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Abstract 



Several Coleoptera fossils, including Coptoclavidae, Elateridae, Ommatidae, and Staphylinidae, were 

previously described from the Jinju Formation (Albian), South Korea. However, numerous beetle fossils require 

further research to fully understand the biodiversity of this important Cretaceous deposit. In this study, we present 

an overview of the diversity of Coleoptera from the Jinju Formation. Future studies on beetles of the Jinju 

Formation will be divided into several parts corresponding to the major lineages found in this Albian deposit. In 

this first part, we introduce the geological context, review previous studies related to Coleoptera fossils from the 

Jinju Formation, and present specimens that will undergo detailed examination in subsequent papers. 
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Introduction 

Beetles (order Coleoptera) are the behemoths of biodiversity, with almost 450,000 described species and 

thriving in every habitat throughout the world (Grimaldi and Engel, 2005; Ślipiński et al., 2011; Smith and Marcot, 

2015; Goczał et al. 2024) and with evolutionary roots extending back to the earliest Permian (Kirejtshuk et al., 

2014; Beutel et al. 2024). While molecular analyses estimate the origin of beetles to the Late Carboniferous or 

possibly earlier (McKenna et al., 2019; Cai et al., 2022), they rose to prominence and diversified ecologically 

during the Triassic, including the invasion of novel niches such as freshwater environments (Ross et al., 2000; 

Grimaldi and Engel, 2005; Papier et al., 2005; Kukalová-Peck and Beutel, 2012; Cai et al., 2022; Beutel et al. 

2024). 

 Mesozoic and Cenozoic deposits often encompass diverse coleopteran assemblages, reflective of the 

considerable proliferation of beetles following the End Permian Extinction Event (e.g., Zhao et al., 2021; Jouault 

et al., 2022). Such diversity is well reflected in post-Paleozoic deposits in Korea, where numerous sedimentary 

formations yield specimens of Coleoptera, ranging in age from the Triassic (Nam, 2015) to the Miocene (Lee and 

Nam, 2021; Lee et al., 2023). Nonetheless, despite the abundance of available material and the diversity of groups 

discovered, the taxonomic diversity of fossil beetles across Korea remains limited, leaving ample room for novel 

research and exploration. 

 Here we introduce a series of studies that will explore the diversity and paleobiological significance of 

Cretaceous Coleoptera found in outcrops of the Jinju Formation in South Korea. While many specimens were 

previously studied by Lee (2016), a preliminary examination of the material has highlighted the necessity for a 

reclassification of most species. This underscores the need for new work on this diversity. Accordingly, we 

provide a new analysis of both recently collected specimens and those documented by Lee (2016), organizing 

them into a series of papers addressing particular beetle lineages. Here, we introduce the Jinju Formation, elaborate 

on the localities from which material has been recovered, provide a brief overview of the diversity preserved, and 

offer insights into upcoming taxonomic analyses. 

 

Prior research on Jinju Coleoptera 

The first fossil beetles reported from the Jinju Formation were of the genus Coptoclava Ping, a group attributed 

to the extinct family Coptoclavidae. However, these specimens were not assigned to a given species. They differ 

from the well-known Coptoclava longipoda Ping in having a different shape to the abdominal outline in adults; 

however, further study on the classification of these specimens is required to provide a more robust hypothesis of 

the specific identity and morphological variety (Park et al., 2013). 

 Subsequent to the aforementioned work, two genera of click beetles (Elateridae) were described as 

Megalithomerus magohalmii Sohn and Nam and Koreagrypnus jinju Sohn and Nam (Sohn et al., 2019), followed by a 

carrion beetle (Staphylinidae: Silphinae), Cretosaja jinjuensis Sohn and Nam (Sohn and Nam, 2021), and a reticulated beetle 

(Archostemata), Notocupes premeris Lee et al. (Lee et al., 2022). The latter, N. premeris, was a typical member of the genus 

Notocupes Ponomarenko (Li et al., 2023a, 2023b) and added only minor information on the range of morphological variation 

in the genus as well as extending its known distribution. The two elaterids were originally placed in the the Protagrypnini 

(Protagrypninae). However, the validity of Protagrypninae remains dubious as the morphological characters originally 



proposed to define this putatively extinct subfamily have been questioned by various authors (Muona et al., 2020; Kundrata 

et al., 2021; Li et al., 2021). Of these, M. magohalmii is the largest fossil click beetle currently known, exceeding 40 mm in 

length (Sohn et al., 2019). Cretosaja jinjuensis was identified as a nicrophorine carrion beetle (Sohn and Nam, 2021), and 

the authors even proposed that the genus Cretosaja Soh and Nam could potentially represent ‘a primitive lineage’ of the 

extant genus Ptomascopus Kraatz. Such an interpretation raises the prospect that the fossil may support the appearance of 

stridulatory sound production among Staphylinidae, at least as early as the Early Cretaceous, supporting the analysis of 

Toussaint and Condamine (2016). 

