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The conversion of forests to agroecosystems presents a challenge for biodiversity conservation. In this study, the feeding habits 
of three species of anurans (Rhinella fernandezae, Odontophrynus americanus and Physalaemus albonotatus) were compared 
between a soybean field and a native forest in Santa Fe Province, Argentina. Our dietary assessment is based on 124 individuals 
(47 R. fernandezae, 45 O. americanus and 32 P. albonotatus). Lepidopteran larvae were the predominant item in anuran 
diets from the soybean field, whereas collembola, isopods and snails prevailed in the diets from forests. Generally, the three 
anuran species shifted their diets as prey differs in the two environments, but R. fernandezae and P. albonotatus maintained 
a preference for a few prey types. Mean niche overlap in the soybean field was smaller than expected by chance, suggesting 
that the three anuran species are competing for limited resources. Trophic studies on other native anurans in agroecosystems 
should be a priority in conservation efforts due to their potential use as natural control agents, as well as for assessing the 
consequences of the broad conversion of natural forest to agricultural use in our region and throughout the world.
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INTRODUCTION

Diets of amphibian species depend on intrinsic and 
extrinsic factors, such as morphological constraints 

related to life-history stage, size, specialization, foraging 
mode, diet plasticity, presence or absence of competitors 
and changes in resource availability due to human-medi-
ated habitat alterations (Anderson et al., 1999; Kupfer et 
al., 2005; Lima et al., 2010). Although numerous studies 
on diet composition and feeding strategies have been con-
ducted in native forests and areas with few anthropogenic 
activities (Peltzer & Lajmanovich, 1999; Duré & Kehr, 
2004; Araújo et al., 2007; Crawford et al., 2009; Dietl et 
al., 2009), only a few have focused on agroecosystems 
(Hirai & Matsui, 1999; 2000; Attademo et al., 2005). In 
view of the gradual advance of agricultural land, a major 
challenge is to understand the ecological mechanisms by 
which a large number of species coexist and how resourc-
es are shared. Although trophic segregation is one of the 
main mechanisms structuring anuran assemblages (e.g. 
Basso, 1990; López et al., 2005), trophic niches might in-
teract with other aspects such as structural heterogeneity 
(Suazo-Ortuño et al., 2007). 

In Argentina, modern agriculture has led to the ex-
pansion of cultivated areas, thus exerting an increasing 
pressure on natural habitats (Paruelo et al., 2005; Peltzer 
et al., 2006). In agroecosystems, native anurans may play 
an important role in controlling insect pests while avoid-
ing the negative side-effects of pesticides (Attademo et 
al., 2005; 2007a,b).

Rhinella fernandezae (Bufonidae), Odontophry-
nus americanus (Cycloramphidae) and  Physalaemus 
albonotatus (Leiuperidae) are widespread anurans in 
north-eastern and central Argentina (Frost, 2009), where 
they are frequently found in natural habitats (grasslands, 
flooded areas, savannahs, ponds) as well as in human-
modified environments. Despite their well-known life 
histories (Aquino et al., 2004a,b; Narváes et al., 2004; 
Sanchez & Busch, 2008), few studies have been con-
ducted on their feeding ecology in different environments 
(Lajmanovich et al., 2003; Attademo et al., 2005, 2007b). 
This study examines the feeding habits of sympatric 
populations occurring in a soybean field and a natural 
forest, with emphasis on prey consumption, prey impor-
tance categories and trophic interactions between species. 
We discuss the importance of trophic strategies and prey 
composition in determining the influence of human-al-
tered environments such as agroecosystems on anuran 
communities, highlighting the potential use of amphib-
ians as potential biological control agents. 

MATERIALS AND METHODS
Study area 
The study area is located in mid-eastern Argentina (Fig. 
1), a part of the Espinal ecoregion (Burkart et al., 1999). 
Mean annual rainfall is 800 mm and mean annual tem-
perature is 18 ºC. The area is dominated by large areas of 
intensively managed agricultural land (cultivated mainly 
with soybean and rice, followed by maize, sorghum and 
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wheat), and interspersed with remnant wetlands and flu-
vial forests (Arturi, 2006; Peltzer et al., 2006). 

Landsat 7 (+ ETM) satellite imagery provided by the 
Comisión Nacional de Actividades Espaciales (30 × 30 
m pixel resolution) was used for visual selection of the 
sites – a soybean field (100 ha) and a native forest (40 ha, 
5 km away from any agroecosystem) – based on, first, the 
presence of at least one pond with water during the study 
period, and second, the lack of a significant altitudinal 
gradient. Surveys were conducted during the period of 
soybean growth (December 2005 – March 2006). 

Sampling
Adult R. fernandezae (RF: Anura, Bufonidae), O. 
americanus (OA: Anura, Cycloramphidae) and P. al-
bonotatus (PA: Anura, Leiuperidae) were collected 
from soybean (30º20'53"S; 59º58'34"W) and forest 
(30º18'43"S; 59º59'42"W) sites following the methodol-
ogy of Greenberg et al. (1994). All specimens captured 
were euthanased and fixed according to ASIH et al. (2001) 
protocols. We obtained gastrointestinal contents using a 
stereomicroscope for preservation in 70% ethanol and 
deposition in the entomological collection of the Facultad 
de Bioquímica y Ciencias Biológicas of the Universidad 
Nacional del Litoral, Argentina. We recorded snout–vent 
length (SVL) of each anuran to the nearest 0.1 mm. A con-
dition factor (CF), expressed as 100 × [body weight (g)]/
[length (cm)]3 was calculated (Bagenal & Tesch, 1978). 
A t-test was used to compare CF between anuran species 
and sites.

