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The new genus Abrohadeocoleodes gen. nov. with four new species, A. eurycladus sp. nov., A. ooideus sp. nov., A. nii
sp. nov. and A. patefactus sp. nov., and a new species, Menopraesagus oryziformis sp. nov., assigned to the extinct family
Schizophoridae (Archostemata) are described from the Middle Jurassic Jiulongshan Formation of eastern Inner Mongolia,
China. Nearly 20 extinct schizophorid genera have been discovered throughout the world. These fossil records are of some
significance in piecing together the evolution of the suborders Adephaga and Archostemata. Members of the new genus
Abrohadeocoleodes appear to have a prognathous head with fairly large mandibles, a narrow linear space between the
antennal fossa, large metatrochanter, and long and thin legs, as in some terrestrial Adephaga. They might have been able to
run fast and hunt small prey over the open ground of lakeshores similarly to the earliest adephagan beetles. Furthermore,
Abrohadeocoleodes exhibits a mixture of characters of both Archostemata and Adephaga, suggesting that it may share
synapomorphies with Mesozoic adephagan beetles. In addition, the length ratio of the last to the penultimate abdominal
ventrites in Schizophoridae shows an increasing trend from the Early Triassic to the Late Jurassic, suggesting that the species
with a lower length ratio might have lived in more ancient times.
http://zoobank.org/urn:lsid:zoobank.org:pub:EBC0CDA1-C076-471B-A40C-81F1A9A40B03
Keywords: Schizophoridae; new genus; new species; Jurassic; Jiulongshan Formation, China

Introduction
Archostemata is one of four suborders of beetles
(Coleoptera) (Crowson 1960; Lawrence & Newton 1995).
Recent investigations of the basal phylogeny of Coleoptera
place Archostemata as a sister group to all other extant
beetles, i.e. Adephaga + Myxophaga + Polyphaga (Beutel
& Haas 2000; Beutel et al. 2008; Caterino et al. 2002;
Hörnschemeyer et al. 2006; Hörnschemeyer 2009). Nowadays, Archostemata is generally considered to have five
extant families plus several fossil taxa (Beutel & Friedrich
2008; Beutel et al. 2008). Among these fossil taxa, two
informal groups have been defined: the schizophoroid
branch containing Schizophoridae and Catiniidae, and
the cupedoid branch containing Mesozoic Cupedidae and
Ademosynidae, while Tshekardocoleidae, Rhombocoleidae and Permocupedidae of the Lower Permian is considered as a stem group to the entire Coleoptera (Beutel
1995; Beutel et al. 2008; Lawrence 1999). The family
Schizophoridae, assigned to the schizohoroid branch, was
erected by Ponomarenko (1968). Schizophorids possess
an elytro-thoracic interlocking device (‘schiza’), and their
∗

Corresponding author. Email: rendong@mail.cnu.edu.cn


C 2013 Natural History Museum

elytra are distinctly different from those of cupedids in
lacking clathrate cells. This family is well represented in
the Early Triassic and ranged up to the Late Jurassic, with
nearly 20 described genera (Table 1).
Recently we collected several fossil schizophoroids from
the Jiulongshan Formation near Daohugou Village in Shantou Township, Ningcheng County (Chifeng City, Inner
Mongolia, China). The Daohugou Biota is known for its
many vertebrate, invertebrate and plant fossils (Hong 1982;
Ren et al. 1995; Ren & Krzemiski 2002; Gao & Shubin
2003; Rasnitsyn & Zhang 2004; Ji et al. 2006; Tan et al.
2006, 2007; Tan & Ren 2009; Ren et al. 2010). Since the late
1990s a large number of fossil beetle specimens have been
collected from this locality by the CNU research team led
by Prof. Dong Ren. Based on newly collected fossil specimens of Schizophoridae, with fairly good preservation of
body and elytra, a new genus with four new species and a
new species of the genus Menopraesagus are described in
this paper.
Although a large fossil archostematan assemblage has
been previously reported from the Mesozoic of China
(Tan et al. 2004; Tan & Ren 2009), few schizophorids
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Table 1. Geological and stratigraphic distribution of the known fossil species of the family Schizophoridae. The systematic position of
the beetle taxa is based on original descriptions. Abbreviations: R.L.V/IV, the ratio of the length of the last to the penultimate abdominal
ventrites; J1 , Early Jurassic; J2 , Middle Jurassic; J3 , Late Jurassic; K1 , Early Cretaceous; E3 , Oligocene; Fm., Formation.
Age
J3

Genus

Species

Location and horizon

Reference

R.L.
V/IV

Schizophorus Ponomarenko,
1968
Tersoides Ponomarenko, 1968

Schizophorus crassus
Ponomarenko, 1968
Tersoides capitatus
Ponomarenko, 1968
Tersus crassicornis Martynov,
1926
Tersus karatavicus
Ponomarenko, 1968
Tersus leptocerus
Ponomarenko, 1968
Tersus crowsoni
Ponomarenko, 2006
Xyphosternum punctatum
Ponomarenko, 1968
Xyphosternum antennatun
Ponomarenko, 1968
Xyphosternum minor
Ponomarenko, 1968
Menopraesagus explanatus
Tan et al., 2007

