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Abstract

Diet of Engystomops pustulosus (Anura: Leptodactylidae) from Colombia and current
knowledge of its dietary ecology. We investigated the diet of Engystomops pustulosus
from a population in the Middle Magdalena River valley, including an evaluation of the
effect of body and head size on prey number and volume. We present the current state of
knowledge of the diet of E. pustulosus from published information in addition to our data.
We found a total of 400 prey items representing two phyla, Arthropoda and Mollusca;
seven orders and nine families were detected. Arthropods, mainly insects, were the most
frequent prey in the diet. Among arthropods, Acari and Isoptera were numerically dominant.
We did not observe effects of body and head size on prey number and volume. The
published literature of the diet of E. pustulosus included 66 prey items, among which
Isoptera (termites), Acari, and Formicidae were the most common groups, suggesting
dietary specialization. Prey items consumed by E. pustulosus varied among different
localities; Blattodea, Orthoptera, and Thysanoptera were unique at certain localities.
Further study of prey availability and diets associated with land-use changes across major
geographic localities will contribute to a better understanding of the predator-prey
interactions in these anthropogenic environments.
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Resumen

Dieta de Engystomops pustulosus (Anura: Leptodactylidae) de Colombia y conocimiento actual
de su ecologia alimentaria. Investigamos la dieta de Engystomops pustulosus de una poblacion del
valle medio del rio Magdalena, incluyendo una evaluacion del efecto del tamafio del cuerpo y de la
cabeza sobre el nimero y volumen de presas. Presentamos el estado actual de conocimiento sobre la
dieta de E. pustulosus a partir de informacion publicada mas nuestros datos. Encontramos un total de
400 presas representando dos phyla, Arthropoda y Mollusca; siete 6rdenes y nueve familias de
invertebrados. Los artropodos, principalmente insectos, fueron las presas mas frecuentes en la dieta.
Entre los artropodos, Acari e Isoptera fueron numéricamente dominantes. No se observaron efectos
del tamafio del cuerpo y la cabeza sobre el nimero y volumen de presas. La literatura publicada
sobre la dieta de E. pustulosus incluyo 66 taxones presas, entre los que Isoptera, Acari y Formicidae
fueron los grupos mas comunes, lo que sugiere una especializacion en la dieta. Las presas consumidas
por E. pustulosus varian entre localidades; Blattodea, Orthoptera y Thysanoptera, son Unicos en
algunas localidades. Estudios mas detallados de la disponibilidad de presas y dietas asociadas a los
cambios en el uso del suelo en mas localidades geograficas contribuira a una mejor comprension de
las interacciones depredador-presa en estos entornos antropogénicos.

Palabras clave: Ecosistema, Especializacion trofica, Habitos alimentarios, Interaccion depredadora,
Rana.

Resumo

Dieta de Engystomops pustulosus (Anura: Leptodactylidae) da Colémbia e conhecimento atual
de sua ecologia alimentar. Investigamos a dieta de Engystomops pustulosus de uma popula¢do do
vale médio do rio Magdalena, incluindo uma avaliagdo do efeito do tamanho do corpo ¢ da cabega
sobre o0 niimero e o volume das presas. Apresentamos o estado atual do conhecimento sobre a dieta
de E. pustulosus com base em informagdes publicadas e em nossos proprios dados. Encontramos um
total de 400 itens alimentares representando os filos Arthropoda e Mollusca; sete ordens e nove
familias de invertebrados. Artropodes, principalmente insetos, foram os itens mais frequentes na
dieta. Entre os artropodes, Acari e Isoptera foram numericamente dominantes. Nao foram observados
efeitos do tamanho do corpo e da cabega sobre o nimero e o volume de presas. A literatura publicada
sobre a dieta de E. pustulosus incluiu 66 taxons, entre os quais Isoptera, Acari e Formicidae foram
os grupos mais comuns, sugerindo especializagdo na dieta. Os itens consumidos variaram entre as
localidades; Blattodea, Orthoptera e Thysanoptera foram exclusivos de algumas localidades. Estudos
mais detalhados da disponibilidade de presas e dietas associadas a mudangas no uso do solo em mais
localidades geograficas contribuirdo para uma melhor compreensao das interagdes predador-presa
nesses ambientes antropogénicos.

