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Abstract

Here we describe two new species, Psacodromeus recta sp. nov. and Necronectulus lazarus sp. nov., that belong to
the family Trachypachidae. Only one species of the genus Psacodromeus, P. minor, was reported from the Gurvaneren
Formation in Mongolia, which is estimated as Early Cretaceous. Other species of the genus Psacodromeus, including
P. crassus, P. gutta, P. ovalis, and P. rugosus, were reported from the Karabastau Formation in Kazakhstan, which is
dated to the Late Jurassic. Necronectulus avus, which is the only species of the genus Necronectulus, was reported from
the Tologoi Formation in Kazakhstan, which is dated to the Late Triassic. Therefore, our study has expanded the fossil
record of the genera Psacodromeus and Necronectulus from the Early Cretaceous.
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Introduction

The family Trachypachidae was firstly elected by Thomson in 1857. It is classified into two subfamilies:
Trachypachinae (extant taxa) and Eodromeinae (extinct taxa). The primary difference between these subfamilies lies
in the shape of the metepisternum, which either extends to the mesocoxal cavities or does not (Ponomarenko 1977;
Wang et al. 2012). Members of Trachypachidae closely resemble to the family Carabidae but they are distinguished
by their smooth, non-pubescent flagellar segments of the antennae and large metacoxae that extend to the lateral
margins of the body (Ball 2000). Extent Trachypachidae are diurnal (active during day light) predator or scavenger,
mesophilous to xerophilous geophiles and living in coniferous or deciduous forest (Ball 2000).

Extant members of Trachypachidae are distributed across northern Eurasia, North America, and South America
while fossil records of the family have been found from Europe to Asia, with the greatest diversity observed
during the Mesozoic (Beutel & Arndt 2005; Maddison et al. 2009; Wang et al. 2012; Kirejtshuk & Ansorge 2023).
The earliest fossil record of Trachypachidae, Petrodromeus asiaticus, was discovered at the Babii Kamen locality in
Siberia, which is dated to the Permian or basal Triassic (Wang et al. 2012; Ponomarenko & Volkov 2013; Kirejtshuk
& Ansorge 2022). Other studies indicate that the Mesozoic fossil record of Trachypachidae includes 19 genera and
51 species discovered across Europe and Asia (Table 1, Fig. 1).

Here, we describe the first fossil record of the family Trachypachidae from the Jinju Formation, South
Korea. Two genera, Psacodromeus and Necronectulus, are identified in this study. Specimens were collected from
two localities: Sacheon-si, Sanam-myeon, Gyeongsangnam-do (KNUL-1114-106, KNUL-1114-109; 35°04'05"N,
128°03'51"E) and Goryeong-gun, Seongsan-myeon, Gyeongsangbuk-do (KNUL-1114-110; 35°44"27" N, 128°19'57"
E).
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TABLE 1. List of the Mesozoic Trachypachidae fossil record.

Species Formation Age Reference

Apermunda minor Mal’tseva Fm. Permian or Triassic Ponomarenko &Volkov (2013)
Coreoeicos dilatatus Posidonia Shale Fm. Jurassic (Toarcian) Bode (1953)

Denudirabus exstrius Lushangfen Fm. Cretaceous (Aptian) Ren (1995)

Dolichorabus longipes Ichetuy Fm. Jurassic (Oxfordian) Ponomarenko (1985)
Dundorabus glabrus Ulaan-Ereg Fm. Jurassic (Tithonian) Ponomarenko (1989)
Eodromeites udensis Uda Fm. Jurassic (Oxfordian/Kimmeridgian) Ponomarenko (1985)

E. minimus Ichetuy Fm. Jurassic (Oxfordian) Ponomarenko (1985)

Eodromeus antiquus
E. daohugouensis
E. dissectus

E. major

E. mongolicus

E. robustus

E. sternalis

E. sulcatus

Evertus cornutus

E. notatus

E. pervalimand
Karadromeus capitatus
K. elongatus

K. erensis

K. gobiensis

K. latus

K. mongolicus

K. rostratus
Karadromeus. verrucosus
Karatoma agilis

K. raptor

Liassodites obsti
Necronectulus avus

N. lazarus sp. nov.
Novunda angulata

N. chifengensis

N. cursoria

N. microplata

N. pachycephala
Petrodromeus asiaticus
Platycoxa armata

P. jurassica
Prosynactus scissus

P. procerus

P. gracilis
Psacodromeus gutta

P. crassus

P. minor

P. ovalis

P. rugosus

P. recta sp. nov.
Sinodromeus liutiaogouensis

Sogdodromeus altus

Karabastau Fm.
Daohugou Fm.
Zaza Fm.

