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Biological invasions are recognized worldwide as one of
the most complex social and environmental problems because
they have negative impacts on the economy and biodiversity
of various countries (VILÀ et al. 2010). The negative impacts of
invasive species on native ones and which affect local
biodiversity can be direct (for instance predation and competi-
tion) (ALTIERI et al. 2010, SIH et al. 2010) and indirect (such as
transmission of pathogens) (SCHLOEGEL et al. 2009).

Among the biotic interactions that occur between inva-
sive and native species, predation and competition, which are
mediated by resource availability and or are dependent on the
density and the behavior of exotic species in the environment
(KUPFERBERG 1997, D’AMORE & MCNICHOLHAS 2009, SIH et al. 2010),
modulate the impact of invasive species. However, the main
concern with regards to the effects of invasive species on na-
tive ones is the risk of population decline, and the displace-
ment of native species (KENIS et al. 2009), which tend to alter
the structure of the entire native community (DESPREZ-LOUSTAU

et al. 2007, KENIS et al. 2009).
The mechanisms that lead to the establishment and de-

velopment of invasive species are not yet clear (KEANE & CRAWLEY

2002). There is evidence that they depend on the characteris-

tics of 1) the environment; 2) the native community (presence
of predators and availability of resources) (KEANE & CRAWLEY 2002,
ALTIERI et al. 2010); and 3) the biological attributes of the invad-
ing organism (VÁZQUEZ 2006).

Among the biological features essential to the process of
invasion are the ability of the invading species to undergo rapid
evolutionary responses (SAKAI et al. 2001), its reproductive char-
acteristics (such as number of reproductive events, fecundity
and parental care) (VÁZQUEZ 2006) and characteristic of its niche
breadth in different dimensions (spatial, temporal and trophic)
(CASSEY 2003, VÁZQUEZ 2006).

The hypothesis that the amplitude of the trophic niche
facilitates biological invasions predicts that an alien species with
a broad ecological niche (generalists) will be able to explore a
wider range of food resources when compared with a species that
has a more restricted niche breadth (specialist) (VÁZQUEZ 2006). A
broader niche guarantees a constant input of energy for the ba-
sic biological processes (e.g., reproductive events), and conse-
quently has a positive impact on the population dynamics and
dispersal of invasive species (KOLAR & LODGE 2001, VÁZQUEZ 2006).

Lithobates catesbeianus (Shaw, 1802), also known as the
American bullfrog, is native to North America. It has been in-
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ABSTRACT . Lithobates catesbeianus (Shaw, 1802) is an invasive anuran introduced in Brazil that is associated with the
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facilitated by certain attributes of the invading species, for instance niche breath, and that invasive species have a

broader ecological niche with respect to native ones. We designed a study to ascertain the temporal, ontogenetic, and

sex differences in the niche dynamics of the American bullfrog. We sampled monthly from June 2008 to May 2009 in

the state of Paraná, southern Brazil. For each individual, we gathered biometric and stomach content data. We then

estimated the niche breath of the juveniles and adults, and compared it between the sexes. A total of 104 females and

77 males were sampled. Lithobates catesbeianus has a generalist diet, preying upon invertebrates and vertebrates. Even

though the diet of the studied population varied seasonally, it did not differ between the sexes nor did it respond to

biometric variables. Niche breadth was more restricted in the winter than in the autumn. The trophic niche of juveniles

and adults did not overlap much when compared with the trophic niche overlap between males and females. Adult

males and females had a considerable niche overlap, but females had a broader trophic niche than males in the winter

and in the spring. These niche characteristics point to an opportunistic predation strategy that may have facilitated the

process of invasion and establishment of this species in the study area.
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troduced into over 40 countries due to its economic potential
(FICETOLA et al. 2007), and is now considered one of the 100
species with greatest invasive potential in the world (LOWE et
al. 2004). The American bullfrog has been blamed for the de-
cline of amphibian populations on global and local scales (KATS

& FERRER 2003). The impact of this frog on native amphibians
results from its negative interference in the dynamics of popu-
lations and communities through predation/competition
(KUPFERBERG 1997, PEARL et al. 2004, WU et al. 2005), acoustic
interference (BOTH & GRANT 2012) and transmission of patho-
gens (SCHLOEGEL et al. 2009).

