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Abstract

Scorpions are venomous synanthropic arachnids, in 2019 they were responsible for
more than 37000 cases of envenomation in the state of Ceard, Northeastern Brazil.
To update the knowledge about the scorpiofauna in Ceara, a distribution list of
scorpions collected/received by municipal agents of the Health Surveillance Service
was performed in 165 municipalities (89%) of Ceard (2018 —2019) and deposited in
the Dr. Thomaz Corréa Aragdo Entomology Laboratory scientific collection, including
species distribution maps and ecological data. This study included a total of 999
scorpions from two families (Buthidae and Bothriuridae) and eleven species. The
most abundant species were: Tityus stigmurus (40.1%), Jaguajir rochae (37.2%),
Bothriurus asper (8.3%) and Bothriurus rochai (6.7%), mainly inhabiting municipa-
lities in the Caatinga biome. The first record of Tityus confluens and Tityus maran-
hensis in the Sobral mesoregion is herein presented, expanding the distribution of
these species in Brazil.

Resumen

Los escorpiones son aracnidos sinantrépicos venenosos; durante el afio 2019 fueron
responsables de mas de 37000 casos de envenenamiento en el estado de Cear3,
noreste de Brasil. Para actualizar el conocimiento sobre la escorpidnofauna en Ceara,
se realizé una lista de distribucidn de escorpiones recolectados / recibidos em las
agencias municipales del Servicio de Vigilancia de Salud de 165 municipios (89%)
de Ceard (2018 —2019), y depositados en la coleccion cientifica de Entomologia del
laboratorio Dr. Thomaz Corréa Aragdo, junto con mapas de distribucion de especies
y datos ecoldgicos. Este estudio incluyo un total de 999 escorpiones pertenecien-
tes a dos familias (Buthidae y Bothriuridae) y once especies. Entre ellos, los mas
abundantes fueron: Tityus stigmurus (40.1%), Jaguajir rochae (37.2%), Bothriurus
asper (8.3%) y Bothriurus rochai (6.7%), que habitan principalmente municipios
en el bioma Caatinga. Aqui se presenta el primer registro de Tityus confluens y
Tityus maranhensis en la mesorregion de Sobral, ampliando la distribucion de estas
especies en Brasil.
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Introduction

The order Scorpiones currently has 2645 species des-
cribed, grouped into 163 genera and 18 families (Rein
2021). Despite the small number of described species,
when compared to spiders, scorpions have a wide geo-
graphical distribution, being found on all continents,
except for Antarctica (Brownell & Polis 2001, Lourengo
2018). The greatest diversity of scorpions is concentra-
ted in tropical and subtropical regions of the globe, inha-
biting different environments, such as deserts, savannas,
and forests (Lourenco 2002, Lourengo & Eickstedt 2009,
Porto et al. 2010).

According to data from the Notifiable Diseases Infor-
mation System (SINAN) platform, cases of scorpionism
in Brazil reached more than 33000 from 2015 to 2020
(SINAN, 2021). The highest incidence of scorpion stings
occurred in the South and North regions, and the highest
mortality and morbidity rates were concentrated in the
Southeast and in the State of Amazonas, associated with
delayed health care. However, the North, Northeast and
the Southeast coast had less access to antivenom (Wen et
al. 2020). Accidents caused by venomous animals repre-
senta serious public health problem in Brazil, and among
the cases notified by SINAN, those caused by scorpions
are the most frequent in the state of Ceara (67.2%) (Bra-
gaetal. 2020).

Different scorpion species can coexist in the same
geographic area, but the toxic potential of scorpion
venoms is not uniform, with almost all the most dan-
gerous species belonging to the Buthidae family, in-
cluding the dreaded genera Androctonus and Buthus
(north Africa), Parabuthus (South Africa), Mesobuthus
(India), Leiurus (Near and Middle East), Centruroides
(North and Central America) and Tityus (South Ameri-
ca) (Abroug et al. 2020). Despite the great biodiversity
of scorpions in the tropics, ecological studies on these
arachnids are still scarce, even in the face of the evident
environmental changes that are transforming the Neo-
tropical regions. In Brazil, studies involving the ecology
of arachnids are more frequent in the Amazon and At-
lantic Forest biomes, both of which interestingly have
similar characteristics: closed vegetation with high hu-
midity and rainfall, aspects that are different from other
Brazilian biomes such as the Cerrado and Caatinga (Lira
etal. 2019).

The Brazilian scorpion fauna is underestimated by
factors like lack of specialists and research incentives,
in addition to the existence of sampling gaps in seve-
ral areas (Porto & Brazil 2010). In the Northeast region
of Brazil, the numbers related to the scorpion fauna
are still inaccurate, considering that the vast majori-
ty of studies are focused on public health. There is an
association between scorpion species and xeric envi-
ronments, suggesting that scorpion assemblages do
not vary much in conserved fragments from different
phytophysiognomies (Carmo et al. 2013). The gradual
increase in scorpionism incidence rates may be a result
of the expansion of scorpions’ habitats (Bucaretchi et
al. 2014).

The State of Ceara is mostly covered by the Caatinga
biome, whose scorpion fauna contains at least 33 descri-
bed species (Porto et al. 2014, Esposito et al. 2017, Lira
et al. 2019). However, it is estimated that about 41% of
the Caatinga has never been researched, and 80% has
been poorly sampled (Tabarelli & Vicente 2004). If we
exclude in these data studies with scorpions, the unstu-
died area of Caatinga rises to 70% (Porto etal. 2014). In-
sufficient knowledge about the geographic distribution
of scorpions in regions of the Caatinga justified this study
with the aim of updating the list of scorpion species cau-
sing accidents reported in the state of Ceara.

Material and methods

Characterization of the study area. - Ceara has an
estimated population for 2019 of 9 132 078 inhabitants,
occupying the eighth position among the most populous
Brazilian states (IBGE 2019). Located in the north of the
Northeast Region of Brazil (5°12'0" S, 39°18'0"” W), and
is limited by the Atlantic Ocean (N and NE), the states
of Rio Grande do Norte and Paraiba (E), Pernambuco
(S) and Piaui (W). Its total area is 148 894 757 km?, co-
rresponding to 9.37% of the total area of the Northeast
Region (IBGE 2019). The state has 184 municipalities,
with about 75% of the population occupying urban areas
(IBGE 2019). The predominant climate, in 98 of the 184
municipalities is warm tropical semi-arid. Surrounded
by relatively high relief formations, such as plateaus and
cuestas, Ceara is bounded by the Serra da Ibiapaba (W),
the Chapada do Apodi (E), the Chapada do Araripe (S)
and the Atlantic Ocean (N). The dominant vegetation is
the Caatinga (about 46% of the territory), however, there
are also present tropical forest, savanna, and coastal ve-
getation (Borges-Nojosa et al. 2019).