Zaza Fm.
Dzun-Bain Fm.
Daohugou Fm.
Tignin Fm.
Shinekhudag Fm.
Gurvan-Eren Fm.
Gurvan-Eren Fm.
Yixian Fm.
Gurvan-Eren Fm.
Glushkovo Fm.
Gurvan-Eren Fm.
Mogotuin Fm.

Karabastau Fm.

Shinekhudag Fm.
Karabastau Fm.
Glushkovo Fm.
Karabastau Fm.
Glushkovo Fm.
Mecklenburg- Vorpommern
Tologoi Fm.

Jinju Fm.
Glushkovo Fm.
Daohugou Fm.
Glushkovo Fm.
Glushkovo Fm.
Daohugou Fm.
Mal’tseva Fm.
Dzhil Fm.

Tologoi Fm.
Posidonia Shale Fm.
Posidonia Shale Fm.
Posidonia Shale Fm.
Karabastau Fm.
Karabastau Fm.
Gurvaneren Fm.
Karabastau Fm.
Karabastau Fm.
Jinju Fm.

Yixian Fm.

Madygen Fm.

Jurassic (Callovian/Oxfordian)
Jurassic (Callovian/Oxfordian)
Cretaceous (Aptian)
Cretaceous (Aptian)
Cretaceous (Aptian)

Jurassic (Callovian/Oxfordian)
Cretaceous (Neocomian)
Cretaceous (Aptian)
Cretaceous (Aptian)
Cretaceous (Aptian)
Cretaceous (Aptian)
Cretaceous (Aptian)

Jurassic (Tithonian)
Cretaceous (Aptian)
Cretaceous (Aptian)

Jurassic (Callovian/Oxfordian)

Cretaceous (Aptian)

Jurassic (Callovian/Oxfordian)
Jurassic (Tithonian)

Jurassic (Callovian/Oxfordian)
Jurassic (Tithonian)

Jurassic (Toarcian)

Triassic (Camian/ Norian)
Cretaceous (Albian)

Jurassic (Tithonian)

Jurassic (Oxfordian)

Jurassic (Tithonian)

Jurassic (Tithonian)

Jurassic (Oxfordian)

Permian (Changhsingian)
Jurassic (Hettangian)

Triassic (Norian)

Jurassic (Toarcian)

Jurassic (Toarcian)

Jurassic (Toarcian)

Jurassic (Callovian/Oxfordian)
Jurassic (Callovian/Oxfordian)
Cretaceous (Aptian)

Jurassic (Callovian/Oxfordian)
Jurassic (Callovian/Oxfordian)
Cretaceous (Albian)
Cretaceous (Barremian)

Triassic (Ladinian)

Ponomarenko (1977)
Wang et al. (2012)
Ponomarenko (1977)
Ponomarenko (1977)
Ponomarenko (1989)
Wang et al. (2012)
Ponomarenko (1977)
Ponomarenko (1989)
Ponomarenko (1986)
Ponomarenko (1986)
Jia & Ren (2011)
Ponomarenko (1986)
Ponomarenko (1977)
Ponomarenko (1986)
Ponomarenko (1980)
Ponomarenko (1977)

Ponomarenko (1977)
Ponomarenko (1977)
Ponomarenko (1989)
Ponomarenko (1977)
Ponomarenko (1977)
Kirejtshuk & Ansorge (2022)
Ponomarenko (1977)
This study
Ponomarenko (1977)
Wang et al. (2012)
Ponomarenko (1977)
Ponomarenko (1977)
Ponomarenko (1989)
Martynov (1936)
Ponomarenko (1977)
Ponomarenko (1977)
Bode (1953)

Bode (1953)

Bode (1953)
Ponomarenko (1977)
Ponomarenko (1977)
Ponomarenko (1986)
Ponomarenko (1977)
Ponomarenko (1977)
This study

Wang et al. (2012)
Ponomarenko (1977)
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FIGURE 1. Fossil record of Trachypachidae during the Mesozoic. A, Cretaceous. B, Jurassic. C, Triassic. Data source from

PaleobioDB website (2024). Skyblue color dots at ‘a’ indicate the new fossil record on our research.
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Material and methods

Three specimens were examined in this study. Photographs were taken using a Sony a7R IV mirrorless camera
equipped with an MP-E 65mm {/2.8 1-5% Macro lens. Sketches were produced using Adobe Illustrator. All specimens
are currently deposited in Kyungpook National University.

