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Abstract: Species distribution patterns are important aspects of biogeography and conservation and
are especially important in environments that have been under-investigated, such as caves in the
semiarid region of northeastern Brazil. We collected argasid specimens from the guano of
insectivorous bats in five caves of the Caatinga biome and identified six soft tick species of the genera
Antricola and Ornithodorus. Ornithodoros rodoniensis was recorded for the first time in the Caatinga
biome and had previously only been known to occur in the Amazon.

Keywords: Ixodida, Ornithodoros, Antricola, semiarid, Neotropical.

LIsTA DOs CARRAPATOS (ACARI ARGASIDAE) EM “BAT CAVES"” y INCLUINDO NOVOS
REGISTROS DE OCORRENCIA DE ESPECIE NO BIOMA CAATINGA

Resumo: Padrdes de distribuicdo de espécies sdo aspectos importantes da biogeografia e da
conservagao e sao especialmente importantes em ambientes que tem sido poucos investigados, tais
como as cavernas da regido semiarida do nordeste do Brasil. Nds coletamos argasideos do guano de
morcegos insetivoros em cinco cavernas do bioma Caatinga e identificamos seis espécies de
carrapatos dos géneros Antricola e Ornithodorus. Ornithodoros rodoniensis foi registrada pela primeira
vez no bioma Caatinga, tendo sido registrada apenas na Amazonia até o momento.

Palavras-chave: Ixodida, Ornithodoros, Antricola, semiarido, Neotropical.
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The Caatinga biome of Brazil is a
semiarid region characterized by a seasonally
dry tropical forest formed by mosaics of diffe-
rent plant physiognomies with most of the rain
concentrated in three consecutive months (da
Silva et al., 2017). The harshness of the region
leads to dry vegetation that harbors unique spe-
cies able to survive in periods of severe drought
(da Silva et al., 2017). These features also drive
patterns in the subterranean environment asso-
ciated with the Caatinga and some caves in the
region are considered hotspots of subterranean
diversity (Bento et al., 2016; Souza-Silva & Fer-
reira, 2016; Souza-Silva et al., 2021). The long
dry periods in this biome make caves useful en-
vironments. This effect was even more pro-
nounced during the last glacial maximum, when
many ancient species were housed in caves due
to the separation of the contiguous rainforests
that existed at the time (Polhemus & Ferreira,
2018; Wang et al., 2005).

Subterranean diversity is also driven by
the characteristics of caves. Warm, humid caves
inhabited by bat species make the environment
favorable to the occurrence of argasid ticks (De
la Cruz, 1973; Labruna et al., 2008). The para-
sitic association between these soft ticks and
bat species is often found in bat caves (Barbier
et al., 2020), which are defined by the concen-
tration of large bat populations - i.e., more
5,000 individuals (Azevedo & Bernard, 2015).
This feature increases the likelihood of the oc-
currence of soft ticks. Despite the considerable
diversity of ticks and their broad distribution in
caves (Henrique-Simdes et al., 2020), current
knowledge on argasid species of the Caatinga is
incipient (Bernardi et al., 2009) and bat caves
constitute a favorable environment to expand
the geographic distribution of the group. In this
study, we list species of the family Argasidae in
the Caatinga biome, including new records of
two rare species of the genus Ornithodorus.

The present study was conducted in five
bat caves, including two hotspots by hotcaves -
all located in the Caatinga biome of northeas-
tern Brazil (Fig. 1A-1C; Tab. 1). The caves have
limestone and quartzite lithology and are inha-
bited by huge colonies of insectivorous bats that
produce large amounts of guano.

Sampling was performed in the rainy sea-
son, a period with higher diversity of invertebra-
tes (Bento et al.,2016). We choose this season
because it is considered the period of greater ri-
chness regarding invertebrate fauna in caves of
the Caatinga (Araujo et al., 2010; Bento et al.,
2016). First, we manually collected the largest
specimens found in guano deposits in each ca-
ve. We then collected three 100-™- samples of
guano in each cave, which were placed in a Ber-
lese-Tullgren funnel for 24 hours. We preserved
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all extracted invertebrates in vials containing
70% alcohol for further screening and the sepa-
ration of soft ticks under a stereomicroscope.
We identified argasid specimens based on
morphological characteristics proposed by La-
bruna et al. (2008) and Labruna et al. (2011)
and we followed the list of valid species names
of the Ixodida presented by Guglielmone et al.
(2010). We performed identification to the
lowest possible taxonomic level (mainly the
species level) and then designated morphospe-
cies to obtain data on argasid richness.

