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Abstract

A new troglomorphic species of the genus Ofostigmus Porat, 1876 has been discovered in two hypogenic
caves in Serra da Bodoquena National Park, a hotspot for Brazil's subterranean fauna. This represents the
second troglobitic Ofostigmus species in the world. The newly described species, Otostigmus (Parotostigmus)
troglobius sp. nov., was based on molecular and morphological data. Although the specimens do not oc-
cur in the same cave, species delimitation analysis using a mitochondrial marker Cytochrome C Oxidase
subunit I (COI) grouped the new species into a congruent MOTU. Morphologically, the new species
closely resembles O. tidius Chamberlin, 1914 due to the median keels on the tergites and the short, in-
complete sutures on the sternites. The new discovery underscores the importance of conserving the caves
in Serra da Bodoquena.
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Introduction

Otostigmus Porat, 1876 is one of the most diverse scolopendromorph genera with
around 110 species (Schileyko et al. 2020). The genus includes species from Neo-
tropical region, Africa, as well as from the Indo-Australian and Nearctic regions.
Three subgenera — Otostigmus, Parotostigmus Pocock, 1896 and Dactylotergitius
Verhoeff, 1937 — are recognized. Parotostigmus is almost exclusively Neotropical
and Dactylotergitius mostly Brazilian with few records from Argentina (Chagas-Jr
et al. 2007). The genus Orostigmus comprises a large number of species; however,
only one is currently recognized as troglobitic. The species, Otostigmus troglodytes
Ribaut, 1914, was collected during an expedition to East Africa between 1911
and 1912, in the Kulumuzi B cave in the Tanga district of Tanzania. Dozens of
centipedes were collected, but only eight species were found inside caves, and only
O. troglodytes exhibited troglomorphic traits (Ribaut 1914). In Brazil, there are
18 known species of Otrostigmus, 16 of which belong to the subgenus Parotostig-
mus and two to the subgenus Dactylotergitius (Chagas-Jr 2026). Chagas Jr and
Bichuette (2018) recorded four species of Otostigmus in Brazilian caves, including
O. (D.) caudatus Brollemann, 1902, O. (P) muticus Karsch, 1888, O. (R) tibialis
Brollemann, 1902, and O. (P) tidius Chamberlin, 1914, all of them are considered
accidental in the caves. In addition, unidentified Ozostigmus specimens have been
recorded from caves in the north, west, northeast, southeast, and south of the
country (Chagas-Jr and Bichuette 2018). The goal of this study is to describe the
second troglomorphic species of Orostigmus from a region considered as a hotspot
of subterranean fauna in Brazil.

Material and methods

Material examined

The specimens were collected by hands, preserved in either 70% or 100% ethanol and
are deposited at the Cole¢ao Zooldgica of the Universidade Federal de Mato Grosso
(CZUFMT [Cuiab4, Brazil]).

Study area

The Serra da Bodoquena is located in the southeastern part of the state of Mato
Grosso do Sul, in western Brazil, near the border with Paraguay (Fig. 1). This region
represents an intersection between the Cerrado and the Atlantic Forest, two well-
known biodiversity hotspots in Brazil that are home to a variety of living and fossil
species of Brazilian fauna and flora, many of which are endemic. Additionally, it is
situated on the southwestern edge of the Pantanal. Serra da Bodoquena National
Park (SBNP) covers an area of 76,481 hectares, stretching 300 km in length and 20
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Figure 1. Map of Brazil (including Pantanal [blue hatched area] and northern polygon of Serra da
Bodoquena National Park [green hatched area]) with collection sites of the Otostigmus troglobius sp. nov.

to 50 km in width. The SBNP is divided into two polygons: to the north, cover-
ing 27,793 ha, the region is bordered by the Salobra River and the Olaria Stream;
to the south, covering 48,688 ha, the region is bordered by the Perdido, Formoso,
and Prata Rivers. The average annual temperature ranges from 20 °C to 22 °C, and
precipitation ranges from 1,000 to 2,000 mm, with the dry season occurring from
May to September and the rainy season from October to April (Alvares et al. 2013).
Both caves where the new species of Orostigmus was found within the SBNP. The
Dente de Cio Cave is 3 km long and 220 m deep (Auler 2009). It is known for its
anastomotic/ramiform pattern with different chambers connected by smaller pas-
sages and the absence of fluvial sediments, being an example of hypogenic karst
(Auler 2017). The Bacuri Cave is a smaller cave located about 3 km away from the
Dente de Cao Cave in a straight line and has the same hypogenic pattern as the
Dente de Cao Cave (Fig. 2).

