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Abstract
Three new species of troglobitic beetles of the genus Coarazuphium are described from specimens collected 
in iron ore caves in the Flona de Carajás in Brazil, doubling the number of known species for the Carajás 
region. The new species of Coarazuphium are morphologically similar to the already described species from 
the same region and are distributed in a small geographic range. From all Coarazuphium species of the 
region, including the new ones, two stand out, C. spinifemur and C. xingu sp. nov., which are the smallest 
Coarazuphium species. Both species have shorter legs and antennae when compared to the others. The 
main characteristic that differentiates C. xikrin sp. nov. and C. kayapo sp. nov. from the other two species 
from the Carajás region, C. tapiaguassu and C. amazonicum, is that the new species have more numerous 
setigerous punctures dorsally on the head. With the three new species added to the six already described 
congeners, the area of intense mining of the Carajás region includes the highest diversity of obligatory 
cave-dwelling beetles in Brazil, representing a hotspot of cave beetles. Coarazuphium xikrin sp. nov. and 
C. amazonicum co-occur in some of the caves of the Carajás region, which is possible due to putative 
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niche differentiation between the species. These findings highlight the importance of maintaining legal 
provisions that ensure the preservation of caves, especially those most relevant regarding physical and 
biotic aspects, which is crucial for the conservation of Brazilian subterranean biodiversity.

Keywords
Amazon rainforest, Brazil, cave-restricted, endemic, iron ore, outlying mean index, sympatric species

Introduction

The genus Coarazuphium Gnaspini, Vanin & Godoy, 1998 is currently represented by 
14 species in the Neotropics. All species of the genus are subterranean as they are found 
in distinct underground strata. Thirteen of the 14 species are troglobitic (i.e., restricted 
to the cave environment) and endemic to Brazilian caves (Pellegrini et al. 2022). Only 
one species, C. whiteheadi Ball & Shpeley, 2014, is non-troglobitic and occurs in hy-
pogeic habitats in the mountains of Oaxaca, Mexico. Almost 70% of Coarazuphium 
species are known from only one or two caves close to each other, which indicates 
their narrow endemism [C. tessai (Godoy & Vanin, 1990), C. bezerra Gnaspini, Vanin 
& Godoy, 1998, C. cessaima Gnaspini, Vanin & Godoy, 1998, C. formoso Pellegrini 
& Ferreira, 2011, C. caatinga Pellegrini & Ferreira, 2014, C. ricardoi Bená & Vanin, 
2014, C. spinifemur Pellegrini & Ferreira, 2017, C. lundi Pellegrini, Ferreira & Vieira, 
2020, C. auleri Pellegrini & Vieira, 2021 and C. bambui Pellegrini & Vieira, 2022].

Most Coarazuphium species are associated with caves in carbonate formations 
(Pellegrini and Ferreira 2011). The only known species from iron ore caves are 
C. spinifemur, C. tapiaguassu Pellegrini & Ferreira, 2011 and C. amazonicum Pellegrini 
& Ferreira, 2017. The last two mentioned species have a broader distribution in different 
caves. The lower endemism in iron ore caves is a remarkable characteristic since most 
Coarazuphium species are rare, with a few occurrences or observations (Pellegrini et 
al. 2020). All Coarazuphium species associated with iron ore caves are endemic to the 
Carajás Mineral Province (southeastern Amazon, Brazil). This area possesses rich mineral 
resources and is currently considered a cave biodiversity hotspot with many endemic or 
threatened species and several undescribed taxa (Jaffé et al. 2016). So, it is a great challenge 
to balance the conservation of endemic or threatened species with mining activities and 
the interests of the local human population of the Carajás region (Jaffé et al. 2016).

Troglobitic species are target taxa for conservation and can guarantee total protection 
to caves depending on their rarity and spatial distribution pattern (Brasil 2017). The first 
step towards effective conservation of a given cave species is to ensure that the species 
is known to science and to determine its distribution throughout the caves and habitat 
preferences. Thus, understanding species’ habitat preferences and niche occupation are 
essential information to build a reliable conservation plan to protect the species and their 
habitats (Barlas and Yamaç 2019). However, there are little information available about 
the environmental conditions and natural history of Coarazuphium. Most of the informa-
tion on Coarazuphium species came from specimens gathered from zoological collections, 
and the only available data on these species is represented by their taxonomic descriptions.
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On the other hand, the ferruginous caves from the Carajás National Forest database 
offer a unique opportunity to study the habitat preferences of these endemic and threatened 
species (Jaffé et al. 2018). The newly discovered species, Coarazuphium xikrin sp. nov., 
has a broad occurrence in Carajás caves, overlapping the distribution of C. amazonicum. 
In this study, we tested the hypothesis that niche differentiation makes the coexistence of 
these Coarazuphium species possible. Evidence supports our hypothesis that in a habitat 
with scarce resources the coexistence of ecologically similar species is possible when 
traits exhibit subtle differences (Violle et al. 2011). The absence of such differences may 
result in competitive exclusion of recently diverged species (Webb et al. 2002). Thus, 
niche differentiation would reduce the interspecific competition promoting the species 
coexistence (Dayan and Simberloff 2005; Mayfield and Levine 2010). In particular, caves 
possess harsh environmental conditions that works as a highly selective ecological filter 
for the species pool (Mammola et al. 2016). The coexistence of Coarazuphium xikrin sp. 
nov. and C. amazonicum offers the opportunity to investigate the niche differentiation 
among them. Therefore, the main purpose of the present study is to describe three new 
species of Coarazuphium to science from Brazilian iron ore caves in the Carajás Mineral 
Province. Additionally, we performed the ecological niche modeling between two of the 
most abundant Coarazuphium species with co-occurrence in the caves of Carajás. Finally, 
we provide a key to aid species identification within the genus Coarazuphium.

Materials and methods

Study area

The three new species described in this work occur in caves in the eastern region of the 
Amazon Forest in the state of Pará, Brazil (Figs 2, 4–7). Two of them are associated with 
ferruginous caves in the Carajás National Forest (Flona de Carajás) – one in the Serra 
Norte area and the other in the Serra Sul area. The National Forest of Carajás encompasses 
approximately 411 thousand hectares and includes parts of the municipalities of Paraua-
pebas, Canaã dos Carajás, and Água Azul do Norte. The National Forest of Carajás is a 
mosaic of protected areas forming a continuous area of 1.31 million hectares of preserved 
forests (Rolim et al. 2006) surrounded by cattle farmland (Campos and Castilho 2012; 
Martins et al. 2012). The park area mainly comprises forest formations (ombrophilous or 
seasonal), with only 5% consisting of rocky/rupestrian fields, which develop on the laterite 
plates (crusts) of high areas of the region (Campos and Castilho 2012). The third new spe-
cies described in the current study was found in an iron ore cave located in the municipality 
of São Felix do Xingu. The metavolcanic-sedimentary sequence from the São Félix Group 
(also of iron-ore lithology) occurs in the extreme southwest of the Carajás Domain (Valen-
tim and Olivito 2011; Ferreira and Lamarão 2013). There are currently 88 caves registered 
in this region according to the Brazilian National Register of Speleological Information 
database – CANIE (CECAV 2021), all in iron ore formations, and the area, unlike the 
Carajás National Forest, is highly altered by illegal mining, farming and illegal deforesta-
tion (Mertens et al. 2002; Souza-Filho et al. 2016; Oliveira et al. 2020; Rizzo et al. 2020).
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Methods

All adult specimens used in this study were obtained from the Museu de Zoologia da 
Universidade de São Paulo, São Paulo (MZSP) and the Coleção de Invertebrados Sub-
terrâneos da Universidade Federal de Lavras, Lavras, Minas Gerais (ISLA). A part of 
the material is stored in vials containing 70% ethanol, while other specimens are dried 
and fixed on entomological pins. Morphological observations were made using a Stemi 
508 stereomicroscope (Carl Zeiss, Germany), while measurements and photographs 
were obtained using an AxioCam 506 color camera (Carl Zeiss, Germany) connected 
to an Axio Zoom V16 stereomicroscope (Carl Zeiss, Germany).

