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Resumo

Os anuiros leptodactilidecs da sub-familiaz Hylodinae,

!_J

endémicos de riachos de Mata Atléntica, sdc mulito pouco
estudados, e guase nada € conhecido sobre a cologia das
populacgdes de adulteos. Neste ftrabzalho, uma populacgdc de

Hylodes asper ol acompanhada durante um anc, com objetive de

determinar & dindmica populacional e os hablitos zalimentares.

Yol ¢chservada uma baixa densidade bruta, mas uma &1t
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ccupados pela espécie. A estrutura etédri populacgidc variou
sazonalmente, sendo compesta principalmente por adultos nco

inicio da estagdo reprodutiva, em novembro, por adulics e

juvenis recém metamorfoseados no pico da
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reprodutiva. 0s individucs estudados apresentaram crescimento
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O
O
I
s
El
e
O
O
i
(]

que as dos adultos. Cs juvenis gue completaram  seu
desenvolvimento larval durante o 'véréo, cresceram "":ééida'menté'
ac lecngo do ano, atinginde a maturidade sexual 7& com um ano
de wvida. Os machos aparentemente Cresceram em [axas mencres

fémeas, gue chegaram a apresentar, com a mesma idade,
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O método de lavagem estomacal foi tesitadeo e adaptado com

sucesso para © usc em anures pequenos. A dieta de Hylodes



asper foi extremamente diversificada, com presas terrestres,

ot
1

agquaticas e aéreas pertencentes a mais de 20 ordens
faxondmicas. Fol cbservada uma variagao ontogenética na dieta.
Tndividuos malores de H. asper passaram 4 utilizar presas
grandes, sem delxar de atilizar as peguenas. Além do tamanho,
nouve uma wvariacdo nas proporgdes utilizadas das categorias de
presas em funcdo do tamanho do anuro. Esta variacdo pode ser
explicada em parte pela compartimentalizagac do tamanho dos
taxons dos artrépodos, mas também por uma difersnca ncs
nabitos dos anuros e de suas presas. 0s jovens utilizaram mais
presas agudaticas, enguanto dJue o3 adultos utilizaram mais
presas terrestres.

Foi registrado um padrdo consistente na disténcia de fuga.
Tanto no cGia ensolarado guanto no nublado a fuga occorria a uma
maior distéancia pela manhd, diminuindo préximo ao meio-dia e
voltando = aumentar a tarde. Este padric fol mals evidente no
dia ensolarado. Também fol encontrada uma variacao da
distancia de fuga em funcdo da idade do animal. Os Juvenis

spresentaran uma - -menor- oscilagdo na--distinclia-de

i

nga, . Sendo

mais tolerantes & aproximacdo de um predador em potencial.
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Abstract

There i1s very few information about .the Leptodactilidae
sub-family Hylodinae, endemic to the Atlantic Forest =ztreams,
Almost nothing 1is known about the adults population eccology.
In this work, a populaticn of Hylodes asper was followed
during a pericd of a year to observe its dynamics and its
feeding habits. Despite of the low total density that was
cbserved found, a high ecological density  was found
(considering only the streams area). The age structure of the
population varied sazonally. There were almost only adults in
the begining c¢f the reproductive seazon in November, both
adults and voung Jjuveniles 1in the peak of the reproductive
seazon in January and a mozjority of juveniles in the end of
the reproductive seazon 1in February. The observed animals
presented continuous growth. The Juveniles had larger growth

: 1

rates than the adults. The Jjuveniles that finished their

ot

metamorphosis during the summer, had grown guickly during the
“iéég;”hregéﬁiﬁgm”éhéTTSégﬁéi ”ﬁééggi£§"¥£££“ngﬁé'h§;éfqugiafwmfgéu
males apparently had grown sicwer than the femzles, that used
to be up to 4 mm larger than the adult males.

The stomach flushing method was tested and successiully

adjusted to be used in small anurans. The diet of Hylodes

sper was exftremelly diversified, presenting terrestrial,

&8
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uatic and aerizl prevs o©f mere than 20 taxcnomic orders. A

3
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cntogenetic diet wvarlation was observed. Larger Individuals
used larger prey itens, but they continued to capture small
itens. There was also a variation in the prey type proportion
used according to the frog size. This wvariation could be
explained 1in part by a size compartimentalization of the
arctropods taxons, but alsc by an habit difference among the
different frog ages and their preys. The younger and smaller
frogs used proportiocnally more aguatic preys whille the larger
adults used more terrestrial preys.

There was a consistent pattern in the escape distance
behavior o©f the studied species. The escape was bigger in the
early morning, reducing by the mid~day and growing again
during the afterncon, both 1n the sunny and in the cloudy day.
There have peen alsc a varliation in the escape distance
according to the anuran age. The juveniles presented a small
ocilation in the escape distance, being more tolerant to a

potential predator aproximation.
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Introducgéao

O estudo de populagdes, ou demografia, fol desenvolvido,
principalmente em estudos agricolas e florestalis e para
porulacdes humanas (Tamarin 18781 . Mesmo podendo ser
considerados como sindnimos, o©s termos demografia e estudo
populaciconal sadc  utilizados em situagdes distintas. A
demografia & normalmente asscociada a populacBes humanas,
especialmente vinculada a informacdes b&sicas COomo as
estatisticas vitais e a estrutura estétice de populacdes. A
terminologia “estudos populacionais” abrangem ©s outroes
aspectos relaciconados com populagdes, como fatores reguladores
e din&mica (Tamarin 1978; Pilanka 1983).

A imitagadce do tamanho populacional e c¢s fatores gue

i-.‘ —~

influenciam a estabilidade e a manutencido destas & um dos

principals aspectos abordados nos estudes populacionais e

3

derivados principalmente, da sua aplicacdo em estudos de
pragas. Nicholson (1857) durante décadas elaborou o conceito
_ de _ Iegdiagéo . QOpU*aCAOhal ’ _ eﬂquavt C_)_ . qhe _ Adreﬂartha ) __e gﬁrch
{1954} defendiam gue fatores reguladores eram secundirios e de
mencr imporiancia e que as populagdes seriam controladas por
Tatores I1Independentes de densidade. Mesmo sendo bassada em
estudos entomeldgicos de pragas agricolas, esta controvérsia

repercutiu por guase todes ©s grupoes animais (Tamarin 1978).

Dentre ©os anfibiocs anuros, Turner (1962} agrupou as
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informacdes populacionais bésicas de campo e de laboratdrio,
no intuito de analisar gquals fatores influenciariam o tamanho
das populacdes destes animals e quals mecanismos estariam
atuando sobre seus numeros e sua distribulcdo. Apesar de ter
lancade mais perguntas que respostas, suas idéias provocaram O
aumento de estudos populacicnais basicoes que buscaram
investigar a influéncia de fatores dependentes e independentes
de densidade sobre as populacdes de anfibios. Foram
encontracios fatores independentes de densidade como secagem de
pocas (Semlitsch 1983; Shoop 1974; Bell e Lawton 1875),
congelamento de pogas (Heyer 197%) e Iinundagdc de pogas
(Metter 1968; Rand et al 1983, Dueliman e Trueb 1984). Foil
demonstrada a influéncia de varios fatores dependentes de
densidade COmo predacdo {Calef 1973; Hairston 1887,
competic&o (Dash e Hota 1880; Kluge 1981; Hairston 1987},
alimente {Tvler 1976) e abrigo (Stewart e Pough 1983).
tualmente, alguns destes fatores controladores do tamanho

populaciconal mencionados anteriormente, especlalmente os

o for 5 e “ 5 ""_'.-\ Bt S T S =) % T 2 _—
faroreyrolimatteogsy ot sideuntdesorgroutrogo- Tatore s mE e g

recentes como a polulcdo do ar e da Agua e a destrulcidc de
habitats para explicar o declinic e a extingdo de populacdes
de anuros, especialmente dos anuros tropicais (Wake 1391}, Os
estudeos wvisando compreender este  fendmeno e 03  fatores
causadores deste declinic estido baseados em amostragens de
omunidades e em estudos fisiclégicos {Peachmann et al 1991).

