
Introduction

Understanding a species diet composition is an 
integral component in learning about their life 
history. Species’ diet corresponds directly to various 
aspects of their ecology, including habitat preference 
(Machovsky-Capuska et al., 2018; de Almeida-Rocha 
et al., 2020), predators (Ward-Fear et al., 2020) and 
pathogens (Valtonen et al., 2010). When comparing 
two species diet breadths, it is possible to distinguish 
if they are in competition and to what degree they 
overlap (Sutherland, 2011; Mollov et al., 2012). Species 
that compete for the same prey items may negatively 
affect each other resulting in decreased fitness (White 
and Fleming, 2021); this is especially important when 
comparing invasive and native species diets (Kalb et 
al., 2018; Ghazi, 2020). Additionally, diet compositions 

can differ between populations within the same species, 
due to different habitats and stressors changing prey 
availability (Murray et al., 2015; Robbins et al., 2019; 
Santana et al., 2019).

Urbanisation is a major external pressure that can 
influence a species diet composition (Baxter-Gilbert 
et al., 2020; Peneaux et al., 2021; Gámez et al., 
2022). Previous studies have shown some species in 
anthropogenic environments to consume less nutritious 
diets (Larson et al., 2020; Peneaux et al., 2021) and 
smaller meals (Wolfe et al., 2018); while other species 
have adapted well (Guiry and Buckley, 2018; Saufi 
et al., 2020). Most studies focused on animal diets in 
urbanised settings are on mammals (Guiry and Buckley, 
2018; Larson et al., 2020; Tucker et al., 2021) and 
bird species (Saufi et al., 2020; Peneaux et al., 2021), 
therefore it is critical to study other taxa to understand 
how their diets might differ from rural populations. 

Herpetofauna diets are especially important to study, 
as they are typically in the centre of a trophic food chain 
(Schoener et al., 2002; Aresco et al., 2015) and widespread 
(Das and Van Dijk, 2013; Jestrzemski and Schuetz, 2015; 
O’Donnell et al., 2017). Herpetofauna have also been 
able to adapt and coexist in anthropogenic locations, 
such as cities and farms (Banville and Bateman, 2012; 
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Balakrishna et al., 2016; Santana et al., 2019). Although 
many studies have focused on herpetofauna diets, most 
of them were conducted in pristine habitats, resulting in 
a gap in our understanding of potential anthropogenic 
effects that may contribute to large declines in species 
populations (Balakrishna et al., 2016; Wolfe et al., 
2018; Santana et al., 2019). Furthermore, many species 
of herpetofauna are imperilled, with as many as 42% 
of known amphibian species (International Union for 
the Conservation of Nature [IUCN] Species Survival 
Commission [SSC] Amphibian Specialist Group, 2017; 
Le et al., 2018) and 19% of known reptilian species to be 
considered endangered (Lesbarrères et al., 2014). With 
global temperatures continuing to rise (Schwartz, 2018), 
and humans continuing to modify natural landscapes 
(Huang et al., 2007; Nowakowski et al., 2018), many 
threatened species could go extinct, and least-concerned 
species may become endangered (Silvano and Segalla, 
2005; Nori et al., 2018; Andrade-Díaz et al., 2019). As 
urbanisation in Paraguay continues to increase (Canese 
de Estigarribia et al., 2019), herpetofauna diets may 
become restricted (Cacciali et al., 2015). 

Paraguay is home to 276 species of known 
herpetofauna including 189 reptiles (Cacciali et 
al., 2016) and 87 amphibians (Cabral et al., 2020). 
Although Paraguayan cities have high herpetofauna 
diversity (Motte et al., 2009), Paraguay has a poor 
representation in herpetological research, which could 
be detrimental to our understanding of endemic species 
and regionally distinct populations (Huang et al., 
2007; Andrade-Díaz et al., 2019; Cabral et al., 2020). 
As human activity continues to transition Paraguayan 
forests into agricultural fields and urbanised landscapes, 
displaced reptile and amphibian species must adapt to 
city environments (Cacciali et al., 2015; Santana et al., 
2019). Therefore, it is important to investigate the diets 
of herpetofauna species that already coexist in these 
anthropogenic habitats (Balakrishna et al., 2016; Santana 
et al., 2019). A combination of emerging stressors such 
as extreme climatic events from droughts to floods and 
urbanisation in Pilar can result in increased pressure on 
herpetofauna (Anderson et al., 1993). Dietary analysis 
is a key technique to better understand the overall health 
of these populations.          

