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RESUMO

O Paitand mao-grossense, com  goroximadamente 140000 kn?,  conditui a
maor planide inunddvd do mundo. E uma regifo de dima marcadamente sazond, com
chelas durante 0 verdo, as quais ndo estéo rdacionadas a precipitacdo locd. Este estudo
descreve as edratégias reprodutivas presentes em uma comunidade de anfibios anuros do
Pantand, Edado de Mao Grosso do Sul, regido Centrd do Brasl. Os dados foram
colelados no municipio de Corumba (57°00W, 19°34'S), entre os anos de 1995 e 2001
Foram invesigados o periodo reprodutivo e o padréo reprodutivo exibido pdas espécies
da comunidade, ocupacdo ambientd, modos reprodutivos, nimero de ovos por desova,
tamanho dos ovos, reagbes de tamanho-fecundidade, invesimento reprodutivo (IR) em
machos e fémess, dimorfismo sexud em tamanho, dém de comportamentos envolvendo
corte, acasdamento, territorididade e cuidado parentd. Vinte e quatro espécies de anuros
foram regidradas, didribuidas entre as familias Bufonidee, Hylidee, Leptodectylidee e
Microhylidee. A aividade reprodutiva concentrou-se no periodo chuvoso, gpresentando
um padrdo sazond, com 50% das expécies exibindo dividade reprodutiva explosva
Dimorfismo sexud em tamanho foi observado para a maoria das epécies, as fémess
sendo maiores que os machos. O tamanho da fémea corrdacionou-se podtivamente com
0 tamanho da desova e dos ovos O invesimento reprodutivo (IR) em fémeas, medido
como a porcentagem da massa do ova&io em reacdo a massa do corpo, vaiou de 55 a
18%. Comportamentos de desova mlitipla, com mas de um macho paticipando da
ovipodcdo, foram observados paa Leptodactylus chaquensis e L. podicipinus. O
tamanho rdaivo de testiculos de espécies poligndricas foi maior comparado a0 de outras
espécies, e a competicdo de esperma € discutida Um novo modo reprodutivo para o
género Leptodactylus é goresentado, tendo sdo observado para L. podicipinus Os
padrbes de dividade reprodutiva € modos reprodutivos regidrados para a comunidede do
presente estudo sB0 comuns em ambientes abertos e sazonas, como 0 Pantand. Além
diso, vaiagbes em caacteridicas reprodutives, principdmente  rdacionadas  a
fecundidade e IR, parecem ser um reflexo do padréo de aividade e modos reprodutivos
das expécies, mas também sofrem influéncias do dlima sazond da regiéo.



ABSTRACT

The Pantand, with an area of ggproximatdy 140,000 kn?, constitutes the world's
larges floodplain. The dimate is markedly seasond, with floodings occurring in the
summer, which ae not reaed to locd ranfdl. The present sudy describes the
reproductive drategies of an amphibian anuran community in the Pantand, Mao Groso
do Sul Sate, centrd Brazil. Daa were colected in the municipdity of Corumba
(57°00W, 19°34S), between the years 1995 and 2001 Were invedigaed: the
reproductive period and reproductive activity patterns exhibited by the species habitat
use, reproductive modes, number of eggs per cdutch and Sze of eggs Sze-fecundity
relaionships, reproductive invesmert (RI) in mades and femdes, and sexud dze
dimorphism (SSD). Addtiondly, behaviors involved in courtship, meting, teritoridity,
and paentad behavior were adso regigdered. Twenty four species were registered,
digributed in the families Bufonidee, Hylidee, Leptodectylidee, and Microhylidee. The
reproductive activity concentrated in the rainy period, exhibiting a seasond pettern. 50%
of the species presented the explosve breeding paten Sexud sSze dimorphism was
observed for the mgority of the species, with femdes beng larger than mdes. Sze of
femaes was pogtively corrdaed to cutch and egg Sze. The RI in femdes, measured as
the percentage of ovary mass reative to body mass varied from 55 to 18%. Multimde
spawning behavior was observed for two species, Leptodactylus chaquensis and L.
podicipinus. Rdaive testes sze of poliandric species was larger compared to other
goecies, and sperm competition is discussed. A new reproductive mode for the genus
Leptodactylus is described, which was observed for L. podicipinus. Reproductive activity
patterns and reproductive modes regisered for the dudied community are common in
open and seasond habitats like the Pantand. Furthermore, varidions in the reproductive
traits, especidly those concerning fecundity and RI, seem to be reated to the species
reproductive activity pattern and reproductive mode, but dso are under the control of the
seasond environmentd conditions of the region.



INTRODUCAO GERAL

As caacteridicas das higtorias de vida daetam diretamente a reproducdo e a
sobrevivéncia dos organismos. A complexidade e o interesse na evolugéo das histdrias de
vida surgem devido a0 fao de que os organismos possuem diferentes combinagbes entre
essas caracteridticas, as quais afetam a aptiddo (Stearns, 1992). Além diso, as
caracteridicas das higdrias de vida tém efeto sobre o crescimento e a manutencéo das
populagdes nos diversos tipos de ambientes (Cole, 1954).

A higdria de vida de um organismo pode ser vista como sendo o resultado de trés
processos hiologicos a manutencdo, o0 crescimento € a reproducdo, onde, para um
organigmo com tempo e energia limitados, tais processos irdo competir por esses recursos
(Gadgil & Bossert, 1970). Desta forma, se um organismo destina todos 0Ss Seus recursos a
reproducdo, nNéo pode a0 mMesmo tempo dedinglos todos a sobrevivéncia, e se dedica
muito do seu tempo e energia em cuidado da prole, Ndo pode a0 MesMo tempo  continuar
produzindo um grande nimero de descendentes Os beneficios procedentes de um
processo que sB0 conseguidos as expensas de outro € denominada permuta ou baanco
(“trade-off”) (Stearns, 1992). As pemutas tém dessmpenhado um pape centrd no
desenvolvimento da teoria referente as higorias de vida (Stearns, 1989), sendo que a mais
evidente é a que envolve o custo da reproducéo. Uma das mehores revisies sobre o tema
€ goresentada no trabalho de Bdl & Koufopanou (1986), que dtam duas formas
principais de custos associados a reproducdo: custo da fecundidade (corrdacdo negetiva
entre fecundidede atua e futura, devido a restrigbes na obtencdo de energia) e custo da
sobrevivéncia (riscos associados com  as  aividades reprodutivas que levam a uma

correlacdo negativa entre reproducéo e sobrevivéncia).



A idéa de que a reproducio compete por energia com outras fungdes no
individuo é tdo atiga quanto a propria bidlogia (Jnsson & Tuomi, 1994). Dede o
surgimento das idéas de Fsher (1930) sobre vaor reprodutivo, muitos trabahos foram
fatos com o obetivo de desenvolver moddos que mehor descrevam oS cudos
asnciados a reproducdo nos mas vaiados grupos taxondmicos (eg., Williams 1966,
Gadgil & Bosat, 1970; Ricklefs 1977; Clutton-Brock, 1984; Shine & Schwarzkopf,
1992; Niewiarowski & Dunham, 1998; Snervo, 1999).

A viso de cudo da reproducdo discutida aé agui tem rdacdo com a biologia
evolutiva, pois eda intimamente ligada a uma medida usada para quantificar os efetos
evolutivos da sdecdo naurd: a aptidd, como jA& mencionado. Porém, todos os
comportamentos tém adgum cudo fisoldgico que potencddmente pode ser medido como
gado de enegia (Ryan, 1992). Os animais ndo podem e eproduzir sem gestar energia e
diversos pesquisadores tém se empenhado em medir tad gasto energético (eg.,
Ftzpatrick, 1973; Bevier, 1997; Teda & Adams 1998, Buffrenil & Rimblot-Bdy, 1999).
Assm, 0 cudo da reproducio pode ser etimado no contexto figolOgico, aravés do gasto
energéticq ou evolutivo, através da diminuicdo da gptidd (Ryan, 1992).

O edforco reprodutivo é muito importante na evolucdo da hidtdria de vida, porque
dravés dde é possivd medir o custo da reproducdo (Stearns, 1992). Segundo o moddo
de higdria de vida proposto por Gadgil & Bossat (1970), eforqo reprodutivo é a
proporcio de recursos digooniveis para um  organismo, de determinada idede, que é
deginada a reproduco ao longo de um periodo definido de tempo. Porém, € muito mas
fédl definir do que medir td eforgo € sem dlvida 0 modo mas habitud de medi-lo

condse em edabeecer proporgdes como: maessa de gonadas em relacdo a massa do



corpo ou 0 volume da desova em rdacdo a0 volume corpord (eg., Clak et al.,1997,
Poizat et al., 1999). Mesmo estando longe do ided, tas medidas podem s gproximagdes
(tels quando se pretende unicamente comparar 0s esforgos reprodutivos (Begon et al.,
1996). De mandra gerd, os méodos Uutilizados para medides de cugto reprodutivo tém
sdo dvo de criticas e discussdes nos Ultimos 20 anos (eg., Stearns, 1989; Reznick, 1992
Snervo & DelNardo, 1996).

Os antfibios, pda dternancia, na maioria dos casos, de uma fase lavd agudica e
uma adulta terrestre, e pela edreita dependéncia de fatores fiscos do meio, condituem
um grupo interessante para £ estudar histdrias de vida (Barbault, 1984). Além disso,
exibem uma grande diversdade de modos reprodutivos, muito maor que a obsarvada em
outros grupos de vertebrados, principdmente os amniotas (Dudiman & Trueb, 1986).
Mas epecificamente, 0s anuros SB0 organigmos que exibem diversas vantagens em
edudos de campo, induindo fadlidade de captura, vishilidade e adequecéo em estudos
de experimentacdo (Howard, 1988), 0 que s nota pdo aumento do interesse nesse grupo
nos Ultimos anos principdmente com redacdo a0 comportamento  reprodutivo  (eg.,
Haddad & Giaettay 1999; Donndly, 1999, Bastos & Haddad, 2002, Giadta &
Kokubum, 2003).

O conceto de modo de reproducio em anfibios td como definido por Sdthe
(1969) e SHthe & Dudlman (1973), € uma combinacdo de faores que induem o locd de
desova, caracteridicas da desova e do ovo, taxa e duracdo do desenvolvimento larvd,
estégio e tamanho da larva recém eclodida e tipo de cuidado parentd, se exidir. Para os
anuros, Dudlman & Trueb (1986) dtam 29 modos de reproducdo e com 0 aumento de

edudos ecolégicos e de higdria naturd, principdmente das egpécies Neotropicas,



diferentes modos reprodutivos tém sdo descritos (e g., Haddad & Hodl, 1997; Haddad &
Pomba J., 1998, Haddad & Sawaya, 2000; Prado et al., 2002). Cabe entdo enfatizar que,
devido a essas caracteristicas comportamentais e reprodutivas  peculiares, 0s  anuros
gpresentamse como organismos-moddo para edudos de diversos aspectos da teoria de
histdrias de vida, principdmente aquelas rdacionadas a0 custo da reproducdo. Segundo
Ryan (1992), os anurcs tavez fornecam os mehores exemplos de dois dos cudos mais
Obvios associados a0 comportamento de corte dos machos risco de predacdo e gasto
energético com vocdizacéo.

Do ponto de vida evolutivo, edudos tém documentado relagbes entre variagbes
nes caracteriticas dos machos, como tamanho e perssténcia na vocdizagdo, e variagies
N0 SUCesD reprodutivo e susceptibilidade a predacdo (eg., Howard, 1981, Woodward,
1982; Wdls & Tagen, 1986, Hinshaw & Sullivan, 1990; Haddad & Bagtos 1997). Com
rdacdo as fémess de anuros, que devotam uma grande quantidade de energia para a
reproducdo, principdmente na forma de producdo de Ovulos 0 maor interesse na
vaiagdo do invetimento reprodutivo referese a rdacdo entre investimento e diferencas
interespecificas em cada modo reprodutivo (Ryan, 1992). Medides do nimero, tamanho e
contelido cadrico dos Ovulos tém Sdo usadas para se edimar 0 custo energético da
reproduco em fémees (eg., Sdthe & Dudlman, 1973; Crump & Kaplan, 1979; Bass,
1990; Lemckert & Shine, 1993).

Caacteridicas reprodutives, tais como freqiéncia de oviposcdo, nUmero de ovos
depostados em um periodo reprodutivo, o tamanho dos ovos e a quantidade de energia
contida neles refletem 0 modo de vida da espécie e as condigdes do ambiente em que das

vivem (Sebbins & Cohen, 1995). Um aumento no conhecimento da biologia de anfibios



implica em um amento do noso entendimento dos mecanismos da sdecdo naturd e
evolucdo (Pough, 1992). InformacOes sobre anfibios podem ser usades paa s tedar a
generdidade de hipiteses derivadas de estudos com outros taxa e podem, também, gerar
hipdteses que poderéo ser testadas, por sua vez, em estudos comparativos.

A maor dvesdade de egpéces de auros consglentemente de modos
reprodutivos, ocorre na regido Neotropicd, que possui 43,7% das egpécies ja desritas
(Dudliman, 1988). Apesy dessa grande diverddade, pode-s dizer que a anurofauna
Neotropicd € pouco conhecida, principdmente sob o ponto de vida reprodutivo, goesar
dos estudos ja redizados (eg., Dudlmen, 1967; Crump, 1974; Hodl, 1977; Dudiman,
1978, McDiamid & Gorzula, 1989; Praderio & Robinson, 1990; Gascon, 1993, Maquez
et al., 1993, Krigd & Richter, 1995). Estudos sobre investimento reprodutivo sio anda
mas raros (eg., Lampo & Mediddea, 1996, Perotti, 1997). No Bradl, a maior parte dos
trabahos com anurcs foi redizada na regido Sudeste (eg., Martins & al., 1998 Bastos &
Haddad, 1999; Eterovick & Sazima, 2000; Betolucd & Rodrigues, 2002 e na Floresta
Amazbnica (eg., Matins & Morera, 1991, Magnuson et al., 1999; Necke-Olivera et
al., 2000).

O Pattand mao-grossense, com  goroximadamente  140.000 kn?, conditui  a
maor planide inundavd do mundo (Alho et al., 1988). E uma regid de dima
marcadamente sazond, com um periodo de chuvas de outubro a auil e um periodo de
seca de maio a setembro. Apesar de chelas sazonals serem comuns na regido, eas néo
etf0 rdacionadas com a precipitacdo locd, ocorrendo devido a dificuldade de
escoamento das &guas (Amard Filho, 1986). O exato periodo e intenddade das cheias

podem vaia de um a0 paa O outro. Essas caracteridicas fazem do Pantand um



anbiente favoravd para 0 edtudo de edratégias reprodutivas, especidmente de animas
COMo anuros, extremamente sensiveis a tas vaiagbes do meo fisco. Apesar diso, 0
Pantand tdvez sga uma das &ess menos conhecidas do mundo sob o ponto de vida
cientifico (Por, 1995). Em rdacdo a anurofauna do Pantand, os edudos S0 também
ecasos, tanto sob 0 ponto de vida de sua composicdo taxondmica, quanto sob 0 agpecto
da biologia das espécies (Lutz, 1946, 1972 Bosch et al., 1996, Prado & Uetanabaro,
2000; Prado et al., 2000; Srissmann et al ., 2000).

Ede edtudo trata das edratégias reprodutivas presentes em uma comunidede de
anfibios anuros do Pantand sul, Estado de Mao Groso do Sul, regido Centrd do Brasl.
Os principas componentes das edratégias reprodutivas invesigadas foram: o periodo
reprodutivo e o padréo reprodutivo exibido pelas diferentes espécies da comunidade,
ocupacdo ambientd, modos reprodutivos, nimero de ovos por desova, tamanho dos ovos
e as rdagbes de tamanho-fecundidede, investimento reprodutivo em machos e fémess
dimorfismo sexud em tamanho, dém de comportamentos ewolvendo corte
acasdl amento, territorialidade e cuidado parentd.

A presente tese é gpresentada na forma de quatro capitulos. O primero capitulo
trata dos periodos reprodutivos das espécies de anuros que ocorrem na aea de estudo,
Seus modos reprodutivos € uso do ambiente O padréo de aividade reprodutiva foi
também corrdacionado a fatores ambientals, como precipitagdo, temperatura, umidade
rddiva do a e nivd do rio. O segundo capitulo descreve as rdagbes de tamanho-
fecundidade em fémeas, ou sga a rdacdo entre 0 tamanho do corpo das fémees e o
nimero e tamanho de ovos maessa do corpo e messa dos ovaios e o invesimento

reprodutivo (massa dos ovarios em reacdo & maessa do corpo), vaiagdes sazonas em



fecundidade, padréo de deposcdo do corpo gorduroso, dimorfismo sexud em tamanho e
rdacdo entre tamanho das fémeas e machos amplectados O tercero capitulo, publicado
recentemente no periodico Journa of Herpetology, descreve a ocorréncia de poliandria
amulténea, i. e, comportamento de desova mulltipla envolvendo vé&ios machos com uma
fémea, em duas espécies do género Leptodactylus L. chaquensis e L. podicipinus, com a
andise do tamanho relativo dos tedticulos em mechos. A massa rddiva dos tediculos foi
comparach entre 11 espécies da familia Leptodactylidae e mais 22 egpécies em diferentes
familias, paa as quas exidian dados disponivels na literatura No quato cagpitulo,
publicado no periddico Copea, € apresentada a descricio de um novo modo reprodutivo
para a egpécie de rd Leptodactylus podicipinus (Anura, Leptodactylidee), com uma

revisao sobre os modos reprodutivos apresentados pelo género.
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ABSTRACT. Annua patterns of breeding activity, reproductive modes, and habitat use
are described for a frog community in a seesond environment, in the southern Pantand,
Mato Groso do Sul date, Brazil. Daa were collected monthly between January 1995 and
December 1998. A totd of 24 gpecies were registered, didributed in the families
Bufonidae (3 <gpecies), Hylidee (10 species), Leptodactylidee (9 species), and
Microhylidee (2 species). Three reproductive activity petterns may be recognized among
the dudied species continuous, explosve, and prolonged; 50% of the species were
explosve breeders. Seasond pattern of reproduction was verified for three andyzed years
(1995-1997), with most gpecies breeding during the rany season (NowJan). The
reproduction was aseasond in 1998 due to unexpected rains in the dry season, leading to
an unusud breeding activity. Five reproductive modes were regisered, with 62.5% of the
oecies exhibiting the generdized aguetic mode, and 33.3% deposting eggs embedded in
foam nests. There was a grest overlap reaive to habitat types used for reproduction,
dthough tempord patitioning and some degree of cdling dte segregation could be
observed. The great occurrence of species that breed early in the rainy season and species
with explogve breeding patern is common in ssesond and open environments as the

Pantand, with a variable and unpredictable rain ditribution.



INTRODUCTION

Environmental  conditions  affects organisms  life hidory traits  playing an
important role in dructuring and regulaing ecologicd communities (e g, Toft, 1985;
Menge and Olson, 190; Wadther e d. 2002). Amphibian anurans are especidly
dependent on water and/or amospheric humidity for reproduction, mainly because they
are vulnerable to degiccation, & least in one phase of ther lives (e. g., egg, tadpole, or
post metamorphic). Generdly, anurans are capable of breeding throughout the yeer, but
dight varidion in environmentd conditions tends to edtablish breeding seasondity, and
annud vaidion in ranfdl seems to be the man factor inducing such periodicity
(Jargensen, 1992). Regarding breeding seesondity, anurans ae known to exhibit two
basic petterns 1) tropicd species, which ae cgpable of breeding throughout the yesr,
ranfal being the mgor extrindc factor controlling reproduction; 2) temperae Species,
where breeding activity is ssasond and dependent on a combingtion of temperature and
ranfal (Dudlman and Trueb, 1986).

Tempord andlor gpatid patitioning of reproductive resources  conditute
mechanisms by which syntopic taxa may avoid competition (Crump, 1971). Anurans may
differ in hebitat use for breeding, cdling dte, annud reproductive period, daly period of
cdling activity, and acoudtic features of advertisement cdl, which ae ds0 interpreted as
important isolating mechanians (e g, Wdls 1977, Haddad e d., 1990). Furthermore,
frogs exhibit a great diversty of reproductive modes manly in the Neotropics (Dudlmen
and Trueb, 1986), and the comprehenson of such diversty is crucda in underganding

anuran community organization (Dudlman, 1989; Hodl, 1990; Magnusson and Hero,



1991), dong with informaion on tempord and Sodtid didribution. In spite of this
descriptive data on reproductive patterns and habitat use in anurans, which are important
in determining paterns, are avalable for only a few tropicd assemblages (Donndly and
Guyer, 1994). Mogt dudies on breeding activity patterns and hebitat use of Neotropica
anuran communities have been caried out in the Amazon Basn (e g, Crump, 1974
Aichinger, 1987, Neckd-Olivadra e d., 2000) and in the Atlantic Ranfores,
southeedtern Brazil (e g, Haddad and Sazima, 1992, Bertoluc, 1998; Bertoluc and
Rodrigues, 2002). Studies on the phenology and hebitat use of anuran communities in
open seasond environments in Brazil are scarce (e g, Arzabe, 1999; Eterovick and
Sazima, 2000).