Populagcdes de anfibios anurcs tropicais apresentam fortes
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ciclos populacionais sazonais e podem se tornar muito pequenas

e vulneravels a grandes alteracdes no hébitat e no clima

(Giaretta 1899). Assim, a discussidc sobre as causas destas
extingdes devem ser concentrada nos processos populacicnais
gue estas espécies sofrem ({Stebbins e Cohen 19953). Para nio
corrermes ¢ risco de nos Dbasearmos em modelos irreais e
hipdteses que n&o correspondam a realidade, & fundamental a
exilsténcia e utilizacgdo de um sélido corpo de dados empiricos,
gque permitam~nos compreender o0s  processos populacionais

atuando sobre as espécies investigadas (Hairston 1987).

o]

Apesar da sua fundamental importéncia para a compreensaoc
da dinamica populacional, poucos estudos registram informacdes
populacionails basicas de anuros neotropicais e mencs ainda de
anuros brasileiros (Barbault 1984; Moreira e Lima 1991). Ni3o
ha praticamente nenhuma Iinformacdo populacional scbre os
leptodactilidecs da sub familia Hylodinae {Hever et al 1990},

que vém desaparecendo de dreas de Mata Atlantica (Stebbins e

Cohen 19385). Especula-se gue inverncs excessivamente secos,

- e} " -

S@m&d’@ﬁ a ?GwUlﬁéu y d*ﬁ?ﬁ@& £ T ica Ca_ﬁgadora . ﬁ%‘ Chd v - éc;(_,icl ; Séj a?ﬁ S

os fatores causals do declinic destas espécies (Weygold:t

Parte deste estudo {(Capitulo I) wvisou contribuilr para o
melhor entendimentc dos processos populacicnais de Hylodes
asper (Miillery, registrando informagdes bésicas COomo
estimativas de tamanho populaciconal, densidade, dinamica da

estrutura etaria, e sua relacdo com as taxas individuais de
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crescimento.

A alimentacdco € um dos aspectos especificos da ecologia de
populacdes. O estudo da dieta pode revelar muitas informagdes
a respeitco da histdria natural e da ecologla de uma espécie
{Pianka 1973; Hairston 1987). Entretanto, para investigar a
dieta de anfibios e de peguenos lagartos é necessiarioc a
manipulac&o do conteide estomacal, em geral sob microscdplio
estereoscodpico. Até a década de 80, os contetdos eram obtidos
através da dissecgdo de animais de colegdo (Vitt e Caldwell
1904 ou de animais ccletados especlalmente com esta
finalidade {Lima e Moreira 1993, o gue 7ndc é mais
Justificavel frente ao declinio de populagdes mundiais de
anfiblios (Wake 1991). Algumas técnicas ndo destrutivas foram
desenvolvidas para conbtornar este problema, como observacio
direta (Murphy 1876); eversao de estdmago (A.A. Gilaretta
comunicac&@o pessoal) e lavagem estomacal (Gittins 1987; Legler
e Sullivan 1979%; McAlpine e Dilworth 198%:. Para obter os
conteudos estomacals de peguenos anuros estes métodes ndo eram

e
e L CETINA

fosed

empregados  por-supostaineficigncie edi ficuldade; utt
ainda a coleta e fixacdc de individuos (Lima e Moreira 1993).
Para evitar coletar espécimes apenas para o estude da dieta e
visando ndo perturbar a populacaoc em  estudo, O gue
impossipbilitaria ¢ estudo demografico ao longo de um ano, ©
método de lavagem estomacal fol testado e adaptadoe com sucesso
para uso em anuros pequencs (Capitulo II).

Varios aspectos da ecologla de anfibics e réptels estio
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associados a alimentacdc e dieta (Duellman e Trueb 16%4). O
alimento pode atuar diretamente como um recurso limitante,
regulando populacdes {Tyler 1976}, promovendo competicdoc
interespecifica (Werner 1894, partilha (Schoerner 1974} ou
deslocamennte de utilizagdo de recursos (Krzysik 1979). O
estudo da dieta pode ftambém servir como indicader indireto de
aspectes ecoldgicos come a utilizacidc de hébitat (Davic 1991)
e comportamento de forrageamento (Pianka 1973). A investigacao
da dieta pode ainda revelar aspectos interessantes da ecologia
de populagdes, como a utlliizacidc diferencial de alimento entre
08 sexos o©ou entre diferentes faixas etarias (Lima e Moreira
1993; Donnelly 199%1). teoria corrente explica a utilizacdo
diferencial de presas entre categorias sexuais ou etdrias pela
diferenga no tamanho da mandibula dos predadores. Animais de
tamanhos diferentes, com mandibulas igualmente de tamanhos
distintes, ingerindo tude gque cziba em sua boca, utilizario
tamanhos diferentes de presas (Huey e Planka 1981; Toft 1985;

Mzgnusson et al. 1585). Come os artrépodos, as principais

e C‘J}.C}S TS T ETT ST ‘?’LE’iﬁéTﬁ‘EOS Céfﬁp&:t 15?,1%:1 oy l 12&&*{”)3 - R

a distribuigdc de tamanhos variande conforme ¢ taxon (Schoener
e Jansen 1968}, uma utilizacgdoc de presas de tamanhos distintos
provoca também uma diferenga no tipoe de presas ingeridas (Huey
e Pianka 1981; Lima e Moreirz 199%3), Entretante, oubros
fatores, além do tamarnho da boca e da compartimentalizacdc dos
tamanhos das presas, podem explicar variagdes

intrapopulacionais na dieta. Ja foram reportados casos de



18

variacdes ontogenéticas da dieta mediados pelo habitat em
peixes {Griffiths 1975; Stoner e Livingstone 1984) e em
répteis (Schoener e Gorman 1968; Mushinsky et al. 198z}.
Entretanto, em anfibios anuros, diferengas onteogenéticas na
dieta ainda sic somente associadas ao crescimento da mandibula
(Lima e Moreira 1993). ©Neste estudo (Capitule III) fol
registrada uma variacdo ontogenética na dieta de Hylodes
asper. Parte dela pode ser explicada pela teoria corrente de
cresciment o da mandibulaz e ingestio de taxons malores, mas
alguns itens ndc se conformam a este modelo. Parte da varlagdo
da dieta de H. asper estd aparentemente relacionada ao micro-
habitat ccupadoe pelas diferentes categorias etarias.

Além dos aspectos alimentares e demcgraficos, a distancia

de fuga dos Hylodes asper revelcou um padrfo consistente e

mereceu uma investigacdc paralela ao trabalhe principal da
tese. A predacdc exerce uma importante pressdc seletiva sobre
populacdes naturais, o© que ¢ refletida em adaptagles cCcomo

cripticidade, protegdes estruturais e mimetisme (Edmunds 1974,

. C}jfi(‘) . Ti_g '-;;6 } - . Eﬂtrétaf}é&@ ’ méSmO . af’lifﬁai% ........ Cripticgg R d@%’t’%m e

eventualmente tomar decisdes de qguando e onde estar ativos
(Rowe e COwings 1980). Para 1isto, o0s animais devem ndo apenas
poder estimar o©s riscos envolvidos na interagdc com  um
predador, mas também tomar decisles comportamentais gue
minimizem estes riscos (Rowe e Owings 18%0). Umea manelra de
abordar estas guestdes € estudar os fatcres que Iinfluenciam a

distlncia maxima gque uma presa permite gque um predador em
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potencial alcance antes de fugir, também chamada de distancia
de fuga (Rand 1964). Em répteis e anfibios, animais
ectotérmicos, a distancia de fuga é geralmente afetada por
fatores que influenciam sua temperatura corporal, como a
temperatura e umidade do ar e a insolagdo (Rocha e Bergallo
1990). Neste trabalho (Capitulo IV) fol registrada uma
variacao da distancia de fuga em funcdo da hora do dia, em um
dia ensolarado e em outro nublado, e também uma variacéao

ontogenética da distancia de fuga.
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Material e métodos