Fine entomological pins were used to dissect insect specimens and extract male and 
female genitalia. Male genitalia were treated with pancreatin to clear the soft tissues. 
We followed procedures for female genitalia modified after Liebherr (2015). Briefly, 
we first removed the entire female abdomen. The abdomen was then treated with an 
aqueous solution of cold 10% potassium hydroxide (KOH) overnight. The female 
reproductive tract was placed in glycerin and isolated from other abdominal structures 
first by tearing off the membranous tergites followed by removal of the digestive tract 
and tracheal system, and finally removing the ventrites. We then mounted the female 
reproductive tract on glass slides in Kayser glycerol gelatin using standard procedures 
developed for mites (Walter and Krantz 2009). Observations and imaging of female 
genitalia were made using a DM750 microscope (Leica, Germany) and an Axio Zoom 
V16 stereomicroscope (Carl Zeiss, Germany).

All figures were edited using the Adobe Photoshop CS5 software, version 12.0. 
The use of terms for male and female genital structures follows Ball and Shpeley (2013) 
and Liebherr and Will (1998). All measurements are in millimeters (mm).

Abbreviations of body measurements and structures

A1L scape length;
A2–4L length of antennomeres 1–3 combined;
AL antennal length from the base of the scape to the tip of the 10th antennomere;
ASOS anterior supraorbital setigerous punctures;
EL elytral length (linear distance from the humerus to the apex);
EW maximum elytral width (the longest linear transverse distance);
HL head length (linear distance from the apex of the clypeus to the posterior 

margin of the postocciput);
HW head width (maximum transverse distance across head, including eyes);
HWL length of hind wings (the longest linear transverse distance);
OBL overall body length (the sum of HL, PL, and EL);
OCS occipital setigerous punctures;
PL pronotum length (linear distance from the anterior margin to the posterior 

margin measured along the midline);
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POS postocular setigerous punctures;
PSOS posterior supraorbital setigerous punctures;
PSUS posterior supernumerary setigerous punctures;
PW maximum pronotum width (the longest linear transverse distance) (Fig. 1).

Abbreviations of male genital structures

GSL genital segment length;
GSW genital segment width;
LPL left paramere length;
MLA length of median lobe of aedeagus (measured in a straight line from the basal 

margin to the apical margin);
OML periostial membrane length (measured in a straight line from the basal mar-

gin to the apical margin);
RPL right paramere length.

It is worth mentioning that in most Carabidae, the aedeagus has a 180° torsion in 
an active situation (Deuve 1993). By convention, in this paper what is called ventral 
is anatomically dorsal, what appears right is anatomically left, and what appears left is 
anatomically right.

Cave physical characteristics and organic resources

Data on the physical characteristics and organic resources of the sampled caves were ob-
tained by consulting companies that employed standardized methods for the same set of 
cave attributes (for more details see the Brazilian legislation for the protection of caves: 

Figure 1. A schematic representation of setigerous punctures distribution on the head (lateral view) in 
Coarazuphium species. For codes interpretation see the Materials and methods section.
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Federal Decree 6640/2008 and Normative Instruction MMA 02/2017) (Brasil 2008, 
2017). The cave characteristics included the following data: GPS coordinates, altitude 
(taken at the cave entrance), horizontal projection (length), slope, area, volume (these 
last four parameters were obtained from the cave maps), and the presence of percolating 
water or water reservoirs (e.g., puddles or lakes). The organic resources recorded in-
cluded the presence of plant debris, organic detritus, roots, guano, feces from vertebrates 
other than bats, and regurgitation balls from owls and carcasses. These organic resource 
variables were not evaluated separately, but were analyzed together to calculate the diver-
sity of organic matter resources available using Shannon’s diversity index.

Data analyses

To evaluate the marginal use of the available habitat by two sympatric species 
(Coarazuphium amazonicum and C. xikrin sp. nov.), we performed the outlying 
mean index (OMI). OMI is a multivariate technique that measures the distance 
between the mean values used and the mean values available for each environmental 
condition of the total sampled area (Dolédec et al. 2000). This analysis provides 
information on niche marginality (average distance of the hypervolume centroid 
– OMI), tolerance values (niche width – Tol), and residual tolerance (variation of 
niche width that was not related to the studied variables – Rtol). In addition, it 
calculates the total inertia that estimates the influence of environmental variables on 
niche separation (Dolédec et al. 2000).

The cave characteristics and organic matter diversity measures mentioned above 
were standardized to a mean of 0 and a standard deviation equal to 1 in order to 
make the scales comparable. All available adult specimens of C. amazonicum (27) and 
C. xikrin sp. nov. (33) were included in this analysis to improve model accuracy. The 
analysis was performed using the R software, version 3.6.2 (R Core Team 2019) utiliz-
ing the ‘‘ade4’’ package (Dray and Dufour 2007). The Monte Carlo test with 10,000 
permutations was used to evaluate the significance of niche marginality and the average 
marginality of species (Dolédec et al. 2000).

Figures 2–7. Geographic distribution of C. xikrin sp. nov., C. kayapo sp. nov. and C. xingu sp. nov. 
2 location of the caves with occurrences of the new species in the state of Pará, Brazil and South America 
3 Coarazuphium kayapo sp. nov., a living specimen 4 location of the caves (circles) where Coarazuphium 
species have been collected. Shaded regions correspond to the different highlands in the area 5 photograph 
of the São Félix do Xingu region, where is situated the type locality (Cave SFX-0057) of C. xingu sp. nov. 
6 photograph of the N1N8 area from the Serra Norte highland, where most of caves with occurrences of 
C. xikrin sp. nov. are located 7 photograph of a lake found in the Serra Sul highland, where caves with oc-
currences of C. kayapo sp. nov. are located. Photo credits: Ativo Ambiental (3), Fundação Casa de Cultura 
de Marabá (5), Marcelo Rosa (6), and Robson de Almeida Zampaulo (7).
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Results

Order Coleoptera Linnaeus, 1758
Family Carabidae Latreille, 1802
Tribe Zuphiini Bonelli, 1810
Genus Coarazuphium Gnaspini, Vanin & Godoy, 1998

Coarazuphium xikrin Pellegrini, Ferreira & Vieira, sp. nov.
http://zoobank.org/0BB32336-7C52-477A-A44D-7466B7C6AE7D
Figs 8–17

Type material. Holotype: Brazil: Pará, Serra dos Carajás, Cave N1N8/N1-0020 
Flona Carajás, PA, 6°01'57.7"S, 50°16'18.6"W, 639 m a.s.l., ♂, 17.VII–04.VIII.2014, 
Carste Company leg. (MZSP49180).

