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ABSTRACT. The aim of this study was to characterize, for the central region of the State of Rio Grande do Sul, Brazil, the
reproductive biology of Leptodactylus fuscus (Schneider, 1799), based on the analysis of gonadal development of males and females,
reproductive effort, size-fecundity relationships, and occurrence of sexual dimorphism in body size. Mature individuals were found
from October 1996 to February 1997 and from October 1997 to December 1997. The highest input of juveniles in the population was
recorded in March 1997. There was a positive and significant correlation between the number of mature individuals and the mean
monthly temperature. The population did not present sexual dimorphism in size. Males presented significant correlation only
between snout-vent length and testes length. All females had oocytes at four different maturation stages and there were no significant
correlations regarding size-fecundity variables. The correlation between ovarian size factor and females snout-vent length was not
significant either. The main difference between this population and those that inhabit tropical climate was that temperature was
responsible for stimulating the reproduction activity, instead of rainfall.
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RESUMO. Biologia reprodutiva de Leptodactylus fuscus (Anura, Leptodactylidae) em clima subtropical, Rio Grande de
Sul. O objetivo do estudo foi caracterizar, para a regido central do Rio Grande do Sul, a biologia reprodutiva de Leptodactylus fuscus
(Schneider, 1799) a partir da andlise do desenvolvimento gonadal de machos e fémeas, esforgo reprodutivo, relagées de tamanho-
fecundidade e existéncia de dimorfismo sexual em relagdo ao tamanho corporal. Individuos maduros foram encontrados de outubro/
1996 a fevereiro/1997 e outubro/1997 a dezembro/1997. Em marco de 1997, houve o maior acréscimo de individuos jovens na
populagdo. Houve correlagéo positiva e significativa entre o nimero de individuos maduros coletados e a temperatura média mensal.
A populacé@o ndo apresentou dimorfismo sexual. Para os machos, houve correlacéo significativa apenas entre comprimento corporal
e comprimento dos testiculos. Todas as fémeas possuiam ovocitos em quatro diferentes estagios de maturagdo e nao foi observada
nenhuma correlagdo significativa entre as varidveis de tamanho-fecundidade. A correlagéo entre fator tamanho do ovério e comprimento
corporal também ndo foi significativa. A principal diferenga entre esta populagéo e as que habitam clima tropical foi o efeito da

temperatura como estimulo da atividade reprodutiva, ao invés de chuva.

PALAVRAS-CHAVE. Anfibios, reproducao, clima subtropical.

Amphibian reproductive cyclesare under hormonal
control, which responds to environmental variation.
Anuransfrom tropical regionstend to present continuous
reproductive cycles; however, they reproduce in the
season during which rainfall is sufficient to provide
oviposition sites. On the other hand, in temperate and
subtropical climates, temperature seems to be the main
factor that stimulates the onset of the reproductive period
(DuELLMAN & TrUEB, 1994).

LeptodactylusFitzinger, 1826isdividedintofivelarge
speciesgroups, including the L. fuscusgroup (HEYER, 1969).
In this group reproduction generally occurs during rainy
periodswith high temperature. Maesdig subterranean nests
close to water bodies and attract females to enter, where
oviposition occurs. Eggs are deposited in foam produced
by the pair and tadpoles develop up to acertain stageinside
the nest, which is destroyed by flooding or inundated when
rains start, thus releasing the larvae to complete their
development inthewater (Hever, 1969).

Leptodactylus fuscus (Schneider, 1799) is widely
distributed from Panama to Argentina (Hever, 1978).
Reproductive biology and behavior of this species were
investigated in Trinidad (Kenny, 1969) and French Guyana
(Lescure, 1972) with the description of burying nest.
Seasonality and embryonic development were studied in
Venezuela (SoLano, 1987). In his revision of the fuscus

group, Hever (1978) considered L. fuscusaunique species
according to morphologic issues. After that, strong
genetic differentiation was observed within L. fuscus
populations along its distribution (Hever & Reip, 2003;
Camarco et al., 2006).