The Pantand conditutes the worlds largest flood plan (Alho & 4., 1988) in
Centrd South America, Brazil. The dimate is markedy seasond, with a defined wet
period and a long dry seeson. Hoods are comman in the region, but the exact period and
intengty of floods may vary from year to year. These festures make the Pantand a
favorable environment to sudy reproductive draiegies, especidly of anurans, which are
extremdy sendtive to environmentd variations. In spite of this, the anuran fauna of the
Partand is extremdy unknown both regarding its taxonomic compogtion and biology (e
0., Lutz, 1946, 1972, Bosch & d., 1996; Prado and Uetanabaro, 2000; Prado et d., 2000;
Sriissmann et d., 2000; Prado & d., 2002), and dudies on anuran community phenology
are lacking for this region.

Herein, we present data on an anuran community of a seasond environment in the

southern Pantana, western Brazil. Data collected during four consecutive years regarding



reproductive activity patterns, habitat use, and reproductive modes are described. The

influence of climatic conditions on the breeding activity of the species are dso verified.

MATERIALSAND METHODS

The Pantand is a sadimentary floodplan located in the southwestern Brazil, with
an aea of goproximady 140,000 km? (16° and 22° S 55° and 58° W), and devaion
between 75 and 200 m above sea levd. The topography is plan, formed mogly by
hidromorphic  soils, causng drainege problems, wha patidly explans its tendency for
periodic and prolonged floods (Por, 1995). The low water flow, frequently obstructed by
trangported duviona sediments, causes the formation of peculiar water bodies locdly
named “baias’ (lakes or ponds), “vazantes’ (naturd waer drainage channds during
floods), and “corixos’ (smdl permanent water courses with defined channds) (Willink et
d., 2000). Climae is ssasond (“Aw” type in Koppen's classfication), with wet summers
from October to April and dry winters from May to September. Ranfal concentrates
from November to January (fig. 1), with an aonud mean of 1,215 mm a the sudy Ste,
dong the Miranda river, between 1995 and 1998. For the same period, mean annud
temperature was 25.1 °C, vaying from 158 °C (June 1996) to 295 °C (January 1998).
Hoods are common in the region from January to April.

Due to its great extendon, and to the diverdfied topographic, dimatic, and
floridic trats in each region, the Pantand is commonly divided into many sub-regions

We use the divison proposed by Adamali (1982), with 10 sub-regions. The sudy was
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conducted in the subregions Miranda and Abobrd, munidpdity of Corumbg MS
(57°00W, 19°34'S), which are characterized by open formations included in the Cerrado
domain (savanna-like vegeation), with grasdand fidds and paches of semideciduous
forest. Furthermore, vegetation types include riparian foress and paiches of monotypica

formations as the “paraudd” (composed by trees ‘paratudo’, Tabebuia auregd), and the

“carandaza” (composed by pam tress‘ carandd, Copernida audrdis).

Field activities and Satistical analyses

Data were collected monthly from January 1995 to December 1998, with a
minimum permanence in the fidd of four days per month. The reproductive period of
eech species was determined based on cdling maes observed or heard during diurnd and
nocturnd surveys, and/lor presence of gravid femdes amplectant pairs, and/or tadpoles.
Whenever necessry, tadpoles were collected and reared in the laboratory up to
metamorphods to be identified. Reproductive activity peatterns exhibited by the species
were classfied as (1) continuous (sensu Crump, 1974); (2) prolonged; and (3) explosve
(sensu Wdls, 1977). Stes used for breeding were dasdfied as ran puddes flooded
aess, pemanent and temporary ponds. Reproductive modes were classfied according to
Duelman and Trueb (1986) and Prado &t d. (2002).

Occurrence of seasond reproductive pattern in a given year was verified through a
cdracular gaidicd andyss peaformed for the years 1995 to 1998 (Zar, 1999). Months
were converted to angles (eg., 0° = January to 330° = December, intervas of 30°), and
the frequency of occurrence of breeding species within each angle was cdculated. The

folowing parameters were estimated for each study year: (1) the mean angle @), which



corresponds to the mean date of the year around which most species were breeding; (2)
the circular standard deviation €); and (3) the vector r, a measure of concentration of data
aound the circle or year. Circular data andyses were peformed usng the ORIANA
software (Kovach, 1994).

The dgnificance of the mean angle (a), or the occurrence of seasondity, was
tesed using the nonparametric Raylegh test (2). We tested the hypotheses Ho: breeding
soecies are didributed uniformly (or randomly) around the circle or year; there is no
mean direction and consequently, no seasondity; Ha: breeding species are not uniformly
digributed around the year; there is a dSgnificat mean angle or meen direction and
consequently, there is some seasondity. The vector r, which may vary from 0 (when daa
is uniformly didributed) to 1 (when dl data are concentrated a& the same direction), was
used as a measure of the "degreg' of seasondity (see Mordlato & d., 2000). Breeding
patterns were dso compared among years. When the mean angle @) was sgnificant, 1. e,
when annua breeding pattern was seasond, we peformed two-sample Watson-Williams
test ) to verify if each year exhibited the same seasond pattern, or mean angle @) (Za,
1999).

Climdic daa were obtaned from a meteorologicd dation of the Universdade
Federd de Mato Grosso do Sul, located a the study dSte, a the research dation Base de
Edudos do Pantand, and from INPE — Ingdituto Naciond de Pesquisss Egpacias in
Brazil. River leved varidion a the sudy dte was obtaned from the Depatamento de
Hidréulica e TrangoortesCCET - Univerddade Federd de Mao Grosso do Sul. Number
of species breeding per month was corrdated to monthly maximum river leve, meen

monthly temperature, monthly totd ranfdl, and monthly rdaive amospheric humidity.



As mog vaiables were not normaly digtributed (ShepiroWilk W test), Spearman’'s rank

correlation coefficients (rs) were computed (Zar, 1999).

RESULTS

Annud breeding activity patterns

A totd of 24 anuran Species were regisdered a the dudy gte in 13 genera
digributed among four families (table 1): Bufonidee (1 genus 3 pecies), Hylidee (6
genera 10 species), Leptodactylidee (4 genera; 9 species), and Microhylidee (2 genera; 2
species). The reproductive period registered for the species are shown in table 1. Three
diginct annuad breeding petterns were registered for the loca anuran community (table

2): (1) continuous breeding, with three species (Hyla nana, Leptodactylus podidpinus

and Lysgpsus limdlus) reproducing throughout the year; (2) prolonged breeding, with

nine gspecies reproducing for a leest three consecutive months, and (3) explosve
breeding, presented by 50% of the species a the dudy gte, with short periods of
reproduction, occurring manly during the rainy seeson. Among the prolonged breeders,
the mgority adso reproduced in the rainy and warm season (October to March; fig. 1), but

two hylids Hyla punctata and Scinex fuscomarginatus, begen reproduction lae in the

rany season, after the flood has occurred, entering the dry months (January to May; table

1). Two explosve breeders Bufo schneideri and Leptodactylus cf. macrosternum,

reproduced sporadicaly during the dry months (table 1); the later species is naturdly
rare a the sudy ste and its reproductive period could be underestimated. Mdes of L. cf.

macrosternum were heard caling following unexpected rains or floods.



Reproduction occurred mainly during the rany seeson a the dudy Ste, in the
years 1995 - 1997, with mogt of the species breeding between November and January
(fig. 1). In 1998, &fter three months dmogt without rain, unexpected rains fdl in August
and September, what caused the occurrence of an explosive breeding activity out of the
expected pattern for the region (fig. 1). The crcular datisicad andyss (Rayleigh test of
uniformity) reveded that the breeding ectivity of frogs was sgnificantly seesond (table
3) for three of the four years tested, the exception being the year 1998.

Among the years with breeding activity dgnificantly seesond, the degree of
seasondity and mean date of pesk of breeding activity were much variadble. The degree of
seasondity (r) varied from 092 to 057 (table 3), which can be consdered high vaues.
Comparison of the mean angle among the years showed that the year 1996 (05 January)
differed sgnificantly from the years 1995 (14 November; F = 14.22; p < 0.001) and 1997
(30 November; F = 6.31; p = 0.01) regarding the pesk of breeding activity. The years
1995 and 1997 were not dgnificantly different concerning to the meen date where mogt
species were breeding (F = 146; p = 0.23). Number of species reproducing per month
was pogtively corrdated to locd ranfal (s = 0.60; p < 0.001; N = 44) and temperature
(rs = 051, p < 0001, N = 44), but was not corrdaed to reative amospheric humidity (rs
=018, p = 033, N = 32) ad river levd a the sudy ste (rs = -0.15; p = 040; N = 32);

river level was not correlated to locd rainfdl (p = 0.30; N = 32).



Reproductive modes and habitat use

Among the 24 anuran species regidered a the sudy Ste, five reproductive modes
were observed (teble 1). The generdized mode 1 (sensu Dudlimen and Trueb, 1986),
where eggs are depodted in lentic water and exotrophic tadpoles (sensu Thibaudeau and
Altig, 1999) devdop in water, was the mos common mode, occurring in 15 species
(625%) in the families Bufonidae, Hylidee, Leptodactylidee, and Microhylid (table 1).
Eggs embedded in foam nests occurred in eight spedies (33.3%) in the family
Leptodactylidee, but doubts remained concerning the occurrence of a sxth mode in the
leptodactylid Adenomera cf. diptyx, because we faled finding nests and tadpoles The
Mode 18, with eggs depodted on leaves aove waer and exotrophic tadpoles in lentic

water, occurred in only one hylid species (4.2%), Phyllomedusa hypochondridis.

Habitat use was tempordly and spaidly partitioned by the anuran community at
the study ste. Three disinct periods could be distinguished based on the breading activity
of the anurans (fig. 2): dry season, rany seeson, and flooding seeson. During the dry
season, the three continuous breeders, Hyla nana, Lysgpsus limdlus, and Leptodactylus
poddpinus, were observed reproducing syntopicaly in permanent ponds ("baias’ and/or
"corixos'), dthough, cdling dSte segregation has occurred (fig. 2A). Mdes of H. nana
generdly cdled from grass dumps or emergent aqudic vegetaion at the edge or in the
middle of the wae bodies L. limdlus cdled from the emergent aguetic vegetation
whose leaves lay on the water surface, and L. podidpinus cdled from the ground a the
edge of ponds. Another species that reproduced during the dry season was the explosve

breeder B. schneideri, whose mdes cdled from the margin of large ponds generdly in



places lacking aguatic vegetation. Mades of L. cf. macrodernum were observed cdling
during the dry season in flooded areas formed by unexpected rains or floods.

In the early rainy season, a maximum of 18 species could be heard smultaneoudy
emitting advertissment cdls. Many species usad the same dtes for reproduction (fig. 2B);
a leest nine goecies, some of them explosve breeders, could be observed reproducing
syntopicdly in recently formed ran puddles Among these nine species mdes differed
regarding cdling stes usad (fig. 2B). Other species cdled from large ponds (“baies’

and/or "corixos'), as H. nana, Hyla raniceps, L. limdlus, and Pseudis peradoxa, but they

eventudly dso occurred in large ran puddies Adenomera cf. dyptix, Leptodactylus
denae, and L. fuscus are leptodactylids that depodt eggs in foam nests in subterranean
chambers out of the water bodies. Mdes of A. cf. dyptix cdled from the ground, among
grass dumps, in the grasdand fidd subjected to periodic floods. Mdes of L. eenae cdled
from the ground, among the forest litter in the gdlery foret subjected to floods and
maes of L. fuscus cdled from the ground, in open aress a the edge of temporary ponds
or depressons dso subjected to floods. Phyllomedusa hypochondridis deposted eggs on
leaves of grass above water. Maes of this species were observed emitting advertisement
cdls from the grass leaves in temporay ponds or recently flooded aress with cleen and
transparent water.

Periodic floods were common from January to April a the sudy dSte, and after the
water had invaded the grasdand fidds, the number of species reproducing decreased
from aout 18 to eght (fig. 2C). During this period, dong with the three continuous
breeders, some prolonged breeders, as H. reniceps, P. paadoxa, and Physdaemus

dbonotatus, continued breeding in pemanent ponds and flooded aress. The hylids H.



punctata and S. fuscomarginatus, that began reproduction after the floods, were observed
reproducing & peculir Stes. Mades of H. punctata cdled from the emergent aguaic
vegetation in the middle of large waer bodies geneardly associated to the river. Mdes of
S. fuscomarginaius called from the emergent grass dumps in flooded grasdand fidds
Among the continuous breeders, H. nana and L. limdlus reproduced in al types of water
bodies (permanent ponds ran puddes and flooded aess), ad Leptodactylus

podidpinus occurred in permanent ponds and flooded aress.

DISCUSSION

Annud bresding activity patterns

The Peantand is induded in the Cerado-Caglinga-Chaco doman (Dudlman,
1999), which extends from northeastern Brazil to northern Argentina This doman is
characterized by a subhumid to semiarid dimae high temperatures, and low ranfdl, that
concentrates in a short rany Season; concerning the topography, it is included in the ds
Andeen lowland region (Dudlman, 1999). Approximady 100 species of frogs occur in
the Cerrado-Cagtinga-Chaco domain, and this number is conddered low regarding its
extendgon, ca 4,655000 kn? This low diversty is dtributed manly to the low annud
ranfdl, long dry seeson, and plan topogrephy of the region (Dudlmen, 1999). Ranfdl
and topogrephy are condgdered important factors determining diversty and degree of
endemism among amphibians in South America (Dudlman, 1999). To dae, 41 anuran
goecies ae known to occur in the Pantand and surrounding plateau (PCBAP, 1997,
Strissmann et a., 2000), dthough many regions have not been adequady sampled yet

(Strissmann e d., 2000). Thus, the low diversty of anurans regisered for the sudy ste



was expected, mainly when compared to foreted and humid aress known to exhibit great
anuran diverdty through South America (e g, Crump, 1974; Heyer e d., 1990
Dudiman, 1999).

Breeding activity in anurans can be divided into two basc patens explosve and
prolonged (Wels 1977), where explosve breeding refers to breeding periods of a few
days to a few weeks, whereas prolonged breeding refers to breeding periods of more than
a month. However, Wdls (1977) noted that these categories represent two ends of a
continuum, and in fact it is difficult to assgn a pettern to tropicd species which exhibit
vaiable breeding patens As a consequence, many dudies present dternative
classfications regarding anuran breeding activity paterns (eg., Crump, 1974; Bertoludi,
1998; Bertoluc and Rodrigues 2002). At the study Ste, most species reproduced during
the rainy season, where 50% were explosive breeders, 37.5% were prolonged breeders,
and 125% exhibited continuous reproduction. This seems to be the common pettern in
seasond  environments  throughout the Neotropics. In southeestern Brazil, & two seasond
gtes in the Atlantic Ranfores, only 16 to 11% of the species exhibited continuous
breeding, and 60 to 70% of the species reproduced excdusvey or predominantly during
the rany seeson (Betolud, 1998, Betolud and Rodrigues 2002, respectivey). At two
gtes in northeastern Brazil, in the Cadtinga domain, with a severe dry season, among 20
oecies regigered, most reproduced in the rany season, but none was observed
reproducing throughout the year (Arzabe, 1999).

Although ranfdl is one of the mogt important extrindc factors determining
reproduction in anurans (Dudlman and Trueb, 1986; Donndly and Guyer, 1994), species

cgpable of reproducing throughout the year are not rare in seasond  environments



(Bareto and Moreira, 1996, Prado et d., 2000; Betoluc and Rodrigues 2002, present
dudy). In generd, continuous breeding species ae not habita specidiss, and
reproduction can occur due to avalability of waer bodies dong with other favorable

abiotic and biotic conditions This seems to be the case of H. nana, L. podidpinus, and L.

limdlus in the Pantand. However, cdling activity by made frogs occurs more frequently
than actud reproduction (Donndly and Guyer, 1994), and as a consequence, the link
between cdling and breeding in the Neotropics should be made with cauttion. For the
continuous breeders in the southern Pantand, actud reproduction was verified for L.
limdlus and L. podidpinus in dmogt dl months sampled, induding the dry months (see
table 1).

Breeding activity of anurans was seasond a the dudy Ste, with most species
reproducing in the rainy season in three of the four studied years. Number of species
breeding corrdated podtively to ranfdl and temperature. The breeding activity of
anurans that inhabit sessond environments is generdly associaed to periods of rain, both
in the tropics (e g, Aichinger, 1987; Donndly and Guyer, 1994, Betoud and
Rodrigues, 2002) and in temperae regions (e g, Banks and Beebee, 1986; Cddwdl,
1987). However, the occurence and quantity of rans varied among years a the study
dte, and this had a direct effect in the breeding period of the anurans, years differed
regarding number of active goecies and pesk of breeding activity. The effect of ranfal in
regulating anuran breeding activity was most evident when many species that generdly
reproduce in the rainy season, could dso breed in the dry seeson in 1998, during
unexpected heavy rans A dmilar Studion was regigered for an anuran community in

another seasona region in Venezuda (Hoogmoed and Gorzula, 1979), where anuran



reproduction is generdly seasond; unexpected reproductive activity of some  gpecies
occurred throughout the year because there was no dry season. Neverthdess, Donndly
and Guyer (1994) rasd the quetion tha assgning pond-breeding anuran assemblages
as seasond, aseasond, or continuous depends on the sampling frequency, and should be
done with care because many species can be explosve and active for only a few days,

being not detected in a few-days sample method.

Reproductive modes and habitat use

Reproductive mode in amphibians was defined by Sdthe (1969) and Sdthe and
Dudlman (1973) as being a combination of trats that incdludes ovipostion Ste, ovum and
clutch characteridtics, rate and duration of devdopment, age and sze of hachling, and
type of parentd care, if any. More than 30 modes have been recognized for the anurans
(Dudlman and Trueb, 1986; Haddad and Sawaya, 2000; Prado e d., 2002), and the
greatest anuran diversty regarding reproductive modes occurs in the Neotropics
(Dudlman, 1988), with 30 known reproductive modes (Haddad and Sawaya, 2000).
Reproductive modes tend to be more diversfied in forest habitats, with the occurrence of
many teredrid modes manly due to high tempeaures high ranfdl, and high
amospheric moisure, which in combination prevent eggs from desccation (Hodl, 1990).
In seasond  habitats with a pronounced dry season, the generdized mode, with eggs
depogited in lentic water bodies and aguatic tadpoles is most widespread (Dudlman and
Trueb, 1986). The generdized reproductive mode occurred in 62.5% of the species in the

present study. Such proportion is higher compared to other seasond  environments in



South America, like the Checo, in Argenting, with 50% of the species exhibiting the
generdized reproductive mode (Peratti, 1997), and in a savanna area in Venezuda, where
57.7% of the frog species exhibit the generdized mode (Hoogmoed and Gorzula, 1979).
Apat from the makedly seesond dimate, other factors may contribute to the great
occurrence of gpecies that exhibit the generdized mode in the Pantand, as the habitat
homogendty, with absence of andl dreams and rocky habitats manly due to the plan
relief which characterizesthe region.

The modes that incdlude eggs embedded in foam nests were the second more
frequent among the frogs a the sudy Ste, beng present in 33.3% of the species High
proportions of modes with eggs in foan nedts were regigered in other seasond
environments in a sudy in the Caatinga domain, northeestern Brazil (Arzabe, 1999), 35%
of the goecies exhibited such modes, in the Carado doman (Eterovick and Sazima, 2000)
agoproximady 38% of the species were regidered laying eggs in foam nests, and in a
savanna-like area in Venezuda (Hoogmoed and Gorzula, 1979) 30.8% of the species
depodted eggs in foam neds. In contrast, in more humid and forested habitas, these
proportions decreese subdtantialy. Sudies conducted a the Atlantic  Ranfored,
southeastern Brazil, registered the occurrence of species with foam nests a proportions
vaying from 87 to 192% (Haddad and Sazima, 1992; Bertoluc, 1998; Bertolucd and
Rodrigues, 2002), and in the Amazon Basn the proportions vaied from 6.2 to
goproximatdy 20% (Crump, 1974; Aichinger, 1987; Hod, 1990). The high proportion of
modes with foam nests in the Pantand, and other seasond regions, could result from the
fact that the foam nest is conddered to be an adaptation to seasond  environments,

unpredicteble regarding rainfdl, as the foam prevents egg desccation when water bodies



dry up (Heyer, 1969). Furthermore, other functions of foam nests have been proposed, as
the maintenance of a thermaly advantageous environment for larva development, as the
white foam reflects heat (Gorzula, 1977, Dobkin and Gettinger, 1985, Downie, 1933),
which is dso important in open and warm habitats as the sudy sSite in the Pantand.

