando a producéo de
gametas e o desenvolvimento das estruturas reprodutivas. De acordo com os resultados
obtidos, considerando a falta de variagéo significativa das células reprodutivas entre os
meses de coleta, bem como a presenca de espermatozoides constantes no epididimo, foi
possivel inferir que a populagdo de G. Geckoides no Parque Nacional do Catimbau
representa fortes indicios de reproducéo aciclica e continua, sendo também influenciados

por fatores climaticos (Vitt, 1986; Mathies, 2011; Alcantara et al., 2019).

Fatores ambientais e sazonalidade do ambiente apresentaram relacéo significativa
para com a producdo de células reprodutivas, especialmente no estagio inicial. A
temperatura foi a variavel de maior importancia para essa espécie, enquanto a precipitacéo
ndo revelou grande influéncia na maturacdo das células. Estudos prévios revelaram
temperaturas corporeas no género Gymnodactylus altamente associadas a temperatura
ambiental (Vitt, 1986; Colli et al., 2003). Portanto, como foi encontrada correlacéo
positiva, e significativa, entre a producdo de espermatides primarias (St1) e a temperatura
corporea, o0 processo de maturacdo das células reprodutivas tende a estar com melhor
desempenho durante as mais altas temperaturas ambientais, em um determinado limite, o
que corresponde a estacdo seca (Lozano et al., 2015; Mamou et al., 2017). Os ductos do

epididimo e deferentes, por sua vez, apresentam-se mais calibrosos devido ao aumento
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da producdo de compostos, 0s quais sdo responsaveis tanto pelo armazenamento como
pela maturacdo dos espermatozoides. Portanto, uma vez que o processo de maturacao de
células reprodutivas se encontra otimizado, machos de G. geckoides tenderdo a apresentar

estruturas celulares mais robustas, principalmente ductos do epididimo.

Essa situacdo favorece o periodo de cépula durante periodos de estiagem,
enquanto as fémeas apresentam gestacdo em maior frequéncia durante periodos chuvosos,
depositando os ovos no final da mesma (Ferreira et al., 2002; Mamou et al., 2017). O
parametro reprodutivo apresentado por G. geckoides aparenta ser similar ao de muitos
outros lagartos em ambientes sazonais como Tropidurus hispidus (Ferreira et al., 2009),
Chalcides viridanus (Sanchez-Hernandez et al., 2013), Sceloporus grammicus (Lozano
et al., 2015), Enyalius perditus (Migliore et al., 2017), bem como outras espécies do
género, como G. amaralli (Colli et al., 2003), e outras populacées de G. geckoides (Vitt,

1986; Souza-Oliveira et al., 2017; Alcantara et al., 2019).

Mudancas em fatores ambientais sdo conhecidas por influenciar na atividade
reprodutiva de diversos vertebrados, especialmente ectotérmicos (Ikeuchi, 2004; Chaves
et al., 2017), apresentando fatores como precipitacdo, temperaturas e fotoperiodos
diretamente vinculados com a atividade testicular (Torki, 2007; Lozano et al., 2015). Por
outro lado, outros estudos também revelaram a influéncia da temperatura na
recrudescéncia gonadal em répteis (Abu-Zinadah, 2008; Mamou et al., 2017), bem como
estimulacdo da atividade espermatogénica (Ferreira et al., 2009; Sanchez-Hernandez et
al., 2013). Além disso, ja foi comprovado que populacdes distintas de uma mesma espécie

podem apresentar diferencas na atividade espermatogénica, a depender das condi¢des
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ambientais a qual esta submetida (Ferreira et al., 2009; Lozano et al., 2015). Por instancia,
0 presente estudo representa o primeiro esforgo para anélise e descricdo das células
reprodutivas e maturacdo em G. geckoides, tornando impossivel uma comparacdo efetiva
de tal atividade celular com trabalhos anteriores, os quais descrevem a atividade

reprodutiva de outras populagdes.