Espécie estudada

Os leptodactilideos da sub-familia Hylodinae ocorrem
preferencialmente associados a riachos de matas bem
preservadas. Em geral possuem hébito diurno, sendo encontrados

guase exclusivamente durante o dia. A espécie Hylodes asper

(Miller) €& encontrada na Mata Atlantica do sudeste brasileiro,
intimamente associada a riachos de encosta, especialmente os
de malores dimensdes, com mais de 1Im de largura e mais
expostos & luminosidade. O comprimento rostro-cloacal (CRC)
dos individuos sexualmente madurcs varia de 38 mm a 50 mm,
tendo os machos, em média, 41 mm e as fémeas 44 mm (Heyer et
al. 1990) Os individuos desta espécie apresentam coloracéo
marrom escuro, Ccom poucas manchas marrom claras na parte
Superior. Os adultos possuem pontos amarelados na linha
lateral gue lhes confere um aspecto rugosco ou &aspero, o gue
deu origem ac seu epiteto especifico (Figura 1). Os machos
possuem dois sacos vocals dispostos lateralmente e costumam
vocalizar © dia inteiro. Individuos de H. asper s&o geralmente
encontrados sobre pedras de tamanhos variades (Figura 2),
podendo ainda ser encontrados mais raramente sobre galhos, com
parte do corpo na agua ou nas margens. 0s machos adultos sio
comumente encontrados sobre as pedras de tamanhos médios a
grandes emitindo vocalizacdo e freguentemente realizando

movimentos com oS dedos e as patas posteriores em



Figura 2. Hylodes asper sobre pedra em riacho de Mata

Atlantica em Santo André, SP.
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forma de bandeirolamentos em conjunto com a vocalizacd&o (Heyer
et al. 1990; Haddad e Giaretta 1999). Individuos juvenis sé&o
também comumente encontrados nestes riachos, ocupando
entretanto sitios mais prdéximos a &agua, sobre pedras peguenas,
nas bordas de pedras maiores ou na margem dos riachos (Obs.

pessoal do autor).

Area de Estudo

O estudo foi realizado nas proximidades da cachoeira da
Pedra Lisa, area localizada entre o distrito de Paranapiacaba,
municipio de Santo André, e a Cidade de Santos, no Estado de
S&o Paulo (23°38’S8, 45°52'W) (Figura 3), com altitude em torno
de 500 a 600 m. A area localiza-se a 12 km da costa Atlantica,
pertencendo ac dominio morfoclimatico da Mata Atlé&ntica. No
local de estudo o solo € arenoso com uma cobertura de 10 a 15
cm de terra marrom geralmente coberta com serrapilheira
(Ab’Saber 1977). A escarpa é drenada por uma série de riachos

(Figura 4) dque seguem a 1inclinacdo do relevo direto para o

Ocedano Atlantico (Ab Saber 1977). A mata gue cerca a area de
estudo € relativamente continua, constituida por uma floresta
mista ou de neblina, com um dossel continuc e baixo (Figura
5). A vegetacdo ao lado dos iachos maiores pode ser
caracterizada como arbustiva. O solo da mata encontra-se
constantemente umidecido, uma vez que a regido é

frequentemente coberta por serracdo e a pluviocsidade
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Figura 4. Vista de um riacho de encosta de Mata Atlantica,

em Santo André, SP.

Figura 5. Vista da mata de encosta de Mata Atléntica, em

Santo Andrée, SP.
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da regido atinge valores superiores 3000 mm anuais. A
sazonalidade do clima na regido pode ser expressa como dois
extremos de condicdes: de dezembro a fevereiro o clima ¢é
guente e muito utmido e de junho a agosto é mails ameno e mais
seco. Os outros meses normalmente sdo varidvels e costumam
constituir um periodo de transicdo entre os extremos anuails de
temperatura e umidade. Heyer et al. (1990) descrevem as
condic®es clima&ticas na Boracéia, éarea também localizada na
escarpa da Serra do Mar e com condicgbes climaticas semelhantes

as da &rea de estudo.

Metodologia de Campo

Foram realizadas 12 wvisitas & &rea de estudo, concentradas
no verdo de 1996/1997 e no wverdo do final de 1997, incluindo
algumas visitas entre estes periodos. A permanéncia no local
de estudo nunca era superior a 4 dias, buscando-se diminuir ao
maximo o impacto da coleta de dados sobre 0s animais.

A atividade de campo consistia em percorrer os riachos gque
drenam a area acima da Pedra Lisa procurando por individuocs de
H. asper, desde antes do nascer do sol, até o final da tarde,
quando escurecia dentro da mata. Foli utilizado o método de
procura visual, buscando os individuos sobre as pedras ou
troncos no riacho, ou ao longo das margens destes. Em geral
era possivel enxergd-los a distdncia, mas gquando 1isto nao
acontecia, os individuos eram facilmente encontrados guando se

moviam. A aproximacdo era feita a velocidade constante, sem
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trancos ou movimentos bruscos. A0 serem encontrados, oS
individuos eram perseguidos e capturados com a mao. A
distancia de fuga de cada individuo fol registrada em dois
dias de observacdes, determinando-se a distéancia do
pesquisador para o animal no primeiro sinal de reacdo deste.
Uma vez gue a disténcia de fuga ndo era muito grande e devido
ao hédbito de pular na &gua, nadar alguns centimetros e
reaparecer do outro lado do riacho, poucos individuos
conseguiram fugir a captura.

Os individuos capturados foram medidos e marcados atraveés
de uma variante do método de amputacdao de artelhos (Heyer et

al. 19%4) para o estudo demografico. O sexo foi registrado e

em seguida os individuos passaram por um processo de lavagem
estomacal para coleta do contetdo alimentar. Os contetdoes
foram entd@oc fixados imediatamente em alcool etilico a 70% e os
frascos coletores selados com parafilme para gue nado vazassem
no transporte até o laboratdrio. A metodologia empregada no
estudo demografico e na determinacd&o do hédbito alimentar estdo

tulcs I e III, respectivamente. Apds

(SN

descritas nos  cap
realizados todos estes procedimentos, 0os animais exram

liberados no local da captura.

Metodologia de laboratoério
0 conteudo estomacal foi analisado sob microscopio
estereoscdpico. Os 1tens que se prestavam a identificacgdo

foram separados do restante ja digerido. Cada item foi
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identificado até o nivel taxonbmico menos inclusivo possivel:
Classe, Ordem ou Familia. Apdbs a identificag¢ao, cada item
tinha seu comprimento e largura maximos medidos com © uso da
régua graduada da lupa. Estas medidas foram aplicadas a
férmula da esfera alongada para estimar o volume do item:

Volume = 4/3 7 (Comprimento/2) (Largura/2)?

Apesar dos itens observados dificilmente apresentarem a
forma elipsoidal perfeita, esta é uma das mals eficientes
metodologias para estimar o volume individual de peguenos
artrépodos (Vitt e Caldwell 1993). Os itens da dieta estéo

depositados na colegao do Muzeu ¢+ Histdria Natural da

Unicamp.
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Capitulo I

Population demography of Hylodes asper (Anura, Leptodactylidae)

Herpetoldgica - a ser submetido para publicacio

There has Dbeen a considerable debate in the literature
about anurans population declines and extinction (Wake 18981 .
Major climatic changes have been pointed as a major factor
leading to© anuran declines in the tropics, followed by habitat
loss. However, the discussion about the causal facts on this
process must Dbe focused on the anuran population processes,
rather than on individual physiology or community assemblages.
Anurans populations have a very strong seascnal cycle and can
become wvery small and vulnerable to habitat or climate
variations in the dry periods (Giaretta 1999).