Morphological analysis

The specimens were examined based on their external morphological characteristics,
under a Wild M3B stereomicroscope. Photographs of the specimens were captured
using a Leica Ivesta 3 stereomicroscope with an MC190HD image capture system and
Leica Application Suite auto-assembly software. Image editing and illustrations were
done using Photoshop CC and Inkscape (ver. 1.2) software. Scale bars are provided in
millimeters (mm). The distribution map was created using QGIS (ver. 3.16) software.
The descriptive terminology is based on Bonato et al. (2010).
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Figure 2. A. The landscape with the Dente de Cao hill in the background; B. Habitat near of the Dente
de Cio cave entrance; €. Cave Bacuri entrance, viewed from inside; D. Microhabitat where Otostigmus

(Parotostigmus) troglobius sp. nov. was found in the aphotic zone of the cave.

Obtaining molecular data

DNA was extracted from two legs of the collected specimens using the DNeasy Blood &
Tissue Extraction Kit - Qiagen™, following the manufacturer’s protocol. The mitochondri-
al marker Cytochrome C Oxidase subunit I (COI) was amplified using universal primers
HCO2198 and LCO1490 (Folmer et al. 1994). PCR condition is as followed: 94 °C for
2 min. of initial denaturation, 35 cycles of 94 °C for 30 sec. of denaturation, 50 °C for
30 sec. of annealing, 72 °C for 1 min. of extension, and 72 °C for 7 min. of final extension.
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Molecular data analysis

The raw sequences were manually edited in the Geneious 7.1.3 program (https://www.
geneious.com: Kearse et al. 2012). The final consensus sequences were constructed in
the MEGA 12 program (Kumar et al. 2024); and aligned using the Muscle algorithm
(Edgar 2004). Previously known sequences of Otostigmus were obtained from Ratnas-
ingham et al. (2024). The generated sequences were submitted to the NCBI database
to verify similarity with previously known centipede species using the BLAST tool.

From the data matrix, the Optimal Threshold (OT) was calculated in RStudio
software (version 2023.06.0, https://www.R-project.org) using the SPIDER package
(SPecies IDentify and Evolution; Brown et al. 2012). Genetic distance was calculated
in the MEGA12 program using the 2-parameter model (K2P; Kimura 1980).

The delimitation of Molecular Operational Taxonomic Units (MOTUs) was de-
fined based on analyses using the Assemble Species by Automatic Partitioning (ASAP;
Puillandre et al. 2012), Bayesian Poisson Tree Processes (bPTP; Zhang et al. 2013),
General Mixed Yule Coalescent (GMYC; Pons et al. 2006), Multi-rate Poisson Tree
Processes (mPTP; Kapli et al. 2017), and Poisson Tree Processes (PTP; Zhang et al.
2013). With the exception of ASAD, which was performed via a web interface (hteps://
spartexplorer.mnhn.fr/) using the K2P model and standard parameters, all other meth-
ods were calculated in the SPDEL pipeline (Ramirez et al. 2023) running in the Ana-
conda v. 25.1.1 environment.

For coalescence-based methods (bPTP, mPTP, PTP, and GMYC), in addition to
the fasta alignment, an ultrametric tree constructed in BEAST2 v. 2.6.7 (Bouckaert
et al. 2019) with the HKY evolution model, generated in JModeltest2 (Darriba et
al. 2012), according to the Bayesian Information Criterion (BIC) statistical method,
relaxed molecular clock, and Birth-Death speciation model, with three independent
runs of 10 million generations (MCMC). The effective sample size (ESS > 200) was
then verified in Tracer v. 1.6. The trees were combined in LogCombiner v. 2.6.6, with
25% burn-in, summarized in TreeAnnotator v. 2.6.6, visualized in Figtree v. 1.4.3, and
saved in the extension (version available at CIPRES https://www.phylo.org/).

