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Distribution areas, in terms of size and shape, are usually related to dispersal capacity, and the latter 
is partly related to flight capacity in insects. Thus, wing condition (brachypterous or macropterous) is 
expected to correlate with the area size of the species distribution range. Here, we studied this aspect 
for the first time in Passalidae, a subsocial group of saproxylophagous beetles. To obtain the geographic 
distribution of species, we performed species distribution models in the Mesoamerican genus Oileus, 
which has seven species (including one new species from Oaxaca, Mexico) restricted to either side (west 
or east) of the Isthmus of Tehuantepec (except for Oileus rimator which is distributed in both sides of the 
Isthmus). Species distribution models were used to estimate biogeographic affinities among species and 
to compare the potential distributional area with respect to the species wing condition (four brachypterous 
and three macropterous). Additionally, we described the sound-emitting structures (plectrum, region 
located on hind wings) for all Oileus, being the first study describing it for all species of the same genus. 
Macropterous species tend to have larger potential distribution areas (between 149,027–364,107 km2) 
than brachypterous species (9,063–15,716 km2), and all brachypterous species inhabit montane areas. 
These results coincide with what would be expected if the loss of flight capacity reduced dispersal capacity. 
However, because of the limited data, we could not statistically test this relationship. Future analyses 
should evaluate the relationship between passalid species distributions (total area and elevation) and wing 
morphology, including species with narrow and wide distributions, both altitudinally and latitudinally.
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BACKGROUND

The family Passalidae, commonly known as 
bess beetles or wood-degrading beetles, is a group 
of subsocial saproxylophagous beetles found mainly 
in forested habitats, and contains approximately 

900 extant species (Boucher 2005). Regarding its 
distribution in America, the family comprises the 
tribes Passalini and Proculini (Beza-Beza et al. 2020). 
Passalini is mainly distributed in South America with 
about 230 described species, and Proculini is mainly 
distributed in Mesoamerica with about 250 described 
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species. Most species in Passalidae have a restricted 
distribution, covering small geographic areas and a few 
biogeographic provinces; therefore, species are used 
to delimit endemism areas (Schuster 1992), except for 
some species that are distributed on a continental scale 
from Mexico to Argentina.

The causes of the restricted distributions of 
most passalid species have not been established. Their 
ecological relationship with forest cover (Kattan et al. 
2010) and their limited vagility (Galindo-Cardona et 
al. 2007; Schuster and Cano 2006) are the main factors 
considered so far. Dispersal capacity is only known 
for Spasalus crenatus MacLeay and Odontotaenius 
disjunctus Illiger, highlighting low dispersal rates and 
movement between different types of habitats (Galindo-
Cardona et al. 2007; Jackson et al. 2009). Although 
passalids are not recognized as good fliers, their ability 
to fly must be related to their dispersal ability. Species 
restricted to montane habitats tend to have reduced 
hind wings; thus, species elevational range is a factor 
in wing morphology (Ariza-Marín and Amat-García 
2023). In fact, for Proculini, which originated in the 
mountains of Mesoamerica (Beza-Beza et al. 2021), 
around 40% of the described species have reduced hind 
wings (hemi-brachypterous or brachypterous), all of 
which are restricted to montane ecosystems. In turn, 
of the seven genera in Passalini, which is postulated 
to have originated in South America (Fonseca 1987; 
Reyes-Castillo and Halffter 1978), only Passalus 
contains brachypterous species (18 of 172 species) 
(Jiménez-Ferbans et al. 2022), all of which inhabit 
mountain areas. Thus, wing condition is expected to 
affect dispersal ability and to be related to the size of 
a species’ distribution area. Wing traits such as length, 
area and wing loading are used to compare dispersal 
capacity in saproxylic insects (Gibb et al. 2006).

Moreover, wings not only play a dispersion 
role, but they also have a specific zone located on the 
radial cell (plectrum) which is densely covered with 

stridulatory spines (Reyes-Castillo and Jarman 1983). 
Therefore, all species produce sounds to communicate 
with conspecifics; in fact, sound-emitting structures can 
be used to discriminate related species (Ariza-Marín 
and de Luna 2020). However, to date, no study has 
described nor compared the stridulatory structures of all 
species of the same genus.

The Proculini genus Oileus has equal numbers 
of brachypterous (Oileus bifidus (Zang), Oileus 
heros (Truqui), and Oileus nonstriatus (Dibb)) and 
macropterous (Oileus rimator (Truqui), Oileus sargi 
(Kaup), and O. gasparilomi Cano and Schuster) 
species. Even though the distribution area of Oileus 
has not been studied recently, the genus generally 
exhibits a Mesoamerican Montane distribution pattern 
(Reyes-Castillo and Halffter 1978), and according 
to Beza-Beza et al. (2021), it and is originated in 
Nuclear Mesoamerica during the Eocene, and is 
associated with montane habitats. Consequently, Oileus 
brachypterous species inhabit tropical montane cloud 
forests and Neotropical montane oak forests, whereas 
macropterous species inhabit those forests and tropical 
rainforest (Reyes-Castillo et al. 2006) (except for O. 
gasparilomi, which is restricted to montane forests 
(Cano and Schuster 2012)). In addition, brachypterous 
species are distributed to the east side of the Isthmus 
of Tehuantepec and macropterous species to the west 
of the Isthmus, except for O. rimator, a macropterous 
species distributed on both sides of the Isthmus (Reyes-
Castillo 2003) (Table 1).

Here ,  we performed species  dis t r ibut ion 
models for Oileus species and discussed the possible 
relationship between the size of their distribution area 
and wing condition (brachypterous and macropterous). 
Additionally, we describe a new brachypterous species 
from the east of the Isthmus of Tehuantepec (Oaxaca, 
Mexico), describe the stridulatory spines of all species, 
and provide a key for the identification of the species of 
the genus.

Table 1.  Distribution of Oileus species based on literature records (Reyes-Castillo et al. 2006), and specimens 
deposited in IEXA Collection. States of each country are in parenthesis

Species Distributions Elevation (m.a.s.l.)

Oileus bifidus (Zang) Mexico (Oaxaca) 1840
Oileus gasparilomi Cano & Schuster Guatemala (Quiché) 1795
Oileus heros (Truqui) Mexico (Puebla and Veracruz) 1460–2240
Oileus nonstriatus (Dibb) Mexico (Hidalgo and Puebla) 1280–2060
Oileus rimator (Truqui) Mexico (Chiapas, Guerrero, Hidalgo, Oaxaca, Puebla and 

Veracruz)
800–2860

Oileus sargi (Kaup) Mexico (Chiapas), Guatemala, Honduras, El Salvador, 
Nicaragua, Costa Rica and Panamá

820–2755
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MATERIALS AND METHODS

Distribution of Oileus species

We calculated the potential distribution for 
five of the seven species of Oileus using species 
distribution models (SDM) with an algorithm based on 
ellipsoids (Osorio-Olvera et al. 2020), which follows 
the niche definition proposed by Hutchinson (1957) 
as an n-dimensional space. Methodologically, our 
SDM process consisted of five steps: (1) obtaining 
and cleaning of species occurrences, (2) defining 
the accessible area for each species, (3) selection 
and preparation of scenopoetic variables, (4) model 
selection, and (5) model performance and binarization. 
For the remaining two species, which are only 
known from the type material (O. bezai sp. nov., 
O. gasparilomi), we determined the biogeographic 
provinces in which the type material is located, using 
the biogeographic regionalization proposed by Morrone 
et al. (2022).

