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Abstract. Phylogenetically close species are expected to exhibit similar characteristics related to their ecology. However, differences 
in some niche dimensions are necessary for coexistence. In this study, we evaluated the trophic ecology of the treefrogs Boana 
albomarginata and B. pombali, which live in sympatry in the Serra de Itabaiana National Park, Northeast Brazil. Data were collected for 
15 consecutive days in January 2019, through active search at night from 18:00 h to 22:00 h, in the dry season. We analyzed the 
gastrointestinal content of 50 individuals of B. albomarginata and 31 of B. pombali. For each species, the categories of items consumed 
were evaluated by calculating the importance value index (IVI). We also calculate the niche overlap between species and there was a 
moderate (Ø = 0.62) similarity in relation to the abundance of prey, but a high (Ø = 0.92) overlap in relation to its volume. The most 
important categories of food items (IVI) for both B. albormarginata and B. pombali were Orthoptera (49.55%, 34.81%), insect larvae 
(22.27%, 14.58%), and plant material (11.17%, 31.67%). Analysis of morphometric data showed a correlation between head 
measurements and prey proportions for B. pombali, where individuals with the larger head ingested larger prey. On the contrary, B. 
albomarginata seemed to feed more opportunistically. The consumption of insect larvae and plant parts may be related to the dry 
season, as they provide higher energy return and water supply, respectively, for both taxa. Both species exhibited a very similar 
trophic niche; however, differences related to foraging behavior, resource availability, interaction with other individuals, and with 
microhabitat may also play an important role for coexistence of the two hylids. 
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Introduction  
 
The ecological niche is determined by the circumstances and 
limitations that make it possible for a species to prosper 
(Hutchinson 1957, Chase & Leibold 2003). Among the limiting 
factors in a species geographical distribution, diet is maybe 
one of the most important ecological niche dimensions (Toft 
1985, Vitt & Caldwell 2014). Prey availability, including the 
presence or absence of competitors and predators, has a 
strong influence on where an organism or population can 
establish itself (Toft 1981, Sugai et al. 2012, Leite-Filho et al. 
2017). In this perspective, there is a high probability of 
competition for food resources when two morphologically 
similar species inhabit the same environment (Schoener 1974). 
According to Pianka (1973), syntopic individuals attempt to 
diverge in three ways: in time, space, or diet, proposing the 
existence of a mechanism that allows both to share the same 
resources (Schoener 1974, Duré & Kehr 2001, Almeida-Gomes 
et al. 2007). The evolution of morphological and physiological 
characteristics of anurans is strongly linked to their diet, and 
the preys are usually selected by species adaptive values 
(Lima & Moreira 1993, Vitt & Caldwell 2014). 

For a long time, anurans’ diet was associated only with 
ecological factors present in the environment where 
individuals were found (Santos et al. 2003a, Damasceno 2005). 
For example, Santos et al. (2003a) and Brandão et al. (2020) 
demonstrated variations on the niche breadth and types and 
quantities of preys as a result of seasonality. However, 
phylogeny can also influence several characteristics and 
behaviors of anurans (Vences et al. 1998, Darst et al. 2005, 
Caldas et al. 2019). Dendrobatids for instance, prefer to feed 
on invertebrates rich in alkaloids, independent of the time of 
year, as these food items are the “feedstock” for their toxins, 

thus showing a strong historical influence on the trophic 
niche of these animals (Santos et al. 2003b, Mebs et al. 2010). 
Morphology and historical factors are also intertwined. Body 
size and mouth width are decisive attributes in the selection 
of prey for anurans (Toft 1981, Wells 2007, Leite-Filho et al. 
2017). Small species generally eat small invertebrates, while 
more robust anurans choose prey with a larger volume 
including vertebrates (Toft 1981, Lima et al. 2010, Luría-
Manzano & Ramírez-Bautista 2019). Anurans of the 
Bufonidae family, for example, have access to prey of 
different sizes due to the proportion of their mouth opening 
(Batista et al. 2011). This characteristic has also been observed 
in individuals of the Odontophrynidae and Ceratophryidae 
families (Teixeira & Coutinho 2002, Klaion et al. 2011, Schalk 
et al. 2014). 

