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The first record of Lower Cretaceous otoliths from the
Kimigahama Formation (Barremian) of the Choshi Group,
Chiba Prefecture, Japan

Shinya Miyata, Shinji Isaji, Kenji Kashiwagi, and Hidehiko Asai

ABSTRACT

The Lower Cretaceous otolith assemblage from the Kimigahama Formation (Bar-
remian) of the Choshi Group, Chiba Prefecture, Japan, is described. The Kimigahama
Formation consists of bioturbated silty sandstone, sandy siltstone, and hummocky and
swaley cross-stratified sandstone, representing an offshore to shoreface depositional
environment. A total of five otolith types were identified, including undetermined Tele-
ostei, Pterothrissinae, Elopiformes, Argentinidae, and Ichthyotringidae. Among them,
Ichthyotringidae from Kimigahama Formation is the oldest Ichthyotringoidei. Based on
the shallow marine setting of the Kimigahama Formation, the Barremian Pterothrissi-
nae and Argentinidae in East Asia inhabited shallow marine environments, whereas
the habitat of extant species is the deep sea. Furthermore, our new data on Pterothris-
sinae, Argentinidae, Ichthyotringoidei, and Elopiformes from Barremian strata in the
northwestern Pacific indicate that these taxa exhibited a cosmopolitan distribution in
the Pacific, Tethys, and Atlantic seas during the middle Early Cretaceous.
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INTRODUCTION

Fossil otoliths are important for understanding
the paleobiogeography, paleoecology, and sys-
tematics of fishes. Fossil records of these otoliths
are known from the Devonian through the Meso-
zoic to Holocene worldwide (e.g., Nolf, 1985).
Numerous paleontological studies have been con-
ducted on fossil otoliths from Cenozoic deposits
(e.g., Schwarzhans, 2003, 2012; Girone and Nolf,
2009; Mitsui et al., 2021). Although Mesozoic oto-
lith records are less abundant than Cenozoic
records (e.g., Nolf, 1985; Schwarzhans, 2018),
they offer a wealth of information, including biostra-
tigraphic, paleobiogeographic, and paleoecologi-
cal insights, as well as valuable details regarding
the evolutionary history of fishes. The oldest otolith
records are from the Lower Devonian-lower Middle
Devonian (e.g., the Albanov Formation and Wood
Bay Formation) (Nolf, 1985). Schwarzhans (2018)
reviewed Jurassic-Lower Cretaceous otoliths to

discuss the stratigraphic ranges of some actinopte-
rygians with reference to the skeletal record.
Focusing on the fossil records of Cretaceous
otoliths, some marine and nonmarine otoliths have
been documented in Upper Cretaceous deposits.
Nonmarine teleost otoliths have been reported in
India (Rana, 1988, 1990, 1996; Rana and Shani,
1989; Nolf et al., 2008), while marine teleost oto-
liths have been found predominantly in North
America and to a lesser extent in Europe and Asia
(e.g., Yokoi, 1998; Stringer et al., 2016, 2020;
Stringer and Schwarzhans, 2021; Schwarzhans
and Stringer, 2020; Schwarzhans and Jagt, 2021,
2022; Stringer and Sloan, 2023) (Table 1). In con-
trast, assemblages of Lower Cretaceous marine
fish otoliths have been primarily documented in the
western Tethys area, with only a few reported in
the USA. (Table 1). Limited findings on marine fos-
sil actinopterygian fishes have been reported from
Lower Cretaceous strata in East Asia. Specifically,
only pachycormid? teeth have been described from

TABLE 1. List of main references for Cretaceous otoliths. The shaded areas indicate Early Cretaceous otolith refer-

ences.
Country Region Formations Age Reference
USA Arkansas Arkadelphia Formation late Maastrichtian Stringer and Sloan (2023)
USA North Dakota Fox Hills Formation late Maastrichtian Hoganson et al. (2019)
USA Texas Kemp Clay late Maastrichtian Schwarzhans and Stringer (2020)
USA Mississippi Owl Creek Formation late Maastrichtian Stringer et al. (2020)
Ripley Formation
USA Maryland Severn Formation early to middle Huddleston and Savoie (1983)
Maastrichtian
USA Maryland Severn Formation early to middle Stringer and Schwarzhans (2021)
Maastrichtian
USA Mississippi Ripley Formation Maastrichtian Stringer (1991)
USA New Jersey Woodbury Formation Campanian Stringer et al. (2016)
USA North Carolina Tar Heel Formation Campanian Stringer et al. (2018)
USA Tennessee Coon Creek Formation Campanian Stringer (2016)
USA Mississippi Coffee Sand Formation Campanian Nolf and Dockery (1990)
USA Alabama Eutaw Formation Santonian Schwarzhans et al. (2018b)
USA Texas Pawpaw Formation late Albian Schwarzhans et al. (2022)
Austria Eastern Alpes Gosau Group Coniacian Sieber and Weinfurter (1967)
Denmark Stevns Klint Megns Klint Formation late Maastrichtian Schwarzhans and Milan (2017)
Netherlands Limburg Maastricht Formation late Maastrichtian Schwarzhans and Jagt (2021)

Netherlands Vaals-Eschberg

Netherlands Maastricht
England SE England
England Kent, Sussex
England Kent, Sussex
England Kent, Sussex

Vaals Formation

Maastricht Formation
English Chalk Group
Gault Formation

Gault Formation

Gault Formation

early Campanian

late Maastrichtian

Cenomanian and Turonian

Albian
Albian
Albian

Schwarzhans and Jagt (2022)

Schwarzhans et al. (2018a)
*skeleton with otoliths

Koken (1891)
Shepherd (1916)




