ISSN Versién Impresa 2218-6425 ISSN Versién Electrénica 1995-1403

Neotropical Helminthology, 2025, vol. 19 (1), 65-74

Neotropical Helminthology

ORIGINAL ARTICLE / ARTICULO ORIGINAL

NEMATODES INFECTING PHYLLOPEZUS POLLICARIS (SPIX, 1825)
(REPTILIA: PHYLLODACTYLIDAE) IN THE PALMARES NATIONAL
FOREST, PIAUI STATE, BRAZIL

NEMATODEOS INFECTANDO PHYLLOPEZUS POLLICARIS (SPIX, 1825)
(REPTILIA: PHYLLODACTYLIDAE) NA FLORESTA NACIONAL
DE PALMARES, ESTADO DO PIAUI, BRASIL

NEMATODOS QUE INFECTAN A PHYLLOPEZUS POLLICARIS (SPIX, 1825)
(REPTILIA: PHYLLODACTYLIDAE) EN EL BOSQUE NACIONAL
DE PALMARES, ESTADO DE PIAUI, BRASIL

Brenda Milena Bezerra Costa', Késsio de Castro Aratijo’, Cristiana Ferreira-Silva®, Ronildo Alves
Benicio®, Jussara da Concei¢ao Eduardo’, Samuel Lopes Pereira’ & Etielle Barroso de Andrade’”

' Grupo de Pesquisa em Biodiversidade e Biotecnologia do Centro-Norte Piauiense -BIOTECPI, Instituto Federal de
Educacio, Ciéncia e Tecnologia do Piauf - IFPI Campus Pedro 11, 64255-000, Pedro II, Piaui, Brasil.

* Nucleo Regional de Ofiologia, Universidade Federal do Ceard - UFC, Bloco 905, Centro de Ciéncias, Campus PICI, 60455-
760, Fortaleza, Ceard, Brasil.

* Laboratério de Herpetologia e Parasitologia de Animais Silvestres, Universidade Federal do Piaui - UFPI, Campus Picos,
64607-670, Picos, Piaui, Brasil.

* Corresponding author: brendamilena06@gmail.com

Brenda Milena Bezerra Costa:®https://orcid.org/0009-0004-3037-2769
Kissio de Castro Aratjo:®https://orcid.org/0000-0003-4091-8521
Cristiana Ferreira-Silva:®https://orcid.org/0000-0002-3087-2614
Ronildo Alves Benicio:®https://orcid.org/0000-0002-7928-2172
Jussara da Concei¢ao Eduardo:®https://orcid.org/0009-0005-1233-0220
Samuel Lopes Pereira: ®https://orcid.org/0009-0008-7618-4535
Etielle Barroso de Andrade:®https://orcid.org/0000-0002-5030-1675

ABSTRACT

Parasitological studies are important to understand the host-parasite interaction, providing information on the
coevolution, biogeography, morphology, and diet of the species. The present study describes the endoparasite fauna of
the lizard Phyllopezus pollicaris (Spix, 1825) in the Palmares National Forest, Piauf State, Brazil, a tropical forest covered
by transitional vegetation between the Caatinga and Cerrado biomes. Furthermore, we investigated the influence of
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lizards’ size and sex on endoparasite infection patterns. We analyzed 23 individuals of P pollicaris, of which 18 were
infected by at least one helminth, belonging to the Nematoda phylum: Spauligodon oxkutzcabiensis (Chitwood, 1938),
Strongyloides sp., and Parapharyngodon sp. Overall, S. oxkutzcabiensis showed the highest prevalence (73.9%), mean
infection intensity (8.64 = 12.7), and mean abundance (6.39 + 11.5). We observed that the lizard size was positively
related to the abundance of endoparasites, while the sex of individuals had a poor effect on parasitological descriptors.
This study contributes information about the endoparasite fauna associated with 2 pollicaris, composed exclusively of
nematodes. As a pioneering study, it can be considered the starting point for parasitological studies involving lizards in
Piauf State, Northeastern Brazil.