Lithobates catesbeianus is an opportunistic generalist
predator (TOLEDO et al. 2007). In their native range, individuals
of this species consume invertebrates and vertebrates (KATS &
FERRER 2003). Descriptions of the American bullfrog’s diet where
it has been introduced in Brazil and the world at large show
that L. catesbeianus also exerts intense predation on vertebrates
(e.g., birds, reptiles, fish, mammals and frogs) (WU et al. 2005,
BOELTER & CECHIN 2007, SILVA et al. 2009), with possible direct
negative effects on native species. Beyond that, microcosms
and mesocosms experiments using L. catesbeianus have shown
that it has indirect negative affects on other species of frogs,
through competition, resulting from niche overlap in space
and food (KIESECKER & BLAUSTEIN 1998, PEARL et al. 2004).

Given the background presented above, and considering
that there is evidence that L. catesbeianus has a negative effect
on other species of frogs, which is mediated by predation, and
the possible relationship between niche breadth and dominance
by L. catesbeianus in the system, this study aimed to determine
the overall trophic niche breadth of the American Bullfrog in a
natural environment.

Specifically, this study was designed to determine: a)
whether there is an effect of temporal variation on the dynam-
ics of the niche of the American bullfrog; b) whether ontoge-
netic differences exist; c) whether there are niche differences
between the sexes.

MATERIAL AND METHODS

The field work was carried out in natural areas disturbed
in the cities of Quatro Barras (25°18’47"S, 48°58’07"W, 936 m),
Campina Grande do Sul (25°17’09"S, 49°00’05"W, 903 m), and
Bocaiúva do Sul (25°14’21"S, 49°02’10"W, 980 m), state of Paraná,
Brazil. The regional vegetation is Mixed Ombrophilous Moun-
tainous Forest (Araucaria Forest) (IBGE 1992) and the temperate
is subtropical type Cfb according to Koppen’s classification.

We obtained specimens of L. catesbeianus through
monthly samples, between June, 2008 and May, 2009 using
the active search method (CRUMP et al. 1994) at night (one night
per month in each collection area). After collecting the speci-
mens, we euthanized them in situ with chemical anesthetic
according to established protocols (Conselho Federal de
Medicina Veterinária, resolution 714). The specimens were cap-

tured under license number 10277-1/IBAMA, and voucher speci-
mens for each locality were deposited at the Museu de História
Natural do Capão da Imbuia, Curitiba, Paraná, Brazil (MHNCI).

We determined the sex and ontogenetic stage of each
specimen and the following biometric variables: snout-vent
length (SVL), body mass (BM) and mouth width (MW). Based
on these data, we determined the seasonal sex ratio of the popu-
lation and tested the departure from equality using the chi-
square (�2) test with Yates’ correction (CALLEGARI-JACQUES 2006).
To determine the existence of sexual dimorphism in the adults
(SVL variables and BM) we used the Student’s t test with Welsh’s
correction (RUXTON 2006).

A ventral incision was performed on each specimen. The
stomach and first portion of the intestine of each individual
were removed and their contents examined (SCHOENER 1989).
We measured the mass (SM), length (SL) and width (SW) of
each stomach and estimated its volume (SV) by approximating
the shape of the stomach with an ellipsoid, according to the
formulae SV = 4/3(SL/2) (SW/2)2 (MAGNUSSON et al. 2003). All
mass measurements were performed using a precision balance
(0.001 g) and length was measured with a digital caliper (mm).