Palavras-chave: Ecossistema, Especializagdo trofica, Habitos alimentares, Interacdes predador-
presa, Ra.

Introduction

Understanding trophic interactions is essential
to disentangling community assembly processes
and ecosystem functioning (Ings et al. 2009,
Ryser et al. 2021). The study of trophic interactions
has traditionally focused on the use of species
diet proxies (Morales-Castilla et al. 2015, Laigle
et al. 2018), primarily because diet preferences

affect ecosystem energy flow and influence inter-
and intraspecific interactions (Cloyed and Eason
2017). Anurans are a key vertebrate group used
to study trophic interactions given their role in
ecosystem energy transformation (Colon-Gaud
et al. 2009) and the high consumption of
invertebrates (Solé¢ and Roédder 2010, Vitt and
Caldwell 2014). As such, the study of diet in
these vertebrates is essential to understanding
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ecosystem functioning and stability (Connelly et
al. 2008, Whiles et al. 2013).

Anuran diet composition may vary across
space (Maneyro and da Rosa 2004, Miranda et
al. 2006), time, and species functional traits (Vitt
and Caldwell 2014, Atencia et al. 2020). Spatial
conditions, for instance, have strong effects on
the abundance and diversity of invertebrates
(e.g., Eisenhauer ef al. 2011, Lopez-Bedoya et
al. 2021, 2022a). These changes among
invertebrate communities may in turn impact
prey composition of anurans (Agudelo-Cantero
et al. 2015, Moroti et al. 2021). Likewise,
functional traits such as body size (snout—vent
length; SVL) or mouth morphology (mouth
width; MW) act as limiting factors on the size of
prey that anurans can ingest, thus affecting prey
composition (Parmelee 1999, Moroti et al
2021).

Engystomops pustulosus (Cope, 1864) is a
species widely distributed in lowlands (0-1300
m) in northern South America (Colombia,
Guyana and Venezuela; Kohler 2011, Cole et al.
2013, Ospina-L and Bedoya-Candn 2018, Barrio-
Amords ef al. 2019). Despite its relatively wide
geographic distribution, its diet has been rarely
studied except in a few localities from Colombia
and Venezuela (e.g., Gonzalez-Duran ef al. 2012,
Viina-Albornoz et al. 2020, Blanco-Torres et al.
2021a). The main goals of our study are
threefold: (i) to describe diet composition of a
previously studied Colombian population; (ii) to
test the relationship between snout-vent length
(SVL) and maximum width of the mouth (MW)
and prey number and prey volume; and (iii) to
examine the current state of knowledge of the
diet of E. pustulosus considering all extant
information.

Materials and Methods
Study Area
The study area was the San Pedro farm

(5.559946, -74.860329; 470 m a.s.l.; municipality
of Victoria, Caldas department, Colombia). The
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San Pedro farm is located in the Middle
Magdalena River valley, an area with a mean
precipitation of 5500 mm/year, distributed in
two rainy seasons (April-May and September—
December), with an average temperature of 25°C
(Cardona et al. 2010). The landscape consists of
degraded primary forest, cattle pastures, and
cocoa or annual crop plantations.

Sampling Design and Laboratory Work

We sampled the population of E. pustulosus
using visual encounter surveys (see Doan 2003)
in ponds associated with cattle pastures for three
consecutive days (19-21 April 2016), between
18:00 and 23:00 h. We captured frogs manually
and transferred them to the field station within a
maximum of two hours after capture to minimize
bias associated with digestion (Parmelee 1999).
The frogs were sacrificed using Xylocaine and
fixed in 10% formaldehyde (Gutierrez-Cardenas
et al. 2016). Snout—vent length (SVL) and mouth
width (MW) were measured for each specimen
with a digital caliper to the nearest 0.1 mm.
Specimens were preserved in 75% ethanol and
transported to the zoology laboratory of the
Universidad de Caldas.