Para a populacédo analisada, o padrdo espermatogénico apresentado, bem como o
encontro de individuos sexualmente maduros e os epididimos sempre preenchidos por
espermatozoides, claramente evidenciam uma atividade continua e ciclica de maturacéo
das células reprodutivas. Apesar da sazonalidade marcante na Caatinga, as temperaturas
tendem as estar em niveis aceitaveis para que tal atividade seja mantida de maneira
constante ao longo do ano, seja para fémeas como para machos. Concluindo, a atividade
reprodutiva em populacGes de G. geckoides no Parque Nacional do Catimbau apresenta-
se continua, sem interrupcbes, sendo regulada, principalmente pelos niveis de
temperatura corpérea dos individuos, independente dos niveis de precipitacdo. Contudo,
€ necessario considerar outros fatores, a exemplo da disponibilidade de alimento e
predadores, juntamente com tracos da Historia Natural, com o objetivo de compreender
as variacOes das estratégias reprodutivas dessa espécie, e consequentemente a evolugédo

dessa atividade em lagartos.
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Figura 1. Mapa do estado de Pernambuco (PE) no Brasil, com localizacdo do Parque Nacional do

Catimbau no estado e os municipios que limitam a regido da UC.
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Tabela 1. Relagdo dos individuos de G. geckoides amostrados de acordo com os meses e anos de coleta no

Parque Nacional do Catimbau, para ambos fémeas e machos.

Sampling month 2018 2019 Total monthly
Females  Males
September 03 03 06
October 02 02 04
November 06 02 08
December 04 03 07
Females  Males
January 03 02 05
Febuary 02 06 08
March 02 05 07
April 03 04 07
May 03 02 05
June 04 04 08
July 03 03 06
August 04 02 06
Total 77
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1000 pm

Figura 3. Corte frontal do oviduto de fémeas de Gymnodactylus geckoides apresentando as regides
histolégicas do oviduto. A regido do ovario apresentando um Gnico ovario em estagio previtelogénco (P) e
foliculo atrésico (AT), com Ooplasma preenchido por vitélos, apresentando Base Germinativa (GB) na
periferia do ovario. Porgdes renais (K) e Utero Glandular (GU) conectado & regido ovariana. A regido do
Utero Glandular detalhada apresentando numerosas glandulas uterinas na lamina propria, epitélio simples
e alinhado no Lumen, e Infundibulo (Inf) fino e muscular, sem presenca de estocagem de espermatozoides.

(Barra de escala = 1 mm).
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Fig.4 Foliculos ovarianos em processo de maturagdo no estagio previtelogénico em Gymnodatcylus

geckoides: (A) Epitélio polimérfico com multicamadas, com a Camada Granulosa (G) contendo células
Piriformes (PyC), Intermediéarias (I) e pequenas (SC), apresentando camada dupla; (B) Epitélio compost
por uma Unica camada de células cuboides (SC) durante o progresso da fase Pré-vitelogénica. GB: Base
Germinativa, YM: Membrana Vitelogénica, Oop: Ooplasma. (C) Visao detalhada da Base Germinativa (gb)
no estagio Pré-Vitelogénico. Células germinais (gc) com formato ovoide ou comprimido, com Estroma
ovariano (S) localizado no lado ventral da Base Germinativa. Base Germinativa contendo Oogonia (0g) e
Odcitos primarios (oc), além de cromossomos fibrilares. Odcitos primarios se deslocando para o Estroma,
com células pequenas (sc), apresentando nucleos reduzidos e nucléolos. O citoplasma (ct) encontra-se mais

evidente do que outras células do Estroma. H-E-Barra de Escala: 50 pum.
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Fig. 5. Foliculos ovarianos de G. geckoides do Parque Nacional do Catimbau em estagio Vitelogénico. (A)

Depositos pequenos e intermediarios de lipidios (dr) e Zona Pellucida definida (setas) (Barra = 500 pm).
(B) Detalhe da imagem A. Zona Pellucida (setas) apresentando banda hyalina e Zona Radiata. Gemas
abundantes e pequenas (*) na regido periférica da margem do ooplasma se movendo para a regido central.

