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Serpentes tropicais apresentam uma grande divdesaapadrdes reprodutivos influenciados
por fatores intrinsecos e condi¢des ambientaido€i@produtivos podem apresentar maior
plasticidade em areas tropicais, devido a compésladclimatica. No entanto, estudos de
biologia reprodutiva de serpentes sdo mais desadeslcom espécies de regides temperadas.
Neste trabalho investigamos a biologia reprodutigaserpente “papa-pinto’Philodryas
patagoniensisatraveés das analises morfoldgicas e histologieasspécimes do sul do Brasil.
Para isso, foram avaliados individuos depositatlosc@ecdes zoologicas para andlise dos
testiculos, ductos deferentes e rins nos machsisn @wmo ovarios e ovidutos nas fémeas. O
pico espermatogénico coincide com a época de acasato, no entanto € possivel observar
esperma no ducto deferente ao longo de todo cfani@meas permanecem reprodutivamente
ativas durante um periodo estendido apresentatidal@s vitelogénicos em todas as estagdes
do ano, o pico de vitelogénese ocorre no periodaverno-primavera. As fémeas tém
capacidade para produzir multiplas desovas na mestagdo reprodutiva com o esperma
armazenado a longo prazo. O dimorfismo sexual s@mé&o do corpo € evidenciando, sendo
as fémeas significativamente maiores e mais pesadasachos possuem caudas maiores do
gue as fémeas. Os machos atingem a maturidadel ssrutamanhos menores do que as
fémeas. A fecundidade eR. patagoniensiesta correlacionada com o tamanho corpéreo
materno, com fémeas maiores produzindo foliculogos em maior quantidade e tamanho. O
namero de ovos produzidos por cada fémea varia eitco e 22. A atividade sazonal &m
patagoniensi® influenciada pelo ciclo reprodutivo, uma vez acgpde acasalamento nos
adultos (primavera) e recrutamento nos juvenisa@ecoincide com o pico de atividade. As
mudancas sazonais na temperatura sdo o princtpalgiae influencia a atividade reprodutiva
das serpentes em clima subtropical. De forma gemdsos resultados indicam quePo
patagoniensisem um padrao sazonal da reproducéo no sul dal.Bras

Palavras-chave:reproducédo; espermatogénese; vitelogénese; estoadg esperma; desovas
multiplas; dimorfismo sexual.
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PHILODRYAS PATAGONIENSIS (SERPENTES: DIPSADIDAE) REPRODUCTIVE
CYCLE IN SOUTHERN BRAZIL
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ADVISOR: SONIA ZANINI CECHIN
CO-ADVISOR: SELMA MARIA ALMEIDA-SANTOS

Tropical snakes present a greater diversity ofadyctive patterns influenced by intrinsic
factors and environmental conditions. Reprodudatixa@es may be more plastic in tropical areas
due to the climatic complexity. However, studiessoBike reproductive biology are more
developed with species by temperate region. Sanwestigated the reproductive biology of
the snake Patagonia Green RacPhilpdryas patagoniensisthrough anatomical and
histological analysis of specimens from south BraEor that, individuals deposited in
zoological collections were used to analyze theesédstes, ductus deferens, and kidney, and
the females ovarium and oviducts. The spermatogeak coincides with the mating season,
although sperm was seen stored in ductus deferérsver the year. The females stay
reproductively active during an extended periodwshg vitellogenic follicles in all the
seasons, beside that the vitellogenic peak ocauregiwinter-spring. Females have ability to
produce multiple clutches in the same reproducesason with sperm long-term stored. Sexual
body size dimorphism was evident being femalesifsigmtly larger and heavier than males,
beside that males have larger tails than femalesedthe sexual maturity in smaller sizes than
females. Fecundity ifP. patagoniensigs correlated with maternal body size, with larger
females producing follicles and eggs in greater@amhand size. The number of eggs produced
by each female varies between five and 22. Theosehsactivity is determined by the
reproductive cycle, since males and females shatwgity peak (spring) coinciding with the
mating season, and juveniles were more abundathitime of recruitment (summer). The
seasonal changes in temperature must be the neor fafluencing the snakes reproductive
activity in subtropical climate. Altogether, ourstdts indicate thaP. patagoniensidas a
seasonal pattern of reproduction in south Brazil.

Keywords: reproduction; spermatogenesis; vitellogenesignsstorage; multiple clutches;
sexual dimorphism.
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INTRODUCAO

A reproducdo é um aspecto fundamental da hist@izid dos organismos, afinal
relaciona-se diretamente com a aptiddo individEstudos sobre estratégias reprodutivas
fornecem rico material sobre a adaptacao das fasistde vida as condi¢des locais (VITT &
CALDWELL, 2014). Sendo que alguns autores considesia serpentes organismos modelo
em estudos de biologia reprodutiva (SHINE & BONNEU00; BLACKBURN, 2006).

Estratégias reprodutivas dizem respeito a caractarerfoldgicos, fisioldgicos e
comportamentais apresentados por uma espéciedefgarantir o sucesso reprodutivo. Como
estratégias reprodutivas podemos citar: investimeet esforco reprodutivo, ciclo
gametogénico, modo reprodutivo, sincronia repredufpopulacional, periodo de copula,
rituais de acasalamento, frequéncia reprodutivaidado parental (SEIGEL & FORD, 1987,
SHINE, 2003). A evolucao de uma determinada esfi@téprodutiva esta relacionada a forma
como uma espécie consegue lidar com as restrigbgemtais afim de garantir 0 sucesso
reprodutivo (MADSEN & SHINE, 1999). Nesse contexda@mrdem dos escamados (Squamata)
exibe ampla diversidade de estratégias reprodutigae excedem o simples impasse
oviparidade-viviparidade (SHINE, 1983; ANDREWS & MAIES, 2000).

A reproducdo em serpentes € comumente analisitleda se estabelecer um padréo,
que permita realizar comparacdes entre as espgaiesieio de uma classificacdo do ciclo
(SHINE, 2003). As classificacdes classicas levantensideracao a relacao entre a época de
copula e a producdo de gametas, sendo o ciclonyggsal (dissociado), se a época de
acasalamento ocorre quando as gonadas estdo quésseeos niveis de horménios sexuais
circulantes sdo baixos; ou pré-nupcial (associagligndo a época de acasalamento coincide
com o periodo de maxima atividade das gbnadas mivess de esteroides encontram-se
elevados (VOLS@E, 1944; SAINT GIRONS, 1982; CREWS34; SEIGEL & FORD, 1987).
Quando ocorre ciclo pés-nupcial, a copula poderecem época distinta da fecundacdo. Neste
caso, 0s espermatozoides sédo estocados na épa@mmsiamento e permanecem no trato
genital das fémeas até o momento da ovulacao (SCHUE92). Ja em outras situacoes, 0s
machos podem acasalar com fémeas apesar de agreserésticulos inativos, pois sao
capazes de armazenar gametas nos ductos defdet@SIDA-SANTOS et al., 2004).

Outra forma de classificacdo classica leva em deratdo a extensdo do periodo de
producao de gametas, sendo o ciclo continuo (asaBzquando a producéo de gametas ocorre

ao longo de todo o ano, ou descontinuo (sazonajap os gametas séo produzidos em uma



época restrita (SAINT GIRONS, 1982). Contudo, ssdejue um ciclo verdadeiramente
continuo é praticamente inexistente em serpenteSIEADA-SANTOS et al., 2006).

A classificacdo mais recente considera que a malie reprodutiva e sua expressao
temporal nos individuos de ambos o0s sexos produicleidade observavel em nivel
populacional. Assim, o ciclo reprodutivo em niveliddividuo pode ser classificado em: (1)
descontinuo, se as gbnadas e 0rgaos sexuais amegEIMmanecem inativos durante algum
periodo do ano; (2) continuo, se as gbnadas e ®rgéuais acessorios ndo se tornam
completamente inativas, mas apresentam atividatieiaa por algum periodo do ano; ou (3)
aciclico, se as gbnadas e 6rgdos sexuais acesspresentam niveis essencialmente
constantes de atividade ao longo do ano. Enquamtoivel de populacao, o ciclo reprodutivo
pode ser: (1) sazonal, se um numero proporcionaidieiduos da populacdo exibe estagios
reprodutivos semelhantes em uma determinada épsitda do ano, de modo que haja alguma
sincronia na gametogénese entre os individuos;2pwagsazonal, se existem proporcdes
uniformes de individuos em estagios reprodutivasefigantes em todos os meses do ano, sem
que exista uma sincronia ha gametogénese entngliogdiuos (MATHIES, 2011).

O ciclo reprodutivo de uma espécie de serpentesiogla-se diretamente a fatores
extrinsecos, como fatores climaticos e disponiadi&de recursos (BROWN & SHINE, 2006).
Por outro lado, grande parte das estratégias refivad devem-se a fatores intrinsecos, uma
vez que se conservam filogeneticamente (BARROS$.,e2@14), e certo grau de variagdo €
consentido em funcdo da plasticidade fenotipicaGEE & FORD, 1991). Nas regides
tropicais e subtropicais, os ciclos reprodutivaslean ser a mais diversificados (SEIGEL &
FORD, 1987). Entretanto, estudos reprodutivos sstoricamente mais desenvolvidos com
serpentes de zonas temperadas (PIZZATTO et al8)200

Entre as familias de serpentes neotropicais, aadigae apresenta maior diversidade,
com aproximadamente 65% das espécies descritasNBER COSTA, 2012). As espécies
pertencentes a essa familia estavam até recenter@ectdas na familia Colubridae, mas
analises filogenéticas moleculares reclassificaa@snserpentes superiores (Caenophidia)
dividindo os colubrideos em duas familias: Colueie Dipsadidae (ZAHER et al., 2009).

Dentro da familia Dipsadidae, subfamilia Xenodasiesta o génefrhilodryas,com
22 espécies, todas restritas da América do Sulkjukis oito ocorrem na regido Sul do Brasil
(UETZ, 2015). Dentre as espécies do gérthidodryas que ocorrem na regido Sul, apenas
quatro tiveram seu ciclo reprodutivo estuddéoaestivaf FOWLER et al., 1998 . agassizi
(MARQUES et al., 2006)P. olfersii(FOWLER et al., 1998; MESQUITA et al., 2013pPe
patagoniensisKOWLER et al., 1998; PONTES, 200Vale ressaltar que os estudos citados
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dao maior énfase ao ciclo reprodutivo das fémeasnbum apresenta andalise microscépica
dos 6rgaos reprodutivos.

A serpentePhilodryas patagoniensig¢Girard, 1858) conhecida popularmente como
papa-pinto ou parelheira, € uma espécie ovipareolbeacao verde-oliva, porte mediano e
habito predominantemente terrestre (LOPEZ & GIRAURQ08). Ocorre principalmente em
areas abertas como savanas e campos, possuinda displbuicdo no Brasil, Bolivia,
Paraguai, Argentina e Uruguai (PETERS & OREJAS-MNDM, 1970).

E uma espécie notavelmente abundante na faunaopiealr e apresenta habitos
alimentares generalistas, consumindo principalmeetéebrados de pequeno porte como
peixes, anuros, lagartos, serpentes, aves e rae@@@AERTMANN & MARQUES, 2005;
PONTES, 2007).

