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A total of seven species belonging to six genera of cypridoidean ostracods were recovered from three
sections (Jeongchon, Hotan, and Tapri) of the Albian Jinju Formation from the Gyeongsang Basin, South
Korea: Scabriculocypris yanbianensis, Cypridea khandae sp. nov., Cypridea samesi, Mongolocypris kohi,
Lycopterocypris? cf. celsa, Candona sp., and Djungarica sp. Based on its morphology, C. khandae sp. nov. is
considered to be the first record of the Cypridea alta-group in Korea. Although many species are endemic
to the Jinju Formation, the occurrence of Scabriculocypris yanbianensis indicates that this fauna was
linked with the contemporaneous fauna of the Tongfosi Formation of the Yanji Basin, northeast China.
Based on previous studies and newly collected specimens, the taphonomic features of the sections
indicate the presence of two distinct thanatocoenoses: a low-energy autochthonous thanatocoenosis
(Jeongchon and Tapri sections) and a slightly higher energy thanatocoenosis (Hotan section). Finally, the
absence of cytheroidean and darwinuloidean ostracods could be explained by the presence of unstable
lake/temporal waterbodies and their low competitiveness.
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1. Introduction

Ostracods are microcrustaceans that have been regarded as one of
the most important microfossils for paleoenvironmental reconstruc-
tion and biostratigraphic correlation (e.g., Anderson, 1985; Khand
et al., 2000; Schudack and Schudack, 2012; Sames, 2011a, b; Sames
and Horne, 2012; Wang et al., 2012, 2015, 2017a; Choi et al., 2020). In
Korea, the first report of non-marine ostracods comes from the
Uhangri Formation (Campanian) of the Haenam Basin, by Lee and Lee
(1976); subsequently, non-marine ostracods have been reported from
several different regions (e.g., Paik et al., 1988; Choi, 1990; Chun et al.,
1993,1995; Huh et al.,1998; Choi and Huh, 2016; Choi et al.,2017,2018;
Choi, 2019).
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The first taxonomic study with ostracods in the Jinju Formation
and their application for biostratigraphic correlation was developed
in Paik et al. (1988). According to them, the ostracod fauna of the
Jinju Formation consists of 18 species belonging to five genera.
However, their results should be revised due to the poor preser-
vation and lack of diagnostic characters of their ostracod speci-
mens. Despite some questionable interpretations, this study was
the pioneering detailed taxonomic investigation about the Creta-
ceous non-marine ostracod fauna in Korea. During 1990's, Choi
(1990), Chun et al. (1990) and Seo (1996) reported the presence
of cypridoidean ostracods in the country, including the new species
Cypridea (Pseudocypridina) jinuria Choi, 1990, from the Jinju For-
mation. Recently, Choi and Huh (2016) and Choi et al. (2018)
described two Cypridea species from the Jinju Formation, and dis-
cussed the ontogeny, sexual dimorphism and phylogenetic place-
ment of Mongolocypris kohi Choi and Huh, 2016. However, many
details of this fauna have not thus far been updated or are imper-
fectly known. Therefore, based on newly collected samples, the
present paper not only revises the ostracod fauna from the Jinju
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Formation, but also discusses its application for biostratigraphic
correlation and paleoenvironmental reconstruction.

2. Geological setting

Non-marine Cretaceous basins are distributed in the southern
and central parts of South Korea (Fig. 1), which began to form
during the Early Cretaceous (Hauterivian to Barremian, see Kang
and Paik, 2013) due to the oblique subduction of the proto-pacific
(Izanagi) plate (Watson et al., 1987; Chough et al., 2000; Chough
and Sohn, 2010). Of these basins, the Gyeongsang Basin (Barre-
mian to Campanian) is the largest non-marine sedimentary basin of
the Korean Peninsula (e.g., Chang, 1975; Kang and Paik, 2013).
Generally, the Gyeongsang Basin is divided into several sub-basins
or blocks (Chang, 1977; Won et al., 1978; Chough and Sohn, 2010).
The strata of this basin are divided into four lithographic units: The
Sindong (non-volcanic strata), Hayang (partly volcanic strata) and
Yucheon (dominantly volcanic strata) groups, and the Bulguksa
Granites (Chang, 1975; Choi, 1986). In this study, we follow the
lithostratigraphy of Chough and Sohn (2010) (Fig. 2).

The Jinju Formation (maximum 1800 m thick) is the uppermost
unit of the Sindong Group in the Gyeongsang Supergroup, and
consists of mainly dark gray to black shales, mudstones and sand-
stones (Chough and Sohn, 2010). The depositional environment of
this formation has been interpreted as fluvial-lacustrine environ-
ment (Choi, 1986; Paik, 2005; Chough and Sohn, 2010).

Paik et al. (2019) stated that the lower part of the Jinju Formation
was deposited in a mudflat to shallow lake as well as a channel
environment. In addition, several dry periods were thought to exist
during deposition of the upper part of the Jinju Formation based on
the presence of palustrine carbonates, desiccation cracks, ooids,
gypsum (Lee and Woo, 1996; Kim et al., 2005; Paik, 2005; Ha et al.,
2015; Paik et al., 2019), carbon isotope records of plants (Hong
et al., 2020), environmentally tolerant ichnocoenoses (Kim et al.,
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2005), palynoflora (Yi et al.,, 1994) and microbial-caddisfly bio-
herms (Paik, 2005).

The age of the Jinju Formation was proposed a “Neocomian”
(which includes all pre-Aptian stages in the Early Cretaceous, see
Sames et al., 2010) based on palynomorphs (Choi, 1985; Choi and
Park, 1987; Yi et al., 1994). However, detrital zircon dating (ca.
106 Ma) indicates an Albian age for this formation (Lee et al., 2010;
Kim et al., 2011; Lee et al., 2018), which is corroborated by the
occurrence of the pollen taxon Corollina sp. (Hong et al., 2020).

