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“Enfim, pode-se dizer que aqui se derruba
uma gigantesca perobeira para em seu logar
se plantar quatro grdos de milho!! Se a isso
se dd o nome de lavoura, eu ndo sei o que seja
destruicdo!!”

Theodoro F. Sampaio, 1890

“Grandes  resultados ndo  podem  ser
consequidos de uma vez, e devemos ficar
satisfeitos a avangar na vida assim como

caminhamos — passo a passo.”
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Resumo Geral A regido ocidental do estado de Sdo Paulo alarigaior area continua
remanescente da Floresta Estacional Semideciddahtisb que recobria esta regido.
Grande parte desta regido esta protegida no P&stadual do Morro do Diabo (PEMD),
considerada insuficientemente conhecida, mas deapedb importancia biologica em
relacdo a herpetofauna. O presente estudo objeswopor estudar os padrdes de
distribuicdo espacial e temporal da anurofauna BMP, e também verificar como a
heterogeneidade dos corpos d’agua influencia naposigéo e riqueza de espécies de
anfibios. De maneira geral, as espécies de anfibgstradas no PEMD (tanto adultos em
atividade de vocalizagdo quanto girinos) ocorredifierentemente entre os variados tipos
de corpos d’agua amostrados, sendo principalmefdeionado com tipo de correnteza e
hidroperiodo dos corpos d’agua. Assim, a compostg@@nurofauna foi diferente entre
corpos d’agua léticos, |énticos permanentes/semmipeentes e lénticos temporarios. A
ocorréncia temporal das espécies foi restrita aesem quente e Uumido do ano (com
excecdo de uma espécie que ocorreu durante os feseseco), 0 que resultou em alta
sobreposicdo temporal no periodo de vocalizacaontlshos e ocorréncia de girinos.
Grupos de espécies ocorreram diferentemente a® ldag meses quente e Umido, com
espécies caracteristicas de inicio, meio e fimstizc&o chuvosa. A analise macro-espacial
da distribuicdo da anurofauna no PEMD evidenciowa Umixa similaridade entre as
diferentes fitofisionomias amostradas. Na verdadta baixa similaridade faunistica foi
consequéncia da baixa eficiéncia de captura daaddivas de interceptacédo e queda, o que
resultou em uma baixa riqueza de espécies nasitobmias estudadas. No entanto, alta
similaridade na composicédo de espécies foi enadetsamente entre as areas mais bem
preservadas do PEMD, devido a ocorrénci®bmella ornata Esta espécie foi indicativa

da fitofisionomia mais bem preservadas do parquguanto duas outras espécies da



familia Leiuperidae Hupemphix nattererie Physalaemus cuvigri consideradas
generalistas na ocupacdo de habitat, foram indieadda mata em estagio avancado de
regeneracdo. Trés dos cinco descritores da heterimigele ambiental das pocas estudadas
influenciaram na composicédo de espécies de anodosero de tipos de margem, numero
de estratificacdes vegetais presentes nas margdndraperiodo das pocas. Somente
numero de tipos de margens foi relacionado comuera de espécie de anuros nas pocas
estudadas. Porcentagem de cobertura vegetal e hamdaos corpos d’dgua néo
influenciaram na composicdo e riqueza de espédss pocas. A correlagcdo de trés
descritores ambientais das pogas com a composg@sgecies de anuros e somente um
descritor correlacionado com a riqueza de espéugers que uma estratégia de
conservacao efetiva deve primeiramente considecangosicdo de espécies, pois corpos
d’agua com um mesmo numero de espécies podem rbrga diferente composicao de
espécies.

Palavras-chave Dominio da Mata Atlantica, distribuicAo micro-asfal, distribuicao
macro-espacial, fenologia reprodutiva, Florestaa&ishal Semidecidual, heterogeneidade

ambiental.



Abstract. Occidental region of Sdo Paulo state shelterdaifgest continuous remnant of
Mesophytic Semideciduous Forest (Atlantic domailost of this region is legally
protected by the Morro do Diabo State Park (MDS®)jsidered insufficient known but
with probable biological importance concerning aib@ns and reptiles. The present study
aimed to study the spatio-temporal patterns of @mulistribution at MDSP, as well as to
verify how environmental heterogeneity of breedpmnds influences on richness and
anuran species composition. In general, recordediap (either calling males or tadpoles)
occurred differentially among the studied breediadpitats, which was mainly related to
the water flow and hidroperiod of breeding habitatsus, lotic, lentic permanent/semi-
permanent, and lentic temporary breeding habitaesemted different anuran species
composition. Temporal distribution of individualsasv restricted to the moist and hot
months (with exception to one species that occuthedng the dry and cold months),
resulting in a high temporal overlap of calling esmland tadpoles distribution. Groups of
species distributed differentially through the hot moist months, where typical species of
beginning, middle, and end of the rainy seasonccbalidentified. A macro-spatial analysis
of anuran distribution evidenced low similarity amgo different sampled
phytophysiognomies. Actually, the low faunistic garty is rather a consequence of the
low efficiency of capture by pitfall traps with firfences, resulting in low species richness
in the phytophysiognomies studied. However, a Isighilarity on species composition was
found only among the most preserved areas of MIMBE, to the presence &hinella
ornata This species was indicative of the most presearecd of the MDSP, while two
other species from the Leiuperidae famBupemphix natterelnd Physalaemus cuvigri
which are considered generalists in terms of halitgupation, were indicative of the

forest in advanced regeneration stage. Three diiedive environmental descriptors of the



studied breeding ponds influenced on anuran speociegosition: number of edge types,
number of plant types along the edges, and hydimgperf breeding ponds. Only the
number of edge types was related to anuran spechegess at the studied ponds. Neither
percentage of vegetation cover nor size of breegiogds influenced on richness and
anuran species composition. The correlation of ethemvironmental descriptors with
species composition and one environmental descnpith species richness suggests that
an effective conservation strategy must primardgsider the species composition, because
breeding ponds with the same number of species daiter a different species
composition.

Key-words: Atlantic forest domain, breeding phenology, eomimental heterogeneity,

macro-spatial distribution, micro-spatial distrilout, Mesophytic Semideciduous Forest.



INTRODUCAO

A conservacdo da diversidade bioldgica esta cadamvais dificil e complexa,
devido principalmente ao crescimento explosivo daputacdo humana, que tem
contribuido para a perda de grande parte da disfei biologica (Wilson, 1997). A
diversidade biolégica pode ser ameacada por disefsdores como destruicdo e
fragmentacdo de habitats naturais, degradacéo wec@ol ambiental, superexploracdo e
introducdo de espécies exodticas (Primack & Rodsg2e02). Contudo, a destruicdo de
habitats é considerada a principal ameaca a dilatsibioldgica (Wilson, 1997; Primack
& Rodrigues, 2002; Cerqueiet al, 2003). A estimativa de desmatamento de florestas no
mundo no final da década de 1980 era de 240.06(p&mano (Bush, 1997), resultando em
uma taxa de extingdo de 25.000 espécies por ansgiwyil989). Ainda durante a década
de 1980, as florestas tropicais do continente aaeoi foram as que sofreram as maiores
taxas de desmatamento (Whitmore, 1997). No Brasiklevastacdo do bioma Mata
Atlantica é um exemplo do intenso processo de a@gaumana, pois atualmente restam
menos de 8% de sua extensdo original (Mametleal, 2004), que abrangia
aproximadamente 1.000.000 kamtes do processo de devastacéo (Ab’'Saber, 2003).

Dentre os diversos grupos animais que sofrem duestée com as degradacdes
ambientais causadas pelo homem (ver exemplos emar@al & Bierregaard, 1997), os
anfibios sdo considerados os mais sensiveis (8teli Cohen, 1997). Isto se deve
principalmente a duas caracteristicas Unicas quanfibios apresentam: 1) ciclo de vida
dependente tanto do ambiente aquatico (forma lajv@guanto do ambiente terrestre
(forma pos-metamorfica) para a grande maioria dpga@es, além da necessidade de um
microambiente umido para o desenvolvimento dos oegsielas espécies com auséncia da

fase larvaria; 2) alta permeabilidade da pele, oadealizada grande parte das trocas



gasosas (Duellman & Trueb, 1994, Stebbins & Coli®A7). Dentre as principais ameagas
a conservacao dos anfibiasg, aumento da radiacdo ultravioleta, chuvas acidi@sncas
infecciosas, introducao de espécies exoticas,uaside pesticidas aplicados em culturas
agricolas: Beebee, 1996; Stebbins & Cohen, 199dd&aty 1998; Withgott, 2002; Silvano
& Segalla, 2005, Doodwt al, 2009), a destruicdo de hébitats naturais é aipahno
Brasil e no mundo (Duellman & Trueb, 1994; Silvé#h&egalla, 2005).

Apesar do Brasil abrigar a maior riqueza de angiloio mundo (849 espécies: SBH,
2009) e de diversos estudos serem publicados @o ldos anos em diversos campos de
pesquisa €.g, Eterovick & Fernandes, 2001; Aguiar &t. al, 2007; Zieriet al, 2007;
Giovanelli et al, 2008; Santo®t al, 2009), informacdes basicas sobre histéria natural
ecologia e mesmo distribuicdo geografica para aomaaidas espeécies brasileiras
permanecem desconhecidas (Silvano & Segalla, 20&{udos da fase larvaria dos
anfibios anuros (girinos) sdo ainda mais escasgmessar dos girinos serem um modelo
bioldgico adequado para estudos ecoldgicos e @volérgos, por formarem comunidades
temporais nos corpos d’agua onde vivem (Alford,298lo Brasil, somente na década de
1970 comecaram a surgir na literatura estudos stihéamica de comunidades, aspectos
ecoldgicos da metamorfose e estudos sobre asgantisnais e evolutivos da morfologia
de girinos (veja breve historico em Fatorelli & Ragc2008).

A dependéncia da qualidade ambiental tem demomsimae a estruturacdo das
comunidades de anfibios anuros é altamente inflagéagor fatores abioticos.@, chuva,
temperatura, heterogeneidade vegetal, tamanhorepeidodo dos corpos d’agua: Parris,
2004; Bastazinet al, 2007; Afonso & Eterovick, 2007; Kellet al, 2009), sendo que em
alguns estudos estes fatores apresentam maior tdmp@ na estruturacdo das

comunidades de anfibios do que fatores biotieng, (predacdo e competicdo) (Parris,



2004; Werneret al, 2007). No entanto, a ocorréncia espacial deb@sfianuros em
diversos tipos de habitats (tanto adultos quantoag) ndo pode ser explicada somente por
um fator, mas sim por uma interacdo complexa dedatbioticos e abioticos (Toft, 1985;
Jakob, 2003; Koppet al, 2006; Fatorelli & Rocha, 2008). Em alguns casodgistribuicdo
dos taxons entre diferentes ambientes também écadpl pela historia filogenética e
biogeogréafica das espécies.d, Williams & Hero, 2001; Fatorelli & Rocha, 2008)u
entao por processos estocasticos de nascimenttg,oolonizacdo e extingdo das espécies
(Tillman, 2004; Chase, 2007). Neste ultimo casoadaristicas proprias das espécies,
interacdo entre as espécies ou heterogeneidaderaaibido influenciariam na distribuicdo
das espécies, havendo assim uma distribuicdo akeatdtre diferentes habitats, em
consequéncia de processos estocastegs Gascon, 1991; Wild, 1996).

Poucos vertebrados terrestres sdo tdo dependentes dmbiente imido como o0s
anfibios, cujo ciclo de vida é fortemente influemn pela distribuicdo e abundéancia de
agua, geralmente em forma de chuva (McDiarmid, 19Bésta maneira, a ocorréncia
temporal da atividade reprodutiva dos anfibios réefoente dependente da ocorréncia de
chuvas, e é resumida em dois padrbes basicosofrgacia continua ou em quase todos 0s
meses do ano da atividade reprodutiva das espggeyivem em regides tropicais nao
sazonais, ou seja, onde o regime de chuva é contlatante o ano; 2) ocorréncia da
atividade reprodutiva restrita aos meses mais ggenthuvosos do ano para a maioria das
espécies que vivem em regides temperadas ou tiopezonais (Duellman & Trueb, 1994;
Vitt & Caldwell, 2009). O regime de chuva contirdurante o ano em regides tropicais ndo
sazonais oferece uma maior oportunidade de patgin@oral na ocorréncia das especies
de anfibios (Duellman, 1978). Por outro lado, comesultado da variagcdo de periodos

guente/Umido e seco/frio em regides tropicais s@zp@ ocorréncia temporal da maioria



das espécies fica sujeita a uma sobreposicéo tahghmante o periodo reprodutivo, onde
individuos de diversas espécies podem estar pessent um mesmo corpo d’aguag,
Arzabe, 1999; Pradet al, 2005; Vasconcelos & Rossa-Feres, 2005; Saattak 2007).

A correlacdo entre ocorréncia temporal da ativideglgodutiva de anfibios e
regime de chuvas ao longo do ano é usualmentetreetasem estudos fenoldgicos
conduzidos na regido tropical e sub-tropical beasil€.g, Vasconcelos & Rossa-Feres,
2005; Bernarde, 2007; Conte & Rossa-Feres, 200#pSeat al, 2007). No entanto, alguns
outros estudos ndo encontram tal relacdg,(Bernarde & Anjos, 1999; Afonso &
Eterovick, 2007), ou mesmo registram correlacdoodarréncia temporal dos anfibios
somente com outras variaveis climaticas (tempexaBertoluci, 1998; Botlet al, 2009;
Bernarde & Machado, 2001; fotoperiodo: Bethal, 2008). Estes padrbes parecem estar
associados com o regime de chuvas de cada localigadue em regides onde a chuva é
continua durante o ano, fatores como fotoperiotlenmgeratura tendem a ter uma maior
influéncia no controle da atividade reprodutiva dwdibios (Duellman & Trueb, 1994;
Bothet al, 2008).

O bioma Mata AtlanticasensuAb’Saber, 1977) é apontado como uma das regides
com a maior biodiversidade do mundo, mas extremtm@neacado pelas acdes humanas
(Myers et al, 2000). Em relagdo aos anfibios anuros, este bialnga cerca de 405
espécies que exibem o mais diversificado niumeronddos reprodutivos em relacdo a
outros biomas brasileiros (Haddad & Prado, 2005fIdresta Estacional Semidecidual,
considerada um sub-dominio da Mata Atlantica, @atarizada pela perda parcial das
folhas como consequéncia da baixa precipitacadgheétrica durante o inverno (Velosb
al., 1991). Este tipo de floresta € a formacdo vedmiatileira que mais sofreu com o

processo de desmatamento durante a colonizacaaidodevido ao solo fertil (propicio



para a agricultura) e topografia plana, que facggu uso para atividades de pastagem para
0 gado (Faria, 2006). No interior do estado de Bado, a Floresta Semidecidual sofreu
intenso processo de desmatamento durante o sécMloed funcdo da expansao
agropecuaria, onde inclusive areas de preservagampente ndo foram respeitadas (Faria,
2006). Esta devastagdo foi mais intensa na regi@iemtal do estado, sendo que na regiao
do Pontal do Paranapanema (extremo oeste do estagtgm somente 5% de vegetacdo
nativa (Sao Paulo, 1999). O Parque Estadual dodvttwrDiabo (PEMD), localizado nesta
regido, preserva a maior area continua remanesdanforesta que recobria a porgéo
ocidental do estado de S&o Paulo e de estadofegz{Durigan & Franco, 2006).

Segundo o Ministério do Meio Ambiente (MMA, 2000)p PEMD é
insuficientemente conhecido, mas de provavel indpaia biologica em relacdo a
herpetofauna. Apenas recentemente foi publicatkieade espécies de anfibios do PEMD,
onde Santost al. (2009) compararam a composi¢cao da anurofauna ué&aom outras
localidades brasileiras de diferentes biomas. Arafauna do PEMD (Tabela 1) é
basicamente constituida por um misto de espégieasidos dominios Atlantico e Cerrado,
além de espécies amplamente distribuidas pela Aanéo Sul, geralmente consideradas
tolerantes as altera¢des antropicas (Sasit@d, 2009). No entanto, apesar de estudos de
histéria natural fornecerem a base de conhecimemggssaria e imprescindivel para
trabalhos de conservacdo ambiental, preservacaespiécies e elaboracdo de testes e
teorias sobre populagbes e comunidades (Scott &pGalin 1982; Greene, 1986, 1994),
nenhum estudo deste cunho € conhecido para anfiicegido do PEMD.

Esta € a principal contribuicdo deste estudo, ggté estruturado em quatro

capitulos, com diferentes objetivos:
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- No primeiro capitulo analisamos como as comurédade anfibios anuros (baseada na
estimativa de machos em atividade de vocalizacd®)sdis corpos d'agua estado
espacialmente e temporalmente organizadas. Aléo,dism base nos resultados obtidos,
foi possivel detectar estratégias adequadas pewaservacdo dos anfibios do PEMD, que
podem ser usadas em futuras reavaliagbes do darad ge manejo (Faria, 2006). Este
capitulo ainda ndo foi submetido para publicacéas esta estruturado conforme normas
do periodicoAnimal Conservation

- No segundo capitulo enfocamos a fase larvariaadfibios. Testes de modelos nulos e
analises de similaridade foram aplicados paraigaritomo comunidades de girinos de 11
corpos d’'agua estdo espacial e temporalmente @stdais. Este capitulo também né&o foi
submetido para publicacdo, mas esta estruturadforoom normas do periodicécta
Oecologica

- No terceiro capitulo comparamos a anurofaunafeeedtes fitofisionomias do PEMD. A
composicado de espécies de anfibios, amostradoarp@dilhas de interceptacdo e queda
(pitfall traps with drift fences em cinco diferentes fitofisionomias do PEMD, foi
determinada para verificar se existe diferenca oraposicdo de espécies entre as areas
amostradas. Também procuramos verificar a presdacaspécies indicadoras de cada
fitofisionomia. Este capitulo esta submetido patiblipacdo no periddiccAmphibia-
Reptilig e ainda esté sob avaliacdo dos revisores.