Diet analysis 
Individuals containing at least one prey item were in-
cluded in the overall analysis. Food items were identified 
to the most detailed taxonomic level possible using a 
binocular microscope; the number of items per digestive 
tract was also recorded. We measured each prey item’s 
maximum length (L) and width (W) using digital cali-
pers to the nearest 0.01 mm. For partially digested prey, 
we estimated length by measuring width and then using 
predetermined length–width regressions from intact prey 
(Hirai & Matsui, 2001). 

Intra-environment diet analysis
For each taxon, we calculated the frequency of occur-
rence (FO%) and numeric percentage (N%) in accordance 
with the methodology of Lescure (1971). Volumes (V) of 
each prey item were estimated using the formula for an 
ellipsoid (Dunham, 1983). These three parameters were 
considered in determining the prey importance index pro-
posed by Biavati et al. (2004) of each prey category in the 
diet of each species in each environment. 

Trophic diversity. Trophic diversity was calculated using 
Hurlbert’s PIE (probability of interspecific encounter) in-
dex (Hurlbert, 1971). The index ranges from zero to one 
and represents the probability that two randomly select-
ed individual prey will be of different taxa (Olzewiski, 
2004). We calculated the PIE index for each species in 
each environment using 1000 random permutations in 
the EcoSim program (Gotelli & Entsminger, 2007). We 
standardized the number of individuals as the lowest prey 
abundance in the anuran species recorded. Niche breadth 
was calculated using the index of Levins (1968). The in-
dividual estimations of prey were summed at random, 
giving the accumulated trophic diversity (hk) (Hurtubia, 
1973), a value that was used to determine the minimum 
sample of digestive tracts required to evaluate sample 
representatives (e.g. Peltzer & Lajmanovich, 2002; López 
et al., 2005). One way analysis of variance (ANOVA) fol-
lowed by Tukey–Kramer post hoc multiple tests was used 
to determine interspecific differences in prey size.

Feeding overlap. We calculated dietary overlaps using 
Pianka’s index (Pianka, 1973). Overlap values of 1.0 
indicate identical diets or food volume, whereas over-
lap values of 0 indicate total dissimilarity in food items. 
Overlap values were arbitrarily set at the following levels: 
high (>0.7), intermediate (0.4–0.7) or low (<0.4). 

Prey importance and predator–prey association. To deter-
mine the importance of each prey category in the pooled 
gastrointestinal tracts of each species in each environ-
ment, we applied the formula of Biavati et al. (2004):

I=(FO%+N%+V%)/3 

where F% is the occurrence percentage, N% is the nu-
meric percentage and V% is the volumetric percentage.

To obtain a multidimensional representation of the 
predator–prey associations in soybean and forest sites a 
correspondence analysis (CA) was performed (Legendre 
& Legendre, 1999). Two matrices were compiled with the 

P.M. Peltzer  et al .

Fig. 1. Location of sampling sites in mid-eastern 
Argentina: soybean field (A) and native forest (B).
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individual number of each prey category consumed by 
each anuran species in each study site (da Rosa et al., 
2002), using MVSP software (Kovach, 2002). 

Diet comparisons and trophic structure
Comparisons of diet composition between soybean 
and forest sites. We performed a rarefaction analysis to 
compare prey diversities from sites that differed in prey 
number, involving the estimation of expected richness for 
a series of samples of different sizes (Gotelli & Graves, 
1996). We compared intraspecific prey diversity (R. 
fernandezaesoybean-forest, P. albonotatussoybean-forest, O. ameri-
canus soybean-forest) and the overall diversity (resulting from 
the grouping of prey within each order/class for the three 
species in each environment) using EcoSim (Gotelli & 
Entsminger, 2007), constructing rarefaction curves (Hurl-
bert, 1971) using Monte Carlo permutations and rarefying 
samples to the smallest sample. A significant difference in 
species diversity between sites was based on 95% confi-
dence intervals. Wilcoxon–Mann–Whitney (U) tests were 
used to assess differences in Hurlbert (PIE) values be-
tween diets of each species and overall diversity in each 
environment. Differences in the mean size of food items 
between environments were tested using unpaired t tests. 
These analyses were performed using PAST.exe (Ham-
mer et al., 2001). 

Niche overlap null models. To assess whether the ob-
served overlap values of each environment (soybean vs 
forest sites) occurred by chance, the observed diet com-
position (number of each prey category) of each anuran 
species was randomized by shuffling the original values 
among the resource states (randomization algorithms 
RA3; Winemiller & Pianka, 1990). This option retains 
the observed dietary breadth of each pair of species, but 
reshuffles the observed values among prey categories 
within species. For each pair, 1000 random Monte Carlo 
permutations were created, using the niche overlap mod-
ule in EcoSim (Gotelli & Entsminger, 2007). The P-value 
for the observed mean index was estimated as the propor-
tion of randomized index greater than observed. 

RESULTS
We analysed 47 digestive tracts of R. fernandezae (n=25, 
soybean field; n=22, native forest), 45 O. americanus 
(n=25, soybean field; n=20, native forest) and 32 P. al-
bonotatus (n=16, soybean fields; n=16, native forest). 
Mean SVL of R. fernandezae was 47.60±8.30 (±SD) mm, 
followed by O. americanus (34.78±3.15 mm) and P. al-
bonotatus (21.55±4.11 mm). The mean (±SD) CF values 
in soybean populations (R. fernandezae = 13.9±0.48, P. 
albonotatus = 14.3±0.54, O. americanus = 27.6±0.97) 
were similar to those from the forest (R. fernandezae = 
14.1±0.57, P. albonotatus = 13.4±0.82, O. americanus = 
26.6±0.07). No significant intraspecific differences were 
observed in any environment (tRF soybean-forest =0.47, P=0.79; 
tPA soybean-forest =0.88, P=0.38; tOA soybean-forest =0.49, P=0.69).  A 
total of 1460 items belonging to 42 prey types distributed 
into six major categories (Insecta, Arachnida, Mollusca, 
Myriapoda, Crustacea and plant remains) were identi-
fied. 

