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Chapter 1. Comparative otolith morphology and species identification of clupeids from Japan

Introduction

Otoliths are biominerals composed primarily of calcium carbonate layered within a proteinaceous
matrix that are found in the inner ears of teleost fishes (Lin and Chang, 2012). Each inner ear usually
contains three kinds of otoliths, namely the sagitta, lapillus, and asteriscus. These structures work as
static organs and are responsible for the sense of balance, gravity, acceleration and the perception of
sound. Fish otoliths show various degrees of species-specific morphology and may constitute a
taxonomic tool for species identification (e.g. Lin and Chang, 2012). Also, because they are highly
calcified and acellular (Campana, 1999), their degradation after the death of the fish takes considerably
longer than bones and soft tissues. For that reason, otoliths are often found in the stomach contents of
piscivorous predators such as whales and dolphins even after all other body parts have been digested
(e.g. Yamazaki et al., 2008; Mitsui et al., 2014). Otoliths are also frequently found as fossils in ancient
geological strata (e.g. Aguilera et al., 2014; Schwarzhans, 2019a), in sea bottom sediments (e.g. Lin et al.
2017, 2018), and in archaeological sites (e.g. Lin et al., 2013; Ohe et al., 2016). Thus, otoliths can be an
important source of information regarding the paleo-environment, taphonomy, and feeding habits of
ancient civilizations as well as on the ecology of marine fish predators.

The above scientific fields benefit greatly from the existence of systematic descriptions of otolith
morphology (e.g. Campana, 2004; Furlani et al., 2007; Lin and Chang, 2012) or comparison with otolith
reference collections deposited in research institutions. Ohe (1985) and lizuka and Katayama (2008)
provided a comprehensive description of the otolith morphology of fishes from Japanese waters.
Diagnostic features for species identification based on otolith morphology have been described for
Gadidae (Frost, 1981), Sciaenidae (Schwarzhans, 1993), Pleuronectiformes (Schwarzhans, 1999),
Myctophidae (Schwarzhans, 2013), genus Scombrops (Schwarzhans and Prokofiev, 2017), four families
of Anguilliformes (Schwarzhans, 2019b), Moridae (Schwarzhans, 2019¢) and Trachinoidei
(Schwarzhans, 2019d) among others, but are still unavailable for the majority of teleost taxa.

One of these groups is the clupeids (Clupeiformes, Actenopterygii). The clupeids are common

pelagic species in marine, estuarine, and in some cases even freshwater environments around the world



(Nelson et al., 2016). Eleven genera and 19 species have been recorded from Japanese waters (Aonuma
and Yagishita, 2013; Hata and Motomura, 2019a, b). Clupeid fishes are an important food item for many
marine predators and their otoliths are often found in the stomach of whales (Miyazaki et al., 1991;
Shirakihara et al., 2008). Fossil otoliths resembling those of extant clupeids have been retrieved in
relatively good condition from Quaternary strata in Japan (Aoki, 1968, 1971; Ohe et al., 2020). In
addition, an otolith of Ilisha elongata was recovered from the shell midden at Saga City, Saga
Prefecture, Japan (Ohe et al., 2016). Some studies have dealt with clupeid otolith morphology (Ohe,
1985; lizuka and Katayama, 2008; Lin and Chang, 2012) but there are still insufficient diagnostic
features for species identification. The objective of this study was to develop a species identification
guide for clupeid fishes from Japan based on otolith morphology. For this aim, we compared the amount

of intra- and interspecific variation in the otolith morphology using 12 species from Japanese waters.

Materials and Methods

Fish and otolith collection. The following species were examined: Clupea pallasii, Etrumeus
micropus, Herklotsichthys quadrimaculatus, llisha elongata, Konosirus punctatus, Nematalosa come,
Nematalosa japonica, Sardinella aurita, Sardinella melanura, Sardinella zunasi, Sardinops
melanostictus and Spratelloides gracilis. Classification, scientific and standard Japanese names
followed Aonuma and Yagishita (2013) for all species except E. micropus and S. aurita for which we
followed the nomenclature of Randall and DiBattista (2012) and Stern et al. (2017), respectively. All
fishes except H. quadrimaculatus and S. zunasi were collected from fish markets. Specimens of S.
zunasi from Tokyo Bay were caught by hook and line and were anesthetized and subsequently killed in
ice-water. Specimens of H. quadrimaculatus from Ogasawara Islands were caught by cast net and also
anesthetized and then killed in ice-water. Fish were identified, measured (standard length, SL, to the
nearest 0.1 mm), photographed for archival purposes, and the sagittal otoliths were extracted. Otoliths
were rinsed with 70 % ethanol and then air dried. All analyzes were performed using only the right
otoliths of each fish. Otoliths shown in the figures were photographed using a scanning electric
microscope (SEM; Miniscope TM4000 Plus, Hitachi High-Technologies). The number of individuals,

the SL and the location of the capture sites are shown in Table 1-1. The type otoliths shown in the



figures were deposited in the Kanagawa Prefectural Museum of Natural History (KPMNH), Japan, with
the registration code KPM-NI. All other otolith specimens were stored either in the KPMNH or the
Laboratory of Population Biology, Tokyo University of Marine Science and Technology (TUMSAT),
Japan. Photographs of the fishes were deposited in the Image Database of Fishes of KPMNH, with the

registration code KPM-NR.

Morphological description and measurements. The specimens collected for this study comprised
adults from all species and adults and young from E. micropus and S. melanostictus. Hence, the
description of the two latter species includes information on the ontogenetic changes in otolith
morphology. Morphological terminology and locations of measurements were adapted from Ohe (1985),
Secor et al. (1992) and Lin and Chang (2012) (Figs. 1-1a—). The following features were noted: otolith
shape and particularities of the antirostrum, rostrum, excisura, margins of otoliths, sulcus, ostial and
caudal collicula, crista superior and inferior, dorsal and ventral areas. Otolith length (OL), otolith height
(OH), rostrum length (RL), and antirostrum length (AL) were measured following Ohe (1985) and
Secor et al. (1992) to the nearest 0.01 mm on images captured with a digital microscope (VHX-900,
KEYENCE, Japan) using the attached measuring software (3D High Dynamic Range plus play software
ver. 1.0, KEYENCE, Japan). The OL:OH and AL:RL ratios were calculated as indices of otolith
slenderness and excisura depth, respectively. Otolith slenderness based on the OL:OH ratio was
classified as “elliptical” (1.5 < OL:OH < 2.0) and “oblong” (OL:OH > 2.0) after lizuka and Katayama
(2008). The relative growth of OL, OH, OL:OH ratio, AL, RL and AL:RL ratio to SL was tentatively
described by regression analysis. The existence of inflection points was tested by multiline fitting and

Akaike’s information criterion (AIC) (Akaike, 1973).

Results
Genus Clupea Linnaeus, 1758
Clupea pallasii Valenciennes 1847
(Standard Japanese name: Nishin) (Figs. 1-2a, 3a, Table 1-2)

Description. Otolith ovate and oblong; OL:OH ratio 2.10-2.43 (mean 2.23) (Table 1-2). Inner face



slightly convex. Outer face slightly concave. Antirostrum short and pointed. Rostrum protruding and
pointed. Excisura shallow; AL:RL ratio 0.15-0.28 (mean 0.22) (Table 1-2). Dorsal margin
approximately straight and poorly crenulated. Ventral margin approximately straight and crenulated.
Postrostrum with an excisura minor (Fig. 1-2a, indicated by an arrowhead). Sulcus ostio-caudal and
funnel-like. Ostial colliculum deeper than caudal colliculum. Crista superior showing areas with a
crest-like ridge and poor development in the ratio of 7:3 (Fig. 1-3a). Crista inferior with a crest-like
ridge. Dorsal area depressed. Ventral area slightly depressed.

Interspecific comparison. Otoliths of C. pallasii can be distinguished from those of all species
examined in this study in the presence of excisura minor and the ostio-caudal sulcus (Figs. 1-2a-21).
Additionally, it is also distinguished from the otoliths of /. elongata, N. come, S. melanura, S. zunasi

and S. gracilis by their oblong shape (Figs. 1-2a, 2d, 2f, 2i, 2j, 2I)..

Genus Etrumeus Bleeker, 1853
Etrumeus micropus (Temminck and Schlegel, 1846)

(Standard Japanese name: Urumeiwashi) (Figs. 1-2b, 3b, 4a—c, 5, Table 1-2)

Description. Otolith ovate and oblong; OL:OH ratio 1.87-2.38 (mean 2.19) (Table 1-2). Inner face
slightly convex. Outer face slightly concave. Antirostrum extremely short. Rostrum protruding and
pointed. Excisura extremely shallow; AL:RL ratio 0.03—0.25 (mean 0.14) (Table 1-2). Dorsal margin
curved dorsally and smooth. Ventral margin straight and serrated. Postrostrum curved posteriorly and
smooth, and angled at the postero-dorsal region. Sulcus ostial and funnel-like. Ostial colliculum deeper
than caudal colliculum. Crista superior showing areas with a ridge-like, absence of any development,
and poor development in the ratio of 4:4:2 (Fig. 1-3b). Crista inferior with a crest-like ridge. Dorsal and
ventral areas slightly depressed.

Ontogenetic changes. Unlike in adults, the otoliths of small E. micropus individuals (smaller than
100 mm SL) are elliptic in shape and the ventral and dorsal margins of the rostrum are round and almost
straight, respectively (compare Figs. 1-4a—c). Thus, with growth, the otoliths change from elliptic to
oblong in shape and there is an inversion in shape of the ventral and dorsal margins. The OL and OH of

E. micropus increased proportionally with body size (Fig. 1-5a, 5b) but their ratio becomes asymptotic



near the SL of 143 mm (Fig. 1-5c¢; equations and AIC value are indicated by the figures). The RL
increases with body size whereas AL and the AL:RL ratio become asymptotic near the SL of 168 mm
(Fig. 1-5d—f; equations and AIC values are indicated by the figures).

Interspecific comparison. Otoliths of E. micropus smaller than 100 mm SL were omitted
considering abovementioned ontogenetic changes (Table 1-2). Otoliths of E. micropus can be
distinguished from those of I. elongata, N. come, S. melanura, S. zunasi and S. gracilis by their oblong
shape (Figs. 1-2b, 2d, 2f, 2i, 2j, 21). In comparison to C. pallasii, H. quadrimaculatus, K. punctatus, N.
Jjaponica, S. aurita and S. melanostictus, otoliths of E. micropus can be distinguished by their
combination of a low AL:RL ratio (below 0.25; Table 1-2), a smooth, curved dorsal margin, a smooth

postrostrum without an excisura minor, and an ostial sulcus (Figs. 1-2a—c, 2e, 2g, 2h, 2k).

Genus Herklotsichthys Whitley, 1951
Herklotsichthys quadrimaculatus (Riippell, 1837)

(Standard Japanese name: Mizun) (Figs. 1-2c, 3¢, Table 1-2)

Description. Otolith ovate and oblong; OL:OH ratio 1.93-2.30 (mean 2.12) (Table 1-2). Inner face
slightly convex. Outer face slightly concave. Antirostrum short and pointed. Rostrum protruding and
blunt. Excisura relatively deep; AL:RL ratio 0.31-0.57 (mean 0.46) (Table 1-2). Dorsal margin smooth
and slightly curved at the anterior region. Ventral margin straight and indented; denticles relatively
sharp. Postrostrum smooth and angled at the postero-ventral region. Sulcus ostial and funnel-like. Ostial
colliculum deeper than caudal colliculum. Crista superior showing areas with poor development, a
crest-like ridge, and poor development in the ratio of 3:4:3 (Fig. 1-3c). Crista inferior with a crest-like
ridge. Dorsal area depressed. Ventral area slightly depressed.

