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Abstract

Coleoptera comprise 198 families and over 440,000 species to date, of which 143 families and over 35,000 species are
known in China. Of these, only 64 families have been recorded in Guangdong Province, fewer than in Hong Kong. To
investigate the insect diversity of Guangdong, numerous specimens were collected from the Nanling Mountains and
the Greater Bay Area using various methods, and over 200,000 specimens of Coleoptera were assigned to families.
Thus, a preliminary study of beetles at the family-level in Guangdong is carried out based on the examined specimens
and historical records. An updated checklist of beetle families in Guangdong increases the number of families from 64
to 111, in which Eupsilobiidae is recorded for the first time in China and a new species, Eidoreus haizhuensis sp. nov.
is described here, demonstrating the importance of persistent collecting with different methods for the study of insect
diversity. Habitus images of most of the beetle families occurring in Guangdong are provided. And the updated records
are compared in detail with the published records, showing that more families may potentially be found in Guangdong,
requiring further field work and taxonomists working on niche groups.
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Introduction

Beetles are the most diverse group of all animals on Earth, with over 440,000 species known to science and nearly
1500,000 undescribed species at present (Stork 2018; Nie et al. 2019; Cai et al. 2022, Goczat et al. 2024), making
a significant contribution to the biodiversity. The higher-level diversity of Coleoptera is still controversial, from
which there are 198 families (Appendix 1) according to the results of recent phylogenetic and taxonomy work
(Robertson et al. 2015; Bocak et al. 2018; Mckenna et al. 2019; Gimmel et al. 2019; Duran & Gough 2020; Kusy
et al. 2020; Rosa et al. 2020; Cai et al. 2022; Lawrence et al. 2023; Arriaga-Varela ef al. 2023). In contrast, more
than 35,000 species within 143 families (Table 1) are currently known from China (Jia & Wu 1999; Nie et al. 2019;
Liu et al. 2021). While the field work on beetles in mainland China in the past 70 years has mainly focused on
Qinghai-Tibet Plateau and Yunnan-Guizhou Plateau (Nie et al. 2019), the beetle diversity of the remaining areas
has generally been underexplored for a long time. As a result, the beetle diversity data of some provinces appears to
be inconsistent with the real situation. For example, according to the checklist published recently (Li ef al. 2023),
only 64 families (Table 1) of Coleoptera are recorded in Guangdong Province, which is less than half the number of
families in China, and even significantly less than 81 families in Hong Kong (Lau 2019).

The Nanling Mountains in southern China have been shown to be a key refuge for animals and plants (Lopez-
Pujol et al. 2011; Hu et al. 2021; Mi et al. 2021; Wang et al. 2023), and also act as a barrier between the central and
southern China biota (Chen & Chang 1956). The Guangdong-Hong Kong-Macao Greater Bay Area, or simply the
Greater Bay Area was initiated in 2015 mainly for economic development (Hui et al. 2020), covering 9 mainland
cities in Guangdong near the Pearl River Delta and 2 special administrative regions (Hong Kong and Macau).
Since 2020, two projects have been proposed to investigate insect diversity of the Nanling Mountains and the
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Greater Bay Area in Guangdong and parts of neighboring provinces, with the aim of providing background data
on biodiversity in these two important areas for future ecological construction. Since then, a series of field surveys
have been carried out and numerous specimens have been collected. Our team is mainly responsible for the areas
of the Nanling Mountains in Guangdong and the Greater Bay Area, with over 2000,000 insect specimens assigned
to orders to date, of which over 200,000 of them are beetles, providing us with an opportunity to explore the true
diversity of beetles in Guangdong.

