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Fig. 12 – Belohina inexpectata male genitalia, a, b, c, d, aedeagus (pes = proximal endophallic sclerite; popes = parameroid of proximal endophallic 
sclerite); e, aedeagus of paratype after clearing; f, abdomen dorsal; g, abdomen ventral; aedeagus in resting position; i, spiculum gastrale. Scale bar for a, 
b, c, d, i: 0.7 Scale bar for f, g: 2 mm.
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Fig. 13 – Belohina inexpectata a, abdomen, with insert showing the small, sclerotized tubercle of abdominal tergite 3; b, abdomen with detail showing 
the small, sclerotized tubercle of abdominal tergite 3; c, abdomen, lateral view; d, detail of the small, sclerotized tubercle of abdominal tergite 3. Scale 
bar for a, b, c: 2 mm. Scale bar for inserts of a and b: 0.5 mm.
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stance. It is therefore hypothesized that Belohina has func-
tional mouthparts, although shaped in a unique way with 
mandibles being small (less than half the size of maxillae), 
less sclerotized than maxillae and recessed, so that only 
the maxillae are visible externally. Perhaps the mandibles 
are not functional, although their inner surface covered by 
hairs suggests that they could still play some role in the 
sensing process. Maxillae in turn are large, their galea is 
tooth-like (galeal hook). It could be hypothesized that the 
maxillae of Belohina replace the mandibles in their bit-
ing function. Holter & Scholtz (2011) suggested that the 
galeal hook found in some species of Pachysoma (Scara-
baeidae Scarabaeinae) could play a role in the process of 
cutting large food items into smaller pieces, an indispen-
sable process for detritus feeders. Because of the similar 
structure in Belohina, it could be hypothesized that it, too, 
is a detritus feeder, a common trait among many beetles 
living in nutrient-poor environments.  Recessed mandibles 
not visible externally are found also in Orubesa, while all 
other plesiomorphic families of Scarabaeoidea phyloge-
netically close to Belohina have exposed mandibles. The 
membranous epipharynx, situated on the inner surface of 
clypeus, is the most remarkable character of mouthparts, 
since all other taxa closely related to Belohina (Orubesa, 
Hybosoridae, Ochodaeidae, Glaphyridae) and, more gen-
erally, all other Scarabaeoidea, except for Scarabaeidae, 
have a exposed sclerotized labrum. To our knowledge 
this is the only case within the “less derived” clades of 
Scarabaeoidea where there is a membranous epipharynx 
but no labrum. Antennae have the first article of club en-
closing the remaining two, a character otherwise found in 
Hybosorinae (Hybosoridae) and few other scarabs (such 
as Parascatonomus in Scarabaeidae: Onthophagini). The 
outer surface of the last article of club is covered by an 
extensive, V-shaped, sensory area, unique within Scar-
abaeoidea, although recently an elliptical groove on the 
last antennal lamella, similar but not identical to the one 
here discussed, has been reported in Ceratotrupes boli-
vari Halffter & Martínez, 1962 (Geotrupidae) by Arria-
ga-Jiménez et al. (2023). Sensilla are trichoid (Pacheco et 
al. 2022) as in the majority of other Laparosticti.

Male genitalia recall the unusual morphology found in the 
genus Pleocoma (Pleocomidae) with a capsule-like aedeagus. 
The short and compact shape of the aedeagus allows a reg-
ular, unrotated position at rest, whereas longer and curved 
aedeagi often are turned on their side at rest, the so-called 
déversement (Jeannel 1955), which we find in Melolontha 
and other scarab taxa, namely Geotrupidae, Ochodaeidae, 
Scarabaeinae, Rutelinae and Dynastinae (Krell 1996).

