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"O caminho mais agradavel e pacifico na vida é o que segue pelas
avenidas da ciéncia e da instrucao, e todo aquele que for capaz de
remover algum obstaculo nesse caminho, ou descortinar novas
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exuberante, requerem severo exercicio e colhem prazer daquilo que
parece arduo e laborioso a humanidade em geral. A escuriddo, de fato,
é tdo dolorosa para a mente como para a vista, mas obter luz da
escuridao por mais esforco que acarrete, sera sem duivida motivo de
jubilo e deleite (...), o raciocinio justo e exato € o Unico remédio
universal”.

David Hume (1748), Uma investigacdo sobre o entendimento

humano

A minha Familia,
por me permitir ter sonhos

e participar das suas realizacoes.

Dedico também esta

dissertacao a memoria de

Fernando Martins Couto (1977-2009),
amigo de todas as horas que perdemos

para a violéncia urbana.
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RESUMO GERAL

Girinos sdo um importante componente de ecossistemas de agua doce e, ao longo dos
altimos trinta anos, vém sendo utilizados como modelos para testar hipoteses em
ecologia de comunidades. O conjunto de informaces disponivel atualmente sugere
que a presenca de predadores influencia a abundancia e o uso de habitat por girinos e,
conseqlientemente, a estrutura da comunidade. O objetivo deste estudo foi determinar
0 uso de recursos e investigar a influéncia de predadores na distribuicdo espacial de
espécies e na estrutura de comunidades de girinos. As principais questdes deste estudo
foram: 1) qual o papel dos fatores abidticos na estruturacdo de comunidades de
girinos?; 2) qual o grau de sobreposi¢do de nicho entre as espécies nos trés principais
eixos de recursos: tempo (ocorréncia sazonal), alimento e espaco (habitat)?; 3) os
girinos apresentam um padrdo de distribuicdo ndo-aleatorio em relacdo aos
predadores? As amostragens tiveram freqiiéncia mensal com coletas simultaneas de
girinos e insetos predadores. Na caracterizacdo dos corpos d’agua foram utilizados
dez descritores ambientais. Para determinar as guildas de espécies com rela¢do ao uso
de habitat e ocorréncia mensal foi implementada, respectivamente, uma anélise de
agrupamento e de ordenacdo por escalonamentro multidimensional ndo métrico. Para
investigar a associacdo entre a abundancia de girinos e os gradientes ambientais foi
usada uma analise de correspondéncia canbnica. A partilha de recursos entre girinos
foi analisada utilizando-se uma anélise de sobreposicao de nicho em conjunto com um
modelo nulo, considerando como eixos de recursos a ocorréncia mensal, ocorréncia
nas pocas e os itens alimentares. A analise da co-ocorréncia pareada de girinos e
predadores foi efetuada utilizando-se um modelo nulo. Os principais resultados foram
que os gradientes de cobertura de dossel e hidroperiodo das pocgas foram os principais

responsaveis pela variacdo da abundancia das espécies nos corpos d’agua amostrados.



Os girinos das diferentes espécies de anuros distribuiram-se ao longo desses dois
gradientes ambientais, com espécies marcadamente restritas aos extremos de variacao
de ambos os gradientes. Houve pouca partilha sazonal entra as especies, sendo que a
maioria ocorreu na estacdo quente e chuvosa. A dieta foi o eixo de recurso no qual
houve a maior sobreposicdo entre as espéecies, enquanto que a ocorréncia temporal e
espacial foram os eixos de recurso mais partilhados pelas espécies. A maioria das
associacOes entre girinos e insetos predadores foi aleatoria (96,3%), enquanto 2,6%
foi negativa e 1,1% foi positiva. Estes resultados sugerem que insetos aquaticos

predadores nao influenciam o uso de habitat por girinos na escala espacial estudada.

Palavras-Chave: estrutura de comunidades, anfibios, insetos aquaticos, uso de
recursos, nicho ecoldgico, fenologia, interacdo predador-presa, selecdo de habitat.



GENERAL ABSTRACT

Tadpoles are an important component of freshwater ecossystems and in the last thirty
years has been used as model organisms to test hypothesis in community ecology.
The data currently available suggest that the presence of predators influences the
abundance and habitat use by tadpoles and, consequently the community structure.
The aims of this study were to establish how tadpoles divide resources and to
investigate the influence of predators on species distribution and on community
structure of tadpoles. The main questions were: 1) What is the role of abiotic factors
in the community structure?; 2) What is the extent of niche overlap among species,
considering the three main resource axes: time (seasonal occurrence), diet items and
space (macrohabitat)?; 3) Tadpoles exhibit a non-random distribution pattern in
relation to predaceous insects? We conducted monthly samplings to collect tadpoles
and predaceous insects. We also used 10 environmental descriptors to characterize the
water bodies. To recognize species guilds in relation to habitat use and monthly
occurrence, we employed respectively a cluster analysis and a n-MDS, respectively.
To investigate the association between species abundance and environmental
gradients we used a canonical correspondence analysis. The resource partitioning
among tadpoles was analyzed using a null model, considering as recource axes
monthly occurrence, pond occupancy and diet items. The pair-wise co-occurrence
analysis between tadpoles and predaceous insects was carried out using a null model.
Our main findings demonstrate that forest canopy cover and pond hydroperiod were
the main factors influencing species abundance along water bodies sampled. There
was a species sorting along these two environmental gradients, with species restricted
to both ends of these continuums. There was a high overlap in seasonal occurence of

anuran larvae, being the majority of species occuring in the rainy season. We found



that diet was the resource axis in which there was the higher overlap, whereas
temporal occurrence and pond occupancy were more partitioned among tadpoles. We
found that the majority of associations between tadpoles and insects were random
(96.3%), whereas 2.6% were negative and 1.1% was positive. These results suggest
that predaceous aquatic insects do not influence the habitat use by anuran tadpoles in

the spatial scale studied.

Key-words: Community structure, aquatic insects, amphibians, tadpoles, resource
partitioning, ecological niche, phenology, predator-prey interactions, habitat selection.



INTRDDUQAD GERAL

Uma comunidade ecoldgica é composta pelo conjunto de populacGes de
espécies que co-ocorrem no espago e no tempo (Begon et al., 2006). Os objetivos
centrais da ecologia de comunidades sdo entender as razdes que determinam a
composicdo, abundancia e distribuicdo dos organismos na natureza, além dos
processos que mantém a biodiversidade (Morin, 1999; Begon et al., 2006). No
entanto, devido a complexidade envolvida em se estudar comunidades ecoldgicas, 0s
pesquisadores muitas vezes enfocam somente a gama de interacdes que ocorrem entre
organismos representantes de um mesmo taxon, ou seja, uma assembléia (sensu Fauth
etal., 1996; Magurran, 2004).

Os padrdes de uso e sobreposicdo de recursos sao de particular interesse para
ecologos de comunidade, na medida em que a sua analise pode revelar aspectos da
coexisténcia de espécies em uma assembléia. Esse tipo de abordagem tém mais
probabilidade de revelar caracteristicas importantes da coexisténcia de espécies
quando se examina os padrdes de utilizacdo de recurso entre grupos de espécies
relacionadas taxonomicamente, ja que elas compartilham muitas das dimensdes do
nicho (Tokeshi, 1999). O termo “partilha de recursos’ refere-se as diferencas no uso
de recursos por espécies ecologicamente similares (Abrams, 1983). Espécies podem
coexistir partilhando os recursos espacial (e.g. uso diferencial de microhabitat) e
temporalmente (utilizando recursos limitados em diferentes épocas do ano) como
forma de reduzir a competicdo (Roughgarden, 1976).

O conceito de nicho ecoldgico tem se modificado desde as proposic¢des iniciais
do termo por Grinnell e Elton, que levavam em conta 0 espaco ocupado por uma
espécie no ambiente e os seus efeitos no ambiente. Posteriormente o conceito de
nicho foi modificado por Hutchinson e passou a ser relativo a espécie, incorporando
um espaco multidimensional que envolvia as condi¢bes bidticas e abidticas
necessarias para a sua sobrevivéncia e reproducdo (revisado em Schoener, 1989). No
entanto, esses conceitos eram de dificil operacionalizacdo e, nos Gltimos anos, muita
atencdo tem sido dada para reformular o conceito de nicho ecolégico de modo a
incluir um abordagem “mecanistica” (Tilman, 1982) e fornecer hipéteses testaveis
para explicar a coexisténcia de espécies em comunidades (Chase e Leibold, 2003).
Atualmente, o conceito de nicho ecologico diz respeito aos requisitos ambientais

essenciais para a sobrevivéncia da espécie, bem como ao seu impacto no ambiente,
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incluindo interagdes interespecificas, compreendendo um espago que incorpora quatro
eiXos: recursos, tempo, espaco e predadores (Leibold, 1995; Chase e Leibold, 2003)

O estudo de comunidades de anfibios anuros no Brasil tem historico recente e
muito esforco tem sido direcionado para a observacao e a descri¢cdo de padrdes de
distribuicdo de espécies. Apesar de desejavel, este tipo de abordagem deve ser
complementada por estudos embasados em teorias e que testam hipdteses a respeito
de como estdo estruturadas as comunidades na natureza (Andrade et al., 2007). Os
girinos de anfibios anuros compdem um dos elementos mais notaveis em
ecossistemas de agua doce. Além disso, constituem-se 6timos modelos para entender
de que modo processos como competicdo (Wilbur, 1982; Morin, 1983), predacao
(Hero, 1991; Gascon, 1992; Azevedo-Ramos et al. 1999), fatores abioticos (Azevedo-
Ramos et al. 1999) e fendmenos estocasticos (Wilbur, 1987) interagem para regular a
diversidade e a estrutura de comunidades animais (Wilbur, 1997). Diversos autores
(e.g. Toft, 1985; Gascon, 1991; Rossa-Feres e Jim, 1996; Eterovick e Sazima, 2000)
ressaltam que os padrdes de ocorréncia e de uso de recursos pelos girinos de anfibios
anuros resultam de uma complexa interacao entre fatores bioticos e abioticos os quais,
frequentemente, operam em escalas diferentes. Esta constatacdo evidencia a
necessidade de se relacionar os padrBes de riqueza e de partilha de recursos com 0s
processos causais, sejam eles bioticos (e.g. competicdo, predacdo, facilitacdo) ou
abioticos (complexidade estrutural do habitat, clima, hidroperiodo de corpos d’agua).