According to De la Riva (1996), species in the genus Adenomera can exhibit two
reproductive modes. mode 22 (Dudlman and Trueb, 1986), with eggs in foam nedts
depodted in  subteranean  chambers and  endotrophic  tadpoles that complete
metamorphoss indde the chambers, and mode 21 (Dudlman and Trueb, 1986), typicd of

goecies in the Leptodactylus fuscus group, where foam nests are deposted in subterranean

chambers and exotrophic tadpoles, subsequent to floods or rans, ae caried to naturd

water bodies to develop. Adenomera diptyx or Adenomera hylaedactyla can occur a the

dudy sSte. These goecies are pargpatric, with a broad zone of contact in the sate of Mato
Grosso and esdern Bolivia (De la Riva, 1996), but exhibit different reproductive modes.
Adenomera hylaedactyla presents the reproductive mode 22 and A. diptyx exhibits the
mode 21, which is conddered to be an adaptation to xeric environments where the latter
species occurs - the Paraguay River Badn (De la Riva, 1996). Based on morphologica
description, environmentd  traits and  geographic  didribution provided by De la Riva
(1996), we conddered the species of Adenomera in the present dudy as beng A. diptyx.
The observation of the reproductive mode and tadpoles are necessary to confirm the
identity of this taxon, as well as the occurrence of a sixth reproductive mode in the region.

Many species used the same dtes for reproduction & the dudy aea in the
southern Pantand, athough, year-round tempord patitioning could be obsaved (fig. 2).

Interspecific competition for reproductive resources (eg., cdling dtes, ovipogdtion sStes)



was suggested to be important in organizing tropica frog assemblages (Crump, 1971).
However, many dudies have been suggedting tha resource patitioning in amphibians
may result from three main causes, of which competition is only one the other two are
predation and factors that operae independently of interspecific interactions, as
physologicad condrants (eg., Toft, 1985, Dudlman, 1989; Donndly and Guyer, 1994).
Dudlman (1989) pointed out that in seesond habitats, abiotic factors, especiadly seasond
droughts, have detrimentd effects on some species populations, mainly anurans. During
the dry months, only four species reproduced in permanent ponds a the sudy dSte, and
this low activity could be atributed to physologicd condrants reated to lower
temperatures and decrease in water availability.

More than two third of the species, most of them explosve breeders, reproduced
in the early rainy season a the sudy dte. In this period, after the firs heavy rains and soil
saturation, tenporary ponds and rain puddles formed and were rapidly colonized. At lesst
nine species could be observed breeding a the same habitat type, forming huge and noisy
choruses. However, mdes diffeeed in reaion to cdling dte utlization. For frog
communites  breeding  synchronicdly, diffeeences in  the advertisement cdl
characterigics, and patitioning of cdling and ovipostion dtes ae assumed to be
important  reproductive  isolation  mechanisms,  fadilitating  species  recognition  and
preventing mismaings (Hod, 1977; Dudiman and Pyles, 1983; Hadded e d., 1990,
1994). Many dudies on frog assemblages have demondraed differentid use of cdling
and ovipogtion gtes (Crump, 1974; Hodl, 1977; Eteovick and Sazima, 2000), as

observed for the anuran assemblage in the Pantand.



However, hybridization between two dose rdaed species, induded in the Bufo
granulosus group, was regidered a the dudy gte. Although, hybrid pars have not been
observed during this sudy, andyss of preserved specimens from that locdity reveded
the presence of hybrids (P. Narvaes and C. P. A. Prado, pers. obs). Haddad et d. (1990)

dso regigered hybridization between two species of Bufo, Bufo ictericus and Bufo

crucifer, in southeestern Brazil. Although the species differed regarding advertisement
cdls hybridization was fadilitated by two ressons (1) the explosve breeding behavior
exhibited by the species and (2) the overlgp of period and sSte of reproduction. As
explosve breeding is characterized by active search and par displacement peformed by
mdes, there could be reduced opportunities for mate sdection by femdes (see Wels,
1977, 1979), causng the formation of intergpecific pars Hybridization between species
of Bufo in the “granulosus’ group a the study dSte may result from the same reasons, as
they are ds0 explosve breeders and breeding period, cdling, and ovipostion Stes were
totally overlgpped.

In the flooding season, dmost dl water bodies become connected a the Sudy gte,
functioning as a big and shdlow lake The number of species of frogs breeding in the
flooding seeson decreased from 18 to about eight. By this period, fish colonization and
insect lavee proliferation occur in the flooded fidd. Although the great water
avalability, predation pressure on eggs and tadpoles and maybe, dterdtions in water
chemidqry (e g, pH, oxygen disolved), may act as inhibitor factors, redricting
reproductive activity of many species Predation on anuran eggs and larvee, the latter
manly by wae bugs (Bdosomatidee, Hemiptera) and dragonfly nymphs (Odonata),

was frequently observed a the aguetic Stes during the sudy. The utilization of recently



foomed and ephemerd water bodies in the ealy rany season, manly by explosve
breeders in seasond environments, is generdly corrdated to aguatic predator avoidance
(Crump, 1974; Heyer, 1976; Eterovick and Sazima, 2000). Frog species that breed early
in the rany peiod in seesond ewironments generdly, reproduce in ran  puddes,
depost many smdl eggs, exhibit multiple dutches, and rgpid larvd devdopment, which
dlow the lavee to explore food sources before insect and fish colonization, avoiding
predators a the same time (Bareto and Morera, 1996, Eterovick and Sazima, 2000).
Thee features make the early breeder species extremdy successful in seasond and
unpredicteble habitats, which seems to be confirmed by the grest occurrence of early

breeders and explosive species a the study Ste in the southern Pantandl.
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Table 1. Frog species regidered for the southern Pantand, Brazil, ther reproductive

modes, and breeding period based on cdling maes, recorded from January 1995 to

December 1998. R presence of gravid females, dutches, and/or tadpoles

Species Mode Reproductive Period

Bufonidae

Bufosp. 1 (gr. granulosus) 1 ° o oR oR

Bufosp. 2 (gr. granulosus) 1 ° o oR R

B. schneideri 1 oR oR oR oR

Hylidee

Hyla nana 1 oR R @ o o o R gR R R

H. punctata 1 ° e o

H. rani 1 oR oR d oR ® R

Lysapsus limdlus 1 oR R oR oR oR ©® R R oR @

Phrynohyas venulosa 1 oR oR @

Phyllomedusa hypochondridis 18 oR @ o oR R

Pseudis paradoxa 1 o oR R © ® R

Scinax acuminatus 1 oR R oR R

S. fuscomarginatus 1 ® oR o o

S nasicus 1 oR R oR oR oR
Months J F A M J J A S O N




Continuation Table 1.

Species Mode Reproductive Period

L eptodactylidae

Adenomera cf. diptyx 2lor22 o o o o o o

L eptodactylus chaguens's 8 o oR @ oR oR o

L. elenae pal o o o o o

L. fuscus 21 R o o o o o R 4

L. cf._macrosternum 8 o o o

L. podidpinus & oR © oR gR R ® @ gR gR @ R @

Physalaemus abonotatus 8 oR oR o o oR oR @

P. cf. biligonigerus 8 ° R R

Pseudopaludicola cf. falcipes 1 oR o o °

Microhylidee

Chiasmodeis mehdlyi 1 R

Elachistodeis cf. bicolor 1 ° R o ® oR oR o
Months J FMAMJI J A S O NTLE

Reproductive modes. (1) eggs and exotrophic tadpoles in lentic water; (8) foam nest and
exotrophic tadpoles in lentic water; (18) eggs on leaves above water; exotrophic tadpoles
in lentic water; (2) foam nest in subterranean chamber; exotrophic tadpoles in lentic
water; (22) foam nest in subterranean chamber; endotrophic tadpoles ingde the chamber
(Dudlman and Trueb, 1986); (88 eggs and ealy lavad sages in foam nedts in basns
congtructed by maes; exatrophic tadpolesin lentic water (Prado et d., 2002).



Table 2. Reproductive ectivity paterns regigered for the frog species in the southern

Pantand, Brazil.
Explogve Prolonged Continuous
Bufosp. 1 (gr. granulosus) Hyla punctata Hylanana
Bufosp. 2 (gr. granulosus) H. reniceps Lysapsus limellus
B. schneideri Phyllomedusa hypochondridis L eptodactylus podidpinus
Phrynohyas venulosa Pseudis paradoxa
Scinax acuminatus Scinax fuscomarginatus
S. nasicus Adenomeracf. diptyx
Leptodactylus chaquenss Leptodactylus elenae
L. cf. macrosternum L. fuscus

Physdaemus cf. biligonigerus Physalaemus dbonotatus
Pseudopdludicola cf . falcipes

Chiasmodeis mehdlyi

Elachisodes cf. bicdor




Table 3. Reallts of drcular datigica andyss testing for the occurrence of seasondity on
breeding activity of frogs in the southern Pentand, Brazil, in four consecutive years
Mean date (=mean angle) when most species were obsarved reproducing is shown in

parentheses when ggnificant. N = sum of frequencies of breeding species registered a

esch angle.
Years

1995 19% 1997 1998
Observations (N) 72 101 111 75
Mean angle (a) 314.14° 4.71° 331.04° 215.5%°

(14 Nov) (5 Jan) (30 Nov)
Circular gandard deviation () 75.82° 8348 919 115.33°
Length of mean vector (r) 092 0.74 057 027

Rayleigh test of uniformity (p) <0.001 <0.001 <0.001 027
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Figure 1. Percentage of species breeding per month and monthly ranfal regigered a the

dudy dte in the southern Pantand, Brazil, in the years 1995, 1996, 1997, and 1998.
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Figure 2. Schematic representation of the gpatid and tempord digribution of the frog

species regigered for the south Pantand. (A) Dry season; (B) rainy season; (C) flooding

Season. Species 1- Hyla nana, 2- Lysspsus limdlus, 3- Bufo schneideri, 4- Leptodactylus

poddpinus, 5 Pseudis paradoxa, 6- H. raniceps, 7- Phyllomedusa hypochondridis, 8 L.

chaquenss, 9- Phrynohyas venulosa, 100 Scinax nedcus, 11- S acuminaus, 12- Bufo sp.

1 (or. granulosus), 13- Bufo sp. 2 (gr. granulosus), 14- L. fuscus, 15 Adenomera cf.

dptyx, 16~ Psaudopdudicoda cf. facpes 17- Poysdaemus dbonotatus, 18

Elachigodeis cf. bicdlar, 19- L. denae, 20- S. fuscomarginatus, and 21- H. punctata.




CHAPTER 2
REPRODUCTIVE STRATEGIESIN AN ANURAN ASSEMBLAGE

IN A SEASONAL ENVIRONMENT IN THE PANTANAL,
SOUTHWESTERN BRAZIL

PRADO, C. P.A.and C. F. B. HADDAD



REPRODUCTIVE STRATEGIESIN AN ANURAN ASSEMBLAGE IN A

SEASONAL ENVIRONMENT IN THE PANTANAL, SOUTHWESTERN BRAZIL

Cynthia P. de A. Prado3 and Cédlio F. B. Haddad?

1 Depatamento de BiologiaddCCBS, Universdade Federd de Mao Grosso do Sul, Caxa
Pogtd 549, 79070-900 Campo Grande, Mato Grosso do Sul, Brazil.

2 Depatamento de Zoologia, Indituto de Biociéncias, Univerddade Edadud Pauliga,
Caixa Pogtd 199, 13506-900 Rio Claro, S2o Paulo, Brazil. Email: haddad@rc.unesp.br

3 Present address Depatamento de Zoologia, Ingdituto de Biociéncias, Universdade

Edadud Pauliga, Caxa Posd 199, 13506900 Rio Clao, S50 Pauo, Brazil. E-mal:

cpap@rc.unesp.br

Key words Anurans, Sze-fecundity reationships, Reproductive invesment, Sexud dze

dimorphism, Mating systems, Fat body, Seasondity, Pantand, Brazil



ABSTRACT. The reproductive drategies present in an anuran assemblage in the
Pantand, Brazil, were sudied. The frog assemblage a the study Ste was composed by 24
frog species in four families. Three reproductive paterns, explosve, prolonged, and
continuous, and five reproductive modes were verified among the species Sexud dze
dimorphigm in shout-vent length (SVL) and mass was veified for the mgority of the
goecies, femdes being larger than mdes Corrdaion between mde and femde sze in
amplectant pairs was investigated for three gpecies Mde dze was postively corrdated to

femde dze only in Lysspsus limdlus. Nonrandom and assortaive maing in these

species are herein discussed. Femde body Sze was postively corrdaed to dutch sze
among sven of the eght species andyzed. However, results of linear regresson andyss
between body sze and clutch sze may be influenced by seasond vaiation in fecundity.
Interspecific dze-fecundity reationships reveded that femde SVL was postivey
corrdlated to dutch 9ze and egg dze independent on the reproductive mode. Species
exhibiting teredrid reproductive modes presented smdl dutches and lage eggs
compared to species with aguatic modes Among 11 species andyzed, the reproductive
invesment (ovary mass relaive to body mass - RI) varied from 55 to 18%, and there
were no differences in Rl among the reproductive modes. RI corrdated negatively to
femde sze proportionatdy, larger femdes tended to invest less in gonads Among three
Leptodactylus species examined, negative corrdation between ovay mass and fa body
mass was verified for two species. Vaidions in the reproductive drategies seem to be
cloe rdaed to the reproductive activity paterns and modes exhibited by indvidud

species, but may aso be under the control of environmental conditions.



INTRODUCTION

As life higory trats afect organism reproduction and survivorship, most of the
interes in gudying life higory evolution comes from the different possble combingions
of these traits which affect the fitness (Stearns, 1992). An important component of the life
higory is the reproductive drategy, which can be defined as the combination of
physologicd, morphologicd, and behaviord trats that act together to produce an
optima number of offsoring under certain conditions (Dudlman and Trueb, 1986). Some
components of the reproductive drategies include gametogenic cyde reproductive
period, reproductive life gpan, fecundity, duration of deveopment, and reproductive
investment, including parental care (Dudlman and Trueb, 1986).

According to the life hisory mode proposed by Gadgil and Bossat (1970), the
reproductive invesment, dso cdled reproductive effort, is the proportion of resources
avalable to an organiam of ceatan age which is invested in reproduction during a
defined period of time However, it is much esder to define than to measure such
invesment, and the mos common method used condds of edablishing proportions as
gonad mass rdative to body mass or dutch volume rdative to body volume (eg., Crump,
1974; Lemckert and Shine, 1993; Perotti, 1997). In femde frogs, which devote a grest
anount of energy in reproduction, manly in egg production, the mgor interes in
reproductive invesment is rdaed to interspecific vaiaions occurring in each
reproductive mode (Ryan, 1992). Smilar interes is related to variaion in fecundity and
egg Sze among species with different reproductive modes (e g, Sdthe and Dudlman,

1973, Crump, 1974). However, compadive dudies on reproductive invesment and



fecundity are scarce for Neotropicad frogs inhabiting the seasond Chaco-Pantand domain
(e. g., Perotti, 1997; Prado et d., 2000).

Concarning the evolution of life higories sexud dze dimorphism (SSD) is a veay
dudied and controversd point in amphibians (e g, Shine 1979, 1989, Hdlidey ad
Verdl, 1983, Monng and Cherry, 2002). Femde frogs are usudly larger than maes, and
two man hypotheses have been proposed to explan both the extent and direction of SSD:
(1) sxud Hection, occurring through mae-mde competition or femde choice of mates
(e g, Shing 1979; Kaskaros and Shine 1997, Emerson, 2001) and (2) ecologicd
divergence between the sexes, as differet growth rates age a fird maturity,
aurvivorship, and differentid  energetic condraints (e g, Howard, 1981; Woolbright,
1989; Monnet and Chery, 2002). Increase in fecundity has been suggested to be an
important sdective pressure leading to an increese in femde body sze (Shing, 1989), a
the other d9de, mae-mde agonidic interactions could favor lager maes (e g, Shine
1989; Kagkaros and Shine 1997). According to Shine (1989), potentidly, SSD may
evolve in response to any of these factors done, or through a combination of these
evolutionary forces acting Smultaneoudy or in a sequence.

Sexud sdection through made-mde competition or femde choice of maes is d
invoked to explan pdaterns of mding in anurans (e ¢, Howard, 1978, Wells 1979
Tgedo, 1988). Wdls (1977) dasdfied anuran reproductive activity into two basic types
based on the duraion of the breeding season, which he namdy prolonged and explosve
breeding. Intendty of mdemde competition and opportunities for mate choice by
femdes ae highly influenced by these two peterns of reproduction, which in

consequence influence par formaion (e g, Tgedo, 1988, Bourne, 1993; Bagtos and



Haddad, 1996). In explosive species, breeding period is very short, femdes arive a the
dte smultaneoudy, maes active search for maes and atempt to displace maes dready
in amplexus (Wdls, 1979). As a oconsequence, opportunities for mae sdection by
femdes ae reduced (Wdls 1979). Femdes of gpecies with prolonged breeding season
arive a the breeding dte asynchronoudy, maes defend territories used as cdling Stes or
for ovipogtion, and femaes choose mates among the available mdes (Wells, 1979).

The reproductive drategies of frog species in a Neotropica seasond assemblage
ae heen dexribed. Components of the reproductive draegies invedtigaed were
fecundity and egg dze sexud dze dimorphigm, par  formation, Sze-fecundity
rdaionships, and reproductive invesment. Seasond  varidion in fecundity was
invedigated, comparing egg production in the wet and dry season. Individud varidion in
gonad mass and fat body mass was d0 invedtigated. Vaiations in reproductive drategies
were discussed in rdation to variaion in reproductive period, reproductive activity

pettern, and reproductive mode exhibited by individua species

MATERIALS AND METHODS

Sudy dte The Pantand is a sedimentary floodplain located in the southwestern
Brazil, with an area of gpproximady 140,000 km? between the pardds 16° and 22° S
and 55° and 58° W. It extends through the dates of Mato Grosso and Mao Grosso do
Sul. Climate in the Pantand is markedly seasond (“Aw” type in Koppen's classfication),
with wet summers from October to April and dry winters from May to September.
Rainfdl concentrates from November to Jenuary, with an annud mean of 1,215 mm a
the sudy dte, between 1995 and 1998. For the same period, mean annud temperaure

was 251 °C, vaying from 158 °C (June 1996) to 205 °C (Jenuay 1998). The



topography is plan, formed modly by hidromorphic oils, causng dranege problems
what patidly explans its tendency for periodic and prolonged floods (Por, 1995), which
are common in the region from January to April.

The gsudy was conducted in the municipdity of Corumbd MS, a the Pantand
Ressarch Station, Federd Universty of Mao Grosso do Sul (57°00W, 19°34'S). The
region is characterized by open formations induded in the Cearado doman (savanna-like
vegetaion), with grasdand fidds and peatches of semideciduous forest. Furthermore,
vegetation types include riparian forests and patches of monotypicad formetions as the

“paraudd” (composed by trees ‘padudo’, Tabebuia aured), and the “carandazd”

(composed by pam trees‘ carandd, Copernicia audrdis).

Daa collection. Data were collected from Jenuary 1996 to December 1998, with a
minimum permanence in the fidd of four days per month. Additiond data were collected
in the rany season (Octobe-March) in the years 1995, 1996, 2001 and 2002. Clutches
were collected in the fidd, or obtained from amplected pars and fixed in 5% formdin.
Eggs of each clutch were counted (= clutch sze) and individud egg diameters were
measured to the nearest 0.1 mm with an ocular micrometer in a Zeiss stereomicroscope.
When few dutches were found, number and dze of maure ovarian eggs were used to
edimate clutch and egg Sze.

Sout-vent length (SVL) of individuds was measured with a cdiper ruler to the nearest
01 mm. Body, mature ovaries, and ovaian fa bodies were measured on eectronic
balances to the nearest 0.001 g for the larger species, and 0.0001 g for the smaler ones

ater being blotted to remove excess liquid. Amplectant pars were collected and the



raios mae SVL to femde SVL, and made mass to femde mass were aso determined.
Percentage of mature ovarian mass redive to body mass was used as a messure of
reproductive investment (RI).

The reproductive period of each species was determined based on cdling mdes observed
or heard during diund and nocturnd surveys, and/lor presence of gravid femades,
amplectant pairs, and/or tadpoles. Reproductive activity paterns exhibited by the species
were cdassfied as (1) continuous (sensu Crump, 1974); (2) prolonged; and (3) explosive
(sensu Wels 1977). Reproductive modes were dassfied according to Dudlman and
Trueb (1986) and Prado et d. (2002).

