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Two new genera are created to accommodate two new Hybosoridae (Coleoptera: Scarabaeoidea) species:
Sinohybosorus cheni gen. et sp. n. and Sinochaetodus tridentatus gen. et sp. n.. The new species are
described and illustrated based on two nearly complete fossil specimens from the Lower Cretaceous
(Barremiane lower Aptian) Yixian Formation of western Liaoning Province, China. A key of described
species of Hybosoridae from the Mesozoic and a catalog of extinct Hybosoridae are provided. Based on
the morphological characters, Fortishybosorus ericeusicus Yan, Bai et Ren, 2013 is transferred back to
Fortishybosorus instead of Lithohypna in Glaphyridae. The discovery and description of these two new
taxa provide further evidence for the Jurassic and Cretaceous diversiﬁcation of lineages of Hybosoridae.
Although the extant Hybosoridae constitute a relative small group in Scarabaeoidea, Hybosoridae are a
relatively old group of scarab beetles with relative high diversity in the Mesozoic.
© 2018 Elsevier Ltd. All rights reserved.
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1. Introduction
The Hybosoridae, a cosmopolitan family of Scarabaeoidea, are
very diverse in the tropics. However, some researchers consider the
group as a subfamily Hybosorinae of the family Scarabaeidae
(Allsopp, 1984; Martínez, 1994). We follow Gardner (1935), Paulian
(1939), Lawrence & Newton (1995), Jameson (2002), and Bouchard
et al. (2011) and consider the group as a family. The Hybosoridae
comprise six subfamilies (ﬁve extant subfamilies and one fossil
subfamily) with more than 550 described extant species. In recent
years, a number of fossil species belonging to Hybosoridae have
been described. A catalog of extinct Hybosoridae are provided in
supplementary information: Appendix A. Additionally, we summarize a list of the known fossil hybosorids in supplementary
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information: Appendix B, including 24 fossil species belonging to
18 genera (three extant genera and 15 fossil genera) (Krell, 2000,
2006, 2007; Ocampo & Ballerio, 2006; Ocampo, 2006a, 2006b;
Nikolajev, 2007a, 2007b, 2008, 2010a, 2010b; Nikolajev et al.,
2010, 2012; Kirejtshuk et al., 2011; Yan et al., 2012; Bai et al., 2016).
The Hybosoridae are a diversity group of relatively small
scarabs. The antenna has nine to ten antennomeres, with a threesegmented club. Some species, particularly in the Australian
genus Liparochrous Erichson, 1848 and those of the subfamily
Ceratocanthinae, are capable of rolling up their body to form a
compact ball. Larvae are known for only several species, and they
were collected in decomposed plant material or under bark. Larvae
and adults of some species are known to stridulate (Ocampo,
2006a).
Recently, we collected two well-preserved fossil scarab beetles
from the Yixian Formation of the Lower Cretaceous in Chaomidian
Village, City of Beipiao, Liaoning Province (detailed locality see Tang
et al., 2015, Fig. 1. Map). The complete preservation of the specimens enabled us to determine the characters of the body of these
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ancient scarab beetles. Based on these characters, we describe and
illustrate two new species belonging to two new Hybosoridae
genera, Sinohybosorus cheni gen. et sp. n. and Sinochaetodus tridentatus gen. et sp. n.. Their phylogenetic positions are analyzed
and discussed. The discovery provides further evidence for the
Cretaceous diversiﬁcation of Hybosoridae.
2. Material and methods
The specimens were examined using a LEICA MZ 12.5 dissecting
microscope and illustrated with the aid of a drawing tube
attachment.
This study are based on two specimens housed in the fossil insect collection of the Key Lab of Insect Evolution & Environmental
Changes, the College of Life Sciences, Capital Normal University,
Beijing, China (CNUB; Dong Ren, Curator).
Taxon sampling, character states, and a phylogenetic analysis on
the phylogenetic positions of the two new genera are provided in
supplementary information, Appendix C.
3. Results
3.1. Systematic paleontology
Order Coleoptera Linnaeus, 1758
Superfamily Scarabaeoidea Latreille, 1802
Family Hybosoridae Erichson, 1847
Genus Sinohybosorus Nie, Bai, Ren and Yang gen. n.
(LSIDurn:lsid:zoobank.org:act:44726F8D-77C2-465F-BF506B0B869AD0EE)
Type species: Sinohybosorus cheni sp. n.
Etymology. Sino- (Latin) ¼ from China, Hybosorus is the genus to
which the new fossil is most similar.
Diagnosis. Sinohybosorus is similar to Hybosorus Macleay, 1819 but
differs from the latter by scutellum bigger, the length of elytron
5.3 times as long as scutellum; pronotum widest near 1/4 to base;
legs robust, mesotibia 2.2 times as long as wide, metatibia 3.5
times as long as wide. Hybosorus has the smaller scutellum, the
length of elytron at least 15 times as long as scutellum; pronotum
widest at base; legs slender, meso- and metatibia at least ﬁve
times as long as wide.
Sinohybosorus cheni Nie, Bai, Ren and Yang sp. n. (Figs. 1e2)
(LSIDurn:lsid:zoobank.org:act:C11EBF53-4724-4F0D-8F6AC83319751D72)
Holotype. A well preserved almost complete body with elytra,
registration No. CNU-COL-LB2016001, Yixian Formation, near
Chaomidian Village, Beipiao City, Liaoning Province, China; the type
specimen is housed in the Key Lab of Insect Evolution & Environmental Changes, the College of Life Sciences, Capital Normal University, Beijing, China (CNUB).
Etymology. The speciﬁc epithet is in honor of Academician Prof.
Sicien Chen (Shixiang Chen), the former director of Institute of
Zoology (IOZ), Chinese Academy of Sciences (CAS), Beijing, China.
Prof. Chen was the former leader of Group of Morphology and
Evolution of Coleoptera, IOZ, CAS, and he has made great contributions to the research of insects from China.
Type strata and locality. The strata of Yixian Formation of Chaomidian Village, western Liaoning of China, mainly of lacustrine
sediments intercalated with volcaniclastics (Ren et al., 1995, 2010),
are rich in insect fossils. Paleobotanical data from fossil spores,
pollen and plants indicates a climate that was both warm and moist

