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ABSTRACT

Background. Sicariidae is a small family of cryptic and recluse spiders, with 178 species
grouped into three genera: Hexophtalma, Loxosceles and Sicarius. Only the last two
occur in Brazil, where 29 species are recorded, with a greater number of records in the
Southeast and South regions. To date, there is no regionalized study of the distribution
of these spiders in the Northeast of Brazil. We presented more than four decades of
data on the distribution of sicariid spiders in the state of Bahia. Our research aimed to
identify and evaluate the distribution of sicariid species in this region, characterizing
them in their biomes and phytophysiognomies.

Methods. Data covers a period from 1983 to 2024, obtained from articles describ-
ing species recorded in Bahia and from three scientific collections from Brazilian
institutions: Universidade Federal da Bahia (MHNBA); Instituto Butantan (IBSP);
Universidade Federal de Minas Gerais (UFMG). Maps were produced using the
QGIS 3.34.1 software, based on geographic coordinates obtained from the original
literature, when provided. Species without information on geographic coordinates were
georeferenced using the SpeciesLink (geoLoc tool) for the municipalities. Biomes were
consulted on the georeference Brazilian institute website and the phytophysiognomies
were ignored when not specified in the data of collections or original literature.
Results. We confirmed 14 species of sicariid spiders in the state of Bahia, eight
from the genus Loxosceles (i) and six from Sicarius. The species were recorded in
48 municipalities, located mainly in the Caatinga biome. We recorded a distribution
expansion of seven species: Loxosceles amazonica, L. chapadensis, L. karstica, L. similis,
Sicarius cariri, S. ornatus and S. tropicus. There is a difference in species composition
in the two regions separated by the Sdo Francisco River, an important geographic
barrier especially for small invertebrates. More than 75% of the species were registered
in the east side and about 20% exclusively in the west side: L. boqueirao, L. cardosoi,
L. carinhanha. This suggests the need for future studies to evaluate additional variables
that determine community structure, especially considering their low vagility and
reclusive behavior. Although Sicarius are found almost exclusively in the Caatinga,
there are isolated records from Restinga and dry forest enclaves in the Cerrado domain
and Atlantic Forest areas. This reinforces the possibility of them being able to adapt
to slightly wetter environments erase colonize and survive in seasonally dry rainforest
areas. Unlike Sicarius (i), Loxosceles (i) occupy a wide variety of habitats in natural,
urban and domiciliary situations. Many of the records here such as for Loxosceles
boqueirao, L. cardosoi, L. carinhanha, L. chapadensis, L. karstica and L. troglobia were
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obtained at caves or nearby areas, which appear to be attractive habitats for these
nocturnal spiders.

Subjects Biodiversity, Biogeography, Ecology, Entomology, Zoology
Keywords Loxosceles, Sicarius, Geographic distribution, Bahia, Brazil

INTRODUCTION

There are still few publications on the distribution of spiders in Brazilian territory, not
only due to its continental extension but also due to the scarcity of inventories, financial
support, and taxonomist arachnologists, especially in the Northeast, North, and Midwest
regions of Brazil (Marques & Lamas, 2006). Of the 52,240 species of spiders spread across
the globe (World Spider Catalog, 2024) more than 3,000 occur in Brazil (Brescovit, Oliveira
¢ Santos, 2011) and around 400 species are recorded in the state of Bahia (Lira-da-Silva,
2011).

The Sicariidae family comprises 178 species grouped into three genera: Hexophthalma
Karsch, 1879 (n=38), distributed in Africa, Loxosceles Heineken & Lowe, 1832 (n = 149)
and Sicarius Walckenaer, 1847 (n=21), both with an emphasis on Neotropical Region
(World Spider Catalog, 2024). In Brazil, 29 species of this family are registered (World Spider
Catalog, 2024). For the state of Bahia, the latest checklist records four species: Loxosceles
amazonica Gertsch, 1967, L. chapadensis Bertani, Fukushima ¢» Nagahama, 2010, L. similis
Moenkhaus, 1898 and Sicarius tropicus (Mello-Leitdo, 1936) in Lira-da-Silva (2011).

The articles published by Magalhdes, Brescovit ¢ Santos (2013) and Magalhdes, Brescovit
¢ Santos (2017) can be considered those that offer the most complete and current data
on Sicarius, including a phylogenetic review. The authors present the description of four
new species of Sicarius occurring in Bahia: S. cariri, S. diadorim, S. ornatus and S. saci.

In addition to these records, we can highlight works with specific occurrences for the
state involving the descriptions of Loxosceles boqueirao Bertani et al., 2024; L. chapadensis
Bertani, Fukushima ¢ Nagahama, 2010; L. carinhanha, L. karstica Bertani et al., 2018 and
L. troglobia Souza ¢ Ferreira, 2018.

Sicariid spiders are haplogynous with only six eyes arranged in dyads (Magalhaes,
Brescovit ¢ Santos, 2017) and all have withdrawn behavior. Both Hexophthalma (African)
and Sicarius (Neotropical) are part of the Sicariinae subfamily largely restricted to dry
environments, namely deserts, xeric shrublands, and dry forests (Magalhdes, Brescovit ¢»
Santos, 2017).

The genus Sicarius occurs in xeric environments in South and Central America, mostly
in deserts and seasonally dry tropical forests. They do not spin webs and have a unique
behavior of burying themselves, covering their bodies with grains of sand from the substrate,
due to the small thorns that cover them (Magalhdes, Brescovit ¢~ Santos, 2013; Magalhdes,
Brescovit ¢ Santos, 2017).

Out of the 21 valid species for the South American continent, seven occur in Brazil
(World Spider Catalog, 2024), and five in Bahia (Magalhdes, Brescovit ¢ Santos, 2013,
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2017). Despite being phylogenetically in a different clade from Loxosceles (subfamily
Loxoscelinae), they possess the same enzyme in their venom (phospholipase D) responsible
for the dermonecrotic activity observed in loxoscelism accidents (Ardn-Sekul et al., 2020).
Studies on the action of Sicarius venom and envenomation are still limited and only a few
species have been characterized regarding their toxic potential (Lopes ef al., 2013; Lopes et
al., 2021a; Lopes et al., 2021b).

Loxosceles spiders are well known for their medical significance and have a widespread
global distribution, with 22 species occurring in Brazil (World Spider Catalog, 2024).
Envenomation by Loxosceles is characterized by local lesions, with erythema, edema,
inflammation, and dermonecrosis as well as systemic reactions such as hemolysis,
renal failure, and hematologic alterations that include thrombocytopenia, disseminated
intravascular coagulation, and hemolytic anemia (Da Silva et al. 2004; Swanson ¢ Vetter,
2006; Chaim et al., 2011).