The Jinju Formation yields various fossils, such as dinosaurs,
crocodylians, lizards, frogs, fishes, molluscs, spinicaudatans, isopods,
spider, insects, ostracods, plants, and invertebrate trace fossils (e.g.,
Choi, 1990; Lee et al., 2001; Yabumoto et al., 2006; Park et al., 2012;
Choi and Huh, 2016; Choi et al., 2018; Kim et al., 2018, 2019; Park
et al., 2019; Lockley et al., 2020, and references therein). According
to Park et al. (2013) and Nam and Kim (2016), the entomofauna of the
Jinju Formation plays an important role in studying the evolution of
the post-Jehol Biota. In addition, on the basis of its extraordinarily
well-preserved and diverse vertebrate traces, Kim et al. (2018)
regarded that the Jinju Formation is Konservat-Lagerstatte.

3. Material and methods

Ostracod samples were collected from the upper part of the Jinju
Formation from three sections (Figs. 3 and 4): Seven samples
(sample number JJ-1-1 to 1-3 and JJ-2-1 to JJ-2-4) from the Jeong-
chon section [JJ], Jinju City (GPS: N35°07'—35°08,
E128°05'—128°06'); one sample (sample number JH-1) from the
Hotan section [JH], Jinju City (GPS: N35°09'36"”, E128°07'26"); and
one sample (sample number ST-1) from the Tapri section [ST],
Sacheon City (GPS: N35°06'12”, E128°03’58"). Ostracod specimens
in rock samples (mainly black shales) were extracted using the
method of Choi and Huh (2016).
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Fig. 1. Geological map of the Gyeongsang Basin and the studied sections of the Jinju Formation: (A) Distribution of the Cretaceous basins in the Korean Peninsula and location of the
Gyeongsang Basin; (B) Geological map of the Gyeongsang Basin and the localities of the studied sections (modified from Lee et al., 2010); (C) Location of the Jeongchon (J]) and

Hotan (JH) sections in Jinju City, and the Tapri (ST) section in Sacheon City.
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Fig. 2. Stratigraphic chart of the Gyeongsang Basin (after Chough and Sohn, 2010; Kang and Paik, 2013; Lee et al., 2018). Abbreviations: Fm. = Formation; Bt. = Basalt.

Ostracod carapaces and valves were scanned with a Hitachi S-
4700 Scanning Electronic Microscope in the Korea Basic Science
Institute (Gwangju Center) of the Chonnam National University
(Gwangju, South Korea). The figured specimens are deposited in the
Korea Dinosaur Research Center of Chonnam National University,
under the designated number KDRC-]JJ-numbers for the specimens
of the Jeongchon section, KDRC-JH-numbers for the specimens of
the Hotan section, and KDRC-ST-numbers for the Tapri section.

4. Systematic paleontology

Terminology for ostracod morphology follows Sames (2011c), and
size ranges follow Ayress and Whatley (2014): Very small: <0.40 mm,
small: 0.40—0.50 mm, medium: 0.51—0.70 mm, large: 0.71—1.00 mm,
very large: 1.01—2.00 mm, and gigantic: >2.0 mm. Abbreviations, L:
length, H: height, W: width, LV: left valve, and RV: right valve.

Class Ostracoda Latreille, 1802
Order Podocopida Miiller, 1894

Suborder Cypridocopina Jones, 1901
Superfamily Cypridoidea Baird, 1845
Family Alloiocyprideidae Ayress and Whatley, 2014

Genus Scabriculocypris Anderson, 1941
Type species: Scabriculocypris trapezoides Anderson, 1941

Scabriculocypris yanbianensis (Gou, 1983)

Fig. 5A—Q

1983 Ilyocyprimorpha yanbianensis, Gou, p. 49, pl. 1, figs. 8—11; pl. 2,

fig. 27.

1988 Genus indet species, Paik, Kim and Huh, p. 107, pl. 3, figs.

10—-11.

2020 Scabriculocypris yanbianensis (Gou), Choi et al., figs. 5G—L.

Material. About 100 carapaces and valves from samples JJ-1-2 and
JJ-1-3 of the Jeongchon section.
Dimensions (adults). L: 0.80—0.93 mm, H: 0.48—0.55 mm, W:

0.38—0.40 mm.
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Fig. 3. Lithostratigraphy of the Jinju Formation from the Jeongchon (JJ-1 and JJ-2), Hotan (after Choi and Huh, 2016; Choi et al., 2018) and Tapri sections and occurrence of ostracods.

Lithology of the Hotan section modified from Ha et al. (2015).

Description. Large carapace, elongated to rounded, subrectangular in
lateral view. LV larger than RV; LV slightly overlapping RV along the
margins. Maximum length at mid-height, maximum height at ante-
rior cardinal angle (near 1/3 of length), and maximum width at mid-
length. Anterior margin slightly infracurvate. Anterior cardinal angle
somewhat rounded but distinct, especially in the RV, with a small

swelling developed below the anterior cardinal angle. Posterior
margin nearly equicurvate or vertical; posterior cardinal angle nearly
angular to somewhat rounded, and much more distinct than the
anterior one. Dorsal margin almost straight and slightly inclined to-
wards the posterior end. Moderately incised hinge margin forming a
dorsal furrow. Ventral margin nearly straight but somewhat concave
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Fig. 4. Distribution and occurrence of ostracod species in the three sections of the Jinju Formation.

at the mid-length of both valves. Surface covered by puncta. Local
ornamentation elements, when present, consist of rounded to conical
tubercles distributed throughout the surface of the valves, and blunt
spines distributed in the anterior marginal area.

Muscle scar pattern. Unknown.