Results

Species delimitation

In the molecular analysis of species delimitation, the number of recovered MOTUs
varied according to the method employed: 37 MOTUs with ASAP, 40 with bPTP, 40
with GMYC, 17 with mPTP, and 40 with PTD resulting in 40 consensus MOTUs
(Fig. 3). The validation of Otostigmus troglobius sp. nov. is based on the congruence of
the methods used for species delimitation and was recovered as a consensus MOTU
(Fig. 3). Otostigmus aculeatus Haase, 1887, O. astenus (Kohlrausch, 1878), O. multidens
Haase, 1887, O. politus Karsch, 1881, O. rugulosus Porat, 1876, O. spinosus Porat, 1876,
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Figure 3. Dendrogram of species delimitation analyses based on Bayesian inference of the COI gene. The
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red bars represent the consensus molecular operational taxonomic units (MOTUs), defined based on the
congruence between the results of the species delimitation methods applied in this study. The black bars
represent the MOT'Us formed by the different species delimitation methods.
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Orostigmus sp. C, O. tricarinatus Chen, Jiang & Huang, 2023, and O. voprosus Schil-
eyko, 1992 were not recovered as congruent MOTUs in the analyses performed. The
intraspecific distance for Otostigmus troglobius sp. nov. was 1.34%, a value lower than
the Optimum Threshold (OT) of 2.33% calculated for species delimitation based on
the specific dataset. Genetic distance analyses demonstrated the difference between Oro-
stigmus troglobius sp. nov. and its congeners, with interspecific distances ranging from
11.20% (Otostigmus sp. AB672650; or 11.66% for the described species O. aculeatus)
t0 24.59% (Otostigmus sp. MK273245; or 22.99% for O. politus and O. multidens).

Species description

Otostigmus (Parotostigmus) troglobius Chagas-Jr., sp. nov.
https://zoobank.org/ A2EE8AA6-0546-4E68-986B-DD6158085DBB
Figs 4, 5, 6,7

Orostigmus sp. In Chagas-Jr and Bichuette (2018), p. 25.

Type material examined. Holotype. BraziL « CZUFMT-MY 02507 (1 spm not
sexed). Mato Grosso do Sul, Bodoquena, Parque Nacional da Serra da Bodoquena,
Caverna Bacuri, 09.v.2025, col. Chagas-Jr. A. Paratype. « CZUFMT-MY 02508 (1
spm not sexed). Mato Grosso do Sul, Bodoquena, Parque Nacional da Serra da Bodo-
quena, Caverna Dente de Cao, 30.ix.2024, col. Chagas-Jr. A.

Additional material examined. BraziL ¢ CZUFMT-MY 02512 (1 spm not
sexed). Mato Grosso do Sul, Bodoquena, Parque Nacional da Serra da Bodoquena,
Caverna Dente de Cao, 29.iv.20006.

Diagnosis. Long antennae, with 17 articles; legs 1-4 with one tibial spur, and
legs 1-17 with two tarsal spurs; Tergites 1-3 without sutures, 4—7 with short sutures
in anterior margin, and 8-20 with complete paramedian sutures; tergites 720 with a
longitudinal keel; sternites 3—16 with short sutures on anterior margin, and sternites
6-16 with two shallow rounded depressions; legs 21 very long, slender and cylindrical.

Description of holotype. Body length. 47.79 mm (Fig. 4).

Figure 4. Orostigmus (Parotostigmus) troglobius sp. nov. (Holotype CZUFMT-MY 02507): General habi-

tus, dorsal view. Scale bar: 1 mm.
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Figure 5. Orostigmus (Parotostigmus) troglobius sp. nov. (Holotype CZUFMT-MY 02507): A. Cephalic
plate, antennae and first tergites; B. Cephalic plate and tergite 1; €. Forcipular coxosternite; D. Forcipular
coxosternite, showing the tooth plate; E. Tergites 11-14, dorsal view; F. Tergites 1719, dorsal view. Scale
bars: 1 mm (A, B, C, E,F); 0.1 mm (D).

Live habitus colouration. Anterior region of the cephalic plate between the ocelli
and first two articles of antennae whitish; posterior region of cephalic plate, tergite 1,
and forcipular coxosternite violet. Tergites 2 and 20 purplish blue, and tergites and
sternites 3—19 light purplish blue. Antennae light blue. Pre-femur, femur and tibia of
the walking and ultimate legs light purplish blue and tarsi 1 and 2 whitish.
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Figure 6. Otostigmus (Parotostigmus) troglobius sp. nov. (Holotype CZUFMT-MY 02507): A. Sternites
6-7, ventral view; B. Sternites 11-12, ventral view; C. Tergites 20-21, dorsal view; D. Sternites 20-21,
ventral view; E. Trunk segments 20-21, showing the coxopleuron, lateral view. Scale bars: 1 mm.

