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RESUMO

Este estudo objetivou descrever o primeiro registro de Trypanosoma sp. em Rhinella major
como um novo hospedeiro e analisar a relacao entre hemoparasitos e parametros hematoldgicos
e bioquimicos de anfibios anuros coletados na Amazonia oriental. Foram produzidos dois
capitulos para o presente estudo. No primeiro capitulo, 44 espécimes de Rhinella major foram
capturados na area de influéncia da hidrelétrica de Curua-una, em Santarém, oeste do Para.
Extensdes sanguineas foram confeccionadas e analisadas em microscopio optico de luz, sendo
encontrados quatro individuos parasitados com formas tripomastigotas de Trypanosoma sp.
com apenas um morfotipo encontrado. As taxas de prevaléncia, intensidade média e abundancia
média foram relativamente baixas quando comparadas com estudos similares. Neste estudo,
identificamos R. major como novo hospedeiro vertebrado para Trypanosoma sp. no Brasil. No
segundo capitulo, foram capturados 32 espécimes de Leptodactylus macrosternum e 20
exemplares de Rhinella major provenientes de ambiente antropizados no oeste do estado do
Pard, Brasil. Apds a pesquisa de hemoparasitos sob microscopio de luz optico realizada e
quantificada, foram realizados testes estatisticos com o intuito de verificar relacdes entre a
abundancia parasitaria encontrada e modifica¢cdes nos parametros hematolégicos e bioquimicos
analisados. As analises revelaram altos indices de prevaléncia parasitaria, com registro de
infeccBes mistas, com presenca de até trés hemoparasitos (Trypanosoma sp., Hepatozoon sp. e
microfilarias). Os testes de Mann-Whitney ndo revelaram diferencas entre os parametros
analisados. Foi possivel detectar correlacdes entre Trypanosoma sp. e valores de hematocrito e
Hepatozoon sp. com niveis de glicose. A regressao linear revelou que ha uma relagdo negativa
significativa (p < 0.05) dos hemoparasitos Trypanosoma sp. e Hepatozoon sp. com os niveis de

hematécrito.

Palavras-chave: = Hemoparasitos.  Anfibios.  Leptodactylidae.  Trypanosomatidae.

Hemogregarinas.



ABSTRACT
This study aimed to describe the first record of Trypanosoma sp. in Rhinella major as a new
host and to analyze the relationship between hemoparasites and hematological and biochemical
parameters of anuran amphibians collected in the eastern Amazon. Two chapters were produced
for the present study. In the first chapter, 44 specimens of Rhinella major were captured in the
area of influence of the Curua-una hydroelectric plant, in Santarém, west of Para. Trypanosoma
sp. with only one morphotype found. The prevalence, average intensity and average abundance
rates were relatively low when compared with similar studies. In this study, we identified R.
major as a new vertebrate host for Trypanosoma sp. in Brazil. In the second chapter, 32
specimens of Leptodactylus macrosternum and 20 specimens of Rhinella major were captured
from anthropized environments in the western state of Pard, Brazil. After looking for and
quantified hemoparasites under a light microscope, statistical tests were carried out in order to
verify relationships between the abundance of parasites found and changes in the hematological
and biochemical parameters analyzed. The analyzes revealed high rates of parasitic prevalence,
with a record of mixed infections, with the presence of up to three hemoparasites (Trypanosoma
sp., Hepatozoon sp. And microfilariae). Mann-Whitney tests did not reveal differences between
the parameters analyzed. It was possible to detect correlations between Trypanosoma sp. and
hematocrit and Hepatozoon sp. with glucose levels. Linear regression revealed that there is a
significant negative relationship (p <0.05) for hemoparasites Trypanosoma sp. and Hepatozoon

sp. with hematocrit levels.

Key words: Hemoparasites. Amphibians.  Leptodactylidae.  Trypanosomatidae.

Hemogregarinas.
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1. INTRODUCAO GERAL

1.1. Parasitos de sangue em anfibios anuros na Amazo6nia oriental

1.1.1. Qual é o problema da pesquisa?

Os parasitos sdo organismos que vivem em associacao com outros organismos, dos
quais retiram 0s meios para sua sobrevivéncia. Esta interacdo entre parasito-
hospedeiro (chamada de parasitismo), pode causar no hospedeiro desde efeitos
minimos, que ndo afetam func¢des vitais, ou até mesmo leva-lo a morte. Os parasitos
sao classificados em trés categorias, de acordo com a parte do hospedeiro que é
afetada: ectoparasitos, quando infestam a parte exterior do corpo do hospedeiro;
endoparasitos, quando infestam o interior do corpo do hospedeiro; e hemoparasitos,
guando infectam o sangue dos hospedeiros. O parasitismo pode constituir uma forca
seletiva em populagdes por causar reducao da energia destinada aos processos
fisiologicos (reproducdo, alimentacédo etc.) de seus hospedeiros, bem como servem
como indicadores ambientais de alterac6es ambientais. Estudos relacionados com o
parasitismo de anfibios, suas relacdes e efeitos sdo escassos ou inexistentes na
Amazoénia brasileira. As populacdes de varias espécies de anfibios sofrem uma
alarmante diminuicdo de suas populacdes pela perda de seus ambientes de
vivéncia, poluicao, mudancas climaticas e ainda, doencas infecciosas emergentes.
Neste sentido, este trabalho objetivou conhecer as relacdes parasito-hospedeiro de
anfibios capturados na Amazoénia brasileira (Figura 1). Além disso, parametros
hematoldgicos e bioquimicos foram utilizados para investigar como 0s parasitos se
relacionam com seus hospedeiros, o0 que pode acarretar patogenias (doencas) nos
anfibios, podendo reduzir suas populacdes a niveis preocupantes.



Figura 1 - Espécies de anfibios utilizados na pesquisa (a esquerda Leptodactylus

macrosternum; a direita Rhinella major).

1.1.2. Como a pesquisa foi realizada?

Essa pesquisa possui dois trabalhos cumprindo objetivos diferentes. Foram
capturados 64 exemplares de Rhinella major na area da hidrelétrica de Curua-Una e
32 individuos de Leptodactylus macrosternum nas margens do rio Tapajos, no
distrito de Alter do Chao, ambos locais de coleta estao localizados no municipio de
Santarém — Para (Figura 2). O sangue dos sapos foi coletado diretamente do
coracao (puncao cardiaca) para confeccdo de laminas de esfregaco sanguineo e o
restante do volume obtido, foi utilizado para analise hematoldgica e bioquimica. As
extensfes sanguineas foram utilizadas para pesquisa de hemoparasitos com auxilio
de microscopio éptico de luz. Os parasitos identificados foram fotografados e
medidos para analises estatisticas, morfométricas e descricdo morfolégica. Uma
parte do sangue foi processado para analises hematoldgicas com realizacdo de
hemograma completo e analise bioquimica com dosagem dos niveis de glicose,
hemoglobina, TGO (transaminase glutamico-oxalacética) e TGP (transaminase
glutdmico-pirdvica) que sdo enzimas encontradas no figado. Apds a obtencédo dos
resultados das analises, testes estatisticos foram empregados para investigar as

relaces entre esses parametros do sangue e o niumero de parasitos encontrados.
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Figura 2 — Mapa de localizacdo dos pontos amostrais para coleta dos anuros no
municipio de Santarém-PA. Ponto A - distrito de Alter do Chéo; Ponto B - Usina

Hidrelétrica de Curua-Una.

1.1.3. Qual aimportancia da pesquisa?

O conhecimento acerca das relagfes entre parasitos e seus hospedeiros anfibios
sao importantes, uma vez que esses animais sao indicadores de qualidade
ambiental. Em ambientes naturais e ecossistemas estaveis, as relacdes parasitas-
hospedeiros possuem a oportunidade de evoluirem juntos (coevolugéo), a principio
ocasionando poucos ou nenhum efeito patogénico para os hospedeiros saudaveis.
Entretanto, se essas relacdes forem, por exemplo, perturbadas pela reducéo e
fragmentacao de habitats (desmatamento), movimentacao indiscriminada de animais
hospedeiros entre habitats (trafico de animais, entrada de animais exéticos etc.);
efeitos patogénicos (doencas) podem se tornar comuns e aparentes, ocasionando
reducBes populacionais nos anfibios hospedeiros. As relacdes entre diferentes
grupos de parasitos e seus hospedeiros (anfibios, répteis, aves, mamiferos etc.)
ainda permanecem desconhecidas, ou pouco exploradas, além disso os efeitos das
modificacdes proporcionadas pelo homem (modificacbes antropicas) sobre
prevaléncias parasitarias e efeitos negativos nos hospedeiros sado pouco estudados.
As modificagdes antropicas podem resultar em efeitos danosos a populagfes de
anfibios, declinando espécies que cumprem papéis essenciais nas teias troficas. Os
pesquisadores agora deverao se concentrar em novos estudos buscando encontrar
relacbes entre parasitos e suas patogenias associadas nas mais diferentes espécies

de anfibios.
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2.1. ABSTRACT
Rhinella major is one of the component species of the Rhinella granulosa complex and is

distributed in the neotropical region of the South American continent, being found in
anthropized environments. The occurrence of trypanosomes in anurans involves a yet unknown
diversity of species and hosts. In the present study, we aimed to describe the first record of
Trypanosoma sp. at R. major as a new host. Of the species captured, four were positive for

trypomastigote forms of Trypanosoma sp. The morphometry of the trypomastigote forms
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revealed parasitemia by only one morphotype. There is a need for reports and studies of
parasite-host relationships in anurans and a lack of records regarding hemoparasite diversity
linked to the Rhinella granulosa complex.