The data for the Trachypachidae fossil record shown in Figure 1 were obtained from the PaleobioDB package in
RStudio version 2024.9.1.394 (Varela et al. 2015; RStudio Team 2024). Global maps in Figure 1 were generated
using the ggplot2 and mapspackages (Wickham et al. 2016; Becker et al. 2024). The Korean peninsula map in
Figure 2 was created using the sf, ggplot2, rnaturalearth, rnaturalearthdata, and dplyrpackages in RStudio version
2024.9.1.394 (Wickham 2016; Pebesma 2018; Massicotte et al. 2023; Wickham et al. 2023; South et al. 2024,
RStudio Team 2024) and further refined using Adobe Illustrator, Adobe Photoshop and SAI tool software (https://
www.systemax.jp/en/sai/). Geological map data were sourced from the Korea Institute of Geoscience and Mineral
Resources (KIGAM) database (https://data.kigam.re.kr/mgeo/map/main.do?process=geology _tree).
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FIGURE 2. Fossil locality. A, Location of Gyeongsangbuk-do Goryonggun seongsanmyeon and Gyeongsangnam-do Sacheonsi
Sanammyeon. B, Geological map of Gyeongsangbuk-do Goryonggun seongsanmyeon. C, Geological map of Gyeongsangnam-

do Sacheonsi Sanammyeon.
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Geological setting

The Jinju Formation, part of the Sindong Group within the Gyeongsang Supergroup, is distributed across the
Gyeongsang Basin (Chang 1975). Its age is estimated to be Albian based on SHRIMP U-Pb analysis (Kang & Paik
2013). The paleoenvironment of the Jinju Formation is interpreted as lacustrine (Um et al. 1983; Choi 1985; Paik
et al. 2019). Its lithology is characterized by alternating layers of gray sandstone and shale, with local occurrences
of carbonate deposits, sandstone, and stromatolites (Um et al. 1983; Sohn 1989; Chun 1992; Lee & Woo 1996; Lee
1997; Lee & Kong 2004; Paik 2005; Paik et al. 2019).

Numerous fossils, including vertebrates, invertebrates, plants, and trace fossils, have been discovered in the
Jinju Formation (Yabe 1905; Park & Chang, 1998; Yabumoto & Yang 2000; Lim et al. 2001; Yun et al. 2001, 2004,
2007; Baek & Yang 2004; Yun & Yang 2004; Kim et al. 2005, 2014, 2016, 2017, 2018, 2019a, b, 2020; Kim &
Kim 2008; Kim 2009; Yabumoto et al. 2006; Park et al. 2012, 2019; Choi & Huh 2015; Choi et al. 2018, 2021;
Paik et al. 2019; Lockley et al. 2020; Ha et al. 2022). Fossil insects from the Jinju Formation encompass a diverse
taxa including: Alienoptera, Blattodea, Coleoptera, Dermaptera, Diptera, Hemiptera, Hymenoptera, Neuroptera,
Odonata, Orthoptera, and Raphidioptera (Engel et al. 2006, 2020; Nam & Kim 2016, 2021; Sohn et al. 2019;
Khramov & Nam 2020; Sohn & Nam 2021, 2024; Lee et al. 2022, 2023, 2024a, b; Jouault & Nam 2023; Rosse-
Guillevic et al. 2023a,b). Additionally, Lee (2018) described a possible insect cocoon or pupation chamber.

The lithology of the Goryeong-gun, Seongsan-myeon area in Gyeongsangbuk-do consists primarily of
sandstone and shale, while the Sacheon-si, Sanam-myeon area in Gyeongsangnam-do is predominantly shale
with heat-transformed trace fossils. However, many outcrops in the latter locality have been destroyed due to
construction activities (Lee, 2016).

Systematic palaeontology

Order Coleoptera Linnaeus, 1758

Family Trachypachidae Thomson, 1857
Subfamily Eodromeinae Ponomarenko, 1977
Genus Psacodromeus Ponomarenko, 1977
Psacodromeus recta sp. nov.

Material. Holotype KNUL-1114-106, Paratype KNUL-1114-109

Etymology. The species name recta is derived from the Latin word recta, meaning straight.