Ontogenetic variation. Adult carapaces are more than 0.8 mmin length
(maximum 0.93 mm). The size range of A-1 to A-2 instars is
0.59—0.7 mm. Generally, juvenile carapace outline is similar to the
adult. However, some A-1? to A-2? instars show shorter carapace

shape (low L/H ratio) than the adults and much younger instar (A-37?).
This morphological difference between specimens is most probably
related to intraspecific variation rather than sexual dimorphism
(because of the absence of sexual dimorphism record in the Genus
Scabriculocypris). The youngest instar (A-3?, 0.45—0.47 mm in length)
shows a somewhat more rounded and narrow posterior margin (see
Fig. 5Q); the antero-dorsal swelling is indistinct or absent in juveniles.
Remarks. Scabriculocypris pingquanensis Yang, 1985 from the Lower
Cretaceous Xiguayuan, Yixian and Jiufotang formations of China is
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Fig. 5. Scabriculocypris yanbianensis (all specimens from sample JJ-1-3); A. Left view of adult carapace, KDRC-]J-021; B. Left view of adult carapace, KDRC-]J-022; C. Right view of A-1
instar carapace, KDRC-JJ-023; D. Right view of A-1 carapace, KDRC-]J-024; E. Dorsal view of adult carapace, KDRC-]J-025, anterior end to the left; F. Right view of A-1 instar carapace,
KDRC-]J-026; G. Left view of A-1? instar carapace, KDRC-]J-027; H. Dorsal view of A-2 instar carapace (anterior end to the left), KDRC-JJ-028; I. Right view of A-2 instar carapace,
KDRC-JJ-029; J. Right view of A-2? instar carapace, KDRC-JJ-030; K. Left view of A-2? instar carapace, KDRC-JJ-031; L. Left view of A-2 instar carapace, KDRC-]J-032; M. Left view of A-
2 instar carapace, KDRC-JJ-040; N. Right view of A-2 instar carapace, KDRC-]J-041; O. Right view of A-2 instar carapace, KDRC-]J-042; P. Right view of A-2 instar carapace, KDRC-JJ-
043; Q. Left view of A-3? instar carapace, KDRC-JJ-044. Scale bars = 100 pm.
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Fig. 6. Cypridea khandae sp. nov. (all specimens from sample ST-1); A1. Right lateral view of adult female carapace, KDRC-ST-001 (holotype); A2. Idem, left view of carapace;
view of adult female carapace, KDRC-ST-002; C. Left view of A-1 instar female carapace, KDRC-ST-003; D. Right view of A-1 instar female carapace, KDRC-S
adult male carapace, KDRC-ST-005; F. Ventral view (anterior end to the left) of A-1 instar female carapace, KDRC-ST-006; G. Dorsal view (anterior end to the left) of A-1 instar female

. Right
04; E. Right view of

carapace, KDRC-ST-007; H. Dorsal view (anterior end to the left) of adult male carapace, KDRC-ST-008; I1. Right view of A-1 instar male carapace, KDRC-ST-009; 12. Idem, detail of

anteroventral area of the RV; I3. Idem, left view of carapace; J1. Left view of adult male carapace, KDRC-ST-010 (paratype); J2. Idem, detail of anteroventral area of the LV; K. Right
view of adult female carapace, KDRC-ST-011. Scale bars = 100 pm.
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Fig. 7. A—K. Cypridea khandae sp. nov. (all specimens from sample ST-1); A. Right view of A-1? instar male carapace, KDRC-ST-012; B1. Left view of adult male valve, KDRC-ST-013;
B2. Idem, detail of anteroventral area of the LV. C. Ventral view (anterior end to the left) of adult female carapace, KDRC-ST-014; D. Dorsal view (anterior end to the left) of A-1?
instar female carapace, KDRC-ST-015; E. Right view of adult male carapace, KDRC-ST-016; F1. Right view of adult female carapace, KDRC-ST-017; F2. Idem, left view of carapace; G.
Right view of adult male carapace, KDRC-ST-018; H. Right view of A-1? instar male valve, KDRC-ST-019; I. Right view of A-3 instar valve, KDRC-ST-020; ]. Right view of A-3 instar
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similar to S. yanbianensis. However, the former is larger and dis-
plays a stronger dorsal overlap.

The morphologic features of the studied specimens are very similar
to Scabriculocypris yanbianensis (Gou, 1983) from the Albian Tong-
fosi Formation of the Yanji Basin, northeast China, such as the
equicurvate/vertical posterior margin, size, development of an
antero-dorsal swelling and surface punctation (Choi et al., 2020).
Thus, the authors consider them to be the same taxon.

Family Cyprideidae Martin, 1940

Genus Cypridea Bosquet, 1852
Type species: Cypris granulosa Sowerby, 1836

Cypridea khandae sp. nov.
(urn: Isid:zoobank.org:pub:
2127F47)

Figs. 6A—K, 7A—K

1988 Cypridea (Cypridea) sp. 3, Paik et al., p. 98, pl. 1, figs. 4—5.
1988 Cypridea (Cypridea) sp. 6, Paik et al., p. 101, pl. 1, figs. 10—11.

1B7C8975-4971-4656-850E-DAEGE

Etymology. Named for Mongolian ostracodologist Dr. Khand Yondon
of her contribution to Mesozoic non-marine ostracod research, and
for being a mentor to BDC and YQW since 2012.

Holotype. KDRC-ST-001 (Fig. 6A), complete female carapace, sample
ST-1 from the Tapri section of the Jinju Formation, Length: 1.40 mm,
Height: 0.80 mm, Width: 0.62 mm.

Paratype. KDRC-ST-010 (Fig. 6]), complete male carapace, sample
ST-1 from the Tapri section of the Jinju Formation, Length: 1.43 mm,
Height: 0.74 mm, Width: 0.58 mm.

Material. About 170 moderately to badly preserved carapaces and
valves from sample ST-1 of the Tapri section, samples JJ-1-1, J]-1-3
and ]J-2-4 of the Jeongchon section, and sample JH-1 of the Hotan
section.

Dimensions (adults). L: 1.30—1.65 mm, H: 0.76—1.06 mm, W:
0.59—0.68 mm.

Diagnosis. Very large carapace, elongated-to inflated subovate in
lateral view. LV larger than RV, valves somewhat asymmetrical due
to the dorsal ridge and convex ventral margin of the LV. Rostrum
short, but well-defined. Alveolus (notch, ridge and furrow) well-
developed; alveolar furrow triangular and distinct in both valves,
but somewhat longer in the RV. Rounded cyathus. Surface covered
by fine puncta.