FIGURE 1. Examples of passive acquisition methods. A. Malaise trap. B. Flight intercept trap.
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Material and methods
Collecting methods

The specimens included in this study were mostly collected using passive methods following Zhao et al. (2022),
namely Malaise traps (Fig. 1A), flight intercept traps (Fig. 1B) and pitfall traps. In the Greater Bay Area, 66 Malaise
traps, 46 flight intercept traps and 31 pitfall traps at 88 sampling sites in 8 cities; and 63 sampling sites were set up
in the Nanling Mountains, with 1 flight intercept trap, 1 malaise trap and 10 pitfall traps at each site. Flight intercept
traps and pitfall traps were collected once every two to three days, Malaise traps were collected once every half
month or every month during 2020-2022. Some manual collecting methods such as net sweeping and beating were
also used, as several mass trapping activities were organized in the same areas, light traps were used at the same
time. The specimens involved in this paper are housed in the Institute of Zoology, Guangdong Academy of Sciences
(IZGA), Guangzhou, China.

Identification and counting methods

Specimens were examined under a Leica SAPO microscope and assigned to different families based on morphological
information (Leschen & Beutel 2010, 2014; Beutel & Leschen 2016). The Nanling Mountains in Guangdong and
the Greater Bay Area occupy most of the ecosystems present in Guangdong Province, and the specimens examined
in this study were mostly collected in Guangdong. Therefore, an updated checklist of beetle families in Guangdong
(Guangdong-updated) is proposed for the combination of literature records and examined specimens, corresponding
to the checklist from historical records (Guangdong-historical).

Photographing methods

Good quality specimens of different families were selected as representatives for photography, which were stretched
with forceps and immobilized with insects pins on foam boards until dry, then placed on a thick quartz plate for
photography. Montage images of the habitus were taken using a Canon 7D DSLR camera with a Canon MPE-65
mm macro lens or a Mitutoyo 5x/10x objective, mounted on a Wemacro Focus Stacking Rail, using Helicon Remote
(v. 3.9.10 M) and WeMacro Control software, with a dual head flash for supplementary lighting. The images were
stacked in Helicon Focus v. 8.1.1 and edited in Photoshop CC 2022. The specimen of Pterogeniidae was lent to
another researcher for study, so the image of this family is provided by that researcher.

Results
(Figs 2-12)

The number of beetle families in the Nanling Mountains and the Greater Bay Area reaches 111 when data from
the literature and examined specimens are combined (Table 1), with most families are shown in Figures 4—12.
Compared with the historical records, Torridincollidae, Eucinetidae, Clambidae, Ptiliidae, Passalidae, Trogidae,
Bolboceratidae, Ochodaeidae, Hybosoridae, Byrrhidae, Dryopidae, Limnichidae, Heteroceridae, Chelonariidae,
Callirhipidae, Throscidae, Lycidae, Rhagophthalmidae, Omethidae, Byturidae, Biphyllidae, Lophocateridae,
Bothrideridae, Teredidae, Euxestidae, Cerylonidae, Discolomatidae, Anamorphidae, Eupsilobiidae, Corylophidae,
Lymexylidae, Mycetophagidae, Archeocrypticidae, Pterogeniidae, Ciidae, Tetratomidae, Melandryidae, Mycteridae,
Pyrochroidae, Salpingidae, Ischaliidae, Aderidae, Scraptiidae, Sphindidae, Monotomidae, Passandridae, Phalacridae
are recorded for the first time in Guangdong, where Eupsilobiidae (Fig. 6J) is new to China. In addition, Noteridae,
Hydrochidae, Hydraenidae, Trogossitidae, Thanerocleridae and Disteniidae, which are reported in the literature, are
not found in the examined specimens.

FAMILY-LEVEL DIVERSITY OF BEETLES IN GUANGDONG Zootaxa 5528 (1) © 2024 Magnolia Press - 19



TABLE 1. Checklist of beetle families recorded in China, Guangdong-Historical and Guangdong-updated.