- No quarto capitulo analisamos a influéncia deefogieneidade ambiental dos corpos
d’agua (baseado em cinco descritores ambientaispmgosicao e riqueza de espécies de
anfibios anuros. Além dos corpos d’agua localizadw®EMD, foram incluidos outros 28
corpos d’agua localizados na regido noroeste dadestle S&o Paulo, cuja vegetacao

original era constituida por Floresta Estacionahiffecidual, com clima e composi¢cdo da
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anurofauna bastante similar a da regido do PEMEe fm®cedimento foi adotado pois a
adicdo de mais corpos d’dgua tende a minimizarro &@po | em andlises estatisticas
(rejeitar uma hipotese nula quando ela é de fatdadeira;sensuzar, 1999). Este capitulo
esta publicado no periédiddanadian Journal of Zoolog{2009, volume 87, niumero 8:

699-707).
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Tabela I. Lista de anfibios anurodo Parque Estadual Morro do Diabo (PEMD), SP

(Santo=et al, 2009).

FAMILIA ESPECIES

Bufonidae 02 espécieRhinella ornata(Spix, 1824)
Rhinella schneiderfWerner, 1894)
Cycloramphidae 01 espécie Odontophrynus americanPuméril & Bibron, 1841)
Hylidae 14 espécie®endropsophus minutyPeters, 1872)
Dendropsophus nany8oulenger, 1889)
Hypsiboas albopunctaty$pix, 1824)
Hypsiboas fabefWied-Neuwied, 1821)
Hypsiboas lundi(Burmeister, 1856)
Hypsiboas punctatuschneider, 1799)
Hypsiboas ranicep€ope, 1862
Itapotihyla langsdoffi{Duméril & Bibron, 1841)
Pseudis platensiGallardo, 1961
Scinax berthaéBarrio, 1962)
Scinax fuscomarginatytutz, 1925)
Scinax fuscovariud_utz, 1925)
Scinax similigCochran, 1952)
Trachycephalus venulos(isaurenti, 1768)
Leiuperidae 02 espéciekupemphix nattereisteindachner, 1863
Physalaemus cuvieFitzinger, 1826
Leptodactylidae 07 espécied.eptodactylus chaquendizei, 1950
Leptodactylus fuscu$chneideri, 1799)
Leptodactylus labyrinthicuSpix, 1824)
Leptodactylus mystace(Spix, 1824)
Leptodactylus mystacingBurmeister, 1861)
Leptodactyluxf. ocellatus(Linnaeus, 1758)
Leptodactylus podicipinu&ope, 1862)
Microhylidae 02 espécieLLhiasmocleis albopunctai@oettger, 1885)
Elachistocleis bicolo{Guérin-Méneville, 1838)
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Abstract. Morro do Diabo State Park (MDSP) represents drtbeofour largest remnants
of Semideciduous Mesophytic Forest (Atlantic Fodesnain) in Brazil, but no ecological
studies on amphibians are available for this aheahe present study, we aimed to 1)
determine how the anuran assemblages are spa#ialytemporally structured in the
MDSP; 2) test for indicator species at differenpdy of the breeding ponds studied; 3)
determine conservation implications for future aawation strategies. Similarity analyses
revealed a high variation in species compositioragnthe six breeding habitats studied,
whereas ponds with similar hydroperiods sharedlaimanuran species composition, which
can be related to interspecific differences in lifgtory traits among species.¢, length of
the larval developmental period). Indicator Spechemlysis showed one species as
indicator of the studied strearRlIfinella ornatd, one species as indicator of permanent
ponds Scinax fuscovariys two species as indicators of temporary por@sigsmocleis
albopunctataand Elachistocleis bicoloy, and three species as indicators of the semi-
permanent pond Hypsiboas raniceps Leptodactylus fuscusand Trachycephalus
venulosus Temporal distribution of species was restrictedhe rainy/warmest months
(except forRhinella ornatg, in agreement with the pattern recorded for sealstvopical
areas. The limited presence during the rainy/warmmesths resulted in temporal overlap
within guilds of species. Thus, the partitioningsplecies among breeding habitats and the
temporal overlap among species allow us to concthde space is more important than
temporal dimension for permitting species coexistermt MDSP. Some conservation
implications that resulted from the present study. éhe inclusion of different types of
breeding habitats (considering streams and pontts different hydroperiods) for future

conservation strategies, which will protect thecsge with different reproductive patterns;
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and the management of breeding ponds, includingréingoval of the non-native fish

speciesTilapia rendalli (Cichlidae) that feed on tadpoles.

Keywords. Atlantic Forest domain, calling males, conseati implications,
Semideciduous Forest, phenology, similarity analysspatial partitioning, temporal

overlap.

Introduction

The conservation of biological diversity has besminly negatively affected by the
explosive growth of human population, which conités to the loss of biodiversity by
means of habitat destruction (Wilson, 1997). At #med of the 1980s, estimation of
worldwide deforestation was 240,000 #year (Bush, 1997), which in turn resulted in an
extinction rate of 25,000 species/year (Wilson,99& Brazil, the Atlantic Forest biome,
which originally accounted for 1,000,000 krfAb’Saber, 2003), is an example of the
intense process of human occupation on the ea8temnlian coast, which resulted in
fragmented landscapes of less than 8% of theiinaliggxtensions (Mamedst al, 2004).
Thus, Atlantic Forest is considered one of theasthbut most endangered ecoregions of
the world (Myerset al, 2000).

Amphibians in particular are highly dependent abitat quality, because their life
cycle is generally comprised of an aquatic larvag a terrestrial post-metamorphic phase
for the large majority of species, and those spegigh direct development depend on the
moist environment for the development of eggs (Doueh & Trueb, 1994). In addition,
most gas exchange occurs through their skin, whisb needs moist environments to

maintain humidity and, consequently, efficient gashange (Duellman & Trueb, 1994).
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Thus, the extinction of species or new presencegeniferalist species in degraded areas
makes amphibians good bioindicators of habitat igu#Beebee, 1996; Krishnamurthy,
2003). Major threats to amphibians are habitat, loksate change, chytridiomycosis, and
invasive species, among other (e.g., Eteroeicél, 2005; Silvano & Segalla, 2005; Doody
et al, 2009). In Brazil habitat loss is considered thairmthreat to this animal group
(Silvano & Segalla, 2005). Immediate consequentésbitat loss are population removal,
isolation in the remnant fragment, and loss of genariability (Silvanoet al, 2003). In
the long term, the isolated populations will be jeated to inbreeding and genetic drift,
which in turn reduces their capacities for adaptgtand finally become extinct (Primack &
Rodrigues, 2002; Liao & Reed, 2009).

In Brazil, the Mesophytic Semideciduous Forestassidered a sub-domain of the
Atlantic Forest domainsensuAb’Saber, 1977), characterized by the partial lolskeaves
during the winter as a consequence of low raimating this period (Veloset al, 1991).
This kind of forest experienced the most largeescdéforestation among Brazilian
vegetation formations, due to its fertility soilr@pitious for agricultural use) and flat
topography, which facilitates the use of soil fattle breeding (Faria 2006a). In the
westernmost region of S&o Paulo state (southeastnawil), the Mesophytic
Semideciduous Forest was reduced to approxima®lpfits original distribution, and the
Morro do Diabo State Park (MDSP) comprises onénheffour largest protected areas with
this kind of vegetation in Brazil, and is consider® have high biological importance
(Faria, 2006a). However, ecological studies regarcdaimphibians from MDSP are not
available. The only study with amphibians in thisaeawas documented recently, in which
Santoset al. (2009) published a species list of the area arsmtudsed its species

composition with other Brazilian localities. In thpesent study, we hypothesized that
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anurans at MDSP are spatially and temporally stredt, since different anuran species
have been documented to respond differentiallyattous environmental characteristics of
breeding ponds (e.g., Parris & McCarthy, 1999; &wedit al, 2009; Vasconcelost al,
2009), and are highly dependent on climatic varatiuring the year (e.g., Duellman &
Trueb, 1994; Vasconcelos & Rossa-Feres, 2005; Kopperovick, 2006). Thus, we aimed
to 1) determine how the anuran assemblages aralgpand temporally structured in the
MDSP; 2) test for indicator species at differerpey of studied breeding ponds; and 3)

determine the implications for future conservastrategies.

Material and methods

Study site

Morro do Diabo State Park (MDSP), located in thatBlodo Paranapanema region
(the westernmost region of S&o Paulo State, sostér@aBrazil), is in a transition area
between Cerrado and Atlantic Forest domain (Ab’'§aR@03). The total area of MDSP
accounts for 33,845 ha (Durigan & Franco, 20069, it phytophysiomic predominance is
composed of the Mesophytic Semideciduous Forestaasthall patch of Cerradeensu
stricto, i.e. savanna-like vegetation in the northernoegif the reserve (Durigan & Franco,
2006). Climate in this region is characterized abtr®pical with dry winters and wet
summers, and historical records indicate a meaemperature of 22 °C and annual rainfall
ranging from 1,100 to 1,300 mm (Faria, 2006b). Addal information on MDSP
characterization and map of the studied site islaha from Faria (2006a), Santes al.
(2009), and Vasconceles al. (2009).

Sampling procedures
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In this study we selected six breeding habitatd wiifferent physiognomic and
structural characteristics, in order to represkatdifferent types of water bodies available
for breeding activities of anurans at MDSP: onesatr, one permanent pond, one
permanent swamp, one semi-permanent pond, and éwgporary ponds (Table 1).
Although both permanent and semi-permanent categarie used for breeding ponds that
did not dry up throughout the studied period, wesidered the semi-permanent pond that
one which had its water volume reduced by at 188%b of their maximum volume. Thus,
the semi-permanent pond can be classified as @amnietiate between permanent and
temporary ones, because they do not dry up contplgteoughout the season, but may
have their predator fish abundance strongly redwteds lowest water volume (T. S.
Vasconcelos and T. G. Santos, unpublished report).

From February 2006 to March 2007, each breedingdtawas monthly monitored
by survey at breeding sitesefisuScott & Woodward, 1994). The surveys consistedrof
abundance estimation of calling males for eachispgmesent, with a slow walk through
the edge and/or inside the breeding habitats, duhie nocturnal period (from sunset, when
most species started the calling activities, tonth@night, when most species reduced their
calling activities, T.S. Vasconcelos and T.G. Sanhtanpublished data). Thus, the time
spent in each breeding habitat varied accordingstetructural complexity and number of
anuran species participating in calling activiti&cott & Woodward, 1994). Voucher
specimens were deposited in the DZSJRP (UNESP/&&0odb Rio Preto, S&o Paulo state,
Brazil) and CFBH (UNESP/Rio Claro, Sao Paulo stBtezil) anuran collections.

Statistical Analyses

Analysis of breeding habitat occupancy of callingales was performed

gualitatively and quantitatively: the presence/alseof calling males in each breeding



27

habitat was analyzed using the Jaccard coeffi¢gigntMagurran, 1988), and beta diversity
(i.e. the variation in species composition amongs3ibetween pairs of compared breeding
habitats was considered high when € 0.50; the abundance of each species was
considered under the Morisita-Horn index of sinif{afKrebs, 1999). The total abundance
of each species in each breeding habitat was meshbased on the month with the highest
abundance record, in order to avoid the overestomaesulted from the sum of sequential
samples (for a detailed discussion, see BertoluRioflrigues, 2002; Gottsberger & Gruber,
2004, Vasconcelos & Rossa-Feres, 2005).

The Indicator Species Analysis (ISA) (Dufréne & keedre, 1997) was performed
in order to test the presence of indicator speafabe different kinds of breeding habitats
studied at MDSP (lotic, lentic permanent, lentienspermanent, and lentic temporary
breeding habitats). This method of analysis conginérmation on the concentration of
species abundance in a particular group (i.e.particular type of breeding habitat) and the
faithfulness of the presence of a species in aicp#at breeding habitat, and here we
consider monthly species abundance in each hatlifaioduces Indicator Values (1V) for
each species in each group, varying from O (nocatdin) to 100 (perfect indication)
(McCune & Mefford, 1999). Statistical significanctlV was tested using the Monte Carlo
permutation test (10,000 replicates). ISA was peréal using PC-ORD software for
Windows (McCune & Mefford, 1999).

Temporal occurrence of species was measured mdothilge abundance of species
in all breeding habitats studied, and species wesa compared using the Morisita-Horn
index of similarity (Krebs, 1999). For spatial arenporal similarity analyses, we g

transformed the total abundance of each speciesder to downweight the contributions
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of quantitatively dominant species. A subsequenister analysis (unweighted mean
method, UPGMA) was applied in the resultant mas#md clusters were considered when
similarity was= 50%. A Cophenetic Correlation Coefficient (r) wasculated in order to
verify how much the resulting graph of cluster e represents the original similarity
matrix, where r > 0.9 represents a very good fi,-00.81 represents a good fit, 0.8 — 0.7
represents a poor fit, and r < 0.7 represents & peor fit (Rohlf, 2000). Similarity
analyses and Cophenetic Correlation Coefficienteweerformed using NTSYSpc2.10

software (Rohlf 2000).

Results

We recorded 21 anuran species participating iingahctivity, belonging to five
different families in the six breeding habitats mored at MDSP (Table 2). Species
richness at each breeding habitat varied from (ineghe Stream) to 12 (in the Permanent
Swamp and Semi-Permanent Pond) (Table 2). Betasiliyevas considered high between
pairs of breeding habitats monitored, whereas dah& Temporary Pond 1 and 2 pair
showed low beta diversity (Table 3).

Similarity analysis of breeding habitats (Figune Using the abundance of calling
males, revealed two clusters composed of. 1) pegntaand semi-permanent breeding
habitats, which were mainly characterized by slipspecies with prolonged reproductive
patterns gensuWells, 1977) -Dendropsophus minutuand Hypsiboas faberand 2)
temporary breeding habitats, mainly characterizgdsharing species with explosive
reproductive patterns¢nsuwells, 1977) Chiasmocleis albopuncta@andScinax berthae

The analysis set the Stream apart from the otheeding habitats (Figure 1). Indicator
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Species Analysis showed thRhinella ornatawas characteristic of the lotic breeding
habitat (Stream), theBcinax fuscovariusvas characteristic of permanent lentic breeding
habitats (Permanent Pond and Swanify)psiboas ranicepsTrachycephalus venulosus
and Leptodactylus fuscusrere characteristics of semi-permanent lentic dingehabitats
(Semi-Permanent Pond), an&. berthae and Chiasmocleis albopunctatawere
characteristics of temporary lentic breeding habi@emporary Ponds 1 and 2) (Table 4).
Temporal occurrence of most species was restritdethe rainy/warm season
(Figure 2). During the dry/cold months (from Apial August), when monthly rainfall was
lower than 50 mm (except for July, when rainfatialeed 70 mm), only males Bhinella
ornatacalled in the MDSP stream studied (Figure 2). Alitjo temporal overlap occurred
for most species during the rainy season montimsilasity analysis (Figure 3) showed
partitioning among three groups of species: 1) iggedhat exhibited prolonged
reproductive patterns, occurring throughout th@yaseason and/or in those months in
which rainfall was most abundaribéndropsophus minutu®. nanus Hypsiboas faber
Hypsiboas raniceps Leptodactylus podicipinys Physalaemus cuvieri Scinax
fuscomarginatusandS. fuscovarius 2) species in higher abundance or that weredoun
exclusively at the end of the rainy season of 2(BRchistocleis bicolorand Scinax
berthag; 3) species that exhibited explosive reproducipatterns after heavy rains in
December 2006Ghiasmocleis albopunctatdseudis platensjsand Scinax similiy, and
species that also occurred after sporadic or hesing at the beginning of the rainy season
(between August and December 20Q6: fuscus L. mystaceusL. mystacinus and

Trachycephalus venulosus
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Discussion

Animals have long been recognized to partition emrental resources in three
basic ways: temporally, spatially, and trophicgyanka, 2000). Such differences in each
resource dimension reduce competition, and wilmdtely allow for the coexistence of a
variety of species (Pianka, 1973). According tot {@885), space is the first resource axis
most partitioned by frogs, and various studies haorded habitat partitioning among
anuran assemblages from different regions of thddwan both descriptive studies (e.qg.,
Bernarde & Machado, 2001; Bertoluci & Rodriguesp20Duellman, 2005) and studies
with a statistical approach (e.g., Peltatral, 2006; Santot al, 2007; Vignoliet al,
2007; Kelleret al, 2009; Vasconcelost al, 2009). Explanations for an active choice of
breeding habitats by adult anurans are generd#yeckto the physiological adaptations and
ecological preferences of species (e.g., Heyal, 1975; Bosh & Martinez-Solano, 2003),
the effects of environmental variables (e.g., Bun@riffin, 2005; Kelleret al, 2009), and
even phylogenetic constraints (Zimmerman & Simd&rld996). In the current study,
habitat partitioning was exemplified through thgthibeta diversity among the breeding
habitats studied, and also through the segregaficmeeding habitats with different water
flow and hydroperiods.

In the lotic breeding habitat studied here, ok species were recorded in calling
activity. Low anuran species richness in lotic tetisi have been frequently recorded in
different regions of Brazil (e.g., Gascon, 1991yréede & Machado, 2001; Brasileigt
al., 2005; Vasconcelos & Rossa-Feres, 2005), andnfist species, is largely associated
with the lack of reophilic adaptations in the taldpphase, and the high tadpole predation
pressure from fish (Gascon, 1991). Species abuedaas also relatively low in the stream

studied at MDSP, except fé&thinella ornata whose aggregations of calling males were
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recorded during the dry season months (July andugtug006). In fact, Indicator Species
Analysis revealedR. ornatato be characteristic of the lotic breeding habaaMDSP. In

the MDSP, streams are located inside the well predeareas of the park, and the
association of theR. ornata with well preserved areas is an important findifog
conservation purposes, becauRe ornatais generally associated with forested areas
throughout its geographical distribution (e.g.,@sdereet al, 2004; Brasileireet al, 2005;
Bertoluciet al, 2007). Its absence in areas where native Mesmp8gimideciduous Forest
was converted to agricultural activities, in nordstern Sdo Paulo state, may be correlated
with the habitat destruction (for complete discossee Santost al, 2009).

