NOTA CIENTIFICA:

Publicagao do artigo intitulado: “Redescrigao e
identificacdo molecular de Isospora feroxis Berto,
Luz, Flausino, Ferreira & Lopes, 2009 (Eimeriidae)
de passaros tiranideos (Tyrannoidea) na América
do Sul” em referéncia ao projeto “TAXONOMIA E

ECOLOGIA DE COCCIDIOS: IDENTIFICAGAO
MORFOLOGICA E MOLECULAR DE ESPECIES EM
AVES SILVESTRES DO PARQUE NACIONAL DO
ITATIAIA” (SISBIO 70132)

Esta nota objetiva divulgar o artigo cientifico
“Redescription and molecular identification of
Isospora feroxis Berto, Luz, Flausino, Ferreira &
Lopes, 2009 (Eimeriidae) from tyrant-flycatchers
(Tyrannoidea) in South America” o qual foi publicado
na revista cientifica Systematic Parasitology, volume
98, paginas 333-341, doi: 10.1007/s11230-021-
09981-5 (em anexo).

Este artigo é um dos resultados de
expedicOes realizadas entre agosto de 2014 e agosto
de 2018, em diferentes pontos na parte baixa do
Parque Nacional do lItatiaia, as quais objetivaram a
captura e coleta de amostras fecais de aves silvestres
com redes de neblina.

Especificamente, neste artigo a espécie de
protozodrio coccidio Isospora feroxis Berto, Luz,
Flausino, Ferreira & Lopes, 2009 foi redescrita a
partir dos fotossintipos (fotografias originais da
descricdo da espécie) e de novas amostras de uma
maria-cavaleira Myiarchus ferox da Ilha da
Marambaia, Mangaritiba-RJ, e bico-chatos-de-
orelha-preta Tolmomyias sulphurescens do Parque
Nacional do Itatiaia. A llha da Marambaia e a espécie
M. ferox sdao a localidade e espécie hospedeira
originais deste protozoario (localidade-tipo e
hospedeiro-tipo), portanto o Parque Nacional do
Itatiaia e a espécie T. sulphurescens tornaram-se
entdo novas localidade e hospedeiro de registro.

Além deste registro, algumas correcbes e
ajustes na descricdo morfoldgica deste protozoario

foram realizadas, justificando assim a redescricdo da
espécie. Associado a isso, também foi realizado um
estudo molecular  para a identificacdo/
sequenciamento de um gene mitocondrial para a
comparacdo filogenética/molecular desta espécie
com as demais sequenciadas para este mesmo gene.

Finalmente, esta foi a sexta espécie
identificada de pdssaros Suboscines (passaros com
caracteristicas ancestrais) a ter uma identificacdo
molecular e uma sequéncia genética depositada no
bando de dados de genes, denominado GenBank.

Este artigo demonstra o aprofundamento
desta linha de pesquisa no Parque Nacional do
Itatiaia e a dedicacdo dos integrantes do Laboratério
de Biologia de Coccidios (LABICOC). O laboratoério é
de responsabilidade do Prof. Dr. Bruno Pereira Berto
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respectivos Curriculos Lattes:
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Abstract In the present study Isospora feroxis
Berto, Luz, Flausino, Ferreira & Lopes, 2009 is
redescribed from the photosyntypes and from new
samples from a short-crested flycatcher Myiarchus
ferox (Gmelin), which is the type-host in the type-
locality, the Marambaia Island in Southeastern Brazil.
In addition, the yellow-olive flycatcher Tolmomyias
sulphurescens Spix is recorded as a new host for this
species, in a new locality, the Itatiaia National Park, in
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the interior of Southeastern Brazil, providing a
preliminary genotypic characterization via sequencing
of the mitochondrial cytochrome ¢ oxidase subunit 1
(COI) gene. Micropyle and rough oocyst wall are
added to the description of I. feroxis, in addition to
other details. This is the sixth species identified from
suboscine birds (Tyranni) to have a COI gene
sequence deposited in GenBank and, although it is
not yet possible to make conclusions on the phylogeny
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of Isospora spp. from Passeriformes by the COI gene,
the molecular analysis confirmed the differences
between coccidian species from tyrant-flycatchers.