To obtain species occurrences, we used open-
access databases (GBIF: https://www.gbif.org/) and 
specimens deposited in the following entomological 
collections: Entomological Collection of the Instituto 
de Ecología A. C. (IEXA), Universidad del Valle de 
Guatemala Collection (UVGC), Museo de Historia 
Natural de Costa Rica (MNCR), and the personal 
collection of Dr. Alan Gillogy (AGC). We removed 
GBIF records without coordinates. For occurrences 
obtained from collections without coordinates, we 
used the collection information to georeference the 
occurrences in Google Earth Pro version 7.3.4.8248; 
this was done only for specimens with geographic 
information, at least for second-order administrative 
divisions. To avoid spatial autocorrelation in each 
species, we removed species occurrences close to each 
other (1 km radius) using the package “spThin” (Aiello-
Lammens et al. 2015). 

Then, to define the accessible area for each 
species (M) (Soberón and Peterson 2005), we selected 
the polygons that intersected species occurrences with 
two shapefiles, terrestrial ecoregions (Olson et al. 2001) 
and biogeographic provinces of the neotropics (Morrone 
et al. 2022), using the package “sp” (Pebesma et al. 
2023). We dissolved the polygons in each shapefile 
and then merged both shapefiles using the package 
“rgeos” (Bivand et al. 2023). To build the “M” for each 
species, we manually edited the merged shapefile using 
biogeographic barriers and the known distribution for 
each species, and made a buffer of ten kilometers on 
the shapefile with the software Qgis 3.22.12 (QGIS.org 
2022).

To define scenopoetic variables for performing 

ecological niche models, we used the historical climate 
data summarized in the 19 bioclimatic variables 
of WorldClim 2.1 (Fick and Hijmans 2017) with a 
resolution of 30 arcseconds for the present. To avoid 
autocorrelation among the variables, we performed a 
Pearson’s correlation test and selected variables with 
correlation values lower than 0.7. Then, we cropped the 
selected variables of each species by its “M”, with the 
package “raster” (Hijmans et al. 2023).

For model selection, building, and binarization, 
we used the package “ntbox” (Osorio-Olvera et al. 
2020), by uploading the cleaned occurrences and 
cropped variables one species at a time. We selected the 
best model using the following steps: 1) dividing the 
occurrences for training and testing models (75% train 
and 25% test), allowing all possible combinations of 
variables (greater than or equal to two); 2) calculating 
the ellipsoid with the minimum volume that contains 
95% of training presences, using 10000 background 
points, and an omission rate of 0.05; and 3) calculating 
the partial ROC with 100 replicates. The best model had 
the lowest omission rate and significant partial ROC. 
We performed the ellipsoid model with the variable 
combination of the best model, and binarized the 
outcome using the 90th percentile of suitability values 
associated with species occurrences. Finally, using Qgis 
3.22.12 (QGIS.org 2022), we intersected the binarized 
potential distribution with the biogeographic provinces 
of the neotropics (Morrone et al. 2022), calculated 
the area of potential distribution belonging to each 
province, and performed a cluster analysis with the 
proportion of each biogeographic province per species 
using the package “cluster” (Rousseeuw et al. 2019).

Specimen revision and preparation

External morphological characters were examined 
using a LEICA EZ4HD stereomicroscope. Male and 
female genitalia of specimens of the new species 
were dissected, and the female genitalia were placed 
in genitalia vials containing 95% glycerol. The right 
metathoracic wing was dissected from one specimen 
by species (paratype in the new species), extended, and 
pasted in metallic tape with its ventral side upward, 
covered with gold-palladium for micrographs, and 
saved in a wing reference of the IEXA collection. 
Body parts were measured using a digital caliper. 
The terminology used in the description of external 
characters corresponds to Reyes-Castillo (1970) and 
Boucher (2005) for the head and genital characters. 
Photographs were taken using a Leica Z16APOA 
stereomicroscope with a camera attached (LEICA 
DMC 2900) for external characters, whereas for genital 
characters we used a camera attached to a LEICA 
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EZ4HD. Micrographs of the plectrum of the allotype 
were taken using a scanning electron microscope (JEOL 
JSM–5600 LV) with a working distance (WD) of 23 mm 
and 4000 amplifications. In each micrograph the spine 
length, width, and distance to the nearest spine were 
measured for five randomly selected spines. The spine 
density was calculated by dividing the number of spines 
over the area of the micrograph. Spine measurements 
were performed using the ImageJ2 software (Rueden et 
al. 2017).

The specimens of the new species were compared 
with specimens identified by Pedro Reyes-Castillo, 
of O. bifidus, O. heros, O. nonstriatus, O. rimator, 
and O. sargi  deposited in the IEXA collection. 
For O. gasparilomi, we compared the new species 
with a paratype deposited in IEXA and the original 
description. The type series of Oileus bezai sp. nov. 
will be deposited in the following collections: IEXA: 
Entomological Collection of the Instituto de Ecología, 
A.C. (IEXA), Colección Nacional de Insectos of 
Universidad Nacional Autónoma de México (CNIN), 
and the Entomological Collection of the Universidad 
del Magdalena, Colombia (CBU MAG-ENT).

RESULTS

Distribution of Oileus species

We generated SDM for O. sargi, O. rimator, 
O. bifidus, O. heros, and O. nonstriatus (Fig. 1). O. 
sargi and O. rimator are the most widely distributed 
species, covering seven biogeographic provinces, the 
first ranging from Chiapas (Mexico) to Costa Rica 
(Fig. 1e), and the latter from the north of Veracruz to 
Chiapas (Fig. 1d). Brachypterous species are distributed 
in fewer provinces located in the east-central region 
of Mexico (O. heros in five, Fig. 1b; O. bifidus in four, 
Fig. 1a; O. nonstriatus in three, Fig. 1c). Regarding 
species only known from the type material, O. bezai sp. 
nov. is distributed in the province of Sierra Madre del 
Sur and O. gasparilomi in the province of the Chiapas 
Highlands near the border with the Veracruzan province 
(Fig. 1f).

Overall, Oileus species tend to be restricted to one 
side (west or east) of the Isthmus of Tehuantepec (Fig. 
1a–c, e), except for O. rimator, which has occurrences 
on both sides of the Isthmus (Fig. 1d). In terms of 
biogeographic provinces, potential distribution areas for 
all species intersect with the Veracruzan province, from 
7% in O. nonstriatus to 50% in O. bifidus (Fig. 1a–e). 
The degree of overlap among species was high when 
comparing O. rimator against the brachypterous species; 
however, the overlap was low (3–9%, Table 2) when 

comparing all species against O. rimator. In contrast, 
the degree of overlap for other comparisons is low (under 
30%), which implies low sympatry leading to low 
biogeographic similarity among potential distribution 
areas (Fig. 2a).

