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ABSTRACT
Extreme environmental events such as prolonged droughts can drastically alter trophic 
dynamics in freshwater ecosystems. Amphibians, due to their permeable skin and dual 
life cycle, are particularly sensitive to such disturbances. The Pantanal, one of the largest 
-oodplains in the world, has recently experienced unprecedented drought and Jre 
events, yet the ecological consequences for the local amphibian fauna remain poorly 
understood. Here, we investigate the trophic ecology of a Leptodactylus assemblage 
during a severe drought in the southern Pantanal, Brazil. We sampled 84 individuals 
belonging to three Leptodactylus species from a temporary pond over two nights at the 
end of 2021, examined their stomach contents, and assessed prey availability using 
pitfall traps. Coleoptera was the most important prey category for L. fuscus and 
L. podicipinus, whereas L. macrosternum was dominated by Blattaria and Araneae. 
Electivity analysis revealed active selection for Hemiptera and avoidance of highly 
abundant taxa such as Collembola and Formicidae, indicating nonrandom foraging 
under environmental stress. Leptodactylus macrosternum and L. podicipinus also con-
sumed unidentiJed tadpoles, representing a novel record of anurophagy involving larval 
forms in these species. Morphometric ordinations showed broad interspeciJc diferen-
tiation with partial overlap among individuals, consistent with shared morphospace 
among sympatric species. Our Jndings suggest that extreme drought promotes short- 
term trophic compression driven by habitat contraction, characterised by convergent 
prey selection for Hemiptera, reduced prey heterogeneity, maintenance of generalist 
feeding patterns, and occasional opportunistic predation on tadpoles.
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Introduction

Dietary studies are the starting point for answering many questions about organisms’ interactions and 
understanding the -ow of energy in the ecosystem (Duellman and Trueb 1994). Additionally, amphibian 
dietary analyses can examine interactions in both aquatic and terrestrial ecosystems, as many 
amphibians use both environments (Duré et al. 2009; Machado et al. 2021). Anurans are considered general-
ist predators, and feed mainly on arthropods (Santos et al. 2004; Caldart et al. 2012), although some families 
specialise in some type of invertebrate (Santana and Juncá 2007; Forti et al. 2011; Ceron et al. 2019). Anuran 
diet is in-uenced by body size, where a positive relationship between frog size and prey size is expected 
(Sanabria et al. 2005; López et al. 2007; Ceron et al. 2023; Machado et al. 2025). Another factor that in-uences 
anuran diet is prey availability (López et al. 2007; Michelin et al. 2020), and therefore, diferent conspeciJc 
populations may have diferent diets depending on the region or season.

One of the factors that can change prey availability, and consequently the diet of frog species, is changes 
in their habitat, especially due to anthropogenic impacts (Piatti and Souza 2011; Santana et al. 2019). The 
Pantanal is the largest temporary -oodplain in the world, and it has undergone major anthropic changes 

CONTACT Diego J. Santana dsantana@fieldmuseum.org
*These authors contributed equally to this work

JOURNAL OF NATURAL HISTORY                       
2026, VOL. 60, NOS. 21–24, 1223–1232 
https://doi.org/10.1080/00222933.2026.2658802

© 2026 Informa UK Limited, trading as Taylor & Francis Group 

Published online 11 May 2026

http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/00222933.2026.2658802&domain=pdf&date_stamp=2026-05-06


over the last few years (da Silva et al. 2011; Alho et al. 2019). This ecoregion is located in the upper Paraguay 
River basin in South America, extending across Bolivia, Paraguay and Brazil, with 78% of its extension located 
in Brazil. The Pantanal is increasingly afected by drought, driven by both climatic and human factors (Thielen 
et al. 2021; Kumar et al. 2022; Costa et al. 2024). The region’s primary economic activity, cattle ranching, has 
generated large amounts of deforestation (Da Silva and Girard 2004; Alho et al. 2019). Fire is one of the main 
tools in this deforestation and although Jre is a natural process in the Pantanal, nowadays it is predominantly 
associated with human activities to clear land for ranching (Alho and Silva 2012; Marengo et al. 2021). This 
widespread, human-induced burning has led to some of the most extensive uncontrolled Jres in the region’s 
history, resulting in severe biodiversity loss (Alho et al. 2019; Marengo et al. 2021; Tomas et al. 2021).