Karatau, Kazakhstan;
Karabastau Fm.
Karatau, Kazakhstan;
Karabastau Fm.
Karatau, Kazakhstan;
Karabastau Fm.
Karatau, Kazakhstan;
Karabastau Fm.
Karatau, Kazakhstan;
Karabastau Fm.
Dorset, Charmouth, Black
Ven, England; Sinemurian
Karatau, Kazakhstan;
Karabastau Fm.
Karatau, Kazakhstan;
Karabastau Fm.
Karatau, Kazakhstan;
Karabastau Fm.
Daohugou Villiage, Wuhua
Country, Inner Mongolia;
Jiulongshan Fm.
Daohugou Villiage, Wuhua
Country, Inner Mongolia;
Jiulongshan Fm.
Daohugou Villiage,Wuhua
Country, Inner Mongolia;
Jiulongshan Fm.
Daohugou Villiage,Wuhua
Country, Inner Mongolia;
Jiulongshan Fm.
Daohugou Villiage,Wuhua
Country, Inner Mongolia;
Jiulongshan Fm.
Daohugou Villiage,Wuhua
Country, Inner Mongolia;
Jiulongshan Fm.
Daohugou Villiage,Wuhua
Country, Inner Mongolia;
Jiulongshan Fm.
Daohugou Villiage,Wuhua
Country, Inner Mongolia;
Jiulongshan Fm.
Daohugou Villiage,Wuhua
Country, Inner Mongolia;
Jiulongshan Fm.
Issyk-Kul’, Kyrgyzstan;
Dgil’skaya Fm.
Issyk-Kul’, Kyrgyzstan;
Dgil’skaya Fm.
Issyk-Kul’, Kyrgyzstan;
Dgil’skaya Fm.
Issyk-Kul’, Kyrgyzstan;
Dgil’skaya Fm.
Kazakstan, Eastern Siberia,
Russia; Uchulikanskaya and
Emanrinskaya Fm.
south Fergana Valley, Kirghiz;
Madygen Fm.

Ponomarenko, 1968

2.0

Ponomarenko, 1968

1.5

Martynov, 1926

No

Ponomarenko, 1968

2.0

Ponomarenko, 1968

2.0

Ponomarenko, 2006

2.0

Ponomarenko, 1968

2.0

Ponomarenko, 1968

1.5

Ponomarenko, 1968

1.5

Tan et al., 2007

1.9

Tan et al., 2007

1.6

Tan et al., 2007

No

This paper

1.5

Tan et al., 2007

No

This paper

1.7

This paper

1.7

This paper

1.7

This paper

2.0

Ponomarenko, 1968

1.2

Ponomarenko, 1968

2.0

Ponomarenko, 1969

1.6

Ponomarenko, 1968

1.6

Ponomarenko, 1969

2.0

Ponomarenko, 1969

2.0
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Tersus Martynov, 1926

Xyphosternum Ponomarenko,
1968

J2 -J3

Menopraesagus Tan et al.,
2007

Menopraesagus oxycerus Tan
et al., 2007
Menopraesagus grammicus
Tan et al., 2007
Menopraesagus oryziformis
sp. nov
Homocatabrycus Tan et al.,
2007

Homocatabrycus liui Tan, Ren
et Shih, 2007

Abrhadeocoleodes gen. nov.

Abrohadeocoleodes
eurycladus gen. et sp. nov.
Abrohadeocoleodes ooideus
gen. et sp. nov.
Abrohadeocoleodes amoenus
gen. et sp. nov.
Abrhadeocoleodes patefactus
gen. et sp. nov.

J1

Salebrocoleus Ponomarenko,
1969

Hadeocoleodes Ponomarenko,
1969

Salebrocoleus megacephalus
Ponomarenko, 1969
Salebrocoleus sternalis
Ponomarenko, 1969
Parathnesidius oculatu
Ponomarenko, 1969
Tersoides elongatus
Ponomarenko, 1968
Hadeocoleodes calus
Ponomarenko, 1969

Hadeocoleus Ponomarenko,
1969

Hadeocoleus gigas
Ponomarenko, 1969

Parathnesidius Ponomarenko,
1969
Tersoides Ponomarenko, 1968

T1–2

(Continued on next page)
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Table 1. Geological and stratigraphic distribution of the known fossil species of the family Schizophoridae. The systematic position of
the beetle taxa is based on original descriptions. Abbreviations: R.L.V/IV, the ratio of the length of the last to the penultimate abdominal
ventrites; J1 , Early Jurassic; J2 , Middle Jurassic; J3 , Late Jurassic; K1 , Early Cretaceous; E3 , Oligocene; Fm., Formation. (Continued)
Age

Genus

Pesus Ponomarenko, 1969
Triassocoleus Ponomarenko,
1969

Downloaded by [Institute of Zoology] at 18:23 03 November 2013

Salebroferus Ponomarenko,
1969
Lethocoleus Ponomarenko,
1969
Schizophorinus Ponomarenko,
1969
Schizophoroides
Ponomarenko, 1969

Praesagus Ponomarenko,
1969
Thnesidius Ponomarenko,
1969
Catabrycus Ponomarenko,
1969

Species

Location and horizon

Reference

R.L.
V/IV

Hadeocoleus pelopius
Ponomarenko, 1969
Hadeocoleus catachtonius
Ponomarenko, 1969
Pesus prognathus
Ponomarenko, 1969
Triassocoleus sulcatus
Ponomarenko, 1969
Triassocoleus tortulosus
Ponomarenko, 1969
Salebroferus confragosus
Ponomarenko, 1969
Salebroferus asper
Ponomarenko, 1969
Lethocoleus sternalis
Ponomarenko, 1969
Schizophorinus punctatus
Ponomarenko, 1969
Schizophoroides glaber
Ponomarenko, 1969
Schizophoroides rugosus
Ponomarenko, 1969
Schizophoroides tuberculatus
Ponomarenko, 1969
Praesagus capitatus
Ponomarenko, 1969
Thnesidius xyphophorus
Ponomarenko, 1969
Thnesidius ovatus
Ponomarenko, 1969
Catabrycus hoplites
Ponomarenko, 1969

south Fergana Valley, Kirghiz;
Madygen Fm.
south Fergana Valley, Kirghiz;
Madygen Fm.
south Fergana Valley, Kirghiz;
Madygen Fm.
south Fergana Valley, Kirghiz;
Madygen Fm.
south Fergana Valley, Kirghiz;
Madygen Fm.
south Fergana Valley, Kirghiz;
Madygen Fm.
south Fergana Valley, Kirghiz;
Madygen Fm.
south Fergana Valley, Kirghiz;
Madygen Fm.
south Fergana Valley, Kirghiz;
Madygen Fm.
south Fergana Valley, Kirghiz;
Madygen Fm.
south Fergana Valley, Kirghiz;
Madygen Fm.
south Fergana Valley, Kirghiz;
Madygen Fm.
south Fergana Valley, Kirghiz;
Madygen Fm.
south Fergana Valley, Kirghiz;
Madygen Fm.
south Fergana Valley, Kirghiz;
Madygen Fm.
south Fergana Valley, Kirghiz;
Madygen Fm.