TABLE 1 (continued).
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Country Region Formations Age Reference
England Kent, Sussex Gault Formation Albian Stinton (1973)
Speeton Clay Berriasian - Hauterivian
Gault Formation (Neocomian)
England Horsham Weald Clay Hauterivian Sutherland et al. (2017)
Germany Bavaria Gerhartsreiter Formation Maastrichtian Schwarzhans (1996)
Germany Bavaria Gerhartsreiter Formation Maastrichtian Schwarzhans (2010)
Germany Niedersachsen - Hauterivian and Albian ~ Weiler (1972)
Germany Algermissen Gault Formation Albian Wollemann, 1904
Poland Wawal Wawal claypit Valanginian Pindakiewicz et al. (2022)
Spain Catalonia Late Santonian - late Santonian - lower Nolf (2003)
France Aude Lower Campanian marls Campanian
Spain Maestrazgo Forcall Formation early Aptian Nolf (2004)
Chert Formation
France Maine Ballon Marl Cenomanian Nolf (2016)
India Andhra Pradesh Intertrappean beds late Maastrichtian Rana (1988)
India Nagpur Intertrappean beds late Maastrichtian Rana and Shani (1989)
India Chemalgutta Intertrappean beds late Maastrichtian Nolf et al. (2008)
Nagpur
Naskal
Rangapur
India Asifabad Intertrappean beds late Maastrichtian Rana (1990)
Deothan/Kheri
Nagpur
Naskal
Nizamabad
Rangapur
India Ranga reddi Intertrappean beds late Maastrichtian Rana (1996)
Israel Helez Geveram Formation Berriasian-Valanginian Schwarzhans (2018)
Japan Hokkaido Haborogawa Formation Santonian Yokoi (1998)
Japan Chiba Kimigahama Formation Barremian This study

the Lower Sebayashi Formation (Barremian) of the
Sanchu Group. The depositional setting of the
Lower Sebayashi Formation was likely a brackish
water environment (Takakuwa et al., 2011). Thus,
the fossil record of Early Cretaceous marine teleost
fishes in East Asia is poorly represented. Recently,
we discovered some marine fish otoliths in the
shell bed of the Lower Cretaceous Kimigahama
Formation, Choshi Group, Chiba Prefecture, Japan
(Figure 1). This is the first record of marine fish oto-
liths from Lower Cretaceous strata in East Asia and
provides valuable information about marine fish
fauna and paleobiogeography in East Asia during
the Early Cretaceous.

GEOLOGICAL SETTING

The Lower Cretaceous Choshi Group is dis-
tributed along the eastern coast of the Choshi Pen-
insula, Chiba Prefecture, Japan. The lithological
division of the Choshi Group was first defined by
Obata et al. (1975) but was subsequently reexam-
ined by Obata et al. (1982). According to Obata et
al. (1982), the Choshi Group is composed of the
Ashikajima Formation (Barremian), Kimigahama
Formation (Barremian-early Aptian), Inubouzaki
Formation (early-late Aptian), Toriakeura Forma-
tion (late Aptian), and Nagasakihana Formation
(early Albian), in ascending order (Obata et al.,
1982; Obata and Matsukawa, 2007, 20093, b) (Fig-
ure 2). Marine fish otoliths were collected from the
lower horizon of the Kimigahama Formation. The
Kimigahama Formation mainly consists of mud-
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FIGURE 1. Map showing the locality of the Choshi area, Chiba Prefecture, Japan. The star marks the fossil locality.

stone and alternating sandstone and mudstone
(Obata et al., 1975, 1982; Obata and Matsukawa,
2007, 2009a, b). Katsura et al. (1984) and Ito and
Matsukawa (1997) reported that the Kimigahama
Formation consists of bioturbated silty sandstone,
sandy siltstone, and hummocky and swaley cross-
stratified sandstone deposited in an offshore to
shoreface environment. This formation contains
various kinds of faunal and floral taxa, including
foraminifers, radiolarians, ammonoids, bivalves,
gastropods, and palynomorphs (e.g., Obata et al.,
1975, 1982; Hayami and Oiji, 1980; Kase and
Maeda, 1980; Obata and Matsukawa, 2007,
2009a, b; Legrand et al., 2011; Ando et al., 2014;
Isaji et al., 2022). Obata et al. (1982) and Obata
and Matsukawa (2009a) reported the presence of
Hamulina, Heteroceras, Holcodiscus, Parasynoc-
eras, Pulchellia, and Silesites ammonoids and
Ammobaculites reophacoides, Epistomina hechti,
Lenticulina heiermanni, Trochammina neocomi-
ana, Verneuilinoides subfiliformis, and V. plexus
neocomiensis foraminifera, and this fossil assem-
blage indicates that the Kimigahama Formation is
Barremian in age (Obata and Matsukawa, 2009a).

Neogene Inubo Group  |Naarai Formation

early Albian? Nagasakihana Formation

. Toriakeura Formation
late Aptian

. Choshi Group Inubouzaki Formation
early Aptian

Kimigahama Formation

*

Ashikajima Formation

Barremian

FIGURE 2. Stratigraphic divisions of the Choshi Group
(modified from Obata and Matsukawa, 2007, 2009a, b).
The star marks the fossil-bearing horizon.



MATERIALS AND METHODS

The fossil otoliths described in the present
study were obtained from a sandstone boulder
(40%x36%x49 cm), which was sampled by Mr.
Yamada, a local paleontologist, on May 5, 1998,
and this boulder was adjacent to locality 7316 in
Obata et al. (1982) (=Loc. 2 in Kase and Maeda,
1980; Figure 1). The boulder is derived from the
Kimigahama Formation, which is distributed near
locality 7316. It consists of a lenticular mollusk-rich
sandstone bed, which is characteristic facies of the
Kimigahama Formation (Isaji et al., 2022). These
assemblages are identical to the matrices used in
the studies of microgastropod assemblages by Isaji
et al. (2022) and radiolarians (Ando et al., 2014).

The matrix was chemically dissolved by using
the sodium tetraphenylborate method of Noda and
Jin (2004). Various kinds of microfauna were
recovered from the sandstone boulder: gastro-
pods, bivalves, ammonoids, echinoderms, otoliths,
foraminifers, and radiolarians. Among them, fossil
otoliths were picked under a stereomicroscope by
Isaji, S. Observations of otoliths were conducted
under a stereomicroscope. The photographs were
taken with a digital camera (Nikon D300), and the
interpretative drawings were drawn directly using
Photoshop 6.0 and an LCD pen tablet (Wacom
Cintig 12WX) during observation under a stereomi-
croscope. The otolith terminology followed that of
Nolf (1985), and the fish classification followed that
of Nelson et al. (2016). The specimens were
assigned the prefix CBM-PV and stored at the Nat-
ural History Museum and Institute, Chiba.