We collected a total of six soft tick species
belonging to two genera of Argasidae (Antricola
and Ornithodorus) from the five caves sampled
(Tab. 2). Antricola inexpectata (Estrada-Pena,
Barros-Battesti & Venzal, 2004) was the most
widespread species, occurring in all caves sam-
pled. The second most widely distributed speci-
es was Antricola guglielmonei (Estrada-Pena,
Barros-Battesti & Venzal, 2004), which was
found in three caves and was only absent from
the “Gruta do Arnould” and “Caverna do Urubu”
caves. We found Antricola delacruzi (Estrada-Pe-
na, Barros-Battesti & Venzal, 2004), Ornithodo-
rus marinkellei (Kohls, Clifford & Jones, 1969)
and Ornithodorus rodoniensis (Labruna, Terassi-
ni, Camargo, Brandao, Ribeiro & Estrada-Pefa,
2008) only in the “Boqueirdo de Lavras da Man-
gabeira II"” cave, which was the richest cave
studied (five species), while we only found Or-
nithodoros fonsecai (Labruna & Venzal, 2009) in
the “Casa de Pedra” cave.

The soft mite genus Antricola includes 16
described species that occur in the Americas
from the southeastern USA to northeastern Bra-
zil (Estrada-Pefa et al., 2004; Guglielmone et
al., 2003). Antricola species occur in warm, hu-
mid caves that often have large bat colonies (De
la Cruz, 1973; Labruna et al., 2008). Indeed, we
collected all three Antricola species recorded for
Brazil in the bat caves investigated in the pre-
sent study: A. guglielmonei, A. delacruzi and A.
inexpectata. The habits of this genus differ from
those of most tick species. The adults are free-
living with mouthparts adapted for quick feeding
rather than clinging to the host; the hypostome
is small and toothless (Cooley & Kohls, 1942);
and these species only exhibit hematophagous
parasitic behavior in the larval stage. A recent
study suggests that adults feed directly on gua-
no deposits (Ribeiro et al., 2012). This feeding
habit in caves with large guano deposits minimi-
zes competition pressure for feeding resources,
enabling the occurrence of hundreds of thou-
sands of individuals as well as the co-occurrence
of sister species (Nunes et al., 2020). This may
also explain the abundances and richness docu-
mented here in the “Boqueirdo de Lavras da
Mangabeira II”, "Casa de Pedra” and “Gruta do
Sobradinho” caves. The broad geographical dis-




4 Gruta do Arnould
+ Gruta do Sobradinho
¢ Caverna do Urubu

® (Casa de Pedra

* Boqueirdo de Lavras

« Caves
I Caatinga
I Brazil
South America

Fig. 1. Geographic localization of the studied caves. A. Entrance area of Caverna do Urubu Cave
showing the Caatinga vegetation during the wet season. B. Antricola inexpectata (Estrada-Pena,
Barros-Battesti & Venzal, 2004) population associated to a guano pile at Caverna do Urubu Cave. C.
Map of South America highlighting Brazil and the Cerrado region. The red symbols correspond to the
Hot Caves. The red star represents the new occurrence record for Ornithodoros rondoniensis (Labru-
na, Terassini, Camargo, Branddo, Ribeiro & Estrada-Pefia, 2008) to the semiarid. (Photographs A and
B are from Rodrigo L. Ferreira).
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Tab. 1. Studied caves from the Brazilian semiarid, the cave geographic localization, horizontal
projection and the cave bat use classification are provided.

Municipality Horizontal

Cave Coord.

Cave
(state) Projection feature

Estimated
Lithology Bat species found bat
abundance

d: Tovras da M"a‘"ai da 042 745 —
Mangabeira ' 12N9abeIra 35057 4ny m
I (CE)

10050,0517"
Casa de Campo de P 210 m

Pedra Brito (SE) 37037 05w

Gruta do 5 5026,91675 oo
Arnold amara 35053 315w m

Furna do G 5034,3833'S 195
Urubu uerra 37039,145'W i

Gruta do
Sobradinho

o35 £017
Aiuba (CE) foocociyw ~ 235m

Lonchorhina aurita,
Phyllostomus hastatus,
Pteronotus gymnonotus,
Hot Pteronotus personatus,

Quartzite Peropteryx cf. macrotis, ~98.000
Molossidae, Noctilio
albiventris, Noctilio
leporinus,
Glossophaginae

cave

Lonchorhina aurita,
Phyllostomus hastatus,
Pteronotus gymnonotus,
Hot Pteronotus personatus,
Limestone Anoura geoffroyi, ~137.000
Carollia perspicillata,
Desmodus rotundus,
Glossophaga soricina,
Natalus macrourus

cave

Pteronotus gymnonotus,
Not . .
Carollia perspicillata,
Glossophaga soricina,
Natalus macrourus

Pteronotus gymnonotus,
Pteronotus personatus,
Not Desmodus rotundus,
hot Limestone Peropteryx sp., Artibeus  ~27.000
cave planirostris, Diphylla —_—
ecaudata, Tonatia _6
bidens, Eumops sp.

Lonchorhina aurita,
Pteronotus gymnonotus,
Pteronotus personatus,
Not Anoura geoffroyi,
Carollia perspicillata,
Desmodus rotundus,
Natalus macrourus,
Pteronotus cf. alitonus,
Peropteryx sp., Mimon
spp.

hot Limestone ~69.500

cave

Legend: CE - Ceara state, RN - Rio Grande do Norte state, SE - Sergipe state.

tribution of populations of Antricola species is
often interrupted in long stretches of up to
3,000 km. Despite this, genetic sequence
analyses indicate that such populations remain
connected (Labruna et al., 2008; Ribeiro et al.,
2012).