Intra-environment diet analysis of three anuran 
species
Prey abundance differed between the two study sites 
(Fisher’s exact probability test, P<0.01). The diet of the 
three anuran species in the soybean field comprised 560 
prey items belonging to 32 categories distributed into 
ten prey orders. The forest sample consisted of 885 prey 
items distributed in 28 categories from 15 prey orders. 
The diet composition for each species in each environ-
ment is summarized in the Electronic Appendix (http://
www.thebhs.org/pubs_journal_online_appendices.html). 
Prey size varied between 0.4±1.3 and 30±1.2 mm in forest 
and between 0.5±2.5 and 29±1.1 mm in soybean field.

Anuran diet composition in the soybean field
The R. fernandezae diet comprised 20 prey items (n=427), 
primarily formicid ants (77%) and other hymenopterans 
(8%). Physalaemus albonotatus was represented by 14 
prey categories (n=93) and mostly fed on formicid ants 
(63%) and spiders (10%). The diet of O. americanus 
consisted of nine prey types (n=40), mainly Lepidoptera 
(42%) and spiders (17%). Odontophrynus americanus had 
higher values of trophic diversity (PIE=0.77) and niche 
breadth (Nb=4.6), whereas lower values were observed 
in R. fernandezae (PIE=0.39; Nb=1.66, respectively). 
Noctuidae, crickets and formicids ants predominated 
volumetrically, differing in frequency of occurrence and 
numeric percentages (Electronic Appendix). The trophic 
accumulated diversity (hk) was stabilized between n=10 
(P. albonotatus) and n=13 (R. fernandezae) digestive 
tracts.

Mean prey size (±1 SD) was significantly different in 
the three anuran species (Fig. 2) from the soybean field 
(ANOVA, F=15.82, P<0.0001). The Tukey–Kramer post 
hoc multiple test detected significant interspecific differ-
ences (P<0.01) between O. americanus (12.24±6.25 mm) 
and the other two species (R. fernandezae = 7.77±6.76 mm 
and P. albonotatus = 3.49±2.73 mm). The pair R. fern-
andezae and P. albonotatus also differed in prey size 
consumed (P<0.01). 

Anuran diet  var iat ion in soybean agroecosystem

Fig. 2. Prey size (mm) consumed by Rhinella 
fernandezae (●), Odontophrynus americanus (▲), 
and Physalaemus albonotatus (♦) in the soybean field 
(dotted lines) and native forest (solid lines).
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The highest value of niche overlap in the soybean field 
was observed between R. fernandezae and P. albonotatus 
(ORf/Pa=0.97), whereas the lowest values were recorded 
between O. americanus and the other two species (OOa/Pa 
=0.26, OOa/Rf =0.28, respectively, Fig. 3).

Diet composition in the forest site 
The diet of R. fernandezae comprised 19 prey items 
(n=711), mostly formicid ants (88%) and isopods (5%). 
Physalaemus albonotatus consumed 18 prey categories 
(n=127) dominated by formicid ants (22%) and iso-
pods (35%). The O. americanus diet comprised 11 prey 
types (n=50), primarily isopods (40%) and snails (30%). 
Physalaemus albonotatus had higher values of trophic di-
versity (PIE=0.80) and niche breadth (Nb=5.35), while 
lower values were observed for R. fernandezae (PIE=0.20; 
Nb=1.29). Isopods were the prey representing the highest 
volume in the three species (Electronic Appendix). Iso-
pods and spiders were the only shared prey items in the 
diet of the three species, and trophic accumulated diver-
sity (hk) was stabilized between n=13 (in R. fernandezae) 
and n=15 (in P. albonotatus) digestive tracts.

We found significant interspecific differences in mean 
prey size consumed in native forest (ANOVA, F=14.94, 
P<0.001). Prey size ranged between 4±2.55 mm (P. al-
bonotatus) and 9.33±4.71 mm (O. americanus) (Fig. 2), 
with no significant differences between R. fernandezae 
and P. albonotatus (Tukey–Kramer post hoc test). 

The niche overlaps in the native forest were interme-
diate between P. albonotatus and R. fernandezae (OPa/Rf 
=0.55) and P. albonotatus and O. americanus (OPa/Oa= 

0.68). The lowest niche overlap value was found between 
O. americanus and R. fernandezae (OOa/Rf =0.05, Fig. 3). 

Main prey and predator–prey associations 
The main prey categories (I, both numerically and volu-
metrically) in pooled gastrointestinal tracts of the three 
species analysed in each environment are shown in the 
Electronic Appendix. Similar results to those obtained 
with the I index were observed in the CA for both envi-
ronments. For soybean data (Fig. 4A), the first dimension 
represented 62.7% of the total variance, with a positive 
sign for O. americanus (crickets and spiders) and a neg-
ative sign for P. albonotatus (acari and spiders) and R. 
fernandezae (mainly formicids and noctuid lepidopter-
ans). The second dimension (37.2% of variance) isolated 
P. albonotatus and O. americanus with positive loadings 
from R. fernandezae with a negative loading. The CA for 
prey–predator association in forest sites extracted the first 
two dimensions that explained 99.9% of total variance 
(Fig. 4B). Dimensions 1 and 2 accounted for 70.2% and 
29.7%, respectively. The first dimension separated R. 
fernandezae (formicids and spiders) from O. americanus 
(snails and adult coleopterans) and P. albonotatus (iso-
pods and collembolans). Dimension 2 identified a group 
composed of R. fernandezae and O. americanus, as op-
posed to P. albonotatus.