Stomach contents were identified for each
individual using a stereomicroscope; small prey
such as Acari and Formicidae were identified
using a microscope. We identified prey to the
lowest possible taxonomic level using general
keys for invertebrates (Triplehorn and Johnson
2005, Adis 2002) and specific keys for Coleoptera
(Arnett Jr. and Thomas 2000), Hymenoptera
(Fernandez 2003, Fernandez et al. 2015, JeSovnik
and Schultz 2017, Fernandez et al. 2019, Pérez-
Pedraza and Fernandez 2019), and Acari (Balogh
and Balogh 1988, 1990, Badejo 2002).

Stomach Contents Analysis
Prey consumption of E. pustulosus was
quantified as the number of prey items (N),

volume of prey items (V,), and frequency of
occurrence (O,) of each prey taxon (see
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Gutiérrez-Cardenas et al. 2016). Each individual
prey item was measured for length (L) and width
(W) using a stereomicroscope coupled with
digital measuring to the nearest 0.1 mm. These
measurements were employed to estimate the
prey volume (mm?) using the formula for a
prolate spheroid [V, = 4/3n (L/2) (W/2)]
(Dunham 1983).

We compared the relative proportion of each
prey category using the index of relative
importance (IRI) following Pinkas et al
(1971): %IRI = (%0,) (%N, + %V). The
latter was done because any measurements used
alone are biased toward large-sized or
sporadically abundant prey (Pinkas ef al. 1971,
Manicom and Schwarzkopf 2011). Finally, we
evaluated the correlation between functional
traits and prey of E. pustulosus. We tested for
correlations between SVL and MW to prey
number and prey volume using the Spearman
Rank Correlation (r) on log-transformed data in
the R program (R Core Team 2022).

Current State of Knowledge of the Diet of
E. pustulosus

To describe the diet of E. pustulosus, we
included published articles from the personal
database of the last author (PDAGC), in addition
to articles identified in the recent revision of the
Neotropical herpetofauna (see Urbina-Cardona
et al. 2023). When multiple studies were
published from the same dietary dataset (e.g.,
Blanco-Torres et al. 2020, 2021a, b), we included
only one study to avoid duplication of data (i.e.,
the study showing more detailed information).
For each study we extracted the following
variables: (i) country, (ii) year of publication,
(iii) habitat cover, and (iv) prey items consumed
by E. pustulosus.

Results
We captured 58 individuals of E. pustulosus

[52 males and six females; mean SVL,
27.4 £ 1.59 mm (range 24.37-30.94 mm); MW

of 7.56 £ 0.63 mm (6.25-8.87 mm)]. We used
only the 63.8% (N = 37) of individuals that
contained prey items.

A total of 400 prey items were distributed in
two phyla, Arthropoda and Mollusca, which
included seven orders and nine families, primarily
insects (Table 1). Acari (mites; %N, = 48.75) and
Isoptera  (termites; %N, = 41) were the
numerically dominant prey taxa. Volumetrically,
Isoptera  (%V, = 86.2) and  Formicidae
(%V, = 6.49) were the dominant prey items.
Isoptera (%0, = 51.35) and Formicidae (ants;
%0, = 45.95) were the most frequently consumed
prey items. Isoptera (IRI = 3009.67) and Acari
(IRI = 1394.44) were the taxa with the highest
IRI values in the diet of E. pustulosus. We did not
find significant correlations between prey number
(r, = -0.035, p = 0.838; N = 37) and prey
volume (r, = 0.032, p = 0.852; N = 37) with
SVL. Likewise, no correlations were found for
prey number (r, = 0.202, p = 0.230; N = 37)
and prey volume (r, = 0.030, p = 0.857;
N = 37) with MW.