However, in order to understand anuran populational
processes it 1s imperative to have a solid background on
empirical data, otherwise there is the risk of devising models
and hypotheses that do not correspond to reality.
Surprisingly, despite its obvious importance, there are very
few studies on this subject (Barbault 1984; Moreira and Lima,
1991). There 1is almost no information about the sub-family
Hylodinae, endemic to the Brazilian Atlantic Forest. This
ecosystem 1is itself endangered (Mittermeier et al. 1997), what
demands even more effort in order to understand populational

processes o©f endemic fauna.
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This paper is a small contribution in order to understand

populational processes of Hylodes asper (Miller), a medium

sized Hyl odine (adults lenght varies from 39 to 50 mm). Here
we provide for the first time, estimates of population size
and density, the animals' growth rates, its variation along
the time and its relation to the demographic structure

The study was conducted from January to December of 1997
in a small microbasin of mountain streams in the Brazilian
Atlantic Rainforest, consisting of approximately 15 ha of
forest drained by about 500 m of streams, varying in altitude
from 500 to 600 m above sea level. The study area 1s located
in Paranapilacaba, Municipality of Santo André, State of Sao

Paulo, Brazil (23°28'S; 45°52'W). Hylodes asper is frequently

found along these streams, usually perching on the river rocks
and logs along daytime. Further details on these species and
habitat can be found in Heyer et al. (1990).

Preliminary observations confirmed that H. asper 1is
strictly diurnal. Thus the streams were surveyed only during
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length (SUL) measured using a plastic dial caliper to the
nearest 0.5 mm and were marked by a wvariant of the toe-
clipping method listed on Heyer et al. (1994). Up to three
toes were cut but never two of the same hand, what formed 498
possible combinations. None of the recaptured animals showed
regeneration or infections on the clipped toes. The size of

the animal was used as an estimate of the animal's age, since
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anurans present continuous growth (Heyer et al. 1994). The
animals were divided in three age classes: early Juveniles
(SUL smaller than 30 mm); late juveniles (SUL smaller than 39
mm); and the adults (SUL with 39 mm or larger). The presence
of vocal sacs in the adults was used for sex identification.
Frogs smaller than 39 mm might not have their sexual
charactexristics developed and were therefore considered
juveniles. After identification, the animals were released in
the place of capture.

The recapture data were analyzed by the Seber modification
of Petersen method (Krebs 1989). An estimate of H. asper
development rate was computed by measuring differences in body
size 1in recaptured animals, creating a mm/month rate. The
growth of recaptured animals were estimated as the lenght
diference between consecutives measures.

At the end of the field work there was 163 animals marked
and measured, from which 35 have been recaptured, totalizing
198 captures. There was a clear increase in the estimated
population size from the beginning (126) to the end (249) of
the breeding season. The population size estimated in the
whole study period lies about 473 and 824 animals. The density
of animals in the whole study area is among 31 and 54
animal/ha. This can be considered a low frog density comparing
to some forest litter species (e.g. Giaretta 1999). However as
this species does not occupy the forest floor between the

streams, we should compute only the streams &area to achieve
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the ecological density among 0.9 and 1.6 frogs/m?. This density
is nearer to other stream species (e.g. Inger and Greenberg
1966). As H. asper has very narrow home-range and the
vocalizing males can be intolerant to other males (Haddad and
Giaretta 1989), this density can be considered high to a
territorial species (Crump 1988). Although some areas of the
stream are not used and others are over occupied, the adult
males do not stay so close to each other but it is common to
find some Jjuveniles or females surrounding a calling male,
what can justify this high density.

The demographic structure of the population wvaried along
the summer (Figure 1). In November and December, beginning of
the reproductive season, there was a predominance of adults in
the population (Figure 1C), with the largest mean animal size
(x=41.52mm; SE=0.41). In January the population was composed
by both adults and early juveniles. It showed a bimodal size
distribution (Figure 1A), with intermediate mean animals sizes

(x=33.08; SE=1.18). 1In February, end of the reproductive

Season, there was a predominance of juveniles (Figure 1B), and
the population had it smallest mean animals size (x=30.88;
SE=0.85). The mean animal sizes have differed significativelly
in the three studied periods (ANOVA: F = 54.754; D.F. = 2; p <
0.001), Dbeing the November and December mean bigger than
January and February (ANOVA: Tuckey = 8.441 and 10.637; D.F. =
181; p < 0.000). January and February means did not differ

significatively (ANOVA: Tuckey = =-2.196; D.F. = 181; p =
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0.159).

The animals' growth has wvaried according to the size
class, decreasing in the larger animals. The early Jjuveniles
had grown more than the late juveniles, and the adults, that
had the smallest growth rates (figure 2).

Our results suggest that, although some two or three vear
old adults remain in the population in the begining of the new
reprodutive season, this species has its population structure
determined by the high rate of annual recruiltment of
juveniles. The high juveniles' recruitment is common in
tropical leaf litter species (Moreira and Lima, 1991). The
Juveniles that usually metamorphose from the middle to the end
of the reproductive season grow rapidly during 8-10 months,
reaching 1ts adult size and being ready to its first
reproductive season with one year old. The few adults that
remained 1in the population, showed a slow and continuous
growth. By the end of the vyear, in the beginning of the
reproductive season, almost the entire population is composed
by adults, the great majority one year old adults, with a few
pre-adults and some 2 or 3 year old adults.

Comparing the males and females sizes, the males mean SUL
(x = 41.5; SE = 0.25) were significativelly smaller than the
females (x = 43.6; SE = 0.44) (ANOVA: F (1; 106) = 22.47; p <
0.0001) From the five animals that have been followed during
the whole study (Table 1), the males have grown slower than

the females, reaching a smaller adult size by the beginning of
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the reproductive season (Table 2). This faster female growth
may let the female aguire enough size to produce a
satisfactory mass of eggs.

These results contribute to increase the scarce empirical
data about tropical anuran populations. Our results suggest
that this anuran species, with frogs present in the habitat
during the whole vyear, undergo a strong seasonal population
cycle and has 1its population structured by the Jjuvenile
recruitment, that massively contributes to the adult
population, almost renewing the entire population in the
consecutive reproductive period. As consequence, each local
population can become very sensible to minor ambiental
variations such as microhabitat changes and climate shifts
that can disturbe the larval development, and the ijuvenile

recrultment and growth.
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Table 1. Initial and final snouth-urostyle lenght (SUL) in mm of five

H. asper followed during the study period and an estimate of mensal growth

rate in mm/month.

Sex Initial SUL Final SUL Growth
Male 32 mm 42 mm 1.0 mm/month
Male 33 mm 42 mm 9 mm/month
Male 45 mm 49 mm 4 mm/month
Female 27 mm 45 mm 1.8 mm/month
Female 27 mm 46 mm 1.9 mm/month

Table 2. Hylodes asper female and male mean

SUL in mm + SE

Time period

Female (X + SE)

Male (X + SE)

Peak of reproductive 45.2 + 0.35 42.3 + 0.45
period (January)

Ending of reproductive 44.2 + 1.31 41.7 + 0.47
period (February)

Beginning of reproductive 43.1 + 0.55 41.3 + 0.31
period (November/December)

Total 43.6 + 0.44 41.5 + 0.25
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Capitulo II

A simple stomach flushing method for small frogs

Herpetological Review 29(3): 156-157, publicado em 1998

Amphibian dietary studies conventionally employ dissection
of fixed amnimals. This kind of study requires large samples,
sometimes difficult to justify in 1light of amphibian
population declines (Wake 1991). Another drawback is the
destruction of specimens that could otherwise be useful for
other purposes. Moreover, destructive sampling may interfere
with population studies by affecting density dependent
processes.

Non-destructive techniques have been used in a variety of
dietary studies on large anurans including direct observation
(Murphy 1976), stomach eversion (Giaretta personal
communication), and stomach flushing (Gittins 1987; Legler and
Sullivan 1979; McAlpine and Dilworth 1989). These methods,
when carried out properly, cause low or no mortality, do not
disrupt population processes and allow individuals to be
sampled repeatedly over time. However, dietary studies of
small frogs still rely on the collection and dissection of
animals (Lima and Moreira 1993; Vitt and Caldwell 1894 .

