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Abstract. In the present study, we describe the feeding habits of two threatened Adelophryne species for the first time. Additionally, 
for A. maranguapensis we tested whether predator body size influences the prey size consumed, and whether sexual dietary differences 
exist. This study was carried out, during the rainy season, in the rainforest enclave of Serra de Maranguape, Ceará state, northeastern 
Brazil. We found 19 prey categories, Acari and Formicidae being the most frequent and important prey items consumed by A. 
maranguapensis. Prey volume and frog snout-vent length were positively related, but we found no significant differences regarding 
the volume and composition of prey items consumed by males and females. For A. baturitensis, we found nine prey categories, with 
Formicidae and Isoptera as the most important prey items. Although both Adelophryne species have different microhabitat-use, these 
species had a high trophic niche overlap. Except for Formicidae and Coleoptera, all prey items groups found in the stomachs of both 
species are new for the diet of the genus. These frogs are considered cryptical species and more studies are still needed to understand 
which niche aspects allow them successfully to live in sympatry even though they have a high trophic niche overlap. 
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Introduction 
 
Knowledge of amphibian feeding habits is important to 
understand ecological interactions in different environments 
(Vignoli & Luiselli 2011). Most amphibians are opportunistic 
and generalist predators of invertebrates (Wells 2007). 
Amphibian diet is influenced by foraging mode, morphology, 
and range of available prey (Labanick 1976, Toft 1980, 1981), 
even though some species are prey specialists that feed on 
ants (e.g., dendrobatids; Pacheco et al. 2020). In addition, 
amphibians are fundamentally important in the structure of 
trophic networks  (Ceron  et  al.  2019, Pinto-Coelho  et  al. 
2021). 

Although there has been an increase in trophic ecology 
studies dealing with anuran communities (e.g., Blanco-Torres 
et al. 2020, Brandão et al. 2020, Plaza et al. 2021) recently, some 
areas and species remain undersampled. For instance, little is 
still known about trophic ecology in the Eleutherodactylidae 
family, especially the minute frogs belonging to the 
Adelophryne genus. These minute frogs (snout-to-vent length 
ranging from 10 to 20 mm; see Lourenço-de-Moraes et al. 
2018) comprise 12 species distributed in rainforests of South 
America (Frost 2021) but except for some data on direct 
development as part of their reproductive mode, parental 
care, and microhabitat use (Lima et al. 2016, Cassiano-Lima et 
al. 2011, 2020), the ecological aspects, including diet 
composition of Adelophryne genus, are understudied. 

Concerning feeding, there is only succinct information on 
ant consumption by Adelophryne gutturosa, A. mucronata, A. 
glandulata, and A. michelin (MacCulloch et al. 2008, Lourenço-
de-Moraes et al. 2012, 2018). In addition, some beetles 
(Coleoptera) were reported in the diet of A. glandulata 
(Lourenço-de-Moraes et al. 2018). Although these diminutive 
frogs seem to be myrmecophagous, the available information 
is anecdotal, which makes detailed studies on the trophic 
ecology of Adelophryne species needed. 

Two Adelophryne species are found in Ceará state, 
northeastern Brazil: A. maranguapensis (Hoogmoed et al. 
1994), an endangered species (IUCN 2021) with limited 
distribution in the highlands of Maranguape Mountain, and 
A. baturitensis (Hoogmoed et al. 1994) a vulnerable species 
(IUCN 2021) that occurs in four highlands, including 
Maranguape (Fouquet et al. 2012, Roberto & Loebmann 2016, 
Lourenço-De-Moraes et al. 2021). Since their description 
(Hoogmoed et al. 1994) and ecological studies remain scant 
(e.g., Lima et al. 2016, Cassiano-Lima et al. 2011, 2020), we 
aimed to (i) describe the diet of both these minute frogs, (ii) 
measure trophic niche overlap between them, (iii) test the 
relationship between prey size and the predator’s snout-to-
vent length, (iv) and investigate intersexual dietary 
differences in A. maranguapensis. 
 
 
Materials and methods 
 
Study area 
We conducted this study in Maranguape Mountain, a humid forest 
relict located in Ceará state, northeastern Brazil. We sampled 
Adelophryne species (Fig. 1) in three localities where both species co-
occur: Lagoa velha (3°54'38.62"S, 38°43'12.50"W; datum WGS84; 740 m 
a.s.l.), Lagoa verde (3°54'16.70"S, 38°43'13.70"W; datum WGS84; 700 m 
a.s.l.), and Riacho Beija-flor (3°53'46.88"S, 38°43'17.57"W; datum 
WGS84; 900 m a.s.l.). The relictual mountains of Ceará are considered 
real humid forest islands surrounded by semiarid Caatinga vegetation 
(Andrade-Lima 1982) and are characterized by the presence of 
arboreal vegetation, high levels of epiphytes, ferns, and bryophytes at 
high-elevations (Moro et al. 2015). 
 
