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ABSTRACT. The diet of Leptodactylus ocellatus (L., 1758) was studied in specimens collected at Maldonado
Department (Uruguay), where monthly surveys were made between August 1998 and March 2000. A total of 143
frogs were collected, measured, sexed, and dissected, to assess stomach contents. The anurans were grouped into three
age classes and four categories (considering sex and capture date). The trophic amplitude for each age class and sex-
season category was quantified using Shannon-Weaver Index, and the trophic niche overlap between ages and
categories by using the Pianka Index. Comparisons among treatments were made by G-tests. The most important
prey items were coleopterans (IRl = 2547), and significant correlations were found between predator and prey sizes.
The major differences on diet composition were found between extreme age classes (froglets and adults). Significant
differences were also detected between sexes in the cold season but not in the warm season. Any of these changes in

diet may be related with the availability of prey.
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INTRODUCTION

The knowledge and understanding of the paths and
processesrel ated to amphibian trophic ecology isof interest
not only for herpetologists, but also for ecologists (Hiral &
Matsul, 1999). The pivotal role of amphibians in aquatic
communitieswas pointed out by several authors (DueLLMAN
& Trues, 1994; Sreeeins & CoHen, 1995). The global
phenomenon of declining amphibian populations
(BLAustEIN, 1994; McCoy, 1994; ALFOrRD & RicHARDS, 1999)
elevated these vertebrates to a zoological group of special
interest.

The leptodactylids are one of the more widely
distributed anuran familiesin South America, and specialy
Leptodactylus ocellatus (L., 1758) occupies a wide
geographical area, including Brazil, Argentina, Paraguay and
Uruguay. An extensive literature has been published about
this species mainly because of its complex reproductive
behaviour. Vaz-FerreIrRa & GErRHAU (1975, 1986) described
parental care of foam nest and tadpol e schools by females.
GALLARDO (1964) and Cel (1980) gave some data about the
adult diet for severa Argentinian populations. Basso (1990)
provided quali-quantitativeinformation about the diet. The
feeding ecology of tadpoles and juveniles was described
by LamaNovicH (1994, 1996) for Argentinian populations,
but knowledge on thediet of thisspeciesin Uruguay isvery
scarce. LANGONE (1994) reported some data about
systematics, behaviour, reproduction and, based onthediet,
he stated that this frog may feed on land or in water. The
name of the species, L. ocellatus, is here adopted in the
sense of LanconE (1994). Some references on the trophic
nicheof adultsand on cannibalistic eventsin an Uruguayan
population, were given by AcravaL & OLmos (1997).

The objectiveisto describethe diet of an Uruguayan
population of Leptodactylusocellatusinthewild, analyzing
theontogenetic, intersexual, and seasonal changesthat may
occur.

MATERIAL AND METHODS

The field work was conducted at Arroyo Espinas
(34°47'S, 55°22'W), Maldonado, Uruguay, between
August 1998 and March 2000. The frogs were obtained
with pitfall trapsand supplementary specimenswere hand
collected. These animals were anesthetized in situ with
2-phenoxy-ethanol and immediately fixed in 10% formalin
as suggested by CaiLpweLL (1996). All specimens were
deposited in the Vertebrate Zool ogy Collection, Facultad
de Ciencias, Universidad de la Republica, Uruguay
(ZVCB). In thelaboratory, snout-vent length (SVL) and
mandibular width (MW) were measured to the nearest
0.1 mm. Specimenswereventrally dissected, and stomach
andfirst portion of theintestine were removed (ScHOENER,
1989). The prey contentswere analyzed under abinocul ar
microscope and itemsweredetermined to order level. The
total length (L) and maximum width (W) of al prey items
were measured with an ocular micrometric grid (in mm),
and the contents were kept in cans with 10% formalin.
Theindividual prey volume (in mm?®) was estimated after
DunHam (1983) criteria, under theexpressionV =4/3m (L/
2)(W/2)% Thetotal volume of each stomach (TVS) was
calculated as the sum of the volume of al prey items
present in a given stomach. The minimum sample size
was estimated from the cumulative diet diversity curve
using Shannon-Weaver index (SHANNON & WEAVER, 1949)
assuggested by KovAcs & Torok (1997).