Camada granulosa reduzida com células pequenas e cubicas. Granulosa (G), and theca (T) (Barra = 50 um).
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Fig. 6. Representacdo do ciclo reprodutivo de fémeas de G. geckoides no Parque Nacional do Catimbau,

incluindo maturagao dos foliculos, copula, gestacdo, bem como deposicdo e ecloséo dos ovos.
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Tabela 2. Influéncia de fatores abioticos e bidticos sobre as condicdes das estruturas celulares, durante o processo de Obdgenese, na populacdo de fémeas de G. geckoides no

Parque Nacional do Catimbau, estado de Pernambuco, Nordeste do Brasil.

Biotic factors Abiotic factors

Celular structures (Females) - Celular structures (Females) :

Estimate Std. Error z-value p-value Estimate Std. Error  z-value p-value
Oocyte diameter Oocyte diameter
(Intercept) 8.672 4.518 1.920 0.050  (Intercept) 5.009 1.087 4605 <0.001
Precipitation -0.032 0.018 -1.759 0.078 K1 -21.320 11.933 -1.787 0.074
Temperature -0.051 0.125 -0.408 0.683  Gonadal Volume 0.010 0.021 0.469 0.638
Humidity -0.005 0.019 -0.270 0.787  Body Temperature 0.107 0.045 2.376 0.017
Granulosa diameter Granulosa diameter
(Intercept) 4.972 3.027 1.642 0.028  (Intercept) 3.504 1.920 1.824 0.05
Precipitation -0.001 0.001 -0.786 0432 K1 -1.499 9.912 -0.146 0.883
Temperature -0.015 0.062 -0.247 0.805  Gonadal Volume 0.227 0.278 0.815 0.415
Humidity -0.044 0.132 -0.335 0.738  Body Temperature 0.015 0.063 0.24 0.81
Germinal bed diameter Germinal bed diameter
(Intercept) -9.843 3.780 -2.604 <0.001 (Intercept) -1.589 1.836 -0.866 0.021
Precipitation 0.003 0.001 2.613 <0.001 K1 22.667 9.204 2.463 0.013
Temperature 0.432 0.126 3.427 <0.001 Gonadal Volume 0.728 0.265 2.738 <0.001
Humidity 0.174 0.059 2.950 <0.001 Body Temperature 0.151 0.060 2.491 0.012
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Fig. 7. Visdo Panoramica do testiculo e dictos testiculares (A) e hemipénis (B) de G. geckoides sexualmente

maduros no Parque Nacional do Catimbau. Os testiculos apresentaram Tubos Seminiferos com
espermatozoides ativos, com os Tubos Seminiferos (ST) rodeados pela Tunica Albuginea (TA), contendo
células reprodutivas em todos os estagios de maturagdo. Os Ductos Eferentes (DEF)nao apresentaram
espematozoides (Sz), enquanto os Ductos do Epididimo (DEP) encontravam-se preenchidos por
espermatozoides. Hemipénis com Tecido Conectivo (CT) na regido central, circulado por Epitélio

pregueado (PE) e Epitélio Colunar Estratificado (CEE). Barras de escala: A = 1mm; B = 0.5 mm.
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Fig. 8. Ductos anteriores do testiculo de G. geckoides no Parque Nacional do Catimbau. (A) Ductos

efferentes (DEF) e Ductos o Epdidimo (DEP), circulados por Tecido Intersticial (IT) durante o processo
de Espermatogénese. (A e B) Os Ductps Eferentes ndo possuem estocagem de espermatozoides,
circulados por Tecido Intersticial (IT). (A e C) Ductos do Epididimo contendo abundancia de
espermatozoides (SP), além de Células Epiteliais Colunares (EPC), cirulada por Tecido Intersticial (IT).
O Epitélio Cuboidal dos Ductos Deferentes possuem estereociclos alargados (cabeca das setas) em regido