Palavras-chave: Amphibians, Brazil, Hemoparasites and trypanosomatids.

2.2. INTRODUCTION
Amphibians are animals that live in the most diverse habitats, playing an important role

in the food webs, contributing to the regulation of invertebrates in natural environments and in
anthropic areas. Futhermore, they are hosts of a variety of parasites, showing no signs of disease
(O’Rourke and Rosenbaum 2015). The invertebrate hosts and vectors of anuran trypanosomes
are related to the habitat of these animals, with hirudinea and hematophagous arthropods
reported as the main vectors (Bailey 1962, Anderson and Ayala 1968, Siddall and Desser 1992).
Relatively, little is known about vectors of trypanosomes of amphibians (Bardsley and Harmsen
1973, Martin and Desser 1991, Johnson et al. 1993). The descriptions of all the records of
Trypanosoma species found parasitizing anurans are based on morphological aspects observed
in the trypomastigote form in the peripheral blood (Martin et al. 2002). Due to the plasticity of
these hemoflagellates, the species may differ in body size and shape, in the position of the
nucleus and the kinetoplast, as well as in the degree of development of the undulating membrane
and flagellum (Martin et al. 2002).

Rhinella major (Mdller and Helmich 1936) is a component species of the Rhinella
granulosa complex (Spix 1824) and is distributed in the Neotropical region of the South
American continent. These anurans are characterized by their small parotid gland, warty skin
and well developed cranial ridges (Narvaes and Rodrigues 2009). Adult males have a variable

length of 35.8 to 75.8 mm while females range from 33.9 to 81.1 mm, have a dorsum with dark
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spots scattered or nearby, forming a mosaic, with a cream-colored and non-pigmented belly
(Narvaes and Rodrigues 2009).

Despite the lack of knowledge about the pathological effects of the parasite-host
relationship involving anuran trypanosomes, most reports suggest a nonpathogenic relationship
(Desser 2001). However, high rates of parasitemia can damage the health of hosts, especially
in the early forms of their life cycle (Bardsley and Harmsen 1973). Studies in the European and
North American continents have shown that the introduction of exotic trypanosomes into new
habitats has potential lethality for native amphibian populations (Bardsley and Harmsen 1973).
In this study, we describe the morphology and morphometry of the first record of Trypanosoma
sp. parasitizing the R. major species in the Brazilian Amazon, also addressing data on

prevalence, intensity and abundance of infection.

2.3. MATERIALS AND METHODS
Between June 20 and 22 2018, 44 specimens of R. major were collected by an active

search in the area of direct influence of the Curua-Una Hydroelectric Power Plant, in the
municipal region of Santarém, in the west of the state of Pard, Brazil, at the coordinates
2°48'52.00"S, 54°17'56.66"O.

The collected specimens were individualized in plastic bags and sent to the Curua-Una
scientific base of the Universidade Federal do Oeste do Pard (UFOPA), for night-time blood
sampling and collection procedures (Johnson et al. 1993). In a laboratory environment, the
subjects were anesthetized and euthanized using (2%) Lidocaine Hydrochloride, and their
weight and snout-vent length (SVL) in millimeters was measured. The blood was collected by
cardiac puncture using syringes containing EDTA (10%). It was used to make panchromatic-
stained blood extensions using Fast Panoptic (Laborclin® Brazil), to evaluate the

Trypanosomatidae morphotypes. Individuals of R. major were deposited in the Herpetology
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Collection of the Laboratory of Ecology and Animal Behavior - LECAN of UFOPA for use in
studies involving endoparasites, ecology and taxonomy.

The blood extensions were examined for trypanosomes with the aid of an optical
microscope. The parasites were photographed using a Zeiss Axioplan optical microscope with
an Axiocam ERc 5S camera. The Zen Blue 2 software package was used to determine the
morphometric characteristics of trypanosomes were measured according to Desser (2001) and
Borges et al. (2016) (Figure 1).

The parameters of prevalence, mean abundance and mean intensity were calculated
according to Bush et al. (1997). The Spearman coefficient (rs) was used to determine possible
injurious correlations between parasite abundance and SVL and weight (Zar 2014). The Bray-
Curtis similarity test and distance indices were used with the Past. 3.0 program to verify
possible morphological similarities with the Trypanosoma species validated by Franca (1925),
Woo (1969), Martin and Desser (1990), Ferreira et al. (2007), Lemos et al. (2008), Malysheva

(2009), Ferreira et al. (2015) and Bernal and Pinto (2016).
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24. RESULTS
Of the 44 captured specimens of R. major (35 males and 9 females), four males (9.09%)

presented positivity for trypomastigote forms, with mean weight ( X =13.5; s=+ 1.7 g) and mean
SVL (X=51.9; s=+ 1.7 mm). Parasite average abundance was 0.31 and with mean intensity of
3.5 parasites per infected host. Spearman analyzes revealed no correlation between host SVL
and parasite abundance (p > 0.05), as well as host weight and parasite abundance (p > 0.05).

When comparing morphometry with valid amphibian trypanosomes species using the
Bray-Curtis similarity index, the trypomastigote forms found in the present study (Table 1)
showed a similarity of 96% to Trypanosoma fallisi (Martin and Desser, 1990). Grouping in an
isolated class (Figure 2), providing evidence for a morphometric identification. Despite the
morphometric similarity, it is still not possible to associate at the species level, due to the
morphological and morphometric parasite plasticity (Spodareva et al., 2018).

For the morphological study, twenty specimens of the only morphotype found of
Trypanosoma sp. were analyzed, presenting a body that is longer than wide, from two to three
flexions, with shapes varying from S and C. The present flagellum represents on average one-
third of the total length, with two to four flexions. The cytoplasm presents granulations with
two to three vacuoles in the anterior region and the nucleus presents an oval shape, positively
displaced to the posterior region of the body with absent cariosoma. In the posterior region, two
to three vacuoles are observed, being predominantly located near the nucleus. The kinetoplast
presents a shape varying from oval to circular, displaced to the margin of the cytoplasmic
membrane, having a distance between the posterior extremity of easy visualization, as well as

the undulating membrane.
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Morphometric analyzes of Trypanosoma sp. showed that in R. major (Figure 3) was
infected by a morphotype of these hemoparasites (Figure 4), and the measurements are

presented in Table 2.

2.5. DISCUSSION
The present study identified low prevalence rates, mean intensity and average

abundance of Trypanosoma sp. in R. major. Indeed, these parasites appear to be found at a low
frequency in these host. Leal et al. (2009) found a prevalence of 20% in 40 anurans captured in
the Brazilian states of Mato Grosso do Sul and S&o Paulo. In addition, Ferreira et al. (2007)
reported prevalence rates of 36% of infection in 75 anurans collected in the Amazon biome and
a study perfomed by Desser (2001) in Costa Rica, trypanosomes occur in 12% of anurans from
seven species.

However, Spodareva et al. (2018) found in two lakes in Kiev, Ukraine region, a high
prevalence of isolated amphibian trypanosomes. Their work used fewer individuals, when
compared to our study, totaling eight trypanosomes isolates of 11 individuals in an Oxbow lake
(prevalence of 73%) and three of 12 individuals in an acidic peatbog (prevalence of 25%).

In a pathological study of blood parasites, using 140 specimens of the species
Hoplobatrachus rugulosus (Rice Field Frogs) in Thailand, revealed prevalence of Trypanosoma
rotatorium-like (11.4%), Trypanosoma chattoni (22.2%) and other hemoparasites were
detected: Hepatozoon sp. (5.7%) and Lankesterella minima (7.1%). In addition,
histopathological study was conducted in liver, kidney, lungs and spleen, but no evidence of
pathological lesions associated with trypanosomas was found, only for Hepatozoon sp. and
Lankesterella minima (Sailasuta et al. 2011). Parasitism by trypanosomes in amphibians is not

uncommon and is mostly reported as nonpathogenic (Wright 2006, Densmore and Green 2007).
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In our study, no physical changes were found in hosts corroborating with Bardsley and
Harmsen (1973) which describe pathogenicity caused by Trypanosoma spp. in anurans is an
extremely difficult phenomenon to establish, as it does not result in changes in the physical
development of the host.

Trypanosomes of anurans are traditionally described on the basis of their host and
geographical origin, but this approach is weakened when the extreme polymorphism and
plasticity of trypomastigote forms is considered (Ferreira et al. 2007). Recently, Rodrigues et
al. (2019) described Trypanosoma sp. parasitizing two amphibian species from Brazilian
midwest using morphology and morphometry. The morphological and morphometric study of
trypanosomes continues to be used for the description and validation of new hosts and records
of new distributions (Miyata and Yong 1990, Desser (2001), Lemos et al. 2008 and Leal et al.
20009).