Preserved specimen colouration. The same color as described above, but with
lighter tones due to loss of coloring (Fig. 4).

Antennae. Long (16.67 mm), reaching the anterior margin of tergite 7 when fold-
ed backwards (Fig. 5A). Antennae with 17 articles each (Fig. 5A); basal articles 1-2 gla-
brous; and the subsequent articles densely covered by short yellowish setae (Fig. 5B).
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Figure 7. Otostigmus (Parotostigmus) troglobius sp. nov. (Holotype CZUFMT-MY 02507): A—C. Left
walking legs 1, 12 and 19 (respectively), lateral view; D. Left ultimate legs, lateral view. Scale bars:
1 mm (A-D).

Cephalic plate. Slightly wider than long (2.23 mm x 2.19 mm), with a short
median sulcus on the anterior margin, but without sutures (Fig. 5B). Cephalic plate
almost without setae.

Forcipular segment. Anterior margin of forcipular coxosternite with tooth-plates
wider than long, with 4+4 teeth, two inner closer to each other than the external ones.
Each teeth-plate with a long bristle in the center of the plate (Fig. 5C). Coxosternite
with a short transverse pair suture at the base of tooth-plates. Trochanteroprefemoral
process large, the margin with one short tubercle and tip pointed (Fig. 5D).

Walking legs. Legs long, with few short setae. Legs 1 with one femoral spur. Legs
1-4 with one tibial spur. Legs 1-17 with two tarsal spurs, and legs 18-20 with one tar-
sal spur; leg 21 without spurs. Pretarsi of legs 1-21 with two long (ca. 1/2 of pretarsus)
accessory spurs (Fig. 7A-C).

Tergites. Anterior margin of tergite 1 covering the posterior margin of the cephalic
plate; Tergite 1-3 without sutures; tergites 4—7 with short sutures in anterior margin.
Tergites 8—20 with complete paramedian sutures. Tergites 7-20 with a longitudinal keel
(Fig. 5E); tergites 4-21 marginated (Fig. 5F). Tergite 23 longer than wide, (1.48 mm x
1.28 mm) (Fig. 6C), with the posterior margin convex medially. Tergites 1-6 smooth,
and tergites 7-21 with granulations that gradually increase towards the back of the trunk.

Sternites. Sternites 3—16 with short sutures on anterior margin (Fig. 6A); sternites
6-16 with two shallow rounded depressions (Fig. 6B). Sternite 21 longer than wide
(1.15 mm x 0.90 mm), with posterior margin straight (Fig. 6D).

Spiracles: There are no spiracles on the seventh body segment. The spiracles on the
third and fifth segments are oval, while the remaining spiracles are rounded.

Ultimate LBS. Coxopleuron covered with numerous coxal pores of similar size,
except for the posterior end poreless. No spine present on coxopleuron. (Fig. 6E).

Ultimate legs. Very long and slender (23.31 mm). Prefemur cylindrical (5.16 mm)
without spines. Femur (5.61 mm) and tibia (5.08 mm) and tarsi 1 (4.98 mm) and 2
(2.48 mm) cylindrical (Fig. 7D).
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Distribution. Bacuri and Dente de Cao Caves, in the Serra da Bodoquena Na-
tional Park, in Bodoquena, Mato Grosso do Sul, Brazil.

Etymology. Species name is a Latin word meaning “troglobiont”, an animal that
lives only in caves, referring to the habitat of the species.

Habitat. Orostigmus troglobius sp. nov. was observed on three occasions, always in
the aphotic zone. On two occasions, they were found walking among the calcareous
encrustations on the cave wall. On one occasion, it was spotted walking on the cave
floor. It is a species that moves very quickly using its long legs, which closely resemble
the armed legs of members of the order Scutigeromorpha.

Discussion

Species delimitation

When comparing Otostigmus troglobius sp. nov. with its congeners, is evident that the
interspecific genetic divergence within Otostigmus is high, ranging from 11.20% to
28.04% (Suppl. material 1), corroborating Vu et al. (2020). Although intraspecific dis-
tance in several Otostigmus species is known to be high (ranging from 0% to 16.5%),
the divergence observed in Otostigmus troglobius sp. nov. is 1.34%.