Ponomarenko, 1969

2.0

Ponomarenko, 1969

2.0

Ponomarenko, 1969

No

Ponomarenko, 1969

1.5

Ponomarenko, 1969

2.0

Ponomarenko, 1969

1.4

Ponomarenko, 1969

2.0

Ponomarenko, 1969

1.2

Ponomarenko, 1969

1.2

Ponomarenko, 1969

No

Ponomarenko, 1969

1.5

Ponomarenko, 1969

2.0

Ponomarenko, 1969

1.5

Ponomarenko, 1969

No

Ponomarenko, 1969

2.0

Ponomarenko, 1969

1.5

have been found in Chinese localities. Hitherto, only three
genera containing five species have been reported from the
Mesozoic of Inner Mongolia, China (Hong & Wang 1976;
Tan et al. 2007). The new schizophorids of the current
study provide additional evidence to enhance our understanding of the dynamics of the evolution of the family
Schizophoridae and that of the suborders of Adephaga and
Archostemata.

Material and methods
All specimens were collected from the Middle Jurassic locality near Daohugou Village (Shantou Township,
Ningcheng County, Inner Mongolia, China). This study
is based on seven specimens housed in the Key Lab of
Insect Evolution & Environmental Changes, College of
Life Sciences, Capital Normal University, Beijing, China
(CNUB).
The specimens were examined with a LEICA MZ12.5
dissecting microscope and illustrated with the aid of a

drawing tube attached to a microscope. The inking of
draft drawings was performed by hand. Photographs were
taken using a Nikon D300s digital camera connected
to a ZEISS Discovery V12 dissecting microscope, and
processed using Adobe Photoshop. Morphological descriptions of new species use the morphological nomenclature
of Lawrence et al. (2010).
The systematic arrangement used here mainly follows
Ponomarenko (1969). Body length was measured from
the apex of the mandibles to the apex of the abdomen,
and body width measured at the base of the elytra.
The length of elytra was measured from the base to
apex.

Systematic palaeontology
Class Insecta Linnaeus, 1758
Order Coleoptera Linnaeus, 1758
Suborder Archostemata Kolbe, 1908

Downloaded by [Institute of Zoology] at 18:23 03 November 2013
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Figure 1. Menopraesagus oryziformis sp. nov. A, C, D, holotype, CNU-C-NN2010801; A, photograph; C, line drawing of dorsal view;
D, line drawing of ventral view. B, photograph of paratype, CNU-C-NN2010802.

Family Schizophoridae Ponomarenko, 1968
Genus Menopraesagus Tan et al., 2007

NN2010802, a specimen preserved with elytra and part
of pronotum.

Type species. Menopraesagus explanatus Tan et al., 2007.

Etymology. From the Greek ‘oryziformis’, with granular
trailing point, referring to the large, ornamented, circular
punctations of the elytra of the new species.

Included species. Menopraesagus explanatus Tan et al.,
2007, M. oxycerus Tan et al., 2007, M. grammicus Tan
et al., 2007.
Occurrence. Four species from the Middle Jurassic
deposits of Daohugou, Ningcheng, Inner Mongolia, China.
Menopraesagus oryziformis sp. nov.
(Fig. 1)
Type material. Holotype: CNU-C-NN2010801, an almost
complete adult body with elytra. Paratype: CNU-C-

Diagnosis. Distinct from Menopraesagus explanatus and
M. oxycerus due to the rather flattened pronotal disc without
a circular elevation. From M. grammicus it mainly differs in
the anterior angles of prothorax without extending forward,
the presence of metathoracic discrimen and a metakatepisternal suture on the metaventrite, and the absence of
transverse, short lines on the sutural margin of the right
elytron. Otherwise, they are very similar in the shape of
elytra.