The genus Boana is composed of treefrogs belonging to the 
Hylidae family, which represents one of the richest groups of 
the Anura (Frost 2020). It is present in South America, 
including the Atlantic Forest Biome, which is an area 
particularly suitable for amphibians because of its large 
diversity of habitats and microhabitats, thus favoring species 
diversity and endemism cases (Haddad & Prado 2005, 
Condez et al. 2009). Most Boana species have a sit-and-wait 
foraging behavior, ingesting large prey with little chitin and 
high mobility (Maneyro & Rosa 2004, Antoniazzi et al. 2013). 
Congeners tend to have similar diets (Cajade et al. 2010, Leite-
Filho et al. 2017). Results by Protázio et al. (2017) and Moser 
et al. (2019) corroborate this trophic niche overlap between 
Boana species. However, habitat conditions, resource 
availability, and foraging habits may also influence niche 
breadth (Maneyro & Rosa 2004, Pacheco et al. 2017, Oliveira 
et al. 2019). 

Boana albomarginata (Spix, 1824) and B. pombali 
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Figure 1: Study site of Serra de Itabaiana National Park 
(PNSI) and streams sampled within (right), located 
within Sergipe (grey inset), Brazil (thick line). 

(Caramaschi et al. 2004) are two endemic species of the 
Atlantic Forest biome. While B. albomarginata is widely 
distributed throughout Brazil, B. pombali is registered only in 
the Brazilian States of Sergipe, Bahia, Minas Gerais, and 
Espírito Santo (Haddad et al. 2008). Both species are found in 
sympatry in the Serra de Itabaiana National Park, central 
Sergipe State. In addition, although B. albomarginata is within 
the B. faber group and B. pombali is in the B. semilineata group 
(Faivovich et al. 2005, Dubois 2017), both species are 
morphologically similar, with a body size of around 60 mm, 
and inhabit a similar habitat (Caramaschi et al. 2004, Condez 
et al. 2009, Tonini et al. 2011). 

Evaluating the trophic relationship of sympatric and 
syntopic species based on parameters such as trophic niche 
breadth and niche overlap is indispensable to determine the 
level of interaction between them (Almeida-Gomes et al. 2007, 
Cajade et al. 2010, Protázio et al. 2017). Thus, given that B. 
albomarginata and B. pombali are found in sympatry, the 
objective of this study was to use diet composition data and 
analyze niche breadth and overlap to assess the relationship 
of the food niche between these two hylids during the dry 
season. 

 
 
 

Material and Methods 
 
Study area 
The study was conducted in the Serra de Itabaiana National Park 
(PNSI; 10°40'S and 37°25'W; 8,024.79 ha), which is distributed among 

six municipalities in the state of Sergipe in Brazil: Malhador, Areia 
Branca, Campo do Brito, Itabaiana, Itaporanga D’Ajuda and 
Riachuelo. This Protected Area (PA) is composed of a visible 
heterogeneity of habitats ranging from riparian forest to rupestrian 
fields, in addition to a marked anthropic influence, and can be 
included in the Atlantic Forest Domain (Vicente et al. 1997, IBAMA 
2006, Dantas et al. 2010). The PNSI covers the full areas of the 
mountains of Cajueiro, Comprida, and the larger Itabaiana (up to 650 
m a.s.l.), where we collected the individuals for our study (Carvalho 
& Vilar 2005, ICMBIO 2016). 

Collection occurred near the Chico Mendes Institute for 
Conservation and Biodiversity (ICMBIO). We sampled along 
transects of about 1 km on the banks of the Negros (10º44'50.26''S, 
37º20'29.43''W; datum SIGARS 2000) and Água Fria (10º45'15.29''S, 
37º20'31.68''W) streams (Fig. 1), alternating between areas with high 
and low density of riparian forest. The habitats can be attributed to 
the ‘wet areas and periodically flooded’ group (VI), according to the 
classification in Vicente et al. (1997) and Vicente et al. (2005). 