Capture and identification. - All scorpions in this
study were collected through the health surveillance ser-
vice, developed by the Scorpion Control Program (PDCE)
in 165 municipalities (89%) of the State of Ceara, after
accident notification. All specimens were captured/co-
llected by municipalities’ endemic agents, following the
guidelines of the Scorpion Control Manual of the Minis-
try of Health (Brasil 2009). The collections were carried
out from January 2018 to December 2019, in urban,
peri-urban, and rural areas, through spontaneous dona-
tions (animal captured by the owner of the residence),
accidents due to scorpion stings or active searches by
health teams. Captured animals were placed in a con-
tainer containing 70% alcohol and identified by Relri-
son Dias Ramalho and Denise Maria Candido (Butantan
Institute), as described by Vachon (1974). All specimens
were deposited in the scientific collection of the Dr. Tho-
maz Corréa Aragdo Entomology Laboratory of the Vector
Control Center of the Ceara State Health Department, in
Fortaleza municipality, under the curatorship of biolo-
gist Relrison Dias Ramalho.

Distribution analysis. - In our survey we used some
ecological indices, such as: relative abundance (RA%),
determined as the ratio between the number of indi-
viduals of each species divided by the total number of
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specimens (n = 999). Sampling resulted from cases of
envenomation that were notified to health agents, and
whose responsible specimen was captured at the time
or was the result of an active search at notification sites.
Scientific literature and Global Biodiversity Information
Facility (2020) data were used only to be compared with
the species found. Distribution maps were created using
QGIS 2.18.18 with the GRASS 7.4.0 program.

Results
During the study, 999 scorpions were captured and
distributed in eleven species, ten from the family Buthi-

dae and one from the family Bothriuridae (Tab. 1). Scor-
pions of the genus Tityus C. L. Koch, 1836 represented
44.1% of the total animals collected in the study, fo-
llowed by those of the genus Jaguajir Esposito, Yamagu-
ti, Souza, Pinto da Rocha & Prendini, 2017 (RA=37.4%).
The most abundant species was Tityus stigmurus (Tho-
rell, 1876) (RA=40.1%), followed by Jaguajir rochae
(Borelli, 1910) (RA=37.2%), Bothriurus asper Pocock,
1893 (RA=8.3%) and Bothriurus rochai Mello-Leitdo,
1932 (RA=6.7%). Species of scorpions were distributed
across all biomes in Ceara, with the greatest diversity
found in the Caatinga (Tab. 1).

Table 1. List of scorpion species collected/received by municipal agents of the Health Surveillance Service of the state of Ceard and in others
federative units of Brazil, and the biomes they inhabit. AF = Atlantic forest, CA = caatinga, CE = Cerrado. Alagoas (AL); Bahia (BA); Ceara (CE);
Distrito Federal (DF); Espirito Santo (ES); Goias (GO); Maranhdo (MA); Mato Grosso (MT); Mato Grosso do Sul (MS); Minas Gerais (MG); Para
(PA); Paraiba (PB); Pernambuco (PE); Piaui (Pl); Rio de Janeiro (RJ); Rio Grande do Norte (RN); Sdo Paulo (SP); Sergipe (SE); Tocantins (TO).

Taxonomic group Federative Unit of Brazil Habitat Reference
BUTHIDAE
. . AL, BA, CE, Fernando de Noronha, Bertani et al. (2018); Brazil & Porto (2010); Freitas & Vasconcelos (2008);
Tityus stigmurus MG, PB, PE, PI, RN, SE, SP CACE AR L irtado et al. (2020).
) BA, CE, DF, ES, GO, MG, MS, PR, Brazil & Porto (2010); De Souza et al. (2009); Lira et al. (2019b); Lira et al.
Tityus serrulatus PE, R, RN, SC, SE, SP, TO CA, CE, AF (2013).
Tityus martinpaechi BA, CE, PB CE, AF Brazil & Porto (2010); Porto et al. (2014); Foerster et al. (2019).
. Bertani et al. (2005); Carvalho et al. (2017); Porto et al. (2014); Lourengo &
*
Tityus confluens CE*, GO, MS, MT, PA, P, PR, SP,TO  CE, AF Aparecida-da-Silva (2006); Lourenco & Aparecida-da-Silva (2007).
Tityus maranhensis CE*, MA, PI, TO CE, AF Lourengo, Jesus-Junior & Limeira-de-Oliveira (2006); Porto et al. (2014);
Kury et al. (2016).
. AL, BA, CE, MG, PB, PE, PI, RN, Benicio et al. (2019); Bertani et al. (2018); Esposito et al. (2017); Lira et
Jaguajir rochae SE. 5P CA, CE al. (2018).
Jaguajir agamemnon EIA’SECE'I"OGOI MA, MG, MT, PE, CA, CE Benicio et al. (2019); Esposito et al. (2017); Lira et al. (2020); Furtado (2015).
. Brazil & Porto (2010); Porto et al. (2014); Esposito et al. (2017); Lourengo
Physoctonus debilis BA, CE, PA, PE, PI, RN CA, CE (2007b); Lourenco (2017).
Ananteris franckei BA, CE, PE, PB CA, AF Foerster et al. (2019); Giupponi et al. (2009); Azevedo et al. (2016); Porto
et al. (2010).
BOTHRIURIDAE
. AL, BA, CE, DF, MA, PB, PE, PI, Brazil & Porto (2010); Porto et al. (2014); Lira et al. (2018); Lira et al. (2020);
Bothriurus asper RN, SE CACE AR \ota (2006); Porto et al. (2010); De Souza et al. (2020).
Bothriurus rochai AL BA, CE, MA, PB, PE, Pl RN, SE  CA, CE, AF Brazil & Porto (2010); Porto et al. (2014); Lira et al. (2020); Porto et al.

(2010); De Souza et al. (2020).

* First record for the state of Ceara, Brazil.

Tityus stigmurus, J. rochae and B. rochai, were the
most widespread scorpion species (Fig. 1), while Jagua-
jir agamemnon (C.L. Koch, 1839), Tityus maranhensis
Lourenco, Jesus-Junior & Limeira-de-Oliveira, 2006 and
Tityus cf. maranhensis were limited to a few municipali-
ties in the state of Ceara (Fig. 2).

For the first time, this study registered for the state
of Ceara the species Tityus confluens Borelli 1899 in the
municipalities of Ubiapina, Sdo Benedito and Ubajara,
and Tityus maranhensis in the municipalities of Sao Be-
nedito, Guaramiranga and Morrinhos (Chapada da Ibia-
paba, Sobral macro-region) (Fig. 2). Our study extends
the distribution of these species to the state of Cear3,
which today had no records.