The Brazilian Ministry of Health recorded approximately 38,000 accidents caused by
these spiders in the period from 2019 to 2023, the majority in the Southeast and South
regions (Ministry of Health of Brazil, 2024). However, these recorded numbers probably do
not reflect the real number of accidents caused by Loxosceles. Cases can be underreported, as
there is often no development of symptoms and no reference to spider bites by the victim,
or overreported, as many of the differential symptomatic characteristics of loxoscelism are
confused with several other diseases (Veiter, 2015). This attribution of clinical effects to
various spiders is problematic due to vague case definitions and a lack of clinical evidence
(Isbister & White, 2004; Vetter, 2015). However, in Brazil there are significant challenges
in training the hospital emergency teams, who typically handle accident cases, to identify
spiders accurately at any taxonomic level. As a consequence, during the period from 2019
to 2023, the majority of cases (63,9%) were simply reported as “spiders” (Ministry of Health
of Brazil, 2024).

They construct irregular webs in crevices of cliffs, under tree bark, tiles, and bricks,
behind frames and furniture, and in clothing, typically seeking shelter from light. They are
not aggressive and bite mainly when pressed against the body. Accidents predominantly
occur in adults, where the bites have been recorded on the torso and proximal regions of
the limbs (Ministry of Health of Brazil, 2011).

The first works that record the occurrence of Loxosceles and Sicarius in Bahia, except
for taxonomic ones, are those published by Lucas (2009), Barbaro & Cardoso (2009), Brazil
etal. (2009) and Lira-da-Silva (2011) and encompass four species, Loxosceles amazonica,
L. similis, L. chapadensis and Sicarius tropicus. Here we present the compilation of more
than four decades of data, aiming to update the distribution of Sicariidae in the state of
Bahia. Our main objective was to fill gaps in knowledge about the regional distribution of
these species, gathering existing records in literature and scientific collections, including
these data in distribution maps, and presenting their relationship with some environmental
variables.
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'BGE: Instituto Brasileiro de Geografia
e Estatistica (Brazilian Institute of
Geography and Statistics).

MATERIALS & METHODS

Species data
The list of species of the Sicariidae from the state of Bahia was obtained from:

1. Scientific collections

The specimens are deposited in the following taxonomic collections (curators indicated
between parentheses):

e MHNBA - Museu de Historia Natural da Bahia, Universidade Federal da Bahia, Salvador
(T.K. Brazil) (n=257 registers);

e IBSP-Instituto Butantan, Sdo Paulo (A.D. Brescovit) (n =196 registers);

e UFMG-Universidade Federal de Minas Gerais (A.]. Santos) (n = 30 registers).

All MHNBA and UEMG records are available on the SpeciesLink platform (https:
/specieslink.net/), under the acronym UFBA-ARA (Arachnological Collection of the
Museum of Natural History of Bahia—Araneae) and UFMG-ARA (Arachnid Collection of
the Taxonomic Collections of UFMG).

The list of species was organized following the respective sub-families and genera,
prepared according to this structure: (i) valid species name with author and the year of
publication; (ii) historical records from description articles; (iii) new records; (iv) remarks.

Environment data

1. Locations/Municipalities

Geographical coordinates were obtained from the original literature (when provided).
Species without any information on geographic coordinates were georeferenced using the
SpeciesLink geoLoc tool (http:/splink.cria.org.br/geoloc) for the municipalities.

2. Average annual temperature and rainfall

Climate-data.org (https:/pt.climate-data.org).

3. Biomes and physiognomies

The biomes were identified for each municipality according to IBGE' (https:
[ww.ibge.gov.br/): Caatinga, Cerrado, Atlantic Forest.

The physiognomies were classified according to the description article.

Maps
The distribution maps were produced using the QGIS 3.34.1 software (QGIS Development
Team, 2024). Hydrography shapes were obtained from ANA (National Water Agency)
Metadata Catalog; Topography shape from ESRI Satellite 2023 World Topographic
Basemap (QGIS add-on); Brazil Biomas 2019, South America 2021 and BR/BA UF 2022
from IBGE maps portal.

All data regarding collections, locations/municipalities, coordinates, average annual
temperature and rainfall, biomes, and physiognomies have been compiled into a table
available in Table S1.

Biomes of the state of Bahia
The state of Bahia is located in northeastern Brazil and is the 5th largest federal
unit in the country, with an area of 564,760.429 km? (IBGE). It encompasses three
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biomes—Caatinga, Cerrado (Neotropical savanna), and Atlantic Forest, each of them with
various phytophysiognomies, intrinsically related to its biodiversity. The Restinga (coastal
xeric vegetation that grows in sandy soils) for example, is a typical phytophysiognomie
from the coastal area of the Atlantic Forest. Caatinga covers the majority (>50%) of Bahia’s
territory, concentrated in the central region of the state, situated between the coastal Atlantic
Forest to the east and the Cerrado to the west. It is the only biome restricted to Brazilian
territory, primarily occupying the Northeast region, with some areas in the State of Minas
Gerais (Leal, Tabarelli ¢ Silva, 2003). Within it is the ecoregion of Chapada Diamantina,
which experiences higher humidity due to rainfall, allowing for the development of larger
and denser forests compared to other regions of the Caatinga. In some places, there are
rock outcrops that ecologically function as deserts, where succulent plants like cacti and
bromeliads thrive (Silva et al., 2017). In the central region is the Chapada Diamantina
National Park (PARNA-CD), located 425 km from the state capital, Salvador, and 1,135
km from the federal capital, Brasilia. It encompasses the municipalities of Len¢6is, Andarai,
Itaeté, Mucugg, Ibicoara, and Palmeiras, excluding the municipal headquarters. It presents
a typically tropical climate, with rainfall ranging between 750 mm and 1,000 mm annually,
with 4 to 6 months of dry weather. The terrain is quite rugged, with plateaus, steep ridges,
and mountains, usually along the park’s margins. The average altitude is around 1,000 m,
and the highest point in the park is approximately 1,700 m above sea level. The vegetation
consists of rocky fields, open fields, savanna, forests, and patches of vegetation (Linhares,
2007). The rainwater network flows into the Sao Francisco basin on one side, and within
the region itself on the other, where the two largest rivers in Bahia originate: the Contas
and the Paraguacu rivers (Conservation Units in Brazi, 2023).

The Sao Francisco River crosses the entire state of Bahia from south to north and serves
as a significant geographical barrier, especially for less mobile animals, such as spiders.
With a length of 2,863 km, most of the river’s sections are located in the semi-arid region
of Bahia, part of an area known as the drought polygon, where significant drought periods
are recorded (Sao Francisco River Basin Committee (CBHSF), 2023).