Keywords: Geckos — helminths — lizards — parasites
RESUMO

Estudos parasitolégicos sao importantes para se compreender a relagio parasito-hospedeiro, fornecendo informagoes
sobre a coevolugio, biogeografia, morfologia ¢ dieta das espécies. O presente estudo descreve a fauna endoparasitdria
do lagarto Phyllopezus pollicaris (Spix, 1825) na Floresta Nacional (Flona) de Palmares, Piaui, Brasil, uma floresta
recoberta por vegetagoes de transi¢ao entre o Cerrado e a Caatinga. Além de investigar a influéncia do sexo e do tamanho
dos lagartos nos padrées de infecgoes. Analisamos 23 exemplares de 2 pollicaris dos quais 18 estavam infectados por
pelo menos um helminto, pertencente a trés espécies de nematddeos: Spauligodon oxkutzcabiensis (Chitwood, 1938),
Strongyloides sp. e Parapharyngodon sp. No geral, a maior prevaléncia (73,9), intensidade média de infecgio (8,64 +
12,7) e abundincia média (6,39 + 11,5) foi de S. oxkutzcabiensis. Nos observamos que o tamanho dos lagartos estd
positivamente relacionado com a abundéncia de parasitos, enquanto que o sexo do individuo teve pouco efeito nos
descritores parasitoldgicos. Este estudo contribui com informagées sobre a fauna de endoparasitas associada a P pollicaris,
sendo composta exclusivamente por nematoides. Por ser pioneiro, pode ser considerado o ponto de partida para estudos
parasitolégicos envolvendo lagartos no estado do Piaui, Nordeste do Brasil.

Palavras-chave: Gekkos — helmintos — lagartos — parasitos
RESUMEN

Los estudios parasitolégicos son importantes para entender la relacién pardsito-huésped, proporcionando informacién
sobre la coevolucién, biogeografia, morfologia y dieta de la especie. El presente estudio describe la fauna endopardsita del
lagarto Phyllopezus pollicaris (Spix, 1825) en el Bosque Nacional de Palmares, Estado de Piaui, Brasil, un bosque cubierto
por vegetacién de transicién entre el Cerrado y la Caatinga. Ademds de investigar la influencia del sexo y tamano de las
lagartijas en los patrones de infeccién. Se analizaron 23 ejemplares de P pollicaris, de los cuales 18 estaban infectados
por al menos un helminto, pertenecientes a tres especies de nematodos: Spauligodon oxkurzcabiensis (Chitwood, 1938),
Strongyloides sp. y Parapharyngodon sp. En general, la mayor prevalencia (73,9), intensidad media de la infeccién (8,64 +
12,7) y abundancia media (6,39 + 11,5) fue de S. oxkurzcabiensis. Observamos que el tamafo de la lagartija se relaciona
positivamente con la abundancia de pardsitos, mientras que el sexo del individuo tuvo poco efecto en los descriptores
parasitolégicos. Este estudio contribuye con informacién sobre la fauna endopardsita asociada a P pollicaris, que estd
compuesta exclusivamente por nematodos. Al ser pionero, puede considerarse el punto de partida para los estudios
parasitolégicos que involucran lagartos en el estado de Piaui, en el noreste de Brasil.

Palabras clave: Gekkos — helmintos — lagartos — pardsito
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INTRODUCTION

Parasites are organisms that need other living organisms to
survive, using the host as a food source and intermediate
or permanent home (Windsor, 1995). They are classified
as ectoparasites when they live outside or in the host’s
pits (e.g., ticks) or endoparasites residing inside the host
(e.g., nematodes; Rey, 2018). Regarding endoparasites,
they are classified as macro or microparasites, for
example, arthropods, plathelminths, nematodes, fungi,
and bacteria (Pantoja er al, 2015). Parasitological
studies provide information about the coevolution,
biogeography, morphology, and diet of species since
parasitic infections significantly affect their hosts (Poulin,
2021). Furthermore, endoparasites play an important role
in the ecosystems acting as environmental bioindicators
(Poulin, 1999; Zargar & Chishti, 2022).

Lizardsare interesting ecological models for parasitological
studies because of their well-resolved taxonomy and for
acting as intermediate and definitive hosts of diverse
endoparasite species (Wilson & Carpenter, 1996). This
interaction is usually associated with the host forage
mode and diet, in which they are infected directly by
larvae cutaneous penetration or by ingestion of infected
prey (Gonzélez et al., 2021; Dantas et al., 2024).

Lizards are one of the most diverse vertebrate groups,
with 7,724 species registered in the world (Uetz et al.,
2024). Morphophysiological adaptations and the water-
independence to reproduce contributed to the lizard
diversification worldwide (Hickman ez a/., 2013). There
are 292 lizard species in Brazil, of which 14 belong to
the Phyllodactylidae family (Guedes ez al., 2023). These
lizards are characterized by having smooth skin with the
presence of granules, well-developed limbs, non-existent
eyelids, and adhesive lamellae that they use to attach
themselves to surfaces (Rocha, 1994; Gamble ez 4/, 2012;
Cacciali ez al., 2018).