O ciclo reprodutivo deP. patagoniensidoi estudado por alguns autores que se
utilizaram principalmente de dados morfolégicosapsumias analises. O ciclo reprodutivo das
fémeas e o dimorfismo sexual da espécie na regidest do Brasil foram estudados por
FOWLER et al. (1998) e FOWLER & SALOMAO (1994), pestivamente. ROJAS et al.
(2015) descreveu ainda o trato reprodutivo das &reeestruturas envolvidas na estocagem de
espermatozoides para a espécie no Sudeste. PatirGestocagem de esperma e variagdes
ciclicas ovidutais das fémeas foram analisadosesf comparativa para as populacdes do Sul
e Sudeste do Brasil (ROJAS, 2013). No Estado dar@arOLIVEIRA (1999) descreveu
aspectos reprodutivos da espécie. Numa populacdmodal norte do Rio Grande do Sul,
PONTES (2007) analisou dimorfismo sexual, fecundiégamaturidade sexual e ciclo
reprodutivo das fémeas. Outro estudo realizadd PHEZ & GIRAUDO (2008) no Nordeste
da Argentina descreve o dimorfismo sexual e ciefyodutivo das fémeas.

Até o momento, nenhum estudo utilizou de analismlidgica para descrever o ciclo
reprodutivo deP. patagoniensis Essa condicdo possivelmente ocorre devido a maior
importancia atribuida a fémea no processo repragluiendo facil avaliar a sua condigédo
reprodutiva macroscopicamente pela presenca daeilimdi e/ou ovos (ALMEIDA-SANTOS et
al., 2014). Em contrapartida, uma compreensao praisinda do ciclo reprodutivo requer a
avaliacdo microscopica das gbnadas e orgaos rdposilacessorios de machos e fémeas
(MATHIES, 2011).

Desta forma, neste trabalho é descrito o ciclooaytivo deP. patagoniensigao Sul do
Brasil utilizando-se de técnicas morfologicas édhigjicas. A presente dissertacdo é composta

por dois artigos acerca da biologia reprodutiv& deatagoniensisa saber:
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» Artigo 1: fornece a descri¢cao do ciclo reprodutilas machos dB. patagoniensisA
biologia reprodutiva de machos foi analisada emnasrde ciclo testicular, ciclo do
segmento sexual renal, maturidade sexual, esfoegodutivo e fecundidade
(capacidade reprodutiva).

» Artigo 2: fornece a descri¢cdo do ciclo reprodutilas fémeas dB. patagoniensisA
biologia reprodutiva foi analisada em termos ddocavariano, maturidade sexual,
esforco reprodutivo e fecundidade.

Os artigos cientificos estdo formatados de acomin as normas da Revista Acta
Zoologica (ISSN 1463-6395).
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1 REPRODUCTIVE BIOLOGY OF THE PHILODRYAS PATAGONIENSIS (SNAKES:
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ABSTRACT

The male reproductive cycle of Philodryas patagwsigin south Brazil was described through
morpho—anatomical and histological analysis ofvittlials deposited in zoological collections.
Spermatogenesis occurred during late autumn—-wfdter—Set) and spermiogenesis occurred
in spring—summer (Oct—Mar). The volume of the testas smaller (quiescent) in winter, while
the tubular diameter and the epithelial heightefd¢eminiferous tubule were larger in summer
(Jan—Mar). The ductus deferens presented spernsatilzover the year and had no seasonal
variation in diameter. The length of the kidney Wager in winter—spring (Jul-Dec), although
the tubular diameter and epithelium height of theusl segment of the kidney (SSK) were
larger only in winter (Jul-Sep). Total testiculagression was observed in late autumn (May),
simultaneously with the peak in SSK. Thereforethet individual level, males exhibit a
discontinuous cyclical reproduction. Considering flopulation level, the reproductive cycle
iIs seasonal semisynchronous, with most of the iddals showing a reproductive peak in
spring—summer (Out—Mar). Here, we present eviddocsupport the importance of the
microscopic approach to reproductive cycles studi@sally, we discuss the intrinsic and
extrinsic factors influencing. patagoniensiseproductive patterns.
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RESUMO

O ciclo reprodutivo de machos Béilodryas patagoniensiso Sul do Brasil € descrito através
de analises morfoanatémicas e histoldgicas deinhadg depositados em colecfes zoologicas.
A espermatogénese ocorre do final do outono atFmov(Jun-Set) e a espermiogénese ocorre
no periodo primavera-verdo (Out-Mar). O volume thsticulos foi menor (quiescente) no
inverno, enquanto o didmetro tubular e a alturaepitélio dos tubulos seminiferos foram
maiores no verao (Jan-Mar). Os ductos deferentesaptaram espermatozoides durante todo
0 ano e ndo demonstraram nenhuma variacao sazmd@émetro. O comprimento do rim foi
maior no periodo inverno-primavera (Jul-Dez), eatrt®o o didmetro tubular e a altura do
epitélio do segmento sexual renal (SSK) apresantaeaumentados apenas no inverno (Jul-
Set). O estado de regressao total dos testicuiogsb&ervado no final do outono (Maio),
simultaneamente ao pico do SSK. Entédo, em nivéhdigiduo os machos exibem um ciclo
reprodutivo descontinuo ciclico. Enquanto, a npagulacional, o ciclo reprodutivo é sazonal
semi-sincrénico, com a maioria dos individuos agmtando pico reprodutivo no periodo
primavera-verao (Out-Mar). Neste trabalho apreseosaevidéncias que suportam a teoria de
que a analise histolégica é fundamental para dg&cprecisa dos eventos reprodutivos. Por
fim, discutimos fatores intrinsecos e extrinseass igfluenciam o padrao reprodutivo Ee
patagoniensis

PALAVRAS-CHAVE: espermatogénese; segmento sexudlrelucto deferente; estocagem

de esperma.

1.1 INTRODUCTION

Reproduction is a central aspect of the life histoi organisms, and information on
reproductive strategies of a substantial amourgnaike taxa is essential to investigate the
evolution of reproductive traits and its patterdls{eida—Santos and Salomé&o 2002). Although,
the reproduction is not crucial for the immediatevs/al, it is the currency of an individual's
fitness, since it is essential for the speciesigtersce. Nevertheless, reproduction is a critical
event in the life of an individual because it reggnets a substantial energetic cost, especially to
ectotherms animals which have low maintenance dqdstsand Caldwell 2014). Therefore,
reproduction is not a continuous endeavor, andpgno@riate timing of reproductive effort is
critical (Brown and Shine 2006).

Reproductive cycles of snake populations vary frioighly seasonal to aseasonal

(Mathies 2011). While the majority of snakes froemperate zones present seasonal
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reproduction, in tropical and subtropical snakes ¢kicles trend to be more plastic: species
reproduce in the dry season, wet season, over agedegperiods, or even almost continuously
(Seigel and Ford 1987). Summarizing, reproductixdes of many snakes may vary over time,
among populations, and even among individuals, dogiot easy to classify into discrete
categories. Hence, the currently known diversityegfroductive patterns of snakes suggests
that a single explanation on this matter is notugiho

In squamates, the male spermatogenetic cycle managmot coincide with the female
reproductive cycle. In this context, the reproduettycle may be defined as associated when
gonadal and hormonal events in males and femalaside with the mating season. However,
in species that the sperm production is not symadus with the females ovulation and
fertilization, the cycle is defined as dissociaf¥dlsge 1944; Saint Girons 1982; Seigel and
Ford 1987; Aldridgeet al. 2009). In these cases of desynchronization betweetiming of
spermatogenesis, ovulation, and mating, sperm ggoappears to be obligatory (Sever and
Hamlett 2002; Almeida—Sant@s al 2004). In male squamates, the ductus defererigezl/o
gradually through the phylogeny of this group as thain and long—term storage organ
(Almeida—Santo®t al 2004; Sever 2004; Liangt al. 2011). Therefore, sperm storage is a
reproductive strategy that established as a negestage in the reproductive cycle of
squamates.

Furthermore, we should take account of the synghodbmeproductive cyclicality at the
individual level and how this contributes to thesenality of reproduction at the population
level. For example, if individual males are seafignmaproductive, the male population cycle
might be continuous if there are always a few matespermatogenic condition in the
population. In the opposite situation, if malespermiogenesis condition occur in a restricted
season of the year, the population cycle mightdasanal (Mathies 2011).

Another feature to be analyzed in the reproduatirde of male squamates is the sexual
segment of the kidney (SSK), a sexually dimorphiacture that has secretory activity under
the control of testosterone (Krohmer, Martinez dMabon 2004; Aldridget al. 2011; Rojas,
Barros, and Almeida—Santos 2013). The SSK secietame mixed with the semen and
transmitted to the female during copulation (Aldgeat al 2011), therefore several functions
have been proposed for this secretion; it may campbhe seminal fluid, nurturing and
activating the sperm (Bishop 1959). It may preventeduce subsequent re—mating by the
female (Nilson and Andrén 1982), and act in thenfation of the copulatory plug to maintain
sperm stored in the oviduct (Almeida—Santos andrBab 1997; Almeida—Santesal. 2004).
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In addition, it may form a non—coagulated copuhatplug that acts as a viscous barrier to
reduce the likelihood or speed of sperm transmis€stine, Olsson and Mason 2000).

In this respect, until recently, the reproductivetprns of neotropical snakes were
relatively less understood than those from temperahes (Mathies 2011). Nevertheless, in the
past two decades, Brazilian researchers have bated considerably to the knowledge on the
reproductive biology of neotropical snakes (Almeifantoset al 2014). For a long time,
reproductive data were only available for femalBarfos and Almeida—Santos 2012), and
several studies about male reproduction showedaumbs results (Mathies 2011). However,
recent researches had also included histologicalysis to describe the spermatogenic and
oviductal cycle of neotropical snakes (Rogsal 2013; Barros, and Almeida—Santos 2814
b; Braz, Kasperoviczus and Almeida—Santos 2014; mtEsand Nascimento 2015).

The P. patagoniensigGirard 1858) is widely distributed in open are#sBrazil,
Bolivia, Paraguay, Argentina, and Uruguay (Peterd ®rejas—Miranda 1970). Available
information on its reproductive biology concernpexgs of female reproductive cycle, sexual
dimorphism, and oviductal sperm storage (Fowler 8atbmao 1994; Fowler, Salomao and
Jordao 1998; Pontes 2007; Lopez and Giraudo 20§j@sRBarros and Almeida—Santos 2015).
The species is oviparous, reproducing seasonalitell®enesis occurs from August to
February (autumn—summer); clutches were recordeah fNovember to January (spring—
summer) and births from January to March (summely-@aitumn) (Pontes 2007; Lopéz and
Giraudo 2008). Although direct evidence of the tighof mating (e.g. observations in the wild)
is not available foP. patagoniensisthere is a single report of a probable matingpinng—
summer (Sonia Z. Cechin 2014, pers. comm. 15 July).

Here we describe the males reproductive biologthefsnakdP. patagoniensign the
south region of Brazil. The aims of this study akto describe the male reproductive cycle
through morphological and histological analysesheftestes, SSK, and ductus deferens; and

b) to investigate the size—fecundity relationstapd the reproductive investment.

1.2 METHOD

Data collection

We analyzed 8P. patagoniensisales from the south region of Brazil (Rio Grande

do Sul, Parana, and Santa Catarina States) aitatiie herpetological collections of the
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Santa Maria Federal University (ZUFSM) and PoraifiCatholic University of Rio Grande
do Sul (MCP-PUCRS). For each individual, we obtdiméormation on month of death,
snout-vent length (SVL), and body mass (BM).

The climate in the south region of Brazil is cléissi as humid subtropical (Képpen’s
climate classification Cfa-Cfb). The rainfall is Nvdistributed throughout the seasons (mean
annual precipitation 1.000-2.000 mm). However,réggon shows well-defined temperature
seasonality, with temperatures ranging from 0°Onh{er) to 40°C (summer) (Alvarest al
2013).

Reproductive events were described according ttraduseasons. The reproductive
cycle of mature males was analyzed considering hwbogical, macroscopic, and microscopic

changes of the testes, ductus deferens, and kidney.