Research Area (Fig. 1)

RESULTS

Sicariidae Keyserling, 1880

Distribution of Sicariidae (Fig. 2)

Sicariinae Magalhaes, Brescovit & Santos, 2017
Sicarius Walckenaer, 1847
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Sicarius cariri Magalhaes, Brescovit & Santos, 2013

Historical records BRAZIL. Bahia: Campo Formoso, Gruta da Boa Vista (40°51'35"W,
10°9’45”S), Gruta Morrinho (40°55'5”W, 10°12'33"”S); Canudos (39°01'35"W, 9°53/48"S);
Central (42°6'46"W, 11°8'8"S); Fazenda Paulo (42°6'46"W, 11°8'8"S); Peixe-Candeia
(42°6'46"W, 11°8'8"S); Roga do Paulo (42°6'46”"W, 11°8'8”S); Toca da Esperanca
(39°01'35”"W, 9°53’48"S); Curaga, Riacho Seco (39°54'33"W, 8°59'26"S); Itaguacu da
Bahia (42°23'58"W, 11°0'42"S); Jaborandi, border with Posse/state of Goids (46°0'12"W,
13°55'54”S); Jaguarari (40°17'59"W, 10°1416"S); Miguel Calmon, Distrito de Bagres
(40°35'40.4"W, 11°19'31.8"S); Paripiranga (37°55'2"W, 10°37'19”S); Paulo Afonso, Esta¢ao
Ecoldgica Raso da Catarina (38°28'15.1"W, 9°39'58.1”S); Queimadas (39°37'28"W,
10°58'40”S); Salvador, Lagoa do Abaeté (38°30'39"W, 12°58'17"S); Santa Terezinha
(39°31'22"W, 12°46'19”S); Senhor do Bonfim, Campus VII da UNEB (40°10'W, 10°26'S)
(Magalhaes, Brescovit & Santos, 2013).

New records: BRAZIL. Bahia: Cachoeira, Rio da Prata, Fazenda Caimbongo
(38°57'21"W, 12°37'06”S) (UFBA-ARA 4672); Caetité (42°29'07.3"W, 14°03'54.2"S)
(UFBA-ARA 3603; 3604; 3605; 4605); Campo Formoso, Toca do Angico (40°19'16"W,
10°30'27”S) (IBSP 210113); Gruta Lapa do Convento (40°19'16”W, 10°30'27"S) (IBSP
260652); Central, Abrigo Waldemar IT (42°6'46”W, 11°8'8”S) (IBSP 13409); Gentio do Ouro
(42°30'09”W, 11°25’45”S) (UFBA-ARA 5291; 5292; 5293; 5294; 5296; 5297; 5322; 5323;
5324); Lajedinho (40°54'20"W, 12°21'21”S) (IBSP 182319; 182324); Una (39°04'31"W,
15°17'36”S) (IBSP 27793).
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Remarks: Sicarius cariri was the species with the greatest distribution range among all
sicariid species (Fig. 3). It was recorded in 19 municipalities, in all biomes of the State, and in
the most varied phytophysiognomies. It has been found in natural environments, including
caves and urban environments. Consequently, they occurred in environments with greater
climatic variation, from altitudes of 5 m (Cachoeira) to 1,098 m (Gentio do Ouro), with
average temperatures of 22 °C (Caetité) to 29.4 °C (Canudos) and precipitation average
of 294 mm/year (Canudos) to 1,432 mm/year (Una). We highlight its specific presence
in a small environmental protection area (APA) Lagoas e Dunas do Abaeté, an enclave of
restinga located in a highly urbanized area of the city of Salvador.

Sicarius diadorim Magalhaes, Brescovit & Santos, 2013
Historical records: BRAZIL. Bahia: Cocos, Fazenda Trijungdo (45°58'23"W, 14°49'15”S);
Guanambi, Pétio of Aeroporto (42°44'W, 14°12’S); Ceraima, 15 Km SW (42°41'16.3"W,
14°17'2.4”S); Fazenda do Fabiano (42°43'56.4"W, 14°10'17.6"S); Jaborandi, Fazenda Jatoba
(46°0'12"W, 13°55'54"S); Palmas do Monte Alto, Serra do Monte Alto (43°09'43"W,
14°16'03”S); Sao Félix do Coribe (44°11'40"W, 13°24'03"S) (Magalhdes, Brescovit &
Santos, 2013).

New records: None.

Remarks: Sicarius diadorim was recorded in the Caatinga and Cerrado biomes (Fig. 4). It
is recorded for the first time in an urban environment within the limits of the municipality
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of Guanambi. It occurs at altitudes between 40 m (Sao Félix do Coribé) and 802 m (Palmas
do Monte Alto), with average temperatures of 25.0 °C (Jaborandi) to 26.0 °C (Sao Félix do
Coribé) and average precipitation of 491 mm/year (Guanambi) to 826 mm/year (Cocos).

Sicarius jequitinhonha Magalhaes, Brescovit & Santos, 2017
Historical records: BRAZIL. Bahia: Itapetinga (40°14'52"W, 15°14'57"S) (Magalhdes,
Brescovit & Santos, 2017).

New records. None.

Remarks: In Bahia, its occurrence was restricted to the municipality of Itapetinga
(Fig. 5), south of the state, in the Atlantic Forest, where the altitude is 279 m, average
temperature of 23.2 °C and rainfall of 816 millimeters/year.

Sicarius ornatus Magalhaes, Brescovit & Santos, 2013
Historical records: BRAZIL. Bahia: Andarai, Igatu (41°19'10"W, 12°53'44"S); Iramaia,
Gruta do Calixto (41°3'48"W, 13°17'35"S); Irtaeté, surroundings of the Gruta Natal,
Fazenda Rio Alegre (40°58'20"W, 12°59'12"S); Ituagu, Gruta Mangabeira (41°17'47"W,
13°48'48"S); Jequié (40°05'00"W, 13°51'28"S); Maracds, close to the headquarters of
Ferbasa (40°26'17"W, 13°28'16"S); Milagres (39°51'27.9"W, 12°54/54.2"S); Mucugé,
Reserva Particular do Patriménio Natural Adilia Paraguagu Batista (41°22'15"W,
13°00'19”S) (Magalhaes, Brescovit & Santos, 2013).

New record: BRAZIL. Bahia: Cachoeira (38°57'21"W, 12°37°06”S) (UFBA-ARA 4671).
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Remarks: Sicarius ornatus was distributed in Caatinga and Atlantic Forest environments
(Fig. 6). It occurred at altitudes between 5 m (Cachoeira) and 983 m (Mucugé), average
temperature of 19.7 °C (Mucugg) to 24.1 °C (Cachoeira) and average precipitation of 464
mm/year (Milagres) to 1,017 (Mucugé) mm/year. We highlight its presence in PARNA-CD
(Mucugé), a place with a recognized tourist influx.