Interspecific comparison. Otoliths of H. quadrimaculatus can be distinguished from those of /.
elongata, N. come, S. melanura, S. zunasi and S. gracilis by their oblong shape (Figs. 1-2c, 2d, 2f, 21, 2j,
21). In comparison to C. pallasii, E. micropus, K. punctatus, N. japonica, S. aurita and S. melanostictus,
the otoliths of H. quadrimaculatus can be distinguished by their combination of an AL:RL ratio ranging
0.31 to 0.57 (Table 1-2), a dorsal margin without a projection, a straight and indented ventral margin, a

postrostrum without an excisura minor, and an ostial sulcus (Figs. 1-2a—c, 2e, 2g, 2h, 2k).



Genus /lisha Richardson, 1846
1lisha elongata (Bennett, 1830)

(Standard Japanese name: Hira) (Figs. 1-2d, 3d, Table 1-2)

Description. Otolith pentagonal and elliptic; OL:OH ratio 1.57—1.86 (mean 1.72) (Table 1-2). Inner
face slightly convex. Outer face slightly concave. Antirostrum short and pointed. Rostrum protruding
and sharply pointed. Excisura shallow; AL:RL ratio 0.16-0.48 (mean 0.28) (Table 1-2). Dorsal margin
straight and nearly smooth, and angled at the base of the antirostrum. Ventral margin strongly curved
and crenulated. Postrostrum straight and smooth, and angled at the postero-dorsal and -ventral regions.
Sulcus ostial and funnel-like. Ostial colliculum deeper than caudal colliculum. Crista superior showing
areas with marked development, a crest-like ridge, the absence of any development, and marked
development in the ratio of 2.5:3.5:1:3 (Fig. 1-3d). Crista inferior with a crest-like ridge. Dorsal area
depressed. Ventral area slightly depressed.

Interspecific comparison. Otoliths of /. elongata can be distinguished from those of all species

examined in this study by their elliptic and pentagonal shape (Figs. 1-2a-1).

Genus Konosirus Jordan and Snyder, 1900
Konosirus punctatus (Temminck and Schlegel, 1846)

(Standard Japanese name: Konoshiro) (Figs. 1-2e, 3¢, 6a, 6b, Table 1-2)

Description. Otolith ovate and oblong; OL:OH ratio 2.06-2.48 (mean 2.28) (Table 1-2). Inner face
slightly convex. Outer face slightly concave. Antirostrum short and pointed. Rostrum protruding and
pointed. Excisura relatively deep; AL:RL ratio 0.30-0.55 (mean 0.46) (Table 1-2). Dorsal margin
straight and smooth (Fig. 1-2e, 6a) or sometimes slightly notched (Figs. 6b). Ventral margin straight and
crenulated. Postrostrum curved and angled at the postero-dorsal region. Sulcus ostial and funnel-like.
Ostial colliculum deeper than caudal colliculum. Crista superior showing areas with marked
development, a crest-like ridge, and marked development in the ratio of 4.5:4:1.5 (Fig. 1-3e). Crista
inferior with a crest-like ridge. Dorsal area depressed. Ventral area slightly depressed.

Interspecific comparison. Otoliths of K. punctatus can be distinguished from those of /. elongata, N.



come, S. melanura, S. zunasi and S. gracilis by their oblong shape (Figs. 1-2d—f, 21, 2j, 21). In
comparison to C. pallasii, E. micropus, H. quadrimaculatus, N. japonica and S. melanostictus, the
otoliths of K. punctatus can be distinguished by their combination of an AL:RL ratio ranging 0.30 to
0.55, a dorsal margin without a projection, a straight and crenulated ventral margin, a postrostrum
without an excisura minor, and an ostial sulcus (Figs. 1-2a—c, 2e, 2g, 2k). The otoliths of K. punctatus
are very similar to those of S. aurita (Figs. 1-2e, 2h). The former species has otoliths with a relatively
larger AL:RL ratio (0.30-0.55 (mean+standard deviation (SD): 0.46+0.06) vs. 0.33-0.48 (0.40+0.05))

than the latter, but their ranges overlap widely (Table 1-2).

Genus Nematalosa Regan, 1917
Nematalosa come (Richardson, 1846)

(Standard Japanese name: Ryukyudorokui) (Figs. 1-2f, 3f, Table 1-2)

Description. Otolith ovate and elliptic; OL:OH ratio 1.80-2.07 (mean 1.92) (Table 1-2). Inner face
slightly convex. Outer face slightly concave. Antirostrum short and pointed. Rostrum protruding and
pointed. Excisura relatively deep; AL:RL ratio 0.53-0.62 (mean 0.57) (Table 1-2). Dorsal margin nearly
smooth. Ventral margin curved and uneven. Postrostrum curved and angled at the postero-dorsal and
-ventral regions. Sulcus ostial and funnel-like. Ostial colliculum deeper than caudal colliculum. Crista
superior showing areas with poor development, a crest-like ridge, and poor development in the ratio of
3:5:2 (Fig. 1-3f). Crista inferior with a crest-like ridge. Dorsal area depressed. Ventral area slightly
depressed.

Interspecific comparison. Otoliths of N. come can be distinguished from those of C. pallasii, E.
micropus, H. quadrimaculatus, K. punctatus, N. japonica, S. aurita and S. melanostictus by their elliptic
shape (Figs. 1-2a—c, 2e-h, 2k). In comparison to 1. elongata, S. melanura, S. zunasi and S. gracilis, the
otoliths of N. come can be distinguished by their combination of an ovate shape, an AL:RL ratio ranging

0.53 t0 0.62, and a curved and uneven ventral margin (Figs. 1-2d, 2f, 2i, 2j, 21, Table 1-2).

Nematalosa japonica Regan, 1917

(Standard Japanese name: Dorokui) (Figs. 1-2g, 3g, Table 1-2)
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Description. Otolith ovate and oblong; OL:OH ratio 2.00-2.37 (mean 2.18) (Table 1-2). Inner face
slightly convex. Outer face slightly concave. Antirostrum short and pointed. Rostrum protruding and
pointed. Excisura relatively deep; AL:RL ratio 0.50-0.54 (mean 0.52) (Table 1-2). Dorsal margin with a
shallow notch and its anterior region slightly curved. Ventral margin curved and uneven. Postrostrum
curved and angled at the postero-dorsal region. Sulcus ostial and funnel-like. Ostial colliculum deeper
than caudal colliculum. Crista superior showing areas with poor development, a crest-like ridge, and
poor development in the ratio of 4:4:2 (Fig. 1-3g). Crista inferior with a crest-like ridge. Dorsal area
depressed. Ventral area slightly depressed.

Interspecific comparison. Otoliths of N. japonica can be distinguished from those of 1. elongata, N.
come, S. melanura, S. zunasi and S. gracilis by their oblong shape (Figs. 1-2d, 2f, 2g, 2i, 2j, 21). In
comparison to C. pallasii, E. micropus, H. quadrimaculatus, K. punctatus, S. aurita and S.
melanostictus, the otoliths of N. japonica can be distinguished by their combination of an AL:RL ratio
ranging 0.50 to 0.54, a dorsal margin without a projection, a curved and uneven ventral margin, a

postrostrum without an excisura minor, and an ostial sulcus (Figs. 1-2a—c, 2e, 2g, 2h, 2k, Table 1-2).

Genus Sardinella Valenciennes, 1847
Sardinella aurita Valenciennes, 1847

(Standard Japanese name: Kataboshiiwashi) (Figs. 1-2h, 3h, 6¢, 6d, Table 1-2)

Description. Otolith ovate and oblong; OL:OH ratio 2.15-2.75 (mean 2.38) (Table 1-2). Inner face
slightly convex. Outer face slightly concave. Antirostrum short and pointed. Rostrum protruding and
pointed. Excisura relatively deep; AL:RL ratio 0.33-0.48 (mean 0.40) (Table 1-2). Dorsal margin
slightly notched (Fig. 1-2h, 6¢) or sometimes straight (Fig. 1-6d). Ventral margin straight and crenulated.
Postrostrum curved and angled at the postero-dorsal and -ventral regions. Sulcus ostial and funnel-like.
Ostial colliculum deeper than caudal colliculum. Crista superior showing areas with poor development,
a crest-like ridge, and poor development in the ratio of 3:5:2 (Fig. 1-3h). Crista inferior with a crest-like
ridge. Dorsal area depressed. Ventral area slightly depressed.

Interspecific comparison. Otoliths of S. aurita can be distinguished from those of I. elongata, N.

come, S. melanura, S. zunasi and S. gracilis by their oblong shape (Figs. 1-2d, 2f, 2h, 2i, 2j, 21). In
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comparison to C. pallasii, E. micropus, H. quadrimaculatus, N. japonica and S. melanostictus, the
otoliths of S. aurita can be distinguished by their combination of an AL:RL ratio ranging 0.33 to 0.48, a
straight or slightly curved dorsal margin without a projection, a crenulated ventral margin, a postrostrum
without an excisura minor, and an ostial sulcus (Figs. 1-2a—c, 2g, 2h, 2k). The otoliths of S. aurita are
very similar to those of K. punctatus (Figs. 1-2e, 2h). The former species has otoliths with a relatively
lower AL:RL ratio than the latter (0.33-0.48 (0.40+0.05) vs. 0.30-0.55 (0.46+0.06)), but their ranges

overlap widely (Table 1-2).

Sardinella melanura (Cuvier, 1829)

(Standard Japanese name: Oguroiwashi) (Figs. 1-2i, 3i, Table 1-2)

Description. Otolith ovate and elliptic; OL:OH ratio 1.73-2.08 (mean 1.89) (Table 1-2). Inner face
slightly convex. Outer face slightly concave. Antirostrum short and pointed. Rostrum protruding and
pointed. Excisura shallow; AL:RL ratio 0.16—0.42 (mean 0.31) (Table 1-2). Dorsal margin straight and
poorly crenulated. Ventral margin straight and serrated. Postrostrum slightly curved and angled at the
postero-ventral region. Sulcus ostial and funnel-like. Ostial colliculum deeper than caudal colliculum.
Crista superior showing areas with marked development, ridge-like, and poor development in the ratio
of2:6:2 (Fig. 1-31). Crista inferior with a crest-like ridge. Dorsal area depressed. Ventral area slightly
depressed.

Interspecific comparison. Otoliths of S. melanura can be distinguished from those of C. pallasii, E.
micropus, H. quadrimaculatus, K. punctatus, N. japonica, S. aurita and S. melanostictus by their elliptic
shape (Figs. 1-2a—c, 2e—i, 2k). In comparison to 1. elongata, N. come, S. zunasi and S. gracilis, the
otoliths of S. melanura can be distinguished by their combination of an ovate shape, an AL:RL ratio
ranging 0.16 to 0.42, a serrated ventral margin, and a crista superior with a ridge-like area (Figs. 1-2d,

2f, 21, 2j, 21, Table 1-2).

Sardinella zunasi (Bleeker, 1854)
(Standard Japanese name: Sappa) (Figs. 1-2j, 3j, Table 1-2)

Description. Otolith ovate and elliptic; OL:OH ratio 1.68-2.03 (mean 1.84) (Table 1-2). Inner face
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slightly convex. Outer face slightly concave. Antirostrum short and pointed. Rostrum protruding and
blunt. Excisura relatively deep; AL:RL ratio 0.21-0.51 (mean 0.37) (Table 1-2). Dorsal margin straight
and nearly smooth. Ventral margin straight and indented; denticles blunt. Postrostrum curved and angled
at postero-dorsal and -ventral regions. Sulcus ostial and funnel-like. Ostial colliculum deeper than
caudal colliculum. Crista superior showing areas with poor development, a crest-like ridge, and poor
development in the ratio of 3:5:2 (Fig. 1-3j). Crista inferior with a crest-like ridge. Dorsal area
depressed. Ventral area slightly depressed.