Description. Very large carapace, elongated subovate (male) to
inflated subovate (female) in lateral view, elliptic shape in dorsal
view. Maximum length at slightly below the mid-height, maximum
height at the anterior cardinal angle near 1/3 of length, maximum
width at mid-length. LV larger than RV; dorsal outline of LV
somewhat prominent due to the dorsal ridge and the convex
ventral margin of the LV. Anterior margin broadly rounded and
weakly infracurvate; anterior cardinal angle rounded, protruding in
the LV, ca. 150°. Rostrum short but well-defined, its point moder-
ately bending backwards and not reaching the ventral margin.
Alveolar notch short and moderately incised. Alveolar furrow
distinct and separated by a well-developed alveolar ridge in both
valves; its shape is triangular, moderately broad and incised, with
the alveolar furrow in the RV being much broader and somewhat
longer than the one in LV (reaching up to a maximum of nearly 1/3
of the height). Posterior margin weakly infracurvate to equicurvate;
posterior cardinal angle somewhat angular in the LV and rounded
in the RV, ca. 160°. Dorsal margin nearly straight to slightly
rounded; dorsal outline of LV somewhat prominent by slightly to
moderately developed dorsal ridge; both LV and RV dorsal margins
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inclined towards to posterior end. In dorsal view, the slightly
incised hinge margin forms a shallow dorsal furrow. Ventral margin
nearly straight to convex in the LV with a moderately developed
ventral ridge, but slightly concave in the RV; posteroventral region
of the LV protruding with a rounded cyathus, but smoothly rounded
in the RV. Carapace surface covered by very fine puncta, but local
ornamentation elements are absent.

Muscle scar pattern. Unknown.

Dimorphism. Strong sexual dimorphism present. Males have elon-
gated and somewhat slender carapaces shape in lateral and dorsal
views; females show a more inflated carapace shape in lateral and
dorsal views, with a low L/H ratio. The precocious sexual dimor-
phism occurs in the A-1 instar.

Ontogenetic variation. Adult carapaces are more than 1.30 mm in
length. The sizes of A-1 juvenile carapaces/valves and A-2 to A-4?
younger instars are around 0.5 mm—1.20 mm. The A-1 instar shows
the same morphological features of the adult. A-3 and A-4? instars
show a more tapered posterior margin than the A-1 instar and
adults. The younger instars have faint rostrum, alveolus and cya-
thus, but more a visible alveolar furrow (see Fig. 71—K).

Remarks. Cypridea sp. 3 and C. sp. 6 from the Jinju Formation of Paik
et al. (1988) fit the diagnostic characters of Cypridea khandae sp.
nov., such as carapace shape, area-wide ornamentation elements
(fine puncta), and moderately to deeply incised alveolar notch and
furrow. In addition, C. sp. 3 greatly resembles the male morph of
C. khandae sp. nov., while C. sp. 6 has the same outline as the female
morph. Thus, these two species are considered synonymous to
C. khandae sp. nov.

One of the most important morphologic characters of C. khandae sp.
nov. is an inverse-sized alveolar furrow (RV's furrow larger than
LV's one). Generally, the alveolar furrow of representatives of the
Genus Cypridea is much longer in the larger valve (which is usually
the left one), whereas the one on the smaller valve is shorter and
more triangular in shape (Sames, 2011c). Other ‘inversed-sized
alveolar furrow’ species are Cypridea (Morinina) tongfosiensis
Zhang, 1990 from the Dalazi Formation, Yanji Basin, China, and
Krommelbein (1965)'s South American collections, such as Cypridea
aff. opifera (originally described in Krommelbein, 1962),
C. tucanoensis (probably a representative of the subgenus Cyamo-
cypris; see Sames, 2011b), C. maior and C. subtilis. The functional and
morphological significances of this feature are unclear.

Cypridea sp.1 and C. sp. 2 (that should be combined a single taxon)
of the Jinju Formation (Paik et al., 1988) show similar carapace/
valve shape to C. khandae sp. nov., but the former two have well-
rounded dorsal and ventral margins (thus maximum height at
mid-length), as well as a distinct cyathus. Cypridea prognata Liibi-
mova (in Zhang, 1985a) from the Jiufotang Formation of Liaoning
Province, northeast China is similar to the female morph of
C. khandae sp. nov. with the same alveolus shape (except for the
alveolar furrow) and cyathus, but C. prognata has a more inflated
carapace in dorsal view, an indistinct dorsal ridge, and a lower L/H
ratio with a strongly rounded ventral margin. Cypridea anxiangensis
Guan (Zhang et al., 2006 considered this species to be synonymous
of C. profusa) has the same outline and alveolus shape (except
alveolar furrow) of C. khandae sp. nov., but the former has rounder
posterior cardinal angle and a strongly distinguished rostrum point.
Cypridea deplecta Zhang, 1985a (see more details in Wang et al.,
2013) from the Yixian Formation of northeast China is similar to
C. khandae sp. nov.,, however, C. deplecta does not develop an
alveolar ridge and shows a less developed alveolar furrow. Cypridea
latiovata Hou, 1958 from the Gansu Province of China differs from
C. khandae sp. nov. by the gigantic size, a broad rostrum, and a

valve, KDRC-ST-021; K. Right view of A-4? instar valve, KDRC-ST-022; L—N. Cypridea samesi Choi et al., 2018; L. Left view of adult carapace, KDRC-JH-017, sample number JH-1; M.
Left view of adult carapace, KDRC-JH-018, sample number JH-1; N. Right view of A-2? instar carapace, KDRC-ST-023, sample number ST-1. Scale bars = 100 pm.
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Fig. 8. A—F. Mongolocypris kohi Choi and Huh, 2016 (all specimens from sample JJ-1-3); A. Right view of adult male carapace, KDRC-]]-045; B. Right view of adult female carapace,
KDRC-]J-046; C. Right view of A-1? female carapace, KDRC-J]-047; D. Right view of A-1? female carapace, KDRC-JJ-048; E. Dorsal view (anterior end to the left) of adult female
carapace, KDRC-JJ-049; F. Left view of A-1? female carapace, KDRC-J]-050; G—H. Lycopterocypris? cf. celsa Liibimova, 1956 (all specimens from sample JJ-1-1); G. Right view of
compressed carapace, KDRC-]J-033; H. Right view of valve, KDRC-]]J-034; I-N. Candona sp.; 1. Left view of adult valve, KDRC-]JJ-036, sample number JJ-2-4; ]. Right view of A-1 instar
carapace, KDRC-JJ-035, sample number JJ-2-1; K. Right view of A-1 instar valve, KDRC-J]-037, sample number JJ-2-4; L. Right view of A-1 instar carapace, KDRC-]JJ-038, sample
number JJ-1-3; M. Left view of A-2 instar carapace, KDRC-JH-016, sample number JH-1; N. Right view of A-3 instar valve, KDRC-]J-39, sample number JJ-1-2. O. Djungarica sp., left
view of dissolved carapace, KDRC-JJ-40, sample number JJ-2-4. Scale bars = 100 pm.