RESULTS

An Otolith Assemblage from the Kimigahama
Formation and Its Preservation

Otoliths from the Kimigahama Formation rep-
resent actinopterygian fauna. The following taxa
were identified from seven specimens from Tele-
ostei fam., gen. et sp. indet.; 83 specimens from
Pterothrissinae; 17 specimens from Elopiformes
gen. et sp. indet.; 32 specimens from Argentinidae
gen. et sp. indet.; and seven specimens from Ich-
thyotringidae gen. et sp. indet. (Table 2). Small oto-
liths, approximately 1 mm in size, such as
Pterothrissinae gen. et sp. indet. are abundant.
Additionally, while they retain their external form,
many have a worn surface, and lack anterior parts.
For example, the wavy external features of the
shape of the otoliths of the family Argentinidae are
obscured. In Ichthyotringidae, the striations and
wavy external features of the shape are unclear.

PALAEO-ELECTRONICA.ORG

TABLE 2. List of otoliths found in the Kimigahama For-
mation (Barremian) of the Choshi Group, Chiba Prefec-
ture, Japan.

Taxa Specimens
Teleostei fam., gen. et sp. indet. 7
Pterothrissinae gen. et sp. indet. 83
Elopiformes fam., gen. et sp. indet. 17
Argentinidae gen. et sp. indet. 32
Ichthyotringidae gen. et sp. indet. 7

Therefore, we could not classify the species in
more detail than at the subfamily level in this study.

SYSTEMATIC PALEONTOLOGY

Subclass ACTINOPTERYGII sensu Goodrich,
1930.
Subdivision TELEOSTEI Muller, 1845
Teleostei fam., gen. et sp. indet.
(Figure 3A-B)

Reference material. CBM (Natural History
Museum and Institute, Chiba)-PV 8203 (Figure
3A) and six other otoliths

Description. The otoliths are thick, large, and
approximately 3—5 mm length. The shape is nearly
elliptical, the dorsal rim is straight, and the ventral
and posterior rims are rounded. The interior side is
convex. The dorsal margin of the posterior part of
the rostral region is ventrally concave and slightly
angulated. The margin is smooth and has no sculp-
turing. The sulcus is closed at the posterior end,
and the ostium is open. The cauda is medial,
straight, tubular, and elongated toward the poste-
rior part. The anterior part of the rostrum is absent.
The crista superior is present along the dorsal mar-
gin of the cauda, but the crista inferior is not recog-
nizable.

Remarks. The present specimen is somewhat sim-
ilar in the large and elliptical outline of sagitta with
an elongated sulcus to that of Pterothrissinae such
as Pteralbula galtina (see Schwarzhans, 2018, fig.
7E-G) or Pteralbula todolellana (Nolf, 2004, plate 2
fig. 1-6). However, the present specimen from the
Barremian strata of the Kimigahama Formation
exhibits a developed rostrum and straighter cauda.
These characteristics distinguish it from typical
Pterothrissinae. On the other hand, the specimen
has a sulcus morphology that is like that of Argen-
tinidae but differs from that of typical Argentinidae
due to its larger size, reaching up to 5 mm, and
lack of a pentagonal outer line.
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FIGURE 3. Otoliths from the Kimigahama Formation (Barremian) in Chiba Prefecture, Japan. 3A-B: Teleostei fam.,
gen. et sp. indet. A. CBM (Natural History Museum and Institute, Chiba)-PV 8203. A1) Dorsal view. A2) Line drawing
of A1. A3) Inside view. A4) Line drawing of A3. B. CBM-PV 8204. B1) Dorsal view. B2) Inside view. C-E: Pterothrissi-
nae gen. et sp. indet. C. CBM-PV 8205. C1) Dorsal view. C2) Line drawing of C1. C3) Inside view. C4) Line drawing of
C3. D. CBM-PV 8324. D1) Dorsal view. D2 Inside view. E. CBM-PV 8325. E1) Dorsal view. E2) Inside view.Scale bar

=1 mm

The presence of Argentinidae and Pterothris-
sinae in the Valanginian strata of the Wawal claypit
in Poland (Pindakiewicz et al., 2022) is consistent
with the fact that these taxa are also present in the
Barremian deposits of the Kimigahama Formation.
Therefore, we suggest that the specimen rep-
resents either an Argentinidae or a Pterothrissinae.
However, the specimen exhibits wear, making it
challenging to definitively distinguish between the
two groups. As a result, we provisionally assign it
to Teleostei fam., gen. et sp. indet.

Superorder ELOPOMORPHA Miller, 1846
Order ALBULIFORMES Greenwood et al., 1966
Family ALBULIDAE Bleeker, 1859
Subfamily PTEROTHRISSINAE Greenwood, 1977
Pterothrissinae gen. et sp. indet.

(Figure 3C-E)

Reference material. CBM-PV 8205 (Figure 3C)
and 82 other otoliths

Description. The otoliths are thick, small, and
approximately 1 mm length. The shape is nearly
elliptical, the dorsal rim is almost straight, and the
ventral and posterior rims are rounded. The exter-
nal surface is convex. The ostial region is funnel-
shaped, and the rostrum is slightly peaked. The
sulcus is closed at the posterior end, and the ante-
rior opening is ostial. The cauda is medial, straight,
and elongated toward the posterior part. The crista
superior and crista inferior are developed along the
dorsal and ventral margins of the cauda. The dor-
sal depression is present above the crista superior.
Remarks. The present specimens are character-
ized by their thickness, a slightly pointed trostrum,
a rounded outline, and a cauda that does not
extend to the posterior rim. It is like the small otolith



of the Pteralbula galtina (Koken, 1891) of the
Albian Folkstone Gault, England, which is an oto-
lith-based species (Stinton, 1973; Schwarzhans,
2018). However, the present specimen is smaller
(approximately 1 mm), and the external side is con-
VexX.