Among the Phyllodactylidae, Phyllopezus pollicaris (Spix,
1825) (Reptilia: Phyllodactylidae) is a mid-size Gecko
reaching up to 20 cm in total length, characterized by
having a depressed body, flattened head, snout with large
granules, well-developed limbs, and distinct coloring
between juveniles and adults (Rodrigues, 1985; Vanzolini
et al.,1980). This species is widely distributed in Brazil,
being commonly recorded in the Caatinga and Cerrado
biomes (Gamble ez al., 2012; Guedes et al., 2023). Itis a
nocturnal lizard that inhabits rocky outcrops, fallen tree
trunks, leaf litter, and also urban areas. In addition, it is a
“sit-and-wait” forager having an insectivore diet (Silva &
Aratjo, 2008; Gamble ez al., 2012; Carvalho ez al., 2014).

Some studies already reported endoparasites infecting
P pollicaris, for exemple, nematodes and cestodes were
found parasitizing this lizard in the Estacio Ecoldgica
de Aiuaba (Lima e# 4/, 2017) and in an urban area of
Crato municipality (Sousa ez al., 2014), both in Ceard
State, Northeastern Brazil. In these studies, Spauligodon
oxkutzcabiensis (Chitwood, 1938) had the highest
prevalence and mean infection intensity. Specifically
in Piaui State, there is one only record of Raillietiella
mottae (Almeida, Freire & Lopes, 2008) parasitizing this
lizard (Sousa ez al, 2010). Therefore, due to the lack
of parasitological studies dealing with lizard species in
Piaui State, the present study aimed to investigate the
endoparasites associated with 2 pollicaris in the Palmares
National Forest, Piaui State, Northeastern Brazil, besides
testing how the size and sex of the individuals influence
the infection patterns.

MATERIAL AND METHODS
Study area

The present study was conducted in the Palmares
National Forest (Fig. 1), situated in the municipality of
Altos, Piaui State, Northeastern Brazil (05°03°25.90”S,
42°35°34.04”W, elev. 160 m). It is a small federal
conservation unit comprising 170 ha, created by
decree S/N of 21 February 2005, that aims to maintain
and protect wild animals and native forest species in
Piaui (ICMBio, 2022). It is a seasonal semideciduous
(ecotonal) forest inserted in a transition area between the
Cerrado and Caatinga biomes (IBGE, 2019). The climate
is tropical with two well-defined seasons (rain and dry
seasons), annual rainfall ranging from 1200 to 1400 mm,
and annual mean temperature of 28° C (Brandio et /.,
2020; ICMBio, 2022; INMET, 2024).

Sampling

We searched for individuals of P pollicaris using visual
active searches in microhabitats usually used by them,
such as trunks, trees, and sandstone outcrops (see
Recoder et al., 2012; Gongalves et al., 2019). We carried
out two samplings of five consecutive days in February
and March, totaling 10 collection days. Four researchers
conducted the samplings in the morning (9 to 12 h)
and night (18 to 23 h), totaling 320 hours of sampling
effort. We euthanatized the collected lizards following the
guidelines established by the National Council for the
Control of Animal Experimentation in accordance with
Law 11.794 of 2008, article 14 § 1° and with Normative
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Resolution 37, February 15, 2018 (Concea, 2018), and
the Brazilian Guide for the Production, Maintenance

or Use of Animals in Teaching or Scientific Research
Activities (Jared et al., 2023).

42.60°W 42.59°W
Legends
@ Floresta Nacional (FLONA) de Palmares I Piaui state
[ FLONA Paimares limists [ Brazil

Trails visited

Figure 1. Location map of the Palmares National Forest, Piauf State, Northeastern Brazil, highlighting

the main visiting trails.

Parasitological procedures

In the lab, we measured the snout-vent length of each
collected individual using a digital caliper (precision of
0.01 mm), and we necropsied the individuals with a
ventral incision and removed their organs with the help
of a stereomicroscope. Firstly, we analyzed the presence
of endoparasites in the oral cavity and, thereafter,
the following organs: digestive tract, lungs, heart,
liver, and kidneys (Amato et /., 1991). The collected
endoparasites were fixed in 10% formalin, preserved
in 70% alcohol, and housed in the Helminthological
Collection of the Universidade Federal do Ceard,
Fortaleza, Brazil.

Data analyses

According to Bush ez al. (1997), we used the following
parasitological descriptors: richness (total number of
endoparasite species), abundance (total number of
endoparasites), mean abundance (total number of a
given species of parasite in an individual/number of hosts
examined), prevalence (number of infected hosts/total

number of hosts analyzed), and mean infection intensity
(total number of a species of endoparasites/number of
hosts infected by the same parasite). After that, we used
the abundance data to investigate how the lizard sizes
influence the endoparasite infection. For this, we used
the non-parametric regression of Kernel (Nadaraya,
1964) because our data did not follow the assumptions
for the linear regression test. We used the R packages
Vegan (Oksanen er al., 2024) and ggplot2 (Wickham,
2016) to perform this analysis.