Families of Coleoptera ~ Guangdong- Guangdong- Families of Coleoptera ~ Guangdong- Guangdong-
in China historical updated in China historical updated
Cupedidae \ V Byturidae \
Micromalthidae Biphyllidae \
Torridincolidae v Peltidae

Sphaeriusidae Trogossitidae \ \
Hydroscaphidae Lophocateridae \
Gyrinidae \ \/ Thymalidae

Haliplidae \ V Thanerocleridae \ \
Noteridae Y V Cleridae \ Y
Amphizoidae Acanthocnemidae

Hygrobiidae Prionoceridae \ \
Dytiscidae \ V Rhadalidae

Aspidytidae Melyridae \ \
Carabidae \ V Bothrideridae \
Cicindelidae Y V Teredidae Y
Eucinetidae \/ Euxestidae \
Clambidae V Murmidiidae

Scirtidae \ V Cerylonidae \
Derodontidae Discolomatidae \
Dascillidae \ V Endomychidae \ \
Rhipiceridae Anamorphidae \
Hydrophilidae \ \/ Eupsilobiidae
Helophoridae Coccinellidae \ \
Epimetopidae Corylophidae \
Georissidae Latridiidae \ \
Hydrochidae \ V Lymexylidae \
Spercheidae Mycetophagidae \
Nosodendridae Archeocrypticidae \
Sphaeritidae Pterogeniidae \
Syntellidae Ciidae \
Histeridae \ \/ Tetratomidae \
Jacobsoniidae Melandryidae \
Hydraenidae \ V Mordellidae \ \
Ptiliidae V Ripiphoridae \ \
Agyrtidae Zopheridae \ \
Leiodidae Y V Tenebrionidae \ Y
Staphylinidae \ V Prostomidae

Lucanidae \ V Synchroidae

Passalidae V Stenotrachelidae

Trogidae \/ Oedemeridae \ \
Glaresidae Meloidae \ \

...... Continued on the next page
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TABLE 1. (Continued)

Families of Coleoptera ~ Guangdong- Guangdong- Families of Coleoptera ~ Guangdong- Guangdong-
in China historical updated in China historical updated
Bolboceratidae V Mycteridae \
Geotrupidae \ V Trictenotomidae \ \
Ochodacidae \/ Pythidae

Hybosoridae \/ Pyrochroidae \
Glaphyridae \ V Salpingidae \
Scarabaeidae \ V Ischaliidae \
Buprestidae \ \/ Anthicidae \ \
Byrrhidae V Aderidae \
Elmidae \ \/ Scraptiidae \
Dryopidae \/ Helotidae \ \
Limnichidae \ Sphindidae \
Heteroceridae \/ Erotylidae \ \
Psephenidae \ \/ Monotomidae \
Ptilodactylidae \ V Cryptophagidae \ \
Chelonariidae V Silvanidae \ \
Eulichadidae \ V Cucujidae \ \
Callirhipidae V Passandridae \
Artematopodidae Phalacridae \
Eucnemidae \ V Laemophloeidae \ \
Throscidae V Kateretidae

Elateridae V l Nitidulidae v V
Sinopyrophoridae Cybocephalidae \ \
Plastoceridae Vesperidae \ \
Lycidae V Disteniidae \ \
Rhagophthalmidae \/ Cerambycidae \ \
Lampyridae \ \/ Megalopodidae \ \
Omethidae V Orsodacnidae

Cantharidae \ \/ Chrysomelidae \ \
Dermestidae \ \/ Anthribidae \ \
Endecatomidae Attelabidae \ \
Bostrichidae \ V Brentidae \ \
Ptinidae \ \/ Curculionidae \ \