We studied the diet composition of the three 
most abundant of herpetofauna in Pilar, Paraguay: 
Hemidactylus maboiua (Moreau de Jonnès, 1818), 
Rhinella diptycha (Cope, 1862), and Tropidurus 
torquatus (Wied-Neuwied, 1820) (Fig. 1). Our goals 
were to: 1) identify diets of our focal species and 2) 

identify any distinct differences in their diets compared 
to previous studies conducted in more rural landscapes. 

Materials and Methods 

Study site. The city of Pilar (26.8634°S, 58.2919°W) 
is in southwestern Paraguay and situated to the east of 
the Rio Paraguay. Twelve 1-km long transects were 

Figure 1. This studies herpetofauna species. (A) An adult 
Rhinella diptycha. (B) An adult Hemidactylus mabouia. (C) 
An adult Tropidurus torquatus. Photos by João Menezes (A), 
Joshua Sands (B), and Wagner Fiorentino (C).



randomly selected along the sidewalks in the western 
half of the city and a thirteenth 1-km long transect was 
chosen along the coast of the Arroyo Ñeembucú. These 
transects were labelled “night transects” and were used 
to catch the most abundant nocturnal herpetofauna in 
Pilar. In addition, two locations were selected for data 
collection where we found populations of T. torquatus; 
these locations were labelled “selected locations” (See 
Mackenzie and Vladmirova, 2021 study site section for 
further description; Fig. 2).

Data collection. We collected specimens of Rhinella 
diptycha, Hemidactylus mabouia and Tropidurus 
torquatus from 16 November 2019 to 6 March 2020. 
A single 1-km long night transect was randomly chosen 
and surveyed at 21:45–22:45 h. Each night transect was 
surveyed for three nights, giving a combined total of 39 
nights searched. Each selected location was surveyed 
a total of 23 times, making a combined total of 46 
searches. For every captured individual we recorded 
the location, transect number, date, time, temperature, 

species and relative age (juvenile or adult) of the 
animal. All individuals were then brought to the lab at 
Fundación Para La Tierra for stomach content analysis 
(see acknowledgements for relevant research permits).       

All captured individuals had their snout to vent length 
(SVL) measured to the nearest 1 mm, and were toe 
clipped for identification (Ursprung et al., 2011; Comas 
et al., 2020). Adult R. diptycha were stomach flushed to 
retrieve intact non-digested prey items. The following 
methodology and ethical considerations were adapted 
from Solé et al. (2005); all equipment was sterilised 
before use. The individual was carefully immobilised 
without the use of anaesthetics. Silicon tubing (1 cm in 
diameter) attached to a syringe with spring water entered 
through the oesophagus until the end of tubing reached 
their stomach. We slowly pushed spring water out of 
the syringe into the adult R. diptycha’s stomach to push 
stomach contents out. This procedure was repeated, until 
only clear water was excreted; stomach contents were 
stored in 70% ethanol. After all adult R. diptycha had 
been stomach flushed, they were immediately released 
to their point of capture. 

We did not find success in stomach flushing smaller 
bodied herpetofauna like previous studies (Gambale 
et al., 2020), so to prevent injury from silicon tubing 
R. diptycha with smaller oesophagus’s (SVL of < 6 
cm), all H. mabouia, and T. torquatus were used for 
faecal analysis. The following methodology and ethical 
considerations were adapted from Powers et al. (2018). 
Individuals were placed in separate jars and checked 
every 12 hours, any faeces present would be removed 
and preserved. Spring water was poured into juvenile R. 
diptycha containers, and cotton balls soaked in spring 
water were placed in H. mabouia and T. torquatus 
containers. After 48 hours, individuals were released at 
their capture site.