Otoliths of Pterothrissinae typically exceed 1
cm (e.g., Schwarzhans and Stringer, 2020;
Schwarzhan and Jagt, 2021; Schwarzhans et al.,
2022; Stringer and Sloan, 2023). Therefore, the
otoliths of Pterothrissinae in the Kimigahama For-
mation may be juvenile fishes. The known Early
Cretaceous Pterothrissinae species include Pteral-
bula galtina, P. cantina, P. todolellana, P. polonica,
and Elopothrissus pawpawensis (Shepherd, 1916;
Stinton, 1973; Nolf, 2004; Schwarzhans et al.,
2022; Pindakiewicz et al., 2022; see Table 3). In
the Early Cretaceous, Nolf (2004) described fossil
otoliths of Pterothrissinae approximately 1 mm in
length as the “genus Pterothrissidarum” sp.
According to his study, it remains to be determined
whether “genus Pterothrissidarum” sp. represents
an individual variation of P. todolellana or a mem-
ber of another species. Even in our otoliths of
Pterothrissinae, it is challenging to determine
whether these otoliths to a previously described
species or a new species of Cretaceous Pterothris-
sinae. Therefore, in this study, otoliths of juvenile
Pterothrissinae from the Kimigahama Formation
were assigned to Pterothrissinae gen. et sp. indet.

Order ELOPIFORMES Sauvage, 1875
Elopiformes fam., gen. et sp. indet.
(Figure 4A-C)

Reference material. CBM-PV 8206 (Figure 4A)
and 16 other otoliths

Description. The otoliths are thin, small, and
approximately 2—-3 mm length. The shape is ellipti-
cal, the dorsal rim is slightly convex, the posterior
rim is rounded, and the ventral rim is straight. The
external surface is flat. The ostium is funnel-
shaped, and the rostrum is well-developed and
pointed. The excisura is not notched. The sulcus is
closed at the posterior end, and the anterior open-
ing is ostial. The cauda is medial, straight, and
elongated toward the posterior part and does not
reach the posterior margin. The crista superior is
developed along the dorsal margin of the cauda.
There is no dorsal depression above the crista
superior.

Remarks. The specimen is like the Protoelops
scalpellum (Nolf, 2004) from the Aptian Forcall For-
mation, which is an otolith-based species. Protoel-
ops scalpellum was assigned to be
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“Protacanthopterygiorum” in Nolf (2004); however,
Schwarzhans (2018) assigned “Protacanthopteryg-
iorum” to Protoelops, which belongs to Elopi-
formes. In our specimens, a thin, elliptical rostrum
is developed, and the cauda does not reach the
posterior rim. However, its dorsal rim is longer than
that of the genus Protoelops. However, most speci-
mens are fragmented, making it challenging to
determine whether they can be attributed to a dis-
tinct genus or species. Therefore, in the present
study, this species is assigned to Elopiformes gen.
et sp. indet.

Indeterminate PROTACANTHOPTERYGII
Greenwood et al., 1966
Order ARGENTINIFORMES Bertelsen 1958
Family ARGENTINIDAE Bonaparte 1846
Argentinidae gen. et sp. indet.
(Figure 4D-F)

Reference material. CBM—PV 8207 (Figure 4D)
and 31 other otoliths

Description. The otoliths are thin and approxi-
mately 2-3 mm length. The shape is nearly pen-
tagonal, the dorsal rim is almost straight, the
ventral rim is sinuate, and the posterior rim is
slightly angled. The ostium is funnel-shaped, and
the rostrum is blunt. The sulcus is open at the pos-
terior end, and the anterior opening is ostial. The
cauda is medial, straight, and elongated toward the
posterior end. The crista inferior is not well-delin-
eated. The dorsal depression is present above the
crista superior.

Remarks. The present specimen is like the Aptian
species of Argentina? bergantinum (Nolf, 2004)
because the shape is pentagonal in outline, the
cauda is elongated toward the posterior end, and
the ventral rim is sinuate. However, the rostrum is
less developed than that of A.? bergantinum.
Maastrichtian species of A. voigti Schwarzhans,
2010, Albian species of “A”. lobata (Stinton, 1973),
Aptian species Argentina? texana Schwarzhans et
al., 2022, and Valanginian species Palaeoargen-
tina plicata Pindakiewicz et al., 2022 are known as
Cretaceous otolith-based species. The Early Creta-
ceous genus Argentina is at least tentative or ques-
tionable (see Schwarzhans, 2018); therefore, we
treated the present specimen as an undetermined
species of the Argentinidae gen. et sp. indet. On
the other hand, according to Schwarzhans (2018),
these similar Argentinid otolith characteristics are
plesiomorphic and have also been observed in
extinct stem teleosts. The genus Leptolepis, which
includes stem teleosts, also has a similar otolith
morphology to that of Cretaceous otolith-based
Argentinid species. However, the stratigraphic

7
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TABLE 3. Fossil records of the Cretaceous Pterothrissinae, Elopiformes, Argentinidae, and Ichthyotringoidei. The upper table (1-22)
shows the otolith-based fossil records, and the lower table (23—48) shows the skeleton-based fossil records. Each number corresponds to