Sicarius saci Magalhaes, Brescovit & Santos, 2017

Historical records: BRAZIL. Bahia: Barra, Brejo Olhos Ddgua (43°219.7"W,
10°48'26.8"S); Vila de Ibiraba, Sdo Francisco dunes (43°21'10”W, 10°48'27"S); Lengois
(41°23/23"W, 12°33'48"S); Morro do Chapéu, Casto (41°22'7,9"W, 11°28/39,2”S); Parque
Estadual Morro do Chapéu (41°19'49.3”"W, 11°29'51.2'S); Xique-Xique (42°43'51"W,
10°49'19”S) (Magalhaes, Brescovit & Santos, 2013).

New records: None.

Remarks: Sicarius saci was distributed only in the Caatinga (Fig. 7). It occurs at altitudes
ranging between 394 (Len¢dis) and 1,134 m (Morro do Chapéu), average temperature of
20.7 °C (Morro do Chapéu) to 27.4 °C (Barra) and average rainfall of 484 (Xique-Xique)
to 637 (Leng¢6is) millimeters per year. We highlight its presence in PARNA-CD (Lengois),
in a place with a recognized tourist influx.

Sicarius tropicus (Mello-Leitao, 1936)
Historical records: None.
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New records: BRAZIL. Bahia: Caetité (42°2829"W, 14°04'10”S) (UFBA-ARA 3606);
Curaga, Riacho Seco (39°54'33”W, 8°59'26"S) (IBSP 161057, 161058, 161059, 161061,
161062, 161064, 161065, 161066, 161067, 161068, 161069, 161070, 161071, 161072, 161073,
161074, 161075, 161083, 161084); Cruz das Almas, Recdncavo Baiano (39°06’06"W,
12°40'13”S) (IBSP 86511); Milagres (39°51'27,9"W, 12°54’54,2”S) (IBSP 161086, 161087,
161090, 161095, 161097).

Remarks: This is the first record of this species for the state of Bahia (Fig. 8). It was
previously recorded in the Northeast region in the states of Paraiba and Pernambuco (Mello-
Leitdo, 1936; Magalhaes, Brescovit ¢& Santos, 2013; Magalhdes, Brescovit ¢ Santos, 2017).

S. tropicus is present in municipalities located within areas that encompass all the biomes
of the state, occurring at altitudes between 220 (Cruz das Almas) and 824 m (Caetité),
average temperature of 22 °C (Caetité) to 26.7 °C (Curag¢d) and average precipitation of
413 mm/ year (Curaga) to 1,161 millimeters/year (Cruz das Almas).

Sicarius specimens from the MHNBA (Fig. 9)

Loxoscelinae Magalhdes, Brescovit ¢& Santos, 2017
Loxosceles Heineken & Lowe, 1832
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Loxosceles amazonica Gertsch, 1967
Historical records: BRAZIL. Bahia: Santa Rita de Cdssia (44°31'09"W, 11°00'31”S);
Buritirama (43°37'49"W, 10°42/29”S) (Brazil et al., 2009).

New records: BRAZIL. Bahia: Paulo Afonso, Estagdo Ecoldgica Raso da Catarina
(38°29'29”"W, 9°34/53"S) (IBSP-165656); Salvador, Lagoa do Abaeté (38°30'39"W,
12°58'17”S) (IBSP 10331).

Remarks: The new records show its occurrence in the Caatinga and Atlantic Forest biome
in dunes/restinga (Salvador) (Fig. 10). It occurred at altitudes varying between 8 (Salvador)
and 492 m (Buritirama), average temperature of 25.6 °C (Salvador) to 26.8 °C (Santa
Rita de Cassia) to and average precipitation of 367 (Paulo Afonso) to 1,235 (Salvador)
millimeters annually. It is important to highlight its presence in the APA Lagoas e Dunas
do Abaeté, an enclave located in a highly urbanized area of the municipality of Salvador.
Although the records of Buritirama and Santa Rita de Cassia were not obtained from either
a description article or collections, we chose to include it because it had been previously
recorded by the authors (Brazil et al., 2009).

Loxosceles boqueirao Bertani & Galldo, 2024
Historical records: BRAZIL. Bahia: Carinhanha, Lapa do Boqueirdao Cave (44°02'18"W,
13°46'51"S) (Bertani et al., 2024).

New records. None.
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Remarks: All records of this species are restricted to a single cave in the municipality of
Carinhanha, in the Caatinga area (Fig. 11). It occurs at an altitude of around 496 m, with
an average temperature of 26.3 °C and an average rainfall of 665 millimeters per year.

Loxosceles cardosoi Bertani, von Schimonsky & Gallao, 2018
Historical records: BRAZIL. Bahia: Carinhanha, Gruna da Altina cave (43°45'W, 13°33'S)
(Bertani et al., 2018).

New records. None.

Remarks: All records of this species are restricted to a single cave in the municipality of
Carinhanha, in the Caatinga area (Fig. 12). It occurs at an altitude of around 496 m, with
an average temperature of 26.3 °C and an average rainfall of 665 millimeters per year.

Loxosceles carinhanha Bertani, von Schimonsky & Gallao, 2018
Historical records: BRAZIL. Bahia: Carinhanha, Gruna Agua Fina cave (43°48'W, 13°41'S)
(Bertani et al., 2018).

New records. None.

Remarks: As with Loxosceles cardosoi, all records of L. carinhanha are from a cave
restricted to the Caatinga of the city of Carinhanha (Fig. 13). It occurs at an altitude of
around 484 m, with an average temperature of 26.3 °C and an average rainfall of 665
millimeters per year.
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Loxosceles chapadensis Bertani, Fukushima & Nagahama, 2010
Historical records: BRAZIL. Bahia: Lengdis (41°23'23"W, 12°33'48"S); Palmeiras
(41°33/31”"W, 12°31'44”S); Iraquara, Fazenda Pratinha (41°32'04”W, 12°21'01”S)
(Bertani, Fukushima ¢ Nagahama, 2010.)

New records: BRAZIL. Bahia: [raquara, Gruta da Lapa Doce (41°37'10"W, 12°14/56"S)
(UFMG-ARA 12045); Gruta da Torrinha (41°37'10”W, 12°14'56”S) (UFBA-ARA 5612);
Ituagu, Gruta da Mangabeira (41°17'47"W, 13°48'48”S) (UFMG-ARA 12095; 15373);
Lengdis, Gruta do Lapao (41°23'23"W, 12°33'48”S) (UFBA-ARA 3564, 3565, 3612, 3615,
3664, 4168, 4169, 4378, 4381, 4382, 4393, 4394, 4398, 4401, 4408, 4412, 4416, 4417,
4421, 4422, 4503, 4562, 4754, 4755, 4759, 4763, 4768, 4772, 4823, 4900) (UFMG-ARA
12105; 12104; 12103) (IBSP 165648; 165649; 165650; 165651;165652;165653;165654);
Maracds (40°25'50"W, 13°26'28"S) (UFBA-ARA 4476); Palmeiras, Gruta do Riachinho
(41°33/31”W, 12°31'44”S) (UFBA-ARA 4491; 4779; 4780).