We then quantified and identified the content of each
stomach. The volume of prey items was estimated by the method
of water column displacement (MAGNUSSON et al. 2003). In order
to describe the diet of the population, we used eight major taxo-
nomic prey groups, comprising vertebrates and invertebrates
(Annelida, Arachnida, Crustacea, Insecta, Mollusca, Myriapoda,
Osteichthyes, and Anura; Tab. I). There were also fragments of
feathers, plants and rocks, which were regarded as accidental
ingestions, and did not include in the analyses (Tab. I).

We tested the existence of a relationship between the
biometric variables (SVL, BM, MW, SM, and SV) and the abun-
dance and richness of food items ingested by males and fe-
males through a linear regression (CALLEGARI-JACQUES 2006). In
order to test whether body size (SVL) was related to prey vol-
ume, we performed a linear regression between these variables.
In these cases the biometric variables and the abundance, rich-
ness and volume of prey items were logarithmized to meet the
assumptions of the parametric tests (CALLEGARI-JACQUES 2006).

In order to determine the contribution of the various
food items (taxons) to the diet of the population, we deter-
mined the percentage of occurrence (PO) of each item. We also
calculated the frequencies of those items separately for juve-
niles and adults and, within each of those groups, for males
and females separately, and for each season. We considered
young females with SVL less than 84.5 mm (LEIVAS et al. 2012).
Using contingency tables on the PO of food items, we tested
the existence of statistical differences in the diet of males and
females (CALLEGARI-JACQUES 2006).

Contingency tables were also used to ascertain whether
there was a difference in the PO of vertebrates (frogs and fish)
in the diet of L. catesbeianus between seasons, and whether
there was a difference in the PO of pre and post metamorphic
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anurans in the diet of the adults. We also tested whether there
was a relationship between the environmental variables and
the PO of vertebrates in the diet of adult males and females of
L. catesbeianus using the Spearman’s correlation (CALLEGARI-
JACQUES 2006). We calculated the amplitude of the ecological
niche for adults of each sex separately. The niche breadth of
these two groups was also calculated for each month and sea-
son. In both analyzes we used the standardized index of Shan-
non-Wiener (KREBS 1999). Using the monthly niche breadth

data for each sex and for the population, we tested the rela-
tionship between environmental variables (precipitation and
mean monthly temperature) and the niche breadth using the
Spearman’s correlation (CALLEGARI-JACQUES 2006).

We estimated the food niche overlap between males and
females of L. catesbeianus using the standardized index of PIANKA

(1973). This index   varies between 0 (no overlap) and 1 (com-
plete overlap) (KREBS 1999). The niche overlap between sexes
was also calculated for each season.

Table I. Prey items found in the diet of L. catesbeianus in the municipalities of Campina Grande do Sul, Quatro Barras and Bocaiúva do
Sul, State of Paraná, Brazil. Group corresponds to large groups in the diet; Order/Class and Family/Species corresponds to a more refined
identification of the items within each group; (NE)  number of stomachs in which each item occurred; (POG) percentage of occurrence
of the large groups in the diet; (POE) percentage of occurrence of classes or orders in each larger group. Imature insects: (Na) aquatic
(naiads), (Nt) terrestrial (nymphs), (Pu) pulpe, (L) larve.

Group     Order/Class Family/Species          NE POG (%) POE (%)

Annelida  11  4.60

Hirudinea  2  18.18

Oligochaeta  9  81.82

Arachnida  45  18.80

Araneae

Crustacea  9  3.80

Decapoda  5  55.56

Isopoda  4  44.44

Insecta  131  54.80

Non-identified 62 (1Na/2Pu/3L)  24.49

Blattodea  5  1.98

Coleoptera Scarabaeidae, Hydrophilidae, Staphylinidae,
Curculionidae, Passalidae, Chrysomelidae, Elateridae