 
Data collection 
Fieldwork was carried out for 15 consecutive days between the 5th 
and the 19th of January 2019, during the dry season, as it corresponds 
to one of the months that historically has some of the lowest average 
rainfall recorded for the region (White & Ribeiro 2011). This data can 
be corroborated by comparing the accumulated precipitation in 
January 2019 (13 mm) and in July 2019 (370.4 mm), which was the 
rainiest month (Instituto Nacional de Meteorologia - INMET). We 
actively searched for anurans, from 18:00 to 22:00 h, inspecting 
carefully the environment and the microhabitats (Crump & Scott 
1994). We complemented this by using the vocalizations emitted by 
each species to facilitate the encounter of individuals (Crump & Scott 
1994). 

 
 

 
 
 
Diet and morphometry 
Collected individuals were packed in plastic bags, taken to the PNSI 
base, and euthanized with 2% lidocaine. Subsequently, they were 
fixed with 10% formalin within 24 hours and preserved in 70% 
alcohol. In the laboratory, the gastrointestinal tract of each specimen 
was removed and placed in a separate labeled container with 70% 
alcohol. The material found was analyzed through a stereoscopic 
microscope and the food items was identified using the specialized 
bibliography (Triplehorn & Johnson 2011). These procedures were 
authorized by SISBIO (Sistema de Autorização e Informação em 
Biodiversidade; license #64790-1). All animals were deposited in the 
Coleção Herpetológica da Universidade Federal de Sergipe (CHUFS; 
B. albomarginata: C04939–C04988 and B. pombali: C04905–C04935). 

For each individual we measured the length, width and height of the 
head (see Freitas et al. 2008) and later correlate them with the 
dimensions of the preys. All measurements were made using an 
electronic caliper (0.01 mm accuracy). 
 
Data analysis 
Food items were identified, counted, and allocated to categories, 
down to the order level. For complete arthropods, fruits and seeds we 
measured maximum length and width with the aid of a caliper (0.01 
mm accuracy). Subsequently, we approximated their volume using 
the formula of an ellipsoid: 

V =  
4
3π

�
w
2
�
2
�

l
2
� 

where w represents the width of the prey and l – the length. 
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To quantify the others plant material, we used the volumetric method 
(Hyslop 1980), applying a square plate of transparent glass with 1-mm 
high edges and a millimeter scale placed below. We grouped the plant 
fragments on the plate and calculated the volume through the 
occupied area with a height of 1 mm (resulting in mm3), as described 
by Albrecht et al. (2001). This method was adopted for the cases where 
it was not possible to distinguish the digested plant material into units 
because it was misshapen, so the abundance was considered as one 
(N=1). 

We calculated the importance value index (IVI) to test the 
relevance of each category in the diet of both species using the 
following equation: 

IVI=
F%+N%+V%

3  

where F, N, and V are frequency, number, and volume, respectively. 
To verify the width of the trophic niche (numerical and 

volumetric) of each species, we used the inverse of the diversity index 
of Simpson (1949): 

𝐵𝐵 =
1

∑ 𝑝𝑝𝑖𝑖2𝑛𝑛
𝑖𝑖=1

 

where p is the proportion of the category of trophic resources 
consumed, i and n are the number of categories of resources used. 
Here, B ranges from 1 (exclusive use of one type of resource) to n 
(uniform use of categories). We investigated similarities in the diets of 
the two species using the symmetric overlapping equation (Pianka 
1973): 

∅𝑗𝑗𝑗𝑗 =
∑ 𝑝𝑝𝑖𝑖𝑖𝑖 𝑝𝑝𝑖𝑖𝑖𝑖𝑛𝑛=1

�∑ 𝑝𝑝𝑖𝑖𝑖𝑖2𝑛𝑛
𝑖𝑖=1  ∑ 𝑝𝑝𝑖𝑖𝑖𝑖2𝑛𝑛

𝑖𝑖=1

 

where the notations are the same as in the previous formula, j and k 
are inserted and configure the existence of two different species. The 
degree of similarity is greatest when the values are close to 1 and 
decreases when the values approach 0. To verify the existence of a 
relationship between prey dimensions and head measurements, for 
both species, we performed a canonical correlation between two 
groups of variables (height, length, and head width of the specimens 
of both species of Boana versus the maximum length and width of the 

prey) (Tabachnick & Fidell 2019), using the BioEstat 5.0 software 
(Ayres et al. 2007). 
 