Dietary analysis. Stomach contents were placed 
under a stereo microscope, with attached Amscope 
software and MU1003 camera and were identified to 
the lowest taxonomic category possible, typically order. 
Invertebrate prey remains were sorted to order/family, 
rocks and plant material were counted and separated 
and items that could not be classified as unidentified. 
To estimate the volume of prey types we measured the 
width and length of each pile with digital callipers from 
the AmScope software and input these measurements 
into the ellipsoid volume formula (Bonfiglio et al., 
2006; Hidalgo-Ruz et al., 2012). 
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Figure 2. Study site displaying 13 night transects and two 
selected locations for all herpetofauna captures in Pilar, 
Paraguay. Maps were created in ArcGIS Pro, background 
basemaps were retrieved from Esri (Esri, 2021, 2022).



Results

Among the captured herpetofauna (n = 332), we 
collected stomach contents from 311 individuals, 
stomach flush (n = 43) and faeces (n = 268). Temperatures 
ranged from 25.0–31.2 °C in night transects and from 
28.6–41.0 °C in selected locations. Within the three 
study species, we observed 16 different invertebrate 
prey types (1 phylum, 1 subclass, 1 informal group, 11 
orders and 2 families), as well as plant and unidentified 
categories (Table 1).   

We obtained stomach contents from 128 R. diptycha, 
43 adults, and 85 juveniles. Rhinella diptycha primarily 
ingested Coleoptera (41.14%), Formicidae (27.79%), 
and Hemiptera (3.85%). Rhinella diptycha was the only 
species to ingest prey from Mantodea, Chilopoda, and 
Pulmonata. Out of the three study species R. diptycha 
consumed the most plant material, close to 7.0% of its 
obtained diet (Table 1). Furthermore, on average, adult 
R. diptycha ingested two times more plant matter in their 

diet than juvenile R. diptycha. All captured juvenile R. 
diptycha predated on Formicidae, consisting of close 
to half of their diet, and incorporated four times more 
Formicidae in their diet than adult R. diptycha. Adults 
of R. diptycha had a more diverse diet (Table 2). Their 
SVL measurements ranged from 1.80–17.5 cm, with an 
average length of 13.83 ± 0.29 cm for adults, and an 
average of 3.53 ± 0.11 cm for juveniles. 

We collected stomach contents from 133 H. mabouia: 
94 adults, and 39 juveniles. The majority of H. mabouia’s 
diet was Orthoptera (29%), Coleoptera (11.66%), and 
Hemiptera (6.31%). Hemidactylus mabouia was the 
only species to not consume any plant material (Table 1). 
Across all study species and ages, only adult H. mabouia 
ingested prey in the order Neuroptera and the family 
Termitoidae. The Hemidactylus mabouiadiets were very 
similar among juveniles and adults; apart from adults 
consuming and incorporating two times more Diptera in 
their diet. Adults were almost three times more likely to 
ingest Acari, while juveniles on average ingested more 

 

Prey type 
Rhinella diptycha 

 ni = 128 
Hemidactylus mabouia 

ni = 133 
Tropidurus torquatus 

    ni = 50 

ni np  V% ni np  V% ni np  V% 

          