Inter-environment diet comparison 
Rarefaction analysis (based on minimum prey abun-
dance of n=40 samples; 10 intervals, 1000 permutations) 
showed that the prey diversities of species were different 
between environments (R. fernandezaesoybean-forest U=155; 
P. albonotatussoybean-forest U=55; and O. americanussoybean-

forest U=155; P<0.01 in all cases). Moreover, rarefaction 
analysis showed that total diversity (based on minimum 
prey abundance of n=560 samples; 19 intervals, 1000 per-
mutations) differed significantly between prey categories 
(grouped in orders/classes) in both environments (Utotal 

PIE soybean-forest =570; P<0.01). Mean prey size (±SD) was 
statistically different when comparing each species at 
both sites (t-test, R. fernandezaesoybean-forest t=3.05, df=121; 
P<0.01; P. albonotatussoybean-forest t=2.15, df=64; P<0.05; 
O. americanussoybean-forest t=2.09; df=46; P<0.05).

Permutation tests of diet overlap null models revealed 
that the soybean site had P-values that were significant-
ly smaller than expected by chance with fewer resource 
states (P[mean of simulated index]=0.03; P[observed 
≤ expected]=0.01), whereas the feeding overlap values 
for each species pair in the forest site were significantly 
greater than expected (mean of simulated index = 0.35; P 
[observed ≥ expected]=0.01).

DISCUSSION
Dietary information is crucial for understanding the im-
pact of habitat modification on anurans (Anderson et al., 
1999), and to assess whether anuran species adjust their 
diets to variation in prey across environments. We ob-
served that there are differences within and between the 
forest and soybean sites in the feeding habits of R. fern-
andezae, P. albonotatus and O. americanus. 

P.M. Peltzer  et al .

Fig. 3. Trophic overlap among Odontophrynus 
americanus (OA)–Rhinella fernandezae (RF)(▼), 
Rhinella fernandezae–Physalaemus albonotatus (PA) 
(●), and Odontophrynus americanus–Physalaemus 
albonotatus (○) from soybean and forest sites.
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Overall diet analysis
The diet of R. fernandezae, P. albonotatus and O. ameri-
canus was mainly composed of arthropods (mostly 
formicids, lepidopteran larvae, isopods, orthopterans 
and coleopterans) and gastropods (snails). In addition, 
although the condition factor (CF) of each anuran spe-
cies in each environment was similar, in O. americanus 
and P. albonotatus the values tended to be higher in the 
soybean field. Considering that the condition factor is a 
numerical relationship between body size and weight, 
a possible explanation is that larger (older) individuals 
may be better suited to survival in modified environments 
(soybean fields, in our case) because they are less sensi-
tive to desiccation than smaller individuals (Mazerolle, 
2005). Therefore, a diet comparison between two or more 
sites (natural and disturbed) in combination with skel-
etochronology should be considered for future studies. 
Another hypothesis could be that some of the insects that 
form plagues have high nutritional qualities (high protein 
content), such as caterpillars (Banjo et al. 2006) and this 
should be taken into account in further analysis. 

Prey variability
The diets in the soybean field mainly consisted of harmful 
herbivores on soybean plants (Higley & Boethel, 1994) 
such as lepidoptera larvae (usually represented by the 
velvetbean caterpillar Anticarsia gemmatalis and army-
worms Spodoptera sp., among others). The life cycles of 
these lepidopterans coincide with seed development, and 
their larvae produce serious damage (Aragón, 2002). Their 
natural enemies are frequently reported (Saini, 2001), but 
few authors have considered amphibians (Hyatt & Hum-
phrey, 1995). We suggest that the three anuran species 
feed on harmful herbivores and therefore are important 
biological control agents in soybean fields (see also Laj-
manovich et al., 2003; Attademo et al., 2005, 2007a,b).

Prey availability has been demonstrated to be one of 
the most important factors determining the diet of am-
phibians (Hirai & Matsui, 1999; 2002), but resource 
availability is complex to measure and has not often been 
included in anuran diet studies (Toft, 1980). A decline in 
the occurrence of specialized forest prey in the diet of 
anurans from the soybean field (such as Cleridae beetles 

Anuran diet  var iat ion in soybean agroecosystem

Fig. 4. Plot of the first two dimensions from correspondence analysis of anuran species–prey associations in 
soybean (A) and forest (B) sites.  For clarity, only the most related prey are named.
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whose larvae are associated with dead wood; Evans & 
Hogue, 2004) may generate greater food niche overlap 
between pairs of species such as R. fernandezae and P. 
albonotatus. It is also possible that they compete for food 
more strongly in altered and homogeneous habitats. An-
other possibility is that the absence of any type of prey 
could encourage predators to specialize in other prey (e.g. 
lepidopteran larvae in soybean; see also Hirai & Matsui, 
1999; Maneyro & da Rosa, 2004). 