In Brazil, many studieswere carried out on L. fuscus.
In Roraima, reproductive biology and mating behavior were
described (MarTINS, 1988). In the southeast of Brazil,
BrasiLEIRO €t al. (2005) and Ouiveira-FiLHo et al. (2005) dso
studied seasondlity reproductive patterns. In Pantanal of
Mato Grosso do Sul, the reproduction occurs during rainy
season (AviLa & FERRrEIRA, 2004) and the reproductive
biology was studied by Prapo & Habbab (2003, 2005).

Recently, arevision on L. fuscusreproductive ecology
indicated that the species has a high reproductive plasticity
(Lucas et al., 2008). For the subtropical region, malesof L.
fuscus vocalize mainly in the warmets months of the year
(BotH €t al., 2008; SanTos €t al., 2008). Even though the
reproductivebiology of L. fuscuswaswell sudiedintropical
areas, there are no studiesin subtropica climate.

Thus, the aim of this study is to characterize the
reproductive biology of Leptodactylus fuscus based on the
analysis of gonada development of males and females,
reproductive effort, size-fecundity correlation and existence
of sexua dimorphism in body size, at alocality in the
central region of Rio Grande do Sul State, Brazil.
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MATERIAL AND METHODS

The study area is located in the municipality of
SantaMaria, central region of the State of Rio Grande do
Sul, Brazil (Fig. 1). Sampling was carried out from October
1996 to March 1998 in the Campo de I nstrucdo do Exército
de Santa Maria (CISM), which is characterized as a
deciduous seasonal forest (VeLoso & Goes- FiLHo, 1982)
but currently presents anthropic alterations. There are
natural fields near the study area.

According to Képpen's system classification the
climate in the region is subtropical humid. The mean
annual temperature oscillatesfrom 17.9t0 19.2°C. However
the four seasons are well defined, with summer
temperatures reaching about 40°C and winter
temperatures, 0°C. Rainfall isregular throughout the year
withannual rainfal index from 1500 mmto 1750 mm. March,
November and December are the months with lower
rainfall (Pereira et al., 1989).

Pitfal traps with drift fences (barrels of 100 1) were
used to sample the population of the CISM (CecHin &
Marrins, 2000). Threelinesof ten containerswereinstaled:
onelineinthenatura grassfield, oneaongtheforest border
and one inside the forest. The traps remained open during
all study, from October 1996 to A pril 1998, and wereingpected
three times aweek. The individuas trapped were deposited in
the scientific collection of the Zoology Section at Universdade
Federd de SantaMaria, Rio Grandedo Sul.

Following fixationin 10 % formalin and transference
to 70 % ethanol, snout-vent length (SVL) and mass were
measured for each individua using acaliper (resolution 0.1
mm) and a precision scale (resolution 0.1 g), respectively.
The testes length was measured using a stereomicroscope
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Figure 1. Study area localization, central region of Rio Grande do Sul,
Brazil. Studies on Leptodactylus fuscus also developed in this region
Santos et al., 2008 and BotH et al., 2008. Numbers 1 to 8 refers to
studies with this species along its distribution: (1) Kenny, 1969 in
Trinidad; (2) SoLano, 1987 in Venezuela; (3) BeErNAL et al., 2004 in
Colombig; (4) MarTINs, 1988 in Roraima; (5) Lescure, 1972 in French
Guiang; (6) AviLa & FErRrReEIRA, 2004; Prabo & Habpabp, 2003; 2005
and ArzaBe & Prapo, 2006 in Mato Grosso do Sul; (7) Rossa-Feres et
al., 1999; ToLepo et al. 2003; BrasiLEIRO et al., 2005; OLiveira-FiLHO &t
al., 2005 and Lucas et al. 2008 in S&o Paulo; (8) VAIra, 2002 in
Argentina. The localization number presents only a reference of
studies areas in the South America.

with ocular scale and mass using a precision scale with
resolution 0.0001 g. In order to assess maturity, monthly
samples of testes were prepared for histologica sections
survey. Maleswith spermatozoain the seminiferoustubules
were considered mature. Males with SVL larger than the
smallest maturemalewere consi dered mature. After histology
observations, the pigmentation of vocal sacs was also
checked to evaluate male maturity. Analyseswere based on
theleft testis. Thefollowing size-fecundity correlationswere
investigated for matureindividuals: 1. SVL x testeslength;
2. SVL x testesmass, 3. body mass x testeslength; 4. body
mass X testes mass.