This study registered a total of 12 species of scor-
pions for the state of Ceara (T stigmurus, Tityus martin-

peachi Thorell, 1876, Tityus confluens, Tityus serrulatus
Lutz & Melo, 1822; T maranhensis, Jaguajir Agamemnon,
J. rochai, Physoctonus debilis (C.L.Koch, 1840, Anantheris
franckei Lourenco, 1982, Bothriurus asper and Bothriu-
rus rochai) however, one of them shows characteristics
of both T maranhensis and T. pusillus, and is identified
as T cf. maranhensis. Although other scorpion species
have already been described for Ceara (Esposito et al.
2017), for example, the buthid Troglorhopalurus lacrau
(Lourenco & Pinto-da-Rocha 1997) and the chactids Ha-
drurochactas brejo (Lourenco 1988) and Hadrurocha-
ctas araripe (Lourengo 2010) (endemic to the Caatinga
biome) (Azevedo et al. 2016), during the period of our
study, no specimens were found and no accidents invol-
ving these species were reported.

REVISTA PERUANA DE BIOLOGIA 29(1): 21205 (MARzO 2022)
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Jaguajir rochae (Borelli, Bothriurus rochai (Mello - Leitdo,

Tityus stigmurus (Thorell, 1910). Image: Relrison Dias 1932). Image: Relrison Dias

1876). Image: Relrison Dias

Ry

\) Ananteris franckei (Lourengo,
Bothriurus asper (Pocock, Physoctonus debilis (C.L koch, 1982). Image: Relrison Dias
1983). Image: Relrison Dias 1840). Image: Ivan Luiz

Figure 1. Distribution of the most common scorpion species in the municipalities of the state of Cear3, Brazil.

Tityus cf maranhensis
Tityus martinpaechi Lourengo, Image: Relrison Dias Tityus confluens Borelli,
2001. Image: Relrison Dias 1899. Image: Relrison Dias

Tityus serrulatus Lutz & Mello, o Tityus hensis Lourengo, J Junior &
. Jaguarjir agamemnon (C.LKoch, |meira-de- Oliveira, 2006. Image: Relrison Dias
1922. Image: Relrison Dias 1839). Image: Relrison Dias ' e

Figure 2. Distribution of scorpion species with the lowest occurrence in the municipalities of the state of Ceara, Brazil.
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Discussion

Scorpions from Ceara. - The number of species
found in this study corroborates data from the survey
by Porto et al. (2014), which shows that the richness
of the Caatinga scorpion fauna is similar in the states
of Cear3, Piaui, Pernambuco and Paraiba, ranging from
7 to 10 species. Among the species of scorpions of the
family Buthidae, the most abundant in Ceard were T
stigmurus and J. rochae, species also widely distributed
in other northeastern states (Carmo et al. 2013, Lira et
al. 2019, Porto et al. 2010, Lira & Albuquerque 2014,
Araujo et al. 2010). Although most areas of the Caatinga
biome do not have records of any species of scorpion,
about a third of the Caatinga species can be found in the
state of Ceara (Porto et al. 2014, Azevedo et al. 2016).

Tityus stigmurus, commonly known as northeastern
scorpion, was the most widespread and abundant spe-
cies of medical importance in Ceara, probably due to its
adaptation in an environment with significant human
population density. This scorpion mainly inhabits urban
environments, but it also can be found in natural ones
(Furtado et al. 2020, De Souza et al. 2009). This is a ge-
neralist species that inhabits regions of the Atlantic Fo-
rest, Caatinga and Cerrado (Bertani et al. 2018, Lira et al.
2019, Furtado et al. 2020). In natural environments, it is
found inhabiting regions of modeled crystalline and hin-
terland relief covered by the phytoecological unit called
“Caatinga do cristalino”, vegetation found in about 70%
of Ceara (Moro et al. 2015, Fernandes & Queiroz 2018).

According to Lira et al. (2019a), J. rochae, J. agamem-
non and P. debilis are classified as specialists in open-
forests, inhabiting regions of Caatinga and Cerrado, but
which may show a reduction in their distribution, con-
sidering future climate change scenarios. This means
that climate changes, especially those related to the
increase in temperature, would expand arid and semi-
arid areas such as those in the Caatinga biome, possibly
changing the distribution pattern of species, especially
those with a high degree of specialization in the habitat
(Huangetal. 2016, Liraetal. 2019, Foord et al. 2015). In
a study by Lira et al. (2019), in the state of Pernambuco,
it was observed that the most common scorpion species
in the Caatinga were B. rochai, J. rochae, T stigmurus
and P, debillis, consistent with our results for several of
the species found in the state of Ceara.

Typical of the Caatinga and Cerrado formations,
Physoctonus debillis is found exclusively in some lo-
cations of the Northeast region of Brazil and has long
been the subject of taxonomic confusion (Esposito
et al. 2017, Lourengo 2007, Lorengo 2017). The rare
genus Physoctonus Mello-Leitdo, 1934 has three des-
cribed species, P. debilis and P. striatus, inhabiting the
northeastern Caatinga region, while P amazonicus is
found in transitional areas of savannas and forests in
the southeastern Amazon (Lourenco 2017), supporting
the hypothesis that an earlier link between the Caatin-
ga and the Amazon savanna and Guyana enclaves could
have influenced the speciation process during the rainy
and dry periods (Lourenco 2001).

Species such as Tityus martinpaechi Lourenco, 2001,
T. serrulatus Lutz & Mello, 1922, T. maranhensis and T.
confluens were found in a more restricted region of Cea-
ra, the Chapada da Ibiapada, inhabiting municipalities
with Caatinga vegetation, humid and dry forest (Moro
etal. 2015). Chapada da Ibiapada is one of the last rem-
nants of the Atlantic Forest in Ceard, formed by humid
mountains, and low surfaces covered by Caatinga which
has periods of prolonged drought (De Moura-Fé 2017,
Bétard et al. 2007). Ananteris franckei Lourengo, 1982
was described based on specimens from Exu (Pernam-
buco) and latter recorded by Lourenco et al. (2013) in
the Crato region, in the Cear3, inhabiting the leaf litter
layers of dry forest (Lira et al. 2018).

Tityus martinpaechi is morphologically similar to T.
stigmurus, occurring in the Caatinga and Atlantic Forest
of the states of Bahia, Ceara and Paraiba (Souza et al.
2009, Porto et al. 2010). Its morphological similarity
with T stigmurus may have influenced the lack of taxo-
nomic records and accidents in the state of Bahia (Porto
et al. 2010). Tityus confluens and T maranhensis were
registered for the first time in the Caatinga by Porto et
al. (2014). T confluens is the taxon that has generated
a lot of systematic and biogeographic discussion, but
our findings extend the distribution of T. confluens to
Caatinga vegetation, reinforcing the hypothesis of a
Chaco-Cerrado-Caatinga corridor also called the ‘open
forest diagonal’ (Werneck et al. 2012) and supports the
theory of the existence of distribution corridors propo-
sed by Lourengo (2015) for South American scorpions.