Prey–predator association 
The analysis of important prey categories and prey as-
sociation revealed that trophic partitioning contributes to 
coexistence in the forest site, but the role of microhabitat 
use should be taken into account in the agroecosystem 
to determine trophic structure. Despite the higher niche 
overlap in the soybean field, R. fernandezae displayed 
a stronger preference for formicids and noctuid larvae, 
and its pattern of occurrence was more aggregated than P. 
albonotatus, which had a broader spatial niche (marshy 
ponds, floating between aquatic plants, littoral zone, 
flooded depressions; pers. obs.). These differences in 
habitat use, type and size of prey taken may reduce the 
frequency of heterospecific encounters in the field. 

Trophic overlap
Permutation tests revealed that P values of the observed 
means decreased in the soybean field significantly more 
than expected by chance, suggesting that either interspe-
cific competition or resource partitioning are occurring 
(Gotelli & Graves, 1996). A large mean overlap might 
signify common resource utilization and a lack of com-
petition, in which some species pairs are very similar in 
resource use whereas others are very dissimilar (Gotelli 
& Graves, 1996). On the other hand, high overlap also 
implies strong competition that has not yet led to diver-
gence in resource use. Both scenarios are possible and 
additional data on resource availability and species inter-
actions are necessary for assessing trophic competence, 
considering that overlap does not equal the amount of 
competition (Griffiths, 1986; Connell, 1980). We found 
that in the soybean field, R. fernandezae and P. albono-
tatus had higher similarities in trophic resources than the 
other pairs of species, probably reflecting foraging con-
straints in soybean fields, where herbivores predominate 
(Attademo et al., 2005). That both anuran species consume 
similar prey types from the same areas suggests that they 
could compete for limited food resources (Luiselli, 2006). 
In forest, the niche overlap was higher than expected by 
chance. The mean overlap among diets was intermediate 
(O=0.4–07) or low (O<0.4), showing a certain degree of 
food partitioning in the forest. In addition, the differences 
in prey obtained may restrain interspecific competition, 
but further studies are necessary to determine if diet par-
titioning is a significant mechanism driving competition 
(Williams et al., 2006). 

Our observations are consistent with published data 
that have shown high overlap values in human-modified 
environments (e.g. Luiselli, 2006). The trophic structures 
in both study sites seems to be a consequence of resource 
availability (not recorded in this study) in both soybean 

and native forest, and could explain how these three an-
uran species can coexist at the same site by differing in 
trophic and spatial resource dimensions. Habitat parti-
tioning explains high dietary overlap among competing 
species without exclusion (e.g. Griffiths, 1986; Duré & 
Kehr, 2004; López et al., 2005). In our study, R. fernande-
zae spent most of the day in burrows, while P. albonotatus 
was frequently found in the flooded peripheries of ponds, 
grassland or floating between submerged plants, where 
competing species have similar prey preferences. There-
fore, data on diet composition can support ecological and 
behavioural field studies. 

Prey association and trophic strategies of 
anuran species 
Trophic interactions among taxa are an important com-
ponent of the regulation of populations (Wilbur, 1997). 
Despite the diversity of food resources exploited by R. 
fernandezae, the low individual niche breadth values and 
the trophic diversity in soybean and forest sites suggests 
a tendency toward trophic specialization. Circumstan-
tial evidence also suggests that the presence of specialist 
predators at each site is based on the high abundance at-
tained by some particular prey types (e.g. formicid ants). 
The importance of ants in the diet of Rhinella species has 
been repeatedly reported (e.g. Lajmanovich, 1995; Isacch 
& Barg, 2002). Optimal foraging theory (Pyke, 1984) 
proposes that dietary specialization can occur when re-
liable and abundant trophic resources are constantly 
available. It seems plausible that the reliability of ants as 
a food resource in our region has produced this level of 
dietary specialization, which is not adaptive when it ex-
ploits ephemeral resources such as in the soybean field 
(Muñoz-Guerrero et al., 2007; Attademo et al., 2007a). 
This applies, for example, to the noctuid Anticarsia gem-
matalis, whose larvae occur in the late summer and cause 
damage to soybean plants (Wilkerson et al., 1986). 

Formicid ants were also widely represented in the diet 
of P. albonotatus at both sites, confirming previous ob-
servations (López et al., 2005; for co-generic species see 
Moreira & Barreto, 1996; Attademo et al., 2007a). Ant 
specialists are known to have defensive toxic skin secre-
tions (Santos et al., 2003), which might impose a cost to 
be detoxified, resulting in trade-offs and individual-level 
diet preferences (Araújo et al., 2007). Habitat quality and 
local arthropod diversity appear to affect access to alka-
loid sources by anurans with toxic secretions (Daly et al., 
2008). Long-term studies on the effect of habitat altera-
tion on anuran diets are necessary, particularly in species 
that have a strong preference for one or two prey item in 
modified environments as a response to selective pres-
sures or trophic plasticity (Macale et al., 2008). 

The agro-ecological context 
Trophic studies on anurans in agroecosystems are still 
scarce and should be considered a priority in developing 
conservation strategies. In recent years, there has been 
increased attention on the impact of habitat disturbance, 
justifying the assessment of associated species-specific 
sensitivities and risks (Henle et al., 2004; Hero et al., 
2005). Referring to trophic strategies, Williams et al. 
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(2006) pointed out that generalist species that acquire 
food from the available range should be less susceptible 
to fluctuations in any particular food type than species 
that forage in a more specialized way. In this context, 
Odontophrynus americanus acts as a trophic generalist 
in soybean, whereas R. fernandezae is a specialist and P. 
albonotatus an intermediate consumer. Although more 
studies of the effects of trophic habits on additional na-
tive anuran species need to be conducted before we can 
draw conclusions about the sensitivity of species to vary-
ing trophic resources in agroecosystems, the results of 
the present study could suggest that O. americanus and P. 
albonotatus are somewhat less sensitive to habitat degra-
dation than R. fernandezae. 