Ethic aspects: All the procedures used in this work
comply with the ethical standards of the relevant
national and institutional guidelines on the care and
use of laboratory animals. Collection authorization
Chico Mendes Institute for Biodiversity Conservation
- ICMBio (#86665-2). Voucher specimens were housed
in the Biological Collection of Instituto Federal de
Educagao, Ciéncia e Tecnologia do Piaui, Campus Pedro

II (CBPII).
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RESULTS

We collected 23 P, pollicaris individuals (12 males and 11
females), of which 18 had at least one helminth parasite
(total prevalence = 78.2%). Overall, we found 149

nematodes with a mean abundance of 6.47 endoparasites
per individual and 8.27 mean infection intensity. The
highest endoparasite abundance was found in the larger
intestine (139 nematodes), whereas 10 were recorded in
the stomach and five in the small intestine (Table 1).

Table 1. Endoparasites associated with Phyllopezus pollicaris in the Palmares National Forest, Piaui State, Northeastern
Brazil, with the respective number of helminths recorded (NH), prevalence (P), mean infection intensity (IM), mean
abundance (MA), minimum and maximum number of parasites per individual (Min-Max) and site of infection (IG).

Endoparasitos NH P% IM+SD MA:SD Min-Max SI
Spauligodon oxkutzcabiensis 147 739  8.64 +12.7 639115 1-41 ST, L1, SI
Strongyloides sp. 1 4.34 1 0.04 +0.20 1-1 SI
Parapharyngodon sp. 1 4.34 1 0.04 +0.20 1-1 LI
TOTAL 149 782  827+124 6.47 + 11.5 1-41

Legends: standard deviation (SD), stomach (ST), large intestine (LI) and small intestine (SI).

Phyllopezus ~ pollicaris was exclusively parasitized by
nematodes belonging to three species: S. oxkurzcabiensis,
Strongyloides sp., and Parapharyngodon sp. (Fig. 2).
Among these, S. oxkurzcabiensis had highest prevalence,
abundance, and mean infection intensity. The other two
nematode species parasitized a single male individual.

Additionally, we observed that males had the highest
abundance (NH = 89), mean abundance (MA = 7.42),
prevalence (P = 83.3), and mean infection intensity (IM
= 8.90) than females (NH = 60, MA =5.45, P = 72.3, IM
=7.50).

Figure 2. Nematode species parasitizing Phyllopezus pollicaris in the Palmares National Forest: A) Spauligodon
oxkutzcabiensis, B) Strongyloides sp., and C) Parapharyngodon sp.

It is interesting to note that the abundance of
endoparasites was positively related to the lizard size (F
= 4.481, P = 0.025), thus, larger individuals tended to be
more parasitized (Fig. 3).

DISCUSSION

We found a high abundance of helminths parasitizing

P pollicaris belonging to three species, composed of
nematodes exclusively. These helminths are usually
found parasitizing reptiles (Anderson, 2000; Lacerda
et al., 2023), and exclusively nematodes infection was
already reported for other lizards such as Tropidurus
hispidus (Spix, 1825) and 1. semitaeniatus (Spix,
1825), and even Geckos such as Hemidactylus mabouia
(Moreau de Jonnés, 1818) (Avila et al., 2012; Anjos et
al., 2013).

69
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Figure 3. Relationship between lizard size (SVL) and abundance of parasites associated with Phyllopezus pollicaris in the
Palmares National Forest, Piauf, Northeastern Brazil. We used logarithmized values for a better visualization.

Among the Phyllopezus species, our results support the
findings this lizard tend to be predominantly parasitized by
nematodes, mainly for S. oxkutzcabiensis in the Caatinga
biome (Avila et al., 2012; Sousa et al., 2014; Lima et
al., 2017). The high infections taxa of S. oxkutzcabiensis
may be associated with its monoxenic life cycle, in which
parasitic infection can occur through the ingestion of
eggs (Anderson, 2000). This helminth had the highest
abundance and prevalence in the present study, and it is
commonly reported parasitizing other geckos in different
Brazilian biomes, as Cerrado, Caatinga, and Mata
Atlantica (Avila & Silva, 2010; Avila e al., 2012; Avila
et al., 2010; Araujo et al., 2020). It is noteworthy to note
that the host’s biological characteristics also influence the
parasitic infection patterns (Aho, 1990).

