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ABSTRACT

In this study we describe the diet of the leptodactylid Leptodactylus mystaceus during the rainy season
from an open area in the Cancdo Natural Municipal Park, municipality of Serra do Navio, a lowland
area of the Guiana Shield. Frogs were captured by hand monthly from February to July 2019. We
examined 40 individuals of L. mystaceus, that were measured and treated with a stomach-flushing
method. Three categories of arthropods dominated the diet: Araneae (spiders), Coleoptera (beetles),
and Orthoptera (grasshoppers). The most important item in the diet was coleopterans and the niche
breadth was narrow. The correlation between the volume of consumed prey and snout-vent length,
jaw width, and body mass was not significant. Of the prey items according to hardness and mobility,
we found that hard and intermediate prey were more common, respectively. Our results show that L.
mystaceus shared characteristics with the generalist behavior of typical “sit-and-wait” foragers and
“non-ant specialist predators”.
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RESUMEN

En este estudio describimos la dieta del leptodactilo Leptodactylus mystaceus durante la estacién llu-
viosa de un 4rea abierta en el Parque Natural Municipal de Cancao, municipio de Serra do Navio, una
zona de tierras bajas del Escudo Guayanés. Las ranas fueron capturadas a mano mensualmente de
febrero a julio de 2019. Examinamos 40 individuos de L. mystaceus, que fueron medidos y tratados
con un método de lavado de estdbmago. Tres categorias de artropodos dominaban la dieta: Araneae
(arafnas), Coleoptera (escarabajos) y Orthoptera (saltamontes). El elemento mas importante en la dieta
eran los coledpteros y la amplitud del nicho era estrecha. La correlaciéon entre el volumen de presa
consumida y la longitud hocico-cloaca, el ancho de la mandibula y la masa corporal no fue significativa.
De las presas segtn dureza y movilidad, encontramos que las presas duras e intermedias fueron mas
comunes, respectivamente. Nuestros resultados muestran que L. mystaceus comparte caracteristicas
con el comportamiento generalista de los recolectores tipicos de “sentarse y esperar” y “ depredador
especialista no hormiga”.

Palabras clave: Alimentos; Amazonia Oriental; Generalista.

] INTRODUCTION

Frogs of the family Leptodactylidae are classified as non-
ant specialists and exhibit a “sit and wait” foraging be-
havior (Toft 1980, 1981), and are considered generalist
predators that feed mostly on invertebrates, especially ar-
thropods (Baia et al. 2020, Oliveira-Souza et al. 2021), but
several species eat small vertebrates sporadically (Sousa
et al. 2016, Ceron et al. 2018, do Couto et al. 2018, Cues-
tas-Carrillo et al. 2019).

Leptodactylus mystaceus (Spix, 1824) is a large-sized
species of the Leptodactylus fuscus group, that inhabits
tropical forests, enclaves of savannahs flooded and open
areas and can be found on the ground or around tempo-
rary ponds (Affonso et al. 2011, Andreani et al. 2017, Lima
et al. 2017). Although L. mystaceus has a broad distribu-
tion in the Amazon basin and extends as far as the interior
portions of the Brazilian states of Minas Gerais and Sao
Paulo, as well as the northern Atlantic Forests of Brazil
(Toledo et al. 2005, de Sa et al. 2014), the natural histo-
ry of this species, including its diet, restricted to studies
of Camera et al. (2014) and Oliveira-Souza et al. (2021),
and anecdotal observations by Figueiredo et al. (2018) and
Moreira-Brito et al. (2020).

In the present study, we aimed to describe the diet of the
leptodactylid L. mystaceus during the rainy season and
correlate morphometric variables of frogs with the ingested

prey volume as well as assess the trophic niche amplitude
of the species. We also describe the prey preference in the
diet in terms of hardness and mobility and constructed
the prey category accumulation curve about the number
of stomachs studied to determine the sampling efficiency.

l MATERIAL AND METHODS

We carried out the study in the Cancido Natural Municipal
Park, municipality of Serra do Navio (0°54" North, 52°0’
West), a lowland area of the Guiana Shield, the north-
western center portion of the state of Amap4, Brazil for six
months, from February to July 2019, as part of a long-term
study of natural history of anurans in the eastern Ama-
zon. Our sampling was restricted to an open area paral-
lel to the right bank of the Amapari River to maximize the
detection of the species (Silva e Silva and Costa-Campos
2018). The climate of the region is classified as Equatori-
al (Am) following Koppen’s classification, with two well
defined seasons, a dry season (August — December) and a
rainy season (January — July) with high rainfall (Alvares et
al. 2013). The average annual temperature and precipitation
are 27.6 °C and 2850 mm, respectively (NHMET c2022).