ACKNOWLEDGEMENTS
We especially thank the farmers who gave us permis-
sion to work in their fields. We are deeply grateful to 
R. Maneyro, D. Leavitt and R. Jehle for their valuable 
comments and suggestions that greatly improved early 
versions of the manuscript. We are grateful to T. Halli-
day for gently reviewing and correcting the English, as 
well as his helpful observations, and to Agustín Bassó and 
Mariana Cabagna for their logistic support in the lab. This 
work was funded in part by PIDA-UADER (Dr. Attademo 
A.M.). The investigation was conducted according to the 
guidelines for use of live amphibians and reptiles in field 
research compiled by ASIH, HL & SSAR (2001) and the 
state law “Protection and Conservation of Wild Fauna” 
(Argentina National Law Nº 22.421). 

REFERENCES
Anderson, A.M., Haukos, D.A. & Anderson, J.T. (1999). Diet 

composition of three anurans from the Playa wetlands of 
northwest Texas. Copeia 1999, 515–520.

Aquino, L., Kwet, A., Reichle, S., Silvano, D., Scott, N., Lavilla, 
E. & di Tada, I. (2004a). Odontophrynus americanus. In 
IUCN Red List of Threatened Species, Version 2009.1. 
http://www.iucnredlist.org

Aquino, L., Reichle, S., Silvano, D. & Langone, J. (2004b). 
Physalaemus albonotatus. In IUCN Red List of Threatened 
Species, Version 2009.1. http://www.iucnredlist.org

Aragón, A. (2002). Guía de Reconocimiento y Manejo de 
Plagas Tempranas Relacionadas a la Siembra Directa. 
Córdoba: Centro Regional Córdoba EEA Marco Juárez–
INTA Córdoba.

Araújo, M.S., Reis, S.F., Giaretta, A.A., Machado, G. & 
Bolnick, D.I. (2007). Intrapopulation diet variation in four 
frogs (Leptodactylidae) of the Brazilian savannah. Copeia 
2007, 855–865.

Arturi, M.F. (2006). Situación ambiental en la Ecorregión 
Espinal. In La Situación Ambiental Argentina 2005, 240–
246. Brown, A., Martinez Ortiz, U., Acerbi, M. & Corchera, 
J. (eds). Buenos Aires: Fundación Vida Silvestre Argentina.

ASIH, HL & SSAR. (2001). Guidelines for Use of Live 
Amphibians and Reptiles in Field Research. http://iacuc.ucsd.
edu/PDF_References/ASIH-HL-SSAR%20Guidelines%20
for%20Use%20of%20Live%20Amphibians%20and%20
Reptiles.htm

Attademo, A.M., Cejas, W., Peltzer, P.M. & Lajmanovich, 
R.C. (2007a). Phenology in the diet of Chaunus arenarum 
(Anura: Bufonidae) in a soybean field of Córdoba province, 
Argentina. Revista Española de Herpetología 21, 41–48.

Attademo, A.M., Peltzer, P.M. & Lajmanovich, R.C. (2005). 
Amphibians occurring in soybean and implications for 
biological control in Argentina. Agriculture, Ecosystem and 
Environment 106, 389–396. 

Attademo, A.M., Peltzer, P.M. & Lajmanovich, R.C. (2007b). 
Feeding habits of Physalaemus biligonigerus (Anura, 
Leptodactylidae) from soybean field of Córdoba Province, 
Argentina. Russian Journal of Herpetology 14, 1–6. 

Bagenal, T.B. & Tesch, F.W. (1978). Age and growth. In Methods 
for the Assessment of Fish Production in Fresh Waters, 
3rd edn, 101–136. Bagenal, T.B. (ed.). Oxford: Blackwell 
Scientific Publications. 

Banjo, A. D., Lawal, O.A. & Songonuga, E.A. (2006). Nutritional 
value of fourteen species of edible insects in southwestern 
Nigeria. African Journal of Biotechnology 5, 298–301.

Basso, N.G. (1990). Estrategias adaptativas de un comunidad 
subtropical de anuros. Cuadernos de Herpetología, Series 
Monografías 1, 1–70.

Biavati, G.M., Wiederhecker, H.C. & Colli, G.R. (2004). Diet 
of Epipedobates flavopictus (Anura: Dendrobatidae) in a 
neotropical savanna. Journal of Herpetology 38, 510–518.

Burkart, R., Bárbaro, N., Sánchez, R.O. & Gómez, D.A. (1999). 
Ecorregiones de la Argentina. Buenos Aires: Administración 
Parques Nacionales.

Connell, J.H. (1980). Diversity and the coevolution of 
competitors, or the ghost of competition past. Oikos 35, 
131–138.

Crawford, J.A., Shepard, D.B. & Conner, C.A. (2009). Diet 
composition and overlap between recently metamorphosed 
Rana areolata and Rana sphenocephala: implications for a 
frog of conservation concern. Copeia 2009, 642–646.

Daly, J.W., Garraffo, H.M., Spande, T.F., Giddings, L.A., 
Saporito, R.A., Vieites, D.R. & Vences, M. (2008). Individual 
and geographic variation of skin alkaloids in three species of 
Madagascan poison frogs (Mantella). Journal of Chemical 
Ecology 34, 252–279. 

da Rosa, I., Canavero, A., Maneyro, R., Naya, D.E. & Camargo, 
A. (2002). Diet of four sympatric anuran species in a 
temperate environment. Boletín de la Sociedad Zoológica 
de Uruguay 13, 12–20.