At the peak of one of the worst droughts of the century, in 2021, we sampled frogs in a drying pond, one 
of the few remaining water bodies in the region, and found a community composed of three Leptodactylus 
species: Leptodactylus fuscus, L. macrosternum and L. podicipinus. These three species are common and 
widely distributed across South America (Frost 2024). Neotropical foam-nesting frogs difer markedly in 
reproductive strategies, including subterranean nesting in burrows, foam nests deposited in marginal basins, 
and aquatic foam nests associated with exotrophic tadpoles (Carrillo et al. 2023). They also difer substantially 
in body size, with L. podicipinus being the smallest, L. fuscus of intermediate size and L. macrosternum the 
largest. The diet of these species is considered to be generalist, although there are some diferences among 
populations (Sugai et al. 2012; Ceron et al. 2018; Santana et al. 2019). The most frequent prey is within the 
order Coleoptera (Sugai et al. 2012; Ceron et al. 2018; Santana et al. 2019). Given the frogs’ diferences in size 
and biology, and the fact that they were concentrated in a single shrinking pond during this severe drought, 
we expected shifts in diet composition and prey availability compared to previous studies, potentially 
re-ecting both interspeciJc diferences and the in-uence of altered prey availability under extreme environ-
mental conditions.

Herein, we analysed the diet of L. fuscus, L. macrosternum and L. podicipinus during this extreme drought 
in the Pantanal, while simultaneously assessing the availability of prey in the environment. Given that 
anthropogenic habitat modiJcation alters prey availability, we hypothesised that Leptodactylus populations 
would exhibit shifts in dietary breadth and dominant prey items compared to previous studies. With the 
recent anthropogenic changes in the Pantanal, studies observing the diet of these animals can provide 
valuable perspectives on shifts in ecological interactions, which can directly contribute to our understanding 
of changes in ecosystem functioning.

Material and methods

Study area

We worked along the Estrada Parque do Pantanal, located in the Southern Pantanal, in the state of Mato 
Grosso do Sul, Brazil. The average rainfall is 1000 mm per year, with a dry season from April to October and 
a rainy season from November to March (Ivory et al. 2019). We collected all observed Leptodactylus species 
(L. fuscus, L. macrosternum, and L. podicipinus) at a pond for two consecutive nights (30 November and 
1 December 2021) from 7.00pm to 9.00pm. The pond is a temporary pond (19.47703°S, 57.04382°W) located 
along the Estrada Parque do Pantanal. After two years of drastic dry seasons in the Pantanal, the pond 
showed little to no water. Its soil was composed of sand and clay, surrounded by herbaceous vegetation. All 
individuals were captured manually. Frogs were killed using lidocaine 5% immediately after collection. This 
research was conducted under licence number SISBIO 49080, provided by the Instituto Chico Mendes de 
Conservação da Biodiversidade (ICMBio). To measure the availability of potential prey, we installed 15 pitfall 
traps around the pond, spaced at least 2 m apart, in the same habitat where we sampled the frogs. Pitfalls 
consisted of 500 mL plastic containers (diameter: 12 cm) Jlled with 50 mL of 70% ethanol and some 
detergent drops, open for 12 h from 7.00pm to 7.00am, during the two nights we collected anurans.

Measurements

We measured the snout–vent length (SVL), head length (HL), head width (HW), internarial distance (IND), eye- 
to-nostril distance (END), eye diameter (ED), upper eyelid width (UEW), interorbital distance (IOD), hand 
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length (HAL), thigh length (THL), tibia length (TL), and foot length (FL) of each captured individual, using 
digital callipers with 0.01 mm precision. These morphometric variables, particularly SVL, were later used to 
classify individuals by size using a K-means clustering method. We removed stomachs through a small 
abdominal incision and stored the contents in separate vials for dietary analysis.

Statistical analysis

To establish the species groupings based on morphometric data (speciJcally SVL), we employed K-means 
clustering (Legendre and Legendre 2012). The ideal number of clusters was identiJed using the statistical 
gap method (Tibshirani et al. 2001). The K-means analysis was performed using the factoextra package 
(Kassambara and Mundt 2016) within the R programming environment (R Core Team 2022).

We visualised the results of the clustering analysis using two graphical approaches: (1) a scatter plot of 
snout–vent length (SVL) versus head length (HL), colour-coded by cluster (Figure 1); and (2) a principal 
component analysis (PCA) plot based on all morphometric variables (Figure 2). Because clustering was 

Figure 1. Cluster analysis based on morphological measurements (snout–vent length - SVL and head length - HL) for 
individuals of the three Leptodactylus species, using k-means clustering. Colours represent the groups identified by the 
clustering analysis.
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unsupervised, cluster membership was interpreted as a pattern of morphometric similarity rather than as 
a taxonomic reassignment. Overall, the ordinations showed broad separation among groups consistent with 
the three species, while also indicating partial overlap between L. macrosternum and L. fuscus for some 
individuals.