Macroscopic data

For each specimen, the following macroscopic da@ewollected: mass, length, width,
and thickness of the testes, width of the distaligo of ductus deferens, and length and width
of the proximal region of kidney (Rojas$ al 2013). Testicular volume (TV) was calculated by
the ellipsoid formula: V = (4/3yabc, where a = half of length, b = half of widthdac = half
thickness of the testes (Pleguezuelos & Ferich®19he Gonadosomatic Index (GSI) was

calculated by the formula according to: testes rbasly mass x 100 (Clessenal 2002).

Histology

We dissected 61 specimens in order to obtain loigichl samples of the proximal
region of the testes, distal region of the ductefeins, and proximal region of the kidney
(Rojaset al 2013). As a standard procedure, only right—sidgms were used, preserving the
contralateral. The tissue samples were procesgelyfit microscopy by Historesin (Leica)
method. Sections 2um thick (Leica RM2245 microtomefe stained with hematoxylin—eosin.
Slides were analyzed using a ZEISS Axio Scope.Adrascope with Axiocam MRc 5. We
obtained 10 measurements of the microscopic vasaifieach individual: seminiferous tubule
diameter and epithelial height, Leydig cell nucldemmeter, and tubular diameter of SSK and
epithelial height (Rojast al 2013). Only seminiferous and SSK tubules presgntircular

form in the transverse section were consideretigartorphometric analysis.
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In order to determine the sexual maturity, we ubedpresence of spermatozoa in the
testes or ductus deferens as the main criteriahtr@convoluted or non—convoluted aspect of
the ductus deferens as a secondary criterion (319iié). We analyzed the spermatogenic cycle
according to stages classification: 1) completeaggion, 2) early recrudescence, 3) late
recrudescence, 4) early spermiogenesis, 5) speemésis, and 6) early regression (Goldberg
& Parker 1975). The male reproductive cycle wassifeed at the individual and population
level according to Mathies (2011). The cycle of sexual segment of the kidney (SSK) was
classified into stages: 0) SSK not hypertrophigds3K hypertrophied with a few granules, 2)
SSK cytoplasm full of secretory granules, 3) SS&a@ry granules apically in the cytoplasm,
and 4) maximum density of SSK secretory granulestieret al 2004).

Statistical analysis

The correlation between the macroscopic measuramentthe body length (SVL) was
tested by linear regression (Shine 1977). Therefamalysis of covariance (ANCOVA) was
employed to test the seasonal variation in testdsme, ductus deferens width, and kidney
length and width, using SVL as the covariate. TI&d ®as determined by ANOVA and the
significant results were analyzed by the Tukey'st.téAiming to investigate the seasonal
variation in seminiferous tubule diameter and egi#h height, Leydig cell nuclear diameter
and SSK tubular diameter and epithelial height wsel in the analysis of variance (ANOVA).
Post hoc tests (Tukey) were used to identify défifiees between seasons.

In order to explore the synchronism between SSK spérmatogenic cycles we
performed a correlation analysis (Pearson’s caefii¢ using the TV vs. kidney length,
seminiferous tubule diameter vs. SSK tubule diameted seminiferous epithelial height vs.
SSK epithelial height.

To investigate size—fecundity relationships we @anied linear regressions using only
BM as the predictor variable, because SVL and BMewstrongly correlated (r = 0.80, p <
0.0001). Therefore, we analyzed the relationshipvéen the following variables: BM vs. TV,
and BM vs. testicular mass. Correlations betweeatylsize (SVL) and the values of GSI were
tested through the Pearson’s correlation coefftcien

Statistical analyses were performed using Stagistiersion 10 (Statsoft 2011. All
variables were tested for normality and homogengityariances prior to analysis, data were

log—transformed when necessarfie plots were created on Sigmaplot 12 (Systat 2011



22

1.3 RESULTS

Spermatogenic cycle

Seasonal variation in some macroscopic parameitéie male reproductive organs was
statistical identifiable. Testes volume showed are@se during winter (F = 17.1645, p <
0.0001, Fig. 1A) in comparison to summer, autumid, spring (p < 0.001 for the three seasons,
Table 1). The GSI was different between the seaforsl11.5245, p < 0.0005, Fig. 1B), with
an increase in testicular mass during the sprigigsammer, in comparison to autumn (p < 0.05
for both seasons, Table 1), and winter (p < 0.Gb@mr 0.005, Table 1). The ductus deferens
width was larger in spring, although no significalifferences were observed in this feature
between the seasons (F = 0.4387, p = 0.7287, Tab&%perms in the ampulla ductus deferens
were observed all over the year, but in autumnveinter the spermatozoa density was visually
reduced (Fig. 2A), when compared with spring andreer (Fig. 2B).

Considering the microscopic data, the variationhie seminiferous tubules diameter
was seasonal (F =4.6791, p = 0.0059, Fig. 1Cywasdarger in summer, compared with winter
and spring (p < 0.05 and p < 0.01, respectivel\pl& ). Accordantly, the variation in the
seminiferous epithelium height was seasonal (F0O45/, p = 0.0042, Fig. 1D) and it increased
in summer, when compared with winter and spring (01 and p < 0.05, respectively, Table
2). Leydig cell nuclear diameter differed betweeasons (F = 5.5430, p = 0.0024, Fig. 1E) and
it was larger in spring than in summer, autumn,\aimder (p < 0.05 for the three seasons, Table
2).

Therefore, different developmental stages wereatdtarized by cellular changes in the
testes ofP. patagoniensigTable 3). Complete regression of the testes €Stadgrig. 3A)
occurred in autumn (May) and it was characterizgthk presence of spermatogonia A and B
and Sertoli cells only. Early recrudescence (StagEig. 3B) was observed in late autumn
(June) and early winter (July), when proliferarimnspermatogonia, primary spermatocytes,
and first meiosis cells began the growth of theéheghium. Late recrudescence (Stage lll, Fig.
3C) occurred in spring (July—September), with preth@nce of primary spermatocytes and
emergence of round spermatids. This was the pHasaximum cellular division (meiosis),
thus the number of spermatogonia decreased suladitarEarly spermiogenesis (Stage 1V)
lasted from spring to early summer (October—Januampen a few spermatogonias and
spermatocytes were seen, but spermatids were teeprevalent cell type in the epithelium.

At this time, many of the round spermatids had aded to the elongating spermatid stage. The
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spermiogenesis (Stage V, Fig. 3D) occurred frormgpiNovember) to early autumn (March),
the epithelium was high and composed by late spedsand many mature spermatozoa were
released into the lumen (spermiation). Early regjoes(Stage VI) occurred in autumn (April—
May), presenting epithelium atrophy and few speittisaind the remainder of spermatozoa in
the lumen. At this point, spermatocytes and spadsdeft overs underwent degeneration, so

cellular debris were evidenced in the lumen.

SSK cycle

Macroscopic measurements @&. patagoniensiskidneys presented significant
differences in length values between the seasors8R2871, p = 0.0008, Fig. 1F), but not in
width values (F = 0.9216, p = 0.4552, Table 1). Kigmey length was larger in winter than in
summer and autumn (p < 0.001 for both seasonseTgbhand larger in spring than in summer
(p <0.05, Table 1).

The tubular diameter of the SSK differed amongdéasons (F = 4.0781, p = 0.012,
Table 4, Fig. 1G) and it was larger in winter tharspring and summer (p < 0.05 for both
seasons, Table 4). The epithelial height of the $8ibited a seasonal variation (F = 3.7512,
p = 0.0164, Fig. 1H), with a significant increaseidg winter in relation to spring and summer
(p < 0.05 for both season, Table 3).

Although macroscopic differences in the kidney simze hardly detected, histological
investigation revealed clear seasonal variatiddSK activity. The histology of kidney showed
that the SSK was not hypertrophied in late sumnaghreutumn, which was the period of
regression (Stage 0, Fig. 4A). At this phase, t8& $imen was narrow and with vacuoles on
the medial region of the tubule. Autumn was thequkof the start of the activity with a few
granules weakly stained in the basal region ot#iks (Stage 1).

In winter, the SSK was characterized by the presence of degemaules spread
throughout the cytoplasm of the cells, wider tuduhaen, and basal nuclei (Stage 2, Fig. 4B).
Subsequently, on late winter—spring, SSK cells sitbw large amount of granules in the
cytoplasm and secretory vesicles apically positiopepared to be released into the lumen of
the SSK tubule (Stage 3; Fig. 4C)

The secretory phases occurred in the spring amhéatl to summer. At this period, the
number of serous granules in the SSK cytoplasmeas®d, causing a hypertrophy in the
epithelium and a decrease in luminal volume. Secyegranules were observed filling the

apical and basal portions of the SSK cells andénltimen of the tubule (Stage 4; Fig. 4D).
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Secretory activity was reduced in late summer, whemules were seen aggregated only
towards the apical end of the cells, when secrgtbase was resumed again.

Comparison of SSK and spermatogenic cycles

The SSK demonstrated maximum activity in winteegading the spermatogenic peak
(late spring—summer). Thus, the correlation analgsinfirmed that SSK and spermatogenic
cycles exhibited negative relationship betweenfthiewing measurements: TV vs. kidney
length (r = -0.80, p < 0.05, Fig. 5A), seminiferdubule diameter vs. SSK tubule diameter (r
=-0.82, p < 0.05, Fig. 5B), and seminiferous egighh height vs. SSK epithelial height (r = —
0.87, p < 0.05, Fig. 5C).

Size—fecundity relationships

Body mass had a positive and significant effect¥n(r = 0.79, p < 0.0001). BM had a
significant relationship with TV (R= 0.61, F = 95.71, p < 0.0001), but not with tegtic mass
(R>=-0.011, F = 0.35, p = 0.56, Fig. 6A). The ovenadlan of the GSI for males was 1.13 +
0.22 (range 0.11-3.8). The male SVL and reprodeatifort (GSI) were positively correlated
(r = 0.30, p <0.05, Fig. 6B). The smallest matmade presented 61.1 g of mass, SVL of 440

mm, and total length of 690 mm.

1.4 DISCUSSION

P. patagoniensiexhibits spatial germ cell development of the égstwhich is a
common strategy seen within most of the amniotear{@os-Gonzaleet al. 2015) In this
kind of gamete production, the germ cells popufeti@are seen layered together in the
seminiferous epithelium and progress uniformly tigio the phases of spermatogenesis as a
single cohort (Gribbins 2011).

The spermatogenic cycle d?. patagoniensiswas extended but not continuous
throughout the year; the spermatogenesis occumedgllate autumn—winter (Jun—Set) and
spermiogenesis was completed in spring—summer {xadTable 6). The regression of the
seminiferous epithelium occurred only for a shatigd in autumn (May). In other words, the

timing of seasonal spermatogenesis was interleawtd quick episodes of testicular total
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regression. This phase is commonly seen in shakestEmperate areas. Despite this fact, the
neotropical snake€rotalus durissugBarroset al 2012) andBothrops erythromela@arros

et al 201%) also exhibit a phase of testicular regressione Titin cause for testicular
regression in temperate species is the temperatdriée in tropical species is the rainfall
(Krohmer and Lutterschmidt 2011). However, in sapital environments of south Brazil, the
seasonal changes in temperature resemble tempegaias.

Therefore, the male reproductive cyclePofpatagoniensisay be classified according
to Mathies (2011): at the individual level, malefibit a discontinuous cyclical reproduction,
with reproductively quiescence of gonads in lateiaun. According to this classification, at the
population level, the reproductive cycle is defitgdthe synchrony of reproduction observed
within the male individuals. In this case, the egbf individuals do not progress in close
synchrony, but tend to be more coincident at aiqdar time of year (spring—summer),
identifiable as a peak period of reproduction. Bseeof this, at the population level, we classify
the reproductive cycle dP. patagoniensigas seasonal semisynchronous, with most of the
individuals showing a reproductive peak in springamer. The reproductive cycle is
complexly influenced by intrinsic and environmenfakttors. In this sense, cold winter
temperatures are considered the main restrictiotherduration of the reproductive season,
because only in summer the temperature and ingnlate high enough to allow the embryonic
development (Gregory 2009).