Seven studies of the diet of E. pustulosus
includes our present work (Table 2). These
studies were made during the last two decades
and have focused on the composition of prey
assemblages consumed by the species in cattle
pastures. Among these studies, 66 prey items
were consumed by E. pustulosus, with Isoptera,
Formicidae, and Acari as the dominant prey taxa
in terms of prey number (Table 3). Different prey
items occurred in the stomach contents among
geographic localities: some invertebrate prey
items were unique to a single geographic locality.
For example, Blattodea (cockroaches) was found
only in stomach contents in a locality from
Venezuela, and other prey items such as
Collembola, Coleoptera, Diptera, Hemiptera,
and Orthoptera were found in other geographic
localities (Table 3).

Discussion

We investigated the diet composition of a
previously studied Colombian population of E.
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Table 1. Prey composition of the diet of Engystomops pustulosus from Victoria municipality (Caldas, Colombia).
Abbreviations: N, number of prey items; V, prey volume (in mm?); O, frequency of occurrence; IRI, index
of relative importance (only for prey taxa in which it was possible to calculate the volume).

Prey taxa N (%) V (%) O (%) IRI
ARTHROPODA
Arachnida
Araneae 1(0.25) 0.52 (0.04) 1(2.70) 0.77
Acari (Oribatida)
Ceratozetidae 2 (0.50) 0.66 (0.04) 2 (5.41) 2.94
Trhypochthoniidae
Archegozetes sp. 193 (48.25) 47.78 (3.24) 10 (27.03) 1391.5
Diplopoda
Polydesmida
Fuhrmanodesmidae
Fuhrmannodesmus sp. 1(0.25) 1.57 (0.11) 1(2.70) 0.96
Insecta
Coleoptera
Chrysomelidae 1(0.25) 10.47 (0.71) 1(2.70) 2.59
Staphylinidae
Paederinae 1(0.25) 18.85 (1.28) 1(2.70) 4.13
Euconnus sp. 3(0.75) 17.28 (1.17) 2(5.41) 10.38
Hymenoptera
Figitidae 1(0.25) 2.36 (0.16) 1(2.70) 1.11
Formicidae
Myrmicinae 6 (1.50) 46.29 (3.13) 5(13.51) 62.63
Atta cephalotes 1(0.25) 1.18 (0.08) 1(2.70) 0.89
Cyphomyrmex sp. 2 (0.50) 2.82(0.19) 1(2.70) 1.87
Mpyrmicocrypta sp. 1(0.25) 1.05 (0.07) 1(2.70) 0.87
Pheidole sp. 1 8 (2.00) 6.28 (0.43) 3(8.11) 19.67
Pheidole sp. 2 6 (1.50) 14.66 (0.99) 2 (5.41) 13.47
Sericomyrmex amabilis 3(0.75) 10.60 (0.72) 1(2.70) 3.97
Solenopsis sp. 1(0.25) 3.53(0.24) 1(2.70) 1.32
Strumigenys grytava 1(0.25) 0.52 (0.04) 1(2.70) 0.77
Strumigenys marginiventris 1(0.25) 7.33 (0.50) 1(2.70) 2.02
Wasmannia auropunctata 2 (0.50) 1.77 (0.12) 2 (5.41) 3.35
Isoptera
Kalotermitidae 71 (17.75) 1144.33 (77.48) 8 (21.62) 2059.11
Termitidae 93 (23.25) 128.83 (8.72) 11 (29.73) 950.56
MOLLUSCA
Pulmonata 1(0.25) 8.38 (0.57) 1(2.70) 2.21
TOTAL 400 1476.86
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Table 2. Literature on the diet of Engystomops pustulosus. Details on country, publication year, habitat cover, study
type, taxonomy of prey items, and relevant prey items in terms of prey number (N). The order of the items
in the table is according to prey number (N).
Country Year Habitat cover Relevant prey items (N) Reference
Colombia 2012 Pasture lands Isoptera, Formicidae, Acari Gonzalez-Duran et al. 2012
Colombia 2013 Pasture lands Digitonthophagus gazella Blanco-Torres et al. 2013
Venezuela 2019 No data Isoptera, Formicidae, Cafiizales 2019
Lepidoptera, Araneae
Colombia 2020 Pasture lands Isoptera, Acari, Formicidae Atencia et al. 2020
Venezuela 2020 Agricultural and Isoptera, Acari, Formicidae Vina-Albornoz et al. 2020
pasture lands
. Agricultural and -
Colombia 2021 Isoptera, Formicidae Blanco-Torres et al. 2021a
pasture lands
Colombia 2022 Pasture lands Acari, Isoptera, Formicidae This study