The specimens collected in the municipalities of
Ibiapina, Sdo Benedito, Tiangua, Ubajara, Vicosa do Cea-
ra and Guaramiranga, showed similar characteristics to
T maranhensis and T. pusillus. For this reason, we consi-
der the identification as T. cf. maranhensis. The review
of the subgenus Archaeotityus, performed by Moreno-
Gonzalez et al. (2019), showed a disjunct distribution
of T. pusillus (Alagoas, Bahia, Paraiba, Pernambuco, Rio
Grande do Norte and Sergipe) and T maranhensis (Ma-
ranhdo). It is possible that all specimens we found are
actually T maranhensis, however other phylogeogra-
phic studies will be needed for corroboration. The Ar-
chaeotityus subgenus, the oldest species group within
the Tityus genus, seems to share with scorpions of this
genus homologous toxins active in voltage-dependent
sodium channels (Borges et al. 2012). Thus, although
T (Archaeotityus) maranhensis still has a restricted dis-
tribution in Cearj, its expansion could result in its in-
clusion in the list of species of medical importance in
Brazil.

Among the species of the family Bothriuridae, only
B. asper and B. rochai was registered in Ceara. Accor-
ding to Araujo et al. (2010), the reproductive activities
of these two species are related to the increase in food
resources during the rainy season of the Caatinga. The
reproductive period of scorpions reaches its maximum
when there is an abundance of food, associated with the
rain and temperature regime (Aratjo et al. 2010). The
seasonality that occurs in the Caatinga seems to be the
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predominant factor influencing the behavior of these
species in search of sexual partners and food, conside-
ring that B. rochai is classified as a specialist in open
forest, whereas B. asper is a generalist species (Lira et
al. 2019b, De Souza et al. 2020). Thus, excluding the
species that presented taxonomic, systematic and/or
biogeographic inconsistency, we consider that the state
of Ceara has 11 species of scorpions.

Ecological Comments

Factors such as disordered urbanization and popu-
lation growth tend to increase the possibility of human-
scorpion contact. However, climatic factors and habitat
type are the most important drivers of the distribution
of these animals (Rafinejad et al. 2020). Urbanized ha-
bitats can produce different dynamic patterns in a po-
pulation when compared to natural habitats (Mansouri
etal. 2021). This is because the urban environment pro-
vides greater availability of food and water, in addition
to the absence of natural predators, which facilitates
adaptation and allows scorpions to reproduce more
than once a year (Szilagyi-Zecchin et al. 2012).

Among the environmental factors that can influence
the diversity and abundance of scorpions are tempe-
rature, precipitation, topography, soil, hydrology, and
food availability (Ouici et al. 2020). Most arthropods
are highly sensitive to changes in temperature and pre-
cipitation and are good indicators of bioclimatic and
environmental changes (Lira et al. 2019a). This asso-
ciation between environmental variations and abiotic
characteristics promotes considerable changes in ha-
bits and microenvironments preferred by arachnids
(Carvalho & Oliveira 2016). These venomous arthropo-
ds have greater diversity and richness in tropical and
subtropical regions of the world.

Most of Ceara has semiarid climate and is being con-
sidered as one of the driest states in Brazil, with high
average air temperatures during most of the year, and
concentrated precipitation in the first semester (Za-
nella 2005). The coastal region and the mountains of
Ceara receive a much greater amount of rain than the
hinterland relief depression, presenting different lands-
cape features from those found in the dry interior of the
state (Moro et al. 2015). The distribution of scorpions
due to the diversity of environments that characterize
the contrasting landscapes of Ceara may be influen-
ced by the altitude and maritime nature resulting in
the presence of humid and sub-humid areas that move
from the coast towards the interior of the state (Silva &
Cavalcante 2004).

Characterized as the largest tropical dry forest re-
gion in South America (Da Silva et al 2017), the Caa-
tinga is a biome restricted to the Brazilian territory
and composes a mosaic of thorny shrubs and seasonal
dry tropical forests that form an open forest vegetation
(Lira & Albuquerque 2018, Pennington et al. 2009). The
highest occurrence of scorpionism is strongly linked to
factors of social vulnerability related to low purchasing
power, low education and lack of infrastructure (Lira &

De Souza 2014, De Almeida et al. 2020). The human po-
pulation that lives in the Caatinga works mainly in agri-
cultural activities without personal protection equip-
ment, which could also explain the medical relevance of
scorpionism in Northeastern Brazil (Carmo et al. 2013).

A study by Foerster et al. (2020) showed that low
dispersion animals such as scorpions, exhibit patterns
of richness and abundance of species depending on the
level of habitat complexity, suggesting that the vegeta-
tion structure would be determinant for maintenance
of scorpion assemblages in the landscapes of neglected
environments such as within the Caatinga. Carmo et al.
(2013) showed an association between species of scor-
pions and xeric environments, suggesting that the as-
semblages of scorpions do not vary much in conserved
fragments of different phytophysiognomies. Landscape
characteristics are an important factor in maintaining
scorpion assemblages in Caatinga environments. Thus,
habitat degradation can negatively affect species dis-
tribution. Changes in landscape configuration influen-
ce scorpion composition and abundance more than
species richness, and although the Caatinga scorpion
assemblage is more resistant to landscape changes, it
is affected by the presence of cultivated areas (Lira et
al. 20214, Lira et al. 2021b). This indicates that there
is greater species turnover in anthropically disturbed
environments (Lira et al. 2019c).

Those who think that Ceara is totally covered by
the Caatinga are mistaken, considering the diversity
of landscapes and vegetation that occur there (Moro
et al. 2015). The Cerrado biome (Brazilian savanna)
is another area that, associated with the Atlantic Fo-
rest (closed forest) and the Caatinga, makes up the
ecosystems inhabited by scorpions in Ceara (Lira et al.
2019a); also, the Cerrado is the biome with the greatest
chance of fire occurrence in this state (Moro et al 2015).
Furthermore, the unsustainable exploitation of native
wood, the reduction of original areas by the emergence
of urban areas and the expansion of pastures and plan-
tations are the result of anthropogenic pressure that
can modify the distribution profile of scorpions (Ribei-
ro-Neto et al. 2016).

The ecological characteristics of semiarid environ-
ments influence the distribution of scorpion species in
Cear3, and consequently a greater chance of human-
scorpion encounters, resulting in greater chances of
risk of accidents. Thus, our results may stimulate the
production of studies aimed at scorpions from the Caa-
tinga and other northeastern biomes that are not very
well sampled, bringing new information on the biolo-
gy of the species, toxic effects of venoms and the be-
haviour of these animals in response to environmental
and anthropogenic changes.