Using Bray-Curtis similarity indices, the present study corroborates the morphometric
characterization and descriptions of the trypanosomes, providing statistical support for the
morphological determination of the Trypanosoma sp. species, presenting high degrees of
similarity with the species type, described by Martin and Desser (1990). Using molecular tools
have been able to describe new species of Trypanosoma parasitizing amphibians species of
genus Leptodactylus from Caatinga and Cerrado biomes and three species of alligators from the
Amazon and Pantanal, all in Brazil (Fermino et al. 2015; Attias et al. 2016). In addition, were
able to identify the leech of the genus Haementheria as Trypanosoma vector for alligators,
being found in the oral cavity of the animals (Fermino et al. 2015). However, more studies using
a broad sample of Trypanosoma species and characters are necessary, since the morphometric
and morphological similarity presented in the present study does not match the molecular

phylogenies presented by Martin et al. (2002), Ferreira et al. (2008) and Spodareva et al. (2018).
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The present study, records R. major parasitized by trypanosomes, which represents a new
vertebrate host for Trypanosoma sp. in Brazil.

Hematophagous diptera can act as vectors of different lineages of Trypanosoma spp.,
especially for Amazon terrestrial anurans (Ferreira et al. 2008). Rhinella major is a species with
predominantly terrestrial habits in the adult phase and uses holes in the ground to shelter, which
could increase the chances of contact with hematophagous diptera. There are evidence that
some species of Corethrella may transmit Trypanosoma by feeding on calling frogs and this
association is likely an ancient one (Johnson et al. 1993, Borkent 2008). Nevertheless, the
mechanism of transmission of these hemoflagellates in the Amazon region is relatively
unknown.

More comprehensive studies on the physiological aspects of host response to
trypanosomatid infection are needed, as well as studies to improve and extend the taxonomy of
this group using molecular tools. It is important to know the diversity of hosts, since their

performance can be affected by parasitism.
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Figura 1. Morphometric localization of the regions of Trypanosoma sp. measured, with
values in pum, of total body length with flagellum (TL), body length along the midline (BL),
body width at the center of the nucleus (BW), length of the free flagellum (F), nucleus length
(NL), nucleus width in the central portion (NW), distance from the center of the nucleus to
the anterior extremity (NA), distance from the center of the nucleus to the posterior extremity
(NP), distance from the center of the kinetoplast to the center of the nucleus (KN), kinetoplast
length (KL), kinetoplast width (KW) and distance from the center of the kinetoplast to the
posterior extremity (KP)
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Figura 2. Dendrogram of morphometric similarity between valid species of trypanosomes for

anurans and morphotype identified in Rhinella major collected in Curua-Una, Santarém, Para

(Brazil)
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Figura 3. Rhinella major collected on the right bank of the Curud-Una River. A — Male in

dorsal position; B — Male in ventral position; C — Female in dorsal position; D — Female in

ventral position (bar 5 cm)
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Figura 4. Trypomastigote forms of Trypanosoma sp. observed in the blood circulation of
Rhinella major (bar 10 pum)

21



3. CAPITULO?2
Titulo: Pardmetros hematoldgicos e a relacdo parasito/hospedeiro: uma anélise de anfibios

anuros infectados por hemoparasitos na Amazonia oriental
Formatacdo de acordo com: Journal of Zoology (ISSN 1469-7998)
Qualis CAPES: A2

Fator de impacto (JCR 2017): 1.676

Status: Aguardando revisdo para realizar submisséo.

22



293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310
311

312

313

314

315

316

317

318

319

320

Parametros hematoldgicos e a relacdo parasita/hospedeiro: uma andlise de anfibios anuros
infectados por hemoparasitos na Amazonia oriental
Titulo curto: Pardmetros hematolégicos e a relagéo parasita/hospedeiro
Tassio Alves Coélho'*, Darlison Chagas de Souza?, Lincoln Lima Correa?, Ricardo Alexandre
Kawashita-Ribeiro?
'Programa de Pés-graduacdo em Biodiversidade (PPGBEES), Universidade Federal do Oeste do Para.
Rua Vera Paz, S/N, Salé, CEP 68040-255, Santaréem, Pard, Brazil.
2Universidade Federal do Oeste do Pard (UFOPA). Rua Vera Paz, S/N, Salé, CEP 68040-255,

Santarém, Para, Brazil.

*Autor correspondente: Tassio Alves Coélho. E-mail: coelho.tassio@gmail.com
ORCID’s:

Primeiro autor: https://orcid.org/0000-0002-0264-4526

Segundo autor: https://orcid.org/0000-0002-7610-9665

Terceiro autor: https://orcid.org/0000-0002-6453-4824

Quarto autor: https://orcid.org/0000-0001-6812-0904

3.1. RESUMO

Neste estudo, objetivamos avaliar as alteragdes hematoldgicas e bioquimicas causadas pela infeccéo por
hemoparasitos em anfibios anuros no neotrépico. Foram capturados 32 espécimes de Leptodactylus
macrosternum e 20 exemplares de Rhinella major provenientes de ambiente antropizados no oeste do
estado do Pard, Brasil. As coletas sanguineas ocorreram por punc¢do cardiaca para confeccdo de
extensdes sanguineas e avaliagdo dos parametros bioquimicos de glicose, TGO e TGP e hemoglobina.
A pesquisa de hemoparasitos foi realizada com microscopio éptico de luz com ampliagdo de 400x e
1000x. O teste de Mann-Whitney foi utilizado com o intuito de verificar diferencas nos parametros entre
anfibios infectados e ndo infectados. bem como testes de correlagdo de Spearman (rs) e regressdes
lineares entre a abundancia parasitaria e 0os parametros analisados. As analises revelaram altos indices

de prevaléncia parasitaria, com registro de infeccGes mistas com presenca de até trés hemoparasitos
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(Trypanosoma sp., Hepatozoon sp. e microfilarias). Os testes de Mann-Whitney ndo revelaram
diferencas entre os pardmetros analisados. Foi possivel detectar correlagdes entre Trypanosoma sp. e
valores de hematocrito e Hepatozoon sp. com niveis de glicose. A regressdo linear revelou que ha uma
relacdo negativa significativa (p < 0.05) entre Trypanosoma sp. € Hepatozoon sp. com 0s niveis de
hematdcrito. Os efeitos envolvendo abundancias parasitérias e pardmetros hematolédgicos e bioquimicos
negativos nos hospedeiros sdo escassos, apresentamos aqui relagdes negativas entre hemoparasitos e 0s
seus hospedeiros anfibios, revelando que esses animais estdo passiveis de patogenias associadas a essas
relacdes.

Palavras-chave: Hemoparasitos, anfibios, Leptodactylidae, Bufonidae, Amazonia brasileira

3.2.  INTRODUCAO

InteracGes ecoldgicas tem como papel principal a regulagdo de popula¢fes em ambientes naturais. O
parasitismo pode ser influenciado pelo ambiente, afetando o desenvolvimento das infeccOes e o provavel
surgimento de doengas, oriundas de diversos patdgenos (bactérias, fungos, helmintos e protozoérios)
(Blaustein & Kiesecker, 2002; Luz & Faccini, 2013). O parasitismo, assim como a predacdo e a
competicao, constitui uma forca seletiva em populagdes por reduzir a energia destinada a processos
fisiologicos de seus hospedeiros, aléem de servir como um potencial bioindicador de alteracdes
ambientais (Vidal-Martinez et al., 2010).

Populac@es de anfibios sofrem um alarmante declinio em muitas regides do mundo pela perda de
habitat, poluicdo, mudancas climéaticas e doencas infecciosas emergentes, como é o caso do fungo
quitridio (Batrachochytrium dendrobatidis) e de ranaviroses (Blaustein & Wake, 1995; Blaustein &
Kiesecker, 2002). Juntamente com o quitrideo, os anfibios sdo hospedeiros de uma ampla variedade de
parasitos (Netherlands et al., 2015), incluindo hemoparasitos intra-eritrociticos e extracelulares que
variam de protozoarios, incluindo apicomplexos intracelulares e flagelados extracelulares (Davies &
Johnston, 2000), a microfilarias de nematoides extracelulares (Nguiffo et al., 2019), bem como os
parasitas intracelulares de identidade incerta, como infecc@es virais e bacterianas (Davies & Johnston,

2000).
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Os hemoparasitos de anuros sdo comumente reportados como ndo patogénicos para seus hospedeiros,
porém podem causar alteracdes fisiologicas em girinos ou adultos que estejam com altos niveis de
infecgdo, refletindo diretamente no peso e comprimento total dos individuos, podendo resultar na morte
do hospedeiro, sendo a esplenomegalia um dos aspectos pds-morte relatado para anfibios (Bardsley &
Harmsen, 1973; Wright & Whitaker, 2001; Densmore & Green, 2007).