The most conspicuous characteristic of the Belohina 
aedeagus is a second pair of sclerites ventral of the para-
meres. We call these structures parameroids, but they are 
extensions of a paired endophallic sclerite. This is the only 
case of endophallic sclerites extruding out of the phalloba-
sis and protruding parallel and ventral to the parameres, 

parameroids, a strong muscle runs to the caudolateral part 
of the endophallus (M. endophalloapodemo-endophalli-
cus [M(T)]). Ventral preapical side of retracted endophal-
lus (between basal thin part and apex, in resting position) 
slightly sclerotized and yellow. This could be homologous 
with the apical endophallic sclerite. Further sclerotized 
structures lacking in endophallus. 
Female genitalia. Bursal sclerites absent; spermatheca 
small, poorly sclerotized, short-narrow-U-shaped; ovary 
large, fusiform; vaginal palpi small, elongate and narrow, 
distally setose, styli absent.

Variability. The whole series from Antreaky forest (i.e., 
the complete specimens) showed almost no variability, be-
ing very homogeneous in size, colour, shape, sculpturing, 
and setation. Fragments found near the ant nests at the type 
locality showed strong wear (dulling, loss of setae, de-col-
oration), although very probably these changes occurred 
after death.

Remarks on morphology

Overall, the morphology of Belohina is typical of beetles 
living in arid environments: a compact body with hard ex-
oskeleton providing protection from desiccation, apterous 
with fused elytra and expanded epipleura, hairy sternum, 
head and tibiae shaped for burrowing. Fused elytra can be 
seen as an adaptation to arid conditions, since the spiracles 
open beneath the sealed elytra into the subelytral cavity, 
which becomes saturated with exhaled air, therefore respi-
ration occurs in a chamber of high humidity (as observed 
in Trogidae by Struempher & Scholtz 2011; however, see 
also Draney 1993 and Roig-Juñent et al. 2020, for other 
hypotheses on the function of the subelytral cavity in oth-
er Coleoptera). The setation of the ventral body and legs 
could play a role in minimizing the friction with the ground 
while digging as hypothesized in burrowing Carabidae by 
Roig-Juñent et al. (2020; but see also Medvedev 1965). The 
extensive patch of dense setae on the surface of the pro-
femora opposing the procoxae (Fig. 11 d) could play a role 
in keeping the surfaces clean during burrowing activities, 
as Houston (1986) hypothesized while studying Scarabae-
inae. There are also tufts of setae on the proximal portion 
of trochanters, which could be associated with glands for 
producing pheromones, as hypothesized by Houston (1986) 
in the genus Onitis (Scarabaeidae). Further modifications 
are related to flightlessness: fused elytra, lack of humeral 
callus and short mesosternum (Scholtz 2000). The unusual 
shape of the clypeus is also related to digging capabilities 
(similar to Scarabaeini), and one individual was observed 
by JER digging in loose ground using its head. The most 
unusual morphological traits of Belohina are however its 
mouthparts, antennae and male genitalia.

Adults feed as shown by the gut of all four dissected 
specimens having been full of a brownish/blackish sub-
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mones” by d’Hotman & Scholtz (1990, 1991). Since the 
latter authors examined only sclerites, but not their posi-
tion and integration within the soft parts of the genitalia, 
it is difficult to interpret the homology of those “temones” 
(Krell 1996) and the similarly shaped sclerites that they 

with which they articulate at their basis. Because of its top-
ographical position within the phallobasis, this protruding 
paired endophallic sclerite is likely to be homologous with 
the proximal endophallic sclerite in Melolontha (Krell 
1996) and with at least the majority of sclerites called “te-

Fig. 14 – Sound production by Belohina inexpectata. A, Oscillogram (relative amplitude vs time) and spectrogram (time vs frequency vs relative ampli-
tude) of five echemes. The spectrogram was based on a short-time Fourier transform with a sliding Hanning window (512 samples, 85% of overlap) and 
30 dB dynamic range. A 200 Hz high-pass filter was applied before analysis. B, Detail (grey region of A) of a single echeme showing successive pulses. 
C, Detail (grey region of B) of four successive pulses showing elementary oscillations.
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The environment was very dry and hot, the soil very hard, 
probably impossible to be penetrated by a small beetle. 
While they inspected various microhabitats (under stones, 
under dead logs, under dead leaves and other debris, cow 
dung, a termite nest of an unidentified species), no live 
specimens of Belohina were detected, although one dead 
complete specimen was found under a dead log of a tree. 
Because of its near perfect condition, the beetle probably 
had died shortly before. Several fragments of Belohina 
(mostly elytra and prothorax) were found around the en-
trance hole of nests (Fig. 4 b) of the ant Aphaenogaster 
swammerdami Forel, 1886 (Formicidae Myrmicinae), 
a large and common ant, which feeds on arthropods and 
seeds and lives in large underground nests that have one 
large entrance hole (Böhning-Gaese et al. 1999). Fragments 
of many other beetles were found around the nests (mainly 
Tenebrionidae, Carabidae and Scarabaeidae). It is therefore 