We captured frogs by hand, measured them on site, and
conducted stomach flushing (see Solé et al. 2005) using
a syringe (three ml to 10 ml for anurans of 20 mm-50
mm SVL), soft infusion tube, and water from the site of
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capture. We measured snout-vent length (SVL), and jaw
width (JW) with an electronic caliper (0.1 mm precision),
and body mass with digital balance (precision 0.1 g). Af-
ter sampling all stomach contents by flushing and taking
biometric variables, the frogs were released at the end of
the daily sampling, avoiding the recapture of sampled in-
dividuals. In the laboratory, the prey contents were ana-
lyzed under a stereoscopic microscope ZEISS model Stemi
2000-C, and items were determined to order level accord-
ing to the identification key of Rafael et al. (2012).

We estimated the prey volume using the ellipsoid formula,
which uses values of length and width of whole preys (Colli
and Zamboni 1999), where V represents prey volume, I =
item length e w = item width:

v=37(3)*()

The Index of relative importance, which indicates the
importance of each item consumed by the animal, was
determined from the relative importance (N%), relative
occurrence (F%), and relative volume (V%), where IRI =
Index of relative importance; F% = frequency of occur-
rence; N% = numerical frequency; V% = volumetric fre-
quency in each category of prey in the diet.

F% + N% + V%

IRI =
3

For the analysis of food niche breadth, was calculated us-
ing the Levins index (B) described by Pianka (1986). In
this case, when the value of B is between 0 - 0.50 the spe-
cies will be considered specialist, and values between 0.51
- 1.0 represent generalist individuals.

Where B = Levins index (trophic niche breadth); i= prey
category; n = number of categories; pi = numerical or vol-
umetric proportion of the category of prey 1 in the diet.

To evaluate the relationship between a frog’s snout-vent
length, jaw width, and body mass with the volume of the
largest prey for each individual we performed a Spear-
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man correlation test using BioEstat 5.0 software (Ayres et
al. 2007) using morphometric variables as independent
variables and prey-volumes as dependent variables (Zar
2010). We classified each prey item into two categories
according to hardness (hard, soft, intermediate) and eva-
siveness (evasive, sedentary, intermediate) following Van-
hooydonck et al. (2007) and Mohanty and Measey (2018).
These qualitative traits of prey are relevant concerning the
foraging and feeding strategies of anurans according to
Toft (1980).

B RESULTS

We examined 40 individuals of L. mystaceus, from which
26 stomach contents were obtained by flushing. Stomach
flushing revealed 19 prey items belonging to eight tax-
onomic categories (Table 1), whereby a mean of 1.4 prey
items was found per individual (min = 1; max = 6). Based
on the Index of Relative Importance (IRI), coleopterans
(91.3 %) and orthopterans (44.8 %), constituted the most
important prey categories.

The correlation values between SVL (rs = 0.3322; p =
0.2458), jaw width (rs = 0.3011; p = 0.2955), and body
mass (rs = 0.0440; p = 0.8813) with the volume of the prey
were not significant (Fig. 1). The morphological variables
varied approximately two-fold for each variable (Table 2).
The Levins index for niche breadth was 0.40. Of the prey
items according to hardness, we found that hard prey (63.2
%) was more common than soft (21.1 %) and intermediate
prey (15.8 %); according to evasiveness, intermediate prey
(57.9 %) was more common than sedentary and evasive
prey (Fig. 2).

l DIscussION

Although the diet of this species has been studied in other
locations (see Camera et al. 2014) and in the same locali-
ty with different methods (see Oliveira-Souza et al. 2021),
our study adds data on the natural history of the L. mys-
taceus. The use of stomach-flushing in the present study
revealed a greater number of prey (n = 8) of which Diplu-
ra, Formicidae, anurans, and lizards were not recorded in
a previous study (e.g., Oliveira-Souza et al. 2021). For this
reason, our study showed once again that stomach-flush-
ing is an efficient method to study the diet of anurans (Solé
et al. 2005, Solé and Rodder 2010, Solé et al. 2018).