   41 (7L)  16.21

Diptera  6  2.37

Hemiptera Belostomatidae, Membracidae  30  11.86

Hymenoptera Apidae: Apis mellifera  48  18.97

Formicidae

Isoptera       3  1.19

Lepidoptera     15 (10L)  5.93

Phasmida       3 (1Nt)  1.19

Odonata     24 (1Na)  9.49

Orthoptera Gryllotalpidae, Gryllidae, Proscopiidae  16  6.32

Mollusca Gastropoda  1  0.40

Myriapoda Diplopoda  9  3.80

Anura  27  11.30

Tadpole Lithobates catesbeianus  19  57.57

Post-metamorphic  14  42.42

Non-identified

Rhinella abei

Physalaemus cuvieri

Hypsiboas bichoffi

Osteichthyes  6  2.50
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The t-test, contingency tables, linear regression and
Spearman’s correlation were performed using the program R
(R DEVELOPMENT CORE TEAM 2009). Analyzes used to quantify the
amplitude of the ecological niche of the species were carried
out in the program PAST (HAMMER et al. 2001) and the overlap
in food niche was performed using the EcoSim (GOTELLI &
ENTSMINGER 2001). All statistical tests were performed with a sig-
nificance level of 0.05 (CALLEGARI-JACQUES 2006).

RESULTS

We analyzed a total of 181 samples L. catesbeianus, of which
104 were females and 77 were males. Of the total specimens
collected, 173 were adults and eight were young females. The
SVL of females ranged between 60.0 and 162.0 mm and the BM
ranged between 20.99 and 508.30 g. In males, the SVL varied
between 76.0 and 156.0 mm and the varied BM between 38.48
and 391.50 g. There was no sexual dimorphism in the SVL of
adults (Welsh’s t-test = 0.41, df = 171, p = 0.52, mean ± 1 SD:
Males – SVL = 119.1 ± 42.7 mm and Females – SVL = 117.0 ± 46.4
mm) and the BM (Welsh’s t-test = 0.04, df = 171 and p = 0.83,
mean ±1 SD: Males – BM = 195.23 ± 20.16 g females: BM = 22.49
± 192.22 g) of the specimens collected.

Spring was the season with a greatest abundance of indi-
viduals (n = 59), followed by winter (n = 44), summer (n = 43)
and fall (n = 35). The seasonal sex ratio of the total sample
showed a significant difference only in the summer (�2 = 3.93,
df = 1, p < 0.05) when 15 males and 28 females were collected.

Population’s diet. Among the stomachs examined,
12.71% (n = 23) were empty and 87.29% (n = 158) contained 1-
78 items (mean 7.81 ± 1.56). The richness of prey items was not
correlated with the biometric variables analyzed. However, the
abundance of prey items was correlated with the SVL (� = -0.145,
p = 0.050) and the BM (� = -0.165, p = 0.025), but not with the
other variables. The size of the specimens analyzed (SVL) also
was unrelated with the volume of prey in the population of L.
catesbeianus (r2 = 0.0005, F = 0.097, df = 180, p = 0.75).

Invertebrates were the most abundant items in the diet
of the American Bullfrog (Tab. I), representing 86.20 % (n = 206)
of the food items encountered by us. The following groups were
identified: Arachnida, Mollusca, Myriapoda, Annelida, Crusta-
cea and Insecta, the most abundant group, including ten or-
ders found in the stomach contents (Tab. I). Vertebrates were
represented by anurans in different ontogenetic stages and fish
juveniles accounted for about 13.80 % (n = 33) of the prey
items (Tab. I). We considered as accidentally ingested items,
plants (n = 85, encountered in 30% of the samples), rocks (n =
13, 4.5%) and feathers (n = 1, 0.4%).

Diet of juveniles and adults. The diet of young Ameri-
can Bullfrogs consisted predominantly of invertebrates (PO =
88.9 %, n = 7), being represented by Insecta (PO = 66.7 %, n =
6) and Arachnida (PO = 22.2 %, n = 2). The vertebrates found
in the diet belong only to Osteichthyes (PO = 11.1 %, n = 1).