Atthe suborder level, one family of Myxophaga and 46 families of Polyphaga were newly recorded in Guangdong,
while the family numbers of Archostemata and Adephaga remained the same (Fig. 2). At the superfamily level (Fig.
3), the family numbers of Scarabacoidea, Dryopoidea, Coccinelloidea and Tenebrionoidea are apparently increased,
which are more than double the historical records. While it remains the same in Hydrophiloidea, Bostrichoidea,
Chrysomeloidea and Cucrculionoidea which comprise more than three families. The number of families in these
superfamilies is equal to or only one family less than the Chinese record, except for Hydrophiloidea, which has six
families recorded in China but only two in Guangdong. In Elateroidea and Cucujoidea, four families are recorded
in Guangdong for the first time.
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FIGURE 4. Habitus of Coleoptera families. A. Cupedidae. B. Torridincollidae. C. Carabidae. D. Cicindellidae. E. Gyrinidae.
F. Haliplidae. G. Dytiscidae. H. Clambiidae. I. Eucinetidae. J. Scirtidae. K. Hydrophilidae. L. Histeridae. Scale bars: 1 mm
except for 5 mm in A and C-E.
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FIGURE 5. Habitus of Coleoptera families. A. Ptiliidae. B. Leiodidae. C. Staphylinidae. D. Geotrupidae. E. Passalidae. F.
Trogidae. G. Ochodaeidae. H. Lucanidae. I. Scarabaeidae. J. Glaphyridae. K. Hybosoridae. L. Bolboceratidae. Scale bars: 5
mm except 1 mm in A and B.
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FIGURE 6. Habitus of Coleoptera families. A. Dascllidae. B. Buprestidae. C. Byrrhidae. D. Elmidae. E. Dryopidae. F.
Limnichidae. G. Heteroceridae. H. Psephenidae. I. Chelonariidae. J. Ptilodactylidae. K. Eulichadidae. L. Callirhipidae. Scale
bars: 1 mm except 5 mm in A-B and J-L.
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FIGURE 7. Habitus of Coleoptera families. A. Eucnemidae. B. Elateridae. C. Lycidae. D. Rhagophthalmidae. E. Lampyridae.
F. Omethidae. G. Cantharidae. H. Bostrichidae. I. Dermestidae. J. Ptinidae. K. Byturidae. L. Biphyllidae. Scale bars: 1 mm
except 5 mm in B and G.
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FIGURE 8. Habitus of Coleoptera families. A. Lophocateridae. B. Cleridae. C. Prionoceridae. D. Melyridae. E. Discolomatidae.
F. Cerylonidae. G. Euxestidae. H. Bothrideridae. 1. Teretidae. J. Eupsilobiidae. K. Endomychidae. L. Anamorphidae. Scale
bars: 1 mm except 5 mm in B and C.
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FIGURE 9. Habitus of Coleoptera families. A. Coccinellidaec. B. Corylophidae. C. Latridiidae. D. Lymexylidae. E.
Mycetophagidae. F. Archeocrypticidae. G. Pterogeniidae. H. Ciidae. I. Tetratomidae. J. Melandryidae. K. Mordellidae. Scale

bars: 1 mm except 5 mm in D.
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FIGURE 10. Habitus of Coleoptera families. A. Zopheridae. B, C. Tenebrionidae. D. Meloidae. E. Pyrochroidae. F, G.
Salpingidae. H, I. Mycteridae. J. Ischaliidae. K. Anthicidae. L. Aderidae. M. Scraptiidae. Scale bars: 1 mm except 5 mm in B
and D-E.
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FIGURE 11. Habitus of Coleoptera families. A. Erotylidae. B. Helotidae. C. Sphindidae. D. Monotomidae. E. Nitidulidae. F.

Cybocephalidae. G. Cucujidae. H. Cryptophagidae. I. Silvanidae. J. Passandridae. K. Phalacridae. L. Laemophloeidae. Scale
bars: 1 mm except 5 mm in A and B.
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FIGURE 12. Habitus of Coleoptera families. A. Vesperiae. B-D. Cerambycidae. E-H. Chrysomelidae. I. Anthribidae. J.
Atellabidae. K. Brentidae. L. Curculionidae. Scale bars: 1 mm except 5 mm in A-D and J-K.
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Taxonomy
Eupsilobiidae Casey, 1895

Eupsilobiidae is a poorly known family, represented by seven genera and 19 species (Tomaszewska 2011; Robertson
et al. 2015). Traditionally treated as a subfamily of Endomychidae, it has been elevated to family level based on
molecular data (Robertson et al. 2015). Most of the genera and species are restricted to endemic islands in Central
America, South America and South Africa (Pakaluk & Slipinski 1990; Tomaszewska 2011), with Eidoreus Sharp
having three species distributed mainly on scattered tropical islands, while E. japonicus Sasaji, 1991 is also known
from the mountains of Japan (Sasaji 1986).