Saidicd andyss. Vaiddles were teted for normdity (Shepiro Wilk W test)

before each andyds. Sze-fecundity reaionships were veified through lineer regresson
andyds (Zar, 1999). Rdationships between clutch sze and femde SVL and dutch sze
and femde body mass (body mass — ovay mass) were verified for individud species
Reationships between dutch sze and femde SVL, egg Sze and femde SVL, ovary mass
and femde mass, and reproductive invesment and femade mass were compared among
different species. Conddering dlomelric rdationships between organ sze and body dze
to megt daidicd assumptions, and to dlow biologicd interpretetion and comparison
(King, 2000), we cdculated linear regressons with log-transformed data. Differences in
mean SVL and mass of mdes and femdes (incduding gravid and non gravid femdes),
and between mated and unmated maes, were verified through one-talled Student’s t-test.
Pearson corrdation coefficient was computed to verify corrdaion between the sze of
mdes and femdes in amplexus. Reproductive invesment (RI) was compared among

different reproductive modes through the Kruska-Wadlis test. When varigbles were not



normaly digributed, nonparametric tets were peformed (Mann Whitney U-tet and
Spearman rank corrddion). Results were consdered datidticaly ggnificant a the leve

of P=0.05. Statigticd andyses were computed in the Excd XP and Statigtica 6.0.

RESULTS

Sudied frog assemblage. The anuran assemblage a the study Ste was composed

by 24 frog species didributed among four families Bufonidee (1 genus 3 pecies),
Hylidee (6 generas 10 species), Leptodactylidee (4 generay 9 pecies), and Microhylidee
(2 genera; 2 species, Table 1). Reproductive activity concentrated in the rainy season
(November to January), with 50 % of the gspecies exhibiting the explosve breeding
pattern. Three species were continuous breeders, reproducing throughout the year (Hyla

nana, Lysgpsus limdlus and Leptodactylus podidpinus). Nine species were conddered

prolonged breeders reproducing for more than three consecutive months. Five
reproductive modes were obsarved among the frogs a the dudy dte, with 625 %
exhibiting the generdized aguatic mode, and 33.3 % deposting eggs embedded in foam
nests in the water (Table 1; Chapter 1 for details). Terredtrid modes were exhibited by

the phyllomedusnee Phyllomedusa hypochondridis which deposits eggs in leaves above

water and tadpoles develop in lentic water, and the leptodactylinee Leptodectylus fuscus,

which deposits eggs in foam nedts in terrestrid subterranean chambers and tadpoles are
caried to the pond subsequent to flooding. Doubts on the occurrence of a sxth

reproductive mode remans reaive to Adenomera cf. diptyx. However, based on data

presented by De la Riva (1996), herein we assume that this species presents a terrestria

reproductive mode Smilar to that described above for L. fuscus.



Sexud sze dimorphism (SSD) and amplectant pars Among 17 Species

examined, SSD in shoutvent length (SVL) occurred in 13 (76.5%) species, with femdes

being larger than mdes (Table 2). Femdes of Scinax fuscomarginatus, Leptodactylus

chaguends, Leptodactylus cf. macrogernum, and Physdaemus dbonotatus were not

ggnificantly larger than mades. Sexud dimorphism in mass was examined for 13 species,
and femdes were heavier in nine pecies (69%; Table 2). Body mass of mdes and

femdes were not dgnificantly different in Phrynohyas venuloss, S fuscomarginatus, L.

chaquens's, and P. dbonotatus.
Corrdation between dze of mdes and femades in amplexus was verified for three

species Scinax acumindus, an explosve breeder, L. limdlus, a continuous breeder, and

P. dbonotatus, a prolonged breeder. Neither SVL nor mass of femdes were corrdaed to
mde dze in S acuminatus and P. dbonotaius (Table 3; Fig. 1 A, C). For L. limdlus only
SVL was invedtigated, and femde SVL was postively corrdaed to mde SVL (Table 3;
Fg. 1 B). The ratio mde to femde sSze showed tha femdes in amplexus tended to be
larger than mdes in S acuminatus and L. limdlus (Table 3; Fg. 1 A, B). In contragt, for
P. dbonotatus, maes in amplexus tended to be larger and heavier than femdes (Table 3,
Fg 1 C). Maed and unmated mdes did not differ sgnificantly in sze in S. acuminaus
and L. limdlus, but mated mdes were ggnificantly larger and heavier than unmaed
maesin P. dbonotaius (Table 4).

Larger femdes tended to mate with rdaivey smdl maes compaed to smdl
femdes in S acuminadus and P. dbonotatus. The ratio mae to femae SVL correlated
negaivey to femde SVL in S acuminaus (r = -0.66; P < 001, N = 23; Fig. 2 A) ad P.

dbonotatus (r = -090; P < 000L; N = 14; FHg. 2 C), but such corrdation was not



sgnificant for L. limdlus (r = -0.28; P = 0.28; N = 17; Fg. 2 B). The raio mde to femde
mass a0 correlated negetively to femae mass both in S, acuminatus (r = -0.79; P < 001,
N = 14) and P. dbonotaius (r = -0.72; P = 0.04; N =8). Variances in sze of mdes and
femdes in amplexus were then veified. For S. acumindus, variances in SVL were not
sgnificant different & = 151, p = 017; N = 23), but femdes exhibited more variance in
mass compared to males F = 393, p < 00L; N = 14). For P. dbonotaus, there were not
sgnificant differences in mass (E = 1.01; p = 049; N = 8), but variance in femde SVL
was dgnificantly higher compared to mdes (E = 4.67; p < 001, N = 14). For mdes and
femdes of L. limdlus, variances in SVL were not Sgnificantly different (F = 080; p =
0.33, N =17).

Sze-fecundity relaionships. Of the 24 species occurring & the study dte, data on

clutch and egg Sze were obtained for 17 species (Table 5). However, due to the smdl
sanple dze for some species, reationship between dutch sze (= number of eggs per
clutch) and femde SVL was verified for eight species and between clutch sze and
femae body mass for ax species (Table 6). Body Sze was pogtively corrdaed to clutch
gze in the mgority of the species with body mass explaning more variaion in dutch
sze compared to SVL (see vdues of regresson coefficients - r2 in Table 6). For L.
fuscus, neither SVLL nor body mass were sgnificantly correlated to clutch sze.

Usng daa shown in Tables 2 and 5, interspecific Sze-fecundity rdationships
were dso veified. Clutch 9ze was podtively corrdaed to femde SVL among the
pecies compared (2 = 0.60; P < 001, N = 16). However, the species with terredtrid
reproductive modes, P. hypochondridis A. cf. diptyx, ad L. fuscus, exhibited much

andler cutches than expected (Fig. 3), and two Species that depost eggs in foam nedts



on the water, L. podidpinus and P. dbonotatus, exhibited larger clutches compared to the
remaning species. Egg diameter dso corrdaed pogtively to femade SVL (2 = 043; P <
001; N = 16). Species with teredrid modes, mainly P. hypochondridis and L. fuscus
exhibited larger egg Szes compared to the remaining species (Fig. 4). Exduding the three
goecies with teredrid modes, the reationship between body Sze and egg Sze became
even gronger (r2=0.68; P<0.01; N = 13).

Reproductive _investment. Mean  reproductive  invesment  (RI), induding dl

gpecies and reproductive modes, was 12.8% + 44 (N = 11), ranging from 55 to 18%
(Table 5). For the species exhibiting aguatic eggs, mean Rl was 11.7% * 4.6 (range =
5.518%; N = 6), for the frogs with aguatic foam neds, it was 15.9% + 0.8 (range = 15
16.6%; N = 3), and for two species with terredtria eggs, values of Rl were 6.8% for L.
fuscus and 16.2% for P. hypochondridis. RI was not Sgnificantly different among these
three categories of reproductive modes (KruskatWadlis H = 092, df = 2, P = 0.63).
Ovay mass showed to be grongly corrdaed to femde mass among the species andyzed
(P = 091; P < 0001; N = 11; Hg. 5). Although, results of lineer regresson andyss
reveded a negative corrdaion between Rl and femae mass (12 = 0.38; P = 0.04; N = 11;
Fig. 6), i. e, females of larger species tend to invest less in ovaries. Rl in femdes of L.
chaguenss, an explosve breeder that deposits eggs in foam nests on the water, was much

higher than expected (Fig. 6). In contrast, femdes of two Species, Pseudis paradoxa, a

prolonged breeder that exhibits the generdized aguatic mode, and L. fuscus, ancther
prolonged breeder, but with a terredtrid reproductive mode, invested much less in ovaries

(Fig. 6).



Seasondl in_fecundity and relationship between ovarian mess and fa
body mess For two continuous breeders, H. nana and L. poddpinus, ovaian egg
production in the wet and dry season was compared. Femdes of H. nana produced, on
average, 250 £ 130 (range = 139 - 551; N = 10) mature ovarian eggs in the wet season
and 218 *+ 106 (range = 120 - 364; N = 7) in the dry season, but such difference was not
dggnificat (Mann Whitney U-tet: W = 280 P = 049). Femdes of L. poddpinus
produced a mean of 2272 + 464 (range = 1,700 - 2960; N = 9) ovarian eggs in the wet
season ad a meen of 1,766 + 393 (range = 1,304 - 2526; N = 8) in the dry season. For L.
podidpinus, ovarian egg production in the wet and dry season differed Sgnicantly (t =
2.4, P =001).

Correaion between ovay mass and fat body mass was verified for femdes of

three Leptodactylus species, L. chaguenss, L. fuscus, and L. poddpnus. A ggnificant

negdaive corrdation between ovary mass and fat body mass was verified for the explosve
breeder L. chaguendgs (Spearman rank corrdation: g = -0.74; P < 005, N = 50; FHg. 7 A)
and for the prolonged breeder L. fuscus (rs = -0.69; P < 0.05; N = 21; Hg. 7 B). For the
continuous breeder L. podidpinus, there was no corrdation between ovary mass and fa

body mass (rs=-0.16; P > 0.05; N = 27; Fig. 7 C).

DISCUSSION
In anurans, femaes are larger than maes in 90% of the species (Shine, 1979). In
the present dudy, femdes were lager and heavier than mdes in the mgority of the
soecies. Sexud sdection and/or ecological factors have been suggested as responsible for

differences in sze between mdes and femdes (e g, Shine 1989, Emerson, 2001,



Monnet and Cheary, 2002). Increese in fecundity is pointed out as being one of the man
forces leading to an increese in femde body sze (e g, Crump, 1974; Shine, 1989).
Herein, clutch sze corrdated postivey to femde body sze in seven of the egth species
examined, even in those ecies whee SSD was abset (L. chaguenss and P
dbonotatus). For severd frog species where femdes are larger than maes, it has been
shown that larger femdes produce larger clutches or eggs (e g, Howard, 1978;
Woolbright, 1989). However, in the dudies mentioned above, other ecologicd factors
were suggested to explain the larger sze of femdes, as higher predation pressure on brger
mdes, due to their exposure during breeding activities as teritorid defense or cdling

activity (e g, Rana catesbeiana: Howard, 1981), or energetic condraints, resulting from

mde reproductive behavior, that reduced growth (e g, Eleutherodactylus coqui:

Woolbright, 1989).

Of the 17 spedes examined in the present dudy, four did not exhibit SSD.
Presence of mae-mde combats was pointed out as leading to an increese in mde body
Sze, being responsble for the absence of SSD in some species (Shing 1979, 1989). For
L. chaquenss, mde-mde combats were dready reported (Prado and Haddad, 2003), and
it is possble that combats between mdes are dso present in L. cf. macrogernum, a

soecies incduded in the same group of L. chaguenss, the Leptodactylus ocdlaus group

(Heyer, 1969). Sexud sze dimorphism was dso absent in P. dbonotaius at the study ste,
and in a populdion in Argenting, mdes ae dightly larger and heavier than femdes

(Yanosky et d., 1997). Mde-mde combats in this species which is induded in the

Physdaemus cuvieri group, were not recorded during the present sudy. However,

combats between maes were observed for other species in the same group, as P. centrdis



(Bradleiro, 1998b), where SSD is dso absent (Bradleiro, 1998a), and P. cuwvieri (Barreto
and Andrade, 1995). These data suggest that it is posshle that mae-mae combats are dso
present in P. dbonotatus. In the case of the hylid S. fuscomarginaus, few femaes (N = 3)
were included in the andyss, what could explain the aosence of SSD.

The idea of mde-mde combats leading to absence of SSD, or mdes larger then
femdes, was hadly criticized (e g, Hdliday and Verdl, 1986; Hadliday, 1987; Haliday
and Verdl, 1988) because combats between maes were extensvely recorded dso for
soecies where femdes are larger than mdes (e. g, Hyla raniceps: Guimardes, 2000,
Guimardes et d. 2001, Phyllomedusa hypochondridis: C. P. A. Prado, pers. obs; Scinax
rizbliss Bastos and Haddad, 1999, 2002). More recently, four modds have been
proposed to explan SSD in anurans (see Haliday and Tgedo, 1995) based on differences
in growth trgectories and age a maturation between the sexes. According to this modd,
divergence in sze occurs when growth rates are amilar but one sex mature fird, or both
sexes mature at the same age but continue to grow at different rates, or when age a
maturity and growth rates are different in both sexes. There is no SSD when sexes mature
a the same age and grow a dmilar rates. Indeed, most sudies show that maes mature at
ealier ages (e g, Howad, 1981, Maquez e d., 1997), and in the minority of species in
which femdes are amdler than maes, maes are the older sex (Monnet and Cherry, 2002).
In a recent dudy incuding 30 species in eight genera, Monnet and Cherry (2002) dso
suggest tha SSD can be explaned in terms of differences in age between the sexes, and
that if sexud sdection has an effect, it may be secondary.

Among the species where size of mdes and femdes in amplexus were andyzed,

mde dze was not dgnificantly corrdated to femde Sze in S acumindus and P.



dbonotatus. For L. limdlus, mde SVL was podtively corrdated to femde SVL. Mating
sysems of most anurans ae nonrandom, which is genedly dtributed to mae-mde
comptition or femde choice (e g, Wdls 1977, Robetson, 1990). Pogtive corrdation
between sze of mdes and femdes in amplexus has been reported for many anuran
goecies, indicating assortative mating, with femdes choosng ther mates by dze (e g,

Robertson, 1990; Bourne, 1993; Bagtos and Haddad, 1996). Lysapsus limdlus is a

continuous breeder (Prado and Uetandbaro, 2000; present study), which implies that
femdes may have the opportunity to choose cdling mdes that are resdent and defend
territories (C. P. A. Prado, pers. obs). For S. acuminaius and P. dbonotaius, where sze
of mdes and femdes in amplexus were not corrdated, intendty of mdemde

competition could explan the lack of such corrdaion. Scinax acumingus exhibits an

explosve breeding pettern, which is characterized by dterndive tactics employed by
maes to obtan mates, as active search of femdes and atempts to displace amplexed
mdes (Wdls, 1977). Even if femdes of S auminaus exhibit preferences mades
employment of dternative tactics may mask femde choice, what was observed for other
secies (e g, Wdls 1979; Bourne 1993). Physdaemus dbonotaius is a prolonged
breeder and is included among the minority of the species where sexes are not dimorphic
in gze (present dudy). In P. centrdis, another species in the P. cuvieri group where SSD
is ds0 absent, 9ze of mdes and femdes in amplexus were not corrdaed (Brasilero,
19989 and mde fighs ae rdaivdy common (Bradlero, 1998b). Mae-mde
competition in these species may aso afect mating drategy, with larger maes excluding
or diminishing mating sucssess of smdler maes by controlling better territories Smilar

Stuation was reported for Addotus brevis, a species where mdes are larger than femdes



(Kaskaros and Shine, 1997). An evidence which may support above prediction was the
fact that among the three species andyzed, only in P. dbonotaus unmated maes were
sgnificantly smdler than mated ones.

For the gpecies dimorphic in d9ze, amplexed mdes were andler than femdes On
average, anplexed maes of L. limdlus attained 85% of the femades SVL, and mdes of
S. acuminatus reached 84% of femdes mass and 98% of femades SVL. For some anuran
soecies with axillay ampexus, it has been shown that femaes choose mdes of a certan
dze, proportionatdy smdler, to better juxtgpose ther doacee and optimize egg
fetilization (e g, Licht, 1976; Robetson, 1990; Bourne, 1993; Bastos and Hadded,
1996). However, amplexed mdes of P. dbonotatus were dightly larger and heavier than
femdes, and, apparently, this fact did not affect egg fertilization or ovipistion behavior
(C. P. A. Prado, pers. obs). Variances in sze of mades and femaes in amplexus were
andyzed. For S. acuminaus and P. dbonotatus, femaes were more varidble in sze than
mades, what could explan the negdive corrdation between the raio mae to femde sze
and femde sze Lager femades may not have maes proportionatdy large to mate with
compared to smdl femades For L. limdlus variances in dze of maes and femdes did
not differ, and no negative correation was found.

Although femade sze corrdated postively to cutch sze in most species, vaues of
the regresson coefficients (r?) were much varigble among species herein andyzed. Body
gze explaned from 25% of variaion in dutch gze in H. raniceps and L. limdlus, up to
65% in L. podidpinus. Femde sze is pogdtivdy corrdated to fecundity in many Species
of frogs (e g, Berven 1988 Lemcket and Shine, 1993; Liddecke, 2002), but egg

production may exhibit condderable vaidion among femdes in a dngle population (e



0., Beven 1988, Lemckat and Shine 1993). Besdes sze other factors may influence
femde fecundity, as environmentd conditions and femde nutritiond dae (e g, Rys,
1988, 1989; Lemckert and Shine, 1993). In prolonged or continuous breeder Species, egg
production may dso differ if messured a different moments (e g, ealy, mid, or lae
season) during the breading seeson (e g, Praderio and Robinson, 1990; Giaretta and
Kokubum, 2003). Vaiaion in the regresson coefficients (?) in the present study could
be rdated to the fact tha, for most species, samples included femdes and cdlutches
collected in different years or different seasons (dry/rainy) in the cases of the prolonged
and continuous breeders. In the present sudy, nether SVL nor body mass corrdaed to
cdutch sze in L. fuscus, but in another populaion gudied in northern Brazil (Martins,
1988), SVL and number of ovarian eggs were pogdtively corrdaed. An explandion could
be that for the populaion in the Pantand, femdes collected in different reproductive
seasons were andyzed together, as mentioned above. In the study conducted in northern
Brazil, only femdes from a dngle reproductive episode were induded in the andyss
But such differences could dso be relaed to populaion differences, or even, they could
be explaned by the exigence of more than one species being currently identified under
the nameL. fuscus (Wynn and Heyer, 2001).

Our reaults on variation in fecundity of L. poddpinus and H. nana seem to
support predictions mentioned above. Femdes of L. podidpinus a continuous breeder a
the study Ste, produced less ovarian eggs in the dry season compared to the rainy season,
and dmilar results were regigered for another continuous breeder in the Pantand, L.
limdlus (Prado and Uetanabaro, 2000), and for Cologtethus trinitatus in a seasond region

in Venezuda (Praderio and Robinson, 1990). Andysng dl avalable femdes and



clutches of L. podidpinus, nor SVL ndther body mass corrdaed Sgnificatly to cutch
Sze (” =009, p=023 N =17, and 2 = 012, p = 0.21; N = 15; respectively). But when
femdes were andyzed separetdy by seasons both SVL and body mass were highly
corrdaed to clutch sze (Table 6). In contradt, the other continuous breeder, H. nana, dd
not exhibit differences in egg production between the dry and rainy seasons a the study
dgte Even induding femdes from different seasons in the andyds body sze was
podtivdy corrdated to cutch Sze. Although both species are continuous breeders, our
results suggest that they exhibit different responses to environmentd changes. In the case
of L. podidpinus, prey avalability may diminish during the dry seeson afecting femde
nutritiond date (Praderio and Robinson, 1990) or, as noted by Crump (1974), it is
possible that females regulate egg production according to climetic conditions.

