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Abstract

In this paper, a new fossil species of Calosoma (Coleoptera: Carabidae) from the lower Miocene Geumgwangdong
Formation, Pohang City, South Korea, is described. Compared with other Miocene Calosoma fossils, Calosoma kimi sp.
nov. exhibits different characteristics in particular interval connection and scale patterns on the elytra. It is the first fossil
Calosoma recorded from the Korean Peninsula. However, the taxonomic position of C. kimi sp. nov. within Calosoma
is not clear at present though it is probably related to the complex of the subgenera Australodrepa, Calodrepa, and
Calosoma.
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Introduction

Species of the genus Calosoma Weber, 1801, which is also called “caterpillar hunter” (Gidaspow 1959), belongs
to the family Carabidae Latreille 1802. Until now, 19 subgenera and 128 species of Calosoma have been reported
(Bruschi 2013). According to Toussaint and Gillett (2018), the origin of Calosoma is estimated at 49.3-92.7 Ma.
However, McKenna et al. (2019) revealed that the origin of the Calosoma is estimated at the Late Paleocene. Until
now, fossil representatives of Calosoma have been reported in Europe, North America, and Asia (Table 1).

TABLE 1. List of fossil species of Calosoma

Species Elytra length (mm)  Age Locality References

C. kimi sp. nov. 20.5 Miocene Geumgwangdong (South Korea) ~ This study

C. agassizi 19~22.3 Oligocene Aix-en-Provence (France) Nel (1988)

C. brunneum - Miocene Shanwang (China) Zhang (1989)

C. calvini 14 Eocene Florissant (USA) Wickham (1909)
C. caraboides - Miocene Locle (Switzerland) Heer (1860)

C. catenulatum - Miocene Oeningen (Germany) Heer (1860)

C. ceresti 15~15.2 Oligocene Aix-en-Provence (France) Nel (1988)

C. cockerelli 9.3 Eocene Florissant (USA) Wickham (1910)
C. aff. calidum 12.4 Pliocene Kobiwako Group (Japan) Yahiro et al. (2018)
C. deplanatum - Miocene Oeningen (Germany) Heer (1860)

C. emmonsi 13 Eocene Florissant (USA) Scudder (1900)
C. escheri - Miocene Oeningen (Germany) Heer (1860)

C. escrobiculatum - Miocene Oeningen (Germany) Heer (1860)
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TABLE 1. (Continued)

Species Elytra length (mm)  Age Locality References

C. fernquisti 20.5 Miocene Deep Creep Canyon (USA) Cockerell (1924)

C. grasui - Oligocene Cozla (Romania) Pauca & Ciobanu (1978)

C. heeri - Miocene Oeningen (Germany) Scudder (1895)

C. inquisitor? - Pliocene Bushi Formation (Japan) Hayashi (1996)

C. inquisitor? - Pliocene Willershausen clay pit (Germany)  Gersdorf (1969)

C. sycophanta - Pliocene Willershausen clay pit (Germany)  Gersdorf (1969)

C. inquisitor - Pleistocene (Japan) Fossil Insect Research
Group for Nojiri-ko
Excavation (1984)

C. jaccardi - Miocene Locle (Switzerland) Heer (1860)

C. maximowiczi - Pleistocene (Japan) Aiba (2015)

C. cf. maderae - Miocene Shanwang (China) Zhang (1989)

C. maderae - Pliocene Willershausen clay pit (Germany)  Gersdorf (1976)

C. nauckianum - Miocene Oeningen (Germany) Heer (1860)

C. semilaeve - Pliocene La Brea tar pit (USA)

Numerous Miocene insect fossils were discovered from the Geumgwangdong Formation in the Korean
Peninsula. However, only a few of them were studied, including Buprestidae (Kim 1976), Tettigoniidae (Kim &
Lee 1975), Nepticulidae (Sohn et al. 2019), and the trace of insect damage on leaves (Paik et al. 2012). In this study,
we report the first fossil Calosoma discovered from the Geumgwangdong Formation. It contains new characteristics
such as new types of interval connections and two types of scale patterns on the elytra.

