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Abstract

CE: Raja S
PE: Megala R|

The current state of knowledge on the suprageneric relationships in Cholevinae is either derived from informal evaluations of
putative synapomorphies or based on molecular studies with limited taxonomic sampling. Here we assessed the higher-level rela-
tionships in this subfamily based on a phylogenetic analysis of 97 morphological characters scored for 93 terminals, representing all
tribes. Both parsimony and Bayesian analyses were used. The monophyletic origin of Cholevinae was corroborated, except for the
unexpected inclusion of Leptinus in the implied weighting analysis. Eucatopini + Oritocatopini were retrieved as basal branches in
the evolution of Cholevinae. The monophyletic origin of all remaining Cholevinae was confirmed, which is consistent with molecu-
lar evidence. Anemadini was non-monophyletic, in accordance with earlier hypotheses. Cholevini was rendered non-monophyletic
by the uncertain inclusion of Prionochaeta and the consistent exclusion of Cholevinus. A close affinity of Ptomaphagini to Sciaphyini
and Leptodirini was suggested, although the position of Sciaphyes remains uncertain. The phylogenetic hypothesis of Cholevinae
provided here is the most comprehensive presently available. The list of characters shows that a substantial part of the data was
obtained from the ventral side. This is a strong argument for a detailed pictorial documentation of the ventral body parts in taxo-
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nomic descriptions, in contrast to the common practice of only illustrating the dorsal habitus of the beetles.

© The Willi Hennig Society 2017.

With more than 4100 described species (Newton,
2016) and a worldwide distribution, the staphyliniform
family Leiodidae has the second highest species diver-
sity within the megadiverse Staphylinoidea. The eclec-
tic repertoire of habitats and food sources potentially
utilized by these beetles is impressive, and difficult to
synthesize concisely. According to Newton (2016),
however, most leiodids might fit into one of three
broad categories: (i) ground-dwelling saprophages or
general scavengers of forest leaf litter, deep soil or
cave environments; (ii) saprophagous inhabitants of
carrion, dung and equivalent concentrated decaying
organic matter; or (iii) obligate mycophages relying on
various groups of fungi. Some specialized species inha-
bit nests of social insects including ants, wasps,
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termites and stingless bees (Jeannel, 1936; Peck and
Cook, 2002, 2007; Peck, 2003), while others may be
found in nests or burrows of reptiles (e.g. tortoises;
Peck and Skelley, 2001), birds (e.g. owls, sparrows,
starlings, buzzards; Jeannel, 1936) and mammals (e.g.
foxes, moles, shrews and various rodents; Jeannel,
1936; Newton, 1998; Peck and Skelley, 2001). Adition-
ally, there are a few highly modified ectoparasitic spe-
cies of aquatic or semi-aquatic mammals (Peck, 1982).

Leiodidae is presently subdivided into six subfami-
lies. Cholevinae and Leiodinae—informally called
small carrion beetles and round fungus beetles, respec-
tively—are by far the most species-rich, with represen-
tatives in both tropical and temperate regions.
Cholevinae, the most diverse, comprises ca. 2050 spe-
cies arranged in seven tribes and 17 subtribes (Perreau,
2000; Bouchard et al., 2011). The geographical limits
of these subgroups vary substantially: while the
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monogeneric Sciaphyini is only known from a few
localities in the East Palearctic region, Anemadini may
be found in the Holarctic, Neotropical, Oriental, Aus-
tralotropical, Australotemperate, Neoguinean, Neoze-
landic and Andean regions (Newton, 2016). The highly
species-rich Leptodirini is mainly restricted to the
western Palaearctic, with its greatest diversity found in
the north Mediterranean basin (Perreau, 2004; Fres-
neda et al., 2011). Although not very appealing from
an aesthetic perspective (except for the strongly modi-
fied cave-adapted leptodirines), cholevine beetles argu-
ably offer a broad array of attractive topics in
evolutionary biology, ecology and biogeography.

Intensive investigations have been devoted to the
taxonomy of both Leiodidae and Cholevinae in the
last decade. Among 674 leiodid species described since
2005, 255 were cholevines (see Newton, 2005, 2016).
However, these taxonomic achivements were not paral-
leled by phylogenetic studies. A robust cladistic inves-
tigation explicitly focused on Leiodidae or Cholevinae
has not been performed. Within this scenario of lim-
ited phylogenetic insights, the molecular analyses of
Fresneda et al. (2011) and McKenna et al. (2015) are
of great importance, even though these studies were
not explicitly designed to investigate the internal rela-
tionships throughout Cholevinae or Leiodidae. The
study of McKenna et al. (2015) constitutes a large-
scale analysis aiming at the phylogeny of Staphylini-
formia, and included only about a dozen of selected
cholevine representatives. The molecular phylogeny of
Fresneda et al. (2011) is the largest for Cholevinae and
tentatively sheds some light on its internal relation-
ships. However, as it was targeted at Leptodirini, some
cholevine subgroups were not sampled, especially from
south temperate faunas.

Whereas the monophyly of Cholevinae was not
recovered by Fresneda et al. (2011) and McKenna
et al. (2015), this subfamily has been considered as a
natural unit by Newton (1998, 2016) based on an
informal evaluation of putative synapomorphies.
Therefore, the higher level classification of Cholevinae
remains an important area of investigation. The aim
of the present study was to test the monophyly of
Cholevinae on the basis of phylogenetic analyses, and
to propose a hypothesis for the higher-level relation-
ships in the subfamily, based on the broadest taxo-
nomic sampling ever conducted.

Material and methods
Morphological study and taxonomic sampling
Ninety-seven characters were scored from adult

morphology of 93 terminal taxa, mainly using scan-
ning electron microscopy (SEM). Studied character

systems were the head, prosternum, meso- and
metaventrite, elytra, legs including the pretarsus and
distal margin of the terminal tarsomere, and the
abdomen including the aedeagus (the last based
mainly on data obtained from published descriptions).
Other internal characters were not assessed in this
study, and data from the literature were not consid-
ered sufficiently well documented for a proper inter-
pretation of structures through all the studied taxa.
The ingroup included representatives of all currently
recognized cholevine tribes and subtribes, with the
exception of Baryodirina, a monotypic subtribe pro-
posed on the basis of a single female of Baryodirus
(Perreau, 2000). This genus, however, was included in
the matrix and its characters were coded based on the
SEM images of Baryodirus provided in the original
description of the taxon (Perreau, 2000: figs 1-10).
The limited information content of the SEM micro-
graphs concerning the characters utilized here, in
addition to the lack of data on males, resulted in a
large number of missing entries (~ 46%). We therefore
assessed the position of Baryodirus employing an
additional, separate analysis.

Twelve outgroup taxa were selected from four of the
five non-cholevine subfamilies of Leiodidae (represent-
ing ten out of 11 non-cholevinae tribes)—Camiarinae:
Agyrtodes labralis and FEupelates transversestrigosus
(Agyrtodini), Camiarus thoracicus (Camiarini) and
Neopelatops edwarsi (Neopelatopini); Catopocerinae:
Catopocerus politus (Catopocerini); Leiodinae: Coleni-
sia zelandica (Pseudoliodini), Decuria sp. (Agathidiini),
Dietta huanuco (Estadiini), Hydnodiaetus sp. (Sogdini),
Scotocryptus sp. (Scotocryptini) and Zeadolopus vali-
dipes (Leiodini); and Platypsyllinae: Leptinus testaceus.
Only Coloninae (with two genera) and the monotypic
Glacicavicolini (Catopocerinae) are not represented.
Several cladistic studies based both on molecular data
and on morphology have consistently placed Agyrtidae
as the sister-taxon of Leiodidae (e.g. Beutel and
Molenda, 1997; Beutel and Leschen, 2005; Caterino
et al., 2005; McKenna et al., 2015), corroborating the
hypothesis of previous taxonomic studies (e.g. Newton,
1997, 1998). The agyrtid Zeanecrophilus prolongatus
was then used to root the tree. Most species used in
the present study were obtained from museums or
from private collections. The list of species we exam-
ined with their systematic assignment and authorities
are provided in Table 1. Most terminal taxa represent
single species. Only in three cases was the terminal
taxon scored based on two different congeneric spe-
cies: Anthroherpon hoermanni + A. primitivum; Pri-
onochaeta  harmandi + P. opaca; and  Platycholeus
leptinoides + P. opacellus. 1t is assumed that these spe-
cies are more closely related to one another than to
any other terminal in the matrix. The character state
matrix is shown in Appendix S1.
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Table 1

( Continued)

Provenance

Species

Systematic assignment

Vigosa, Minas Gerais, Brazil

Giare, Veneto, Italy

Scotocryptus sp.

Scotocryptini

Leiodinae

Leptinus testaceus P.W.J. Miiller

Platypsyllinae
Agyrtidae

Takitimu, Princhester Hut, Southland, New Zealand

Zeanecrophilus prolongatus (Sharp)

Necrophilinae
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Pictorial documentation

Both dried and alcohol-preserved specimens were exam-
ined and documented using SEM. Dissected body parts
were immersed in contact lens solution for 24 h to clean
the external cuticular structures and then dehydrated in an
ethanol series of increasing concentration, air-dried or
stove-dried, sputter-coated with gold (Emitech K 500,
Sample preparation division, Quorum Technologies Ltd,
Ashford, UK) and fixed on a rotatable specimen holder
(Pohl, 2010). Most images were taken with an ESEM
XL30 (Philips, Amsterdam, the Netherlands) equipped
with Scandium FIVE (Olympus, Miinster, Germany), but
some data were obtained with a Zeiss DSM 940 (Carl
Zeiss, Oberkochen, Germany) scanning electron micro-
scope using conventional stubs. Additional morphological
observations and documentation were conducted using a
Zeiss Discovery V20 stereomicroscope equipped with an
AxioCam MRc5 digital camera (Carl Zeiss).

Classification system and terminology

The suprageneric classification of Leiodidae is based
on Newton (1998), Perreau (2000) and Bouchard et al.
(2011). At the species level, we followed Perreau (2000,
2004). Most of the morphological terms used here are
based on Lawrence et al. (2010, 2011). Terms related
to the morphology of the pretarsus and distal margin
of the terminal tarsomere follow Antunes-Carvalho
and Gnaspini (2016).

Cladistic analysis

The data matrix was compiled using MESQUITE 3.10
(Maddison and Maddison, 2016) and analysed under
parsimony with TNT vl.1 (Goloboff et al., 2008b).
Heuristic searches were performed under both equal and
implied weighting (Goloboff, 1993; Goloboff et al.,
2008a) using the New Technology algorithms with the
following parameters: sectorial search (Goloboff, 1999)
in default mode, 200 iteractions of ratchet (Nixon, 1999),
20 cycles of drift (Goloboff, 1999) and ten rounds of tree
fusing (Goloboff, 1999). This procedure was repeated
until the best score was located 100 times. The TNT setk
script, developed by Salvador Arias, was used to identify
the most appropriate K value through the formula pro-
posed by Goloboff et al. (2008a). A value of 14.7852
was returned and subsequently used in the implied
weighting scheme. Nodes were evaluated with Bremer
supports (Bremer, 1994) with the Bremer.run script sup-
plied by TNT, and symmetric resampling (Goloboff
et al., 2003) expressed as the difference in the CG (con-
tradicted/present groups) frequency (1000 replications).
Optimizations were performed with Winclada-ASADO
1.62 (Nixon, 2002). Only unambiguous changes were
mapped on the tree. We coded most characters as binary
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(88.7%) and treated the multi-state characters as unor-
dered. Parsimony-uninformative characters were deacti-
vated before analysis and therefore do not contribute to
tree length nor to other statistics. However, they were
optimized onto the tree and were included in the charac-
ter list and data matrix because they may be of interest
for future research.

Bayesian analysis

Bayesian analysis was conducted with MrBayes 3.2
(Ronquist and Huelsenbeck, 2003) using the Mkv model
(Lewis, 2001) with a single partition. Two separate runs
were conducted, each with one cold and three heated
chains, checking for adequate mixing with the statistics
provided by the program. To assess convergence and to
establish a burn-in fraction, we initially set the analyses
to run for an overestimated 25 x 10° generations, sam-
pled every 1000 generations. We then assessed conver-
gence by visual examination of a plot of the standard
deviation of the split frequencies between the two simul-
taneous runs, establishing the burn-in when it reached
stable values at ca. 0.005. Once the burn-in was fixed,
we let the analyses run until the effective sample size
(ESS) reached values above 200 as estimated in Tracer
v1.5 (Rambaut and Drummond, 2007), considered to be
sufficient for a good sampling of the post-burn-in tree
space (Rambaut and Drummond, 2007). The resulting
trees were combined in a majority rule consensus topol-
ogy with posterior probability (pp) of nodes calculated
using the sumt command in MrBayes.

Results

External and internal characters were scored for 13
outgroup taxa and 80 ingroup terminals covering all
tribes and 16 of the 17 subtribes in Cholevinae. The
complete data set comprised 23 characters of the head,
six of the prosternum, 22 of the pterothoracic ven-
trites, seven of the elytra, five of the tarsus and tibial
spurs, 28 of the pretarsus and distal margin of the ter-
minal tarsomere, one of the abdomen and five of the
male genitalia. Characters 82, 91 and 92 were parsi-
mony-uninformative (autapomorphies of Ptomaphami-
nus, Leptinus and Sciaphyes, respectively). Traits
potentially strongly affected by convergent evolution
induced by adaptations to underground life were
avoided (e.g. absence of eyes and hindwings).

List of characters
Head.

1. Cuticular surface of gula: (0) reticulated
(Fig. 1a); (1) smooth (Fig. 1b). The gular surface

is strongly reticulated in all cholevines and some
other leiodids. The smooth condition is found on
the small gula of Leptinus, and in most genera of
Camiarinae and Leiodinae examined herein.

. Hypostomal suture: (0) present, even if very

weak (Fig. 1c: hs); (1) absent (Fig. 1d). The
gular sutures are anteriorly continuous with the
hypostomal sutures, which reach the maxillary
grooves in most members of Cholevinae and out-
groups. The hypostomal suture is missing in
Eucatopini, Nemadus, Ptomaphagini, Sciaphyini
and a few leptodirines including the basal Platyc-
holeus. The hypostomal suture is fissure-shaped
in some taxa and clearly recognizable externally,
whereas it is more or less obsolete in other
groups.

. Postmandibular ridge: (0) present (Fig. le: pmr);

(1) absent (Fig. 1f). Present on the ventral face
of the head in members of Leiodinae examined.
We interpret it tentatively as homologous to the
cuticular ridges that form antennal grooves in
some species, due to similarities in the position
and shape of these structures.

. Area close to anterior margin of mentum: (0) flat

(Fig. 1g); (1) with low transverse ridge (Fig. 1h:
arm). A low but recognizable transverse eleva-
tion is present close to the anterior margin of the
mentum in Eucatopini, Oritocatopini and Scia-
phyini. It is also present in Agyrtodes, Eupelates,
Catopocerus, Colenisia, Hydnodiaetus and Lepti-
nus. The condition in Catopocerus, however, is
less distinct than in the other taxa.

. Lateral margin of mentum: (0) without longitudi-

nal ridge (Fig. 1h); (1) with longitudinal ridge
(Fig. 1g: Irm). A narrow longitudinal ridge is
present at the lateral margin of the mentum in
species of Ptomaphagina, Eucatops, Bathyscia
and Hadesia, and apparently in Baryodirus (see
fig. 5 in Perreau, 2000). This feature also occurs
in Catopocerus. In Eucatops and Catopocerus it is
anteriorly fused with the transverse ridge of the
mentum (see character 4).