B.-D. Choi, B. Jia, M. Huh et al.

distinct ventral ridge. The general outline of Cypridea tosongensis
Lee (in Kim et al., 1992) from the Lower Cretaceous Sinuiju For-
mation of North Korea (near the western border of North Korea and
China) is quite similar to the general shape of the present species,
but its posterior margin is much narrower.

Cypridea ex gr. alta Wolburg, 1959 (in Sames, 2011b) from the Cedar
Mountain Formation of United States of America resembles the
general outline (except dorsal region), the rostrum/alveolus and
cyathus in the LV of C. khandae sp. nov. However, the former has a
strongly overreached dorsal ridge in the LV and shorter alveolar
furrow in the RV. Cypridea inaequalis Wolburg, 1959 (also Cypridea
alta-group) from Berriasian “German Wealden” is very similar to
C. khandae sp. nov. However, the dorsal ridge of the former is very
distinct, and the rostrum is more prominent than that of C. khandae
Sp. nov.

In addition, C. khandae sp. nov. is very similar to the representatives
of the Cypridea alta-group Wolburg, 1959 (more details in Sames,
2011b, p. 404—405) due to its carapace shape, development of
the cyathus, a relatively well developed dorsal ridge in the LV,
ventral ridge, and short but well-developed rostrum with distinct
alveolar furrow. Though, the dorsal ridge of Cypridea khandae sp.
nov. is relatively weak and its L/H ratio is not always as low as other
representatives of the C. alta group, it is not the only species in it
with these characters; for instance, the subspecies C. alta alta
Wolburg, 1959 from the Lower Cretaceous strata of Europe (Ger-
many and England) also has a weakly developed dorsal ridge (see
also subspecies list in Sames, 2011b, p. 404) and similar area-wide
ornamentation. Thus, Cypridea khandae sp. nov. should be assigned
to the Cypridea alta species group.

Cypridea samesi Choi, Wang and Huh, 2018
Fig. 7L—N

1988 Cypridea (Cypridea) sp. 4, Paik et al., 98, 101, pl. 1, figs. 6—7.
1988 Cypridea (Cypridea) sp. 7, Paik et al., 101—-102, pl. 2, figs. 1, 3.
1988 Cypridea (Cypridea) sp. 8, Paik et al., 102, pl. 2, figs. 2, 4.
2018 Cypridea samesi n. sp. Choi et al., 386—389, figs. 3K—P, 4A—].

Material. More than 500 carapaces and valves, including juveniles
from sample ]J-1-2 of the Jeongchon section, sample JH-1 of the
Hotan section, and sample ST-1 of the Tapri section.

Dimensions (adults). L: 0.91-1.08 mm, H: 0.46—0.64 mm, W:
0.33—0.46 mm.

Remarks. Cypridea samesi shows two anterodorsal swellings on the
both valves, but indistinct in the RV. The details of this species were
described by Choi et al. (2018). The poorly preserved younger ju-
veniles of this species had rarely been discovered in the Hotan
section (see Choi et al., 2018, fig. 4b therein). However, some
complete younger juveniles (A-2?, 0.75 mm in length) are identi-
fied for the first time in this study (Fig. 70). The sexual dimorphism
is not identified in this species.

Genus Mongolocypris Szczechura, 1978
Type species: Cypridea distributa Stankevitch (in Stankevitch and
Sochava, 1974)

Mongolocypris kohi Choi and Huh, 2016
Fig. 8A—F

1988 Cypridea (Pseudocypridina) sp. 1 Paik, Kim and Huh, pp. 103,
104, pl. 2, figs. 6, 7.

1988 Cypridea (Pseudocypridina) sp. 2 Paik, Kim and Huh, p. 104, pl.
2, figs. 5, 8.

1988 Cypridea (Pseudocypridina) sp. 3 Paik, Kim and Huh, p. 104, pl.
2, figs. 9, 10.

1996 Cypridea cf. curtorostrata Hao — Seo, pp. 24, 25, pl. 1, figs. 1—4.

2016 Mongolocypris kohi sp. nov. Choi and Huh, 242—246, figs. 4—5.

1

Cretaceous Research 127 (2021) 104944

Material. About 1000 carapaces and valves, including males/fe-
males and juveniles from samples JJ-1-1, JJ-1-2, JJ-1-3, ]]-2-1 and JJ-
2-3 of the Jeongchon section.

Dimensions (adults). L: 1.30—1.47 mm, H: 0.65-0.79 mm, W:
0.48—0.62.

Remarks. Mongolocypris kohi is considered an ‘early form’ of the
Genus by the presence of the faint rostrum and the alveolar furrow
(see more details in Choi and Huh, 2016). In this species, strong
sexual dimorphism is identified; males have elongated and larger
carapace, and females have inflated and low L/H ratio than males.
Generally, the adults have more than 1.30 mm in length. And, the
size range of juveniles (A1 to A4?) is 1.28 to 0.5 mm in length.

Family Cyprididae Baird, 1845

Genus Lycopterocypris Mandelstam (in Liibimova, 1956)
Type species: Cypris faba Egger, 1910.

Lycopterocypris? cf. celsa Liibimova, 1956
Fig. 8G—H

Material. Two carapace and valve from samples JJ-1-1 and JJ-2-4 of
the Jeongchon section.