Material and methods

Two specimens of Calosoma kimi sp. nov. were used in this study. The specimens were excavated from the
Geumgwangdong Formation, which is distributed across the Geumgwangdong area, Pohang City, Gyeongsangbukdo,
South Korea (GPS: N35°57'30.5, E129°26'57.3).

We took photographs of specimens using a Digital Single Lens Reflex Canon EOS 700D equipped with a
Canon EF 100 mm F2.8L Macro IS USM and a Canon EF MP-E 65 mm F2.8 1-5X Macro lens with Kenko
extension tube. Sketches of fossils were drawn using Sai Tool (https://www.systemax.jp/en/sai/). Specimens are
now deposited in the collection of the Gongju National University of Education, Gongju, South Korea (GNUE). The
designated numbers are GNUE-311001 for the holotype and GNUE-311002 for the paratype.

Geological setting

In the Pohang Basin, which is one of the Neogene sedimental basins in South Korea, there are two Miocene
sedimental groups: the Janggi Group and the Yeonil Group (Tateiwa 1924; Kim 1975; Yoon 1988; Paik et al. 2010).
Specimens from this research were collected from the Geumgwangdong Formation, Janggi Group (Fig. 1) which is
estimated as the Early Miocene (Paik et al. 2010). By utilizing the Ar—Ar dating, the Janggi Group is estimated to be
16.8 + 2.2 Ma through extrusive basaltic rocks and 19.4 + 2.1 Ma through lava flow from basaltic andesite (Paik et
al.2010). According to Paik et al. (2010), the lithology of the Geumgwangdong Formation is divided into five types
on the basis of fissility and texture: paper shale, shale, shaly mudstone, laminated silty mudstone, and tuffaceous
mudstone. Also, tuffaceous conglomerate, tuffaceous pebbly sandstone, and tuffaceous sandstone are subordinated,
and therefore, Paik et al. (2010) suggested that the lithology of the Geumgwangdong Formation shows that it was
deposited during a quiescent phase of volcanic activity.
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On the basis of palynological evidence, Bong (1985) described that the flora of the Geumgwangdong Formation
shows a modified type of the typical Aniai type, which is a flora of low-temperature climate conditions (Tanai 1961).
Based on the study of sedimentary structure, the paleoenvironment of the Geumgwangdong Formation is considered
to be a lake, and vertical aggradation of fine-grained sediments caused by the suspension of sedimentation was

dominant (Paik ez al. 2010).
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FIGURE 1. Map of the study area. (Map resource: https://data.kigam.re.kr/mgeo/map/main.do?process=geology _tree. Login

is required.).

Systematic paleontology
Order Coleoptera Linnaeus, 1758
Family Carabidae Latreille, 1802

Genus Calosoma Weber, 1801

Species Calosoma kimi Lee & Nam, 2021 sp. nov.

Material. Holotype GNUE-311001, Paratype GNUE-311002.
Locality. Geumgwangri, Donghaemyeon, Namgu, Pohangsi, Gyeongsangbukdo, South Korea.

Geological Age. Early Miocene

Etymology. Honoring Professor Jong Heon Kim for his important work on fossils from Pohang, South Korea.
Diagnosis. The 5" interval connected to the 7" interval and the 6™ interval surrounded at the apex of elytron; the
11" and 13" intervals connected and surround the 12% interval; the 10™ and 14" intervals connected and surrounded
the 11" and 13%; the 16" to 18" intervals smaller. Scales on the 13% to 16™ interval small and deeply grooved,
forming checkered patterns from the base to the middle part of the elytron and forming overlapping patterns from

the middle part to the apex of the elytron.
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FIGURE 2. Photograph of specimens. (a). GNUE-311001. (b). GNUE-311002.