Both morphological and genetic evidence show that although these specimens are
distributed in different caves, they are a single species, specialized to occupy the subter-
ranean environment of the hypogenic caves of the Serra da Bodoquena.

The occurrence of populations of O. rroglobius sp. nov. in both caves indicates
that these caves may be, or may have been, connected by cracks and small passages
in the ground that allowed the distribution of different species between these and
other caves that may be distributed throughout the region. Smaller caves near the
Dente de Cao Cave have similar patterns but have not been studied since then
(Auler 2009), however, no further specimens of the new species were found in some
of the caves visited.

High levels of pairwise genetic divergence were also detected among currently
recognized species in the analyzed dataset. While species such as Orostigmus troglo-
bius sp. nov. (1.34%), Otostigmus consonensis (0.38-0.57%), and Otostigmus res-
ervatus (0.00-0.76%) showed low intraspecific variation, taxa such as Orostigmus
aculeatus (8.14-9.64%), Otostigmus astenus (14.41-16.75%), Otostigmus multidens
(10.97-19.72%), Otostigmus politus (8.75-9.67%), Otostigmus rugulosus (12.16—
22.42%), Orostigmus scaber (0.19-13.34%), Otostigmus spinosus (2.72—10.79%),
Otostigmus sulcipes (17.74-19.77%), and Otostigmus tricarinatus (0.29-24.42%)
exhibited high genetic distance values, suggesting the possible existence of cryptic
species complexes within Otostigmus.

The scarcity of genetic data available in GenBank and BOLD for neotropical line-
ages may be influencing the genetic distance values derived from the analyzed data-
set. To date, among the species occurring in the neotropical region, only Orostigmus
caraibicus Kraepelin, 1903 had sequences deposited in these databases. Thus, the data
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generated in this study represent a significant advance for the genus in the region and
highlight the need for further molecular sampling efforts to understand the potential
cryptic species complexes identified here.

Taxonomic comparisons with other related Otostigmus species.

Orostigmus troglobius sp. nov. is very closely to the species O. inermis Porat, 1876,
O. sulcarus Meinert, 1886, O. lanceolatus Chagas-Jr., 2012 and O. tidius. It differs from
all of them mainly in body length, which in the new species is 48 mm and in other
related species 30 mm. Furthermore, the species in question are more narrowed than
the other Orostigmus species. The tergites in O. inermis and O. sulcatus are smooth,
but in the new species is smooth from the first to the sixth tergite. From the seventh
segment onward, the number and size of granules increase gradually. The ultimate legs
are also very similar and slender, however, differ of O. sulcatus and O. lanceolatus in the
total length and in the shape of the tibia and tarsi 1 and 2, which are laterally flattened,
giving them a spear-like or leaf-like appearance. Finally, it resembles O. tidius mainly
by its tergites with median keels and short incomplete sutures in the anterior part of
the sternites, however, O. froglobius sp. nov. is much longer than O. tidius. Besides,
O. troglobius sp. nov. exhibits troglomorphic characters that not occurred in closely
related species, such as elongation of the antennae, walking legs, accessory spurs, and
ultimate legs.

Otostigmus of the Serra da Bodoquena

In addition to the collection activities in the caves of the Serra da Bodoquena, a signifi-
cant amount of time was invested in collecting in the surrounding areas of the caves.
Consequently, three morphospecies of Orostigmus were sampled: O. tibialis Brolemann,
1902, O. muticus, and Otostigmus sp., all of which are quite distinct from O. troglobius
sp. nov. However, in Bacuri Cave, O. troglobius sp. nov. occurs alongside another troglo-
bitic species, Newportia eleonorae Chagas-Jr., 2025, and in Dente de Cao Cave, it occurs
with another troglobitic geophilomorph species belonging to the genus Schendylops that
is currently under description. These new findings show that the Serra da Bodoquena is
a region with great potential for the occurrence of troglobitic centipede species in Brazil.

Conclusions

Orostigmus troglobius sp. nov. represents the second troglomorphic Otostigmus species
known worldwide. It was discovered in the same cave where another troglomorphic
centipede species was recently described (Diaz-Sandoval et al. 2025). Together with
additional troglobitic species currently being described from these caves, these findings
highlight the exceptional biological significance of these subterranean environments
and reinforce the urgent need for speleological heritage preservation in Brazil.
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