pustulosus from the Middle Magdalena River
valley and evaluated the relationship between
anuran morphometric measurements and prey
size and volume. We found 37 individuals with
prey items and 21 individuals with empty
stomachs. This result could be due to the
beginning of the breeding season (Hirai and
Matsui 2000), during which males spend more
time calling and searching for females and
consequently less time foraging for food. In this
context, Engystomops and congeners breed from
April to December (Ryan et al. 1983), and we
captured the males in our study during April.
Our data indicated that E. pustulosus
consumes arthropods as do most anurans
(Parmelee 1999, Narvaez and Ron 2013,
Womack and Bell 2020), with the exception of a
few species that have been reported to prey on
vertebrates such as birds, rodents, and other
amphibian species (Santos et al. 2004, Caicedo-
Martinez et al. 2021). This pattern is not
surprising because invertebrates are an abundant
resource in almost all ecosystems and represent
an advantageous food source because of the low
energetic costs associated with their capture and

164

consumption (Taigen and Pough 1983, Biavati et
al. 2004, Vitt and Caldwell 2014, Pacheco et al.
2017).

The greater occurrence of Isoptera, Acari,
and Formicidae found in the studied population
of E. pustulosus was similar to the diet of the
species throughout its range (Gonzalez-Duran et
al. 2012, Blanco-Torres et al. 2021a, b). This
species is terrestrial and can be found in open
habitats including pastures (Ospina-L and
Bedoya-Caion 2018), and termites, ants, and
mites typically occur in large numbers in these
habitats. In this sense, Engystomops and the
closely related genus Physalaemus
(Leptodactylidae; Lourencgo et al. 2015) can be
classified as specialists of small prey such as
termites or ants (Duellman 1978, Vitt and
Caldwell 1994, Parmelee 1999, Narvaez and
Ron 2013, Almeida et al. 2019). The lack of
correlation between morphometric measurements
and prey number or prey volume found in this
study may be explained by the higher proportion
of termites, ants, and mites even though
morphologically they could consume larger prey
(Guzman and Salazar 2012).
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Table 3. Data (%N) on prey types and total prey consumed by Engystomops pustulosus obtained from the published
literature and the present work. Sources: (1) Gonzéalez-Duran et al. 2012; (2) Cadizales 2019; (3a) Atencia
et al. 2020; locality: Santa Inés; (3b) Atencia et al. 2020; locality: Coloso; (3c) Atencia et al. 2020;
locality: El Roble; (4) Vina-Albornoz et al. 2020; (5) Blanco-Torres et al. 2021a; (6) this study. Undetermined
prey items (und.) are noted when higher taxonomic resolution was not available. “X” represents the presence
of prey in the stomach contents.

Sources of data on prey categories

Prey taxa 1 2 3a 3b 3¢ n 5 6
ARTHROPODA
Arachnida
Acari und. 9.6 0.51 9.68
Ixodida
Argasidae 0.11
Trombidiformes und. 10.67  23.29 5.16 29.48
Trombidiidae 0.15
Oribatida
Ceratozetidae 0.5
Trhypochthoniidae 48.25
Araneae und. X 0.65 0.25
Theridiidae 0.04
Pseudoscorpiones und. 0.07 0.08
Chilopoda 0.4
Diplopoda und. 0.1 0.15
Polydesmida
Fuhrmanodesmidae 0.25
Crustacea
Isopoda 0.84 0.98
Insecta
Collembola und 0.08
Dycirtomidae 1.5
Isotomidae 0.7
Sminthuridae 0.92
Blattodea
Ectobiidae 0.04
Coleoptera und. 0.9
Anobiidae 0.04
Carabidae 0.04
Chrysomelidae 0.1 0.25
Coccinellidae 0.04
Curculionidae 0.56 0.04
Dytiscidae 0.56 0.24
Elateridae 0.26
Lampyridae 0.07
Mycetophagydae 0.2
Nitidulidae 0.1
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Table 3. Continued.