Introduction

Biodiversity in the Neotropical Region is very relevant
for researchers around the world, among various
aspects, due to its potential and recurring new
discoveries (Tundisi & Matsumura-Tundisi, 2008).
In this context, the class Aves stands out for its great
diversity and exuberance, attracting not only scien-
tists, but also ecotourists, especially birdwatchers
(Stotz et al., 1996). Brazil is the second country in the
Neotropical region with the largest number of bird
species; where, currently, there are 1919 species listed
by the Ornithological Records Committee of Brazil
(Piacentini et al., 2015). In the context of research on
Neotropical birds, there is the study of their parasites,
which has been increasingly related to ecology,
physiology and conservation of wild species. Among
bird parasites, coccidian protozoa stand out as the
cause of morbidity and mortality in unfavorable
conditions of host and environment, to a commensal-
ism-like in bird populations in conserved and balanced
environments (Berto & Lopes, 2020).
Tyrant-flycatchers represent a superfamily, Tyran-
noidea (Piacentini et al., 2015), or simply the family
Tyrannidae, according to BirdLife International (Del
Hoyo & Collar, 2016), which distribution extends
across North, Central and South America, being more
concentrated in the Neotropical Region. It is currently
the largest superfamily/family of the class Aves
worldwide, with 450 species recorded. In Brazil, 218
species are listed (Piacentini et al., 2015; Del Hoyo &
Collar, 2016). Even with this great diversity, there are
few reports of coccidian species from tyrant-flycatch-
ers, when compared to other bird families. In this
context, the current study aimed to redescribe Isospora
feroxis Berto, Luz, Flausino, Ferreira & Lopes, 2009
from the photosyntypes and from samples of a short-
crested flycatcher Myiarchus ferox (Gmelin), which is
the type-host in the type-locality, the Marambaia
Island in Southeastern Brazil. In addition, the yellow-
olive flycatcher Tolmomyias sulphurescens Spix is
recorded as a new host for this species, in a new
locality, the Itatiaia National Park, in the interior of
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Southeastern Brazil, providing a preliminary geno-
typic characterization via sequencing of the mito-
chondrial cytochrome c oxidase subunit 1 (COI) gene.

Materials and methods
Sample collection

Between August 2014 and August 2018, 19 expedi-
tions were conducted in different locations in the
Itatiaia National Park (22°27'S, 44°36'W), a protected
area with a high degree of vulnerability, located in the
Serra da Mantiqueira on the border of the States of Rio
de Janeiro, Minas Gerais and Sdo Paulo (ICMBIO,
2016), to capture wild birds with mist nets and collect
faecal samples. A total of seven yellow-olive flycatch-
ers T. sulphurescens were captured. In addition to the
Itatiaia National Park, an expedition in September
2014 was conducted on Maramabia Island
(23°3/38.86”S, 43°58'47.56”W), on the coast of the
state of Rio de Janeiro, Southeastern Brazil, where one
short-crested flycatcher M. ferox was captured. The
birds were kept in individual boxes and faeces
collected immediately after defecation. After identi-
fication of the species, the bird was photographed and
released and faecal samples were placed in centrifuge
tubes containing a potassium dichromate 2.5%
(K5Cr,0) solution at 1:6 (v/v).

Morphological analyses

Samples were taken to the Laboratério de Biologia de
Coccidios, Universidade Federal Rural do Rio de
Janeiro (UFRRJ). Samples were incubated at room
temperature (25°C) for 10 days or until ~70% of the
oocysts were sporulated. Oocysts were isolated by
flotation in Sheather’s sugar saturated solution (speci-
fic gravity: 1.20) and examined microscopically using
the technique described by Duszynski & Wilber
(1997) and Berto et al. (2014). Morphological obser-
vations, line drawings, photomicrographs and mea-
surements were made using an Olympus BX binocular
microscope (Olympus Optical, Tokyo, Japan) coupled
to a digital camera Eurekam 5.0 (BEL Photonics,
Monza, Italy). Line drawings were edited using Corel
DRAW® and Corel PHOTO-PAINT (Corel Draw
Graphics Suite, Version 11.0, Corel Corporation,
Canada). All measurements are in micrometres and
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are given as the range followed by the mean in
parentheses.