Diversos fatores contribuem para a manutencao da estrutura e organizacao de
comunidades de girinos. Entre eles, ressaltam-se interacOes interespecificas (e.g.,
competicdo, Wilbur, 1987; predacdo, Heyer et al., 1975; Gascon, 1995), fatores
abioticos, como aspectos fisico-quimicos da agua, isolamento, hidroperiodo e o
tamanho dos corpos d"agua (Rossa-Feres e Jim, 1996; Alford, 1999; Eterovick e
Sazima, 2000), além de aspectos da paisagem, como a disponibilidade de habitats
reprodutivos (Zimmerman e Bierregaard, 1986). Outros estudos envolvendo
comunidades de girinos demonstraram partilha de habitat (Inger et al., 1986), micro-
habitat (Gascon, 1995; Rossa-Feres e Jim, 1996; Eterovick e Barros, 2003), dieta
(Alford, 1999; Rossa-Feres et al., 2004) e distribuicdo temporal (Heyer, 1974; Santos
et al., 2007). A dinamica temporal de girinos pode influenciar o surgimento de
interacdes intra e interespecificas. Alford (1989) demonstrou, utilizando experimentos

com pocgas artificiais, que a variacdo fenologica de um predador vertebrado



influenciou fortemente a composicdo e aptiddo de girinos por meio da reducdo do
numero de recém-metamorfoseados (Wilbur e Alford, 1985).

Dentre os processos bioticos, a predacdo tem sido considerada como um dos
fatores de maior impacto tanto na evolugdo quanto na estrutura de comunidades
(Connell, 1975; Sih et al., 1985). Particularmente em girinos, tem-se enfatizado o
papel de predadores em diminuir ou impedir a competicdo entre espécies, por alterar a
distribuicdo espacial e as abundancias relativas, sendo ainda considerados 0s
principais determinantes da composicao e riqueza de espécies (Heyer et al., 1975;
Morin, 1983; Gascon, 1995; Alford, 1999). Por exemplo, a ocorréncia de peixes em
corpos d’agua permanentes, mesmo em baixa densidade, exerce forte pressdo de
predacdo sobre as populacdes de girinos (Azevedo-Ramos et al., 1999; Hero et al.,
2001) podendo mesmo excluir localmente a populacdo de uma espécie. No entanto,
predadores invertebrados parecem ter certa influéncia na estrutura de comunidades de
girinos. Gascon (1995) encontrou que larvas de libélula eram também capazes de
exlcuir localmente populacdes de girinos de corpos d’agua na Amazonia central.

Como apontado por Alford (1999), para uma completa compreensdo da
autoecologia de girinos sdo necessarias informagcGes como tipo de item alimentar,
fenologia reprodutiva (ja que esta pode determinar o surgimento de interacdes entre
competidores e predadores) e estrutura do habitat, além de dados sobre abundéancia de
potenciais predadores e competidores. Tendo isso em vista, pretendemos nesta
dissertacdo abordar estes aspectos de maneira a alicercar um amplo entendimento das
interrelacBes existentes nas comunidades de girinos habitantes de ambientes lienticos

da Floresta Atlantica Brasileira.

Da organizacdo desta dissertacéo

Esta dissertacdo esta organizada em trés capitulos de maneira a satisfazer cada
um dos objetivos propostos, organizar e facilitar o entendimento dos resultados
obtidos. No primeiro capitulo é investigado o papel dos fatores abidticos na
determinacdo da riqueza e da abundancia de girinos em escala local. O segundo
capitulo compreende a analise do nicho multidimensional, envolvendo os trés
principais eixos de recursos: espaco, tempo e alimento, para avaliar qual(is) recurso(s)
possibilita(m) maior partilha e portanto quais 0s processos associados ao uso desse(s)

seriam 0s principais responsaveis pela coexisténcia das espécies. Por fim o terceiro
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capitulo apresenta os resultados da analise de co-ocorréncia de girinos e insetos
predadores em pocas, para analisar se insetos predadores influenciam o uso de habitat

por girinos.

Nota taxondmica

A anurofauna do Planalto da Bocaina, onde este estudo foi realizado, tem sido
estudada desde os meados do século passado, com os trabalhos pioneiros de Werner
C. A. Bokermann e Adolpho e Bertha Lutz. Além disso coletas frequentes de material
herpetologico foram feitas ao longo das quatro ultimas décadas por varios
pesquisadores, incluindo W. R. Heyer, A. Cardoso, D. Cannatella, Célio F. B. Haddad
e um recente estudo publicado por Serafim et al. (2008). Essas exploracGes fizeram
com que 17 espécies de anfibios anuros fossem descritas a partir de material coletado
na Bocaina (localidade-tipo), sdo elas: Aplastodiscus callipygius, Bokermannohyla
ahenea, Bokermannohyla clepsydra, Brachycephalus vertebralis, Crossodactylus
dispar, Cycloramphus eleutherodactylus, Cycloramphus granulosus, Ischnochnema
pusilla, Megaelosia bocainensis, Paratelmatobius gaigae, Phasmahyla cochranae,
Physalaemus barrioi, Scinax atratus, Scinax ariadne, Scinax flavoguttatus, Scinax
squalirostris e Vitreorana eurygnatha (Frost, 2009). No entanto, apesar de ter sido
extensamente explorada, a area ainda surpreende, ja que muitas das espécies que
foram descritas séo classificadas como Deficientes em Dados, segundo a IUCN, com
muitas informacGes béasicas sobre histdria natural indisponiveis. Ainda hoje muitas
formas novas sdo freqientemente coletadas (Haddad, C.F.B. com. pess.). Este
conhecimento fragmentado resulta muitas vezes em dificuldades na identificacdo de
material proveniente da area. A lista de espécies fornecida por este estudo foi baseada,
além da analise da morfologia dos girinos, na identificacdo das formas adultas das
larvas coletadas. As abreviacges aff. (affinis) e gr. (grupo) utilizadas dizem respeito a
formas que ainda ndo foram formalmente descritas por taxonomistas e que,
respectivamente, sdo proximas a uma determinada espécie ou tem caracteristicas que
permitem considera-la como pertencente a um determinado grupo de espécies. Uma
das espécies coletadas por nos (Scinax sp. (aff. alter)) foi somente representada por
dois exemplares (doubleton), portanto, por falta de réplicas, esta espécies nao foi

incluida em nenhuma das analises apresentadas a seguir.



OBJETIVO GERAL

Determinar o padréo de utilizacdo de recursos em assembléias de girinos, além
de avaliar de que maneira a co-ocorréncia entre girinos e predadores afeta a estrutura

da comunidade.

OBJETIVOS ESPECIFICOS

1. Investigar a influéncia dos fatores abidticos na riqueza e na abundancia de girinos
habitantes de pocas;

2. Determinar o grau de sobreposicdo de nicho considerando trés eixos de recurso:
tempo, espaco e alimento;

3. Testar se insetos predadores restringem o uso de habitat por girinos em escala de

assembléias.
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Abstract

Species abundance and richness are two of the most basic descriptors of ecological
communities. The aim of this study was to evaluate how abiotic factors influence
species richness and abundance of tadpoles across water bodies in an area of Atlantic
Rainforest in Southeastern Brazil. Tadpoles were collected in 13 ponds and swamps
in a highland environment. Abiotic parameters, such as surface vegetation cover,
depth, pH, DO, turbidity, conductivity and pond size were recorded for each water
body. The water bodies also differed in two important environmental gradients:
hydroperiod and canopy cover. As the major result, we found forest canopy cover and
hydroperiod to be mainly responsible for the variation in the species abundance and
richness of tadpoles along water bodies. Tadpole species were sorted along these two
environmental gradients, with species restricted to its both ends. There was little
seasonal partitioning among species, with the majority of species occurring in the wet
and warm season. Only air temperature influenced the monthly abundance of species.
Interestingly, endemic species were the most abundant ones in the study area, a fact
that argues against current theories linking geographic range and species abundance.
This is the first study in the southern Hemisphere to report hydroperiod and canopy

cover as main factors structuring tadpole assemblages.

INTRODUCTION

One of the main goals of community ecology is to understand the causes that
determine the number of species in an area (Morin 1999). This research field has
undergone deep changes in the last decade that are still under course, largely due to

neutral theories that incorporate ecological drift, random migration and random
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speciation processes to explain patterns of species abundance and richness in
ecological communities (e.g., Bell 2000, Hubbel 2001). On the other hand, there are
attempts to embody a new perspective to key concepts in ecology, such as the
ecological niche (Chase & Leibold 2003, Leibold 1995). Recently, these two
approaches, previously viewed as opposed to one another, are leading to a synthesis,
that incorporates demographic processes (natality, mortality, immigration and
emigration) along with processes based on differential resource use (e.g., Adler et al.
2007, Tilman 2004).

Species richness at local scales can be affected by historical processes,
environmental filtering, interspecific interactions, and stochastic processes (Ricklefs
1987, 2004, Tokeshi 1999). Historical processes include regional species richness
(Ricklefs 2004), spatial heterogeneity (McCoy & Bell 1991), resource availability and
differential resource allocation (Tilman & Pacala 1993, Tokeshi 1999), and
productivity (Mittelbach et al. 2001). The interspecific interactions include the
intensity of predation and the density of competidors (Sih et al. 1985). Lastly,
stochastic factors include colonization sequence, perturbation regime (Tokeshi 1999),
and environmental fluctuations (Wolda 1987).