The ductus deferens demonstrated no seasonalivariat diameter and presented
spermatozoa in the lumen throughout the year. Heheeductus deferens is probably playing
a role of long—term sperm storage, which pointstouhe fact that males may be capable of
copulating at any time (Almeida—Santos and Salodf#). In this case, mating may occur
independently of spermatogenesis because the arakedjust to the female reproductive cycle,
being able to provide viable spermatozoa durintyesaring matings. The sperm storage is a
synapomorphy of squamata that contributed to teeacessful invasion of the terrestrial
environment (Gribbins, Happ and Sever 2005).

In P. patagoniensisa peak in the GSI occurred during spring; newegs, TV
appeared to be almost constant from spring to autumeing quiescent only in winter.
Meanwhile, the seminiferous tubules showed an asmen the tubule diameter and epithelial
height during spring—summer. These events coingitie the time of highest activity of the
testes in the spermiogenesis stage. Thus, sepanaggther GSI nor testes volume should be
considered a reliable indicator of spermatogene$ts patagoniensisi he histological analysis

is crucial to determine the reproductive cycle (Mes$ 2011).
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The Leydig cells, which bordered the basal lamihthe germinal epithelium, showed
an increase of the nuclear diameter in springctpf the mating season (Rogisal 2013).
Hypertrophy in the Leydig cells nuclear diameteassociated to its endocrine activity peak of
testosterone synthesis, coinciding with the spesgeatesis (Volsge 1944). The increase of
steroidogenic activity is closely associated whk transformation of peritubular cells from
fibroblast to myoid-like appearance. This phenomeswggests the involvement of Leydig
cells in the sperm transport, aiding the contractd seminiferous tubules (Kumar, Roy and
Umesh 2011).

The SSK cycle follows a temporal strategy (Aldedg al 2011), in which synthesis
and secretory phases are separated into non—repirauand reproductive seasons,
respectively. The increase of the tubular diamet&SK and epithelium height during winter
occurred due to the height of the secretory chbs were full of secretory granules in those
seasons (Sevet al. 2007). Probably, the activity peak in the winpeepares the SSK for its
immediate use in the mating season (spring—sumiAkhidge et al 2011; Rojat al 2013).
The presence of secretory granules in the SSKédboten in spring occurred associated with
the mating season. After mating in spring—sumnier SSK of thd®. patagoniensisegressed.

The smaller activity period of the spermatogenidthgium (winter) occurred
simultaneously to the period of the most activifytte SSK epithelium. The SSK secretory
cycle and its relationship with the testicular eyahdicate that the development of the SSK
represents a substantial energetic cost that magdgo@l to or greater than the cost of
development of the testes (Aldridegeal.2011). So we assume that SSK is also an enerfijgtica
expensive structure of vital importance to reprashadbiology of theP. patagoniensis.

Size—fecundity relationships and reproductive itwest may vary even among closely
related species (Shine 1988). In the casd.opatagoniensisbody mass had a positive
relationship with TV, but not with testicular mass.addition, the male SVL and reproductive
effort (GSI) were positive correlated. The testes s commonly hypertrophied in species with
sperm competition and/or in populations with higaypavailability (Mgller and Briskie 1995).
In this context, ecologists have classically coemad that the reproductive investment is
extremely different between the sexes. Even thougtroduction is energetically expensive
for both males and females (Olsson, Madsen anceSH8a7). Despite this, the energy costs of
sperm production are just a small component ofodyetion when compared with the energy
costs of reproductive behaviors (Winne and HopRIiD&6).

The P. patagoniensidgs a widely distributed species, although informaton its

reproductive cycle is not available for males frother populations. But, taking account the
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female reproductive cycle (Fowlet al 1998; Pontes 2007; Lopez and Giraudo 2008; Rojas,
et al. 2015), all the populations analyzed show seasm@pabduction and some variation is
recognized just in the time of reproductive evelhkg vitellogenesis, ovulation, oviposition
and hatchling of newborns. Inter-populational vi@oiain reproductive traits is often attributed
to different climatic conditions (Pizzatto and Maeg 2006; Mathiest al. 2010). While, the
absence of variability in reproductive patterns agh@opulations that live under different
climatic conditions, like observed t®. patagoniensismay be attributed to phylogenetic
conservatism (James and Shine 1988).patagoniensidemales from south Brazil show
seasonal reproductive cycle with ovulation in spamd oviposition in summer (Pontes 2007;
Lépez and Giraudo 2008), but clearly occurs sorgaasony with the male cycle. Because of
thi, the ability to sperm storage in the male daataferens and in the female oviduct (R&gas
al. 2015) evolved to allow the reproductive succdd3. patagoniensis.

In conclusion, our results indicate that patagoniensisnales have a seasonal pattern
of reproduction in subtropical Brazil. The use afrpho—anatomical analysis allowed to infer
a reproductive peak, but we presented evidencegpost the argument that the histology was
essential to reveal the precise time of some retoce events, like sperm storage. After all,
conclusions about reproductive patterns of squanegtées based just on morpho—anatomical
methods are not very reliable. In order to analya®pletely the male reproductive strategies
of P. patagoniensjanore studies using electron microscopy and histotstry techniques are
required, as well as laboratory experiments. Tloeegfwe expect that this study increases the

knowledge about reproduction of neotropical squameptiles and stimulates further research.
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Appendix 1. Voucher specimens of maRegpatagoniensianalyzed in this study housed in the

herpetological collections of the Federal Universif Santa Maria (ZUFSM) and Pontifical

Catholic University of Rio Grande do Sul (MCP-PUQRS

Macroscopic and anatomical analysis (n=85): ZUFSB2)3353, 0356, 0391, 0482, 0543,
0640, 0649, 0689, 0696, 0794, 0835, 0842, 09683,08990, 1117, 1303, 1419, 1430, 1435,
1437, 1455, 1601, 1675, 1684, 1703, 1725, 17483,18%29, 2347, 2427, 2430, 2470, 2566,
2633, 2737, 2743, 2746, 2766, 2913, 3004, and 3a€P02503, 05499, 05753, 05759, 06474,
10992, 11043, 12525, 14263, 14277, 14336, 1448274,414878, 14897, 15679, 15680,
15681, 15682, 15847, 16722, 16946, 16947, 1694849616951, 16961, 16962, 16963,
16964, 16969, 16970, 16971, 17018, 17859, 1795K6,717988, 17989, 18065, and 18368.
Histology (n=61): ZUFSMO0353, 0356, 0482, 0640, 083689, 0696, 0794, 0835, 0842, 0968,
0978, 0990, 1117, 1419, 1430, 1435, 1437, 14551,16075, 1684, 1725, 1748, 1853, 2229,
2347, 2430, 2470, 2566, 2743, 2746, 2766, and 20CR 14277, 14482, 14878, 14897, 15679,
15681, 15682, 15847, 16722, 16946, 16947, 1694849616951, 16961, 16962, 16963,
16964, 16969, 16970, 16971, 17018, 17859, 1799K6, 717988, and 17989.
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TABLES AND FIGURES

Table 1: Macroscopic measurements of male sRalpatagoniensis South Brazil. Post hoc
analysis: significant differences (p<0.05) betwseasons are indicated by letters. Each letter
represents a season. Date are expressed as meadard errors. SVL: snout-vent length; GSI:
gonadosomatic index

Testes volume Ductus Kidne Kidney
Season SVL (mm) (mm?) GSI deferens lenath (rﬁm) width
width (mm) 9 (mm)
Summer (A)  65358£38.30 295464897  1.32:0.28 1.62:0.20  58.80+7.030 b5.64+1.84
Autumn (B)  644.30+39.78  274.17+47.61  0.65+0.1¢ 1.44+0.24 62.02¢2.69  6.23+1.96
Winter (C)  636.86+26.28  183.00:62.4¢0 O41E008" 1 o105 64.00:3.488 5504207
Spring (0)  649.46:23.22  256.49+2287 1882045 4 e6i000 6357510  5.79+1.70

Adapted from Rojast al. 2013.

Table 2: Structural variation of the testesPofpatagoniensibetween different seasons. Post
hoc analysis: significant differences (p<0.05) kedw seasons are indicated by letters. Each
letter represents a season. Date are expresseebasinstandard errors.

Season Seminiferous tubule Seminiferous epithelial Leydig cell nuclear
diameter (um) height (um) diameter (um)
Summer (A) 287.82+13.50° 105.45+6.58%' P 3.73+03(P
Autumn (B) 253.29+13.35 90.29+4.47 3.93+027
Winter (C) 218.29+12.32 75.14x4.21 3.82+0.23
Spring (D) 233.23+9.19 86.13+3.43 4.92+0.24VB. €

Adapted from Rojast al. 2013.

Table 3: Stages of the spermatogenic cycl.ipatagoniensis South Brazil

Stages Months of occurrence
| ) Complete regression May

II) Early recrudescence: division of spermatogamd primary spermatocytes June-July
[Il) Late recrudescence: primary spermatocytesspaimatids July - September
IV) Early spermiogenesis: spermatids in metamorjzhos October - January
V) Spermiogenesis: mature spermatoza in the lumen ovehdber - March
VI) Early regression: decrease of the seminiferepithelium April - May

Adapted from Goldberg and Parker (1975).
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Table 4: Structural variation of the kidneyRfpatagoniensibetween different seasons. Post
hoc analysis: significant differences (p<0.05) kedw seasons are indicated by letters. Each
letter represents a season. Date are expressedamsinstandard errors. SSK: sexual segment
of kidney.

Season SSK tubular diameter (um) SSK epithelial hght (um)
Summer (A) 160.11+9.18 68.77+3.95
Autumn (B) 176.62+7.75 81.14+5.06
Winter (C) 197.78+9.75 P 92.33+7.558"P

Spring (D) 169.30+4.7 73.00£3.21°

Adapted from Rojast al. 2013.

Table 5: Stages of the SSK cycleHnpatagoniensis South Brazil.

Stages Months of occurrence
0) SSK not hypertrophied March- April

1) SSK hypertrophied with a few granules May-June

2) SSK cytoplasm full of secretory granules Jubptember

3) SSK secretory granules apically in the cytoplasm September-November
4) Maximum density of SSK secretory granules Ddwammnfrebruary

Adapted from Krohmeet al. (2004).