Paratypes (10 specimens). Brazil: Pará, Serra dos Carajás, Cave N1N8/N1-
0022 Flona Carajás, PA, 6°01'57.0"S, 50°16'18.6"W, 642 m a.s.l., 1 ♀, 17.VII–04.
VIII.2014, Carste Company leg. (MZSP49181); the same locality as for preced-
ing, 1  ♂, 17.VII–04.VIII.2014, Carste Company leg. (MZSP49182); Brazil: 
Pará, Serra dos Carajás, Cave N1N8/N1-0008 Flona Carajás, PA, 6°02'19.9"S, 
50°16'13.1"W, 700 m a.s.l., 1 ♀, 24.II–13.III.2015, Carste Company leg. 
(MZSP49183); Brazil: Pará, Serra dos Carajás, Cave N1N8/N1-0073 Flona Carajás, 
PA, 6°01'13.5"S, 50°17'17.4"W, 507 m a.s.l., 1 ♀, 02–29.IV.2015, Carste Company 
leg. (MZSP49184); BRAZIL: Pará, Serra dos Carajás, Cave N1N8/N1-0037 Flona 
Carajás, PA, 6°01'49.9"S, 50°16'27.7"W, 723 m a.s.l., 1 ♂, 24.II–13.III.2015, Carste 
Company leg. (MZSP49185); Brazil: Pará, Serra dos Carajás, Cave N1N8/N1-0016 
Flona Carajás, PA, 6°01'09.7"S, 50°16'40.9"W, 531 m a.s.l., 1 ♂, 04.IX–06.X.2014, 
Carste Company leg. (MZSP49186); Brazil: Pará, Serra dos Carajás, Cave N1N8/
N1-0168 Flona Carajás, PA, 6°01'16.3"S, 50°18'05.1"W, 675 m a.s.l., 1 ♂, 17.VII–
04.VIII.2014, Carste Company leg. (MZSP49187); Brazil: Pará, Serra dos Carajás, 
Cave N1N8/N1-0240 Flona Carajás, PA, 6°01'18.5"S, 50°16'26.1"W, 638 m a.s.l., 
1 ♀, 04.IX–06.X.2014, Carste Company leg. (MZSP49188); Brazil: Pará, Serra dos 
Carajás, Cave N1N8/N1-0101 Flona Carajás, PA, 6°01'08.7"S, 50°16'46.2"W, 541 
m a.s.l., 1 ♀, 04.IX–06.X.2014, Carste Company leg. (MZSP49189); Cave N1N8/
N1-0037 Flona Carajás, PA, 6°01'49.9"S, 50°16'27.7"W, 723 m a.s.l., 1 ♀, 04.IX–
06.X.2014, Carste Company leg. (MZSP49190).

Additional material examined (seven specimens). Brazil: Pará, Serra dos Carajás, 
Cave N1N8/N1-0062 Flona Carajás, PA, 6°01'09.6"S, 50°16'44.4"W, 533 m a.s.l., 
1 ♀, 04.IX–06.X.2014, Carste Company leg. (MZSP49191); Brazil: Pará, Serra dos 
Carajás, Cave N1N8/N1-0016 Flona Carajás, PA, 6°01'09.7"S, 50°16'41.0"W, 535 m 
a.s.l., 1 ♀, 04.IX–06.X.2014, Carste Company leg. (MZSP49192); Brazil: Pará, Ser-
ra dos Carajás, Cave N1N8/N1-0240 Flona Carajás, PA, 6°01'18.5"S, 50°16'26.1"W, 
599 m a.s.l., 1 ♀, 04.IX–06.X.2014, Carste Company leg. (MZSP49193); the same 
locality as for preceding, 1 ♂, 02–29.IV.2015, Carste Company leg. (MZSP49194); 
Brazil: Pará, Serra dos Carajás, Cave N1N8/N1-0025 Flona Carajás, PA, 

http://zoobank.org/0BB32336-7C52-477A-A44D-7466B7C6AE7D
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Figures 8–11. Coarazuphium xikrin sp. nov., external morphology 8 head and prothorax, lateral view 
9  habitus, dorsal view 10 a detail of hind wings, dorsal view 11 prothorax, ventral view. Scale bars: 
1.0 mm (9); 0.5 mm (8); 0.2 mm (11); 0.1 mm (10).
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6°01'49.5"S, 50°16'19.8"W, 621 m a.s.l., 1 ♀, 02–29.IV.2015, Carste Company leg. 
(MZSP49195); Brazil: Pará, Serra dos Carajás, Cave N1N8/N1-0037 Flona Carajás, 
PA, 6°01'49.9"S, 50°16'27.7"W, 723 m a.s.l., 1 ♀, 04.IX–06.X.2014, Carste Com-
pany leg. (MZSP49196); BRAZIL: Pará, Serra dos Carajás, Cave N1N8/N1-0052 
Flona Carajás, PA, 6°01'49.5"S, 50°16'19.8"W, 771 m a.s.l., 1 ♀, 24.II–13.III.2015, 
Carste Company leg. (MZSP49197).

Etymology. The species name honors the Xikrin ethnic group (Brazilian Indians), 
which live in the Carajás region. The Xikrin Indians speak the Kayapó language, which 
emphasizes listening and speaking. To sharpen these qualities, the Xikrin pierce, as 
early as infancy, the corresponding organs (ears and lips). For this ethnic group, listen-
ing is related to knowing, to acquiring knowledge. Oral communication, in turn, is a 
highly valued social practice for the Kayapó groups in general, who define themselves 
as those who speak well and beautifully. This noun should be treated as in apposition.

Differential diagnosis. All characteristics of C. xikrin sp. nov. are consistent 
with the description of the genus Coarazuphium. This species differs from all other 
members of the genus by the following combination of characters: elytral outline 
subparallel, elytra with maximum width in the posterior half, with apical margin 
truncate, without subapical sinuosity; location of setigerous punctures on the 
head dorsally: one pair of anterior supraorbital, one pair of postocular, one pair 
of posterior supraorbital and one pair of occipital; metafemur without a spine 
medially at its ventral side; antennae long, about 0.80 times as long as body length; 
median lobe of aedeagus about 2.81 as long as left paramere and 4.55 as long as 
right paramere.

Description. Size and proportions. OBL: 3.89 mm (3.82–3.99 mm ♂♂, 3.79–
4.06 mm ♀♀); EW: 1.36 mm (1.27–1.39 mm ♂♂, 1.29–1.45 mm ♀♀); HW/PW: 
0.99 (0.99–1.02 ♂♂, 1.04–1.09 ♀♀).

Habitus. Body with uniform pale to dark brown color (Fig. 9).
Integument. Dorsally covered with short recumbent hairs.
Head. Subtrapezoidal (Fig. 9), HW/HL: 0.93 (0.87–0.95 ♂♂, 0.89–0.98 ♀♀). 