         Although these findings each hold interest and significance within their respective taxonomic groups, their collective 

contribution to the broader composition of the coleopteran fauna during that time period is limited. While individually 

informative, current understanding of the diversity does not allow for in-depth investigation into the paleoecology and 

paleobiology of beetles within the Early Cretaceous ecosystems of the Korean Peninsula. Thus, future parts of this project 

will provide taxonomic overviews of particular groups, working to enhance our understanding of beetles from the Jinju 

Formation. Ultimately, this effort aims to establish a solid foundation for the reconstruction of the coleopteran assemblage 

and its implications for paleoecology. 

 

Material and Methods 

Fossils examined in this research are deposited in the Kyungpook National University in Sangju-si, South Korea 

and Gongju National University of Education in Gongju-si, South Korea. The fossil were photographed with a 

Sony α7R IV mirrorless camera equipped with a Canon EF 100mm f/2.8L Macro IS USM lens plus the Kenko 

extension tube set or a Canon MP-E 65mm f/2.8 1-5X Macro lens. 

 

Geological setting 

The Jinju Formation is one of several sedimentary formations in the Gyeongsang Basin of South Korea (Kang 

and Paik, 2013). Its age has been estimated to be of Albian age (Lee et al., 2010, 2018; Chae et al., 2020). The 

lithology is mostly formed of dark gray to black shale, with some localities of sandstone (Park et al., 2013). 

Sedimentological investigations have unveiled the paleoenvironment of Jinju Formation, interpretating it as 

freshwater and perennial lake (Paik et al., 2023). Traces of lacustrine environment such as ripple marks, turbidites, 

and stromatolites are also present in the Jinju Formation (Um et al., 1983; Paik et al., 2019; Paik et al., 2023). 

While sedimentary analysis previously implied a shift from humid to more arid climate within the Jinju Formation 

(Paik et al., 2023), isotopic study of the plant remains revealed alternation between humid and subhumid periods 

(Hong et al., 2020). 

 Considerable work has been undertaken recently on the paleontology of the formation, particularly on 

pollens or macrofossils of plants (Yi et al., 1994; Kim, 2009), vertebrate footprints (Kim and Lockley, 2016; Kim 

et al., 2018ab; Kim et al., 2019a,b,c; Kim et al., 2020; Kang et al., 2021), fishes (Lee et al., 2001), ostracods (Choi, 

2016; Choi et al., 2018; Choi et al., 2021), spiders (Selden et al., 2012; Park et al., 2019), isopods (Park et al., 

2012; Park et al., 2019), and other trace fossils (Kim et al., 2000; Kim and Kim, 2003; Kim et al., 2005; Kim et 

al., 2008; Lee, 2017). 

 Numerous insect lineages have been described from the Jinju Formation, including a termite, caddisfly 

cases, dragonflies, earwigs, lacewings, long-proboscid flies, orthopterans, and snakeflies (Engel et al., 2002; Engel 

et al., 2006; Paik, 2005; Nam and Kim, 2016; Khramov and Nam, 2020; Khramov et al., 2020; Kim et al., 2021; 

Jouault and Nam, 2022). Notably, Lee (2018) reported the potential discovery of an insect cocoon or pupation 

chamber within the sandstone bed of the Jinju Formation. The nature of the fossil record in the Jinju Formation is 

contingent upon the distinct localities and sedimentological settings (Um et al., 1983; Sohn, 1989; Choi, 1999; 

Paik et al., 2019; Paik et al., 2023). 

 Despite the numerous fossil records of beetles in the formation, a comprehensive systematic study has 

not been published to date. The beetle fossils from Jinju Formation scrutinized for this series of studies were 

discovered at the following localities. Localities 1–4 are located in Sacheon-si, Gyeongsangnam-do (1: 

Yonghyeon-myeon; 2: Sanam-myeon; 3, 4: Chukdong-myeon); locality 5 is in Jeongchon-myeon, Jinju-si, 

Gyeongsangnam-do; localities 6 and 7 are located in Seongsan-myeon, Goryeong-gun, Gyeongsangbuk-do (6: 



Gisan-ri, 7: Deukseong-ri); locality 8 is in Habin-myeon, Dalseong-gun, Daegu-gwangyeoksi; and localities 9 and 

10 are located in Gunwi-gun, Gyeongsangbuk-do (9: Ubo-myeon, 10: Gwanghyeon-ri, Gunwi-eup) (Fig. 1). 