Remarks: Historical records have shown that this species is restricted to the Caatinga,
specifically within the Chapada Diamantina National Park (Fig. 14). New records in the
municipality of Maracds, close to this Park, show that it inhabits the transition between
Caatinga and Atlantic Forest. Records include altitudes of 552 m (Ituagu) to 964 m
(Maracas), average temperature of 21.0 °C (Maracds; Palmeiras) to 22.2 °C (Iraquara) and
average precipitation of 637 mm/year (Lencéis; Palmeiras) to 967 (Ituagu) millimeters/year.
We highlight its presence in PARNA-CD (Leng6is), in a place with a recognized tourist
influx.

Loxosceles karstica Bertani, von Schimonsky & Gallao, 2018
Historical records: BRAZIL. Bahia: Carinhanha, Gruna do Cocho cave (43°46'W, 13°36'S)
(Bertani et al., 2018).

New records: BRAZIL. Bahia: Caetité, Bahia Mineragao-BAMIN (42°28'29"W,
14°04'10”S) (UFBA-ARA 3609; 3610; 3625; 4607; 4610; 5419); Maracds (40°25'50"W,
13°26'28”S) (UFBA-ARA 4770; 4774; 4775; 5102); Paulo Afonso, Barragem da Usina
Hidrelétrica Luiz Gonzaga (38°12'52"W, 9°24'22”S) (UFBA-ARA 1072).

Remarks: The only known record for the state of Bahia indicated that this species had
cave-dwelling habits (Fig. 15). The new records indicate its presence in other environments,
outside the caves, at altitudes between 243 m (Paulo Afonso) and 964 m (Maracés), average
temperature between 21.0 Co (Maracas) and 26.3 Co (Carinhanha) and precipitation
average between 367 mm/year (Paulo Afonso) and 885 mm/year (Caetité).

Loxosceles similis Moenkhaus 1898
Historical records: BRAZIL. Bahia Pau Brasi 1 (39°39'04"W, 15°27'51”'S) (Brazil et al.,
2009).

New records: BRAZIL. Bahia: Guanambi (42°46/52"W, 14°13/25”S) (UFBA-ARA 2673);
Palmeiras, Vale do Capao (41°33'31”W, 12°31'44”S) (IBSP- 165464); Pé de Serra, Fazenda
Vandadio de Maracds (39°36'44"W, 11°50'03”S) (UFBA-ARA 2652; 2653); Ubaira, Fazenda
Lagoa do Boi (39°40'06.2”"W, 13°16/01”S) (UFBA-ARA 2674; 3560; 3561; 3562; 3563).

Remarks: The records include locations with altitudes of 169 m (Pau Brasil) to 870 m
(Palmeiras), an average temperature of 21.0 °C (Palmeiras) to 25.3 °C (Guanambi), and
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Figure 14 Distribution of Loxosceles chapadensis in Bahia. Map data: ESRI Satellite 2023 World Topo-
graphic Basemap.
Full-size Gl DOI: 10.7717/peer;j.17942/fig-14

an average rainfall of 491 mm/year (Guanambi) to 863 mm/year (Pau Brasil) (Fig. 16).
We highlight its presence in PARNA-CD (Palmeiras), in a place with a recognized tourist
influx. Although the record of Pau Brasil was not obtained from either a description article
or collections, we chose to include it because it had been previously recorded by the authors
(Brazil et al., 2009).

Loxosceles troglobia Souza & Ferreira, 2018
Historical records: BRAZIL. Bahia: Malhada, Gruta Tapera D’Agua (43°40'58.23"W,
14°31'2.17”S); Iuiu, Gruta Taboca (43° 41'10.87”W, 14°35’13.11”S) (Souza & Ferreira,
2018).

New records. None

Remarks: Known records show that this species is restricted to caves in the Caatinga
(Fig. 17), with altitudes of 433 (Malhada) to 490 m (Tuiu), average temperature of 25.5 °C
(Tuiu) to 26.3 °C (Malhada) and average rainfall of 665 (Malhada) to 804 mm/year (Iuiu).

Loxosceles specimens from the MHNBA and arachnidarium (Fig. 18)

DISCUSSION

Our results indicate the major distribution of sicariid species towards the center and east
of the state of Bahia, starting from the east bank of the Sao Francisco River and with a
concentration in the Caatinga (92.8%). This concentration admits the hypothesis of the
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Figure 15 Distribution of Loxosceles karstica in Bahia. Map data: ESRI Satellite 2023 World Topo-
graphic Basemap.
Full-size & DOI: 10.7717/peerj.17942/fig-15

interrelationship between the species and the characteristics of the biome, whose xerophilic
vegetation is predominant and the soil is of sedimentary origin, favoring the establishment
of spiders such as Sicarius, which have the habit of burying themselves in sandy soil.
More than 75% of the species were registered in the east side and about 20% (Loxosceles
boqueirao, L. cardosoi; L. carinhanha) exclusively in the west side.

The Sao Francisco River is an important geographic barrier, especially in the dispersal of
small invertebrates. Da Silva, Pinto-Da-Rocha ¢ De Souza (2015) consider it an important
geographic barrier in the distribution of harvestmen and raise the hypothesis that other
taxa with similar biological requirements, with low vagility (such as sicariid spiders), may
have patterns of similar endemism or population structure. However, they also consider
the possibility that the phytophysiognomic transition is a more important barrier than the
river itself. Whether it is one or the other of these barriers, it is necessary to consider the
hypothesis of accidental transport, especially considering that the Sdo Francisco River is an
important waterway, responsible for the flow of agricultural production from western Bahia
(Ministry of Transport of Brazil, 2018). Therefore, we have to consider that these spiders
can be transported from one area to another through passenger luggage or commercial
product packaging.

Certainly, sicariids spiders are not prone to dispersal by balloonism. Ballooning is a
well-known dispersal mechanism for small spiders, typically in their first instars, allowing
them to transport themselves by air currents, kilometers from their take-off point (Foelix,
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Figure 16 Distribution of Loxosceles similis in Bahia. Map data: ESRI Satellite 2023 World Topographic
Basemap.
Full-size & DOI: 10.7717/peerj.17942/fig-16

1996). This does not appear to be the case with these haplogynae spiders. Loxosceles spiders
almost depend on humans for long-range transportation (Vetter, 2008). Therefore, it is
likely that sicariids in Bahia can also occur with a wide distribution in the west bank of
the Sao Francisco River. However, this can only be confirmed through investments in new
research in this area.