atipica. Barras de escala A, B, C =50 pum.
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Fig. 9. Estruturas dos testiculos e hemipénis de G. gecoides Parque Nacional do atmbau, sobre
condicdes distintas, durante diversos momentos do ciclo reprodutivo. Todos od Tubos Seminiferos (ST)
apresentaram contate espermiogéneses, envolvidos pela Tunica Albuginea (TA), variando a atividade de
maturacéo de um tubo para outro (A). Tubos seminiferos durante o processo de espermiogéneses, com
presenca de vasos sanguineos (v) e Células de Sertolli (SE) na regido periférica, com abudanca de
espermatog6nia (SPG), Espermatdcitos Primérios (SPT1) e Secundarios (SPT2) (B). Tubos Seminiferos
em processo de espermiacdo, com grande abundancia de espermatides iniciais (EST) e finais (LST), bem
como espermatozoides (SPZ) (C). Estruturas internas e externas do hemipénis envolvidos por vasos
sanguineos (BV) e Epitélio pregueado (PE), tecido conectivo (CT) e células pregueadas (CP) (D). Ductos
do epdidimo, alinhados por uma fina camada de células epiteliais, sempre preenchidos por células
reprodutivas em estégios finaisde maturagdo. Camada contendo diferencas de espessura de acordo com 0s

processos de espermiogénese e espermiacédo (E e F). Barras de escala: A = 0.2 mm; B,C,D,E,F = 50 pm.
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Tabela 3. Teste ANOVA para verificar diferencas ao longo do ciclo anual (meses), bem como entre fases

do ciclo espermatogénico em estruturas celulares, estagios de desenvolvimento das células reprodutivos,

nos testiculos e tubos seminiferos de G. geckoides, no Parque Nacional do Catimbau, estado de

Pernambuco, Nordeste, Brasil.

Analyzed pattern ~ Model F P

Seasonality
Seminiferous tubule diameter 4.54 <0.001
Seminiferous epithelium height 10.94 <0.001
Ductuli efferentes diameter 1140 <0.001
Ductus epididymis diameter 13.09 <0.001
Ductus epididymis heigth 21.98 <0.001
Primary spermatocytes 941 <0.001
Secondary spermatocytes 12.02 <0.001
Sperms 18.94 <0.001

Annual cycle
Seminiferous tubule diameter 2.15 <0.01
Seminiferous epithelium height 4.04 <0.001
Ductuli efferentes diameter 12.48 <0.001
Ductus epididymis diameter 3.44 <0.001
Ductus epididymis heigth 10.89 <0.001
Primary spermatocytes 5.77 <0.001
Secondary spermatocytes 5.62 <0.001
Sperms 10.88 < 0.001

Tabela 4. Resumo de modelos GLM entre as estruturas analisadas, bem como células reprodutivas dos

tubos seminiferos em G. geckoides, para fatores abiéticos (Temperatura, precipitagdo e umidade) e bidticos

(temperature corpérea, crescimentos corpéreo e volume das génadas) no Parque Nacional do Catmbau,

estado de Pernambuco, Nordeste, Brasil.
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Model Analyzed

Abiotic factors

Biotic factors

Effect Estimate Std. Error t P Effect Estimate  Std. Error t P

Seminiferous tubule

diameter Intercept 1.62 0.1 Intercept 2.66 <0.001
Precipitance 0.22 0.15 145 0.14 Body temperature -0.11 2.67 -0.04 0.94
Temperature 0.7 5.98 0.11 0.9 K1 125.17 153.89 0.81 0.41
Humidity 0.41 0.88 0.47 0.63  Gonadal Volume 8,00 1.82 439 <0.001
Overall model: F=0.87;r=0.01, P = Overall model: F=7.13;r=0.08, P <
0.45 0.001

Seminiferous

epithelium height Intercept 2.49 <0.01 Intercept 3.38 <0.001
Precipitance 0.15 0.07 21 0.03 Body temperature -5,00 1.31 -3.81 <0.001
Temperature -2.11 2.86 -0.73 046 Kl -39.94 75.06 -0.53 0.59
Humidity 0.05 0.42 0.13 0.89  Gonadal Volume -0.51 0.89 -0.57 0.56
Overall model: F=2.05; r=0.02, P < Overall model: F =5.09; r=0.06, P <
0.01 0.001

Ductuli efferentes

diameter Intercept 5.02 <0.001 Intercept 299 <0.001
Precipitance -0.01 0.04 -0.18 0.85 Body temperature -3.4 0.93 -3.66 <0.001
Temperature -8.27 1.87 -4.4 <0.001 K1 4.55 52.79 -0.08 0.93
Humidity -0.15 0.27 -0.57 0.56 Gonadal Volume -0.74 0.63 -1.17 0.24
Overall model: F =15.98; r=10.18, P < Overall model: F = 5. 38; r=0.06, P <
0.001 0.001