 
Results 
 
We collected 81 anurans, 50 B. albomarginata and 31 – B. 
pombali. Boana albomarginata consumed eight categories of 
food items, while B. pombali consumed six (Table 1). Two 
categories, Acarina and Scorpiones, were exclusive to B. 
albomarginata and one, Hymenoptera – to B. pombali. The most 
frequent items in the B. albomarginata diet were Orthoptera 
(41.67%), insect larvae (16.67%), and plant material (16.67%) 
(Table 1). On the other hand, B. pombali most frequently 
consumed plant material (45%), Orthoptera (25%), and 
Araneae and Hymenoptera (10%) (Table 1). 

Regarding the prey volume, Orthoptera (75.72%), insect 
larvae (12.63%), and Coleoptera (10.43%) were the most 
significant prey items for B. albomarginata, while Orthoptera 
(54.44%), larvae (33.73%), and plant material (5.01%) were the 
most significant prey items for B. pombali. Both species had the 
same categories of food items as the most important ones (IVI) 
in their diets [B. albormarginata, B. pombali – Orthoptera 
(49.55%, 34.81%), insect larvae (22.27%, 14.58%), and plant 
material (11.17%, 31.67%); Table 1]. 

We found eight specimens of B. albomarginata and three of 
B. pombali with empty stomachs (Table 1). The trophic niche 
breadth (numeric) values were B = 3.74 for B. albomarginata 
and B = 3.45 for B. pombali. The trophic niche breadth 
(volumetric) values were B = 2.41 for B. pombali and B = 1.67 
for B. albomarginata (Table 1). Regarding niche overlaps, we 
observed values of Ø = 0.62 for prey abundance (N) and Ø = 
0.92 for prey volume (V). 

 
 

Table 1: Summary of diet of Boana albomarginata and Boana pombali in Serra de Itabaiana National Park.  
 

Prey categories 
 Boana albomarginata (N = 50)  Boana pombali (N = 31) 
 F F% N N% V V% IVI  F F% N N% V V% IVI 

Acarina  1 4.17 1 3.13 0.00 0.00 2.43  - - - - - - - 
Araneae  1 4.17 1 3.13 0 0.00 2.43  2 10 2 10 17.44 2.27 7.42 
Coleoptera  2 8.33 1 3.13 87.48 10.43 7.30  1 5 1 5 34.18 4.44 4.81 
Hymenoptera  - - - - - - -  2 10 2 10 0.85 0.11 6.70 
Insect Larva  4 16.67 12 37.50 105.95 12.63 22.27  1 5 1 5 259.53 33.73 14.58 
Lepidoptera  1 4.17 1 3.13 0 0.00 2.43  - - - - - - - 
Orthoptera  10 41.67 10 31.25 635 75.72 49.55  5 25 5 25 418.85 54.44 34.81 
Plant Material  4 16.67 5 15.63 10.19 1.21 11.17  9 45 9 45 38.53 5.01 31.67 
Scorpiones  1 4.17 1 3.13 0 0.00 2.43  - - - - - - - 
Total  24  32  838.62    20  20  769.39   
B      3.74  1.67       3.45  2.41  
Empty Stomach  8 16 - - - - -  3 10 - - - - - 
Advanced Digestion  18 35 - - - - -  15 48 - - - - - 

 
 

Both species had comparable values for head dimensions, 
with B. pombali being slightly larger (Table 2). Boana pombali 
showed a significant correlation between head measurements 
and ingested prey dimensions (Table 3). The first canonical 
variable indicates that there was an inverse correlation 
between head measurements and prey length, that is, the 
shorter the prey length, the larger the head size. Regarding 
the width of the prey, it was observed that the greater the 
width of the prey, the greater the size of the individuals' heads 

(Table 3). For B. albomarginata, no correlation was found 
between head measurements and prey dimensions (Table 3). 
 
 

Table 2. Dimensions of the head (mm) of Boana albomargianta and 
Boana pombali in Serra de Itabaiana National Park. 
 