Loxosceles spiders occupy a wide variety of habitats in natural, urban, and domiciliary
situations (Gertsch, 1967) where they spin irregular webs and generally remain indoors.
Many of the species recorded here (Loxosceles boqueirao, L. cardosoi, L. carinhanha,

L. chapadensis, L. karstica, and L. troglobia) came from the interior and from cave entrance
areas, or nearby areas, which provide attractive habitats for these nocturnal spiders.
However, it is worth mentioning that most records of Loxosceles spiders in Brazilian caves
are still at a generic taxonomic level (Trajano, 1987) which underscores the need for further
study in this environment. Trajano ¢ Bichuette (2010) report that Loxosceles collected in
karst areas are those that have probably adapted well to the hypogean environment and are
considered troglophiles. Most Loxosceles spiders found in caves are troglophiles (facultative
cave dwellers) as they can complete their life cycle inside and outside caves, with source
populations in epigeal and hypogeal habitats, with gene flow between habitats (Trajarno &
Carvalho, 2017; Bertani et al., 2024).
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Loxosceles chapadensis has been recorded inside and outside caves (Bertani, Fukushima ¢
Nagahama, 2010; Andrade-de-Sd, Lira-da-Silva ¢ Brazil, 2023), what could be an indicator
of troglophilia but is not presented in its description.

Troglobite species (population of obligatory and exclusive underground origin) were
also recorded, as is the case of Loxosceles boqueirao and L. troglobia (Bertani et al., 2024;
Souza & Ferreira, 2018)

Some of the recluse spiders Loxosceles have become notorious for their toxic venoms
capable of injuring humans, reported as loxoscelism. The species that have been related to
loxoscelism in Brazil are Loxosceles intermedia, L. laeta, and L. gaucho and most accidents
occur indoors, predominantly in the South and Southeast of the country (Ministry of Health
of Brazil, 2011). None of these species have been recorded in Bahia. Among those listed
in this article, only L. amazonica has a record of a proven accident, in the state of Ceara
(Lucas, Cardoso ¢ Moraes, 1984). We emphasize here that all Loxosceles accidents reported
to date in the State of Bahia have a suggestive diagnosis based on clinical symptoms or
proven at the genus level, but do not present proof of the species. It is important to carry
out prospective or retrospective studies that relate the clinical case to the species causing
the accident.

The Sicariinae are part of a group generally restricted to dry environments (Magalhdes,
Brescovit & Santos, 2017). Although they are found almost exclusively in the Caatinga and
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A) Loxosceles amazonica B) Loxosceles similis

C) Loxosceles karstica D) Loxosceles chapadensis

Figure 18 Photos of Loxosceles from the MHNBA and arachnidarium. (A) Loxosceles amazonica spec-
imen (UFBA-ARA 4189), female from Oeiras, Piaui. (B) L. similis specimen (UFBA-ARA 2652), female
from Fazenda Vanddio de Maracds, Pé de Serra, Bahia. (C) L. karstica specimen (UFBA-ARA 4775), fe-
male from Maracas, Bahia. (D) L. chapadensis specimen, live female from Iraquara, Bahia (RG: 16164).
Photo credit: Julia Andrade-de-Sa.

Full-size G DOI: 10.7717/peer;j.17942/fig-18

are often found in caves, there are isolated records of Restinga and dry forest enclaves
in the Cerrado domain (Magalhdes, Brescovit ¢ Santos, 2013). However, here we present
records in the humid forests of the Atlantic Forest of Bahia. This was detected for four
species: Sicarius cariri, S. jequitinhonha, S. ornatus and S. tropicus. Considering their limited
dispersal capacity and their ancestral preference for arid environments, Magalhdaes et al.
(2019), suggest that at more local levels, they may be able to adapt to slightly wetter
environments.

CONCLUDING REMARKS

We consider herein that the universe of data obtained is representative of the region’s
araneological fauna since they are based on scientific collections that cover a period of
40 years: from 1983 (IBSP) to 2024 (MHNBA). Therefore, we can confirm 14 species of
sicariid spiders occurring in the State of Bahia, grouped into two subfamilies: Sicariinae
(six Sicarius) and Loxoscelinae (eight Loxosceles), distributed in 48 municipalities, which
corresponds to approximately 11.5% of the 417 municipalities in the State. Among these
species, six (L. boqueirao, L. cardosoi, L. carinhanha, L. chapadensis, L. troglobia, S. saci)
have not been recorded in other Brazilian states yet and may be strong candidates for an
endemicity status.

Our results also indicate that the Chapada Diamantina ecoregion is an important support
for the diversity of karstic sicariid spider species in the State of Bahia, as well as the Serra
do Ramalho region.
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The striking difference in species composition in the two regions separated by the Sao
Francisco River suggests that future studies should be carried out to evaluate additional
variables that determine the structure of these spiders’ communities, especially considering
their low vagility and recluse behavior. Factors that contribute to the structuring of local
and regional spider assemblages, such as climate, vegetation complexity, and dispersal
capacity, must be evaluated.

ACKNOWLEDGEMENTS

We thank Professor Elizabeth Neves for allowing us to use the photographic magnifying
glass and Catharina Ma for supporting the production of the maps.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was financially supported by Funda¢ido de Amparo a Pesquisa do Estado da Bahia
(FAPESB) scholarship to Julia Andrade-de-Sé (Proc. 084.0508.2021.0003001-19); Conselho
Nacional de Desenvolvimento Cientifico e Tecnolédgico (CNPq grant PQ 316413/2021-6)
to Rejane M. Lira-da-Silva; and Conselho Nacional de Desenvolvimento Cientifico e
Tecnoldgico (CNPq grant PQ 303903/2019-8 and FAPESP grant 2022/12588-1 to Antonio
D. Brescovit. The funders had no role in study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

Fundac¢do de Amparo a Pesquisa do Estado da Bahia (FAPESB): Proc. 084.0508.2021.0003001-
19.

Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico: CNPq grant PQ
316413/2021-6, PQ 303903/2019-8 and FAPESP grant 2022/12588-1.

Competing Interests
The authors declare there are no competing interests.

Author Contributions

e Julia Andrade-de-S4 conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, and approved the
final draft.

e Tania Kobler Brazil conceived and designed the experiments, analyzed the data, authored
or reviewed drafts of the article, and approved the final draft.

e Rejine Maria Lira-da-Silva analyzed the data, authored or reviewed drafts of the article,
and approved the final draft.

e Antonio Domingos Brescovit analyzed the data, authored or reviewed drafts of the
article, and approved the final draft.

Andrade-de-Sa et al. (2024), PeerdJ, DOI 10.7717/peerj.17942 22/26


https://peerj.com
http://dx.doi.org/10.7717/peerj.17942

Peer

Data Availability
The following information was supplied regarding data availability:

The fourteen distribution maps pinpointing the records of each sicariid species in Bahia,
one overall distribution map, and one map of the research area; photos of Loxosceles and
of Sicarius are available in the Supplementary Files.

Supplemental Information

Supplemental information for this article can be found online at http:/dx.doi.org/10.7717/
peerj.17942#supplemental-information.