In terms of the total potential distribution area, 
macropterous species tend to have larger areas (between 
149,027 km2 [O. rimator] and 364,107 km2 [O. sargi]) 
than brachypterous species (9,063 km2 [O. nonstriatus], 
13,805 km2 [O. heros] and 15,716 km2 [O. bifidus]) (Fig. 
2b). In addition, the two biogeographic provinces that 
covered larger areas exceeded 70% of the total potential 
distribution area for brachypterous species, whereas 
in macropterous species this area covers 50% of the 
potential distribution.

Morphology of stridulatory spines

In general, spines located on the posterior zone 
(Z3) were the shortest (except in O. rimator) and 
those in the apical zone (Z1) had the highest spine 
density (except in O. rimator), whereas the width and 
distance between spines showed different patterns for 
each species. Regardless of the zone, O. heros had the 
longest spines, whereas O. rimator had the shortest. 
Finally, O. rimator had a higher density of spines for 
all zones (Table 3), whereas O. bezai sp. nov. had the 
lowest spine density on the apical (Z1) and posterior 
zones (Z3).

TAXONOMY

Oileus bezai sp. nov. Ariza-Marín, Jiménez-
Ferbans and Reyes-Castillo

(Fig 3)
urn:lsid:zoobank.org:act:56F08BC3-24FA-4855-83EC-

5FBF628EEEA4

Material examined: Eleven specimens.
Type material: HOLOTYPE: (♂), “MEXICO, 

Oaxaca, 1 km N Mixistlán | 2440 m | Bosque mesófilo 
de montaña | 29.ii.1988, Reyes, Boucher & Castillo 
col. | Oileus sp.n. Reyes-Castillo Det.1988” (IEXA). 
PARATYPES: same data as holotype, (2 ♀ ♀ (IEXA), 
1 ♀ (CNIN), 2 ♀ (CBU MAG-ENT)). “MEXICO, 
Oaxaca, 4.4 km N Tlahuitotepec | 2420 m | Bosque de 
pino-encino | 28.ii.1988, Reyes, Boucher & Castillo 
col. | Oileus sp. nov. Reyes-Castillo Det. 1988”, (1 ♂ 
(CBU MAG-ENT), 1 ♂ (IEXA), 2 ♂ ♂ (CNIN), 1 ♀ 
(IEXA), 1 ♀ (CNIN)). “MEXICO, Oaxaca, 3 km S Sn 
Miguel Metepec. Oaxaca | 2470 m | Bosque mesófilo 
montaña, Tr. 15 | 29.ii.1988, Reyes, Boucher, Castillo 
col. | Oileus sp. n. Reyes-Castillo Det.1988”, (1 ♂ (CBU 
MAG-ENT)).  
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Etymology: Noun in the genitive to honor Dr. 
Cristian Beza for his valuable contributions to the 
taxonomy, systematics, and biogeography of passalids, 
in addition to his support and scientific collaboration 

with all authors of this publication.
Diagnosis: Brachypterous species, body size 

34–39 mm. This is the second brachypterous species 
of Oileus reported from the Mexican state of Oaxaca, 

Fig. 1.  Species distribution models (SDM) and occurrences for Oileus species. a) SDM for Oileus bifidus, b) SDM for Oileus heros, c) SDM for 
Oileus nonstriatus, d) SDM for Oileus rimator, e) SDM for Oileus sargi, f) Occurrences for Oileus gasparilomi and Oileus bezai sp. nov. Polygon 
color changes with biogeographic provinces. Points correspond to species occurrences.
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Table 2.  Geographic overlapping of Oileus species. Rows are the percentage of overlap for each species against the 
other

O. bifidus O. heros O. nonstriatus O. rimator O. sargi

O. bifidus - 16.51 0 49.44 0
O. heros 18.79 - 17.43 93.11 0
O. nonstriatus 0 26.56 - 79.47 0
O. rimator 5.21 8.63 4.83 - 2.97
O. sargi 0 0 0 1.22 -

Table 3.  Measurements of plectrum spines for Oileus species. Numerical description of variation of plectrum spines 
in three plectum zones. Apical zone (Z1), medial zone (Z2), basal zone (Z3). Spine length (SL), Spine width (SW), 
Distance to nearest spine (DNE), Spine density in 10 µm2 (SD)

Species: Zone SL (µm) SW (µm) DNE (µm) SD

O. bezai: Z1 13.042 ± 0.929 4.039 ± 0.291 5.276 ± 0.702 2.125
O. bezai: Z2 13.286 ± 0.680 3.478 ± 0.408 7.292 ± 1.453 1.859
O. bezai: Z3 8.550 ± 1.485 3.021 ± 0.151 7.093 ± 0.861 1.328
O, bifidus: Z1 12.688 ± 1.021 3.311 ± 0.202 6.769 ± 0.704 2.524
O. bifidus: Z2 12.127 ± 0.835 3.460 ± 0.266 7.968 ± 0.593 1.461
O. bifidus: Z3 9.615 ± 0.628 3.654 ± 0.519 5.887 ± 0.969 1.594
O. gasparilomi: Z1 10.869 ± 1.054 2.882 ± 0.243 5.779 ± 0.753 2.524
O. gasparilomi: Z2 10.574 ± 0.873 3.201 ± 0.249 6.110 ± 0.820 1.992
O. gasparilomi: Z3 9.968 ± 0.728 3.755 ± 0.309 6.785 ± 1.637 1.859
O. heros: Z1 13.853 ± 0.836 3.938 ± 0.232 6.739 ± 0.735 2.258
O. heros: Z2 14.710 ± 0.848 3.912 ± 0.299 6.427 ± 0.768 1.859
O. heros: Z3 11.644 ± 0.881 3.002 ± 0.109 6.756 ± 1.132 1.727
O. nonstriatus: Z1 9.189 ± 0.761 3.148 ± 0.191 6.117 ± 0.698 2.391
O. nonstriatus: Z2 11.424 ± 1.082 3.519 ± 0.198 8.354 ± 1.133 1.594
O. nonstriatus: Z3 6.090 ± 1.096 2.471 ± 0.147 6.936 ± 0.818 1.859
O. rimator: Z1 8.946 ± 0.873 3.304 ± 0.309 5.315 ± 0.995 2.656
O. rimator: Z2 8.960 ± 0.909 3.139 ± 0.279 5.616 ±1.058 2.789
O. rimator: Z3 10.458 ± 0.698 3.577 ± 0.323 5.305 ± 0.758 2.391
O. sargi: Z1 12.826 ± 0.833 2.949 ± 0.279 6.925 ± 0.486 2.524
O. sargi: Z2 10.289 ± 0.418 2.778 ± 0.194 9.265 ± 0.669 1.859
O. sargi: Z3 10.702 ± 0.591 3.600 ± 0.354 5.410 ± 0.676 1.992