Head almost as wide as pronotum. Setigerous punctures on the head dorsally: one 
pair of anterior supraorbital above the eyes; one pair of postocular immediately be-
hind the eyes, laterally; one pair of posterior supraorbital posteriad the eyes; and one 
pair of occipital in the posterior margin of the head. There is also a pubescence evenly 
distributed on the head. The pubescence bristles are slightly bigger on the vertex of 
the head. Ventrally are four pairs of setae, three close to the gular region and the other 
located lateromedially (Fig. 8). Eyes reduced, depigmented, and flattened, situated 
laterally at the end of the genal sulcus, ommatidia are not visible at 50×. Antennae 
filiform and flagellar (Fig. 9), AL: 3.10 mm (3.08–3.18 mm ♂♂, 3.00–3.16 mm 
♀♀), AL/PL: 4.89 (4.69–5.13 ♂♂, 4.58–4.97 ♀♀), A1L/A2–4L: 0.73 (0.75–0.86 
♂♂, 0.75–0.88 ♀♀), of almost the same length in both genders. First antennomere 
(scape) with a long seta distally close to the apical portion and a row of several semi-
erect setae; 2nd one very short. Third antennal segment elongate, antennal segments 
4–10 subequal and almost round in cross-section, except for the tip of the terminal 
antennomere, which is laterally flattened.
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Figures 12–17. Coarazuphium xikrin sp. nov., male and female genitalia 12 aedeagus, left lateral 
view 13 aedeagus, dorsal view 14 aedeagus, right lateral view 15 female reproductive tract, dorsal view 
16 gonocoxite, dorsal view 17 preapical setose organ, dorsal view bc bursa copulatrix co common ovi-
duct gc1 gonocoxite 1 gc2 gonocoxite 2 hs helminthoid sclerite Lt laterotergite mpp marginal pit pegs 
pso preapical setose organ sp spermatheca spg spermathecal gland spgd spermathecal gland duct. Scale 
bars: 0.5 mm (15, 17); 0.125 mm (16); 0.1 mm (12–14).
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Prothorax. Pronotum trapezoidal, PL/PW: 0.65 (0.63–0.70 ♂♂, 0.65–0.70 ♀♀) 
(Figs 8, 9). Maximum pronotum width closely behind the anterior margin, which is 
almost as wide as the head. Anterior angle rounded. Posterior angle acute. Dorsal sur-
face with two pairs of lateral marginal erect setae: one very long (0.8 times as long as 
pronotum), close to the antero-lateral angles, and the other shorter (0.5 times as long 
as pronotum), close to the postero-lateral angles. Prosternum with a pair of submedial 
setae (Figs 8, 11).

Pterothorax. Metasternum longer than wide. Metepisternum wider than long.
Elytra and hind wings. Elytra are free, with almost parallel sides (Fig. 9), EL/EW: 

1.61 (1.56–0.70 ♂♂, 1.49–1.68 ♀♀). Maximum elytral width in the posterior third, 
EW/PW: 1.40 (1.34–1.50 ♂♂, 1.38–1.52 ♀♀). Elytral apex is truncate, not sinuate. 
Elytral chaetotaxy: no discal setae present; the umbilicate series of the 8th stria with 
seven large setae (about 0.58 as long as elytra) on each elytron, situated as follows: three 
close to the anterior angle, two marginal in the lateral posterior half, and two on the 
posterior margin. Hind wings very reduced (Fig. 10), 0.204-mm long, HWL/EL: 0.09.

Legs. Profemur 1.05 (1.02–1.13 ♂♂, 1.03–1.20 ♀♀) times as long as mesofemur 
and 0.75 (0.70–0.77 ♂♂, 0.68–0.77 ♀♀) times as long as metafemur. Protibia 
1.20 (1.02–1.20 ♂♂, 1.02–1.19 ♀♀) times as long as mesotibia and 0.77 (0.65–
0.76 ♂♂, 0.69–0.79 ♀♀) times as long as metatibia. Protibia 1.33 (1.16–1.35 ♂♂, 
1.20–1.43 ♀♀) times as long as protarsus. Mesotibia 0.85 (0.89–0.98 ♂♂, 0.87–0.96 
♀♀) times as long as mesotarsus. Metatibia 0.94 (0.97–1.03 ♂♂, 0.97–1.04 ♀♀) 
times as long as metatarsus. First pro-, meso-, and metatarsomere each almost equal to 
tarsomeres 2–4 combined. Length of protibia and protarsus combined 2.48 (2.32–2.48 
♂♂, 2.28–2.56 ♀♀) times as long as pronotum, length of mesotibia and mesotarsus 
combined 2.56 (2.54–2.74 ♂♂, 2.36–2.69 ♀♀) times as long as pronotum, while 
length of metatibia and metatarsus combined 3.77 (3.56–3.78 ♂♂, 3.50–3.75 ♀♀) 
times as long as pronotum.

Abdomen. Ventrites 2–7 with a very fine pubescence. Seventh ventrite with a pair 
of short ventral setae at its posterior margin. Male genital segment triangular, GSL: 
0.81 mm, GSW: 0.49 mm.

Aedeagus. Median lobe of aedeagus slightly curved ventrally and elongate, nar-
rowed apically, apical margin rounded (Figs 12–14), MLA: 0.73 mm, OML: 0.27 mm. 
Left paramere subtriangular, conchoid, about twice as long as wide, LPL: 0.26 mm; 
right paramere styliform, about three times as long as wide, distinctly shorter than the 
left one, RPL: 0.16 mm.

Female reproductive tract. Ovipositor (Figs 16, 17): with a broad laterotergite; 
basal gonocoxite 1 longer than apical gonocoxite 2, with three and four long 
trichoid setae apicoventrally, respectively (from left and right gonocoxites 1); 
gonocoxite 2 strongly curved, falciform in lateral aspect, with slightly rounded 
apex, with preapical setose organ circuloid ventrally, with four nematiform setae, 
laterodorsal surface with many marginal pit pegs (medially, on the lateroventral 
surface, the marginal pit pegs are located more apically). Female genital tract 
totally membranous (Fig. 15). Bursa copulatrix bulbous, without any expansion in 
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a bursal saculus. Apically to the bursa copulatrix is the insertion point of common 
oviduct, which has a sharp curve to the right basally. Spermathecal insertion is in 
the helmonthoid sclerite, in the junction of common oviduct and bursa copulatrix. 
Spermatheca is markedly elongated and slender, widening distally. Spermathecal 
gland duct and spermathecal gland were not visualized. No secondary spermathecal 
gland observed.

Distribution. The species is widely distributed in caves from plateaus known as 
the N1N8 area in the northwestern part of the “Serra Norte de Carajás”, although a 
few specimens were also found in caves located southeast of the same plateaus at loca-
tion “Serra Norte de Carajás”, state of Pará, Brazil (Figs 2, 4, 6).

Coarazuphium kayapo Pellegrini, Ferreira & Vieira, sp. nov.
http://zoobank.org/9280A871-017C-4D74-B1DA-46DF83182909
Figs 3, 18–28

Type material. Holotype: Brazil: Pará, Serra Sul de Carajás, Cave S11B-0177, 
6°20'21.4"S, 50°30'21.0"W, 641 m a.s.l., ♂, 24.IX.2018, Ativo Ambiental leg. (ISLA 
75757).

Paratype. Brazil: Pará, Serra Sul de Carajás, Cave S11D-0111, 6°23'48.1"S, 
50°20'27.3"W, 1 ♀, 17.VII–04.VIII.2010, Carste Company leg. (MZSP49198).

Etymology. The species name honors the Kayapó ethnic group, which is an impor-
tant ethnic group of Brazilian indigenous people who live in the Amazon region. The 
natives do not designate themselves by this term, which was coined by neighboring 
groups to name them and which means “those who resemble monkeys”, which is prob-
ably due to a ritual during which the Kayapó men, dressed in monkey masks, perform 
short dances. The Kayapó refer themselves as the mebêngôkre, which means “the men 
of the hole/place of water”.