The temporal distribution of species is related to the sequence that species join
the community; this phenonenon can greatly influence community assembly and
species interactions (Morin 1999). Species arrive at communities at a sequence
reflecting their differences in breeding phenology, and thus play an important role in
determining the invasion success of a species and the outcome of interspecific
interactions (Wilbur & Alford 1985). Differences in timing of arrival are frequently

interpreted as a strategy to decrese competitive interactions or simply an
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individualistic response by species to the changing enviroment (Lawler & Morin
1993).

Gradients of changing environments, such as temperature, moisture or
resource availability are a good framework for testing theories about communities
(Wellborn et al. 1996). In addition, study of species abundance distributed along
gradients can help understand the role of local determinism in regulating species
diversity (Dunson & Travis 1991, Ricklefs 2004). Two gradients in freshwater
habitats have been regarded as strongly influencing species richness, abundance and
spatial distribution: hydroperiod and canopy cover. Hydroperiod has been suggested
to largely influence freshwater communities, including amphibians in several regions
(Skelly 1997, Wellborn et al. 1996, Werner et al. 2007). Canopy cover has been
showed to be an important variable in affecting distribution of amphibian species
along landscapes (Werner et al. 2007) and a ubiquitous variable affecting freshwater
taxa (e.g., McCauley et al. 2008). Closed-canopy areas tend to show low temperature,
low solar incidence, low primary productivity, high dissolved oxygen, reduced
survivorship, and low quality food resources (Schiesari 2006, Skelly et al. 2002,
Werner & Glennemeier 1999). However, the influence of these factors in the
development and growing of tadpoles can vary interspecifically (Schiesari 2006).

Studies involving tadpole communities demonstrate that space partitioning is
common at different scales. Tadpole species can occupy different habitats (Inger et al.
1986) and microhabitats (Eterovick & Barros 2003, Gascon 1995, Rossa-Feres & Jim
1994). In addition, temporal segregation among amphibian species seems to be
common (Heyer 1974, Santos et al. 2007). However, the importance of these resource
axes seems to vary among sites and according to species composition of communities.

This pattern can be attributed to morphological differences among tadpoles, which
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enable them to occupy different habitats and microhabitats (reviewed in Duellman &
Trueb 1994). In addition, the temporal segregation reflects the phenology of adults,
whose reproduction is determined by physiological and environmental factors (Wiest
1982).

The aims of this study was to analyze how local abiotic factors influence the
variation in abundance and richness of tadpole species inhabiting ponds and swamps
in a highland Atlantic Forest environment in Southeastern Brazil. We specifically
addressed three major questions: 1) How the seasonal variation in the climatic
variables (rainfall and air temperature) affects the abundance and richness of tadpole
species throughout the year?; 2) How gradients of canopy cover and hydroperiod
affect tadpole species abundance, diversity, and spatial distribution; 3) How the global

abundance of tadpole species is influenced by abiotic factors?

METHODS

Study site

This work was carried out in the Serra da Bocaina National Park (PNSB,
hereafter) (22°44' S, 44°37' W), localized at the boundary between the states of Sao
Paulo and Rio de Janeiro in southeastern Brazil. The PNSB comprises presently an
area of 104.000 ha (Fig. 1) and is regarded as one of the main remnants of the Atlantic
Rain Forest (sensu Ab’Saber 1977, Ribeiro et al. 2009) in southeastern Brazil, bearing
protected areas of dense tropical rain forest, highland mixed tropical rain forest and
highland grasslands (Eiten 1992). Our sampling was concentrated on the Bocaina
highlands (1500 m a.s.l.), in the municipality of Sdo José do Barreiro, state of Sao

Paulo. In this region, the climate according to the Koppen-Geiger classification (Peel
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et al. 2007) is of the type Cwb (humid subtropical highland), with moderated
temperatures, dry winters (between April and September) and warm summers (from
October to March). The annual rainfall varies between 400 and 2100 mm, with mean
annual temperature of 22°C. The relative humidity does not vary too much, with mean

indexes between 77% and 82%.

Sampling procedures

We sampled 13 water bodies with different morphologies. The water bodies
comprised: one temporary pond in woodlands (PT5), two permanent ponds in open
areas (PP3 and PP4), two swamps in open areas (BP2 and BP5), four permanents
ponds in woodlands (AP1, AP2, PP1, and PP2), three temporary ponds in woodlands
(PT1, PT2, and PT3), and one swamp in woodlands (BP9) (veja imagens no Apéndice
1). Each water body was sampled once a month, between July 2008 and June 2009.
Tadpoles were sampled using a wired deep net (3 mm of mesh) passed along the
entire extent of the margins of water bodies (Shaffer et al. 1994, see also Skelly &
Richardson 2010). Tadpoles were fixed in the field with 10% formalin. The
identification followed identification keys and direct comparisons with published
descriptions. When identification was not possible using this means, we reared
tadpoles in aquaria until metamorphose, feeding them with commercial fish rations. In

addition, adult anurans were acoustically monitored monthly in each water body.

Abiotic parameters
The characteristics of the water bodies were assessed using two approaches.
This information was recorded between August 2008 and January 2009 and was

assumed not to vary along the remaining of the sampling period. We recorded the
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physic-chemical characteristics of water bodies, namely: mean conductivity (us/cma),
mean dissolved oxygen (mg/l), mean pH, mean temperature (°C), and mean turbidity
using a Horiba U-10 multiparameter water quality checker. We also measured other
variables related to the morphology of water bodies, such as: months with standing
water, surface area (m?), maximum depth (m), percentage of floating vegetation on
the water surface, and percentage of canopy cover (Table 1). The last two variables
were estimated visually by dividing the water surface in quadrants and estimating the
percentage of surface covered by vegetation and the surface covered by the canopy.
Daily air temperature and rainfall volume were obtained, respectively, from the PNSB

staff and from the Bananal station, about 28 Km apart from the study site, 460 m a.s.l.

Statistical analyses

Variation in species diversity among sites was analyzed using the parametric
Fisher’s a index of diversity, attached to a confidence interval. The diversity index o
is a parameter of the log series model of species abundance distribution (Magurran
2004). This index has many advantages comparatively to the traditional used indices
of Simpson and Shannon-Wiener, since it is independent of sample size and can be
used even when the data do not fit the log series distribution (Magurran 2004). We
also used the Pielou J’ index to measure the evenness across water bodies (Pielou
1975). These analyses were carried out in vegan package of the R software v. 2.10.0
(R Development Core Team 2009).

To analyze the spatial variation in species abundance, we performed a
hierarchical cluster analysis (Legendre & Legendre 1998) using the pvclust package
(Suzuki & Shimodaira 2005) in the R software v. 2.10.0 (R Development Core Team

2009) that automatically computes p-values for all clusters. We also used the
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multiscale bootstrap resampling option that unlike common bootstrap analysis, in
which the sample size remains constant and equal to the data matrix size, the sample
size of the bootstrap sample ranged from smaller to larger sizes than the original
matrix (Shimodaira 2004). In this situation, the p-value is estimated fitting to a
theoretical curve obtained from the range of sizes. This p-value, called the
approximately unbiased p-value (AU) by the pvclust package, is more accurate
because it corrects the bias of the bootstrap probability value caused by a constant
sample size (Shimodaira 2004). The agglomerative method used was UPGMA and
the dissimilarity method was Pearson’s correlation, which as a distance measure
implements a calculation of the complement 1-r of Pearson’s r correlation across the
variables (Legendre & Legendre 1998).

The temporal variation in species composition along sampled months was
analyzed using a non-metric multidimensional scaling (nMDS). The nMDS analysis
attempts to reduce the objects in as few dimensions as possible, while preserving the
distance among them, in doing so it preserves better the great distances instead of the
small ones (Legendre & Legendre 1998). Thus, this method is approprite to show
similarities among objects in long gradients. How accurately the plot represents the
original data matrix is expressed by the stress value, a value between 0.0 and 0.2
indicates a good representation. As the analysis can be run with any similarity or
dissimilarity method, we chose a binary index of similarity (Jaccard). We did this
because we can obtain a better perception of temporal patterns of tadpoles when we
only take into account species occurrences, since abundance patterns of tadpoles are
mainly shaped by a combination of historical and contemporary processes, such as
reproductive modes of adult anurans. This analysis was performed in the software

Past v. 1.97 (Hammer et al. 2001). To evaluate how monthly air temperature
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(independent variable) and rainfall (independent variable) variation affected the total
abundance (dependent variable) and richness (dependent variable) of tadpoles during
the study period, we performed a multiple regression analysis (Quinn & Keough
2002). The regression analysis was carried out in the R software v. 2.10.0 (R
Development Core Team 2009).

The variation in species abundance along environmental gradients was
analyzed using a canonical correspondence analysis. Explanatory variables were
included through a forward selection process that employs a randomization procedure
to select only significant environmental variables with an o = 5% (Legendre &
Legendre, 1998). The species abundances were log transformed. The analysis was
performed in Canoco for Windows v. 4.5 (ter Braak & Smilauer 1998).

We performed a model selection approach to identify the most appropriate
statistical model that describes the global variation in abundance of species,
considering the environmental variables. We employed the Akaike information

criteria (AIC) to rank models that best support data (Burnham & Anderson 2002).

RESULTS

We collected 29,040 tadpoles from 17 species (Table 2). The mean richness
along water bodies was 5 (+ 2.5 SD) species, ranging from 2 to 9 species. The most
abundant species was Scinax sp. (aff. hayii) (7,027 tadpoles; 24.2% of the total), and
the least abundant species was Bokermannohyla sp. (gr. circumdata) (12 tadpoles;
0.041%).