Conddeing the reproductive modes in amphibians, from the most generdized
aquaic to the mog terrestrid modes, number of eggs depodted tends to decrease while
egg Sze incesses (Sdthe and Dudlmen, 1973, Crump, 1974; Dudlmaen and Trueb,
1986). Such negative corrdaion has been extensvely confirmed by many dudies on
reproductive modes in anurans (e g, Crump and Kaplan, 1979; Hodl, 1990; Peratti,
1997). Although only three terrestrid modes occur a the dudy Ste, such tendency could
adso be observed. The species P. hypochondridis, which deposits eggs on leaves above
water, and Adenomera cf. diptyx and L. fuscus, which depost eggs in foam neds in
subterranean  chambers, presented smdler clutches and larger eggs (FHgs 3 and 4)
compared to spedes exhibiting aguatic modes (aquactic eggs and aguatic foam nests).
Two species that exhibit aguatic foam nests, L. poddpinus and P. abonotaius, presented

larger clutches compared to other species. Perotti (1997) compared the ovary sSze factor



(Dudlmen and Crump, 1974), a method to messure fecundity which takes into account
egg Sze, among species in different families and different reproductive modes in the
Chaco, Argentina Two leptodactylid species present in the Chaco  community, L.

chaguends and Physdaemus hiligonigerus, that dso deposit eggs in foam nests on the

water, presented higher vaues of fecundity compared to other species (Perotti, 1997). It
would be necessary data on other species with aguatic foam nests to test whether such
large cdutches ae phylogenetic determined or a common trait associated to ther
reproductive mode,

Femde SVL was postivey corrdated to dutch Sze in 16 species in different
anuran families in this dudy, as regisered before for other frog assemblages (e g.,
Crump, 1974; Lang, 1995). However, body mass and mature ovary mass showed a much
higher corrdaion. Regarding Szeffecundity reationships, in comparison to SVL, body
volume or mass give a more accurate meesure of the sze of the frog's internd cavity and
more clearly defines the ovarian cgpacity of anurans (e g, Crump, 1974; Lang, 1995,
Prado e d., 2000). Our results support previous sudies, with body mass explaining more
vaidion in dutch 9ze compared to SVL. Egg Sze and body sze were not sgnificantly
corrdated in a sudy conducted by Lang (1995). However, Lang (1995) tested the
correlation with sreambreeding hylid frogs which exhibited low vaiaion rddive to
egg Sze All the dreambreading species exhibited relaive lage eggs probably a
redriction associated to the ovipodtion environment. Perotti (1997) compared egg Sze
among species with different reproductive modes and found that egg Sze was postivey

correlated to body Sze, as observed in the present study.



Reproductive invetment (RI), measured as percentage of ovary mass redive to
body mass, varied from 55 to 18% among frog species in the present dudy. However,
the Rl did not differ dgnificantly among the three categories of reproductive modes
tested: aquatic eggs (RI of 11.7%), agquatic foam nests (Rl of 15.9%), and terrestrid eggs
(Rl of 11.5%). Percentage of dutch volume redive to body volume was examined for 23
gecies in different families and with different reproductive modes in Santa Cexilia,
Ecuador (Crump, 1974). Smilarly to vaues obsarved for the frogs in the present Sudy, a
Santa Cecilia rddive dutch sze vaied from 3.1 to 182%, the smdlest vdue being tha
of the largest species, Bufo mainus, and larges percentage being that of the smdl

treefrog Hyla cruentomma. Crump (1974) found an inverse rdaionship between the

reproductive invesment and body Sze and 0 did Peotti (1997), in Argentina An
inverse redionship was adso observed for the frog community in the present sudy. This
negative trend indicates that as body Sze increases, proportionately less of the body sze
is accounted by the ovary Sze, or less is invested in gonads. Crump (1974) suggested that
probably this results from the fact that large species have a proportionately larger amount
of supportive tissue.

The frog L. chaguenss invested more in gonads than expected, and L. fuscus and
P. paadoxa much less (Figs 5 and 6). Ecologicd differences among these species
regarding reproductive activity patterns, reproductive modes, and number of clutches a
femde can depost during a sngle reproductive period may explan such differences.
Many dudies showed that individud femdes can produce more than one clutch per
reproductive season (e. g., Perrill, 1983; Lemckert and Shine, 1993). Based m presence of

immaure ovarian eggs in nearly every gravid femde Crump (1974) suggested tha



femdes breed repeatedly throughout the year. Such sStuation was dso observed for dl the
species in the present study (C. P. A. Prado, pers. obs), and it is also suggested that
femades may produce more than a clutch per season. But the number of clutches a femde
can produce may be under the control of environmenta conditions as well as the species
reproductive pattern. In the Pantand, L. chaguends is an exposve breeder that breeds
during few days in the rany season, and only on rany days (Prado et d., 2000). As a
consequence, femaes of this species may not have the opportunity to lay many dutches
during a sngle breeding seeson, what could lead to a great invetment in gonads. In
contrast, L. fuscus and P. paradoxa are prolonged breeders that reproduce continuoudy
for more than sx consecutive months a the sudy Ste Femdes of these species may lay
many gmdl dutches during a sdngle season, wha could explan the extremdy low
investment in gonads.

In amphibians and reptiles fat is dored in gpecid organs, the fat bodies, located
anterior to the gonads, and ther sSzes are good indicaors of the nutritiond dae of the
organism (Jorgensen, 1992). Three Leptodactylus species exhibited differences regarding
patterns of fa depodtion in the present dudy, indirectly indicated by the corrdation
between fat body mass and ovary mass. For L. chaquends and L. fuscus, fat body mess
corrdlated negatively to ovary mass, i. e, femdes with ovaries containing eggs exhibited
andler fat bodies. However, for L. poddpinus, fat body mass was not corrdaed to ovary
mess. In temperate regions, fa bodies in anurans ae primaily known to serve as
nutritiond  reserves, mainly during  hibernation (Sadgpur and Hoque, 1996). However,
involvement of fa bodies in gametogeness was reported for many speces both in

temperate (eg., Long, 1987) and in tropicd regions (e g., Pancharana and Sadapur,



1985, Sadgpur and Hogque, 1996). Inverse rdationship between fa body sze and ovary
Sze was reported for the temperate frog Acris crepitans (Long, 1987) and for the tropica

frog Rana cyanophlyctis (Pancharaina and Saidapur, 1985), suggedting that lipids are used

for wtdlogereds, what seems to be the cases of L. chaguends and L. fuscus in the present
sudy. For L. podidpinus, fa body mass did not corrdate negaively to ovay mess In a

sudy with Bufo woodhousd (Long, 1987), it was observed that athough fat body size did

not corrdae negatively to ovay mass, lipid resarves were mohbilized for egg production,
and such gtuation could the case of L. podidpinus in the present study. Differences in fat
depogdtion patterns among the Leptodactylus species may be due to ecologicd differences
in reproduction. While L. chaguends, an explodve breeder, and L. fuscus, a prolonged
breeder, reproduce only in the rany season, L. podidpinus reproduces throughout the
year, which could imply in less variaion in lipid reserves throughout the yeer.

The Pattand is incduded in the Cearado-Cadtinga-Chaco doman (Dudlman,
1999), which is characterized by a subhumid to semiarid dimae, high temperatures, and
low ranfal, tha concentrates in a short rany season. Then, the dimae is markedly
seasond in the Pantand, with a defined wet period with unpredictable rains and a long dry
season (Por, 1995). Hoods are common in the region, but the exact period and intendty of
floods may vay from year to year. Thee features make the Pantand an interegting
environment to dudy the reproductive drategies of organisms like the mgority of the
anurans, which ae extremdy sendtive to environmentd variaions. Results herein
described for the frog assemblage a the dudy Ste in the Pantand suggest that variations
among reproductive draegies, as vaiation in maing sysems egg production, pettern of

fa depogtion, and reproductive investment, may be rdated to the reproductive activity
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paterns and modes of reproduction exhibited by each species but dso may be under the
control of the environmentd conditions i. e, adapted to the seasond dimate of the

region.
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Table 1. Reproductive modes, reproductive activity paterns, and reproductive period
regigered for the anuran species in the south Pantand. Reproductive modes (1) eggs and
exotrophic tadpoles in lentic water; (8) foam nest and exotrophic tadpoles in lentic weter;
(18) eggs on leaves dbove water; exotrophic tagpoles in lentic water; (21) foam nest in
Subterranean chamber; exotrophic tadpoles in lentic water (Dudlman and Trueb, 1986);
(89 eggs and early larva dsages in foam nests in water-filled basins condructed by maes,

exotrophic tadpoles in lentic water (Prado e d., 2002). * Reproductive period based on

presence of gravid femaes.

Species Mode Reproductive Pattern Reproductive period
Bufonidae

Bufosp. 1 (gr. granulosus) 1 explogve Oct-Mar
Bufosp. 2 (gr. granulosus) 1 explogve Oct-Mar
B. schneideri 1 explogve Jul-Oct
Hylidee

Hylanana 1 continuous Jan-Dec
H. punctata 1 prolonged Jan-May
H. rani 1 prolonged Sep-Apr
Lysapsus limdlus 1 continuous Jan-Dec
Phrynohyas venulosa 1 explosve Oct-Jan
Phyllomedusa hypochondridlis 18 prolonged Sep-Mar
Pseudi's paradoxa 1 prolonged OctMay
Stinax acuminatus 1 explosve Oct-Mar




Continuation Table 1.

Species Mode Reproductive Pettern Reproductive period
Hylidee

S. fuscomarginatus 1 prolonged Jan-May
S. nadcus 1 explosve Sep-Ma
Leptodactylidee

Adenomera cf. diptyx 21(?) prolonged Oct-Ma
L eptodactylus chaquensis 8 explodve Oct-Mar
L. elence 21 prolonged Oct-Mar
L. fusous 21 prolonged Sep-Mar
L. cf._ macrogernum 8 explosve Jn-Aug
L. podidpinus 8a continuous Jan-Dec
Physdaemus abonotatus 8 prolonged Oct-Apr
P. cf. biligonigerus 8 explosve Dec-Mar*
Pseudopaudicola cf. facipes 1 explogve Nov-Ma
Microhylidae

Chiasmodeis mehelyi 1 explosve Nov*
Elachisodeis cf. bicdlor 1 explosve Sep-Ma




Table 2. Comparisons (t-vaues) of meatSD snout-vent length and meantSD mass of mdes

Pantand, Brazil. Range and sample Sze in parenthesis. In bold results datidticaly not sgnificant.

and femdes of anuran species in the

Species SVL (mm) Mass (g) SVL Mass
femde mae femade mde t P t P
Bufonidae
Bufo schneideri 150+ 24 128 + 14 - 2.7 <001 -
(117-186; 7) (103-155; 17) .

Hylidae

Hyla nana 21.3+15 195+06 0.6+0.1 04+0.1 3.6 <0.01 27 <0.01
(188-238; 13) (18,6:20,4; 7) (0,3-0,7; 13) (0,3-0,6; 7)

H. raniceps 60.2+ 4.4 55.7+34 12.3+34 93+21 5.4 <0.01 45 <0.01
(51.0-70.8; 34) (44.1-66.2; 73)  (7.2-225;32) (4.5136; 73)

Lysapsus limdlus 186+14 166+1.0 . L 21.8 <001 _
(16.0-23.0; 45) (14.520.2; 43) . L

Phrynohyas venulosa 77.4+£6.0 72.7+57 345+10.8 27.3+9.0 1.7 0.05 1.5 0.07
(67.7-86.0; 10) (64.080.0;8) (20.3-56.9; 10) (16.1-394; 8)

Phyllomedusa hypochondridis 430+ 15 39.0+18 40+05 27+05 6.0 <0.01 6.5 <0.01
(41.3-46.0; 10) (36.543.0; 19) (3.1-4.8; 10) (1.8-35; 18)

Pseudis paradoxa 57.5+8.0 504+ 4.5 27.2+135 16.6+5.1 3.3 <0.01 28 <0.01
(45.5-73.2; 17) (40.660.0; 25) (8.6622;14) (8.524.0;, 23)

Scinax acuminatus 431+20 420+ 15 65+1.2 58+0.8 2.6 <0.01 26 <0.01
(40.4-48.0; 34) (39.446.3; 37) (4.99.3; 33) (3.97.9; 37)

S. fuscomarginatus 220+09 21.4+0.7 05+0.0 06+0.1 1.4 0.08 0.2 0.41
(21.0-22.7; 3) (19.7-23.4; 28) (0.50.6; 3) (0.4-0.7; 26)




Continuation Table 2.

Species SVL (mm) Mass (g) SVL Mass
femde mde femde mde t P t P

Leptodactylidae

Leptodactylus chaguensis 71.3+45 71.3+5.1 348+6.5 35.9+84 0.0 0.98 0.7 0.50
(60.7-80.1; 50) (58.282.8;34) (21.949.0;50) (18.4-63.0; 34)

L. fuscus 436+19 426+17 86+13 76+1.0 2.0 0.02 3.4 <0.01
(40.0-46.2; 21) (37.645.8;47) (6.911.3;21) (4.8-9.2; 47)

L. cf.. macrosternum 103+ 17 111+ 6.8 - - 0.9 0.20 _ _

(91-115; 2) (102-119; 4) . _

L. podicipinus 395+21 352+13 6.1+10 43+05 9.3 <001 6.8 <0.01
(35.6-44.0; 36) (31.637.0; 21) (4.4-8.2; 27) (3.2-5.3; 20)

Physalaemus dbonotatus 235+23 241+26 12+04 12+04 0.8 0.21 0.2 0.41
(20.1-27.0; 41) (16.6-27.2; 33) (0.52.3; 37) (0.3-1.8; 29)

Pseudopdudicola cf. falcipes 143+ 0.8 125+06 0.30+0.07 0.20+0.02 46  <0.01 2.9 0.02
(13.515.0; 3) (11.6134;10) (0.25-0.35;2) (0.19-0.25;5)

Microhylidae

Chiasmocleis mehelyi 238+ 0.6 20.8+0.3 . _ 88 <001 _
(23.3-245; 3) (20.621.1; 4) . _

Elachistocleis cf. bicolor 26.1+15 228+ 20 14+04 1.1+04 5.0 <0.01 1.7 0.04
(23.3-28.7; 13) (20.5-27.5; 22) (0.82.3;9) (0.6-1.8; 21)
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Table 3. MeantSD ratio of mde to femae body sze in amplectant pairs of three anuran
species in the Pantand, Brazil. Pearson corrddion coefficients computed between mde
and femde body sze and occurrence of sexud sze dimorphism (SSD) are shown. Range

of theraio mde 9zeto femde Szein parenthess

SVL (mm) Mass (g) SSD

Species N M/F rdio r N M/F ratio r

S acuminaus 23 09800 0.37 14 08401 0.12 yes
(086104 P=008 (057-1.07) P=068

L. limdlus 17 085+00 0.52 _ _ _ yes
(0.78-091) P=003

P. dbonotatus 14 108101 043 08 140+04 0.16 no
(0951280 P=013 (L04-2.17) P=070
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Table 4. Compaisons (t-vaues) of meatSD snout-vent length and meatSD mass of mated and unmated maes of three anuran

speciesin the Pantand, Brazil. Range and sample Sze in parenthesis.

SVL (mm) Mass (g)

Species Mated Unmated t F Mated Unmated t P

S. acuminaus 42.1+16 41.5+1.6 09% 0.17 57+05 6.0£0.7 09% 017
(39.6463,23)  (39.444.4; 10) (476514  (4.969 10)

L. limellus 18.1+1.0 17.9+1.7 025 040 L L . .
(166208, 17) (160203, 8)

P. dbonotatus 256+1.1 22.9+2.8 37 <001 15+0.2 1.0+04 29 <001
(234272:14) (166266 18) (1.1-18; 8) (0.316; 18)




Table 5 — MeatSD of dutch sze (number of eggs per dutch), egg diameter, ovary mass, and reproductive invesment (RI) for

femaes of anuransin the Pantand, Brazil. Range and sample Sze in parenthess. * Parameters based on ovarian eggs.

Species Clutch sze Egg diameter (mm) Ovary mass (g) RI (%)
(ovarymass/bodymass)

Hylidae

Hyla nana 242 + 125 (120-551; 15) 0.9+0.05(0.81.0; 20) 0.09+0.01(0.07-0.10; 5) 15.6+ 4.6 (10.7-21.4; 5)

H. raniceps 1,991 + 533 (1,220-3,096; 23)* 1.3+0.10(1.2:1.5;30)* 1.64+0.73(0.94-3.04;6) 11.9+6.0(7.4-23.8;6)

Lysapsus limdlus 63 + 20 (27-117; 18) 1.2+ 0.05(1.2:1.2; 16) - -

Phrynohyas venulosa

Phyllomedusa hypochondridis

Pseudis paradoxa

Scinax acuminatus

S. fuscomarginatus

3981 + 271 (3625-4,310; 6)*
89 + 30 (25-136; 15)
1,834 + 1,194 (1,000-4,624; 8)*
879 + 274 (594-1,352; 9)

337 + 132 (185-421; 3)

1.7 +0.11 (1.41.8; 30)
2.1+ 0.12 (2.02.4; 26)
1.4+ 0.08 (1.315; 15)
1.1+ 0.07 (1.0-1.2; 65)

0.9+ 0.05 (0.91.0; 10)

39+122(252-486;3) 8.2+1.3(6.7-9.3; 3)

0.66 + 0.28 (0.47-1.17; 6)  16.2 + 5.6 (10.8-25.2; 6)
1.82+140(0.80-490;7) 55%3.1(2611.1 7)
0.77 £0.36 (0.27-1.70; 21) 11.1+ 5.3 (3.9-26.4; 21)

0.034 (1) 6.6 (1)




Continuetion Table 5.
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Species Clutch sze Egg diameter (mm) Ovary mass (Q) RI (%)
(ovarymass/bodymass)

Leptodactylidae

Adenomera cf. diptyx 36 (1)* 14+0.14 (1.21.5; 5)* . _

Leptodactylus chaguenss

L. fuscus

L. podicipinus
Physalaemus abonotatus

Physalaemus cf. hiligonigerus

Pseudopaludicola cf. falcipes

Microhylidae

Chiasmocleis mehelyi

Elachistocleis cf. bicolor

4,936 + 1,720 (3,007-8,375; 32)*
214 + 27 (185-248; 4)
2,102 + 442 (1,750-2,953; 6)
719 + 433 (246-1,562; 19)
281 (1)

32 (1)

217 + 33 (183-250; 3)*

478 + 279 (178-838; 5)*

1.5+ 0.09 (L4-1.7; 35)
22+007 (21-2.3; 12)
1.1+ 0,05 (L0-1.2; 20)
1.0+ 0.04 (0.9-1.0; 43)
0.8 + 0.05 (0.7-0.9; 10)*

0.8+ 0.02 (0.80.9; 9)

1.3+ 0,09 (12-1.4; 30)*

1.0+ 0.04 (0.9-1.1; 15)*

587+ 1.72(297-892; 26) 16.0£ 2.9 (9.921.2; 26)

058+ 024 (0.18-0.87;8)  6.8+3.3(26126;8)
1.08 + 0.28 (0.66-1.34; 10) 15.0+ 2.6 (11.3-18.5; 10)

0.21+0.10(0.12-052; 12) 16.6 + 4.3 (11.022.4;12)

032+ 0.18(021-0533) 18.0+4.5(15.0233;3)




Table 6. Reaults of linear regresson andyss between femde SVL and dutch sze and

femae body mass and dutch gze for femdes of anurans in the Pantanal, Brazil. Results

datigicdly not sgnificant marked in bold.

Species Log SVL (mm) Log body mess (g)
Vs. Vs.
Log dutchsze Logdutchsze
Hylidee
Hyla nena =059, P<00L N=12 .
y=-40+48x
H. raniceps =025 P=003 N=23 r2=034; P<001;N=23

Lysapsus limdlus

Scinax acuminaus

L eptodactylidee
L eptodadtylus chaguens's

;

L. podidpinus

Physal aemus adbonotatus

y=-015+19x

=025 P=003N=19
y=-28+35x

rz=041, P=0.06; N=9

2=030, P<00L N =26

y=-089+25x

r2=0.19; P=0.21; N=10

=065 P<001,N=9
y=-40+46x

r2=0.18; P=0.16; N =12

y=26+057x

=051 P=003;N=9
y=161+18x

r=057,P<001, N =26
y=20+11x

r2=0.05, P=0.5, N=10

=062, P=0.0;N=9
y=22+15x

r?=042,P=002 N=12
y=26+082x
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Fig. 1. Rdaionship between the snout-vent length (SVL) of mdes and femdes in amplexus

(left) and body gSze varidion between amplectant mdes and femdes (right). (A) Scnax

acuminatus, (B) Lysapsus limdllus, and (C) Physdaemus abonotatus.




92

110

105 1 A

100 |
0.95 - *e .

0.90

Male SVL/Female SVL

0.85 1

0.80 - T T .
40 42 44 46 48 50
Female SVL (mm)

Male SVL/Female SVL

19 20 21 22 23 24

Female SVL (mm)

1.4

C
13+ .