In this study species composition was differentwieen temporary ponds and
permanent/semi-permanent ponds. We believe thaida wumber of factors may be
interacting in the structure of the anuran assegasiaf MDSP (e.g., the number of plant
stratifications and the edge types of the pondscWaceloset al, 2009; the size of the
ponds: Afonso & Eterovick, 2007; Kelleet al, 2009), but one pattern that is clearly
observed in the present study is the relationslepvéen the hydroperiod of the ponds
(shown by the different clusters in similarity aysa$) and the reproductive patterns
exhibited by the speciesdnsuWells, 1977). In fact, Vasconceles al. (2009) analyzed
the influence of habitat heterogeneity of breedoomds of the MDSP and other ponds
located in the northwestern S&o Paulo state, amadfa pattern of species turnover across
the hydroperiod gradient. Wells (1977) identifiedotbasic patterns of reproduction in
anurans: prolonged and explosive breeding. Theseaiterns represent the two ends of a
continuum from single-night breeding in some spetieyear-round breeding in others. As
recorded by Botlet al. (2009), species with similar life history traitsiteed to be found in

breeding habitats with similar hydroperiod. Thig permanent and semi-permanent ponds



32

shared species, more related to the prolonged ingegxhttern, such aBendropsophus
minutusandTrachycephalus venulosushose calling males were active for a minimum of
three monthsl.eptodactylus fuscusvhich was recorded for five consecutive montimgl a
Hypsiboas fabewhose males called in almost all months of theyraeason. On the other
hand, temporary breeding ponds shared speciegddatthe explosive breeding pattern,
such asChiasmocleis albopunctateéElachistocleis bicolgr and Scinax berthaewhich
occurred opportunistically after heavy rains in pemary ponds. The importance of the
hydroperiod of the ponds for anurans seems to lageteto the interspecific differences in
life history traits of the species (e.g., the léngf the larval developmental period and
different skills for avoiding strong predator pnesss Babbitt & Tanner, 2000), because
tadpoles in temporary ponds should have adaptafmmpermitting a rapid development
before the pond dries, and tadpoles in permanerdgpshould minimize predation pressure
by means of behavioral and/or physiological adaptat (Woodward, 1983; Katst al,
1988). For instance, time of tadpole developmenElathistocleis bicolorin one of the
temporary ponds studied was approximately one mdonlg, whereas time of tadpole
development oHypsiboas fabein a permanent pond can be a minimum of five menth
long (T.S. Vasconcelos and T.G. Santos, unpublisia¢a).

Indicator Species Analysis has shown tBainax fuscovariuss associated with
permanent breeding ponds at MDSP. Although thiscispeoccurs preferentially in
permanent ponds (e.g., Jim, 1980; Bath al, 2008; present study), its presence in
temporary ponds is well documented in other aredsch characterize this species as
generalist in terms of habitat occupation (Jim,&98chaval & Olmos, 2003; Eterovick &
Sazima, 2004, Brasileiret al, 2005; Vasconcelos & Rossa-Feres, 2005). In M28Hng

males and tadpoles @&. fuscovariusnvere found during the most of the rainy season
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months (T.S. Vasconcelos & T.G. Santos, unpublisiad), and can therefore be classified
as prolonged breeder.

Temporary breeding habitats were indicated by temecies: Chiasmocleis
albopunctataand Scinax berthaeThis association emphasizes the relationship dwetw
species trait and hydroperiod of ponds, since thpseies were typical explosive breeders
that occurred only in temporary ponds at MDSP. €hepecies are also typical of
temporary ponds in other areas (Achaval & Olmo€320roledoet al, 2003; Aquinoet
al., 2004; Lavillaet al,, 2004; Brasileireet al, 2005; Silvaet al, 2009), but the presence in
permanent ponds has also been recorde® fdrerthage.g., Vasconcelos & Rossa-Feres,
2005; Conte & Rossa-Feres, 2007; Sargb®l, 2008). Reproductive patterns of these
species can also be characterized as explosivéher areas (e.g., Toledet al, 2003;
Conte & Rossa-Feres, 2007).

Three species were indicative of the semi-permabeseding pondHypsiboas
raniceps Leptodactylus fuscusnd Trachycephalus venulosuthese species have a wide
range of distribution throughout South Amerida yenulosugan also be found in Central
America: IUCN, 2008; Frostet al, 2009), and live in both well preserved and
degraded/urban habitats (La Maret al, 2004a, b; Reynoldst al, 2004). Thus, the
adaptations that make it possible for them to serwn degraded areas should also have
favored them to occupy the semi-permanent pond iedtudwhich have restrictive
characteristics for several amphibian speciescéypof both temporary ponds (a severe
reduction in water volume during the dry seasorp-ta 90% of its total volume) and
permanent ponds (presence of fish that feed onotesipAstyanax altiparanae—

Characidae, and the non-natidapia rendalli— Cichlidae, unpublished report).
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Because rainfall and temperature are the majoermtants for the timing of
breeding activities (Duelman & Trueb, 1994; Vitt &aldwell, 2009), the temporal
occurrence of great majority of calling males wastrnicted to the months with the highest
rainfall and temperature values. There are two iggngatterns that can be recognized
regarding breeding activities of amphibians: yeamd or extended breeding activity in
amphibian communities living in aseasonal troperalironments, i.e. in places where there
is no distinguishable dry or wet season, but ratb@emtinuous rainfall throughout the year;
and seasonal breeding activity that generally acouthe warmest and moist months of the
year in temperate and seasonal tropical regionsl(ipan & Trueb, 1994; Vitt & Caldwell,
2009). Seasonal breeding and calling activitiesehiamg been recorded in tropical and
subtropical regions of Brazil (e.g., Pragioal, 2005; Bernarde, 2007; Canelas & Bertoluci,
2007; Bothet al, 2008), but studies that effectively assess howehrgpecies partition
temporal dimension are scarce (Vasconcelos & RBesas, 2005; Santost al, 2007,
Both et al, 2008; Santogt al, 2008). Among these studies, the partitioningeshporal
occurrence can be seen among three or four clusterecies, but there is a relatively high
number of species overlapping within clusters (\éaselos & Rossa-Feres, 2005; Santos
et al, 2007, 2008; Bottet al, 2008). In the present study, overlap was recoatedng
eight species that occurred throughout the rairgs@@ and/or in those months during
which rainfall/temperature was higher (cluster Figure 3), which agrees with the pattern
recorded by Vasconcelos & Rossa-Feres (2005), Sahad (2007 and 2008), and Boét
al. (2008). Toft (1985) concluded that time is theosetresource axis most partitioned by
adult amphibians (space is the first one). Theifigsl of our study (the partitioning of

species among breeding habitats, and temporal rece of most species being restricted
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to the rainy/warmest season, resulting in overilmw us to conclude that space is more

important than temporal dimension for permittingaps coexistence at MDSP.

Conservation Implications

Since the MDSP represents one of the four largesinants of Mesophytic
Semideciduous Forest in Brazil (Faria, 2006a), pnesent study provides important
findings that support future conservation strateged management at the site studied, as
well as in other sites with Mesophytic Semideciduiborest vegetation.

Because of the species turnover across the ditfdyeeeding habitats at MDSP
(high beta diversity), an effective conservatioratgtgy would be the protection of large
areas, which would assure the inclusion of theedtffit types of breeding habitats found at
MDSP. This strategy has been previously propose8dipitt (2005), who suggested the
inclusion of ponds with different hydrological gredts for more efficient amphibian
protection. The protection of ponds with differéydrological gradients will safeguard the
species with different reproductive patterns indhea studied. In addition, the inclusion of
streams in the most preserved areas inside the MIDIBRISo contribute to the protection
of Rhinella ornata a toad species that was possibly affected inr@teas where its natural
habitat was converted to agricultural landscapd,Hypsiboas lundijinot recorded herein,
but which is also found only in a well preserveckain inside the MDSP) (Santet al.,
2009).

Since the aggregations of amphibians at individoededing ponds may not
represent distinct populations, we do not recomntbadnanagement of breeding ponds as
distinct units (Marsh & Trenham, 2001), but rathesing the metapopulation dynamic. In

this way, we suggest the protection of areas sodimg the breeding ponds, because
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during the migration process of adult anurans betwerest remnants and breeding ponds,
habitat disconnection adversely affects anuramash in local assemblages that depend on
aquatic environments for reproduction (Becg&eal, 2007).

Because deterministic processes frequently drivephgbian populations to
extinction, simply protecting clusters of breedipgnds may not be sufficient for
maintaining viable populations. Instead, active agament may be necessary to protect
amphibian populations (Marsh & Trenham, 2001), &l &ws the removal of non-native
predators (especially in the semi-permanent poneérevithe non-native fisiTilapia
rendalli, which feeds on tadpoles, is found). The constacmaintenance, and monitoring
of breeding ponds, using the environmental desmsppointed out by Vasconceles al.
(2009) as important predictors for species comrst in the area studied, are also
recommended. Finally, we suggest the consideratiorlimatic variables (particularly
rainfall) for the management of temporary pondstg®a&% Crouch, 2002), such as the
construction of temporary ponds before heavy raina given year, because time of the
year and quantity of rainfall affects the callingieity of anurans, as well as the duration of

temporary ponds.
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Table 1. Main characteristics of the six studiedran breeding habitats in MDSP, Sé&o
Paulo state, southeastern Brazil. PP = Permanemi, S = Permanent Swamp, S =

Stream, SPP = Semi-Permanent Pond, TP = Tempooaq. P

Geographic co-ordinates Total Hydroperiod  Surrounding
area environment
PP  22°22'10.2"S; 52°19'43.0"W 2000 Permanent Forest edge
PS  22°37'01.0”S; 52°10'08.8"W  900rh Permanent Open area
S 22°36'16.3"S; 52°18'04.2"W  2655m Permanent Forest

SPP 22032'43,7"S; 52°14'02,9"W  900fm Semi-permanent  Forest edge
TP1 22°37°02,2"S; 52°10'01,4"W  300M Temporary Forest

TP2 22°37°06,8"S; 52°10'05,9"W 100 Temporary Open area
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Table 2. Anurans recorded in the six monitored direg habitats at MDSP, S&o Paulo
state, southeastern Brazil, from February 2006 &ocl 2007. S = Stream, PP = Permanent

Pond, PS = Permanent Swamp, SPP = Semi-Permanaht H® = Temporary Pond.

S PP _PS SPP TP1 TP2

Bufonidae
Rhinella ornata 12 O 0 0 0 0

Hylidae
Dendropsophus minutus 0 0 30 11 0 0
D. nanus 0O 5 90 35 1 20
Hypsiboas albopunctatus 1 1 0 0 0 0
H. faber 0 19 0 8 0 0
H. raniceps 0O 4 1 10 4 1
Pseudis platensis 0O O 1 0 0 0
Scinax berthae 0O O 0 0 16 5
S. fuscomarginatus 0O 0 35 0 0 0
S. fuscovarius 0 19 10 0 0 13
S. similis 0O 0 70 0 0 0
Trachycephalus venulosu 1 0O 3 6 0

Leiuperidae
Eupemphix nattereri

o
(o]
o
o
o
o

Physalaemus cuvieri 0O 66 15 43 10
Leptodactylidae

Leptodactylus fuscus 0O 4 1 32 0 0

L. mystaceus 2 0 0 1 7 1

L. mystacinus 0O 9 0 3 3 2

L. cf. ocellatus 0 0 0 1 0 0

L. podicipinus 1 13 3 7 25 20
Microhylidae

Chiasmocleis albopunctata0 0 0 0 7 13

Elachistocleis bicolor 0 0 1 4 15 7

Total Richness 5 10 12 12 9 10
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Table 3. Similarity among the six monitored bregdimabitats at MDSP, Sao Paulo state,
southeastern Brazil, considering presence/absdnzalimg males at each breeding habitat
(Jaccard coefficient). High beta diversity betwesembinations pairs are highlighted in
Bolt (C; < 50%). Numbers in Italics means the number of shapecies between breeding
habitats. S = Stream, PP = Permanent Pond, PS maRent Swamp, SPP = Semi-

Permanent Pond, TP = Temporary Pond.

S PS PP SPP TP1 TP2
S * 18.33 1538 2143 16.67 15.38
PS 2 * 37.5 50 31.25 375
PP 2 6 * 46.67 35.71 42.86
SPP 3 8 7 * 50 46.67
TTP1 2 5 5 7 * 90
P2 2 6 6 7 9 *
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Table 4: Species Indicator Analysis (ISA) for sphdistribution of anuran species in the

four types of studied breeding habitats, from Faby®006 to March 2007, at the MDSP,

S&o Paulo state, southeastern Brazil. Groups: 1 lweeding habitat, 2) Permanent

breeding habitats, 3) Semi-Permanent breeding dtabi) Temporary breeding habitats.

Indicator values (1V) and statistical significar(@g; ns = p>0.05.

Species Group \Y p

Rhinella ornata 1 14.3 0.047
Dendropsophus minutus 3 9.6 0.108
D. nanus 2 14.3 0.255
Hypsiboas albopunctatus 1 3.6 0.882
H. faber 3 15.8 0.065
H. raniceps 3 20.0 0.045
Pseudis platensis 2 3.6 1.000
Scinax berthae 4 14.3 0.046
S. fuscomarginatus 2 10.7 0.170
S. fuscovarius 2 20.5 0.016
S. similis 2 7.1 0.261
Trachycephalus venulosus 3 15.1 0.036
Eupemphix nattereri 2 3.6 1.000
Physalaemus cuvieri 3 17.7 0.116
Leptodactylus fuscus 3 20.8 0.022
L. mystaceus 1 54 0.651
L. mystacinus 2 10.1 0.458
L. cf. ocellatus 3 7.1 0.322
L. podicipinus 4 119 0.482
Chiasmocleis albopunctata 4 14.3 0.041
Elachistocleis bicolor 4 14.0 0.095
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r=0.93

PS

PP |(1)

SPP

TP2
® 2
TPI

000 025 05 0715 100
Figure 1. Similarity analysis of the six breedirgphats, considering the abundance of the

anuran calling males at MDSP, S&o Paulo Stateheastern Brazil, from February 2006 to
March 2007. r = Cophenetic Coefficient CorrelatiBrs Stream, PP = Permanent Pond, PS
= Permanent Swamp, SPP = Semi-Permanent Pond, Tnporary Pond. Black circles

represent break-points (similarity = 50%) for caiesing clusters (1) and (2).
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Bufonidae
Rhinella ornata 4 12
Hylidae
Dendropsophus minutus
D. nanus
Hypsiboas albopunctatus
H. faber [ 9 9 |
H. raniceps
Pseudis platensis
Scinax berthae 20 11
S. fuscomarginatus
S. fuscovarius
S. similis
Trachycephalus venulosus
Leiuperidae
Eupemphix nattereri
Physalaemus cuvieri
Leptodactylidae
Leptodactylus fuscus

L. mystaceus

L. mystacinus 4 13 15 4 4 12
L.cf. ocellatus

L. podicipinus 4 2 3 1 5 16 24
Microhylidae

Chiasmocleis albopunctata
15

Elachistocleis bicolor 20

Total Richness 0 8 0 0 0 2 3 8 9 6 16 11 9 3
Total Abundance 236 40 0 0 0 8 26 56 31 28 400 287 226 23

Figure 2. Temporal occurrence of calling males frdinspecies in the MDSP, Sao Paulo
State, southeastern Brazil, and climate data @hjrtemperature, and photoperiod) from

February 2006 to March 2007.
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Figure 3. Similarity among temporal occurrence miran calling males from MDSP, Sao
Paulo State, southeastern Brazil, from February62@0 March 2007. r = Cophenetic
Coefficient Correlation; black circles representedk-points (similarity = 50%) for
considering clusters (1), (2), and (3). Ca Ghiasmocleis albopunctataDmi =
Dendropsophus minutu®n = D. nanus Eb = Elachistocleis bicolor En = Eupemphix
nattereri Ha =Hypsiboas albopunctatusif = H. faber, Hr = Hypsiboas ranicepd.fu =
Leptodactylus fuscueémn =L. mystacinusLmy = L. mystaceusLo =L. cf. ocellatus Lp

= L. podicipinus Pcu =Physalaemus cuvierPp =Pseudis platensjfRo =Rhinella ornata

Sb =Scinax berthaeSfm =S. fuscomarginatyssfv =S. fuscovariusSs =S. similis Tv =

Trachycephalus venulosus
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CAPiTULO 2

SPATIAL AND TEMPORAL DISTRIBUTION OF TADPOLE ASSEMBLAGES
(AMPHIBIA, ANURA) IN A SEASONAL DRY TROPICAL FOREST OF
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ABSTRACT

In the present study we determined spatial and eeahplistribution of tadpoles in
six breeding habitats from Morro do Diabo StatekRAMDSP), southeastern Brazil. We
then tested whether the presence of tadpoles mimaeding habitat is different from a null
model of random placement of species in those &@bitWe also tested whether tadpole
occupancy in a given breeding habitat is organaa=mbrding to different ecomorphological
guilds of tadpoles, and we analyzed spatial paritig of tadpoles among breeding ponds
through similarity analysis. For temporal analysis analyzed temporal partitioning of
tadpole presence for one year also using similaitglysis, and assessed what climatic
variable better predicts tadpole temporal occueemt the MDSP region, through
regression analysis. Among tadpoles from 19 angmeties, distribution was different
from a null model, but co-occurrence patterns did differ among different guilds of
tadpoles in the breeding habitats analyzed. Howebezeding habitats with similar
hydroperiods had similar species composition, whithy be related to the reproduction
patterns of species. Among the three climatic wemanalyzed (rainfall, temperature and
photoperiod), temporal occurrence of monthly tadpoichness and abuncance was
correlated with rainfall and temperature. Most sgeavere found only during the rainy
season months, and overlap occurred within thremipy of species. Thus, temporal
distribution does not seem to be an important m@sha in species segregation at the
MDSP, where the dry season is pronounced. In #ée,cspatial partitioning tends to be

more important for species coexistence.