Literature cited

Abroug F, Ouanes-Besbes L, Tilouche N, Elatrous S. 2020. Scor-
pion envenomation: state of the art. Intensive care
medicine 46(3): 401-410. https://doi.org/10.1007/
s00134-020-05924-8

006 / 010

REVISTA PERUANA DE BIOLOGIA 29(1): E21205 (MARz0 2022)



SCORPIONS FROM CEARA STATE, BRAZIL

Azevedo R, Dias S, Moura E, Carvalho L, Lopes A, Bres-
covit A. 2016. Arachnids from Araripe Plateauy,
Ceara, Brazil. Check List 12(1). http://dx.doi.

org/10.15560/12.4.1920

Aragjo CS, Candido DM, Aratijo HFP, Dias SC, Vasconcellos A.
2010. Seasonal variations in scorpion activities (Ara-
chnida: Scorpiones) in an area of Caatinga vegetation
in northeastern Brazil. Zoologia 27: 372-376. https://

i.org/10.1 1984-4670201

Benicio RA, Carvalho LS & Fonseca MG. 2019. Animais pegon-
hentos do estado do Piaui: epidemiologia dos aciden-
tes e lista de espécies de importancia médica. Revista
Brasileira de Zoociéncias 20 (1): 1-14. https://doi.

rg/10.34019/2596-3325.2019.v20.2477

Bertani R, Martins R, Carvalho MA. 2005. Notes on Tityus con-
fluens Borelli, 1899 (Scorpiones: Buthidae) in Brazil.
Zootaxa 869:1-7. https://doi.org/10.11646/zoota-
Xa.869.1.1

Bertani R, Bonini RK, Toda MM, Isa LS, Alvarez Figueiredo JV, dos
Santos MR, Ferraz SC. 2018. Alien scorpions in the Mu-
nicipality of Sdo Paulo, Brazil-evidence of successful
establishment of Tityus stigmurus (Thorell, 1876)
and first records of Broteochactas parvulus (Pocock,
1897) and Jaguajir rochae (Borelli, 1910). Biolnva-
sions Records 7(1): 89-94. https://doi.org/10.3391
bir2018.7.1.14

Bétard F, Peulvast J-P, Claudino-Sales V. 2007. Caracterizacdo
morfopedologica de uma serra imida no semi-arido
do nordeste brasileiro: o caso do maci¢o de Baturité-
CE. Revista Mercator 6(12): 107-126. http://www.
mer rufc.br/mer r/article/vi 4

Borges Al, Jowers M], Bonoli S, De Sousa L. 2012. Scorpions
from the primeval subgenus Archaeotityus produce
putative homologs of Tityus serrulatus toxins active
on voltage-gated sodium channels. ]. Venom. Anim.

Toxins incl. Trop. Dis 18(4). https://doi.org/10.1590/
S1678-91992012000400012

Borges-Nojosa DM, Lima DC, Borges-Leite MJ, Castro DP, Lima
AVP. 2019. Mata Atlantica do Ceara: herpetofauna
ameacada e estratégias de conservacdo. In: Abrado
CR, Moura GJB, Freitas MA & Escarlate-Tavares F
(Orgs). Plano de agdo nacional para conservacdo da
herpetofauna ameacada da Mata atlantica nordestina.
ICMBIO. http://www.icmbio.gov.br/portal/images/
stories/docs-pan/pan-herpetofauna-do-nordeste/1-
ciclo/pan-herpetofauna-do-nordeste-livro.pdf

Braga JRM, Souza MMCD, Melo IMLDA, Faria LEM, Jorge R]B.
2021. Epidemiology of accidents involving venomous
animals in the State of Ceard, Brazil (2007-2019). Re-
vista da Sociedade Brasileira de Medicina Tropical
54:(e05112020). https://doi.org/10.1590/0037-
8682-0511-2020

Brasil-Departamento de Vigilancia Epidemiolégica. 2009. Ma-
nual de controle de escorpides. Secretaria de Vigi-
lancia em Sadde, Ministério da Satide, Brasil. http://
bvsms.saude.gov.br/bvs/publicacoes/manual_con-
trole_escorpioes.pdf

Brazil TK, Porto TJ. 2011. Os escorpides. Salvador: Edufba.

Brownell P, Polis GA. 2001. Scorpion biology and research.
Oxford: Oxford University Press.

Bucaretchi F, Fernandes LCR, Fernandes CB, Branco MM, Pra-
do CC, Vieira R], De Capitani EM, Hyslop S. 2014. Cli-
nical consequences of Tityus bahiensis and Tityus
serrulatus scorpion stings in the region of Campinas,
southeastern Brazil. Toxicon 89: 17-25. https://doi.

org/10.1016/j.toxicon.2014.06.022

Carmo RFR, Amorim HP, Vasconcelos SD. 2013. Scorpion di-
versity in two types of seasonally dry tropical forest
in the semi-arid region of Northeastern Brazil. Biota

Neotropica 13(2): 340-344. https://doi.org/10.1590/
S1676-06032013000200037

Carvalho LS, Brescovit AD, Souza CAR, Raizer ]. 2017. Checklist
dos escorpides (Arachnida, Scorpiones) do Mato Gros-
so do Sul, Brasil. Iheringia. Série Zoologia 107 (suppl):
e2017108. h i.org/10.1 1678-
47662017108

Carvalho LS, Oliveira U. 2016. Histdria natural de aracnideos
no Semiarido. In: Bravo F & Calor AR. Conhecendo os
artréopodes do Semidrido. 1.ed. Sdo Paulo: Métis Pro-
dugio Editorial.

Da Silva JMC, Leal IR, Tabarelli M. 2017. Caatinga: the largest
tropical dry forest region in South America. Springer.
https://doi.org/10.1007/978-3-319-68339-3

De Almeida TSO, De Castro MCAB, Fook SML, Camélo ELS, Go-
mes LCF, Figueiredo TMRM, Pereira VRA. 2020. The
relationship between geographic space and the inci-
dence of scorpion accidents in the context of social
vulnerability. Revista Eletronica Acervo Satude 12(12):

€3950. https://doi.org/10.25248 /reas.e3950.2020

De Moura-Fé MM. 2017. Anélise das unidades geomorfolégicas
da Ibiapaba setentrional (noroeste do estado do Cea-
ra, Brasil). Caminhos de Geografia 18(63): 240-266.
https://doi.org/10.14393/RCG186311

De Souza CAR, Candido DM, Lucas SM, Brescovit AD. 2009. On
the Tityus stigmurus complex (Scorpiones, Buthidae).

Zootaxa 1987(1): 1-38. https://doi.org/10.11646/
zootaxa.1987.1.1

De Souza PRL, Benati KR, Peres MCL. 2020. Scorpions (Arach-
nida, Scorpiones) at elevated altitudes of an area of
conservation in the Caatinga. Ciéncia e Natura 42: e29.
https: i.org/10.5902/2179460X40902

Esposito LA, Yamaguti HY, Souza CA, Pinto-da-Rocha R, Pren-
dini L. 2017. Systematic Revision of the neotropical
club-tailed scorpions, Physoctonus, Rhopalurus, and
Troglorhopalurus, revalidation of Heteroctenus, and
descriptions of two new genera and three new species
(Buthidae: Rhopalurusinae). Bulletin of the American
Museum of Natural History 415: 1-136. https://doi.

rg/10.12 -0090-415.1.1

Fernandes MF, Queiroz LP. 2018. Vegetacdo e flora da Caa-
tinga. Ciéncia e Cultura 70(4): 51-56 http://dx.doi.
org/10.21800/2317-66602018000400014

Foerster SAI, De Souza AM, Lira AFA. 2019. Macroecological
approach for scorpions (Arachnida, Scorpiones):
B-diversity in Brazilian montane forests. Canadian
Journal of Zoology 97(10): 914-921. https://doi.

org/10.1139/cjz-2019-0008

Foerster SAI Lira AFA, De Almeida CG. 2020. Vegetation struc-
ture as the main source of variability in scorpion
assemblages at small spatial scales and further con-
siderations for the conservation of Caatinga landsca-
pes. Neotropical Biology and Conservation 15: 533.
https: i.org/10. neotropical.15.