Dietary analysis

We observed the stomach contents of each frog under a stereomicroscope. We classiJed the stomach food 
items and arthropods from our pitfall traps to the order level, with exception of Formicidae, which was 
identiJed at the family level. IdentiJcations were based on a specialised key (Rafael et al. 2024). The width 
and length of each prey was measured with a digital calliper (0.01 mm resolution), and we estimated the 
volume of the contents of each stomach using the ellipsoid formula V ! 4π

3 " l
2 "

w
2

! "2, where w corresponds 
to item width and l is the item length (Magnusson et al. 2003). Total prey volume per species was calculated 

Figure 2. Two-dimensional representation of the k-means cluster analysis based on principal component analysis (PCA) of 
morphometric variables. Each point represents an individual, and colour-coded groups correspond to the three main 
clusters consistent with the three analysed species.
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as the sum of the volumes of all prey items consumed by all individuals of that species. We determined the 
number, frequency and volume of each stomach item and calculated its signiJcance value using the index of 
relative importance: IRI ! F%#N%#V%$ %

3 , where F% represents the frequency proportion, N% the numeric 
proportion and V% the volumetric proportion (Biavati et al. 2004; Marques-Pinto et al. 2019).

Electivity was quantiJed using Vanderploeg and Scavia’s relativised electivity index (E*), which compares 
the proportional contribution of each prey category in the diet (r) to its proportional availability in the 
environment (p). Positive values indicate selection, values near zero indicate consumption proportional to 
availability and negative values indicate avoidance.

We calculated the niche breadth for prey abundance for each species using the inverse of the Simpson 
index: B ! 1=x pi2$ %, where i is the resource category and p is the resource i category proportion (Simpson  
1949). Pairwise niche overlap was calculated using the Pianka index: α ! U1j"U2j

U1j$ %" U2j$ %"α2 where U1j is the 
proportion of resource j used by species 1 and U2 j refers to the proportion of resource j used by species 2 
(Pianka 1973).

Results

We collected 84 individuals of Leptodactylus: 19 L. fuscus, 31 L. macrosternum and 34 L. podicipinus. Of the 
stomachs analysed, seven were empty (Jve L. fuscus, one L. macrosternum and one L. podicipinus). For L. fuscus, 
we recorded 18 prey items distributed across six categories (Araneae, Coleoptera, Formicidae, Hemiptera, 
Lepidoptera and not identiJed [NI]), in addition to two seeds (Table 1). For L. macrosternum, we recorded 298 
prey items distributed across nine categories (Anura [tadpole], Araneae, Blattaria, Coleoptera, Diptera, 
Formicidae, Hemiptera, Hymenoptera and Lepidoptera) (Table 1). For L. podicipinus, we recorded 43 prey 
items distributed across 10 categories (Anura [tadpole], Araneae, Coleoptera, Diplopoda, Diptera, Hemiptera, 
Hymenoptera, Lepidoptera, Orthoptera and NI), in addition to one seed (Table 1). The most important prey 
categories based on IRI% were Coleoptera for L. fuscus (IRI% = 47.2) and L. podicipinus (IRI% = 79.05), and 
Blattaria for L. macrosternum (IRI% = 71.15) (Table 1).

Table 1: Diet of three species of Leptodactylus (L. fuscus, L. macrosternum, and L. podicipinus) at Estrada Parque do Pantanal, 
located in the state of Mato Grosso do Sul, Brazil during a drastic drought. V = volume, N = number of preys, F = frequency, 
IRI = important relative index, NI = Not indentified.