111

10T ¢ o

Male SVL/Female SVL

081

0.7 t t t t
19 21 23 25 27 29

Female SVL (mm)

Fg. 2 Rdaionship between the snout-vent length (SVL) of femdes and the raio mde SVL to femde

SVL in amplexed pars of (A) Scnax acuminaus, (B) Lysspsus limdlus, and (C) Physdaemus

dbonotatus.
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Log SVL (mm)

FHg. 3. Redaionship between mean log femde SVL and log dutch dze for 16 anuran

species in the Patand (log y = -11 + 24 log X). Species (Adi) Adenomera cf. diptyx;

(Cme) Chiaamodes mehdyi; (Eb) Elachidodels cf. bicdor; (Hna) Hyla nena; (Hra) H.

raniceps; (Lch) Leptodactylus chaquenss; (Lfu) L. fuscus; (Lpo) L. podidpinus; (LIi)
Lysspsus limdlus, (Pve) Phrynohyas venuloss, (Phy) Phyllomedusa hypochondridis;  (Pal)

Physdaemus dbonotatus, (Pfa) Pseudopdudicola cf. facipes (Ppa) Pseudis paradoxa;

(Sac) Scinax acuminatus, (Sfu) S, fuscomarginatus. Dashed lines represent 95% confidence

intervd.
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Fg. 4. Rdationship between mean log femde SVL and log egg Sze for 16 anuran species

in the Pantand (log y = -048 + 0.38 log X). Species (Adi) Adenomera cf. diptyx, (Cme)

Chisamodds mehdyi; (Ebi) Elachigodes cf. bicdor; (Hna) Hyla nana; (Hra) H. raniceps;

(Lch) Leptodactylus chaquenss, (Lfu) L. fuscus;, (Lpo) L. podidpinus; (Lli) Lysspsus
limdlus; (Pve) Phrynohyas  venulossy  (Phy) Phyllomedusa  hypochondridis;, (Pd)
Physdaemus dbonotatus, (Pfa) Pseudopdudicola cf. facipes (Ppa) Pseudis paradoxa;

(Sac) Scinax acuminatus, (Sfu) S fuscomarginatus. Dashed lines represent 95% confidence

interval.
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Fig. 5. Rdationship between mean log femae body mass and log ovary mass for 11 anuran
soedies in the Pantand (log y = -027 + 085 log x). Spedes (Ebi) Elachigodes cf.
bicdor; (Hna) Hyla nana; (Hra) H. raniceps; (Lch) Leptodactylus cheguenss; (Lfu) L.
fusus;  (Lpo) L. poddpnus, (Pve) Phrynohyas venulosss  (Phy)  Phyllomedusa

hypochondridis, (Pa) Physdaemus dbonotaius; (Ppa) Pseudis paradoxa; (Sac) Scinax

acuminatus. Dashed lines represent 95% confidence interval.



1.2201

1.1761

1.0414

09138 |

Log ovary mass/body mass (%)

0.8325

0.7404

2.7076 3.1399 3.6990 4.4045
2.9956 3.5237 3.9042

Log body mass (mg)

Fg. 6. Rdationship between mean log femde body mass and log ovary massbody mass
(reproductive investment) for 11 anuran species in the Pantand (log y = 1.7 - 0.18 log X).
Soecies  (Ebi) Hlachigdodes cf. bicdor; (Hna) Hyla nana; (Hra) H. raniceps (Lch)

Leptodactylus chequenss; (Lfu) L. fuscus; (Lpo) L. poddpnus; (Pve) Phrynohyas

venulosa, (Phy) Phyllomedusa  hypochondridis;  (Pa) Physdaemus  dbonotatus;  (Ppa)

Pseudis paadoxa; (Sec) Scinax acuminatus. Dashed lines represent 95% confidence

interval.
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ABSTRACT. - Although rare, some anuran Species ae known to show multi-mde
spawvning, and multiple paternity and testes Sze pogtivdy reaed to sperm competition
intengty have been demondrated. Herein we present data on testes mass redive to body
mass for 11 leptodactylid species, and report the occurrence of additiond mades taking part

in gpawning of Leptodectylus chagquenss and L. podidpinus. Testes mass averaged 4.13 %

of body mass for L. chagquends and 0.75 % for L. podidpinus Testes size of both
leptodactylid species with multi- male spawning show tha they ae large and close to
vaues recorded for rhacophorid frogs with mult-made breeding (0.71-7.79 %). Large
tetes dze in frogs with multi- mae spawning supports the sperm competition hypothesis,
and indicates that sperm competition and multiple paternity may be commoner in frogs then

currently thought.
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INTRODUCTION

Parker (1970) defined sperm competition as competition between sperm of two or
more maes to fertilize ova of a sngle femde. Sperm competition has been invoked based
on two citeria (1) direct obsavaion of multiple matiing by individud femdes during a
sngle reproductive episode, and (2) indirect inference of multiple mating through paternity
andyses (Birkhead, 1995). Although this phenomenon is taxonomicdly widespreed,
induding animas with extend and internd fetilization, much more atention has been
devoted to animds with internd fertilization (Byrne, 2002).

Fetilizetion is externd in mog frogs, and generdly a sngle mde gragps a femde
dorsdly in amplexus until the femde spawns (Kusano et d., 1991). The mde sheds sperm
onto the eggs dmogt Imultaneoudy with spawning. Although sperm competition is poorly
dudied in anurans, some species are known to show multi-mae breeding, in which two or
more mdes grasp, or asciate with, a Ingle femde (eg., Pyburn, 1970; Fukuyama, 1991;
Jennions and Passmore, 1993, Kaauya et d., 1996; Kaminky, 1997). Multiple paternity has
recently been demondrated through genetic andyses for the phyllomedusne Agdychnis

cdlidryas (D’Orgex and Turner, 1995) and the myobatrachid Crinia georgiana (Roberts et

d., 1999). Indirect evidences showed that it dso occurs in the rhacophorid Chiromantis
xerampdina (Jennions and Passmore, 1993).

Snce soerm number affects likdihood of paternity when femades breed with more
than one mde, sdection will favor maes with large testes and large, high qudity gaculates
(see Birkhead, 1995). Severd dudies have demondrated that there is a pogtive rdationship
between testes gze and intengty of sperm competition, estimated by the number of mdes a

femde is likdy to breed with, in severd vertebrate groups (eg., Warner and Robertson,
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1978, Kenagy and Trombulak, 1986, Birkheed and Moaller, 1992). In frogs, tedes dze is
d rdaed to the intendty of sperm competition. Many species that show multi-mde
breeding have relatively large testes compared with other species where this behavior is
unknown (Kusano et d., 1991; Jennions and Passmore, 1993; Emerson, 1997).

To dae mult-made spawning in anurans has been directly obsarved in Sx
rhacophorids (Coe, 1967, 1974; Fukuyama, 1991; Feng and Nains, 1991, Jennions & 4d.,
1992, Kasuya et d. 1996), three hylids (Pyburn, 1970; Robets, 1994), one bufonid
(Kaminsky, 1997), and one myobarachid (Roberts & d., 1999). In this paper, we desribe

multrmde spawning behavior in two foam net-building species Leptodectylus cheguenss

and L. podidpinus (Leptodactylidag), and compare testes Sze reaive to body Sze among
foam negt-building leptodactylids exhibiting different reproductive modes. Tedtes sze was
dso compaed among 33 frog pecies in five families Bufonidee, Hylidee

Leptodactylidae, Ranidae, and Rhacophoridee.

MATERIALSAND METHODS

Multi-mde Spawning Behavior. - Obsavations were carried out in the Pantand, a

great floodplan with an aea of aout 140000 km? in the municipdity of Corumba
(19°34'S, 57°00W), Mao Grosso do Sul date, southwestern Brazil. Climate is of the “Aw”
type in Koppen's dasdfication, with a dry winter from May to September and a rany
summer from October to April. Foods are common, generdly from January to April. The
region is dominated by savanna-ike formations (“cerrado”) and gallery forests.

Hed obsavations of mating behavior of L. chequends and L. podidpinus were
made from October 2000 to April 2001. Leptodactylus chaquenss breeds during the rainy

period a the dudy dte, from October to March, in puddies and flooded areas, and mdes
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typicdly cdl during ran (Prado et d., 2000). Eggs embedded in foam neds are deposted

on the water surface. Leptodactylus podidpinus breeds a the edges of permanent ponds

and flooded areass throughout the year; eggs in faam nests ae depodted in basins
congructed by mdes (Prado & d., 2002). In both species femdes attend nests and tadpoles
(Prado et d., 2000; Matins, 2001). Cdling mdes, amplectant pars, and foam nests were
located by active searching. The dtes were marked and behaviora sequences a breeding
gtes were recorded. Only individuds involved in multrmae spawning were collected,
measured to the nearest 0.1 mm, and preserved.

Tedes Sze - Tedes and body szes were andyzed for 11 leptodectylids in two

genera: Leptodadtylus and Physdaemus. Both genera are characterized by deposting eggs

embedded in foam nests. Leptodactylus species andyzed were: L. chaquenss, L. fuscus, L.

labyrinthicus, L. macrogernum, L. mydacinus, L. notoaktites, L. ocdlatus, and L.
poddpinus. Reproductive modes among the Leptodactylus species exhibit a continuum,
from the depostion of the foam nest on the surface of water, to depodtion of the foam
indde burrows far from the water (Heyer, 1969, Prado e d., 2002). Physdaemus
dbonotatus, P. crombig, and P. nattereri, three species that depost foam nests on the
surface of water, were aso investigated.

Daa from L. chaguenss, L. podicpnus L. fuscus, and P. dbonotatus were

obtained from mdes collected in the Pantand (19°34'S, 57°00W), Brazil, from December
1996 to November 1997, and in January 1999. Daa on the seven other Brazlian
leptodactylids were obtained from presarved specimens housed in the Cdlio F. B. Haddad
collection, deposted in Depatamento de Zoologia, Universdade Edadud Pauliga, Rio

Claro, S50 Paulo gate, Brazil.
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Body and testes mass was measured in the laboratory after the frogs were blotted to
remove excess liquid. Body and testes mass of each specimen was determined to the
nearest 0.001 g for larger species, and 0.0001 g for the smaler ones on eectronic baances.
Our data on reative tetes Sze in leptodactylids (2 genera, 11 Species) were compared to
data published for species in the families Bufonidae (1 genus, 4 species), Hylidee (1 genus
1 species), Ranidee (3 genera, 5 species), and Rhacophoridae (4 genera, 8 pecies) (Kusano
et d. 1991; Jennions and Passmore, 1993). Leptodactylids were aso compared to species
in the family Hylidee (2 genera, 4 species), housad in the Cdio F. B. Haddad collection.
Consdering dlometric relaionships between organ 9ze and body dze, and to dlow
biologicd interpretation and comparison between dudies and taxa (King, 2000), we
cdculated linear regressons of varigbles usng logtrandformed data (Zar, 1999). Only
mades cgptured during the breeding season and with wel-developed secondary sexud
characteridics (eg., vocd sacs, nuptid excrescences) were included in this study, as testes
Sze can vary seasondly (Ko et d., 1998).

Compaaive dudies ae generdly confounded by phylogenetic effects and
compardive methods based on recondructed phylogenies are recommended (Harvey and
Pagd, 1995). However, phylogenies of Brazilian anuran pecies ae not avaladle.
Alternatively, we used taxonomic dassficaion as an  gpproximate evolutionary tree
(Harvey ad Purvis, 1991), and, to minimize the problem of non-idependence of species
data points (Fesendein, 1985), we included, whenever possble more than one genus in
eech andyzed family (Emerson, 1997). Tedes mass rddive to body mass was aso
compared between species tha show multi-mae spawning and those where this behavior is

unknown.
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RESULTS
Mult-mde Spawning Behavior in Leptodactylus chaguends. - On 13 November

2000, mdes of L. chaguends were obsarved cdling during the day in a recently formed
puddle We returned to this Ste at dusk, and obsarved two mdes cdling and fighting in the
middle of a nest. An hour later, four maes gathered around the nest and began to emit low
cdls. The largest made, which was dways in the center of the nedt, emitted louder cals
jumped toward the other frogs and hit them with its heed. Sometimes these encounters
ended in wredling bouts, with the larget mde clagping the other around the pectord region
with the fordimbs, with throats and venters pressed together. Additiond mades arived, and
findly, eight mdes were within the nest (the largest in the middle and others on the
periphery), when a femde jumped within the net and one of the meles grasped her. The
other maes atempted to displace the amplectant mae by pushing their heads between the
par; minutes later the par broke gpat. Then, the larges mae grasgped the femde and
immediatdy they dated spawning in bouts of churning. At the same time the seven
peripherd maes began to churn into the foam next in synchrony with the pair, with ther
legs kicking the foam in the same way of the amplexed mde, but none of them touched the
par in anplexus (Fg. 1). All individuds within the nest were collected. The femde SVL
was 751 mm, the amplectat mde messured 860 mm, and mean (¥SD) SVL of the
peripherd maeswas 725 + 3.74 mm (range = 68.0-76.9 mm, N = 7).

In two other foam nests we obsarved large mdes cdling in the center of each nest
surrounded by four mdes Additiondly, in December 2000, two nests were obsarved: one
with four maes and two femdes the other with three mdes and one femde. Mae-mde
combats were recorded in three nests however, par formations or multi-mele spawning

behavior were not obsarved.
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Multi-male Spawning Behavior in Leptodactylus podidpinus. - On 4 April 2001 &

2310 h, a the edge of a permanent pond, we found a mde L. podidpinus cdling indde a
basn under a lesf. We found a femde indde the basn close to the cdling mae around
0135 h the par entered in amplexus and immediatdy began to spawn. We noticed tha, in
fact, there were two mdes grasping the femae, a smdl one in the middle and the larger,
resdent mae on the top (Fig. 2). We faled to notice the exact moment the second mde
gpproached, but no cdling or movements were detected. The three frogs remained together,
both  maes churning into the foam nest. The eggs were depodted during crcular
movements performed by the frogs. The larger mde released its hold of the Hill amplectant
par, a which time, the frogs were collected. The femde SVL was 36.8 mm, the smdler
mae measured 32.3 mm, and the larger 36.8 mm.

Tedes Sze. - Percentage of testes mass relative to body mass in species of the
family Leptodactylidee ranged 0.04-4.13 % (Teble 1). Two species presented much larger
relative testes Sze compared to the other leptodactylids, testes mass relative to body mass
averaged 4.13 % for L. chaguenss, and 0.75 % for L. podidpinus. In the remaning
leptodactylids, testes sze ranged from 0.04 to 0.19 %. Testes mass reaive to body mass

was much smdler in L. fuscus, L. laoyrinthicus, L. mydadinus, and L. notosktites (range =

0.04-0.06 %). Redative testes dze varied less among species in the genus Physdaemus
(range = 012-019 %). Linear regresson cdculated for the leptodactylids reveded a
sgnificant pogtive reaionship between body mass and testes mass (2 = 0.63, P = 0003, N
= 11) (Fg. 3). FHgure 3 shows tha both Leptodactylus species with multi-mae spawning
herein described lie above the 95 % confidence interva of the ca culated regresson.

Conddering the spedies andyzed in Table 1, tedes Sze rddive to body sze varied

less among bufonids (range = 0.13-039 %), hylids (range = 0.14-053 %), and ranids
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(range = 0.17-045 %). Smilaly to leptodactylids, rhacophorid species exhibited a great
vaidion in rddive testes sze (range = 0.25-7.79 %). Rhacophorids that show multi-mde
breeding presented larger redive testes Sze (Table 1). Among the rhacophorid multi-
breeders, percentage of testes mass relative to body mass range from 0.71 % in Polypedaes

leucomystax to 7.79 % in Chiromatis xerampdina. Testes mass corrdated pogtively to

body mass for the 33 frog species in five families andyzed (2 = 053, P < 00001, N = 33)

(Fig. 4): larger species tend to have larger testes The tedes of the leptodactylids L.

chaguenss and L. poddpnus, and the rhacophorids C. xerampdina, P. leucomydax,

Rhacophorus arboreus, R owstoni, R. schlegdii, and R. virids lie outsde the upper 95 %

confidence interva of the cdculated regresson (Fig. 4). Tedes sze of L. fuscus, L.
mydadnus, and L. notosktites were much smdler than predicted (Fig. 4). Testes mass
relative to body mass averaged 0.033 + 0.03 (range = 0.007-0.078, N = 6) in species known
to show multtmae breeding, and 0003 + 0002 (range = 0.0004-0.011) in the remaning
27 species where this behavior was not observed. Ignoring phylogenetic  raionships,
tedes mass reative to body mass was dSgnificantly larger in multtmae breeders then in
species where multi-mae spawning was not recorded yet (Mann Whitney U-Test: W = 50,

P <0.001).

DISCUSSION
Tedes dze rddive to body sSze showed much variation among leptodactylid

species. Larger testes were observed for L. chaguends, where testes mass averaged 4.13 %
of body mass, and for L. podidpinus it averaged 0.75 % of body mass. Compared to other
31 anuran species didributed in the families Bufonidae, Hylidee, Leptodactylidee, Ranidae,

and Rhacophoridee, our results on testes Sze of both leptodactylid species show tha they
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are large and close to vaues recorded for rhacophorid frogs. Extremdy low vaues of testes

mass reldive to body mass were verified for L. |abyrinthicus, L. fuscus, L. mydacinus, and

L. notoaktites (0.04-0.06 %). In 19 species from four families of Adan anurans, testes mass
averaged 0.205 % of body mass, except for the foam next-building rhacophorids of the

genera Rhacophous and Polypedates (Kusano et d., 1991), where reative testes mass

ranged 0.7-5 %. For 18 species of African anurans, included in 10 genera and four families,

reldive testes mass was smal (01206 %) in 17 speces the exception being the

rhacophorid  Chiromantis xerampdina with large testes (average 7.8 %) (Jennions and
Passmore, 1993).

Obsavations of more than one mde with a femde during ovipogtion in L.
chaquenss and L. poddpinus is an indirect evidence on the occurrence of multi-mde
breeding. Although peripherd maes of L. chaguenss were not grasping the amplexed pair,

as recorded for other species (eg., Chiromattis rufescens Coe 1967; Agdychnis sdtaor:

Robets 1994; Crinia georgiana: Robets & d., 1999; L. podidpinus, this sudy), ther

movements were dmila and synchronized with the reproductive movements of the
anplectant pair, and they showed the same churning behavior described for  other
leptodactylid mdes during ovipostion (eg., Hodl, 1986, 1990; this sudy). The behavior
observed in both species here dudied indicates that males probably were trying to fertilize
the eggs Multi-mde gpawning is reported for the following foam nest-huilding
rhacophorids herein compared to leptodactylids C. xerampdina (Jennions et d., 1992), P.
leucomydax (Feng and Narins, 1991), R. aboreus (Kasuya et d., 1996), and R. schiegdii
(Fukuyama, 1991). At leet for one species C. xerampdina, periphed mdes in the same

foam nest ae capable of fertilizing the eggs (Jennions and Passmore, 1993). Jennions and
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Passmore (1993) predicted that multi-mae breeding may dso occur in the rhacophorids R.

virids and R. owdgoni as they present relative large testes.

In species with extend fertilization, two draegies ae avalable for mdes to
increase ther fertilization success (1) to increase the number of sperm released and (2) to
mantan proximity to the femade (Gross, 1985; Jennions and Passmore, 1993). Therefore,
sdection may favor mdes with high spem production, consequently with large testes
(Jennions and Passmore, 1993). The rdative large tesdes in the rhacophorid multi-mae
breeders, as well as in the two leptodactylids of the present study, seem to support the
above prediction.

Severd factors have been suggested as important far the occurrence of multi-mde
spawning in the rhacophorids R. aboreus and C. xerampding, as wdl as for its frequency:
(1) conspicuousness of the foam ned, (2) long time required for foam nest condruction, (3)
operationd sex rdio (OSR) drongly mde-biased, and (4) posshility of fetilization of the
eggs by the sperm retained in the foam nest (Kusano & d., 1991; Jennions and Passmore,

1993). Leptodedtylus cheguenss exhibits dl the above mentioned breeding features (C. P.

A. Prado, pers. obs). Furthermore, mae-mae comba and encounter cdls in the nest ae
known both for R. arboreus (Kasuya et d., 1996) and for L. chaguenss (this study); these
behaviors possbly dlow mdes to locate the nest and join to other maes and amplectant
par (Kasuya e d. 1996). However, presence of foam nest is not essentid for the
occurrence of multi-mae breeding, snce such behavior has been reported for anurans
exhibiting different reproductive modes (eg., Pyburn, 1970; Kaminsky, 1997, Robets et
d., 1999). For multi-mde breeders exhibiting different reproductive modes, other factors

may influence the occurrence of sSmultaneous polyandry, as high mde densty, explosve
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breeding activity, competition for ovipogtion dtes rate of femde arivd, and ranfdl (eg.,
Kaminsky, 1997; Byrne, 2002).

Leptodectylus podidpinus deposdits foam nests in leaf-covered basins condructed by

mdes prior to femde ariva (Prado e d., 2002). We suggest tha for L. podidpinus the
number of additiond mades may be redricted by difficulties in finding the leaf-covered
basns. This gtuation is somewhat smilar to that described for the rhacophorid multi-mde
breeder R schlegdii. In this species the amplexed femde digs the soil, and condructs a
hole where the foam nest is made (Fukuyama, 1991). One or two sneskers were more
commonly obsaved in R. sthlegdii; they follow amplectant pairs entering into the nest
digging. Due to difficulties in finding the holes, and as they are narrow, paticipaion of
additiond mdes in the spawning process is dso limited for this rhacophorid (Kusano et d.,
1991).