Table 6:Phases of the annual reproductive cycle of rRalgatagoniensign South Brazil
Summer Autumn Winter Spring

Testes hypertrophy (volume)
GSl increases
Spermatogenesis
Spermiogenesis
Seminiferous tubule hypertrophy

Leydig cell activity
Kidney hypertrophy (length)
SSK hypertrophy
Testicular regression
Mating




Summer (A) Autumn (B) Winter (C) Spring (D)
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Figure 1. Seasonal variation in (A) testicular voi) (B) GSI, (C) kidney length, (D)
seminiferous tubule diameter, (E) seminiferous heghidl height, (F) Leydig cell nuclear
diameter, (G) SSK tubular diameter and (H) SSKhegtial height for males d?. patagoniensis
in South Brazil. Middle line represents mean valussxes show standard deviation and
whiskers represent minimum and maximum values. Estdr express differences between the

seasons.
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Figure 2: Transverse sections of the ampulla ofdingtus deferens &. patagoniensis(A)
ductus deferens lumen full spermatozoa; (B) dethithe ductus deferens epithelium. Ep:
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Figure 3. Transverse sections of the testéx phtagoniensifom South Brazil in (A) autumn

(May) seminiferous epithelium in regression; (Bwmter (July) showing different stages of
cellular division in the seminiferous epitheliur@)(n spring (October) with the peak of cellular
division and spermatid in metamorphosis; (D) irelaummer (March), final phase of the
spermiogenesis process. Ta: tunica albuginea; Badbcapillaries; Lc: Leydig cells; Sc:

Sertoli cells; L: lumen; Sd: spermatid; SPG A: spatogonia A; SPG B: spermatogonia B;
SPC I: primary spermatocyte; SPC Il: secondaryreptocyte; SPT |. spermatid I; SPT II:

spermatid Il; SPZ: spermatozoa;
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Figure 4: Histology of the kidney of the malesfofpatagoniensiffom South Brazil: (A) SSK

regressed (late summer - early autumn); (B) SSkhyipertrophy with granules evident
throughout the cytoplasm (winter); (C) SSK withretory granules visible in the apical region
of the cytoplasm (late winter - spring); (D) detail SSK cells full of secretory granules
maximum density of secretory granules within thplasm (late spring - summer). Bc: blood
capillaries; Sg: secretory granules; Gl: kidneyngdoulum L: lumen; Pct: proximal convoluted

tubule; SSK: sexual segment of the kidney; N: satlleum;
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2 REPRODUCTIVE BIOLOGY OF THE PHILODRYAS PATAGONIENSIS (SNAKES:
DIPSADIDAE) IN SOUTH BRAZIL: FEMALE REPRODUCTIVE CY CLE

CICLO REPRODUTIVO DEPHILODRYAS PATAGONIENS(SERPENTES:
DIPSADIDAE) NO SUL DO BRASIL: CICLO REPRODUTIVO DASEMEAS

Luiza Loebens”, Claudio Augusto Rojag, Sonia Zanini Cechirt, Selma Maria Almeida-
Santog

ABSTRACT

The Philodryas. patagoniensigmale reproductive cycle in South Brazil is déssmnl through
morpho-anatomical and histological analysis ofwidlials deposited in zoological collections.
The P. patagoniensi¢emales remain reproductively active during areesed period of the
year, being vitellogenic follicles evidenced inthké seasons and ovigerous females from spring
to autumn (Oct-Jun). The secondary vitellogeneseékccurs during winter-spring (Jul-Dec),
ovulation in spring (Oct-Dec), mating and fertilimen in spring-summer (Oct-Feb), oviposition
in spring-autumn (Oct-May), and births from lateisg to autumn (Dec-Jul). The diameter of
vitellogenic follicles/eggs were larger in wintgrrsg, the same period in which ovaries were
in hypertrophy. The diameter of the shell gland® alas larger in winter-spring. In spite of the
reproductive peak clearly evidenced, gonads onlgaked reduced activity in autumn. So, at
the individual level females has a discontinuouslicgl reproduction, and considering the
population level, the reproductive cycle is seakspaisynchronous. We support the theory
that P. patagoniensifiave ability to produce multiple clutches with spdong-term stored.
Sexual body size dimorphism was evident being femaignificantly larger and heavier than
malesP. patagoniensikarger females were able to produce follicles@ggs in greater amount
and size. The maternal body size was related targpeoductive effort and fecundity. In
conclusion, we deliberate about the proximal ansdtatlicauses that influence tHe

patagoniensiseproductive traits and patterns.

! Laboratory of Herpetology, Santa Maria Federal @rsity, Santa Maria, Rio Grande do Sul, Brazil
2Laboratory of Ecology and Evolution, Butantan Ihgg, Sdo Paulo, Sdo Paulo, Brazil
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dimorphism.

RESUMO

O ciclo reprodutivo das fémeas Ehilodryas patagoniensiso sul do Brasil € descrito através
de andlises morfoanatdémicas e histologicas deimhaids depositados em cole¢des zooldgicas.
As fémeas d@. patagoniensipermanecem reprodutivamente ativas durante unolpagodo

do ano, sendo evidenciados foliculos vitelogénewstodas as estacdes do ano e fémeas
ovigeras da primavera ao outono (Out-Jun). O p&ovitklogénese secundaria ocorre no
periodo inverno-primavera (Jul-Dez), a ovulacaopnianavera (Out-Dez), acasalamento e
fertilizacdo durante primavera e verdo (Out-Fevppmsicdo no periodo primavera-outono
(Out-Mai) e nascimentos do final da primavera amoo (Dez-Jul). O diametro dos foliculos
vitelogénicos/ovos foi maior no periodo invernoapaivera, a0 mesmo tempo em gue 0S ovarios
apresentaram maior massa. O diametro das glandlleessca também apresentou aumento no
inverno. Apesar do pico reprodutivo ter sido clagate evidenciado, as gonadas revelaram
atividade reduzida somente no outono. Entdo, esl dévindividuo as fémeas exibem um ciclo
reprodutivo ciclico descontinuo, enquanto a niagypacional o ciclo reprodutivo é sazonal
semi-sincrénico.P. patagoniensisem capacidade para produzir multiplas desovas com
esperma estocado a longo prazo. Evidenciou-se fismar sexual no tamanho do corpo, sendo
as fémeas significativamente maiores e mais pestdase os machos. As fémeas maiores sao
capazes de produzir foliculos e ovos em maior dgeae e tamanho. O tamanho corporeo
materno relaciona-se diretamente com o esforcoodepivo e a fecundidade. Por fim,
discutimos causas proximais e distais que infleanas carateristicas e o padréo reprodutivo

deP. patagoniensis

PALAVRAS-CHAVE: reproducéoyitelogénese; estocagem de esperma; atividade aazon

dimorfismo sexual.

2.1 INTRODUCTION

The major motivation of the life-history theorytsexplain the amazing differences in
life-history strategies within and among the taxahe natural world. The life-history theory
attempts to describe how the natural selectioreantution compel organisms to improve their

“Darwinian fitness” (Stearnst al. 2000). The fitness is related to the successmfduction,
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although it is not a cheap endeavor and their plhggical costs may be translated into negative
relationships between two life history traits knoWrade-offs”, such as “fecundity vs. size at
maturity” and “present fecundity vs. future fecugytli(Ford and Seigel 1989). So, to
understand why and how snakes use the limited graang resources available, we should
analyze many “trade-offs” involved in maximize thervival and reproduction and therefore
optimize the fitness trade-offs (Fabian and Flat2).

The life-history strategies developed for an orgamiare directly related to the
adaptation of local conditions (Vitt and CaldweD12). In this sense, some authors now
consider snakes like “model organisms” especiatystudies on reproductive ecology (Shine
and Bonnet 2000). Although, the snakes reproduditodies have extensively examined a
small number of temperate species, while the npaabspecies have received more attention
just in the past two decades (Almeida-Samtioal 2014). Whereas, reproduction information
about a large number of species is required tongteteding the evolution of reproductive traits
and patterns (Barrost al 2012). Moreover, natural history information mportant to the
definition of conservation measures (Shine and Bb2009).

In snakes, many aspects of the female reproductieke occur independently of the
male cycle (Taylor and DeNardo 2011). In genehad,females cycles tend to be less variable
than males, being the vitellogenesis, ovulation, @viposition the most important events used
to classify the reproductive cycle (Aldridge al. 2009). Further, these events may diverge
drastically depending on: phylogeny, temperatuhet@period, reproductive season duration,
food availability, body condition, and quality cdtfreserves (Naulleau and Bonnet 1996).
Summarizing, the plasticity in life-history traitsinfluenced by environmental factors as well
as genetic causes (Seigel and Ford 2001), and ghansmtes can exhibit variation in
reproductive tactics even in the intraspecific l€Barroset al 2012).

The annual activity pattern is an ecological aspesgociated to the reproductive
biology, once it has great implications for theroguction, and so for the species persistence
(Torello-Vieraet al. 2012). When and how long to play the reproductivéeavors (e.g. partner
searching, mating and, egg-laying) during the yearanother “trade-offs” to be evaluated for
an organism. Furthermore, we must consider tharakganother abiotic and biotic factors may
constrain the reproduction, and so the activitygeas (Shine 1977; Marques$ al. 2000). In
this context, Gibbons and Sernlitsch (1987) sugyeskinds of seasonal activity patterns for
snhakes: unimodal, in which a single peak occuraéet the late spring and late summer; and

bimodal in which two peaks of activity occur, omespring and another in summer. However,
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activity patterns may vary among populations areheamong individuals, and not always this
classification in close categories should be theensatisfactory.

An important event used to classify the reprodctiycles is the seasonal association
of mating and gonadal activity (Crews 1984). Inebdefinition, species showing associated
reproductive pattern mate while gonadal activitglesvated, whereas species with dissociated
reproduction mate when gonads are quiescent. lkesnaith dissociated cycle the timing of
mating and fertilization are asynchronous, beingessary perform a sperm storage mechanism
that allows the fertilization to be delayed (Schu®92).

Female sperm storage structures have evolved indepdy for different times in
squamate (Sever and Hamlett 2002), and many expmlasare proposed for this: dissociated
reproductive events; scarcity of sexual partndiswathe female to lay more than one egg-
clutch in the same reproductive season; less poediasgk linked to the reproductive endeavors;
and sexual selection through spem competiton (Th@@#; Schuett 1992; Birkhead and Moller
1993; Almeida-Santos and Salomé&o 1997).

P. patagoniensigGirard 1858) is a diurnal and terrestrial spedidartmann and
Marques 2005) widely distributed in savannahs aedsjands of Brazil, Bolivia, Paraguay,
Argentina and Uruguay (Peters and Orejas-Mirand®)L9t has a generalist diet feeding on
fishes, frogs, lizards, snakes, birds, mammalst(hkmn and Marques 2005) and even their
own species (Pontext al 2003). It is an oviparous snake that reprodueasanally. Studies
on female reproductive cycle have been done onilgnagFowleret al 1998; Pontes 2007,
Rojaset al 2015) and Uruguayan (Lopez and Giraudo 2008) latipus, although just Rojas
et al. (2015) explore the histology of the female oviduct

So, the present study describe the reproductivéodyoof the female snak®.
patagoniensisn South Brazil through morphological and histatad) analysis, testing the
following hypothesis: (1) the species should haveeasonal pattern of reproduction in the
subtropical region; (2p. patagoniensifemales should be able to produce multiple cligche
the same reproductive season; (3) the ovidu&. gfatagoniensisust to have sperm storage
adaptations; (4) the seasonal activity pattermefspecies ought to be strongly determined by
the reproductive cycle (5) the female-biased sedimbrphism in body size may be related to

fecundity selection in this species.
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2.2 METHOD

Data collection

We analyzed individuals dP. patagoniensigrom the South region of Brazil (Rio
Grande do Sul, Parand and Santa Catarina Stasiide in the herpetological collections of
the of the Federal University of Santa Maria (ZURSiid Pontifical Catholic University of
Rio Grande do Sul (MCP-PUCRS).

The climate in the South region of Brazil is repred by Koppen climate classification
as humid subtropical (Cfa and Cfb). The rains agk estributed throughout the seasons (mean
annual precipitation 1.000 a 2.000 mm), so it ispussible identify a dry season. Though, the
region shows a well-defined temperature seasonalith temperatures achieving 0°C in the
winter and almost 40°C in summer (Alvaetsal 2013).

We considered the monthly abundance of males, &svaald juveniles available in the
collections to explore the seasonal activity pattdfor this, we analyzed 783 specimens,
considering the data: sex, month of capture, andadenaturity. We considered mature the
males larger than 440 mm of snout-vent length &@rém of total length (Loebenst al in
press). The females sexual maturity, was determiisedy the presence of spermatozoa in the
vagina or oviduct (post-copulating) and/or the preg of mature follicles in ovary or eggs in
oviduct as the main criterions, and the aspedi@biiduct with folds or loose (post-spawning)
was used as a secondary criterion (Shine 1977).