Fig. 2.  Biogeographic affinities and distributional areas of Oileus species. a) UPGMA cluster analysis performed with proportion of biogeographic 
provinces of distribution area for each species, b) Size of potential distribution area; wing morphology is illustrated for each species. O. bifidus 
(O. bif), O. heros (O. her), O. nonstriatus (O. non), O. rimator (O. rim), O. sargi (O. sar). Blue lines indicate species restricted to the west of the 
Tehuantepec Isthmus. Red lines indicates species restricted to the east of the Tehuantepec Isthmus. Black lines indicate species distributed on both 
sides of the Tehuantepec Isthmus.
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Fig. 3.  Morphology of Oileus bezai sp. nov. a) head and pronotum, b) aedeagus ventral view, c) aedeagus lateral view, d) female genitalia ventral 
view, e) female genitalia dorsal view, f) hind wing, g-i: stridulatory spines of plectrum, g) apical zone (Z1), h) medial zone (Z2), i) posterior zone (Z3). 
Scale bar (black lines) 1 mm.
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and differs from other brachypterous species by having 
the following combination of characters: clypeus and 
frontoclypeal suture straight, ocular canthus with 
rounded apex, lateral tubercules of mesofrontal structure 
attached to the base of the cephalic horn, elytral striae 
marked, mesepimeron glabrous, metasternal groove 
pubescent, aedeagus in ventral view with medial lobe 
rounded, and parameres not fused with pallobase.

Description: Habitus: Medium size, measured 
from mandibles tips to elytral apex, brachypterous, 
shiny black.

Head: Labrum completely pubescent, central 
region with less dense pubescence, anterior border 
concave, anterior angles rounded, and lateral border 
curved. Frontoclypeus vertical and smooth, anterior 
border slightly concave at center. Frontoclypeal suture 
rugose and slightly concave at center. Laterofrontal 
tubercles rounded, mediofrontal tubercles absent. 
Frontal area inclined, smooth, glabrous and shiny; 
frontal ridges absent; internal tubercles absent. Frontal 
fossae smooth, glabrous, and impunctate. Central 
tubercle long, basal part attached to the cephalic 
capsule appearing to have short dorsal ridges, apex free 
extending beyond frontoclypeal suture with triangular 
shape in dorsal view, and without a dorsal groove; 
lateroposterior ridges attached to central tubercle. 
Supra-orbital ridges bituberculated, posterior tubercle 
bigger than anterior. Eyes small, ocular canthus 
rounded, reaching 1/2 of eyes length (in lateral view), 
apex forming an angle greater than 90°. Postocular 
sulcus punctuate, setose, and wide (> 5 lines of 
punctures). Mentum with basal fossae oval, pubescent 
and shiny, lateral lobes with abundant pubescent, and 
medio-basal area shiny, without setae. Hypostomal 
process long and wide. Antennal club trilamellate, with 
lamellae slightly elongated, width equal to 4–4.5 times 
the length. Mandibular apex tridentate; internal inferior 
tooth monocolumnar in right mandible and bifid in left 
mandible; small basal tubercle on internal surface in 
both mandibles.

Thorax: Pronotum with anterior angles rounded; 
anterior border straight to slightly curved; marginal 
sulcus with tenuous punctures at posterior part; lateral 
fossae marked without punctations. Pronotum without 
visible punctuations on dorsal view. Prosternellum 
rhomboidal. Mesosternum completely glabrous, lateral 
areas opaque. Mesepisternum with large opaque area 
and glabrous. Mesepimeron glabrous. Metasternum 
with dense pubescence on anterolateral area (around 
mesocoxae); metasternal disc delimited by punctures 
lateroposteriorly; metasternal lateral fossae straight, 
with scarce setae along its entire extent, and narrower 
than the width of mesocoxae in the medium region.

Elytra: Shiny, anterior border convex without 

pubescence; humeri and epipleura glabrous. All striae 
marked with rounded punctures.

Hind wings: Brachypterous. The shape and size of 
plectrum spines varies among three anatomical regions: 
apical, middle and basal (Table 3).

Legs: Anterior ventral border of profemur with 
marked groove, not reaching apical pubescence. 
Mesotibiae with dorsal ridge long and heavily setose, 
and without spines on lateral border, apical spur longer 
than first tarsomere. Metatibiae without spines, apical 
spur longer than first tarsomere.

Abdomen: Visible abdominal tergites glabrous; 
marginal groove incomplete.

Aedeagus: In ventral view, basal peace smaller 
than medial lobe; phallobase separated from parameres; 
parameres not fused; medial lobe rounded. In lateral 
view, medial lobe globose. In dorsal view, paremeres as 
wide as medial lobe. In dorsal view, median lobe with 
ventrodorsal basal sclerotizations.

Female genitalia: In ventral view, vagina with 
two proximal ventral lobes sclerotized and one dorsal 
proximal lobe directed to the right side.

Variation: Medio-basal area of mentum with few 
setae in allotype and four paratypes. Lateral border of 
mesotibiae with a small spine in two paratypes.

Dimensions: Total length 34.24–38.92 mm; 
body height at the metacoxa 7.44–9.15 mm; body 
height at mesothorax center 5.40–6.40 mm; elytral 
length at midline 18.51–20.94 mm; pronotal length at 
midline 8.59–9.64 mm; cephalic width at middle of 
eyes 7.33–8.44 mm; pronotal width at lateral fossae 
10.88–12.50 mm; elytral width at metacoxal 11.66–
13.57 mm.

Geographic distribution

Oileus bezai sp. nov is distributed on the Sierra 
Mixe located at the east of the Sierra Norte Region of 
the Mexican state of Oaxaca (Fig. 1f, black points).

Taxonomic key to the species of Oileus Kaup, 
1869 (modified from Cano and Schuster 2012)

1.	 Eyes normal, globose, less than half covered by ocular canthus; 
elytra rectangular; humeri pubescent; metasternum pubescent 
in lateral sides and metasternal fossa posteriorly widening; 
Macropterous wings ��������������������������������������������������������������������  2

1’	 Eyes reduced, kidney-shaped, at least half covered by ocular 
canthus; elytra oval; humeri glabrous; metasternum glabrous or 
pubescense restricted to coxae, and metasternal fossa straight; 
Brachypterous wings �������������������������������������������������������������������  4

2.	 Lateral margin of mesosternum with abundant setae; body length 
30–42 mm ������������������������������������������������������������������������������������  3

2’	 Lateral margin of mesosternum glabrous; body length 26–33 mm; 
(Fig. 4); Chiapas (Mexico) to Colombia ������  Oileus sargi (Kaup)

3.	 Anterior border of clypeus widely notched at center; mentum 
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Fig. 4.  Morphology of Oileus sargi (Kaup). a) head and pronotum, b) aedeagus ventral view, c) aedeagus lateral view, d) hind wing, e–g: stridulatory 
spines of plectrum, e) apical zone (Z1), f) medial zone (Z2), g) posterior zone (Z3). Scale bar (black lines) 1 mm.
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with setigerous punctures outside of lateral scars; body length 
30–40 mm; (Fig. 5); Sierra Madre Oriental, Sierra Madre del Sur, 
Oaxaca mountains and Macizo Central de Chiapas (Mexico) �������
����������������������������������������������������������������� Oileus rimator (Truqui)

