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Abstract: Studying feeding habits is crucial to understand complex predator-prey interactions. Even though 
anurans play a fundamental role in the control of arthropods populations, the diet of several Neotropical species 
is poorly known. We describe the frequency and occurrence of prey items and their dry mass in stomach contents 
of the Robber Frog Pristimantis paulodutrai in the north east of the state of Bahia, Brazil. Based on the stomach 
contents of 30 individuals, Araneae, Isopoda, and Formicidae were found to be the most important food items. 
The generalist diet of this frog, which seems to be phylogenetically conserved among Pristimantis, is likely to be 
linked to its ecological dominance in the habitats surveyed. Our study corroborates the high trophic relevance of 
Robber Frogs in tropical forests as generalist predators.
Keywords: Amphibia; Anura; Bahia; Craugastoridae; diet; predator-prey interaction.

Hábitos alimentares da rã Pristimantis paulodutrai (Bokermann, 1975) no nordeste do 
Brasil

Resumo: Estudar hábitos alimentares é crucial para entender as complexas interações predador-presa. Embora os 
anuros tenham papel fundamental no controle das populações de artrópodes, a dieta de várias espécies neotropicais 
é pouco conhecida. Descrevemos a frequência e a ocorrência de presas e sua massa seca no conteúdo estomacal 
da rã Pristimantis paulodutrai, no nordeste do estado da Bahia, Brasil. Com base no conteúdo estomacal de 30 
indivíduos, Araneae, Isopoda e Formicidae foram os itens alimentares mais importantes. A dieta generalista desta rã, 
a qual parece ser conservada filogeneticamente entre os Pristimantis, provavelmente está ligada à sua dominância 
ecológica nos habitats pesquisados. Nosso estudo corrobora a alta relevância trófica dos Robber Frogs em florestas 
tropicais como predadores generalistas.
Palavras-chave: Amphibia; Anura; Bahia; Craugastoridae; dieta; interação predador-presa.
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Introduction
While studies of feeding habits of anurans have been increasing 

in number (e.g., Ortega et al. 2005, Forti et al. 2011, Solé et al. 2019), 
the relationship between frogs and their preys is still little known. 
Descriptive studies are fundamental to reveal complex predator-prey 
interactions and to determine the role of anurans in ecosystems (Hocking 
& Babbitt 2014). The diet of frogs is particularly affected by their 
foraging behaviour and the characteristics of microhabitats (Toft 1995).

The genus Pristimantis Jiménez de la Espada, 1870 comprises 566 
species, distributed from southern Central America to the Brazilian 
Atlantic Forest (Frost 2021). Most members of this genus are generalist 
predators (Arroyo et al. 2008, Garcia-R et al. 2015, Gutiérrez-Cárdenas 
et al. 2016). Nevertheless, knowledge about the natural history of these 
direct-developing frogs is still incipient, and the diet of several species, 
among them Pristimantis paulodutrai (Bokermann, 1975), which is the 
subject of our study, remains unknown.

The frog P. paulodutrai is restricted to the Atlantic Forest in Bahia 
state (Trevisan et al. 2020), and it is considered the most abundant and 
spatially distributed anuran species from coastal forests of northern 
Bahia state (Bastazini et al. 2007). In this study we aimed to identify 
the diet composition of this species, and given its ecological dominance 
among other amphibian species, we expected to find a rich assemblage of 
consumed preys. Yet, under an exploratory approach, we seek spatially 
structured feeding patterns for P. paulodutrai considering the main 
environmental landscape units in the study area. 

Material and Methods

We examined 90 adult specimens of P. paulodutrai deposited in the 
Natural History Museum of the Federal University of Bahia (UFBA), 
collected by Bastazini et al. (2007) and previously used for ecologic, 
taxonomic, morphometric, and/or cytogenetic studies on the genus 
Pristimantis (e.g., Bastazini et al. 2007, Napoli et al. 2009, Dabés et al. 
2012, Trevisan et al. 2020). The specimens were collected in a coastal 
Atlantic Forest area (a 500 hectares private conservation unit named 
Reserva Sapiranga, 12°33’59’’S, 38°02’18’’W, 20 m a.s.l, WGS84 
datum) and in coastal sandplains (restinga environment at Praia do Forte, 
12°34’12’’S, 38°00’04’’W, 10 m a.s.l., WGS84 datum), both in the 
municipality of Mata de São João, state of Bahia, Brazil. The specimens 
were sampled in four distinct habitats (Bastazini et al. 2007): in Reserva 
Sapiranga, forested environments containing (1) springs, streams, and 
rivers, and (2) areas without bodies of water on the ground and with less 
than 20 tank bromeliads in a sample unit of 60 x 25 m; in the restinga 
of Praia do Forte, (3) sandy soil covered by many shrubs and terrestrial 
tank bromeliads under direct sunlight (> 100 bromeliads per sample 
unit), which is contiguous with (4) a riparian forest that surrounds a 
lake formed by the freshwater Timeantube river, the latter filled with 
emergent vegetation. Detailed description of the environment, sampling 
units, sampling methods, and vouchered specimens were provided 
by Bastazini et al. (2007). During fieldwork voucher specimens of 
P. paulodutrai (referred by the authors as Eleutherodactylus ramagii) 
were kept alive in containers with ice up to six hours to reduce the speed 
of digestion of stomach contents (T.F.S.S. Alves-dos-Santos, personal 
observation). Prey availability was not measured during the sampling 
period and, therefore, we did not calculate electivity of prey categories 
(comparison between consumed and available food items). Specimens 