The permanent ponds were the most diverse ones. In addition, the most

uneven assemblages were those closed-canopy water bodies (Fig. 2). Interestingly, the
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most uneven assemblages were dominated by tadpoles of two endemic species from
the Bocaina highland: Bokermannohyla ahenea and Physalaemus barrioi, and
Hypsiboas sp. (aff. polytaenius).

The analysis of temporal occupancy of water bodies showed that the majority
of species was restricted to the warm and wet season (larger circle in Fig. 3), being
Chiasmocleis sp. (aff. mantiqueira), Scinax squalirostris, and Physalaemus olfersii a
grouping whose species were more abundant in the end of the rainy season (smaller
circle in Fig. 3). The other species: B. gr. circumdata, Proceratophrys melanopogon,
Rhinella icterica and Scinax sp. (aff. obtriangulatus) presented different periods of
occurrence and demonstrated no clear pattern in relation to temporal occupancy of
water bodies (Fig. 3). From climatic parameters, only air temperature affected species
richness along the year (r°=0.823; F2,9=21.05; P=0.0004; temperature Beta=0.635;
SE beta=0.278; t=2.28; P= 0.048; rainfall Beta=0.009; SE beta=0.006; t=1.579; P =
0.148). The species abundance was not influenced by any of the climatic parameters
analyzed (r’=0.516; F9=4.811; P=0.03; temperature Beta=0.05; SE beta=0.37,
t=0.15; P=0.07; rainfall Beta=0.76; SE beta=0.37; t=2.05; P=0.89).

The analysis of spatial variation of tadpole abundance (Table 3) showed that
the assemblages could be split into two guilds: one inhabitant of temporary, closed-
canopy ponds, composed of C. aff. mantiqueira, Dendropsophus microps, P. olfersii,
Scinax sp. (aff. hayii). Another guild inhabitant of permanent water bodies in both
open and forested areas was composed of B. ahenea, P. melanopogon, B. gr.
circumdata, P. barrioi, Leptodactylus furnarius, Aplastodiscus perviridis, S.
squalirostris, R. icterica, Scinax sp. (aff. duartei), H. aff. polytaenius, Dendropsophus

minutus, and S. aff. obtriangulatus (Fig. 4).
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The gradient analysis recovered five main environmental variables that
explained 77% of the variation in species abundance (Table 3; Fig. 5): percentage
vegetation cover, hydroperiod, area of water bodies, conductivity, and water pH.
There are four recognized groups. The species C. aff. mantiqueira was the only
species strongly associated with high values of conductivity, short hydroperiod, large
area and high percentage of surface vegetation cover. Another three groups of species
included: S. squalirostris, L. furnarius, P. barrioi, A. perviridis, S. aff. duartei, R.
icterica, D. minutus, H. aff. polytaenius, which were associated to small water bodies,
low percentage of surface vegetation cover, long hydroperiods, high values of pH and
low conductivity; D. microps, S. aff. hayii, and P. olfersii, which were associated to
large water bodies, high percentage of vegetation cover, low values of pH, short
hydroperiods, and high conductivity; S. aff. obtriangulatus, B. ahenea, B. gr.
circumdata, and P. melanopogon, which were associated to small water bodies, low
percentage of vegetation cover, long hydroperiods, high values of pH, and low values
of conductivity (Figure 5).

The best-supported model that explained the global variation in abundance of
species included surface area of water bodies and percentage of canopy cover (Table

4).

DISCUSSION
Our main findings suggest that pond hydroperiod and canopy cover are
playing a major role in shaping this tadpole community. The permanent ponds
showed the highest diversity, those ponds were also dominated by endemic species

from the Bocaina highland. We also found a high temporal overlap among species,

23



with the majority occurring the wet and warm period of the year. However, only air
temperature did affect tadpole species richness.

Pond hydroperiod seems to be very important in determining pond occupancy
(Fig. 4). In our system, it seems that there is a species sorting along the hydroperiod
gradient, with certain species restricted to temporary ponds and others restricted to
permanent ones. Several authors (e.g. Heyer et al. 1975, Wilbur 1984) proposed that
species richness presents a unimodal response to hydroperiod gradient. However, we
found that species were associated to both extremes in hydroperiod, what account for
life-history adaptations to inhabit water bodies with short, in contrast to those with
long hydroperiods (Wilbur 1980), a result commonly found by other authors (e.g.,
Babbit et al. 2003, Semlitsch et al. 1996). Hydroperiod gradients are often correlated
with a predation gradient (Skelly 1997, Wellborn et al. 1996), in which water bodies
with longer hydroperiods hold populations of predatory fishes. However, we did not
find any predatory fish in our study site (Provete et al. unpubl. ms.-Capitulo 3), thus
predation pressure by fishes is not affecting water body occupancy by tadpoles. We
also found a high species richness associated with long hydroperiod ponds (Fig. 4).
Taken together, these results could explain our inability to find a unimodal response
of species to hydroperiods.

Pond canopy cover influenced both spatial distribution and abundance of
species, with species being restricted to closed- versus open-canopy areas. Canopy
cover is known to largely influence freshwater taxa, including growth and
developmental rate (Schiesari 2006, Skelly et al. 2002). This variation could explain
the occurence of Chiasmocleis sp. (aff. mantiqueira) strongly associated to closed-
canopy ponds. Schiesari (2006) working in ponds in southern Michigan, USA found

that Lithobates sylvaticus was the only species tolerant to closed-canopy ponds. In our
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study system, C. aff. mantiqueira may be employing the same strategy: take
advantage of the lower interspecific competition, but also could experience lower
growth rate associated with these ponds. In addition, this species could benefit from
breeding in closed-canopy ponds due to the very low abundance and richness of
predaceous insects in those environments (McCauley et al. 2008, Provete et al.
unpubl. ms.-Capitulo 3).

The Atlantic Forest presents the greatest diversity of reproductive modes of
anurans, with 21 recognized modes, from which seven are exclusively found in this
vegetation formation (Haddad & Prado, 2005). This diversity can be attributed to the
great variety of breeding sites available to anurans and the specialization of species in
reproducing in these sites. In this work we sampled only standing water bodies, which
can explain the low mean species richness found, compared to other studies in
tropical regions (Duellman & Trueb 1994). The assemblage of pond-dwelling
tadpoles seems to be only part of the total richness of anurans found in the Bocaina
highland, since about 54% of the species found in the area are pond-breeders, being
the remaining composed of direct-developing frogs and stream-breeders (M.V. Garey,
unpubl. data).

The fact that the most uneven assemblages were dominated by species with
narrow geographic range apparently argues against the niche-based hypothesis
proposed by Brown (1984, 1995) in which species with a small geographic range
should be locally rare. However, the author also emphasizes that both evolutionary
and ecological constraints can actually act to shape the relationship between
abundance and distribution of species (Brown 1995). The species groups in which
Physalaemus barrioi is included (P. gracilis group) is composed of species that have

a distribution restricted to high altitudes (Nascimento et al. 2005), thus it is possible
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that a phylogenetic component is involved in determining the local abundance of that
species. The Atlantic Forest is a montainous region, like the Andes, where a recent
study suggested allopatric speciation as the most important speciation mechanism in
centrolenid frogs (Guyasamin et al. 2008). The tree frog B. ahenea is only known
from the Bocaina highland, and it is probable that, although that area represents a
suitable habitat (see Watkinson et al. 2003 for a review of relationships between
habitat suitability and abundance), migration is extremely rare in this population
(maybe because B. ahenea represents a recently diverged species), thus although very
abundant, it is locally restricted.

Only air temperature was recovered as an important climatic factor
influencing species richness in water bodies. This kind of result has been found in
another area of temperate humid climate in Southern Brazil (Both et al. 2009).
Canavero et al. (2009) also found that temperature influenced more strongly the
temporal structure of anuran community than precipitation. These authors
hypothesized that air temperature and not precipitation best represents seasonality,
although this outcome can be scale-dependent (Canavero et al. 2009). Physiological
constraints of adult amphibians (Duellman & Trueb 1994), which can demonstrate
species-specific responses to the environment (Alford 1999), may also be involved in
constraining the activity of anurans to the warm period of the year. Water temperature
strongly influence growth rate, time to reach metamorphosis and rates of metabolism
of tadpoles, being temperatures around 25°C the most suitable for growth and
metabolic processes (Ultsch et al. 1999). In addition, temperature seems to be the
most dramatic feature influencing physiology, ecology and behaviour of tadpoles

(reviewed in Ultsch et al. 1999).
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The majority of species in the studied community had its distribution restricted
to the rainy season, from September to November: A. perviridis, B. ahenea, D.
microps, H. aff. polytaenius, P. barrioi, S. aff. duartei, S. aff. hayii. Whereas
Chiasmocleis sp. (aff. mantiqueira), P. olfersii, and S. squalirostris occurred in the
end of the rainny season. The remaining species (B. gr. circumdata, L. furnarius, P.
melanopogon, R. icterica, and S. aff. obtriangulatus) were those whose temporal
distribution did not follow any recognizable pattern (Fig. 3). However, R. icterica
noticeably had its peak of abundance in the dry season. Bufonids are generally found
in shallow waters, which provide a high temperature and hence a high growth rate
(Alford 1999). This could explain the high abundance of R. icterica in the dry season,
when ponds are shallower.

Temporal partitioning is less viewed as a mechanism promoting species
coexistence, but to reflect physiological constraints of species (Kronfeld-Schor &
Dayan 2003). Partitioning time could be also a result of trade-offs among species,
since species have different resource allocation patterns in different times of the year
(Tilman & Pacala 1993). In addition, coexistence through time partitioning is possible
when species tend to occur in periods of time in which it is a dominant competitor
(Chesson 2000, Roughgarden 1976, Tilman & Pacala 1993). Species inhabiting
temporary ponds could also benefit from the resource pulse provided by these ponds,
thus allowing quick population growth (Yang et al. 2008). In addition, species that
use temporary ponds for breeding could only occur when this type of water body is
available, though the high productivity of those water bodies can support a high
number of species (Wilbur 1980).