Anuran sampling 
We conducted fieldwork to collect specimens of A. baturitensis during 
the rainy season in May 2019. We located the target species at night 
(17:00 to 23:00 h) by using auditory and visual search (Heyer et al. 
1994). We euthanized, fixed, and housed the collected specimens at 
the Núcleo Regional de Ofiologia of the Universidade Federal do 
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Ceará, Fortaleza, Brazil (Permit: ICMBio 72384, process: 29613), 
following ethical procedures of Federal Council of Veterinary 
Medicine (CFMV 2013). 

For A. maranguapensis specimens, we used fixed individuals 
housed at the Núcleo Regional de Ofiologia of the Universidade 
Federal do Ceará, Fortaleza, Brazil, collected in the same area where 
individuals of A. baturitensis were found. These specimens were 

sporadically collected from March 2003 to June 2009 and from April 
2010 to March 2012. Therefore, we obtained prey items on preserved 
stomachs extracted through a ventral incision for both species. We 
used only adult individuals, in which we identified the sex of the 
individuals through visual inspection of gonads, and we measured 
the snout-vent-length (SVL) of each one with a digital caliper (to the 
nearest 0.01 mm). 

 
 

 
 

Figure 1. Adult specimens of Adelophryne baturitensis (left) and A. maranguapensis (right) in Maranguape Mountain, Ceará state, northeastern 
Brazil. Photographs by Igor J. Roberto and Kássio C. Araújo, respectively. 

 
 
Estimating prey composition 
We measured its length and width with a digital caliper (to the nearest 
0.01 mm) for each whole prey item found. We calculated each prey 
volume using the ellipsoid formula: V=4/3×π(L/2)×(W/2)², where V 
= volume, L = length and W = width (Dunham 1983). We used the 
regression formula (see Hirai & Matsui 2001) for non-whole prey 
items, to estimate the original prey size, followed by a volumetric 
calculation using the above-mentioned formula. We measured the 
relative contribution of each prey category using the Index of Relative 
Importance: IRI = (F%+N%+V%)/3, where F% is the percentage of 
occurrence, N% is the numeric percentage, and V% is the volumetric 
percentage (Powell et al. 1990). Using Triplehorn & Johnson (2011) we 
classified the prey groups to the lowest taxonomic level possible 
(usually order, except for Formicidae).  
 
Statistical analyses 
Considering the studied species have different sample sizes, we used 
sample-based accumulation curves with 1000 randomizations from an 
incidence matrix (Gotelli & Colwell 2001) to evaluate whether our 
sampling methods were satisfactory. 

For A. maranguapensis, we used a Permutational analysis of 
variance (PERMANOVA) followed by a Permutational Dispersion 
Analysis (PERMDISP) to investigate the differences between the 
composition of prey items consumed by males and females. In 
addition, we used the Kruskal–Wallis H test to investigate differences 
in prey volumes consumed between males and females because it 
does not require the assumptions of homogeneity of variances within 
groups and the normality of data points. Thereafter, we apply a 
simple Linear Regression (with data log-transformed) to investigate 
the influence of individual size (SVL) on the volume of each prey 
consumed. We did not perform these analyses for A. baturitensis due 
to the small sample size (n = 13 individuals). 

We calculated the trophic niche overlap between the two 

Adelophryne species using the Pianka (1973) overlap index (Øij) in the 
EcoSim software niche overlap module (Gotelli & Entsminger 2004). 
In addition, we calculated the volumetric trophic niche width (Bvol) 
through the inverse of the Simpson index (Simpson 1949). We 
demonstrated graphically the anuran-prey networks between them 
using the R packages Igraph (Csardi & Nepusz 2006) and Bipartite 
(Dormann et al. 2009). Other aforementioned analyses were 
performed using the R package Vegan (Oksanen et al. 2016). 
 
 
Results 
 
We analyzed 117 specimens of A. maranguapensis, of which 13 
individuals (12%) had empty stomachs. We identified prey 
items from 58 males and 46 females. We classified prey items 
into 19 taxonomic categories from 16 orders. Acari and 
Formicidae were the most frequent and important prey items 
representing 34.5% and 28.9% of the total number of ingested 
prey, respectively. Both prey taxa were also the most 
important according to the IRI, with Acari being the most 
important prey (IRI = 21.6), followed by Formicidae (IRI = 
20.7). In terms of volume, Isopoda (V = 37.9 %) and 
Coleoptera (V =19.3 %) were the most dominant categories 
(Table 1). 