examined are housed in the amphibian collection of the Natural History 
Museum of the Federal University of Bahia (UFBA) (Appendix 1).

We dissected individuals and examined their stomach content using 
an Olympus stereomicroscope. Only adult males were evaluated because 
females and juveniles were rare in the samples. The prey items were 
grouped into orders (except for Annelida, Gastropoda, and Formicidae). 
We followed the methods of Magnusson et al. (2003) to determine the 
dry mass and to estimate the contribution of each prey item. The total 
dry mass of each prey item was recorded to the nearest 0.1 mg, and 
each food item was dried in a 50ºC stove for two hours. We assigned 
a mass value of 0.1 mg for prey categories if their dry mass was less 
than the precision of the instrument (1 mg) to record the prey category 
in the diet without influencing the contribution of the most important 
prey categories. 

We calculated the proportion of biomass (M) and frequency (F) of 
prey categories for each stomach individually and then averaged these 
proportions for the stomachs that were full. This procedure resulted in 
proportional data, which avoids the bias originating from the anurans’ 
uneven body size (Evans & Lampo 1996) and the biomass of the 
stomach content and confers the same importance to all specimens 
(Smith et al. 2004). The proportion of occurrence (O) of each consumed 
prey category was calculated as the number of stomachs with a prey 
category averaged for the total number of full stomachs. Items with 
the highest index of relative importance (IRI) was considered the most 
important prey categories in the diet of P. paulodutrai (Pinkas et al. 
1971). We used the IRI (%) values in a hierarchical clustering method, 
under an exploratory approach, to seek and display the strongest 
structure of feeding patterns for P. paulodutrai considering four habitats 
identified by Bastazini et al. (2007), using the Ward’s method solution 
(Ward’s minimum variance method; Ward 1963) and Euclidean distance 
measure as distance metric. The source data matrix consists of four lines 
(environment types) and 11 columns (prey categories). The analysis 
was performed using the software Statistica ver. 13 (TIBCO 2018).

Results and Discussion

We obtained 30 adult males with full stomachs, containing 49 food 
items ( x = 1.6 item/stomach; total mass = 0.10724 g) belonging to 11 prey 
categories (Figure 1, Table 1). The following prey categories had the largest 
(over 10%) proportions of occurrence (O): Araneae (43.3%), Formicidae 
(23.3%), Isopoda (20.0%), and Coleoptera (16.7%). Orthoptera, Isopoda, 
Araneae, and “Larvae” had the largest M (24.2%, 21.5%, 16.7%, and 12.5%, 
respectively), although the former was consumed by only three specimens 
of P. paulodutrai (10%) and Araneae by 13 specimens (43.3%). Coleoptera 
and Isopoda contributed with similar frequencies (16.7% and 20.0%, 
respectively), but with different mass contributions (8.3% and 21.5%, 
respectively); the O of “larvae” was smaller than in Coleoptera (10% and 
16.7%, respectively), but with higher M (12.5% and 8.3%, respectively). 
The most important prey categories (index of relative importance > 10%) 
consumed by P. paulodutrai were Araneae (46.6%), Isopoda (16.1%), and 
Formicidae (12.4%) (Figure 1d, Table 2).