The diet of L. mystaceus was dominated by three prey cat-
egories (Coleoptera, Araneae, and Orthoptera), which rep-
resent more than 82 % of the prey consumed. The orders
Coleoptera, Araneae, and Orthoptera are a group of high-
ly diverse organisms and very abundant in the environ-
ment (Rafael et al. 2012). The dominance of Coleoptera
and Araneae in the diet of L. mystaceus has been report-
ed before by Oliveira-Souza et al. (2021) for a population
in Cancado Natural Municipal Park in Amap4 state (78 %
prey consumed), and Dermaptera and Coleoptera by Cam-
era et al. (2014) in Florentino farm, in Novo Progresso,
Para state (72 % prey consumed). However, we cannot say
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Figure 1. Spearman correlation between (A) snout-vent length (SVL),
(B) Jaw width and (C) Body mass with volume of prey consumed of L.
mystaceus.
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a preference for these items because available prey in the
environment was not assessed. Associated with it, the high
number of individuals with empty stomachs suggests that
diet could be potentially more diverse than we recorded.

Leptodactylus mystaceus shared some characteristics that
agree with the generalist behavior of typical “sit-and-wait”
foragers such as cryptic coloration, few food items per
stomach (mean = 1.4 items per stomach), high percentage
of mobile food items (e.g. Coleoptera, Orthoptera, Formi-
cidae, Annelida, Anura and Lizard) and low trophic niche
breadth. Although low trophic niche breadth, L. mysta-
ceus is not specialized in any prey category. According to
Toft (1980) and based on their trophic niche breadth, L.
mystaceus is a “non-ant specialist predator”, with stom-
ach content with high mobile arthropods.

We found no significant correlation between ingested prey
volumes and frog SVL, jaw width, and weight, indicating
that a large size did not imply an increase in the size of
prey ingested. The lack of correlations between prey vol-
ume and SVL and mouth width was also observed for other
leptodactylids (e.g., Solé et al. 2009, Sanches et al. 2019;
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Figure 2. Classification of prey item (%) according to hardness (hard, soft,
intermediate) and mobility (evasive, sedentary, intermediate) in the diet
of L. mystaceus.
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Table 1. Composition, Number (N%), Frequency (F%), Volume (V%), Index of relative importance (IRI), Hardness and Mobility of each category of prey
recorded in the stomach contents of L. mystaceus in the municipality of Serra do Navio, Amapa.

Araneae 5.8 8.8 7.3 1.9 5.2 Sedentary
Diplura 1 5.3 1 6.3 61.6 21 12.2 Soft Sedentary
Coleoptera 9 47.4 6 375 5721 19.2 91.3 Hard Intermediate
Orthoptera 2 10.5 2 125 1954.3 65.5 44.8 Intermediate ~ Evasive
Formicidae 1 5.3 1 6.3 19.6 0.7 11.7 Hard Intermediate
Annelida 1 5.3 1 6.3 2229 7.5 14.0 Intermediate Intermediate
Anura 1 53 1 6.3 44.9 1.5 12.0 Hard Evasive
Lizard 1 53 1 6.3 52.3 1.8 121 Hard Evasive

Pedroso-Santos et al. 2022), that prefer to ingest smaller ] AUTHORS CONTRIBUTIONS

prey items than those who feed on fewer but larger prey

items. A significant correlation between predator size and ~ CECC field assistance and biological analysis; MMSS field
jaw width with prey volume may be more common for  assistance, helped with specimen observations and analysis;

frogs that prey exclusively on larger prey or possess low  AEQS helped with specimen observations and analysis;
metabolism, than generalist species that feed opportunis-  pRrg field assistance, writing, statistical and biological anal-

tically and can be positively associated with the number of
consumed taxa (Toft 1980, Moser et al. 2022). In the same

ysis; CECC reviewing and writing the manuscript.

way that body size seems to define the capacity to ingest a
large number of prey items, mouth width could be a limit- I CONFLICT OF INTERESTS

ing factor in prey selection (Oliveira et al. 2019).
The authors declare that there is no conflict of interest.