We found only one Strongyloides sp. specimen parasitizing
the larger intestine of a single male individual of P
pollicaris. The genus Strongyloides can be usually found
in the gastrointestinal tract of reptiles, birds, amphibians,
and mammals (Little, 1966; Roca & Hornero, 1992).
These parasites have a complex life cycle with two phases:
in the free-living phase, male and female individuais are
found that develop through indirect development and
exchange gametes (sexual or heterogonic reproduction),
and in the parasitic phase, parthenogenetic females are
found only that produce eggs without the need for a male
(asexual or homogonic reproduction) (Viney & Lok,

2007). This is the first report of this genus parasitizing 2
pollicaris, despite this nematode being frequently reported
to infect reptiles (Avila & Silva, 2010; Mati et al., 2013;
Mesquita ez al., 2020). Because we only found one female
with a broken posterior region, we were unable to count
the number of turns the posterior ovary makes around the
intestine, a characteristic crucial to species identification
(Little, 1966). As a result, we were unable to identify this
helminth to the species level.

Parapharyngodon is a nematode genus widely distribut-
ed and commonly recorded infecting insectivore reptile
species (Adamson, 1981), including lizards such as P
pollicaris, Ameiva ameiva (Linnaeus, 1758), and 1. semi-
taeniatus (Lacerda et al., 2023). Once this helminth has
a monoxenic lifecycle (Anderson, 2000), host infection
probably occurs during foraging activity, where this lizard
accidentally ingested the eggs of infectious parasites that
were attached to its prey or in the environment. However,
further investigations are necessary to prove the validity
of this proposal. Parapharyngodon sp. was not identified
to species level because only a single female was record-
ed, and the identification of Parapharyngodon species is
carried out based mainly on the reproductive characteris-
tics of males, such as morphology and size of the spicule,
number and arrangement of caudal papillae, presence or
absence of genital cone, and shape of the anterior lip of
the cloaca.
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We observed that larger lizards tended to be more infected
(highest endoparasite abundance). Based on the species-
area hypothesis (see Tjorve ez al., 2008), it is expected that
larger hosts will have more space and high niche diversity
to house endoparasites (Anjos ez al., 2012; Kamiya et al.,
2013; Campiao et al., 2015). This pattern was already
reported in lizards, including 2 pollicaris in an urban area
in Northeastern Brazil (Sousa ez al, 2014). However,
further studies are still needed to understand the main
drivers of endoparasite infections in lizard species.

Opverall, this study contributes to the knowledge of the
parasitic fauna of the lizard P pollicaris, being the first
study carried out in the Palmares National Forest, Piauf
State, Northeastern Brazil. Aspects related to seasonality,
foraging activity and feeding habits of hosts influence
endoparasite infections, however, little is known about how
parasitological descriptors are affected by the environmental
characteristics of the Palmares National Forest. Therefore,
we reinforce the need of more parasitological studies in
this conservation unit aiming to understand the host-
endoparasite in lizard species of Piaui State.

ACKNOWLEDGMENTS

RAB and KCA thank Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico (CNPq) and
Fundagiao de Amparo i Pesquisa do Estado do Piauf
(FAPEPI) for providing research fellowship (Processes:
301239/2022-3; 150013/2023-0). CFS thank to CNPq
(#150125/2023-2) and thank Fundagio Cearense de
Apoio ao Desenvolvimento Cientifico e Tecnoldgico

(FUNCAP) (#FC3-0198-00006.01.00/22) for research
funding. We thank Andreia Andrade, Douglas Oliveira,

BIBLIOGRAPHIC REFERENCES

and Joao Lucas Ferreira for fieldwork support. We also
thank the manager of the Palmares National Forest,
Gaspar da Silva Alencar, for logistical support.

Author contributions: CRediT (Contributor Roles
Taxonomy)

BMBC = Brenda Milena Bezerra Costa

KCA = Kissio de Castro Aratjo

CFS =  Cristiana Ferreira-Silva

RAB = Ronildo Alves Benicio

JCE = Jussara da Conceiciao Eduardo
SLP =  Samuel Lopes Pereira

EBA =  Ecielle Barroso de Andrade

Conceptualization: BMBC, KCA

Data curation: BMBC, EBA

Formal Analysis: BMBC, KCA

Funding acquisition: RAB

Investigation: BMBC, KCA, RAB, EBA
Methodology: BMBC, KCA, RAB, EBA, CFS, JCE, SLP

Project administration: KCA, EBA

Resources: RAB, EBA

Software: KCA, EBA

Supervision: KCA, RAB, EBA

Validation: KCA, RAB, EBA

Visualization: BMBC, KCA, RAB, EBA

Writing — original draft: BMBC, JCE, SLP, CFS
Writing — review & editing: KCA, RAB, EBA, CFS

Adamson, M. L.(1981). Parapharyngodon osteopilin. sp. (Pharyngodonidae: Oxyuroidea) and a revision of Parapharyngodon

and Thelandyos. Systematic Parasitology, 3, 105-117.