Ductus epididymis

diameter Intercept -0.14 0.88 Intercept 1.37 0.17
Precipitance 0.04 0.13 0.36 0.71 Body temperature -5.76 2.44 -2.35 <0.01
Temperature 6.62 5.26 1.25 0.2 K1 -132.28 139.52 -0.94 0.34
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Ductus epididymis
height

Primary
Spermatocytes

Secondary
Spermatocytes

Espermatozoa

Humidity
Overall model: F=1.54;r=0.02, P =
0.20

Intercept

Precipitance

Temperature

Humidity

Overall model: F=1.19; r=0.01, P =
0.31

Intercept
Precipitance
Temperature

Humidity
Overall model: F=6.00; r=0.06, P <
0.001

Intercept

Precipitance

Temperature

Humidity

Overall model: F = 0.64; r=0.07, P =
0.58

Intercept
Precipitance

1.55

0.07
0.42
0.36

-0.15
0.55
0.01

0.17
-0.18
-0.04

0.02

0.78

0.06
2.45
0.36

0.14
0.19
0.02

0.17
0.3
0.04

0.01

1.98

1.01
1.16
0.17
0.99

-1.2

-1.17
291
0.47

2.34
0.99
-0.61
-0.97

6.83
1.9

0.04

0.31
0.24
0.86
0.32

0.22
0.24
<0.01
0.63

<0.01
0.32
0.54
0.33

<0.001
0.05

Gonadal Volume 1.90
Overall model: F=2.36;r=0.03, P =

0.07

Intercept

Body temperature -3.67
K1 -168.57
Gonadal Volume 0.28
Overall model: F=4.48; r=0.05, P <

0.001

Intercept

Body temperature 0.38
K1 5.50
Gonadal Volume -0.24

Overall model: F=13.85;r=0.13, P <0.001

Intercept

Body temperature 0.24
K1 8.21
Gonadal Volume -0.26
Overall model: F=3.91;r=0.04,P<

0.001

Intercept

Body temperature -0.56

1.65

1.12

64.79

0.75

0.08
5.54
0.06

0.13
9.09
0.10

0.27
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1.15

0.20
-3.27
-2.6
0.37

1.03
4,78
0.99
-3.89

2.24
1.88
0.90
-2.62

1.55
-2.06

0.25

0.83
<0.001
<0.001

0.70

0.30
< 0.001
0.32
<0.001

0.02

0.06

0.36
<0.001

0.12
0.03



Temperature -3.05 0.57 -5.33 <0.001 K1 -10.05 18.50 -0.54 0.58

Humidity -0.32 0.08 -3.99 <0.001 Gonadal Volume 0.38 0.20 1.90 0.05
Overall model: F =10.26; r=0.10, P < Overall model: F=2.94;r=0.03, P =
0.001 0.03
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CONSIDERACOES GERAIS

O presente trabalho reporta dados autoecoldgicos para espécie Gymnodactylus
geckoides, utilizando individuos coletados em fragmento de Caatinga na regido do Parque
Nacional do Catimbau, estado de Pernambuco, Nordeste do Brasil. Além disso, o presente
trabalho reporta dados inéditos para a espécie, considerando niveis bioquimicos (Porteina,
lipidio e glicogénio), modelagem (distribuicdo e preferéncia de micro-habitat), reservas
energéticas (Lipidicas, hepéaticas e gonadais), bem como estudos de histologia de

estruturas reprodutivas (ovarios e testiculos).

A partir dos dados obtidos, o presente estudo permite classificar a espécie de
acordo com uma ampla gama de caracteristicas ecoldgicas. Com relacdo a dieta, esta
demonstrou baixa diversidade, composta principalmente por térmitas (IsOptera) e
coleoOpteras, os quais apresentaram maior importancia relativa, seja para estbmagos
agrupados e/ou individuais. Apesar da baixa diversidade, a dieta calssifica este lagarto
como um tipico generalista, tendendo a consumir presas de acordo com a sua
disponibilidade no ambiente. Mediante as mudancas da disponibilidade de presas no
ambiente, 0 presente estudo apresentou variancia no numero de presas ingeridas por
individuos, sendo consumido um maior numero durante periodos de estiagem, mantendo,
no entanto o volume de presas ingeridas constante. Os testes bioquimicos por sua vez
reforcam essa situacdo de disponibilidade, uma vez que presas energeticamente
vantajosas (larvas e artropodes de maior volume) tendem a aprensentar maior
disponibilidade durante periodos de chuva abundante. Devido a auséncia de dirmorfismo
sexual e similaridade de micro-habitat, fémeas e machos tendem a consumir presas

similares, em proporcdes similares.