call “ventral and dorsal phallobasis apophyses” and “dor-
sal and ventral paramere extensions” in various groups of 
Scarabaeoidea.

Another unique character is the flat sclerite that covers 
the dorsal opening of the phallobasis. It could be homol-
ogous to the paired dorsal paramere extensions of d’Hot-
man & Scholtz (1991) as found in, e.g., Aulonocnemidae 
where they also are fused and cover a part of the opening 
of the phallobasis (d’Hotman & Scholtz 1991: 14). Being 
dorsally open, the phallobasis of Belohina appears to be 
upside down whereas in most Scarabaeoidea the phalloba-
sis is open ventrally. In Melolontha where the phallobasis 
is open ventrally, indications for a retournement (sensu 
Jeannel 1955), i.e., a 180° longitudinal rotation of the ae-
deagus, were found (Krell 1996). This rotation is com-
mon in many other taxa of Scarabaeoidea (d’Hotman & 
Scholtz 1990). The aedeagus of Belohina might not have 
undergone such rotation, presenting this opening on the 
dorsal side. With neither déversement nor retournement 
realized in the aedeagus of Belohina, we expect a simpler 
muscular system. A regularly resting aedeagus without 
structural rotation needs only to move in one direction 
to function: outwards. Indeed, we found a less complex 
muscular system in Belohina compared to Melolontha, 
but much more comprehensive knowledge about the my-
ology of scarabaeoid genitalia is necessary to draw robust 
conclusions.

Distribution and Habitat

Belohina inexpectata occurs in the extreme south of Mad-
agascar (Fig. 16), being known from only two localities, 
both in the Beloha Androy District: the type locality (road 
Tsiombe-Beloha, about 25 km from Beloha) (Fig. 4 a, b) 
and the dry forest of Antreaky (Fig. 4 c), just a few kilo-
metres from the type locality. Both localities fall within 
the “Southwestern dry spiny forest-thicket” vegetation 
type (sensu Moat & Smith 2007), an arid environment 
dominated by xeric vegetation (characterized by the dom-
inance of Euphorbiaceae, Didieraceae, the baobab Adan-
sonia za and other xerophytes). Soil is limestone-derived 
and sandstone-derived, leading to a continuous succession 
of stretches of white and red soil along the road between 
Beloha and Tsihombe. The type locality had red soil.

Life history

Very little is known about the life history of Belohina in-
expectata. The type series has been found in March (which 
corresponds to the rainy season in the area) after strong 
rains. When Alberto Ballerio and Jasmin E. Randrianirina 
visited the type locality on 10 December 2007, the day was 
sunny, although some days before a little rain had fallen. 

Fig. 15 – Maximum likelihood phylogeny of Scarabaeoidea, with a 
39-taxon tree of the clade of Belohinidae, Dynamopodidae, and Hy-
bosoridae, and the related families represented as single tips. Ultrafast 
bootstrap values show branch support. The inset tree on left displays the 
summary of the family-level relationships of interest for Belohina. 
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(Fancello et al. 2014), or largely subterraneous species in a 
seasonal environment with a dry period, such as the west-
ern North American Pleocoma (Pleocomidae) (Hovore 
2002; Elliott et al. 2017). They would, therefore, be active 
on the ground only during rainy days when the soil near 
the surface is softer, and spend the rest of their lives under-
ground, where they find shelter, moisture and possibly also 
their nourishment (perhaps detritus, see above the discus-
sion on mouthparts morphology).