in Yixian Age (Ding et al., 2001). Recent studies have conﬁrmed that
the Yixian Formation belongs to the Lower Cretaceous. The precise
range is probably 129.7e122.1 Ma (Barremian to early Aptian).
(Yang et al., 2007)
Diagnosis. In addition to the diagnosis for the genus, the species can
be diagnosed as follows: mesotibia without transverse carinae on
outer margin; metatibia with one transverse carinae on outer
margin; spurs on the end of tibia prominent, the length of longer
spur at the end of metatibia 0.58 times as long as metatibia.
Description. Body length: 15.1 mm; width: 9.1 mm. Broadly oval,
compact and pilose.
Head. Clypeus ﬁnely and closely rugulose, anterior margin straight;
mandible prominent, protruding beyond anterior margin of
labrum; maxillary palp three-segmented. Pronotum: Shape parabolic, 1.9 times as wide as long, notoriously wider than head, widest
near 1/4 to base; anterior margin of pronotum slightly arching,
lateral sides round; anterior angles are acute, posterior angles
broadly rounded. Scutellum: Triangular, 1.3 times as wide as long.
Elytron: Shape parabolic, elytra 1.2 times as long as wide medially,
1.1 times as wide as prothorax. Legs: Pro- and mesocoxae close,
mesocoxae round; protibia dilated apically, meso- and metatibia
with long pubes and two spurs at apex; metatibia with one transverse carinae on outer margin; mesotibia 2.2 times as long as wide,
metatibia 3.5 times as long as wide; mesotarsal relative length of
each segment (base to apex) 6:4:3:6:12. Abdomen: 6-segmented,
apex slightly rounded.
Genus Sinochaetodus Lu, Bai, Ren and Yang gen. n.
(LSIDurn:lsid:zoobank.org:act:8D013AE3-98B4-4250-841AB83564AA2B97)
Type species: Sinochaetodus tridentatus sp. n.
Etymology. Sino- (Latin) ¼ from China, Chaetodus is the genus to
which the new fossil is most similar.
Diagnosis. Sinochaetodus is similar to Chaetodus Westwood, 1845
but differs from the latter by pronotum without areolateocellate,
meso- and metatibia slender, mesotibia outer margin without
longitudinal row of teeth, metatibia outer margin with one longitudinal row of teeth. Chaetodus has the pronotum with areolateocellate, meso- and metatibia robust, outer margin with two
longitudinal rows of teeth.
Sinochaetodus tridentatus Lu, Bai, Ren and Yang sp. n. (Figs. 3e4)
(LSIDurn:lsid:zoobank.org:act:22E017FB-8CF0-48B8-8BFEB602BA97D690)
Holotype. A well preserved almost complete body with elytra,
registration No. CNU-COL-LB2016002, Yixian Formation, near
Chaomidian Village, Beipiao City, Liaoning Province, China; The
type specimen is housed in the Key Lab of Insect Evolution &
Environmental Changes, the College of Life Sciences, Capital
Normal University, Beijing, China (CNUB).
Etymology. Tridentatus (Latin) ¼ with three teeth, here referring to
the protibia.
Type strata and locality. Same as those of Sinohybosorus cheni Nie,
Bai, Ren and Yang sp. n.
Diagnosis. In addition to the diagnosis for the genus, the species can
be diagnosed as follows: protibia with three teeth on outer margin,
scutellum triangular, preapical surfaces of meso- and metatibia
without transverse ridges, mesotibia outer margin without longitudinal row of teeth, metatibia outer margin with one longitudinal
row of teeth.
Description. Body length: 11.5 mm; width: 5.8 mm. Broadly oval,
compact and pilose.
Head. Slightly wider than long, ovate, broadest at eyes; clypeus
anterior margin slightly round; antennae with three-segmented
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meso- and metatibia slender; preapical surfaces of meso- and
metatibia without transverse ridges, mesotibial outer margin
without longitudinal row of teeth, metatibial outer margin with
one longitudinal row of teeth; mesotarsal relative length of each
segment (base to apex) 3:2:2:2:4. Abdomen: six-segmented, apex
slightly rounded.
3.2. Catalog and key to Hybosoridae fossils