Foord SH, Gelebe V, Prendini L. 2015. Effects of aspect and
altitude on scorpion diversity along an environmen-
tal gradient in the Soutpansberg, South Africa. Jour-
nal of Arid Environments 113: 114-20. https://doi.

org/10.1016/j.jaridenv.2014.10.006

REVISTA PERUANA DE BIOLOGIA 29(1): 21205 (MARzO 2022)

007 / 010



BRAGA ET AL.

Freitas GCC, Vasconcelos SD. 2008. Scorpion fauna of the is-
land of Fernando de Noronha, Brazil: first record of
Tityus stigmurus (Thorell 1877) (Arachnida, Buthi-
dae). Biota Neotropica 8(2): 235-237. https://doi.
org/10.1590/S1676-06032008000200019

Friebe B. 1983. Zur Biologie eines Buchenwald Bodens. 3. Die
Kaferfauna. Beitrdge zur naturkundlichen Forschung
in Sudwestdeutschland. Beihefte 41: 45-80.

Furtado AA, Daniele-Silva A, Silva-Jinior AA, Fernandes-Pedro-
sa MF. 2020. Biology, venom composition, and scorpio-
nism induced by brazilian scorpion Tityus stigmurus
(Thorell, 1876) (Scorpiones: Buthidae): a mini-re-

view. Toxicon 185: 36-45. https://doi.org/10.1016/j
toxicon.2020.06.015

Giupponi APL, Vasconcelos EG, Lourenco WR. 2009. The ge-
nus Ananteris Thorell, 1891 (Scorpiones, Buthidae)
in southeast Brazil, with the description of three new

species. ZooKeys 13: 29-41. https://doi.org/10.3897/
zookeys.13.12

Global Biodiversity Information Facility. 2020. Scorpiones.
[accessed 2021 Jul 13]. https://www.gbif.org/spe-

cies/872

Huang ], Ji M, Xie Y, Wang S, He Y, Ran ]. 2016. Global semi-arid
climate change over last 60 years. Climate Dynamics

46: 1131-1150. http://dx.doi.org/10.1007/s00382-
015-2636-8

IBGE - Instituto Brasileiro de Geografia e Estatistica. 2019.
Populacdo Estimada - Ceara. [accessed 2021 Feb 1].
https://cidades.ibge.gov.br/brasil/ce/panorama

Kury AB, Chagas-Jr A, Giupponi AP, Gonzalez AP. 2016. Am-
blypygi, Opiliones, Schizomida, Scorpiones and Chi-
lopoda, Tocantins, Brazil. Check List 6(4): 564-571.
https://doi.org/10.15560/6.4.564

Lira AFA, Albuquerque CMR. 2014. Diversity of scorpions (Che-
licerata: Arachnida) in the Atlantic Forest in Pernam-
buco, northeastern Brazil. Check List 10(6): 1331.
https: i.org/10.1 10.6.1331

Lira AFA, Araujo ]JC, Rego FNAA, Foerster SLA, Albuquerque
CMR. 2021a. Habitat heterogeneity shapes and shifts
scorpion assemblages in a Brazilian seasonal dry tropi-
cal forest. Journal of Arid Environments. 186: 104413.
https://doi.org/10.101 nv.2020.10441

Lira AFA, Badillo-Montafio R, Lira-Noriega A, de Albuquerque
CMR. 2019a. Potential distribution patterns of scor-
pions in north-eastern Brazil under scenarios of fu-
ture climate change. Austral Ecology 45(2): 215-228.
https://doi.org/10.1111/aec.12849

Lira AFA, De Souza AM, Albuquerque CMR. 2018. Environmen-
tal variation and seasonal changes as determinants
of the spatial distribution of scorpions (Arachnida:
Scorpiones) in neotropical forests. Canadian Journal
of Zoology 96(9): 963-972. https://doi.org/10.1139
jz-2017-0251

Lira AFA, Foerster S, Salomao RP, Porto T], Albuquerque CMR,
Moura GJ. 2021b. Understanding the effects of human
disturbance on scorpion diversity in Brazilian tropical
forests. Journal of Insect Conservation 25: 147-158.
https://doi.org/10.1007/s10531-019-01712-7

Lira AFA, De Souza AM. 2014. Microhabitat use by scorpion
species (Arachnida: Scorpiones) in the montane At-
lantic Rain Forest, Brazil. Revista Ibérica de Aracno-
logia 24: 107-108. htt sea-entomologia.org/PDF

RIA24/107-108RIA24NC. pdf

Lira, AF, Pordeus LM, Salomio RP, Badillo-Montafio R, Albu-
querque CM. 2019c. Effects of anthropogenic land-use
on scorpions (Arachnida: Scorpiones) in neotropical
forests. International Journal of Tropical Insect Scien-
ce, 39(3): 211-218. https://doi.org/10.1007 /s42690-
019-00029-2

Lira AFA, Salomdo RP, Albuquerque CMR. 2019b. Pattern of

scorpion diversity across a bioclimatic dry-wet gra-

dient in neotropical forests. Acta Oecologica 96: 10-
doi.org/10.1016/j.actao.2019.02.004

Lourengo WR. 2001. Scorpion diversity in tropical South Ame-
rica: implications for conservation programs. In:
Brownell P, Polis GA (Eds). Scorpion biology and re-
search. Oxford: Oxford University Press.

Lourenco WR. 2002. Scorpions of Brazil. Paris: Les Editions.

Lourengo WR. 2007. New considerations on the taxonomic
status of the genus Physoctonus Mello-Leitdo, 1934
(Scorpiones, Buthidae). Boletin Sociedad Entomol6-

gica Aragonesa 1(40): 359-365. http://sea-entomolo-
gia.org/PDF/BSEA40ARACNO/B40359.pdf

Lourengo WR. 2010. The disrupted pattern of distribution of
the genus Hadrurochactas Pocock; evidence of past
connections between Amazon and the Brazilian Atlan-
tic Forest. Comptes Rendus Biologies 333(1): 41-47.

Lourengo WR. 2015. What do we know about some of the most
conspicuous scorpion species of the genus Tityus? A
historical approach. Journal of Venomous Animals and
Toxins including Tropical Diseases 21:20. https://doi.