3’	 Anterior border of clypeus straight; mentum with setigerous 
punctures restricted to lateral scars; body length 36–42 mm; (Fig. 
6); Quiché (Guatemala) ������������������������������������������������������������������
���������������������������������������� Oileus gasparilomi Cano and Schuster

4.	 Elytral striae indistinct or with feebly visible punctuations; 
cephalic horn with dorsal longitudinal groove, extending more 
than one half the length of the horn; ocular canthus acute-angled; 
mesepimeron pubescent ��������������������������������������������������������������  5

4’	 Elytral striae marked with more or less developed but always 
distinct punctuations; cephalic horn with dorsal longitudinal 
groove extending one third of the length of the horn, or absent; 
canthus with rounded apex greater than 90 degrees; mesepimeron 
glabrous ���������������������������������������������������������������������������������������  6

5.	 Frontoclypeal suture slightly concave at center; central tubercle 
conic in dorsal view; dorsal surface of mandibles smooth; all 
elytral striae barely marked; third abdominal sternum pubescent 
at lateral and medial sides, fourth and fifth abdominal sterna 
pubescent at lateral sides; aedeagus in lateral side with rounded 
median lobe and parameres smaller than pallobase; body length 
42–47 mm; (Fig. 7); Sierra Madre Oriental (Mexico) �������������������
�������������������������������������������������������������������� Oileus heros (Truqui)

5’	 Frontoclypeal suture straight; central tubercle triangular in dorsal 
view; dorsal surface of mandibles with small punctations; elytral 
striae 1–2 poorly marked, 3–6 indistinct at least in anterior and 
posterior third; abdominal sterna glabrous, or with few setae on 
the middle side of the third sterna; aedeagus in lateral side with 
flattened median lobe and paremeres bigger than phallobase; 
body length 36–42 mm; (Fig. 8); Sierra Madre Oriental (Mexico) 
�������������������������������������������������������������� Oileus nonstriatus (Dibb)

6.	 Frontoclypeus and frontoclypeal suture biconvex; central tubercle 
conic with dorsal longitudinal groove extending one third of the 
length of the horn, or absent; lateral tubercules of MFS separated 
from the base of the cephalic horn; metasternal fossa glabrous; 
aedeagus in ventral view with medial lobe ovate, parameres 
touching each other at the center; body length 31–44 mm; (Fig. 9); 
Sierra de Juárez (Mexico) ��������������������������  Oileus bifidus (Zang)

6’	 Frontoclypeus and frontoclypeal suture straight; central tubercle 
triangular without dorsal longitudinal groove; lateral tubercules 
of MFS attached to the base of the cephalic horn; metasternal 
fossa pubescent; aedeagus in ventral view with medial lobe 
rounded, parameres separated from each other; body length 
34–39 mm; (Fig. 3); Sierra Mixe (Mexico) ������������������������� Oileus  
bezai sp. nov. Ariza-Marín, Jiménez-Ferbans and Reyes-Castillo

DISCUSSION

The brachypterous species of Oileus  have 
distribution areas that tend to be smaller than those 
of macropterous species, which is in agreement with 
the general idea that flight ability is one of the aspects 
that has shaped species distributions (Lester et al. 
2007). The huge potential distribution reported for O. 
rimator and O. sargi are not exceptional; Whitaker 
et al. (2021) collected specimens of Odontotaenius 
disjunctus (macropterous species) along the east coast 
of United States from Louisiana to New Hampshire 
and found a genetic flow among populations, leading 

to reconsideration of the idea that passalids are not 
good flyers. In addition, these species have potential 
distributional areas divided by biogeographic barriers 
(Tehuantepec Isthmus: O. rimator; Nicaraguan fault: 
O. sargi), therefore, phylogeographic studies are 
necessary to determine if there are single species or 
a species complex.  Another possibility is to evaluate 
possible expansion of their geographic distribution in 
the past, i.e., if the potential area was not partitioned in 
the last glacial maximum, gene flow possibly existed 
and the current “allopatric” populations belong to the 
same species. However, even if we split the potential 
distribution area of both species by its respective 
geographic barrier, the potential area of the four 
macropterous populations is bigger than the potential 
area of the brachypterous species.

Regarding wing condition, in passalids wing 
type is analyzed as a discrete variable with two 
options: well-developed (macropterism) or reduced 
(hemibrachyperism and brachypterism); however, both 
categories could have modified conditions. In particular, 
the dispersal ability of flying animals (macropterous) 
could be related to wing length, with a greater wing 
length implying larger areas of distribution (McCulloch 
et al. 2016). This pattern possibly applies to the 
macropterous species of Oileus, as the hind wings 
of O. rimator are close to 1.76 times greater than the 
pronotal width, whereas in O. sargi this ratio is 1.87 
(estimation obtained from Figs. 4–5). Additionally, 
wing area and loading could have a positive relationship 
with elevation (Lozier et al. 2021; Luo et al. 2019), and 
both variables should differ between O. rimator and O. 
sargi; visually, O. rimator has slender wings (Figs. 4–5) 
and a potential distribution restricted to mountains (Fig. 
1d), whereas O. sargi has rounded wings and wider 
altitudinal distribution (Fig. 1e). Similarly, brachyptery 
in Passalidae is apparently related to the habit of living 
in mountains (Ariza-Marín and Amat-García 2023; 
Jiménez-Ferbans et al. 2022; Reyes-Castillo 1970). 
Future work should evaluate the relationship between 
passalid distribution (total area and elevation) and wing 
morphology.