. Ventral surface of prementum (ventral view): (0)

without macrosetae (Fig. 2a); (1) with a single
macroseta on left side (Fig. 2¢); (2) with a single
macroseta on right side (Fig. 2d); (3) paramedian
pair of macrosetae (Fig. 2b). A pair of macrose-
tac is present on the exposed part of the ventral
premental surface in all outgroup taxa except
Zeanecrophilus. In some cases additional setae
may be present in this area. Two paramedian
setae are also inserted on this area in Orito-
catopini, Eucatopini, Eunemadina and Pri-
onochaeta. Only a single seta is present on the
left side of the exposed premental area in Para-
catops, whereas the seta is placed on the right
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50 um

50 pm
—

100 pm

50 jum

50 pm

100 pum

Fig. 1. Head, ventral view. (a) Anemadus acicularis (Anemadini). (b) Camiarus thoracicus (Camiarinae). (c) Catops fuliginosus (Cholevini). (d)
Eucatops sp. 2 (Eucatopini). (e) Colenisia zealandica (Leiodinae). (f) Paraspeonomus vandeli (Leptodirini). (g) Ptomaphagus sericatus (Ptomapha-
gini). (h) Chappuisiotes lobeliae (Oritocatopini). arm, anterior ridge of mentum; hs, hypostomal suture; Irm, longitudinal ridge of mentum; pmr,
postmandibular ridge.

7.

side in Choleva oblonga, Nargus and Antrocharis
(in ventral view). The pair of setae is absent in
the other cholevine taxa included. In some spe-
cies, the anterior part of the prementum is com-
pletely covered by the mentum, hampering
observation of the setae.

Apical labial palpomere: (0) without lateral peg-
like sensilla (Fig. 2e); (1) with lateral peg-like
sensilla (Fig. 2f). In addition to the apical

sensorial field, a cluster of peg-like sensilla is pre-
sent at the outer side of the distal labial palpo-
mere in Agyrtodes and Eupelates.

Size of apical maxillary palpomere: (0) distinctly

longer than preapical palpomere (Fig. 2g, 1); (1)

not longer than preapical palpomere (Fig. 2h, j).
The distal maxillary palpomere is approximately
as long as or shorter than the subapical one in
all  Cholevinae  except  Eucatopini  and
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25 ym

50 um

\

5-5 Hm

50 pm

Fig. 2. Mouthparts, ventral view. Ventral surface of prementum of (a) Eocatops ophidianus (Anemadini), (b) Afrocatops sp. (Oritocatopini), (c)
Paracatops antipoda (Anemadini), and (d) Choleva oblonga (Cholevini). Labial palp of (e) Prionochaeta harmandi (Cholevini) and (f) Agyrtodes
labralis (Camiarinae). Maxillary palp of (g) Chappuisiotes lobeliae (Oritocatopini), (h) Nargus velox (Cholevini), (i) Camiarus thoracicus (Camiari-
nae) and (j) Ptomaphaginus palpalis (Ptomaphagini). pmt, prementum.

Oritocatopini. The same condition occurs in Sco-
tocryptus and Leptinus.

Shape of apical maxillary palpomere: (0) sub-
cylindrical, diameter subequal from base to apex
(Fig. 2g); (1) conical (Fig. 2h); (2) subcylindrical
and distinctly narrowed just after its base
(Fig. 2j); (3) strongly expanded (Fig. 2i). A sub-
cylindrical apical maxillary palpomere, with sub-
parallel sides over the entire length, occurs in

Zeanecrophilus, some representatives of Leiodi-
nae, and in Eucatopini and Oritocatopini. A con-
ical palpomere is present in the majority of
cholevine species. In most Ptomaphagini, how-
ever, the distal maxillary palpomere is subcylin-
drical and thinner just after its base. A thin
palpomere is also present in Spelacobates. The
distinctly enlarged 4th palpomere of Camiarus is
probably autapomorphic.
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20 pm

10 pm

Fig. 3. Apical maxillary palpomere of (a) Rybinskiella magnifica
(Cholevini), (b) Platycholeus opacellus (Leptodirini) and (¢) Quaestus
arcanus (Leptodirini). dgts, digitiform sensilla; ps, projecting sensilla.

10. Sensilla of apical maxillary palpomere: (0) digi-
tiform sensilla (i.e. sensilla adpressed to surface;
Fig. 3a: dgts); (1) projecting sensilla (i.e. sensilla
articulated to surface; Fig. 3b, c: ps). The pres-
ence of a set of projecting sensilla on the basal
areca of the distal maxillary palpomere is an

10 pm

Dl

Fig. 4. Subapical maxillary palpomere of Speonemadus bolivari.
Arrows indicate pore plates.

11.

12.

almost unique feature of Leptodirini, except for
its occurrence in Nargomorphus (and a possible
reversal in Spelacobates). These sensilla have
already been described in other leptodirines,
namely in Closania, Sophrochaeta and Tis-
manella (Moldova et al., 2004), and in Anthro-
herpon, Leptomeson and Graciliella (Njunjié
et al., 2016). This condition is in contrast to the
digitiform sensilla of the apical maxillary palpo-
mere of most Coleoptera. Although Njunji¢
et al. (2016) do not report the projecting sen-
silla in Hadesia, we confirm its presence in
Hadesia vasiceki.

Vestiture of apical maxillary palpomere: (0)
mostly glabrous (Fig. 2j); (1) pubescent (e.g.
Figs 2g—i and 3). Setose apical maxillary palpo-
meres occur in Cholevinae excluding Ptomapha-
gini. The apical maxillary palpomere is almost
glabrous with only minute setae in this tribe,
and also in a few species of Leiodinae and in
Agyrtidae.

Pore plates on the subapical maxillary palpo-
mere: (0) absent; (1) present (Fig. 4). A set of
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13.

14.

Caio Antunes-Carvalho et al. | Cladistics 0 (2017) 1-41

inconspicuous pore plates on the subapical
maxillary palpomere of Catops was described
and documented (Antunes-Carvalho et al.,
2017). These structures are also present in mem-
bers of most tribes of Cholevinae. The pore
plates are generally present on the apical maxil-
lary palpomere (see Antunes-Carvalho et al.,
2017: fig. 3f). They are absent in Eucatopini,
Oritocatopini and in all outgroup taxa.

Setal pits on vertex: (0) without areola or at
least absent from most setal pits (Fig. 5d); (1)
pits generally with areola (Fig. 5c: sa). A visible
areola is present around most setal pits on the
vertex of Anemadina, most Eunemadina (absent
in Falkocholeva), Catopina, Prionochaeta, Chap-
puisiotes and Spelaeobates (even though less
pronounced in this last taxon). Few arcola may
be also present in some of the taxa coded as
(0), but in these cases the absence of setal rings
is clearly the predominant pattern on the ver-
tex.

Microsculpture of central area of frontoclypeal
surface: (0) with inconspicuous irregular strioles
(Fig. 5a); (1) with transverse strigae (Fig. 5b);
(2) with fine microreticulation (Fig. 5c); (3)
smooth (Fig. 5d). Fine, weak strioles character-
ize the head surface of Zeanecrophilus. In Cato-
pocerus and Colenisia, transverse strigae are
distributed over the central area of the fronto-
clypeal surface, somewhat irregularly in the

50 pm

15.

16.

17.

former taxon. The pattern in most Cholevinae
is a fine microreticulation, but several taxa have
a smooth frontoclypeal surface including Euca-
topini, Oritocatopini, most Ptomaphagini and
Sciaphyes. The frontoclypeal surface is smooth
in most outgroups.

Dorsal surface: (0) mostly glabrous (Fig. 5e);
(1) pubescent (Fig. 5f). The dorsal surface of
the head is densely pubescent in almost all
cholevines studied, with few exceptions within
the diverse Leptodirini. A dense pubescence is
also present in Leptinus and most Camiarinae.
Only a very short pubescence is present in Zea-
necrophilus,  Neopelatops,  Leiodinae  and
Catopocerinae, and it is very sparse in some
cases.

Anterior margin of clypeus: (0) not delimited by
a ridge (Fig. 6a); (1) delimited by a ridge
(Fig. 6b: arc). The anterior clypeal border is
distinctly demarcated by a ridge in most
ingroup taxa. However, this feaure is lacking in
almost all Cholevini studied (present in Scio-
drepoides). 1t is also missing in Anemadina,
Falkocholeva, Eocatops, Nemadus and Platyc-
holeus. The ridge is absent in most outgroup
taxa (present in Agyrtodes and Zeadolopus).
Anterior portion of clypeus: (0) not truncated
(Fig. 6¢c); (1) truncated (Fig. 6d). In most
cholevines the clypeus is prolonged anteriorly,
covering part of the dorsal mandibular surface.

Fig. 5. Central area of the frontoclypeal surface in (a) Zeanecrophilus prolongatus (Agyrtidae), (b) Colenisia zealandica (Leiodinae), (c) Rybin-

(Anemadini). sa, setal areola.

skiella magnifica (Cholevini) and Eucatops sp. 2 (Eucatopini). Vertex of (e) Neopelatops edwarsi (Camiarinae) and (f) Pseudonemadus cheesmani
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19.

20.

21.
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In contrast, the anterior clypeal portion is trun-
cated in Eucatops, Paracatops antipoda, Ptoma-
phagini and Sciaphyes, leaving exposed the
anterior parts of the dorsal mandibular surface.
Frontoclypeal strengthening ridge: (0) visible
externally (at least laterally, in some cases
weakly impressed) (Fig. 6¢c: fsr); (1) not visible
(Fig. 6d). Not visible in the tribes Oritocatopini,
Eucatopini, Ptomaphagini, and some subtribes
of Anemadini (Eunemadina, Eocatopina,
Nemadina) and Cholevini (Catopina, except
Rybinskiella). Among outgroups, the fronto-
clypeal strengthening ridge is not recognizable
externally in Catopocerinae and Platypsylliinae,
and this condition also occurs within Camiari-
nae (Camiarus) and Leiodinae (Colenisia and
Zeadolopus).

Head shape: (0) without transverse border abut-
ting the anterior pronotal edge (Fig. 6e); (1)
with transverse border abutting the anterior
pronotal edge (Fig. 6f). A characteristic config-
uration of Cholevinae is the posterodorsal con-
tour of the exposed part of the head abutting
with the anterior pronotal edge, both appearing
closely connected. In most Ieptodirines, how-
ever, this feature is missing, presumably linked
with other morphological changes related to
subterranean habits. Platypsyllines display a
similar cephalic shape, although with a slight
overlapping of the head over the anterodorsal
pronotal edge. The condition found in Platyp-
syllinae probably represents an independent
gain.

Elevated transverse occipital ridge: (0) absent
(Fig. 6g); (1) present (Figs 6h, 7b: or). The pos-
terodorsal border of the head capsule bears a
distinct transverse occipital ridge in Anemadini
(except Paracatops antipoda), Cholevini and
Ptomaphagini. It extends posteriorly, partially
covering the neck region in dorsal view. The
occipital ridge is usually more easily visible in
lateral and ventral view. A similar condition is
present in Leptinus.

Posterior face of compound eye: (0) not covered
by genal fold, head not abruptly narrowed
immediately behind eyes (Fig. 7a); (1) covered
by genal fold, head abruptly narrowed immedi-
ately behind eyes (Figs 6h, 7b: pogf). A con-
spicuous genal fold covers the posterior face of
the compound eyes in Cholevinae, although it is
missing in many eyeless Leptodirini. The pos-
tocular genal fold generally distinguishes
cholevines from most other leiodid taxa, but a
similar condition occurs in Platypsyllinae, even
though the eyes are lacking. The co-occurrence
of this feature in other staphyliniform groups

22.

23.

such as Hydraenidae (Jach et al., 2000; Beutel
et al., 2003) and within Hydrophiloidea (Beutel,
1994; Beutel et al., 2001; Anton and Beutel,
2004) is probably due to parallel evolution.
Antennal insertion: (0) visible from above
(Fig. 7d); (1) not visible from above (Fig. 7c).
The antennal insertion is concealed from above
in the Camiarinae and all Leiodinae examined.
Newton (1998) considered this feature as a
potential synapomorphy uniting both subfami-
lies. A similar condition was observed in Lepti-
nus, although not as distinct as in the other
groups.

Size of the second club segment in relation to
the first and third: (0) subequal; (1) smaller (e.g.
Newton, 1998; fig. 7). The interrupted antennal
club is characteristic of Leiodidae. It has been
used as a morphological argument supporting
the monophyly of the family (Newton, 1998,
2016), even though with reversals in some spe-
cies. The subfamily Coloninae lacks this feature
(Newton, 1998). In some cases the reduction of
the second club segment may be very subtle, as
in Nargiotes. The club may be weakly defined
in some groups, as in the antennae of some lep-
todirines. The second club segment generally
corresponds with antennomere 8 of the 11-seg-
mented antenna. A periarticular gutter bearing
sensilla is usually present on antennomeres 7, 9
and 10, but it is lacking on the reduced anten-
nomere 8 (see Antunes-Carvalho et al., 2017:
fig. 2f—).

Prosternum.

24.

25.

26.

Area anterior to procoxal cavities: (0) large
(Fig. 8a); (1) strongly shortened (Fig. 8b, c).
The prosternal area anterior to the procoxal
cavities is strongly reduced in the majority of
cholevines. The only exceptions are some highly
modified leptodirines, such as Astagobius,
Elladoherpon, Leptodirus, Remyella, Speoplanes,
Anthroherpon and Hadesia. The prosternum is
large in Zeanecrophilus and other outgroups,
but shortened in most Leiodinae.

Ventrally directed plate: (0) absent (Fig. 8a); (1)
present (Fig. 8b: vdp). A ventrally directed
plate protrudes from the anterior prosternal
edge in all examined species of Eucatopini,
forming a precoxal coverage. This characteristic
is probably autapomorphic for the tribe, as it is
not recorded in any other taxa examined here.
Procoxal cavities: (0) open posteriorly (Fig. 8a);
(1) closed posteriorly (Fig. 8b, c¢). The procoxal
cavities are closed posteriorly in all cholevine
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100 pm

Fig. 6. Dorsal view of anterior margin of clypeus in (a) Cholevinus fuscipes (Cholevini) and (b) Dellabefaela roccae (Leptodirini). Frontal view of
clypeus of (c) Speonemadus bolivari (Anemadini) and (d) Ptomaphagus meximontanus (Ptomaphagini). Dorsal view of head of (e) Eupelates
transversistrigosus (Camiarinae) and (f) Eucatops sp. 1 (Eucatopini). Lateral view of head of (g) Agyrtodes labralis (Camiarinae) and (h) Catops
fuliginosus (Cholevini). arc, anterior ridge of clypeus; fsr, frontoclypeal strengthening ridge; or, elevated transverse occipital ridge; pogf, postocu-
lar genal fold.

27.

taxa, and in most camiarines and leiodines stud-
ied.

Postcoxal projection of hypomeron (pph): (0)
acute (Fig. 8b); (1) broadly rounded or blunt
(Fig. 8¢c). A triangular postcoxal projection of
the hypomeron characterizes the prosternum of
Eucatopini, in contrast to the rounded or blunt
shape of this structure in the other Cholevinae.

28.

An acute projection is also present in Pri-
onochaeta and, less clearly, in Ptomaphagus
meximontanus. The acute condition is found in
most outgroup taxa.

Lateral opening of procoxal cavity: (0) horizon-
tal (Fig. 8c: lopc); (1) oblique (i.e. pointing
anterolaterad; Fig. 8b). The lateral slit of the
procoxal openings is transversely oriented in the
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50 pm

50 pm

Fig. 7. Partial ventral view of head of (a) Agyrtodes labralis (Camiarinae) and (b) Promaphagus sericatus (Ptomaphagini). Partial frontal view of
head of (c) Colenisia zelandica (Leiodinae) and (d) Eocatops ophidianus (Anemadini). or, elevated transverse occipital ridge; pogf, postocular
genal fold.

29.

Meso-

30.

majority of taxa studied, but not in Eucatopini,
Oritocatopini and Ptomaphagini. The procoxal
slit is obliquely oriented in all members of these
tribes, a characteristic previously not recorded
in the literature.