Interspecific comparison. Otoliths of S. zunasi can be distinguished from those of C. pallasii, E.
micropus, H. quadrimaculatus, K. punctatus, N. japonica, S. aurita and S. melanostictus by their elliptic
shape (Figs. 1-2a—c, 2e, 2g, 2h, 2j, 2k). In comparison to 1. elongata, N. come, S.melanura and S.
gracilis, the otoliths of S. zunasi can be distinguished by their combination of an ovate shape, an AL:RL
ratio ranging 0.21 to 0.51, an indented ventral margin, blunt dentitions, and a crista superior showing an

area with a crest-like ridge (Figs. 1-2d, 2f, 2i, 2j, 21, Table 1-2).

Genus Sardinops Hubbs, 1929
Sardinops melanostictus (Temminck and Schlegel, 1846)

(Standard Japanese name: Maiwashi) (Figs. 1-2k, 3k, 4d—f, 7, Table 1-2)

Description. Otolith ovate and oblong; OL:OH ratio 2.12-2.91 (mean 2.46) (Table 1-2). Inner face
slightly convex. Outer face slightly concave. Antirostrum short and pointed. Rostrum protruding and
pointed. Excisura shallow; AL:RL ratio 0.15-0.36 (mean 0.25) (Table 1-2). Dorsal margin nearly
straight with a projection at the center (Fig. 1-2k, indicated by an arrowhead). Ventral margin straight
and serrated. Postrostrum strongly curved and angled at the postero-dorsal and -ventral regions. Sulcus
ostial and funnel-like. Ostial colliculum deeper than caudal colliculum. Crista superior showing areas
with poor development, a crest-like ridge, and poor development in the ratio of 2:5:3 (Fig. 1-3k). Crista
inferior with a crest-like ridge. Dorsal area depressed. Ventral area slightly depressed.

Ontogenetic changes. The otoliths of small S. melanostictus have a ridge on the anterior region of
the crista superior and no dorsal projection (Fig. 1-4d). With growth, particularly above 100 mm SL, the

ridge on the anterior region of the crista superior becomes inconspicuous and a projection appears in the
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center of the dorsal margin (Figs. 1-4e, 4f). Values of OL, OH, AR, AL, and their ratios are lower in
small individuals and increase with body growth, but without an asymptote (Figs. 1-7a—f).

Interspecific comparison. Otoliths of S. melanostictus smaller than 100 mm SL were omitted
considering the abovementioned ontogenetic changes (Table 1-2). Otoliths of this species can be easily
distinguished from those of all species examined in this study by their nearly straight dorsal margin with
a projection (Figs. 1-2a-2I). In addition, it can be distinguished from the otoliths of /. elongata, N. come,
S. melanura, S. zunasi and S. gracilis by their oblong shape (Figs. 1-2d, 2f, 2i-1). In comparison to C.
pallasii, E. micropus, H. quadrimaculatus, N. japonica and S. aurita, the otoliths of S. melanostictus can
be also distinguished by their combination of an AL:RL ratio ranging 0.15 to 0.36, a straight and
serrated ventral margin, a smooth postrostrum without an excisura minor, and an ostial sulcus (Figs.

1-2a—c, 2¢, 2g, 2h, 2k, Table 1-2).

Genus Spratelloides Bleeker, 1851
Spratelloides gracilis (Temminck and Schlegel, 1846)

(Standard Japanese name: Kibinago) (Figs. 1-21, 31, Table 1-2)

Description. Otolith spindle and elliptic; OL:OH ratio 1.68—1.98 (mean 1.88) (Table 1-2). Inner face
slightly convex. Outer face slightly concave. Antirostrum short and pointed or indistinct. Rostrum
protruding and pointed. Excisura shallow or indistinct; AL:RL ratio 0—-0.41 (mean 0.15) (Table 1-2).
Dorsal margin curved and smooth. Ventral margin strongly curved, smooth and poorly serrated at the
anterior and posterior regions, respectively. Posterior margin curved and smooth. Sulcus ostial and
funnel-like. Ostial colliculum deeper than caudal colliculum. Crista superior showing areas with
ridge-like, absence of any development, and poor development in the ratio of 6:2:2 (Fig. 1-31). Crista
inferior with a crest-like ridge. Dorsal area depressed. Ventral area slightly depressed.

Interspecific comparison. Otoliths of S. gracilis can be distinguished from those of all species

examined in this study by their elliptic and spindle shape (Figs. 1-2a-1).

Discussion

Examination of the morphological features on the otoliths of 12 clupeids in Japan revealed a mixture
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of agreement and disagreement with current taxonomical classifications. Otoliths of /. elongata and S.
gracilis are pentagonal or spindle-shaped while those of the other species are ovate (Figs. 1-2a-2I).
These results support recent phylogenetic analysis by Egan et al. (2018) suggesting that genera Ilisha
and Spratelloides should be classified into Pristigasteridae (sister to Engraulidae) and Spratelloidinae
(sister to all other Clupeoidei examined in Egan et al. (2018)), respectively. On the other hand, there
were several instances of convergent and divergent morphology, rendering it impossible to prepare a
simple, straightforward flow-chart following the currently accepted taxonomic classification or one that
is based on one single morphological feature of the otoliths. For example, in the genus Sardinella, one
species (S. aurita, Fig. 1-2h) has an oblong otolith with crenulated ventral margin whereas the other two
species have elliptical otoliths with the ventral margin either indented (S. zunasi, Fig. 1-2j) or serrated (S.
melanura, Fig. 1-21), characteristics which in turn are found also in other genera. In contrast, K.
punctatus and S. aurita, which belong to different genera, have otoliths with similar marginal structures
(Figs. 1-2e, 2h). Moreover, there was always an inherent degree of individual variation in otolith
morphology, which is most clearly evidenced in the great overlap and absence of clear-cut values from
morphological measurements (e.g. OL:OH and AL:RL ratios). Nevertheless, this guide and a simplified
version provided for quick reference (Fig. 1-8) make possible to identify clupeid otoliths by comparing
and matching the morphological features of the specimens with the key features described in this study.
A word of caution is necessary in that the current otolith-based taxonomic key applies only to
specimens in the size ranges shown in Table 1-2, together with the summary of morphological features.
Utilization for otoliths from younger fish is precluded by the marked ontogenetic changes in otolith
morphology, as we showed for two species (E. micropus and S. melanostictus). These changes were
especially evident in the outline shape and in the OL:OH and AL:AR ratios, particularly in the former
species. Ontogenetic changes in otolith morphology are caused by changes in the direction of accretion
growth which may be initiated by physiological, environmental or ecological factors (Katayama, 2018).
The discontinuous changes in OL:OH and AL:RL ratios in E. micropus (Figs. 1-5¢, 5d, 5f), for instance,
might indicate a progressively slowdown in the growth of the antirostrum. Changes in the OL:OH ratio
with body growth have been shown also in 1. elongata, K. punctatus, S. zunasi and S. gracilis (lizuka

and Katayama, 2008) and other taxa such as in sciaenids from Rio de la Plata (Waessle et al., 2003). The
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OL:OH ratio has been historically utilized as a diagnostic feature and may constitute a valuable tool for
species identification (e.g. Schwarzhans, 2013), but, as the results of this study indicate, proper
consideration of the ontogenetic changes is required. It is also necessary to consider thoroughly the
degree of integrity of the otoliths during examination. Clupeid otoliths in relatively good condition have
been retrieved from the alimentary tract of predators, fossiliferous strata, or shell middens and have
been successfully used for species identification (e.g. Aoki, 1968, 1971; Miyazaki et al., 1991;
Shirakihara et al., 2008; Ohe et al., 2016; Schwarzhans, 2019a). However, external features of the
otoliths are prone to be abraded chemically or physically under digestion in the stomach of predators or
taphonomic processes (Nolf, 1985; Wijnsma et al., 1999). Needless to say, eroded otoliths should be
inspected only based on undamaged, remaining diagnostic features.

In resume, description of the diagnostic features of fish otoliths has the potential to provide new
insights on fisheries ecology including the feeding habits of endangered animals. In fact, otolith analysis
has contributed valuable information on the life history of whales and dolphins (e.g. Nemoto, 1959;
Miyazaki et al., 1991) and commercial marine resources such as Pacific bluefin tuna Thunnus orientalis
(Shimose et al., 2013) and flying squid Ommastrephes bartramii (Watanabe et al., 2004). It should also
contribute to our understanding on the paleo-environment, -ecology, -biogeography, and evolution of
fishes based on fossil otoliths and on ancient fisheries by studying otolith remains from archaeological
sites. The information provided in this study is the first systematic approach concerning the otoliths of
Japanese clupeids. Future studies should examine the remaining clupeid species not included in this
study (e.g. Amblygaster leiogaster, Amblygaster sirm, Dussumieria elopsoides, Sardinella alcyone,
Sardinella electra, Spratelloides atrofasciatus and Spratelloides delicatulus; Aonuma and Yagishita,
2013; Hata and Motomura, 2019a, b) and fully scrutinize the ontogenetic changes in the otolith of all
species. Due consideration should be paid also to the usefulness of other morphometrical methods (e.g.

Tuset et al., 2016; He et al., 2018).
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Fig. 1-2. Otoliths of clupeid fishes from Japan examined in this study (right sagitta; codes indicate
accession number in the collection of the Kanagawa Prefectural Museum of Natural History).
Clupea pallasii, KPM-NI 35544, 275.7 mm SL, 5.14 mm OL (a); Etrumeus micropus, KPM-NI
35514, 140.6 mm SL, 2.91 mm OL (b); Herklotsichthys quadrimaculatus, KPM-NI 35542, 90.7 mm
SL, 2.64 mm OL (c); llisha elongata, KPM-NI 49972, 224.3 mm SL, 5.26 mm OL (d); Konosirus
punctatus, KPM-NI 35546, 221.7 mm SL, 5.21 mm OL (e); Nematalosa come, KPM-NI 35550,
195.9 mm SL, 4.55 mm OL (f); Nematalosa japonica, KPM-NI 35549, 184.9 mm SL, 5.16 mm OL
(g); Sardinella aurita, KPM-NI 35534, 141.3 mm SL, 3.12 mm OL (h); Sardinella melanura,
KPM-NI 35536, 75.8 mm SL, 1.99 mm OL (i); Sardinella zunasi, KPM-NI 35538, 120.8 mm SL,
3.07 mm OL (j); Sardinops melanostictus, KPM-NI 35529, 130.7 mm SL, 2.74 mm OL (k);
Spratelloides gracilis, KPM-NI 35520, 82.6 mm SL, 1.88 mm OL (I). Scale bars below otolith
images represent 1 mm. Arrowheads indicate an excisura minor and a projection in otoliths of C.
pallasii and S. melanostictus, respectively.
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T pd