Based on the SVL, frogs were grouped into three
ageclasses: froglets (SVL <50 mm), juveniles (50 < SVL
<75mm) and adults(SVL >75mm). The TV Sdataallowed
todifferentiatetwo feeding periods: awarm season with
high foraging rate (November to February) and a cold
season with low foraging activity (March to October).
Sex of each individual was determined by examination of
gonads. From the season (warm and cold) and sex (males
and females) factors, were determined four comparison
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groups.

Thetrophic diversity wasanalyzed by standardized
Shannon-Weaver index: J=H /log(n), whereH = - [p, X
log(p)], p. isthe proportion of thei resourcein thesample,
and nisthetotal number of different resources.

To describetheimportance of each item consumed,
theindex of relativeimportance (Pinkaset al., 1971) was
calculated as: IRIt = (POt) x (PIt + PVt), where POt isthe
percentage of occurrence (100 x number of stomachs
contained t item / total number of stomachs), Plt is the
percentage of individuals (100 x total number of
individuals of t in all stomachs / total number of
individuals of al taxain all stomachs), and PVt is the
percentage of volume (100 x total volume of individuals
of tinal stomachs/ total volumeof al taxainall stomachs).

The dietary overlap among groups (age classes,
sex-seasons) was evaluated using the Pianka index
(Panka, 1973): Ok =Okj =[ = (p;xp) 1/ (Z p*xp,) %,
wherep, and p, are the proportion of thei resource used
by thej and k paired categoriesin each treatment. Changes
on diets among groups were evaluated by G-tests using
IRIs. Regressions between prey length (mean, minimum,
and maximum of each prey) and predator size (SVL and
MW) were made.

RESULTS

The minimum sample size was estimated in 115
individuals(fig. 1). From atotal of 143 stomachsanalyzed,
30 (21%) were empty and 113 (79,0%) presented at | east
one of the 19 taxa identified (tab. 1). The overall mean
richness of taxaby stomachwas X =2.32 (SD =+ 2.22),
reachingavalueof X =2.96 (SD == 2.10), when empty

Table I. Prey types on the diet of Leptodactylus ocellatus (n=113)
from Arroyo Espinas (Balneario Solis, Maldonado, southeastern
Uruguay): O, occurrence; % O, percentage of ocurrence; N, number
of individuals; % N, percentage of number of individuals; V, volume
in mm?; % V, percentage of volume; IRI, index of relative importance
(IRI), showed for each prey items; f, formicids; nf, not formicids.

Prey items O %O N %N \% %V IR
Arachnida
Araneae 51 35.66 167 14.37 865362 8.32 809.26
Acari 16 1119 90 7.75 8.07 0.01 86.75
Opiliones 5 350 6 052 126073 121 6.04
Insecta
Coleoptera 76 53.15 303 26.08 22730.13 21.85 2547.20
Orthoptera 35 2448 98 843 32475.64 31.22 970.56
Hemiptera 40 2797 112 964 1019491 9.80 543.76
Hymenoptera (f) 23 16.08 134 1153 491482 4.72 261.47
(nf) 11 769 11 095 590.98 0.57 11.65
Diptera 14 979 32 275 161.17 0.15 2848
Lepidoptera 4 280 4 034 35582 034 192
Odonata 1 070 3 026 1520 0.01 0.19
Dermaptera 1 070 2 017 85.67 0.08 0.18
Larvae 25 1748 40 344 782925 7.53 19177
Collembola 3 210 26 224 694 001 471
Chilopoda 4 280 4 034 128,60 0.12 131
Gastropoda 2 140 2 017 23.28 0.02 0.27
Crustacea
|sopoda 13 909 120 10.33 1009840 9.71 182.14
Amphipoda 1 070 2 017 6216 0.06 0.16
Anphibia
Anura 3 210 3 026 442430 4.25 9.46
TOTAL 1159 104019.69
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Fig. 1. Cumulative diversity for the overall sample of
Leptodactylus ocellatus. Arrow indicates the minimum sample
size (115 individuals).

stomachs were not considered. The maximum richness
found in asingle stomach was 11 items.