Dietl, J., Engels, W. & Solé, M. (2009). Diet and feeding 
behaviour of the leaf-litter frog Ischnocnema henselii 
(Anura: Brachycephalidae) in Araucaria rain forests on the 
Serra Geral of Rio Grande do Sul, Brazil. Journal of Natural 
History 43, 1473–1483. 

Dunham, A.E. (1983). Realized niche overlap, resource 
abundance, and intensity of interspecific competition. In 
Lizard Ecology: Studies of a Model Organism, 261–280. 
Huey, R.B., Pianka, E.R. & Schoener, T.W. (eds). Cambridge, 
Massachusetts: Harvard University Press.

Duré, M.I. & Kehr, A.I. (2004). Influence of microhabitat on 
the trophic ecology of two leptodactylids from northeastern 
Argentina. Herpetologica 60, 295–303. 

Evans, A.V. & Hogue, J.N. (2004). Introduction to California 
Beetles. Los Angeles: University of California Press. 

Frost, D.R. (2009). Amphibian Species of the World: An Online 
Reference, Version 4.0. New York: American Museum of 

Anuran diet  var iat ion in soybean agroecosystem



268

Natural History. http://research.amnh.org/vz/herpetology/
amphibia

Gotelli, N.J. & Entsminger, G.L. (2007). EcoSim: Null Models 
Software for Ecology, Version 7. Burlington Vermont: 
Acquired Intelligence Inc. and Kesey-Bear. http://www.
garyentsminger.com/ecosim/ecosim.htm

Gotelli, N.J. & Graves, G.R. (1996). Null Models in Ecology. 
Washington DC: Smithsonian Institution Press. 

Greenberg, C.H., Neary, D.G. & Harris, D. (1994). A comparison 
of herpetofaunal sampling effectiveness of pitfall, single 
ended and double ended funnel traps used with drift fences. 
Journal of Herpetology 28, 319–324.

Griffiths, R.A. (1986). Feeding niche overlap and food selection 
in smooth and palmate newts, Triturus vulgaris and T. 
helveticus, at a pond in mid-Wales. Journal of Animal 
Ecology 55, 201–214.

Hammer, Ø., Harper, D.A.T. & Ryan, P.D. (2001). PAST: 
Paleontological statistics software package for education 
and data analysis. Palaeontología Electrónica 4, 1–9.

Henle, K., Davies, K.F., Kleyer, M., Margules, C. & Settele, J. 
(2004). Predictors of species sensitivity to fragmentation. 
Biodiversity and Conservation 13, 207–251. 

Hero, J.M., Williams, S.E. & Magnusson, W.E. (2005). 
Ecological traits of declining amphibians in upland areas of 
eastern Australia. Journal of Zoology 267, 221–232. 

Higley, L.G. & Boethel, D.J. (1994). Handbook of Soybean 
Insect Pests. Lanham, Maryland: Entomology Society of 
America. 

Hirai, T. & Matsui, M. (1999). Feeding habits of the pond frog, 
Rana nigromaculata, inhabiting rice fields in Kyoto, Japan. 
Copeia 1999, 940–947. 

Hirai, T. & Matsui, M. (2000). Feeding habits of the Japanese tree 
frog Hyla japonica in the reproductive season. Zoological 
Science 17, 977–982. 

Hirai, T. & Matsui, M. (2001). Attempts to estimate the original 
size of partly digested prey recovered from stomachs of 
Japanese anurans. Herpetological Review 32, 14–16.

Hirai, T. & Matsui, M. (2002). Feeding ecology of Bufo japonicus 
formosus from the montane region of Kyoto, Japan. Journal 
of Herpetology 36, 719–723. 

Hurlbert, S.H. (1971). The non-concept of species diversity: a 
critique and alternative parameters. Ecology 52, 577–586.

Hurtubia, J. (1973). Trophic diversity measurement in sympatric 
predatory species. Ecology 54, 885–890.

Hyatt, A. & Humphrey, J. (1995). Biological control of the cane 
toad Bufo marinus in Australia. Froglog 15, 4.

Isacch, J.P. & Barg, M. (2002). Are bufonid toads specialized 
ant-feeders? A case test from the Argentinian flooding 
pampa. Journal of Natural History 36, 2005–2012. 

Kovach, W.L. (2002). MVSP – A MultiVariate Statistical 
Package for Windows, Version 3.1. Pentraeth, Wales: 
Kovach Computing Services. 

Kupfer, A., Nabhitabhata, J. & Himstedt, W. (2005). From water 
into soil: trophic ecology of a caecilian amphibian (genus 
Ichthyophis). Acta Oecologica 28, 95–105. 

Lajmanovich, R.C. (1995). Relaciones tróficas de bufonidos 
(Anura, Bufonidae) en ambientes del río Paraná, Argentina. 
Alytes 13, 87–103.

Lajmanovich, R.C., Peltzer, P.M., Attademo, A.M. & Cejas, 
W. (2003). Amphibians in Argentina soybean croplands: 
implication on the biological control. Froglog 59, 3–4.

Legendre, P. &  Legendre, L. (1999).  Numerical Ecology. 
Amsterdam: Elsevier. 

Lescure, J. (1971). L’alimentation du crapaud Bufo regularis 
Reuss et de la grenouille Dicroglossus occipitalis (Gunther) 
au Senégal. Bulletin de II FAN 33, 446–466.

Levins, R. (1968). Evolution in Changing Environments. 
Princeton, New Jersey: Princeton University Press.