Fig. 1-3. Morphological features of the crista superior in Clupea pallasii (a), Etrumeus micropus (b),
Herklotsichthys quadrimaculatus (¢), llisha elongata (d), Konosirus punctatus (e), Nematalosa
come (f), Nematalosa japonica (g), Sardinella aurita (h), Sardinella melanura (i), Sardinella zunasi
(j), Sardinops melanostictus (k), Spratelloides gracilis (1). Letters indicate morphological features as
follows: r: ridge-like, a: absence of development, pd: poor development, cr: crest-like ridge, md:
marked development.
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Fig. 1-4. Changes in otolith (right sagitta) morphology with growth in Etrumeus micropus (a—c) and
Sardinops melanostictus (d—f) (codes indicate accession number in the collection of the Kanagawa
Prefectural Museum of Natural History). a KPM-NI 35517, 64.6 mm SL, 1.61 mm OL; b KPM-NI
35514, 140.6 mm SL, 2.91 mm OL; ¢ KPM-NI 35525, 197.3 mm SL, 3.82 mm OL; d KPM-NI 35531,
83.5 mm OL, 1.76 mm OL; e KPM-NI 35529, 130.7 mm SL, 2.74 mm OL; f KPM-NI 35530, 171.7
mm SL, 3.53 mm OL. Scales above the otoliths indicate the length of the crista superior with 10
reference units and letters indicate morphological features as follows: r: ridge, a: absence of any
development, pd: poor development, cr: crest-like ridge, md: marked development. Scale bars below
the otoliths represent 1 mm.
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Fig. 1-5. Relationships between standard length and otolith length, otolith height,
antirostrum length, and rostrum length and their ratios in Etrumeus micropus.
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Fig.1-6. Intraspecific morphological variation in the shape of the dorsal margin in
Konosirus punctatus and Sardinella aurita (codes indicate accession number in the
collection of the Kanagawa Prefectural Museum of Natural History). a, b:
Konosirus punctatus with a dorsal margin straight (KPM-NI 35546, 221.7 mm SL,
5.21 mm OL) or notched and curved at the anterior region (KPM-NI 35547, 231.3
mm SL, 546 mm OL), respectively; c, d: Sardinella aurita with a dorsal margin
straight (KPM-NI 53585, 200.2 mm SL, 4.49 mm OL) or notched and curved at the
anterior region (KPM-NI 35534, 141.3 mm SL, 3.12 mm OL), respectively. Scale
bars below otolith images represent 1 mm.
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Fig. 1-8. Descriptive keys for the otoliths of 12 clupeid species from Japan. “n” indicates the number
of the otoliths analyzed. Letters indicate morphological features as follows: OL: otolith length; OH:
otolith height; AL: antirostrum length; RL: rostrum length, r: ridge, a: absence of any development,
pd: poor development, cr: crest-like ridge, md: marked development.
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Table 1-1. Standard length (SL), location of capture, and number of fishes (n) used in this
study.

Species SL (mm) Location of capture n

Clupea pallasii 194.7-290.7  Off Hokkaido 2
Off Aomori 7

Etrumeus micropus 52.7-234.0 Sagami Bay, off Kanagawa 43
Kagoshima Bay, off Kagoshima 3

Herklotsichthys quadrimaculatus 90.0-130.6 Nago Bay, off Okinawa 25
Chichijima, Ogasawara Islands 29

1lisha elongata 164.9-456.5  Ariake Sea, off Nagasaki 12
Konosirus punctatus 157.8-253.6  Sagami Bay, off Kanagawa 12
Nematalosa come 186.4-222.8  Nakagusuku Bay, off Okinawa 6
Nematalosa japonica 161.1-184.9  Nakagusuku Bay, off Okinawa 4
Sardinella aurita 108.0-236.1  Sagami Bay, off Kanagawa 16
Kagoshima Bay, off Kagoshima 2

Sardinella melanura 57.0-86.6 Kadogawa Bay, off Miyazaki 20
Sardinella zunasi 69.4-126.2 Tokyo Bay, off Tokyo 9
Sagami Bay, off Kanagawa 7

Sardinops melanostictus 76.9-201.4 Sagami Bay, off Kanagawa 52
Spratelloides gracilis 52.3-92.9 Sagami Bay, off Kanagawa 23
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Table 1-2. Results of measurements on the otoliths of 12 Clupeid species from Japan.

Otolith Otolith
length height . OL:OH AL:RL
Species n (OL, (OH, A(Ztgoiglur: gln%;h (];(ft:l;: :36]:5:2) (mean=* (mean+
range, range, » TAnge, > 1ange, S.D.) S.D.)
mm) mm)
.. 4.36— 1.84— 2.10-2.43 0.15-0.28
Clupea pallasii 9 5.95 .38 0.28-0.49 1.54-1.90 (22320.12) (0.22£0.04)
. 2.27— 1.09— 1.87-2.38 0.03-0.25
Etrumeus micropus 31 4.43 2.06 0.02-0.28 0.58-1.22 (2.1940.12) (0.14£0.06)
Herklotsichthys 2.43— 1.18- 1.93-2.30 0.31-0.57
quadrimaculatus 54 3.14 1.45 0.25-0.54 0.65-1.04 (2.120.09)  (0.46+0.06)
. 3.88— 2.36— 1.57-1.86 0.16-0.48
lisha elongata 12 8.14 4.54 0.23-0.67 1.04-2.43 (1.7240.10) (0.28+0.08)
) 4.16— 1.88— 2.06-2.48 0.30-0.55
Konosirus punctatus 12 5.75 954 0.51-1.31 1.40-2.57 (22840.12) (0.4620.06)
4.21- 2.35— 1.80-2.07 0.53-0.62
Nematalosa come 6 5.32 9.79 0.72-1.06 1.37-1.87 (1.92+0.09) (0.5720.04)
. . 4.16— 1.93— 2.00-2.37 0.50-0.54
Nematalosa japonica 4 5.16 2.95 0.76-1.06 1.51-1.96 (2.1840.18) (0.52+0.02)
. . 2.53— 1.14— 2.15-2.75 0.33-0.48
Sardinella aurita 18 4.66 1.94 0.31-0.85 0.89-1.76 (23840.16) (0.4020.05)
. 1.40— 0.81- 1.73-2.08 0.16-0.42
Sardinella melanura 20 9.17 111 0.10-0.27 0.46-0.81 (1.89+0.07) (03120.07)
. . 1.98— 1.09— 1.68-2.03 0.21-0.51
Sardinella zunasi 16 3.31 1.64 0.17-0.50 0.65-1.12 (1.840.09) (03740.08)
Sardinops 2.23— 0.99— 2.12-2.91 0.15-0.36
melanostictus 42 4.01 1.53 0.14-0.43 0.79-1.58 (2.46£0.18)  (0.25+0.05)
. " 1.34— 0.74— 1.68-1.98 0-0.41
Spratelloides gracilis 23 211 1.09 0-0.15 0.29-0.63 (1.88£0.07) (0.15£0.09)
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Chapter 2. Fossil fish otoliths from the Chibanian Miyata Formation, Kanagawa Prefecture,

Japan, with comments on the paleoenvironment

Introduction

On the coast of southern Kanto, where the confluence of the warm Kuroshio and cold Oyashio
Currents takes place, the fish fauna is characterized by a rich species diversity (e.g. Senou et al., 2006;
Kohno, 2011). However, the historical processes shaping such a rich marine fish fauna are still unclear.
Fossil records of fishes can provide paleontological evidence as to how modern fish fauna have
established. Correct identification based on well-preserved body fossils allows us to address detailed
evolutionary, paleobiogeographical and paleoenvironmental questions (Yabumoto, 2019), but the
localities yielding such material are limited in Japan. On the other hand, partial fish remains are often
abundant in fossiliferous beds (Takahashi, 2000). Teleostean otoliths and chondrichthyan teeth, for
example, have been used in paleobiogeographical or paleoenvironmental studies (e.g., Kawase and
Nishimatsu, 2016; Schwarzhans and Ohe, 2019).

The Kanto Plateau was mostly covered by the Paleo-Tokyo Bay during the transgressive periods of
the Middle-Late Pleistocene (about 0.5-0.1 Ma; Sugai et al., 2013). Teleostean otoliths (Aoki, 1968,
1971; Aoki and Baba, 1980; Takahashi and Fukuda, 1991) and chondrichthyan teeth (Uyeno and
Matsushima, 1979; Goto et al., 1984; Naruse et al., 1994; Tanaka, 1997; Taru and Matsushima, 1998;
Fujii et al., 2010) were reported from the Pleistocene strata of this area, but related paleontological data
is still fragmentary.

Recently, one of the authors (SM) collected fossil fish otoliths and teeth from the Sha’ana Tuffaceous
Sand Member, Miyata Formation (Middle Pleistocene: Chibanian), in the southwesternmost region of
the Paleo-Tokyo Bay (Kikuchi, 1980). Fish remains from this formation are not uncommon. However,
only one taxon, namely Odontaspis sp., has been described from the Tsukuihama Sandy Gravel Member
(Taru and Matsushima, 1998). In spite of their significance in understanding the regional
paleoichthyofauna, no fossil records from the Sha’ana Tuffaceous Sand Member have ever been

described.
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The objective of this study is therefore to reconstruct the paleoichthyofauna from fossil fish otoliths
and teeth and interpret the associated paleoenvironment of the Miyata Formation, and to reveal the

formative processes of marine ichthyofauna in southern Kanto.

Geological setting

The Miyata Formation was firstly described by Aoki (1925) and further investigated by subsequent
geologists (Okumura et al., 1977; Kanie and Ohkoshi, 1981; Kasama and Shioi, 2019). Okumura et al.
(1977) subdivided this formation into five members according to its lithology: the Sugaruya Sand
Member, the Tsukuihama Sandy Gravel Member, the Koenbo Sand Member, the Sha’ana Tuffaceous
Sand Member, and the Itchoda Sand Member in the ascending order (Fig. 2-1). Recently, Kasama and
Shioi (2019) recognized four units (A-D in Fig. 2-1) in this formation with angular unconformity. Our
fossil material was collected from the Sha’ana Tuffaceous Sand Member.

The estimated age of the Sha’ana Tuffaceous Sand Member varies with different approaches. By
using Electron Spin Resonance, Toyota and Okumura (2000) estimated an age of 0.325+0.40 Ma, while
results of calcareous nannofossils indicated 1.22-0.44 Ma (small Gephyrocapsa Zone or
Pseudoemiliania lacunosa Zone of Gartner, 1977; Yamaguchi et al., 1983) and 1.02-0.46 Ma (CN14a
Subzone of Okada and Bukry, 1980; Kanie et al., 2000). More recently, Kasama and Shioi (2019)
estimated Ft and U-Pb ages of 0.41+0.07 Ma by using zircon minerals of the Funakubo Tuff (Fn in Fig.
2-1) which is intercalated in the unit C. However, the correlation of unit C is yet to be explored.

Fossil molluscs (Okumura et al., 1979, 2005), brachiopods (Kuramochi and Katsuzawa, 1999),

barnacles (Kanie et al., 2000) and ophiuroids (Okanishi et al., 2019) have been collected and studied.

Material and methods
Locality, lithology, and preservation. The sampling site was an exposure in Sha’ana-dai,
Kamimiyada, Minami-Shitaura Town, Miura City, Kanagawa Prefecture, Japan (Fig. 2-2, see also Fig. 1
in Okanishi et al., 2019). Sediments were generally semi-consolidated, poorly-sorted, and contained
pumice, scoria, and pebbles (diameter < 14 mm), which corresponded to the lithology of the Sha’ana

Tuffaceous Sand Member (Okumura et al., 1977).
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The lithology of the exposure (section) was examined in detail by subdividing into 11 levels with
intervals of 10 cm each (SHO1-SH11), and 80 g of sediments were analyzed for their mud contents
(after Kitazaki and Majima, 2003). The result allowed us to recognize two horizons in the exposure: the
upper sandy mud (SHO1-SHO7) and the lower muddy sand (SHO8—SH11) horizons (Fig. 2-3).

An articulated shell of Mizuhopecten tokyoensis was buried in SHO2 in life position. Additional
articulated shells of Cyclocardia ferruginea, Acira mirabilis, Jupitaria (Saccella) gordonis, Nuculana
yokoyamai, and Macoma carcarea were found in SHO1-SHO7, and shells of C. ferruginea, N.
yokoyamai, and Anomia chinensis were found in SHO8—SH11. Large, disarticulated shells of M.
tokyoensis were accumulated in SHO9—SH10. Gastropods (Homalopoma amussitatum, Niveotectura
pallida, and Puncturella nobilis, etc.), brachiopods, foraminifers, and fragments of polyplacophores,
gorgonaceans, decapods, barnacles, bryozoans and echinoids were abundant in all levels. The majority
of fossils thus showed allochthonous preservation.