Species V (mmS) V% N N% F F% IRI IRI%
L. fuscus (19)
Aranae 114.15 3.20 2 11.11 2.00 22.22 317.97 5.57
Coleoptera 575.22 16.15 8 44.44 4.00 44.44 2692.62 47.20
Formicidae 558.55 15.68 2 11.11 2.00 22.22 595.27 10.43
Hemiptera 597.25 16.77 3 16.67 2.00 22.22 743.04 13.02
NI 76.19 2.14 1 5.56 1.00 11.11 85.55 1.50
Lepidoptera 1640.66 46.06 2 11.11 2.00 22.22 1270.32 22.27
L. macrosternum (31)
Anura 195.32 1.11 3 1.01 3.00 21.43 45.43 0.45
Aranae 9188.66 52.27 117 39.26 4.00 28.57 2615.01 25.70
Blattaria 6526.00 37.12 164 55.03 11.00 78.57 7240.23 71.15
Coleoptera 90.43 0.51 1 0.34 1.00 7.14 6.07 0.06
Diptera 542.78 3.09 7 2.35 5.00 35.71 194.26 1.91
Formicidae 64.05 0.36 1 0.34 1.00 7.14 5.00 0.05
Hemiptera 751.80 4.28 1 0.34 1.00 7.14 32.99 0.32
Hymenoptera 105.16 0.60 2 0.67 2.00 14.29 18.15 0.18
Lepidoptera 114.92 0.65 2 0.67 2.00 14.29 18.86 0.19
L. podicipinus (34)
Anura 95.07 7.89 4 9.30 4.00 23.53 404.48 5.16
Aranae 139.27 11.55 2 4.65 1.00 5.88 95.26 1.21
Coleoptera 498.42 41.35 20 46.51 12.00 70.59 6202.04 79.05
Diplopoda 29.54 2.45 2 4.65 1.00 5.88 41.75 0.53
Diptera 82.36 6.83 4 9.30 3.00 17.65 284.69 3.63
Hemiptera 51.63 4.28 2 4.65 2.00 11.76 105.02 1.34
Hymenoptera 128.68 10.67 1 2.33 1.00 5.88 76.44 0.97
Lepidoptera 10.66 0.88 2 4.65 2.00 11.76 65.03 0.83
Orthoptera 134.77 11.18 4 9.30 4.00 23.53 481.89 6.14
NI 35.05 2.91 2 4.65 2.00 11.76 88.91 1.13
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Regarding the availability of prey in the environment, we found eight categories: Coleoptera, Aranae, 
Orthoptera, Hemiptera, Collembola, Plecoptera, Diptera and Formicidae (Tables 2 and 3). The most frequently 
available food item was Colembola (3840 individuals), followed by Formicidae (835 individuals) and Coleoptera 
(274 individuals) (Table 2). However, the prey with the largest volume was Coleoptera (276,104 mm3), followed 
by Formicidae (2267 mm3) and Aranae (2198 mm3). Five prey types did not fall into our pitfall traps, but were 
consumed by frogs: Lepidoptera, Blattaria, other categories of Hymenoptera, Diplopoda and Anura.

Morphometric clustering using K-means revealed three distinct groups consistent with the taxonomic 
identiJcation of L. fuscus, L. macrosternum and L. podicipinus. The scatter plot of SVL vs. HL (Figure 1) clearly 
showed the separation of individuals by size and species. The PCA-based cluster plot (Figure 2) further 
supported this diferentiation, with individuals forming three cohesive groups along the Jrst two dimen-
sions, which explained over 90% of the total variance. Additionally, electivity analysis using the Vanderploeg 
and Scavia index (Table 3; Figure 3) revealed prey selection patterns relative to environmental availability 
(Table 2). All species positively selected Hemiptera and avoided Collembola and Formicidae, despite the high 
numerical abundance of the latter in the environment. The butter-frog (L. macrosternum) also showed 
positive electivity for Coleoptera.

Niche breadth based on prey abundance (inverse Simpson’s B) was highest for L. podicipinus (B = 3.94), 
followed by L. fuscus (B = 3.77), and lowest for L. macrosternum (B = 2.18). Pianka’s niche overlap was high 
between L. fuscus and L. podicipinus (O = 0.876) and low for pairs involving L. macrosternum (L. fuscus m 
L. macrosternum: O = 0.134; L. macrosternum m L. podicipinus: O = 0.069).

Discussion

Leptodactylus fuscus and L. podicipinus showed Coleoptera as the most important prey category in terms of 
IRI% (Table 1), a pattern commonly reported for anurans (Ceron et al. 2019) and consistent with the high 
availability of Coleoptera in our environmental samples (Table 2). In general, species of Leptodactylus have 
been described as sit-and-wait foragers that often capture relatively large and mobile prey (Solé and Rödder  
2009). We also recorded Anura (tadpoles) in the stomach contents of L. macrosternum and L. podicipinus 
(Table 1). Anurophagy involving adult anurans as prey has been documented in leptodactylid frogs, whereas 

Table 2. Absolute prey availability recorded in the sampling areas. For each prey 
category, we report the number of samples in which the item was detected (N), the 
total number of individuals collected (N total), mean prey length and width (mm), and 
the estimated prey volume calculated using the ellipsoid approximation (mm3).