Aspectos relativos a significancia da correlacdo entre a presenca de hemoparasitos e parametros
morfométricos, hematoldgicos e bioquimicos de anfibios sdo escassos ou inexistentes (Desser, 2001;
Forzan et al., 2017). Além disso, poucos estudos examinaram o impacto combinado de parasitas e
estresse ambiental em biomarcadores imunolégicos e fisioldégicos em anfibios. Os anfibios enfrentam
estresse ambiental devido a mudancas climéticas que envolvem regimes imprevisiveis de temperatura e
precipitacdo, além disso o estresse causado pelas mudangas ambientais, pode aumentar a exposicao a
patdgenos e seus vetores, mas essas relagdes possuem estudos limitados no aspecto sobre manifestacdes
clinicas do parasitismo nos anuros (Marcogliese et al., 2009; Rollins-Smith, 2017). Neste estudo,
analisamos a relagéo entre hemoparasitos e pard@metros hematologicos e bioquimicos de anfibios anuros
coletados na Amazonia oriental. Pesquisamos especificamente os parasitos sanguineos de hemoparasitos
encontrados no sangue de anfibios e avaliamos as alteracGes hematoldgicas em sapos naturalmente

infectados com esses parasitos.

3.3.  MATERIAIS E METODOS

Area de estudo e coleta dos anuros

No més de outubro de 2019, 32 espécimes de Leptodactylus macrosternum foram coletados por busca
ativa em area periurbana da vila de Alter do Chdo (2°30'9.57"S 54°57'29.12"0) e 20 exemplares de
Rhinella major na area de influéncia direta da hidrelétrica de Curua-una, no municipio de Santarém,
oeste do estado do Para, Brasil nas seguintes coordenadas 2°48'50.32"S 54°17'49.61"0 (Fig 1).

Os espécimes coletados foram individualizados em sacos plasticos e enviados para a Universidade
Federal do Oeste do Para para os procedimentos de amostragem e coleta de sangue serem realizados
ainda no periodo noturno. Em ambiente laboratorial, os exemplares foram anestesiados e eutanasiados

usando cloridrato de lidocaina (2%) (Sebben, 2007), além disso a massa corporal (g) e 0 comprimento
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rostro-cloacal (mm) foram aferidas. Durante a captura e os procedimentos laboratoriais, 0s animais
foram tratados com cuidado e foram asseguradas boas praticas veterinarias.

As amostras sanguineas foram coletadas via punc¢do cardiaca utilizando seringa hipodérmica e o
volume obtido transferido imediatamente para tubos heparinizados e colocados sob refrigeracdo. Dentro
de 12 h da coleta foram confeccionadas extensdes sanguineas em duplicatas, utilizando um volume de
10l do sangue coletado, sendo estas coradas usando Fast Panoptic (Laborclin®, Brazil). Os anfibios
coletados foram depositados na Colecdo Herpetoldgica do Laboratorio de Ecologia e Comportamento
Animal — LECAN para uso em estudos envolvendo endoparasitas, ecologia e taxonomia.

Analises hematoldgicas, bioquimicas e das extensdes sanguineas

As extensdes sanguineas foram examinadas para pesquisa de hemoparasitos com auxilio de
microscopio optico com ampliacdo de 400x e 1000x. A guantificacdo dos hemoparasitos foi realizada
pela contagem do numero de parasitos encontrados em 100 campos analisados. A contagem diferencial
dos eritrdcitos e leucocitos totais foi realizada em cdmara de Neubauer utilizando solugdo de Natt-
Herrick (Natt & Herrick, 1952; Forzan et al., 2017).

Nos anfibios, como em outros vertebrados, os eritrocitos sao as células mais abundantes no sangue
e sua funcgdo é transportar oxigénio e dioxido de carbono de e para os tecidos, respectivamente. A
contagem de leucdcitos foi usada para determinar uma resposta imune contra uma infeccéo bacteriana,
viral ou parasitéria.

Os valores de hematdcrito (Ht) foram obtidos a partir do método de microhematécrito, um baixo
nivel de hematdcrito pode indicar anemia, que pode ser causada pela diminuicdo da producdo de
eritrocitos, perda de sangue, infeccdo viral, exposicdo a toxinas ou fome. A partir dos valores de
hematocrito, foram calculados os indices de VCM (volume corpuscular médio) e HCM (hemoglobina
corpuscular média) (Jacobson, 2007; Sperry et al., 2009; Zenklusen et al., 2014). A glicose tem como
principal funcdo fornecer energia, além disso as enzimas produzidas no figado, podem servir de
marcadores para manifestacdes clinicas no 6rgdo (Zenklusen et al., 2014) . Os parametros bioquimicos

de hemoglobina (Hb), glicose, TGO (transaminase glutdmico oxalacética) e TGP (transaminase
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glutdmico piravica) foram analisados pelo método cinético em analisador semiautomatico utilizando
Kits Doles® (Zenklusen et al., 2011, 2014; Forzén et al., 2017).
Andlise estatistica

Os termos ecolodgicos utilizados e os pardmetros de prevaléncia, abundancia e intensidade média
foram calculados de acordo com os propostos por Bush et al., (1997). Esses parametros foram calculados
no software Quantitative Parasitology 3.0 (Reiczigel et al., 2019). Todos os dados foram avaliados
previamente com base nas premissas de normalidade usando Shapiro-Wilk. Os pardmetros sanguineos
dos anfibios infectados e ndo infectados foram comparados pelo teste ndo-paramétrico de Mann-
Whitney (U), para comparagéo entre medianas.

O coeficiente de correlacdo de Spearman (rs) foi utilizado para verificar possiveis correlacdes da
abundancia de parasitas com os niveis de cada pardmetro (Zar, 2010). Além disso, a regressdo linear foi
usada para atribuir efeitos dos parasitas em cada parametro analisado. As analises foram realizadas

usando os softwares GraphPad prism versao 8 e R v.3.6.2 (R Core Team, 2019).

3.4. RESULTADOS

Dos 32 espécimes de L. macrosternum (30 machos e duas fémeas), 21 estavam infectados com até
trés hemoparasitos: Trypanosoma sp., Hepatozoon sp. e microfilaria, com peso médio ( X = 38.36; s=
+14.69 g) e CRC médio ( X =75.64; s= + 9.036 mm). Nos 20 espécimes de R. major (12 machos e oito
fémeas), apenas dois individuos estavam infectados com até dois hemoparasitos: Trypanosoma sp. e
Hepatozoon sp., com peso médio ( X = 14.78; s= +4.882 g) e CRC médio ( X =57.72; s= + 5.727 mm)
(Fig. 1). Prevaléncia, intensidade média e abundancia média da infecgdo de cada hemoparasito sdo
mostrados na Tabela 1.

Utilizando a anélise de Mann-Whitney para comparagdo das medianas dos pardmetros analisados
entre os individuos infectados e ndo infectados, foi possivel inferir que o peso e CRC, o0s niveis de
glicose, TGO e TGP, eritrdcitos, leucécitos, hemoglobina, hematdcrito, VCM e HCM sdo similares entre

os anfibios infectados e ndo infectados em ambas as espécies coletadas, conforme as tabelas 2 e 3.
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A correlacdo de Spearman, utilizada para verificar as correlacdes entre a abundéncia absoluta de
cada hemoparasito encontrado e os parametros analisados em ambas as espécies de anfibios
analisados, revelou que em L. macrosternum, os valores de hematdcrito (Ht) é correlacionado com
Trypanosoma sp. (p = 0.01) e os niveis de glicose com Hepatozoon sp. (p = 0.02) (Tabela 4). Os niveis
de TGP obtiveram valores proximos da correlacéo significativa, sendo assim assumimos que
biologicamente ha correlacdo entre o parametro analisado e Hepatozoon sp. (p = 0.07) (Tabela 4). Em
R. major ndo foram detectadas correlagdes significativas entre os hemoparasitos e 0s pardmetros
analisados (p > 0.05).

Utilizando regressoes lineares para verificar a influéncia dos hemoparasitos encontrados nos
pardmetros analisados, foi possivel determinar que ocorre influéncia de Trypanosoma sp. e
Hepatozoon sp. nos valores de hematdcrito de L. macrosternum. Juntos, eles explicam 30% da
variacdo nos valores de hematocrito, apresentando valores significativos (p < 0.05) (Fig. 2). Os
resultados encontrados para R. major ndo revelaram influéncias dos parasitos nos parametros

analisados, apresentando valores néo significativos (p > 0.05).

35. DISCUSSAO

Esse estudo é o primeiro a relatar hemoparasitos e dados hematoldgicos e bioguimicos de
Leptodactylus macrosternum e Rhinella major. Além disso, € o primeiro a avaliar a relacdo entre 0s
parasitos do sangue dos anfibios e parametros hematoldgicos e bioquimicos, revelando que os
parametros sao afetados quando estdo infectados por Trypanosoma sp. e Hepatozoon sp. Esse estudo é
o primeiro relato de infec¢do por Trypanosoma sp., Hepatozoon sp. e microfilaria em L. macrosternum
e 0 primeiro registro de infeccdo por Hepatozoon sp. em R. major no Brasil, sendo estas espécies
relativamente comuns e de ampla distribuicdo no nordeste da América do Sul (Sodré, Martins &
Vallinoto, 2014).