About five kg of sediments from each of the 11 levels were collected from Nov. 21, 2018 to March 13,
2019. An additional sample (about 40 kg) from SHO3—SHO06 (unlocalized; collected from Aug. 2, 2009
to Nov. 29, 2017) was also used. Sediments were boiled after weighing dry weight, wet sieved using a
mesh size of 0.5 mm, and then air-dried. Fish remains were picked from this residue. Examined
materials were deposited in the paleovertebral collection (with registration code KPM-NNYV) in the
Kanagawa Prefectural Museum of Natural History (KPMNH).

Sampling, preparation, and measurement. Fossils were measured to the nearest 0.1 mm on digital
images captured with a digital microscope (VHX-900, KEYENCE, Japan) using the measuring software
(VHX-900 3D High Dynamic Range plus play software ver. 1.0, KEYENCE, Japan). “+” was attached
after measurements if the specimen was incomplete and/or broken during processing. Fossils shown in
the figures were mostly photographed using the digital microscope but a scanning electron microscope
(SEM; Miniscope TM4000 Plus, Hitachi High-Technologies) was occasionally used if higher resolution
was necessary. Otoliths of extant species for comparison were photographed by SEM and measured to
the nearest 0.1 mm.

Paleoenvironmental analysis.  We applied the paleobathymetric method of Nolf and Brzobohaty

(1994) with a modification to estimate the water depth of the fish assemblages deposited. In this method,
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vertical bathymetric distribution of the fish taxa in each fossil assemblage is estimated by their recent
analogues. Number of potential presences (expressed as the number of species and specimens) for each
50 m depth interval is calculated and expressed as a percentage of the total number of species and
specimens. Paleobathymetry was separately analyzed using all taxa and only the benthic/benthopelagic
(B/B) taxa, because the latter are often a better indicator of the water depth (Lin et al., 2016, 2017).

For paleoclimatic estimation, we compared the richness and abundance of our fossil materials with
those of the extant fishes which are classified into various climatic zone categories: arctic/subarctic
(AS), cold temperate (CT), temperate (TP), warm temperate (WT), temperate—tropical (TT), and
tropical—subtropical (TS). We finally removed the TS category in the analysis since no remains of fishes
related to this zone were recovered. Richness and abundance are expressed as percentage of the total

number of species and specimens involved in the analysis.

Results

Systematic paleontology. A total of 1,675 fish remains were collected of which 1,389 were identified
to at least 62 taxa belonging to 20 orders and 31 families (Table 2-1). Classification of fishes followed
Nelson et al. (2016). Scientific names of the species followed Nakabo (2013a), Amaoka (2016), Last et
al (2016), and Schwarzhans and Prokofiev (2017) except for the class Actinopterygii which followed
Schwarzhans et al. (2020). The abbreviation “cf.” was used for incomplete specimens, and “aff.” was
used when specific identity could not be reached unequivocally. All fossil otoliths are sagittae, and the
reference collection is deposited in KPMNH with the registration code KPM-NI, Natural History
Museum and Institute, Chiba with the registration code CBM-ZF, and Kagoshima University Museum
with the registration code KAUM-I.

Important taxa are briefly described below and other taxa are described in Appendix A.
Morphological terminologies of otoliths followed Schwarzhans (1999), Lin and Chang (2012),
Schwarzhans (2013), and Nolf (2013), and those of chondrichthyan teeth followed Cappetta (2012).
Measurements of specific characters were taken following Nolf (2013) and Schwarzhans (2013, 2014).

Abbreviations are as follows: OL: otolith length, OH: otolith height, AL: antirostrum length, RL:
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rostrum length, CL: colliculum length, OCL: ostial colliculum length, CCL: caudal colliculum length,

OsL: ostium length, CaL: caudal length.

Class Chondrichthys Huxley, 1880
Order Carchariniformes Campagno, 1977
Family Triakidae Gray, 1851
Genus Hypogaleus Smith, 1957
Hypogaleus cf. hyugaensis (Miyoshi, 1939)

(Standard Japanese name: None) (Fig. 2-4a, 4a”)

Material. KPM-NNV 924: n=1, jaw tooth, 4.84 + mm Labial crown height, 5.58 + mm Lingual
crown height, 4.59 + mm Maximum crown width, bulk sample (Fig. 2-4a, 42”).

Description. The tooth crown has a sigmoidal shaped primary cusp and two distal cusplets. The
mesial cusplet is absent. The cutting edges of the primary cusp are smooth. The length of the distal
cutting edge of the primary cusp is approximately 3.14 times as long as the length of mesial one. The
labial face is approximately flat. The lingual face is convex. The ornamentation on the surface of the
tooth crown is absent. The root is not preserved.

Remarks. The tooth is comparable to those of H. hyugaensis in the following characters: a sigmoidal
primary cusp, having at least two distal cusplets, the length of the mesial cutting edge is three times as

long as the mesial one (Herman et al., 1991). However, the specimen is lacking the root.

Order Squaliformes Goodrich, 1909
Family Squalidae Bonaparte, 1834
Genus Squalus Linnaeus, 1758
Squalus sp.
(Standard Japanese name: None) (Fig. 2-4b, 4b’)
Material. n=1. KPM-NNV 1500: jaw tooth, 1.39 mm Labial crown height, 1.90 + mm Maximum

crown width, SHO6 (Fig. 2-4b, 4b’).
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Description. The tooth has a short, distally inclining cusp and a distal heel. The mesial cutting edge
of the cusp is smooth, slightly sigmoidal. The distal cutting edge of the cusp is smooth, straight. The
crown base has an apron on the labial face. The crown base of the lingual face and the root is not
preserved.

Remarks. The tooth is comparable to those of genus Squalus in the following characters: a short,
distally inclining cusp, presence of a distal heel and an apron (Cappetta, 2012). However, the species
identification based on the teeth is difficult because of the interspecific similarity of the shape of the

teeth (Suzuki, 2007). Therefore, we refrained from our identification to the species.

Order Rajiformes Berg, 1940
Family Rajidac Bonaparte, 1831
Rajidae indet.

(Standard Japanese name: None) (Fig. 2-4c, 4¢”)

Material. KPM-NNV 925: jaw teeth, 1.70 mm Tooth crown height, 1.55 mm Tooth crown width,
bulk sample (Fig. 4c, 4¢”).

Description. The tooth crown is approximately oval shaped in the occlusal view, and has a slender,
long cusp. The labial face is convex. The lingual face is concave. The lingual and labial visors are
convex. The surface of cusp is smooth. The root is short, bilobed, but it is abraded.

Remarks. The tooth is comparable to those of the male of genus Bathyraja in the following
characters: an oval shaped tooth crown in the occlusal view, presence of a slender, long cusp, a bilobed
root (Herman et al., 1996: pls. 5-8). However, we refrained from our conclusive identification because

the root is abraded, and the morphological comparison with the other genus is still insufficient.

Order Pristiformes Compagno, 1973
Family Rhynchobatidae Garman, 1913
Genus Rhynchobatus Miiller and Henle, 1837
Rhynchobatus sp.

(Standard Japanese name: None) (Fig. 2-4d, 4d’)
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Material. n=1. KPM-NNV 967: jaw teeth, 0.96 mm Tooth crown height, 1.78 mm Tooth crown width,
SHO6 (Fig. 2-4d, 4d’).

Description. The tooth crown is spindle shape in the occlusal view. The crown has a transverse crest
dividing the crown into the convex labial face and the slightly convex lingual face. The lingual face has
a centro-lingual uvula. The root is not preserved.

Remarks. The tooth is comparable to those of R. djiddensis (Forsskal, 1775) and R. luebberti
(Ehrenbaum, 1914) in the following characters: a spindle shaped tooth crown in the occlusal view, and
presence of a centro-lingual uvula (Herman et al., 1997: pls. 15-18). However, we refrained from our

identification to the species because the root is not preserved.

Class Actinopterygii sensu Goodrich, 1930
Order Anguilliformes Berg, 1943
Family Congridae Kaup, 1856
Genus Conger Oken, 1817
Conger myriaster (Brevoort, 1856)

(Standard Japanese name: Maanago) (Fig. 2-4e)

Material. n=1. KPM-NNV 1501: right sagitta, 2.66 mm OL, 1.32 mm OH, OL:OH = 2.01, SHO1
(Fig. 2-4e).

Description. The otolith shape is oblong. The inner face is slightly convex and the outer face is
slightly concave. The anterior rim is rounded and smooth, but has a notch at the opening of the ostial
channel. The dorsal and ventral margins are smooth and slightly curved. The posterior rim is smooth
and rounded. The sulcus is para-ostial, horizontal and has an ostial channel. The colliculum fills the
sulcus. The cristae are well developed, but are abraded. The dorsal and ventral areas are not depressed,
but are abraded.

Remarks. The otolith is most similar to those of C. myriaster in an oblong otolith shape, the OL:OH

ratio (2.3 in a recent specimen) and a para-ostial sulcus (Ohe, 1985: p. 40).

Genus Gnathophis Kaup, 1859
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Gnathophis sp.

(Standard Japanese name: None) (Fig. 2-4f, 4h)

Material. n=2. KPM-NNV 900: left sagitta, 3.45 mm OL, 2.34 mm OH, OL:OH = 1.47, bulk sample;
KPM-NNV 1502: right sagitta, 1.45 mm OL, 0.93 mm OH, OL:OH = 1.56, SHOS (Fig. 2-4f, 4h).
Recent material: G. heterognathos, n=2. KPM-NI 46384: 303.7 mm TL, 5.39 mm OL, 3.89 mm OH,
OL:OH = 1.39 (left sagitta), Suruga Bay; KPM-NI 52535: 58.7 mm TL, 1.67 mm OL, 1.17 mm OH,
OL:OH = 1.43 (right sagitta), Sagami Bay (Fig. 2-4g, 41).

Description. The otolith shape is rhomboidal. Both the inner and outer faces are convex. The
antirostrum is not protruding. The excisura is extremely shallow. The rims are smooth, or poorly
crenulated. The sulcus is ostial, straight, and runs along the longitudinal axis of the otolith. A colliculum
fills the sulcus. The cristae are well-developed. The dorsal and ventral areas are not depressed.

Remarks. The otoliths are most comparable to those of Gnathophis heterognathos (Bleeker, 1858)
and G. xenica (Matsubara and Ochiai, 1951) in the rhomboidal outline, smooth or slightly crenulated
margins and straight sulcus (Fig. 4g, 41); Schwarzhans, 2019b: pl. 4, fig. 15). The otolith of the
remaining Japanese species, G. ginanago (Asano, 1958) is more slender and spindle shaped

(Schwarzhans, 2019b: pl. 4, fig. 4).

Order Clupeiformes Bleeker, 1859
Family Engraulidae Gill, 1861
Genus Engraulis Cuvier, 1816
Engraulis japonica Temminck and Schlegel, 1846
(Standard Japanese name: Katakuchiiwashi) (Fig. 2-47)
Material. n=1. KPM-NNV 895: left sagitta, 2.67 mm OL, 1.10 mm OH, OL:OH = 2.43, bulk sample
(Fig. 2-4j).
Description. The otolith is slender spindle shaped. The inner face is slightly convex and the outer
face is slightly concave. The antirostrum is short and pointed. The rostrum is protruding and pointed.
The excisura is shallow; the AL:RL ratio is 0.12. The dorsal rim is smooth and slightly curved. The

ventral rim is slightly curved and indented. The posterior rim is pointed. The sulcus is ostial, straight
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and its shape is funnel-like. The ostial colliculum is deeper than caudal colliculum. The cristae are
ridge-like. The dorsal and ventral areas are slightly depressed.