Description. GNUE-311001 is sedimented in shaly mudstone with a damaged leaf (Fagus?) (Fig. 2). The head,
half of the thorax, both damaged elytra, and parts of profemur and protibia and right mesotarsus are preserved. The
total length of the specimen from the tip of the head to the apex of the elytra is 30.7 mm, and the width from the
margin of the elytron to the outer margin of the pronotum is 12.4 mm (Fig. 3a and b). The shape of the fossil is flat,
probably because of sedimentation. GNUE-311002 is in mold form. It was sedimented in the shale, only preserved
with the right elytron (Fig. 4a and b. The length of the GNUE-311002 is 23 mm, and the width is 6 mm.

Head: Head is well preserved with loss of left maxillary palp and several antennae segments on the GNUE-
311001. The left 1 and 3™ antennomeres and the right 2" and 3™ antennomeres are preserved. The right maxillary
palp is well preserved. The length of the last and 2" maxillary palpomeres is approximately 1 mm. Both dentaries are
poorly preserved, but it seems that the dentaries are protruded. The right 1%and 2™ labial palpomeres are preserved.
Compound eyes are not preserved, but a trace of the compound eyes is poorly preserved on the middle part of the
head. The shape of the head is triangular. The length of the head is 3 mm, and the width is 4.7 mm.

Thorax: On the GNUE-311001, only a part of the right pronotum is preserved. The side of the pronotum is
rounded and bordered in shape, which is a diagnostic feature of Calosoma (Hashmi et al. 2005). The shape of the
pronotum is rounded but slightly angled at the middle part of the lateral margin. The length of the pronotum is 5 mm.
The width of the right pronotum is 4 mm. Although the pronotum is not completely preserved, on the basis of the
width of the right pronotum, we assume the full width of the pronotum is 8 mm.

Elytron: On the GNUE-311001, both elytra are partly preserved. One big hole is grooved on the left elytron and
from the middle to the apex of the medial part of the left elytron, and the outline of the left elytron is also partly not
preserved. On the right elytron, only a part of the wing base is preserved. GNUE-311002 consists of partly preserved
elytron (Fig. 4). The shape of the elytron is quadrangle-like. The medial outlet line is thin. The total countable striae
are 19 and intervals are 18. The 1st interval is small. The 4™ to 8" intervals are large and become smaller from the 9*
interval. The 16" to 18" intervals are smallest and fainter than other intervals. Transversal lines are clearly showing
from the 5" to 16" intervals. Grooved dimples are shown on the 4™, 8" and 12% intervals, creating a triploid pattern
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(Jeannel 1940). The 5" and 7™ intervals are connected at the apex of the elytron and surround by the 6" interval. The
11" and 13" intervals are connected at the near margin of the elytron and surround the 12" interval. The 10" and 14
intervals meet and surround the 11" to 13" intervals at the apex of the elytron. These interval connection patterns
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FIGURE 3. Calosoma kimi sp. nov. holotype (GNUE-311001). (a). Photograph of the specimen. (b). Sketch of the specimen.

The scales are deeply grooved from the 9" to 15" interval. The scales on the 17" and 18" intervals are extremely
small. From the wing base to the middle of the elytron, the scales are arranged in a check pattern. However, from
the middle to the margin of the elytron, the scales are arranged in an overlapping pattern (Fig. 6).

Leg: On GNUE-311001, part of the left profemur and protibia segments and the right leg tarsus (assumed
mesotarsus) are preserved. The tarsus on the right leg is forward to the upside. We assume that it is broken and
folded upward.
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Discussions