Prey category N total Length Width Volume ellipsoid

Coleoptera 274 17.84 6.05 276,104.9
Arachnids 36 7.3 2.19 2,198.72
Orthoptera 25 5.15 1.42 492.74
Hemiptera 7 9.58 2.32 780
Collembola 3,840 0.151 0.023 1.054
Plecoptera 1 15.27 2.79 340.46
Diptera 108 2.54 0.89 324.53
Formicidae 835 2.88 0.79 2,160.04

Table 3. Vanderploeg and Scavia’s relativised electivity index.
Electivity index L. fuscus L. macrosternum L. podicipinus

Anura NA NA NA
Aranae 0.17 g0.22 0.26
Blattaria NA NA NA
Coleoptera g0.16 0.64 0.04
Collembola g1 g1 g1
Diplopoda NA NA NA
Diptera g1 g0.87 g0.56
Formicidae g0.89 g0.96 g1
Hemiptera 0.83 0.77 0.79
Hymenoptera NA NA NA
Lepidoptera NA NA NA
Orthoptera g1 g1 0.10
Plecoptera g1 g1 g1
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Figure 3. Vanderploeg and Scavia electivity index for food items consumed by three Leptodactylus species (L. fuscus, 
L. macrosternum and L. podicipinus) during a severe drought in the southern Pantanal, Brazil. Positive values indicate active 
selection, values near zero indicate consumption in proportion to environmental availability, and negative values indicate 
avoidance.
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predation on tadpoles remains rarely reported (see Cavalheri et al. 2022). Given the low frequency of these 
records in our sample, we interpret tadpole consumption as an opportunistic event under the studied 
conditions rather than evidence of consistent anurophagy in these species.

The Pantanal experienced a prolonged drought period followed by severe Jres between 2019 and 2021, 
causing unprecedented impacts on regional fauna and -ora (Marengo et al. 2021; Ferreira Barbosa et al. 2022; 
Silva et al. 2024). Such extreme events can alter trophic interactions and resource pathways, and may change 
amphibian feeding patterns and resource use (eg Carreira et al. 2016; Chang et al. 2016). Therefore, under-
standing how amphibians adjust trophic strategies during extreme climatic events is essential for predicting 
their persistence under future climate scenarios. In this context, the convergent positive electivity for 
Hemiptera observed among species with distinct body sizes and life-history traits suggests short-term 
trophic compression driven by environmental constraints rather than intrinsic feeding preferences. Similar 
species studied under typical Pantanal hydrological regimes show broader prey representation associated 
with -oodplain heterogeneity (Rodrigues et al. 2004; Sugai et al. 2012), reinforcing the role of drought-driven 
habitat contraction in shaping trophic interactions in the present study. In increasingly drought- and Jre- 
prone -oodplains such as the Pantanal, these disturbances may temporarily reshape trophic interactions and 
energy pathways rather than producing persistent shifts in community structure.

Although electivity indicated convergence in the positive selection of Hemiptera, niche metrics based on 
prey abundance suggested that overlap was not uniform across species. Pianka’s index revealed high overlap 
between L. fuscus and L. podicipinus, but low overlap for pairs involving L. macrosternum, indicating partial 
trophic diferentiation despite shared selection for a key prey group (Pianka 1973). Niche breadth indicated 
broader prey use in L. fuscus and L. podicipinus than in L. macrosternum (Simpson 1949).

Furthermore, our morphometric analyses revealed clear species-level diferentiation, reinforcing the 
idea that morphological variation is often associated with diferences in resource use and foraging 
ecology (Santana and Juncá 2007; Sugai et al. 2012; Ceron et al. 2018; Machado et al. 2025). The three 
sympatric species difer markedly in body size, with L. podicipinus being the smallest, L. fuscus inter-
mediate and L. macrosternum the largest. Despite extreme drought, we observed signiJcant trophic 
convergence in the positive selection of Hemiptera. However, interspeciJc diferences in secondary prey 
categories and total consumption volume suggest that morphological constraints (eg gape limitation 
and handling capacity) continue to in-uence the range of prey exploited, particularly for the largest 
species. Nevertheless, additional quantitative analyses will be necessary to formally test the role of body 
size in this assemblage, such as analyses relating body size or gape limitation to prey size distribution 
and consumption volume across species (eg Moroti et al. 2021; Ceron et al. 2023; Machado et al. 2025).
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