Differential diagnosis. All characteristics of C. kayapo sp. nov. are consistent with 
the description of the genus Coarazuphium. This species differs from all other members 
of the genus by the following combination of characters: elytral outline subparallel, 
elytra with maximum width in the posterior half, with a very slight preapical sinuosity; 
location of setigerous punctures on the head dorsally: one pair of anterior supraorbital, 
one pair of postocular and one pair of posterior supraorbital posteriad the eyes; three 
other pairs of setae, smaller in length, surrounding the latter setigerous punctures; head 
has a pubescence concentrated in the vertex margin, with long bristles; antennae long, 
about 0.76 times as long as body length; metafemur without a spine medially at the 
ventral side; median lobe of aedeagus about 2.77 as long as left paramere and 5.30 as 
long as right paramere.

Description. Size and proportions. OBL: 4.88 mm ♂, 4.96 mm ♀; EW: 
1.61 mm ♂, 1.69 mm ♀; HW/PW: 0.93 ♂, 1.00 ♀.

Habitus. Body with uniform orange to brown color (Fig. 20).
Integument. Dorsally covered with short recumbent hairs.

http://zoobank.org/9280A871-017C-4D74-B1DA-46DF83182909
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Figures 18–22. Coarazuphium kayapo sp. nov., external morphology 18 head and prothorax, lateral 
view 19 a detail of fixed setae dorsally in the posterior portion of the head, lateral view 20 habitus, dorsal 
view 21 a detail of hind wings, dorsal view 22 prothorax, ventral view. Scale bars: 1.0 mm (20); 0.5 mm 
(18); 0.2 mm (22); 0.1 mm (19, 21).
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Head. Subtrapezoidal (Fig. 20), HW/HL: 0.91 ♂, 0.97 ♀. Head almost as 
wide as pronotum. Setigerous punctures on the head dorsally marginally to the 
vertex: one pair of anterior supraorbital above the eyes; one pair of postocular 
immediately behind the eyes, laterally; one pair of posterior supraorbital; three 
other pairs of setae, smaller in length, surrounding the latter setigerous punctures; 
among these smaller setae, there are two pairs of occipital setae; pubescence is 
concentrated on the vertex of the head, some of those bristles are almost of the size 
of medium-sized setae. Ventrally, the pubescence is sparse and the bristles are of 
varying size, located on the mentum, mentum suture and in the apical third of the 
post-gena. Associated with the post-gena, one pair of fixed setae is located more 
outwards apically, next to the submentum. There is also a pubescence irregular in 
size and position (Figs 18, 19). Eyes reduced, depigmented and flattened, situated 
laterally at the end of the genal sulcus, ommatidia are not visible at 50×. Antennae 
filiform and flagellar (Fig. 20), AL: 3.69 mm ♂, 3.59 ♀, AL/PL: 4.22 ♂, 4.03 ♀, 
A1L/A2–4L: 0.86 ♂, 0.88 ♀, of almost the same length in both genders. First 
antennomere (scape) with a long seta distally close to the apical portion, and a row 
of several semi-erect setae; 2nd one very short. Antennal segments 3–10 subequal 
and almost round in cross-section, except for the tip of the terminal antennomere, 
which is laterally flattened.

Prothorax. Pronotum trapezoidal, PL/PW: 0.72 ♂, 0.74 ♀ (Figs 18, 20). 
Maximum pronotum width closely behind the anterior margin, which is almost as 
wide as head. Anterior angle rounded. Posterior angle acute. Dorsal surface with two 
pairs of lateral marginal erect setae: one longer, close to the antero-lateral angles (about 
0.43 times as long as pronotum), and the other shorter, close to the postero-lateral 
angles. Prosternum with a pair of submedial anterior setae (Fig. 22).

Pterothorax. Metasternum longer than wide. Metepisternum wider than long.
Elytra and hind wings. Elytra free (Fig. 20), EL/EW: 1.72 ♂, 1.67 ♀. Elytra sub-

parallel, with maximum width in the posterior third, EW/PW: 1.33 ♂, 1.40 ♀. Elytral 
apex with a very slight sinuosity. Elytral chaetotaxy: no discal setae present; the umbili-
cate series of the 8th stria with seven large setae (about 0.43 times as long as elytra) on 
each elytron situated as follows: three close to the anterior angle, two marginal in the 
lateral posterior half, and two on the posterior margin. Hind wings are very reduced 
(Fig. 21), 0.275-mm long, HWL/EL: 0.10.

Legs. Profemur 1.06 (♂) and 1.03 (♀) times as long as mesofemur, and 0.71 (♂, 
♀) times as long as metafemur, respectively. Protibia 0.99 (♂) and 1.17 (♀) times as 
long as mesotibia, and 0.69 (♂) and 0.73 (♀) times as long as metatibia, respectively. 
Protibia 1.18 (♂) and 1.35 (♀) times as long as protarsus, respectively. Mesotibia 
0.99 (♂) and 0.90 (♀) times as long as mesotarsus, respectively. Metatibia 1.02 (♂) 
and 1.01 (♀) times as long as metatarsus. First pro-, meso-, and metatarsomere 
each almost equal to tarsomeres 2–4 combined. Length of protibia and protarsus 
combined 1.93 (♂) and 1.99 (♀) times as long as pronotum, length of mesotibia 
and mesotarsus combined 2.12 (♂) and 2.07 (♀) times as long as pronotum, while 
length of metatibia and metatarsus combined 3.02 (♂) and 3.10 (♀) times as long 
as pronotum, respectively.
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Figures 23–28. Coarazuphium kayapo sp. nov., male and female genitalia 23 aedeagus, left later-
al view 24 aedeagus, dorsal view 25 aedeagus, right lateral view 26 female reproductive tract, dorsal 
view 27 gonocoxite, dorsal view 28 preapical setose organ, dorsal view bc bursa copulatrix co common 
oviduct gc1 gonocoxite 1 gc2 gonocoxite 2 hs helminthoid sclerite Lt laterotergite mpp marginal pit 
pegs pso preapical setose organ sp spermatheca spg spermathecal gland spgd spermathecal gland duct 
st trichoid setae. Scale bars: 0.5 mm (26, 28); 0.2 mm (23–25); 0.125 mm (27).
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Abdomen. Ventrites 2–7 with a very fine pubescence. Seventh ventrite with a 
pair of small ventral setae at its posterior margin. Male genital segment oval, GSL: 
0.96 mm, GSW: 0.56 mm.

Aedeagus. Median lobe of aedeagus slightly curved ventrally and elongate, nar-
rowed apically, apical margin rounded (Figs 23–25), MLA: 0.82 mm, OML: 0.42 mm. 
Left paramere subtriangular, conchoid, about twice as long as wide, LPL: 0.30 mm; 
right paramere styliform, about three times as long as wide, distinctly shorter than the 
left one, RPL: 0.16 mm.

Female reproductive tract. Ovipositor (Figs 27, 28): with a broad laterotergite; 
basal gonocoxite 1 longer than apical gonocoxite 2, with three long trichoid setae 
apicoventrally, in addition to a smaller trichoid setae observed only on the right 
gonocoxite 1; gonocoxite 2 strongly curved, falciform in lateral aspect, with 
slightly rounded apex, with preapical setose organ circuloid ventrally, with four 
nematiform setae, laterodorsal surface with many marginal pit pegs medially (on 
the lateroventral surface, the marginal pit pegs are located more apically). Female 
genital tract totally membranous (Fig. 26). Bursa copulatrix bulbous, expanded 
in the bursal saculus anterior to the common oviduct, which is curved to the 
right basally. Spermatheca, spermathecal gland duct, and spermathecal gland 
were broken and were not represented or visualized. No secondary spermathecal 
gland observed.