The overall diversity (standardized Shannon-
Weaver index) was H = 0.67. The total number of prey
individualsretrieved was 1159. The maximum number of
prey individualsfound in asingle stomach was 118. The
mean number of individuals per stomach was x = 8.11
(SD =+ 18.24), reaching avalue of x =10.35(SD =+
20.06), when stomachs without content were not
considered.

Theindex of relativeimportance showed that the diet
of L. ocellatuswasdominated by coleopterans(IRI = 2547.20).
Orthopterans(IRI=970.56), spiders(IRI=809.26), hemipterans
(543.76), ants (IR = 261.47), isopods (IRl = 182.14), insect
larvae (IRl = 191.77), and acari (IRl = 86.75), were also
important taxain thediet of L. ocellatus (tab. ).

Regressions between prey size (mean, minimum,
and maximum prey length in each stomach) and predator
length (SVL and MW) were made using all stomachs
containing at least one prey individua (tab. I1). Infive of
the six regressions (fig. 2), a positive and statistically
significant (p < 0.05) slope was found, except for the
relationship between minimum prey length and predator
SVL, wherethe slopewasal so positive but not statistically
significant (p=0.12).

The trophic diversity and the index of relative
importance change between age classes for some items

Table Il. Regression summary for the variables SVL (snout-vent
length) and MW (mandibular width), and maximum (Lmax),
average (La) and minimum (Lmin) prey length (values are given
in mm) of Leptodactylus ocellatus (n=113) from Arroyo Espinas
(Balneario Solis, Maldonado, Uruguay); p: , interceft probability
value; b, slope; p,, slope probability value; R*, regression
coefficient (*, statistically significant values).

Intercept P; B Py, R?

SVL

Lmex 197 051 0.22* 0.00 0.213

La 3.14* 0.01 0.09* 0.00 0.187

Lmin 2.89* 0.01 0.03 0.12 0.017
MW

Lmex 204 049 067* 0.00 0.208

La 2.87* 0.02 0.27* 0.00 0.205

Lmin 2.40* 0.04 0.10* 0.04 0.035
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Fig. 2. Regressions between minimum (LMIN), maximum (LMAX) and average (LA) prey length and predator snout-vent lenght

(SVL) and mandibular width (MW) of Leptodactylus ocellatus.

Table I11. Values of the index of relative importance (IRI) of main prey
item (1R, above 1% of total IRI) by category (age and sex-season)
of Leptodactylus ocellatus (n=113) from Arroyo Espinas (Balneario
Solis, Maldonado, Uruguay). Age: F, froglets; J, juveniles; A, adults.
Sex-season: MC, malesin cold period; MW, males in warm period; FC,
females in cold period; FW, females in warm period. H, value of the
standarized Shannon-Weaver index for each category. f, formicids.
Acari in sex-season classes did not reach IRI values higher than 1% of
total IRI.

Age classes Sex - Season classes
F J A MC MW  FC FW

Aranese 251.66 1638.53 819.16 1226.02 87555 731.84 2642.74
Acari 8729 206 166.35

Coleoptera  4137.02 3147.62 2145.04 2521.05 4991.31 3078.68 5445.72
Orthoptera 634.19 1363.79 1009.55 2397.59 473.92 1223.61 395.68
Hemiptera 22834 820.61 630.66 596.12 64224 57653 2167.21
Hymenoptera (f) 5534 6455 56857 57531 79.92 204.14 627.03
Larvae 256.74 207.88 22827 6023 549.81 137.43 1142.29
Isopoda 100 4044 45463 19177 8487 386.31 165.46
H 066 067 068 061 072 065 076

(tab. 111). The diet composition showed significant
differences among the three age classes (G = 74.2, df =
14, p < 0.05). Differences were significant between the
three paired comparisons too. The diet of froglets was
moresimilar tothat of thejuveniles (Piankaindex = 0.876;
G=21.2,df =7, p<0.05) than to the adult diet (Pianka
index=0.785, G=35.8, df =7, p< 0.05). Thetrophic niche

Table IV. Niche overlap values (Pianka index) and results of G-tests
of Leptodactylus ocellatus (n=113) from Arroyo Espinas (Balneario
Solis, Maldonado, Uruguay) between sex- season categories: MC,
males in cold period; MW, males in warm period; FC, females in
cold period; FW, females in warm period; G, G-test values; df,
degrees of freedom; p, G probability value (*, statistically significant
values).