The global model that best explained the species abundance included surface

area of water bodies and canopy cover. Larger areas can support larger population
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sizes along with more types of microhabitats (Rosenzweig 1995, Tilman & Pacala
1993), thus a positive correlation between area and species abundance is expected. In
addition, small water bodies are more susceptible to drought (Werner et al. 2007) and
are expected to support only species that can develop rapid enough to metamorphose

before pond drying (Wellborn et al. 1996).
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Provete et al. The role of abiotic factors in structuring assemblages of pond-dwelling tadpoles
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Figure 4. Cluster resulting from the analysis of the spatial data on species abundance.
The cluster was built using the UPGMA as a clustering method and correlation as a
distance method. The AU stands for Approximate Unbiased p-value and BP stands for
Bootstrap. The red squares delimitates the species guilds based on BP and AU values.

Cofenetic Correlation Index: 0.9892. The species are labeled as in the former figure
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Figure 5. Results of the Canonical Correspondence Analysis. Sspecies are labeled as

in figure 1.
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Abstract

Tadpoles are a conspicuous component of freshwater habitats like ponds, swamps,
streams and phytotelmata. However, little is known about its functional role in
ecosystems. Resource partitioning studies intent to solve the puzzle of species
coexistence by studying the differences in their resource use. Our aim in this study
was to identify the main resource axes in which there was higher overlap in resource
use by tadpole species by comparison with the resource use pattern in a null
community. We collected data on monthly occurrence, pond occupancy and diet items
for 11 species of tadpoles in 13 water bodies from Southeastern Brazil, from July
2008 to June 2009. Therefore, representing the three main axes in which animals
usually partition the ecological niche. We found that diet was the resource axis in
which there was the greater overlap, whereas temporal occurrence and pond
occupancy were more partitioned by tadpoles. Physical features of habitats and
species-specific physiological constraints can be regarded as responsible for this

pattern.

Key-Words: diet, tadpoles, hutchinsinoan niche, resource partitioning, Atlantic Rain

Forest.

INTRODUCTION

One approach usually used by community ecologists to understand how a
multitude of species can coexist in a community is to study the differences in how
they use resources. The main assumption of this kind of research programme is that
species are competing for limiting resources that are essential for their existence
(Schoener 1974, 1986) and that competition is the main force dictating resource use
(Gotelli & Graves 1996). However, this assumption has been replaced a few decades

ago, since a variety of processes are being claimed to also produce resource
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partitioning patterns, such as predation and physiological constrainsts, which can
frequently act in complex ways (see Werner 1984; Toft 1985). This approach is
largely based on the niche theory, and on the idea that species should exhibit trade-
offs (Stearns 1992) in order to coexist locally, i.e., species must exhibit differences in
dealing with limiting resources, so organisms that perform better in consuming one
resource, perform worse in others, due to morphological, physiological or behavioral
constraints (Chase & Leibold 2003).

Niche theory as applied to such studies is related to resource utilization
distribution (Schoener 1989, Chase & Leibold 2003) and the theory of limiting
similarity championed by MacArthur & Levins (1967). The niche in this way can be
defined for a particular species population and gives the functional use of resources
arranged along niche axes. As such, it can be represented as the frequency histogram
of resource use. This theoretical framework led ecologists to make niche
measurements, like niche breadth, niche overlap, and niche partitioning (Chase &
Leibold 2003).

Three resource dimensions have been suggested as the most important in
explaining species coexistence: habitat, time and food (see also Pianka 1973, Shoener
1974). 1t has been proposed that species coexistence in ecological communities is
determined by one or two important niche axes (Chase & Leibold 2003) and in order
to coexist, species should diverge in at least one of these niche axis (Shoener 1974).
The phenomenon producing this divergence is called, generally, stabilizing
mechanisms (sensu Chesson 2000). Schoener (1974), reviewing resource partitioning
in ecological communities, found temporal partitioning to be significantly less
common than habitat or food type partitioning, mainly due to physiological

constraints of species. Toft (1985), mostly based on the findings of Heyer (1974),
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pointed out that amphibian larvae represent a noteworthy exception to this pattern,
because in tadpole communities, seasonal time partitioning seems to be the most
important resource dimension over the others.

Macrohabitat partitioning among tadpoles is achieved when different species
use different types of habitat. This is mainly determined by adult choice of
oviposition site (Resetarits & Wilbur 1989). Food partitioning seems to be less
commom (Heyer 1973), although species differ in their oral aparatus (Altig &
Johnston 1989). Probably food items are difficult to partition directly, since pond-
dwelling tadpoles feed by filter feeding and scraping food from hard substrates (Hoff
et al. 1999). However, morphology of tadpoles (Altig & McDiarmid 1999) allows
them to feed in different positions in the water column, which can serve as a second
way to partition food.

Null models have been used to ask which niche overlap pattern would be
expected in the absence of competition. If niche overlap really influences resource
utilization at the community level, niche overlap in nature should be less than in a
“competition-free” community (Gotelli & Graves 1996). However, we cannot infer
any mechanism responsible for producing the found pattern, because, for instance, a
high niche overlap may reflect intense competition for shared resources or a surplus
of resources and the absence of competition (Gotelli & Graves 1996, Tokeshi 1999).

Our aim in this study was to determine the main resource axis(es) in which
there was higher (or lower) overlap. We recorded monthly occurrence as temporal
niche, water bodied as spatial niche, along with diet items. Therefore, representing the
three main axes in which tadpoles usually partition the ecological niche (Pianka 1973;
Toft 1985). Since anurans are poikilotherms and have narrow termal tolerance, being

its activity mostly restricted to the warm and wet months of the year (Duellman &
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Trueb 1994), we predict that the species will exhibit a high overlap in temporal
occurrence and that this resource axis will be the least partitioned axis. Tadpoles have
different types of oral apparatus, allowing them to consume a wide variety of food
items (Altig & Johnston 1989), thus we predict that there will be a higher degree of
niche overlap within guilds of species that share similar oral apparatus than between
species from different guilds (Toft 1985). Anuran species have different habitat
requirements, with different species reproducing in different types of water bodies. In
our sampling, we included water bodies that were in different points along two
important environmental gradients: hydroperiod and canopy cover (Wellborn et al.
1996; Schiesari 2006, respectively). Thus, we predict that this could affect to some

extent the spatial niche partitioning among species.

METHODS

Study site

This study was carried out in the Serra da Bocaina National Park (PNSB,
hereafter) (22°44' S; 44°37' W), localized at the boundary between the states of Sao
Paulo and Rio de Janeiro in southeastern Brazil. The PNSB comprises presently an
area of 104,000 ha and is regarded as one of the main remants of the Atlantic Rain
Forest (sensu Ab’Saber 1977) in southeastern Brazil, bearing protected areas of dense
tropical rain forest, highland mixed tropical rain forest and highland grasslands (Eiten
1992). Our sampling was concentrated at the area of the Bocaina highlands (1500 m
a.s.l.), in the municipality of Sdo José do Barreiro, state of Sdo Paulo. In this region,
the climate according to the Koppen-Geiger classification (Peel et al. 2007), is of the
type Cwb (humid subtropical highland), with moderated temperatures, dry winters

(between April and September) and warm summers (from October to March). The
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annual rainfall varies between 400 and 2100 mm, with mean annual temperature of
22°C. The relative humidity does not vary too much, with mean indexes between 77%

and 82%.

Sampling procedures

We sampled 13 water bodies with different morphologies and hydroperiods.
We sampled 13 water bodies with different morphologies and hydroperiods. The
water bodies comprised: one temporary pond in woodlands (PT5), two permanent
ponds in open areas (PP3 and PP4), two swamps in open areas (BP2 and BP5), four
permanents ponds in woodlands (AP1, AP2, PP1, and PP2), three temporary ponds in
woodlands (PT1, PT2, and PT3), and one swamp in woodlands (BP9) (veja imagens
no Apéndice 1). Each water body was sampled once a month, between July 2008 and
June 2009. The tadpoles were sampled using a wired deep net (3 mm of mesh) passed
through the entire extent of the margins of water bodies (Shaffer et al. 1994). The
tadpoles were fixed in the field with 10% formalin. The identification followed
identification keys and direct comparisons with published descriptions. When the
identification was not possible using this means, we reared the tadpoles in aquaria,
with comercial fish rations. In addition, adult anurans were acoustically monitored

monthly in each water body.

Data collection

We recorded spatial and temporal occupancy of water bodies, in addition to
the diet items consumed by tadpoles. Spatial occupancy of water bodies was
measured by recording the type of water bodied in which the tadpoles occurred.
Temporal occupancy was measured as the months of the year in which tadpoles

occurred in water bodies.
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The diet of tadpoles was analyzed following Rossa-Feres et al. (2004). We
took one sample of the first centimeter of the gut of five tadpoles of each species
between the stages 35 and 38 (Gosner 1960) occurring within all the water bodies
sampled between December 2008 and Janurary 2009, the peak of abundance for the
majority of species. This part was removed and its content homogeneized in 160 pL
of Transeau solution (Bicudo & Menezes 2006). Later, we took 40 pL of this solution
to analyze in microscope slides. We made one slide for each tadpole specimen. The
diet items were counted and identified by making transects on the microslide, on 200x
of magnification. Later, to compose the diet, we summed all the items found in the
gut of five tadpoles. The algae were identified to genus level using the dichotomous
key of Bicudo & Menezes (2006). Plant fragments of several sizes were classified as
Coarse Particulate Organic Matter (CPOM). Zooplankton members were identified to
genus or order. We did not record the amount of detritus. To compose the final diet,

we summed the items found in the five tadpoles analyzed.