a number on the paleographic map in Figures 5 and 6.
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Otolith
Upper Cretaceous
1 USA Mississippi Owl Creek nearshore late Maastrichtian  Pterothrissus sp. - - Apateodus Stringer et al.
Formation marine to crenellatus (2020)
probably
coastal
depositional
(Oboh-lkuenobe
etal., 2012)
2 USA Texas Kemp Clay deltaic, prodelta late Maastrichtian Pterothrissus - - - Schwarzhans
with shelf conchaeformis and Stringer
deposits Pterothrissus cf. (2020)
(Kocurek,1978) foreyi
3 USA Arkansas Arkadelphia possibly inner late Maastrichtian  Elopothrissus sp. Elops sp. - Apateodus Stringer and
Formation shelf; less than crenellatus? Sloan (2023)
20 m in depth
4 Netherlands Limburg Maastricht shallow-marine late Maastrichtian - - Argentina voigti  Ichthyotringa?  Schwarzhans
Formation  (notdeeperthan tavernei and Jagt (2021)
40 m) Apateodus corneti
5 Germany Bavaria Gerhartsreiter middle shelfto  Maastrichtian Pteralbula foreyi - Argentina voigti - Schwarzhans
Formation abyssal (Butt Pterothrissus sp. (2010)
and Hhrm,
1978)
6 USA Maryland Severn open-ocean early to middle Pterothrissidae - ?Argentina voigti  Apateodus aff. Huddleston and
Formation conditions Maastrichtian indeterminate Argentinidae corneti Savoie (1983)
(Cochran et al,, Pterothrissus indeterminate Apateodus Stringer and
2003) conchaeformis crenellatus Schwarzhans
Pterothrissus foreyi Ichthyotringa?  (2021)
tavernei
7 USA Mississippi  Ripley Formation middle-shelf Maastrichtian Pterothrissus sp.  Megalops? nolfi - Apateodus Stringer (1991)
range (20-100 crenellatus Stringer et al.
m) Thrax acutus ~ (2020)
8 USA North Carolina Tar Heel inner to middle Campanian Pterothrissus Megalopidae - - Stringer et al.
Formation neritic depths carolinensis indeterminate (2018)
(shelf Pterothrissus sp. 2
environment) Pterothrissidae
indeterminate
9 USA New Jersey Woodbury  shallow marine,  Campanian Pterothrissus sp. 1 Megalopidae - - Stringer et al.
Formation inner to Pterothrissus sp. 2 indeterminate (2016)
middle shelf Pterothrissidae
indeterminate
10 USA Mississippi Coffee Sand shallow-shelf Campanian Pterothrissus sp.  ? Megalopidae - - Nolf and
Formation (Webb, 1984) Dockerym (1990)
1 USA Tennessee Coon Creek  shallow marine ~ Campanian Pterothrissidae - - - Stringer (2016)
Formation indeterminate
12 Netherlands Vaals-Eschberg Vaals Formation nearshore  early Campanian - - Argentina sp. - Schwarzhans
and Jagt (2022)
13 Spain Catalonia Fontdeles  shallow marine Santonian-early - Elopidae - - Nolf (2003)
Bagasses Unit (probably less Campanian indeterminate
than 50 m deep) (Albrich et al.,
2014, 2015)
14 USA Alabama Eutaw Formation  estuarine Santonian Elopothrissus sp. Elops - Apateodus? assisi Schwarzhans
(Frazier, 1997) eutawanus Apateodus sp. etal. (2018b)
15 France Maine Ballon Formation proximal Cenomanian  Pterothrissus ciabatta - - - Nolf (2016)
(Ballon Marl) platform
(Robaszynski et
al., 1998)
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Lower Cretaceous
16 England Kent, Sussex Gault Formation less than 80 m. Albian Pteralbula galtina - "Argentina"” - Stinton (1973)
(Knight, 1997) Pteralbula cantina lobata Shepherd (1916)
17 USA Texas Pawpaw shallow marine late Albian Elopothrissus - - Apateodus sp.  Schwarzhans
Formation environment pawpawensis Ichthyotringa? et al. (2022)
Pteralbula galtina cuneata
Ichthyotringa? sp.
18 Spain Maestrazgo Forcall microbial-coral early Aptian  Pteralbulatodolellana - Argentina? - Nolf (2004)
Formation rimmed shelf bergantinum
(Embry et al., Argentinidae ind.
2010)
19 Spain Maestrazgo  Chert Formation oolitic-orbitolinid ~ earlyAptian  Pteralbulatodolellana  Protoelops Argentina? - Nolf (2004)
mixed scalpellum bergantinum
carbonate-
siliciclastic
homoclinalramp
(Embry et al.,
2010)
20 Israel Helez Gevaram pelagic 1000m+ Berriasian- - Aulothrissus - - Schwarzhans
Formation Valanginian avitus (2018)
Aulothrissus
heletzensis
21 Poland Wawal Wawal claypit shallow-water Valanginian Pteralbula galtina  Protoelops Palaeoargentina - Pindakiewicz et
within the littoral Pteralbula polonica gracilis plicata al. (2022)
zone
22 Japan Chiba Kimigahama offshore to Barremian Pterothrissinae gen Elopiformes  Argentinidae Ichthyotringidae This study
Formation shoreface et sp. indet. fam., gen. et sp. indet. gen et. sp.indet
indet
Skeleton
Upper Cretaceous
23 India Mumbai Poladpu - Maastrichtian - - - Apateodus sp.  Cripps et al.
Formation (Verma and (2005)
Khosla, 2019)
24 India Mumbai Ambenali ragoon late - - - Apateodus sp.  Cripps et al.
Formation Maastrichtian- (2005)
Danian (Verma
and Khosla, 2019)
25 Netherlands Maastricht Maastricht shallow water, Maastrichtian - - - Apateodus Kruizinga (1924)
Formation of  semi lagoonal corneti Schwarzhans et
Kunrade area (Pollock, al. (2018a)
Limestone facies 1976)
26 Greece Eurytania Pindos Unit offshore late Maastrichtian - - - Ichthyotringidae  Argyriou and
indet. Davesne (2021)
27 Greece Gavdos Island Pindos Unit pelagic middle-late - - - Ichthyotringa  Argyriou et al.
Maastrichtian pindica (2022)
28  Germany Westphalia Baumberge pelagic (Riegraf, = Campanian Istieus - - - Forey (1973)
Formation 1995) macrocephalus
29  Germany Sendenhorst Coesfeld mesoneritic Campanian Istieus grandis Sedenhorstia - Ichthyotringa  Forey (1973)
Formation Istieus gracilis granulata furcata Goody (1969)
Dietze?(2009)
30 Canada Alberta Bearpaw delta to off shore late Campanian - - - Ursichthys Newbrey and
Formation (Tsujita and longiparietalis ~ Konishi (2015)
Westermann,
1998)
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31 U.S.A. Kansas Smoky HillChalk ~ 150-300m Santonian - Apateodus Allen and
Member of the  (Hattin, 1982) busseni Shimada (2021)
Niobrara Apateodus sp.  Fielitz and
Chalk cf. Apateodus sp. Shimada (2009)
Ichthyotringidae Fielitz and
(?) indet. Shimada (2020)
Newbrey and
Konishi (2015)
32 Lebanon Sahel Alma “fish-beds” of  deeper than Santonian Istieus lebanonensis  Davichthys - Ichthyotringa  Forey (1973)
the Sahel Alma intrashelf dubius furcata Forey et al.
Lagerstatte (Audo and Ichthyotringa ferox (2003)
Charbonnier?20 Ichthyotringa ~ Goody (1969)
13) damoni Taverne (2006)
33 Canada Alberta Kaskapau marine Turonian - - - Apateodus sp. Wilson and
Formation Chalifa (1989)
34  Germany Niedersachsen pit Il of epicontinental Turonian - - - Ichthyotringa  Kriwet and Gloy
Hannoversche- pelagic to furcata (1995)
Portlandfabrik ~ hemipelagic
(Hilbreeht and
Dahmer,1994)
35 England Sussex White Chalk shelf Turonian - - - Apateodus striatus Newbrey and
Subgroup (Woods et al., Konishi (2015)
(=Middle Chalk, 2012)
Sussex White
Chalk
Formation)
36 Italy Cinto Euganeo Bonarelli Level  pelagic and Cenomanian- - - - Ichthyotringa ~ Amalfitano et al.
Possagno hemipelagic Turonian africana (2020)
Taverne (2006)
37 England Brockham Lower Chalk  shallow water Cenomanian - - - Apateodus striatus Newbrey and
Cambridgeshire sediments Konishi (2015)
(Jeans, 1980)
38 Lebanon Hajula Sunny Formation intrashelf Cenomanian Hajulia multidens Sedenhorstia - Ichthyotringa ~ Goody (1969)
Hackel (Audo and libanica delicata Forey (1973)
Namoura Charbonnier?20 S. dayi Apateopholis ~ Forey et al.
12) S. orientalis laniatus (2003)
Davichthys
gardneri
Ctenodentelops
striatus
39 Morocco Jbel Tselfat Cenomanian of deep marine early - Davichthys - Ichthyotringa ~ Forey (1973)
Jbel Tselfat environment Cenomanian lacostei africana Forey et al.
(500m +) (2003)
(Khalloufi et al., Murray (2000)
2010) Taverne (2006)
Lower Cretaceous
40 Mexico Hidalgo El Doctor outer sea shelf Albian to Nunaneichthys - - I. mexicana Hernandez-
Formation Cenomanian mexicanus Guerrero et al.
(2020)
Fielitz and
Gonzalez-
Rodiguez (2008)
41 France Vallentigny Marnes de epicontinental late Albian - Elopoides - - Forey (1973)
Brienne sea (Corentin et tomassoni
al., 2020)
42 Congo Kipala Kwango Group lagoon (LOPEZ- Albian - Kipalelops - - Taverne (1976a)
Arbarello, 2004) lepersonnei
43 Australia Queensland Toolebuc shallow marine Albian - Flindersichthys - - Bartholomai
Formation? denmeadi (2010)
44 Mexico Tlayda Tlayda transitional Albian - Epaelops - - Alves et al.
Formation shallow marine martinezi (2020)
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45 England Kent Gault Formation less than 80 m. Albian Apateodus Newbrey and
(Knight, 1997) glyphodus Konishi (2015)
46 Brazil Araripe Romualdo shallow marine Aptian Paraelops e.g. Maisey
Formation cearensis (1991)
47 Gabon northernmost Upper lacustrine to Aptian Wenzichthys Taverne (1975,
part Cocobeach fluvial congolensis 1976b)
of the Gabon Formation (Robert and
Basin Yapaudijian,
1990)
48 Belgium Bernissart Lower Wealdian lacustrine to Barremian to Arratiaelops Nybelinoides Taverne (1982,
swampy earliest Aptian vectensis pattersonella 1999)