GNUE-311001 is inferred to be a male since it contains a dilated triangular shape of protibia segments which is one
of the characteristics of male Calosoma (Bruschi 2013). The diagnostic feature of C. kimi sp. nov. is its connection
patterns of the intervals and the two types of scale patterns on the elytron.
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FIGURE 4. Calosoma kimi sp. nov. paratype (GNUE-311002). (a). Photograph of the specimen. (b). Sketch of the specimen.
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FIGURE 5. The apex of the wing of C.kimi sp. nov. paratype (GNUE-311002). (a). Photograph of the 10th to 14th interval
connection patterns. (b). Sketch of the 10th to 14th interval connection patterns. (¢). Photograph of the 5th to 7th interval
connection patterns. (d). Sketch of the 5th to 7th interval connection patterns.
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FIGURE 6. Scales on elytron of C. kimi sp. nov. Scales on the above represents a checkered patterns. Scales on the bottom
represents an overlapping patterns.
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FIGURE 7. Head of the Calosoma kimi sp. nov. holotype (GNUE-311001).

C. kimi sp. nov. shows several characteristics of Carabidae (Ball ef al. 2000), including: 1) The head is
prognathous and narrower than the prothorax; 2) The antennae are inserted between the eyes; 3) The width of the
prothorax shows a tendency that it is narrower than the elytra; 4) The pronotum is reflexed; and 5) The striae on the
elytra are linear and continuous.

Based on morphological features such as the shape of the elytra and pronotum and body size, the genus Calosoma
can be divided into 19 subgenera (Jeannel 1940; Bruschi 2013). Among them, the subgenera Australodrepa,
Calodrepa, and Calosoma share the following characteristics: 1) The lateral margin of the pronotum discontinued
before the hind angles that are small, pointed, and often bent inward; 2) the last segments of the maxillary palps
are quite the same length, or hardly wider than the preceding ones; 3) the tooth of the mentum is small and only
slightly protruding; 4) the lingula of the male aedeagus is not sclerified. In Calosoma kimi sp. nov., although the
maxillary palps and the mentum tooth (Fig. 7) are similar to the above three subgenera, but its position still cannot
be determined because the lateral margin of the pronotum and hind angle, and metaepisterna are not visible in both
type specimens. Further studies based on more specimens would solve this problem in future.

Many Calosoma fossils were discovered from the Miocene. In Europe, Calosoma caraboides Heer, 1860,
C. catenulatum Heer, 1860, C. deplanatum Heer, 1860, C. escheri Heer, 1860, C. escrobiculatum Heer, 1860, C.
heeri Scudder, 1895, C. jaccardi Heer, 1860, and C. nauckianum Heer, 1860 were reported from Germany and
Switzerland. C. fernquisti Cockerell, 1924 was discovered from North America. In Asia, six species, C. brunneum
Hong 1985, C. cf. maderae Fabricius, 1775, C. maximowiczi Morawitz, 1863, C. inquisitor Linnaeus, 1758, C. aff.
calidium Fabricius, 1775 were recorded from China and Japan during Miocene to Pleistocene (Table 1).
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The elytra on C. kimi sp. nov. do not show deeply grooved patterns on the 1%, 15" to 18" striae, versus deeply
grooved in C. brunneum. C. kimi sp. nov. is similar to C. cf. maderae in: elytra contain same number of intervals (18)
and the three marginal intervals are small and closely arraged though deeply instead of shallowly. Unfortunately,
Zhang (1989) did not describe the interval connection patterns and scale patterns. According to Jeannel (1940), C.
maderae contains a triploid pattern with split secondary intervals and tends to become a pentaploid pattern, which
are not observed in C. kimi sp. nov..

Calosoma kimi sp. nov. is easily separated from Japanese fossil species by its elytron has 19 striae, while 17 or
18 striae in C. maximowiczi from the photo of Aiba (2015). Shape of elytron on C. aff. calidum is differentiate from
C. kimi sp. nov. with different interval connection pattern. Fig. 2A and C on Yahiro et al. (2018) shows 4th interval
meets with 8th interval while C. kimi sp. nov. does not show same pattern. Since C. inquisitor? from Hayashi (1996)
is poorly preserved and does not show any similar characteristics with C. kimi sp. nov. such as interval connection
patterns or 2 types of scale, we concluded C. kimi sp. nov. can be differentiate from C. inquisitor? from Hayashi
(1996).
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