 

Figure 1 

 

Results 

Checklist of Coleoptera from Jinju Formation 

Order Coleoptera Linnaeus, 1758 

Suborder Adephaga Clairville, 1806 

Superfamily Caraboidea Latreille, 1802 

Family ? Carabidae Latreille, 1802 

Family ? Trachypachidae Thomson, 1857 

Suborder Archostemata Kolbe, 1908 

Family Ommatidae Sharp and Muir, 1912 

Suborder Polyphaga Emery 1886 

Series Elateriformia Crowson 1960 

Superfamily Buprestoidea Leach, 1815 

Family Buprestidae Leach, 1815 

Superfamily Elateroidea Leach, 1815 

Family Elateridae Leach, 1815 

Family Eucnemidae, Eschscholtz, 1829 

Series Staphyliniformia Lameere 1900 

Superfamily Hydrophiloidea Latreille, 1802 

Superfamily Scarabaeoidea Latreille, 1802 

Family Geotrupidae Latreille, 1802 

Family Scarabaeidae Latreille, 1802 

Superfamily Staphylinoidea Latreille, 1802 

Family Staphylinidae Latreille, 1802 

Series Cucujiformia Lameere 1938 

Superfamily Tenebrionoidea Latreille, 1802 



Family ? Ripiphoridae Gemminger, 1870 

Family ? Tenebrionidae Latreille, 1802 

Superfamily Nitiduloidea Latreille, 1802 

Family ? Nitidulidae Latreille, 1802 

Superfamily Curculionoidea Latreille, 1802 

Family Caridae Thompson, 1992 

Family Cimberididae de Gozis, 1882 

Superfamily Chrysomeloidea Latreille, 1802 

Family ? Cerambycidae Latreille, 1802 

Family ? Chrysomelidae Latreille, 1802 

 

We confirmed 17 family taxa in this initial research, including: Buprestidae, probable Carabidae, probable 

Cerambycidae, probable Chrysomelidae, Cimberididae, Caridae, Elateridae, Eucnemidae, Geotrupidae, 

Hydrophiloidea (genus Laetopsia Fikáček et al. and genus Cretotaenia Ponomarenko), probable Nitidulidae, 

Ommatidae, probable Ripiphoridae, Scarabaeidae, Staphylinidae, probable Tenebrionidae, and probable 

Trachypachidae, with 81 specimens of uncertain taxonomic placement (Table 1, Figs. 2, 3). A total of 52 

specimens of the genus Laetopsia were identified, showing a much higher number compared with all other taxa, 

while Cimberididae, Eucnemidae, Ripiphoridae, and Tenebrionidae were each represented by a single specimen. 

 

Figure 2 

Figure 3 

 

Table 1 

 

Discussion 

Future research plan on Jinju Coleoptera 

While the above accounts have offered valuable insights into their individual lineages, the actual diversity of 

the fauna within the Jinju Formation is considerably richer than what has been documented. In fact, there exists 

at least 215 specimens of fossil Coleoptera from the Jinju Formation that require further examination. These 

specimens encompass a relatively wide spectrum of families, representing three of the four extant suborders and 

several series and superfamilies (Cai et al., 2022). In addition, many of these clades comprise groups of diverse 

ecologies, ranging from aquatic beetles (e.g., Hydrophiloidea) to prominent terrestrial herbivores (Curculionidae, 

Chrysomelidae, Cerambycidae). There is therefore a sufficient sampling of families to build an initial view of the 

coleopteran assemblage in the Jinju Formation and its potential contributions to the paleoecology of the biota at 

that time. Only five families were described during previous research (see ‘Prior research on Jinju Coleoptera’ 

part). We have acquired at least 17 taxa from the Jinju Formation. Nonetheless, the classification of a number of 

taxa is currently uncertain (e.g., ? Chrysomelidae, ? Trachypachidae). Our aim is to provide detailed taxonomic 

accounts of these taxa and lineages, ultimately permitting a thorough evaluation of the coleopteran fauna and its 



paleoecology within the Jinju Formation environment. 