Distribution. This species is endemic to caves of the region known as “Serra Sul 
de Carajás” and is currently known to occur in two caves located approximately 10 km 
from each other (South Mountain, Flona de Carajás, Parauapebas, state of Pará, north-
ern Brazil) (Figs 2, 4, 7).

Coarazuphium xingu Pellegrini, Ferreira & Vieira, sp. nov.
http://zoobank.org/B336E6F0-8012-47BF-9E43-C1815EE4B0CC
Figs 29–38

Type material. Holotype: Brazil: Pará, São Félix do Xingu, Cave SFX-0057, 
6°24'06.2"S, 51°54'08.1"W, ♂, 03.II.2018, Ativo Ambiental leg. (ISLA 75762).

Paratype: the same locality as for holotype, 1 ♀, 20.VII.2018, Ativo Ambiental 
leg. (ISLA 65430).

Etymology. The epithet xingu is given in designation to the type locality, where the 
two known specimens were collected. Xingu is an indigenous word that means “good 
and clean water” and names one of the main rivers in the region and an important 
indigenous reserve, the Parque Indigene do Xingu, currently the largest indigenous 
reserve in Brazil and one of the most important barriers to advanced agricultural de-
velopment in the Amazon.

Differential diagnosis. All characteristics of C. xingu sp. nov. are consistent with 
the description of the genus Coarazuphium. This species differs from all others of the 
genus by the following combination of characters: elytral outline subparallel, elytra 
with maximum width in the posterior half, with a very slight subapical sinuosity; loca-

http://zoobank.org/B336E6F0-8012-47BF-9E43-C1815EE4B0CC
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tion of setigerous punctures on the head dorsally: one anterior supraorbital and one 
postocular; antennae not very long, about 0.68 times as long as body length; metafe-
mur without a spine medially at the ventral side.

Description. Size and proportions. OBL: 3.26 mm ♂, 3.19 mm ♀, EW: 1.09 mm 
♂, 1.10 mm ♀, HW/PW: 1.07 ♂, 1.10 ♀.

Habitus. Body with uniform pale to dark brown color (Fig. 30).
Integument. Dorsally covered with short recumbent hairs.
Head. Subtrapezoidal (Fig. 30), HW/HL: 0.91 ♂, 0.96 ♀. Head almost as wide as 

pronotum. Location of setigerous punctures on the head dorsally: one pair of anterior 
supraorbital above the eyes and one pair of postocular; head is covered with a fine 
pubescence more densely distributed on the vertex margin; ventrally are three pairs of 
setae on the post-gena located apically and a fine pubescence on the gula (Fig. 29). Eyes 
reduced, depigmented, and flattened, situated laterally at the end of the genal sulcus, 
ommatidia are not visible at 50× (Fig. 29). Antennae filiform and flagellar (Fig. 30), 
AL: 2.21 mm ♂, 2.11 mm ♀, AL/PL: 3.74 ♂, 3.67 ♀, A1L/A2–4L: 0.76 ♂, 0.75 ♀. 
First antennomere (scape) with a long seta distally close to the apical portion, and a 
row of several semi-erect setae; 2nd one very short. Antennal segments 3–10 subequal, 
rectangular, and almost round in cross-section, except for the tip of the terminal anten-
nomere, which is laterally flattened.

Prothorax. Pronotum trapezoidal, PL/PW: 0.75 ♂, 0.79 ♀ (Figs 29, 30). Maxi-
mum pronotum width closely behind the anterior margin, which is almost as wide 
as head. Anterior angle rounded. Posterior angle acute. Dorsal surface with two 
pairs of lateral marginal erect setae: one close to the antero-lateral angles, and the 
other shorter, close to the postero-lateral angles. Prosternum with a pair of sub-
medial setae (Fig. 32).

Pterothorax. Metasternum longer than wide. Metepisternum wider than long.
Elytra and hind wings. Elytra free (Fig. 30), EL/EW: 1.60 ♂, 1.62 ♀. Elytral 

outline subparallel, maximum elytral width in the posterior half, EW/PW: 1.39 ♂, 
1.50 ♀. Subapical elytral sinuosity very slight. Elytral chaetotaxy: no discal setae pre-
sent; the umbilicate series of the 8th stria with seven large setae (about 0.58 times 
as long as elytra) on each elytron: three close to the anterior angle, two marginal in 
the lateral posterior half, and two on the posterior margin. Hind wings very reduced 
(Fig. 31), 0.10-mm long, HWL/EL: 0.06 ♂.

Legs. Profemur 1.21 (♂) and 1.12 (♀) times as long as mesofemur, and 0.84 
(♂) and 0.76 (♀) times as long as metafemur, respectively. Protibia 1.23 (♂) and 
1.05 (♀) times as long as mesotibia, and 0.79 (♂) and 0.75 (♀) times as long as 
metatibia, respectively. Protibia 1.28 (♂) and 1.20 (♀) times as long as protarsus, 
mesotibia 0.81 (♂) and 0.97 (♀) times as long as mesotarsus, and metatibia 0.93 
(♂) and 1.01 (♀) times as long as metatarsus, respectively. First pro-, meso-, and 
metatarsomere each almost equal to tarsomeres 2–4 combined. Length of protibia 
and protarsus combined 2.04 (♂) and 2.01 (♀) times as long as pronotum, length 
of mesotibia and mesotarsus 2.09 (♂) and 2.11 (♀) times as long as pronotum, 
while length of metatibia and metatarsus 2.99 (♂) and 2.91 (♀) times as long as 
pronotum, respectively.
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Figures 29–32. Coarazuphium xingu sp. nov., external morphology 29 head and prothorax, lateral view 
30 habitus, dorsal view 31 a detail on hind wings, dorsal view 32 prothorax, ventral view. Scale bars: 
0.5 mm (30), 0.2 mm (29, 32); 0.1 mm (31).
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Figures 33–38. Coarazuphium xingu sp. nov., male and female genitalia 33 aedeagus, left lateral 
view 34 aedeagus, dorsal view 35 aedeagus, right lateral view 36 female reproductive tract, dorsal view 
37 gonocoxite, dorsal view 38 preapical setose organ, dorsal view bc bursa copulatrix co common ovi-
duct gc1 gonocoxite 1 gc2 gonocoxite 2 hs helminthoid sclerite Lt laterotergite mpp marginal pit pegs 
pso preapical setose organ. Scale bars: 0.5 mm (36, 38); 0.125 mm (37); 0.1 mm (33–35).
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Abdomen. Ventrites 2–7 with a very fine pubescence. Seventh ventrite with a pair 
of small ventral setae at its posterior margin. Male genital segment triangular, GSL: 
0.65 mm, GSW: 0.38 mm.

Aedeagus. Median lobe of aedeagus slightly curved ventrally and elongate, nar-
rowed apically, apical margin rounded (Figs 33–35), MLA: 0.58 mm, OML: 0.15 mm. 
Left paramere subtriangular, conchoid, about twice as long as wide, LPL: 0.21 mm; 
right paramere styliform, about three times as long as wide, distinctly shorter than the 
left one, RPL: 0.15 mm.