Statistical analysis

We analyzed the niche partitioning by applying a null model on the Niche
overlap module of EcoSim 7.0 (Gotelli & Entsminger 2001). Following Albrecht &
Gotelli (2001), we analyzed each niche axis at once: monthly occurrence, water
bodies occupancy and diet items. Using this aproach, we could measure in which
resource axis there was a higher overlap. Data for monthly temporal occurence were
arranged in a way that in a matrix each row corresponded to a species and each
column corresponded to a month of the year. The entries in the matrix consisted of the
abundance of each species. The spatial occurence was analyzed by building a matrix

with species abundance in the rows and the 13 ponds in the columns. The diet was
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analyzed with a matrix consisting in the species and the abundance of food items in
the columns.

The niche overlap index used was Czekanowski (also known as the
quantitative Sgrensen index). This index measures the area of intersection of two
histograms of resource utilization. The Czechanowski index is a symmetric index of
niche overlap. The index approaches O for species that share no resource states and
approaches 1 for species pairs that have identical resource utilization distributions.
(Gotelli & Graves 1996). We used the randomization algorithm RA3 for the analysis
of diet and spatial niche and RA4 for the temporal niche (Winemuller & Pinka 1990,
Gotelli & Graves 1996). The RA3 algorithm retains the observed niche breadth of the
species, and allows utilization of any of the possible resource states. Thus, by using
this algorithm we assume that every species could ocurr in any pond and could eat
any food item (Albrecht & Gotelli 2001). However, as anurans are poikilotherms and
present narrow termal tolerance (Duellman & Trueb 1994), thus to analyze temporal
occurrence we used the RA4 algorithm, since this algorithm retains both niche
breadth and overlap of the species, and the pattern of zero states (Gotelli &
Entsminger 2001). This procedure tends to produce a higher expected niche overlap,
consequently had the greatest chance of revealing significant patterns of reduced
niche overlap. We run the analysis with 1,000 randomizations and considered as a

significant result a value with p<0.05.

RESULTS
We recorded tadpoles from 11 species occurring during the study period
(Tables 1 and 2). The diet of these tadpoles was composed of 52 items, including

planktonic and periphitic microalgae, CPOM, cladocerans, protozoans, fungi, and
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arthropod fragments (Table 3). The items most consumed by tadpoles were diatoms
and the algae Gonyaulax; the items least consumed were the algae genera Golenkinia,
Phytelios, Pleurotaenium.

The result of the null model analysis for monthly occurrence and pond
occupancy showed that niche overlap in these axes was not significant (Figs. 1 and 2).
We found an overlap in food significantly higher than expected if tadpoles were not

competing (Fig. 3, Table 4).

DISCUSSION

We found that food was the niche axis in which there was the higher overlap,
a result that is in accordance with other reports (e.g., Heyer 1973, 1974; Seale 1980;
Toft 1985). In addition, the species were distributed randomly in relation to seasonal
occurrence and pond occupancy, as well.

The role of food partitioning in explaining tadpole community structure is not
consensual. Heyer (1973) and Lajmanovich (2000) carried out studies in very
different systems and both concluded that communities of tadpoles are not primarily
regulated by food, being the micro- and macrohabitat, as well as seasonal occurrence,
playing a major role in resource partitioning. However, Diaz-Paniagua (1985) and
Rossa-Feres et al. (2004) found low overlap in diet composition and claimed that
microhabitat use and the position in the water column could influence food intake.
The rationale is that different species could have the same diet composition but may
have ingested them in different microhabitats, a fact also pointed out by other authors
(e.g., Toft 1985; Inger 1986; Hoff et al. 1999). In standing water bodies, such those
sampled here, direct food partitioning is hard to achieve (Jenssen 1967; Seale &

Beckvar 1980) and tadpole position in the water column may serve as a secondary
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way to partition food (Toft 1985). Thus, historical factors that influenced species
traits (Tokeshi 1999), such as fin height and oral apparatus position, may be
responsible for shaping food partitioning among tadpoles.

We only analyzed gut contents of tadpoles in the rainy season, when food
resources are more abundant and profitable (Schoener 1986). Furthermore, the food
types are the same for a number of species, and it is probable that species all converge
upon them (Schoener 1986). This could be the case of species inhabiting temporary
ponds, in which there is a rapid flush of primary productivity (Wilbur 1980). Thus,
these species could be taking advantage of this resource pulse and actually, food is so
abundant that species are not competing for them (see also Schiesari et al. 2009 for
the role of invertebrate material in diminishing competition).

Tadpoles have been traditionally seen as unselective herbivores and
detritivores (Duellman & Trueb 1994; Hoff et al. 1999). However, currently there is
much debate of what tadpoles really eat and their functional role as consumers in
freshwater ecosystems (Petranka & Kennedy 1999; Altig et al. 2007; Schiesari et al.
2009), and some authors have even doubted that traditional diet studies, such as one
carried out here, could be useful for assessing the trophic status of tadpoles. In
addition, what is often described as their diet may actually serve as substrate and
harvestable carrier for assimilated materials (Altig et al. 2007) and may not being
assimilated or contributing to nutrition. In our study, we found that tadpoles ingested
a wide variety of items, including animal sources (e.g., arthropod fragments), fungi
hyphae and microalgae. Thus, tadpoles, as studied here, should be better classified as
omnivorous. Our aim in studying diet composition of tadpoles was to assess the
pattern of resource partitioning, so we treated each diet item as resource states and we

could not evaluate how these items are being assimilated by tadpoles.
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We found that species were randomly distributed in relation to pond
occupancy. The spatial distribution of tadpoles might have been affected by gradients
of both pond hydroperiod and canopy cover (Wellborn et al. 1996, Schiesari 2006). It
seems that some tadpole species can only occur in a narrow range of ponds varying in
these two gradients, thus although available, not all ponds are suitable for every
species. This species sorting along the two gradients could allow species to partition
spatial niche and decrease spatial overlap (Provete et al. unpubl. ms. — Capitulo 1).

Our results indicate that species was randomy distributed in relation to
monthly occurrence. Seasonal occurrence has been thought to be less important in
explaining species coexistence among tadpoles (Toft 1985). Anuran tadpoles present
different developing patterns and may exploit resources from a pond in different
times. However, the general strategy employed is to remain in the pond as short as
possible, due to predation risk (Wassersug 1975). Nevertheless, as pointed out by Toft
(1985), the resource partitioning pattern in anurans is better understood as an
interactive phenomenum in which several factors, including evolutionary and physical
ones may be involved. Thus, time partitioning can be a result of evolutionary
character displacement, where competitive interactions induce some species to breed
in differents times of the year (Roughgarden 1976, Tokeshi 1999) or simply a reflect

of physiological constraints, which vary among species.
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Figures

Figure 1. Frequency distribution of the simulated values of niche overlap for monthly
occurrence of tadpoles of 11 species recorded in Serra da Bocaina National Park,
between July 2008 and June 2009. The arrow represents the observed niche overlap.

The star represents the simulated niche overlap.

Figure 2. Frequency distribution of the simulated values of niche overlap for pond

occupancy of tadpoles of 11 species recorded in Serra da Bocaina National Park,
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between July 2008 and June 2009. The arrow represents the observed niche overlap.

The star represents the simulated niche overlap.

Figure 3. Frequency distribution of the simulated values of niche overlap for diet of
tadpoles of 11 species recorded in Serra da Bocaina National Park, between July 2008
and June 2009. The arrow represents the observed niche overlap. The star represents

the simulated niche overlap.
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Abstract

Predation is an important mechanism shaping ecological communities.
Predators can influence spatial distribution of its prey, and the first step to understand
how they affect prey communities is to study the joint habitat selection by both
predators and prey. However, many studies concerning this issue are theoretical
approaches and, until this moment, just a few empirical studies tested how predators
and prey are spatially distributed. In this study, we address this question using anuran
tadpoles and predaceous aquatic insects as model organisms. We employed null
models to investigate the co-occurrence between each tadpole species and predaceous
insects in a pair-wise fashion. We found that the majority of associations between
tadpoles and insects was random (96.3%), whereas 2.6% were negative and 1.1% was
positive. These results suggest that predaceous aquatic insects do not influence the
habitat use by anuran tadpoles in the studied spatial scale. Thus, physical features of
habitats may have a grater importance in habitat selection by tadpoles than the

presence of invertebrate predadors.

Key-words: game theory, null models, tadpoles, community structure, predator-prey

interactions, habitat selection, Brazilian Atlantic Rain Forest.

1. Introduction

Predation has been regarded as one of the main processes that can influence
prey population dynamics (Sih, 1987; Wilbur, 1988) and community structure
(Connell, 1975; Sih et al., 1985). The effects of predation in prey communities
include behavioral modification (Werner and Anholt, 1996), differential use of
microhabitats (Werner and Gilliam, 1984), prey richness change (Paine, 1966),

limitation of spatial distribution (Skelly, 1995), and abundance reduction (Morin,
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1983). In anuran amphibians, predation has been thought to be a key factor regulating
tadpole mortality (Alford, 1999). In addition, adult females generaly avoid laying
eggs in sites with high predation risk (Resetarits and Wilbur, 1989; Crump, 1991;
Hopey and Petranka, 1995). Therefore, predation can alter the spatial distribution and
relative abundance of anuran species (Relyea, 2001), being considered as the main
factor regulating species composition and richness (Heyer et al., 1975; Morin, 1983;
Gascon, 1995; Alford, 1999). For instance, Eterovick and Barata (2006), found a
negative relationship between tadpole species richness and abundance of predaceous
invertebrates (Belostomatidae and Odonata) in streams in southeastern Brazil. Other
studies in the Amazon showed that predation by fishes were the main factor
influencing species composition in tadpole communities (Gascon, 1992; Azevedo-
Ramos et al., 1999).