A descricdo das inferéncias quanto aos padrdes hematolégicos e bioquimicos dos anfibios anuros é
escassa. A maioria dos trabalhos existentes é relacionada apenas a contagens celulares e principalmente
a morfometria e morfologia das células hematicas (Arserim & Mermer, 2008; Zenklusen et al., 2011).

Por outro lado, alguns estudos sdo conduzidos para investigar a relacdo de agentes quimicos com a
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hematologia dos anfibios, ou ainda como ferramenta de avaliacdo animal em ambientes de uso comercial
(Fenerick Junior, Stéfani & Martins, 2006; Zenklusen et al., 2011). Com isso, esse estudo é um dos
primeiros, a avaliar os pardmetros hematol6gicos e bioquimicos, relacionando esses dados com o
parasitismo em L. macrosternum e R. major.

O parasitismo por hemoparasitos em anfibios ndo é incomum e é reportado como nédo patogénico
(Wright & Whitaker, 2001; Densmore & Green, 2007). Neste estudo, modificacoes fisicas ndo foram
encontradas nos anfibios, corroborando com Bardsley & Harmsen, (1973) que descrevem a
patogenicidade causada por Trypanosoma spp. em anuros, como um aspecto extremamente dificil de
ser estabelecido, ndo promovendo mudancgas no desenvolvimento fisico dos hospedeiros. No presente
estudo, ndo foram encontradas modificagfes fisicas nos hospedeiros, considerando que foram
encontrados mais de um hemoparasito no sangue dos anuros analisados.

Em um estudo patolégico de parasitas sanguineos, utilizando 140 espécimes da espécie
Hoplobatrachus rugulosus na Tailandia, revelou prevaléncia de Trypanosoma rotatorium (11,4%),
Trypanosoma chattoni (22,2%) e outros hemoparasitos: Hepatozoon sp. (5,7%) e Lankesterella minima
(7,1%) (Sailasuta, Satetasit & Chutmongkonkul, 2011). Em nosso estudo, os indices de prevaléncia sdo
superiores a esses achados, sendo a prevaléncia por Hepatozoon sp. em L. macrosternum acima de 50%
e de 25% por Trypanosoma sp., além disso, essas espécies de anuro também estava infectada por
microfilarias (15%). Ainda no estudo de Sailasuta et al.,, (2011), foi conduzido um estudo
histopatoldgico de figado, rim, pulmdes e baco nesses animais, encontrando lesdes apenas no figado
associado a Hepatozoon sp. e Lankesterella minima. Ndo conduzimos estudo histopatol6gico, mas
nossos dados apresentaram correlagdo proxima a valores significativos entre o parasitismo por
Hepatozoon sp. e niveis de TGP em L. macrosternum.

Nos achados de Garrido & Pérez-Mellado, (2014) que realizaram testes de corrida em lagartos de
Aire Island, foi encontrada uma relacdo negativa entre parasitas sanguineos e a velocidade de corrida.
Nossos achados demonstram correlacdo entre hematocrito e Trypanosoma sp. e niveis de glicose com
Hepatozoon sp., além disso ha uma relacdo negativa do hematdcrito sendo afetado por ambos os

hemoparasitos. Hemogregarinas reduzem concentracdes de hemoglobina em seus hospedeiros,
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reduzindo sua capacidade do transporte de oxigénio para os musculos (Oppliger, Célérier & Clobert,
1996). Sendo assim, nosso estudo corrobora com esses achados, uma vez que se ha reducdo nas
hemécias, a consequéncia é que o hematdcrito também seja reduzido, conforme demonstrado em nosso
estudo por meio das regressdes lineares. Além disso, se existe reducdo nos niveis de glicose, havera
menos disponibilidade energética para os exemplares infectados, reduzindo sua performance. Embora
0s niveis de TGP tenha alcancado valores préximos da significancia, consideramos que no sentido
bioldgico, os animais infectados com Hepatozoon sp. possuem correlagcdes com redugdes na fungao
hepética, em virtude do ciclo realizado por este hemoparasito no figado (Desser, Hong & Martin, 1995;
Sailasuta et al., 2011).

Recentemente, Nguiffo et al., (2019) relatou a infeccdo por microfilaria em sapos golias (Conraua
goliath) com prevaléncia de 42.3% em seis localidades da regido litordnea de Camardes. Além disso,
realizaram analises hematoldgicas com eritrdcitos e leucécitos, além de niveis de glicose e colesterol
nos anfibios. Foi possivel constatar um aumento nos leucécitos durante o ataque dos parasitos, indicando
uma resposta imune as microfilarias. Os demais parametros analisados apresentaram normalidade em
relacdo a infeccdo por microfilarias (Nguiffo et al., 2019). Em nosso trabalho, apenas em L.
macrosternum foram registradas microfilarias com prevaléncia de 15.6%, ainda assim ndo foram
apresentadas apds os testes executados, relacdes entre o parasitismo por esses parasitos e 0s parametros
analisados. Dessa forma, para o presente estudo, a infeccdo por microfilaria foi considerada nédo
patogénica. Estudos que demonstram consequéncias de parasitos sanguineos em anfibios sdo escassos,
sendo esta relacdo e seus efeitos melhor documentada em outros grupos de vertebrados como peixes,
mamiferos e répteis (Oppliger et al., 1996; Garrido & Pérez-Mellado, 2014; Hodzi¢ et al., 2017, 2018;
Hondrio et al., 2017; Jesus et al., 2018)

Em trabalhos realizados com hemoparasitos, Leal et al., (2009) encontrou uma prevaléncia de 20%
para Trypanosoma sp. e 10% para Hepatozoon sp. em 40 anuros capturados nos estados brasileiros de
Mato Grosso do Sul e Séo Paulo, sendo inferior aos nossos achados. Em um trabalho conduzido no
bioma amazonico, Ferreira et al., (2007) reportou taxas de prevaléncia de 36% por Trypanosoma sp. em

75 anuros coletados. Em nosso estudo, utilizamos um menor ndmero de individuos de L. macrosternum
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e foi possivel constatar uma prevaléncia de 25%. Além disso, um estudo realizado por Desser, (2001)
na Costa Rica, revelou a prevaléncia de 12% de infec¢do por Trypanosoma sp. em sete espécies de
anuros. Utilizamos apenas duas espécies de anfibios anuros, sendo a espécie mais parasitada
representada por L. macrosternum, exibindo indices de prevaléncia muito superiores aos encontrados
por Desser, (2001).

As infec¢des por hemogregarinas foram encontradas em baixa prevaléncia por Calil et al., (2017)
guando comparadas com nossos achados. No estudo conduzido por Calil et al., (2017), foram avaliados
2972 animais oriundos da Fundacdo Zoo de S&o Paulo, com prevaléncia de 1.1% apenas, sendo
encontrada em anfibios e répteis.

Em anfibios oriundos da regido do pantanal, no estado do Mato Grosso do Sul, no Brasil, Menezes
Leal et al., (2015) avaliou 68 Leptodactylus chaquensis e 77 Leptodactylys podicipinus e encontrou
prevaléncias de Hepatozoon sp. de 11.76% e 2.60% respectivamente nesses anfibios, utilizando a técnica
de esfregacos sanguineos. Utilizando os esfregagos sanguineos, nosso estudo encontrou para 32
exemplares de L. macrosternum, uma prevaléncia de 56.3%. Nossos resultados apresentam alta
prevaléncia de hemoparasitos em L. macrosternum, o que de fato, é relativamente proporcional a
abundancia de Culicidae, Psychodidae e ceratopogonidae (Baker, 2007). Por outro lado, os exemplares
de R. major ndo obtiveram valores elevados de prevaléncia de hemoparasitos, embora o local de coleta
contenha uma alta diversidade de culicideos e flebotomineos (Gongalves et al., 2016).

Em um estudo realizado na Africa do Sul, a diversidade de hemoparasitos era maior em areas
preservadas, diminuindo nas regifes mais antropizadas (Netherlands et al., 2015). Em 436 anuros
analisados, Hepatozoon spp. foi 0 hemoparasito com o maior indice de prevaléncia (14%), seguido por
Trypanosoma spp. (11%), além de Dactylosoma sp. (3%), infecgdes por virus ou bactérias (1%) e
microfilarias (0.5%). No presente estudo, todos os animais foram capturados em &reas antropizadas e a
prevaléncia encontrada para Hepatozoon sp. em L. macrosternum foi de 56.3%, além de 25% para
Trypanosoma sp. e de 15.6% para microfilaria. Em R. major, a prevaléncia foi de 0.050% para

Hepatozoon sp. e de 5% para Trypanosoma sp. Ndo podemos inferir sobre diferencas entre areas
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antropizadas e &reas mais preservadas, porque no presente estudo apenas os locais mais antropizados
foram amostrados.