Leptodectylus cheguenss, C. xerampding, and R. aboreus have much larger testes

mess than dl other spedes, induding rhacophorids and leptodactylids.  Jennions and
Passmore (1993) suggested the exigence of a podtive reationship among the frequency of
multtmae breeding, average number of maes paticipaing in spawning, and relaive teses

mass in rhacophorids. Chiromantis xerampelina shows the highest frequency of multi-mde

breeding (92.3 %) and mean number of maes present in the nest (5.5£2.8), followed by R.

aboreus (814 %, 34+19) and R. shiegdii (444 %, 1.9+1.3). Leptodectylus cheguenss

and R. aboreus preset exposad foam nests, mde-mde comba in the nedt, and exhibit
amilar reaive testes dze. Leptodactylus podidpinus and R. schlegdii depost foam nests
in hidden places, and ther testes Sze ae ds0 SImilar. Based on rddive tedes dze and

breeding behavior, we predict that frequency of multi-mde breeding and number of maes

participating in the mating may be higher for L. chaguens's than for L. podidpinus
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Among the species andyzed here, L. fuscus, L. mydadnus, and L. notoaktites are

members of the 'fuscus’ group (Heyer, 1969), where foam nests are deposited in
Subterranean chambers condructed by mades prior to femde ariva. Reproductive behavior
has been dudied for L. mydadnus (Sazima, 1975), and manly for L. fuscus (eg., Solano,
1987; Hetas @ d., 2001), but mult-made spawning remains unrecorded. The smdl testes
relaive to body Sze may be a common festure in the ‘fuscus group, in which access to
femde by additiond maes is more difficult due to chamber dructure, that presents a very
andl and hidden gpeature, and mde behavior, that uses its body to obgruct the chamber
tunnel subsequent to femae entrance (Martins, 1988).

Percentage of testes mass relaive to body mass in L. labyrinthicus (0.04 %), a
member of the 'pentadactylus group (Heyer, 1969), was comparable to those in members of
the ‘'fuscus' group (0.04-006 %). The ‘pentadactylus’ group exhibits a leest two
reproductive modes (Prado et d., 2002): (1) foam nests in water-filled depressons a the
edges of waer bodies, and exotrophic tadpoles in waer (eg., L. knudseni: Hero and
Gdatti, 1990; L. labyrinthicus Agoginho, 1994); (2) foam nests placed in burrows in the
ground, and tadpoles develop ingde the neds (eg., L. fdlax: Davis et d. 2000; L.
pentedactylus: Hero and Gdati, 1990). However, reproductive behavior is poorly known in

this group. Leptodactylus chaguenss, L. macrodernum, and L. ocdlaus beong to the

‘ocdlatus’ group (Heyer, 1969), deposting eggs in foam nests on the surface of water.
Testes Sze seems not to be related to the pecies groups a leest in the ‘ocdlaus group,
with L. chaguends exhibiting a testes mass much larger than the other two species of the
same group, contragting to the 'fuscus group.

The great vaiation in tedes Sze in Leptodactylus, when compared to species in

other families (Fig. 4), could be related to the diverse reproductive modes exhibited by the
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genus, which exeat influence on the maing sysems a wdl as on the dtenaive
reproductive tectics that can be employed by maes Severd tactics are precluded when the
spawning dte is in a hidden and inaccessble place. For ingance, mdes atempting to
diglace otha mdes in amplexus (Davies and Hdliday, 1978, Wdls 1979), multi-mde
gavning (Coe, 1974; this sudy), snesking behavior (Kaminsky, 1997), sadlite behavior
(Haddad, 1991), and mdes trying to sted exposed dructures for egg depogtion (Martins et
d., 1998) are impracticable tactics for species such as those in the fuscus’ group, and for
some species in the ‘pentadactylus’ group, that deposit eggs indde subterranean nests or
burrows (see Haddad and Sawaya, 2000, and Prado et d., 2002).

Although sperm compstition may be a mgor factor influencing rdative tedes gze
in vertebrates, Emerson (1997) tested two other hypotheses for differences in rddive testes
Sze among 90 species of frogs beonging to five families (1) rdaive dutch sze and (2)
androgen levd. Phyllomedusne hylid frogs known to have multiplemde mating (Pyburn,
1970; Roberts, 1994) have larger testes than hylids without multiple meting, and variation
in rdative testes gze among frogs support both the sperm competition and the clutch sze
hypotheses (Emerson, 1997). However, dutch dze hypothess was tested by Emerson
(1997) only for ranids with no multrmae breeding. Pogtive rddionship between testes
Sze and clutch Sze, as obsarved by Emerson (1997), may result from an indirect effect of
body sze as testes and dutch szes increase with body sze (eg., Kusano & d., 1991; this
sudy). For species of Leptodactylus, testes Sze does not seem to be related to clutch sze
L. laoyrinthicus (Agodinho, 1994) and L. ocdldus (Vaz-Ferera and Gevwau, 1975)
exhibit clutches as large as dutches of L. cheguends and L. podidpinus (Prado et 4.,
2000), but much smdler rddive tetes gze (Table 1). For the myobarachid multi-mde

breeder Crinia georgiang, Byrne (2002) commented that testes dze reaive to body Sze is




113

a leest four times grester than any other Crinia species. As for rhacophorids,
phyllomedusnes, and myobarachids, our daa on rddive tetes dze for the multi-mde
breeders L. chagquenss and L. podidpinus indicate that sperm competition may be an
important factor affecting relative testes Sze d o in leptodactylids.

Smultaneous polyandry is phylogeneticaly widesoread among frog families, which
exhibit different reproductive modes, and reproductive activity petterns (eg., explosve or
prolonged breeders), suggesting convergent evolution. Different sdlective factors may have
favored the evolution of polyandry in different species (Roberts e d., 1999). The evolution
of amultaneous polyandry involves many adgptive changes in behavior (see Jennions & 4.,
1992), and may be redricted to taxa with reproductive modes where sperm are rdleased ina

limited space, such as (1) shdlow ponds (eg., Bufo americanus: Kaminsky, 1997, Crinia

georgiana Byrne, 2002); (2) foam nests (eg., rhacophorids Kusano e d., 1991,
leptodactylids, present study); and (3) ledf nests (eg., phyllomedusines Pyburn, 1970).
Current obsarvations of multtmae breeding in many anurans, the wide variaion in tedes
dze and occurrence of severd types of mating sysems drongly indicate that sperm
competition and multiple paernity may be commoner than currently thought for frogs, as
noted before by Roberts et d. (1999).
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Table 1. Body mass, testes mass (combined mass of both testes), and percentage of testes
meass relative to body mass for 33 anuran speciesin five families. Means and SD are shown.
(1) Present study; (2) Jennions and Passmore (1993); (3) Kusano et d. (1991); (4)

Unpublished datafrom C. P. A. Prado. In bold species that exhibit multi-mae spavning.

Families and species N Body mass(g) Testesmass(mg) Testes/body (%)
Leptodactylidae

L eptodactylus chaquensist 21 32.8+6.3 1358.0+423.0 4.13+0.99
L. fuscust 21 7.7£11 5.0+1.8 0.06+0.02
L. labyrinthicust 03 561.0+183.5 220.0£15.0 0.04+0.01
L. macrosternum? 02 161.0+13.3 180.0+14.0 0.11+0.02
L. mydacinus 06 15.3+2.0 9.4+1.2 0.06+0.01
L. notoaktitest 05 10.7+1.3 5.0£2.0 0.04+0.02
L. ocdlatus? 04 11344174 130.0+19.0 0.12+0.02
L. podicipinust 20 4.3+0.5 33.0+13.6 0.75+0.26
Physalaemus a bonotatust 07 1.2+04 1.4+0.5 0.12+0.04
P. crombieit 06 1.0+0.1 1.6+0.6 0.15+0.05
P. nattererit 04 8.8+0.1 17.0£3.0 0.19+0.04
Rhacophoridae

Buergeria buergeris 10 4.1+0.5 21.2+52 0.52+0.14
B. japonicas 19 1.8+0.3 4.3+1.6 0.25+0.08
Chiromantis xerampelina? 12 13.4+2.7 1030.0+340.7 7.79+2.38
Polypedates |eucomystax: 03 7.2+1.1 49.7+36.3 0.71+0.54
Rhacophorus arbor eus? 22 13.9+4.6 753.9+427.9 5.15+2.00

R. owstonis 03 7.6x1.0 73.1+29.1 0.95+0.27
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. schlegeliis
R. viridis®
Bufonidae
Bufo garmani?
B. gutturalis?
B. japonicus®

B. maculatus?

Hylidae

Hyla japonicee
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1.8+0.5
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152420

36.0£134

24.8+9.0

23.2+119

1.06+0.35

1.11+0.44

0.13+0.06

0.31+0.08

0.35+0.15

0.39+0.14

0.28+0.10
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0.14+0.05

0.30+0.08

0.29+0.16

0.19+0.04
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Fg. 1 lllugraion of multiple gpawning in Leptodactylus chaguenss obsarved in the

fidd on 13 November 2000, South Pantand, Brazil. A couple spawning in the top
center, surrounded by seven peripherd mdes churning into the foam nest in synchrony
with the couple Note tha individuds have ther bodies patidly submerged in the

foam. Drawn after dides and observations.
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Fg. 2 lllugraion of multiple spawning in Leptodactylus podidpinus observed in the
fidd on 4 April 2001, South Pantand, Brazil. Two mdes gragping a femde, a smdl one

in the middle and the larger, resdent mae on the top. Drawn after dides.
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Fg. 3 Rdationship between log body mass and log testes mass for 11 leptodactylid
oecies (log y = - 237 + 089 log x). Curved lines represent 95 % confidence intervas.
Species - Lc: L. chaguenss, Lf: L. fuscus, LI L. ldbyrinthicus, Lm: L. meacrodernum,

Lmy: L. mydacinus, Ln: L. notosktites Lo L. ocdlaus, Lp: L. podidpinus, Pa

Physdlaemus dbonotatus, Pc. P. crombid, P P. nattereri. Note that multi-male breeder

species lie above the 95 % confidence interval.
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Fig. 4. Relationship between log body mass and log testes mass for 33 frog species in five families
(logy = - 2.0 + 0.88 log x). Curved lines represent 95 % confidence intervals. Families and species -

Bufonidee: Bga: Bufo garmani, Bg: B. gutturdis, Bj: B. japonicus, Bm: B. maculatus; Hylidae: Hj:

Hyla japonica, Phh: Phyllomedusa hypochondridis, Sa: Scinax acuminaus, Sf: S. fuscomarginatus,

Sn: S nasicus; Leptodactylidee: Lc. Leptodactylus chaguensis, Lf: L. fuscus, LI L. labyrinthicus,

Lm: L. macrosternum, Lmy: L. mydacinus, Ln: L. notoaktites Lo: L. ocelatus, Lp: L. podicipinus,

Pa: Physalaemus abonotatus, Pc. P. crombiei, Pn: P. nattereri; Ranidae: Len: Leptopdis natalenss,

Pta: Ptychadena anchietag Ro: Rana ornativentris, Rp: R. porosa, Rt: R. tagoi; Rhacophoridae: Bub:

Buergeria buergeri, Buj: B. japonica, Cx: Chiromantis xerampelina, Pol: Polypedates leucomystax,

Rha Rhacophorus arboreus, Rho: R. owstoni, Rhs R. schlegdlii, Rhv: R. viridis. Note that multi-

male breeder species lie above the 95 % confidence interval.
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CHAPTER 4

DESCRIPTION OF A NEW REPRODUCTIVE MODE IN
LEPTODACTYLUS (ANURA, LEPTODACTYLIDAE), WITH A
REVIEW OF THE REPRODUCTIVE SPECIALIZATION TOWARD
TERRESTRIALITY IN THE GENUS

Capitulo publicado:

PRADO, C. P. A., M. UETANABARO, and C. F. B. HADDAD. 2002.
Copela 2002: 1128-1133.
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ABSTRACT. The genus Leptodactylus provides an example among anurans where there is
an evident tendency towards teredrid reproduction. Herein we describe a new

reproductive mode far the frog Leptodectylus podidpinus, a member of the ‘medanonotus

group. This new reproductive mode represents one of the intermediate seps from the most
aquatic to the mogt terrestril modes reported in the genus. Three reproductive modes were
previously recognized for the genus Leptodactylus. However, based on our data, and on
severd dudies on Leptodactylus species that have been published since the last reviews, we

propose a new classfication, with the addition of two modes for the genus.
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INTRODUCTION

The concept of reproductive mode in amphibians was defined by Sdthe (1969) ad
Sdthe and Dudlman (1973) as beng a combination of traits that indudes ovipostion Ste,
ovum and dutch charecteridics, rae and duration of development, sage and Sze of
hatchling, and type of paentd care, if any. For the anurans, Dudlman (1985) and
Dudlman and Trueb (1986) recognized 29 modes of reproduction, dthough in recent
sudies on ecology and naturad history new reproductive modes have been described (e g,
Hadded and Hodl, 1997, Hadded and Pombd J., 1998, Hadded and Sawaya, 2000).
Amphibians exhibit a grest divergty of reproductive modes, especidly in the New World
tropics, induding dear trend towards teredridity (Dudlman, 1985), i. e, reproduction
becoming gradudly independent of water bodies.

Members of the family Leptodactylidee exhibit severa reproductive modes ranging
from aguatic to teredrid breeding, with many intermedige forms deposting eggs
embedded in foam neds (Heyer, 1969). Species of Leptodactylus and of the rlated genus
Adenomera are an example where a tendency towards terredtridity is evident (Heyer, 1969;
Dudlman, 1985). Heyer (1969) proposed that Leptodactylus species beonging to the
‘ocdlatus’ and ‘mdanonotus’ groups have the mogt primitive reproductive modes. Species
of both groups depost eggs in foam nests on top of the water and tadpoles are exatrophic,
feeding and deveoping in water. According to Heyer's (1969) review, species in the
‘pentadactylus’ group dow the fird sep to a more terredtrid life (Heyer, 1969), with foam
nests deposited in depressons or burrows a the edges or close to waer; exotrophic
tadpoles devdlop in water. More specidized modes are demondraed by species of the
‘fuscus’ and ‘marmoratus’ groups. Heyer (1974) placed ‘mamoraus group species in the

genus Adenomera. Species in the fuscus' group have foam nests that are placed on land in
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subterranean  chambers condructed by maes, exotrophic larvee in advanced dages are
rleesed through floods or ran to lentic or lotic waer bodies Frogs in the genus
Adenomera aso deposit foam nests in subterranean chambers, and in most species, tadpoles
devdop indde these chambers and are endotrophic, i. e, entire devdlopmenta energy is
obtained from vitdlogenic yolk (Heyer, 1969). More recently, De la Riva (1995) described
another reproductive mode for the genus Adenomera, which corresponds to the same
reproductive mode of the L. fuscus group.

In the present paper we report a new reproductive mode in a leptodactylid frog,

Leptodectylus  podidpinus, a member of the ‘mdanonotus’ group, in the Pantand,

southwestern Brazil. Based in this new reproductive mode, and on daa published &fter
Heyer's (1969) review, we review the reproductive modes exhibited by the species of

Leptodactylus, and propose anew classfication of modes for the genus.

MATERIALS AND METHODS
The sudy was conducted in the southern Pantand, municipdity of Corumbdg, State

of Mao Grosso do Sul, southwestern Brazil (19°34'S, 57°00W). The Patand is a
floodplain, with an area of ca 140,000 km? and devation between 75 and 200 m above sea
leve, deimited mostly by the Paraguay river in the west and Brazilian uplands in the esst
(see Por, 1995). The region is characterized by a seasond dimate (“Aw” type in Kdppen's
classfication), with a rany summer from October to April and a dry winter from May to
September. Annud  floods occur in the Pantand, and a the study sSte, dong the Miranda
river, floodings ae common from Januay to April. The “cearado” (savannalike
vegetation) predominates in the area, with patches of semideciduous forests, gdlery foreds

and grasdand fidds.
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Obsarvations on L. podidpinus were made at ponds and flooded areas near the Base
de Egtudos do Pantand / Universdade Federd de Mao Grosso do Sul (57°00W,; 19°34'S).
Data reported here were collected between January 1998 and Mach 1999, and from
January to April 2001. Diameter and depth of the depressons where mdes were cdling
were measured with a measuring tape to the nearest 0.1 cm. Cdling maes were captured
and toe dipped according to Wachman (1992) between 23 Mach and 08 April 2001
Sout-vent length (SVL) was messured in the fidd to the neares 0.1 mm with a cdiper.
Then, individils were rdeased a their capture point. Cdling Stes were dso marked.
Clutches were collected and immediatdy presarved in 5% formain; number of eggs per
clutch was determined and egg diameter measured with an ocular micrometer in a Zeiss
gereomicroscope (= 0.1 mm). The terminology used to describe the larvae nourishment

follows Thibaudeau and Altig (1999).

RESULTS
Badn desiption. - Basns of L. podidpnus were observed a the edges of

permanent ponds and flooded aress, among grass dumps or agquatic plants. The format of
the depressons was goproximately circular, with a mean diameter of 61.0 mm = 4.5 SD
(range = 50- 70, n = 16). Waer indde the depressons, that permested from the adjacent
water body, averaged 31.0 mm + 45 SD of depth (range = 24-40, n = 16). In gened,
mdes cdl from the interior of the basns with ther bodies patidly submerged (Fig. 1).
Cdling mdes are difficult to visudize because basins ae wdl covered by the margind
vegetdtion, fdlen leaves or dead vegeation, which function as roofs. In 24 basns we

observed, dl were covered by vegetation and maes were cdling beside the basn twice the
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remaning 22 maes were indde the depressons Mean digance between the nearest
occupied basn was 25 m = 21 SD (range = 0.6-84, n = 12). When water level was
decreasing, new neds were being condructed following the water line a the edges of the
waeter bodies, and the older ones were abandoned.

Behavior of mdes - Nine vocdizing mdes tha were indde ther basns were

marked and measured. Five marked maes were recgptured from one to three times on
successve nights during a 15 day dudy period. Mean SVL of recgptured mades (33.8 mm +
08 9D, range = 345327, n = 5) was lage (t = 441, P = 0.001) than tha of not-
recgptured mdes (310 mm = 10 SD, range = 324300, n = 4). Two mdes were
recaptured three times a the same dtes dthough they had moved to new basns near
origind ones as the water level was decreasng. Two other maes were recaptured once; one
of them, marked on 29 March 2001, was recaptured Sx days laer cdling in a new basn 4.5
m from the origind, and the second mde was recgptured sx days later ca 10 m from the
origind dte. One mde was recaptured twice indde the same basin. Three other males
cgptured cdling indde ther depressons were marked a night in March 1999. These mdes
were recaptured resting insde the depressions the next morning.

Clutches and femde parentd care. - Foam nests of L. podidpinus were observed

indgde basns in Jauay 1998, September 1998, and January 1999. The eggs were
pigmented, with a mean diameter of 1.1 mm + 0.05 SD (range = 1.01.2, n = 21 eggs from
2 dutches), and mean number of eggs per dutch was 21025 + 4421 SD (range =
1750- 2953, n = 6 clutches). The foam nests were covered by dead vegetation and mean
water depth indde the basns was 26.3 mm £ 32 SD (range = 24-30, n = 3). Ovipogtion

was observed once insde a basin covered by agutic vegetation leavesin April 2001.
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Femdes of L. podidpinus attending tadpoles were obsarved (n = 14), genedly, in
the margin of ponds or flooded aress, with water depth with about 5 cm. Femdes remained
cloe to the tadpole schools When tadpoles were didurbed, admos al femdes were
aggressve, manly those with hachlings, jumping and knocking with their heads agangt
observers hands They dso peformed pumping movements (sensu Wedls and Bard, 1988),
ater wha they usudly dived and emerged a short disances being followed by the
tadpoles. Femdes were observed attending tadpoles in different developmenta stages. In
gx foam neds andyzed we did not obsarve femdes dtending the eggs Although, we
suggest that females dso attend eggs because they were observed attending tadpoles since

the early larvd steges.

DISCUSSION
Reproductive_mode in L. podicpinus — Leptodactylus podidpinus occurs in open

formations of Paraguay, Argenting Bolivia, and in Brazil in the Amazon basin, throughout
centrd region, extending to southees and south of the country (Heyer, 1994). The
reproductive biology of this spedes like that of many tropica species is poorly known
(Vizotto, 1967; RossaFeres and Jm, 1994). Recent dudies reported the existence of
femade parentd care of eggs and tadpoles in this species (Prado et d., 2000; Martins, 2001),
but the exact description of cdling and ovipogtion gtes is lacking in these previous sudies.
The exception was the dudy conducted by Matins (1996), where he reported the
occurrence of maes of L. podidpinus cdling from basns a the edges of water bodies in
the State of S0 Paulo, Brazil. We obsarved the same dStuation for this species in the

Pantand.
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We did not observe the condruction of the basins in the present sudy, but Martins
(1996) observed mdes condructing basns with their snouts and suggested that maes
could use ether naturd or condructed depressons. Femde parentd care of tadpoles was
observed a our study sSte but we faled to obsarve femdes dtending eggs. Neverthdess,
Martins (1996, 2001) obsarved femdes attending eggs and tadpoles Based on these
informetion, on our obsarvaions on the behavior of mdes and given the uniform formet
and dimensons of the depressons we have messured, we consder that L. podidpinus
exhibits a new reproductive mode which can be summarized as follows pigmented eggs
and early lavd dages in foam nests, which are deposted in water-filled basns constructed
by the mdes adjacent to water; exotrophic tadpoles in ponds, femdes peform parenta
care, attending eggs and tadpoles.