Reproductive events were described according tdraduseasons: summer (late
December-late March), autumn (late March-late Junejter (late June-late September), and
spring (late September-late December). The reptoducycle of mature females was analyzed
considering, morpho-anatomical and histologicalngjfes ovary and oviduct (infundibulum
anterior and posterior, uterus, utero-vaginal jumgtand vagina) (Rojast al. 2015).

We analyzed 1172P. patagoniensidemales to investigate the morpho-anatomical
changes in the reproductive organs. For each ithdialj we obtained information on month of
death, snout-vent length (SVL) and body mass (BMg. exanimated the morpho-anatomical
variables: number of vitellogenic follicles andéggs; diameter of the largest follicle and/or
oviductal eggs; and the overall condition of therus (opaque or translucent and smooth or
relaxed). To investigate size-fecundity relatiopshand reproductive investment we measured
the ovary mass (follicles) and calculated the Gosathatic Index (GSI) by the formula gonad
mass/body mass x 100 (Clesstral 2002).
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Last, to investigate sexual dimorphism we meastioecb7 males and 46 females
(mature individuals) the following external morpbgical traits: snout-vent length (SVL), tail
length (TL) and body mass (BM). We calculated tkgrde of sexual dimorphism (SSD) in
SVL using the formula: SSD = 1- (mean female SVldmenale SVL) (Shine 1994).

Histology

We dissected 5%. patagoniensigdemales to obtain histological samples. For each
individual, we obtained information on month of tteanout-vent length (SVL) and body mass
(BM). We obtain histological samples of the: infimdum (anterior and posterior), uterus,
utero-vaginal junction, and vagina (Rogsal 2015). As a standard procedure, only right side
organs were used in this study, preserving theralatéral. The tissue samples were processed
for light microscopy by histological resin (methgate — Leica Historesin) method. Sections
taken at 2um thick (Leica RM2245 microtome). Slisde=re analyzed using a ZEISS Axio
Scope.Al microscope with camera Axiocam MRc 5. Morpetric measurements and pictures
were taken via ZEISS microscope software ZEN [@ar( Zeiss 2014).

The oviduct was analyzed for the presence of sperua in the different regions of
the oviduct and the existence of sperm storagedglaubules. The microscopic measurements
taken: shell glands (uterus) diameter (Siegel aw52008). We obtained 10 measures of this
microscopic variable to each individual, considgranly glands presenting circular forms in

the transverse section.

Statistical analysis

The reproductive cycle was determined based osdhsonal variation in vitellogenic
follicles/eggs diameter, GSI and shell glands di@méehese variables were investigated by
analysis of variance (ANOVA) and significant reswuttxamined by Post-hoc tests (Tukey).

Seasonal activity was inferred through the mon#ilyndance of males, females and
juveniles. To verify an abundance peak of individuave used adherence G-test (goodness of
fit) with expected equal proportions for males, &es and juveniles. To investigate differences
in the activity pattern between adults-juvenile anales-females we performed contingency
G-tests (likelihood ratio). To evaluate activitynsiirony among adults-juveniles and males-

females we performed a correlation tests (Peapson's
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To investigate size-fecundity relationships we ugeshr regressions using only BM as
the predictor variable, because SVL and BM werengfly correlated (r=0.89; p<0.0001).
Therefore, we analyzed the following variables treteship: BM vs. ovary mass; BM vs.
number of follicles/eggs; and BM vs. follicle/eg@heter. Correlations between body size
(SVL) and the values of GSI were tested throughrg®ea correlation coefficient. The
association between female SVL and clutch size fmimof oviductal eggs) was analyzed
through linear regression.

The fecundity was analyzed comparing the potefg@indity (number of secondary
follicles) and the observed fecundity (number aon the oviducts) through a t-test (Oliveira
et al 2011). We investigated the relationship folliédggys number vs. follicles/eggs size using
correlation analysis (Pearson).

To analyze sexual dimorphism we compared SVL betvike sexes using analyses of
variance (ANOVA). Because TL and BM vary with bdéngth, we used SVL as a covariate
in analyses of covariance (ANCOVA) to compare theseables between the sexes (Shine
1994).

Statistical analyses were performed using Stagistrsion 10 (Statsoft 2011), assuming
p<0.05 as the criterion for significance). All \ables were tested for normality and
homogeneity of variances before analysis and wegdrbnsformed if necessary (Zar 1999).
The plots were created on Sigmaplot 12 (Systat 2011

2.3 RESULTS

Seasonal activity

We obtained information on the month of capture2®® males, 284 females, and 219
juveniles. Individuals were found during every moat the year, with a strong peak in summer
to juveniles (G=68.14; p<0.0001) and in spring foales (G=73.11; p<0.0001) and females
(G=152.95; p<0.0001) (Fig. 1). Males and femalesented synchrony in activity during the
year (r=0.83; p<0.005). There was a significarfiedénce in the seasonal activity of adults and
juveniles (G=55.89; p<0.0001). There was no synulzedion between the activity of adults
and juveniles (r=0.23; p>0.05).
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Vitellogenic cycle

Seasonal variation in some parameters of the ferepl®ductive cycle was identified.
The diameter of vitellogenic follicles/eggs exhduitan increase during winter and spring
(F=11.47; p<0.00001; Table 1; Fig. 2A). Folliclegge were larger during winter and spring
comparing to autumn (both p<0.005) and summer (lp3t0.05). The GSI differed among the
seasons (F = 6.26; p < 0.005; Table 1; Fig. 2B)@raties were heavier in winter and spring
in comparison to autumn (both, p<0.05) and sumni@th( p<0.05). Considering the
microscopic data, variation in the diameter ofshell glands was seasonal (F=7.80; p<0.005;
Table 1; Fig. 2C) and it was larger in winter amdirsg compared to summer (p<0.01 and
p<0.05; Table 1). So, the shell glands in the amteiterus ofP. patagoniensishould be seen
atrophy during summer-autumn (Fig. 3A-B) and inénymphy during winter-spring (Fig. 3C-
D).

Follicles in reproductively active females are &rthan 11.71 mm in diameter. Females
with vitellogenic follicles were found in all theeasons, despite this, vitellogenesis becomes
more evident by late winter to spring. Ovigerousdées (n=26) were seen from spring to
autumn (October, n=9; November, n=8; December, daBuary, n=1; February, n=2; March,
n=1; April, n=1; July, n=1.). Females presentingumafollicles and eggs simultaneously were
found from spring to autumn (January, n=1; Februas?; March, n=1; April, n=2; October,
n=2; November, n=5; December, n=1.). Egg-clutche48) were recorded from spring to early
autumn (January, n=2; February, n=1; March, n=1y,Mea1; October, n=1; November, n=>5;
December, n=2.). Neonates were recorded from pategs(December) to early winter (July).

Vitellogenesis is extended through the year ocogrtie vitellogenic peak from winter
to spring (July-December) and ovulation in spri@gtober-December), clutches were recorded
from spring to autumn (October-May) and births friate-spring to early winter (December-
July). Females presenting sperm in the vagina @Bg.were seen in spring and early summer
(October, n=2; November, n=1; December, n=2; Januea3; February, n=2).

Sperm storage

In P. paragoniensisve could identify sperm storage in two differentdtions in
oviduct: utero-vaginal junction and posterior indfiilsulum. Sperm storage occurs in the in
pregnant, and primary and secondary vitellogeninales. Females presenting sperm in

furrows on the utero-vaginal junction (Fig. 4A) weiound mainly from winter to summer
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(January, n=2; April, n=1; June, n=2; July, n=2;g&st, n=4; October, n=3; November, n=3;
December, n=1). The furrows in utero-vaginal jumctivere filled with undulating parallel
arrays of sperm tails. Sperm nuclei are seen @ttoiward the epithelium of the sperm storage
receptacle. We could also identify sperm storagpelas in the posterior infundibulum in all
the seasons (January, n=1; February, n=4; March; Agpril, n=2; May, n=5; July, n=1;
August, n=2; September, n=1; October, n=1; Novemire2; December, n=1). The presence
of sperm stored in the sperm storage receptaclesatadentified, we just found tubules with
sperm debris (Fig. 4C-D) mainly in spring and sumi@danuary, n=1; February, n=2; June,

n=1; November, n=3).

Size-fecundity relationships

BM had a significant effect (r=0.48; p<0.005) armdationship (R=0.21; F=15.12;
p<0.0005) with the ovary mass (Fig. 5A). The meaary mass was 6.8@9.84 g (range 0.12-
44.49). The BM had a weak but significant relattopswith the number of follicles/eggs
(R?=0.07; F=5.13; p<0.05; Fig. 5B). The mean clutde $humber of eggs in the oviducts) was
12.81+0.90 (range 5-22) while the average numbeseamondary follicles in ovary was
18.40+1.18 (range 6-40). There was a positive tiiom between female SVL and clutch size
(R?=0.43; F=18.45; p<0.0005; Fig. 5C). The diameteiotiicles/eggs showed a relation with
BM (R?=0.16; F=10.76; p<0.005; Fig. 5D). The averagegtlerof was secondary follicles
16.618.55 mm (range 11.71-25.71) and oviductal eggs226.61 mm (range 23.60-51.94).
The overall mean of the GSI for females was 2.12¢Qrange 0.19-9.10). There was a
significant positive correlation between female S&hd reproductive effort (GSI) (r=0.36;
p<0.01; Fig. 5E).

The potential fecundity (secondary follicles) wag#icantly higher than the observed
fecundity (eggs) (t=3.54; p<0.005; Fig. 6A). Théitbes/eggs number was negative related to
the follicles/eggs size (r=-0.44; p<0.000; Fig. 6B)

The degree of SSD was 0.37 indicating that the n$én of the mature females was
36.86% greater than for the mature males. Fhgatagoniensifemales reach sexual maturity
at a larger size than males. The mature femalesranged from 500 to 1480 mm (x=915.02),
TL 147 to 410 mm (x=267.87), total length from 801447 mm (x=1156.49), and BM from
117.9t0 604 (x=262.17). The SVL of the mature madaged from 440 to 840 mm (x=668.57),
TL from 150 to 370 mm (x=279.55), total length fr@®0 to 1180 (x=948.15), and BM from
61.1 to 354 (x=117.53). Sexual body size dimorphigms evident in mature individuals, being
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females significantly larger (F=97.72; p<0.0001f dreavier (F=8.35; p<0.005) than males
(Fig. 7A). Although, males presented longer TL tfemales (F=10.23; p<0.005 Fig. 7B).

2.4 DISCUSSION

P. patagoniensigexhibited a prolonged period of time during whigmales were
ovigerous and with similar size distributions ofelfiogenic follicles, therefore gonads only
revealed reduced activity in autumn. So, we cannsanze the reproductive cycle according
to Mathies (2011): at the individual level femadé®wed a discontinuous cyclical reproduction;
and considering the population level, the reprageatycle is seasonal semisynchronous with
the most of the individuals showing a reproductp@ak in spring-summer. Briefly, tHe.
patagoniensigeproductive cycle in South Brazil is charactetiz®y the peak of secondary
vitellogenesis occurring from winter to spring (dillecember), ovulation in spring (October-
December), mating and fertilization in spring andrle summer (October-February),
oviposition from spring to autumn (October-May)dapirths from late spring to early winter
(December- July) (Table 2). Females presentingnsprerthe vagina were considered as data
of recent mating (Seveet al 2000), cause direct evidence of timing of matiegg.,
observations in the wild) is not available f8r patagoniensisin the southeastern Bra#\.
patagoniensiglso presented a seasonal pattern of reproduetitinsecondary vitellogenesis
occurring from winter to spring, ovulation in sggjnoviposition, in spring-summer, and
hatching of newborns in summer (Fowdtral 1998; Rojas 2013).