Remarks. The otolith is most similar to those of E. japonica in its slender, spindle shape, an indented
ventral margin and a funnel-like shaped sulcus (Ohe, 1985: p. 36; Lin and Chang, 2012: p. 35-36, pls. 3,

71).

Order Clupeiformes Bleeker, 1859
Family Clupeidae Cuvier, 1817
Genus Clupea Linnaeus, 1758
Clupea pallasii Valenciennes, 1847

(Standard Japanese name: Nishin) (Fig. 2-4k, 41)

Material. n=2. KPM-NNV 894: left sagitta, 4.00 mm OL, 1.68 mm OH, OL:OH = 2.38, bulk sample;
KPM-NNV 1503: right sagitta, 1.82 mm OL, 1.00 mm OH, OL:OH = 1.82, SH09 (Fig. 2-4k, 41).
Recent material: C. pallasii, n=1. KPM-NI 53290, 55.5 mm SL, 2.96 mm OL, 1.64 mm OH, OL:OH =
1.80 (right sagitta), Hokkaido (Fig. 2-4m).

Description. The shape of the otolith is slender, ovate. The inner face is slightly convex and the outer
face is slightly concave. The antirostrum is short but pointed (blunt in a smaller one (Fig. 2-41). The
rostrum is protruding and its tip is pointed. The excisura is shallow; the AL:RL ratio is 0.13—-0.22. The
dorsal rim is approximately straight. The ventral rim is poorly crenulated; and it is approximately
straight in the larger specimen (Fig. 2-4k), but slightly convex in the smaller one (Fig. 2-41). The
specimens have a weak notch on the posterior rim. The sulcus is ostio-caudal (ostial in a smaller one,
Fig. 2-41), straight, and its shape is funnel-like. The ostial colliculum is deeper than the caudal
colliculum. The crista superior with a crest-like ridge and the crista inferior is well-developed. The
dorsal area is depressed whereas the ventral area is not.

Remarks. The large specimen is most similar to those of C. pallasii in the following characters: a
slender to ovate outline, the OL:OH ratio exceeding 2.0, a notch on the posterior rim, a ostio-caudal
sulcus, and a crista superior which is ridge-like (Mitsui, 2020: figs. 2a, 3a, ESM fig. 2). The ventral rim

of recent C. pallasii is finely crenulated (Mitsui et al., 2020: figs. 2a, 3a, ESM fig. 2), but it is abraded
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in the fossil specimen (Fig. 2-4k). Likewise, the small specimen is also similar to the small otoliths of C.
pallasii; it has an ovate shape with similar OL:OH ratio (1.80 in a recent material), a shallow excisura
(AL:RL =0.17 in a recent material), a convex ventral rim, and a crista superior with a crest-like ridge

(Fig. 2-4m).

Genus Sardinops Hubbs, 1929
Sardinops melanostictus (Temminck and Schlegel, 1846)

(Standard Japanese name: Maiwashi) (Fig. 2-4n)

Material. n=1. KPM-NNV 1504: left sagitta, 2.27 mm OL, 1.01 mm OH, OL:OH = 2.25, SHO7 (Fig.
2-4n).

Description. The otolith shape is slender, ovate. The inner face is slightly convex and the outer face
is slightly concave. The antirostrum is short and pointed. The excisura is shallow; the AL:RL ratio is
0.21. The rostrum is protruding and pointed. The dorsal rim has a projection behind the midpoint of the
dorsal rim. The ventral rim is approximately straight and serrated. The posterior rim is pointed, smooth.
The sulcus is ostial, funnel-like shaped. The ostial colliculum is deeper than the caudal colliculum. The
crista superior shows an area with a crest-like ridge. The crista inferior is ridge-like. The dorsal and
ventral areas are depressed.

Remarks. The otolith is most similar to those of S. melanostictus in the following characters: a
slender and ovate otolith shape, the OL:OH ratio is over 2.0, the AL:RL ratio is below 0.3, a projection
on the dorsal rim, a straight and serrated ventral rim, and a crista superior with a crest-like ridge (Mitsui

et al., 2020: figs. 2k, 3k, 4d—f, ESM fig. 2).

Order Argentiniformes Johnson and Paterson, 1996
Family Argentinidaec Bonaparte, 1838
Genus Glossanodon Guichenot, 1867

Glossanodon semifasciatus (Kishinouye, 1904)

(Standard Japanese name: Nigisu) (Fig. 2-40)
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Material. n=1. KPM-NNV 1505: right sagitta, 4.17 mm OL, 2.69 mm OH, OL:OH = 1.55, SHO5
(Fig. 2-40).

Description. The otolith shape is approximately pentagonal. The inner face is flat and the outer face
is slightly convex. The antirostrum and excisura are indistinct. The rostrum is sharply pointed; the
OL:RL ratio is 3.50. The dorsal rim is straight and crenulated. The ventral rim is strongly curved and
poorly serrated. The posterior rim is slightly curved. The sulcus is ostial, narrow funnel shaped. The
ostial colliculum is deeper than the caudal colliculum. The cristae are ridge-like. The dorsal area is
slightly depressed. The ventral area is flat.

Remarks. The otolith is most similar to those of G. semifasciatus in the following characters: a
pentagonal otolith shape, an ostial and narrow funnel-like shaped sulcus and the OL:RL ratio (3.1-3.4 in
the recent specimens; Ohe, 1985: p. 45). Argentina kagoshimae Jordan and Snyder, 1902 has the similar

otoliths, but the OL:RL ratio is larger (2.4-2.7; Ohe, 1985: p. 45).

Order Osmeriformes Nelson, 2006
Family Osmeridae Regan, 1913
Osmeridae indet.

(Standard Japanese name: None) (Fig. 2-4p)

Material. n=1. KPM-NNV 336: n=1, left sagitta, 1.99 + mm OL, 1.63 mm OH, bulk sample (Fig.
2-4p).

Description. The otolith shape is discoidal, but the rostrum is broken. The inner face is flat and the
outer face is convex. The dorsal and posterior rims are strongly curved and roughly crenulated. The
ventral rim is strongly curved and smooth. The sulcus is ostial, funnel shaped; the caudal end of the
sulcus extends to near the posterior rim. The ostial colliculum is slightly deeper than the caudal
colliculum. The dorsal and ventral areas are flat.

Remarks. The otolith is comparable to those of Hypomesus japonicus (Brevoort, 1856) and of
Mallotus villosus (Miiller, 1776) in a discoidal shape of the otolith excluding the rostrum, and a straight,
funnel shaped sulcus which extends to near the posterior rim (Ohe, 1985: p. 47). However, we refrained

from our identification to the genus since the specimen is not preserved entirely.
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Order Stomiiformes Regan, 1909
Family Sternoptychidae Gill, 1863
Genus Valenciennellus Jordan and Evermann, 1896
Valenciennellus tripunctulatus (Esmark, 1871)

(Standard Japanese name: Hoshieso) (Fig. 2-5a)

Material. n=1. KPM-NNV 902: right sagitta, 0.83 mm OL, 0.98 mm OH, OL:OH is 0.85, bulk
sample (Fig. 2-5a).

Description. The otolith is tall, oval shape. The inner face is flat and the outer face is convex. The
antirostrum and rostrum are short, blunt. The excisura is extremely shallow; the AL:RL ratio is 0.18.
The dorsal rim is curved and smooth, but has a shallow notch at the antero-dorsal region. The ventral
rim is smooth and strongly curved. The posterior rim is slightly curved. The sulcus is ostial, funnel
shaped. The ostium is widely opening anteriorly. The cauda is straight with a constriction. The ostial
colliculum is deeper than the caudal colliculum. The crista superior is well developed, but is ridge-like
at the central region of the sulcus. The crista inferior is well developed. The dorsal area is depressed and
the ventral area is flat.

Remarks. The otolith is most similar to those of V. tripunctulatus in the following characters: a tall
and oval otolith shape, the short and blunt antirostrum and rostrum, and a funnel shaped sulcus with a
constriction at the caudal region (Lombarte et al., 2006: Fish ID 9045-11960, n=9, in the AFORO

Database).

Order Myctophiformes Regan, 1911
Family Myctophidae Gill, 1893
Genus Benthosema Goode and Bean, 1896
Benthosema suborbitale (Gilbert, 1913)
(Standard Japanese name: Sokohadaka) (Fig. 2-5b)
Material. n=1. KPM-NNV 881: right sagitta, 1.42 mm OL, 1.18 mm OH, OL:OH = 1.20, bulk

sample (Fig. 2-5b).
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Description. The otolith is nearly discoidal in shape. The inner face is flat, and the outer face is
slightly convex. The antirostrum is extremely short and blunt. The rostrum is protruding and pointed.
The excisura is extremely shallow; the AL:RL ratio is 0.06. The dorsal rim is slightly curved and
crenulated, and the posterodorsal angle is pointed. The dorsal rim is curved, and it has a denticle each on
the antero- and posteroventral region. The posterior rim is curved and smooth. The sulcus is ostial and
slightly bending up dorsally. The OCL:CCL ratio is 1.20. The collicular crest is below the caudal
colliculum. The cristae are well-developed. The dorsal and ventral areas are flat.

Remarks. The otolith is most similar to those of B. suborbitale in the nearly discoidal otolith shape,
an extremely short antirostrum and a curved ventral rim with two denticles (Campana, 2004: p. 97;

Schwarzhans and Aguilera, 2013: figs. 15, 16).

Genus Ceratoscopelus Glinther, 1864
Ceratoscopelus warmingii (Liitken, 1892)

(Standard Japanese name: Gokouhadaka) (Fig. 2-5¢)

Material. n=1. KPM-NNV 917: left sagitta, 2.09 mm OL, 1.23 mm OH, OL:OH = 1.70, bulk sample
(Fig. 2-5c¢).

Description. The otolith is slender, sesame seed-like shaped. The inner face is flat, and the outer face
is slightly convex. The antirostrum and excisura are indistinct. The rostrum is protruding and pointed.
The dorsal rim is slightly curved and poorly crenulated. The ventral rim is curved and crenulated. The
dorsal and ventral angles are distinct and blunt. The posterior rim is nearly vertical and crenulated. The
sulcus is ostial and slightly bending up dorsally. The OCL:CCL ratio is 1.83. The collicular crest is
below the caudal colliculum. The cristae are poorly developed.

Remarks. The otolith is most similar to those of C. warmingii in the slender, sesame seed-like shaped

otolith and the shape of sulcus with a collicular crest (Ohizumi et al., 2001: p. 628, pls. 3-5).

? Ceratoscopelus sp.

(Standard Japanese name: None) (Fig. 2-5d)
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Material. n=1. KPM-NNV 1512: right sagitta, 1.32 mm OL, 0.83 mm OH, OL:OH = 1.32, SH06
(Fig. 2-5d).

Description. The otolith is sesame-seed shaped. The inner face is flat and the outer face is slightly
convex. The antirostrum is extremely short and blunt. The excisura is extremely shallow. The rostrum is
protruding and its tip is pointed. The dorsal and ventral margins are smoothly curved and poorly
crenulated. At least two dentitions are at the center of the ventral margin. The posterior margin is
rounded and smooth. The sulcus is ostial, and slightly bending upward, but our specimen is abraded on
the whole. The ostial and caudal collicula are present. The cristae are well-developed, but they are also
abraded. The dorsal and ventral areas are approximately flat.

Remarks. The otolith is most similar to those of the juveniles of Ceratoscopelus warmingii (Liitken,
1892) and C. townsendi (Eigenmann and Eigenmann, 1889) in the shape, but present fossil material is
different in having the dentitions on the ventral margin (Lombarte et al., 2006: Fish ID 11221, n=1 in

the AFORO Database; Lowry, 2011: p. 39, 40).