In addition, we found no significant differences regarding 
prey volume (H = 2.459, p = 0.116), and prey composition 
consumed by males and females of A. maranguapensis (F = 
0.853, p = 0.357). However, we found a positive relationship 
(R² = 0.089, p = 0.001) between prey volume and frogs’ body 
size (Fig. 2). 
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Table 1. Absolute values and proportions (%) of frequency (F), number (N), volume (V) (in 
mm³) and index of relative importance (IRI) of each prey category consumed in the diet 
of adult Adelophryne maranguapensis (n = 104). 

 
Prey Category N (%) F (%) V (%) IRI 
HEXAPODA     
   Coleoptera 55 (6.94) 30 (10.8) 75.7 (19.3) 12.3 
   Collembola 5 (0.63) 5 (1.80) 2.7 (0.69) 1.04 
   Diptera 23 (2.90) 5 (1.80) 1.6 (0.40) 1.70 
   Hemiptera 6 (0.75) 6 (2.16) 3.6 (0.92) 1.28 
   Hymenoptera (Formicidae) 229 (28.9) 60 (21.6) 45.7 (11.6) 20.7 
   Hymenoptera (other Family) 2 (0.25) 2 (0.72) 0.3 (0.07) 0.35 
   Isoptera 8 (1.01) 4 (1.44) 3.4 (0.86) 1.10 
   Phthiraptera 2 (0.25) 1 (0.36) 7.1 (1.81) 0.80 
   Siphonaptera 1 (0.12) 1 (0.36) 0.2 (0.05) 0.17 
   Trichoptera 30 (3.78) 15 (5.41) 23.7 (6.06) 5.08 
ARACHNIDA     
   Acari 274 (34.5) 71 (25.6) 18.7 (4.78) 21.6 
   Araneae 19 (2.39) 18 (6.49) 24.9 (6.37) 5.09 
   Pseudoscorpiones 1 (0.12) 1 (0.36) 0.001 (0.0002) 0.16 
CHILOPODA     
   Geophilomorpha 4 (0.50) 3 (1.08) 10.8 (2.76) 1.45 
MOLLUSCA     
   Pulmonata 1 (0.12) 1 (0.36) 1.14 (0.29) 0.26 
CRUSTACEA     
   Isopoda 21 (2.65) 15 (5.41) 148.3 (37.9) 15.3 
OTHER ITEMS     
Larvae, not identified 66 (8.33) 34 (12.2) 16.0 (4.10) 8.23 
Nymphs, not identified  41 (5.17) 2 (0.72) 0.001 (0.0002) 1.96 
Plant material 4 (0.50) 3 (1.08) 7.0 (1.80) 1.13 
∑ 792 (100)  391 (100) 100 

 
 

 
 

Figure 2. Relationship between snout-vent length and total volume 
of prey consumed by each specimen of Adelophryne 
maranguapensis. 

 
 

All 13 individuals of A. baturitensis (nine females and four 
males) had prey in their stomachs. We identified nine prey 
categories within eight orders. Formicidae was the most 
frequent prey (28.5%) representing 73% of the total ingested 
prey and 64.8% of the total volume of stomach contents. Thus, 
it was the most important prey (IRI = 55.3), followed by 

Isoptera (IRI = 15.4) and Acari (IRI = 10.3) (Table 2). 
A. maranguapensis had more prey categories (n = 19) and 

broader trophic niches (Bvol = 4.79) than A. baturitensis (n = 9, 
Bvol = 2.19). However, these shield frogs had a high niche 
overlap (Øij = 0.67), sharing Formicidae, Acari, Araneae and 
not identifying larval forms as the most important prey items 
consumed. The prey accumulation curves do not reach an 
asymptote, indicating that increasing sampling efforts will 
reveal additional prey taxa (Fig. 3). Overall, it seems both 
frogs have a generalist and opportunistic diet, even though 
they consume a high number of mites, ants, and termites (Fig. 
4). 
 
 
Discussion 
 
Previous studies dealing with the trophic ecology of 
Eleutherodactylidae revealed an opportunist and generalist 
diet, consuming what is available in the environment, 
including Collembola, Hemiptera, Isopoda, and Orthoptera 
(e.g., Ovaska 1991, Marra et al. 2004, Córdoba 2014, Ramírez-
Valverde et al. 2020). Although the high number of ants might 
indicate the species studied are myrmecophagous, as other 
Adelophryne species (e.g., Lourenço-De-Moraes et al. 2018), 
our results suggest a generalist predatory behavior feeding on 
different types of arthropods (Molina-Burgos et al. 2018). 

Minute  leaf  litter  frogs  usually  have  narrow  mouths  
and  consequently  tend  to  present  a  specialized  diet  in  
smaller  prey,  including  ants  (Toft  1980).  
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Table 2. Absolute values and proportions (%) of frequency (F), number (N), volume (V) (in 
mm³) and index of relative importance (IRI) of each prey category consumed in the diet 
of adult Adelophryne baturitensis (n = 13). 