1011 40409-015-0016-

Lourenco WR. 2017. A new species of Physoctonus Mello-Lei-
tdo, 1934 from the 'Campos formations' of southern
Amazonia (Scorpiones, Buthidae). Zookeys 711: 67-

doi.org/10.3897 /zookeys.711.20187

Lourengo WR. 2018. The evolution and distribution of noxious
species of scorpions (Arachnida: Scorpiones). Journal of
Venomous Animals and Toxins including Tropical Disea-
ses 24(1). https://doi.org/10.1186/s40409-017-0138-3

Lourengo WR, Aparecida-da-Silva E. 2006. A reappraisal of the
geographical distribution of the complex Tityus con-
fluens Borelli, 1899 (Scorpiones: Buthidae) with the
description of a new species. Entomologische Mit-
teilungen aus dem Zoologischen Museum Hamburg
14(174): 307-320.

Lourenco WR, Aparecida-da-Silva E. 2007. New evidence for
a disrupted distribution pattern of the 'Tityus con-
fluens' complex, with the description of a new species
from the state of Par4, Brazil (Scorpiones, Buthidae).
Amazoniana 19(3/4): 77-86.

Lourenco WR, Eickstedt VR. 2009. Escorpides de importancia
médica. In: Cardoso JLC, Franga FDS, Wen FH, Mala-
que CMS & Haddad Jr V. (Orgs). Animais peconhentos
no Brasil: biologia, clinica e terapéutica dos acidentes.
Sdo Paulo: Sarvier.

Lourengo WR, Giupponi AP, Leguin EA. 2013. Description
of three more new species of the genus Anan-
teris. Anais da Academia Brasileira de Ciéncias
85(2): 709-725. https://doi.org/10.1590/S0001-

201 20001

Loureng¢o WR, Jesus-Junior MMBG, Limeira-de-Oliveira E. 2006.
A new species of Tityus CL Koch, 1836 (Scorpiones,
Buthidae) from the state of Maranhdo in Brazil. Bo-
letin Sociedad Entomolégica Aragonesa 38 (1): 117-
120. http://sea-entomologia.org/PDF/BSEA38ARAC-
NO/B38117.pdf

008 / 010

REVISTA PERUANA DE BIOLOGIA 29(1): E21205 (MARz0 2022)



SCORPIONS FROM CEARA STATE, BRAZIL

Mansouri NJS, Akbarzadeh K, Jahanifard E, Vazirianzadeh B,
Rafinejad J. 2021. Species diversity and abundance of
scorpions in Ahvaz city, Southwest Iran. Biodiversita
22(2): 763-768. https://doi.org/10.13057 /biodiv/
d220229

Moreno-Gonzalez JA, Gonzalez OR, Florez DE. 2019. Taxono-
mic revision of the Colombian Tityus (Archaeotityus)
(Scorpiones, Buthidae) species: a morphological

and morphometric approach, with a description of
a new species. Zootaxa, 4660(1), 94p. https://doi.

Moro MF, Macedo MB, De Moura-Fé MM, Castro ASF, Da
Costa RC. 2015. Vegetacdo, unidades fitoecolégi-
cas e diversidade paisagistica do estado do Cea-
rd. Rodriguésia 66(3): 717-743. https://doi.

Mota PC. 2006. First record of Bothriurus asper Pocock (Scor-
piones, Bothriuridae) in Federal District, Brazil. Revis-
ta Brasileira de Zoologia 23(1): 300-301. https://doi.
org/10.1590/S0101-81752006000100026

Ouici H, El Bouhissi M, Sadine SE, Abidi H. 2020. Preliminary
study and ecological comments on scorpion diversity
in Sidi Bel Abbes region, North-west Algeria. Serke 17:
87-96.

Pennington RT, Lavin M, Oliveira-Filho A. 2009. Woody plant
diversity, evolution, and ecology in the tropics: pers-
pectives from seasonally dry tropical forests. Annual
Review of Ecology, Evolution, and Systematics 40:
437-457. https://doi.org/10.1146 /annurev.ecol-

sys.110308.120327
Porto TJ & Brazil TK. 2010. Os escorpides. Salvador: EDUFBA.

Porto TJ, Brazil TK, Lira-da-Silva RM. 2010. Scorpions, state
of Bahia, northeastern Brazil. Check List 6: 292-297.
https://doi.org/10.15560/6.2.292

Porto TJ, Caldas EA, Cova BO, Santo VMN. 2010. Primeiro relato
de acidentes escorpionicos causados por Tityus mar-
tinpaechi Lourenco, 2001 (Scorpiones; Buthidae). Re-
vista de Ciéncias Médicas e Bioldgicas 9(3): 266-269.
https://doi.org/10.9771/cmbio.v9i3.5171

Porto TJ, Carvalho LS, De Souza CAR, Oliveira U, Brescovit AD.
2014. Escorpides da Caatinga: conhecimento atual
e desafios. In: Bravo F & Calor A. (Orgs). Artrépodes
do Semiarido: biodiversidade e conservacgio. Feira de
Santana: Printmidia.

Rafinejad ], Shahi M, Navidpour S, Jahanifard E, Hanafi-Bojd AA.
2020. Effect of climate change on spatial distribution
of scorpions of significant public health importance in
Iran. Asian Pacific Journal of Tropical Disease 13: 503-

514. https://doi.org/10.4103/1995-7645.295361

Rein JO. 2021. The Scorpion files. [accessed 2021 Dez 8].
https: .ntnu.n rpion-fil

Ribeiro-Neto |D, Arnan X, Tabarelli M, Leal IR. 2016. Chronic
anthropogenic disturbance causes homogenization of
plant and ant communities in the Brazilian Caatinga.
Biodiversity and Conservation 25: 943-956. https://
doi.org/10.3920/]JIFF2014.0017

Silva ]JB, Cavalcante TC. 2004. Atlas escolar, Ceara: espago geo-
histérico e cultural. Jodo Pessoa: Editora Grafset.

SINAN - Sistema de Informacdo de Agravos de Notificagdo.
2019. Casos de acidentes por escorpides: Brasil (2015
a 2019). Secretaria de Vigilancia em Saude. Ministério
da Saude, Brasil. [accessed 2021 Jan 12]. http://tab-

net.datasus.gov.br/cgi/deftohtm.exe?sinannet/cnv/
imaisbr.def

Souza CAR, Candido DM, Lucas SM, Brescovit AD. 2009. On the
Tityus stigmurus complex (Scorpiones, Buthidae).

Zootaxa 198 (1): 1-38. https://doi.org/10.11646/
zootaxa.1987.1.1

Szilagyi-Zecchin V], Fernandes AL, Castagna, CL, Voltolini JC.
2012. Abundance of scorpions Tityus serrulatus and
Tityus bahiensis associated with climate in urban area
(Scorpiones, Buthidae). Indian Journal of Arachnology
1(2): 15-23.

Vachon M. 1974. Etude des caracteres utilisés pour classer
les familles et les genres de Scorpions (Arachnides).
Bulletin du Muséum National d'Histoire Naturelle
3(140): 857-958.