The diet of adult bullfrogs consisted of items and their
percentages as described in the general diet (Tab. I), with the
exception of the items consumed by the juveniles. The diet of
adult males and females did not differ in the absolute frequency
of occurrence of prey items (�2 = 6.97; df = 7, p > 0.5), and all
items were equally consumed by both sexes, except for Shell-
fish, which were not preyed upon by females.

The PO of vertebrates in the diet of females of L.
catesbeianus was positively correlated with precipitation
(� = 0.159, p = 0.620) and temperature (� = 0.307, p = 0.330).
The PO of vertebrates in the diet of males was positively corre-
lated with the temperature (� = 0.262, p = 0.410). However, the
correlation with monthly precipitation was high and significant
(� = 0.640, p = 0.024).

Seasonal diet. Invertebrates and vertebrates were preyed
upon in all seasons. Among the invertebrates, only Mollusks
were preyed upon only in the summer, and Annelids were
preyed more intensively in the fall. The other groups had simi-
lar rates of predation among seasons (Fig. 1).
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Seasonally, vertebrates were consumed in greater numbers
during the spring, followed by the winter, summer and fall
months (Fig. 1). Fish were more intensely consumed in the spring
but were not predated during the fall, and in winter and summer
fish predation was low. The PO of fish in the diet did not differ
significantly among the seasons (�2 = 3.8, df = 3, p > 0.5) (Fig. 1).

Anurans in different ontogenetic stages were predated
upon in all seasons, but were a more frequent diet item in the
spring, followed by winter, summer and fall (Fig. 1). However,
the PO was higher in winter than in spring and highest in the
fall than in the summer (Fig. 1). The difference in predation
was not significant between seasons (�2 = 1.88, df = 3, p = 0.25).

Tadpoles were also present in the diet of L. catesbeianus
in winter and summer seasons (PO = 50, n = 4 per station), but
more frequently in the spring and fall (PO = 58, n = 7 and PO =

Figure 1. Percentage of occurrence and number of items (above
the bars) of each taxonomic group between the seasons, present
in the diet of adult Lithobates catesbeianus. Winter (black with
white), spring (white), summer (black), and fall (grey).
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80, n = 4 respectively). The occurrence of post-metamorphic
individuals in the diet was higher in winter and summer (PO =
50, n = 4 and PO = 50, n = 4 respectively), followed by the
spring and fall (PO = 42, n = 5 and PO = 20, n = 1, respectively).

Trophic niche population size and food niche over-
lap between the sexes. The estimated trophic niche breadth
of the L. catesbeianus population was 0.43. Niche breadth is
positively correlated with temperature (� = 0.408, p = 0.137).
However, niche breadth is negatively correlated with precipi-
tation (� = - 0.190, p = 0.009). The winter was the season with
a smaller range of ecological niches and in the fall the niche
breadth of the bullfrogs was greater (Fig. 2).

DISCUSSION

Among the biological factors implicated in biological
invasions, the amplitude of the trophic niche can act as a fa-
cilitator. Species with broader niches have more resources avail-
able to them than species with narrower niches (VÁZQUEZ 2006).
In this context, our results indicate that L. catesbeianus has a
generalist diet and a broad trophic niche. Both may derive from
an opportunistic predation strategy (TOLEDO et al. 2007), since
they occur both where the species is native and in places where
it is invasive (HIRAI 2004, SILVA et al. 2009).

A similar diet between the sexes had been recorded for
the American Bullfrog elsewhere where the species is also inva-
sive (WANG et al. 2007). This may have to do with the relation-
ship between the body size of the predator and that of the
prey, and with similarities in the spatial use of the habitat or in
the metabolic requirements on the feeding activity of both sexes
(BULL 2003, WANG et al. 2007). The differences in diet between
juveniles and adults are also likely to be associated with these
factors (WU et al. 2005).