Em ambientes naturais e ecossistemas estaveis, as relagdes parasitas-hospedeiros possuem a
oportunidade de coevoluir, a principio ocasionando poucos ou nenhum efeito patogénico para 0s
hospedeiros saudaveis. Entretanto, se essas relagdes forem, por exemplo, perturbadas pela reducédo e
fragmentacdo de habitats, movimentacao indiscriminada de animais hospedeiros entre habitats; efeitos
patogénicos podem se tornar aparentes, ocasionando desestabilizaces populacionais nos hospedeiros
(Combes, 1996). As relacGes entre 0s parasitos e seus hospedeiros para diversos grupos animais ainda
permanecem desconhecidas, além disso os efeitos antropicos sobre prevaléncias parasitarias e efeitos
negativos nos hospedeiros sdo escassos. Essas modificagdes antropicas podem resultar em efeitos
danosos a populagdes de anfibios, declinando espécies que cumprem papéis essenciais nas teias troficas.
Novos estudos concentrando em encontrar relages parasitos hospedeiros e suas patogenias associadas
deverdo ser conduzidos para melhor inferirmos sobre os efeitos das modificagcdes antropicas no meio

ambiente.
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Fig. 1 - Exemplares coletados de Leptodactylus macrosternum (a esq.) e Rhinella major (a dir.).
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Fig. 2 — Regresséo linear apresentando a influéncia de Trypanosoma sp. e Hepatozoon sp. nos valores

de hematdcrito dos espécimes de L. macrosternum.
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Leptodactylus macrosternum

Rhinella major

Microfilaria HepaStF()).zoon Trypa;r;)(?soma Hepatozoon sp. Trypasr;)cl)soma
Mean Abundance 0'33.5(3‘)09' 43'5120%;')84' 0.84 (0.38-1.91) 4'21%%)0' 0.10 (0.00-0.30)
Mean Intensity 2'02. 6(5(1).)00- 76'?25(_2%')17' 3.38 (2.25-6.25) 85%%(;?) 18- 5 00(0.00-2.00)

Values inside the parenthesis represent 95 % confident intervals

Tabela 1 - Prevaléncia, intensidade média e abundancia média dos hemoparasitos infectando

Leptodactylus macrosternum e Rhinella major.
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Non-parasitized Parasitized L.

Parameters L. macrosternum = ) p-value

(n=11) macrosternum (n=21)
Weight (g) 38.36+14.69 20.86+16.01 102.0 0.604
CRC (mm) 75.64+9.036 80.579.064 81.0 0.176
Red blood cells (x105uL) 146.2+85.68 151.0+79.99 113.0 0.037
White blood cells (L) 63.73+42.45 57.71+31.96 109.0 0.807
Hematocrit (%) 33.18+8.471 31.90+9.354 106.5 0.731
Hemoglobin (g/dLY) 10.56+2.974 8.71+3.615 69.0 0.065
MCV (fL) 3.129+1.987 2.797+1.921 1045 0.674
MCHC (g/dL) 32.61+10.08 30.78+15.94 108.0 0.777
Glucose (mg/dL) 53.27+21.79 42.38+27.21 71.50 0.082
Aspartate am'?at;i;s‘cerase (AST)  40.70+37.54 54.38+52.05 105.0 0.688
Alaning am'”?g 7‘[‘)Sferase (ALT) " 30.05+15.06 40.93+19.58 76,5 0.125

Tabela 2 — Parametros analisados em Leptodactylus macrosternum coletados em Alter do Chéo, na

Amazonia oriental (Brasil).
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Parameters Non-parasitized R.  Parasitized R. major (n=2) U p-value
major (n=18)

Weight (g) 14.78+4.882 13.50+0.707 18.50 0.999

CRC (mm) 57.7245.727 55.0+2.828 14.50 0.619

Red blood cells 139.8+£25.31 120.0+43.84 13.50 0.547

(x108uL™)

White blood cells (UL~ 43.44+23.29 74.0£7.071 3.0 0.052

1

)

Hematocrit (%) 41.17+6.810 30.0+0.00 4.0 0.085

Hemoglobin (g/dL™?) 22.15+9.772 27.59+8.632 13.0 0.523

MCV (fL) 3.014+0.628 2.679+0.978 14.0 0.609

MCHC (g/dL) 56.72+27.75 91.98+28.77 6.0 0.152

Glucose (mg/dL) 18.44+6.214 14.50+0.707 11.50 0.419

Tabela 3 — Parametros analisados em Rhinella major coletados em Curua-una, na Amazonia oriental

(Brasil).
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Parameters Trypanosoma sp. Hepatozoon sp. Microfilaria sp.

Weight () 0.040 0.182 0.077

CRC (mm) 0.149 0.241 0.229

Red blood cells (x10°uL™?) -0.265 0.055 0.054

White blood cells (uL™) -0.157 0.072 -0.131

Hematocrit (%) -0.4318 -0.243 0.055

Hemoglobin (g/dL™) -0.248 -0.252 -0.266

MCV (fL) 0.006 -0.249 -0.059

MCHC (g/dL) 0.188 0.083 -0.103

Glucose (mg/dL) -0.253 -0.387° -0.033

Aspartate aminotransferase

(AST) (U/L) 0.118 0.149 -0.190
Alanine aminotransferase c

(ALT) (U/L) 0.156 0.322 0.163

Tabela 4 — indices de correlacdo de Spearman (rs) entre os hemoparasitos e 0s parametros sanguineos

analisados em Leptodactylus macrosternum.
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Articles

Whenever possible the articles should be subdivided into the following
parts: 1. Front Page; 2. Abstract (written on a separate page, 200
words or less, no abbreviations); 3. Introduction; 4. Materials and
Methods; 5. Results; 6. Discussion; 7. Acknowledgments, if applicable;
8. Author Contributions (when the paper has more than one author);
9. References. 10. Figure legends, if applicable. Articles from some
areas such as Mathematical Sciences should follow their usual format.
In some cases, it may be advisable to omit part (4) and to merge parts
(5) and (6). Whenever applicable, the Materials and Methods section
should indicate the Ethics Committee that evaluated the procedures for
human studies or the norms followed for the maintenance and
experimental treatments of animals.

Short communications

Short communications aim to report a concise, but important
contribution on research, which has progressed to the stage when it
is considered that results should be publicized to other workers in the
field. A short communication should also have an Abstract (100 words
or less), a short introduction (up to 200 words) and should not exceed
1,500 words. Tables and Figures may be included but the text length
should be proportionally reduced. This section of the AABC should
contain extremely relevant contributions and competition is very high.

After the first screening, the articles will be evaluated by at least two
reviewers, them being from educational and/or national and
international research institutions, with proven scientific production.
After due corrections and possible suggestions, the paper may be
accepted or rejected, considering the reviews received.

We use the integrated Crossref Similarity Check program to detect
plagiarism.

There are no APC and submission charges in the AABC.

Preparation of manuscripts

All parts of the manuscript should be double-spaced throughout. After
acceptance, no changes will be made in the manuscript so that proofs
require only corrections of typographical errors. The authors should
send their manuscript in electronic version only.

Length of manuscript

While papers may be of any length required for the concise
presentation and discussion of the data, succinct and carefully prepared
papers are favored both in terms of impact as well as in readability.
They must not, however, exceed 50 pages, including all items (figures,
tables, references, etc...), unless previously agreed with the Editor-in-
Chief.

Title page

The title page of the manuscript should present the following items: 1.
Title of the article (the title should be up to 150 characters including
spaces, and informative to a broad scientific community); do not
include abbreviations in the title. 2. Full name(s) of all author(s); use
superscript numbers right after each author name to indicate the
affiliation; 3. Professional address and ORCid of all authors, including
Department and Institution name, street name and number, ZIP/Postal
code, City, State and Country; 4. Key words (four to six in alphabetical
order separated by commas); 5. Running title (a short version of the
title, up to 50 characters including spaces); 6. Academy Section to
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which the content of the work belongs; 7. Name, address, phone
number, e-mail of the correspondent author, including to whom all
correspondence and proofs should be sent to (please indicate the
corresponding author with an * after the name). Should any of these
requirements not be met, we may unsubmit your paper and ask for
corrections.

Abstract

The abstract must contain no more than 200 words and present the
main findings of the article, including a brief introduction, the
objectives of the work and a conclusion based on the presented
findings. If the authors are submitting an invited/authorized review, the
abstract must introduce the main theme of the review and explicit the
contribution of the revision to the field. References should not be
included in the abstract.

Manuscript text

All text should be written in double-space using 12-point Times New
Roman or equivalent typeface. Please organize, whenever possible, the
text into the following parts: 1. Title Page; 2. Abstract (written on a
separate page, 200 words or less, no abbreviations); 3. Introduction;
4. Materials and Methods; 5. Results; 6. Discussion; 7.
Acknowledgments, if applicable; 8. Author contributions, when there is
more than one author, explaining briefly how each author has
contributed for the paper 9. References. 10. Figure and table legends,
if applicable.

Articles from some areas such as Mathematical Sciences should follow
their usual format. In some cases it may be advisable to omit part (4)
and to merge parts (5) and (6). Whenever applicable, the Materials and
Methods section should indicate the Ethics Committee that evaluated
the procedures for human studies or the norms followed for the
maintenance and experimental treatments of animals. All procedures
must be described in detail. Use American English style to write the
text. Chemical names should be provided according to IUPAC, and
strains of organisms should be specified. Provide names of reagents
and/or equipment suppliers. Use units and symbols according to
Bureau International des Poids et Mesures (SI) symbols whenever
possible.