Locality and horizon. Sacheon-si, Sanam-myeon, Gyeongsangnam-do, Republic of Korea; Jinju Formation,
Early Cretaceous, Albian

Diagnosis. Lateral margin of the pronotum straight; the anterior margin of the pronotum is extremely narrower
than the posterior margin.

Description. Body lengths ranging from 6.3 mm (KNUL-1114-109) to 9 mm (KNUL-1114-106) and widths
from 3.5 mm (KNUL-1114-106) to 5 mm (KNUL-1114-109). Head narrowed anteriorly, with a rounded basal edge;
anterior edge of labrum rounded; maxillary palp with three segments, third one slightly wider than others; antennae
long, with 11 antennomeres.

Pronotum wider posteriorly, with lateral outer margins straight; posterior margin concave, but the middle partly
protruding, pronotum with an overall tetragonal shape; prosternum almost straight posteriorly and contiguous with
procoxae; prosternal process short and contiguous with mesoventrite, mesoventrite large, resembling an inverted
triangle, with anterior margin pulled posteriorly in middle and posterior margin slightly pulled anteriorly in middle;
metepisternum anteriorly large and extremely narrowed posteriorly; metepimeron roughly square-shaped, with
posterior part slightly wider than anterior one; epipleuron thick; elytra oval and narrowed posteriorly; no striae
or punctures on elytra; prolegs preserved with procoxae and profemora in KNUL-1114-106; profemora poorly
preserved in KNUL-1114-109; procoxa polygonal, profemur slightly narrower distally, but with a straight overall
outer margin; midleg preserved in KNUL-1114-106, including mesocoxa, mesofemur, and a part of mesotibia;
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mesocoxa rounded to polygonal and larger than procoxa; mesofemur wide distally, with widest part at middle;
mesofemora poorly preserved in KNUL-1114-109; hindlegs preserved in both KNUL-1114-106 and KNUL-1114-
109; metacoxal plate elongated laterally and meeting epipleuron; metacoxae large and polygonal; metafemur
widest anteriorly and slightly narrowed distally; metatibia almost straight, widest at distal end; metatarsus with five
segments.

FIGURE 3. Psacodromeus recta sp. nov. (KNUL-1114-106).

Remarks. The overall morphology of KNUL-1114-106 and KNUL-1114-109 are showing the features of the
family Trachypachidae including: 1) head narrower than prothorax; 2) Antennae inserted between eyes and base
of mandibles; 3) antenna filiform and formed with 11 antennomeres; metacoxae extended laterally, meeting with
lateral margins of body (Ball, 2000).

The overall body shape of KNUL-1114-106 and KNUL-1114-109 is teardrop-shaped. The head is narrowed
anteriorly, with a triangular shape. The anterior edge of the pronotum is rounded and sharp. These features are
diagnostic for the genus Psacodromeus (Ponomarenko, 1977). Most species of Psacodromeus (P. crassus, P. gutta,
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P. ovalis, and P. rugosus) have been discovered from the Jurassic of Kazakhstan (Ponomarenko, 1977). Only
P. minor has been discovered from the Gurvaneren Formation in Mongolia, which is dated as Early Cretaceous,
Aptian (Ponomarenko, 1986). P. recta sp. nov. is differ from the P. minor that 1) lateral margin of the pronotum
is straight (rounded in P. minor) and 2) width of anterior margin of pronotum noticeably narrower than the
posterior margin (slightly narrower in P. minor).

FIGURE 4. Psacodromeus recta sp. nov. (KNUL-1114-109).

Genus Necronectulus Ponomarenko, 1977
Necronectulus lazarus sp. nov.

Material. Holotype KNUL-1114-110
Etymology. The species name /azarus is derived from the term “Lazarus taxon”, which refers to a taxon that
was initially considered to have disappeared from a particular period but later reappeared in the fossil record.
Locality and horizon. Goryeong-gun, Seongsan-myeon, Gyeongsangbuk-do, Republic of Korea; Jinju
Formation, Early Cretaceous, Albian.
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FIGURE 5. Necronectulus lazarus sp. nov. (KNUL-1114-110).

Diagnosis. Large scutellum; 9 longitudinal striae grooved on the elytron.