Ovaries were classified by maturity following to
HermosiLLA et al. (1986), with modificationsfor thisspecies.
It isknown that in this species, oocytes are not pigmented
(Hever, 1969). Those with darker yellow coloration and
pronounced larger size were considered post-vitellogenic
(mature). Mature oocytes of both ovarieswere counted and
the diameter of the ten largest ones was measured for each
female. To facilitate counting, the oocytes were separated
by immersion into a solution of 3% sodium hypochlorite.
Fecundity was estimated based on the ovarian complement
(number of mature oocytesin the ovary) and on the“ovary
size factor” (OSF) (DueLLmaN & Crump, 1974), which
correlates number and size of post-vitellogenic oocytes to
body length: OSF = OC x DO/ SVL, where OC: ovarian
complement; DO: mean diameter of the ten largest post-
vitellogenic oocytes, SV L =femalessnout-vent length. Size-
fecundity correlations were eval uated among thefollowing
variables: 1. Females SVL x ovarian complement; 2. SVL x
massof matureovaries; 3. Body massx ovarian complement;
4. Body massx mass of mature ovaries.

Reproductive effort was measured as percentage
of gonad mass in relation to body mass (Prapo et al.,
2000). For males, the valuerecorded for thel eft testiswas
multiplied by two.

The Spearman (r,) Correlation Coefficient was used
to calculate correl ation between size and fecundity, OSF
and female SVL, and temperature and rainfall and
abundance of mature individuals. Sexual dimorphismin
SVL wastested through Student’st Test. Normality was
evaluated with the Shapiro-Wilk test.

RESULTS

Matureindividualswerefound from October 1996 to
February 1997 and from October 1997 to December 1997.
Monthly mean temperature was higher in January and
lower in Juneand July. Themonthly rainfall varied dongthe
year, with themost rainy months at theend of 1997 (Fig. 2).
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Figure 2. Monthly mean temperature and monthly accumulated
rainfall for Santa Maria, Rio Grande do Sul, Brazil, from October
1996 to April 1998.

lheringia, Sér. Zool., Porto Alegre, 99(3):237-241, 30 de setembro de 2009



Reproductive biology of Leptodactylus fuscus (Anura...

239

There was a significant positive correlation between the
number of mature individuals and the mean monthly
temperature (r,= 0.539; p=0.02; n=18), but therewas no
correlation to the mean monthly rainfall (r,= 0.117; p =
0.643; n=18).

The population had no sexual dimorphismin SVL
(t=12.55; p=0.132; FD = 28), but femaleswere larger in
body massthan males (t = 3.00; p = 0.005; FD = 28), (Tab.
1). Among the testes analyzed by histological sections,
18 (43.9 %) had spermatozoain the seminiferoustubul es.
Of these, 13 had vocal sacs pigmented and five had not.
Inaddition, 11 individuashad larger SVL than the smallest
mature male. Eight of them had vocal sacs pigmented
and three had not. There was significant correlation only
between SVL and testes lengthsize (r,= 0.45; p = 0.016;
n=29).

Twelve mature females of L. fuscus were collected
and all had oocytes in four different stages: 1: pre-
vitellogenic — with no accumulation of yolk in the
cytoplasm, small and transparent; 2: primary
vitellogenesis — accumulation of vitellus started, small
and whitish; 3: late vitellogenesis — larger accumulation
of vitellus, dightly larger and yellow; 4: post-vitellogenic
— mature oocytes, large and dark yellow. Some females
presented a small number of post-vitellogenic oocytes
(minimum = 42). No significant correlation (p > 0.05; n =
12) was found to the size-fecundity variables. The
correl ation between OSF and SVL wasnot significant (r
=-0.09; p=0.78;n=12).