The extended period of recruitment probably is olestdue the occurrence of two birth
seasons happening successively. The first birtsoseaccurs from late spring to summer
(December-March), while the second season occons futumn to early winter (April-July).
This considering the ability of multiple clutchesoguction with sperm long-term stored.
During the non-reproductive season, the femalegbd@gl secondary follicles in early stages
of development and uterus with glandular atrophye Values of GSI, follicle/eggs diameter
and shell (uteine) glands diameter were increasenh@ winter-spring, coinciding with the
reproductive season. In females which had secorfdHigies in late development, the glands
were hypertrophied and full of secretory granuléstecent histochemical study of the
pataginiensisoviduct revealed hypetrophy of the uterine glaadd increasing production of
secretory granules in the uterine epithelium duthmg secondary vitellogenesis (Rogtsal

2015). The uterine glands have an important roléhér development of eggs in oviparous
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snakes once are involved in providing the pseuddkecomponent of the eggs shell membrane
(Hoffmann 1970; Perkins and Palmer 1996).

The ability to store sperm for more than one seasight be related to sperm storage
structures identified in caudal (utero-vaginal juma) and cranial location (posterior
infundibulum) of the oviduct oP. patagoniensisFemales showed sperm groups stored in the
furrows of the utero-vaginal junction in all theasens, but in high frequency from winter to
summer (July-March). Although, the occurrence @repstorage in the posterior infundibulum
was deduced merely by the occurrence of spermgaoeeptacles showing sperm debris from
spring to summer (October-March). Similar resulesevfound td®. patagoniensif'om South
Brazil by Rojas (2013) analyzing sperm storageepastin Xenodontinae. Although, in tRe
patagoniensigrom southeastern Brazil, sperm storage was gleatidenced in the posterior
infundibulum and utero-vaginal junction (Rogisal. 2015). Therefore, we conclude that long-
term sperm storage exists in deep furrows (crypitshe utero-vaginal junction, while short-
term sperm storage occurs in the infundibulum reszées. In species with infundibular storage,
first sperm remains stored in the utero-vaginatijm for some period of time until cranial
migration to infundibulum receptacles just priottifezation (Fox 1956; Hoffman and Wimsatt
1972; Perkins and Palmer 1996; Almeida-Santos atah&io 1997). Consequently, the storage
of sperm in infundibulum receptacles occurs untgliogenic follicles achieve the ovulatory
condition and arrive the infundibular lumen. Spestarage structures in the utero-vaginal
junction have been described as glands highly wislzeed and not differentiated from the
oviduct epithelium (Sever and Ryan 1999) that hgspral protecting sperm from getting swept
caudally in the oviduct by the eggs (Aldridge 199)e long-term sperm storage in the utero-
vaginal junction ofP. patagoniensids not related to the uterine muscular twistinkg li
neotropical pitvipers (Almeida-Santos and Salon2®®_2). The fertilization success of sperm
stored to the time of ovulation is not clearly assel, although sperm can reside in the utero-
vaginal junction for as little as a few weeks, timiag as over hibernation (Sieg#lal 2011).

In T. sirtalisuterus, the sperm could survive at least one m@ahn, 1940). The presence of
sperm stored in the utero-vaginal junction of paegrand recently oviposited females suggests
thatP. patagoniensidoes not eliminate the sperm after ovulation andccuse this to produce
several clutches (Rojat al 2015).

The presence or absence of multiple clutches isidered one of the most fascinating
traits thought to vary among the squamate (FordSsmigel 2006). This phenomenon occurs if
the vitellogenesis of a cohort of follicles is iated while the female is still ovigerous, and eher

iIs no period of ovarian quiescence between theemnive clutches (Mathies 2011). The
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evidence of mature follicles and eggs simultangosishgest thalP. patagoniensishould be
able to produce multiple clutches during the saepm@aductive season (Shine 1977). This
reproductive advantage is allowed due the abifigperm storage in the utero-vaginal junction.
The production of at least two consecutive clutasesow well-documented for a number of
Brazilian tropical (Vitt 1983; Marques 1996; Pinrand Fernandes 2004; Pingéd al 2010;
Marques and Muriel 2007; Mesquigd al 2011) and subtropical snakes (Balestrin and Di-
Berardo 2005; Aguiar and Di-Bernardo 2005; Mesqeiital 2013).P. patagoniensiproduces
multiple clutches per season and because this ki@nded reproduction. The variable
vitellogenesis rates may be related to the incoraeding mechanism of vitellogenesis which
is mediated by the food resources that is tempovalliable (Bonneet al. 1998). Additionally,
the seasonality of egg production must coincidé wie season that has improved incubation
conditions to assure the offspring development,ctvhs not possible in the cooler season
(Brown and Shine 2006).

The annual activity pattern d&®. patagoniensiss influenced by the environmental
seasonality, with clear reduction of activity iretbooler months. In South Brazil the rainfall is
well-distributed throughout the year, while thes®aal changes of temperature should be the
major limiting factor to the snakes activity (Greg@®009). The subtropical climate of the
region resembles the temperate seasonal changeésmperature, and the winter low
temperatures impose physiological constraintsliimat snakes activity to the warmer months
(Balestrin and Di-Bernardo, 2005). However, thavagtin snakes may be influenced by the
interaction of several another factors like temperg rainfall, prey availability and
reproduction (Shine, 1977; Marqueisal 2000). InP. patagoniensighe reproductive cycle is
an important cause determining the seasonal agtisihnce males and females presented
synchrony in activity peak in spring coinciding iwthe mating season, and juveniles were more
abundant in summer coinciding with the time oflisr{recruitment). The females activity may
be also influenced by the vitellogenic cycle, thermoregulation behavior during gravidity to
enhance egg development, and by the searchingifoosition sites (Shine, 1977). In addition,
the life stage can also determine the activitygyatbf the snakes being responsible for adult
and young activity peaks at different times of flear (Shine 1979). The time of juveniles
recruitment occurs during the season of best clincainditions and greatest abundance of prey
enhancing the offspring survival (Shine 1977; ¥t Caldwell 2014).

Sexual dimorphism in body size has been previousportedto P. patagoniensis
(Fowler and Salomao 1994; Hartmann and Marques ;200ez and Giraudo 2008) being

females larger than males, which is a common pattar snakes (Shine 1988). The
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reproduction-related processes that act on thenmgs body size may be distinguished
between fecundity selection and sexual selectioon(Btet al 2000). Body size sexual
dimorphism may be correlated to size selection dasefecundity, because larger females
produce larger clutches (Shine 1994). Therefomaafes invest more in body growth before
achieving the sexual maturity. The late sexual migtadvantage is allowing females to reach
larger body sizes before starting reproductionti@rmore, the sexual selection may favor
larger females in better body condition, becauslesrare able to distinguish information about
condition, age, reproductive state and speciesdbasenformation provided by female skin
lipid pheromones (LeMaster and Mason 2002; Slkeinal 2003). To the majority of snake
species a female-biased SSD is the rule, while¢lkaal selection can influences a male-biased
SSD in lineages that exhibit pre-copulatory maldemiateractions (Shinet al. 2000). So, a
female-biased SSD is considered an ancestral condit snakes (Rivas and Burghardt 2000).
One the other hand, patterns of female-biased $&Boasistent with the hypothesis that sexual
selection favors small male size, which are mofieieft in obtain coercive matings (Shine
and Mason 2005).

P. patagoniensi¢arger females (BM and SVL) produces follicles agtys in greater
amount and size. The reproductive effort (GSI) aig® associated with female body length
(SVL). The maternal body size was directly relatedthe fecundity with greater females
producing larger clutches than their smaller coosigs (Shine 1994). This can be explaining
because larger females have greater abdominal wolaraccommodate the eggs (Brown and
Shine 2005). The offspring in snakes is mother-diggendent, but iR. patagoniensioth
fecundity and clutch size ranges widely indicatimgt are many another factors involved in the
reproductive investment (Ford and Seigel 2011 héugh, it is difficult to determine the degree
of offspring variation influenced by the genotypeléor the environment.

P. patagoniensisxhibits a higher potential fecundity (secondatiidles) compared to
the realized/observed fecundity (eggs). Vitellogemenay represent the major reproductive
investment in females and producing more follidggh results in a reduction in follicles/eggs
size. This may be explaining because females havieat to determine an optimal clutch size-
number that provides a higher maternal fithessngethe finite energy stores or abdominal
volume available for the clutch (Brown and ShineD20 Considering this, the major
reproductive cost is due to the substantial experelbf energy, mainly in snake species that
produce large clutches (Lourdasal 2003). The other reproduction charge is the tadtle
“reproductive investment vs. maternal fitness”, vehen increase in the reproductive

investment negatively affect other componentstoéfis such as the female survival, the growth
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rates and the future reproductive output (Shine &uhwarzkopf 1992; Brown and
Weatherhead 2004). Another trade-off related istémmeal fitness vs. offspring fitness|”,
because it is expected that larger neonates slawiel several survival advantages: increased
locomotion ability to escape predators, shorteetimsexual maturity and enhanced foraging
success (Kissner and Weatherhead 2005). Howewaviparous snakes, the neonate size (SVL
and/or mass) can be influenced not only by theaindgg mass, but also by the incubation
period and egg mass gain during incubation (Bromeh 3hine 2005).

Therefore P. patagoniensifemales have an extended seasonal pattern ofciégiron
in subtropical Brazil. The seasonal variation tds/eggs, GSI and shell glands allowed to
inferring a reproductive peak. While, some repraisec aspects like sperm storage and
producing multiple clutches require more attentigurjncipally analyzing trough the
phylogenetic perspective. To complete understaaddamale reproductive traits and patterns,
more field and experimental studies are requireagxplain questions about sex steroids and
environmental cues, for example. The knowledge tabahtropical squamates reproduction

should be enlarged with this study, although mamgh&r opportunities are still available.
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Appendix 1. Voucher specimens Bf patagoniensisnalyzed in this study housed in the
herpetological collections of the Federal Universit Rio Grande do Sul (UFRGS), Federal
University of Santa Maria (ZUFSM) and Pontificalt@alic University of Rio Grande do Sul
(MCP-PUCRS)

Macroscopic and anatomical analysis (n=112): ZUF$M) 0146, 0261, 0262, 0331, 0342,
0360, 0388, 0399, 0433, 0550, 0652, 0666, 06814,08808, 0723, 0866, 0967, 0971, 1088,
1089, 1109, 1130, 1144, 1156, 1171, 1295, 13984,14405, 1441, 1650, 1744, 1801, 1855,
1935, 2056, 2089, 2169, 2336, 2431, 2451, 24526,22504, 2538, 2581, 2640, 2670, 2696,
2698, 2718, 2720, 2761, 2771, 2986, 3107, and MTCP05257, 05774, 06059, 06158, 12712,
12782, 12793, 12794, 13184, 13185, 13305, 1330611,313894, 14118, 14325, 14513,
14567, 14568, 14650, 14858, 14995, 15732, 1592444,616960, 16965, 16966, 16968,
16972, 16978, 16979, 16980, 16981, 16982, 1698@13,717014, 17015, 17016, 17017,
17019, 17021, 17022, 17795, 17837, 17858, 1797133,8.8286, 18858 and 19054.
Histology (n=55): ZUFSM0118, 0146, 0262, 0331, 032360, 0388, 0399, 0433, 0666, 0708,
0866, 0967, 0971, 1088, 1089, 1109, 1130, 11446,11895, 1398, 1404, 1441, 1650, 1744,
1801, 1855, 2056, 2431, 2476, 2581, 2718, 27611,2a7d 3107. MCP12793, 12794, 14567,
16960, 16966, 16968, 16972, 16979, 16981, 1698213,717016, 17017, 17021, 17022,
17837, 18286, 18858, and 19054.