The high number of empty stomachs from adult males of P. 
paulodutrai (66 %) could be explained due to all individuals have been 
captured while reproductively active. The impact of calling behavior 
on male foraging success was already reported for E. coqui, which 
considerably reduce its foraging activity while exhibit to potential 
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Figure 1. Prey categories in the diet of Pristimantis paulodutrai from a restinga 
area in the municipality of Mata de São João, state of Bahia, Brazil. (a) percentage 
of occurrence of each consumed alimentary category (number of stomachs with 
an alimentary category averaged for the total number of non-empty stomachs); 
(b) average percentage of prey categories; (c) average percentage of biomass 
contribution; and (d) IRI%, index of relative importance (Pinkas 1971). Numbers 
at the top of columns represent non-transformed values

sexual partners (Woolbright & Stewart 1987). In this species, males 
usually start foraging after midnight, when calling activity is ceased 
(Woolbright 1985, Woolbright & Stewart 1987). Therefore, temporal 
sampling bias could also contribute to explain empty stomachs in part of 
P. paulodutrai adult males because all of them were captured by active 
search at night from 1800 to 2400 h (Bastazini et al. 2007), assumed 
here as the period of their highest calling activity.

The hierarchical clustering analysis using IRI (%) values was able to 
express structure in feeding patterns for P. paulodutrai along the landscape 
(Figure 2, Table 2), gathering two habitat groups: (1) a group composed of 
forested environments with water bodies on the ground (habitats 1 and 4), 
and (2) a group of environments deprived of water bodies on the ground, 
combining forested zones and open restinga habitats with terrestrial tank 
bromeliads (habitats 2 and 3). Foraging success in amphibians is known to 
be dependent of local climatic conditions (seasonal and/or daily fluctuations) 
and one possible consequence is the reduction of movement and foraging 
activity due to water-conserving posture in situations of osmotic stress 
(Pough et al. 1983, Woolbright & Stewart 1987, Wells 2007). Therefore, 
we suppose that variations in qualitative and/or quantitative prey availability 
throughout the day, combined with periods of low motility and foraging, 

Table 1. Prey categories in the diet of Pristimantis paulodutrai within four habitats of a restinga landscape in the municipality of Mata de São João, state of 
Bahia, Brazil. Habitats are ordered following clustering structure resulted from Ward’s method solution (Figure 2). An empty cell indicates a non-available 
prey category in habitat. Values in parentheses correspond to non-transformed data. Reserva Sapiranga: habitat 1, forested environments containing springs, 
streams, and rivers; habitat 2, forested environments without bodies of water on the ground and with less than 20 tank bromeliads in a sample unit of 60 x 
25 m. Praia do Forte: habitat 3, sandy soil covered by many shrubs and terrestrial tank bromeliads under direct sunlight (> 100 bromeliads per sample unit); 
and habitat 4, riparian forest that surrounds a lake formed by the freshwater Timeantube river, the latter filled with emergent vegetation.

Habitat 4 Habitat 1 Habitat 2 Habitat 3
 %O %M %F %O %M %F %O %M %F %O %M %F
Araneae 25.0 14.4 25.0 44.4 9.9 25.0 42.9 40.1 33.3 66.7 21.5 31.3

(2) (0.00250) (2) (4) (0.00580) (4) (3) (0.00630) (3) (4) (0.00331) (5)
Formicidae 12.5 4.6 12.5 22.2 0.9 18.8 14.3 7.0 11.1 50.0 11.7 25.0

(1) (0.00080) (1) (2) (0.00051) (3) (1) (0.00110) (1) (3) (0.00181) (4)
Coleoptera 37.5 44.8 37.5 28.6 7.1 22.2

(3) (0.00780) (3) (2) (0.00111) (2)
Isopoda 25.0 36.2 25.0 44.4 28.6 25.0

(2) (0.00630) (2) (4) (0.01680) (4)
Dermaptera 11.1 1.5 6.3 33.3 26.6 12.5

(1) (0.00090) (1) (2) (0.00410) (2)
Hemiptera 28.6 20.4 22.2 16.7 19.5 6.3

(2) (0.0032) (2) (1) (0.00300) (1)
Larva 22.2 21.8 12.5 16.7 3.9 6.3

(2) (0.01280) (2) (1) (0.00060) (1)
Orthoptera 22.2 37.3 12.5 14.3 25.5 11.1

(2) (0.02190) (2) (1) (0.00400) (1)
Acari 16.7 1.3 6.3

(1) (0.00020) (1)
Diplopoda 16.7 7.1 6.3

(1) (0.00110) (1)
Gastropoda 16.7 8.4 6.3

 (1) (0.00130) (1)
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Table 2. Index of relative importance - IRI (Pinkas et al. 1971) calculated for alimentary categories eaten by Pristimantis paulodutrai within four habitats 
of a restinga landscape in the municipality of Mata de São João, state of Bahia, Brazil. Habitats are ordered following clustering structure resulted from the 
Ward’s method solution (Figure 2). An empty cell indicates a non-available prey category in habitat. Reserva Sapiranga: habitat 1, forested environments 
containing springs, streams, and rivers; habitat 2, forested environments without bodies of water on the ground and with less than 20 tank bromeliads in a 
sample unit of 60 x 25 m. Praia do Forte: habitat 3, sandy soil covered by many shrubs and terrestrial tank bromeliads under direct sunlight (> 100 bromeliads 
per sample unit); and habitat 4, riparian forest that surrounds a lake formed by the freshwater Timeantube river, the latter filled with emergent vegetation