Considering only the relationship between the size of
the bodies of predator and prey, the absence of sexual dimor-
phism (SVL) between the sexes of L. catesbeianus may be re-
sponsible for their similar diets. Our results indicate that males
and females may have the same ability to ingest prey, which
decreases the chances of variation in the diet between the sexes
(WU et al. 2005, WANG et al. 2007). However, our results showed
no relationship between the SVL and the volume of prey con-
sumed. Thus, if there was sexual dimorphism in the popula-
tion examined (KAEFER et al. 2007), differences in diet as a result
of sexual dimorphism would have been expected (LAMB 1984,
BULL 2003).

Besides the size, differences in the diet between the sexes
may be considered products of the spatial differences in the
use of the habitat (WERNER et al. 1995). The homogeneity of the
diet of the population under study may indicate that males
and females of L. catesbeianus do not occupy different habitats
and/or that the distribution of prey items is homogeneous in
the area. We have not tested these hypotheses in this work.

The basal metabolic rate of males and females can di-
rectly influence their consumption of prey, thereby determin-
ing whether the diet of both sexes is similar or not. When it is
similar, it may indicate that both sexes have the same meta-
bolic needs, except in reproductive periods, when one would
expect a change in the richness and abundance of food items
with respect to other seasons (LAMB 1984, BULL 2003). This hy-
pothesis is strengthened by the observation that the niche of
males in all seasons was broader than that of females, except
in the winter and spring, which marked the beginning of the
breeding season of L. catesbeianus in the location of our study
(LEIVAS et al. 2012). Thus, during the late winter and the spring,
females probably consume more food than in other seasons,
in order to meet the metabolic requirements of reproduction.
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Adult males and females have similar niche breadth:
Males 0.42 (mean) and females 0.43 (mean). For both the niche
breadth had a positive correlation with temperature (� = 0.622,
p = 0.033 / � = 0.251, p = 0.423, females and males respec-
tively) and no correlation with precipitation (� = 0.125,
p = 0.691 / � = 0.055, p = 0.860 respectively).

Seasonally, there were no significant differences in the
niche breadth of both sexes, since the confidence intervals over-
lapped. Males and females had the broadest niche breadth in
the fall and the narrowest in the winter (Fig. 2). The food niche
overlap between adult males and females was considerable (0.99).
Seasonally, the food niche of males and females overlapped more
in the winter (0.99) and in the summer (0.98), and less in spring
(0.94) and fall (0.94) months, though always significantly.

Figure 2. Temporal variation in the amplitude of the trophic niche
(Shannon-Weiner) and confidence intervals for all adults of
Lithobates catesbeianus (circles), females (star) and males (triangle)
between July 2008 and May 2009.
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The difference in the diet of juveniles and adults can also
be related to the size of the body (relative size of predator-prey).
Thus, juveniles have greater restrictions on the kinds of prey
they consume (particularly with respect to the body mass of
the item) (WU et al. 2005) because predation is limited by the
size of the prey. Therefore, considering the differences in body
mass among prey items (vertebrates and invertebrates), adults
tend to prey on larger organisms (vertebrates). This accounts
for a difference in the breath of the niche of adults and juve-
niles of L. catesbeianus.

The breadth of the niche and diet of L. catesbeianus is
directly influenced by climatic conditions. Anurans increase
their activity levels in response to rising temperatures and pre-
cipitation (e.g., foraging and feeding) (DUELLMAN & TRUEB 1994).
Therefore these factors act together, causing an increase or de-
crease in the activity of the species (foraging), which lead to
increased use of resources (RYAN 1980), extending or restricting
the breadth of the niche (VÁZQUEZ 2006).

The trophic niche of L. catesbeianus was broader in the fall
and narrower in the winter. This may be also linked to low ac-
tivity levels of prey items such as insects and frogs in the winter-
time (DUELLMAN & TRUEB 1994). In the fall, individuals eat more
to store energy reserves to survive the winter, marked by low
temperatures and reduced precipitation (DUELLMAN & TRUEB 1994).