Molecular analyses

An individual oocyst from a fecal sample of T.
sulphurescens was isolated from serial dilutions of the
odcysts in drops on a microscope slide using a sterile
micropipette. This isolated oocyst was resuspended in
PBS and washed by centrifuging until the supernatant
became clear (Dolnik et al., 2009). DNA was extracted
from the purified odcysts using the Qiagen DNeasy
Blood and Tissue Kit (Qiagen, Sao Paulo, Brazil)
according to the manufacturer$ instructions. In order
to fully lyse the oocyst, four freeze-thaw cycles were
applied prior to the DNA extraction. The PCR
amplification for the COI gene was carried out using
anested PCR, as previously described by Dolnik et al.
(2009) and Yang et al. (2015). The external primers
COIbF1 (5-GWT CAT TAG TAT GGG CAC ATC
A-3’) and COIbRI1 (5'-CCA AGA GAT AAT ACR
AAR TGG AA-3') produced a PCR product of 302 bp
in size. The internal primes COIbF2 (5-GGG CAC
ATC ATA TGA TGA C-3’) and COIbR2 (5'-ATA
GTA TGT ATC ATG TAR WGC AA-3') produced an
amplicon of 257 bp in size. The PCR reaction
contained 10 pl of 5x Green GoTaq® Flexi Buffer,
3 ul of 25 mM MgCl,, 1 pl of 10 mM dNTPs, 0.4 uM
of each primer, 1.25 units of GoTag® DNA poly-
merase, 3 pl of DNA (for primary reaction) or 3pul
primary PCR product (for the secondary reaction).
Both primary and secondary PCR were conducted
using the same cycling conditions: 1 cycle of 94°C for
5 min, followed by 35 cycles of 94°C for 30 s, 47°C for
45 s, and 72°C for 1 min and a final extension of 72°C
for 5 min. The amplicons from the second round of
PCR were purified using the Qiagen MinElute PCR
Purification (Qiagen, Sdo Paulo, Brazil). All PCR
products were sequenced using the PCR forward and
reverse primers by Ludwig Biotechnology, were an
ABI-Prism 3500 Genetic Analyzer (Applied Biosys-
tems, Foster City, California) was used for Sanger
sequencing. The results of the sequencing reactions
were analyzed and edited using the program Chromas
2.6 (Technelysium Pty Ltd, Queensland Australia).

DNA sequence analyses

The newly generated sequence was compared to those
for Isospora spp. and other coccidian parasites avail-
able on the GenBank database using the Basic Local
Alignment Search Tool (BLAST). Phylogenetic trees
were constructed for Isospora spp. at the COI
sequences for additional isolates from GenBank.
Alignment and parsimony analyses were conducted
using MEGA version 7, using ClustalW as alignment
algorithm (Tamura et al., 2007). The evolutionary
history was inferred using the Neighbor-Joining (NJ)
and Maximum Likelihood (ML) methods and the
distances were computed using the Tamura-Nei
method based on model selection using ModelTest
in MEGA 7. Bootstrap analyses were conducted using
1,000 replicates to assess the reliability of inferred tree
topologies.

Obtaining the photosyntypes of Isospora feroxis
Berto, Luz, Flausino, Ferreira & Lopes, 2009

The photosyntypes of I feroxis from M. ferox
identified in Berto et al. (2009a), which were deposited
in the Parasitology Collection of the Laboratdrio de
Biologia de Coccidios (http://rl.ufrrj.br/labicoc/
colecao.html) at UFRRJ under repository number
P-30/2009, were required for morphological
comparison.

Results

Seven T. sulphurescens were examined and five of
them (71%), which were captured in the same location
in the Itatiaia National Park, known as “Trilha das
Borboletas” or “Butterfly Trail” (22°26'57.00”S,
44°36/25.00”W), were positive for coccidia. The
short-crested flycatcher M. ferox captured in Maram-
abia Island was also positive for coccidia. All observed
odcysts were morphologically identified as I. feroxis.
This material is described below.

Eimeriidae Minchin, 1903
Isospora Schneider, 1881

Isospora feroxis Berto, Luz, Flausino, Ferreira &
Lopes, 2009
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Type-host: Myiarchus ferox (Gmelin) (Aves: Passer-
iformes: Tyranni: Tyrannoidea: Tyrannidae) short-
crested flycatcher.