New schizophorid fossils from China
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Occurrence. Jiulongshan Formation, Middle Jurassic
(Bathonian-Callovian boundary); Daohugou Village, Shantou Township, Ningcheng County, Inner Mongolia, China.
Description. Body oval, medium-sized, densely covered
with small tubercles.
Head transverse, slightly hypognathous partly under
pronotum, vertex with two small, subtriangular tubercles
before eyes; compound eyes comparatively small, displaced
dorsally; mandibles small, slightly projecting, consuming
introflexion, without distinct teeth in horizontal cutting
surface; labrum nearly semicircle, apparently convex at
anterior edge.
Antennae with 2 visible antennomeres, pedicel shortest.
Pronotum transverse, subtrapeziform, slightly wider than
head, about 2.0 times as wide as length at the posterior edge,
anterior margin of pronotum 1.15 times as wide as posterior
margin of head, anterior margin straight, anterior angle not
extending forward, disc of pronotum nearly flat, not bearing
a circular elevation.
Scutellar shield exposed, triangular.
Elytra broad, convex dorsally, with large, circular dense
tubercles, width of two elytra together 1.8 times as wide
as prothorax, 2.5 times as long as wide, part near base of
schiza widest, epipleura narrow, outer margins very slightly
concave near middle part of the elytra; lateral and mesal
corners and apex conspicuously rounded; terminal subacute; schiza short, 0.11 times as long as elytron, situated at
middle region part of elytron.
Ventral surface with gula subrectangular, very slightly
narrowing anteriorly, reaching posterior ridge of head,
gena widely separated along entire distance on ventral
side; submentum separated from gula by transverse suture,
longer and slightly narrower than gula, slightly narrowing
anteriorly; remaining elements of ventral mouthparts not
visible. Prothoracic notopleural and pleurosternal sutures
indistinct; prosternal process not visible, apparently absent;
protrochantin not recognizable; mesoventrite with median
suture. Metaventrite transverse, 2.2 times as wide (at posterior margin) as long, slightly converging anteriorly, with
paired anterior convexities of mesocoxae, separated by
short, triangular median process of metaventrite; metathoracic discrimen and metakatepisternal suture present; metatrochantins apparently present between hind margin of
metakatepisternum and coxa. Abdomen with five visible
ventrites, narrowing from the base of terminal ventrite ( =
sternite VII), first visible abdominal ventrite longer than
other ones, possible representing fused sternites II and III;
last visible ventrite 1.4 times as long as the previous one;
hind margin evenly apex rounded.
Legs with procoxae very small, slightly separated medially, round, profemora short, strongly widening distally,
with strongly convex anterior margin; mesocoxae distinctly
larger than procoxae, oblong, with oblique orientation;
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mesotrochanter nearly triangular, mesofemur distinctly
widened proximally, parallel-sided, mesotibia slightly
shorter than metatibia; metacoxae transverse, reaching
lateral margin of segment, triangular; posteromesal apices
rounded, coxal plates absent; metatrochantins visible; metatrochanter very small, triangular, metafemur thickest at
apices, with very distinctly anterior and posterior margins;
not extending well beyond lateral margins of body; metatibia about as long as metafemur, parallel-sided, distinctly
curved.
Dimensions (mm). Holotype: body length 10.0, width 3.7;
head length 1.5, width 1.8; pronotum length 1.5, width 2.0;
elytron length 7.0, width 3.5.
Genus Abrohadeocoleodes gen. nov.
Etymology. The generic name is a combination of the
Greek prefix abr-, meaning graceful, and the generic name
Hadeocoleodes, referring to the slight resemblance in shape
to this Jurassic genus, but preserved more clearly and
completely than the latter.
Type species. Abrohadeocoleodes eurycladus sp. nov.
Included species. Abrohadeocoleodes eurycladus sp. nov.,
A. ooideus sp. nov., A. nii sp. nov., and A. patefactus sp. nov.
Diagnosis. Body oval, head prognathous, mandibles
compact, triangular, large, length of mandible nearly as
long as half of head, with distinct bidentate apex; antennae inserted dorsally, above the dorsal joints of mandibles,
linear space between antennal fossa slightly wider than
width of labrum; antennae filiform, pedicel nearly as wide
as scape, third antennomere shorter than first and second
combined; procoxal cavities contiguous; anterior angles of
metaventrite extending forward and exceeding metaventral process; end of elytra rounded, elytron not reaching
posterior abdominal margin, part of sternite VII apparently
exposed; legs thin and long, metatrochanter slightly triangular, distinctly elongated or normal.
Distribution. Known only from China, and currently
represented by four species.
Remarks. Abrohadeocoleodes can be assigned to the
family Schizophoridae on the basis of elytra without veins
or cells and having a coupling longitudinal groove ‘schiza’
on the ventral side of the elytron (Ponomarenko 1968, 1969;
Carpenter 1992).
So far, 20 genera of the family Schizophoridae have been
described from the Mesozoic of Kirghizia (Kazakhstan) and
China (Table 1; Ponomarenko 1968, 1969; Tan et al. 2007).
Among these the new genus is most similar to Hadeocoleodes Ponomarenko, 1969, based on the contiguous
procoxal cavities and invisible metatrochantins, but may
be excluded from this genus by the following characters:
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head directed forward; larger mandibles; prothorax without anteriorly extended lateral side; end of elytron rounded
and elytra not reaching posterior abdominal margin, part of
sternite VII apparently exposed.
Both Menopraesagus and the new genus described
here show the shortened and posteriorly rounded elytra.
However, Abrohadeocoleodes gen. nov. is distinguished
from the other two Chinese genera (Menopraesagus and
Homocatabrycus) in its thicker and larger pedicel, narrower
linear space between antennal fossa, stronger mandibles and
contiguous procoxal cavities.

Downloaded by [Institute of Zoology] at 18:23 03 November 2013

Key to species of the genus Abrohadeocoleodes gen.
nov.
1. Mesocoxae medially adjacent . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . Abrohadeocoleodes nii sp. nov.
– Mesocoxae divided by metaventral process . . . . . . . . 2
2. Metaventrite without metathoracic discrimen . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A. ooideus sp. nov.
– Metaventrite with metathoracic discrimen and
metakatepisternal suture . . . . . . . . . . . . . . . . . . . . . . . . . 3
3. Metathoracic discrimen on metaventrite transformed
into median longitudinal groove, and metafemur is as
long as metatibia . . . . . . . . . . . . A. eurycladus sp. nov.
– Metathoracic discrimen on metaventrite unmodified,
and metafemur distinctly shorter than metatibia . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . A. patefactus sp. nov.
Abrohadeocoleodes eurycladus sp. nov.
(Fig. 2)
Type material. Holotype: CNU-C-NN2010803, a wellpreserved, almost complete body with elytra, adult.
Etymology. From the Greek adjective eurycladus, with
broad sulcus, referring to the longitudinal suture transformed into a groove almost reaching the anterior margin
of the sclerite.
Diagnosis. Head very small in relation to prothorax.
Antennae filiform; scape and pedicel very short, wider than
long, distinctly thicker than elongate flagellomeres; anterior
margin of pronotum 2.5 times as wide as posterior margin
of head; cervical sclerite very distinct; mesoventrite with
longitudinal and transverse sutures; metaventrite with broad
longitudinal suture transformed into an elongated groove;
metaventral process broad and flat; metatrochanter slightly
triangular, distinctly elongated as in Adephaga.
Occurrence. Jiulongshan Formation, Middle Jurassic
(Bathonian-Callovian boundary); Daohugou Village, Shantou Township, Ningcheng County, Inner Mongolia,
China.
Description. Body small-sized, oviform, densely covered
with tubercles.