Key words: Brazilian amphibians, climatic relationship, pbkgy, spatial distribution,

tadpole assemblages, seasonal forest.
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Introduction
Tadpoles are known to form temporal assemblagesjiratic environments, which make
the formation of stable long-term ecological asatens impossible. Therefore, tadpoles
became suitable models for examining ecological awdlutionary processes (Alford,
1999). Nonetheless, tadpoles are historically $##gdied than adult amphibians. Although
tadpole research began in 18th century (see Mchdaamd Altig, 1999a for brief historic),
ecological studies was not expressive into thedlitee before the 1960s (Alford, 1999). In
Brazil, little attention is given to tadpoles, whas most studies on natural history and
ecology of anuran assemblages have focused ondhk phase (e.g., Pombal, 1997,
Machado et al., 1999; Bertoluci and Rodrigues, 20B®mbal and Gordo, 2004).
Nonetheless, several studies of diverse field rebkelaave been performed on amphibian
larvae during the last decade (see referencestanéflaand Rocha, 2008).

One of the main goals of ecologists is to deterrhiow species differ in their use of
resources and to understand what determines thédt®n, abundance, and diversity of
organisms (Toft, 1985). Animals partition enviromta resources in three basic ways:
temporally, spatially and trophically (Pianka, 197But resource partitioning cannot be
explained by any single factor. Rather, a complerayaof abiotic and biotic effects
interact, and makes species coexistence possibli, (I985; Jakob, 2003). For instance,
ecological studies have shown that tadpole assgmbleaare structured by species
interactions (predation, competition, and inte@ttbetween their effects; Resetarits and
Fauth, 1998; Eason and Fauth, 2001), environmesifgicts (e.g., vegetation cover,
hydroperiod; Eterovick and Sazima, 2000; Werneralet 2007), or even interactions
between biotic and abiotic factors (e.g., the presef aquatic vegetation as a factor in the

reduction of tadpole predation; Kopp et al., 2008reover, intrinsic factors (phylogenetic
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constraints) also influence tadpole distribution oagn their various environments
(Eterovick and Fernandes, 2001; Fatorelli and Ro@@88). On the other hand, recent
studies have proposed that communities can be iaeghonly by stochastic process of
birth, death, colonization, and extinction, whick mot influenced by species trait,
community composition, or environmental conditi@ed references in Tillman, 2004 and
Chase, 2007). In this case, distinct tadpole asksyab are not found in sites with similar
abiotic characteristics, and occurrence of anydbappecies in any single pond seems to
be due to chance, i.e., may contain a large stichesmponent (e.g., Heyer, 1973;
Gascon, 1991; Wild, 1996).

Space and time are the most common dimensionszatalyg ecological studies of
tadpole assemblages (e.g., Gascon, 1991; Rossa-&®ilelim 1994, 1996; Eterovick and
Barros, 2003; Jakob et al., 2003). For tadpoleas@®al time is considered the most
important dimension partitioned, followed by spacel food (Toft, 1985). However, some
studies have found that seasonal time was not itaupiorfor explaining tadpole co-
occurrence (Inger et al., 1986; Wild, 1996), arteothave recorded high temporal overlap
among tadpole assemblages (Rossa-Feres and Jirh, E®ovick and Barros, 2003;
Vasconcelos and Rossa-Feres, 2005). This highagverh temporal occurrence seems to
be related to the type of climate of each regiamdied (particularly rainfall), since
unpredictability and inconsistency of rains in theginning of wet season may limit
temporal partitioning among amphibians species t(Bamt al., 2007). However, few
studies were performed in regions where rainfaltaastant during the year (e.g., Inger,
1986; Both et al., 2009), which makes general corepas difficult.

In the Brazilian Atlantic Forest Domain (sensu 8aber, 1977), the Mesophitic

Semideciduous Forest is the type of forest thdesed the most large-scale deforestation,
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due to its fertile soil and flat topography, whiamakes agricultural activities possible

(Durigan and Franco, 2006). In the western regio8a&m Paulo State, southeastern Brazil,
Morro do Diabo State Park (MDSP) shelters one eflilggest remnants of this kind of

vegetation, but no ecological study has been paedrwith amphibians in this area,

although this region is considered a priority fergetofaunal studies (MMA, 2002).

In this study, we determined the spatial and teadpaccurrence of tadpoles from
MDSP, and hypothesized that the tadpole assemblagéd be spatially and temporally
structured. For spatial distribution, we 1) testdtether the occurrence of tadpoles in each
breeding habitat is different from a null modelrahdom placement of species in those
habitats; 2) tested whether tadpole occupancyeeding habitats is organized according to
different ecomorphological guilds of tadpoles; aB)dperformed similarity analyses in
order to assess how breeding habitats share differdpole species. For temporal
distribution, we hypothesized that temporal disttibn of tadpole species varies through
the year, and this variation is associated witmatic variables. We then assessed 1) how
tadpoles partition temporal occurrence thorouglet year; and 2) tested which climatic

variable better predicts temporal occurrence gbdées at MDSP.

Material and Methods

Studied area and sampling procedures
Morro do Diabo State Park (MDSP) is located inwesternmost region of Sdo Paulo state
(southeastern Brazil), municipality of Teodoro Saiop Brazil. MDSP belongs to the
Atlantic Forest Domain (Ab’Saber, 1977) and constis one of the largest remnants of
Mesophytic Semideciduous Forest (encompassing é¥000 ha) that remained after the

process of degradation of the Atlantic Forest bgnan occupation (Faria, 2006a). In spite
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of the predominance of the Semideciduous ForestSWI@Iso shelters some patches of
Cerradosensustricto (Durigan and Franco, 2006), since it is located imansitional zone
between Atlantic and Cerrado Domains (Ab’Saber, 3200

Weather in this region is characterized by a syital climate (Cwa of Kdppen)
with two distinct main seasons: a dry winter (gatgrfrom April to August) and a hot and
wet summer (from September to March). Total anmaiaifall accounts for 1,100 to 1,300
mm, and mean annual temperature is 22°C, rangomg ft0°C to 35°C (Faria, 2006b).
Additional information concerning MDSP charactetiga and a map of the site is
available in Santos et al. (2009) and Faria (2006a)

Field work was carried out at 11 breeding habit@iable 1) with different
physiognomic and structural characteristics: tlateeams, one semi-permanent pond, three
permanent ponds, and four temporary ponds. Thesedimg habitats were monitored
monthly from March 2006 to March 2007. Tadpole skmgpwas performed using a wire
mesh dipnet (3 mMmmesh size), sweeping all available microhabitatstédpoles (e.g.,
water column and edge of ponds with and withouetetgpn) from the floor to the surface
(Vasconcelos and Rossa-Feres, 2005; Santos &X08PB). The number of sweeps varied
according to the size of the breeding habitat, esiaclarge number of sweeps in larger
breeding habitats reduces the risk of missing ggettiat may have been concentrated in
one area (Babbitt, 2005). Collected tadpoles wieezlfin 10% buffered formalin and were
deposited at the DZSJRP (UNESP/S&o José do Rio,Betzil) Amphibian Collection
(DZSJRP 1263.1 to 1316.6). Tadpoles were identifiredhe laboratory following Cei
(1980) and Rossa-Feres and Nomura (2006).

Daily rainfall data was obtained from the meteogital station located inside of

MDSP. Monthly mean of minimum temperature were takem the Instituto Nacional de
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Meteorogia (INMET) of Presidente Prudente, a aigated about 100 km from the studied
site. Finally, data on photoperiod were obtaineunfthe Observatorio Nacional Brasileiro

(http://euler.on.br/ephemeris/index.phpased on the mean of the days that field work wa

carried out.

Statistical analyses
To begin, we tested if the occurrence of tadpaiesaich breeding pond differed from a null
model of random placement of species in breedirmtdts. Then, a null model analysis
was applied based on the observed and expectedciesmtof species occupation. The
expected matrix was generated by the applicaticdhefC-score index (Stone and Roberts,
1990), in which observed rows (i.e. presence/alesenic species) are fixed in the
simulation, and columns (breeding habitats) arealyjlikely to be represented (Gotelli
and Entsminger, 2001), considering 5,000 MontedCsirhulations.

A Guild Structure Test (sensu Gotelli and Entsmin@®01) was performed in
order to test the hypothesis of whether tadpoleipaccy in breeding habitats is organized
according to different feeding/micro-spatial resmuuse by tadpoles. This analysis tests
whether the mean co-occurrence index among diffegaitds is larger or smaller than a
null model random distribution of species (Gotealtid Entsminger, 2001). Thus, tadpole
guilds were determined according to McDiarmid artigA(1999b) and Rossa-Feres and
Nomura (2006), buDendropsophus nanwsdElachistocleis bicolomwere not considered
in the analysis because the former species isitiggesrepresentatives of macrophagous
guild, andE. bicolor is the single representative of suspension fegdéd in the area
studied. Consequently, two guilds (benthic and ov@k) were considered for tadpoles from
MDSP (see Rossa-Feres and Nomura, 2006 to chedajutltkof each species). The mean

occurrence index among guilds was then tested agmesence/absence matrix of tadpole
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occupancy and their respective guilds was compdar@d0 times by Monte Carlo
permutation with a null model matrix, generateddgcore index of co-occurrence (sensu
Stone and Roberts, 1990), using the EcoSim soft(@oéelli and Entsminger, 2001).

Analyses of tadpole habitat occupancy were perfdrngialitatively and
guantitatively. Presence/absence of tadpoles ih baeeding habitat was analyzed using
the Jaccard coefficient C (Magurran, 1988). The beta diversity between af
compared breeding habitats was considered high W@en0,50. Tadpole abundance of
each species was used to calculate the Morisita-tatex of similarity (Krebs, 1999).
Before the analysis, we lggs) transformed the total abundance of each tadpolerder to
downweight the contributions of quantitatively downt species (Zar, 1999). A subsequent
cluster analysis (unweighed mean method, UPGMA) agdied in the resultant matrix,
and clusters were considered when similarity wa$0%. A Cophenetic Correlation
Coefficient (r) was calculated in order to verifgvih much the resulting graph of cluster
analysis represents the original similarity matvishere r> 0.9 represents a very good fit,
0.9 — 0.8 represents a good fit, 0.8 — 0.7 reptesepoor fit, and r < 0.7 represents a very
poor fit (Rohlf, 2000).

Temporal occurrence of species was monthly cornsitidéor the abundance of
species in all breeding habitats studied, and spagere then compared by the application
of Morisita-Horn index of similarity (Krebs, 1999Before the analysis, data were also
logx+1) transformed, and a subsequent cluster analysis apped (UPGMA) in the
resultant matrix. Clusters were also considered nwhanilarity was > 50%, and a
Cophenetic Correlation Coefficient was also cal@dain order to verify how much the

resulting graph of cluster analysis represent®tigenal similarity matrix (Rohlf, 2000).
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In order to test whether climatic variables predimnthly species richness and
abundance of tadpoles, a linear regression analysta/een climatic data (rainfall,
temperature, and photoperiod; independent varipl@ed monthly species richness and
abundance (dependent variable) was performed (2£9). For this analysis, dependent
and independent variables werepganformed (Zar, 1999), and the model was subaditte

to a backward stepwise procedure.

Results
Tadpoles from 19 species and five families wereonded in the 11 studied breeding
habitats (Table 2). Tadpole distribution among bieg habitats was different from a
random occupancy (mean of observed C-score ind8x3; mean of simulated C-score
index = 4.00 £0.05; p = 0.015). However, co-occocee patterns of distribution were not
organized according to the different guilds of taldg in the breeding habitats analyzed
(mean of observed C-score index = 3.36, mean ofilated C-score index = 3.48, p =
0.405), which means that tadpole guild occupancyhim breeding habitats was more
similar to a random placement of species thandimuetured guild assemblage.

Species richness varied from two (in the Streams)2 (in the Semi-Permanent
Pond) (Table 2). High beta diversity was found aghbreeding habitats (similarity values
lower than 50% for 49 out of the 55 combinationswaen pairs of breeding habitats)
(Table 3). The similarity analysis of breeding hats using the abundance of tadpoles
resulted in four clusters, made up of: 1) permai@it breeding habitats (S1, S2, and S3),
which sheltered only two specieRhinela ornataand Hypsiboas albopunctatys 2)
permanent lentic breeding habitats (PS and PP2ghvdheltered some species with similar

abundance patterns (e.dR, schneideriH. raniceps and Scinax fuscomarginatys 3)
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permanent and semi-permanent lentic breeding hal(iBP1 and SPP), which sheltered
other species with similar abundance patterns, (d.gaberandPhysalaemus cuvigriand

4) temporary lentic breeding habitats (TP1 and TR2)ch sheltered fewer species than
the permanent ones, but with similar abundandehgalaemus cuviefFigure 1).

Although most species occur only during the rassason months, temporal
distribution analyses showed partitioning amongr folusters of species (Figure 2): 1)
tadpoles that occurred in the first months of raseason, but with highest abundance in
September 2006Rhinella schneiderandLeptodactylus fuscu®) tadpoles that were more
abundant in December 200&Eupemphix nattereri Leptodactylus mystacinusand
Trachycephalus venulogus3) species that occurred preferentially in theldie of the
rainy season (January 2007: 3.IElachistocleis bicolgr Leptodactylus ocellatysand
Scinax similiy and also occurred up to the end of the rainyse&Bebruary and March
2007: 3.2 - Dendropsophus minutusDendropsophus nanusHypsiboas raniceps
Leptodactylus podicipinusPhysalaemus cuvieriScinax fuscomarginatuysand Scinax
fuscovariuy, and 4) tadpoles that occurred throughout thdogdestudied Kypsiboas
albopunctatusandH. fabel).

Among the three climate variables analyzed, theessgon model retained only
temperature as a predictor for tadpole temporalimence (adjusted’ = 0.674; 1y =
25.75; p = 0.000; Beta coefficient of temperaturé.84, p = 0.000). However, the
regression model retained only rainfall when montlalbundance of tadpoles was
considered (adjusted F 0.523; 11 = 14.18; p = 0.003; Beta coefficient of rainfall =
0.75, p = 0.003). Therefore, the highest abundamzk species richness were recorded

during the months with the highest values of priggijfpn and temperature (Figure 3). Only
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two species Rhinella ornataand Scinax berthae occurred preferentially during the

dry/cold season (from April to August) (Figure 3).

Discussion
A random species distribution could be relatedh®e Hubbell’s Neutral Theory, which
predicts that patterns of distribution is drivendigchastic drift densities of competitively
identical species, and is not related to specatstor environmental conditions (for more
details see Tilman, 2004 and Chase, 2007). Unldgtelom occupancy, distribution of
tadpole assemblages in the present study differeahg the 11 breeding sites. Various
studies have demonstrated that tadpole assemlsigeses composition and richness) are
determined by deterministic processes, such asicbiictors (e.g., predation and
competition: Resetarits and Fauth, 1998; EasonFauth, 2001) and abiotic factors (e.g.,
hydroperiod, canopy cover, and water flow: Easash leauth, 2001; Eterovick and Sazima,
2000; Werner et al., 2007). However, Wild (1996)irfd that tadpole assemblages from
Cuzco Amazonico, Peru, may contain a large stoithasmponent regarding differential
species occupancy in ponds. In the present studgsted whether species distribution was
related to guild structure of tadpoles, which was$ recorded herein. In fact, it was not
expected because spatial distribution of tadpahelstheir temporal patterns of occurrence
result from the spatial and temporal distributidrreproductive effort by adult frogs, and
adults may respond to many factors apart from todogical requirements of their larvae
(Alford, 1999). Guild structure, however, may playp important role in microhabitat
partitioning within breeding habitats, since diffet use of microhabitat (e.g., Heyer, 1973;
Kopp and Eterovick, 2006) may be due to specialfeediing habitats and adaptations of

body morphology of tadpoles (Alford, 1999). Howewvenrorphology alone did not explain
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overlap in microhabitat use among tadpoles fronfedtht ecomorphological guilds in
streams at the Serra do Cip0, southeastern BEtaitdqvick and Barros, 2003). In this case,
overlap in microhabitat use among tadpoles may besalt of behavioral plasticity
(Eterovick and Barros, 2003), since differentiacrohabitat use within a species can be
related to ontogenetic changes in tadpole develap(wéild, 1996).

Although some overlap exists, partitioning amonegcsgs (or groups of species) for
habitat use has been recorded among tadpole asggabh various studies (Gascon, 1991;
Rossa-Feres and Jim, 1996; Santos et al., 2008emrstudy). In this study, partitioning is
exemplified by the high beta diversity among bragdiabitats (i.e., the fewer species that
different assemblages share, the higher beta diyeis sensu Magurran, 1988). In
addition, similarity analysis of the abundanceaufpgoles in each breeding habitat clustered
ponds with similar characteristics (lotic, permanemd temporary lentic habitats). Thus,
the assemblages studied seem to be structureddaugoo the physiognomic and structural
characteristics of breeding habitats. The loticedneg habitats sheltered only two species
(Rhinella ornataand Hypsiboas albopunctatyswhich are often associated with lotic
habitats in other areas (e.g., Brasileiro et @05 Vasconcelos and Rossa-Feres, 2005;
Zina et al., 2007). The lowest species richnessrdsd in these habitats at MDSP has been
previously recorded in various studies (e.g., Gasd®91; Rossa-Feres and Jim, 1996;
Brasileiro et al., 2005; Vasconcelos and Rossasi-@@05), which can be related to three
non-exclusive hypotheses (Gascon, 1991): absendadpble adaptations to deal with
flowing water, high predator pressure from fishd dmstorical evolutionary constraints of
species.