Although the trophic ecology of L. mystaceus is well un-
derstood, we highlight that stomach-flushing is an efficient I ACKNOWLEDGEMENTS
method to study the diet of anurans, since exclusive food
items in our study (i.e., Diplura, Formicidae, Anura, and

This study was carried out as part of the Project “Natu-

lizard) were detected in the trophic guild of this species. ral history of anurans of eastern Amazon”. We thank the

We hope that our data will improve the understanding of Instituto Chico Mendes de Conservacao da Biodiversi-
dade (ICMBio) for providing collection permits (SISBIO
#48102-3) and Christoph Jaster (PARNA Montanhas do

Tumucumaque) for logistical support during the field-

the trophic ecology of this species, as well as provide sup-
port for further studies in other leptodactylids from the
Guiana Shield region.

work. Research productivity scholarship of CNPq to CECC

Table 2. Range, mean, and standard deviation of morphological variables (Proc. 307697/2022-3).
for the 40 individuals of L. mystaceus analyzed for stomach contents.

Snout-vent length (mm) 43.6-53.5 7.7
Affonso IP, Delariva RL, Navarro MP. 2011. Amphibia, Anura,

Jaw width (mm) 15.1-18.2 16.9 0.9 Leptodactylidae, Leptodactylus mystaceus (Spix, 1824): Dis-
tribution extension. Check List 7: 198-199. doi: http://doi.

Body mass (g) 6.7-13.0 24 21 0rg/10.15560/7.2.198

584


http://doi.org/10.15560/7.2.198
http://doi.org/10.15560/7.2.198

Alvares CA, Stape JL, Sentelhas PC, Gongalves JLM,
Sparovek G. 2013. Koppen’s climate classification map
for Brazil. Meteorol. Z. 22(6): 711—728. doi: http://doi.
0rg/10.1127/0941-2948/2013/0507

Andreani TL, Borges R.E, Santos LRS. 2017. Leptodactylus mysta-
ceus (Spix, 1824): Distribution extension for the Brazilian Cer-
rado (Anura: Leptodactylidae). Herpetol. Notes 10: 435—437.

Ayres M, Ayres Jr. M, Ayres DL, Santos AS. 2007. BioEstat 5.0.
AplicacOes estatisticas nas areas das Ciéncias Biologicas e Médi-
cas. Belém, Brazil: Sociedade Civil de Mamiraua.

Baia RRJ, Sanches PR, Pedroso-Santos F, Florentino AC, Cos-
ta-Campos CE. 2020. Diet overlap of three sympatric species of
Leptodactylus Fitzinger (Anura: Leptodactylidae) in a Protected
area in the Brazilian Amazon. Cuad. Herpetol. 34(2): 175-184.

Camera BF, Krinski D, Calvo IA. 2014. Diet of the Neotropical frog
Leptodactylus mystaceus (Anura: Leptodactylidae). Herpetol.
Notes 7: 31—36.

Ceron K, Moroti MT, Alves RA, Porcel ZP, Marcola Y, Pereira LB,
Santana DJ. 2018. Diet and first report of batracophagy in Lep-
todactylus podicipinus (Anura: Leptodactylidae). Neotrop. Bi-
odivers. 4(1): 69—73. doi: https://doi.org/10.1080/23766808.
2018.1467173

Colli GR, Zamboni DS. 1999. Ecology of the worm-lizard Am-
phisbaena alba in the Cerrado of Central Brazil. Copeia 1999:
733—742. doi: https://doi.org/10.2307/1447606

Cuestas-Carrillo JF, Ferreira VG, Santana DJ. 2019. Batrachop-
hagy by Leptodactylus chaquensis (Anura: Leptodactylidae)
in the Brazilian Cerrado and Pantanal. Herpetol. Notes 12:
261-263.

de Sa RO, Grant T, Camargo A, Heyer WR, Ponssa ML, Stanley
E. 2014. Systematics of the Neotropical Genus Leptodactylus
Fitzinger, 1826 (Anura: Leptodactylidae): Phylogeny, the Rel-
evance of Non-molecular Evidence, and Species Accounts. S.
Am. J. Herpetol. 9 (Special Issue 1): S1—S128. doi: https://doi.
org/10.2994/SAJH-D-13-00022.1

do Couto AP, Silveira R, Soares AMVM, Menin M. 2018. Diet of
the Smoky Jungle Frog, Leptodactylus pentadactylus (Anura,
Leptodactylidae) in an urban forest fragment and in a preserved
forest in Central Amazonia, Brazil. Herpetol. Notes 11: 519—525.