Acknowledgments

These should be included at the end of the text. Personal
acknowledgments should precede those of institutions or agencies.
Footnotes should be avoided; when necessary they must be numbered.
Acknowledgments to grants and scholarships, and of indebtedness to
colleagues as well as mention to the origin of an article (e.g. thesis)
should be added to the Acknowledgments section. Include the full
name of the funding agency, country, and funded project number (if
applicable).

Abbreviations

These should be defined at their first occurrence in the text, except for
official, standard abbreviations. Units and their symbols should conform
to those approved by the Bureau International des Poids et Mesures
(SI).

Figure Legends

This information must be provided at the end of the manuscript, after
the abbreviations. All figures must contain a descriptive legend. The
legend must contain an introductory sentence that describes the main
findings. All panels (if applicable) must be identified in the figure
legend by lower case letters (1a, 2a, 2b, 3¢, 3d, etc.). When presenting
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error bars, please inform if a number that follows the % sign is a
standard error of mean (SEM) or a standard deviation of mean (SD). Or
include in the legend if the presented result is representative of N
individual experiments.

Tables

Each table should have a brief title above it. Table footnotes should be
placed below the table. Tables have to be cited in the paper in Roman
numerals (Table I, Table 1I, Tables IV and V, etc.). Tables must be
submitted as separate files in editable format, preferably as *.doc or
*docx file.

Figures

Only high-quality figures will be accepted (minimum of 300 dpi). All
illustrations will be considered figures including drawings, graphs,
maps, photographs, etc. Their tentative placement in the text should
be indicated and all figures must be cited with their respective number
along the text. Figures should be sent according to the following
specifications: 1. Drawings and illustrations should be in format
.PS/.EPS or .CDR (PostScript or Corel Draw) and never be inserted in
text; 2. Images or figures in grayscale should be in format .TIF and
never be inserted in text; 3. Each figure should be saved and sent in a
separate file; 4. Figures should, in principle, be submitted at the size
they are to appear in the journal, i.e., 8 cm (one column) or 16.2 cm
(two columns) wide, with maximal height for each figure and respective
legend smaller than or equal to 22 cm.

The legends to the figures should be sent double-spaced on a separate
page. Each linear dimension of the smallest characters and symbols
should not be less than 2 mm after reduction. Colored figures are
accepted just as much as b/w ones, but up to 5 black and white figures
are free of charge, while every colored figure will be charged, due
communication will be made in the production phase (after the
evaluation process), should the author want them colored as well in the
printed version. For the purpose of counting black and white figures,
tables occupying two thirds of the page or having more than 12
columns or 24 rows will be considered b/w figures; 5. Manuscripts on
Mathematics, Physics or Chemistry may be typesetted in TEX, AMS-TEX
or LaTEX; 6. Manuscripts without mathematical formulae may be sent
in .RTF or doc/docx for Windows.

References

Authors are responsible for the accuracy of the References. Published
articles and those in press may be included. Personal communications
(Smith, personal communication) must be authorized in writing by
those involved. References to thesis, meeting abstracts (not published
in indexed journals) and manuscripts in preparation or submitted, but
not yet accepted, should be cited in the text as (Smith et al.,
unpublished data) and should NOT be included in the list of references.

The references should be cited in the text as, for example, ‘Smith
2004, *Smith & Wesson 2005’ or, for three or more authors, ‘Smith et
al. 2006". Two or more papers by the same author(s) in the same year
should be distinguished by letters, e.g. ‘Smith 2004a’, *Smith 2004b’
etc. Letters should also distinguish papers by three or more authors
with identical first author and year of publication. References should be
listed according to the alphabetical order of the first author, always in
the order SURNAME XY in which X and Y are initials. If there are more
than ten authors, use et al. after the first author. References must
contain the title of the article. Names of the journals should be
abbreviated without dots or commas. For the correct abbreviations,
refer to lists of the major databases in which the journal is indexed or
consult the World List of Scientific Periodicals. The abbreviation to be
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British national or equivalent legislation and the research permit number must be stated in the
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servers such as ArXiv, bioRxiv, psyArXiv, SocArXiv, engrXiv, etc. Authors may also post the submitted
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presented in the paper should also be publicly archived. Exceptions may be granted at the discretion of
the editor for sensitive information such as human subject data or the location of endangered species.
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published in the paper. Any restriction on the availability of this data must be disclosed at the time of
submission. Authors may include this data as part of the main article where practical.

Data Citation

Authors are required to include data citations as part of their reference list. When citing or making claims

based on data, authors must refer to the data at the relevant place in the manuscript text and in addition

provide a formal citation in the reference list. Author should reference data following the format: Authors;
Year; Dataset title; Data repository or archive; Version (if any); Persistent identifier (e.g. DOI).

Conflict of interest

Authors must declare details of any potential conflict of interest. A conflict of interest exists when
professional judgement concerning a primary interest (such as animal welfare or the validity of research)
may be influenced by secondary interests (personal matters such as financial gain, personal relationships
or professional rivalry).

Submission

Submission of a manuscript will be taken to imply that the material is original and that no similar paper is
being, or will be, submitted elsewhere, either in whole or substantial part. Serialized studies should not be
submitted and titles should not contain part numbers. The Editors reserve the right to accelerate the
publication of high-profile papers and commissioned reviews. Authors may suggest up to four referees
for their paper, however the Editor reserves the right to choose referees other than those suggested.

Copyright Assignment

If your paper is accepted, the author identified as the formal corresponding author for the paper will
receive an email prompting them to login into Author Services; where via the Wiley Author Licensing
Service (WALS) they will be able to complete the license agreement on behalf of all authors on the paper.

For authors choosing OnlineOpen

If the OnlineOpen option is selected the corresponding author will have a choice of the following Creative
Commons License Open Access Agreements (OAA):

® (Creative Commons Attribution License OAA
e (Creative Commons Attribution Non-Commercial License OAA
® (Creative Commons Attribution Non-Commercial -NoDerivs License OAA

To preview the terms and conditions of these open access agreements please visit the Copyright FAQs
hosted on Wiley Author Services https://authorservices.wiley.com/author-resources/Journal-
Authors/licensing-open-access/licensing/licensing-info-fags.html and visit

If you select the OnlineOpen option and your research is funded by The Wellcome Trust and members of
the Research Councils UK (RCUK) you will be given the opportunity to publish your article under a CC-BY
license supporting you in complying with Wellcome Trust and Research Councils UK requirements. For
more information on this policy and the Journal's compliant self-archiving policy please visit:
http://www.wiley.com/go/funderstatement.

OnlineOpen

OnlineOpen is a pay-to-publish service from Wiley Blackwell that offers authors whose papers are
accepted for publication the opportunity to pay up-front for their manuscript to become open access (i.e.
free for all to view and download) via Wiley Online Library. Each OnlineOpen article will be subject to a
one-off fee of US$3600 to be met by or on behalf of the Author in advance of publication. Upon online
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publication, the article (both full-text and PDF versions) will be available to all for viewing and download
free of charge. For the full list of terms and conditions, see https://authorservices.wiley.com/author-
resources/Journal-Authors/licensing-open-access/open-access/onlineopen.html

Any authors wishing to send their paper OnlineOpen will be required to complete the payment form also
available here (Please note this form is for use with OnlineOpen material ONLY.)

Prior to acceptance there is no requirement to inform an Editorial Office that you intend to publish your
paper OnlineOpen if you do not wish to. All OnlineOpen articles are treated in the same way as any other
article. They go through the journal's standard peer-review process and will be accepted or rejected
based on their own merit.

Presentation

Papers should not exceed 5000 words (excluding references, the abstract and figure and table

legends). Typescripts must be typed in double spacing, and pages should be numbered consecutively,
including those containing acknowledgements, references, tables and figures. Lines must be numbered,
preferably within pages.

Manuscripts for review must consist of a single text file with figure and table legends included at the end
of this file on separate pages and with figure files uploaded separately. Please note that separate high
resolution figure files will be required upon acceptance (see below). Typescripts must be in English (both
English and American English are acceptable). The Editors reserve the right to modify accepted
manuscripts that do not conform to scientific, technical, stylistic or grammatical standards, and these
minor alterations may not be seen by the authors until the proof stage.

Conventions

The Metric system must be used and Sl units where appropriate. For further details see Baron, D.N.
(1988). Units, symbols and abbreviations. 5th edition. London: Royal Society of Medicine Series. Whole
numbers one to nine should be spelled out and number 10 onwards given in numerals. If a new taxon is
described, the institution in which the type material is deposited must be given, together with details of
the registration assigned to it. Full binomial names should be given on the first occasion an organism is
mentioned (and abbreviated thereafter), except at the beginning of a sentence. Avoid footnotes except to
add information below the body of a table. Do not use initial capitals for the common names of animals
unless derived from a proper noun.

Typescript
The typescript should follow the conventional form and must include:

1. Title page giving a concise title (do not include scientific names in the title), followed by a list of
authors' names and the institutions where the work was carried out. The name, address and email
address of the corresponding author should also be given. A short title for page headings must be
provided (maximum eight words).