Other host: Tolmomyias sulphurescens Spix (Aves:
Passeriformes: Tyranni: Tyrannoidea: Rhynchocycli-
dae) yellow-olive flycatcher (present study).
Type-locality: Marambaia Island (23°3/38.86”S,
43°58'47.56”W), Southeastern Brazil

Other locality: Parque Nacional do Itatiaia - Itatiaia
National Park (22°26'57.00”S, 44°36'25.00”W),
Southeastern Brazil.

Type-specimens: Photosyntypes and line drawing are
deposited and available (http://r1.ufrrj.br/labicoc/
colecao.html) in the Parasitology Collection of the
Laboratdrio de Biologia de Coccidios, at UFRRIJ,
under the repository number P-30/2009.

Other specimens (present study): Photomicrographs, line
drawing, and odcysts in 2.5% K,Cr,O; solution (Wil-
liams et al., 2010) from T. sulphurescens are deposited at
the Museu de Zoologia at the Universidade Federal Rural
do Rio de Janeiro, Brazil, under accession number
MZURPTZ2020025. Photomicrographs are also depos-
ited and available (http://r1.ufrrj.br/labicoc/colecao.html)
in the Parasitology Collection of the Laboratério de
Biologia de Coccidios, at UFRRJ, under repository
numbers 108/2020 (T. sulphurescens) and 109/2020 (M.
ferox). Photovouchers of the host specimens are depos-
ited in the same collection.

Site in host: Unknown; o0cysts recovered from faeces.
Prevalence: 75% (6/8) overall, 71% (5/7) for T.
sulphurescens; and 100% (1/1) for M. ferox.
Representative DNA sequence: Representative COI
sequences of the odcysts from T. sulphurescens were
deposited in the GenBank database under the acces-
sion number MT563402.

Description (Figs. 1, 2)
Sporulated oocyst

Odcysts (n = 81) subspheroidal, 18-23 x 18-23 (20.7
x 20.0); length/width (L/W) ratio 1.0-1.1 (1.04). Wall
bi-layered, 1.3-2.0 (1.7) thick, outer layer with min-
imal to moderate roughness, c¢.2/3 of total thickness.
Micropyle present, 4.4-9.2 (7.4) wide. Odcyst resi-
duum absent, but 1-3 (usually 2 bonded) polar
granules are present.

Sporocyst and sporozoites

Sporocysts (n = 70) 2, ovoidal to ellipsoidal, 11-15 x
8-10 (13.4 x 9.2); L/W ratio 1.3-1.6 (1.45). Stieda
body present, flattened to half-moon-shaped, 0.5-0.7
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Fig. 1 Composite line drawing of the sporulated oocyst for
redescription of Isospora feroxis from tyrant-flycatchers,
highlighting the outer layer of the odcyst wall with moderate
(A) or minimal (B) roughness. Scale-bar: 10 pm.

x 1.3-2.2 (0.6 x 1.7); substieda body present,
rounded to trapezoidal, 1.0-1.8 x 2.4-3.3 (1.3 x
2.9), infrequently with prominence resembling a
compartmentalized substieda; parastieda body absent;
sporocyst residuum present, composed of spherules of
different sizes. Sporozoites 4, vermiform, 10-11 x
3-4 (10.9 x 3.6), with posterior refractile body and
centrally located nucleus.

Remarks

Four Isospora spp. are recorded from New World
tyrant-flycatchers (Table 1). To date, I. feroxis had the
smallest odcysts among these Isospora spp.; however,
in the present study, the wide addition of odcyst
measurements from two hosts increased the range of
odcysts measurements, making them compatible with
Isospora attilae Rodrigues, Silva, Lopes, Berto, Luz,
Ferreira & Lopes, 2015 and Isospora lopesi Silva-
Carvalho & Berto, 2018. However, I. feroxis odcysts
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Fig. 2 Sporulated odcysts of Isospora feroxis from the photosyntypes (A, B) and from new samples of a short-crested flycatcher
Mpyiarchus ferox (C—G) and of yellow-olive flycatchers Tolmomyias sulphurescens (H-J). Note the inner (il) and rough outer (rol) layers
of the odcyst wall; micropyle (m); nucleus (n); polar granule (pg); Stieda (sb) and sub-Stieda bodies (ssb); sporocyst residuum (sr);

refractile body (rb). Scale-bar: 10 pm.

are differentiated from these Isospora spp. by the less
elongated shape of the sporocysts, smaller and more
delicate sub-Stieda body and, mainly, by the presence
of the micropyle and rough o6cyst wall which were
added in the current redescription.