Lima JRF, Lima JD, Lima SD, Silva RBL, Andrade GVD. 2017.
Amphibians found in the Amazonian savanna of the Rio
Curiatt Environmental Protection Area in Amapa, Bra-
zil. Biota Neotrop. 17(2): e20160252. doi: https://doi.
0rg/10.1590/1676-0611-BN-2016-0252

Mohanty NP, Measey J. 2018. What’s for dinner? Diet and poten-
tial trophic impact of an invasive anuran Hoplobatrachus tiger-
inus on the Andaman archipelago. Peerd 6: e5698. doi: https://
doi.org/10.7717/peerj.5698

Santana et al, 2024. Caldasia 46(3):573-579

Moreira-Brito T, Dias-Souza MR, Melo FS, Soeiro ALS, Cos-
ta-Campos CE. 2020. Batrachophagy on the leptodactylid frogs
in eastern Amazon: napo tropical bullfrog Adenomera hylae-
dactyla and the basin white-lipped frog Leptodactylus mysta-
ceus. Alytes 37(3-4): 53—56.

Moser CF, Farina RK, Dudczak AC, Tozetti AM, Lignau R. 2022.
Feeding ecology of endemic frogs of the Atlantic Forest in
southern Brazil. An. Acad. Bras. Cienc. 94(2): e20210282. doi:
https://doi.org/10.1590/0001-3765202220210282

NHMET database c2022. Banco de dados do Nicleo de Hidro-
meteorologia e energias renovaveis do Instituto de pesquisas
cientificas e tecnoldgicas do estado do Amapa, NHMET/IEPA.
[Last accessed: 05 March 2022] http://www.iepa.ap.gov.br/
meteorologia

Oliveira M, Dalzochio MS, Santos NLPS, Tozetti AM. 2019. Prey
Selection by Anurans in Subtemperate Swamps of the Extreme
South of Brazil. S. Am. J. Herpetol. 14(3): 204—212. doi: https://
doi.org/10.2994/SAJH-D-17-0005

Oliveira-Souza AE, Santana MMS, Sanches PR, Costa-Campos
CE. 2021. Diet of two sympatric species of the Leptodactylus
fuscus group: Leptodactylus longirostris (Boulenger, 1882) and
Leptodactylus mystaceus (Spix, 1824) in the Brazilian Amazon.
Cuad. Herpetol. 35(2): 245—251. doi: https://doi.org/10.31017/
CdH.2021.(2020-084)

Pianka ER. 1986. Ecology and natural history of desert lizards.
New Jersey: Princeton University Press. doi: https://doi.
org/10.1515/9781400886142

Pedroso-Santos F, Sanches PR, Costa-Campos CE. 2022. Trophic
niche of Pseudopaludicola boliviana (Anura: Leptodactylidae)
from northern Brazil. North-West. J. Zool. 18: 58—-64.

Rafael JA, Melo G, Carvalho C, Casari CA, Constantino R. 2012.
Insetos do Brasil: Diversidade e Taxonomia. Ribeirao Preto,
Brazil, Holos.

Sanches PR, Pedroso-Santos F, Costa-Campos CE. 2019. Diet of
Adenomera hylaedactyla (Cope, 1868) (Anura: Leptodac-
tylidae) from an urban area in southern Amapa, east-
ern Amazon. Herpetol. Notes 12: 841-845.

Silva e Silva YB, Costa-Campos CE. 2018. Anuran species compo-
sition of Cancao Municipal Natural Park, Municipality of Ser-
ra do Navio, Amapa state, Brazil. ZooKeys 762: 131—148. doi:
https://doi.org/10.3897/zookeys.762.22634

Solé M, Beckmann O, Pelz B, Kwet A, Engels W. 2005. Stom-
ach-flushing for diet analysis in anurans: an improved protocol
evaluated in a case study in Araucaria forests, southern Brazil.
Stud. Neotrop. Fauna Environ. 40(1): 23—28. doi: https://doi.
0rg/10.1080/01650520400025704

Solé M, Dias ID, Rodrigues EAS, Marciano-Jr. E, Branco SMJ,
Rodder D. 2018. Diet of Leptodactylus spixi (Anura: Lepto-
dactylidae) from a cacao plantation in southern Bahia, Brazil.
North-West. J. Zool. 15(1): 62—66.