The number of juvenilesin the population greatly
increased in March 1997. The smallest juvenile caught in
that month had 17.07 mm; the smallest juvenile was caught
inJanuary and had 15.90 mm. During thefirst three months
of the year (Jan — Mar) juveniles of different sizes were
found.

DISCUSSION

The studied population of L. fuscus may be
classified in the prolonged reproductive activity pattern,
as found for a tropical population at Corumbd, western
Brazil (Prabpo & Hapbap, 2005). Analysis of gonads of
the present study population indicated that reproduction
occurred from October to March. Thisresult agreeswith
that of SanTos et al. (2008), who observed L. fuscus
engaged in vocalization activity from November to March
in our study region.

All previousstudieswith L. fuscusin tropical areas
identified rainfall as the most important factor for the
onset of reproduction (Lucas et al., 2008). In our study,
the capture of mature individuals showed positive
correlation only with monthly temperature. The number
of vocalizing malesfor the whol e anuran community also
showed correlation with monthly temperature in a
previous study conducted in this same area (Santos et
al., 2008). In south Brazil, characterized by a subtropical
climate, temperature presents high variation along the
year, while rainfall is observed well distributed round-
year (with no dry season). Thus, the reproductive
behavior variation of L. fuscus is a consequence of this
climatic variation. Besides, the population studied here
reacted to a different climate factor from those of the
same genetic lineage, but that inhabiting tropical
environment (CamaRrco €t al., 2006; Lucaset al., 2008).

The population of L. fuscus here studied did not
present sexual dimorphismin SVL. The length of males
and femaleswas similar to that found by SoLano (1987),
in Venezuela. On the other hand, length of males and
femaleswas|larger than that found by MarTins (1988), in
Roraimaand smaller than found by Lucaset al. (2008), in
S3o Paulo, Brazil. Among the studies about the species

Table |. Reproductive characteristics of Leptodactylus fuscus (Schneider, 1799) for individuals caught in Rio Grande do Sul, from October
1996 to April 1998, and characteristics from studies with the species along its distribution (MFSVL, mean females SVL; MMSVL, mean
males SVL; MFBM, mean females body mass, MMBM, mean males body mass; DPvO, diameter of post-vitellogenic oocytes; NPvO,
number of post-vitellogenic oocytes; MOM, mean ovary mass; MOSF, mean ovary size factor; TM, testes mass; TL, testes length;
MMRE, mean reproductive effort; MFRE, mean female reproductive effort).

Study This study Lucas et al., Prabpo & HaDDAD, Prabpo & HaDDAD, MaRrTINS, 1988 SoLaNno, 1987
2008 2003 2005

MFSVL (mm)  43.7(41.9-46.3) 45.6 43.6(40-46.2) 39.5 42

MMSVL (mm)  43(39.9-46.8) 43.6 36.2 43

MFBM (g) 10.4(9.0-13.2) 8.6(6.9-11)

MMBM (g) 8.92(7-11.2) 7.7

DPvO (mm) 1.5(1.2-1.6) 1.0-2.0 2.2(2.1-2.3) 1.8 2

NPvO 191.8(42-441) 128-385 214(185-248) 182-248 245-296

MOM (g) 0.72 0.58(0.18-0.87)

M OSF 6.47(0.22-1.0)

™ (g) 0.003(0.0012-0.0052) 0.005

TL (mm) 2.3(1.6-3.0) 1.6-2.1

MMRE (%) 0.07(0.015-0.05) 0.06

MFRE (%) 7.47(2.6-10.8) 6.8(2.6-12.6) 11
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only MarTIns (1988) and Lucas et al. (2008) recorded
sexual dimorphism, with femaleslarger than males.

The highest recruitment of juveniles of L. fuscus
occurred in February and March, which corresponds to
theend of the reproductive period. In Venezuela, SoLano
(1987) observed that, in the laboratory, the metamorphosis
of this species takes 50 days and the size of the newly
metamorphosed individuals is around 11 to 12 mm,
reaching 20 mm after only two months. If we do not
consider population or climate differences, the
observation of juveniles of 20 mm or larger in January
1997 in the present study suggests that clutches were
laid in October 1996, which corroboratesthefindingsfrom
gonad analysis that the reproductive activity begins in
October. The large number of juveniles captured at the
end of thereproductive period is probably related to their
displacements searching for shelter to undergo colder
months, since the species was not found in the winter
(June to August).