Female reproductive tract. Ovipositor (Figs 37, 38): with a broad laterotergite; 
basal gonocoxite 1 longer than apical gonocoxite 2, with two small and three long 
trichoid setae apicoventrally; gonocoxite 2 strongly curved, falciform in lateral aspect, 
with notched apex, with preapical setose organ circuloid ventrally, with four nemati-
form setae, laterodorsal surface with many marginal pit pegs medially (on the lateroven-
tral surface, the marginal pit pegs are located more apically). Female genital tract totally 
membranous (Fig. 36). Bursa copulatrix bulbous, expanded in the bursal saculus ante-
riorly to the insertion point of common oviduct, which is curved basally and partially 
broken. Spermatheca, spermathecal gland duct, and spermathecal gland were broken 
and were not represented or visualized. No secondary spermathecal gland observed.

Distribution. The species was found in a single cave located in the municipality of 
São Felix do Xingu, state of Pará, Brazil (Figs 2, 4, 5).

Comparative diagnosis

The Coarazuphium species that occur in the Carajás region are morphologically similar, 
those are likely each other’s closest living relatives, and are distributed in a small geographic 
range. From the six known species, two stand out: C. spinifemur and C. xingu sp. nov., 
which are the smallest Coarazuphium species. They both possess shorter legs and antennae 
when compared to the remaining species. The main characteristic that distinguishes C. 
xingu sp. nov. from C. spinifemur is the presence of a femoral spine in the latter species. 
In addition to the general proportions of the body (i.e., less elongated antennae and legs), 
other combination of characters – such as the existence of only two dorsal setigerous punc-
tures on the head, head quadrangular and elytra with almost parallel sides, with the apical 
margin only slightly sinuated – also makes C. xingu sp. nov. unique morphologically.

With an overall body form very similar to that of the other two species from 
the Carajás region (C. tapiaguassu and C. amazonicum), the main characteristic that 
distinguishes C. xikrin sp. nov. and C. kayapo sp. nov. from the above mentioned 
two species is the number of setigerous punctures dorsally on the head. The two 
former species have only two pairs of fixed setae dorsally on the head: one pair of 
anterior supraorbital and one pair of postocular. Besides those setae, C. xikrin sp. 
nov. also bears one pair of posterior supraorbital setae. Coarazuphium kayapo sp. nov. 
possesses, in addition to the three pairs of setae mentioned, one pair of posterior 
supernumerary setae and two pairs of occipital setae. Coarazuphium xikrin sp. nov. 
can be distinguished from all other Coarazuphium species by possessing the described 
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setae posteriorly on the head, quadrangular head, elytra with almost parallel sides, 
with the apical margin truncate. Coarazuphium kayapo sp. nov. can be distinguished 
from the other Coarazuphium species by possessing the described setae posteriorly on 
the head, quadrangular head, elytra with almost parallel sides, with the apical margin 
only slightly sinuated.

Key for identification of adults of species of the genus Coarazuphium (modi-
fied after Pellegrini et al. 2021)

1 Elytra with apical margin truncate, not sinuate (Pellegrini and Ferreira 2011: 
49, Fig. 2A) ................................................................................................2

– Elytra with apical margin sinuate (Godoy and Vanin 1990: 796, Fig. 1) or 
with a slight apical sinuosity (Pellegrini et al. 2020: 291, Fig. 5) .................9

2(1) Head dorsally bearing two pairs of setae: one pair of anterior supraorbital and 
one pair of postocular (Pellegrini and Ferreira 2017: 556, Fig. 5) ................3

– Head dorsally bearing three or more pairs of setae, rarely two pairs. If only 
two setae are present, the postocular seta is absent ......................................5

3(2) Metafemur with a spine medially at the ventral side (Pellegrini and Ferreira 
2017: 556, Fig. 4), antennae short, about 0.68 times as long as total body 
length ........................................C. spinifemur Pellegrini & Ferreira, 2017

– Metafemur without a spine medially at the ventral side, antennae long, reach-
ing metafemur insertion ..............................................................................4

4(3') Aedeagus very long and slender, about 2.89 times as long as left paramere 
(Pellegrini and Ferreira 2011: 49, Figs 2D–F) ...............................................
 ................................................ C. tapiaguassu Pellegrini & Ferreira, 2011

– Aedeagus shorter, about 2.60 times as long as left paramere (Pellegrini and 
Ferreira 2017: 557, Figs 6C–E) C. amazonicum Pellegrini & Ferreira, 2017

5(2') Head dorsally bearing only two pairs of setae: one pair of anterior supraorbital 
and one pair of posterior supraorbital (Bená and Vanin 2014: 291, Fig. 5) ...
 ................................................................. C. ricardoi Bená & Vanin, 2014

– Head dorsally with three or more pairs of setae: at least one pair of anterior 
supraorbital, one pair of postocular and one pair of posterior supraorbital ..6

6 Head dorsally with three pairs of setae (Pellegrini et al. 2021: 6, Fig. 8) ........
 .............................................................C. auleri Pellegrini & Vieira, 2021

–  Head dorsally with more than three pairs of setae ......................................7
7(6') Five pairs of setae on the head dorsally: occipital and posterior supraorbital setae 

placed beyond anterior supraorbital, postocular and posterior supernumerary se-
tae (Ball and Shpeley 2013: 30, Fig. 4A) ....C. whiteheadi Ball & Shpeley, 2013

– Four pairs of setae on the head dorsally .......................................................8
8(7') Besides anterior supraorbital, postocular and posterior supernumerary setae, 

head dorsally bearing one pair of posterior supraorbital setae, located more 
anterior and lateral than posterior supernumerary setae (Pellegrini et al. 2020: 
297, Fig. 22) ...........................................C. pains Álvares & Ferreira, 2002
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– Besides anterior supraorbital, postocular and posterior supernumerary setae, 
head dorsally bearing one pair of occipital setae, located more posterior and 
medially than posterior supernumerary setae (Fig. 8) ........C. xikrin sp. nov.

9(1') Head dorsally bearing two to three pairs of setae, anterior supraorbital and 
postocular setae always present ..................................................................10

– Head dorsally bearing four to five pairs of setae, anterior supraorbital, pos-
tocular, posterior supernumerary and occipital setae always present ..........13

10(9') Head dorsally bearing only two pairs of setae: one pair of anterior supraorbi-
tal and one pair of postocular (Fig. 29) ..............................C. xingu sp. nov.

– Head dorsally bearing three pairs of setae ..................................................11
11(10)Head elongate, HW/HL about 0.60 ...................................................................

 ..............................................C. cessaima Gnaspini, Vanin & Godoy, 1998
– Head subquadrangular, HW/HL 0.95 ......................................................12
12(11') Left paramere styliform (Godoy and Vanin 1990: 798, Fig. 2), elytra with 

one pair of short setae behind scutellum and two pairs of discal setae (Godoy 
and Vanin 1990: 798, Fig. 1) ...................C. tessai (Godoy & Vanin, 1990)

– Left paramere broad, conchoid (Pellegrini et al. 2022: 564, Fig. 11), elytra 
without discal setae or any setae behind scutellum ........................................
 ..........................................................C. bambui Pellegrini & Vieira, 2022

13(9') Head dorsally with two pairs of occipital setae (Pellegrini and Ferreira 2014: 
529, Fig. 2B) ............................................................................................14

– Head dorsally with one pair of occipital setae ............................................16
14(13) Head dorsally having a pubescence (Fig. 18), with posterior medium-sized se-

tae anterior and lateral to posterior supernumerary setae ....C. kayapo sp. nov.
– Head dorsally glabrous, except for fixed setae ............................................15
15(14) Elytra with a slight apical sinuosity (Pellegrini and Ferreira 2014: 537, 