Head small, wider than long, anterior part nearly triangular, flat, without prominent tubercles, about 2.3 times as
wide as long (without mandibles), compound eyes medium
sized, placed laterally; mandibles largely exposed, compact,
triangular; apical part flattened, with distinct bidentate apex,
cervical sclerite of head capsule distinct, dorsal side of head
with very distinct transverse ridge.
Antennae filiform, thin, with 9 visible antennomeres;
scape and pedicel shortest, nearly quadrate, distinctly wider
than elongated flagellomeres.
Pronotum transverse, trapeziform, clearly wider than
head, anterior edge moderately concave and posterior one
very slightly convex; surface of pronotum flattened, about
1.3 times as wide as long at anterior edge, about 2.3 times
as wide as long at posterior edge, anterior pronotal margin 3
times as wide as the posterior margin of head, anterior angle
moderately produced; posterior angle rounded; propleuron
not reaching lateral margin of segment.
Scutellar shield exposed, triangular.
Elytra very slightly convex, width of two elytra together
1.3 times as wide as prothorax, 2.8 times as long as
wide, basal part widest, outer elytral margins slightly
concave near the middle region; schiza short, 0.12 times
as long as elytron in length, situated opposite anterior
abdominal margin on ventral side, covered with round
tubercles, without distinctly longitudinal ridges; end of
elytron rounded, elytra not reaching posterior abdominal
margin, part of sternite VII apparently exposed; terminal
rounded.
Ventral surface with gula not recognizable as separate structure; narrowed posteroventral part of head not
divided by longitudinal gular sutures; very distinct transverse ridge separates ventral neck region from rest of
ventral head. Submentum distinctly diverging anteriorly;
remaining elements of ventral mouthparts not visible.
Notopleural sutures inflexed, pleurosternal sutures indistinct. Mesoventrite with distinct longitudinal and transverse
sutures; metaventrite transverse, 3 times as wide (at posterior margin) as long, metathoracic anterior angles slightly
extending forward, anterior margin very slightly narrower
than posterior margin with shallow concavities for mesocoxae; metaventral process short and rounded, metathoracic discrimen and metakatepisternal suture present, the
former transformed into a longitudinal groove, which nearly
reaches the anterior margin of the segment. Abdomen with
five visible ventrites, narrowing from the base of third
visible abdominal ventrite, first visible abdominal ventrite
longer than other ones, terminal ventrite ( = sternite VII) 1.7
times as long as the previous one, with an evenly rounded
hind margin.
Legs with procoxal cavities contiguous; coxae small,
triangular; protrochanter extremely small, profemur
almost parallel-sided, slender, widest proximally; protibia
distinctly shorter than profemur, protarsus 5-segmented,
elongated; tarsomeres parallel-sided; tarsomere 5 slightly
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Figure 2. Abrohadeocoleodes eurycladus gen. et sp. nov., holotype, CNU-C-NN2010803: A, photograph; B, line drawing of dorsal view;
C, line drawing of ventral view.

longer than others, tarsomeres 3–4 nearly equal in length,
2 shortest; mesocoxa distinctly larger than procoxa, almost
oblong, in oblique position; mesotrochanter nearly triangular, distinctly larger than protrochanter; mesofemur about

as thick as profemur, slightly longer; mesotibia as long
as mesofemur, slender and parallel-sided, mesotarsus 5segmented, tarsomeres 1 and 5 equal in length, 3–4
nearly equal in length, shorter than others, tarsomere 5
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with claws, long, falcate; hind coxae transverse, without coxal plates; metafemora thicker than profemora and
mesofemora, metafemur almost as long as parallel-sided,
metatrochanter slightly triangular, distinctly elongated as in
Adephaga; metatarsus slender and elongated, 5-segmented,
tarsomere l thickest, clavate, longer than others, 2 and 5
segments comparable in length, 4 shortest, 5 wider than at
base.
Dimensions (mm). Body length 7.0, width 3.4; head
length 1.5, width 1.8; pronotum length 0.5, width 1.0;
elytron length 4.8, width 1.7.
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Abrhadeocoleodes ooideus sp. nov.
(Fig. 3)
Type material. Holotype: Part and counterpart of CNUC-NN2010804P, and CNU-C-NN2010804C, an almost
complete adult body with elytra.
Etymology. From the Greek adjective ooideus, oval, referring to the shape of this species.
Diagnosis. Head capsule almost parallel-sided, with anterior margin appearing concave. Antennal bases almost adjacent dorsally. Pedicel longer than wide, thinner than scape,
anterior margin of pronotum 1.3 times as wide as the posterior margin of head; procoxa transverse, slightly oblong,
mesocoxa small, about circular; metaventral process broad
and flat; metaventrite without metathoracic discrimen,
metatrochanter slightly triangular, distinctly elongated as
in Adephaga.
Occurrence. Jiulongshan Formation, Middle Jurassic
(Bathonian-Callovian boundary); Daohugou Village, Shantou Township, Ningcheng County, Inner Mongolia, China.
Description. Body small-sized, oviform, thin, densely
covered with small tubercles.
Head wider than long, nearly trapeziform, about 1.8
times as wide as long (without mandibles), with one circular tubercle along median part of occiput; compound eyes
comparatively small, nearly as long as temples, placed laterally; mandibles medium, projecting, apical part flattened,
cervical sclerite indistinct.
Antennae filiform, with 10 visible antennomeres, seemingly at least reaching basal third of elytra, distinctly
wider than elongated flagellomeres, pedicel longer than
wide, shortest antennomeres, thinner than scape, antennomeres 8–10 distinctly narrower than antennomeres
3–7.
Pronotum transverse, trapeziform, slightly wider than
head, anterior margin moderately concave and posterior
one straight; surface of pronotum flattened, about 1.5 times
as wide as long at anterior edge, about 2.2 times as wide as
long at posterior edge, anterior pronotal margin 1.4 times
as wide as posterior margin of head, anterior angle sharp,