Phylogenetic analysis

DNA amplification of the o6cyst of I. feroxis showed a
clear band of ¢.250 bp. Phylogenetic analysis included
20 sequences for avian Isospora spp. available on
GenBank (Fig. 3). Toxoplasma gondii (Nicolle &
Manceaux, 1908) was used as the outgroup. Isospora
feroxis sat apart into a large clade containing Isospora
spp. from thrushes, warblers, honeyeaters, buntings,
longspurs, starlings, white-eyes, but also containing
Isospora spp. from suboscine hosts (Tyranni), which is
the Suborder of T. sulphurescens and M. ferox.
Isospora feroxis had the highest similarities of 97%
with Isospora massardi Lopes, Berto, Luz, Galvao,
Ferreira & Lopes, 2014 from the yellow-legged thrush
Turdus flavipes (Vieillot) and Isospora manorinae
Yang, Brice, Jian & Ryan, 2016 from the yellow-
throated miner Manorina flavigula (Gould).

Discussion

The description of coccidian species is fundamentally
based on the morphology of the odcysts; although
ecological, biogeographical, pathological and molec-
ular complementations are important for the charac-
terisation of a species (Duszynski & Wilber, 1997;
Tenter et al., 2002; Berto et al., 2014). In this context,
Duszynski & Wilber (1997) established that the
identifications must be based on the comparative
morphology between the coccidian species recorded
in the same family as the host. Since then, the most
complete and reliable studies on coccidian taxonomy
from wild birds have demonstrated specificity at the
host family level (Berto et al., 2013); however,
sometimes the number of coccidian species recorded
in a host-family is very low or non-existent (e.g.,
Cardinalidae), making it necessary to compare with
coccidian species described from higher taxonomic
levels of the host, such as Superfamily, Parvorder or
Infraorder. In addition, the divergences in the systems
of classification of Aves make it difficult to identify
coccidians based on host-family specificity. The
classifications of Del Hoyo & Collar (2016) and
Piacentini et al. (2015) that supported the present
study classify the tyrant-flycatchers as a Family and
Superfamily, respectively; therefore, despite this
divergence in level and classifications in different
families by Piacentini et al. (2015), there were no
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Isospora greineri (KR108298) - Lamprotornis superbus (Passeri: Sturnidae)
85,891/sospora butcherae (KY801687) - Zosterops lateralis (Passeri: Zosteropidae)
4552 Isospora sp. isolate IPlen2AM (MH698551) - Plectrophenax nivalis (Passeri: Calcariidae)
Isospora sp. isolate EmbCi1 PT (MK573834) - Emberiza citrinella (Passeri: Emberizidae)
Isospora sepetibensis (MK682606) - Trichothraupis melanops (Passerl: Thraupidae)
Isospora borbai (MK057528) - Conopophaga spp. (Tyranni: Conopophagidae)

Y

48,53

[ Ee—
0.05

Isospora sagittulae (MF981004) - Pyriglena leucoptera (Tyranni: Thamnophilidae)
Isospora lopesi (MF438267) - Platyrinchus mystaceus (Tyranni: Tyrannoidea: Platyrinchidae)
Isospora sporophilae (MH464545) - Sporophila frontalis (Passeri: Thraupidae)
Isospora sp. JCI-2015 isolate ISC3 (KP688307) - Sylvia conspicillata (Passeri: Sylviidae)
4 jgl_[sospora sp. JCI-2015 isolate ISC9 (KP688311) - Sylvia conspicillata (Passeri: Sylviidae)
,47L= Isospora sp. JCI-2015 isolate ISC10 (KP688312) - Sylvia conspicillata (Passeri: Sylviidae)
Isospora feroxis (MT563402) - ToImomyias sulphurescens (Tyranni: Tyrannoidea: Rhynchocyclidae)
Isospora massardi (MN602626) - Turdus flavipes (Passeri: Turdidae)
Isospora manorinae (KT224377) - Manorina flavigula (Passeri: Meliphagidae)
Isospora sp. isolate TurPh1 JT (MK573832) - Turdus philomelos (Passeri: Turdidae)
Isospora sp. isolate TurMe8 PT (MK573840) - Turdus merula (Passeri: Turdidae)
Isospora sp. isolate TurMe1 L (MK573843) - Turdus merula (Passeri: Turdidae)
L— /sospora sp. isolate TroTr1 PT (MK573836) - Troglodytes troglodytes (Passeri: Troglodytidae)
Isospora parnaitatiaiensis (MT233550) - Dysithamnus mentalis (Tyranni: Thamnophilidae)
Isospora oliveirai (MT276845)- Schiffornis virescens (Tyranni: Tityridae)
Toxoplasma gondii (KM657810)