Dimensions. L: 0.78—0.81 mm, H: 0.47—0.51 mm, W: Unknown (due
to the compression).

Description. Large carapace, rounded and subtriangular in lateral
view. Maximum length at slightly below the mid-height, maximum
height at mid-length. LV larger than RV. Both anterior and posterior
margins equally rounded and strongly infracurvate, with nearly faint
cardinal angles. Dorsal margin strongly arched and strongly inclined
towards both the anterior and posterior ends. Ventral margin almost
straight, but moderately concave at the mid-length of the RV. Surface
ornamentation unknown due to the dissolved carapace.

Muscle scar pattern. Unknown.

Ontogenetic variation. Unknown.

Remarks. The general outline of Lycopterocypris? celsa is different
from other Lycopterocypris species by its more triangular shape
with relatively low length/height ratio in lateral view. Another
triangular-shaped taxon is L. helongensis Zhang, 1990 from the
Dalazi Formation, Yanji Basin, China, which has a much more
elongated carapace (higher length/height ratio) and convex ventral
margin in both valves. Lycopterocypris? cf. celsa resembles the
representatives of the Genera Triangulicypris and Advenocypris from
the Cretaceous strata of China. However, some species of Triangu-
licypris and Advenocypris have large nodes, puncta or a distinct
dorsal ridge (see figures of Zhang et al., 2014). These characters
have not been reported in representatives of the Genus Lycopter-
ocypris. As L. celsa shows a very long temporal range (Hauterivian to
Maastrichtian, e.g., Ye, 1994; Neustrueva et al.,, 2005) and the
recovered specimens had very poor preservation, the authors
decided to only tentatively classify the recovered specimens as
Lycopterocypris? cf. celsa.

Family Candonidae Kaufmann, 1900

Genus Candona Baird, 1845
Type species: Cypris candida Miiller, 1776

Candona sp.
Fig. 8I-N

1988 Candona sp. 1 Paik, Kim and Huh, p. 104, pl. 3, fig. 1.
1988 Candona sp. 3 Paik, Kim and Huh, p. 105, pl. 3, fig. 4.
1988 Candona sp. 4 Paik, Kim and Huh, p. 105, pl. 3, figs. 5 and 6.

Material. 30 badly to moderately preserved specimens, including
juveniles from samples JJ-1-1, JJ-1-2, JJ]-1-3, JJ-2-1 and JJ-2-4 of the
Jeongchon section, and sample JH-1 of the Hotan section.
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Fig. 9. Comparison between the relative abundance of ostracod species from the three sections (Jeongchon, Hotan, and Tapri) of the Jinju Formation.

Dimensions (adults). L: 0.90—1.00 mm, H; 0.40—0.48 mm.
Description. Medium to large carapace, elongated and ovate in
lateral view. Maximum length at slightly below the mid-height,
maximum height and width slightly behind mid-length. LV larger
than RV; LV overlapping RV along all margins except at the hinge.
Anterior margin narrow and slightly infracurvate; anterior cardinal
angle broad and slightly curved, ca. 150°. Posterior margin nearly
equicurvate to slightly infracurvate and almost vertical; posterior
cardinal angle angular in the RV, somewhat rounded in the LV, ca.
140°. Dorsal margin somewhat rounded with indistinct dorsal
hump; anterodorsal margin long, straight to slightly rounded, but
posterodorsal margin relatively short, nearly straight and strongly
declined to posterior end. Ventral margin nearly straight in the LV,
but somewhat concave in mid-length of the RV. Surface smooth.
Muscle scar pattern. Unknown.

Ontogenetic variation: Adult carapaces are more than 0.9 mm in
length. The size range of A-1 to A-3 instars is 0.50—0.83 mm.
Remarks. All three species (Candona sp. 1, C. sp. 3 and C. sp. 4) from
Paik et al. (1988) are considered to be the same taxon due to their
similar carapace shape. In addition, the specimens from Paik et al.
(1988) were collected from the same sample. Candona sp. in this

Number of Number of
specimens specimens
180 — 230 —
150 — 200 —
120 —
20 — 100 —|
60 —
30 —
10 —

study also fit the morphologic characters of the Candona specimens
from Paik et al. (1988). Therefore, all Candona species in Paik et al.
(1988) are merged with Candona sp. from this study. Some char-
acters of C. sp. are identified, such as the slender carapace shape
with very angular posterior cardinal angle in the RV and nearly
straight dorsal margin that can be seen in lateral view. However,
many specimens are crushed, which makes it hard to assigned
them to a species.

Family Djungaridae Gou and Hou (in Hou et al., 2002)

Genus Djungarica Galeeva (in Ye et al., 1977)
Type species: Djungarica saidovi Galeeva (in Nanjing Institute of
Geology and Palaeontology, Chinese Academy of Sciences, 1963)

Djungarica sp.
Fig. 80

Material. Only one dissolved carapace from sample JJ-2-4 of the
Jeongchon section.

Dimensions. L: 1.48 mm, H: 0.88 mm, W: not available.
Description. Very large subtriangular carapace in lateral view.
Maximum length at near 1/3 of height, maximum height at mid-

Number of
specimens

30 —

A4 A3 A2 A1 A

Instar

Jeongchon section
(Mongolocypris kohi population)

A-4 A-3 A2 A1 A
Instar

Hotan section
(Cypridea samesi population)

A-4 A-3 A2 A1 A

Instar

Tapri section
(Cypridea khandae sp. nov. population)

Fig. 10. Population structures of the selected ostracod species and specimens in the studied sections (Jeongchon, Hotan, and Tapri) of the Jinju Formation.
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length, maximum width unknown. Valve overlapping type un-
known. Anterior margin nearly supracurvate, anterodorsal margin
almost straight to slightly rounded, anterior cardinal angle
rounded, ca. 155°. Posterodorsal margin strongly declined towards
to posterior end, with a straight posteroventral margin forming a
posterior protrusion slightly below mid-height; posterior cardinal
angle rounded and somewhat narrower than anterior one, ca. 150°.
Dorsal margin rounded and strongly declined to both anterior and
posterior ends. Ventral margin strongly concave in near mid-
length. Surface ornamentation unknown due to the dissolved
carapace.