Posterior margin of prosternal process: (0) with-
out median notch (Fig. 8c); (1) with acute,
short median notch (Fig. 8b: mnp). An acute
median notch is present at the posterior proster-
nal margin of Fucatops, Ptomaphagini, most
Leptodirini, Sciaphyes and some representatives
of Anemadini. It is absent in Cholevini and Ori-
tocatopini. This character is not applicable in
cases where the procoxal cavity is open posteri-
orly (Ch26(0)).

and metaventrite.

Mesothoracic anapleural suture [i.e. suture
between mesanepisternum (mset) and mesoven-
trite (msv)]: (0) visible externally on cuticular
surface (e.g. Fig. 9a, ¢, d); (1) not visible exter-
nally on cuticular surface (Fig. 9b). Visible on
the external cuticular surface between the
mesanepisternum and mesoventrite in the
majority of cholevine taxa. The suture is indis-
tinct externally in Afrocatops, Astagobius, Lep-
todirus and Speoplanes. It is scarcely visible in
some outgroup taxa, and absent in Catopocerus,
Leptinus, and some members of Camiarinae and
Leiodinae.

31.

32.

33.

Mesothoracic anapleural suture: (0) complete
(e.g. Fig. 9a, ¢, d); (1) incomplete (Fig. 9e, f).
Not applicable if the suture is not visible on the
cuticular surface (Ch 30(1)). This suture starts
at the anterolateral corner of the mesocoxal
cavities and usually follows an oblique line until
it reachs (or almost) the posterior limits of the
prepectus in many studied taxa. However, the
suture is incomplete (i.e. shorter, does not
extend until the prepectus base) in Ptomapha-
gini, Sciaphyes and Leptodirini examined (with
a few exceptions).

Mesothoracic pleural suture [i.e. suture between
mesanepisternum  (mset) and mesepimeron
(msp)]: (0) visible externally on cuticular surface
(e.g. Fig. 9c, e); (1) not visible externally on
cuticular surface (Fig. 9a, b, d). Not visible on
the external cuticle in Eucatopini, Oritocatopini,
Eunemadina, Paracatopina, Sciaphyini and a few
Leptodirini. In some cases the suture is visible as
a dark line below the cuticle, but without any
external trace. It is also missing as an external
furrow in Catopocerinae, Platypsyllinae, and
some members of Camiarinae and Leiodinae.
Mesothoracic pleural suture: (0) oblique (i.e.
pointing anterolaterad; Fig. 9¢, f); (1) approxi-
mately horizontal (Fig. 9¢). The suture starts at
the anterolateral corner of the mesocoxal cavi-
ties and generally follows a nearly straight obli-
que line towards the anterolateral corner of the
mesothorax. However, it is more laterally
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Fig. 8. Protorax, ventral view. (a) Zeanecrophilus prolongatus (Agyr-
tidae). (b) Eucatops sp. 2 (Eucatopini). (c) Rybinskiella magnifica
(Cholevini). lopc, lateral opening of procoxal cavity; mnp, medial
notch of the prosternal process; pph, postcoxal projection of hypo-
meron; vdp, ventrally directed projection of the prosternum.

34.

oriented in Ptomaphagini. The character is not
applicable if the suture is not visible externally
(Ch32(1)).

Posterolateral edge of mesepimeron (msp): (0)
not projecting posteriad, lateral portion of the
posterior mesepimeral margin slightly curved
anterolaterad (Fig. 9d); (1) projecting posteriad,
extending to slightly concave posterior

35.

36.

37.

38.

39.

mesepimeral margin (Fig. 9f). The posterior
margin of the mesepimeron is usually transverse
or very slightly concave in Eucatopini, Orito-
catopini, Ptomaphagini, Sciaphyini and many
Leptodirini. The lateral portion of the posterior
mesepimeral margin may be faintly curved
downwards in these groups, resulting in a pos-
terolateral corner slightly projecting posteriad.
A different condition occurs in Anemadini and
Cholevini (except in Prionochaeta). In these taxa
the posterior mesepimeral margin is generally
oblique, with its lateral portion usually curved
anterolaterad.

Posteromesal corner of mesepimeron (msp): (0)
not forming acute angle (Fig. 11a); (1) forming
distinct acute angle (Fig. 11b: pcm). The mesal
edge of the mesepimeron is often characterized
by a distinct narrow plate, usually subtriangu-
lar, with an acuminate posterior extension. An
acute angle is formed in Oritocatopini, Eucato-
pini, Ptomaphagini, Sciaphyini and Leptodirini,
and is also present in Speonemadus and Coleni-
sia.

Posterior margin of mesepimeron (msp): (0) not
bifurcated (Fig. 9¢); (1) bifurcated, with two
diverging lines (Fig. 9f). A distinct line origi-
nates from the posterior mesepimeral margin of
some leptodirines. The margin appears bifur-
cated.

Anterior edge of mesoventrite (msv) at midline
(Lawrence et al., 2011: Chl63): (0) approxi-
mately on same plane as metaventrite (i.e.
mesoventral process not projecting ventrad; e.g.
Fig. 9); (1) on distinctly different plane than
metaventrite (i.e. mesoventral process projecting
ventrad; Fig. 10a). On distinctly different plane
in Colenisia, Decuria, Scotocryptus and Zeadolo-
pus.

Median longitudinal carina (i.e. mesoventral
keel): (0) absent (e.g. Fig. 9¢c, d); (1) present
(e.g. Fig. 9e, f: mlc). A medial longitudinal car-
ina is found in Agyrtodes, Catopocerus, Lepti-
nus, some leiodines and most subgroups of
Cholevinae. It is weakly developed in Anema-
dini and Sciaphyini, but prominent in Eucato-
pini, Ptomaphagini and various Leptodirini; in
the last-named tribe the structure is lacking
only in highly troglobiomorphic members,
probably as a consequence of the morphological
specialization associated with the subterranean
life. The carina is missing in species of Para-
catopina and Cholevini under consideration
(weakly indicated in Cholevinus).

Mesocoxal cavities: (0) separated (e.g. Figs 9a,
e, 11b); (1) contiguous (Figs 9¢c, d, 11a). Con-
tiguous mexocoxal cavities occur in all
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Fig. 9. Pterothorax, ventral view. (a) Eucatops sp. 2 (Eucatopini). (b) Afrocatops (Oritocatopini). (c) Sciodrepoides watsoni (Cholevini). (d) Para-
catops antipoda. (e) Ptomaphagus sericatus (Ptomaphagini). (f) Oryotus schmidti (Leptodirini). The white arrow indicates the mesothoracic
anapleural suture. The black arrow indicates the mesothoracic pleural suture. mtas, metathoracic anapleural suture; mc, metaventral carina; mlc,
median longitudinal carina; mset, mesanepisternum; msp, mesepimeron; msv, mesoventrite; mtet, metanepisternum; mtv, metaventrite; mtvp,
metaventral process.
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40.

41.

42.

43.
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terminals of Anemadini and Cholevini included
here, and in few representatives of Leptodirini.
Mesoventral process: (0) extending to middle
region of mesocoxae (e.g. Fig. 9a); (1) extending
beyond middle region of mesocoxae, not reach-
ing posterior edge of mesocoxal cavities (e.g.
Fig. 9¢); (2) extending beyond posterior edge of
mesocoxal cavities but not reaching midlength
of metaventrite; (3) extending to or beyond
midlength of metaventrite (Fig. 11b). The
mesoventral process surpasses the middle region
of the mesocoxae but does not reach the poste-
rior limits of the mesocoxal cavities in Orito-
catopini, most Ptomaphagini, Sciaphyes and
some Leptodirini. The same applies to most
Camiarinae examined. In Baryodirus (Perreau,
2000: fig. 2), Ptomaphaminus, Proptomaphaginus
and different leptodirines, the mesoventral pro-
cess extends beyond the posterior edge of the
mesocoxal cavities but does not reach the mid-
length of the metaventrite. The mesoventral
process is distinctly elongated in Bathysciotes,
Breuilia,  Neobathyscia,  Pholeuonidius — and
Quaestus, reaching or surpassing the midlength
of the metaventrite. The character is not appli-
cable if the mesocoxal cavities are contiguous
(Ch39(1)) or if the mesoventral process is com-
pletely fused to the metaventral process or
metaventrite (41(3)).

Mesoventral and metaventral processes (modi-
fied from Lawrence et al., 2011: Chl84): (0)
overlapping with metaventrite ventrad of
mesoventrite (e.g. Figs 9a and 10b); (1) meeting
at point or abutting; (2) fused but with a visible
suture or line between them (Fig. 10a); (3)
solidly fused without visible suture or line. The
mesoventral process overlaps with the metaven-
tral process or metaventrite in most studied
taxa. These structures abut one another without
overlap in Scotocryptus and Zeadolopus. The
mesoventral process is fused with the metaven-
tral process or metaventrite in the leptodirine
genera Albaniola, Speonesiotes and Speonomus,
and the same applies to Dietta and Colenisa,
although a transverse line is visible between
both structures in these two taxa. The character
is not applicable if the mesocoxal cavities are
contiguous (Ch39(1)).

Distance between mesocoxal cavities (modified
from Lawrence et al., 2011: Ch180): (0) up to 1/
4 of shortest diameter of coxal cavity (Fig. 9);
(1) more than 3/4 of shortest diameter of coxal
cavity (Fig. 10a). The mesocoxal cavities are
widely separated in Colenisia and Dietta only.
Apex of mesoventral process (modified from
Lawrence et al.,, 2011: Chl173): (0) acute or

44.

45.

46.

47.

48.

rounded (e.g. Figs 9a, e, and 10b); (1) truncate
(Fig. 10a). Truncate only in some members of
Leiodinae. Not applicable if the mesoventral
process is fused to the metaventral process or
metaventrite (Ch41(3)).

Impressions posterior to mesocoxal cavities: (0)
absent (e.g. Fig. 10a); (1) present (Fig. 10b). A
row of impressions is present on the metaven-
trite of Hydnodiaetus and Camiarus, close and
parallel to the posterior edge of the mesocoxal
cavities.

Transverse groove of metaventrite anterior to
metacoxal cavity: (0) present (e.g. Fig. 9b, ¢);
(1) absent (e.g. Fig.9a). A transverse
metaventral groove is present in front of the
metacoxae of different groups of Coleoptera,
including Leiodidae. The groove never crosses
the midline of the metaventrite and there is
no evidence that this is a remnant of the
metakatepisternal suture (see Lawrence et al.,
2011). It is absent in Eucatopini, Ptomapha-
gini, Sciaphyini and many Leptodirini. It is
also indistinct externally in Nargomorphus,
Nargus and FEocatops. Among the outgroup
taxa, this feature was absent in Leptinus,
Catopocerus, and some members of Camiari-
nae and Leiodinae.

Posterior edge of mesocoxal cavity: (0) not
widened (e.g. Fig. 9a—¢); (1) distinctly widened
(Figs 9f and 11). The posterior edge of the
mesocoxal cavities is characteristically widened
in Leptodirini, with few exceptions. A similar
condition is present in Sciaphyes and in mem-
bers of Anemadina examined.

Metanepisternum (mtet): (0) distinctly visible in
ventral view [i.e. metathoracic anapleural suture
(mtas) distinctly visible; e.g. Fig. 9b—e]; (1) very
slender or not visible (i.e. metathoracic anapleu-
ral suture indistinct or located close to the
anterolateral and lateral edge of metaventrite;
e.g. Fig. 9f). Very slender or not visible in ven-
tral view in Eucatopini, Sciaphyini and Lep-
todirini. A similar modification occurs in
Leptinus and in some Leiodinae.

Metaventral suture originating at lateral edge of
mesocoxal cavity (Gnaspini, 1996: Ch 1): (0)
absent (e.g. Fig. 9a-d); (1) present (Fig. 9e:
mc). Present in Eocatops, Nemadina and Pto-
maphagini, with the metaventral carina extend-
ing posteriorly to about half the length between
the posterior edge of the metaventrite and the
lateral edge of the mesocoxal cavity. This char-
acter is possibly linked with character 46. The
condition found in Platycholeus, Breuilia, Noti-
docharis, Pseudoboldoria, Quaestus (Fig. 11b)
and Sciaphyes is presumably a combination of
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Fig. 11. Pterothorax, ventrolateral view. (a) Anemadus acicularis (Anemadini). (b) Quaestus arcanus (Leptodirini). pcm, posteromesal corner of
mesepimeron.

49.

the presence of a metaventral carina with the
widening of the posterior edge of the mesocoxal
cavities. This condition was coded as (1) for
both characters (46 and 48).

Metaventral process (mtvp): (0) bifid (e.g.
Fig. 9f); (1) single (e.g. Fig. 9¢). The posterior
intercoxal process of the metaventrite is undi-
vided in most taxa of Cholevinae. The same
condition is present in Leptinus and some mem-
bers of Camiarinaec and Leiodinae. The
metaventral process is bifid in Sciaphyini and
Leptodirini, resulting in a wider separation of
the metacoxae. It is weakly developed in Scia-
phyes, but distinctly elongated in Albaniola, Bes-
kovia and Speonesiotes. It widely separates the

50.

51

metacoxae in Anthroherpon, Antrosedes, Astago-
bius,  Elladoherpon,  Leptodirus,  Pholeuon,
Remyella and Speoplanes. The condition found
in Hadesia was interpreted as bifid even though
the intercoxal process is very superficially emar-
ginate medially.

Metaventral fovea: (0) absent; (1) present.
Within our taxonomic sampling, a median
setose fovea is only present on the metaventrite
of Decuria and Dietta.

Metaventral longitudinal carina: (0) absent; (1)
present (e.g. Fresneda et al., 2011: fig. 24). A
median longitunidal carina extending along the
metaventrite is only present in Catopocerus and
Sciaphyes.
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Parasutural stria: (0) absent; (1) present. Present
in most tribes of Cholevinae, lacking in Scia-
phyini and many Leptodirini.

Dorsal surface: (0) with impressed and punctate
longitudinal striae (Fig. 12a, e); (1) with punc-
tate longitudinal striae (Fig. 12b, f); (2) with
transverse strigae (Fig. 12¢, g); (3) without dis-
tinct striae or strigae (Fig. 12d, h). Within
Cholevinae, the dorsal suface of elytra is char-
acterized either by parallel rows of transverse
strigac (with the pubescence aligned below
them) or distinct striac and strigae are absent.
The former pattern is present in several chole-
vine subgroups including many members of
Anemadini, Eucatops sp. 1, Oritocatopini, Pto-
maphagini, some Leptodirini and Sciaphyini. In
Cholevini and most Leptodirini, the elytral sur-
face is devoid of distinct striae and strigae. The
same applies to Eucatops sp. 2, Nargiotes and
Nargomorphus. This condition does also occur
in Catopocerinae, Platypsyllinae and within
Leiodinae. Punctate elytral striae are present in
some representatives of Camiarinac and

54.

55.

56.

Leiodinae, while impressed punctate striae are
characteristic for Zeanecrophilus.

Pubescence: (0) glabrous or with scattered short
setae  (Fig. 12a, b); (1) densely pubescent
(Fig. 12¢, d). The dorsal surface of the elytra in
Cholevinae is densely pubescent, with a few
exceptions within Leptodirini. Pubescent elytra
do also occur in Platypsyllinae and most Cami-
arinae. In contrast, short scattered setae are
present on the elytral surface of Catopocerinae
and most Leiodinae.

Minute setae: (0) absent (e.g. Fig. 13d-f); (1)
present (e.g. Fig. 13a—). In addition to the
macropubescence that cover the elytra of
Cholevinae, very short setae are present on the
elytral surface in almost all studied members of
Anemadini and Cholevini; it is absent in Para-
catops antipoda and Rybinskiella. Similar short
setae were noticed in Eupelates.