There are several early Cretaceous faunas with abundant beetles. The Yixian Formation in China currently 

encompasses 36 family lineages of beetles, including: Artematopodidae, Cupedidae, Ommatidae, Schizophoridae, 

Hydroscaphidae, Carabidae, Dytiscidae, Hydrophilloidea (including Helophoridae, Hydrophilidae, genus 

Laetopsia), Staphylinidae, Geotrupidae, Glaphyridae, Glaresidae, Hybosoridae, Lithoscarabaeidae, Lucanidae, 

Ochodaeidae, Pleocomidae, Scarabaeidae, Septiventeridae, Dascillidae, Buprestidae, Schizopodidae, 

Eulichadidae, Heteroceridae, Cerophytidae, Elateridae, Eucnemidae, Trogossitidae, Cleroidea, Parandrexidae, 

Mordellidae, Tenebrionidae, Cerambycidae, Brentidae, and Nemonychidae (Ren et al., 2019), while the Crato 

Formation in Brazil embodies 12 family lineages including Anthrididae, Attelabidae, Belidae, Brentidae, ? 

Cantharidae, Curculionidae, Eccoptarthridae, Lymexylidae, Nemonychidae, Passalidae, Pyrochroidae, 

Scarabaeidae, and Ulyanidae (Vulcano and Pereira, 1987; Grimaldi, 1990; Zherikhin and Gratshev, 2004; Menon, 

2006; Santos et al., 2011; Wolf-Schwenninger, 2011; Dos Santos et al., 2021; Háva, 2022). In our future research 

we will compare the fauna of the Jinju Formation with those mentioned above, and reconstruct the paleoecology 

and paleogeographical distribution of beetles during the Early Cretaceous. 

 

Conclusion 

Here we introduce an interdisciplinary, international collaborative research program centered on the fossil 

beetles (Coleoptera) of the Early Cretaceous (Albian) Jinju Formation in South Korea. This first part provides a 

brief introduction of the outcrop localities where Coleoptera were found, elaborates on the geological setting of 

the formation, and gives a brief history of prior studies undertaken on specific groups within this larger fauna, 

namely isolated work on Ommatidae, Elateridae, Staphylinidae, and the adephagan genus Coptoclava. We 

provided a comprehensive list of the new taxa from several localities from the Jinju Formation, underscoring their 

significance in elucidating the ecological dynamics of the region at that time. Our additional research will provide 

descriptions of those taxa and reconstruct the paleoecology of the Jinju Formation, with comparisons to the 

comparable Yixian and Crato Formations in order to analyze the paleogeographical distribution of beetles during 

the Early Cretaceous. 
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Figure Captions 

Figure 1 Localities where specimens involved in our studies were discovered. The stars indicate the location of 

fossil sites. 



 

Figure 2 Representative fossil aquatic beetles. a: Laetopsia Fikáček, Prokin, Angus, Ponomarenko, Yue, Ren, & 

Prokop (KNUL-1114-02), b: Cretotaenia pallida Ponomarenko (KNUL-1141-13) from the Jinju Formation. 

Scale bars = 5 mm. 

 

Figure 3 Representative fossil beetles (Coleoptera) from the Jinju Formation. a: probable Carabidae (KNUL-1113-

11), b: Staphylinidae (KNUL-1114-101), c: Geotrupidae (KNUL-1114-90), d: Buprestidae (KNUL-1114-66), e: 

Elateridae (KNUL-1114-89), f: Cimberididae (KNUL-1114-79), g: probable Cerambycidae (KNUL-1114-64), h: 

probable Ripiphoridae (KNUL-1114-96), i: probable Tenebrionidae (KNUL-1114-105). Scale bars = 1 mm (h), 

5mm (a, i),10mm (b, c, d, e, f, g). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Figure 1 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

Figure 2 



 

 

 

 

 

 

 

 



 

 

Figure 3 

 



 

 

 

 

Table caption 

Table 1. A summary of coleopteran fossils in our collection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table. 1 

Coleoptera Fossil specimen Locality Site Specimen number 

Buprestidae 2 5 

probable Carabidae 1, 2, 5, 6, 8, 10 12 

Caridae 2, 3, 4, 5, 7, 8, 10 5 

probable Cerambycidae 2, 4 3 

probable Chrysomelidae 2, 6, 10 13 

Cimberididae 2 1 

Elateridae 5, 8 2 



Eucnemidae 5 1 

Geotrupidae 2, 4 3 

Hydrophiloidea 3, 7, 9, 10 65 

probable Nitidulidae 3,4 2 

Ommatidae 2, 5 6 

probable Ripiphoridae 1 1 

Scarabaeidae 2, 6 6 

Staphylinidae 2, 3, 5 4 

probable Tenebrionidae 7, 8 1 

probable Trachypachidae 4,7 3 

Incertae sedis 1, 2, 3, 4, 5, 6, 8, 10 81 

 