Wen FH, Monteiro WM, Scheidt JF, Andrade L, Ye ], Staton CA, Ge-
rardo CJ, Vissoci JRN. 2020. Geographical distribution
and health care disparities of scorpion stings in Bra-

zil. Toxicon 182: S24-S25. https://doi.org/10.1016/j.
toxicon.2020.04.060

Werneck FP, Gamble T, Colli GR, Rodrigues MT, Sites JW. 2012.
Deep diversification and long-term persistence in
the South American 'dry diagonal": integrating con-
tinent-wide phylogeography and distribution mode-
ling of geckos. Evolution 66: 3014-3034. https://doi.
org/10.1111/j.1558-5646.2012.01682.x

Zanella ME. 2005. As caracteristicas climaticas e os recursos
hidricos do Estado do Ceara. In: Silva ] B, Cavalcante TC
& Dantas EWC. (Eds.). Ceard: um novo olhar geografi-
co. Fortaleza: Edigdes Democrito Rocha.

Agradecimientos / Acknowledgments:

The authors express their gratitude to Coordenadoria de Vigilan-
cia Epidemioldgica e Prevengdo a Saude of Secretaria Estadual
de Satde do Ceara (COVIG/SESA/CE), to Célula de Vigilancia Epi-
demioldgica for providing the scorpions for this study, to Denise
Maria Candido for helping to identify T. confluens, Dr. André Felipe
de Araujo Lira for suggestions for the manuscript, and to Arthur
Machado Geiger Dias de Moraes for English revision.

Conflicto de intereses / Competing interests:
The authors declare no conflict of interest.

Rol de los autores / Authors Roles:

JRMB: Data curation, Formal Analysis, Investigation, Methodology,
Writing — original draft, Writing — review & editing. RDR: Con-
ceptualization, Data curation, Investigation, Methodology. JCCS:
Data curation, Investigation, Methodology. ILA: Data curation,
Investigation, Methodology.

Fuentes de financiamiento / Funding:
The authors declare, this work not received specific funding.

Aspectos éticos / legales; Ethics / legals:

Authors declare that they did not violate or omit ethical or legal
norms in this research.

REVISTA PERUANA DE BIOLOGIA 29(1): 21205 (MARzO 2022)

009 / 010



Revista peruana de biologia 29(3): e23800 (Agosto 2022)

doi: https://dx.doi.org/10.15381/rpb.v29i3.23800 FE DE ERRATA
ISSN-L 1561-0837; elSSN: 1727-9933

Universidad Nacional Mayor de San Marcos

Scorpions from Ceara State, Brazil: Distribution and ecological comments -
Errata

Escorpiones del estado de Ceara, Brasil: distribucion y comentarios ecoldgicos - Fe de

errata
Jacqueline Ramos Machado Braga* * Abstract
https://orcid.org/0000-0003-4417-8591 An error in Figure 2 of the work: Braga JRM, Ramalho RD, Sousa JCC de, Almeida IL
jacquebraga@ufrb.edu.br de. 2022. Scorpions from Ceara State, Brazil: Distribution and ecological comments.
Revista Peruana de Biologia. 29(1):€21205-e21205. https://doi.org/10.15381/rpb.

Relrison Dias Ramalho 2
https://orcid.org/0000-0002-8736-7213
relrisondias@gmail.com Due to an editorial mistake, the latest authors version of figure 2 was not consi-

dered. The correction refers to the image of Tityus serrulatus Lutz & Mello, 1922.

Image: Relrison Dias.

v29i1.21205

José Cleidvan Candido de Sousa 2

https://orcid.org/0000-0003-2645-728X

josecleidvan@gmail.com The article files that indicate in the dates of the editorial process: “Correction [Fig

Ivan Luiz de Almeida 2 2]: 05/10/2022”, already include the change.
https://orcid.org/0000-0003-2095-0778
ivanluiz75@gmail.com Resumen

" . Un error en la Figura 2 del trabajo: Braga JRM, Ramalho RD, Sousa JCC de, Almeida IL
Corresponding author de. 2022. Scorpions from Ceara State, Brazil: Distribution and ecological comments.

1 Centro de Ciéncias Agrarias, Ambientais e Biologicas  Revista Peruana de Biologia. 29(1):e21205-e21205. https://doi.org/10.15381/rpb.
- Universidade Federal do Recéncavo da Bahia, Cruz v29i1.21205

das Almas, Bahia, Brazil.

Por error editorial no se considerd la ultima version de la figura 2 que los autores
enviaron. El cambio se refiere a la imagen de Tityus serrulatus Lutz & Mello, 1922.
Image: Relrison Dias.

2 Nucleo de Vigilancia Epidemioldgica /Coodenadoria
de Promog&o e Protecdo a Saude/ Secretaria de Saude

do Ceara.
Citacion Los archivos del articulo que indican en las fechas del proceso editorial: “Correccién
Braga JRM, Ramalho RD, Sousa JCC, IL Almeida. [Fig 2]: 10/05/2022”, ya incluyen el cambio.

2022. Scorpions from Ceara State, Brazil:

Distribution and ecological comments Palabras clave:

- Errata. Revista peruana de biologia Caatinga; Tityus; Noreste; Medio Semiarido.

29(3): 23800 001- 002 (Agosto 2022).
doi: https://dx.doi.org/10.15381/rpb.

v29i1.23800 Keywords:

Caatinga; Tityus; Northeast; semiarid environment.

Publicado online: 30/08/2022
Correccion [Fig 2]: 10/05/2022

Editor: Diana Silva

Journal home page: http://revistasinvestigacion.unmsm.edu.pe/index.php/rpb/index

© Los autores. Este articulo es publicado por la Revista Peruana de Biologia de la Facultad de Ciencias Bioldgicas, Universidad Nacional Mayor de
San Marcos. Este es un articulo de acceso abierto, distribuido bajo los términos de la Licencia Creative Commons Atribucion 4.0 Internacional.
(https://creativecommons.org/licenses/by/4.0/deed.es) que permite Compartir (copiar y redistribuir el material en cualquier medio o formato),
Adaptar (remezclar, transformar y construir a partir del material) para cualquier propdsito, incluso comercialmente.




BRAGA ET AL.

Tityus cf maranhensis

Tityus confluens Borelli,
1899. Image: Relrison Dias

Image: Relrison Dias

Tityus martinpaechi Lourengo,
2001. Image: Relrison Dias

Jaguarjir agamemnon (C.L Koch,

ior &

Lourengo, Ji

Tityus Ji
Limeira-de- Oliveira, 2006. Image: Relrison Dias

1839). Image: Relrison Dias

1922. Image: Relrison Dias

Tityus serrulatus Lutz & Mello,

Figure 2. Distribution of scorpion species with the lowest occurrence in the municipalities of the state

of Ceara, Brazil. Correccion [Fig 2]: 10/05/2022
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