REFERENCES

Andrade-De-S4J, Lira-Da-Silva R, Brazil T. 2023. Bahia State Sicariidae (Araneae,
Arachnida) focusing on the genus Loxosceles. In: XXII International Congress of
Arachnology—Montevideo. 45.

Aréan-Sekul T, Percié-Sarmiento I, Valencia V, Olivero N, Rojas JM, Araya JE, Catalan
A. 2020. Toxicological characterization and phospholipase D activity of the venom of
the spider Sicarius thomisoides. Toxins 12(11):702 DOT 10.3390/toxins12110702.

Barbaro KC, Cardoso JL. 2009. Action Mechanisms of Loxosceles Venom and Clinical
Aspects of Loxoscelism. In: Cardoso JL, Franca FOS, Wen FH, Malaque CMS,
Haddad Jr V, eds. Venomous Animals of Brazil: Biology, Clinical and Therapeutic
Aspects of Envenomations. 2nd edition. Sao Paulo: Sarvier, 177 (In Portuguese).

Bertani R, Bichuette ME, Cordeiro LM, Gallao JE. 2024. Three new species of loxosceles
Heinecken & Lowe, 1832 (Araneae, Sicariidae) From Brazilian Caves. European
Journal of Taxonomy 921:98-115.

Bertani R, Fukushima CS, Nagahama RH. 2010. Loxosceles Chapadensis (Araneae:
Sicariidae): A new recluse spider species of the gaucho group From Brazil. Journal
of Arachnology 38:364-367 DOI 10.1636/A09-92.1.

Bertani R, Von Schimonsky D, Gallao J, Bichuette M. 2018. Four new troglophilic
species of Loxosceles Heinecken & Lowe, 1832: contributions to the knowledge of
recluse spiders from Brazilian Caves (Araneae, Sicariidae). Zookeys 806:47—72
DOI 10.3897/zookeys.806.27404.

Brazil T, Pinto-Leite C, Almeida-Silva L, Lira-Da-Silva R, Brescovit AD. 2009. Med-
ically important spiders from the state of Bahia, Brazil. Gazeta Médica da Bahia
79(Suppl.1):32-33 (In Portuguese).

Brescovit AD, Oliveira U, Santos AJ. 2011. Spiders (Araneae, Arachnida) of the Sdo
Paulo State, Brazil: Diversity, Sampling Effort and Knowledge Status. Biota Neotropi-
cal 11(1a):717-747 (In Portuguese) DOI 10.1590/51676-06032011000500035.

Conservation Units in Brazil. 2023. Chapada Diamantina National Park. (In Por-
tuguese). Available at https://uc.socioambiental.org/pt-br/arp/978 (accessed on 14
December 2023).

Andrade-de-Sa et al. (2024), PeerJ, DOI 10.7717/peerj.17942 23/26


https://peerj.com
http://dx.doi.org/10.7717/peerj.17942#supplemental-information
http://dx.doi.org/10.7717/peerj.17942#supplemental-information
http://dx.doi.org/10.7717/peerj.17942#supplemental-information
http://dx.doi.org/10.3390/toxins12110702
http://dx.doi.org/10.1636/A09-92.1
http://dx.doi.org/10.3897/zookeys.806.27404
http://dx.doi.org/10.1590/s1676-06032011000500035
https://uc.socioambiental.org/pt-br/arp/978
http://dx.doi.org/10.7717/peerj.17942

Peer

Chaim OM, Trevisan-Silva D, Chaves-Moreira D, Wille AC, Ferrer VP, Matsubara FH,
Mangili OC, Da Silveira RB, Gremski LH, Gremski W, Senff-Ribeiro A, SS Veiga.
2011. Brown spider (Loxosceles Genus) venom toxins: tools for biological purposes.
Toxins 2011(3):309—344.

Da Silva MB, Pinto-Da-Rocha R, De Souza AM. 2015. A protocol for the delimi-
tation of areas of endemism and the historical regionalization of the brazilian
atlantic rain forest using harvestmen distribution data. Cladistics 31:692-705
DOI10.1111/cla.12121.

Da Silva PH, Da Silveira RB, Appel MH, Mangili OC, Gremski W, Veiga SS. 2004.
Brown spiders and Loxoscelism. Toxicon 44:693—709
DOI 10.1016/j.toxicon.2004.07.012.

Foelix RF. 1996. Biology of spiders. New York/Oxford: Oxford University Press, 330.

Gertsch WJ. 1967. The spider genus Loxosceles In South America (Araneae, Scytodidae).
Bulletin of the American Museum of Natural History 136:117-174.

Isbister GK, White J. 2004. Clinical consequences of spider bites: recent advances in our
understanding. Toxicon 43(5):477-492 DOI 10.1016/j.toxicon.2004.02.002.

Leal IR, Tabarelli M, Silva JMC. 2003. Ecology and Conservation of the Caatinga.

Recife: UFPE University Press (In Portuguese).

Linhares JCF. 2007. Diagnostic of Caves with Visitation in the Chapada Dia-
mantina National Park Focusing on Socioeconomic and Physical Environ-
ment. Brazilian Institute of Environment and Renewable Natural Resources-
IBAMA. (In Portuguese). Available at hitps://url.us.m.mimecastprotect.com/s/
LTBfCZ6wW]foql EAMcjhxuOissH? domain=repositorio.icnbio.gov.br.

Lira-Da-Silva RM. 2011. Spiders of Bahia, Brazil. Nucleus of Ophiology and Venomous
Animals of Bahia, Department of Zoology, Institute of Biology, Federal University of
Bahia. (In Portuguese). Available at http://www.noap.ufba.br/biotabahia (accessed on
23 August 2023).

Lopes PH, Fukushima CS, Shoji R, Bertani R, Tambourgi DV. 2021a. Searching for the
toxic potential of Loxosceles amazonica and Loxosceles willianilsoni spiders’ Venoms.
Toxicon 191:1-8 DOI 10.1016/j.toxicon.2020.12.006.

Lopes PH, Fukushima CS, Shoji R, Bertani R, Tambourgi DV. 2021b. Sphingomyelinase
D activity in Sicarius tropicus venom: toxic potential and clues to the evolution of
smases D in the sicariidae family. Toxins 13(4):256 DOI 10.3390/toxins13040256.

Lopes PH, Van DenBerg CW, Bertani R, Tambourgi D, Gon¢alves-De-Andrade RM,
Nagahama RH. 2013. Venom of the Brazilian spider Sicarius ornatus (Araneae,
Sicariidae) contains active sphingomyelinase D: potential for toxicity after enveno-
mation. PLOS Neglected Tropical Diseases 7(8):e2394 DOI 10.1371/journal.pntd.0002394.

Lucas SM, Cardoso JLC, Moraes AC. 1984. Loxoscelismo: relato de um acidente humano
atribuido a Loxosceles amazonica Gertsch, 1967 (Araneae, Scytodidae, Loxoscelinae).
Memorias do Instituto Butantan 47/48:127-131.