Fig. 1. Sinohybosorus cheni gen. et sp. n., holotype No. CNU-COL-LB2016001. Line
drawings of (A) ventral view; (B) dorsal view. (Scale:1 mm).

club, ﬁrst segment not cupuliform; mandible strongly prominent
and signiﬁcantly wider than clypeus; maxillary palp threesegmented, relative length of each segment (base to apex) 2:1:1.
Pronotum: Shape parabolic, 2.2 times as wide as long, notoriously
wider than head, widest at base; anterior margin of pronotum
straight, lateral sides round; anterior angles are rounded, posterior
angles broadly rounded. Scutellum: Triangular, 2.3 times as wide as
long. Elytron: Shape parabolic; elytra 1.3 times as long as wide
medially, 1.4 times as wide as prothorax, elytron without obvious
striae. Legs: Pro- and mesocoxae close; protibia dilated apically,
with 3 teeth on outer margin; meso- and metatibia with long pubescence and two spurs at apex; spurs differing distinctly in length;

The Hybosoridae comprise 26 fossil species in 20 fossil genera
(including the two new genera) (Appendix A). Among the 26 fossil
species, 20 species are from the Mesozoic Era and 6species from the
Cenozoic. Five of the 20 Mesozoic species are excluded in the key
because of poor preservation of the type specimens, which are
Cretohybosorus striatulus Nikolajev (1999), Protohybosorus grandissimus Nikolajev (2010b), Jurahybosorus mongolicus Nikolajev
(2005), Libanochrus calvus Kirejtshuk, Azar & Montreuil (2011),
and Cretanaides trogopterus Nikolajev (1996). Cretohybosorus striatulus does not have preserved head and pronotum. From the
description and the photo of Cretohybosorus striatulus, its systematic position is doubtful. In addition, Protohybosorus grandissimus
lacks the hind leg, Jurahybosorus mongolicus only has pterothorax,
Libanochrus calvus only has head, and Cretanaides trogopterus only
has one elytron. Therefore, all ﬁve are excluded in the key. We
found the size of body varies in fossil Hybosoridae from 3.0 to
longer than 20.0 mm, whereas the size of extant species only from
3.0 to 7.0 mm (Ocampo, 2006a, b). The key not only update species
reported in recent years, but also correct some mistakes of the key
published in 2013 (Yan et al., 2013). Considering the characters and
previous key (Yan et al., 2013), we relied more on the ﬁgures of
fossil rather than the text descriptions.