Figs 12A, C), head dorsally without protuberances .......................................
 .......................................................C. formoso Pellegrini & Ferreira, 2011

– Elytra with a pronounced apical sinuosity, head dorsally with two protuber-
ances (Pellegrini and Ferreira 2014: 537, Figs 12B, D) ..................................
 ..................................................... C. caatinga Pellegrini & Ferreira, 2014

16(13') Head dorsally bearing one pair of posterior supernumerary setae (Pellegrini et 
al. 2020: 293, Fig. 6) ..............C. lundi Pellegrini, Ferreira & Vieira, 2020

– Head dorsally without posterior supernumerary setae ...................................
 ...............................................C. bezerra Gnaspini, Vanin & Godoy, 1998

Habitat preferences and niche overlap

Comparing niches from two Coarazuphium species, C. amazonicum and C. xikrin sp. 
nov., revealed that the latter species is more tolerant to the average environmental 
conditions available in the caves located at Serra Norte de Carajás (Table 1, Figs 39, 
40). Coarazuphium amazonicum, in turn, is preferentially associated to caves with 
wider horizontal projection.
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Discussion

Niche overlap patterns of two co-existing species

Ecological theory predicts that high competition rates reduce a species’ realized niche, 
and this competition is often intensified in cave environments (Culver 1970). The 
presence of related species in an environment with low-resource availability, such as 
caves, intensifies intra- and interspecific competition pressure, especially among top 
predator species (Mammola et al. 2016). On small scales, co-existing species tend to 
evolve divergent habitat preferences that allow their coexistence in the cave’s harsh 
habitat (Mammola et al. 2016; Martins and Ferreira 2020).

Table 1. OMI analysis results.

Inertia OMI Tol Rtol p-value
C. amazonicum 6.257 0.662 1.422 4.174 0.05
C. xikrin sp. nov. 4.974 0.176 1.442 3.356 0.05
OMI mean 0.05

Figures 39–40. Results of the outlying mean index (OMI) for C. xikrin sp. nov. and C. amazonicum 
39 principal component analysis (PCA) of the environmental variables showing the covariation of vari-
ables in relation to the cave and the niche representation 40 representation of the occupied niche for the 
analyzed species in relation to the environmental variables. The black dots represent the sampling points, 
corresponding to each cave alt altitude area the area of the cave flour hp horizontal projection OM diver-
sity of organic matter resources available slope the slope of the cave flour vol cave volume
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We found evidence for niche differentiation between C. xikrin sp. nov. and 
C.  amazonicum. Coarazuphium xikrin sp. nov. is apparently more tolerant to the 
average conditions available in the caves of the Carajás region, while C. amazonicum 
is preferentially associated with larger caves. It is well known by the speleological 
community that bigger caves shelter a higher number of species. The species-area 
relationship has been empirically tested and confirmed in a variety of taxonomic groups 
(Schneider and Culver 2004; Souza-Silva and Ferreira 2011; Ferreira and Pellegrini 
2019; Souza-Silva et al. 2020), and larger caves are generally associated with higher 
availability of food resources and with higher environmental heterogeneity. Hence, 
bigger caves typically possess more niches available for colonization.

A hotspot for troglobitic beetles in South America

Considering the current distribution of Coarazuphium species, the iron ore caves of the 
southeastern portion of the state of Pará, especially the Carajás region, shelter the high-
est known diversity of the genus. So far, six Coarazuphium species have been described 
from this region, and this richness corresponds to approximately 40% of the known 
species. Most Coarazuphium species, especially those associated with limestone caves, 
are infrequently collected and endemic (for several species only a few specimens are 
known). However, in the Carajás region, certain species are abundant and distributed 
in dozens of caves, including cases of sympatry, as observed for C. amazonicum and 
C. xikrin sp. nov. in the Serra Norte area, and for C. tapiaguassu and C. spinifemur in 
the Serra Leste area (Fig. 4).

The Carajás region corresponds to one of the most important mineral reserves in 
Brazil, and the current protection of the caves by the Brazilian government represents a 
major environmental obstacle to overexploitation of such mineral resources. Therefore, 
the maintenance of legal provisions that ensure the preservation of caves is crucial for 
the conservation of Brazilian subterranean biodiversity. This is even more important for 
the most relevant caves regarding physical and biotic aspects, especially in this region 
that represents a hotspot of cave beetles. In addition to the six Coarazuphium species, 
several other troglobitic beetle taxa are known to occur in caves in the region, including 
the following: Copelatus cessaima Caetano, Bená & Vanin, 2013 (Dytiscidae), Ardistomis 
ferreirai Balkenohl, Pellegrini & Zampaulo, 2018 (Clivinini, Carabidae), and Metopioxys 
carajas Asenjo, 2019 (Pselaphinae, Staphylinidae). Furthermore, several other troglobitic 
species from different invertebrate groups (mostly arthropods) also exist in Carajás, 
including spiders – Oonopidae (many species), Caponiidae (Carajas paraua Brescovit 
& Sánchez-Ruiz, 2016), Gnaphosidae (Pracymbionna carajas Rodrigues, Cizauskas 
& Rheims, 2018), Tetrablemmidae (Matta sp.), and Ochyroceratidae (Speocera spp., 
Ochyrocera spp.); tailless whip scorpions – Charinidae (Charinus ferreus Giupponi 
& Miranda, 2016); harvestmen – Escadabiidae (many species); pseudoscorpions – 
Bochicidae, Chthoniidae, and Ideoroncidae (many species); millipedes – Glomeridesmidae 
(Glomeridesmus spelaeus Iniesta, Ferreira & Wesener, 2012), Pyrgodesmidae (many 
species), and Pseudonannolenidae (Pseudonannolene spp.); springtails – Paronellidae 
(Trogolaphysa sp., Cyphoderus sp.), Entomobryidae (Pseudosinella sp.), and Sminthuridae 
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(Pararrhopalites sp.); woodlice – Scleropactidae (Circoniscus spp.) and Calabozoidae; 
amphipods – Bogidiellidae (Bogidiella sp.); and flatworms – Prorhynchidae (Geocentrophora 
sp.) (Brescovit et al. 2021). Bento et al. (2021) discussed about the Brazilian areas of 
great biospeleological relevance. Amongst the 10 regions mentioned in this work, the 
Carajás region stood out as the second in absolute number of troglobitic species. The 
area with the highest number of cave-restricted species comprised the Atlantic Forest as 
a whole, and this high number is certainly a result of the large extension of this domain, 
in comparison with the other more spatially restricted areas presented. Furthermore, it 
should be noted that the Carajás region also possesses a very unique troglobitic fauna, 
with species belonging to groups that only occur in this region (Ferreira et al. 2018).

The Xingu River basin region represents a large corridor of protected areas and its 
protection remains one of the most effective barriers against deforestation in the Brazilian 
Amazon. However, studies carried out by non-governmental associations reveal a signifi-
cant increase in deforestation in the region in the last few years. Between 2018 and 2020, 
513,500 hectares were deforested in the Xingu basin. Instead of implementing measures 
to protect the Xingu Reserve, the Brazilian government has promoted a scenario of to-
tal impunity through rhetoric favorable to the unconstitutional reduction of indigenous 
lands and the legalization of destructive activities, such as mining, in addition to weak-
ening oversight (Instituto Socioambiental – ISA 2020; MapBiomas 2021). Therefore, 
despite the high biological relevance of those areas, which shelter an exceptionally high set 
of unique subterranean fauna, all the cave-restricted species are more threatened than ever.
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