Acari 1 1 0.00 7 8 0.00 0 0 0.00 

Araneae 4 6 0.03 4 7 0.09 1 1 0.01 

Chilopoda 1 1 0.175 0 0 0.00 0 0 0.00 

Coleoptera 120 1007 41.14 77 113 11.66 47 249 38.36 

Diptera 73 306 0.98 76 360 6.17 27 177 2.87 

Formicidae 121 13,279 27.79 39 87 1.31 32 886 14.34 

Hemiptera 58 103 3.85 76 230 6.31 27 77 2.79 

Lepidoptera 1 3 0.10 2 3 0.11 4 4 0.80 

Mantodea 1 1 0.00 0 0 0.00 0 0 0.00 

Nematodes 0 0 0.00 0 0 0.00 1 2 0.02 

Neuroptera 0 0 0.00 1 3 0.08 0 0 0.00 

Odonata 0 0 0.00 0 0 0.00 2 2 0.31 

Orthoptera 43 89 2.24 113 141 29.00 26 41 13.23 

Plant 103 293 6.89 0 0 0.00 6 18 0.06 

Pulmonata 2 2 0.33 0 0 0.00 0 0 0.00 

Termitoidae 0 0 0.00 7 8 2.21 0 0 0.00 

Trichoptera 4 2 0.02 1 1 0.07 0 0 0.00 

Unknown 108 N/A 16.48 124 N/A 42.98 48 N/A 27.21 

Table 1. Prey items found in each of the studied species. Prey items were categorised to lowest taxonomic group possible (usually 
order). Number of individuals that ingested that prey (ni), total prey count consumed (np), and percentage of prey consumed by 
volume (prey volume / total volume = V% in mm3).
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than twice the amount of Hemiptera (Table 2). Their 
SVL’s ranged from 1.9–7.0 cm, with an average length 
of 5.72 ± 0.07 cm for adults, and an average of 2.86 ± 
0.08 cm for juveniles. 

We collected stomach contents from 50 T. torquatus, 
32 adults and 18 juveniles. The bulk of T. torquatus 
diet consisted of Coleoptera (38.36%), Formicidae 
(14.34%), and Orthoptera (13.23%). Adult T. torquatus 
were the only group to have ingested Nematodes and 
Odonata. In addition, adult T. torquatus consumed 
plant material, while juveniles did not. Further, adult 
T. torquatus ingested more than double the volume 
of Orthoptera than juveniles. All but one juvenile T. 
torquatus ingested Coleoptera making it close to half 
of their diet composition (Table 2). Their SVL’s ranged 
from 4.1–12.3 cm, with an average length of 9.25 ± 
0.16 cm for adults, and an average of 5.13 ± 0.09 cm 
for juveniles. 

Discussion

Coleoptera, Orthoptera and Formicidae were the most 
consumed prey across all three species. Combined 
these prey items were close to 60% of the total 
ingested volume. Since all three species are considered 
generalists due to their sit and wait foraging patterns 
(Bonfiglio et al., 2006; Batista et al., 2011; Drago et al., 
2020), high abundance of Coleoptera, Orthoptera and 
Formicidae in their diets could reflect high abundances 
in Pilar. Additionally, Coleoptera and Formicidae can 
be difficult to digest due to unpalatable substances 
such as quinones and formic acid. Thus, to meet energy 
requirements, a predator would need to consume large 
quantities of prey (Hirai and Matsui, 2002; Batista et al., 
2011). Surprisingly, we found much higher proportions 
of plant matter in R. diptycha’s diet compared to the 
other species. We also observed lower volumes of 
Araneae and Diptera across all species than previously 
reported (Fialho et al., 2000; Bonfiglio, 2007; Batista et 
al., 2011). Furthermore, two nematodes were present in 

Table 2. Compares the diets of adult and juvenile of the studied species. Prey items were categorised to lowest taxonomic group 
possible (usually order). Number of individuals that ingested that prey (ni), percentage of individuals that ingested prey within 
each group (N%), and total volume as a percentage of prey consumed within each group (prey volume / total volume = V% in 
mm3).

 

Prey type 

Adult              
R. diptycha  

ni = 43 

Juvenile                  
R. diptycha 

ni = 85 

Adult                    
H. mabouia 

ni = 94 

Juvenile                
H. mabouia 

ni = 39 

Adult              
T. torquatus 

ni = 32 

Juvenile         
T. torquatus 

ni = 18 

N% V% N% V% N% V% N% V% N% V% N% V% 

             

Acari 0.00 0.00 1.18 6.20x10-5 6.38 2.60x10-4 2.56 3.14x10-3 0.00 0.00 0.00 0.00 

Araneae 6.98 0.06 1.18 1.60x10-3 4.26 0.10 0.00 0.00 3.13 0.01 0.00 0.00 

Chilopoda 2.33 0.35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Coleoptera 93.02 50.56 94.12 31.72 63.83 11.95 43.59 8.02 98.75 38.01 94.44 41.69 