 

Prey Category N (%) F (%) V (%) IRI 
ARACHNIDA     
   Acari 18 (9.18) 8 (18.60) 1.33 (2.82) 10.30 
   Aranae 5 (2.55) 4 (9.30) 5.19 (10.90) 7.69 
   Pseudoscorpiones 1 (0.51) 1 (2.33) 0.02 (0.05) 0.98 
CHILOPODA     
   Geophilomorpha 1 (0.51) 1 (2.33) 0.27 (0.58) 1.15 
HEXAPODA     
   Coleoptera 2 (1.02) 2 (4.65) 0.30 (0.63) 2.14 
   Hemiptera 2 (1.02) 1 (2.33) 0.11 (0.24) 1.21 
   Hymenoptera (Formicidae) 143 (72.90) 13 (30.20) 30.40 (64.80) 55.30 
   Isoptera 19 (9.69) 9 (20.90) 7.25 (15.30) 15.40 
OTHER ITEMS     
Larvae not identified 5 (2.55) 4 (9.30) 2.28 (4.83) 5.63 
∑ 196 (100)  47.1 (100) 100 

 
 

 
 

Figure 3. Prey accumulation curves for Adelophryne baturitensis (a) and A. maranguapensis (b) in Maranguape 
Mountain, Ceará state, northeastern Brazil. 

 
 

 
Figure 4. Schematic graph of the prey items consumed by the two shield frogs studied. The vertices sizes are proportional to the 

number of interactions (IRI). P1- Coleoptera, P2- Collembola, P3- Diptera, P4- Hemiptera, P5- Hymenoptera (Formicidae), P6- 
Hymenoptera (other Family), P7- Isoptera, P8- Phthiraptera, P9- Siphonaptera, P10- Trichoptera, P11- Acari, P12- Araneae, P13- 
Pseudoscorpiones, P14- Geophilomorpha, P15- Pulmonata, P16- Isopoda, P17- Larvae, P18- Nymphs, and P19- Plant material. 
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Since both studied frogs are diurnal and semi-fossorial living 
in moist leaf litter in reasonably well-preserved dense forests 
(Hoogmoed et al. 1994), the high proportion of ants and mites 
are in their diet, and also termites in A. baturitensis suggests 
they might be active foragers (Toft 1981). It is likely because 
these arthropods tend to aggregate in large colonies, which 
might favor it to be consumed by terrestrial frogs and active 
foragers (Brandão et al. 2020). Plant material ingestion might 
be associated with accidental ingestion during prey capture 
(Sabagh et al. 2010, Barbosa et al. 2014). 

The Adelophryne species studied had a high trophic niche 
overlap (sharing almost 70% of the total prey categories 
consumed, including the prey items with the highest IRI such 
as ants and mites; see Fig. 4). According to ecological niche 
hypotheses, it is required a minimum niche differentiation in 
the use of natural resources available for enabling species to 
coexist (Macarthur & Levins 1967, Gotelli 2009). Thus, once 
these frogs are considered cryptical species, more studies are 
still needed to understand which niche aspects allow them 
successfully to live in sympatry even though they have a high 
trophic niche overlap. 

Regarding A. maranguapensis, we found no significant 
intersexual differences in prey volume and composition, that 
is, regardless of sex, this shield frog usually eats similar 
volume and prey types. By contrast, we were supported for 
the hypothesis that larger frogs tend to eat larger prey (e.g., 
Guimarães et al. 2011, Pacheco et al. 2017, Silva et al. 2020). 
For predators that swallow their prey whole, body size can be 
a limiting factor for ingested prey size (e.g., Coco et al. 2014). 
Selecting larger prey according to their morphological 
capacity maximizes gained energy, but also can increase the 
capture costs (Gill 2003). Some studies reported that mouth 
and body size is not correlated with prey volume in different 
anuran species (e.g., Solé et al. 2009, Silva et al. 2018). 
Therefore, the high availability of smaller prey may imply, in 
some cases, this lack of relationship (Fossette et al. 2011). In 
addition, Blanco-Torres et al. (2020) highlight that for 
predators, the key effect traits influencing anuran diet were 
those related to locomotion modes, tongue projection, and 
body shape, while predator body size was less strongly 
correlated with prey traits. Therefore, this assumption 
remains unsolved given the diversity of results found for 
different anuran species. 

A few studies aimed to investigate the feeding habits of 
Adelophryne genus, which reported ants and beetles as prey 
(MacCulloch et al. 2008, Lourenço-De-Moraes et al. 2012, 
2018), reinforcing the need for further studies investigating 
food networks of diminutive frogs. Except for Formicidae and 
Coleoptera, all prey items found in the stomachs of both 
shield frogs are previously unpublished prey records for 
Adelophryne species. In addition, knowledge of amphibian 
natural history is key for conservation plans and management 
actions (Young et al. 2001), including threatened frogs such as 
the studied species.  
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