In the present study, L. catesbeianus individuals ate in-
vertebrates and vertebrates, as described in other studies (HIRAI

2004, BOELTER & CECHIN 2007). Among the invertebrates, insects
where the most frequently found, and among vertebrates, frogs
and fish, consistent with other reports from where the species
has been introduced in North America and Brazil (BOELTER &
CECHIN 2007). However, these results differ from the diet of the
species in Japan, where only adults of the species preyed on
invertebrates (many crustaceans), and vertebrates (fish) were
found only in the stomachs of juveniles (HIRAI 2004). It is likely
that differences in dietary patterns between these sites are due
to environmental conditions and the availability of prey in
the environment, since these data refer to the population in
these islands.

The fact that the only vertebrates in the diet of the spe-
cies are frogs and fish is consistent with data from other places
where L. catesbeianus is invasive (HIRAI 2004, BOELTER & CECHIN

2007, SILVA et al. 2009) but contrasts with previous records,
which indicate that the species, in its native range, predates on
birds, salamanders, mammals and reptiles (CARPENTER et al. 2002,
WU et al. 2005). Cannibalism was recorded for the American
Bullfrog in previous studies (BARASSO et al. 2009). However, there
is no evidence that the animals recognize the activity as canni-
balistic, and this activity is most likely the product of the for-
aging behavior of the species (DUELLMAN & TRUEB 1994, TOLEDO

et al. 2007). Seasonally, greater numbers of cannibalistic records
were obtained in the spring and fall; with the highest rates of
tadpoles in the study area in the beginning (spring) and end
(fall) of the breeding season (LEIVAS et al. 2012).

The predation of native species of amphibians, as de-
scribed in this study, has been reported in various places where
L. catesbeianus has been introduced worldwide (WERNER et al.
1995, WANG et al. 2007, BARRASSO et al. 2009), and in the states
of Rio Grande do Sul (BOELTER & CECHIN 2007) and Minas Gerais,
Brazil (SILVA et al. 2009). The records of predation on Rhinella
abei (Baldissera-Jr, Caramaschi & Haddad, 2004) in this study,
as well as of R. pombali (Baldissera-Jr, Caramaschi & Haddad,
2004) in Minas Gerais (SILVA et al. 2009), are unusual, probably
due to the presence of defense mechanisms (e.g., paratoid gland)
(AHOLA et al. 2006) in these frogs. These defense mechanisms,
however, appear to be ineffective against the predatory activi-
ties of L. catesbeianus.

The diet and predatory activity of L. catesbeianus re-
ported in this study may be directly influenced by predation,
and indirectly by competition via the trophic structure of the
local community (see SIH et al. 2010). The indirect effect may
have to do with trophic competition with native species such
as Leptodactylus latrans (Steffen, 1815) (BARRASSO et al. 2009)
since the diet and trophic niche breadth of L. catesbeianus
includes several items present in the diet of local frogs. From
this analysis, the broad trophic niche of L. catesbeianus may
have been an important feature and one of the mechanisms
that have facilitated the process of invasion and establish-
ment of this species in the study location, as previously hy-
pothesized (VÁZQUEZ 2006, MACDOUGALL et al. 2009, SIH et al.
2010).

Also, the anthropogenic environments (or in the recov-
ery phase) occupied by L. catesbeianus in the community stud-
ied may have facilitated the invasion by the species, because of
their simple ecological structure (SHEA & CHESSON 2002, MARVIER

et al. 2004). To this, we must add the environmental and bio-
logical characteristics of L. catesbeianus. The American Bullfrog
occupies open lentic environments (WANG et al. 2007, D’AMORE

& MCNICHOLHAS 2009) and has rapid evolutionary responses with
regards to feeding and reproductive strategies (LEIVAS et al. 2012).
Additionally, the fact that the founders of the population were
genetically pre-selected (they came from breeders) and had gone
through an acclimatization period to the local weather condi-
tions in the nurseries, may have positively contributed to the
invasion process.
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