In this report I describe an adaptation of the stomach
flushing method for use in small frogs. The method was used to

study the diet of the small leptodactylid frog Hylodes asper
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(Miller), an endemic species of the Atlantic forest of
southeast Brazil. The range of snout-urostyle length (SUL) of
postmetamorphic individuals of this species wvaries from 20 to
47 mm.

After capture, frogs which were too strong to immobilize
with one hand (usually animals larger than 35 mm SUL), were
anesthetized for a few seconds 1in a plastic bag containing
cotton imbued with chloroform. In preliminary tests of the
procedure, three frogs died after being exposed to chloroform
for more than 20 seconds; 10 seconds of exposition seems to be
a safe limit. Small individuals were not anesthetized to avoid
unnecessary trauma. I wused chloroform instead of liquid
(Leclerc and Courtols 1993) or injected anesthetic (Letcher
1982) due to the faster recovery rate and Dbecause no
anesthetic remains on the frog’s body.

Anesthetization prevented frogs from using their hands to
remove the flushing tubes from their mouths. After
anesthetization I introduced a thin flexible silicone tube
(Sigma Equipment 1 mm OD and 0.5 mm ID, 5 cm long) through the
mouth into the stomach. When the tube reached the pylorus (the
tube could ke felt through the abdomen wall and the pylorus
resisted further introduction), it was retracted approximately
1 mm. I then positioned the animal head down with its mouth
pointing into a 100 ml collecting bottle and pumped water
through the tube using a 20 ml syringe to wash out the stomach

contents. While pumping water, I firmly pressed the lower
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portion of the abdomen to prevent water from opening the
pylorus and allowing the passage of food to the intestine. If
I felt additional food through abdominal palpation, I repeated
the procedure until all contents had been removed. When the
procedure produced no further stomach contents, I repeated it
once more toO ensure that no food remained.

I toe-clipped study specimens for individual
identification. Anesthetized animals were allowed to rest
before they were released at the place of capture. In most
cases, the <frog fled within a few seconds by jumping. After
release I preserved the stomach content samples by adding
ethanol to the collecting bottle.

During 18 days 1n the field, I obtained 121 stomach
contents from 97 animals. Twenty animals were recaptured, of
which 13 were recaptured once and 7 twice. Food was found in
the stomachs of 88% of the recaptures (only 3 of the
recaptures lacked food). This suggests that the animals were
not injured Dby the procedure and resumed normal feeding
activities.

To check 1f food remained in the frogs’ stomachs after
flushing, 1 dissected six animals, three that had been killed
in a preliminary collection and three that died during
anesthetization trials. None contained food remains in the
stomach. I performed the same test on an abundant invader

species, Leptodactylus fuscus (Schneider). Twenty animals with

SUL ranging from 35 to 45 mm were flushed. Food was found in
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60% of the animals and no food remains were subsequently found
by dissection.

The stomach flushing method can be used on small frog
species as well as on larger anurans. Most animals seem to
recover after release.The method may be especially useful for
dietary analyses of rare, endemic or protected species, and in
studies of population processes or of long term population
trends. Furthermore, the whole procedure takes approximately
10 minutes from capture to release, somewhat less than that
needed to sample the contents of a fixed animal, and can be
performed by one person. The method uses little eguipment, but
must be performed immediately on freshly captured animals to

diminish digestive loss and facilitate prey identification.
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Capitulo IIT

Hvylodes asper (Anura, Leptodactylidae) habits mediate
ontogenetic dietary shift

Journal of Herpetology - a ser submetido para publicacdo

Ontogenetic changes in the diet of lizards and amphibians
are usually related to changes in the prey size consumed (Rose
1976; Dominguez and Salvador 1990; Pengilley 1971; Labanick
1976; Christian 1982; Donnelly 1991; Wiggins 1992). In these
cases the increase 1in ©predators body size allows the
consumptiorl of larger prey items. Therefore, the shift in prey
types occurs Dbecause the distribution of arthropod sizes
varies among taxa (Schoener and Jansen 1968). In lizards and
amphibians, the mechanisms that lead to differences in the
sizes and consequently the types of the prey are usually
related to head and jaw morphology and foraging mode (Huey and
Pianka 1981; Toft 1981 1985; Strissmann et al. 1984; Magnusson
et al. 1985; Pough and Taigen, 1990; Perry et al., 1990; Lima
and Moreira 1993; Lima 1998). In some cases, the ontogenetic
shift have been related to changes in the habitat use by
fishes (Griffiths 1975; Ross 1978; Grossman 1980; Stoner and
Livingstone 1984) and reptiles (Schoener and Gorman 1968;
Clark and Gibbons 1969, Mushinsky et al. 1982). In this study,
we report that a ontogenetic dietary shift in the anuran

Hylodes asper might Dbe related to micro-habitat use rather

than to prey size.

The study was conducted from January to December of 1997
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in some small mountain streams in the Brazilians Atlantic
Rainforest . The study area is located in Paranapiacaba, Santo
André, State of Sdo Paulo(23°387S; 45°52/W). It has about 15 ha
of forest drained by about 500 m of streams and varies in

altitude from 500 to 600 m. Hylodes asper Miller, 1lives

extremely associated to these streams. During the daytime they
can be found on the river rocks or woods, and less frequently
on the margins. Juveniles are also found in these Streams, but
they use to Dbe close to the water, in small rocks, on the edge
of the bigger rocks or on the stream margin (Authors personal
observation) . Further details on the study species and habitat
can be found in Heyer (1990).

In this study, the streams were surveyed for animals
during daytime hours. Once found, they were captured by hand
and immobilized using one hand. Frogs that were too strong to
immobilize with one hand were anesthetized with chloroform.
Once immobilized, the stomach content was collected using a

flushing method for small frogs (Patto 1998). Then, the animal

snout-urosty.le length (SUL) was measured with a plastic dial
caliper to the nearest 0.5 mm. All animals were identified by
a variant of the toe-clipping method listed on Heyer et al.
(1994). The presence of vocal sacs in the adult animals was
used to identify the males and, its absence, the female.
Animals smaller than 39 mm might not have its sexual
characteristics developed and were all considered Jjuveniles.

After identification the animals were released in the same
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In the lab, the contents of each stomach were individually
analyzed under  stereoscopic microscope. The items were
identified in taxonomic or ecological categories. After
identification, the total length and width were measured using
the graduated scale of the microscope. Using these measures we
estimated the wvolume of each individual prey 1tem with the
formula for a prolix sphere:

Volume = 4/3 m (Length) (Width)?

We wused the wvolume of the items to find out the
proportional volume of each item used by the 1mm frog size
classes. The  habitat were very heterogeneous, with a
terrestrial, an aerial, and an aguatic portions. To estimate
the size amplitude of the itens available to each frog we used
the total items consumed by the whole studied population. This
prey availability estimative is similar to that used by Vvitt
and Caldwell (1993) in a community study. We wused linear
regression to test how the frog size was related to the mean,
maximum and minimun prey size, and the proportional
utilization of each item by each frog lenght class. As prey
consisted of a wide variety of invertebrates, we grouped them
in 13 taxonomic and ecclogical categories. Some prey taxa of
similar sizes were grouped by ecological similarity, specially
habitat utilization (table 1).

The frog size was positively correlated to the prey size
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(r* = 0.324; p < 0.001). The larger the frog, the larger the
mean size o©f the prey used (Figure 1). However, they have not
simply swit ched the size of the items consumed. They started
to catch larger items but they had not stopped consuming the
small items . The evidence to this is that with the increase of
the frog size, the minimum size of the prey consumed has
remained approximately constant (Figure 2).