Tadpoles in lentic breeding habitats in the MDSEnséo occur according to the

pattern of reproduction exhibited by the species laydroperiod of ponds. Gascon (1991)
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and Both et al. (2009), while studying tadpole addages in the Central Brazilian
Amazon Forest and in the Pro-Mata reserve (soutBeazil), respectively, found that
variations in tadpole occurrence among breedingtditsbwas partially related to the
hydroperiod of ponds. In the same way, we recottatitadpoles occurring preferentially
in months of rainy season (e.d@endropsophus minutuslypsiboas faberand Scinax
fuscovariu$ also occurred only in permanent and semi-pernmtgmands. These species can
be characterized as prolonged breeders (sensu ,W&ll&7), since tadpoles in early
developmental stages (stage 25 — 28, sensu Go&9€0), which represent a recent
reproduction event, occurred at least in three hwof the period studied (TSV and TGS,
unpublished data). On the other hand, the preseh@me explosive breeding species
(sensu Wells, 197 7Elachistocleis bicolorand Scinax berthaeoccurred preferentially in
temporary ponds, where tadpoles in early developahstages occurred only in the month
immediately after heavy rains (TSV and TGS, un@iidd data).

The highest species richness in the semi-permgrerd seems to agree with the
intermediate-disturbance hypothesis (Connell, 19T8)fact, species richness patterns
observed in the present study agree with Heyel. €tl875), who proposed a model to
explain tadpole communities across a hydropericaatignt. To summarize, the model
predicts that species richness would increase fepfmemeral to temporary ponds, and
decrease from temporary to permanent ponds, because species can be excluded by
fish predation. Werner et al. (2007) also found taeval amphibian richness in Michigan,
USA, was higher in ponds with longer hydroperidatin shorter and permanent ones. In
the present study, temporary breeding ponds hadrlepecies richness than permanent and
semi-permanent ones, and kept water for a relgtisiebrt period (from October 2005 to

March 2007, temporary breeding habitats kept wiatea maximum of three months; TSV
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personal communication), which could be classifisdephemeral ponds, as proposed by
Heyer et al. (1975). Similarly, Babbitt et al. (3)0and Babbitt (2005) found that
ephemeral ponds (wetlands with a short hydroperiodndated < 4 months) in New
Hampshire, USA, had significantly lower specieshmess than wetlands with an
intermediate-long hydroperiod. However, the SemmnRment Pond did not dry up
completely during the period studied, but waterunm¢ was reduced by about 90% of its
total volume (including reduction of predator fistensities; TSV and TGS personal
communication). This hydroperiod dynamic could kessified as an intermediate point
between “r’ and “k” selection (sensu Pianka, 197@hich should have led to the
occurrence of both prolonged (e.ddypsiboas fabgr and explosive breeders (e.g.,
Elachistocleis bicoloy, resulting in a high species richness at thisdpon

According to Toft (1985), temporal partitioning €xjifically seasonal time) is the
most important dimension partitioned by amphibianvde. In the present study, the
occurrence of most species was restricted to ithg season, and partitioning was observed
among three groups of species. However, overlaproad within groups, mainly among
species that occurred after heavy rains of JanR@@y (ten species in the third group of
Figure 3). A pronounced dry season, unpredictgbibind inconsistency of rains in the
beginning of the wet season were considered impbrfactors limiting temporal
partitioning in open area tadpole assemblages uthsastern Brazil (Santos et al., 2007).
Similarly, wet season began in September 2006 enptiesent study, but heavy rains that
effectively filled up temporary ponds and stimuthtealling activities of most species
occurred only in December 2006. Since the timingrofy reproduction determines the
temporal distribution of tadpoles within sites (@dd, 1999), the unpredictability and

inconsistency of rains may have restricted tempocaurrence of tadpoles in this study.
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Therefore, temporal partitioning does not seemedaab important as spatial partitioning
was for tadpoles at MDSP. Similar results for terapoccurrence were also recorded for
tadpole assemblages in regions with distinct dny aet seasons (Rossa-Feres and Jim,
1994; Wild, 1996; Eterovick and Barros, 2003; Vasmios and Rossa-Feres, 2005). On
the other hand, Torres-Orozco et al. (2002) fouamchporal segregation in a tadpole
assemblage in Mexico, where rainfall regime is figlthan that recorded at MDSP.
However, in this case, a much lower number of gge(six species) was recorded, which
suggests unsaturation at the tadpole assembladjedstoy Torres-Orozco et al. (2002).
Although different cues are used by different spedor the onset of reproduction
(Gascon, 1991), only temperature was correlatetd mionthly richness and only rainfall
was correlated with monthly abundance of tadpoteMRSP. Rainfall and temperature
have long been considered to be determinant fafrotke regulation of breeding activities
of tropical and subtropical amphibian assemblages.,(Aichinger, 1987; Duellman and
Trueb, 1994; Vasconcelos and Rossa-Feres, 2005¢ @od Rossa-Feres, 2006), which is
commonly related to the unique physiological angraductive features of amphibians
(Duellman and Trueb, 1994). However, temperature Ibag been considered to play a
secondary role in the regulation of reproductivevis in tropical regions (Heyer, 1973),
since it is probably correlated with rainfall oc@nces, mainly in regions with climatic
seasonality (Vasconcelos and Rossa-Feres, 2008sSainal., 2007). Temperature appears
to be more determinant for temporal occurrenceadpole assemblages in regions where
rainfalls are evenly distributed through the ysaich as the Brazilian temperate areas (Both
et al., 2009). Although the photoperiod has reakiitle attention in phenological studies,
this abiotic factor also influences breeding atwg of some amphibian species (e.g.,

Hatano et al., 2002). In a subtropical wet regiosouthern Brazil, Both et al. (2008) found
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a strong correlation only between the photoperiodl @amphibian species richness. Both et
al. (2008) argue that the photoperiod can be amitapt cue for environmental conditions
suitable for reproduction (e.g., higher temperaoe calling activities and/or embryonic
and larval development), especially for those smedrom temperate zones where
variations in photoperiod and temperature are itambrfor breeding activity of species
(see references in Both et al., 2008).

Conclusion
Our results indicate that temporal distribution slaet seem to be an important mechanism
in species segregation, in which the dry seasomprasmounced. In this case, spatial
partitioning tends to be more important for specesexistence. Thus, differential
occupancy of breeding habitats by tadpoles is ésibhedmportant for conservation
purposes at MDSP, because it means that many efitféands of breeding habitats (e.qg.,
streams, permanent, and temporary ponds) shoutditsdered in the development of an
effective safeguard for all amphibian species at3®DSince spatio-temporal patterns rely
on the maintenance of species diversity of ponedirg anurans (Both et al., 2009),
temporal occurrence of tadpoles should also beiderel for conservation purposes,
because the hydroperiod of ponds depends on raiataime, as well as on the occurrence
and abundance of tadpoles that were influenceddyations of temperature and rainfall

through the year.
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Table 1. Main characteristics of the 11 studiedeBieg habitats of amphibians from
MDSP, S&o Paulo State, Brazil. PP = Permanent PB8d= Permanent Swamp, S =

Stream, SPP = Semi-Permanent Pond, TP = Tempooa. P

Geographic coordinates Total Hydroperiod  Surrounding

area environment
PP1 22°22'10.2"S; 52°19'43.0"W 2000 Permanent Forest edge
PP2 220°27'03.7"S; 52°20'43.3"W 10000 Permanent Forest edge

PS 22°37'01.0"S; 52°10'08.8"W  900rh Permanent Open area
S1  22°36'16.3"S; 52°18'04.2"W  2655m Permanent Forest
S2  22036'16.2"S; 52°18'00.8"W  1065mM Permanent Forest

S3  22028'30.8”S; 52°20'30.9"W  1350M Permanent Forest
SPP 22032'43.7"S; 52°14'02.9"W  900fM Semi-permanent  Forest edge
TP1 22°37'02.2"S; 52°10'01.4"W 300 Temporary Forest
TP2 22°37'06.8"S; 52°10'05.9"W 100 Temporary Open area
TP3 22°37'10.5"S; 52°09'55.8"W 3500 Temporary Forest

TP4 22037'07.8"S; 52°10'01.9"W 702 Temporary Open area




78

Table 2. Spatial occupancy and ecomorphologicaldg{gensu Rossa-Feres & Nomura
2006) of tadpoles from MDSP, Sao Paulo State, Br&i= Stream, PS = Permanent
Swamp, PP = Permanent Pond, SPP = Semi-Permaneaht P® = Temporary Pond, B =

benthic, Nt = neustonic, N = nektonic, M = Macrogbas; SF1 = suspension feeder (Type

1),

Guild S1 S2 S3 PS PP1PP2 SPP TP1 TP2 TP3TP4

Bufonidae
Rhinella ornata B [ ]

R. schneideri B/Nt |

Hylidae

Dendropsophus minutus

all B

]
|

D. nanus

I

Hypsiboas albopunctatus
H. faber

H. raniceps

Scinax berthae

S. fuscomarginatus

D‘
I
I

S. fuscovarius

Scinax similis

2 Z2zZ2Z2Zwww I Z

Trachycephalus venulosus
Leiuperidae
Eupemphix nattereri

[os]

[os]

Physalaemus cuvieri

Leptodactylidae
Leptodactylus fuscus

L. podicipinus
L. cf. ocellatus

0 W W @

L. mystacinus

Microhylidae
Elachistocleis bicolor SF1 | | | |

Total species richness 2 2 2 9 7 6 12 3 4 7
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Table 3. Beta diversity among pairs of breedingtaébof anurans from MDSP, Sdo Paulo
State, Brazil. High beta diversity are highlighteditalics (G < 0.50). Number of shared
species between breeding habitats is written imfaoe. S = Stream, PS = Permanent

Swamp, PP = Permanent Pond, SPP = Semi-Permanaht H® = Temporary Pond.

S1 &2 S3 PS PP1 PP2 SPP TP1 TP2 TP3 TP4

S1 * 100 100 O 0 0 0 0 0 0 0
S2 2 * 100 O 0 0 0 0 0 0 0
S3 2 2 * 0 0 0 0 0 0 0 0
PS 0 0 0 * 33.33 66.67 50 9.09 30 33.33 40
PP1L O 0 0 4 * 30 46.15 11.11 22.22 27.27 20
PP2 O 0 0O 6 3 * 28.57 15 42.86 44.44 37.5
SPP 0 0 o 7 6 4 * 15.38 14.29 26.67 21.43
TP1 O 0 0 1 1 1 2 * 16.67 42.86 14.29
P2 O 0 0O 3 2 3 2 1 * 5714 80
TP3 O 0 0 4 3 4 4 3 4 * 50
P4 O 0 0 4 2 3 3 1 4 4 *
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Figure 1. Similarity among the 11 breeding habitttgdied at MDSP, S&o Paulo State,
Brazil, according to the tadpole abundance. Numbetigate clusters where similarity is
over than 50%. r = Cophenetic Correlation CoeffitiAbbreviations of breeding habitats

as in Table 1.
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Figure 2. Similarity in the temporal occurrencetadpoles from MDSP, Sdo Paulo State,
Brazil, from March 2006 to March 2007. Numbers aade clusters where similarity is over
than 50%. r = Cophenetic Correlation Coefficienta B Dendropsophus minutu®n =D.
nanus Eb = Elachistocleis bicologr En = Eupemphix nattereri Ha = Hypsiboas
albopunctatusHf = H. faber, Hr = Hypsiboas ranicepd.fu = Leptodactylus fuscusmn =

L. mystacinusLo = L. cf. ocellatus Lp =L. podicipinus Pcu =Physalaemus cuvierRo =
Rhinella ornata Rs =Rhinella schneidefiSb =Scinax berthaeSfm =S. fuscomarginatys

Sfv =S. fuscovariusSs =S. similis Tv = Trachycephalus venulosus
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R. ornata
R. schneideri
D. minutus
D. nanus
H. albopunctatus
H. faber
H. raniceps
S. berthae
S. fuscomarginatus [ 2 2
S. fuscovarius 237 1044 468 48
S. similis i ¢ ]
T. venulosus [ 277 |
E. nattereri 181
P, cuvieri 72 20 14 | 4613 2 391 275 91|
L. fuscus
L. mystacinus
L. ocellatus
L. podicipinus NI (122 | 43 520 13
E. bicolor
Abundance 288 170 130 90 177 350 1787 404 57 887 1791 1480 741
Richness 7 7 3 2 3 3 6 11 5 9 12 9 8

Figure 3. Temporal occurrence and abundance obtasigrom 19 species in the MDSP,
Sdo Paulo State, Brazil, and climate data (raintalnperature, and photoperiod) from

March 2006 to March 2007.
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CAPiTULO 3

SIMILARITY OF TERRESTRIAL ANURAN (AMPHIBIA) COMPOSITION
AMONG DIFFERENT PHYTOPHYSIOGNOMIES IN A MESOPHYTIC

SEMIDECIDUOUS FOREST FROM SOUTHEASTERN BRAZIL
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Abstract

We hypothesized that the composition of terrestiairan species vary according to the
different selected phytophisiognomies of the MadmDiabo State Park (MDSP), one of
the largest remnants of Mesophytic Semideciduousgtdrom southeastern Brazil. Thus,
we compared the studied phytophysiognomies conogrniheir anuran species
composition. We also tested if there are indicajoecies for these phytophysiognomies.
Similarity analyzes showed a high beta diversitypagthe different phytophysiognomies,
but it is rather a consequence of the low specieBness recorded in the studied
phytophysiognomies, instead of the different anigja@cies compositions expected among
them. On the other hand, a higher similarity oncgggecomposition was found among the
most preserved areas at MDSP, which is relateddf@gential habitat use of some species
in these areas. Three species were indicativeeoktidied phytophysiognomiglhinella
ornataas indicator of the Mature Forest, efdpemphix nattereandPhysalaemus cuvieri
as indicators of Forest in Advanced RegeneratiaigeéStWe also discuss the efficiency of

pitfall traps for capturing the anurans in the gtdcarea.

Key words: Atlantic Forest domain; Cerrado; pitfall trapseasonal forest; spatial

distribution.

Introduction

Year by year studies on Brazilian amphibians ha lagising in the most diverse research
field (e.g., Eterovick and Fernandes, 2001; Agularet al., 2007; Zieri et al., 2007,

Giovanelli et al., 2008; Santos et al., 2009). Dipsion of new species has also been

arising in the last years, since it had been desdr®7 new species between 1995 and 2005
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in Brazil (Silvano and Segalla, 2005), and 59 n@ecges from 2005 until today (SBH,
2009). Nevertheless, basic biology, natural histoegology, and even geographic
distribution remain unknown for the most Braziliamphibian species (Silvano and
Segalla, 2005). This becomes more worrying by tigh lrates of habitat destruction
worldwide (Bush, 1997), which is the main threatatophibians in Brazil (Silvano and
Segalla, 2005).

From the northeastern to the southern Braziliaastad range, Atlantic Forest
domain géensuAb’Séaber, 1977) is considered one of the most aiath the most endangered
biome in the world (Myers et al., 2000), which @ns 405 anuran species that exhibit the
most diversified number of reproductive modes ifatren to other Brazilian biomes
(Haddad & Prado, 2005). As a sub-domain of Atlafarest domain, the Mesophytic
Semideciduous Forest, mainly characterized by #rggb loss of leaves as a consequence
of low rainfall during the winter (Veloso et al.991), experienced the most large scale
deforestation among the Brazilian vegetation foromatdue to its soil fertility (propitious
for agricultural use) and flat topography that litgaies its use for cattle breeding (Faria,
2006a). Particularly in the westernmost region @b aulo State, southeast Brazil, this
deforestation was more intense, with the remaingggtation in the region accounting for
only 5% of its original distribution (S&o Paulo,98). Morro do Diabo State Park (MDSP)
is located in this region, preserving the largest mmost continuous remnant of Mesophytic
Semideciduous Forest of Sdo Paulo State, and iobtiee four largest areas (over than
10,000 ha) that contains this kind of vegetatiorBnazil (Faria, 2006a). However, only
recently it was published the first study of ampduils from MDSP, where Santos et al.
(2009) compared its species composition with angecies from different localities of

Brazil. Thus, there is no other study with amphikisat MDSP, which is considered
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insufficient known but with probable biological imgance concerning amphibians and
reptiles (MMA, 2000).

Since the MDSP has different vegetation landsca@eg., areas in different
vegetation succession stage and a small patch madtg i.e., the Brazilian savanna), we
hypothesized that the composition of terrestrialran species (captured by pitfall traps)
vary according to the different selected phytomlyabmies of the MDSP. In this way, we
aimed to compare the studied phytophysiognomiesceroing their anuran species

composition and we also tested if there are indicsppecies for theses studied areas.

Material and methods

Study area

Morro do Diabo State Park (MDSP) is one of the flaugest continuous protected area
(>10,000 ha) of Mesophytic Semideciduous Forestthe country, amounting for
approximately 33,845 ha (Durigan and Franco, 20@6ated in the westernmost region of
S&o Paulo state in the southeastern of Brazil.

Climate is characterized as subtropical with dryntei and wet summer, and
historical records indicate mean temperature off@2and annual rainfall ranging from
1,100 to 1,300 mm (Faria, 2006b). Surrounding &ezharacterized by pasture for cattle
breeding and agriculture activities, like soybead augarcane cultivation (Bedushi-Filho,
2006).

As a consequence of fragmentation effects by apitiiafluence in a recent past,
and particular local edaphic features, MDSP is attarized by a mosaic of forests in
different regeneration stages, and also have al gqath of Cerradcsensu strictoin

northern region of the park (Durigan and Francd&0We performed anuran surveys in
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five phytophysiognomies (Figure 1), which are chteazed in Table 1: Mature Forest
with emergent trees (MF), Myrtaceae Forest witheotergent trees (MyF), Forest in
Advanced Regeneration Stage (FARS), Forest inalnRiegeneration Stage (FIRS), and
Cerrado (CER).

Sampling procedures

We installed pitfall traps with drift fences (Cort994; Cechin and Martins, 2000) in five
phytophysiognomies of MDSP. Each phytophysiognoroytained three sets of traps,
except for MF (the vegetation type with the mostezage area in MDSP) that contained
six sets of traps. Each set was a line of ten lwedobuckets of 100 |, with the upper side at
the same level of the ground, and 10 m apart frach @ther. The buckets were linked by a
90 cm high plastic fence, passing across the midtllsach bucket, with the bottom edge
embedded in the ground. Each set of trap was ledtat a minimum distance of 100 m
from the edge of the phytophysiognomy in order taimize the edge effects on species
composition (Primack and Rodrigues, 2002), and alss located at a minimum of 100 m
from the closer set of trap. The traps remainedheg@dor six consecutive days each month,
from October 2005 to October 2006; and inspectifors captured specimens were
performed every 48 h, always in the morning. Thiuste were three inspections per month,
and total sampling accounted for 1,728 samplingdibucket. Captured individuals were
identified, collected (ten individuals per specje®) marked by clipping one toe (adapted
from Martof, 1953), and released near from thediteapture. Recaptured individuals were
not considered in the subsequent samples. Vougbhecirsens were deposited at the
DZSJRP (UNESP/Séo José do Rio Preto, Sdo Paud Btatzil) and CFBH (UNESP/Rio
Claro, Sao Paulo state, Brazil) anuran collections.