Aho, J. M. (1990). Helminth communities of amphibians and reptiles: comparative approaches to understanding
patterns and processes. In: Esch, G. W, Busch, A. O. & Aho, J. M. (eds). Parasite communities: patterns and

processes. Chapman and Hall, New York, pp. 157-195.

Amato, J. E R., & Amato, S. B. (eds). (2010). Técnicas gerais para coleta e preparagio de helmintos endoparasitos de

aves. Technical Books, pp. 369 - 393.

Amato, J. E R., Boeger, W. P, & Amatos, B. (1991). Protocolos para laboratério: coleta e processamento de parasitos de
pescado. Imprensa Universitria, Universidade Federal Rural do Rio de Janeiro.



Neotropical Helminthology, Vol. 19, N°1, jan - jun 2025 Bezerra Costa et al.

Anderson, R. C. (ed). (2000). Nematoides parasitas de vertebrados seu desenvolvimento e transmissio. Cabi Publishing,
Nova York.

Anjos, L. A, Avila, R. W, Ribeiro, S. C., Almeida, W. O., & Silva, R. J. (2013). Gastrointestinal nematodes of the
lizard Tropidurus hispidus (Squamata: Tropiduridae) from a semi-arid region of north-eastern Brazil. Journal of

Helminthology, 87, 443-449.

Araujo, Filho. J. A., Teixeira, A. A. M., Teles, D. A., Rocha, S. M., Almeida, W. O., Mesquita, D. O., & Lacerda, A. C. E.
(2020). Using lizards to evaluate the influence of average abundance on the variance of endoparasites in semiarid
areas: dispersion and assemblage structure. Journal of Helminthology, 94, e121.

Avila, R. W, Anjos, L. A., Gongalves, U., Freire, E. M. X., Almeida, W. O., & Silva, R. ]J. (2010). Nematode infection
in the lizard Bogertia lutzae (Loveridge, 1941) from the Atlantic Forest in north-eastern Brazil. Journal of
Helminthology, 84, 199-201.

Avila, R. W., Anjos, L. A., Ribeiro, S. C., Morais, D. H., Silva, R. J., & Almeida, W. O. (2012). Nematodes of lizards
(Reptilia: Squamata) from Caatinga biome, northeastern Brazil. 7he Helminthological Society of Washington, 79,
56-63.

Avila, R. W., & Silva, R. J. (2010). Checklist of helminths from lizards and amphisbaenians (Reptilia, Squamata) of
South America. Journal of Venomous Animals and Toxins including Tropical Diseases, 16, 543-572.

Brandio, M. L. S. M., Freitas, I. B., Silva, A. G., Carvalho, S. P, Sousa, A. K., Silva, C. M. A., & Brito, S. M. C.
(2020). Biomassa aérea e NDVI em zona ecotonal cerrado-caatinga da Flona de Palmares, Altos, Piaui, Brasil.
Tbero-Americana de Ciéncias Ambientais, 11, 463-470.

Bush, A. O., Lafferty, K. D., Lotz, J. M., & Shostak, A. W. (1997). Parasitology meets ecology on its own terms:
Margolis ez al. revisited. Journal of Parasitology, 83, 575-583.

Cacciali, P, Lotzkat, S., Gamble, T., & Kéhler, G. (2018). Cryptic diversity in the Neotropical gecko genus Phyllopezus
Peters, 1878 (Reptilia: Squamata: Phyllodactylidae): A new species from Paraguay. International Journal of Zoology,
2018, 1-14.

Campido, K. M., Ribas, A. C. A., Morais, D. H., Dias, O. T,, Silva, R. J., & Tavares, L. E. R. (2015). How many
parasites species a frog might have? Determinants of parasite diversity in South American anurans. PLoS One, 10,
€0140577.

Carvalho, C. A., Sousa, J. R., Ferreira, A. C., Vieira, E M., Felix-Nascimento, G., Silva, D. C., & Ribeiro, L. B.
(2024). First record of the Naked-toed Gecko, Gymnodactylus geckoides Spix, 1825, as prey of the Brazilian Gecko,
Phyllopezus pollicaris (Spix, 1825), in the Caatinga morphoclimatic domain, Pernambuco, Brazil. Herperology
Notes, 17, 559-563.

Concea — Conselho Nacional de Controle e Experimentacio Animal (2018). Diretriz da Pritica de Eutandsia do Conselho
Nacional de Experimentacido Animal. Resolugao Normativa n® 37 de janeiro de 2108.

Dantas, M. V. G., Tavares, V. N. S., Guerra, I. G., Costa, J. S., de Alencar Franca, A. K., da Mota, Y. T. R., & de Medeiros,
M. H. T. (2024). Registros contemporineos de parasitismo em lagartos (Ordem Squamata) no Brasil. Cuadernos
de Educacion y Desarrollo, 16, €7083.