(e.g. Spagnaetal.
2012)

range of the Leptolepis or Leptolepis-type otoliths
is Jurassic to Hauterivian, and most otolith-based
species are from the Jurassic (Schwarzhans,
2018). Therefore, otoliths with shapes like those of
the Cretaceous genus Argentina may need to be
re-examined and/or discovered as otoliths in situ
with the skeleton.

Order AULOPIFORMES Rosen, 1973
Suborder ICHTHYOTRINGOIDEI Goby, 1969
Family ICHTHYOTRINGIDAE Jordan, 1905
Ichthyotringidae gen. et sp. indet.
(Figure 4G)

Reference material. CBM-PV 8208 (Figure 4G)
and 6 other otoliths

Description. The otoliths are slender, thin, and
approximately 2 mm length. The dorsal and ventral
rims are abraded, and the posterior rims are
slightly rounded. Striations are observed on the
inner surface of the ventral area. The ostial region
is tubular, and the anterior part of the rostrum is
missing. The sulcus is closed at the posterior end,
and the anterior opening is ostial. The cauda is
medial, straight, and elongated toward the poste-
rior part, but does not reach the posterior margin.
The crista superior and crista inferior are present
along the margin of the cauda. The dorsal depres-
sion is present above the crista superior.
Remarks. The specimens reported here are simi-
lar to those of Ichthyotringidae, including Thrax
acutus Stringer et al., 2020, Ichthyotringa? tavernei
(Nolf and Stringer, 1996), I.? cuneata Schwarzhans
et al., 2022, Apateodus crenellatus Schwarzhans
and Stringer, 2020, Apateodus corneti (Forir,
1887), Apateodus? assisi Schwarzhans et al,

2018b, and Apateodus sp. (Schwarzhans et al.,
2018a, figures 7D-G) (Table 3). The present speci-
mens have several characteristics in common with
Ichthyotringa? tavernei; the otolith is slender; the
cauda is straight, long, and elongated toward the
posterior part; and there are striations on the ven-
tral area. However, the present specimens have a
dorsal depression and are small (/chthyotringa?
tavernei has no clear dorsal depression and
reaches sizes greater than 3 mm). In [.? cuneata,
the dorsal rim is clearly different from that of our
specimen because it is square. Due to the wear
and dissolution of this specimen, nothing more
could be determined. Therefore, in the present
study, these elongated otoliths were assigned to
Ichthyotringidae, gen. et sp. indet.