Fig. 3 Maximum likelihood tree estimated from the COI sequences. Numbers at nodes represent bootstrap support (1,000 replicates;
only values > 40% shown) for Neighbor-Joining and Maximum Likelihood, respectively. The scale-bar represents the number of

nucleotide substitutions per site.

differences in the organization and comparison of
coccidians from tyrant-flycatchers that are tradition-
ally related (Berto et al., 2011).

The odcysts of the original description of I. feroxis
and those of M. ferox and T. sulphurescens of the
present study differed in measures. These morphome-
tric differences were mainly observed from the low
number of odcysts measured from single hosts M.
ferox, both in Berto et al. (2009a) and in present study
(Table 1). In contrast, the 71 measured odcysts from 5
T. sulphurescens reached a wide range of measures,
which is compatible with the largest and smallest
oocysts of M. ferox. Thus, it can be concluded that 1.
feroxis has a wide range of measurements detected
when observing odcysts from several hosts. These
differences in the size of odcysts shed from different
hosts are natural and already established in the
scientific literature as a result of biological and
ecological factors (Duszynski, 1971; Fayer, 1981;
Berto & Lopes, 2020).

The redescription from the photosyntypes of I
ferox proposed in the present study is based on the
observation of odcysts with micropyle (Fig. 2a, b),
which were not identified in the original description by
Berto et al. (2009a). Probably, the low number of 10
odcysts observed in Berto et al. (2009a) must have
favored the non-observance of the micropyle, since

this characteristic feature is observed only in certain
positions of the odcysts (Fig. 2e-g, i, j), especially
when they are subspherical (Berto et al., 2014). Thus,
this redescription highlights the importance of prior-
itizing the description of coccidian species from a
large number of odcysts, preventing that certain
characteristic features are not observed for the
description. In this same sense, the original description
by Berto et al. (2009a), did not identify o6cysts with a
rough wall. In fact, the o6cysts observed in the current
study had a low to moderate roughness, and in one of
the hosts T. sulphurescens, only odcysts with very low
roughness were predominantly observed, similar to
the photosyntypes of I. ferox. Therefore, these results
reinforce that the description of new coccidian species
from a single host specimen should be avoided,
ensuring that all possible details of a coccidian species
are observed.

Isospora feroxis is the sixth species identified from
suboscine birds to have a deposition of COI gene
sequence on the GenBank. Even so, few phylogenetic
conclusions are observed from the cladogram shown
in Fig. 3. Isospora feroxis was closer to Isospora spp.
from thrushes, honeyeaters and warblers than from
species of the same parvorder, such as Isospora
oliveirai Ortizar-Ferreira & Berto, 2020, and Super-
family/Family, such as I. lopesi. At the same time,
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Isospora feroxis was as close to coccidians from the
Neotropical region, such as I. massardi, as well as to
coccidian species related to endemic birds in Oceania,
such as 1. manorinae. In fact, this 257 bp fragment of
the COI gene has not been totally suitable for the
delimitation of coccidian species of passerines, despite
that it was pioneered in the work of Dolnik et al.
(2009), it has the largest number of deposits at
GenBank and, until recently, it has been recommended
for phylogenetic studies (Yang et al., 2015). In this
sense, the latest works on molecular characterisation
of coccidians of Passeriformes has shown that longer
sequences and multiple genes are more conclusive in
the phylogenetic analyses (Yang et al., 2021). In any
case, the molecular analysis confirmed the differences
already observed in the morphology of the odcysts of 1.
feroxis and I. lopesi, since these species were geno-
typically different in 9 base pairs (4.4%) by the COI
sequences.

Finally, based on the morphological and molecular
features described above, 1. feroxis is redescribed in
the present study, documenting a new host, T.
sulphurescens, and a new locality, the Itatiaia National
Park, in addition to the type-host M. ferox in the
Marambaia Island, southeastern Brazil.
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