2. Abstract of not more than 300 words which should list the main results and conclusions. The
abstract should also explain the importance of the paper in a way that is accessible to non-
specialists. Authors may submit non-English abstracts for online publication to allow the
international research community greater access to published articles. Translated abstracts should
be submitted in pdf format as supplementary material. The Editors have no input into the content
of supplementary material, therefore accuracy is the sole responsibility of the authors.

3. Keywords. A maximum of eight keywords may be suggested.

4. Introduction, which should not provide a review of the area of work but should introduce the
reader to the aims and context for the work described.

5. Materials and Methods should be sufficient to allow the work to be replicated, but should not
repeat information described fully elsewhere.
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6. Results should be restricted to a factual account of the findings obtained and the text must not
duplicate information given in Tables and Figures.

7. Discussion. This should point out the significance of the results in relation to the reasons for
undertaking the research.

Please note that appendices are no longer published in the printed version of the journal.
Supplementary material may be published in electronic form. Please click here for our
supplementary material guidelines.

References

Accuracy of references is the responsibility of the author(s). References must be checked against the text
to ensure (a) that the spelling of authors' names and the dates given are consistent and (b) that all
authors quoted in the text (in date order if more than one) are given in the reference list and vice versa.
The full title of the paper must be given together with the first and last pages.

Journal titles should be abbreviated in accordance with the Zoological Record Serial Sources, published
annually by BIOSIS.

Book titles should be followed by the place of publication and the publisher. Please give the name of the
editor(s) if different from the author cited.

In the text, references must be arranged chronologically with the surname(s) of the author(s)
followed by the date.

Use g, b, etc. after the year to distinguish papers published by the same author(s) in the same year.
Reference should not be made to unpublished data.

i. Two authors:use both names and the year. Do not use et al.

ii. Three authors: on first citation use all authors' names and the year. Thereafter it is usually sufficient
to give the name of the first author followed by et al. and the date.

iii. More than three authors: on first citation and thereafter give the name of the first author followed by
et al. and the date.

In the list, references must be arranged first alphabetically under author(s) name(s) and then in
chronological order if several papers by the same author(s) are cited.

Examples

Lemelin, P. (1996a). Relationships between hand morphology and feeding strategies in small-bodied
prosimians. Am. J. phys. Anthrop ~ (Suppl.) 22, 148.

Lemelin, P. (1996b). The evolution of manual prehensility in primates: a comparative study of prosimians and
didelphid marsupials. PhD thesis, State University of New York at Stony Brook.

Pianka, E. R. (1978). Evolutionary ecology.2nd edn. New York: Harper & Row.

Whitear, M. (1992). Solitary chemosensory cells. In Fish chemoreception: 103-125. Hara, T. J. (Ed.). London:
Chapman & Hall.

References in Articles

We recommend the use of a tool such as EndNote or Reference Manager for reference management and
formatting. EndNote and Reference Manager reference styles can be searched for here:
http://endnote.com/downloads/styles

Figures

Figures should be submitted as separate electronic files and figure legends should be included at the end
of the main manuscript file. lllustrations may be line drawings or photographs and should be numbered
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consecutively in the text as Fig. 1, Fig. 2 etc. Component parts of figures should be labelled (a), (b), (c) etc.
Captions for figures, which should be self-explanatory, must be typed, double spaced, on a separate page.

Our preferred electronic file type is vector-format encapsulated post script (EPS) because these images
are scaleable and therefore do not lose quality in the online PDF. All line drawings or photographs with
added labelling should be supplied in EPS format. Half tones without any labelling should be supplied in
TIFF format at 300 dots per inch minimum. If line drawings cannot be supplied as EPS files then they must
be in TIFF format with a minimum resolution of 800 dpi. These resolutions also apply to any images
embedded into an EPS file. Please click here for our artwork guidelines. Please see the illustration
submission section in the Wiley house style guide available here, and the electronic artwork guidelines
provided here.

Line drawings

Should not be larger than twice the final size and in no circumstances should exceed 168 x 220 mm. The
axes of graphs should be carefully chosen so as to occupy the space available to the best advantage.
When reduced, the drawing should fit into either one (80 mm) or two (168 mm) columns, preferably the
former. Lines should be bold enough to stand reduction to about 0.25-0.35 mm. Line drawings should be
as simple as possible and many computer-generated figures, such as 3-dimensional graphs, fine lines,
gradations of stippling and unusual symbols, cannot be reproduced satisfactorily when reduced.
Unsatisfactory line drawings will have to be redrawn at the author's expense. Preferred symbols are open
and filled circles, boxes and triangles, and these should be used consistently. Lettering should be kept to
a minimum and should be self-explanatory and unambiguous and of sufficiently high quality and size to
be clearly visible after reduction to final size. Lettering of all figures within the manuscript should be of
uniform style in a sans serif typeface (Helvetica) and capitals should be used for the initial letter of the
first word only. Bold lettering should not be used. Photographs should be the same size as they will
appear in the journal and should be selected to fit neatly into one column (80 mm) or two columns (168
mm).

Photographs

Should be labelled and numbered as for line drawings. For microscopical preparations, scale bars with
appropriate units must be provided; statements of magnification are not acceptable.

Colour figures

Color figures may be published online free of charge; however, the journal charges for publishing figures
in color in print. If the author supplies color figures at Early View publication, they will be invited to
complete a color charge agreement in RightsLink for Author Services. The author will have the option of
paying immediately with a credit or debit card, or they can request an invoice. If the author chooses not
to purchase color printing, the figures will be converted to black and white for the print issue of the
journal.

Tables

These must fit the page size (220 x 168 mm) without undue reduction. Oversize tables will not be
accepted. Tables should be kept simple and where possible, the use of vertical lines should be avoided.
Tables are referred to as Table 1, Table 2, etc., and any sub-sections as (a), (b), etc. Footnotes in tables
should be indicated by superscript a, b, etc.

Decisions and invitations to revise
All submissions are subject to peer review and authors can expect a decision, or an explanation for the

delay, within 3 months of receipt. If a revision is requested, the corresponding author should submit the
revised manuscript within 2 months unless there are special reasons for a delay, agreed in advance with
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the Editor. Papers not received within 2 months may be treated as new submissions and sent for further
evaluation by new referees.

Pre-submission English-language editing

Authors for whom English is a second language may choose to have their manuscript professionally
edited before submission to improve the English. A list of independent suppliers of editing services can be
found at http://wileyeditingservices.com/en/. All services are paid for and arranged by the author, and
use of one of these services does not guarantee acceptance or preference for publication.

Accepted manuscripts

Following acceptance of a manuscript, authors will be asked to send their final version as a Word file.
Figures should be saved in an EPS format and photographs saved as TIFF files. Authors will be asked to
complete an Exclusive Licence Form.

NEW: Online production tracking via Wiley Blackwell's Author Services

Author Services enables authors to track their article - once it has been accepted - through the production
process to publication online and in print. Authors can check the status of their articles online and choose
to receive automated e-mails at key stages of production. The author will receive an e-mail with a unique
link that enables them to register and have their article automatically added to the system. Please ensure
that a complete e-mail address is provided when submitting the manuscript. Visit
https://authorservices.wiley.com/author-resources/index.html for more details on online production
tracking and for a wealth of resources including FAQs and tips on article preparation, submission and
more.

Proofs

The corresponding author will receive an email alert containing a link to a web site from where a PDF file
of the proof can be downloaded. The corresponding author must provide a reliable email address and
inform the Production Editor of any extended period when the email address is not effective. Instructions
for returning the proofs will be sent with the proof. Excessive alterations to the text, other than printer's
errors, may be charged to the author. The Editors reserve the right to correct the proof themselves, using
the accepted version of the typescript, if the author's corrections are overdue and the journal would
otherwise be delayed. The Journal of Zoology has had a change in journal style, Latin species names are no
longer given in the article title but are instead inserted in the abstract, please keep this in mind when
choosing the titles for submitted articles.

Early View Publication

The Journal of Zoology is covered by Wiley Blackwell's Early View service. Early View articles are complete
full-text papers published online in advance of the print issue. Articles published online are complete and
in their final form: the author's final corrections have been incorporated and changes cannot be made
after online publication. Early View articles do not have volume, issue or page numbers, and therefore
cannot be cited in the traditional way. They are therefore given a Digital Object Identifier (DOI), which
allows the article to be cited and tracked before it is assigned to an issue. After print publication the DOI
remains valid and can continue to be used to cite and access the article.

Author material archive policy

Please note that unless specifically requested, Wiley Blackwell will dispose of all hardcopy or electronic
material submitted 2 months after publication. If you require the return of material submitted please
inform the Production Editor when your paper is accepted for publication.

Offprints
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Free access to the final PDF offprint or your article will be available via author services only. Please
therefore sign up for author services if you would like to access your article PDF offprint and enjoy the
many other benefits the service offers. A copy of the Publisher's Terms and Conditions for the use of the
PDF file will accompany the electronic offprint and the file can only be distributed in accordance with
these requirements. Additional paper offprints may be ordered when proofs are sent out, provided that
the order is placed promptly (i.e. at the time of proof correction).
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