Eidoreus haizhuensis sp. nov.
(Fig. 13)

Type material. HOLOTYPE: CHINA: Guangdong: &, Guangzhou, Haizhu Wetland, E113°21°1.55”
N23°3°33.33”, 2022.iii.22-1v.22, Malaise trap (IZGA). PARATYPES: CHINA: Guangdong: same date as
Holotype (1 1ZGA); Guangzhou, Haizhu Wetland, E113°20°7.83” N23°3°51.42”, 2022.ii.22-1i1.22, Malaise trap
(1 IZGA); Zhongshan, Zhongshan Arboretum, E113°22'4.4832" N22°29'6.5292", 2024.v1.26, leg. Zhenhua Liu (1
1ZGA).

Diagnosis. The new species is mainly distinguished from the congeners by the following characters: anterior
margin of metaventral process between mesocoxae nearly truncate (Fig. 13B); elytra with indistinct furrow along
suture and lateral margin; male genitalia (Fig. 13D) with tegmen distinctly twisted at about apical third, median lobe
sinuate, expanded to T-shaped at base.

Description. Length 1.2—1.3 mm. Body oval, convex both dorsally and ventrally (Fig. 13C). Colour reddish
brown, with legs and antennae lighter. Surface glabrous, covered with sparse and short yellow setae (Fig. 13A).

Head prognathous, distinctly inserted inside prothorax, moderately constricted behind eyes; dorsal surface
smooth, frontoclypeal suture present and curved inwardly; ventral side with short sub-antennal grooves, gular area
wide. Eyes small and coarsely facetted, laterally inserted and slightly protruding. Antennae inserted on genal area
between eyes, insertions not exposed from above. Antenna (Fig. 13A, B) 10-segmented with 2-segmented club;
scape enlarged, pedicel a little smaller, antennomere 3 longer than antennomere 4, antennomeres 4—8 almost equal
in length, antennomere 9 trapezoid, antennomere 10 transversely elliptical. Maxillary palps with terminal segment
elongate and conical; labial palps with terminal segment enlarged and sub-triangular.

Pronotum (Fig. 13A) transverse, about 0.4 times as long as wide, widest at base; lateral margins arcuate.
Anterolateral angles slightly extending forwardly; posterior margin weakly bisinuate. Prosternum small and T-
shaped, forming pair of anterolateral excavation with epipleura of pronotum to receive antennal clubs; prosternal
process wide and slightly expanded to lateral apically, posterior margin emarginate, meeting with intercoxal process
of metaventrite over mesoventrite. Procoxal cavities oval, externally open; procoxae oval, protrocantins exposed.
Scutellum small and sub-triangular.

Elytra only slightly longer than wide, widest at about anterior third; lateral margins curved. Dorsal surface
smooth, without distinct punctation, with indistinct furrows along suture and lateral margin (Fig. 13A, C); humeral
areas with pair of short and slightly curved markings. Epipleura incomplete, broad at base, gradually narrowed to
terminal abdominal ventrite. Mesoventrite almost completely covered by prosternal process and intercoxal process
of metaventrite. Metaventrite transverse, discrimen absent, with pair of post coxal lines almost extending to lateral
margins; intercoxal process large, extending to front of mesocoxae, apical margin nearly truncate. Metepisternum
nearly rectangular, narrow. Mesocoxae cavities widely separated, laterally open to mesepimeron. Mesocoxae oval,
mesotrocantins concealed. Metacoxae transverse and widely separated. Legs with femora enlarged at middle; tibiae
flattened, expanded anteriorly; tarsal formula 4-4-4, tarsomeres simple.