Lima, J.E.P., Rödder, D. & Solé, M. (2010). Diet of two 
sympatric species of Phyllomedusa (Anura: Hylidae) from 
a cacao plantation in southern Bahia, Brazil. North-Western 
Journal of Zoology 6, 13–24.

López, J.A., Arias, M.M., Peltzer, P.M. & Lajmanovich, R.C. 
(2005). Dieta y variación morfométrica de Leptodactylus 
ocellatus (Linnaeus, 1758) (Anura: Leptodactylidae) en 
tres localidades del centro-este de Argentina. Boletín de la 
Asociación Herpetológica Española 16, 32–39.

Luiselli, L. (2006). Food niche overlap between sympatric 
potential competitors increases with habitat alteration at 
different trophic levels in rain-forest reptiles (omnivorous 
tortoises and carnivorous vipers). Journal of Tropical 
Ecology 22, 695–704. 

Macale, D., Vignoli, L. & Giuseppe, M.C. (2008). Food 
selection strategy during the reproductive period in three 
syntopic hylid species from a subtropical wetland of north-
east Argentina. Herpetological Journal 18, 49–58.

Maneyro, R. & da Rosa, I. (2004). Temporal and spatial changes 
in the diet of Hyla pulchella (Anura, Hylidae) in southern 
Uruguay. Phyllomedusa 3, 101–113.

Mazerolle, M.J. (2005). Drainage ditches facilitate frog 
movements in a hostile landscape. Landscape Ecology 20, 
579–590. 

Moreira, G. & Barreto, L. (1996). Alimentação e variação sazonal 
na freqüência de captura de anuros em duas localidades do 
Brasil Central. Revista Brasileira de Zoologia 13, 313–
320.

Muñoz-Guerrero, J., Serrano, V.H. & Ramírez-Pinilla, M.P. 
(2007). Microhabitat use, diet and time of activity of 
four sympatric neotropical hylid frogs (Anura: Hylidae). 
Caldasia 29, 413–425.

Narváes, P., Kwet, A., Silvano, D., Lavilla, E. & Langone, 
J. (2004). Rhinella fernandezae. In IUCN Red List of 
Threatened Species, Version 2009.1. http://www.iucnredlist.
org 

Olszewski, T.D. (2004). A unified mathematical framework 
for the measurement of richness and evenness within and 
among multiple communities. Oikos 104, 377–387.

Paruelo, J.M., Guerschman, J.P. & Verón, S.R. (2005). 
Expansión agrícola y cambios en el uso del suelo. Ciencia 
Hoy 15, 14–23.

Peltzer, P.M. & Lajmanovich, R.C. (1999). Análisis trófico en 
dos poblaciones de Scinax nasicus (Anura, Hylidae) de 
Argentina. Alytes 16, 84–96.

Peltzer, P.M. & Lajmanovich, R.C. (2002). Preliminary studies 
of food habits of Lysapsus limellus (Anura, Pseudidae) in 
lentic environments of Parana River, Argentina. Bulletin de 
la Société Herpétologique de France 101, 53–58.

Peltzer, P.M., Lajmanovich, R.C., Attademo, A.M. & Beltzer, 
A.H. (2006). Anuran diversity across agricultural ponds in 
Argentina. Biodiversity and Conservation 15, 3499–3519. 

Pianka, E.R. (1973). The structure of lizard communities. 
Annual Review of Ecology and Systematics 4, 53–74.

P.M. Peltzer  et al .



269

Pyke, G. (1984). Optimal foraging theory. A critical review. 
Annual Review of Ecology and Systematics 25, 523–575.

Saini, E.D. (2001). Insectos y Ácaros Perjudiciales al Cultivo 
de Soja y sus Enemigos Naturales,  Nro 4. Buenos Aires: 
Instituto de Microbiología y Zoología Agrícola. 

Sanchez, L.C. & Busch, M. (2008). Population traits of the 
burrowing toad Rhinella fernandezae (Gallardo, 1957) 
(Anura, Bufonidae). Brazilian Journal of Biology 68, 137–
140.

Santos, J.C., Coloma, L.A. & Cannatella, D.C. (2003). Multiple, 
recurring origins of aposematism and diet specialization 
in poison frogs. Proceedings of the Natural Academy of 
Sciences 100, 12792–12797.

Suazo-Ortuño, I., Alvarado-Díaz, J., Raya-Lemus, E. & 
Martinez-Ramos, M. (2007). Diet of the Mexican marbled 
toad (Bufo marmoreus) in conserved and disturbed tropical 
dry forest. The Southwestern Naturalist 52, 305–309.

Toft, C.A. (1980). Feeding ecoloy of thirteen syntopic species 
of anurans in a seasonal tropical enviroment. Oecologia 45, 

131–141. 
Wilbur, H.M. (1997). Experimental ecology of food webs: 

complex systems in temporary ponds. Ecology 78, 2279–
2302.

Wilkerson, G.G., Mishoe, J.W. & Stimac, J.L. (1986). Modeling 
velvetbean caterpillar (Lepidoptera: Noctuidae) populations 
in soybean. Environmental Entomology 15, 809–816.

Williams, Y., Williams, S.E., Alford, R.A., Waycott, M. & 
Johnson, C.N. (2006). Niche breath and geographical range: 
ecological compensation for geographical rarity in rainforest 
frogs. Biological letters 2, 532–535.

Winemiller, K.O. & Pianka, E.R. (1990). Organization in natural 
assemblages of desert lizards and tropical fishes. Ecological 
Monographs 60, 27–55.

Accepted: 28 July 2010

Anuran diet  var iat ion in soybean agroecosystem