Statistical analyses
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A species accumulation curve (collector curve) awvel species richness estimators (based
on presence/absence data: Bootstrap, Chao Il, J&ékknife I, and Jackknife IlI) were
determined in order to evaluate the sampling efficy of pitfall traps at MDSP (Santos,
2003), using EstimateS 8.0 software (Colwell, 2006)

Phytophysiognomy occupancy by terrestrial anurahdMBSP was performed
qualitatively and quantitatively: presence/abseot@nurans in each phytophysiognomy
was analyzed by the Jaccard coefficigdy) (Magurran, 1988), and beta diversity between
pairs of compared phytophysiognomy was consideigh Wwhen C; < 0.50; the log
transformed data (for downweighting the contribngiof quantitatively dominant species,
sensuZar, 1999) of total abundance of anurans in edwtophysiognomy was considered
for Bray-Curtis index of similarity (Krebs, 199%or testing the null hypothesis that there
are no assemblage differences between the diffgpagtophysiognomies (Clark and
Gorley, 2006), based on the similarity of Bray-@urindex of pairs of analyzed
phytophysiognomies, One-Way Analysis of SimilarifANOSIM) was performed
considering 10,000 replicates (Clarke, 1993). Adow do Clark and Warwick (2001) and
Clark and Gorley (2006R statistics of ANOSIM, which varies from -1 to H$,a very
useful feature because it offers a direct integii@h of R as an absolute measure of the
strength of the difference among groupswill usually fall between 0 and 1, indicating
some degree of dissimilarity between sites (Claudk Warwick, 2001). The null hypothesis
is considered wheR is approximately to zero, and negative valuesnexpected, since it
would correspond to a higher similarity acrosseatght phytophysiognomies, instead of
higher similarities among replicates within a givemytophysiognomy (Clark and

Warwick, 2001). Next, the pairwise ANOSIMs betweshpairs of phytophysiognomies
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were also provided as a post-hoc test (Ryan el @95). We represented the Bray-Curtis
similarity matrix by the Non-Metric Multidimensioh&caling (NMDS) (Manly, 1994) and
clusters were considered when similarity was80%. We performed the Stress statis8c (
to measure the goodness of fit between the simdarin the NMDS 2-d ordination space
and the original similarities contained in the arad matrices (Clark and Warwick, 2001):
S < 0.05 gives an excellent representation of thgimal similarity matrix; S < 0.10
corresponds to a good representation; &nd 0.20 still gives a potentially useful 2-
dimensional picture. Similarity analyzes and Stresatistic were performed using
NTSYSpc2.10 software (Rohlf, 2000) and ANOSIM wasfprmed using PAST software
(Hammer et al., 2001).

The Indicator Species Analysis (ISA) (Dufréne amdyéndre, 1997) was performed
in order to test the presence of indicator speoieshe different phytophysiognomies
studied at MDSP. The method combines informationtlo® concentration of species
abundance in a particular group (i.e., in a pakicuyphytophysiognomy) and the
faithfulness of occurrence of a species in a padicphytophysiognomy, considering
monthly species abundance in each phytophysiogndimproduces Indicator Values for
each species in each group, varying from 0 (nocatdin) to 100 (perfect indication)
(McCune and Mefford, 1999). Statistical significaraf Indicator Values was tested using
Monte Carlo permutation test (1000 replicates). MA&s performed using PC-ORD for

Windows software (McCune and Mefford, 1999).
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Results

Pitfall traps with drift fences captured 369 anusgecimens belonging to four families and
nine species at the MDSP (Table 2). The speciasnagation curve showed an ascendant
format and did not reach stability (Figure 2). Spscrichness estimators showed that
terrestrial species richness at MDSP tend to béenighan recorded herein (Figure 2).
Species richness of studied phytophysiognomiesddiriom one species in the FIRS to
five species (FARS, CER, and MyF). Four speciesevieund in the MF (Table 2). Beta

diversity was considered higi€{< 50) among pairs of phytophysiognomies (Table 3),
whereas only the pair MyF and CER showed low betarsity.

Although species composition considering abundamicenurans was different
among phytophysiognomie® & 0.0001), theR statistics of ANOSIM was relatively low
(R =0.31). In fact, the ANOSIM pairwise comparis@sdenced that higher differences
were found among those pairs containing FIRS (ibbdstR values), between FARS and
MF, and between MF and CER (Table 4). The remaiftngalues were near to zero or
even negative values (Table 4). The NMDS represientaf the Bray-Curtis index showed
one cluster containing CER, MyF, and MF, whereaRSland FARS showed lower
similarities values between themselves and amoegpther phytophysiognomies (Figure
3).

ISA evidenced that there are three indicator sseciof the studied
phytophysiognomies (Table 5Rhinella ornataas indicator of MF, andEupemphix
nattereriand Physalaemus cuvieds indicators of FARS. The remaining species wete

indicator of any other studied phytophysiognomiksb{e 5).
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Discussion

All recorded species in the present study had djré&en recorded by visual and acoustic
searches at breeding sites in the MDSP (see Seatak, 2009 for a complete MDSP
species list). Thus, pitfall traps with drift fersceecorded only 32.14% (nine species) of the
28 known anuran species of MDSP. We expected itfatl praps would be more effective,
because this methodology is highly efficient foptcaing terrestrial species, especially
those not recorded in traditional visual methoder(C 1994; Cechin and Martins, 2000).
Even though we consider only terrestrial specidwsg belonging to the families
Bufonidae, Cycloramphidae, Leiuperidae, Leptodaddd, and Microhylidae), pitfall traps
captured 64.29% of the known 14 species. In faecies accumulation curve did not reach
stability, and richness estimators also showed ti@tnumber of species expected to be
captured by pitfall traps is higher than the reedrdherein. Both species accumulation
curve and richness estimators point out that erpetrrestrial species richness of MDSP
is nearly to 14 species. The remaining species tiate not recorded herein are:
Chiasmocleis albopunctataElachistocleis bicolar Leptodactylus cf. ocellatus L.
chaquensisandL. labyrinthicus With the exception o€hiasmocleis albopunctatéhere is

no plausible explanation for why these species weterecorded herein, since they were
visually and/or acoustically recorded in adjacemeaa associated to the sampled
phytophysiognomies (T. S. Vasconcelos and T. GtdSannpublished data).

A high efficiency of pitfall traps in survey studieis usually reported for
amphibians. For instance, pitfall and funnel trapth drift fences in clearcut areas with
mixed pine-hardwood habitats in the Woodbury Tr8ciyth Carolina (USA), was the most
efficient methodology for surveying amphibians, tcaimg 12 out of the 13 recorded

species, whereas other methods (coverboard anedctnstrained searches) recorded only
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two species (Ryan et al., 2002). In the tropicahfomest and savanna woodland of the
Offshore Islands of Sulawesi (Indonesia), pitfalhps and nocturnal searches were
complementary methodologies for recording frog seeGillespie et al., 2005). On the
other hand, inefficiency of pitfall traps has alseen recorded in survey studies. Pitfall
traps installed in the grassland and secondarysfaeeas in the Muni Lagoon (Ghana)
captured only two out of 13 anuran species, bthigcase, field works accounted for only
eight sampling days in this area (Raxworthy andugutyefio, 2000). As highlighted by
Cechin and Martins (2000), pitfall traps with dri@inces is not recommended for short-
term studies, especially because most amphibiariesppepresent seasonal breeding
activities throughout the year (Duellman and True384; Vitt and Caldwell, 2009), which
can not be accomplished in short-term studies. I&ilyito our study, Brasileiro et al.
(2005) recorded 11 anuran species by pitfall tiapthe Cerrado vegetation of Itirapina
(Séo Paulo State, southeastern Brazil). In thia,@easileiro et al. (2005) found 28 anuran
species (15 terrestrial species), and none spa@ssexclusive captured by pitfall traps.
Reproductive modes of all species from MDSP areedéent on lentic or lotic water
bodies (modes 1, 11, 13, 30, and modes 2, ande3fectivelysensuHaddad and Prado,
2005). Thus, species that are dependent on hunaichabitats for reproduction in forested
areas, such as the gen@&echycephalusaand Ischnocnemawith direct development of
terrestrial eggssensuHaddad and Prado, 2005), were not recorded, mbhedgpuse of the
hydrological deficit from March to October in thiudied region (see complete discussion
in Santos et al., 2009). Then, considering the higlestments of time and money for
installing and maintaining pitfall traps in theligCorn, 1994; Cechin and Martins, 2000),
we believe that the use of this methodology fowsumpurposes in seasonally dry areas (as

MDSP and the Cerrado vegetation of Itirapina, €tddiy Brasileiro et al., 2005) should be
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disadvantageous for anurans, because the greatrityjagd species tend to present
reproductive modes associated to water bodies, evtraditional methodologies of visual
and acoustic searches at breeding sites wouldffieiesot.

The high beta diversity among the different paifstodied phytophysiognomies
should be considered carefully in the present stédygording to Magurran (1988), beta
diversity is essentially a measure of how differéot similar) a range of habitats or
samples are in terms of the variety of speciesdaarthem, where the fewer species that
the different communities share, the higher the lwtersity will be. Actually, the high
beta diversity in the present study is rather aseqoence of the low species richness
recorded in the studied phytophysiognomies, instehdhe different anuran species
composition expected among them. This is espedially for the beta diversity of pairs of
phytophysiognomies that contain the FIRS, whichspnéed only one species and the
lowest values of Jaccard similarities. Even thelymims that consider the abundance of
species was influenced by the absence of spectbs IRIRS, since the differences obtained
by pairwise ANOSIMs post-hoc test were found in theirs of phytophysiognomies
containing FIRS (except for the pair FARS and MF).

The higher similarity on species composition wasnfib among the most preserved
areas of MDSP (CER, MF, and MyF), whereas forestezhs were still more similar
between them (MF and MyF). Dixo and Verdade (20@6)nd that areas with different
conservation status have different anuran spe@agpasitions in an Atlantic rain forest
locality in S&o Paulo State, southeastern Braziictwcan be associated to the conservation
status of the studied areas and/or the closer gpbgr distance among areas (in Dixo and
Verdade, 2006, areas with similar conservatiorustatere nearest among themselves). In

fact, these authors found that some species ocatlusavely and/or preferentially in
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mature forest areas, which can be associated teefiteductive modes exhibited by these
species, since the presumed high air humidity ituneaforest may favours the occurrence
of species that put terrestrial eggs. In the prestudy, the higher similarity between
pristine forested areas is due to the occurrenc®hohella ornata Although Rhinella
ornataoccurred in the two most preserved areas of MI8® species was an indicative of
the MF, breeding in the streams of the most presearea of MDSP (Santos et al., 2009).
Because this species is generally associated éstéd areas along its geographical range
(e.g., Bernarde and Anjos, 1999; Brasileiro et a005; Pombal and Haddad, 2005;
Bertoluci et al.,, 2007; Zina et al.,, 2007; presstudy), we can suppose that it had its
natural occurrence adversely affected by the hialo$s in the northwestern region of Sao
Paulo State (Santos et al., 2009). This statemmmtbe supported by the absence of this
species in strongly impacted areas in northwesg&ino Paulo State (Vasconcelos and
Rossa-Feres, 2005; Santos et al., 2007; Silva,e2@08) and because forest anurans with
aquatic larvae are negatively affected by the disection of the forest remnants from their
breeding sites, promoted by anthropic modificati(Becker et al., 2007).

Two Leiuperidae specieE@pemphix nattereriand Physalaemus cuvigriwere
indicators of FARS at MDSP. These species are kntovatcur in natural open areas (e.g.,
Cerrado biome) or disturbed areas, and are toléoaanthropic alterations (e.g., Brandéo
and Araujo, 1998; Colli et al., 2002; Vasconcelosl &ossa-Feres, 2005; Santos et al.,
2007). In the area where pitfall traps were insthlat MDSP, FARS is in touch with
agricultural areas, and there are some breedindspalong the boundaries of the studied
phytophysiognomy where breeding Bfipemphix nattererand Physalaemus cuviewere
documented from August 2006 to February 2007 (TV&concelos and T. G. Santos,

unpublished data). Thus, the association of theseleiuperidae species to FARS can be
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additional examples of species that are succesefahizers in disturbed environments, as
already documented fd?hysalaemus cuvieand Leptodactylus fuscuis other Brazilian

regions (Haddad and Prado, 2005).
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Table 1. Characterization of the studied phytopdysomies where pitfall traps were

instaled at MDSP, Sao Paulo State, southeastemil Bra

Phytophysiognomies  Lines

Coordinates

Charactesistisensu Durigan and
Franco 2006)

L1 22°28'10.8"S; Mainly characterized by the predominance of
52°20'28.5"\W herbaceous, shrubby, and some small form of
22°98'05.8"S: arboreal species, typically from Cerrado. The

; L2 eSS0 ground is partially covered by grass and
Cerradosensu stricto 52°20'28.2"W  herbaceous plant as ‘caraguatdBrdmelia
22°28'06.6"S: Palansa¢ and the Cerrado pineapplén@anas

L3 5000032 g7y @nanassoidgs
22022'13.7"S; ltis a diversified forest with continuous canopy.

L1 52019'35.5"\W Emergent trees are rare and there is a high vine

. concentration. Although there are some typical
Forest in Advanced L2 22022'15.4"S;  species of initial stage of regeneration, there are
Regeneration Stage 52°19'42.2"W  young individuals, typically from the most

advanced regeneration stages.
22022'17.0"S;
L3 52°19'54.0"W
. rw. Open areathat is in natural process of secondary
L1 éggigg;‘;’\‘?\/ succession, mainly characterized by the
. predominance of ‘sapéiriperata brasiliensis
Forest in Initial 29032'03.1"S: The most abundant species are those whose
Regeneration Stage L2 T2 seed; are dispersed by ammals and wind (typical
52°15'58.5"W  colonizers): Gochnatia polymorpha
22032'08.0"S: Platypodium elegansGuarea guidonea and

L3 52015'58.7"V\} Didymopanax morototonii
22°36'19.4"S; Forest that is characterized by the partial loss of

L1 §§°1]7'5§"W leaves, with big emergent trees (up to 40 m

L2 22°36'27.3"S: high) as ‘peroba’ Aspidosperma
52°17'56.1"W cylindrocarpon), ‘cedro’ (Cedrela fissili3, ‘ipé-
5203638 8'S: roxo’ (Tabebuia heptaphyl)aand ‘ipé-amarelo’

s e Ama, (1abebuia  ochracga These species are
Mature Forest L3 gli lF 57.4"W indicators of fertile soils, which stand out from

L4 22°36'20.4"S;  the lower continuous canopy (approximately 15
52°18'04.6"W  m high).
22°36'25.4"S;

L5 $°1§’03.5”W

L6 22°36’'38.0"S;
52°18'01.1"W

0n o »~. Characterized by low canopy, great luminosity,

L1 22028,36'5"8’ and ground covered by ‘caraguat@rdmelia
52°20'42.3'W balansag. This phytophysiognomy seems to be
YT »c. associated to edaphic local features (low soil
Myrtaceae Forest L2 g;ggggg\?v fertility or deficient drainages) and is composed
= — by a mix of Cerrado and Mature forest
L3 22°28'28.7"S; vegetation species, with predominance of

52°20°36.6"W  arboreal species of the family Myrtaceae.
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Table 2. Anuran amphibians captured by pitfall $rap different phytophysiognomies at
Morro do Diabo State Park, Séo Paulo state, sostiweaBrazil. CER = Cerrado, FARS =
Forest in Advanced Regeneration Stage, FIRS = Fordsitial Regeneration Stage, MF =

Mature Forest, MyF = Myrtaceae Forest.

CER FARS FIRS MF MyF Total

Bufonidae

Rhinella ornata 1 0 0 17 15 33

Rhinella schneideri 4 11 2 8 12 37
Cycloramphidae

Odontophrynus americanus 1 2 0 0 0 3
Leiuperidae

Eupemphix nattereri 0 18 0 0 0 18

Physalaemus cuvieri 1 266 0 3 2 272
Leptodactylidae

Leptodactylus fuscus 1 0 0 0 2 3

Leptodactylus mystaceus 0 0 0 1 0 1

Leptodactylus mystacinus 0 1 0 0 0 1

Leptodactylus podicipinus 0 0 0 0 1 1
Total abundance 8 298 2 29 32 369
Species richness 5 5 1 4 5 9
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Table 3. Similarity among the five phytophysiognemisampled at MDSP, S&o Paulo
State, southeastern Brazil, considering speciegosition of terrestrial anurans (Jaccard

coefficient). High beta diversity between combioas pairs are highlighted in Italic€ (<

50%).

CER MyF MF FARS FIRS
CER * 66.67 50 42.86 20
MyF * * 50 25 20
MF * * * 28.57 25
FARS * * * * 20
FIRS * * * * *

Table 4. Pairwise comparisons of ANOSIMs amongfibe studied phytophysiognomies
of MDSP, Sao Paulo State, southeastern Braziltalic$ are highlighted the pairs where
differences were found between pairs of phytoplgrsamies P < 0.05). Bold numbers

indicateR values of the test.