Abdomen (Fig. 13E) with five freely articulated ventrites; ventrite 1 longest, with pair of curved post coxal
lines, not extending to posterior margin; ventrites 2—4 short, sub-equal in length; ventrite 5 sub-trapezoid, posterior
margin slightly emarginate. Spicular gastrale V-shaped, articulated to tergite IX posteriorly (Fig. 13F). Aedeagus
(Fig. 13D) with tegmen distinctly twisted at about apical third, articulated to slender strut at base; median lobe thin
and long, sinuate at middle, basal area expanded and T-shaped.
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FIGURE 13. Eidoreus haizhuensis sp. nov. A. Dorsal habitus, holotype. B. Ventral habitus, paratype. C. Lateral habitus,
paratype. D. Aedeagus, holotype. E. Abdominal ventrites, ventral view. F. Terminal abdominal segments. Scale bars: 0.5 mm.

Distribution. China (Guangdong).
Etymology. The specific epithet is derived from the name of the type locality, Haizhu Wetland, where Haizhu
also refers to a district in Guangzhou.
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Discussion

The number of beetle families in Guangdong increased from 64 to 111 after the survey, accounting for about 44%
and 75% of the number in China, respectively, indicating that the background data on beetle diversity or even insect
diversity in Guangdong is highly deficient even at higher taxonomic level. This may be due not only to the lack
of systematic field work, but also to the lack of attention from the researchers. No project on the insect fauna of
Guangdong Province has been proposed until 2020, because the insect fauna of the Nanling Mountains and that of
Guangdong Province are both under compilation now, which are highly dependent on the projects in the Nanling
Mountains and the Greater Bay Area. Also, the statistical result in this paper highlights the importance of different
collection methods and persistent collecting for the study of insect diversity, as different groups of insects may have
distinctly different habitats and habits (Devigne & Biseau 2014; Nie et al. 2017; Uhler et al. 2022; Zhao et al. 2022,
Chen et al. 2022).

Althoughupto 111 families have been found in Guangdong, some families of water beetles such as Sphaeriusidae,
Hydroscaphidae, Epimetopidae, Spercheidae which have been recorded in the neighboring provinces and have
relatively wide distribution, are not included in the checklist (Ryndevich 2011; Edwards et al. 2015; Liang & Jia
2018; Fikacek et al. 2021). This may be due to aquatic habits of these families, which require sifting the sands and
muds near the water for collection, whereas it was rarely used during the filed works. In addition, some unrecorded
families such as Dedrodontidae, Artematopodidae, Thymalidae, Murmidiidae and Prostomidae, which are usually
rare in the collection, might also be present in Guangdong according to their distribution (Hava 2010; Kundrata et al.
2013; Schawaller 2019; Asakawa et al. 2020; Wang & Liu 2021; Jaloszynski & Slipiﬁski 2022). Therefore, the results
of the current study are preliminary, and it is expected that more beetle families will be found in Guangdong.

Among the newly recorded families, most of them have not been studied for a long time or only occasionally in
mainland China, such as Clambidae, Ptiliidae, Heteroceridae, Chelonariidae, Omethidae, Byturidae, Cerylonidae,
Corylophidae, Mycetophagidae, Archeocrypticidae, Mycteridae, Sphindidae and others, and massive specimens
were collected from some newly recorded families such as Passalidae, Dryopidae, Limnichidae, Monotomidae,
Biphyllidae, Bothrideridae, Mycetophagidae et al. It shows that the taxonomic work on Coleoptera in China is highly
unbalanced, mainly focusing on the more concerned families such as Chrysomelidae, Staphylinidae, Scarabacidae,
Cerambycidae, Carabidae, Curculionidae et al. (Nie et al. 2019; Zhang et al. 2023).

Overall, not only more field work with different collecting methods, but also more researchers working on the
niche families are needed to further explore the diversity of beetles in Guangdong or even in the country.
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