Distribution of minute setae: (0) irregular
(Fig. 13c); (1) arranged in transverse lines (e.g.
Fig. 13a, b). Not applicable if the minute setae
are absent (Ch55(0)). The minute setae are
organized in parallel transverse rows along the
elytral surface in Cholevinus, Prionochaeta and
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Fig. 12. Elytra, dorsal view. (a, e) Zeanecrophilus prolongatus (Agyrtidae). (b, f) Neopelatops edwarsi (Camiarinae). (c, g) Nemadus sp. (Anema-

dini). d,

h) Eucatops sp. 2 (Eucatopini).



57.

S8.

Legs.

59.

Caio Antunes-Carvalho et al. | Cladistics 0 (2017) 1-41 19

%20 pm

most Anemadini. This condition was recorded
by Fresneda et al. (2011) in Speonemadus
clathratus as ‘transverse strioles’.

Minute spine-like cuticular protuberances: (0)
absent (e.g. Fig. 13a, d); (1) present (Fig. 13e).
Tiny spine-like cuticular protuberances emerge
from the dorsal surface of the elytra in Chap-
puisiotes and a few leptodirines.

Dorsal surface: (0) smooth (e.g. Fig. 13d); (1)
microsculptured (e.g. Fig. 13e, ). An imbricate
microsculpture characterizes the dorsal elytral
surface in Chappuisiotes, Nemadina and various
Leptodirini. The elytra of Leptinus and Sco-
tocryptus also exhibit this feature (less clearly in
the latter taxon). In some cases, the microsculp-
ture is very superficial, rendering it difficult to
visualize such characteristic.

Number of protarsomeres in the female (Fres-
neda et al., 2011: Chll): (0) five; (1) four; (2)
three. The tribe Leptodirini has been morpho-
logically supported as monophyletic based on
the reduction of the number of tarsomeres
(from five to four) in the female protarsi (Jean-
nel, 1936; Giachino et al., 1998; Newton, 1998;
Fresneda et al., 2011). All other groups of
Cholevinae include females with pentamerous
protarsi, except for the monotypic Baryodirina,
with four protarsomeres in the single female
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Fig. 13. Detail of elytral surface, dorsal view. (a) Dissochaetus vanini (Anemadini). (b) Prionochaeta harmandi (Cholevini). (c) Catops fuliginosus
(Cholevini). (d) Afrocatops (Oritocatopini). (e) Chappuisiotes lobeliae (Oritocatopini). (f) Quaestus arcanus (Leptodirini).

known (Perreau, 2000). Scotocryptus has three
tarsomeres in the female protarsi (as is the case
of all Scotocryptini; e.g. Newton, 1998). Several
cases of reduction in the number of tarsomeres
are recorded within Leiodidae (e.g. Newton,
1998), but tetramerous protarsi are recorded
only in the taxa cited above.

Mesotarsus of male (modified from Fresneda
et al., 2011: Ch12): (0) expanded (Fig. 14a); (1)
not expanded (Fig. 14b). Dilated mesotarsomeres
are present in Zeanecrophilus and in different taxa
of Leiodidae. In Cholevinae, this feature is
observed within Anemadini and Cholevini.

Meso- and metatibial ventral spurs (modified
from Fresneda et al., 2011: Chl3): (0) simple
(Fig. 15a—); (1) pectinate or multi-toothed lat-
erally (Fig. 15d—i). Pectinate or polytoothed
ventral spurs occur in most Anemadini and
Cholevini, and in all Leptodirini examined
except for Platycholeus and Hadesia. At a first
glance, the pectinate spurs seem distinguishable
from the multi-toothed condition, but continu-
ous intermediate states occur. The pectinate
condition was also documented in Sciaphyes.
Surface of meso- and metatibial ventral spurs:
(0) devoid of spines (e.g. Fig. 15a, f, g, 1); (1)
densely covered by spines (Fig. 15d, ¢). In addi-
tion to the modifications of the lateral edge (see
Ch61), spines along the ventral surface of the
meso- and metatibial ventral spurs can occur.
This condition is present in a few species within
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Fig. 14. Mesotarsi of males, ventral view. (a) Falkocholeva sp. (Anemadini). (b) Eocatops ophidianus (Anemadini).

63.

Anemadini (Eocatops, Falkocholeva and Para-
catops) and Cholevini (Cholevinus and  Pri-
onochaeta).

Pore plates on terminal tarsomere: (0) absent;
(1) present (Fig. 16). A set of minute pore
plates is present on the cuticular surface of the
terminal tarsomere of Leptodirini. They were
found in members of all leptodirine subtribes,
except for Platycholeina and Spelacobatina. The
pore plates are mostly arranged on the lateral
and dorsal surfaces of the terminal tarsomere,
usually close to the base of the setae covering
this distal leg segment. Similar structures were
documented by Betz (2003) on the tarsi of Ste-
nus (Staphylinidae). Betz (2003) showed the
association of the pore plates with a unicellular
gland of uncertain function, but potentially
related to the tarsal adhesive performance.
Mainly due to its very small size, the pore
plates may be easily overlooked. Its function in
leptodirines remains unknown.

Pretarsus and distal margin of the terminal tarsomere.

64. Medial projection of terminal protarsomere

(modified from  Antunes-Carvalho and

65.

Gnaspini, 2016: Chl): (0) weakly developed
(Fig. 17a); (1)  trapezoid/triangular  (e.g.
Fig. 17b); (2) paired (e.g. Fig. 17c: mpp). A pair
of distinct triangular projections is present at
the ventral margin of the terminal tarsomere of
Leptodirini, Ptomaphagini, Nemadina, Nargo-
morphus and Nargus. In some species, a few
small teeth or a third medial projection are pre-
sent at the margin between the two main pro-
jections. The terminal tarsomere bears a
trapezoid/triangular process in the other leio-
dids examined. In contrast to these patterns,
distinct projections are lacking at the distal
margin of the terminal tarsomere of Beskovia
and Hadesia, similar to a condition found in
Zeanecrophilus.

Oblique row of spines (rsmp) of medial projec-
tion of terminal protarsomere (Antunes-Car-
valho and Gnaspini, 2016: Ch2): (0) absent (e.g.
Fig. 17a, c); (1) present (Fig. 17b: rsmp). A
diagonal row of spines is present on the medial
projection of the terminal protarsomere in at
least one species of most cholevine tribes. It
occurs in Afrocatops, Eucatops, Paracatopina,
most Eunemadina (absent in Nargiotes), most
Catopina  (absent  in Cholevinus ~ and
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Fig. 15. Mesotibial ventral spurs. (a) Eucatops sp. 1 (Eucatopini). (b) Amplexella dimorpha (Ptomaphagini). (c) Platycholeus leptinoides (Lep-

todirini). (d) Eocatops ophidianus (Anemadini). (e) Prionochaeta opaca (Cholevini). (f) Catops fuliginosus (Cholevini). (g) Dellabefaela roccae (Lep-
todirini). (h) Quaestus arcanus (Leptodirini). (i) Sciaphyes sibiricus (Sciaphyini).
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Fig. 16. Pore plates in the terminal tarsomeres of Leptodirini. (a: arrows, b) Aphaobius milleri. (c) Anthroherpon hoermani. (d) Ravasinia lonae.
(e) Apholeuonus longicollis. (f) Astagobius angustatus. (g) Antrocharis querilhaci.
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Fig. 17. Pretarsus of foreleg, ventral view. (a) Zeanecrophilus prolongatus (Agyrtidae). (b) Apocatops monguzi (Cholevini). (c) Dellabefaela roccae
(Leptodirini). mpp, paired medial projections of the terminal tarsomere; rsmp, oblique row of spines on the medial projection of the terminal tar-

somere.

66.
67.
68.

Fig. 18. Pretarsi, ventral view. (a) Chappuisiotes lobeliae (Orito-

catopini), foreleg. (b) Afrocatops sp., hind leg (Oritocatopini). esc,

empodial esclerite; est, empodial seta; slp, spine-like projection close

to the lateral margin of the terminal tarsomere. 69.

Rybinskiella), Prionochaeta, Nemadus (spines
vertically organized) and Ptomaphagus sericatus.
This condition also occurs within Camiarinae,

in Neopelatops, and in Decuria, Hydnodiaetus
and Dietta within Leiodinae. The spines are
arranged as a cluster in some of these taxa, but
more commonly in a row. They are lacking in
Leptodirini and Sciaphyini.

Medial projection of terminal meso- and
metatarsomere (modified from Antunes-Car-
valho and Gnaspini, 2016: Chl): (0) weakly
developed; (1) trapezoid/triangular; (2) paired
(mpp). The shape of the ventral margin of the
terminal meso- and metatarsomere is generally
similar to that of the protarsomere, with a few
exceptions: the medial projection of the meso-
and metatarsomere is paired in Eucatops sp. 2
(triangular on the protarsomere), and has a
trapezoid shape in Nargomorphus and Nargus
(paired on the protarsomere).

Oblique row of spines (rsmp) of medial projec-
tion of terminal mesotarsomere: (0) absent; (1)
present. A diagonal row of spines is present on
the terminal protarsomere of members of many
cholevine groups, but only on the terminal
mesotarsomere of Falkocholeva, Paracatopina
and Apocatops. This condition is also present in
the outgroup taxa Neopelatops, Decuria and
Dietta.

Oblique row of spines (rsmp) of medial projec-
tion of terminal metatarsomere: (0) absent; (1)
present. Only present in Neopelatops, Decuria
and Dietta.

Spine-like projection close to lateral margin of
terminal meso- and metatarsomere (Antunes-
Carvalho and Gnaspini, 2016: Ch3): (0) absent
(e.g. Fig. 19); (1) present (Fig. 18b: slp). Afro-
catops and Eucatops are the only cholevine taxa
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showing this feature. It is also present in Decu-
ria, but not in the other outgroup taxa.

Dorsal flattened seta in the distal margin of ter-
minal protarsomere: (0) absent; (1) present.
Only present in the species of Paulipalpina (see
Antunes-Carvalho and Gnaspini, 2016: fig. 9H:
dfs).

V-shaped depression at distal extension of
unguitractor plate (Antunes-Carvalho and
Gnaspini, 2016: Ch4): (0) absent (e.g. Fig. 19b);
(1) present (Fig. 19a). A medial V-shaped
depression is present on the distal extension of
the unguitractor plate in all members of Ptoma-
phagini. It extends to the base of the empodial
sclerites. The distal extension of the unguitrac-
tor plate is smooth in the remaining studied
cholevines and in the outgroup taxa, with the
exception of Cholevinus and Zeanecrophilus,
where cuticular protuberances are present.

Tuft of setae of empodium: (0) absent; (1) pre-
sent. Only present on the empodium of species
of Paulipalpina (see Antunes-Carvalho and
Gnaspini, 2016: fig. 9J: tf).

Median sclerite (ms, Antunes-Carvalho and
Gnaspini, 2016: Ch5): (0) not incised medially
(e.g. Fig. 20a, b); (1) divided by median incisure
(Fig. 20c—e). The pretarsus of Eunemadina and
Paracatopina is characterized by a medial inci-
sion dividing the median sclerite. The same fea-
ture is present in Nemadus and Ptomaphagus
sericatus. The median sclerite is not incised in
other leiodids examined.

Ventral projection of empodial sclerites: (0)
absent (e.g. Fig. 22g); (1) present (Fig. 22h:
pesc). A ventrally directed projection is present

I
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Fig. 19. Unguitractor plate of middle leg, ventral view. (a) Parapaulipalpina sp. (Ptomaphagini). (b) Prionochaeta opaca (Cholevini). deup, distal
extention of unguitractor plate; up, unguitractor plate.

i

on the empodial sclerites of Elladoherpon, Para-
bathyscia and Leptinus, dorsad of the base of
the empodial setae. The projection has a
pointed tip in Elladoherpon and Parabathyscia,
while it is subtriangular in Leptinus.

Lateral expansion of empodial sclerites: (0)
absent (e.g. Fig. 20a—d); (1) present (Fig. 20e).
Laterally expanded empodial sclerites occur
only in Nargiotes and Nargomorphus.
Connection between empodial sclerites (esc) and
median sclerite (ms) (Antunes-Carvalho and
Gnaspini, 2016: Cho6): (0) fused (e.g. Fig. 20b,
c); (1) separated by incision (Fig. 20d, e). The
empodial sclerites are fused to the median scle-
rite in all studied taxa, with the exception of
Eunemadina and Paracatopina.

Connection between empodial sclerites (esc) and
empodial setae (est) (Antunes-Carvalho and
Gnaspini, 2016: Ch7): (0) articulated (Fig. 18);
(1) at least partly fused (e.g. Fig. 20). Within
Cholevinae, the pretarsi of Eucatopini and Ori-
tocatopini are easily recognizable by the well-
defined articulation between the empodial setae
and empodial sclerites. This condition is also
present in Agyrtidae and in the leiodid subfami-
lies Camiarinae, Catopocerinac and Platypsylli-
nae.

Arrangement of empodial setae (est) (Antunes-
Carvalho and Gnaspini, 2016: Ch8): (0) side-by-
side (e.g. Fig. 21a, b); (1) twisted (e.g. Fig. 21c,
d). Two empodial setae are placed diagonally or
vertically relative to one another in Old-World-
Leptodirini, with the exception of Anthroher-
ponina and Notidocharis, where the two empo-
dial setae are arranged side-by-side like in all
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Fig. 20. Empodium. (a, b) Adelopsis leo sp. (Ptomaphagini). (c)
Ptomaphagus sericatus (Ptomaphagini). (d) Pseudonemadus cheesmani
(Anemadini). (e) Nargiotes leptocerus (Anemadini). esc, empodial
sclerite; est, empodial seta; ms, median sclerite.

79.

other leiodid groups examined. This character is
not applicable when only a single seta is present
(Ch80(1)). It is the case of Beskovia and the
Nearctic Platycholeus.

Empodial setae (est) (Antunes-Carvalho and
Gnaspini, 2016: Ch9): (0) not fused at base (e.g.
Fig. 21a, b); (1) fused at base (e.g. Fig. 21c¢, d).
Potentially related to the previous character.
The empodial setac are basally fused in all Old-
World-Leptodirini, with the exception of

80.

81.

82.

83.

84.

85.

members of Anthroherponina, probably due to
reversal. This derived condition is exclusively
found in Leptodirini, but it is uncertain whether
the fusion of the empodial setae has originated
in the Palaearctic branch of the tribe, or if it is
a ground plan feature of leptodirines with sec-
ondary loss of the outer empodial seta in Platy-
choleus. The character is not applicable if only
a single seta is present (Ch80(1)).

Outer empodial seta (est): (modified from
Antunes-Carvalho and Gnaspini, 2016: Ch10):
(0) present, in some cases distinctly reduced but
recognizable (e.g. Fig. 21); (1) absent (Fig. 22a,
b). A pair of empodial setae is present in almost
all species examined here. The outer empodial
seta is lacking in the leptodirine genera Platyc-
holeus and Beskovia, and within Camiarinae in
Camiarus.

Outer empodial seta (est): (modified from
Antunes-Carvalho and Gnaspini, 2016; Ch10):
(0) normally sized (including cases of asymme-
try; e.g. Fig. 21); (1) minute (Fig. 22a-h); (2)
knob-like structure (Fig. 22i, j). Not applicable
if the outer empodial seta is absent (80(1)). A
drastic reduction of the outer empodial scta
probably took place independently more than
once within Cholevinae, reflecting at least two
distinct morphological patterns. In Cholevina
(excl. Prionochaeta), only a small knob-like
structure is present, possibly constituting the
outer empodial sclerite. Within Pholeuina, a
minute, cryptic outer empodial seta occurs in
eight of the 16 species studied.