CER MyF MF FARS FIRS

CER - 0.641 0.016 0.161 0.000
MyF -0.025 - 0.092 0.059 0.000
MF 0.19 0.09 - 0.000 0.000
FARS 0.04 0.10 0.41 - 0.000

FIRS 0.56 0.53 0.64 0.90 -
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Table 5. Species Indicator Analysis (ISA) for spladistribution of anuran species in the
five studied phytophysiognomies from October 200%0ctober 2006 at the MDSP, Sao
Paulo State, southeastern Brazil. Groups: 1) Cerr@jl Myrtaceae Forest, 3) Mature
Forest, 4) Forest in Initial Regeneration Stagek-&kest in Advanced Regeneration Stage.

Indicator values (1V) and statistical significar(&. ns =P>0.05.

Species Group \Y P
Rhinella ornata 3 38.6 0.002
Rhinella schneideri 2 139 0.571
Eupemphix nattereri 5 50 0.000
Leptodactylus fuscus 2 5.6 1.00
Leptodactylus mystaceus 3 8.3 1.00
Leptodactylus mystacinus 5 8.3 1.00
Leptodactylus podicipinus 2 8.3 1.00
Odontophrynus americanus 5 11.1  0.492
Physalaemus cuvieri 5 97.8 0.000
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Figure 1. Location of Morro do Diabo State Park (8%®) in Sdo Paulo State (Brazil) and
studied phytophysiognomies where pitfall traps westalled for anuran sampling. Arrows
indicate where pitfall traps were installed in eathdied phytophysiognomy. Modified

from Durigan and Franco (2006).
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Figure 2. Species accumulation curve and richnetsnators of terrestrial anurans
recorded in five phytophysiognomies of MDSP, Saol®&tate, southeastern Brazil, from
October 2005 to October 2006. Central points aeerttean cumulative curve, and the
vertical bars indicate the respective variationuat the mean (confidence interval of

95%).
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Figure 3. Similarity of studied phytophysiognomiesncerning spatial distribution of
terrestrial anurans of MDSP, S&o Paulo State, sasthrn Brazil, collected from October
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phytophysiognomies). CER = Cerrado, FARS = FonmesAdvanced Regeneration Stage,

FIRS = Forest in Initial Regeneration Stage, MF atile Forest, MyF = Myrtaceae Forest.
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CAPITULO 4

INFLUENCE OF THE ENVIRONMENTAL HETEROGENEITY OF BREEDING

PONDS ON ANURAN ASSEMBLAGES FROM SOUTHEASTERN BRAZIL
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Abstract

We hypothesized that the environmental heterogeoéibreeding ponds influences
the species composition and species richness aklarnassemblages from southeastern
Brazil, because it provides humidity, shelter aneelding microhabitats for anuran species,
which can result in an increasing number of speiciesgiven habitat. To begin, we tested
whether the occurrence of anuran species in eastding pond is different from a null
model of random placement of species in those povds then performed two tests to
evaluate which of the five environmental descriptof breeding ponds influence 1) the
species composition; and 2) species richness. &peomposition of the 38 breeding ponds
was correlated with number of edge types, numbeslart types along the edges of the
breeding ponds, and the hydroperiod. Neither thegmtage of vegetation cover on the
water's surface nor the size of the breeding pomdse correlated with species
composition. Only the number of edge types wasetated with species richness of
breeding ponds. The correlation of three envirortalerdescriptors with species
composition and one environmental descriptor wiplecges richness, and the high beta
diversity among breeding ponds suggest that th&/ses of environmental heterogeneity
on species composition was more informative thas the analysis for species richness,
because breeding ponds with similar species richoas have distinct species composition

among them (high beta diversity).

Introduction
Anuran amphibians exhibit a wide variety of moragical structures,
physiological mechanisms, and behavioral respotisgsenable them to occupy nearly all

terrestrial habitats. However, most species inhgdgtons that have high moisture levels
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and moderate to warm temperatures owing to their g&rmeability and dependence on
aquatic and terrestrial habitats during their tfecles (Duellman and Trueb 1994; Wells
2007). Thus, human impact on the environment makephibians one of the most
vulnerable animal groups. Destruction of their ketlsiis documented as the main threat to
this animal group in Brazil (Silvano and Segall2€D2p0 In forested areas, deforestation
makes the environment drier and more seasonalciregithe number of anuran species or
sometimes eliminating those that depend on humestanicrohabitats (Haddad and Prado
2005). In addition, habitat disconnection causedhioynan activities in natural areas
reduces population size and adversely affectsibeaa richness in local assemblages that
depend on breeding ponds for reproduction (Beckak. 2007).

Because of the high dependence that anurans hagavimonmental quality, it has
been demonstrated in some areas that abiotic fag@nfall, temperature, and vegetation
heterogeneity) have greater effects on the strectdranuran communities than biotic
factors (competition and predation) (Parris 200&riér et al. 2007). The first studies that
point out the importance of environmental hetereignin the structure of anuran
assemblages are largely descriptive and did nottiés prediction (e.g., Cardoso et al.
1989; Pombal 1997; Arzabe et al. 1998; Bernardekaidubum 1999). Today, owing to
the development and availability of statisticalte@ires, several studies have effectively
tested the prediction that environmental heterogereffects the structure of anuran
assemblages. These studies also assess whichrenginrtal descriptors are most important
to the assemblage (e.g., Parris and McCarthy 1RRSefs and Lovette 1999; Parris 2004;
Bastazini et al. 2007; Afonso and Eterovick 200&llé& et al. 2009). However, most
studies have shown divergent results concerning itifleence of the environmental

descriptors to a given anuran assemblage (e.g.jntheence of the size of ponds on
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amphibian species richness; Parris and McCarthy;19rtli et al. 2002; Afonso and
Eterovick 2007). These divergent results may indicthat a single environmental
descriptor has different effects in different amurassemblages, and the particular
characteristics of each locality need to be stuthemkssess which environmental descriptors
have major importance. Thus, we hypothesized thateinvironmental heterogeneity of
breeding ponds influences the species compositioth species richness of anuran
assemblages from southeastern Brazil, becausenidgs humidity, shelter, and breeding
microhabitats for anuran species (Parris and Mé¢@at999; Haddad and Prado 2005;
Afonso and Eterovick 2007), which can result inrereasing number of species in a given
habitat. To begin, we tested whether the occurraicanuran species in each breeding
pond is different from a null model of random plant of species in those ponds. We
then performed two tests to evaluate which of tiwe fenvironmental descriptors of

breeding ponds influence 1) the species compositnth2) species richness.

Material and methods

Study area and heterogeneity of breeding ponds$:our localities were selected in
southeastern Brazil, where previous studies hadn beenducted using the same
methodology, both for anuran sampling and to detenthe heterogeneity of breeding
ponds (Figure 1): Icém (Candeira 2007), Nova l&pa (Vasconcelos and Rossa-Feres
2005), Morro do Diabo State Park (Santos et al9p0&nd Santa Fé do Sul (Santos et al.
2007). The municipalities of Icém, Nova Aliancaddanta Fé do Sul are located in S&o
Paulo State (northwestern region), whose climath#acterized by hot and wet summers
(with the rainy season generally from Septembévidoch, accumulating 85% of the total

annual rainfall of 1100-1250 mm of precipitatiomdadry winters (generally from April to
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August, accumulating the remaining 15% of totaluaimainfall) (Barcha and Arid 1971).
Morro do Diabo State Park (MDSP, Municipality ofotiro Sampaio) is located in the
westernmost region of S&o Paulo State, and is @isoacterized by two main seasons
throughout the year (one hot and wet season fropteS8der to March and another cold
and dry season from April to August), but frostsyroacur during the coldest period of the
year, and rainfall accumulates 1 370 mm annualbri@2006). In spite of these slight
climate differences between MDSP (western Sdo P&téde) and other localities in
northwestern Sdo Paulo State, ecological procesdesth regions are strongly driven by
seasonal factors (Toby Pennington et al. 2000)¢chkvin turn influence the anuran species
composition (see examples in Santos et al. 2008)rah species compositions among the
selected localities are highly similar (Table I)danost species are characterized by living
in open areas, and are habitat generalist, tolakardnthropic alterations, and exhibit
unspecialized reproductive modes (Santos et alP)200 addition, although northwestern
Séao Paulo State is highly fragmented by agricultactivities (PROBIO 1998; Durigan et
al. 2007), both regions studied are within the Mégtic Semideciduous Forest, a subtype
of the Atlantic Forest domain (sensu Ab’Saber 19¢Waracterized by the partial loss of
leaves as a consequence of low rainfall duringuiméer (Veloso et al. 1991).

Sampling procedures

Anuran sampling was performed using the “survelyraeding sites” method (sensu
Scott Jr. and Woodward 1994) and by sampling tadp@Vasconcelos and Rossa-Feres
2005; Santos et al. 2007) for all breeding pondi& Jampling at each of the four locations
was performed at least over the cycle of one y@ary month during the dry season and
every two weeks during the rainy season monthsefeia the MDSP, where sampling was

monthly during the year). Thus, the number of samgsl amounted to 18 in Santa Fé do
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Sul (September/2003-August/2004), 19 in Icém (Sept/2004-August/2005), 19 in
MDSP (September/2005-March/2007), and 25 in Novapiléma (January/2003-
March/2004). Despite the lower sampling effort lre tmonths of rainy season in MDSP
compared with other locations, the applied methagiplwas efficient for recording the
species at MDSP, as shown by the richness estismd@E, Boostrap and Jackknife I: 28 +
0 species; senssantos et al. 2009).

Heterogeneity of breeding ponds

The sampled breeding ponds at these four locatiame distinct structural (in terms
of size and hydroperiod) and physiognomical chargstics (in terms of the types and
guantity of vegetation inside and around the edgesiich are representative of the
different types of breeding ponds available forrans in the studied region.

Thus, five environmental descriptors representinges¢ structural and
physiognomical characteristics were considered rideo to assess the complexity of
breeding ponds (Table 2). The five descriptors ictmmed are as follows:

a) the number of plant types around the edge addang ponds, which varies from
creeping vegetation to arboreal vegetation (immrtaainly as a calling site for perching
species); b) the percentage of vegetation covethenwater’'s surface (which serves as
shelter and foraging sites for tadpoles, as welamsmportant calling site for perching
species and for species that call while floatingtwwater); c) the number of edge types,
which vary between dry soil (commonly found in ®#dpedges, above the water level),
humid soil (which has a fine layer of water on Hul), and flooded soil (which includes
small pools of water, commonly found on flat edgd$jese edges are important as calling
sites for terrestrial species, and were assesse fige meters outside of the breeding

ponds; d) the hydroperiod of breeding ponds, whighies from temporary pond to
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permanent pond. Although both permanent and semgreent categories are used for
breeding ponds that did not dry up throughout thelied period, we considered semi-
permanent ponds to be those that had their watamereduced by at least 90% of their
maximum volume. Thus, the semi-permanent pondsbeanlassified as an intermediate
between permanent and temporary ones, becausddhayt dry up completely throughout
the season, but may have their predator fish amasdstrongly reduced at its lowest water
volume (T. S. Vasconcelos and T. G. Santos, ungluddi report); and e) the size of
breeding ponds, categorized according to the digidn of sizes in a box-plot graphic
(considering minimum and maximum values, the medialue, and first and third
quartiles, i.e. points that separate the lower 2% the upper 75% values of ordered data
set, and lower 75% from the upper 25% values, cts@dy) (Triola 1999; Zar 1999). As
shown in Table 2, each breeding pond was charaetkiaccording to the details of each
environmental descriptor, determined in the mormkingng which breeding ponds retained
their highest water volumes (generally in the meddf the rainy season), except for the
hydroperiod. Breeding ponds were checked for stanaiater during each field work; thus,
the hydroperiod at each pond had to be characterafter the studied period. The
ordination procedure in ranks (sensu Zar 1999)adapted following previous studies that
analyzed the influence of habitat heterogeneity apen-area anuran assemblages
(Vasconcelos and Rossa-Feres 2005; Candeira 2@0iosSet al. 2007), as data on an
ordinal scale is highly applicable for assessirgtinee differences rather than quantitative
differences, and for qualitative data as well (etige number of edge types) (Zar 1999).
Thus, the ordination procedure reduced the minoratrans of the environmental
descriptors, which come up when continuous varg@hle determined, because they can

make it difficult to visualize a possible pattern.
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Statistical analysis

We considered the species composition of anurant$idn38 analyzed breeding
ponds. To begin, we tested whether the occurrehaawan species in each breeding pond
differed from a null model of random species plaeetmin ponds. Then, a null model
analysis was applied based on the observed andtexpmatrix of species occupation. The
expected matrix was generated using the applicafiGtandomization Algorithms 3 (RA3;
sensu Winemiller and Pianka 1990), considering 1@0dte Carlo simulations, using the
software EcoSim (Gotelli and Entsminger 2009).

In order to test the hypothesis whether environaleheterogeneity of breeding
ponds influences on species composition, the bngegatbnds were characterized according
to the five environmental descriptors, and a diganity matrix of breeding ponds
(Euclidian Distance; Krebs 1999) was created forheanvironmental descriptor. The
differentiation of species compositions among bireggdponds (beta diversity) was
determined by the Jaccard coefficient;(rebs 1999), and the beta diversity between
pairs of compared breeding ponds in the resultemilagity matrix was considered high
when G < 0.50. A Mantel test matrix correlation (Manly 1994as applied to verify if
geographical distance among breeding ponds infegermn the species composition of
breeding ponds. Owing to the significant effectlwd geographical distance£ -0.31,p =
0.002), a Partial Mantel test (Smouse et al. 19883 applied between the dissimilarity
matrix of each environmental descriptor and thalanity matrix of species composition of
the breeding ponds. The Partial Mantel test congpdweo matrices A = species
composition matrix and = dissimilarity matrix of each one of the five @owvwmental

descriptors), removing the effect of a third ma(= matrix of geographical distance of
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breeding ponds), using a regressionCobn A and B, obtaining two residual matrices,
which represents the variation partAfandB that is not explained b€ (Smouse et al.
1986). Thus, the two residual matrices can be nilyrsampared. The comparisons were
made between matrices of dissimilarity and sintjarihus, a negative value of™was
interpreted as a positive correlation, and a pasitialue was interpreted as a negative
correlation. The analyses were performed usindNfR®Y Spc 2.10s software (Rohlf 2000).
The influence of environmental heterogeneity oklirg ponds on species richness
was assessed by the application of a linear meltipgression (Zar 1999), among the
anuran species richness (dependent variable) aadfitk environmental descriptors
(independent variables) of each breeding pond. Befmerforming the analysis, both
species richness and environmental descriptor detiee logo-tranformed in order to
remove the heterogeneity of variance of the origimata (correction of the

heteroscedasticity of the data, Zar 1999).

Results

The distribution of the 34 anuran species foundhe 38 breeding ponds was
significantly different from the random occupati@i the breeding ponds (mean of
expected indices = 0.292 £ 0.000; observed mearlagve 0.336;p = 0.000), and beta
diversity was high with 82.36% of combination paifdoreeding ponds had;€ 0.50. The
main environmental descriptors that determined trasiation of species composition
among the breeding ponds were the number of eggs tfy= -0.39,p = 0.001), number of
plant types along the edges of the breeding ponds ¢0.26, p = 0.001), and the

hydroperiod ( = -0.20,p = 0.001). Neither the percentage of vegetationecmn the
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water’s surface (r = -0.05, p > 0.05) nor the sizéhe breeding ponds € -0.00,p > 0.05)
were correlated with species composition.

The environmental heterogeneity influenced specatsess of the breeding ponds
(F(5,32 = 5.95, adjusted” = 0.401,p = 0.0005), but the partial regression resultscaigid
that only one environmental descriptor was sigaiii¢ i.e., the number of edge typ@s (
coefficient = 0.67,p = 0.000). No partial regression was found for ther remaining

environmental descriptors (Table 3).

Discussion

The distribution of anurans in the 38 breeding gownes clearly not random, and
the hypothesis of environmental influence on sec@mposition was corroborated by the
positive correlation of species composition witke tiumber of edge types, the number of
plant types along the edges of the breeding partsthe hydroperiod. Previous studies of
some anuran assemblages that were considereddwagedrom the belief in the influence
of environmental heterogeneity of breeding pondshenspecies composition. One study
showed no influence of environmental heterogenaityspecies composition (10 breeding
ponds of Nova Itapirema; Vasconcelos and RossasF2085). Another study showed a
correlation between species composition and hydiagpéeight breeding ponds of Santa
Fé do Sul; Santos et al. 2007). A third study shbwe correlation between species
composition and four environmental descriptors (bpériod, depth, vegetation structure,
and percentage of vegetation cover; 12 breedinglpai Icém; Candeira 2007). This
inconsistency in results can be related to the munolb breeding ponds analyzed in each

study, because a major statistical significancelsaio be found with a higher number of
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breeding ponds (present study). Santos et al. {200féd that the absence of correlation
among the majority of the environmental descripemd species composition in Santa Fé
do Sul could be due to the high homogeneity ofiteeding ponds, as a consequence of
agricultural impact in the studied region. Thus]yowith a higher number of sampled
breeding ponds could significant differences beected, because the only way to reduce
the Type | error in statistical analysis (rejeatdl hypothesis when it is in fact true) is to
increase the sampling number (Zar 1999).