moderately produced; posterior angle rounded; propleuron
not reaching lateral margin of segment.
Scutellar shield exposed, more or less triangular.
Elytron flattened, width of two elytra together 1.3 times
as wide as prothorax, 3.4 times as long as wide, basal part
widest, outer elytral margins slightly concave near middle
region elytra; schiza short, 0.1 times as long as elytron
in length, situated opposite anterior abdominal margin on
ventral side, covered with small round tubercles, without
distinctly longitudinal ridges; elytra not reaching posterior
abdominal margin, part of sternite VII apparently exposed,
tapered rounded.
Ventral surface with gula rectangular, reaching posterior
ridge of head, gena widely separated along entire length
ventrally. Submentum separated from gula by transverse
suture, narrowing anteriorly; remaining elements of ventral
mouthparts not visible.
Notopleural suture inflexed, and pleurosternal distinct.
Metaventrite transverse, 2.8 times as wide (at posterior
margin) as long, metathoracic anterior angles slightly
extending forward, anterior margin very slightly narrower
than posterior margin, with shallow concavities for mesocoxae, metathoracic discrimen and metakatepisternal suture
invisible on metaventrite. Abdomen with five visible
ventrites, narrowing from the base of third visible abdominal ventrite, first abdominal ventrite longer than other ones,
terminal ventrite ( = sternite VII) 1.6 times as long as
previous one, its apex rounded.
Legs with procoxal cavities contiguous, oblong,
protrochanter large, oblong; mesocoxae almost oblong,
slightly large than procoxae, in oblique position,
mesotrochanter nearly circular, distinctly smaller than
protrochanter, mesofemur distinctly widened proximally,
thicker than mesotibia, mesotibia as long as mesofemur,
mesotarsus with 1 visible segment; hind coxae transverse, with coxal plates, metatrochanter slightly triangular,
distinctly elongated, metafemora distinctly widened proximally, thicker than mesofemora.
Dimensions (mm). Body length 10.0, width 4.0; head
length 1.3, width 1.5; anterior edge of pronotum length 2.0;
posterior edge of pronotum length 3.0; pronotum width 1.5;
elytron length 6.5, width 2.0.
Abrhadeocoleodes nii gen. et sp. nov.
(Fig. 4)
Type material. Holotype: CNU-C-NN2010805, an almost
complete adult body with elytra.
Etymology. The specific name is dedicated to Dr Michael
Ni for providing guidance, friendship and inspiration to
C.-K. S.
Diagnosis. Antennae thick, pedicel as thick as flagellomeres; anterior pronotal margin 1.2 times as wide as the
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Figure 3. Abrhadeocoleodes ooideus sp. nov., holotype: A, photograph, CNU-C-NN2010804P; B, photograph, CNU-C-NN2010804C;
C, line drawing of dorsal view, CNU-C-NN2010804P; D, line drawing of ventral view, CNU-C-NN2010804P; E, line drawing of dorsal
view, CNU-C-NN2010804C.
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Figure 4. Abrhadeocoleodes nii sp. nov., holotype, CNU-C-NN2010805: A, photograph; B, line drawing of dorsal view; C, line drawing
of ventral view.

New schizophorid fossils from China
posterior margin of head; mesocoxae touching; mesoventrite with longitudinal and transverse sutures; metathoracic
discrimen and metakatepisternal suture present on
metaventrite.
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Occurrence. Jiulongshan Formation, Middle Jurassic
(Bathonian-Callovian boundary); Daohugou Village, Shantou Township, Ningcheng County, Inner Mongolia, China.
Description. Body small-sized, oviform, densely covered
with tubercles.
Head large, wider than long, nearly pentagonal, flat, without prominent tubercles, about 2.65 times as wide as long
(without mandibles), compound eyes medium sized, placed
laterally, slightly longer than temple; mandibles largely
exposed, compact, triangular, slightly shorter than length
of head, apical part flattened, with distinct bidentate apex;
cervical sclerite indistinct.
Antennae filiform, thick, with 11 antennomeres, pedicel
shortest, thinner than scape, nearly as thick as other antennomeres, remaining antennomeres more or less subequal.
Pronotum transverse, trapeziform, slightly wider than
head, surface of pronotum flattened, about 1.5 times as wide
as long at anterior margin, about 2.4 times as wide as long
at posterior margin, anterior pronotal margin 1.2 times as
wide as posterior margin of head, anterior angle sharp, not
produced, posterior angle sharp, without propleuron.
Scutellar shield exposed, triangular.
Elytra flattened, width of two elytra together 1.5 times
as wide as prothorax, 3.0 times as long as wide, basal part
widest, outer elytral margins slightly concave near middle
region; schiza short, 0.09 times as long as elytron in length,
situated posteriorly on abdomen, covered with round tubercles, without distinct longitudinal ridges; elytra not reaching
posterior abdominal margin, part of sternite VII apparently
exposed, tapered slightly rounded.
Ventral surface with gula rectangular, widened
posteroventral part of head, reaching posterior ridge of
head, gena widely separated along entire length ventrally;
submentum separated from gula by transverse suture,
longer than gula, narrowing anteriorly; remaining elements
of ventral mouthparts not visible. Notopleural suture
straight, pleurosternal indistinct. Mesoventrite with distinct
longitudinal and transverse sutures; metaventrite transverse, 2.25 times as wide (at posterior margin) as long,
metathoracic anterior angles rounded, anterior margin
narrower than posterior margin, metathoracic discrimen
and metakatepisternal suture developed on metaventrite.
Abdomen with five visible ventrites, narrowing from base
of fourth ventrite, first ventrite longer than others, terminal
ventrite ( = sternite VII) 1.8 times as long as previous one,
its apex rounded.
Legs with procoxal cavities contiguous, quadrate,
protrochanter nearly triangular, small, profemur slightly
narrowed proximally, protibia almost parallel-side, shorter
than profemur; mesocoxae distinctly larger than procoxae,
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nearly quadrate, transverse, touching, mesotrochanter
small, circular, mesofemur slightly narrowed proximally,
thicker than profemur, mesotibiae almost parallel-side, as
long as mesofemora, mesotarsus 5-segmented, tarsomere 1
slightly longer than others, 2–3 nearly equal in length, 4
shorter than others; hind coxae transverse, near posterior of
first abdominal ventrite; metafemora thicker than profemur
and mesofemora, metafemur as long as metatibia, metatibia with calcar inside, metatarsus 5-segmented, tarsomere
1 thickest, clavate, as long as tarsomere 5, tarsomeres 4
shortest, with two claws.
Dimensions (mm). Body length 7.5, width 3.2; head
length 1.0, width 1.5; anterior edge of pronotum length 1.7;
posterior edge of pronotum length 2.4; pronotum width 1.2;
elytron length 5.0, width 1.6.
Abrhadeocoleodes patefactus sp. nov.
(Figs 5, 6)
Type material. Holotype: CNU-C-NN2010806, a wellpreserved adult with body, elytra, and legs, but without
head. Paratype: part and counterpart specimens of
CNU-C-NN2010807P and CNU-C-NN2010807C with
elytra and legs.