Inner empodial seta of foreleg: (0) subcylindri-
cal; (1) strongly flattened. Only present in
Ptomaphaminus (see Antunes-Carvalho and
Gnaspini, 2016: fig. 9L: est). This long and very
strongly flattened seta, which is also present on
the middle legs of Ptomaphaminus, is similar to
the one inserted on the middle and hind legs of
Paulipalpina and on the hind legs of Baryodirus
(see next characters).

Inner empodial seta of middle leg: (0) subcylin-
drical; (1) strongly flattened. Present in
Ptomaphaminus and Paulipalpina.

Inner empodial seta of hind leg: (0) subcylindri-
cal; (1) strongly flattened. Only present in Pauli-
palpina (see Antunes-Carvalho and Gnaspini,
2016: fig. 91, K: est) and Baryodirus (see Per-
reau, 2000: fig. 10).

Dorsal surface of claws: (0) scale-like (Fig. 24a);
(1) grooved (e.g. Fig. 24b); (2) smooth (e.g.
Fig. 24c, d). Longitudinal grooves are almost
generally present on claws of cholevine taxa.
However, they are missing in Sciaphyes and the
Old-World-Leptodirini (excl. Notidocharis). The
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Fig. 21. Pretarsi of Leptodirini. (a, b) Ventral and frontal view of Hadesia vasiceki, respectively. (¢) Canavesiela lanai. (d) Aphaobius milleri. cl,
claw; est, empodial seta.

86.

87.

88.

same applies to some outgroup taxa, such as
Camiarus, Catopocerus and Leiodinae. The sur-
face is scale-like in Zeanecrophilus.

Row of strong teeth (tc) at basolateral margin
of claw (Antunes-Carvalho and Gnaspini, 2016;
Chll1): (0) absent (e.g. Fig. 23b, d); (1) present
(e.g. Fig. 23a: tc). The row of teeth is present in
Dissochaetus, Pseudonemadus and Ptomaphagin-
ina. Based on differences in shape and position,
we consider these teeth as structures not homol-
ogous with the spines on the dorsolateral sur-
face of the claws of Ptomaphagina, despite their
superficial similarity. Based on figures provided
by Perreau (2000: figs 8-10), the row of teeth
also occurs in Baryodirus, more distinctly on
the forelegs.

Long, lateral spines close to base of claws (sbc)
(Antunes-Carvalho and Gnaspini, 2016: Ch12):
(0) absent (e.g. Fig. 23a, b); (1) present
(Fig. 23d: sbc). A long, ventrally projecting
spine close to the basolateral margin of the
claws was recently described in Cholevina (excl.
Prionochaeta) by Antunes-Carvalho and Gnas-
pini (2016). Here we detected the same feature
in Sciaphyes, possibly independently acquired.
The spine is absent in all other species investi-
gated.

Set of spines on dorsolateral surface of claws
(sle) (Antunes-Carvalho and Gnaspini, 2016:

89.

90.

91.

Ch13): (0) absent; (1) present (Fig. 23b: slc).
See discussion in character 86. Some thin spines
(usually two) protrude from the dorsolateral
surface of the base of the claws in members of
Ptomaphagina. We found a similar condition in
Micronemadus.

Set of small spines on dorsal surface of base of
claws (sdc) (Antunes-Carvalho and Gnaspini,
2016: Chl4): (0) absent; (1) present (Fig. 23c:
sdc). Small spines emerge from the dorsomedial
surface near the transition zone between claws
in Ptomaphagini. Similar spines were encoun-
tered in Micronemadus, but not in any other
species treated here.

Transverse groove on claws (tgc) (Antunes-Car-
valho and Gnaspini, 2016: Chl15): (0) absent
(e.g. Fig. 24a, b); (1) present (Fig. 24c, d: tgc).
The claws of Sciaphyes and Leptodirini are
characterized by an unusual transverse groove
on the dorsal surface of the proximal part,
extending over about one-fifth to one-third of
the entire length. Distally the claws are usually
somewhat flattened and have a smooth or (less
often) crenulated surface. Sometimes the groove
is very shallow and scarcely visible. Among the
leptodirines here included, this feature is only
missing in Platycholeus and Hadesia.

Paired pad-like structure below claws: (0)
absent; (1) present. A membranous, pad-like
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Fig. 22. Pretarsal structures. (a) Pretarsus of middle leg in Platycholeus leptinoides (Leptodirini), ventral view. (b) Pretarsus of hind leg in the
same species, ventrolateral view. (c¢) Ventral and (d) dorsal view of empodial setae in Notidocharis ovoideus (Leptodirini). (e) Pretarsus of foreleg
in Antrocharis querilhaci (Leptodirini), ventral view. (f) Pretarsus of foreleg in Paratroglophyes jeanelli (Leptodirini), ventral view. (g) Empodial
setae of foreleg in Paraspeonomus vandeli (Leptodirini), lateral view. (h) Empodial setae of hind leg of Parabathyscia ligurica (Leptodirini), fron-
tal view. (i) Ventral and (j) frontal view of pretarsus of hind leg in Catopsimorphus orientalis (Cholevini). White arrows (c—h) indicate the minute
outer empodial seta found in some species of Leptodirini. Black arrows (i, j) indicate the characteristic knob-like structure present in most mem-
bers of Cholevina. cl, claw; est, empodial seta; pesc, ventral projection of the empodial sclerite.

structure below the claws is a putative autapo- Abdomen and aedeagus.

morphy of Leptinus. The pad below the outer

claw of the middle leg is somewhat reduced and 92. Longitudinal carina on first abdominal ventrite:
not present below the outer claw of the hind (0) absent; (1) present. The median longitudinal

legs. carina occurs only in Sciaphyes (see Fresneda
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Fig. 23. Armature of claws. (a) Pseudonemadus cheesmani (Anemadini), lateral view, foreleg. (b) Ptomaphagus sericatus, lateral view, foreleg. (c)
Adelopsis leo (Ptomphagini), frontal view, middle leg. (d) Sciaphyes sibiricus (Sciaphyini), lateral view, hind leg. cl, claw; sbc, lateral spines close
to the base of the claws; sdc, spines on the basal dorsal surface of the claws; slc, spines on the basolateral surface of the claws; tc, row of strong
teeth at the basolateral margin of the claws.

93.

94.

95.

96.

et al., 2011: fig. 20). It has been used as a diag-
nostic feature of the genus. The carina is
aligned with the median carina extending along
the meso- and metaventrite.

Symmetry of apical region of penis: (0) symmet-
ric (e.g. Fresneda et al., 2011; fig. 54); (1) asym-
metric (e.g. Gnaspini and Peck, 2001; fig. 7;
Fresneda et al., 2011; fig. 55). Characteristically
asymmetric in ptomaphagines, except Peckena
(not studied here; see Gnaspini, 1996).

Basal lamina of aedeagus: (0) absent (e.g. Fres-
neda et al., 2011; fig. 56); (1) present (e.g. Fres-
neda et al., 2011: fig. 54). Present in most
cholevines, from poorly to strongly developed.
The basal lamina is missing in Ptomaphagini.
Apex of parameres (Fresneda et al., 2011: Ch
22): (0) not tapering towards acuminate apex
(e.g. Fresneda et al., 2011: fig. 53); (1) tapering
towards acuminate apex (e.g. Giachino and Vai-
lati, 1987: fig. 8). The parameres of all members
of Catopina are very slender, tapering towards
a fine point. Not applicable if parameres are
strongly reduced (e.g. Zeanecrophilus).
Parameres: (0) fused to aedeagus (e.g. Fresneda
et al., 2011: figs 55, 56); (1) free, not fused to

97.

aedeagus (c.g. Fresneda et al., 2011: figs 53, 54,
57). The male copulatory apparatus of Ptoma-
phagini is characterized by parameres firmly
attached to the entire length of the wall of the
aedeagus. The parameres are free in the other
species. Not applicable if parameres are
strongly reduced (e.g. Zeanecrophilus).

Ventral lamella of tegmen (modified from Fres-
neda et al., 2011: Ch 25): (0) present (e.g. Fres-
neda et al.,, 2011: figs 8, 10); (1) absent (e.g.
Gnaspini, 1996: figs 60, 61). The tegmen of
most leiodids is formed by a ventral lamella sur-
rounding the penis as a hyaline band. The
length of this structure varies among taxa, from
weakly developed (e.g. Anemadina, Microne-
madus and several leptodirines) to very large
(e.g. Nemadus and Sciaphyini). It is potentially
homologous to the ‘basal piece’ of Zeanecro-
phillus. The ventral lamella is lacking in Eucato-
pini, Paracatopina and Ptomaphagini.

Phylogenetic analysis

The heuristic search with equal weights of characters
yielded 843 most parsimonious trees of 438 steps, with
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Fig. 24. Claws, dorsal view. (a) Zeanecrophilus prolongatus (Agyr-
tidae), foreleg. (b) Platycholeus leptonoides (Leptodirini) middle leg.
(¢) Sciaphyes sibiricus (Sciaphyini), middle leg. (d) Paratroglophyes
Jeanelli (Leptodirini), middle leg. tgc, transverse groove in the claw.

a consistency index (CI) of 0.25 and a retention index
(RI) of 0.80. The strict consensus tree (CI 0.21, RI
0.75) with Bremer support values for each branch is
shown in Fig. 25. Most nodes received low nodal sup-
port. Cholevinae was recovered as monophyletic and
sister to Agyrtodes. Oritocatopini plus Eucatopini were

recovered as sisters to the remaining Cholevinae, with
Eucatops nested within Oritocatopini. Within Cholev-
inae minus Eucatopini + Oritocatopini, Eunemadina
was recovered as a polyphyletic assemblage of four
individual branches placed in a polytomy with the rest
of the taxa. Paracatopina was sister to Falkocholeva.
Anemadina was recovered as a sister group of Chole-
vini, the latter monophyletic with the exclusion of
Cholevinus. Catopina and Cholevina were almost
mutually monophyletic, except for the exclusion of
Cholevinus from the former and of Prionochaeta from
the latter. The grouping of Cholevini (Cholevinus
excluded) plus Anemadina was placed in a trichotomy
containing Cholevinus and a broad clade comprising
the rest of Cholevinae. Within this clade, Ptomapha-
gini was monophyletic, as well as its constituent sub-
tribes Ptomaphagina and Ptomaphaginina. Leptodirini
was monophyletic except for the inclusion of Scia-
phyes, which formed a trichotomy with Platycholeus
and the Old World Leptodirini. The grouping
Ptomaphagini + Sciaphyini + Leptodirini was placed
in a trichotomy with Micronemadus and Nemadus, and
this entire clade was recovered as sister to FEocatops.
The additional analysis including Baryodirus recovered
this genus within Ptomaphagini and close to Prop-
tomaphaginus and  Ptomaphaminus  (i.e. inside
Ptomaphaginina; see  Supporting  Information,
Appendix S2).

The implied weighting analysis resulted in 76 most
parsimonious trees. The strict consensus tree depicted
in Fig. 26 is mostly compatible with that obtained
with equal weighting. Major topological differences
are: (1) the inclusion of Leptinus within Cholevinae as
sister to the clade comprising all cholevine taxa minus
Oritocatopini + Eucatopini; (2) the recovery of Eune-
madina as monophyletic (with Paracatopina included);
and (3) the change of position of Anemadina, Pri-
onochaeta and Cholevinus. Furthermore, Sciaphyini
was placed as sister to Leptodirini. Therefore, the lat-
ter tribe was found to be monophyletic, with Platyc-
holeus as the sister taxon of all Old World
leptodirines. As in the equal weighthing analysis, most
nodes were weakly supported; as a whole, nodes with
high support in the previous analysis had similarly
strong support under implied weighting.

The overall topology obtained with the Bayesian
approach (Fig. 27) was largely in agreement with the
results of the parsimony analyses. Main topological
changes in relation to the equal weighting analysis
include: (1) the placement of Rybinskiella and Pri-
onochaeta in a polytomy containing Catopina (Rybin-
skiella excluded) and Cholevina (Cholevinus and
Prionochaeta excluded); (2) the collapse of the node
that in the parsimony analysis supported the sister-
group relationship between Ptomaphagini and Scia-
phyini + Leptodirini; and (3) the position of Sciaphyes,
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Fig. 25. Strict consensus tree derived from the parsimony analysis with equal weights. Node values represent Bremer support. Colours in tree
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yellow = Sciaphyini, blue = Leptodirini.
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Fig. 26. Strict consensus tree derived from the parsimony analysis with implied weights. Node values indicate the frequency of GC groups
derived from symmetric resampling. Non-homoplastic changes in character states are represented with black circles, homoplastic changes with

white circles.
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Fig. 27. Majority consensus rule tree obtained in the Bayesian analysis. Numbers on nodes are posterior probabilities (nodes with a P < 0.5 are
collapsed). Colours in tree correspond to tribes of Cholevinae (as in Fig. 25).
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which was retrieved within Leptodirini and placed in a
trichotomy containing Notidocharis and the rest of the
Old World leptodirines. Nodal support values are
shown in Fig. 27.

Discussion

The monographic work of Jeannel (1936) was prob-
ably the first to address cholevine systematics with a
phylogenetic scheme of argumentation. Since then
multiple hypotheses of suprageneric relationships have
been postulated by different authors (e.g. Perreau,
1989; Giachino and Vailati, 1993; Giachino et al.,
1998; Newton, 1998, 2016), in some cases producing
contrasting classifications. The presently most widely
accepted arrangement of the subfamily was proposed
by Newton (1998), who also provided a diagram of
inferred relationships using morphological characters.
However, none of these efforts was based on a formal,
i.e. numerical, cladistic approach. In recent years,
higher-level relationships in Cholevinae were addressed
in two studies based on molecular data. However, they
were either addressing more inclusive taxa (McKenna
et al.,, 2015), thus undersampling several leiodid lin-
eages, or focused on individual tribes (Fresneda et al.,
2011).

With the data set presented in our study, with all
presently described suprageneric taxa included, a for-
mal phylogenetic investigation of Cholevinae is possi-
ble for the first time. Aside from the monophyly of the
subfamily, the higher-level interrelationships and the
systematic validity of tribes and subtribes are of princi-
pal interest. Many of the relationships recovered by
our analyses are consistent with recent phylogenetic
studies (Fresneda et al., 2011; McKenna et al., 2015)
and with the earlier hypotheses based on informal
evaluations of morphological characters (e.g. Jeannel,
1936; Giachino et al., 1998; Newton, 1998). However,
some findings were unexpected and will be discussed in
the following.

Monophyly of Cholevinae

All analyses corroborated Cholevinae as a mono-
phylum, except for the surprising inclusion of Leptinus
in the topology with implied weights (Figs 25-27). The
cholevine clade was weakly supported in the parsi-
mony analyses, but strongly supported in the Bayesian
tree. Two potential synapomorphies derived from the
head capsule support the monophyly of the subfamily:
the posterodorsal border of the exposed cephalic part
abutting the anterior pronotal edge, and the presence
of a genal fold covering the posterior part of the com-
pound eyes. The monophyly of Cholevinae s.s. (i.e.
excluding Leptinus) implies that these features have

evolved independently in Leptinus; the second feature
also occurs in other staphyliniform lineages (e.g.
Hydraenidae: Jach et al., 2000; Beutel et al., 2003;
Hydrophiloidea: Beutel, 1994; Beutel et al., 2001;
Anton and Beutel, 2004), also apparently resulting
from an independent gain. Both cephalic characteris-
tics are secondarily absent in several species of Lep-
todirini, presumably as a result of morphological
changes related to subterranean habits.