Fig. 2. Habitus of Sinohybosorus cheni gen. et sp. n., holotype No. CNU-COL-LB2016001. Photographs of (A) general habitus; (B) head, red rectangle as located on A; (C) protibia, blue
rectangle as located on A; (D) mesotibia, green rectangle as located on A; (E) metatibia, pink rectangle as located on A. (Scale:1 mm). (For interpretation of the references to colour in
this ﬁgure legend, the reader is referred to the Web version of this article.)
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Fig. 3. Sinochaetodus tridentatus gen. et sp. n., holotype No. CNU-COL-LB2016002. Line
drawings of (A) ventral view; (B) dorsal view. (Scale: 1 mm).

Key to species of Hybosoridae from the Mesozoic Era
1

Body elongate, about four times as long as wide...................
........Mesoceratocanthus tuberculifrons Nikolajev, Wang, Liu
& Zhang, 2010

70
8(7)
80

Body oval, less than three times as long as wide...................2
Body small (length less than 10 mm)........................................3
Body large (length more than 10 mm)...................................8
Mandibles invisible in dorsal view...........................................4
Mandibles visible in dorsal view...............................................5
The lateral margins of pronotum are straight Protanaides
sibiricus Nikolajev, 2010
The lateral margins of pronotum are arcuately
convex..........................Mimaphodius pusillus Nikolajev, 2007
Mesotibia with one transverse carinae on outer margin
..............................................................................................................6
Mesotibia without transverse carinae on outer margin...7
Pronotum narrow and long, lateral margins with densely
long hair, posterior margins nearly straight...........................
.................................Cretohybosorus buryaticus Nikolajev, 1999
Pronotum broad and short, lateral margin without hair,
posterior margins obviously protruding.......Jurahybosorus
kazakhstanicus Nikolajev, 2008
Pronotum trapeziform, with lateral margins slightly
convex, the widest at its base.....................................................8
Pronotum transverse, with lateral margins convex, the
widest at its middle....Leptosorus zherikhini Nikolajev, 2006
Abdomen with six visible sternites................Fortishybosorus
ericeusicus Yan, Bai & Ren 2012
Abdomen with ﬁve visible sternites.............Hybosorus
ocampoi Bai & Zhang, 2016

Fig. 4. Habitus of Sinochaetodus tridentatus gen. et sp. n., holotype No. CNU-COL-LB2016002. Photographs of (A) general habitus; (B) head, red rectangle as located on A; (C) protibia,
blue rectangle as located on A; (D) mesotibia, green rectangle as located on A. Red arrow (in A) indicates the margin of elytron; black arrow (in B) indicates the antennae. (Scale:
1 mm). (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the Web version of this article.)
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9(2)