Description. Overall body oval shape, with greatest width at posterior part of pronotum extending to anterior
margin of elytra. Total body length 7.5 mm, width 4.5 mm. Head wider than long, and extremely narrowed anteriorly;
frons wider than long; width of frons and clypeus almost equal from posterior to anterior parts; labrum rounded
anteriorly; maxillary palp with three segments; compound eyes large; antennae long, with 11 antennomeres; lateral
margin of pronotum slightly rounded, with both anterior and posterior margins straight; anterior corners sharp; a
longitudinal groove running medially from pronotum to frons; anterior margin of elytra straight, elytra formed with
nine longitudinally grooved striae; epipleuron thick; scutellum large, triangular in shape; adephagus protruded and
rounded posteriorly. Ventral part of body poorly preserved, but several traces evident; precoxae contiguous with
each other, and profemur wider distally; metacoxal plate extending laterally to meet epipleuron.

Remarks. Morphological features such as: head narrower than prothorax; Antennae inserted between the eyes
and base of the mandible; Filiform shape antennae formed with 11 antennomeres; metacoxae extended laterally
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and meet with the lateral margins of body are features of the family Trachypachidae (Ball 2000). The overall body
shape of KNUL-1114-110 is oval, with the head being transverse and wider than long. The length of the head is
greater than that of the pronotum. The pronotum tapers roundly anteriorly, with both the posterior margin of the
pronotum and the anterior margin of the elytra being straight. The antennae are short and slender. These features are
characteristic of the genus Necronectulus (Ponomarenko 1977).

Discussion

Ponomarenko (1977) described genera of the family Trachypachidae including: Sogdodromeus, Platycoxa, Unda,
Psacodromeus, Karatoma, Karadromeus, Eodromeus and Necronectulus. Our study presents the first fossil record
of the genera Psacodromeus and Necronectulus from the Korean Peninsula, specifically from the Early Cretaceous.
Fossil records of the genus Psacodromeus have been found in Kazakhstan and Mongolia. However, the fossil
records from the Kazakhstan are estimated to be the Jurassic (Ponomarenko 1977). The only known Psacodromeus
species from the Early Cretaceous is P. minor, which is the species from the Gurvaneren Formation in Mongolia
(Ponomarenko, 1982). Thus, our findings describe a new species of the genus Psacodromeus from the Early
Cretaceous.

Ponomarenko (1977) initially proposed the genus Necronectulus into the incertae sedis within the suborder
Adephaga. However, Lin (1986) and Kirejtshuk & Ansorge (2023) proposed this genus within the family
Trachypachidae because of the morphological features. We support their classification on the genus Necronectulus
contains the features of the family Trachypachidae such as filiform antennae formed with 1lantennomeres and
metacoxae extended laterally to the lateral part of the body and classify the genus Necronectulus into the family
Trachypachidae (see fig. 51 from Ponomarenko 1977; Ball 2000). Only one species, N. avus was discovered in the
Tologoi Formation of Kazakhstan, which is estimated to be the Late Triassic (Ponomarenko 1977). Therefore, we
present the first fossil record of the genus Necronectulus from the Early Cretaceous, and this means that this genus
had survived from the Late Triassic to the Early Cretaceous.

Ponomarenko (1977) describe that N. avus contains no trace of striae on the elytra, but only shallow punctures
which are not forming the regular rows. However, N. lazarus sp. nov. contains 9 striae on the elytron which is
different from the N. avus. This could suggests that this genus had evolved the striae from the shallow punctures
through the Mesozoic. Further studies about ths is required to resolve this.

Conclusion

Here we describe two new species in the genera Psacodromeus and Necronectulus of the family Trachypachidae
from the Jinju Formation, South Korea. The genus Psacodromeus were described from the Karabastau Formation in
Kazahstan and Gurvaneren Formation in Mongolia. Only one species, P. minor was discovered from the Gurvaneren
Formation which is the Early Cretaceous. However, P. recta sp. nov. shows the different morphological features
on the pronotum, comparable to P. minor. We extend the distribution of the genus Psacodromeus during the Early
Cretaceous. Previously, Necronectulus avus, the sole species of the genus Necronectulus, was described from the
Tologoi Formation in Kazakhstan (Late Triassic). Our research introduces a new species, N. lazarus sp. nov.,
representing the first fossil record of the genus Necronectulus from the Early Cretaceous. While N. avus exhibits
no traces of striae but displays shallow punctures forming irregular rows on the elytra, N. lazarus sp. nov. has
nine striae on the elytra. This could suggests that the genus Necronectulus may have evolved striae from shallow
punctures over the Mesozoic. Further studies are necessary to clarify this evolutionary transition.
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