The monophyly of cholevines has been challenged
twice in molecular studies, implying the exclusion of
Afrocatops in McKenna et al. (2015) and of Eucatops
in Fresneda et al. (2011). In contrast, the monophyly
was suggested by Newton (1998, 2016) based on infor-
mal evaluations of morphological characters. Potential
cholevine synapomorphies pointed out by Newton
(1998) are the far-reaching reduction (or even loss) of
the abdominal spiracle VIII and the presence of vesi-
cles (‘Hamann’s Organ’) on antennomeres 7, 9 and 10.
However, the same features occur in non-cholevine
leiodids—the former at least in Camiarinae and
Coloninae, while the latter may be found within
Coloninae, Leiodinae and Platypsyllinae (see e.g. Peck,
1977; Newton, 1998; Wheeler and Miller, 2005; Park
et al., 2014). The elytra lacking striac and the blunt
postcoxal hypomeral projection were also assessed as
probable synapomorphies by Newton (1998). These
interpretations were not confirmed by our analyses.
The absence of elytral striae was not treated as a single
character state here (see character 53), and the blunt
postcoxal hypomeral projection was recovered as a
synapomorphy of a more inclusive clade encompassing
Cholevinae, Agyrtodini and Camiarini.

Early diverging cholevines: Oritocatopini and Eucatopini

All analyses converged upon a basal dichotomy
between Oritocatopini + Eucatopini and the remaining
Cholevinae (with Leptinus included in the implied
weighting analysis; Figs 25-27). Chappuisiotes and
Afrocatops form a grade with respect to Eucatops.
Potential synapomorphies uniting these genera are the
oblique lateral opening of the procoxal cavity, a
slightly concave posterior mesepimeral margin and a
distinct acute angle formed by the posteromesal mese-
pimeral corner. A close relationship between Eucato-
pini and Ptomaphagini was initially proposed by
Jeannel (1936), and both have been allied to Orito-
catopini in current taxonomic treatments (e.g. Perreau,
1989; Giachino et al., 1998; Newton, 1998, 2016).
Characteristics used to group eucatopines and
ptomaphagines (in the erstwhile subfamily Eucatopi-
nae; see Jeannel, 1936) include the shared presence of
a tibial comb of spines and an incomplete tegmen with
parameres inserted directly on the aedeagus. However,
both features are weak evidence. The tibial comb of
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spines occurs in other leiodids and variations in this
feature require further investigation (the categorization
of varying arrangements of apical tibial spines is not
yet fully elucidated). Moreover, the homology between
the incomplete tegmen of each tribe is controversial
and probably resulted from independent reductions,
taking into account the different structural composi-
tion of the aedeagus in these groups (Gnaspini, 1994;
Newton, 1998). Therefore, our results corroborate the
close relationship between Eucatopini and Orito-
catopini, and refute the traditional hypothesis of phy-
logenetic  affinities  between  eucatopines  and
ptomaphagines (as indicated in Antunes-Carvalho and
Gnaspini, 2016), placing the latter as the sister lineage
of Sciaphyini + Leptodirini (see below).

Together with Sciaphyini (with only three species),
Eucatopini and Oritocatopini are the least diverse
tribes of Cholevinae, with 39 and 19 species, respec-
tively (Newton, 2016). These two taxa exhibit a unique
combination of plesiomorphies that distinguish them
from any other cholevines, such as the retention of an
elongate apical maxillary palpomere and the presence
of empodial setae distinct from the empodial sclerites.
A plesiomorphy added by Newton (1998) is the
retained and possibly functional spiracle on abdominal
segment VIII, in contrast to its absence in other chole-
vines. Interestingly, FEucatops and Afrocatops have
been retrieved outside the phylogenetic limits of
Cholevinae in the molecular studies of Fresneda et al.
(2011) and McKenna et al. (2015). This result could
be an artefact due to taxonomic undersampling. In
fact, the present phylogenetic analysis is the first to
include both Oritocatopini and Eucatopini in a data
matrix. Although their phylogenetic proximity has
already been suggested in the literature (e.g. Giachino
et al., 1998; Newton, 1998), the position of the
Neotropical Eucatopini within the African Orito-
catopini is unexpected and deserves further attention.

The monophyly of Fucatops, the only genus of
Eucatopini, is corroborated and strongly supported.
Derived characteristics of this monotypic tribe are the
absence of a hypostomal suture, the presence of a lon-
gitudinal ridge at the lateral margin of the mentum,
the truncate anterior clypeal portion, the short medial
notch at the posterior margin of the prosternal pro-
cess, the very slender metanepisternum and the
absence of a ventral lamella of the tegmen. All of them
also occur in other leiodids, but probably as results of
parallel evolution. A unique synapomorphy is the pres-
ence of a ventrally directed plate on the prosternum,
forming a precoxal coverage.

Within Cholevinae, the tribes Anemadini, Cholevini,
Ptomaphagini, Sciaphyini and Leptodirini formed a
clade in all analyses. The contiguous mesocoxal cavi-
ties, the presence of minute setac on the elytra, and
the fusion of the empodial sclerites and empodial setae

are some of the characters supporting this group,
although reversals occurred multiple times (e.g. non-
confluent mesocoxal cavities in Ptomaphagini, Scia-
phyes and most leptodirines). The pore plate on the
maxillary palp is an unusual character restricted to this
group. Pore plates were first described by Antunes-
Carvalho et al. (2017) in Catops, and have been found
in all cholevine tribes except Eucatopini and Orito-
catopini (not examined in Sciaphyini). Also in contrast
to Eucatopini and Oritocatopini, all other cholevines
share the reduced apical maxillary palpomere and the
presence of an occipital ridge, even though this struc-
ture has been lost in modified leptodirines. It remains
unclear, however, if both features have evolved inde-
pendently in Leptinus, or if they constitute synapomor-
phies of Leptinus plus Cholevinae (Eucatopini and
Oritocatopini excluded). In Fresneda et al. (2011),
both morphological and molecular data placed Lepti-
nus outside Cholevinae.

Systematic validity of Anemadini and Cholevini

A clade formed by Anemadini + Cholevini has been
suggested based on the broadly contiguous mesocoxal
cavities, a single apical tooth on the larval lacinia and
a strongly developed larval hypopharyngeal bar, with
hypopharyngeal muscle discs reduced or absent,
among other traits (Newton, 1998, 2016). However,
the sister group relationship of these tribes was refuted
in all analyses, as well as their respective monophyly
(Figs 25-27).

In this study all subtribes of Anemadini were sam-
pled for the first time in a phylogenetic analysis. Ane-
madini was consistently recovered as polyphyletic.
Under equal weighting and Bayesian inference the gen-
era of Eunemadina were subdivided into four individ-
ual lineages, placed in a polytomy with an extensive
clade comprising the rest of cholevine taxa (excluding
Eucatopini and Oritocatopini). One of the groupings
was composed of Falkocholeva + Paracatopina. In the
analysis with implied weighting, however, the con-
stituents of both Eunemadina and Paracatopina
together form a single clade. Characters supporting
Eunemadina (with Paracatopina nested within) are the
anterior clypeal margin delimited by a ridge and a
medial incision dividing the median empodial sclerite.
A unique derived trait is the separation of the empo-
dial and median sclerites by an incision. The medial
projection of the terminal tarsomere bears an oblique
row of spines in all members of this clade, with the
exception of Nargiotes. However, the same peculiar set
of spines also occurs in other leiodids within and out-
side of Cholevinae. The monophyly of Eunemadina, a
taxon erected by Newton (1998), has never been tested.
Newton (1998) emphasized that Eunemadina and
Paracatopina differ distinctly from the remaining
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subtribes of Anemadini. This included features of the
prosternum, meso- and metaventrite, and antenna, but
most of them were not illustrated in his work. The
affinity between Eunemadina and Paracatopina was
also suggested by McKenna et al. (2015), although in
this study Prionochaeta was placed between them.
McKenna et al. (2015) also recovered this clade as the
sister group of all remaining sampled Cholevinae (Ori-
tocatopini excluded), a scenario that agrees with our
results.

Unlike all other Anemadini, Eunemadina and Para-
catopina have an austral distribution pattern. With the
exception of the Neotropical-Nearctic Dissochaetus,
the species of Eunemadina are scattered throughout
the Austral kingdom (sensu Morrone, 2002), with most
members in the Andean, Neoguinean, Australotemper-
ate and Neozelandic regions, and some species extend-
ing into the Indonesian territory (Newton, 1998;
Perreau, 2000). Paracatopina, in turn, is restricted to
New Zealand and nearby islands. Our results, there-
fore, seems to mirror the geographic overlap of these
groups.

The position of Anemadina remains uncertain. The
taxon, here represented by its most diverse genera Ane-
madus and Speonemadus, was recovered either as sister
to Cholevini (in the equal weighting and Bayesian
analyses), or at the base of a clade including members
of Cholevini, other Anemadini, Ptomaphagini, Scia-
phyini and Leptodirini (in the implied weighting analy-
sis). In both cases node support was low. A derived
feature that sustains Anemadina as monophyletic is
the distinctly widened posterior edge of the mesocoxal
cavities, also present in Leptodirini. The expansion of
the mesotarsus in males of Anemadina probably repre-
sents a reversal from the apomorphic condition with
slender mesotarsomeres, found in most Cholevinae.
Fresneda et al. (2011) suggested a sister group rela-
tionship of Anemadina and Sciaphyini, and both tribes
were placed close to Cholevini. More data are needed
to infer the phylogenetic location of Anemadina within
Cholevinae.

Eocatopina and Nemadina were recovered close to
the clade including ptomaphagines, leptodirines and
Sciaphyes. Eocatops was consistently retrieved as sister
to this grouping, albeit with low nodal support. The
absence of areolae around the setal pits of the vertex,
the acute medial notch at the posterior prosternal mar-
gin and the metaventral carina originating at the lat-
eral edge of the mesocoxal cavity are characters that
support this node. Nemadus and Micronemadus were
placed at the base of the Ptomaphagini + Sciaphyini +
Leptodirini grouping in parsimony analysis, or in a
polytomy with Ptomaphagini and Leptodirini (with
Sciaphyes nested in the latter) with Bayesian inference.
Characteristics supporting the clade containing all
these taxa include the absence of the hypostomal

sutures (reversal in the Old World leptodirines), the
non-pectinated meso- and metatibial spurs (reversal in
Sciaphyes and Old World leptodirines) and the paired
medial projection of the terminal tarsomere (reversal
in Sciaphyes). The set of small spines on the dorsal
surface of the claws is only shared by Micronemadus
and Ptomaphagini, but the optimization is ambiguous
in the analysis with implied weights. A sister group
relationship between Nemadina and Ptomaphagini was
also recovered by McKenna et al. (2015).

Most genera of Cholevini formed a monophylum,
but the positions of Cholevinus, Prionochaeta and
Rybinskiella ~were sensitive to the phylogenetic
approach. Cholevinus was invariably recovered outside
Cholevini. The monophyly of Cholevini excluding
Cholevinus and  Prionochaeta (implied weighting
scheme) is only sustained by the absence of the longi-
tudinal mesoventral carina. If Prionochaeta is included
(equal weighting and Bayesian analyses), the clade is
additionally supported by the absence of distinct striae
and strigae on the elytra. Prionochaeta was placed out-
side Cholevini in McKenna et al. (2015).

Catopsimorphus, Choleva and Nargus formed a clade
in all analyses, and also Apocatops, Catops and Scio-
drepoides. These two monophyla would be equivalent
with Cholevina minus Prionochaeta, and Catopina
minus Cholevinus and Rybinskiella, respectively. The
former group is strongly supported by two unusual
pretarsal characters: the transformation of the outer
empodial seta into a knob-like structure and the pres-
ence of long spines at the lateral base of the claws.
These features were described in Antunes-Carvalho
and Gnaspini (2016) and are almost unique to this
clade, except for the co-occurrence of lateral spines in
Sciaphyes. Catopsimorphus + Choleva + Nargus are fur-
ther supported by the absence of an arcola around the
setal pits of the vertex. The clade composed by Apoca-
tops, Catops and Sciodrepoides is supported by the
absence of the frontoclypeal strengthening ridge and
the presence of an oblique row of spines on the medial
projection of the terminal protarsomere. The inclusion
of Rybinskiella in this group, as found in the parsi-
mony analyses, is supported by the presence of very
slender parameres tapering towards a fine point.

Cholevina and Catopina were considered as a homo-
geneous grouping since the extensive study of Jeannel
(1936). Their members are usually distinguished from
each other by the male mesotarsomeres, expanded in
males of Catopina and slender in Cholevina, save for
some exceptions (e.g. Jeannel, 1936; Newton, 1998).
Although this subdivision received criticism (Iablokoff-
Khnzorian, 1975; Perreau, 1989), Newton (1998)
retained the two units as separate subtribes, but high-
lighted the need for further investigation. The close
relationship between Cholevina and Catopina has also
been suggested by Fresneda etal. (2011) and
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McKenna et al. (2015), but with poor generic sampling
for both subtribes. Our results show that they can be
considered as separate clades after some taxonomic
rearrangements.

Monophyly of Ptomaphagini and internal subdivisions

Ptomaphagini was invariably corroborated as mono-
phyletic with high support in all analyses (Figs 25-27).
Although the monophyly of the tribe has never been
satisfactorily tested, ptomaphagines have been recog-
nized as a natural entity by cholevine taxonomists,
even though without any convincing synapomorphies.
The monophyly was supported in two previous phylo-
genetic studies. However, both were based on insuffi-
cient ingroup (Fresneda et al., 2011) or outgroup
sampling (Gnaspini, 1996).

Derived characters that support the monophyly of
Ptomaphagini include the distinctly narrowed apical
maxillary palpomere, the oblique lateral opening of
the procoxal cavity, the approximately horizontal ori-
entation of the mesothoracic pleural suture, the apical
asymmetry of the penis and the absence of a ventral
lamella of the tegmen. A unique synapomorphy is the
V-shaped depression at the distal extension of the
unguitractor plate (Antunes-Carvalho and Gnaspini,
2016). The glabrous apical maxillary palpomere, the
absence of the basal lamina of the aedeagus and the
fusion of the parameres to the aedeagus are plesiomor-
phic traits retained by members of this tribe. The set
of small spines on the dorsal surface of the base of the
claws is an apomorphy almost exclusively found in
Ptomaphagini, apart for its occurrence in Microne-
madus. Ptomaphagini is further characterized by a
truncated anterior clypeal portion, a derived condition
only observed in FEucatops, Paracatops and Sciaphyes
among Cholevinae.

Although the mutual monophyly of the constituent
subtribes Ptomaphagina and Ptomaphaginina was
retrieved (but see remark about Baryodirus below),
their support is weak and based on characters with
questionable independence. An additional support for
Ptomaphagina is the longitudinal ridge on the lateral
margin of the mentum, a feature described here for the
first time. The division of Ptomaphagini into subtribes
was refuted by Gnaspini (1996), although this view
was not adopted in subsequent studies, which still rec-
ognize Ptomaphagina and Ptomaphaginina (e.g. New-
ton, 1998; Perreau, 2000, 2004; Bouchard et al., 2011).

Perreau (2000) described Baryodirina as a mono-
typic subtribe of Ptomaphagini based on a single
female of Baryodirus collected in Gunung Mulu,
Malaysia. Morphological peculiarities of the subtribe
include the tetramerous protarsi, a dual setation on
the pronotal and elytral surface, and a strongly devel-
oped median longitudinal carina (Perreau, 2000).

However, the placement of Baryodirus in Ptomapha-
gini has never been tested cladistically. Therefore, we
conducted an additional parsimony analysis with Bary-
odirina added to the data matrix. Both equal and
implied weighting analyses corroborated the inclusion
of Baryodirina in Ptomaphagini (Appendix S2), even
though most synapomorphies of the tribe could not be
confirmed for Baryodirus due to lack of information.
Although a longitudinal ridge is present at the lateral
margin of the mentum—a characteristic apparently
synapomorphic for Ptomaphagina—the genus was
nested inside the Ptomaphaginina clade. This was
based on the presence of the row of teeth at the lateral
base of the claws, even though less distinct on the mid-
dle and hind legs than on the foreleg (see Perreau,
2000: figs 8-10). Morphological similarities of Baryo-
dirina and Ptomaphaginina have already been noted
by Perreau (2000), such as the comb of spines along
the external edge of the protibia and around its apex.
In our analyses, Baryodirus was recovered close to
Proptomaphaginus and Ptomaphaminus, supported by
the mesoventral process extending beyond the poste-
rior edge of the mesocoxal cavities but not reaching
the midlength of the metaventrite.