Andrade-de-Sa et al. (2024), PeerJ, DOI 10.7717/peerj.17942 24/26


https://peerj.com
http://dx.doi.org/10.1111/cla.12121
http://dx.doi.org/10.1016/j.toxicon.2004.07.012
http://dx.doi.org/10.1016/j.toxicon.2004.02.002
https://url.us.m.mimecastprotect.com/s/LTBfCZ6wWJfoq1EAMcjhxuOissH?domain=repositorio.icmbio.gov.br
https://url.us.m.mimecastprotect.com/s/LTBfCZ6wWJfoq1EAMcjhxuOissH?domain=repositorio.icmbio.gov.br
http://www.noap.ufba.br/biotabahia
http://dx.doi.org/10.1016/j.toxicon.2020.12.006
http://dx.doi.org/10.3390/toxins13040256
http://dx.doi.org/10.1371/journal.pntd.0002394
http://dx.doi.org/10.7717/peerj.17942

Peer

Lucas SM. 2009. Medically Important Spiders in Brazil. In: Cardoso JL, Franca FOS,
Wen FH, Malaque CMS, Haddad Jr V, eds. Venomous Animals of Brazil: Biology,
Clinical and Therapeutic Aspects of Envenomations. 2nd edition. Sao Paulo: Sarvier.

Magalhaes ILF, Brescovit AD, Santos AJ. 2013. The six-eyed sand spiders of the genus
Sicarius (Araneae: Haplogynae: Sicariidae) from the Brazilian caatinga. Zootaxa
3599:101-135.

Magalhaes ILF, Brescovit AD, Santos AJ. 2017. Phylogeny of sicariidae spiders (Araneae:
Haplogynae), with a monograph on neotropical Sicarius. Zoological Journal of the
Linnean Society 179(4):767-864.

Magalhaes ILF, Neves DM, Santos FR, Vidigal THDA, Brescovit AD, Santos AJ. 2019.
Phylogeny of neotropical sicarius sand spiders suggests frequent transitions from
deserts to dry forests despite antique, broad-scale niche conservatism. Molecular
Phylogenetics and Evolution 140:1-12.

Marques AC, Lamas CJE. 2006. Zoological Taxonomy in Brazil: State of the Art, Expecta-
tions, and Suggestions for Future Actions. Papéis Avulsos de Zoologia 46:139—174 (In
Portuguese) DOI 10.1590/50031-10492006001300001.

Mello-Leitao CF. 1936. Two new spiders from the northeast. Anais da Academia
Brasileira de Ciéncias 8:133—135 (In Portuguese).

Ministry of Health of Brazil. 2011. Manual for the Diagnosis and Treatment of Envenoma-
tions by Venomous Animals. 2nd edition. Brasilia: National Health Foundation (In
Portuguese).

Ministry of Health of Brazil. 2024. Unified Health System Database - Datasus. Available
at http://tabnet.datasus.gov.br/cgi/tabcgi.exe? sinannet/cnv/animaisbr.def (In Por-
tuguese) (accessed on 9 May 2024).

Ministry of Transport of Brazil. 2018. Sao Francisco Waterway. Available at https:
//www.gov.br/dnit/pt-br/assuntos/aquaviario/old/hidrovia- do-sao-francisco (accessed
on 03 July 2024).

QGIS Development Team. 2024. QGIS Geographic Information System. Open Source
Geospatial Foundation Project. Available at http://qgis.osgeo.org.

Sao Francisco River Basin Committee (CBHSF). 2023. The basin. Available at hitps:
//cbhsaofrancisco.org.br/a-bacia/ (accessed on 30 November 2023).

Silva JM, Barbosa LCF, Leal IR, Tabarelli M. 2017. The Caatinga: understanding the
Challenges. In: Caatinga: the largest tropical dry forest region in South America. 1st ed.
Springer DOI 10.1007/978-3-319-68339-3.

Souza MFVR, Ferreira RL. 2018. A new highly troglomorphic Loxosceles (Araneae:
Sicariidae) from Brazil. Zootaxa 4438(3):575-587 DOI 10.11646/Zootaxa.4438.3.9.

Swanson DL, Vetter RS. 2006. Loxoscelism. Clinics in Dermatology 24:213-221
DOI 10.1016/j.clindermatol.2005.11.006.

Trajano E. 1987. Brazilian Cave Fauna: Composition and Preliminary Characterization.
Revista Brasileira de Zoologia 3(8):533-561 (In Portuguese).

Andrade-de-Sa et al. (2024), PeerJ, DOI 10.7717/peerj.17942 25/26


https://peerj.com
http://dx.doi.org/10.1590/S0031-10492006001300001
http://tabnet.datasus.gov.br/cgi/tabcgi.exe?sinannet/cnv/animaisbr.def
https://www.gov.br/dnit/pt-br/assuntos/aquaviario/old/hidrovia-do-sao-francisco
https://www.gov.br/dnit/pt-br/assuntos/aquaviario/old/hidrovia-do-sao-francisco
http://qgis.osgeo.org
https://cbhsaofrancisco.org.br/a-bacia/
https://cbhsaofrancisco.org.br/a-bacia/
http://dx.doi.org/10.1007/978-3-319-68339-3
http://dx.doi.org/10.11646/Zootaxa.4438.3.9
http://dx.doi.org/10.1016/j.clindermatol.2005.11.006
http://dx.doi.org/10.7717/peerj.17942

Peer

Trajano E, Bichuette M. 2010. Diversity of Brazilian subterranean invertebrates, with a
list of troglomorphic taxa. Subterranean Biology 7:1-16.

Trajano E, Carvalho MR. 2017. Towards a biologically meaningful classification of
subterranean organisms: a critical analysis of the Schiner-Racovitza system from a
historical perspective, difficulties of its application and implications for conservation.
Subterranean Biology 22:1-26 DOI 10.3897/subtbiol.22.9759.

Vetter RS. 2008. Spiders of the genus Loxosceles (Araneae, Sicariidae): a review of
biological, medical and psychological aspects regarding envenomations. Journal of
Arachnology 36(1):150—-163 DOI 10.1636/RSt08-06.1.

Vetter RS. 2015. The brown recluse spider. Sacramento: Comstock Publishing Associates.

World Spider Catalog. 2024. World Spider Catalog. Version 25.5. Natural History
Museum Bern. Available at http://wsc.nmbe.ch (accessed on 15 August 2024).

Andrade-de-Sa et al. (2024), PeerJ, DOI 10.7717/peerj.17942 26/26


https://peerj.com
http://dx.doi.org/10.3897/subtbiol.22.9759
http://dx.doi.org/10.1636/RSt08-06.1
http://wsc.nmbe.ch
http://dx.doi.org/10.7717/peerj.17942