Figure 5. Abrhadeocoleodes patefactus sp. nov., holotype, CNUC-NN2010806: A, photograph; B, line drawing.
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Figure 6. Abrhadeocoleodes patefactus sp. nov., paratype, CNU-C-NN2010807: A, photograph, CNU-C-NN2010807P; B, photograph,
CNU-C-NN2010807C; C, photograph of right leg, CNU-C-NN2010807P; D, photograph of left elytron, CNU-C-NN2010807P; E,
photograph of right elytron, CNU-C-NN2010807P; F, line drawing, CNU-C-NN2010807P.
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Etymology. From the Greek adjective patefactus, expanding, referring to the outspread elytra of the specimens.
Diagnosis. Abdomen narrowing from base of second
ventrite, first visible abdominal ventrite longer than others,
metafemur distinctly shorter than metatibia, mesotibia and
metatibia with a short spur on outer surface.
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Occurrence. Jiulongshan Formation, Middle Jurassic
(Bathonian–Callovian boundary); Daohugou Village,
Shantou Township, Ningcheng County, Inner Mongolia,
China.
Description. Body small-sized, oviform, densely covered
with tubercles.
Pronotum transverse, trapeziform, anterior pronotal
margin convex forward, about 1.5 times as wide as long
at anterior pronotal margin, about 2.5 times as wide as long
at posterior edge, anterior angle rounded, not extending
forward.
Elytra 3.0 times as long as wide, near to one-third of
apex of elytron widest, outer margins slightly concave near
one-third of base of elytra; schiza short, 0.14 times as long
as elytron in length, covered with large, circular tubercles,
without distinctly longitudinal ridges; elytra not reaching
posterior abdominal margin, part of sternite VII apparently
exposed, tapered rounded.
Ventral surface with metaventrite transverse, about
2.8–3.0 times as wide (at posterior margin) as long,
metathoracic anterior angles slightly extending forward,
tapered, anterior margin slightly narrower than posterior
margin with shallow concavities for mesocoxae; metaventral process long and rounded, metathoracic discrimen
and metakatepisternal suture developed on metaventrite.
Abdomen with five visible abdominal ventrites, narrowing from base of second ventrite, first ventrite longer than
others, terminal ventrite ( = sternite VII) 1.83 times as long
as the previous one, its apex rounded.
Legs with procoxae cavities contiguous, triangular, large,
protrochanter elliptical, small, profemur thin and short,
protibia nearly as long as profemur, protarsus 5-segmented,
elongated; tarsomeres 3–4 nearly equal in length, last
tarsomeres longer than others, with two claws; mesocoxae elliptical, transverse, touching, in oblique position,
mesofemur thicker than profemur, mesotibia longer than
mesofemur, mesotibia with a short spur on outer surface,
mesotarsus 5-segmented, elongated, apex wider than basal
part, tarsomeres 1 and 5 equal in length, 2 and 4 equal in
length. Hind coxae transverse, without coxal plates; near
posterior of first abdominal ventrite, metafemur thicker
than profemora and mesofemora, almost as long as parallelsided, metafemora distinctly shorter than metatibia, metatibia with a short spur on outer surface, metatarsus slender
and elongated, 5-segmented, tarsomere 1 thicker and longer
than others, tarsomere 2 slightly clavate, as long as 3, 4 and
5 equal in length, apex with two claws.
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Dimensions (mm). Holotype: body length 9.5, width 4.8;
pronotum width 2.0; elytron length 6.7, width 2.4. Paratype:
elytron length 5.0, width 1.9.