The sister group relationship between Ptomaphagini
and Sciaphyini + Leptodirini was recovered in the par-
simony analyses, whereas both clades were retrieved in
a polytomy with Nemadus and Micronemadus with
Bayesian inference, but with low nodal support in all
cases. Derived features uniting Ptomaphagini with
Leptodirini + Sciaphyini are the slightly concave pos-
terior mesepimeral margin, the acute angle formed by
the posteromesal mesepimeral corner and the incom-
plete anapleural suture of the mesothorax, the last rep-
resenting an unambiguous change. The separation of
the mesocoxal cavities and absence of minute setae on
the elytra are plesiomorphic traits shared by these
tribes. A phylogenetic proximity of Nemadina, Ptoma-
phagini and Leptodirini was suggested by McKenna
et al. (2015), whereas they are not shown as related
taxa in the phylogeny of Fresneda et al. (2011).

Controversials around the phylogenetic placement of
Sciaphyes

Sciaphyes, the single genus of Sciaphyini, is a poorly
known taxon with only three species of small body
size, restricted to the Russian Far East (S. sibiricus
and S. shestakovi) and Tsushima Island (S. kawaharai)
of Japan (Fresneda et al., 2011). The genus has been
assigned to Leptodirini for more than a century. The
first species was described as a leptodirine (under the
name Bathyscia sibirica Reitter) until Perreau (2000)
allocated it into an individual tribe. The five-segmen-
ted protarsi of females, the presence of two empodial
setae, and characteristics of the pterothorax and
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abdominal venter were used by Perreau (2000) as main
arguments to exclude Sciaphyes from Leptodirini.
However, most leptodirines also possess two empodial
setae (see Antunes-Carvalho and Gnaspini, 2016).

Different hypotheses on the phylogenetic placement
of Sciaphyes within Cholevinae were presented. A sis-
ter group relationship between Sciaphyini and Lep-
todirini was proposed by Newton (2005) based on
three characters shared by both tribes, a fourth palpo-
mere shorter than the third, non-confluent metacoxae,
and a short, ring-like male genital segment. However,
none of these features is a strong argument, and the
author himself noted the tenuous support of this clade.
Shortening of the apical palpomere occurs in most lin-
eages of Cholevinae, except in the basal Eucatopini
and Oritocatopini, and separated metacoxae are ple-
siomorphic in the subfamily. Moreover, the reduction
of the male genital segment of Sciaphyes is not as pro-
nounced as in Leptodirini. In fact, the typical ring-like
shape of the genital segment occurs exclusively in lep-
todirines (see Fresneda et al., 2011). Hoshina and Per-
reau (2008) emphasized the ‘intermediate’ nature of
the characters of Sciaphyes between Ptomaphagini and
Leptodirini, such as the carinae associated with the
posterolateral edge of mesocoxal cavities (here subdi-
vided into two individual characters: 46 and 48), and
the different degrees of reduction of the male abdomi-
nal segment IX. According to Hoshina and Perreau
(2008), the absence of eyes and the body depigmenta-
tion in both groups are results of convergent evolution
associated with a subterranean lifestyle.

In contrast to earlier hypotheses, a sister group rela-
tionship between Sciaphyini and Anemadini was
recently suggested by Fresneda et al. (2011), based on
molecular evidence, although with weak nodal sup-
port. Morphologically, the proximity between the
tribes was mainly justified by similarities of the male
copulatory apparatus. For instance, Sciaphyes shares a
weakly curved median lobe with Anemadina, and also
a strongly delevoped basal lamina with recurved lateral
margins almost forming a tube (Fresneda et al., 2011).
Parameres longer than the penis and of similar width
along their entire length are common to both groups.
Similarities in the structure of the aedeagal internal sac
were also noted by Fresneda et al. (2011), who consid-
ered the internal sac of Sciaphyes with two longitudi-
nal bands more similar to that of Eunemadina and
Nemadina than to the condition found in Anemadina
(although many species of Anemadus and Speonemadus
do also bear two longitudinal bands in the endophal-
lus).

Our study emphasizes the uniqueness of Sciaphyini,
but does not resolve its phylogenetic affinities. This
uncertainty is at least partly due tp the unusual char-
acter combination of Sciaphyes, with features irregu-
larly distributed among other cholevine lineages. The

shallow, transverse ridge close to the anterior margin
of the mentum is a derived feature shared with Euca-
topini and Oritocatopini (and some outgroup taxa). In
these tribes and in Sciaphyes, the mesothoracic pleural
suture is not visible externally, a condition also occur-
ring in the clade of Eunemadina and Paracatopina,
and also in a few leptodirines. In turn, the long, lateral
spine associated with the base of the claws is a charac-
teristic feature shared exclusively with Cholevina (ex-
cluding Prionochaeta). With leptodirines, Sciaphyes
share the smooth dorsum of the claws. Finally, the
longitudinal carina on the metaventrite is shared with
Catopocerus (a non-cholevine leiodid), while the carina
on the first abdominal ventrite is an autapomorphy of
Sciaphyini.

Despite this mixture of phenotypic traits, our analy-
ses retrieved Sciaphyes always related to Leptodirini,
either in a trichotomy with Platycholeus and all
remaining leptodirines (equal weighting, Fig. 25), or as
sister to monophyletic Leptodirini (implied weighting,
Fig. 26), or nested within this group (Bayesian analy-
sis, Fig. 27). Several characteristics support a close
affinity between the two tribes. However, they are
either homoplastic apomorphies, such as the distinctly
widened posterior edge of the mesocoxal cavity and
the narrow metanepisternum, or reversals, as in the
case of the frontoclypeal strengthening ridge, the
absence of an elevated occipital ridge, the bifid
metaventral process and the absence of parasutural
elytral stria. Additional similarities not recorded before
are the pectinate ventral tibial spurs of the middle and
hind legs and the transverse groove on the claws. Both
characters are present in all leptodirines except Platyc-
holeus and Hadesia. The latter feature is not found in
any other leiodid group. It appears that a combination
of extensive morphological and molecular data will be
required to assess the phylogenetic affinities of Scia-
phyini reliably. Without confirming or refuting alterna-
tive hypotheses of relationships, we show that the
phylogenetic placement of this enigmatic lineage is
problematic and still an unsoved issue.

Basal dichotomies and novel morphological elements in
Leptodirini

Leptodirini is an impressive subterranean radiation
of beetles. The tribe, the most species-rich and inten-
sively studied of Cholevinae, encompasses seven sub-
tribes and ca. 930 species, mostly distributed in the
Palaearctic region (with a single Nearctic genus; New-
ton, 2016). The restricted distribution of most lep-
todirine genera and species offers exciting data for
biogeographical investigations. The phylogenetic
knowledge of Leptodirini has distinctly improved in
recent years (Fresneda et al., 2007, 2011; Ribera et al.,
2010; Cieslak et al., 2014), even though covering only
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a fraction of its extraordinary diversity. The mono-
phyletic origin has been demonstrated on the basis of
morphological (Fresneda et al., 2007) and molecular
evidence (Ribera et al., 2010; Fresneda et al., 2011).
Although not covering the entire generic diversity in
the tribe, the present contribution is the first to sample
representatives from all subtribes and to offer compre-
hensive information on the external morphology (mor-
phology-based phylogenies are mostly focused on
genitalic structures, e.g. Fresneda et al., 2007, 2011).
Our data confirm some previous findings, but the poor
topological resolution does not allow an in-depth dis-
cussion of the internal relationships. Nevertheless, two
interesting morphological features of Leptodirini are
addressed for the first time: the projecting sensilla on
the apical maxillary palpomere, and the pore plates on
the terminal tarsomere.

The monophyly of Leptodirini was corroborated,
except for the inclusion of Sciaphyes in the trees pro-
duced by equal weighting analysis and Bayesian infer-
ence. Leptodirini s.s. is supported by a reduced
number of protarsomeres in females (from five to
four), also considered an autapomorphy of the tribe in
previous investigations (e.g. Fresneda et al., 2007,
2011) and used to charaterize the group by earlier
authors (e.g. Jeannel, 1936; Giachino et al., 1998;
Newton, 1998). Another characteristic supporting the
group is the presence of a set of projecting sensilla on
the apical maxillary palpomere, in contrast to digiti-
form sensilla adpressed to the surface of the palpomere
in non-leptodirines. The projecting sensilla are an
almost unique apomorphy of Leptodirini, except for
its occurence in Nargomorphus (Anemadini), and a
possible reversal in Spelaeobates. This feature has been
observed by Moldova et al. (2004) in Closania,
Sophrochaeta and Tismanella, and by Njunji¢ et al.
(2016) in Anthroherpon, Leptomeson and Graciliella,
but not interpreted phylogenetically. Here we report
the broad occurrence throughout Leptodirini and
show the phylogenetic relevance of this derived charac-
ter for the first time. Although the sensilla have not
been found in Hadesia by Njunji¢ et al. (2016), we
confirm its presence in Hadesia vasiceki.

The basal dichotomy between Platycholeus and the
Old World leptodirines is in agreement with Fresneda
et al. (2011), and also with earlier hypotheses (Jeannel,
1924; Newton, 1998). This genus—the only one of
Platycholeina—comprises three species and is the sin-
gle taxon of Leptodirini with well-developed com-
pound eyes and hind wings, in contrast to the
remaining flightless species without or with reduced
eyes. Platycholeus is also unique by its distribution, as
the single leptodirine branch in the New World. A
possible autapomorphy suggested by our analyses is
the loss of the outer empodial seta, but the taxon is
also supported by reversals which include the smooth

anterior clypeal margin, the missing medial notch at
the posterior prosternal margin, and the complete
suture between mesanepisternum and mesoventrite.
Other plesiomorphies are the simple meso- and metati-
bial ventral spurs, in contrast to the pectinate spurs of
other leptodirines, and the absence of the characteristic
transverse groove on the claws. The monophyly of the
Old World Leptodirini is sustained by the presence of
the hypostomal suture, a mesoventral process extend-
ing beyond the posterior edge of the mesocoxal cavi-
ties but not reaching the midlength of the
metaventrite, and the microsculptured dorsal elytral
surface (reversals and other states of these characters
occur in different branches within the group). The
basal fusion of empodial setae is a derived character
exclusive to this clade. However, it is unclear whether
this condition has evolved in the common ancestor of
the Old World Leptodirini, or whether it is a ground
plan apomorphy of the tribe with subsequent loss of
the outer empodial seta in Platycholeus.

Among the Old World Leptodirini, Notidocharis
appears as sister to the large and unresolved clade
composed by all remaining genera, but with weak sup-
port. The basal position of Notidocharis was also sug-
gested in other studies (e.g. Fresneda et al., 2007;
Cieslak et al., 2014). The minute outer empodial seta
is a derived trait of this genus, but with independent
origins within Leptodirini. Except for Spelacobatina
(with a single genus) and Anthroherponina (with two
genera sampled), all other subtribes were non-mono-
phyletic. This broad assemblage of Ileptodirines
includes several highly modified species, and the unre-
solved topology probably reflects numerous convergent
phenotypic changes related to underground life. The
modern subtribal classification is obsolete and requires
a profound revision, a herculean task considering the
immense diversity of the taxon. The smooth dorsum
of the claws and the twisting of the empodial setae are
synapomorphies of the Old World leptodirines with
the exclusion of Notidocharis, the latter representing
an unambiguous change. Although a drastic reduction
of the outer empodial seta has occurred in some spe-
cies of Pholeuina, the twisted nature of the setae can
be recognized.

Our character survey uncovered a novel structure in
Leptodirini: a set of pore plates on the cuticular sur-
face of the terminal tarsomere, probably associated
with glands. This structure was identified in members
of five of the seven subtribes. Pore plates were not
observed in Platycholeina and Spelaeobatina, like in
any other leiodids studied here. Under implied weight-
ing, the presence of this feature yielded a potential
synapomorphy of a large clade within Leptodirini. In
the analysis with equal weights, the presence of this
structure turned out as an unambiguous change sus-
taining all Old World leptodirines with the exception
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of Notidocharis. They are generally distributed on the
lateral and dorsal surfaces of the terminal tarsomere
of all legs, mostly associated with the base of the tarsal
setae. Betz (2003) reported similar structural modifica-
tions on the tarsi of Stenus (Staphylinidae). He demon-
strated their association to a unicellular gland of
uncertain function, but possibly related to the tarsal
adhesive performance. The function of the maxillary
sensilla and tarsal pore plates in leptodirines are
unknown. Both structures open new avenues of inves-
tigation in functional morphology, ultrastructure and
behaviour of Leptodirini.

Conclusion

Our cladistic hypothesis for Cholevinae is the most
comprehensive presently available. For the first time
an extensive set of morphological characters was
scored for a broad taxon sampling and analysed with
different approaches. Members from all suprageneric
taxa were sampled largely covering the global distribu-
tion of the subfamily, including the south temperate
regions, which were found to harbour the basal lin-
eages of the Cholevinae.

The monophyly of Cholevinae was confirmed,
except for the unexpected inclusion of Leptinus in the
implied weighting analysis. In contrast to other stud-
ies, Eucatopini and Oritocatopini were retrieved as
basal branches. The monophyletic origin of all remain-
ing tribes was corroborated, which is congruent with
molecular evidence. Anemadini turned out as non-
monophyletic, confirming earlier hypotheses. Cholevini
was rendered non-monophyletic by the uncertain inclu-
sion of Prionochaeta and the consistent exclusion of
Cholevinus. The affinity of Ptomaphagini with Scia-
phyini and Leptodirini was suggested, even though the
position of Sciaphyes remains not precisely defined.
Nemadina was invariably associated with these tribes,
and Eocatopina was consistently recovered as the sis-
ter taxon of this clade including the three tribes plus
Nemadina.

Although genitalic structures have historically
played a pivotal role in inferences of relationships
among genera, homology hypotheses of various com-
ponents of the male copulatory apparatus become
problematic with increasing phylogenetic distance,
namely at the tribal level. This may not be the case for
the female abdominal terminalia. Its morphology
should be the target of future efforts, from which addi-
tional characters may come to light. Our study pro-
vided several characters from other body parts and a
morphological documentation based on SEM micro-
graphs. Most of the characters have never been used
in a phylogenetic context in Cholevinae. Many of them
were only described and documented in recent years,

such as those from the pretarsus and distal margin of
the terminal tarsomere, and were tested for the first
time in this study. The list of characters shows that
substantial parts of the data were obtained from the
ventral side. This is a strong argument for a detailed
pictorial documentation of the ventral aspect in taxo-
nomic descriptions, in contrast to the common practice
of only illustrating the dorsal habitus of the beetles. In
addition to the recent finding of maxillary pore plates
in Cholevinae, the discovery of the broad occurrence
of tarsal pore plates and projecting sensilla in the max-
illary palp of Leptodirini show that even the very well-
known cholevines continue to offer valuable reward
for careful morphological investigations. The volume
of available molecular data for Cholevinae is presently
rapidly increasing. The present contribution represents
an additional step towards a total evidence analysis of
the group and a reconstruction of evolutionary
changes on the phenotypic level.