The size and mass of anuran testesincrease during
spermatogenesis due to maturation of the spermatogenic
cells (DueLLMAN & Trus, 1994). This increase was
recorded for L. fuscusin this study, since length of testes
was positively correlated to the SVL. In the present study,
some males with mature tests had not pigmented vocal
sacs. The development of this secondary characteristic
may have been retarded in theseindividuals. On the other
hand, some males with pigmented vocal sacs had no
mature testes. Only the left testis was eval uated here and
it is possible that these individuals had spermatozoids
on the right test. Therefore, these results highlight the
importance of carrying out histological analysisof at |east
one testis to assess male maturity.

Males of apopulation of L. fuscus studied in Mato
Grosso do Sul (Prabo & Happab, 2003) presented smaller
mean body mass and reproductive effort than those
found in this study; however, the mean testes mass was
larger in that study. Otherwise, these populations may
be considered very similar. Camarco €t al. (2006) found
that the mtDNA data support the hypothesis of three
groups within L. fuscus, occurring in northern, southern
and south-eastern, and western South America. They did
not evaluate individualsfrom Pantanal and Rio Grade do
Sul, but it is possible that these two populations belong
to the same group.

High gonad investment in malesmay indicate sperm
competition, as recorded by Prapo & Habbap (2003) in
Leptodactylus chaquensis Cei, 1950 and L. podicipinus
(Cope, 1862). Their record for L. fuscuswassimilar to that
found in this study. The low reproductive effort found in
both studies is probably related to the reproductive
strategy used by the species, in which the male builds a
subterranean nest, attracts afemale and the clutch islaid
there, which may prevent eliminates sperm competition.

In comparison to this study, in Mato Grosso do
Sul, femaesof L. fuscus had smaller body massand lighter
ovaries, but contained larger and fewer post-vitellogenic
oocytes (Prabo & Habpbap, 2005). The population
studied here presented most of the body filled by the
gonads, which were heavier probably because the post-
vitellogenic oocyteswere smaller but occurred in greater
number. In southeast Brazil, the oocytes were larger than

observed here and found in lower numbers (Lucaset al.,
2008). In Roraima, post-vitellogenic oocytes had similar
sizeof that recorded herein, but found in asmaller number.
This could be related with the small body size of mature
females from Roraima (MarTins, 1988). In Venezuela
(SoLaNo, 1987), femal ereproductive effort was higher than
in this study, probably due to larger oocytes found in a
great number, once the body size was similar. The trend
to decrease egg number with theincreasein egg diameter
was suggested to be related to more terrestrial
reproductive modes (Hever, 1969). Comparing to other
studies, the population herein is the one that least
represents this trend, but the values found are in
accordance to what Hever (1969) proposed for the L.
fuscus group.

The absence of correlation between the size-
fecundity variables in females of this study was also
verified by SoLano (1987) and Prapo & HabbaD (2005)
in other populations of L. fuscus. Only MarTins (1988)
found significant correlation between SVL and number
of eggs. According to Crump (1974), the ovary sizefactor
increasestogether with theincrease of thefemale SVL in
each reproductive mode, but this correlation was not
verified in this study. Neither wasit recorded by SoLano
(1987), which suggests a hypothesis of influence of
nutritional and environmental condition on the oocytes
production.

The reproductive biology of L. fuscus in southern
Brazil presented some differences comparing to other
populations already studied. The main difference
concerns the factor responsible for stimulating the
reproduction, which israinfall in seasonally dry tropical
regionswhereasin the areaof thisstudy, whererainfall is
well distributed along the year, temperature played this
role. Such data demonstrate the environmental plasticity
of the species and evidence that populations of the same
species may present different patterns according to the
climate under which they live.
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