The spatial distribution of predators and prey has important consequences in
population and community level (Hammond et al., 2007). The distribution pattern
influences the encounter rates between predators and their preys, predation rates, and
the population dynamics of both predators and preys (Sih, 2005). However, both
theoretic and empirical studies generaly consider only one component of this system
at once, fixing the other in space; the result is a lack of studies involving the habitat
choice by both predators and prey when these are free to move among habitat patches
(Lima, 2002). In general, prey tends to avoid areas with high predation risk, whereas
predators select areas with high prey density (reviewed in Lima and Dill, 1990).

Among theories that predict prey and predator habitat use, game theory
(Maynard Smith, 1982) has received great attention in the last years (e.g., Sih, 1984,
1998, 2005; Hugie and Dill, 1994; Hammond et al., 2007; Dupuch et al., 2009). One

of the premises of this theory is that predators and prey demonstrate adaptative
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responses to each other (Sih, 1998). In this context, to choose a habitat both predators
and prey should evaluate the availability of food resources, competition levels, and
the predation risk among habitat patches (Sih, 1998). Generally, habitat choice by
predators depends on the habitat use by prey (Hugie and Dill, 1994). As a particular
model of game theory, the ideal free distribution hypothesis (Fretwell and Lucas,
1970) predicts that predators tend to aggregate in patches rich in resources used by its
prey. On the other hand, prey tends to aggregate in “safe” patches, even if these sites
are resource poor (Hugie and Dill, 1994; Hamilton et al., 2007).

The effects of predators on the spatial distribution of tadpoles was extensively
evaluated at small scale or in laboratory experiments to investigate the behavioral,
morphological, or ontogenetic responses of tadpoles to several “gape-limited”
predators (reviewed in Alford, 1999). In general, the results of these studies are
extrapolated to multi-species communities. However, this approach could hide a wide
sort of interactions that occurr in large scale. For instance, Lima (2002), point out that
large scale behavioral phenomena (e.g., habitat choice) are virtually unexplored, and
thus need more empirical attention. These large scale studies discuss the question if
prey have “large scale” information about the behavior of predators and other prey, or
if simply the phenomena observed in large scale are the result of decisions made at
“small scale” (Lima, 2002).

Null models have been widely used to investigate patterns in species
distribution and to identify possible mechanisms (e.g., competition, mutualism,
mutual antagonism) or assembly rules in ecological communities (Gotelli and Graves,
1996). A null model generates several communities that exist in the absence of any
particular mechanism and compare it with patterns in real communities. Specifically

to test hypothesis about species co-occurrence, these models quantify the number of
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distributions in which species never co-occur (checkerboard distributions) and those
in which the species always co-occur (permissible distributions) comparing it with
random distributions (Gotelli and Graves, 1996). However, the rejection of a null
model does not provide evidences to relate an ecological process to a pattern found
(Peres-Neto et al., 2001), since different processes can generate similar patterns
(Gotelli and Graves, 1996).

The null models that are frequently used take into account the total sum of
rows and columns as a constraint mechanism. However, the use of metrics based on
sums over all species to locate unusual co-occurrence patterns may obscure pair-wise
co-occurrence patterns (Harvey et al.,, 1983; Sanderson, 2004). A metric, that
compares species pairs whose distributions are derived from a null model that
considers all species and sites equally using constraints consistent with the observed
community, is more useful in an ecological context because it considers pairwise co-
occurrences directly and is not confounded by summing over all community members
(Sanderson, 2004).

We focused on two mutually exclusive hypotheses about the spatial
distribution of predaceous insects and tadpoles: (i) from the point of view of natural
history of prey (tadpoles), we expect that tadpoles exhibit a negative co-occurrence
pattern with predaceous insects (checkerboard distribution), since habitat use by
tadpoles is determined by adults, which could evaluate the predation risk before
laying eggs on a site (Resetarits and Wilbur, 1989); (ii) on the other hand, according
to predictions of game theory, we expect tadpoles to be constrained by the spatial
distribution of its food resource, whereas predaceous insects should select habitats
with a high prey density, therefore we expect to find tadpoles and predaceous insects

co-occurring in the same habitat patches.
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2. Material and Methods

2.1. Study site

This work was carried out in the Serra da Bocaina National Park (PNSB,
hereafter) (22°44' S; 44°37' W), localized at the boundary between the States of Sao
Paulo and Rio de Janeiro in southeastern Brazil. The PNSB comprises presently an
area of 104.000 ha and is regarded as one of the main remants of the Atlantic Rain
Forest (sensu Ab’Saber, 1977) in southeastern Brazil, bearing protected areas of dense
tropical rain forest, highland mixed tropical rain forest and highland grasslands (Eiten,
1992). Our sampling was concentrated at the area of the Bocaina highlands (1500 m
a.s.l.), in the municipality of Sdo José do Barreiro, stte of Sdo Paulo. In this region,
the climate according to the Koppen-Geiger classification (Peel et al., 2007), is of the
type Cwb (humid subtropical highland), with moderated temperatures, dry winters
(between April and September) and warm summers (from October to March). The
annual rainfall varies between 400 and 2100 mm, with mean annual temperature of

22°C.

2.2. Sampling procedures

We sampled 13 water bodies with different morphologies and hydroperiods.
The water bodies comprised: one temporary pond in woodlands (PT5), two permanent
ponds in open areas (PP3 and PP4), two swamps in open areas (BP2 and BP5), four
permanents ponds in woodlands (AP1, AP2, PP1, and PP2), three temporary ponds in

woodlands (PT1, PT2, and PT3), and one swamp in woodlands (BP9) (veja imagens
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no Apéndice 1). Each water body was sampled once a month between June 2008 and
July 2009. The tadpoles and insects were sampled using a wired deep net (3 mm of
mesh) passed through the intire extent of the margins of water bodies (Shaffer et al.,
1994). The tadpoles were fixed in the field with 10% formalin, while the predaceous
insects were fixed in 70% alcohol. The identification followed identification keys and
direct comparisons with published descriptions. When the identification was not
possible using this means, we reared tadpoles in aquaria until metamorphosis, feeding
them with comercial fish rations.

The taxa of predaceous insects (Cummins et al., 2008) most commonly found
were Notonectidae, Ranatra travassosi (Nepidae), Lethocerus sp., Belostoma sp.
(Belostomatidae), Megadytes sp., (Dytiscidae), other small bodied Dytiscidae,
Gyrinus sp. (Gyrinidae), Berosus larvae (Hydrophilidae), Dytiscidae larvae,
Libellulidae, Aeshnidae, Erythrodiplax sp., Tramea sp., Erythemis sp., Dasythemis
sp., Dythemis sp. (Libellulidae) e Sigara sp. (Corixidae). The only fish species found
in a previous sampling was Phalloceros harpagos (Teleostei: Poeciliidae), which is
an insectivorous and detritivorous species (Froese and Pauly, 2009; F. Langeani, pers.

comm.).

2.3. Statistical analysis

The co-occurrence analysis of tadpoles and predaceous insects was carried out
using an incidence matrix of tadpole species and morphospecies of predaceous
insects. We used a code developed by Azeria et al. (2009) which identifies by means
of null models groups of species (pair-wise associations) that exhibit similar (positive
associations) and distinct patterns (negative associations) of habitat use (Sanderson,

2004; Azeria et al.,, 2009). The significance level of pair-wise association is
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determined by the comparison of the real matrix (observed value based on C-Score
index) with values of 1000 simulated matrixes; later it is calculated the number of
times that the observed value is higher than the null values (Azeria et al., 2009).

This code firstly implements a calculation of the species pair-wise associations
based on C-Score index (Stone and Roberts, 1990) and calculates the mean value of
the index to the community with the indexes of Sgrensen, Jaccard, C-Score, and St-
Score. Later, it compares the mean value of the index to the community and the S-
Score index to each pair of species against a null value (random) obtained from 1000
matrixes produced randomly (null matrixes generated by the quasiswap algorithm;
Miklés and Podani, 2004). After the randomizations and comparisons of null values
with observed values, the analysis generates one matrix showing the positive
associations (pos), negative associations (neg), and the random associations (r)
(P>0.05) between the species pairs. This analysis was implemented in the

programming environment R v. 2.10.0 (R Development Core Team, 2009).

3. Results

Contrary to our initial hypotheses, the majority of the pair-wise associations
(96.33%) between tadpoles and predaceous insects was at random. Therefore, in the
spatial scale analyzed, insects did not influence habitat use by the majority of tadpoles
(mean simulated C-Score + SD = 4.02+38.6). In relation to the pair-wise associations,
the only positive associations (1.10% of the total) were between Notonectidae-
Rhinella icterica, Notonectidae-Dendropsophus minutus, and between Gyrinus
larvae-Scinax sp. (aff. obtriangulatus). On the other hand, there were negative
associations (2.57% of the total) between Chiasmocleis sp. (aff. mantiqueira)-Sigara

sp., Chiasmocleis sp. (aff. mantiqueira)-Libellulidae, Chiasmocleis sp. (aff.
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mantiqueira)-Ranatra travassosi, Chiasmocleis sp. (aff. mantiqueira)-Dytiscidae
larvae, Chiasmocleis sp. (aff. mantiqueira)-Notonectidae, Dendropsophus microps-

Dasythemis sp. and Scinax squalirostris-Dytiscidae (Table 1).