Considerando o a especificidade microambiental, o processo de modelagem e
registros de microhabitats indicam que G. geckoides sdo capazes de utilizar uma ampla
diversidade de microhabitats, sendo invidvel sua classificacgio como uma espécie
rupicola, sejam fémeas ou machos. Os dados também revelaram preferéncias por
ambientes que auxiliam na termorregulacdo, especialmente macambiras (Echolirium

espectabili) quando presentes no ambiente. Como outros geckos estudados, G. geckoides
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tende a manter a temperatura corpérea mais amena em relacdo a temperatura ambiental,
0 que representa uma estratégia de adaptacdo a periodos de temperaturas muito elevadas.
Os dados revelam baixa competicdo interespecifica, bem como alta plasticidade,
representando grande capacidade de adaptacdo da espécie em relacdo a modificagdes

ambientais.

A relacdo Parasito-Hospedeiro, por sua vez, revelou helmintos com ciclo de vida
indireto (heteroxeno). Acantoceéfalos tendem a estar fortemente associado a dieta,
especialmente a ingestdo de coledpteros, bem como sazonalidade, sendo encontrada
maior intensidade de infeccdo periodos chuvosos. G. geckoides atua como hospedeiro
paraténico de acantocéfalos, os quais possuem hospedeiros definitivos aves e mamiferos.
Os nematodeos registrados, por sua vez, podem utilizar uma ampla gama de insetos como
hospedeiros intermediarios, e lagartos como seus hospedeiros finais. Além disso, o habito
terrestre e a tatica de forrageio senta-espera tambem favorecerem o processo de
reinfeccao pelos helmintos registrados. Com relacdo a morfologia e sexo, 0 comprimento
corporeo influencia de forma significativa a intensidade de infecgdo de acantocéfalos,
sendo associados a fatores como: maior oportunidade de ingestao de presas contaminadas
por individuos maiores, maior espaco para compartilhar recursos dos hospedeiros, bem
como reducdo da imunidade do hospedeiro. Como fémeas e machos apresentam
morfologia similar, além de ingestdo de tipos, volume e quantidade de presas, bem como

uso de micro-habitat, a intensidade ndo apresenta variacdo entre 0s grupos.

As reservas energéticas, bem como modificacdo das estruturas e maturacdo de
células reprodutivas, revelaram reproducdo aciclica, na qual G. geckoides tende a
modificar sua atividade reprodutiva de acordo com periodos mais favoraveis a distintas
fases do processo reprodutivo, de acordo com a sazonalidade e recursos ambientais.
Fémeas e machos tendem a utilizar mais gama de reservas energéticas, especialmente
lipidios para processos de copula, o qual ocorre em maior frequéncia durante periodos de
estiagem. Por outro lado, essas reservas tendem apresentar maiores acimulos para o
processo de gestdo das fémeas, 0 quais apresentam-se com maior frequencia durante
periodos de chuvas. Devido ao habito senta espera e disponibilidade de recursos
suficientes, a energia utilizada para atividades como termorregulacdo, alimentacéo e
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maturacdo celular, demandam baixa quantidade de energia, indicando também que G.
geckoides encontra-se apto para a reproducdo em qualquer periodo, podendo produzir

mais de uma ninhada por ano.

O presente estudo corrobora com tedrias previamente propostas, além de ir em
contrapartida com algumas e acrescentar novos dados autoecolégicos para
Gymnodactylus geckoides. Além disso, os resultados obtidos contribuem de forma
significativa para os conhecimentos sobre ecologia e historia natural dessa espécie,
representando grande valia para a conservacdo da mesma, bem como do dominio que
habita (Caatinga).
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