Sources of data on prey categories

Prey taxa ] 2 3a 3b 3¢ 4 5 6
Passalidae 0.11
Scarabaeidae 0.1 0.56
Silvanidae 0.2
Staphylinidae 0.5 1.12 0.52 1
Tenebrionidae 1.12 0.24
Trogossitidae 0.1
Diptera und. 0.16
Ceratopogonidae 0.47
Chironomidae 0.1
Dolichopodidae 0.04
Drosophilidae 0.6
Ephydridae 0.08
Micropezidae 0.4
Phoridae 0.04
Psychodidae 1
Sphaeroceridae 6 0.07
Stratiomydae 0.04
Tephritidae 0.07
Hemiptera und. 0.24
Cicadellidae 0.1
Fulgoridae 0.2
Miridae 0.07
Tingidae 0.07
Hymenoptera und. 0.04 16.48
Diapriidae 0.1
Figitidae 0.1 0.25
Formicidae 18.8 X 39.89 0.71 1.07 9.94 8
Isoptera und. X 70.3
Kalotermitidae 17.75
Termitidae 59.4 43.82 75.06 94.72 54.09 23.25
Lepidoptera X 0.08
Orthoptera und. 0.16
Psocoptera
Psocidae 0.56 0.04
Thysanoptera
Thripidae 0.1
MOLLUSCA und. 0.1 0.51 0.08
Pulmonata 0.25
Physidae 0.56 0.24
Total prey items in each study 1061 178 426 833 2727 1219 400
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Despite the dominance of termites, ants, and
mites in the stomach contents across geographic
localities, we found a shift in the taxonomic
identity of other prey items. We found that 66
prey items were consumed among different
studies of the diet of E. pustulosus. Unique prey
items were found in specific localities (Atencia et
al. 2020, Vina-Albornoz et al. 2020). Changes in
consumption of prey items showed that the diet
of E. pustulosus can have plasticity across
different localities (Atencia et al. 2020), possibly
due to differences in spatial and temporal
variables in prey availability (Agudelo-Cantero et
al. 2015). For example, rainy seasons could affect
the humidity of topsoil layers, a determining
factor for the abundance and presence of mites.
Rainy periods may also affect the production of
vegetation and foliage consumed by many species
of termites and ants. This study included different
years and seasons (i.e., rainy or dry seasons), and
geographical localities with changes in habitat
covers (e.g., more or less disturbance in cattle
pastures or agricultural development). These
parameters clearly affect the presence of different
prey items. To our knowledge, no information
about prey availability is available to corroborate
this assumption.

We encourage further assessment of major
geographic localities to better understand the
composition of prey consumed by this anuran
species. It is also key to study prey availability
(e.g., del Rio-Garcia et al. 2014) and dietary
variation in response to spatial and temporal
changes (e.g., Blanco-Torres ef al. 2021a, Lopez-
Bedoya et al. 2022b). The distribution and
composition of invertebrate communities differ
between natural and anthropic ecosystems, and
between rainy and dry periods (e.g., Ospina-
Bautista er al. 2022). Given the importance of
predator-prey interactions for stability and
energy flow in different natural and anthropogenic
ecosystems, further insight on broader knowledge
gaps (e.g., land-use change and prey availability)
may aid understanding predator-prey interactions
in anthropogenic environments (i.e., plantations,
pastures; Konopik et al. 2014, Moskowitz et al.
2020).
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