From a phylogenetic perspective, reduced wings 
have been considered as a homoplasic character within 
passalid genera, except for Proculus, Proculejus and 
Ogyges, which only have brachypterous species (Cano 
2014; Reyes-Castilo 1970; Schuster et al. 2003). 
However, in Oileus this condition could be homologous, 
judging by the coincident geographic distribution (only 
the eastern part of the Isthmus) and the morphological 
similarity among brachypterous species. One line of 
evidence in favor of this seems to emerge from the 
phylogeny by Beza-Beza et al. (2020), in which the 
three macropterous species (O. gasparilomi, O. rimator, 
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Fig. 5.  Morphology of Oileus rimator (Truqui). a) head and pronotum, b) aedeagus ventral view, c) aedeagus lateral view, d) hind wing, e–g: 
stridulatory spines of plectrum, e) apical zone (Z1), f) medial zone (Z2), g) posterior zone (Z3). Scale bar (black lines) 1 mm.
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Fig. 6.  Morphology of Oileus gasparilomi Cano & Schuster. a) head and pronotum, b) aedeagus ventral view, c) aedeagus lateral view, d) hind wing, 
e–g: stridulatory spines of plectrum, e) apical zone (Z1), f) medial zone (Z2), g) posterior zone (Z3). Scale bar (black lines) 1 mm.
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Fig. 7.  Morphology of Oileus heros (Truqui). a) head and pronotum, b) aedeagus ventral view, c) aedeagus lateral view, d) hind wing, e–g: 
stridulatory spines of plectrum, e) apical zone (Z1), f) medial zone (Z2), g) posterior zone (Z3). Scale bar (black lines) 1 mm.
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Fig. 8.  Morphology of Oileus nonstriatus (Dibb). a) head and pronotum, b) aedeagus ventral view, c) aedeagus lateral view, d) hind wing, e–g: 
stridulatory spines of plectrum, e) apical zone (Z1), f) medial zone (Z2), g) posterior zone (Z3). Scale bar (black lines) 1 mm.
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Fig. 9.  Morphology of Oileus bifidus (Zang). a) head and pronotum, b) aedeagus ventral view, c) aedeagus lateral view, d) hind wing, e–g: 
stridulatory spines of plectrum, e) apical zone (Z1), f) medial zone (Z2), g) posterior zone (Z3). Scale bar (black lines) 1 mm.
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and O. sargi) are the sister clade of Oileus bifidus 
(brachypterous). However, further phylogenetic studies 
should include more brachypterous species in order to 
test the hypothesis that brachypterism originated only 
once within Oileus.

In relation to the biogeographic affinities of Oileus 
species, the potential distribution areas for all species 
intersect with the Veracruzan province. Butler et al. 
(2023) show that the Veracruzan province is a climate 
stable area, with constant rainfall and low precipitation 
seasonality, promoting high humidity, a key factor for 
the distribution of passalid beetles (Jiménez-Ferbans 
et al. 2010), specially for montane species (such as 
Oileus species), which are less tolerant to low humidity 
conditions (Beza-Beza et al. 2023).

Finally, this is the first study to illustrate and 
compare stridulatory spines of all species of a passalid 
genus. Ariza-Marín and de Luna (2020) showed that 
this structure has interspecific variation between closely 
related species after comparing 14 females per species, 
which is to be expected, considering that passalid 
sounds play a crucial role in conspecific interactions 
within their societies (Schuster 1983). Thus, we 
recommend that these somatic characters be described 
in future taxonomic descriptions to prove their species 
specificity and further the understanding of their 
variation within passalids. Having a more complete 
database describing stridulatory structures would permit 
us to compare the morphology between the described 
and undescribed species and determine if this trait 
changes among genera.

CONCLUSIONS

Wing condition in Oileus species seems to be 
related to the range of potential areas of distribution. 
However, this relationship must be tested in a formal 
comparison, including wing morphology traits like 
size, shape, area, and wing loading. Finally, another 
aspect that must be analyzed is the role of historical 
biogeographic processes as drivers of Oileus species 
distribution and diversification; for instance, even when 
all species are potentially distributed in the Veracruzan 
province, there is low geographic overlap among 
them. Performing SDM projected to the past would 
permit testing the presence of Pleistocene refugia and 
allopatric distribution in the Veracruzan province and, 
consequently, to propose the main factors in shaping the 
diversity of Passalidae in this region.

Acknowledgments:  This work and the new 
species name were registered with ZooBank under 
urn:lsid:zoobank.org:pub:EA50E305-E663-49ED-

B922-C2B372D7BBE6. We thank Red de Ecoetología 
in the Instituto de Ecología for allowing us to take the 
photographs. Thanks to the entomological collection 
IEXA (INECOL A.C.), especially to curators during the 
development of this work (Delfino Hernández Lagunes, 
Dr. Roberto Arce-Pérez, and Dr. Viridiana Vega-
Badillo). Tiburcio Laez assisted in taking micrographs 
in the Scanning Electron Microscopy Unit (INECOL 
A. C.). Thank to curators of Entomological collection 
of Universidad del Valle de Guatemala (Dr. Jiichiro 
Yoshimoto) and Museo Nacional de Costa Rica (MSc 
Marianela Cambronero Sánchez), and Dr. Alan Gillogly 
for providing us geographic information associated with 
specimens of O. sargi. Thanks to Dr. Cristian Beza-
Beza for his suggestions in the manuscript. The first 
author thanks CONACYT-Mexico for the grant CVU 
771603 for postgraduate studies. 

Authors’ contributions: Conceptualization [Edwin 
R. Ariza-Marín, Larry Jiménez-Ferbans, Pedro Reyes-
Castillo]; Methodology [Edwin R. Ariza-Marín, Larry 
Jiménez-Ferbans]; Formal analysis and investigation 
[Edwin R. Ariza-Marín, Larry Jiménez-Ferbans]; 
Writing-original draft preparation [Edwin R. ariza-
Marín, Larry Jiménez-Ferbans]; Writing-review and 
editing [Edwin R. Ariza-Marín, Larry Jiménez-Ferbans]; 
Funding acquisition [Pedro Reyes-Castillo].

Competing interests: SEM micrographs were 
supported with research funds of Pedro Reyes-Castillo 
provided by Instituto de Ecología A. C. 

Availability of data and materials: The datasets 
generated during the current study are available from 
the corresponding author on reasonable request.

Consent for publication: Not applicable.

Ethics approval consent to participate: Not 
applicable.

REFERENCES

Aiello-Lammens ME, Boria RA, Radosavljevic A, Vilela B, 
Anderson RP. 2015. spThin: an R package for spatial thinning of 
species occurrence records for use in ecological niche models. 
Ecography 38(5):541–545. doi:10.1111/ecog.01132.

Ariza-Marín ER, de Luna E. 2020. Linear and geometric morphometric 
analyses of variation of the plectrum in four species of bess 
beetles, tribe Proculini (Coleoptera: Passalidae). Arthropod Struct 
Dev 59:100994. doi:10.1016/j.asd.2020.100994.

Ariza-Marín ER, Amat-García G. 2023. Morphometric changes 
in wing of bess beetles (Coleoptera: Passalidae) related to 
elevation: a case of study in the Colombian Andes. Stud Neotrop 
Fauna E 58:250–260. doi:10.1080/01650521.2021.1936882.

page 16 of 18Zoological Studies 63:10 (2024)

https://doi.org/10.1111/ecog.01132
https://doi.org/10.1016/j.asd.2020.100994
https://doi.org/10.1080/01650521.2021.1936882


© 2024 Academia Sinica, Taiwan

Bivand R, Rundel C, Pebesma E, Stuetz R, Hufhammer KO, 
Giraudoux P, Davis M, Santili S. 2023. Interface to Geometry 
Engine - Open Source (‘GEOS’). R package “rgeos”.

Beza-Beza C, Jiménez-Ferbans L, McKenna DD. 2020. Phylogeny 
and systematics of wood-degrading Neotropical Bess Beetles 
(Coleoptera: Passalidae: Passalinae). Arthropod Syst Phylo 
78(2):287–308. doi:10.26049/ASP78-2-2020-05.