4. Discussion

The studied tadpole community seems not to be influenced by predaceous
insects in relation to habitat use, in addition predaceous insects seem do not constrain
the use of breeding sites by adults. In a study in a savanna enclave in the Amazon
forest, Azevedo-Ramos et al. (1999) found that tadpoles co-occurred more frequently
with predaceous invertebrates than with fishes, yet fishes were the main predators
influencing species composition in tadpole communities, a result also found in other
studies (Heyer et al., 1975; Kats et al. 1988; Semlitisch e Gibbons, 1988; Gascon,
1992; Hero et al., 1998; Smith et al., 1999; but see Gascon, 1989). In the present
study, predaceous fish were absent, what could account for the absence of correlation
at the assemblage level. On the other hand, tadpole distribution would be matching
the distribution of its food resources, being the predation risk a less important factor
in relation to habitat use. This argues against the majority of models, which predict
that prey should take into account both the availability of resources and predation risk
when selecting habitats (Dupuch et al., 2009). However, a model proposed by Luttbeg
and Sih (2004) predicts that when predation risk is low (as in the case of predaceous
insects, when compared to fishes, cf. Travis et al., 1985; Cronin and Travis, 1986;
Semlitsch and Gibbons, 1988), prey should favor habitats richer in food resources.

Kramer et al. (1997) suggested that to animals that move between different
environments in differents life stages, habitat selection occurs in a hierarquical

manner, in which a general region is chosen firstly, and so successive decisions
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occurs at smaller scales, depending on microhabitat features. It is possible that
patterns of habitat use in tadpoles show a similar pattern, i.e., concerning predation
avoidance, the selection of microhabitats that provided a lower risk of predation
should be more important (Orians and Wittenberger, 1991; Levin, 1992).

There were positive associations in habitat use between Notonectidae-Rhinella
icterica, Notonectidae-Dendropsophus minutus, and between Gyrinus larvae-Scinax
sp. (aff. obtriangulatus). The spatial coincidence between these taxa could suggest
that similar factors that influence the diversity act in the same way to shape the
tadpole and insect communities (i.e. community concordance; Warren and Gaston,
1992; Babbit et al. 2001). Data on natural history and habitat use pattern by insects
are scarce, however it seems that Notonectids are easely found in shallow permanent
water bodies (Streams, 1987a,b). Also, D. minutus and R. icterica were more
commonly found in these kinds of water bodies (Provete et al. unpubl. ms.; Capitulo
1). Several antipredatory strategies are used by tadpoles (reviewed in Alford, 1999),
including unpalatability by tadpoles of the family Bufonidae (Brodie et al. 1978),
microhabitat change (Morin, 1986), and behavioral changes (Skelly, 1992; 1994;
Werner and Anholt, 1993). The occurrence of these strategies is a mechanism that
allows the co-occurrence of tadpoles and predaceous insects. However, more data on
natural history are needed to a complete understanding of these relationships (Lima,
2002; Sanderson, 2004).

On the other hand, there were negative associations involving Chiasmocleis
sp. (aff. mantiqueira) and predaceous insects from seven genera and families, and
Dendropsophus microps-Dasythemis sp. and Scinax squalirostris-Dytiscidae.
Chiasmocleis sp. (aff. mantiqueira) and D. microps are species associated to small

ponds inside woodlands (Provete et al., unpubl. ms. - Capitulo 1). Predators seem to
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be more strongly influenced by habitat size than its prey (Roth and Jackson, 1987,
Pearman, 1995; Srivastava et al., 2008). However, it seems that Corixids select large
and deep ponds (Pajunen and Pajunen 2003). Furthermore, aquatic insects have
limited dispersion habilities (Cummins et al., 2008), this feature could influence the
colonization of ponds that are more suscetible to drought (Pearman, 1995). Another
aspect that could influence the habitat use by aquatic insects, especially Odonata
larvae is canopy cover (McCauley et al., 2008). In ponds occupied by C. aff.
mantiqueira and D. microps there were a high degree of canopy cover (Provete, D.B.
unpubl. ms. - Capitulo 1).

Predators generally “win” the behavioral race, i.e., occurr with their prey more
than expected by chance alone (Sih, 2005). However, this seems not to be the case in
the studied community. Maybe for female anurans, the main factor in selecting an
oviposition site in tropical environments be the physical environment and the
presence of fishes, being the risk imposed by predaceous aquatic insects less relevant.
A similar outcome was observed by Resetarits and Wilbur (1989) in an experimental
study, in which there was no effect in the number of eggs laid by females in
treatments that included Tramea carolina larvae, the contrary of found in treatments
including other vertebrate predators, such as salamander larvae (Ambystoma
maculatum) and fishes (Enneacanthus chaetodon).

It is possible that habitat features are playing a major role in the habitat choice
by predators and prey, and that both are being influenced by the same physical
features when selecting habitat (Warren and Gaston, 1992). Our results indicate that
predaceous insects do not influence habitat use by tadpoles. However, the rising of a

wide variety of elaborated anti-predator strategies suggested that the coexistence of
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CEINSIDERAI;IEIES FINAIS

* As interaces interespecificas desempenharam um papel secundario na
estruturacdo da comunidade de girinos estudada em favor da regulagédo
ambiental. Esta constatacdo estd em acordo com a visdo Gleasoniana
individualista de comunidade, ou seja, de que a organizacdo de comunidades
depende largamente de fendmenos que ocorrem na escala do individuo e de
como estes respondem aos fatores ambientais.

» Os resultados apresentados no capitulo 1 sugerem que as larvas de espécies de
anuros apresentam uma resposta especie-especifica a diversos fatores
abioticos, notavelmente na maneira como estas respondem aos gradientes de
hidroperiodo e de cobertura de dossel. Demonstramos que esses dois
gradientes ambientais influenciaram a distribuicdo de espécies nos corpos
d’agua amostrados, além de afetar a diversidade de espécies, ja que as pocas

permanentes foram as mais diversas.

» Os resultados apresentados no capitulo 2 sugerem que o alimento parece ser o
eixo do nicho em que ha maior sobreposicdo, embora este resultado esteja em
acordo com outros registros feitos da literatura, acreditamos que o uso de
diferentes microhabitas pelas larvas de espécies de anuros pode ser um fator

que poderia contribuir para a partilha de recursos alimentares.

» Os resultados apresentados no capitulo 3 demonstraram que a selecdo de
habitat pelas larvas de espécies de anuros ndo foi influenciada pela presenca
de insetos predadores. Ao invés disso, sugerimos que novamente fatores
abioticos, tais como os gradientes de hidroperiodo e cobertura de dossel,
poderiam influenciar a distribuicdo das larvas de espécies de anuros nos
corpos d’agua amostrados e que ambos girinos e insetos estejam selecionando
corpos d’agua em relacdo a esses fatores ambientais e que o risco de predacgédo

desempenhe um papel secundario nesse processo.

» O fenbmeno de “species sorting” e teorias baseadas no nicho podem ser

evocadas para explicar a maioria dos padrdes encontrados.
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APENDICE 2 — Lista das espécies de anfibios registradas na fase larval, de julho de

2008 a junho de 2009 no Parque Nacional da Serra da Bocaina.

Amphibia (Gray, 1825)
Anura (Fischer von Waldheim, 1813)
Bufonidae (Gray, 1825)
Rhinella icterica (Spix, 1824)
Cycloramphidae (Bonaparte, 1850)
Cycloramphinae (Bonaparte, 1850)
Proceratophrys melanopogon (Miranda-Ribeiro, 1926)
Hylidae (Rafinesque, 1815)
Hylinae (Rafinesque, 1815)
Cophomantini Hoffmann, 1878
Aplastodiscus perviridis (Lutz in Lutz, 1950)
Bokermannohyla ahenea (Napoli & Caramaschi,
2004)
Bokermannohyla sp. (gr. circumdata)
Hypsiboas sp. (aff. polytaenius)
Dendropsophryni Fitzinger, 1843
Dendropsophus microps (Peters, 1872)
Dendropsophus minutus (Peters, 1872)
Scinax sp. (aff. alter)
Scinax sp. (aff. duartei)
Scinax sp. (aff. hayii)
Scinax sp. (aff. obtriangulatus)
Scinax squalirostris (Lutz, 1925)
Leiuperidae
Physalaemus barrioi Bokermann, 1967
Physalaemus olfersii (Lichtenstein & Martens, 1856)
Leptodactylidae
Leptodactylus furnarius Sazima & Bokermann, 1978
Microhylidae
Gastophryninae Fitzinger, 1843

Chiasmocleis sp. (aff. mantiqueira)
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APENDICE 3 - Lista de espécies de insetos aquaticos encontrados nos corpos d’agua
amostrados no Parque Nacional da Serra da Bocaina, de julho de 2008 a junho de
2009.

Insecta
Coleoptera
Dryopidae
Dryops sp.
Dytiscidae
Copelatus sp.
Cybister sp.
Hydrocantus sp.
Megadytes sp.
Gyrinidae
Gyrinus sp.
Hydrophilidae
Berosus sp.
Tropisternus sp.
Hemiptera
Heteroptera
Nepomorpha

Belostomatidae
Belostoma sp.
Belostoma discretum
Lethocerus sp.
Lethocerus meloleitaoi
Corixidae
Sigara sp.
Naucoridae
Ctenipocoris sp.
Limnocoris brasiliensis
Limnocoris nigropunctatus
Nepidae

Ranatra segrega
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Ranatra travassosi
Notonectidae
Buenoa sp. nov.
Buenoa sp. (aff. macrotrichia)
Notonecta sp.
Notonecta polystolisma
Megaloptera
Corydalidae
Corydallus sp.
Odonata
Anisoptera
Aeshnidae
Aeshna sp.
Anax sp.
Castoraeschna sp.
Gynacantha sp.
Rhionaeschna sp.
Cordulidae
Cordulisantosia sp.
Neocordulia sp.
Libellulidae
Dasythemis sp.
Dythemis sp.
Erythemis sp.
Erythrodiplax sp.
Orthemis sp.
Tramea sp.
Zygoptera
Calopterygidae
Haeterina sp.
Caenoagrionidae
Acanthagrion sp.
Oxyagrion sp.

Lestidae
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Lestes sp.

Perilestes sp.

Plecoptera
Perlidae
Kempnyia sp.
Trichoptera
Barypenthus sp.

Grumichella sp.
Macronema sp.
Nectopsyche sp.

Oecetis sp.
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