Metatibia with one transverse carinae on outer margin
..............................................................................................................10
90
Metatibia without transverse carinae on outer margin...12
10(9) Mesotibia with one transverse carinae on outer margin
............................................................................................................11
100
Mesotibia without transverse carinae on outer margin
...................................................Sinohybosorus cheni gen. et sp. n.
11(10) Body oblong, pronotum transverse, the widest at its
middle................Protohybosorus karatavicus Nikolajev, 2010
110
Body oblong oval, pronotum trapeziform, the widest at its
base...................Protohybosorus mesasiaticus Nikolajev, 2010
12(9) Elytron elongate, more than two times as long as wide....13
120
Elytron oval, less than two times as long as wide.............14
13(12) Metatibia outer margin with one longitudinal row of
teeth...........................Sinochaetodus tridentatus gen. et sp. n.
130
Metatibia outer margin without longitudinal row of teeth
................Pulcherhybosorus tridentatus Yan, Bai & Ren, 2012
14(12) Scutellum big, about 1/2 as long as elytron base
.....................................Leptosorus fortus (Ren, Zhu & Lu, 1995)
140
Scutellum small, less than 1/3 as long as elytron base
..................Crassisorus fractus Nikolajev, Wang & Zhang, 2012
4. Discussion
4.1. Hybosoridae systematics
Six subfamilies are currently recognized in Hybosoridae: Anaidinae, Pachyplecterinae, Ceratocanthinae, Hybosorinae, Liparochrinae, and Mimaphodiinae (Ocampo, 2006b; Nikolajev, 2007a).
Through careful comparison of morphological characters, we found
the ﬁrst ﬁve subfamilies have good support but the position of
Mimaphodiinae is hardly recognized. The diagnostic characters of
Mimaphodiinae Nikolajev (2007a) are consistent with those of
Pachyplecterinae, and partly consistent with those of Anaidinae
and Hybosorinae. However, from the description of the type genus
of Mimaphodiinae, Mimaphodius Nikolajev, 2007, we found a supporting character for Mimaphodiinae: mandibles not exposed
beyond the apex of clypeus. But this character is hard to discern
from the drawing as there is minor damage at the anterior part of
the specimen. For now, we consider Mimaphodiinae of Hybosoridae is doubtful and new evidence is needed.
We have tried to make a phylogenetic tree (see details in
Appendix C: Text C.1-2, Table C.1; Supplementary Fig. 1e2), but it
was not possible to get a good support of the fossil lineages,
probably due to the limited characters in the fossil records. It
cannot be denied that, to some extent, the classiﬁcation of some
fossils is still doubtful, and more study is needed in the future.
4.2. Fossil record
The fossils of Scarabaeoidea are mainly from Europe and Asia,
and only a few fossils are from Africa and America. The Hybosoridae
have one of the relatively most abundant fossil records of the
Scarabaeoidea. Most records are consisted of taxa belonging to the
Hybosorinae. No extinct Pachyplecterinae has been described so
far. Only one fossil species has been recorded of the Ceratocanthinae (Nikolajev et al., 2010).
Among 26 species (including the two new species), ﬁve species
€
are from the Miocene (two species from Ohningen,
Germany and
three species from Dominican Amber), one species from the
Eocene (Ku
clín [Kutschlin] near Bílina [Bilin], Czech Republic), one
species from the Upper Cretaceous (from Myanmar amber), 14
species from the Lower Cretaceous (six species from Baysa, Russia,
four species from Inner Mongolia, China, three from Liaoning
Province, China and one from Lebanese amber), three species
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from the Upper Jurassic (one from Bayan-Teg, Mongolia, one from
Chimkent, Kazakstan and one from Myanmar amber) and three
species from the Middle-Upper Jurassic (Baidibek, Kazakhstan)
(Heer, 1847, 1862; Giebel, 1852; Deichmüller, 1881; Krell, 2000,
2006, 2007; Ocampo, 2006b; Nikolajev, 2007a, 2007b, 2008,
2010a, 2010b; Nikolajev et al., 2010, 2012; Kirejtshuk et al.,
2011; Yan et al., 2012; Bai et al., 2016). More detailed information is listed in the Catalog. The oldest fossil record of the
Hybosoridae is from the MiddleeUpper Jurassic (ca. 164.7e155.7
Ma), which is also the oldest fossil record in Scarabaeoidea
(Ahrens et al., 2014). Based on previous results and present study,
we ﬁnd that although the extant Hybosoridae constitute a relative
small group in Scarabaeoidea, Hybosoridae are a relatively old
group of scarab beetles and there was a relative high diversity of
the Hybosoridae in the Mesozoic.
4.3. Systematic position of Sinohybosorus cheni gen. et sp. n. and