Stridulation

Live individuals stridulated (Fig. 14). The stridulation 
consisted of the regular and fast repetition of a single 
echeme. This echeme lasted 0.050 ± 0.004 s (0.039–
0.059, n = 115) and was separated by intervals of 0.216 ± 
0.091 s (0.112–0.648, n = 113). Each echeme was made 

possible that the ants predate or scavenge on Belohina, 
whose remains are  later removed from the nest. Jasmin 
E. Randrianirina visited the site again in 2008. A first visit 
during February 2008 did not yield any live specimen. The 
second visit to the type locality (March 2008, after heavy 
rain) also was unproductive, but the inspection of a nearby 
locality (the Antreaky forest) yielded the six live specimens 
here studied. Pitfall trapping, partly baited with dung, was 
unsuccessful. All collected specimens (e.g., Fig. 4 d) were 
found by random digging (about 30-50 cm deep) in areas 
covered by dense low vegetation. Dissection of those in-
dividuals revealed the presence of a blackish substance in 
their gut, indicating that adult beetles feed. It could be hy-
pothesized that this species needs rain for allowing adults 
to dig through the soil crust, which otherwise is too hard 
to be penetrated. This would be like other Scarabaeoidea 
living in arid environments, such as the Mediterranean 
Elaphocera (Scarabaeidae: Melolonthinae: Tanyproctini) 

Fig. 16 – Distribution map of Belohina, Belohinidae (star), its sister taxon Orubesa, Dynamopodidae (circles), and a potential second Dynamopodidae ge-
nus, Adraria (triangle). Sources for Orubesa occurrences: GBIF (1 record), Balthasar (1968), Barari (2001), Chavanon (2018), Gosh et al. (2020), Kocher 
(1958), Král et al. (2023), Krell (2021), Paulian (1954), Petrovitz (1958), Reitter (1895), Semenow (1895), Semenov-Tian-Shanskij & Medvedev (1929), 
Shokhin (2007), Zavattari (1934), A. Ballerio, unpublished, P. Moretto, pers comm.; M. J. Paulsen, unpublished, D. Potanin, pers. comm., P. Tauzin pers. 
comm. Adraria is known only from the locus typicus (Villiers 1956).
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structures found in Belohina can be used for producing 
human perceivable sounds, but they may play a role in the 
communication between undisturbed beetles for example 
during the courtship. Additional experiments with undis-
turbed beetles might shed some light on the function of 
these organs.

Phylogenetic position

Since the odd morphology of this beetle does not reveal 
obvious similarities to other extant Scarabaeoidea, its sys-
tematic position has remained uncertain. When describing 
this taxon, Paulian (1958) considered it as a subfamily of 
Scarabaeidae, close to Aphodiinae and having a strong con-
vergence with Taurocerastinae. It must be considered that at 
the time most taxa that later were elevated to family level 
were lumped into an all-embracing family Scarabaeidae. 
Afterwards, following the trend to elevate all the subfami-
lies of Scarabaeidae to family level, Paulian (1979) elevat-
ed the taxon to family level, while stressing the primitive 
morphology of it. No changes have been made since (e.g., 
Lawrence & Newton 1982; 1995; Lawrence et al. 1999; 
Scholtz & Grebennikov 2005) apart from Nikolajev (2007), 
who proposed including the taxon within Hybosoridae as a 
subfamily (Belohininae) on the basis of antennal club mor-
phology (i.e., the first article of antennal club enclosing the 
remaining two, a typical character of many Hybosoridae). 
The availability of fresh material suitable for DNA analysis 
has allowed us to insert the Belohina DNA in the framework 
of the molecular phylogeny of Scarabaeoidea which is be-
ing developed by Hawks et al. A phylogeny of 39 tips (Fig. 
15) has been pruned from the full 1006-taxon maximum 
likelihood tree with a higher-level topology of (Dascilloi-
dea, (Nosodendroidea, (Hydrophiloidea, Scarabaeoidea))) 
(Hawks et al. in prep). Each scarabaeoid family is repre-
sented as one terminal branch. Belohina inexpectata and its 
closest relatives are shown in full. Belohina is most closely 
related to Orubesa (Dynamopodidae), which is represented 
by two species (99% branch support for the clade). Since 
Dynamopodidae are sister to Belohinidae, both should have 
the same taxonomic rank and be considered families. Dy-
namopodidae currently contain the genera Orubesa (for-
merly Dynamopus Semenow) and the monotypic Adraria 
Villiers from Mauretania. They are distributed in arid re-
gions from Senegal and Morocco to Sudan and Djibouti, 
the Arab Peninsula, to southern Russia, Uzbekistan, and 
northern India (Punjab, Uttar Pradesh) (Fig. 16). The sys-
tematic position of Adraria, which was described after two 
specimens in bad condition (Villiers 1956) and has never 
been found again, needs revision. Together, these are sister 
group to the family Hybosoridae, represented by 25 species 
in 17 genera. The monophyletic grouping of Belohinidae, 
Dynamopodidae, and Hybosoridae has 100% branch sup-
port in this analysis. 