The distribution of arthropod sizes used varied among
taxa. The smaller items used was the Chelicerata, Formicidae,
Aquatic Larvae and Diptera. In an intermediate size
distribution we found the Isopoda, TPD (Tricoptera, Plecoptera
and Dermaptera), Crustacea and Coleoptera. The larger items
used was the Hymenoptera non Formicidae, Homoptera and
Hemiptera, Miriapoda, CLL (Coleoptera and Lepidoptera Larvae)
and OBI (Orthoptera, Blataria and Isoptera) (Figure 3).

We found out a strong linear relationship between the
proportional use of some prey items in the frogs' length in 1
mm SUL classes. As the frogs increased in size, they used
proportional ly more Chelicerata, Coleoptera, Hymenoptera non
formicidae &nd OBI (Orthoptera, Rlataria and Isoptera) and
used proportionally less the Formicidae, the Aquatic Larvae,
the Crustacea, and the Isopoda (Figure 4). In the other prey
categories there 1is no linear trend in increasing or
decreasing its utilization by the different frog sizes
classes.

Some iterns, that have been progressively more used in the
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larger frogs, are among the larger used items (OBI and
Hymenoptera non Formicidae), while others that have been less
used by larger frogs, are among the smaller items (Formicidae
and Aquatic Larvae). This suggests that the mechanism
mediating the ontogenetic diet shift in this frog species is
the increase in the frogs jaws, which allow them to capture
larger prey taxa, as have been reported before in other frog
species (Christian 1982; Donnelly 1991; TWiggins 1992).
However, some of the items more strongly shifted along the
frogs' growth do not fit in this hypothesis. The Chelicerata
and the Coleoptera, more used by the larger animals are on the
small and intermediate categories, respectively, and the
Crustacea and Isopodas that are drastically less used by the
adults are on the intermediate category. These items, which
shift can not be explained by its sizes, have peculiar habitat
occupation. The Crustacea, more used by Juveniles are
extrictly associated to the water, or at least the water/rocks
interface and the Isopoda occupy the margins of the streams.
Moreover, tTrie Chelicerata and the Coleoptera use to live more
away from the water. As the juveniles used to stay more closer
to the watexr, this differential microhabitat occupation seems
to explain part of the ontogenetic dietary shift in this frog
species, showing that the anurans may vary their diet not only
by what fits in their mouth. What they eat might be differing
by the microhabitat where they 1live. Just 1like the Davic

(1991) Juveniles salamanders that leave the water for more
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prolonged time catching more aerial preys or one of the three
frog species of Inger and Greenberg (1966) that stood a little
bit more apart from the stream using less Crabs; the Hylodes
asper may have its diet strongly influenced by the ontogenetic

selection o©f the microhabitat where they live.
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Table 1 . Number and proportion of prey items used by Hylodes asper.

Proportions arxe gilven in parenthesis. TPD = Tricoptera, Plecoptera and
Dermaptera; CLL = Coleoptera and Lepidoptera Larvae; ORI = Orthoptera,
Blataria and TIsoptera.

ITEM N (%) Vol in mm® (%)
Chelicerata 49 (4.53%) 4151.82 (3.93%)
Formicidae 371 (34.32%) 12729.14 (12.05%)
Aquatic larvae 148 (13.69%) 3885.99 (3.68%)

Diptera 58 (5.37%) 5478.06 (5.19%)

Isopoda 78 (7.22%) 8723.11 (8.26%)

TPD 14 (1.30%) 1579.79 (1.50%)

Crustacea 99 (9.16%) 5027.06 (4.76%)
Coleoptera 107 (9.90%) 24044.21 (22.77%)
Hymenoptera non Formicidae 20 (1.85%) 3854.82 (3.65%)
Hemiptera and Homoptera 28 (2.59%) 10163.70 (9.62%)
Myriapoda 10 (0.93%) 311.89 {0.30%)

CLL 80 (7.40%) 12172.89 (11.53%)

OBI 19 (1.76%) 13487.57 (12.77%)

TOTAL 1081 (100%) 105610.03 (100%)




58

18

16 b

14

r©=0.324; p<0.01 o .

12

10

{Lenght in mm)

Prey size

20 26 32 38 44 50
Frog size (SUL in mm)
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Capitulo IV

Escape behavior in the neotropical frog Hylodes asper

(Anura: Leptodactylidae)

Journal of Herpetology - a ser submetido para publicacé&o

Predation 1is a very important selective pressure in
natural populations, what is reflected in adaptations such as
crypsis, protective armor, and mimicry (Edmunds 1974; Curio
1976). But even cryptic animals must make day-to—-day and even
moment-to-moment decisions regarding when and where to be
active (Rowe and Owings 1990). Therefore, animals must be able
not only to assess the risks associated with interacting with
a predator, but also to make behavioral decisions in ways that
minimize these risks (Rowe and Owings 1990). However, studies
focusing on real-time assessment and management of risks by
prey are underrepresented in the literature (Lima and Dill
1990). One possible way of addressing these gquestions 1s to
study the factors that influence the distance a prey allows a
predator to approach before fleeing, also called escape
distance (ED) (Rand 1964). In this study we report field
observations of the escape behavior of the Neotropical frog

Hylodes asper (Leptodactylidae: Hylodinae), which escape

distance differed along the day, and discuss some possible
causes of these differences.

Hylodes asper, as most Hylodinae species, presents diurnal
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habits and the males are commonly found vocalizing during the
whole day (Heyer et al. 1990). The snout-urostyle lengh (SUL)
has varied from 20 mm (juveniles recently metamorphosed) to 50
mm (biggest adult found).

Adults of H. asper are usually found in the Atlantic
Rainforest slope streams, vocalizing on rocks of varied sizes,
at approximately 0.5 to 1 m above the water. They could also
be unusually found on the margin or into the water on the edge
of the stream. Juveniles are also found in these sStreams, but
they use to be close to the water, in small rocks, on the edge
of the bigger rocks or on the stream margin.

During the summer, when this study was carried out, the
weather is frequently clouded and foggy and the air
temperature almost does not vary during the day (20-24°C). In
the few sunny days, the temperature amplitude is higher (from
22-28°C) .

To access the escape distance of the H. asper individuals,
the observer approached each animal directly walking at a
moderate pace, until the animal tried to escape jumping into
the water. Measured to the nearest 10 cm using a plastic tape,
the escape distance was the distance between the observer and
the animal when the frog began to flee. If the animal escaped
only after Dbeing touched, the escape distance was registered
as 0 cm. A total of 197 fleeing observations were made, 42 in
a sunny day and 155 in a clouded and foggy day.

We have used the two-way ANOVA to compare the mean escape
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distance along the daytime, in the clouded and sunny days and
the interaction of these variables. The same analysis was used
to compare the mean escape distance of adults and Jjuveniles
and the interaction of this wvariation along the day.

The escape distance has significativelly varied along the
daytime starting bigger in the initial hours of the morning,
becoming smaller approaching the midday when it reached the
smaller values and rising again during the afterncon (Figure
1, Table 1) . This variation was much higher in the sunny day
with a mean variation of almost four times (figure la), while
in the cloudy day this variation was much more smoothed, with
a ﬁean variation not bigger than one time (figure 1b). The
escape distance have significativelly varied within the
interaction of the two variables, daytime and weather (table
1), showing that the daytime curve of escape distance varied
with the cloudiness of the day.

Analyzing the animals into two age classes, adults and
juveniles (SUL smaller than 39 mm) the mean escape distance
varied along the day and have differed in the two age classes
(table 2 and 3). However, the escape distance have not wvaried
with the interaction of this two variables (table 2), showing
that the daytime curve of escape distance are similar in the

two age classes.