The genus Ornithodoros is represented in
Brazil by more than 20 species and, unlike An-
tricola, all species of the genus are hematopha-
gous during all life stages (larvae and adults)
(Sonenshine & Roe, 2014). Ornithodoros speci-
es occur in environments with varying tempera-
ture and humidity (e.g., Omnithodoros cavernicolous
Dantas-Torres et al., 2012) and occupy caves
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with different sizes of bat colonies (Bernard,
pers. com.). Species of this genus associated
with bats tend to have broad geographic distri-
bution, as these vertebrates are able to travel
long distances, which contributes to the disper-
sion of their parasites (Labruna et al., 2011;
Mufioz-Leal et al., 2017). To date, however, two
species found in the present study are restric-
ted to two Brazilian regions. Ornithodoros
marinkellei occurs exclusively in northern and
northeastern Brazil, with two occurrences in the
Amazon rainforest in caves of the states of
Rondb6nia and Pard (Henrique-Simodes et al.,
2012; Labruna et al., 2011). This species and




Tab. 2. Argasidae (Acari) species found in each of the five sampled caves from the Brazilian Caatinga.

Caves
Taxa Boqueirdo Casa de Gruta do Gruta do Caverna
de Lavras Pedra Sobradinho Arnold do Urubu

Antricola delacruzi (Estrada-Pend, Barros-
Battesti & Venzal, 2004) X
Antricola guglielmonei (Estrada-Pen3,
Barros-Battesti & Venzal, 2004) % & %
Antricola inexpectata (Estrada-Pen3,
Barros-Battesti & Venzalé, 2004) X X X X X
Ornithodoros fonsecai (Labruna & Venzal, o
2009)
Ornithodoros marinkellei
(Kohls, Clifford & Jones, 1969) X

Ornithodoros rodoniensis*
(Labruna, Terassini, Camargo, Branddo, X
Ribeiro and Estrada-Pefia, 2008)

The * symbol represents the new occurrence of Caatinga biome.

O. fonsecai only one occurrence in the Caatinga
(Cratels, state of Ceara) (Luz et al., 2016).
Thus, with the present study, we recorded the
second observation of O. marinkellei and O.
fonsecai in the Caatinga, co-occurring in a cave
with a large colony of Pteronotus bats in additi-
on to other bat species (Tab. 1). Pteronotus
bats are recognized as typical hosts of O. ma-
rinkellei (Henrique-Simodes et al., 2012; Labruna
et al.,, 2011; Luz et al., 2016; Mufioz-Leal et al.,
2016). The other species (O. rodoniensis) was
previously only associated with the Amazon
rainforest in caves of the states of Rondodnia
and Para (Labruna et al., 2008; Nava et al.,
2010). Here, we record, for the first time, the
occurrence of the species in the Caatinga
biome. This new record extends the distribution
of the species by approximately 2,500 km.
Thus, our study reports new geographical
ranges for two Brazilian soft tick species associ-
ated with bats, expanding the distribution of O.
marinkellei and, even more expressively, O.
rondoniensis to the semiarid region. These new
tick records, together with the new species res-
tricted to caves recently described for the for-
mation of the Caatinga [i.e., Coarazuphium
caatinga (Pellegrini & Ferreira, = 2014,
Carabidae); Cryptops spelaeoraptor (Azara &
Ferreira, 2014a, Cryptopidae); Newportia spela-
ea (Azara & Ferreira, 2014b, Scolopocryptopi-
dae); Girardia spelaea (Hellmann, Ferreira,
Rabelo & Leal-Zanchet, 2020, Dugesiidae); as
well as four Pectenoniscus species: P. juiuensis,
P. carinhanhensis, P. santanensis, P. morrensis
(Cardoso, Bastos-Pereira, Souza & Ferreira,
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2020, Styloniscidae), among others] and with
the occurrence of caves elevated to the status
of hotspots of subterranean biodiversity (e.g.,
the “Toca do Gongalo” cave in the state of Bahia
- Souza-Silva & Ferreira, 2016), increase the
importance of the region. However, studies on
ticks, especially cave species, are rare, despite
the fact that this has proven to be a field of
study with considerable potential for new disco-
veries (e.g., Araujo et al., 2018; Bernardi et al.,
2012; Dantas-Torres et al., 2012; Estrada-Pefna
et al., 2004; and the “Toca do Gongalo” and the
"Aguas Claras Cave System", both in the state
of Bahia, Souza-Silva & Ferreira, 2016; Souza-
Silva et al., 2021). The study of the biodiversity
of the Caatinga biome is promising for the dis-
covery of new records as well as new species,
which are essential to the improvement of ade-
quate conservation and management measures.
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