Beza-Beza CF, Jiménez-Ferbans L, McKenna DD. 2021. Historical 
biogeography of New World passalid beetles (Coleoptera, 
Passalidae) reveals Mesoamerican tropical forests as a centre of 
origin and taxonomic diversification. J Biogeogr 48(8):2037–
2052. doi:10.1111/jbi.14134.

Beza-Beza CF, Rivera C, Pons D, McKenna D, Schuster JC. 2023. 
Replicate studies separated by 40 years reveal changes in the 
altitudinal stratification of montane passalid beetle species 
(Passalidae) in Mesoamerica. Diversity 15:315. doi:10.3390/
d15030315.

Boucher S. 2005. Évolution et phylogénie des Coléoptères Passalidae 
(Scarabaeoidea). Les taxon du groupe famille La tribu 
néotropicale des Proculini et son complexe Veturius. Annales de 
La Societé Entomologique de France 41:3–4:239–604. doi:10.10
80/00379271.2005.10697444.

Butler BO, Smith LL, Flores-Villela O. 2023. Phylogeography 
and taxonomy of Coleonyx elegans Gray 1845 (Squamata: 
Eublepharidae) in Mesoamerica: The Isthmus of Tehuantepec 
as an environmental barrier. Mol Phylogenet Evol 178:107632. 
doi:10.1016/j.ympev.2022.107632.

Cano EB. 2014. Ogyges Kaup, a flightless genus of Passalidae 
(Coleoptera) from Mesoamerica: nine new species, a key to 
identify species, and a novel character to support its monophyly. 
Zootaxa 3889(4):451–484. doi:10.11646/zootaxa.3889.4.1.

Cano EB, Schuster JC. 2012. A new species of Oileus Kaup (Coleoptera, 
Passalidae) from Guatemala, with a key to the species of the 
genus. ZooKeys 194:81–87. doi:10.3897/zookeys.194.2963.

Fick SE, Hijmans RJ. 2017. WorldClim 2: new 1-km spatial resolution 
climate surfaces for global land areas. Internat J Climatol 
37(12):4302–4315. doi:10.1002/joc.5086.

Fonseca CRV. 1987. Sistemática filogenética e biogeografia 
dos Passalidae (Coleoptera) do mundo. PhD dissertation, 
Universidade de São Paulo São Paulo, Brasil.

Galindo-Cardona A, Giray T, Sabat AM, Reyes-Castillo P. 2007. Bess 
beetle (Coleoptera: Passalidae): substrate availability, dispersal 
and distribution in a subtropical wet forest. Ann Entomol Soc 
Am 100(5):711–720. doi:10.1603/0013-8746(2007)100[711:BB
CPSA]2.0.CO;2.

Gibb H, Hjältén J, Ball JP, Petterson RB, Landin J, Alvini O, Danell K. 
2006. Wing loading and hábitat selection in forest beetles: Are 
red-listed species poorer dispersers or more hábitat-specific than 
common congenerics? Biol Conserv 132:250–260. doi:10.1016/
j.biocon.2006.04.017.

Hijmans RJ, van Etten J, Summer M, Cheng J, Baston D, Bevan A, 
Bivand R, Busetto L, Canty M, Fasoli B, Forrest D, Ghosh A, 
Golicher D, Gray J, Greenberg JA, Hiemstra P, Hinge K, Ilich 
A, Institute for Mathematics Applied Geosciences, Karney 
C, Mattiazzi M, Mosher S, Naimi B, Nowosad J, Pebesma 
E, Lamigueiro OP, Racine EB, Rowlingson B, Shortridge A, 
Venables B, Wueest R. 2023. Geographic Data Analysis and 
Modeling. R package “raster”.

Hutchinson GE. 1957. Concluding Remarks. Cold Spring Harbor 
Symposium on Quantitative Biology 22:415–427. doi:10.1101/
SQB.1957.022.01.039.

Jackson HB, Baum KA, Robert T, Cronin AT. 2009. Habitat-specific 
movement and Edge-mediated behavior of the saproxylic insect 
Odontotaenius disjunctus (Coleoptera: Passalidae). Environ 
Entomol 38(5):1411–1422. doi:10.1603/022.038.0509.

Jiménez-Ferbans L, Amat-García G, Reyes-Castillo P. 2010. 
Diversity and distribution patterns of Passalidae (Coleoptera 
Scarabaeoidea) in the Caribbean Region of Colombia. Trop Zool 
23(2):147–164.

Jiménez-Ferbans L, Reyes-Castillo P, Bevilaqua M. 2022. The 
Brachypterous Species of Passalus (Pertinax) (Coleoptera: 
Passalidae), with the Description of a New Species from Sierra 
Nevada de Santa Marta, Colombia. Neotrop Entomol 51:722–
741. doi:10.1007/s13744-022-00988-1.

Jiménez-Ferbans L, Beza-Beza C, Marshall CJ, Reyes-Castillo P. 
2023. Phylogeny of the Neotropical wood degrading beetles 
(Scarabaeoidea: Passalidae) of the tribe Passalini, inferred from 
molecular and morphological data. Insect Syst Evol 54(2):193–
214. doi:10.1163/1876312X-bja10038.

Kattan GH, Murcia C, Galindo-Cardona A. 2010. An evaluation 
of bess beetles (Passalidae) and their resource base in a 
restored Andean forest.  Trop Conserv Sci 3:334–343. 
doi:10.1177/194008291000300307.

Lester SE, Ruttenberg BI, Gaines SD, Kinlan BP. 2007. The 
relationship between dispersal ability and geographic range size. 
Ecol Lett 10(8):745–758. doi:10.1111/j.1461-0248.2007.01070.x.

Lozier JD, Parsons ZM, Rachoki L, Jackson JM, Pimsler ML, Oyen 
KJ, Strange J, Dillon ME. 2021. Divergence in body mass, wing 
loading, and population structure reveals species-specific and 
potentially adaptive trait variation across elevations in montane 
bumble bees. Insect Systematics and Diversity 5(5):1–15. 
doi:10.1093/isd/ixab012.

Luo B, Santana SE, Pang Y, Wang M, Xiao Y, Feng J. 2019. Wing 
morphology predicts geographic range size in vespertilionid 
bats. Sci Rep-UK 9(1):4526. doi:10.1038/s41598-019-41125-0.

McCulloch GA, Wallis GP, Waters JM. 2016. Does wing size shape 
insect biogeography? Evidence from a diverse regional stonefly 
assemblage. Global Ecol Biogeogr 26(1):93–101. doi:10.1111/
geb.12529.

Morrone JJ, Escalante T, Rodríguez-Tapia G, Carmona A, Arana 
M, Mercado-Gómez JD. 2022. Biogeographic regionalization 
of the Neotropical region: New map and shapefile. Annals 
of the Brazilian Academy of Sciences 94(1):e20211167. 
doi:10.1590/0001-3765202220211167.