Overall Restinga Habitat 4 Habitat 1 Habitat 2 Habitat 3
IRI IRI% IRI IRI% IRI IRI% IRI IRI% IRI IRI%

Araneae 1961.80 46.59 984.20 16.92 1550.18 24.51 3147.22 52.61 3514.38 44.80
Isopoda 675.71 16.05 1530.17 26.31 2382.90 37.68
Formicidae 520.39 12.36 213.72 3.68 435.97 6.89 258.76 4.33 1836.90 23.41
Coleoptera 308.54 7.33 3087.28 53.09 836.79 13.99
Orthoptera 302.74 7.19 1106.71 17.50 522.47 8.73
Larva 186.18 4.42 762.27 12.05 169.02 2.15
Hemiptera 119.04 2.83 1216.90 20.34 428.42 5.46
Dermaptera 107.85 2.56 86.48 1.37 1302.96 16.61
Gastropoda 10.84 0.26 244.68 3.12
Diplopoda 10.22 0.24 223.06 2.84
Acari 7.42 0.18 125.78 1.60

Figure 2. Hierarchical clustering analysis (Ward's method) on the Index of 
Relative Importance (IRI %) (Pinkas 1971) calculated for alimentary categories 
eaten by Pristimantis paulodutrai in four different habitats of a restinga area in 
the municipality of Mata de São João, state of Bahia, Brazil. Reserva Sapiranga: 
habitat 1, forested environments containing springs, streams, and rivers; habitat 2, 
forested environments without bodies of water on the ground and with less than 20 
tank bromeliads in a sample unit of 60 x 25 m. Praia do Forte: habitat 3, sandy soil 
covered by many shrubs and terrestrial tank bromeliads under direct sunlight (> 
100 bromeliads per sample unit); and habitat 4, riparian forest that surrounds a lake 
formed by the freshwater Timeantube river, the latter filled with emergent vegetation

could contribute to different prey consumption by P. paulodutrai within 
distinct habitats. Furthermore, distinct composition and abundance of prey 
items between habitats could be argued as an explanation for the obtained 
results but these data were not acquired and, therefore, we cannot test if 
prey availability or frog’s prey preference are able to explain our results.

Some Pristimantis species and other Brachycephaloidea are 
considered sit-and-wait foragers and not ant specialists (Toft 1981). In 
our study, P. paulodutrai had a varied diet (11 prey categories), which 
is more typical of an active forager’s profile (Duellman & Trueb 1994), 
with Formicidae being only its third most important prey category. 
Such high diversity of consumed preys followed the general feeding 
pattern of related species (e.g., Arroyo et al. 2008, Garcia-R et al. 2015, 
Gutiérrez-Cárdenas et al. 2016). We conclude that P. paulodutrai, as 
other common species, is not a diet specialist frog, which supports its 
large dominance within the studied landscape.

The numerical and spatial dominance of P. paulodutrai over other 
species in the study area could be partially explained by the ability of 
this common frog to prey on different groups of arthropods. While 
the spatial distribution of specialist predators is affected by limited 
prey availability, generalists may have a flexible distribution, with the 
availability of prey being a weaker spatial predictor (Giaretta et al. 1998, 
Santos et al. 2004). Although prey availability does not seem to be an 
important factor in restricting the spatial distribution of P. paulodutrai, 
this hypothesis must be tested in the future using an electivity analysis.

Pristimantis paulodutrai is a plastic species concerning water 
absorption under different osmotic stresses (e.g., low rates of 
dehydration and high rates of rehydration from water), which may 
favour its dominance in dry environments (Dabés et al. 2012). In 
addition, these frogs have direct development and terrestrial breeding 
(Napoli et al. 2009), which do not limit their distribution to the proximity 
of water bodies. The combination of these features with a generalist diet 
can explain the wide spatial distribution of P. paulodutrai.

These results contribute to our knowledge about the feeding habits 
of a Neotropical frog species, expand the scientific comprehension of 

the interaction between anurans and their preys, and provide additional 
insights to the spatial distribution of P. paulodutrai.
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