Pianka Index G df P
FC-FW 0.880 19.65 7 0.006 *
FC-MC 0.910 19.60 7 0.006 *
FW-MW 0.963 441 7 0.731
MC-MW 0.841 25.26 7 0.000 *
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overlap between juvenilesand adultswas 0.834 (G =45.7,
df =7, p<0.05). Ontaxalevel, theisopodswerethe only
group not consumed by froglets.

Some changes have been observed between the
four sex-season categories in the trophic diversity and
the index of relative importance for each item (tab. 111)
and the niche overlap (tab. 1V). The maximum overlap
valuewas reached by the malesin warm season - females
inwarm season pair (Piankaindex = 0.963). In thisseason
(warm), the trophic diversity of each sex isthe highest.
The diet shows significant differences among the four
categories (G =59.8, df =21, p< 0.05), and between sex-
season classesin paired comparisons. The exception was
the malesin warm season - femalesin warm season pair,
where no significant differences were found (G = 4.41,
df =7,p=0.73).

DISCUSSION

Correlations between the diet of tropical anuran
species and environmental variables allowed the
classification of these species as generalist or specialist
predators (Tort, 1981). This information is scarce for
amphibians from temperate regions (Hirai & MaTsul,
1999), particularly in South America.

The trophic niche of L. ocellatus in the studied
Uruguayan locality would indicate that thisfrog is nearer
to the wide niche predator than to the narrow one, in the
continuous specialist-generalist. Characteristics of this
kind of frogs (Tort, 1981) include lower number of prey
items and a “sit and wait” foraging mode. The present
results agree with those obtained for other |eptodactylid
frogs, such as Ceratophryscornuta L., 1758 (DUELLMAN
& LizaNA, 1994), Leptodactylus latinasus Jiménez de la
Espada, 1875 (Basso, 1990) and a species in the L.
ocellatusgroup (now L. macrosternumMiranda-Ribeiro,
1926) from AmazonasRiver basin (Strussvan et al., 1984).

GALLARDO (1964) described thediet of L. ocellatus
based on 88 specimens, demonstrating that the majority
had eaten coleopterans. This prey item has been aso
found frequently in the diet of a wild population in
Argentina(Basso, 1990).

Regressionsbetween frog size (SVL, MW) and prey
length showed significant positive correlations. Thisfact
may be interpreted as an ontogenetic change on diet. In
the present study, ontogenetic change on diet has been
found among three age classes. This kind of change has
al so been described in some Amazonic leptodactylids by
Lima (1998) and Lima & MacNusson (2000). Theseauthors
suggested that ontogenetic changes could be explained
by prey size and type. LamanovicH (1996) quantified the
trophic spectrum of juveniles of L. ocellatusin a wild
population at ParanaRiver, and hefound that diet changes
with increasing body size. He hypothesized that these
changes may be correlated with dispersion mechanisms
of the species, since adult frogs move to terrestrial
environments with higher prey availability. Our results
may partially confirm thishypothesis, becausethetrophic
diversity increaseswith age classes and the niche overlap
(similarity) is greater between neighbour age classes.
Some terrestrial prey items, like isopods and ants,
increased their value of IRI in a positive way with age

class, whereas coleopterans (that include many aquatic
taxa) decreased in thevalue of thisindex. Spatial changes
inprey availability might be discarded because specimens
of al age classes were collected in the same localities
(traps). A daily segregation may be considered (temporal
changes), and may not be excluded as afactor that would
explain differences in diet as a response to prey
availability.

Sex-seasonal changes have been also detected in
the studied population. The occurrence of the high value
of overlap index (and not significant differences) between
both sexes in the warm season means that both sexes
shared a great portion of trophic resources. Significant
differences between sexes in the cold season may be
interpreted as an “adaptative specialization” related to
decreasing of prey availability. These seasonal and
intersexual changes may support this hypothesis,
because significant fluctuations on dietary composition
among classeswere detected, with the cold season being
the period where the trophic spectrum waslowest. Some
authors have suggested this kind of predator responses
to prey availability diminishing (Jacksic, 2001). Thedietary
plasticity of L. ocellatusmay explain, in part, the success
of the species in fluctuant environments of temperate
regions.
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