Gamble, T., Colli, G. R., Rodrigues, M. T., Werneck, F. P, & Simons, A. M. (2012). Phylogeny and cryptic diversity
in geckos (Phyllopezus; Phyllodactylidae; Gekkota) from South America’s open biomes. Molecular Phylogenetics and
Evolution, 62, 943-953.

Guedes, T. B., Entiauspe-Neto, O. M., & Costa, H. C. (2023). Lista de répteis do Brasil: atualizacio de 2022. Herpetologia

Brasileira, 12, 1-108



Neotropical Helminthology, Vol. 19, N°1, jan - jun 2025 Nematodes infecting Phyllopezus pollicaris

Gongalves, S. J. G., Mesquita, D. O., & Avila, R. W. (2019). Structure of a lizard assemblage in a semiarid habitat of the
Brazilian Caatinga. Herpetologica, 75, 301-314.

Gonzélez, C. E., Hamann, M. 1., & Duré, M. 1. (2021). Nematodes of amphibians from the South American Chaco:
distribution, host specificity and ecological aspects. Diversity, 13, 321.

Hickman, C. P. Jr., Roberts, L. S., Keen, S., Einsenhour, D. J., Larson, A., & I’Anson, H. (eds). (2013). Principios
Integrados de Zoologia. Guanabara Koogan.

IBGE - Instituto Brasileiro de Geografia e Estatistica. (2019). Biomas e sistema costeiro-marinho do Brasil: compativel
com a escala 1:250.000. Coordenagio de Recursos Naturais e Estudos Ambientais. Rio de Janeiro.

ICMBIO - Instituto Chico Mendes de Conservac¢io da Biodiversidade. (2022). Floresta Nacional de Palmares. Brasilia,
hteps://www.gov.br/icmbio/pt-br/assuntos/biodiversidade/unidade-deconservacao/unidades-de-biomas/caatinga/
lista-de-ucs/flona-de-palmares/arquivos/pm_flona_palmares_2022.pdf. _

INMET- Instituto Nacional de Meteorologia. (2024). INMET: Clima.

Jared, C. A. G. S., Grego, K. E,, Antoniazzi, M. M., Sant’anna, S. S., Santos, S. M. A., Mattaraia, V. G. M. (2023).
Capitulo 7 - Anftbios e serpentes. Guia brasileiro de produgio, manutencio ou utilizagio de animais em atividades de
ensino ou pesquisa cientifca/Concea. Ministério da Ciéncia, Tecnologia e Inovagao, pp. 467 - 1107. In: Mattaraia,
V. G. M. (coord.). Viana, A. A. B., De Angelis, K., Braga, L. M. G. M. (org.) Guia brasileiro de produgio,
manutengio ou utilizagio de animais em atividades de ensino ou pesquisa cientifca/Concea. 12 ed. Brasilia/DE
Ministério da Ciéncia, Tecnologia e Inovagio, 1107p.

Kamiya, T., O’Dwyer, K., Nakagawa, S., & Poulin, R. (2014). What determines species richness of parasitic organisms?
A meta-analysis across animal, plant and fungal hosts. Biological Reviews, 89, 123-134.

Lacerda, G. M. C,, Santana, J. D. A., Araujo Filho, J. A., & Ribeiro, S. C. (2023). Checklist of parasites associated with
‘reptiles’ in Northeast Brazil. Journal of Helminthology, 97, 13:97, €3.

Lima, V. E, Brito, S. V., Araujo Filho, ]J. A., Teles, D. A., Ribeiro, S. C., Teixeira, A. A., & Almeida, W. O. (2017).
Helminth parasites of Phyllodactylidae and Gekkonidae lizards in a Caatinga ecological station, northeastern
Brazil. Biota Neotropica, 17, 20160263.

Little, M. D. (1966). Sete novas espécies de Strongyloides (Nematoda) da Louisiana. Jornal de Parasitologia, 52, 85-97.

Mati, V. L. T,, Pinto, H. A., & Melo, A. L. (2013). Strongyloides cruzi (Rhabditida: Strongyloididae) in Ophiodes striatus
(Squamata: Anguidae) from Brazil: new host and locality records with taxonomic comments on Strongyloides of
lizards. Neotropical Helminthology, 7, 327-333.

Mesquita, J. M. S., Oliveira, S. S., Perez, R., & Avila, R. W. (2020). Helminths associated with Norops fuscoauratus
(Squamata, Dactyloidae) in highland marshes of the Brazilian semi-arid. Journal of Helminthology, 94, €153.

Nadaraya, E. A. (1964). On estimating regression. 7heory of Probability & Its Applications, 9, 141-142.