There 1s a very good visual match Dbetween the color
pattern of H. asper and the rocks from the creeks were it 1is

commonly found. Therefore, crypsis is probably the first anti-
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predator strategy employed by this species of frog. There 1is
also a sort of backup strategy, which is to flee, Jjumping from
the perching rock into the water. This strategy 1s efficient
once a predator 1s able to overcome the initial crypsis
strategy and detects a perching frog as a potential prey.
However, 1f the frog flees every time it detects a potential
predator, besides the energetic costs of the escape itself and
the interruption of other important activities like foraging
and searching for mates, this response exposes the frog to the
predator for a couple of seconds, and may actually increase
the predation risk if it is taken at the wrong moment. The
shift from one strategy to the other is very critical, and
factors like the physioclogical state of the frog must be very
important. As ectotherm vertebrates, frogs have their motor
performance declined with temperature (Lillywhite 1987; Bennet
1980; Heckrotte 1967). Hence, under lower temperatures, frogs
would tend to presents a slower escape response, and therefore
it would be easier for a predator to capture the frog. In this
case, frogs would be expected to be more cautious, fleeing
earlier. This seems to be the case in our data, where the
escape distance was greater during the earlier hours of the
sunny morning, what in that area uses to be the coldest time
of the day. It declined along the day, increasing again after
the midday, that uses to be the hottest period in the study
area. In the cloudy day, with 1less sun light and smaller

temperatures, the escape distance of the frogs have varyied in
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the same manner Dbut 1in a reduced amplitude, varying Iless
dramatically. Many studies have demonstrated the influence of
temperature on the defensive behavior of a variety of
ectotherm wvertebrates. Prior and Weatherhead (1994), studying
the rattlesnake Sistrurus C. catenatus, showed that warmer
snakes were more likely to rattle and/or flee than cooler
snakes. Snakes are also more aggressive when tested at a lower
temperature (Arnold and Bennet 1984; Schieffelin and de
Queiroz 1991), also striking with higher wvelocity, greater
accuracy, and less hesitation (Rowe and Owings 1990). Lizards

like Anclis lineatopus alsoc tend to flee sooner as the

temperature decreases (Rand 1964). Nonetheless, we can not
rule out the influence of other factors on the variation of
the escape distance, like an increasing in the importance of

the perch to foraging or finding mates during the midday.
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Table 1. Two-way ANOVA comparing the mean escape distance along the

daytime and with the cloudiness of the observed days.

Variable DF F

P
Hour 6 8.739 <0.001
Weathexr 1 3.24¢6 0.073
Hour x Weather 6 3.535 0.002

Table 2. Two-way ANOVA comparing the mean escape distance along the

daytime and with the observed age class.

Variable DF F

p
Hour 9 2.076 0.035
Age 1 7.365 0.007
Hour x Age o] 1.15¢ 0.320

Table 3. Adults and juveniles mean escape distance (m) + SE in 1 hour

classes along the day.

Adult Juvenile

Hour n Mean {m) SE n Mean (m) SE
6-8 17 0.853 0.143 8 0.488 0.173
8-10 17 0.900 0.096 3 0.333 0.192
10-12 22 0.536 0.112 9 0.356 0.119
12-14 21 0.371 0.063 16 0.381 0.095
14-16 24 0.667 0.068 5 0.500 0.224
16~-18 7 0.643 0.146 0.350 0.143
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Consideragdes Finais

A densidade de individuos de Hylodes asper foil estimada

entre 31 e D54 individuos/ha de mata. Esta densidade é baixa se
comparada com outros anuros de chido de mata (Giaretta 1999).
Entretanto, como H. asper ocorre associada aos riachos, a
densidade ecoldgica (Odum 1983), calculada como a densidade
por &area de riacho, ¢é mais apropriada para determinar a
ocupacgao de espago por esta espécie. A densidade ecoldgica
variou entre 0,9 e 1,6 individuos/m?, ~valores estes,
semelhantes aos encontrados em outras espécies de riachos
(Inger e Greenberg 1966). Considerando-se a alta fidelidade ao
sitio de vocalizagdo e o comportamento agonistico dos machos a
aproximagdo de outros machos (Haddad e Giaretta 1999), esta
densidade pode ser considerada alta, o que poderia ser
explicado pela distribuicdo regular dos machos adultos nas
dreas ocupadas dos riachos, entremeadas com individuos juvenis
e fémeas, gue sdo mals tolerantes a presenca de outros
individuos (observacgdo pessoal do autor).

A estrutura etaria da populacdo variou sazonalmente. No
final do ano, antes do periodo reprodutive, a populacido &
formada basicamente por individuos adultos. Em janeirc, meio
da estacdoc reprodutiva, ocorre o recrutamento populacional,

guando muitos Jjovens estdao completando a metamorfose. Neste
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momento, a populagao ¢é formada por dois grupos etarios, os
adultos, gue estavam presentes ai hda um més e o0s jovens recém
metamorfoseados. No final de fevereiro, ao final da estacao
reprodutiva, © nuamerc de Jovens aumenta consideravelmente,
sendo entaco a populacdo composta basicamente por jovens e
alguns adultos gue sobreviveram até entdo. Crescendo numa taxa
mais elevada em comparacdo com a taxa de crescimento dos
adultos, os Jovens atingem a maturidade sexual em pouce mais
de oito meses, constituindo assim a populacdoc de adultos de um
novo inicio de estacao reprodutiva. Assim, a populaciao &
praticamente renovada a cada ano, © gue sugere a ocorréncia de
geracdes discretas.

Os anuros, de uma forma geral, tém crescimento continuo
(Daugherty e Sheldon 1982) e esta espécie ndo é uma excecgdo.
Os adultos continuam a crescer em seu segundo ano de vida, mas
numa taxa menor. knquanto o©s juvenis crescem no comprimento
rostro-anal (CRA) até 1,8 mm por més, os adultos crescem no
mesmo periodo no maximo 0,4 mm. Dentre os adultos, as fémeas
Cresceram mais rapidamente que o0s machos e atingiram tamanhos
superiores no final do ano, tendo até 4 mm a mais que um macho
de mesma idade.

Os testes preliminares com © método de lavagem estomacal
realizados em anuros de duas espécies invasoras em Campinas,
ndo matou ©0s animals e nao deixou resquicios de alimento nos
estémagos. Com H. asper, o método funcionou do mesmo modo, nao

matando os animais e se mostrando mais pratico e rapido que
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dissecar wum animal fixado. Como consequéncia da utilizacdo
deste método, ndo fol necessério sacrificar os individuos de
H. asper, © que possibilitou o acompanhamento da populacdo ao
longo do ano. 0Os individuos soltos apds a coleta do conteudo
estomacal sobreviveram e continuaram se alimentando. Dos 163
individuos analisados, 20% foram coletados novamente e destes,
88% continham algum alimento no estémago.

Quanto a alimentacao, © mals evidente foli a dieta
generalista de  H. asper. Sua alimentacdo foi rmuito
diversificadas, sendo constituida por presas terrestres,
agquaticas e aéreas de mais de 20 ordens taxondmicas. Hylodes
asper ingeriu desde mintsculos &caros com menos de 0,5 mm até
miriapodes com mais de 30 mm de comprimento. Esse resultado ja
era esperado, pols anuros e lagartos costumam comer gqualguer
presa que encontrem a sua frente e caibam em sua boca (Pianka
1983). Além disto, esta espécie vive em um dos mais diversos
ampbientes do planeta: riachos de mata tropical umida bem
preservada (Wilson 1988).