Acknowledgments

We thank the following researchers for the generous
loan or donation of the studied material: Alfred F.
Newton and Crystal Maier (Field Museum of Natural
History, Chicago, USA), Andrea Colla (Museo Civico
di Scienze Naturali, Trieste, Italy), Cristiano Lopes
Andrade (Universidade Federal de Vigosa, Vigosa,
Brazil), Stefano Zoia and Fabrizio Rigato (Museo di
Storia  Naturale di  Milano, Milano, Italy),
Jan Ruzicka (Czech University of Life Sciences, Praha,
Czech Republic), Jifi Hdjek (Narodni muzeum Praha,
Praha, Czech Republic), Johannes Frisch (Museum fiir
Naturkunde Berlin, Berlin, Germany), Michel Perreau
(Université Paris 7, Paris, France), Pier Mauro Gia-
chino (Settore Fitosanitario Regionale, Torino, Italy),
Richard Leschen (Landcare Research, Auckland, New
Zealand), Sonia Casari (Museu de Zoologia da
Universidade de Sao Paulo, Sao Paulo, Brazil), Ste-
wart Peck (Carleton University, Ottawa, Canada), and
Thierry Deuve (Muséum National d’Histoire Natur-
elle, Paris, France). We thank Vasily Grebennikov for
providing additional SEM images of Sciaphyes. CAC
thanks Hans Pohl and Margarita Yavorskaya (Frie-
drich-Schiller-Universitat Jena, Germany), who kindly
provided training and advice on SEM. Hans Pohl
made available a rotatable specimen holder. Addi-
tional SEM micrographs were obtained in the Elec-
tronic Microscopic Laboratory of IBUSP with the
support of Alberto Ribeiro and Marcio Cruz. The
PhD study of CAC and his research internship at the
Friedrich-Schiller-Universitat Jena was funded by
Fundacao de Amparo a Pesquisa do Estado de Sao
Paulo (FAPESP) (2012/19002-0 and 2014/22088-0).
The work of IR was supported by a Salvador de



40 Caio Antunes-Carvalho et al. | Cladistics 0 (2017) 1-41

Madariaga grant in the Phyletisches Museum in Jena
(PRX14/00583). PG was also supported by FAPESP
(2013/06314-7).  Cristiano Lopes Andrade, José
Eduardo A. R. Marian, Licia Massutti de Almeida,
Sérgio Antonio Vanin and two reviewers provided
invaluable comments on the manuscript that improved
it greatly, and for which we are very grateful.

References

Anton, E., Beutel, R.G., 2004. On the head morphology and
systematic position of Helophorus (Coleoptera: Hydrophiloidea:
Helophoridae). Zool. Anz. 242, 313-346.

Antunes-Carvalho, C., Gnaspini, P., 2016. Pretarsus and distal
margin of the terminal tarsomere as an unexplored character
system for higher-level classification in Cholevinae (Coleoptera,
Leiodidae). Syst. Entomol. 41, 392-415.

Antunes-Carvalho, C., Yavorskaya, M., Gnaspini, P., Ribera, I.,
Hammel, J.U., Beutel, R.G., 2017. Cephalic anatomy and three-
dimensional reconstruction of the head of Catops ventricosus
(Weise, 1877) (Coleoptera: Leiodidae: Cholevinae). Org. Divers.
Evol. 17, 199-212.

Betz, O., 2003. Structure of the tarsi in some Stenus species
(Coleoptera, Staphylinidae): external morphology, ultrastructure,
and tarsal secretion. J. Morphol. 255, 24-43.

Beutel, R.G., 1994. Phylogenetic analysis of Hydrophiloidea
(Coleoptera: Polyphaga: Staphyliniformia) based on characters of
the head of adults and larvae. Koleopterol. Rundsch. 64, 103—
131.

Beutel, R.G., Leschen, R.A.B., 2005. Phylogenetic analysis of
Staphyliniformia (Coleoptera) based on characters of larvae and
adults. Syst. Entomol. 30, 510-548.

Beutel, R.G., Molenda, R., 1997. Comparative morphological study
of larvae of Staphylinoidea (Coleoptera, Polyphaga) with
phylogenetic implications. Zool. Anz. 236, 37-67.

Beutel, R.G., Anton, E., Bernhard, D., 2001. Head structures of
adults of Spercheus (Coleoptera: Spercheidae): their function and
possible significance to staphyliniform phylogeny. Ann. Zool. 51,
473-484.

Beutel, R.G., Anton, E., Jich, M.A., 2003. On the evolution of the
adult head structures and the phylogeny of Hydraenidae
(Coleoptera, Staphyliniformia). J. Zool. Syst. Evol. Res. 41, 256
275.

Bouchard, P., Bousquet, Y., Davies, A.E., Alonso-Zarazaga, M.A.,
Lawrence, J.F., Lyal, C.H.C., Newton, A.F., Reid, C.A.M.,
Schmitt, M., Slipiniski, S.A., Smith, A.B.T., 2011. Family-group
names in Coleoptera (Insecta). ZooKeys 88, 1-972.

Bremer, K., 1994. Branch support and tree stability. Cladistics 10,
295-304.

Caterino, M.S., Hunt, T., Vogler, A.P., 2005. On the constitution
and phylogeny of Staphyliniformia (Insecta: Coleoptera). Mol.
Phylogenet. Evol. 34, 655-672.

Cieslak, A., Fresneda, J., Ribera, 1., 2014. Life-history specialization
was not an evolutionary dead-end in Pyrenean cave beetles. Proc.
R. Soc. Lond. B Biol. Sci. 281, 20132978.

Fresneda, J., Salgado, J.M., Ribera, I., 2007. Phylogeny of Western
Mediterranean Leptodirini, with an emphasis on genital
characters (Coleoptera: Leiodidae: Cholevinae). Syst. Entomol.
32, 332-358.

Fresneda, J., Grebennikov, V.V., Ribera, 1., 2011. The phylogenetic
and geographic limits of Leptodirini (Insecta: Coleoptera:
Leiodidae: Cholevinae), with a description of Sciaphyes
shestakovi sp. n. from the Russian Far East. Arthropod Syst.
Phylog. 69, 99-123.

Giachino, P.M., Vailati, D., 1987. Un nuovo Apocatops della fauna
italiana (Coleoptera Catopidae). Boll. Mus. Reg. Sci. Nat.
Torino 5, 147-156.

Giachino, P.M., Vailati, D., 1993. Revisione degli Anemadinae.
Monogr. Nat. Bresciana 18, 7-314.

Giachino, P.M., Vailati, D., Casale, A., 1998. Major questions in the
phylogeny and biogeography of Cholevidae (Coleoptera), with
emphasis on the subfamily Leptodirinae. Atti Mus. Reg. Sci.
Nat. Torino 8, 179-210.

Gnaspini, P., 1994. The genus Eucatops (Coleoptera, Cholevidae,
Eucatopinae)—description of new species and considerations on
its systematic position. Iheringia, Sér. Zool. 76, 33-42.

Gnaspini, P., 1996. Phylogenetic analysis of the tribe Ptomaphagini,
with description of new Neotropical genera and species
(Coleoptera, Leiodidae, Cholevinae, Ptomaphagini). Pap. Avulsos
Zool. 39, 509-556.

Gnaspini, P., Peck, S.B., 2001. The Adelopsis of Colombia
(Coleoptera, Leiodidae, Cholevinae, Ptomaphagini). Pap. Avulsos
Zool. 41, 427-463.

Goloboff, P.A., 1993. Estimating character weights during tree
search. Cladistics 9, 83-91.

Goloboff, P.A., 1999. Analyzing large data sets in reasonable times:
solutions for composite optima. Cladistics 15, 415-428.

Goloboff, P.A., Farris, J.S., Killersjo, M., Oxelman, B., Ramirez,
M., Szumik, C.A., 2003. Improvements to resampling measures
of group support. Cladistics 19, 324-332.

Goloboff, P.A., Carpenter, J.M., Arias, J.S., Esquivel, D.R.M.,
2008a. Weighting against homoplasy improves phylogenetic
analysis of morphological data sets. Cladistics 24, 758-773.

Goloboff, P.A., Farris, J.S., Nixon, K.C., 2008b. TNT, a free
program for phylogenetic analysis. Cladistics 24, 774-786.

lablokoff-Khnzorian, S.M., 1975. Notes sur les Catopidae
(Coléopteres, Catopidae). Nouv. Rev. Entomol. 5, 251-260.

Jach, M.A., Beutel, R.G., Diaz, J.A., Kodada, J., 2000. Subgeneric
classification, description of head structures, and world check list
of Hydraena Kugelann (Insecta: Coleoptera: Hydraenidae). Ann.
Naturhist. Mus. Wien 102B, 177-258.

Jeannel, R., 1911. Révision des Bathysciinae (Coléopteres, Silphides).
Morphologie, distribution géographique, Systématique. Arch.
Zool. Exp. Gen. 47, 1-641.

Jeannel, R., 1924. Monographie des Bathysciinae. Arch. Zool. Exp.
Gen. 63, 143, 6.

Jeannel, R., 1936. Monographie des Catopidae. Mém. Mus. Nat.
d’Hist. Nat. (n.s.) 1, 1-433. )

Lawrence, J.F., Beutel, R.G., Leschen, R.A.B., Slipinski, A., 2010.
Glossary of morphological terms. In: Leschen, R.A.B., Beutel,
R.G., Lawrence, J.F., (Eds.), Handbook of Zoology, Vol. 1V,
Arthropoda: Insecta; Coleoptera, Morphology and Systematics
(Polyphaga partim), Vol. 1, 2nd edn. Walter De Gruyter, Berlin
and New York pp. 9-20.

Lawrence, J.F., Slipiniski, A., Seago, A.E., Thayer, M.K., Newton,
A.F., Marvaldi, A.E., 2011. Phylogeny of the Coleoptera based
on morphological characters of adults and larvae. Ann. Zool. 61,
1-217.

Lewis, P.O., 2001. A likelihood approach to estimating phylogeny
from discrete morphological character data. Syst. Biol. 50, 913—
925.

Maddison, W.P., Maddison, D.R. 2016. Mesquite: a modular system
for evolutionary analysis. Version 3.10, Available at: http://me
squiteproject.org. (accessed ?22?)

McKenna, D.D., Farrell, B.D., Caterino, M.S., Farnum, C.W.,
Hawks, D.C., Maddison, D.R., Seago, A.E., Short, A.E.Z.,
Newton, A.F., Thayer, M.K., 2015. Phylogeny and evolution of
Staphyliniformia and Scarabaeiformia: forest litter as a stepping
stone for diversification of nonphytophagous beetles. Syst.
Entomol. 40, 35-60.

Moldova, O.T., Jalzi¢, B., Erichsen, E., 2004. Adaptation of the
mouthparts in some subterranean Cholevinae (Coleoptera,
Leiodidae). Nat. Croat. 13, 1-18.

Morrone, J.J., 2002. Biogeographical regions under track and
cladistic scrutiny. J. Biogeogr. 29, 149-152.

Newton, A.F., 1997. Review of Agyrtidae (Coleoptera), with a new
genus and species from New Zealand. Ann. Zool. 47, 111-156.


http://mesquiteproject.org
http://mesquiteproject.org

Caio Antunes-Carvalho et al. | Cladistics 0 (2017) 1-41 41

Newton, A.F., 1998. Phylogenetic problems, current classification
and generic catalog of World Leiodidae (including Cholevidae).
Atti Mus. Reg. Sci. Nat. Torino 8, 41-177.

Newton, A.F., 2005. Leiodidae Fleming, 1821. In: Beutel, R.G.,
Leschen, R.A.B., (Eds.), Handbook of Zoology, Vol. 1V,
Arthropoda: Insecta; Coleoptera, Morphology and Systematics
(Archostemata, Adephaga, Myxophaga, Polyphaga partim), Vol.
1. Walter De Gruyter, Berlin and New York, pp. 269-280.

Newton, A.F., 2016. Leiodidae Fleming, 1821. In: Beutel, R.G.,
Leschen, R.A.B., (Eds.), Handbook of Zoology, Vol. 1V,
Arthropoda: Insecta; Coleoptera, Morphology and Systematics
(Archostemata, Adephaga, Myxophaga, Polyphaga partim), Vol.
1, 2nd ed. Walter De Gruyter, Berlin and New York, pp. 364—
376.

Nixon, K.C., 1999. The parsimony Ratchet, a new method for rapid
parsimony analysis. Cladistics 15, 407-414.

Nixon, K.C., 2002. WinClada ver. 1.00.08. Published by the author,
Ithaca, NY.

Njunji¢, 1., Perreau, M., Hendriks, K., Schilthuizen, M., Deharveng,
L., 2016. The cave beetle genus Anthroherpon is polyphyletic;
molecular phylogenetics and description of Graciliella n. gen.
(Leiodidae, Leptodirini). Contr. Zool. 85, 337-359.

Park, S.-J., Leschen, R.A.B., Ahn, K.-J., 2014. Phylogeny of the
Agathidiini Westwood (Coleoptera: Leiodidae) and implications
for classification and contractile morphology. Syst. Entomol. 39,
36-48.

Peck, S.B., 1977. An unusual sense receptor in internal antennal
vesicles of Ptomaphagus (Coleoptera: Leiodidae). Can. Entomol.
109, 81-86.

Peck, S.B., 1982. A review of the ectoparasitic Leptinus beetles of
North America (Coleoptera: Leptinidae). Can. J. Zool. 60, 1517—
1527.

Peck, S.B., 2003. The eyeless inquiline genera Parabystus and
Scotocryptus of Costa Rica and Panama; inhabitants of nests of
stingless bees (Coleoptera: Leiodidae). Sociobiology 42, 65-80.

Peck, S.B., Cook, J., 2002. Systematics, distributions, and bionomics
of the small carrion beetles (Coleoptera: Leiodidae: Cholevinae:
Cholevini) of North America. Can. Entomol. 134, 723-787.

Peck, S.B., Cook, J., 2007. Systematics, distributions, and bionomics
of the Neoeocatops gen. nov. and Nemadus of North America
(Coleoptera: Leiodidae: Cholevinae: Anemadini). Can. Entomol.
139, 87-117.

Peck, S.B., Skelley, P.E., 2001. Small carrion beetles (Coleoptera:
Leiodidae: Cholevinae) from burrows of Geomys and Thomomys

pocket gophers (Rodentia: Geomyidae) in the United States.
Insecta Mundi 15, 139-149.

Perreau, M., 1989. De la phylogénie des Cholevidae et des familles
apparentées (Coleoptera, Cholevidae). Arch Sci (Geneva) 39,
579-590.

Perreau, M., 2000. Catalogue des Coléopteres Leiodidae Cholevinae
et Platypsyllinae. Mém. Soc. Entomol. Fr. 4, 1-460.

Perreau, M., 2004. Leiodidae. In: Lobl, I., Smetana, A. (Eds.),
Catalogue of Palacarctic Coleoptera Vol 2. Apollo Books,
Stenstrup, pp.133-203.

Pohl, H., 2010. A scanning electron microscopy specimen holder for
viewing different angles of a single specimen. Microsc. Res. Tech.
73, 1073-1076.

Rambaut, A., Drummond, A.J., 2007. Tracer v1.4. Available from
http://beast.bio.ed.ac.uk/Tracer (accessed ????).

Ribera, I., Fresneda, J., Bucur, R., Izquierdo, A., Vogler, A.P.,
Salgado, J.M., Cieslak, A., 2010. Ancient origin of a Western
Mediterranean radiation of subterranean beetles. BMC Evol.
Biol. 10, 1-14.

Ronquist, F., Huelsenbeck, J.P., 2003. MRBAYES 3: Bayesian
phylogenetic inference under mixed models. Bioinformatics 19,
1572-1574.

Wheeler, Q.D., Miller, K.B., 2005. Revision of the slime-mold
beetles of the genus Agathidium Panzer of North and Central
America, Part 1 (Coleoptera: Leiodidae). Bull. Am. Mus. Nat.
Hist. 290, 1-95.

Supporting Information

Additional Supporting Information may be found in
the online version of this article:

Appendix S1. Character matrix. Unapplicable char-
acters are indicated by “-”; missing data are indicated
by “?”.

Appendix S2. Strict consensus tree obtained in parsi-
mony analyses with Baryodirina included in the data
matrix. The resultant topologies of both equal and
implied weigthing analyses were the same of that
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