Seasonal activity (n=783): MCP00159, 00160, 001&1,63, 00164, 00218, 00254, 00266,
00397, 00545, 00547, 00719, 00755, 00756, 0079831000845, 00846, 00847, 00864,
00957, 00977, 01095, 01099, 01105, 01106, 0110784101209, 01216, 01217, 01250,
01258, 01259, 01260, 01271, 01400, 01447, 0159949101800, 01802, 01867, 01955,
02069, 02079, 02098, 02201, 02284, 02336, 0238390202398, 02429, 02503, 02554,
02579, 02581, 02616, 02636, 02730, 02754, 0275830202833, 02858, 02873, 02992,
03037, 03048, 03203, 03261, 03336, 03645, 0369901303728, 03734, 03844, 03878,
03988, 04011, 04130, 04294, 04295, 04306, 0437463404527, 04571, 04578, 04852,
04901, 04963, 05108, 05266, 05267, 05268, 052627M505271, 05272, 05273, 05274,
05275, 05277, 05278, 05279, 05280, 05396, 0541213505495, 05496, 05498, 05499,
05503, 05504, 05505, 05506, 05507, 05508, 055091®@505511, 05512, 05612, 05633,
05634, 05635, 05636, 05637, 05638, 05753, 0575974505776, 05795, 05843, 05844,
05877, 05953, 05954, 06059, 06060, 06158, 0631831606392, 06436, 06450, 06474,
06539, 06540, 06541, 06573, 06574, 06575, 0657670606578, 06579, 06830, 06831,
06832, 06833, 06834, 06835, 06836, 06837, 068383MW606840, 06841, 06842, 06843,
06844, 06943, 06969, 06970, 07003, 07005, 070351%707129, 07311, 07312, 07388,
07433, 07434, 07435, 07491, 07739, 07746, 0776283707788, 07789, 07790, 07791,
07810, 07830, 07838, 07989, 07997, 08396, 0839398808399, 08509, 08522, 08525,
08659, 08660, 08661, 08662, 08663, 08813, 0884854808977, 09104, 09105, 09120,
09157, 09162, 09169, 09173, 09174, 09175, 091784%)909414, 09492, 09907, 09908,
09911, 09912, 09913, 09938, 10527, 10528, 1053338,010571, 10636, 10637, 10654,
10657, 10674, 10692, 10694, 10767, 10777, 1089898,010899, 10940, 10948, 10960,
10970, 10971, 10992, 10999, 11043, 11090, 1109113,111128, 11131, 11135, 112186,
11217, 11218, 11284, 11285, 11310, 11337, 1137614,111426, 11451, 11467, 11506,
11507, 11508, 11533, 11534, 11535, 11712, 1182848,111851, 11857, 11908, 11918,
12026, 12044, 12054, 12055, 12095, 12170, 1218486,212304, 12372, 12487, 12519,
12525, 12528, 12552, 12559, 12577, 12579, 1263853,212675, 12683, 12688, 12712,
12713, 12747, 12748, 12753, 12782, 12793, 12794959,212813, 12869, 12904, 13184,
13185, 13186, 13187, 13205, 13233, 13234, 1323870,313271, 13278, 13296, 13305,
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13306, 13411, 13586, 13648, 13790, 13802, 1381817,313834, 13837, 13838, 13894,
13896, 13898, 13899, 13900, 13971, 14118, 1416678414189, 14190, 14191, 14192,
14193, 14194, 14195, 14196, 14197, 14198, 1419200,414201, 14202, 14203, 14204,
14205, 14206, 14207, 14208, 14209, 14210, 1421212414213, 14215, 14216, 14217,
14218, 14219, 14220, 14221, 14222, 14223, 1422328,414239, 14246, 14263, 14268,
14271, 14277, 14296, 14325, 14336, 14352, 1438990,414394, 14468, 14482, 14513,
14522, 14530, 14567, 14568, 14569, 14570, 146383d,414650, 14660, 14703, 14706,
14714, 14717, 14718, 14774, 14850, 14858, 1487880,414897, 14995, 15001, 15002,
15448, 15512, 15515, 15516, 15679, 15680, 1568&@82,515683, 15684, 15711, 15712
15727, 15728, 15729, 15730, 15731, 15732, 1573334,515756, 15846, 15847, 15924,
15926, 15927, 15928, 15990, 16143, 16144, 1614544d,616147, 16148, 16149, 16722,
16723, 16788, 16789, 16944, 16945, 16946, 1694948,616949, 16950, 16951, 16952,
16953, 16954, 16955, 16956, 16957, 16958, 16969611,616962, 16963, 16964, 16965,
16966, 16967, 16968, 16969, 16970, 16971, 1697273616974, 16975, 16978, 16979,
16980, 16981, 16982, 16983, 16984, 16985, 1701013717014, 17015, 17016, 17017
17018, 17019, 17020, 17021, 17022, 17024, 1745813717719, 17740, 17795, 17837,
17856, 17857, 17858, 17859, 17894, 17955, 1796872,717988, 17989, 17999, 18065
18066, 18067, 18133, 18165, 18283, 18286, 1836368,818369, 18444, 18469, 18472,
18478, 18487, 18496, 18501, 18613, 18697, 187192d,818727, 18821, 18835, 18858,
18901, 18909, 18954, 18973, 18974, 19054, 19080)2,919110, 19111, 19133, 19154, and
19215; UFGRS1055, 1063, 1064, 1065, 1066, 106'8,11089, 1070, 1072, 1073, 1074, 1075,
1077, 1078, 1085, 1088, 1238, 1239, 1240, 12413,17367, 2110, 2316, 2816, 2858, 3382,
3561, 3660, 4014, 4164, 4558, 4803, 4804, 496/0,98851, 5235, 5941, 6016, 6147, 6347,
6355, 6356, and 6759; ZUFSMO0048, 0117, 0118, 00261, 0262, 0331, 0342, 0352, 0353,
0356, 0360, 0381, 0384, 0388, 0390, 0391, 0399%,0a833, 0482, 0491, 0534, 0543, 0550,
0639, 0640, 0644, 0649, 0652, 0666, 0681, 06849,08896, 0708, 0723, 0726, 0738, 0781,
0794, 0795, 0835, 0842, 0866, 0868, 0880, 09045,08@€06, 0907, 0908, 0909, 0961, 0967,
0968, 0971, 0978, 0990, 1017, 1088, 1089, 11097,11130, 1144, 1156, 1171, 1251, 1262,
1263, 1295, 1303, 1398, 1404, 1405, 1419, 1430518837, 1441, 1455, 1459, 1460, 1461,
1462, 1463, 1464, 1465, 1466, 1601, 1608, 16505,16684, 1690, 1703, 1718, 1725, 1744,
1748, 1749,1750, 1751, 1752, 1753, 1801, 1853, 18836, 1971, 1979, 2056, 2089, 2169,
2175, 2229, 2293, 2295, 2296, 2297, 2298, 2299),23802, 2303, 2304, 2305, 2326, 2347,
2350, 2427, 2429, 2430, 2431, 2451, 2452, 24706,22504, 2515, 2538, 2566, 2577, 2581,
2588, 2604, 2633, 2640, 2670, 2696, 2698, 2718),22237, 2743, 2744, 2746, 2761, 2766,
2771, 2896, 2913, 2986, 2997, 3004, 3021, 30411,38398, 3107, 3112, 3176, 3190, 3193,
3203, 3214, 3225, 3234, 3249, 3250, 3257, 32593aia.

Acknowledgements: We are grateful to Dr. P. A. Remin for providing comments on an
earlier version of this manuscript; G. M. F. Porftesallowing us to examine specimens under

their care; We also thank the editor and anonymeugwers for their helpful comments and

suggestions.



59

TABLES AND FIGURES

Table 1: Macroscopic and microscopic measurementemales oP. patagoniensis1 South
Brazil. Post hoc analysis: significant differen¢ps0.05) between seasons are indicated by

letters. Each letter represents a season. Datpliessed as mean * standard errors. SVL: snout-

vent length; GSI: gonadosomatic index.

Season SVL (mm) GSI Follicles diameter (mm) Shellands (um)
Summer (A) 844.93+39.72 0.57+0.99 8.44+1.73%P 24.51+2.08 P
Autumn (B) 859.50+29.83 0.73+0.£2P 5.95+0.37¢P 31.96+4.89
Winter (C) 919.86+53.37 3.54+1.658° 12.27+2.094B 42.79+4.50¢%
Spring (D) 851.18+18.25 3.72+0.94 11.73+0.994B 43.89+3.25°

Table 2: Phases of the annual reproductive cycfernéleP. patagoniensis South Brazil
Summer Autumn Winter Spring

Peak activity of males and females
Peak activity of juveniles
Secondary vitellogenesis peak
GSl increases
Shell glands hypertrophy
Long-term sperm storage (utero-vaginal junctic
Short-term sperm storage (infundibulum)
Ovulation
Mating
Gravidity
Presence of follicles and eggs
Oviposition
Bitrhs/ hatchling
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Figure 3. Transverse sections of the uterud. gfatagoniensishowing shell glands in atrophy
during summer-autumn (A, B), and hypertrophy dusivigter-spring (C, D). Ep: epithelium;

Sg: Shell gland; m: muscularis; L; lumen.
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Figure 4. Transverse sections of the utero-vagimaition ofP. patagoniensiexhibiting sperm
storage in furrows /glands (A), vagina with posplating sperm (B) and the posterior
infundibulum exhibiting sperm storage receptacl€s g D). Ep: epithelium; Bc blood

capillaries; L: lumen; SPZ: spermatozoa; Sf. spestorage furrows; Sr sperm storage
receptacles.
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CONCLUSOES

O ciclo reprodutivo da espédre patagoniensisa regido Sul do Brasil € descrito como

sazonal, podendo ser considerado estendido.

Em nivel de individuo os machos exibem um ciclaaodptivo ciclico descontinuo,
enquanto a nivel populacional, o ciclo reprodutveazonal semi-sincrénico, com a

maioria dos individuos apresentando pico reprodutiv periodo primavera-verao.

Em nivel de individuo as fémeas exibem um ciclaagptivo ciclico descontinuo,
enguanto a nivel populacional o ciclo reprodutiga£onal semi-sincronico. As fémeas
permanecem reprodutivamente ativas durante um Ilpagodo do ano, porém o pico

da vitelogénese secundaria ocorre no periodo invegfimavera.

O pico de atividade sazonal de machos e fémeasideinoom o periodo reprodutivo na
primavera, enquanto o pico de atividade de juvaniserdo relaciona-se a época de

recrutamento.

O pico de atividade segmento sexual renal precederiodo de maxima atividade
testicular, demonstrando que o desenvolvimentoadestrutura € energeticamente

custoso.

As fémeas dé°. patagoniensisem capacidade para produzir multiplas desovas com
esperma estocado a longo prazo no Utero postdeanodo que hajam duas épocas de

nascimento de filhotes simultaneas.

P. patagoniensisipresenta dimorfismo sexual no tamanho do comuasas fémeas
significativamente maiores e mais pesadas do quaazhos, enquanto os machos

apresentam caudas maiores que as fémeas.

O tamanho de maturidade sexual € maior para asatéem relacdo aos machos, ja que

estas investem mais em crescimento antes de regarodu
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As fémeas maiores sao capazes de produzir foli@lmgs em maior quantidade e
tamanho, logo observa-se uma relacao direta dontamnaorpéreo materno com o

esforgo reprodutivo e a fecundidade.

As fémeas produzem muito mais foliculos secund@iogue sédo fecundados, logo a

fecundidade observada é menor do que a esperada.