Genus Diaphus Eigenmann and Eigenmann, 1890
Diaphus aliciae Fowler, 1934

(Standard Japanese name: Niramihadaka) (Fig. 2-5¢)

Material. n=1. KPM-NNV 921: right sagitta, 1.80 mm OL, 1.46 mm OH, OL:OH = 1.23, bulk
sample (Fig. 2-5¢).

Description. The otolith is approximately discoidal shape. The inner face is flat, and the outer face is
slightly convex. The antirostrum is extremely short and pointed. The rostrum is protruding and pointed.
The excisura is extremely shallow; the AL:RL ratio is 0.07. The dorsal rim is curved and smooth, and
slightly recessed behind the postero-dorsal angle. The ventral rim is curved with five denticles. The
posterior rim is nearly vertical and straight, smooth. The sulcus is ostial and bending up dorsally. The
OCL:CCL ratio is 1.16. The collicular crest is below the caudal colliculum. The cristae are
well-developed. The dorsal and ventral areas are flat.

Remarks. The otolith is most similar to those of D. aliciae in the nearly discoidal otolith shape, an

extremely short antirostrum, a blunt postero-dorsal angle, a recessed postero-dorsal region of the dorsal
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rim, and a ventral rim with a denticle (Schwarzhans, 2013: p. 50, pl. 2, figs. 1-5, table 1). The OL:OH
and OCL:CCL ratios of our fossil material are slightly higher than that of recent D. aliciae specimens
(ranging 1.1-1.2; Schwarzhans, 2013: p. 50). This could represent individual variation. The otolith of D.
theta is also similar to our fossil material in the otolith shape and the OCL:CCL ratio which is ranging
1.0-1.2, but it is different in a larger antirostrum and a curved posterior rim (Schwarzhans, 2013: p. 52,

pl. 4, figs. 3-6, table 1).

Diaphus luetkeni (Brauer, 1904)

(Standard Japanese name: Gantenhadaka) (Fig. 2-5f)

Material. n=1. KPM-NI 1510: right sagitta, 1.33 mm OL, 1.04 mm OH, OL:OH = 1.28, SHO3 (Fig.
2-51).

Description. The otolith is sesame seed-like shaped. The inner face is flat, and the outer face is
slightly convex. The antirostrum and excisura are indistinct. The rostrum is protruding and pointed. The
dorsal rim is pointed at the midpoint, and poorly crenulated. The ventral rim is curved with a denticle at
the midpoint. The posterior rim is curved and smooth. The sulcus is ostial and slightly bending up
dorsally. The OCL:CCL ratio is 1.35. The collicular crest is below the caudal colliculum. The cristae are
well-developed. The dorsal and ventral areas are flat.

Remarks. The otolith is most similar to those of D. [uetkeni in the sesame seed-like shape, the
OL:OH and OCL:CCL ratios (ranging 1.3—1.4 and 1.3—1.5 in the recent otoliths, respectively) and a
pointed dorsal rim (Schwarzhans, 2013: p. 56, pl. 6, figs. 1-4, table 1). The otolith of this species has
usually 5—7 denticles on the ventral rim (Schwarzhans, 2013: p. 56, table 1), however, the dentitions are

not preserved in our fossil material, possibly caused by abrasion (Fig. 2-5f).

Diaphus watasei Jordan and Starks, 1904
(Standard Japanese name: Hadakaiwashi) (Fig. 2-5g)
Material. n=1. KPM-NNV 889: right sagitta, 1.89 mm OL, 1.43 mm OH, OL:OH = 1.32, bulk

sample (Fig. 2-5g).
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Description. The otolith is approximately oval in shape. The inner face is flat, and the outer face is
slightly convex. The antirostrum is short and pointed. The rostrum is protruding and pointed. The
excisura is shallow; the AL:RL ratio is 0.52. The dorsal rim is slightly expanded and crenulated at the
antero-dorsal region, and slightly recessed behind the postero-dorsal angle. The ventral rim is curved
and bears many denticles. The posterior rim is nearly vertical and crenulated. The sulcus is ostial and
slightly bending up dorsally. The OCL:CCL ratio is 1.74. The collicular crest is below the caudal
colliculum. The cristae are well-developed. The dorsal and ventral areas are flat.

Remarks. The otolith is most similar to those of D. watasei in the nearly oval shape, the OL:OH ratio
(ranging 1.3—1.4 in the recent otoliths), an expanding antero-dorsal region of dorsal rim, a distinct
postero-dorsal angle, a recessed postero-dorsal region of dorsal rim, and the many denticles along the

ventral rim (Schwarzhans, 2013: p. 64, pl. 9, figs. 9, 10, table 1).

Genus Diogenichthys Bolin, 1939
Diogenichthys atlanticus (Taning, 1928)

(Standard Japanese name: Itahadaka) (Fig. 2-5h, 5h’)

Material. n=1. KPM-NNV 1507: left sagitta, 1.03 mm OL, 1.02 mm OH, OL:OH = 1.01, SHO6 (Fig.
2-5h, v’).

Description. The otolith is discoidal shaped. The inner face is flat, and the outer face is convex. The
antirostrum is short and blunt. The rostrum is protruding and blunt. The excisura is shallow; the AL:RL
ratio is 0.15. The rims are curved and smooth. The sulcus is ostial and slightly bending up dorsally. The
OCL:CCL ratio is 1.48. The collicular crest is below the caudal colliculum. The cristae are
poorly-developed. The dorsal and ventral areas are slightly depressed.

Remarks. The otolith is most similar to those of D. atlanticus in the discoidal otolith shape, a convex
outer face, the blunt antirostrum and rostrum, and the smooth rims (Schwarzhans and Aguilera, 2013: pl.
1, figs. 19, 20). The small sized otoliths of Stenobrachius leucopsarus (Eigenmann and Eigenmann,
1890) are also similar to our fossil material, but the outer face of the otoliths of S. leucopsarus is less

convex (Lowry, 2011: p. 41).
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Genus Electrona Goode and Bean, 1896
Electrona risso (Cocco, 1829)

(Standard Japanese name: Darumahadaka) (Fig. 2-51)

Material. n=1. KPM-NNV 1506: right sagitta, 1.37 mm OL, 1.41 mm OH, OL:OH = 0.97, bulk
sample (Fig. 2-51).

Description. The otolith is tall, nearly discoidal shape. The inner face is slightly convex, and the
outer face is slightly concave. The antirostrum and rostrum is short and blunt, the tip of rostrum is
slightly forward of the tip of antirostrum. The AL:RL ratio is 0.58. The antero-dorsal region of dorsal
rim is slightly expanded, and the postero-dorsal region of dorsal rim is slightly recessed behind the
postero-dorsal angle. The ventral rim is strongly curved and smooth. The posterior rim is nearly vertical
and smooth. The sulcus is ostial and slightly bending up dorsally. The OCL:CCL ratio is 0.77. The
collicular crest is below the caudal colliculum. The cristae are well-developed. The dorsal area is
slightly depressed whereas the ventral area is not.

Remarks. The otolith is most similar to those of E. risso in the tall, discoidal otolith shape, the
shapes of dorsal and ventral rims, and the OCL:CCL ratio (Campana, 2004: p. 106; Furlani et al., 2007:
p. 45; Lin and Chang, 2012: p. 53, pls. 10, 78). The otolith of genus Hygophum is also similar to our
fossil material, but the ostial colliculum is longer than the caudal colliculum, and the OCL:CCL ratio is

over 1.0 (Schwarzhans and Aguilera, 2013: p. 98-100, pl. 2, figs. 4-9, 11, 14).

Genus Hygophum Bolin, 1939
Hygophum sp.

(Standard Japanese name: None) (Fig. 2-5j)

Material. n=1. KPM-NNV 1508: right sagitta, 1.90 mm OL, 1.73 mm OH, OL:OH = 1.10, bulk
sample (Fig. 2-5j).

Description. The otolith is discoidal shaped. The inner face is flat, and the outer face is slightly
convex. The antirostrum and rostrum is short and pointed, the tip of rostrum is slightly forward of the
tip of antirostrum. The AL:RL ratio is 0.68. The antero-dorsal region of dorsal rim is slightly expanded,

and the postero-dorsal region of dorsal rim is slightly recessed behind the postero-dorsal angle. The
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ventral rim is curved and smooth. The posterior rim is curved and smooth. The sulcus is ostial and
slightly bending up dorsally. The OCL:CCL ratio is 2.27. The collicular crest is below the caudal
colliculum. The cristae are well-developed. The dorsal area is slightly depressed whereas the ventral
area is not.

Remarks. The otolith is most similar to those of species of the genus Hygophum in the discoidal
otolith shape, the shapes of the rims and the OCL:CCL ratio which is over 2.0 (Ohizumi et al., 2001: p.
631, pls. 36-39; Schwarzhans and Aguilera, 2013: p. 98-100, pl. 2, figs. 4-9, 11, 14). However, the
otoliths of recent Japanese species (H. proximum Becker, 1965 and H. reinhardti (Liitken, 1892)) are

very similar and poorly distinguishable (Ohizumi et al., 2001).

Genus Lampadena Goode and Bean, 1893
Lampadena sp.

(Standard Japanese name: None) (Fig. 2-5k)

Material. n=1. KPM-NNV 1513: left sagitta, 4.16 mm OL, 2.70 mm OH, OL:OH = 1.54, SHO09 (Fig.
2-5k).

Description. The otolith is approximately spindle-like in shape. The inner face is flat, and the outer
face is slightly convex. The antirostrum is short, but pointed. The rostrum is protruding, and its tip is
pointed. The excisura is shallow; the AL:RL ratio is 0.18. The antero-dorsal region of dorsal rim is
expanded, and the postero-dorsal region of dorsal rim is slightly recessed behind the postero-dorsal
angle. The ventral and posterior rims are curved and crenulated. The sulcus is ostial and straight. The
OCL:CCL ratio is 2.28. The collicular crest is below the caudal colliculum. The cristae are abraded. The
dorsal and ventral areas are flat, but they are abraded.

Remarks. The otolith is similar to those of the species of the genus Lampadena in the shallow
excisura, the shape of the dorsal rim, the flat inner face and slightly convex outer face, and the shape of
the sulcus with a collicular crest (Ohizumi et al., 2001: p. 631-632, pls. 41, 42; Girone and Nolf, 2002:
pl. 1; Schwarzhans and Aguilera, 2013: p. 109, pl. 5). However, we refrained from our identification to

the species level, because the features on the inner face were abraded.
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Genus Lampanyctus Bonaparte, 1840
Lampanyctus tuneri (Fowler, 1934)

(Standard Japanese name: Katahadaka) (Fig. 2-51)

Material. n=1. KPM-NNV 886: left sagitta, 0.86 mm OL, 0.81 mm OH, OL:OH = 1.06 bulk sample
(Fig. 2-51). Recent material: L. tuneri, n=1. CBM-ZF 5379, 51.5 mm SL, 1.12 mm OL, 1.04 mm OH,
OL:OH = 1.08 (right sagitta), Sagami Bay (Fig. 2-5m).

Description. The shape of the otolith is discoid. The inner face is flat and the outer face is convex.
The antirostrum and rostrum are blunt, and both are similar in size with their tips extending equally. The
excisura is deep and wide. The dorsal rim is approximately straight and smooth, and the ventral and
posterior rims are convex and smooth. The sulcus is ostial and slightly bending upward. The OCL:CCL
ratio is 1.94. The dorsal and ventral areas are flat.

Remarks. The otolith is most similar to those of L. funeri in the discoidal otolith shape, the
antirostrum and rostrum which are blunt and similar in size with their tips extending equally, and the
approximately straight dorsal rim (the recent material is slightly eroded under the immersion storage)

(Fig. 2-5m).