Muscle scar pattern. Unknown.

Ontogenetic variation. Unknown.

Remarks. Although the representatives of the Genus Djungarica have
been commonly reported from the Lower Cretaceous deposits of China
(e.g.,Hou et al., 2002; Wang et al., 2015, 2016; Qin et al., 2018), this is
the first description of the Genus in South Korea. Djungarica sp. from
the Jinju Formation is similar in shape to D. camarata Zhang, 1985b
from the Dadianzi and Yixian formations (see Wang et al., 2016, p.
413), but it is much smaller, its posterior protrusion is located slightly
lower in the posterior margin, and belongs to a relatively younger
stratigraphic age than the latter (Hauterivian to Barremian).

5. Discussion
5.1. Biostratigraphy

The ostracod biostratigraphy of the Jinju Formation has been
discussed by several authors (Paik et al., 1988; Hayashi, 2006). Paik
et al. (1988) stated that the ostracod fauna from the Jinju Formation
can be correlated with the Upper Cretaceous to Paleogene Cristo-
cypris-Cypridea-Candona zone of the Yantze Han River plain in Hou
et al. (1978), as they share the same Candona species. Hayashi
(2006) established the “3-Diverse Cypridea assemblage” for the
Jinju Formation (incorrectly designated as the Dongmyeong For-
mation therein), which can be correlated with the Upper Shou-
chang, Lower Fengjiashan and Puchanghe formations of China, the
Upper Wakamiya Formation of Japan, and an unknown deposit in
the Shaazantin Gobi of Mongolia. However, many ostracod species
of Paik et al. (1988) and Hayashi (2006) have been revised in recent
years (Choi and Huh, 2016; Choi et al., 2018; this study) based on a
large quantity of newly collected specimens. Therefore, the
ostracod biostratigraphy of the Jinju Formation needs to be revised,
based on this new data.

In this study, seven species belonging to six genera were
recovered from three sections of the Jinju Formation (Fig. 9):
Scabriculocypris yanbianensis, Cypridea khandae sp. nov., C. samesi,
Mongolocypris kohi, Lycopterocypris? cf. celsa, Candona sp., and
Djungarica sp. Among them, C. khandae sp. nov., C. samesi, and
M. kohi are presumed endemic to the Jinju Formation. Scabriculo-
cypris yanbianensis was reported from the Albian Tongfosi Forma-
tion of the Yanji Basin in northeast China (Gou, 1983; Choi et al.,
2020). Lycopterocypris? celsa was found in the Sainshand Forma-
tion (Albian to Cenomanian) (Liibimova, 1956; Khand et al., 2000)
and the Shinekhudag Formation (Hauterivian to Barremian) of
Mongolia (Neustrueva et al., 2005). Representatives of the Genus
Cypridea abundantly occurred in worldwide non-marine Upper
Jurassic to Cretaceous strata (except for Antarctica and Australia,
Sames, 2011b). Representatives of the Genus Mongolocypris are
commonly reported from the Aptian to Maastrichtian (possibly up
to Danian, see Ye, 1994) strata of East Asia (see species list in Cao,
1996; Hou et al., 2002; Neustrueva et al., 2005; Hayashi et al.,
2010; Wang et al, 2015; Choi and Huh, 2016) and Alaska
(Brouwers and De Deckker, 1993), but their major radiation started
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during the Albian (e.g., Wang et al., 2015; Choi et al., 2020). Finally,
representatives of the Genus Djungarica are recovered from the
Upper Jurassic to Aptian strata in China (Wang et al., 2015; Qin et al.,
2018 and references therein). Consequently, the ostracod fauna in
this study may indicate an Albian age for the Jinju Formation.

Although the ostracod assemblage from the Jinju Formation
consist of well-known genera from worldwide (Scabriculocypris,
Cypridea and Candona) and Asian regions (Mongolocypris, Lycop-
terocypris and Djungarica), its endemicity at the species level makes
it difficult to be correlated with other assemblages in a supra-
continental scale.

5.2. Paleoenvironment

According to Whatley (1983, 1988) and Boomer et al. (2003),
ostracod population structure and preservation are important in-
dicators for the reconstruction of paleoenvironment. The taphonomic
features (population and preservation) of each section and their sub-
sequent interpretations are as follows (see also Figs. 9 and 10).

1) Jeongchon section: Sample JJ-1-1 contains almost exclusively
compressed carapaces and valves but displays a relatively high
species diversity (four species), with various size ranges. Many
specimens are articulated, such as Mongolocypris kohi and the
badly preserved Cypridea khandae sp. nov. (with strong sexual
dimorphism). Lycopterocypris? cf. celsaand Candona sp. were rare
in this sample. Samples]J-1-2 and JJ-1-3 show the most abundant
populations, with high diversity (four species) and almost all
complete carapaces of juveniles and adults. Mongolocypris kohi is
the most abundant taxon in the samples, and Scabriculocypris
yanbianensis were only recovered from them. The preservation
and population of these ostracods point towards low energy
autochthonous assemblages. Samples [J-2-1 and JJ-2-3 show low
diversity (one or two species), but juvenile and male/female adult
carapaces of Mongolocypris kohi are common, and valves are
rarely identified, which are indicative of a low energy environ-
ment. Although sample J]J-2-4 contains four species with articu-
lated carapaces, very few specimens were recovered, with the
majority being dissolved and, thus, making it difficult to obtain
more details from the sample. Mongolocypris kohi is absent in this
sample. In summary, a total of seven cypridoidean species were
recovered from the Jeongchon section (Fig. 9), and the general
features of the ostracod population/preservation (Fig. 10) show a
low-energy autochthonous thanatocoenosis (in situ assemblage,
see Boomer et al., 2003; Cabral et al., 2008) with limited trans-
portation. The presence of invertebrate fossils such as aquatic
insects, spiders and clam shrimps also supports our interpreta-
tion (Park et al., 2013; Nam and Kim, 2016; Park et al., 2019).