DISCUSSION

Stratigraphical and Paleobiogeographical
Distributions

This study describes an otolith assemblage
consisting of four orders (Elopiformes, Albuli-
formes, Argentiniformes, and Aulopiformes). We
focus on Pterothrissinae (Albuliformes), Elopi-
formes, Argentinidae (Argentiniformes), and Ich-
thyotringoidei (Aulopiformes). In previous studies
of Cretaceous fossil records, these taxa are sum-
marized in Table 3, and their occurrence locations
are plotted on a paleomap in Figures 5 and 6.
Pterothrissinae. The otoliths of the Cretaceous
Pterothrissinae mainly existed from the Valangin-
ian to late Maastrichtian in North America and
Europe. The occurrences of the Lower Cretaceous

1
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Al

FIGURE 4. Otoliths from the Kimigahama Formation (Barremian) in Chiba Prefecture, Japan. A-C: Elopiformes fam.,
gen. et sp. indet. A. CBM-PV 8206. A1) Dorsal view. A2) Line drawing of A1. A3) Inside view. A4) Line drawing of A3.
B. CBM-PV 8326 B1) Dorsal view. B2) Inside view. C. CBM-PV 8327. C1) Dorsal view. C2) Inside view. D-F: Argen-
tinidae gen. et sp. indet. D. CBM-PV 8207. D1) Dorsal view. D2) Line drawing of D1. D3) Inside view. D4) Line draw-
ing of D3. E. CBM-PV 8328. E1) Dorsal view. E2) Inside view. F. CBM—PV 8329. F1) Dorsal view. F2) Inside view. G.
Ichthyotringidae fam, gen. et sp. indet. G. CBM-PV 8208. G1) Dorsal view. G2) Line drawing of G1. G3) Inside view.
G4) Line drawing of G3. Scale bar = 1 mm.
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otolith skeleton
@) A Upper Cretaceous

© W Lower Cretaceous

FIGURE 5. Cretaceous paleobiogeography of Pterothrissinae and Elopiformes. The number of localities corresponds
to the number in Table 3. The reference map is Barremian (modified from Scotese, 2014). The number in regular font
indicates the otolith-based fossil record, and italics in bold indicate the skeleton-based fossil record. Table 3 shows

the details of each fossil record.

specimens were limited to Europe and Texas, and
the oldest specimens were from Valanginian strata
in Poland (Stinton, 1973; Nolf, 2004; Schwarzhans,
2018b; Pindakiewicz et al., 2022; Schwarzhans et
al., 2022). Skeleton-based specimens have been
reported in Germany, Lebanon, and Mexico, and
the oldest species is Nunaneichthys mexicanus,

which is from the El Doctor Formation (Albian to
Cenomanian) (Hernandez-Guerrero et al., 2020).
The Pterothrissinae from the Kimigahama Forma-
tion is the first recorded Barremian specimen, and
it fills a stratigraphic gap. According to Barros-
Garcia et al. (2018), the estimated divergence time
between the genus Albula (Albulidae) and Pteroth-

13
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Argentinidae

otolith skeleton
@) A Upper Cretaceous

W Lower Cretaceous

FIGURE 6. Cretaceous paleobiogeography of Argentinidae and Ichthyotringoidei. Abbreviations and reference map

are as in Figure 5.

rissus (Pterothrissinae) is approximately 120 Ma
(Aptian), according to a molecular phylogenetic
study, which is supported by the Lower Cretaceous
specimens described here.

Elopiformes. The stratigraphic range of Elopi-
formes is from the Jurassic to recent (see Schwar-
zhans, 2018). Throughout the Cretaceous, both
otoliths and skeletons of this group have been

14

recorded in numerous fossil occurrences (see
Table 3), especially the wide geographical distribu-
tion in the Northern and Southern Atlantic and
Tethys Sea regions in the Early Cretaceous, but
our records are limited to the Northern Atlantic and
Western Tethys regions in the Late Cretaceous
period (Figure 5, Table 3). Cavin (2008) examined
the patterns of vicariance and dispersal in various



groups of bony fishes. His study revealed that the
east—-west pattern is more prevalent than the
north—south pattern in terms of the vicariance and
dispersal patterns of Cretaceous bony fishes.
Although assigning otoliths from the Kimigahama
Formation to genus or species-level classifications
is challenging, our study suggests an east-west
dispersal pattern for this group during the Creta-
ceous. This pattern may indicate the radiation of
the group not only toward the North Atlantic-Tethys
region but also toward East Asia. However, the
specific dispersal routes of Elopiformes in Creta-
ceous strata in East Asia have not been deter-
mined. Further data, including skeletal remains and
otoliths, are needed to address this matter.
Argentinidae. Cretaceous Argentinidae have been
described from the Valanginian to the late Maas-
trichtian in North America, Africa, and Europe. The
oldest known species among the Argentinidae is
Palaeoargentina plicata (otolith-based species),
described from Valanginian deposits in Poland
(Pindakiewicz et al., 2022). For the records on
skeletal fossils, Nybelinoides pattersonella of the
family Argentinidae was described from the Barre-
mian to Aptian strata in Belgium (Taverne, 1982;
1999). These fossil records of Cretaceous argenti-
nid fishes were limited to the North Atlantic region,
mainly in Europe (Table 3). The argentinid otoliths
from the Kimigahama Formation indicate that early
argentinid fishes were also distributed in the West-
ern Pacific Ocean during the Early Cretaceous
(Figure 6).