Sinochaetodus tridentatus gen. et sp. n.
For a reliable identiﬁcation of a specimen as belonging to the
Scarabaeoidea, it has to show at least one synapomorphy related
to this taxon that ideally should not be reduced in any terminal
subordinated taxon at any period. As only preserved characters
are available for fossil specimens, Krell (2000) gave a list of
synapomorphies of Scarabaeoidea which were suitable for scarab
fossil identiﬁcation. Sinohybosorus cheni and Sinochaetodus tridentatus can be classiﬁed within the Scarabaeoidea by having
antennae with lamellate club and protibiae with teeth on its
outer margin.
Sinohybosorus cheni gen. et sp. n. can be classiﬁed within
Hybosoridae according to the following characters: body oblong,
not capable of being rolled into a contracted sphere; mandibles
produced beyond the apex of labrum, thick at base, apex pointed;
mesotibial spur double, metatibial spurs differing distinctly in
length, outer edge of protibia with teeth, six abdominal ventrites,
mesocoxal cavities round and at the middle contiguous.
Sinohybosorus cheni gen. et sp. n. is at the base of the Hybosoridae together with the others fossils according our phylogenetic
analysis (Supplementary Figs. 1e2). Sinohybosorus is similar to
Hybosorus but there is not enough evidence to place it in the
subfamily Hybosorinae. This fossil genus is more like the ground
plan of the Hybosoridae, which bears many plesiomorphic character states of the Hybosoridae. Sinohybosorus is not in any lineages
of extant Hybosoridae (Supplementary Fig. 2) and is sister to
Sinochaetodus tridentatus, which is considered as incertae sedis.
Thus, we consider Sinochaetodus as subfamily incertae sedis.
Sinochaetodus tridentatus gen. et sp. n. can be classiﬁed within
Hybosoridae according to the following characters: body oblong,
not capable of being rolled into a contracted sphere; antennae with
three-segmented club, the ﬁrst segment not cupuliform; mandibles
produced beyond apex of labrum, thick at base, the apex pointed;
mesotibial spurs double, metatibial spurs differing distinctly in
length, outer edge of protibia with teeth, six abdominal ventrites,
mesocoxal cavities at the middle contiguous.
Sinochaetodus tridentatus gen. et sp. n. is also at the base of the
Hybosoridae together with the others fossils according our phylogenetic analysis (Supplementary Figs. 1e2). Sinochaetodus is similar
to Chaetodus but we do not have enough evidence to place it in the
subfamily Anaidinae, however it can be classiﬁed to Anaidinae and
Hybosorinae by abdomen with 6 free sternites, and meso- and
metatibia without transverse carinae. This fossil genus is more like
the ground plan of the Hybosoridae, which bears many plesiomorphic character states of Hybosoridae and some character states
of Ochodaeidae. Thus, Sinochaetodus is considered as subfamily
incertae sedis.
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4.4. Systematic position of Fortishybosorus ericeusicus Yan, Bai et
Ren, 2013
Fortishybosorus ericeusicus Yan, Bai et Ren, 2013 can be classiﬁed
within Hybosoridae based on several characters (Yan et al., 2013).
Nikolajev transferred Fortishybosorus to Lithohypna in Glaphyridae
without a detailed explanation (Nikolajev, 2014). According to a
previous study, the reason is probably due to this character: pygidium visible beyond elytra (Nikolajev et al., 2011). But in our
opinion, the character of pygidium visible beyond elytra in Fortishybosorus ericeusicus is probably the result of fossilization. The
use of only one character to judge the position is not enough.
Considering the following characters: body oblong not elongate,
upper surfaces of body without distinct hairs, setae or scales, pronotum almost equal to base of elytron, and the lateral margin of
elytron convex not subparallel, Fortishybosorus ericeusicus should
belong to Hybosoridae. So Fortishybosorus ericeusicus Yan, Bai et
Ren, 2013 has been transferred back to Fortishybosorus instead of
Lithohypna in Glaphyridae.
5. Conclusions
 Extinct Hybosoridae is reviewed with a key of described species
of Hybosoridae from the Mesozoic and a catalog of extinct
Hybosoridae.
 Two new genera and species, Sinohybosorus cheni gen. et sp. n.
and Sinochaetodus tridentatus gen. et sp. n. from the Lower
Cretaceous Yixian Formation, are described to Hybosoridae.
 The phylogenetic positions of some hybosorids fossils are still
doubtful. More complete work on the robust phylogeny of
Hybosoridae based on fossil evidence are needed in future.
 The average body size of extinct hybosorids is larger than extant
ones. Hybosoridae are a relatively old group of scarab beetles
with relative high diversity in the Mesozoic.
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