Os animails malores comeram, em média, maior guantidade de
itens maiores, mas continuaram comendo itens peguenos. Além da
variagao no tamanho da presa, houve grande variacao nos tipoes
de presas utilizadas, & medida gue aumentaram em tamanho. Este
fato € comum em anuros e lagartos (Wiggins 1992; Lima e
Moreira 1993) e geralmente é explicado pela
compartimentalizagdo de tamanho dos taxons dos artrépodos, que

difere entre o©0s taxa (Shoener e Janzen 1968). Parte da
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variacgdo da dieta em funcac do tamanho de H. asper pode ser
explicada por esta compartimentalizacdo. Quanto maior O
animal, maior foi o consumo de itens grandes como ortdpteros,
blatéarias, isdpteros e himendpteros ndo formigas, e menor foi
o consumo de 1itens peguenos, como formigas, que estdo entre os
menores itens da sua dieta. Entretanto, © consumo de algumas
categorias em funcdo do tamanho do anuro, ndo pode ser
explicada pela compartimentalizacdo dos tamanhos dos
artrdépodos. Os qguelicerados e o0s coledpteros, que foram mais
consumidos pelas r3s malores, possuem tamanho intermediario.
As larvas adguaticas, os decdpodes e o0s 1isdpodes, que foram
menos utilizados pelas ras maiores, sdo, em média, mailores gue
os quelicerados e coledpteros. Esses itens, cuja utilizacédo
ndo se explica por seu tamanho, podem ser divididos em duas
categorias: ©s terrestres e o0s da interface terra-agua. O0s
juvenis utilizaram proporcionalmente mais itens relacionados a
interface terra-agua gque os adultos, o que deve ocorrer devido
a sua maior permanéncia prdéximo a agua. Portanto, a variacao
ontogenética da dieta pode ser parcialmente explicada por uma
variacdo nos habitos e no uso de micro-habitat pelos anuros.
Esta variacao da dieta em funcdo do habitat ja foi observada
antes em peixes (Stoner e Livingstone 1984) e em répteis
(Clark e Gibbons 1869), sendo este o primeiro registro em
anfibios anuros.

Foi registrado um padrdo consistente na disténcia de fuga

tanto no dia ensolarado guanto no dia nublado: pela manhd a
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fuga ocorria a uma maior distancia, diminuindo proéximo ao meio
do dia e voltando a aumentar a tarde. Este padrdo é semelhante
ao registrado em répteis, nas quais a distancia de fuga é
menor nos horarios mais quentes do dia (Bennet 1980). Nos
periodos mails quentes, estes animais ectotérmicos estio com a
temperatura corporal mais elevada e fisiologicamente mais
ativos (Rocha e Bergalo 1990). Conseguentemente, quanto mais
aguecidos, mals ageis eles ficam e mais aptos a escaparem de
um potencial predador (Hertz et al. 1982). Sé entdo mudam da
tatica da camuflagem para a de fuga (Johnson 1970). No dia
ensolarado este padrdo fol mais evidente, com o0s animais
ficando bem mais tolerantes perto do meio dia, enquanto gue no
dia nublado, apesar de terem apresentado menor distancia de
fuga neste horario, sua tolerdncia & aproximacdo foi bem
menor. Esta observagdo reforca a hipbétese do aquecimento do
corpo aumentar a tolerancia dos animais & aproximacdo de
predadores.

Também foil registrada uma variacdo da distancia de fuga em
funcdo da ddade do animal. Houve uma menor oscilagado da
distancia de fuga nos Jjuvenis, gque se mostraram mais
tolerantes Que os adultos & aproximacdo do observador em todas
as horas do dia. Esta maior tolerdncia dos juvenis pode estar
relacionada a diversos fatores n&o exclusivos. Os Jjuvenis
podem ser menos habels ou menos experientes que os adultos no
reconhecimento de um predador em potencial; podem também, pelo

menor tamanho em relag&oc aos adultos, n&oc serem usualmente
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utilizados pPor predadores gue caminham sobre as pedras do
riacho, ndo sendo muito temerosos a sua aproximagdo. Por
Gltimo, por ocuparem microhdbitats mais prdéximos a agua que oS
adultos, podem ter maior facilidade de fuga, © que ©os tornaria

mals tolerantes a aproximacgdo do predador.
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Apéndice I

A Simple Stomach Flushing Method for
Small Frogs

CLAUDIOE. G. PATTO
Graduate Program in Ecology, Universidade Estadual de Campinas, C.P. 6109
CEP 13083-970 Campinas, Sdo Paulo, Brazil
e-mail: patto@obelix.unicamp.br

Amphibian dietary studies conventionally employ dissection
of fixed animals. This kind of study requires large samples, some-
times difficult to justify in light of amphibian population declines
(Wake 1991). Another drawback is the destruction of specimens
that could otherwise be useful for other purposes. Moreover, de-
structive sampling may interfere with population studies by af-
fecting density-dependent processes.

Non-destructive techniques have been used in a variety of di-
etary studies on large anurans including direct observation
(Murphy 1976), stomach eversion, and stomach flushing (Gittins
1987; Legler and Sullivan 1979; McAlpine and Dilworth 1989).
These methods, when carried out properly, cause low or no mor-
tality, do not disrupt population processes, and allow individuals
to be sampled repeatedly over time. However, dietary studies of
small frogs still rely on the collection and dissection of animals
(Lima and Moreira 1993; Vitt and Caldwell 1994).

In this report I describe an adaptation of the stomach flushing
method for use in small frogs. The method was used to study the
diet of the small leptodactylid frog Hylodes asper (Miiller), an
endemic species of the Atlantic forest of southeast Brazil. The
range of snout-urostyle length (SUL) of postmetamorphic indi-
viduals of this species varies from 20 to 47 mm.

After capture, frogs that were too strong to immobilize with
one hand (usually animals >35 mm SUL), were anesthetized for
a few seconds in a plastic bag containing cotton soaked with chlo-
roform. In preliminary tests of the procedure, three frogs died
after being exposed to chloroform for more than 20 seconds; 10
seconds of exposure seems to be a safe limit. Small individuals
were not anesthetized to avoid unnecessary trauma. I used chlo-
roform instead of liquid (L.eclerc and Courtois 1993) or injected
anesthetic (Letcher 1992) due to the faster recovery rate and be-
cause no anesthetic remains on the frog’s body.

Anesthetization prevented frogs from using their hands to re-
move the flushing tubes from their mouths. After anesthetization
I introduced a thin flexible silicone tube (Sigma Equipment: 1

Herpetological Review 29(3), 1998



mm OD and 0.5 mm ID, 5 cm long) through the mouth into the
stomach. When the tube reached the pylorus (the tube could be
felt through the wall of the-abdomen and the pylorus resisted fur-
ther introduction), it was retracted approximately 1 mm. I then
positioned the animal head down with its mouth pointing into a
100 ml collecting bottle and pumped water through the tube us-
ing a 20 ml syringe to wash out the stomach contents. While pump-
ing water, I firmly pressed the lower portion of the abdomen to
prevent water from opening the pylorus and allowing the passage
of food to the intestine. If I felt additional food through abdomi-
nal palpation, I repeated the procedure until all contents had been
removed. When the procedure produced no further stomach con-
tents, I repeated it once more to ensure that no food remained.

I toe-clipped study specimens for individual identification.
Anesthetized animals were allowed to rest before they were re-
leased at the place of capture. In most cases, the frog fled within
a few seconds by jumping. After release I preserved the stomach
content samples by adding ethanol to the collecting bottle.

During 18 days in the field, I obtained 121 stomach contents
from 97 animals. Twenty animals were recaptured, of which 13
were recaptured once and 7 twice. Food was found in the stom-
achs of 88% of the recaptures (only 3 of the recaptures lacked
food). This suggests that the animals were not injured by the pro-
cedure and resumed normal feeding activities.

To check if food remained in the frogs’ stomachs after flush-
ing, I dissected six animals, three that had been killed in a pre-
liminary collection and three that died during anesthetization tri-
als. None contained food remains in the stomach. I performed the
same test on an abundant invader species, Leptodactylus fuscus
(Schneider). Twenty animals with SUL ranging from 35 to 45
mm were flushed. Food was found in 60% of the animals and no
food remains were subsequently found by dissection.

The stomach flushing method can be used on small anurans
species as well as larger anurans. Most animals seem to recover
after release.The method may be especially useful for dietary
analyses of rare, endemic, or protected species, and in studies of
population processes or of long term population trends. Further-
more, the whole procedure takes approximately 10 minutes from
capture to release, somewhat less than that needed to sample the
contents of a fixed animal, and can be performed by one person.
The method uses little equipment, but must be performed imme-
diately on freshly captured animals to diminish digestive loss and
facilitate prey identification.
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