by the succession of pulses. There were 39 pulses ± 4 (29–
46, n=115) per echeme. These pulses lasted 0.73 ± 0.12 
ms (0.39–1.17, n = 451) and were separated by intervals 
of 0.63 ± 0.25 ms (0.04–1.48, n = 340). Among the 460 
pulses measured, 9 (1.96%) were groups of 2-3 collapsed 
pulses. Pulses were made of elementary oscillations with 
an instantaneous frequency of about 6 kHz. In the fre-
quency spectral domain, the spectra were characterized 
by a single dominant frequency peak at 5.896 ± 0.495 kHz 
(4.823–7.149, n = 115) and a large bandwidth with 50% of 
the energy between 4.559 ± 0.270 kHz (3.445–50.820, n = 
115) and 7.212 ± 0.244 kHz (6.546–8.226, n = 115). The 
spectrum might reach higher frequencies, but this could 
not be estimated due to low sampling rate. There was no 
obvious harmonic structure.

Disturbed beetles produced rather loud sounds appar-
ently with a defensive function having a repellent effect 
on potential predators. Sound production is common in 
the Scarabaeoidea and a few different types of the strid-
ulation mechanisms evolved, apparently independently, 
in different scarab beetle lineages. Examination of the 
adult morphology of Belohina did not reveal any stridu-
latory structures that were known in other scarab groups. 
Specifically, there were no structures found similar to the 
coxal pars stridens (stridulatory fields) of Geotrupidae, 
Orphninae or Allidiostomatinae. Jasmin E. Randrianirina 
who observed live beetles had impression that the creaks 
emitted by the beetles were synchronized with the head 
movements. Belohina has large propleural cavities receiv-
ing the basal part of the head. The surface of the cavities 
is granulated. The head has acute, keel shaped margins 
behind the eyes. It is possible that the creaks are produced 
by scrapping the keels over the granulate surface of the 
propleura by moving the head up down or side-to-side. 
A head-prothoracic stridulation mechanism is not known 
in scarab beetles (Arrow 1904). It was recorded for En-
domychidae and Hispidae although its morphology is 
different (Arrow 1942; Wessel 2006 and references here-
in). Other structures with unclear function were found on 
the abdomen and elytra of Belohina. Abdominal tergite 
3 (Fig. 13) has a small, sclerotized tubercle on each side 
near the basal margin and a longitudinal sclerotized ridge 
originating at this tubercle and extending over 2/3 of the 
tergite. On the inner side of each elytron, apparently op-
posite to this abdominal tubercle in situ, there is a round 
field with the color and sculpture different from the ad-
jacent surface. In this field, the inner layer of the elytron 
is more strongly sclerotized and has somewhat shagreen 
sculpture as opposed to being smooth and shiny in the oth-
er regions. The position and the shape of these structures 
resembles stridulatory apparatuses found in some scarab 
beetle groups (Dynastinae, Ochodaeidae), although these 
groups have coarser structures located more caudally (the 
plectrum on pygidium or propygidium and the stridulato-
ry file on the apices of elytra). It seems unlikely that the 
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