Olson DM, Dinerstein E, Wikramanayake ED, Burgess ND, Powell 
GN, Underwood EC, D’Amico JA, Itoua I, Strand HE, Morrison 
JC, Loucks CJ, Allnutt TF, Ricketts TH, Kura Y, Lamoreux 
JF, Wettengel WW, Hedao P, Kassem KR. 2001. Terrestrial 
Ecoregions of the World: A new map of life on Earth. BioScience 
51(11):933–938. doi:10.1641/0006-3568(2001)051[0933:TEOT
WA]2.0.CO;2.

Osorio-Olvera L, Lira-Noriega A, Soberón J, Peterson AT, Falconi 
M, Contreras-Díaz RG, Martínez-Meyer E, Barve V, Barve 
N. 2020. NTBOX: an R package with graphical user interface 
for modeling and evaluating multidimensional ecological 
niches. Methods in Ecology and Evolution 11:1199–1206. 
doi:10.1111/2041-210X.13452.

Pebesma E, Bivand R, Rowlingson B, Gomez-Rubio V, Hijmans R, 
Summer M, MacQueen D, Lingren F, O’Brien J, O’Rourke J. 
2023. Classes and Methods for Spatial Data. R package “sp”.

QGIS.org. 2022. QGIS Geographic Information System. Open Source 
Geospatial Foundation Project. Available at: http://qgis.org.

Reyes-Castillo P. 1970. Coleoptera, Passalidae: morfología y división 
en grandes grupos; géneros americanos. Folia Entomológica 
Mexicana 20–22:1–240.

Reyes-Castillo P. 2003. Capítulo 7 Familia Passalidae. In: Morón 
MA (ed) Atlas de los escarabajos de México, Coleoptera: 
Lamellicornia Vol. II Familias Scarabaeidae, Trogidae, 
Passalidae y Lucanidae. Argania, Mexico, pp. 135–187.

Reyes-Castillo P, Jarman M. 1983. Disturbance sounds of adults 

page 17 of 18Zoological Studies 63:10 (2024)

https://www.senckenberg.de/de/wissenschaft/publikationen/wissenschaftliche-zeitschriften/arthropod-systematics-phylogeny/alle-ausgaben/2020-arthropod-systematics-phylogeny/asp78-2-2020-05/
https://doi.org/10.1111/jbi.14134
https://doi.org/10.3390/d15030315
https://doi.org/10.1080/00379271.2005.10697444
https://doi.org/10.1016/j.ympev.2022.107632
https://doi.org/10.11646/zootaxa.3889.4.1
https://doi.org/10.3897/zookeys.194.2963
https://doi.org/10.1002/joc.5086
https://doi.org/10.1603/0013-8746(2007)100[711:BBCPSA]2.0.CO;2
https://doi.org/10.1016/j.biocon.2006.04.017
https://symposium.cshlp.org/content/22/415
https://doi.org/10.1603/022.038.0509
https://doi.org/10.1007/s13744-022-00988-1
https://brill.com/view/journals/ise/54/2/article-p193_003.xml
https://doi.org/10.1177/194008291000300307
https://doi.org/10.1111/j.1461-0248.2007.01070.x
https://doi.org/10.1093/isd/ixab012
https://doi.org/10.1038/s41598-019-41125-0
https://doi.org/10.1111/geb.12529
https://doi.org/10.1590/0001-3765202220211167
https://doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
https://doi.org/10.1111/2041-210X.13452


© 2024 Academia Sinica, Taiwan

passalid beetles (Coleoptera: Passlidae): Structural and functional 
aspects. Ann Entomol Soc Am 76(1):6–22. doi:10.1093/
aesa/76.1.6.

Reyes-Castillo P, Rojas-Gómez CV, Vázquez H. 2006. Patrones de 
distribución de la familia Passalidae (Coleoptera). In: Morrone 
JJ, Llorente-Bousquets J (eds) Componentes bióticos principales 
de la entomofauna mexicana. Las prensas de ciencias, Mexico, 
pp. 237–270.

Reyes-Castillo P, Halffter G. 1978. Análisis de la distribución 
geográfica de la tribu Proculini (Coleoptera, Passalidae). Folia 
Entomológica Mexicana, pp. 222–226.

Rousseeuw P, Struyf A, Hubert M, Hornik K, Studer M, Roudier P, 
Gonzalez J, Kozlowski K, Murphy K. 2019. Methods for Cluster 
Analysis. R package “Cluster”’.

Rueden CT, Schindelin J, Hiner MC, DeZonia BE, Walter AE, Arena 
ET, Eliceiri KW. 2017. ImageJ2: ImageJ for the next generation 
of scientific image data. BMC Bioinformatics 18(1):1–26. 
doi:10.1186/s12859-017-1934-z.

Schuster JC. 1983. Acoustical signals of passalid beetles: complex 
repertoires. FLA Entomol 66(4):486–496. doi:10.2307/3494020.

Schuster JC. 1992. Biotic areas and the distribution of Passalid beetles 
(Coleoptera) in Northern Central America: post-Pleistocene 
montane refuges. Tulane Studies in Zoology and Botany, 
Supplementary Publications 1:285–292.

Schuster JC, Cano EB. 2006. What can Scarabaeoidea contribute to 
the knowledge of the biogeography of Guatemala? Coleopterist 
Society Monograph 5:57–70. doi:10.1649/0010-065X(2006)60[
57:WCSCTT]2.0.CO;2.

Schuster JC, Cano EB, Reyes-Castillo P. 2003. Proculus, giant Latin-
American passalids: revision, phylogeny and biogeography. Acta 
Zoológica Mexicana 90:281–306.

Soberón J, Peterson AT. 2005. Interpretation of models of fundamental 
ecological niches and species’ distributional areas. Biodiversity 
Informatics 2:1–10. doi:10.17161/bi.v2i0.4.

Whitaker M, Procter T, Fontanella FM. 2021. Phylogeography and 
demographic expansion in the widely distributed horned passalus 
beetle, Odontotaenius disjunctus (Coleoptera: Passalidae. 
Mitochondrial DNA Part A 32(3):85–97. doi:10.1080/24701394.
2021.1882443.

page 18 of 18Zoological Studies 63:10 (2024)

https://doi.org/10.1093/aesa/76.1.6
https://doi.org/10.1186/s12859-017-1934-z
https://doi.org/10.2307/3494020
https://doi.org/10.1649/0010-065X(2006)60[57:WCSCTT]2.0.CO;2
https://doi.org/10.17161/bi.v2i0.4
https://doi.org/10.1080/24701394.2021.1882443

	BACKGROUND
	MATERIALS AND METHODS
	Distribution of Oileus species
	Specimen revision and preparation


	RESULTS
	Distribution of Oileus species
	Morphology of stridulatory spines

	TAXONOMY
	Oileus bezai sp. nov. Ariza-Marín, Jiménez-Ferbans and Reyes-Castillo
	Geographic distribution
	Taxonomic key to the species of Oileus Kaup, 1869 (modified from Cano and Schuster 2012)

	DISCUSSION
	CONCLUSIONS
	Acknowledgments
	Authors’ contributions

	Competing interests
	Availability of data and materials
	Consent for publication
	Ethics approval consent to participate
	REFERENCES