Measurements Boana albomarginata Boana pombali 
Length 16.44 ± 0.63 (15.12 – 17.78) 17.93 ± 1.05 (14.02 – 20.01) 
Width 16.15 ± 0.68 (14.55 – 17.82) 15.89 ± 0.98 (12.54 – 18.04) 
Height 5.9 ± 0.55 (4.60 – 8.07) 6.37 ± 0.76 (4.10 – 7.85) 
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Table 3. Canonical correlation between head measurements of Boana albomarginata and 
Boana pombali and prey dimensions in Serra de Itabaiana National Park. 

 

  Boana albomarginata  Boana pombali 
Canonical  

coefficients 
1ª canonical  
variable 

2ª canonical  
variable 

 1ª canonical  
variable 

2ª canonical  
variable 

Head Length 1.131 0.011  4.345 0.877 
Width -0.418 0.762  -4.520 -0.099 
Height -0.326 0.618  0.775 0.548 

Prey Length -3.107 0.947  1.095 -1.056 
Width 3.248 0.056  0.131 1.516 

  Canonical  
correlation c² p  Canonical  

correlation c² P 

I 0.629 6.411 0.379  0.989 12.727 0.047 
II 0.507 2.374 0.305  0.588 1.270 0.529 

 
 
Discussion 
 
In general, B. albomarginata and B. pombali exhibited a 
relatively restricted diet, similar to that observed in other 
species of sit-and-wait anurans, which are characterized by 
ingesting large prey in low quantities (Toft 1981, Ganci et al. 
2018). The preference for larger prey, common in Boana, 
remains independent of local conditions, indicating a possible 
influence of niche conservatism on the diet of the genus 
(Araújo et al. 2007, Protázio et al. 2015, Caldas et al. 2019). 
Santos et al. (2004) and Protázio et al. (2017) have verified the 
same behavior for these two species in studies in the 
northeastern region of Brazil. The arboreal habit of specimens 
of the Hylidae family is related to the composition of their 
diet, since most of the preys consumed by this group are 
arthropods that camouflage themselves in the foliage 
(Parmelee 1999). The two species presented similar values of 
niche breadth, with B. albomarginata having a greater 
numerical value (abundance of prey), and B. pombali a greater 
volumetric amplitude. The high overlap in the volumetric 
niche indicates that the species coincided in the use of some 
morphologically similar categories. This similarity was 
expected, since these species have similar head dimensions, 
and possibly were exposed to the same groups of prey 
(Almeida-Gomes et al. 2007, Moser et al. 2019). High trophic 
overlap values have been observed for species of the genus 
Boana by Protázio et al. (2017), Leite-Filho et al. (2017), and 
Moser et al. (2019), including the species analyzed here. 
Regarding the numerical values (abundance of prey), there 
was moderate coincidence in the use of resources, since some 
food items were not shared in the diets of both species. 
Competition tends to be greater among phylogenetically close 
species than among those less related (Guerra et al. 2018). 
Because of this, these organization systems seek to 
differentiate the use of resources, even if subtly (Kuzmin 1995, 
Sabagh et al. 2010). Menin et al. (2005) verified that even 
though there was a high overlap related to the trophic niche 
of Dendropsophus nanus and D. sanborni in southeastern Brazil, 
coexistence was possible due to differences related to habitat 
use and the large amount of food available; these conclusions 
were corroborated by our study. 

For both Boana species, Orthoptera was the most 
important food item in their diets, similar to observations on 
the same species in other fragments of the Northeast Atlantic 
Forest (Leite-Filho et al. 2017, Protázio et al. 2017, Caldas et al. 
2019). Orthoptera stands out in hylids diet in tropical forests 

areas, possibly because it is a common type of prey in tree 
strata and is easily accessed by this group (Parmelee 1999, 
Santos et al. 2004, Moser et al. 2019). In addition, some 
Orthoptera have nocturnal habits (Gallo et al. 2002), which 
may also explain the predominance of this category of prey, 
since treefrogs are usually more active at night (Duellman & 
Trueb 1994). The greater availability of these arthropods in 
the microhabitats that hylids preferentially occupy indicates 
that ecological factors can also influence the trophic niche of 
Boana species, as local ecological variations alter the 
abundance of these resources (Janzen & Schoener 1968, Anu 
et al. 2009). 