Oksanen, ]., Simpson, G.L., Blanchet, E G., Kindt, R., Legendre, P, Minchin, PR., O'Hara, R.B., Solymos, P, Stevens,
M.H.H., Szoecs, E., Wagner, H., Barbour, M., Bedward, M., Bolker, B., Borcard, D., Carvalho, G., Chirico,
M., De Caceres, M., Durand, S., Evangelista, H.B.A., FitzJohn, R., Friendly, M., Furneaux, B., Hannigan, G.,
Hill, M.O., Lahti, L., McGlinn, D., Ouellette, M.H., Cunha, E.R., Smith, T., Stier, A., Ter Braak, C.].E, James
Weedon, J., & Borman, T. (2024). vegan: Community Ecology Package. R package version 2.6.10. https://
CRAN.R-project.org/package=vegan.

Pantoja, M. D. L., Paixdo, C. G., Brito, S. H. E., & Mourio, L. C. (eds). (2015). Principios de parasitologia. EAUECE,
Fortaleza, pp. 9 — 155.



Neotropical Helminthology, Vol. 19, N°1, jan - jun 2025 Bezerra Costa et al.

Poulin, R. (1999). The functional importance of parasites in animal communities: many roles at many levels? International
Journal for Parasitology, 29, 903-914.

Poulin, R. (2021). Functional biogeography of parasite traits: hypotheses and evidence. Philosophical Transactions of the
Royal Society B, 376, 1837.

Rey, L. (eds). (2018). Bases da parasitologia médica. Guanabara Koogan.
Roca, V., & Hornero, M. J. (1992). Podarcis pityusensis (Sauria: Lacertidae). Folia Parasitologica, 39, 369-373.
Rocha, C. E D. (1994). Introdugio & ecologia de lagartos brasileiros. Herpetologia no Brasil, 1, 39-57.

Recoder, R., Teixeira Junior, M., Camacho, A., & Rodrigues, M. T. (2012). Natural history of the tropical gecko
Phyllopezus pollicaris (Squamata, Phyllodactylidae) from a sandstone outcrop in Central Brazil. Herpetology Notes,
5, 49-58.

Rodrigues, M. T. (1985). Uma nova espécie do género Phyllopezus de cabaceiras: Paraiba: Brasil; com comentdrios sobre
a fauna de lagartos da drea (Sauria Gekkonidae). Papéis Avulsos de Zoologia, 36, 237-250.

Silva, V. D. N., & Aratjo, A. E B. (eds). (2008). Ecologia dos lagartos brasileiros. Technical Books.

Sousa, J. G. G., Brito, S. V., Avila, R. W, Teles, D. A., Araujo-Filho, J. A., Teixeira, A. A. M., & Almeida, W. O. (2014).
Helminths and Pentastomida of two synanthropic gecko lizards, Hemidactylus mabouia and Phyllopezus pollicaris,
in an urban area in Northeastern Brazil. Brazilian Journal of Biology, 74, 943-948.

Sousa, J. G. G., Ribeiro, S. C., Roberto, L. ., Teles, D., & Almeida, W. (2010). Ocorréncia de pentastomideos (Metameria:
Ecdysozoa) no lagarto Phyllopezus pollicaris (Spix, 1825). Cadernos de Cultura e Ciéncia, 2, 64-71.

Tjerve, E., Kunin, W. E., Polce, C., & Calf-Tjerve, K. M. (2008). Species—area relationship: separating the effects of
species abundance and spatial distribution. Journal of Ecology, 96, 1141-1151.

Uetz, P, Freed, P, Aguilar, R., Reyes, E, Kudera, J., & Hosek, J. (eds). (2024). 7he Reptile Database, http:/[www.reptile-
database.org/

Vanzolini, P. E., Ramos-Costa, A. M. M., & Vitt, L. J. (eds). (1980). Répteis das caatingas. Academia Brasileira de
Ciéncias, pp. 85-161.

Viney, M. E., & Lok, J. B. (2007). Strongyloides spp. In: Hodgkin (ed.). WormBook, ed. The C. elegans Research
Community, WormBook, D. pp. 6-15.

Wickham, H. (eds). (2016). ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag New York, pp. 190-201.

Wilson, S. C., & Carpenter, J. W. (1996). Endoparasitic diseases of reptiles. Seminars in Avian and Exotic Pet Medicine,
2, 64-74.

Windsor, D. A. (1995). Direitos iguais para os parasitas. Biologia da Conservagio, 9, 1-2.

Zargar, U. R., & Chishti, M. Z. (2022). Parasitas como ferramentas emergentes de biomonitoramento - promessas e
armadilhas. Proceedings of the National Academy of Sciences, India Section B: Biological Sciences, 92, 731-739.

Received February 8, 2025.
Accepted March 29, 2025.