Diptera 34.88 0.36 68.24 1.70 65.96 6.43 35.90 3.14 75.00 2.60 83.33 5.40 

Formicidae 83.72 10.99 100 45.35 32.98 1.33 20.51 0.97 62.50 15.05 66.67 7.57 

Hemiptera 44.19 5.55 45.88 1.85 62.77 5.84 43.59 11.77 56.25 2.70 50.00 3.67 

Lepidoptera 2.33 0.17 0.00 0.00 1.06 0.08 2.56 0.51 9.38 0.88 0.00 0.00 

Mantodea 2.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Nematodes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 3.13 0.02 0.00 0.00 

Neuroptera 0.00 0.00 0.00 0.00 1.06 0.08 0.00 0.0 0.00 0.00 0.00 0.00 

Odonata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.25 0.35 0.00 0.00 

Orthoptera 46.51 3.35 27.06 0.94 85.11 28.59 84.62 33.03 59.38 13.90 38.89 6.78 

Plant 81.40 8.86 80.00 4.57 0.00 0.00 0.00 0.00 18.75 0.06 0.00 0.00 

Pulmonata 2.33 0.61 1.18 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Termitoidae 0.00 0.00 0.00 0.00 5.52 2.40 0.00 0.00 0.00 0.00 0.00 0.00 

Trichoptera 4.65 0.04 2.35 2.5x10-3 1.06 0.08 0.00 0.00 0.00 0.00 0.00 0.00 

Unknown 79.07 19.09 87.06 13.87 95.74 42.91 87.18 42.58 96.88 26.41 94.44 34.90 
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an adult T. torquatus faeces, which are consumed by ant 
predation (Pereira et al., 2012).

Our findings are well supported by previous studies 
that investigated the diets of T. torquatus despite 
differences in their diet extraction methodologies. 
(Fialho et al., 2000; Siqueira et al. 2013; Drago et al., 
2020). Drago et al. (2020) observed anthropogenic 
disturbance to impact diet composition after comparing 
the diets of T. torquatus in Rio de Janeiro to an Atlantic 
Forest population. The diet compositions of both their 
urban and rural populations were very similar to ours. 
Additionally, plant consumption has been reported to 
be a substantial dietary item in T. torquatus populations 
found in rural sites; flowers and fruits (2–58%) (Fialho 
et al., 2000; Siqueira et al., 2013). We observed only six 
individuals to ingest fruit, which contributed to a low 
volumetric percentage when compared to T. tropidurus 
diets at other sites (Fialho et al., 2000; Siqueira et al., 
2013). This could imply that T. torquatus might be more 
selective when optimal prey choices such as fruits and 
flowers are present, but as a generalist can adapt to the 
most abundant prey (Siqueira et al., 2013; Drago et al., 
2020). 

Our results support previous literature that documents 
R. diptycha as an obligate generalist, thus its diet varies 
greatly by location (Batista et al., 2011; Severgnini 
et al., 2020; Silva-Alves et al., 2020). Most studies 
researching R. diptycha and other Rhinella species note 
that their diet is primarily comprised of arthropods, 
specifically Formicidae and Coleoptera, regardless of 
locality (Sabagh and Carvalho-e-Silva, 2008; Duré et 
al., 2009; Bastista et al., 2011; Maragano and Souza, 
2011). Batista et al. (2011), collected stomach contents 
from 18 R. diptycha at a farm in southwestern Brazil, 
they reported the major prey items were insect larva, 
Coleoptera, and Hymenoptera. We identified insect 
larva into their taxonomic orders or as unidentified if 
digested, however, we did not observe a large quantity 
of insect larva in either juvenile or adult R. diptycha 
in our study. Batista et al. (2011) may have observed 
a much higher quantity of insect larva than we found 
due to site habitat differences (Mahan and Johnson, 
2007; Santana et al., 2019; Roselle et al., 2020). Other 
studies have documented R. diptycha to ingest berries, 
crabs, and lizards (Oda and Landgraf, 2012; Severgnini 
et al., 2020; Silva-Alves et al., 2020). However, unlike 
previous studies we did not find any regionally distinct 
prey items. We found a large abundance of plant material 
in R. diptycha stomach contents including berries, which 
could be through accidental consumption or deliberate 
to grind invertebrate exoskeletons (Anderson et al., 