Among the reproductive modes exhibited by the anurans, the generdized mode of
agudtic eggs and tadpoles is congdered to be primitive (Dudlman, 1985). The evolution of
soecidized modes, with eggs deposted in protected Stes or out of water, have been
conddered to be adgptations againgt aguatic predaiors (Magnusson and Hero, 1991; Hadded
and Sawaya, 2000). The reproductive mode of L. podidpinus could have evolved in
response to predation pressure on eggs, embryos, and even on adults (eg., cdling mdes,
amplexed pars during ovipostion, and femdes atending eggs). Although femdes of L.
poddpinus atend nets and tedpoles until metamorphoss (Prado e d., 2000; Martins,
2001, present study), the depostion of foam nedts indde vegtation covered basins may
provide additiond protection for the eggs and embryos. Adult mdes were obsarved insde
leaf- covered basns during the day. Visud predators, like wading birds were observed

preying upon other anuran species (Leptodedtylus chaguenss and Pseudis paradoxad) during
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the day a the study gte (C. P. A. Prado, pers. obs). It seems that the basins could aso
function as shdlter sitesfor L. podidpinus maes, avoiding or diminishing predation risk.

Studies on other species of the ‘medanonotus group show no evidence of basin
condruction by mdes (e g, L. leptodactyloides Heyer and Bdlin, 1973, reported as L.

wagneri; ether L. leptodactyloides or L. wagneri: Dudlman, 1978; L. vdidus. Downie,

1996). Nevethdess, Downie (1996) pointed out that cutches of L. vdidus in Trinidad
were aways found a the edges of smdl ponds, usudly wel covered by dead vegetation. It
is possble that the reproductive mode described here for L. podidpinus occurs in other
species of the ‘mdanonotus group, but more detalled Sudies on ther reproductive
behavior are necessary.

Femde paentd cae of eggs and tadpoles in species of the 'ocdlaus and
'mdanonotus’ groups (e g, Wedls and Bad, 1988, Prado e d., 2000; Martins 2001)
reinforces Heyer's (1969) propodtion that members of both groups are the most cdosdy
related of the four Leptodectylus groups he identified. However, the reproductive mode of
L. podidpinus, a member of the 'mdanonotus group, represents a specidization possbly
derived from the primitive mode present in species of the 'ocdlaius group and some
species of the 'mdanonotus’ group, representing one more dep toward terredtrid
reproduction in the genus.

Reproductive modes in _the genus Leptodactylus - Heyer (1969) proposed four

reproductive stages for the species groups of the genus Leptodactylus, including the species
of Adenomera Severd dudies on Leptodactylus species have been published snce
rellting in new information regarding their reproductive biology (e g, Rodriguez and

Dudiman, 1994; Davis & d., 2000; Eteovick and Sazima, 2000). An interesing group
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concerning  reproduction  within  the genus Leptodactylus is the ‘pentadactylus’  group,
which presents a least two reproductive modes. The first specidization in this group is the
depogtion of foam neds in waterfilled depressons a the edges of water bodies,
subsequent to flooding, exotrophic tadpoles develop in waer (e g, L. knudseni: Hero and
Gdati, 1990; Rodriguez and Dudlman, 1994; L. labyrinthicus. Agodinho, 19%4; C. F. B.
Haddad, pers. obs). Whether these depressons are natura or condructed remans unclear.
The ultimate spedidization in the 'pentedactylus’ group is the totd terrestrid reproductive
mode described for L. falax (Davis et d., 2000). In this species foam nests are placed in
burrows in the ground, and tadpoles devdop indde the neds but some detals on
reproduction and larvd devdopment need to be darified. Also in this spedies it is not dear
if the cavities used are naturd or condructed (Davis e d., 2000). Although Lescure and
Letelier (1983) reported that tadpoles of L. fdlax devdop indde the net only on ther
vitdline resarves until metamorphoss, Davis e d. (2000) described tadpoles without yolk
sacs. If tadpoles devdop only on ther yolk, this reproductive mode could be conddered
comparable to the mode described for some species of Adenomera (Heyer, 1969; De la
Riva, 1995).

Leptodactylus pentedactylus gpparently has two dterndive reproductive modes: (1)

depodtion of foam nests in open depressons (‘potholes); subsequent to  flooding,
exotrophic tadpoles develop in water (Breder, 1946), as in other species of the group
mentioned above, (2) reproductive mode smilar to that described for L. fdlax (Hero and
Gdatti, 1990; Rodriguez and Dudlman, 1994), i. e, a foam nest indde burrows in the
ground and devdopment of larvae indde the nest. Muedeking and Heyer (1976) observed
nests of L. pentadactylus in Panama depodted in apparently excavated potholes, and a a

some distance from water bodies. These authors aso registered the co- occurrence of larvae
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and eggs in the same nests and some of the larvae had yolk colored guts, which was
interpreted as ingestion of eggs by the lavae As suggesed by Muedeking and Heyer
(1976), possbly the normd pattern for L. pentadactylus is the release of tadpoles in water
through floods of potholes, as obsarved by Breder (1946). Nevethdess in unfavorable
conditions of ran, lavae could reman in the nest feedng on eggs up to metamorphoss
(Muedeking and Heyer, 1976). This latter gStuation was observed by Heo and Gdati
(1990) in Centrd Ameazonia, dthough they did not mention how lavae were nourished. It
is possble tha the dternative modes present in L. pentadectylus are partidly associated
with feeding diverdty exhibited by the larvae, which can feed on dgae foam (Vinton,
1951), other tadpoles (Heyer et d., 1975), and even on eggs (Muedeking and Heyer, 1976),
and ds0 due to the presence of a foam nest tha provides protection from desccaion to
tadpoles, as previoudy mentioned by Heyer (1969). Alterndively, the occurrence of these
different reproductive modes could dso be explaned by the exigence of more than one
gpecies being identified under the name L. pentadactylus (W. R. Heyer, pers. comm.).

Oophagous tadpoles are ds0 known for other species of the 'pentedactylus group.
Tadpoles of L. knudseni were dready observed feeding on congpecific eggs placed later in
the same pond (C. F. B. Haddad, pers. obs). Agogtinho (1994) verified that a mean of 90%
of eggs present in foam nests of L. |abyrinthicus were not fertilized, and were consumed by
the tadpoles, which could survive in the nest for dmost 30 days in good condition before
being caried to water by the ran. Femde depostion of a grest amount of eggs that will not
be fetilized, but indead, will supply nourishment for the tadpoles can occur in other
soecies of the 'pentadadtylus’ group, and could dso be ancther hypothess for larvd

nutritionin L. falax, beyond the three possihilities proposed by Davis et d. (2000).
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The reproductive mode of L. podidpinus is one of the trandtiond deps from an
aguetic to a teredrid breeding within the genus (Fig. 2). In this case, mdes congruct
water-filled basns a the edges of ponds, which ae wdl covered by leaves or dead
vegdation, and exotrophic tadpoles deveop in waer. In Table 1 we summarized the
reproductive  modes known for the genus Leptodactylus. Andyss of dl avaldble
information reveds tha the way leading to a teredrid reproduction in the genus
Leptodactylus is much more complex, with many, and maybe unknown, intermediate Steps,

which was evidenced by the results presented in our studly.
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Table 1. Diverdty of reproductive modes in leptodactylid frogs of the genus

Leptodactylus, from the most aguatic to the mog terredrid. In bold the new geps
proposed since Heyer (1969).
Reproductive mode Examples

1. Eggs and early larval stages in foam nest
on top of the water; exotrophic tadpolesin

lentic water.

2. Eggs and early larval stagesin foam nest
in water- filled depressions close to water;
subsequent to flooding, exotrophic tadpoles
in lentic water.

3. Eggs and early larval stagesin foam
nest in water-filled basins constructed by

males; exotrophictadpolesin lentic water.

4. Eggs and early larval stages in foam nest
in subterranean chambers constructed by
males; subsequent to flooding, exotrophic
tadpolesin lentic or lotic water.

5. Eggsin foam nest in burrows, either
close or far from water; larval
development in the foam nest insidethe
burrows?.

Species of theL. ocdlatus (e. g., L.
balivianus, L. chaguensis, L. ocellatus) and

L. melanonotus groups (e. g., L.
leptodactyloides, L. vaidus).

Some species of the L. pentadactylus group

(e. 9., L. knudseni, L. labyrinthicus, L.
pentadactylus).

One species of the L. melanonotus group

(L. podicipinus).

L. fuscus group (e. g., L. cunicularius, L.
eenag, L. furnarius, L. fuscus, L. jolvi, L.

mystaceus, L. notoaktites).

Some species of the L. pentadactylus
group (e. g., L. fallax, L. pentadactylus).

a |t remains unclear if tadpoles of L. fallax develop only on their vitelline reserves, or if they

have another nutrition source (see text for references).
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Fig. 1. (A) Dord and (B) laerd views of a mde of Leptodactylus podidpinus cdling

indde an excavated basn (Corumbd Mato Groso do Sul, South Pantand, Brazil). (B)

Note that leaves function as aroof for the basin. Drawn from photographies.
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Fg. 2. Schematic representation of sequentid deps of the reproductive modes in the
genus Leptodactylus, from the most agudic to the mogt terrestrid modes. (1) Eggs in
foam nest on top of water; tadpoles in lentic water, (2) eggs in foam nest in depressions
close to water; tadpoles in lentic water, (3) eggs in foam nest in wate-filled basns
excavated by mdes tadpoles in lentic water, (4) eggs in foam nest in Subterranean
chambers condructed by mdes, tadpoles in lentic or lotic water, (5) eggs in foam nest

in burrows, lava devdopment in the foam nest ingde the burrows. New dgeps

proposed for the genus Leptodactylus since Heyer (1969) are (3) and (5).
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CONCLUSOES

- A comunidade de anfibios anuros na &ea do presente estudo, no Pantand sul, €
composta por 24 espécies digribuidas em quatro familias Bufo sp. 1 (gr. granulosus), Bufo
. 2 (gr. granulosus), B. schneideri (Bufonidag); Hyla nana, H. punctata, H. raniceps,
Lysapsus limellus, Phrynohyas venulosa, Phyllomedusa hypochondrialis, Pseudis
paradoxa, Scinax acuminatus, S fuscomarginatus, S nasicus (Hylidae); Adenomera cf.
diptyx, Leptodactylus dhaquensis, L. elenae, L. fuscus L. cf. macrosternum, L. podicipinus,
Physalaemus albonotatus, P. cf. biligonigerus Pseudopaludicola cf. falcipes
(Leptodactylidee); Chiasmocleis mehelyi e Elachistocleiscf. bicolor (Microhylidae).

- A maior parte das egpécies (50%) exibiu o padrdo explosivo de reproducéo e nove
especies goresentaram  reproducdo  prolongada,  reproduzindo-se por mais de trés meses
consecutivos. Apenas trés espécies exibiram o padréo continuo, Hyla nana, Lysapsus
limellus e Leptodactyl us podici pinus, reproduzindo-se ao longo de todo o ano.

- A dividade reprodutiva das espécies de anuros na &ea de estudo ocorreu
principdmente na estacd quente e chuvosa (outubro a margo). A dividade reprodutiva é
sazond, sendo influenciada por fatores como a precipitacéo locd e atemperatura.

- Cinco modos reprodutivos foram regidrados para a comunidede estudada, sendo
um ddes novo: (1) ovos e girinos em ambiente Iéntico, (2) ovos depostados em ninho de
espuma sohre a &gua e girinos em ambiente |éntico, (3) ovos depositados em folhas acima
da &gua e girinos em ambiente léntico, (4) ovos em ninho de espuma, depositados dentro de
camaras subterréneas condruidas pdos machos, poderiormente 0s girinos sf0  carregados
pela &ua e desenvolvemse em ambiente |éntico, e 0 hovo modo (5) com ovas em ninho de
espuma depodtados em depressdes condruidas pdos machos, podteriormente 0s  girinos

desenvolvemrse em ambiente |éntico. H& dlvidas quanto a ocorréncia de um sexto modo
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para a epécie Adenomera cf. diptyx Porém, com base na literatura, assumimos que a
espécie goresenta 0 modo acima descrito como 4.

- O modo reprodutivo onde ovos sf0 depostados em ambiente |éntico e os girinos
desenvolvemrse nes2e mesmo locd, ocorreu em maor proporcdo na comunidade estudada
(625%), sendo sguido pelos modos onde 0s ovos S0 depostados em ninhos de espuma
(33,3%).

- As egpécies de anuros exibiram diferencas quanto a utilizacdo dos ambientes ao
longo do ano. Além disso, em rdacio as epécies que e reproduziram N0 mesmo periodo e
locd, os machos exibiram segregacdo em reacdo aos Sitios utilizados para a emissio de
cantos de anincio.

- A grande ocoréncia de egpécies com padrdo reprodutivo explosvo e com
aividade reprodutiva concentrada no inicio da edacdo chuvosa € esperada para ambientes
abertos e de clima marcadamente sazond em relagéo as chuvas, como o Pantandl.

- Na maor pate das espécies estudadas as fémeas foram maiores que 0s machos,
tanto em comprimento rodro-cloacd (CRC), quanto em massa Dimorfismo sexud em
tamanho n& foi obsarvado para Scinax fuscomarginatus, Leptodactylus chaquensis, L cf.
macr oster nume Physalaemus albonotatus.

- Os tamanhos de machos e fémeas amplectados foram andisados para trés
egpécies Scinax acuminatus, Lysapsus limellus e Physalaemus albonotatus. Houve
corrdacdo postiva entre 0 CRC de machos e fémeas em amplexo gpenas em L. limdlus. Os
machos em amplexo foram menores que as fémeass em S acuminatus e L. limellus. Porém,
em P. albonotatus os machos em amplexo foram um pouco maiores que as fémess, tanto
en CRC quanto em massa. Dentre as trés espécies edtudadas, machos ndo amplectados

foram dgnificativamente menores que machos amplectados gpenas em P. albonotatus
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- Ainda em rdacdo aos casas amplectados houve uma corrdacdo negativa
dgnificativa entre a razéo do tamanho do macho em rdacdo a fémea e o tamanho da fémea
em S acuminatus e P. albonotatus, i. e, fémess maores tenderam a se acasdar com
machos proporciondmente menores quando comparadas as fémeas menores. Diferencas
relacionadas a variancia nos tamanhos de machos e fémeas podem ter causado ta resultado.

- Tanto o CRC quanto a massa da fémea corrdacionaramse pogtivamente com o
tamanho da desova (nUmero de ovos por desova) em sete das oito egpécies examinadas. No
entanto, 0 coeficiente de regressfo linear (2 foi muito varidvel nas diferentes espécies.
Diferencas sazonais na producdo de ovos parecem explicar tais variagoes.

- Leptodactylus podicipinus, uma egpécie de reproducdo continua, apresentou
diferencas em rdacdo a producdo de 6vulos nes edagbes Umida e seca Fémess dedta
espécie produziram, em média, mais évulos na estacéo Umida

- Quanto as reagfes de tamanho-fecundidade interespecificas, houve corrdacéo
podtiva entre 0 CRC da fémea e o nimero de ovos depositados e 0 didmetro dos ovos.
Porém, espécies com modos reprodutivos terrestres, P. hypochondrialis, L. fuscus e A. cf.
diptyx, gpresentaram desovas menores e ovos maores quando comparados as espécies com
modos aguiticos (desova aguética e desova em ninho de espuma Sobre a égua).

- O invedimento reprodutivo (IR), medido como a porcentagem da messa do ov&io
em relacdo a massa do corpo da fémea, variou de 55 a 18% em 11 egpécies andisadas. O
IR foi comparado entre espécies que exibem modo reprodutivo aquatico, desovas em ninho
de espuma sobre a &gua e modos teredres. N&o houve diferenca sgnificativa no IR entre
essas trés categorias de modos reprodutivos.

- Houve corrdacdo negativa entre 0 IR e a massa das fémeas, proporcionamente,

fémeas de egpécies maores invesiram menos em gbnadas comparadas as fémess de
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epécies menores. Leptodactylus chagquensis exibiu um IR maor que o esperado, e L.
fuscus e P. paradoxa gpresentaram investimentos muito menores que o esperado.

- De trés espécies de Leptodactylus andisadas, houve corrdacéo negetiva entre a
massa do corpo gorduroso e a massa do ovaio em L. chaguensis e L. fuscus. Para L.
podicipinus, ndo houve correlacdo sgnificativa entre vaiaves.

- As variagbes nas edtratégias reprodutivas observadas para as epécies do presente
esudo, principdmente em rdacdb a producdo de Ovulos, deposcdo de gordura,
invetimento  reprodutivo, et relacionades aos padres de dividade e modos
reprodutivos das espécies, mas também parecem ser controladas por fatores ambientas,
principa mente aguel es relacionados a sazondidede climética do Pantand.

- Foi observado o comportamento de desova miltipla para as espécies L. chaquensis
e L. podicipinus na &ea de estudo, onde mas de um macho paticipou da oviposicdo
envolvendo uma Unica fémea. Também foram observedos combetes fiscos entre os machos
de L. chaquensis que participaram das desovas mlitiplas.

- A massa rddiva dos tedticulos de L. chaquensis e L. podicipinus foi maor quando
comparada a de outras espécies do género e outros leptodactilideos.

- A masa rediva dos tetticulos de L. chaquensis, L. podicipinus e de outras
epécies da familia Rhacophoridee, que também exibem o comportamento de desova
mdltipla, foi maor comparada a de outras espécies onde esse comportamento ndo €
conhecido.

- O tamanho rdaivo dos tediculos das espécies poligndrices agui  invedtigadas
ugere que a competicdo de esperma deve exercer uma pressio para 0 aumento do tamanho

dos testiculos nessas espécies. Além disso, o comportamento de desova envolvendo Vaios
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machos, e a ocorréncia de paenidede mlitipla, devem ser fendmenos mas comuns entre
anuros do que se acredita.

- Um novo modo reprodutivo para o género Leptodactylus foi descrito no presente
trabdho. O novo modo rexodutivo, o qua foi observado para a egpécie Leptodactylus
podicipinus, pode s detrito da seguinte forma ovos pigmentados em ninho de espuma
S0 depostados em depressdes contendo &gua, as quais SBo condruidas pelos machos nas
margens de corpos d'égua os girinos exotrdficos desenvolvemse na &gua; a fémea exerce
cuidado parentd em rdacdo aos ovos e girinos As depressies, normamente, estdo
recobertas por vegetacao, as quas funcionam como um teto.

- Paa o género Leptodactylus este novo modo reprodutivo representa um estégio
intermedi&io na evolucdo dos modos reprodutivos, desde 0 mas aguaico aé o mas
terrestre.

- Com a dexricdo deste novo modo reprodutivo, € com base em informagbes da
literatura, mas dois novos modos reprodutivos SGo propostos para 0 género  Leptodactylus,

0 qua passaa goresentar cinco modaos reprodutivos.



	Capa
	Folha de rosto
	Dedicatória
	AGRADECIMENTOS
	ÍNDICE
	RESUMO
	ABSTRACT
	INTRODUÇÃO GERAL
	LITERATURA CITADA
	CHAPTER 1 BREEDING ACTIVITY PATTERNS, REPRODUCTIVE MODES, AND HABITAT USE BY ANURANS (AMPHIBIA) IN A SEASONAL ENVIRONMENT IN THE PANTANAL, BRAZIL
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	LITERATURE CITED

	CHAPTER 2 REPRODUCTIVE STRATEGIES IN AN ANURAN ASSEMBLAGE IN A SEASONAL ENVIRONMENT IN THE PANTANAL, SOUTHWESTERN BRAZIL
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	LITERATURE CITED

	CHAPTER 3 TESTES SIZE IN LEPTODACTYLID FROGS AND OCCURRENCE OF MULTI-MALE SPAWNING IN THE GENUS LEPTODACTYLUS IN BRAZIL
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	LITERATURE CITED

	CHAPTER 4 DESCRIPTION OF A NEW REPRODUCTIVE MODE IN LEPTODACTYLUS (ANURA, LEPTODACTYLIDAE), WITH A REVIEW OF THE REPRODUCTIVE SPECIALIZATION TOWARD TERRESTRIALITY IN THE GENUS
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	LITERATURE CITED

	CONCLUSÕES