Discussion
The new fossil species described above have a longitudinal groove or ‘schiza’ along the outer margin of the
elytron and lack clathrate cells on the elytra. Therefore,
they are easily attributable to the family Schizophoridae.
The potential autapomorphies of this family are exposure
of the propleura, a schiza along the outer margin of the
elytron, lack of clathrate cells on the elytra, and elytra
rounded posteriorly. The status of Schizophoridae as a clade
is supported by the new schizophorids from China.
This interlocking elytro-thoracic device, or schiza, was
capable of storing air under the elytra for aquatic activities (Shcherbakov 2008). In the Daohugou area during the
Middle Jurassic, there were many small lakes surrounded
by hygrophilous plants, in a warm and humid microclimate (Tan & Ren 2002). Due to volcanic eruptions,
mineralized, oxygen-poor lakes were abundant during the
Jurassic–Cretaceous. Most of the aquatic beetles known
from this era possessed this device, including the schizoporoids and primitive adephagans (e.g. Triaplus macroplatus Ponomarenko, 1977). This structure could represent an
adaptation for living underwater or on lakesides.
Most Triassic beetles have been traditionally assigned
to Archostemata (Ponomarenko 1969). There are considerable differences between early protocoleopterans known
from the Permian (Crowson 1981) and later families of
Archostemata in which the structure of the prothorax
is remarkably clear and well preserved. The five new
archostematans described here have open procoxal cavities, perhaps due to enlargement of the procoxae. Procoxae
co-adapted to the mesoventrites is probably a widespread
feature of many beetles of this period (Ponomarenko 1969),
including those with adephagan structural affinities. All
of the new species in this study have enlarged heads not
covered by the pronotum, fairly large mandibles (length of
mandible nearly as long as half of the head length), and
long and thin antennae and legs, very similar to those of
Hadeocoleus. As Crowson (1976) has suggested, Hadeocoleus resembles a species adapted for running. Furthermore, metatrochantins are visible in most archostematans,
but they are missing in species of the new genus Abrohadeocoleodes, and are also missing in the Triassic genus
Hadeocoleus (Ponomarenko 1969; Crowson 1976). Two of
the four new species, Abrohadeocoleodes eurycladus and A.
ooideus, even appear to have an elongated metatrochanter
as in Adephaga.
Based on the morphological and environmental characters mentioned above, these newly described beetles of the
genus Abrohadeocoleodes might have been able to run fast
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and hunt other small insects in open wetlands or lakeshores.
The locomotory habits were probably very similar to those
of primitive adephagan beetles (Evans 1982). Therefore, it
is reasonable to speculate that Abrohadeocoleodes is probably a close relative of the Mesozoic adephagan beetles,
supporting Ponomarenko’s view that the Adephaga might
be closely related to the Schizophoridae (Ponomarenko
2003).
Since at least four families of Adephaga, Carabidae,
Trachypachidae, Triaplidae and Gyrinidae occur in the
Upper Triassic (Ponomarenko 1977; Carpenter 1992), it
is likely that the suborder originated not later than the
Early Triassic (Evans 1982). Based on the studies of Ponomarenko (1977) and Evans (1982), the adephagan ancestor
might have been a medium-to-large predatory, fast-running
archostematan (perhaps a schizophorid) which hunted over
fairly open ground during the Early Triassic. Ponomarenko
(2003) also considered that some schizophoroids were
very similar to adephagan carabids, possibly having similar
habits, and suggested that terrestrial caraboids arose from
aquatic forms.
The Triassic period encompasses a transition between
the Palaeozoic and the typical Mesozoic biotas. Common
ancestors of Adephaga may have been aquatic, and the
Permian/Triassic boundary is a possible time of origin of the
suborder (Ponomarenko 1977). It seems likely that as with a
series of linear ‘taxon pulses’, a succession of adaptive radiations would have transformed the aquatic schizophorids
and primitive adephagan populations, in their original habitats, into the modern multitude of species. In the Triassic,
most schizophoroids were detritophagous or algophagous,
and carnivorous forms were very rare (Ponomarenko 2003).
However, in the Middle Jurassic locality of north-eastern
China, the carnivorous schizophorids, Homocatabrycus liui
(Tan et al. 2007) and the new species of Abrohadeocoleodes
are all found. Meanwhile, the diversity of Adephaga had
increased greatly by the Early Jurassic, with at least the
extant families Carabidae, Trachypacheidae and Gyrinidae,
as well as dytiscoid families, being present (Ponomarenko
1977; Carpenter 1992).
The carnivorous schizophorids, as possible ancient relatives of Adephaga, potentially competed with the primitive adephagan beetles from the beginning of the early
Mesozoic. However, due to strict competition with other
dominant invertebrate groups (e.g. staphylinid beetles),
continental drift, climatic shifts, and likely many other
unknown causes, these schizophorids gradually became
extinct during or after the Late Jurassic. In contrast, adephagan beetles became numerous and were the dominant group
of Coleoptera in the Middle Jurassic.
The temporal and spatial distributions of schizophorids
in our current understanding of their fossil record make
it equally parsimonious to assume that the stem species
of Adephaga initially originated in Central Asia, especially modern-day Kyrgyzstan, during the Late Permian

Figure 7. Trend in the length ratio of the last to the penultimate
abdominal ventrites of Schizophoridae during the Mesozoic (data
from Table 1). Filled squares represent the average of length ratios
for described species. Filled circles represent the length ratio for
described species. Abbreviations: J3 , Upper Jurassic; J2–3 , UpperMiddle Jurassic; J1 , Lower Jurassic; T1–2 , Lower Triassic.

or Early Triassic and spread to eastern Asia in the Jurassic
(Table1).
Over time, the length ratio of the last to the penultimate abdominal ventrites shows a trend of increase in
Schizophoridae (Fig. 7, Table 1). In the Early Triassic, the
length ratio of the fifth to fourth visible ventrites is between
1.2 and 2.0, with an average of about 1.66. The average
length ratio is 1.68 in the Early Jurassic, 1.71 in the Middle
Jurassic, and 1.81 in the Late Jurassic. Based on these
data, it could be inferred that species with a lower length
ratio of the last to the penultimate abdominal ventrites
are more ancient. This trend for schizophorids is consistent with Ponomarenko’s study of the species of Zygadenia
Handlirsch, 1906 (Ponomarenko 2000).
In summary, recent discoveries of new schizophorid
fossils together with this study provide further insight
into the morphological changes and evolution of
Archostemata and Adephaga. Abrohadeocoleodes gen. nov.
exhibits a mixture of characters found in Archostemata and Adephaga, suggesting that these new Chinese
schizophorids may share some synapomorphies with Mesozoic adephagan beetles. However, the prothorax, metacoxae
and elytra of the new species still appear to be of typical schizophorid type. Thus, this interpretation is considered preliminary. More fossil specimens and comparative
morphological and phylogenetic studies are needed to elucidate these confusing evolutionary patterns.
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