Despite of few studies testing the influence ofiemmental variables on anuran
species composition, the importance of environmdrggerogeneity is often noted as one
of the main factors determining the species contiposin a given locality (Parris and
McCarthy 1999; Parris 2004; Afonso and EterovickZ0Bastazini et al. 2007). Among
the environmental descriptors analyzed herein, blo¢hsize of breeding ponds and the
hydroperiod have been commonly related to specosposition in several localities
(Afonso and Eterovick 2007; Parris 2004; Santoal.e2007; Keller et al. 2009). Size was
not correlated with species composition in the gméstudy, because the largest breeding
ponds sheltered lower species richness than mesized- ponds. The largest breeding
ponds also sheltered fish species that feed onokeslp(e.g.,Hoplias malabaricus—
Herythrinidae, and the non-native speciéspia rendalli - Cichlidae), which may have
decreased amphibian species richness in these f8obsffer et al. 2006). On the other
hand, size was considered to be a preponderamt fiactletermining species composition
in streams of Santuario do Caraca, Brazil (Afoned &terovick 2007), in Queensland,
Australia (Parris and McCarthy 1999), and in Ulumbairong National Park, Borneo
(Keller et al. 2009), where streams of similar sipethat region had similar frog

assemblages (Parris and McCarthy 1999; Keller.&20f19). Analyzing a higher number of
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sampled regions in Australia (Queensland and NewtlS@/ales), Parris (2004) also found
that stream size influences species compositiors &tithor highlighted the fact that the
smallest streams have a shorter hydroperiod, affidaited a possible relationship between
the species composition (based on the effectseoftlaptive characteristics of each species
on the time necessary for tadpole development)thachydroperiod of the ponds. In the
present study, the influence of the hydroperiodpecies composition is possibly related to
the type of reproductive pattern exhibited by tpecses, because the permanent breeding
ponds, wheré selection is frequent (i.e., biotic interactioresé greater importance on the
structure of communities, density-dependent effacessmaximal, and the environment is
saturated with organisms: sensu Pianka 1970), tteisthelter species that have prolonged
reproductive pattern throughout the vyear (sendlells 1977; e.g., Hypsiboas
albopunctatus On the other hand, temporary breeding ponds,revhieer selection is
frequent (i.e., climatic factors have a greatetugrice on the structure of communities,
density-dependent process are absent, and cormopetitnong species is weak or absent:
sensuPianka 1970), favor the presence of another specmg, which has an explosive
reproductive pattern (senswells 1977; e.g.,Rhinella schneideriand Leptodactylus
chaquensik (for the temporal distribution of some studieceaps see Vasconcelos and
Rossa-Feres 2005 and Santos et al. 2007).

Vegetation structure has also been considered partemt factor affecting species
composition, both on regional (Parris 2004; Bastiagt al. 2007) and local (Parris and
McCarthy 1999; Afonso and Eterovick 2007; Canded@07; present study) scales.
Vegetation complexity is represented on a registale as a type of forest formation,
which can shelter different frog fauna, from drydashrubby forest to moist forest with

higher stratification (Parris 2004; Bastazini et2807). A higher number of specializations
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on reproductive modes is found in areas with higheisture and vegetation heterogeneity,
as a consequence of the large number of humid habitats available for anurans
(Haddad and Prado 2005). On a local scale, vegetdteterogeneity is important for
anurans because it provides higher humidity, mbsters, and more vocalization and
oviposition sites (Parris and McCarthy 1999; Aforsal Eterovick 2007; Candeira 2007).
In the current study, vegetation heterogeneity rigbably most important for providing
vocalization sites for treefrog species (Hylidae@cause the partitioning of calling sites
tends to be found among Hylidae species, whiclzatthe three-dimensional space of the
environment (Santos and Rossa-Feres 2007; Vasosnaetl Rossa-Feres 2008).

The variable number of edge types (gradient of Kitsniand vegetation in the
margins) influenced both the richness and compmusitif the species, because breeding
ponds with edges composed of drier soils withogetation sheltered fewer species, most
of them considered generalists in the occupaticdh@breeding ponds in the studied region
(e.g.,Scinax fuscovariuandLeptodactylus fuscu&ossa-Feres and Jim 2001; Vasconcelos
and Rossa-Feres 2005; Santos et al. 2007). Lowespachness in breeding ponds with
dry soil and without vegetation is expected, beedhbsre are no microhabitats available for
some species that establish their calling siteweh or swampy soils (e.gLeptodactylus
podicipinusand Pseudopaludicolaff. saltica Santos and Rossa-Feres 2007; Vasconcelos
and Rossa-Feres 2008). In addition, the absenceegdtation can increase the risk of
predation of frogs during calling activities, besauhe escape behavior in closer range of
predator approach is more frequent in sites withetegion (Martin et al. 2005).

Studies assessing the influence of environmentrbgeneity of breeding ponds
on anuran species richness are recent and diffeesnilts are commonly recorded

concerning the influence of one specific environtakdescriptor. This scenario makes it



124

difficult to establish of a common pattern for aams. For instance, size of breeding ponds
can have a positive correlation (i.e., the larder breeding pond, the higher the species
richness; Parris and McCarthy 1999; Ricklefs andeti® 1999; Babbitt 2005; Burne and
Griffin 2005; Werner et al. 2007), a negative clatien (i.e., the larger the breeding pond,
the lower the species richness; Scheffer et al62B8fbnso and Eterovick 2007), or it can
have no influence on species richness (Oertli.e2G)2; present study). The hydroperiod of
breeding ponds has been generally related to speicieness (Babbitt 2005; Burne and
Griffin 2005; Werner et al. 2007), where temporargeding ponds with a long duration
tend to have higher species richness than permaneiidr temporary breeding ponds with
a short duration (Babbitt and Tanner 2000; Weyraarwh Grubb 2004), which is related to
the intermediate disturbance hypothesis (Hustor)l88d/or predation pressure (Scheffer
et al. 2006). Other environmental characteristiat deserve attention are the negative
interference of the canopy cover on species richoébreeding ponds (owing to the lower
guantity and quality of resources in these pondsn& and Griffin 2005; Werner et al.
2007) and the greater species richness among dboseding ponds, indicating that pond
connectivity (metapopulation dynamics) may play &nportant role in anuran
communities, and may contribute to species turn@mong ponds (Burne and Griffin
2005; Vitt and Caldwell 2009).

Parris and McCarthy (1999) concluded that the amalyof the effects of
environmental heterogeneity on species richnessnetigin informative measure for frog
assemblages in Queensland (Australia). On the dthed, these authors found a more
valuable understanding for conservation managenrerihe analysis of the effects of
environmental heterogeneity on species compositimilarly, three out of five

environmental descriptors that were analyzed hemrewcorrelated with species
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composition, while only one descriptor was cormdatvith species richness. Thus, a high
beta diversity (i.e., distinct species compositeonong breeding ponds) can be found in
breeding ponds with similar degrees of speciesnash. In conclusion, the species
composition of anurans from the studied regioreathan species richness, must be the
primary consideration for conservation purposestedims of management of breeding
ponds, different environmental descriptors mustdiesidered in order to shelter a specific

anuran assemblage for each type of breeding pond.
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Table 1: Anuran distribution among four studied aldces, reproductive modes, and
general occurrence of studied species. | = Icénm@€iaa 2007), MDSP = Morro do Diabo
State Park (Santos et al. 2009), NI = Nova ItapadiMasconcelos & Rossa-Feres 2005),
SFS = Santa Fé do Sul (Santos et al. 2007). RMprodeictive modes sensu Haddad &
Prado 2005, D = species distribution in South Aggrccording to Duellman 1999: O =
species occurring preferentially in open area (&krrCaatinga-Chaco complex), O/F =
species occurring in open area and forest as wgjl,(Amazonian and/or Atlantic Forest);

* = occurrence of species in surrounding area ifntite studied breeding ponds).

I MDSP NI SFS RM D

Chiasmocleis albopunctata ] 1 OIF
Dendropsophus elianeae [ | [ ] 1 o]
Dendropsophus minutus | |+ 1 O/F
Dendropsophus nanus | | 1 o}
Dendropsophus sanborni [ ] 1 OlF
Dermatonotus muelleri [ ] [ ] 1 o]
Elachistocleis bicolor 1 1 OIF
Elachistocleisspp. [ ] [ 1 1 o]
Eupemphix nattereri | | 11 e}
Hypsiboas albopunctatus | | 1,2 OIF
Hypsiboas faber [ ] 4 OIF
Hypsiboas punctatus [ ] 1 OIF
Hypsiboas raniceps | | 1 OIF

Leptodactylus chaguensis I 11 o)

Leptodactylus furnarius |:| * 30 O/F
Leptodactylus fuscus | | 30 OlF
Leptodactylus labyrinthicus | | =+ 13 OIF
Leptodactylusf. ocellatus | | 11  OIF
Leptodactylus podicipinus | | 13 OIF
Leptodactylus mystaceus [ ] 30,31 OfF
Leptodactylus mystacinus 30 O/F

| |
Physalaemus centralis [ ] [ ] 11 oF
| |

Physalaemus cuvieri 11 O/F

Continue




continuation

MDSP NI RM D
Physalaemus marmoratus [ | [ ] n o]
Pseudopaludicolaff. saltical [ | [ ] 1 o]
Pseudopaludicolaff. saltica2 [ ] 1 )
Pseudopaludicola mystacalis |:| 1 (0]
Pseudis platensis | | 1 O/F
Rhinella schneideri | 1 O/F
Scinax berthae L 1 1 o]
Scinax fuscomarginatus | | 1 O/F
Scinax fuscovarius | 1 O
Scinax similis | 1 O/F
Trachycephalus venulosus | 1 O/F
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Table 2: Categorization of the 38 studied breedpunds, according to the five
environmental descriptors: a) number of edge tygd3: 1) dry soil without vegetation, 2)
dry soil with and without vegetation, 3) humid saithout vegetation, 4) humid soil with
and without vegetation, 5) flooded soil without g&gion, 6) flooded soil with and without
vegetation; b) hydroperiod of breeding ponds (HYDR) permanent, 2) semi-permanent
(reduction of water volume over than 90% of theedieg pond), 3) long temporary
(duration between six and eleven months), and dit $emporary (less than six months); c)
plant types (PT) in the edge: 1) presence of omBeming herbaceous vegetation, 2)
presence of creeping and erect herbaceous veget8jiqresence of creeping and erect
herbaceous vegetation and shrubby vegetation, éyepce of creeping and erect
herbaceous vegetation, shrubby, and arboreal egeta) size of breeding ponds (S12):
1) up to 70m, 2) between 71 and 318nB) between 320 and 808mand 4) over than
801nf; e) percentage of vegetal cover in water surfa@)(1) 0-25%, 2) 26-50%, and 3)
51-75%; 4) 76-100%. PP = Permanent Pond, PS = Remhé&Swamp, SPP = Semi-
permanent Pond, S = Swamp, TP = Temporary Pond, T&nporary Swamp. Number in

parentheses in front of abbreviations of breediogds means their respective anuran

species richness.

Geographic coordinates ET HYDR PT SIZ VC

Icém (Candeira 2007)
TP1 (3) 20021'96"S; 49°15'35"W
TP2 (15) 20021'22"S; 49°12'07"W
TP3 (10) 20°21'18"S; 49°12'14"W
TP4 (3) 21021'24"S; 49°12'07"W
TP5 (7) 20022'07"'S; 49°12'02"W
PP1 (12) 20021'50"S; 49°14'18"W
PP2 (10) 20022'30"'S; 49°16'32"W
PP3 (17) 20021'18"S; 49°12'17"W
PP4 (15) 20021'50"S; 49°11'38"W
S1(11) 20°21'46"S; 49°14'11"W
S2 (11) 20°21'30"S; 49°11'55"W

OO0 NOO O W
PRRrRrRrRrORRMO®
WA wWNDAWNDNDNDBRADN
WWwwwNhnPEPENEND®
ArBANORPNRNRPADMRE

—

con
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continuation

Geographic coordinates ET HYDR PT SIZ VC

S3(10) 200°21'48"S; 49°11'36"W 6 1 4 3 4
Nova Itapirema (Vasconcelos and Rossa Feres 2005)
PP1 (15) 21°04°41"S; 49°32'20"W 6 1 4 3 3
PP2 (17) 21°04'33"S; 49°32'21"W 6 1 3 2 3
PP3 (18) 21°04'52"S; 49°31'09"W 6 1 3 2 2
PP4 (20) 21°04'25"S; 49°31'08"W 6 1 3 3 1
TP1 (20) 21°04'40"S; 49°32'23"W 6 3 3 3 3
TP2 (19) 21°04'44"S; 49°32'20"W 6 3 3 1 1
TS (18) 21°04'24"S; 49°31'08"W 6 3 4 1 1
PS (13) 21°04'28"S; 49°31'14"W 6 1 3 1 3
Morro do Diabo State Park (Santos et al. 2009)
PP1 (8) 22°37'01"S; 52°10'08"W 6 1 4 4 1
PP2 (11) 22022'10"S; 52°19'43"W 6 1 4 4 1
PP3 (6) 22°37°'00"S; 52°10'09"W 6 1 4 2 4
PP4 (7) 22027'03"S; 52°20'43"W 4 1 4 4 1
PS (13) 22°37'01"S; 52°10'08"W 6 1 4 4 4
SPP (16) 22032'47"'S; 52°14'02"W 6 2 4 4 1
TP1 (10) 22°37'02"S; 52°10'01"W 6 4 4 2 2
TP2 (9) 22°37°06"S; 52°10'05"W 6 4 4 2 4
TP3 (18) 22°37'10"S; 52°09'55"W 6 4 4 4 2
TP4 (14) 22°37'07"S; 52°10'01"W 6 4 4 3 4
Santa Fé do Sul (Santos et al. 2007)
S1(12) 20°11°20"S; 50°53'47"W 6 3 3 4 4
S2 (9) 20°11°05"S; 50°53'40"W 6 3 3 3 4
TP1 (5) 20°11'08"S; 50°53'26"W 6 3 2 1 1
TP2 (7) 20°11°'07"S; 50°53'40"W 5 3 2 1 1
TP3 (11) 20°10'42"S; 50°53'32"W 6 3 2 2 1
PP1 (8) 20°11°'07"S; 50°53'37"W 6 1 3 2 4
PP2 (5) 20°11'03"S; 50°53'40"W 6 1 3 1 3
PP3 (6) 20°11°'03"S; 50°53'40"W 6 1 3 2 1

Table 3: Beta Coefficient (x standard deviationyl aignificance level of the tesp)(of
independent variables resulted from the multipteedr regression analysis (dependent

variables = species richness of breeding pondghifiance of the statistical tegt:< 0.05.

Variables BETA Coefficient P
Number of plant types in the edge of breeding ponds 0.12 + 0.16 0.469
Percentage of vegetal cover in water surface £024 0.391
Number of edge types* 0.67 £0.15 0.000
Hydroperiod of breeding ponds 0.15+0.14 0.287

Size of breeding ponds 0.22 £0.15 0.158




& ° ol
7 ’ s0°l 451 204

Santa Fé do Sul ’
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Figure 1 Geographic localization of the studied areas: wipality of Icém (20°20’S;
49°11'W), Nova Alianca (district of Nova Itapirem21°04’S; 49°32'W), Santa Fé do Sul
(20°11’S; 50°53'W) and Teodoro Sampaio (22°32'S$1%2V), state of S&o Paulo. Figure

generated by DIVA-GIS software (free online contétifmans et al. 2005).
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CONCLUSOES GERAIS

* A anurofauna do PEMD apresentou alta diversidadie (p@nto para ocorréncia de
machos em atividade de vocalizacdo quanto paraéama de girinos), 0 que significa que
existe uma alta substituicdo de espécies entraf@emntes corpos d’aguas selecionados.
Isto foi relacionado principalmente com o tipo derenteza e hidroperiodo dos corpos
d'agua, sendo que cérregos, pocas permanentegisemanentes e pocas temporarias
abrigaram anurofauna diferente entre elas.

» A distribuicdo temporal das espécies foi restritga ameses da estacdo quente e
Umida do ano (com excec¢do p&lainella ornata que vocalizou e se reproduziu nos meses
da estacdo seca e fria), resultando em sobreposgdmoral da atividade de vocalizacdo
dos machos e ocorréncia dos girinos. Apesar dapgobicao temporal, grupos de espécies
apresentaram ocorréncia diferenciada durante edesthuvosa, sendo encontrado espécies
tipicas de inicio, meio e fim da estacdo chuvosaocArréncia temporal da riqueza e
abundancia de girinos foi correlacionada com teatpes e chuva respectivamente.

» A segregacdo espacial (i.e., ocorréncia de espdeiesordo com os diferentes tipo
de corpos d’agua) e sobreposicado temporal das iesp@corréncia temporal restrita aos
meses mais chuvosos do ano para a grande maigriesgacies) nos permite concluir que
espaco € a dimensao de nicho mais importante pasasténcia das espécies de anuros do
PEMD do que a dimenséo temporal.

» As principais implicagbes do presente estudo parservacao sdo: a protecdo de
grandes areas do PEMD, permitindo a protecdo deredifes tipos de corpos d’agua

(corregos e pocas com diferentes hidroperiodog)ficendo assim a seguranca de espécies
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com diferentes padrdes de reproducdo; manejo dps<a’agua, incluindo a remocéo da
espécie do peixe exoticdilapia rendalli- Cichlidae) em alguns corpos d’agua estudados.

* A analise de similaridade evidenciou uma alta diade beta entre a anurofauna
de cinco diferentes fitofisionomias amostradas E&B, o que € conseqiéncia da baixa
eficiéncia de captura da metodologia empregadaa@itihas de interceptacdo e queda), o
gue resultou em uma baixa riqueza de espéciestofisidnomias.

» Alta similaridade na composicdo de espécies sO rimistrada entre as
fitofisionomias mais preservadas do PEMD, o querdtacionada com o uso preferencial
de habitat pela espédrhinella ornata De fato, a analise de taxons indicadores evidenci
gue a area mais preservada do parque € indicaagmesenca de. ornata enquanto que
as espécies de leiuperideBsipemphix natterere Physalaemus cuviericonsiderados
generalistas na ocupacdo do ambiente, foram inolieadda floresta em estagio avancado
de regeneracao.

» Dentre os cinco descritores da heterogeneidadeeatabidas pocas estudadas,
apenas trés (numero de tipos de margem, numeretidgifecacdes vegetais presentes nas
margens e hidroperiodo das pocas) influenciararonaposicdo de espeécies de anuros,
enguanto somente um descritor (nUmero de tipos degans) foi relacionado com a
riqueza de espécie de anuros.

» A correlacéo de trés descritores ambientais daaspogm a composicado de espécies
de anuros e somente um descritor correlacionadoacoqueza de espécie sugere que uma
estratégia de conservacéo efetiva deve primeiraamsiderar a composicao de espécies,
pois corpos d’agua com um mesmo numero de espposm abrigar uma diferente

composicao de espécies.
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Baixar livros de Literatura Infantil
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Baixar livros de Meio Ambiente
Baixar livros de Meteorologia
Baixar Monografias e TCC

Baixar livros Multidisciplinar

Baixar livros de Musica
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