2) Hotan section: The JH-1 sample is characterized by moderate
diversity (three species) and very abundant adult carapaces of
Cypridea samesi (about 99% of occurred specimens, see Fig. 9).
Cypridea khandae sp. nov. and Candona sp. are rarely recovered
in this section. A low valve/carapace ratio with a majority of
adult specimens (Fig. 10) implies that this assemblage is a
slightly higher energy thanatocoenosis, with the juveniles
having been removed by current post-mortem (Boomer et al.,
2003; Nye et al.,, 2008).

3) Tapri section: The sample ST-1 shows low diversity (two species,
see also Fig. 9), but juvenile and adult male/female carapaces of
Cypridea khandae sp. nov. are very common with rare occur-
rences of Cypridea samesi. A-1 instar is most abundant, and
valves or carapaces of much younger juveniles (A-3 to A-4?) are
also common (Fig. 10). It matches very well with the population
age structure illustration of Boomer et al. (2003; fig. 2 therein).
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Thus, this assemblage was considered to be a low-energy
autochthonous thanatocoenosis.

In summary, the taphonomic features of the sections show two
types of thanatocoenosis: a low-energy autochthonous thanatocoe-
nosis (Jeongchon and Tapri sections), and a slightly higher energy
thanatocoenosis (Hotan section). These assemblages are good paleo-
environmental indicators, with most of the population structures (e.g.,
ontogenetic stages and articulated carapaces) being indicative of
shallow waterbodies (e.g., shallow lake and/or pond). Additionally,
two ostracod species from the Jeongchon and Tapri sections may
choose their sexual reproduction mode (i.e. C. khandae sp. nov. and
M. kohi), although a mixed reproduction is proposed for them (Sames,
2011b; Sames and Horne, 2012). The sexual reproduction mode may
indicate more variable and unstable environmental conditions
(Schmit et al., 2013; Wang et al.,, 2017b).

The ostracod assemblage of the Jinju Formation consists only of
representatives of the Superfamily Cypridoidea. Recent cypri-
doideans are abundant and diverse in almost all non-marine realms
(Karanovic, 2012). These taxa possess desiccation resistant-resting
eggs, which enable to them survive long dry periods, adapt in
temporary waterbodies, and allow them to be transported through
passive means such as winds or large animals (Horne and Martens,
1998). Genera Cypridea and Mongolocypris are the representatives
of the extinct Family Cyprideidae of the Superfamily Cypridoidea
(Horne and Colin, 2005; Sames, 2011b; Choi and Huh, 2016). Ac-
cording to Horne (2002), some species of Cypridea tolerated and
inhabited saline lakes (see also Sames, 2011b, p. 373), but most
species dwelled in freshwater environments (Horne, 2002; Sames,
2011b). Mongolocypris may have been able to tolerate a wide range
of paleoenvironments, because the representatives of this genus
are well-documented from many upper Lower and Upper Creta-
ceous strata in China (e.g., Hou et al., 2002; Van Itterbeeck et al.,
2004, 2005; Wang et al., 2017a; Choi et al., 2020), Mongolia (e.g.,
Szczechura, 1978; Neustrueva et al., 2005), Korea (e.g., Choi and
Huh, 2016; Choi et al., 2017; Choi, 2019), and Japan (e.g., Cao,
1996; Hayashi et al., 2010). Genera Scabriculocypris, Candona,
Lycopterocypris and Djungarica all belong to the Superfamily Cyp-
ridoidea, which inhabit both ephemeral and permanent water-
bodies (e.g., Meisch, 2000; Horne, 2002; Wang et al., 2016).

Interestingly, the ostracod assemblage of the Jinju Formation
lacks elements from the subfamily Timiriaseviinae of the Super-
family Cytheroidea and the Superfamily Darwinuloidea, which
possess brood care and probably lived in permanent waterbodies
(Horne and Martens, 1998; Horne, 2002; Sames 2011a; Sames and
Horne, 2012). This absence might be influenced by the presence of
unstable lakes/temporal waterbodies in the regions (e.g., seasonal
pools or small lakes around large lake), due to the increasing of
aridity (see above “Geological Setting”), and/or their low competi-
tiveness (alongside their tolerance limits, see also Sames, 2011a).
An increase in the diversity of Mongolocypris species in China and
Korea occurs during moments of decreased presence
(Albian—Cenomanian) of Timiriaseviinae and Darwinuloidea (see
Wang et al.,, 2015; Choi and Huh, 2016; Choi et al., 2020 and un-
published data of YQW) during that period in East Asia (except
Mongolia, see Khand, 2000). However, this hypothesis is uncertain
yet, and needs further investigation.

6. Conclusion

Seven non-marine ostracod species were recovered from three
sections (Jeongchon, Hotan, and Tapri) of the Jinju Formation of the
Gyeongsang Basin, South Korea. This fauna is endemic to South Ko-
rea, and consists of the following representatives of the Superfamily
Cypridoidea (especially extinct Family Cyprideidae):
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Scabriculocypris yanbianensis, Cypridea khandae sp. nov., C. samesi,
Mongolocypris kohi, Lycopterocypris? cf. celsa, Candona sp., and
Djungarica sp. Combined with the previous published ostracod
species, the ostracod fauna indicates an Albian age for the Jinju
Formation.

The taphonomic features of the Jinju Formation allowed for the
interpretation of two thanatocoenoses: A low-energy autochtho-
nous thanatocoenosis in the Jeongchon and Tapri sections, and a
slightly higher energy thanatocoenosis in the Hotan section. Based
on the ostracod composition of the fauna, which consisted only
cypridoideans, the paleoenvironment of the studied sections of the
Jinju Formation is interpreted as having been composed of an un-
stable lake/temporal waterbodies. In addition, the absence of
cytheroideans and darwinuloideans may also potentially be indic-
ative of their low competitiveness against cypridoideans.

This investigation is the first detailed study on the ostracod
fauna of the Gyeongsang Basin. Therefore, the data herein will
provide a better understanding about the non-marine ostracods for
the Cretaceous basins of Korea.
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