585


http://doi.org/10.1127/0941-2948/2013/0507
http://doi.org/10.1127/0941-2948/2013/0507
https://doi.org/10.1080/23766808.2018.1467173
https://doi.org/10.1080/23766808.2018.1467173
https://doi.org/10.2307/1447606
https://doi.org/10.2994/SAJH-D-13-00022.1
https://doi.org/10.2994/SAJH-D-13-00022.1
https://doi.org/10.1590/1676-0611-BN-2016-0252
https://doi.org/10.1590/1676-0611-BN-2016-0252
https://doi.org/10.7717/peerj.5698
https://doi.org/10.7717/peerj.5698
https://doi.org/10.1590/0001-3765202220210282
http://www.iepa.ap.gov.br/meteorologia
http://www.iepa.ap.gov.br/meteorologia
https://doi.org/10.2994/SAJH-D-17-0005
https://doi.org/10.2994/SAJH-D-17-0005
https://doi.org/10.31017/CdH.2021.(2020-084)

https://doi.org/10.31017/CdH.2021.(2020-084)

https://doi.org/10.1515/9781400886142
https://doi.org/10.1515/9781400886142
https://doi.org/10.3897/zookeys.762.22634
https://doi.org/10.1080/01650520400025704
https://doi.org/10.1080/01650520400025704

Santana et al, 2024. Caldasia 46(3):573-579

Solé M, Dias IR, Rodrigues EAS, Marciano-Jr. E, Branco SMJ,
Cavalcante KP, Rodder D. 2009. Diet of Leptodactylus ocella-
tus (Anura: Leptodactylidae) from a cacao plantation in south-
ern Bahia, Brazil. Herpetol. Notes 2: 9—15.

Solé M, Rodder D. 2010. Dietary assessments of adult am-
phibians. In: Amphibian ecology and conservation: a hand-
book of techniques, p. 167-184. Dodd Jr., C.K., Ed., Ox-
ford, Oxford University Press. doi: https://doi.org/10.1093/
0s0/9780199541188.003.0010

Sousa JC, Baia RRJ, Costa-Campos CE. 2016. Rhinella major
(Anura: Bufonidae) and Leptodactylus macrosternum (Anura:
Leptodactylidae): predation and cannibalism by Leptodactylus
macrosternum. Cuad. Herpetol. 30(1): 25—27.

Toft CA. 1980. Feeding ecology of thirteen syntopic species of
anurans in a seasonal tropical environment. Oecologia 45(1):
131—141. doi: https://doi.org/10.1007/BF00346717

586

Toft CA. 1981. Feeding ecology of Panamanian litter anurans: pat-
terns in diet and foraging mode. J. Herpetol. 15(2): 139—144.
doi: https://doi.org/10.2307/1563372

Toledo LF, Castanho LM, Haddad CFB. 2005. Recognition
and distribution of Leptodactylus mystaceus (Anura; Lep-
todactylidae) in the State of Sdo Paulo, Southeastern Brazil,
Biota Neotrop. 5(1): 57-62. doi: https://doi.org/10.1590/
S1676-06032005000100006

Vanhooydonck B, Herrel A, Van Damme R, Reilly SM, McBrayer
LD, Miles DB. 2007. Interactions between habitat use, behav-
ior, and the trophic niche of lacertid lizards. In: Lizard Ecology:
The Evolutionary Consequences of Foraging Mode, p. 427—449.
Reilly, S.M., McBrayer, L.B., Miles, D.B., Eds., Cambridge,
United Kingdom, Cambridge University Press. doi: https://doi.
org/10.1017/CB09780511752438.016

Zar JH. 2010. Biostatistical Analysis. Five Edition. Upsaddler
Road: Prentice Hall.


https://doi.org/10.1093/oso/9780199541188.003.0010
https://doi.org/10.1093/oso/9780199541188.003.0010
https://doi.org/10.1007/BF00346717
https://doi.org/10.2307/1563372
https://doi.org/10.1590/S1676-06032005000100006
https://doi.org/10.1590/S1676-06032005000100006
https://doi.org/10.1017/CBO9780511752438.016
https://doi.org/10.1017/CBO9780511752438.016