Ichthyotringoidei. Ichthyotringoidei includes two
families, Ichthyotringidae and Apateopholidae,
along with one indeterminate family, Ursichthys
(Gody, 1965; Newbrey and Konishi, 2015; Silva
and Gallo, 2011). Late Cretaceous Ichthyotringoi-
dei otoliths have been documented in various for-
mations, including the Ripley Formation, Severn
Formation, Arkadelphia Formation and Owl Creek
Formation in the USA, as well as the Maastricht
Formation in the Netherlands. They are also pres-
ent in the Lower Cretaceous Pawpaw Formation
(Albian) (e.g., Stringer et al., 2020; Stringer and
Schwarzhans, 2021; Schwarzhans and Jagt, 2021;
see Table 3). In contrast, numerous skeletal fossils
of Ichthyotringoidei, such as Apateodus, Apateop-
holis, Ursichthys and Ichthyotringa, have been
recorded in the United States, Europe, and
Morocco (e.g., Silva and Gallo, 2011; Newbrey and
Konishi, 2015) (Table 3). These skeletal and otolith
fossil records range from the Albian to the Maas-
trichtian. However, our study of the otolith fossils of
Ichthyotringidae from the Kimigahama Formation

PALAEO-ELECTRONICA.ORG

indicates that the presence of Ichthyotringoidei
dates to the Barremian. Additionally, fossil records
of this family are concentrated mainly in the United
States and the Tethys Sea region. Our findings
suggest that the distribution of Ichthyotringoidei
expanded there into East Asia during the Barre-
mian. Newbrey and Konishi (2015) compiled a Cre-
taceous-Paleogene range chart for the
Aulopiformes. According to their work, Aulopi-
formes fossils from the Barremian are also scarce,
with only Acrognathus, Atolvorator, and an unde-
termined Aulopiformes species known, and no
records during the Aptian. The absence of fossil
records for Aptian Aulopiformes signifies a gap in
the stratigraphic fossil record. Therefore, the dis-
persal routes that occurred during the Lower Creta-
ceous remain uncertain, emphasizing the
importance of future studies.

Special Remarks on the Paleoecology of
Cretaceous Pterothrissinae and Argentinidae

The recent species of Pterothrissinae and
Argentinidae are deep sea-adapted teleosts.
According to Hidaka et al. (2016), living Pterothris-
sinae consists of only two species, namely, Ptero-
thrissus gissu, which is distributed at depths of
147-1000 m in the benthopelagic zone in China,
Japan, and Russia (e.g., Aizawa, 2000; Sheiko and
Fedorov, 2000; Aizawa and Doiuchi, 2013), and
Nemoossis belloci, which is distributed at depths of
20-500 m (usually 100—400 m) in the bathydemer-
sal zone from Mauritania to Sandwich Harbor,
Namibia (Whitehead, 1981; Whitehead, 1990). Liv-
ing Argentinidae are distributed in the benthope-
lagic zone on the outer shelf and upper slope,
rarely to a depth of 1400 m (Paxton and Cohen,
1999).

Pterothrissinae and Argentinidae, which cur-
rently inhabit the deep sea, were obtained from
Cretaceous shallow marine deposits (Table 3). The
otoliths of Cretaceous Pterothrissinae mostly occur
in shelf or shallower marine deposits, and deep
marine or open ocean material is also known from
only the Maastrichtian Severn Formation (Mary-
land, USA) and Gerhartsreiter Formation (Bavaria,
Germany) (Huddleston and Savoie, 1983; Schwar-
zhans, 2010; Stringer and Schwarzhans, 2021).
The Pterothrissinae from the Severn Formation
and Gerhartsreiter Formation may be the oldest
otoliths of this subfamily from the deep sea or open
ocean deposits. On the other hand, a few skeleton-
based fossils of Pterothrissinae are known from
both the Lower and Upper Cretaceous strata and
occur in deeper marine deposits, (Table 3). The
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otoliths of Pterothrissinae from the shore deposits
of the Kimigahama Formation are consistent with
those of previous studies. Thus, our study sug-
gests that early Pterothrissinae may have
expanded its relatively shallow marine habitats.

The otoliths of Cretaceous Argentinidae occur
in the Lower Cretaceous shelf or shallower depos-
its, not only in shallow marine environments but
also in Upper Cretaceous deep marine and open
ocean deposits (see Table 3). The skeleton-based
fossils of Argentinidae in Lower Cretaceous strata
are known from lacustrine to outer sea shelf depos-
its, and Upper Cretaceous fossils occur in outer
shelf marine deposits (see Table 3). The Valangin-
ian deposits of the Wawal claypit, Poland, from
which the earliest Argentinidae, Palaeoargentina
plicata, was described, are interpreted as repre-
senting a shallow-water environment within the lit-
toral zone (Pindakiewicz et al., 2022). Considering
that the otolith of argentinid fish from the shore
deposit of the Kimigahama Formation is also one
of the early records in this family, the early Argen-
tinidae inhabited shallow marine and nonmarine
environments. Therefore, it is probable that the
habitats of Argentinidae were nonmarine to shal-
low-water environments in the Early Cretaceous
and shifted to a deeper environment during the
Late Cretaceous.

CONCLUSION

We recognized a total of five otolith types:
undetermined Teleostei, Pterothrissinae, Elopi-
formes, Argentinidae, and Ichthyotringidae. Our
new data on these otoliths from Barremian strata in
the northwestern Pacific indicate that these taxa
were widely distributed in the Pacific, Tethys, and
Atlantic seas during the Early Cretaceous. Specifi-
cally, because of the adaptation of living Argentini-
dae and Pterothrissinae to deep marine

environments, these taxa are also found in Lower
Cretaceous deposits, such as the Kimigahama
Formation, which indicates a shallow marine depo-
sitional setting. Fossils of these groups in deep-sea
sediments have been found in at least Late Creta-
ceous strata in previous studies. Therefore, the
occurrence of otolith fossils of these “deep-sea
fishes” in Early Cretaceous shallow marine sedi-
ments seems to be consistent with the findings of
previous studies. In addition, otoliths from the Kimi-
gahama Formation contributed to our understand-
ing of the ecology of “deep-sea fish” before they
adapted to the deep sea.
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