1999). 
We found H. maboiua diet composition to be 

substantially different when compared to previous 
studies. It has been well observed that H. maboiua 
predates Arcanae and Blattodea in large quantities 
across its South American range (Ramies and Fraguas, 
2003; Bonfiglio, 2007; Rocha and Anjos, 2007; Iturriaga 
and Marrero, 2013). Although we found H. maboiua 
to ingest both Blattodea and Araneae, their percent 
volumes were minuscule compared to previous studies 
(Bonfiglio, 2007; Rocha and Anjos, 2007; Iturriaga and 
Marrero, 2013). Additionally, the Blattodea we found 
H. mabouia to ingest were identified to the infraorder 
Termitoidae, while the Blattodea Rocha and Anjos 
(2007) observed were identified to the Blattidae family. 
Although Blattidae and Temitoidae are within the same 
order, they are ecologically and morphologically distinct 
from each other, and thus would represent different prey 
items (Schal et al., 1984; Bignell and Eggleton, 2000). 
Rocha and Anjos (2007), examined 291 H. maboiua at a 
farm in Southeastern Brazil and identified 21 arthropod 
orders, while we only found 11. These differences in diets 
could be attributed to Pilar being more urbanised, which 
could have decreased arthropod biodiversity (Magura 
et al., 2010; Bang and Faeth, 2011; Van Nuland and 
Whitlow, 2014). Additionally, we used faecal analysis 
rather than dissection to extract their diets, potentially 
influencing these results (Hódar et al., 2006; Rocha and 
Anjos, 2007; Crovetto et al., 2012). 

Due to dietary overlap within the study species, there 
could be potential competition between H. mabouia 
and T. torquatus. Hemdactylus mabouia is an invasive 
nocturnal gecko species from Africa and has quickly 
established itself in urban settings (Rodder et al., 
2008). Tropidurus torquatus is a native heliophilos 
lizard species, which is abundant in cities (Fialho et 
al., 2000). Although both lizard species have different 
life histories, we found the bulk of their diets to be very 
similar. Furthermore, when searching for T. torquatus 
populations in Pilar, we only found two relatively 
small populations, while H. mabouia was ubiquitous 
throughout. Hemadactylus mabouia has been shown 
to outcompete native gecko species that fulfil similar 
niches throughout the Americas (Short and Petren, 
2011; Hughes et al., 2015). Based on low abundances 
of T. torquatus in Pilar and high dietary overlap of the 
abundant H. mabouia, H. mabouia might be replacing 
T. torquatus in urban settings. Invasive species 
replacement can have dire consequences to ecosystem 
functions (Radford et al., 2020; González-Sánchez et al., 
2021; Piquet and López-Darias, 2021). If H. mabouia 
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replaces T. torquatus, the impact could negatively affect 
the food web, and other ecosystem services (Pietczak 
et al., 2013; Cortéz-Gómez et al., 2015; Hughes et al., 
2015). Further studies are necessary to test whether H. 
mabouia is outcompeting T. torquatus and causing their 
populations to decline. 

We conclude that all three of the study species are 
generalist opportunistic predators that adapt effectively 
in an urbanised setting. We suspect the different prey 
items observed compared to other studies is attributed 
to their relative abundance in Pilar. Furthermore, it has 
been strongly debated within the scientific community 
as to which diet extraction methodology is most suitable 
(Caputo and Vogt, 2008; Pérez-Mellado et al., 2011; 
Luiselli et al., 2011; Akmentins and Gastón, 2020). To 
best assess which methodology is most optimal, we 
believe more studies (e.g., Crovetto et al., 2012) should 
compare faecal analysis and stomach flushing within 
the same individuals.  
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