Insect larvae also obtained a high IVI, similar to that 
observed by Pacheco et al. (2017) for B. albopunctata in 
fragments of the Atlantic Forest in southeastern Brazil. This 
prey category is abundant in humid environments and has 
sedentary habits, besides being rich in lipids and easy to 
digest, making it a highly profitable food item considering the 
low acquisition cost and high energy return (Balint et al. 2010, 
Batista et al. 2011). In addition, Maneyro & Rosa (2004) found 
that Boana pulchella in southeastern Uruguay had a preference 
for consuming insect larvae in the dry (cold) season. Caldas et 
al. (2016) reported that consumption of larvae can provide 
high energy return and be beneficial in environments where 
reproductive activities are prolonged for many months. We 
believe that this type of feeding could also be important in 
adverse abiotic conditions, especially in the PNSI, where we 
identified that reproduction persists even in the dry period. It 
also signals the influences of (local) ecological characteristics 
on the diet. 

Vegetable material showed relevance in the diets of both 
species studied in this work. Normally, the ingestion of plant 
material is considered accidental for anurans (Dietl et al. 2009, 
Solé et al. 2009, Sabagh et al. 2012). However, the 
consumption of plants may be related to the facilitation of 
exoskeletal digestion, parasite elimination, nutrient 
absorption, or it may guarantee an alternative source of 
hydration (Evans & Lampo 1996, Anderson et al. 1999, Santos 
et al. 2004). Water acquisition would be of fundamental 
importance, especially in the dry period when the animals 
were collected. 

The morphological characteristics of anurans are a 
limiting factor in the selection of prey, since the mouth 
opening capacity and head dimensions are the main factors 
that limit the maximum size of ingested prey (Toft 1980, 
Almeida-Gomes et al. 2007, Wells 2007). We found that B. 
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albomarginata and B. pombali had similar morphology in major 
head measurements. However, even though they could 
apparently access the same items, the Boana species likely 
used different strategies, as there was no correlation between 
head measurements and prey size in B. albomarginata. The 
species showed a certain opportunism in its trophic habit, 
feeding on arthropods of different sizes, while B. pombali 
preferably used larger prey, corroborating the prey selection 
pattern already observed for Boana species (Guimarães et al. 
2011), in which the specimens with the largest head access 
larger prey (Silva et al. 1989, Caldwell & Vitt 1999). On the 
other hand, B. albomarginata showed a larger volumetric niche 
breadth as a means to avoid strong competitive interactions 
with its congener, thus covering a niche spectrum that is more 
relaxed. 

It is essential to relate the results we obtained with the 
period of the year in which the collection occurred, since 
seasonality can affect the natural history of amphibians, 
including their diet. Santos et al. (2004) argued that species in 
Atlantic Forest regions such as B. albomarginata tend to reduce 
the number of food groups consumed in dry seasons, 
indicating a reduction in the availability of prey. Seasonality 
can still increase or decrease the trophic niche breadth of 
anurans, as there is a variation in prey availability throughout 
the seasons (Santos et al. 2003a, da Rosa et al. 2011, Marques-
Pinto et al. 2019). We conclude that B. albomarginata and B. 
pombali maintain a certain degree of trophic conservatism 
(historical influence), as they used few categories of prey, had 
low niche breadths, and overlapped some of the more 
important categories of arthropods. The niche overlap 
analysis showed variation in the dimensions of the food niche 
of the species. In the volumetric dimension, the species 
showed greater similarity in the use of the items, while in the 
numerical dimension there was greater flexibility, indicating 
that there is an attempt to share resources. We also found a 
correlation between prey size and head measurements in B. 
pombali, showing a more selective feeding strategy. The same 
was not observed for B. albomarginata, which seems to have a 
more opportunistic habit, demonstrating that local 
(ecological) conditions may be leading the species to adopt 
behaviors that enable their coexistence in the habitat. Data 
were collected in the dry season, which may have influenced 
prey availability. Species living in sympatry can relate in 
different ways with the available resources; in this case, it is 
possible to infer that B. pombali is more susceptible to changes 
in the availability of present resources, based on a less flexible 
diet. In addition to the characteristics of the trophic niche 
mentioned in this work, other factors related to the behavior 
and microhabitat use of these anurans should be studied for 
more accurate results related to their autoecology. 
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