Genus Myctophum Rafinesque, 1810
Myctophum asperum Richardson, 1845

(Standard Japanese name: Arahadaka) (Fig. 2-5n)

Material. n=1. KPM-NNV 908: left sagitta, 1.99 mm OL, 1.30 mm OH, OL:OH = 1.53, bulk sample
(Fig. 2-5n).

Description. The otolith is approximately pentagonal in shape. The inner face is slightly convex, and
the outer face is slightly concave. The antirostrum and rostrum are short and pointed, the tip of the
rostrum is forward of the tip of the antirostrum. The AL:RL ratio is 0.33. The dorsal rim is nearly
straight and crenulated, and the postero-dorsal region of dorsal rim is straight, and not recessed behind
the postero-dorsal angle. The ventral rim is curved and poorly crenulated. The posterior rim is pointed.

The sulcus is ostial and bending up dorsally. The OCL:CCL ratio is 2.44. The collicular crest is below
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the caudal colliculum. The crista superior is well-developed, and the crista inferior is poorly-developed.
The dorsal and ventral areas are flat.

Remarks. The otolith is most similar to those of M. asperum in the approximately pentagonal otolith
shape and an ostial colliculum which is much longer than the caudal colliculum (Ohizumi et al., 2001: p.

633, pls. 54-56; Schwarzhans and Aguilera, 2013: pl. 3, figs. 10, 11).

Genus Notoscopelus Giinther, 1864
Notoscopelus resplendens (Richardson, 1845)

(Standard Japanese name: Isaribihadaka) (Fig. 2-50)

Material. n=1. KPM-NNV 1509: right sagitta, 1.51 mm OL, 0.96 mm OH, OL:OH = 1.58, bulk
sample (Fig. 2-50).

Description. The otolith is oval in shape. The inner face is slightly convex, and the outer face is
slightly concave. The antirostrum is extremely short and blunt, but indistinct. The rostrum is protruding
and pointed. The excisura is indistinct; the AL:RL ratio is 0.03. The dorsal rim is nearly straight. The
ventral rim is curved and poorly crenulated. The posterior rim is slightly curved and roughly crenulated.
The sulcus is ostial and slightly bending up dorsally. The OCL:CCL ratio is 2.20. The collicular crest is
indistinct. The cristae are well-developed. The dorsal and ventral areas are not depressed.

Remarks. The otolith is most similar to those of N. resplendens in the oval otolith shape, the OL:OH
ratio (about 1.5-1.56 in the recent specimens) an indistinct antirostrum and excisura, and an ostial

colliculum which is much longer than the caudal colliculum (Giaretta et al., 2017: p. 270, pl. 19).

Genus Stenobrachius Eigenmann and Eigenmann, 1890
Stenobrachius leucopsarus (Eigenmann and Eigenmann, 1890)
(Standard Japanese name: Kohirehadaka) (Fig. 2-5p)
Material. n=1. KPM-NNV 890: left sagitta, 1.52 mm OL, 1.67 mm OH, OL:OH = 0.91, bulk sample
(Fig. 2-5p).
Description. The otolith is high-bodied in shape. The inner face is flat, and the outer face is convex.

The antirostrum is extremely short and blunt. The rostrum is protruding and its tip is blunt. The excisura
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is shallow; the AL:RL ratio is 0.25. The dorsal and posterior rims are slightly curved and smooth. The
ventral rim is strongly curved and smooth. The sulcus is ostial and slightly bending up dorsally. The
OCL:CCL ratio is 1.53. The collicular crest is below the caudal colliculum. The cristae are
poorly-developed. The dorsal area is slightly depressed, and the ventral area is flat.

Remarks. The otolith is most similar to those of S. leucopsarus in the high-bodied otolith shape, the
OL:OH ratio which is nearly 1.0, the blunt and short antirostrum and rostrum, a shallow excisura and

smooth rims (Ohizumi et al., 2001: p. 635-636, pls. 73, 74).

Genus Taaningichthys Bolin, 1959
Taaningichthys minimus (Téning, 1928)

(Standard Japanese name: Kurohadaka) (Fig. 2-5q)

Material. n=1. KPM-NNV 1511: right sagitta, 1.27 mm OL, 0.90 mm OH, OL:OH = 1.41, SH10
(Fig. 2-5q)

Description. The otolith is oval in shape. The inner face is flat, and the outer face is slightly convex.
The antirostrum is short and blunt. The rostrum is protruding and its tip is blunt. The excisura is
shallow; the AL:RL ratio is 0.04. The dorsal rim is nearly straight and smooth, and the postero-dorsal
angle is distinct but blunt. The ventral and posterior rims are curved and smooth. The sulcus is ostial
and inclined. The OCL:CCL ratio is 1.56. The collicular crest is indistinct. The cristae are
well-developed. The dorsal and ventral areas are flat.

Remarks. The otolith is most similar to those of 7. minimus in the oval otolith shape, a short and
blunt antirostrum, a nearly straight dorsal rim, the curved ventral and posterior rims, and an inclined

sulcus (Campana, 2004: p. 124).

Myctophidae indet.
(Standard Japanese name: None) (Fig. 2-51)
Materials. n=1. KPM-NNV 1514: right sagitta, 1.25 mm OL, 0.85 mm OH, OL:OH = 1.48, SH09

(Fig. 2-51).
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Description. The otolith is sesame seed-like in shape. The inner face is flat, and the outer face is
slightly convex. The antirostrum is extremely short and blunt. The rostrum is protruding, and its tip is
pointed. The excisura is extremely shallow; the AL:RL ratio is 0.01. The dorsal and ventral rims are
curved and poorly crenulated. The posterior rim is curved and smooth. The sulcus is ostial and straight.
The OCL:CCL ratio is 1.86. The collicular crest is indistinct. The cristae are well-developed. The dorsal
and ventral areas are flat.

Remarks. The otolith was most similar to those of Myctophidae in the sulcus shape (Nolf, 2013: fig.
3). However, we refrained from our identification to the genus level, because the specimen was too

small.

Order Gadiformes Goodrich, 1909
Family Macrouridae Bonaparte, 1831
Genus Abyssicola Goode and Bean, 1896
Abyssicola macrochir (Giinther, 1877)

(Standard Japanese name: Tenagadara) (Fig. 2-6a, 6a’)

Material. n=1. KPM-NNV 1515: right sagitta, 3.28 mm OL, 2.22 mm OH, OL:OH = 1.48, SH06
(Fig. 2-6a, a’). Recent material: A. macrochir, n=1. KPM-NI 53284: 119.2 mm TL, 4.86 mm OL, 3.27
mm OH, OL:OH = 1.49 (right sagitta), Suruga Bay (Fig. 2-6b).

Description. The otolith is approximately rhomboidal in shape. The inner face is slightly convex; the
outer face is convex and lobulated. The antirostrum and the excisura are indistinct. The rostrum is
pointed. The dorsal rim is crenulated; it is markedly protruding upward, making the highest point
approximately above the collum. The ventral rim is also crenulated and slightly curved. The posterior
rim is blunt. The sulcus is ostio-pseudocaudal, very slightly bending upward. The collicula are
homomorph; the OCL:CCL ratio is 0.87. The collum is oval. The cristae are well-developed; the crista
inferior is curving ventrally below the collum. The dorsal area is slightly depressed. The ventral area is
approximately flat.

Remarks. The otolith is most similar to those of 4. macrochir in the following characters: an

approximately rhomboidal otolith shape, a protruding dorsal rim, homomorph collicula, similar
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OCL:CCL ratio (0.85 in a recent material) and a crista inferior which is curving below the collum (Fig.
2-6b). The otoliths of Coelorinchus kishinouyei Jordan and Snyder, 1900 are also similar to our fossil,

however, the crista inferior is recessed below the collum (Lin and Chang, 2012: p. 57, pls. 12, 80).

Genus Ventrifossa Gilbert and Hubbs, 1920
Ventrifossa sp.

(Standard Japanese name: None) (Fig. 2-6¢)

Material. n=1. KPM-NNV 928: left sagitta, 1.73 mm OL, 1.15 mm OH, OL;OH = 1.51, bulk sample
(Fig. 2-6c¢).

Description. The otolith is rhomboidal shape. The inner face is flat. The outer face is convex and
roughly lobulated. The antirostrum and excisura are indistinct. The rostrum is blunt. The dorsal rim is
protruding at the antero-dorsal region. The ventral rim is slightly curved. The posterior rim is pointed,
and its tip is above the sulcus. The sulcus is pseudo-ostiocaudal and straight. The ostial and caudal
colliculum is oblong shape, but the posterior region of the caudal colliculum is broken. The cristae are
abraded. The dorsal and ventral areas are flat.

Remarks. The otolith is comparable to those of genus Ventrifossa in the thomboidal otolith shape, the
shapes of the rims and a straight sulcus (Lin and Chang, 2012: p. 58, pls. 12, 80). However, we refrained

from our identification to the species because the specimen is small, and more or less abraded.

Macrouridae indet.
(Standard Japanese name: None) (Fig. 2-6d)
Material. n=1. KPM-NNV 1516: left sagitta, 1.69 mm OL, 1.08 mm OH, OL:OH = 1.57, bulk
sample (Fig. 2-6d).
Description. The otolith is approximately spindle-like in shape. The inner face is flat, and the outer
face is slightly concave. The antirostrum and excisura are indistinct. The rostrum is pointed. The dorsal
rim is curved and crenulated. The ventral rim is slightly curved and nearly smooth. The posterior rim is

pointed, and its tip is below the sulcus. The sulcus is pseudo-ostiocaudal and bending up dorsally. The
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collicula are teardrop-like shaped; the OCL:CCL ratio is 1.21. The cristae are poorly developed. The
dorsal area is slightly depressed, and the ventral area is flat.

Remarks. The otolith is similar to those of Coryphaenoides in the nearly spindle-like otolith shape
and the shape of sulcus and collicula (Lin and Chang, 2012: p. 57, pls. 12, 80), however, we refrained

from an identification to genus because it is too small.

Family Moridae Moreau, 1881
Genus Guttigadus Taki, 1953
Guttigadus nana (Taki, 1953)

(Standard Japanese name: Himedara) (Fig. 2-6e, 6¢”)

Material. n=1. KPM-NNV 566: right sagitta, 1.96 mm OL, 1.13 mm OH, OL:OH = 1.72, bulk
sample (Fig. 2-6e, ). Recent material: G. nana, n=3. KAUM-I. 75041, 75043, 75230: 30.7-57.6 mm
SL, 1.50-2.18 mm OL, 1.02-1.34 mm OH, OL:OH = 1.37-1.63 (right sagittae), East China Sea (Fig.
2-6f, 6f”).

Description. The otolith is approximately L-shaped. The inner face is slightly convex. The outer face
is concave at the vertical midline of the otolith, and the posterior from the midline is strongly convex,
and the papillary umbo is dorsally protruding at the anterior from the midline. The anterior rim is
pointed. The dorsal and ventral rims are slightly curved, and their posterior tips are coordinate. The
posterior rim is slightly curved. The sulcus is caudal, horizontal and straight. The ostial colliculum is
oval shaped. The caudal colliculum is keel-like shaped, and extending to the posterior tip of the otolith.
The OCL:CCL and CCL:OL ratios are 0.38 and 0.66, respectively. The cristae are well-developed.

Remarks. The otolith is most similar to those of G. nana in the approximately L-shaped otolith, the
papillary umbo on the outer face, and the keel-like shaped caudal colliculum which is extending to the
posterior tip of the otolith, although the recent materials are more or less eroded under the immersion
storage (Fig. 6f, 6f”).

The morphological features of our fossil material are entirely similar to those of this species in the
literature, but the specimen shown in the literature is larger, and its papillary umbo is lower

(Schwarzhans, 2019c: pl. 2, fig. 7). Note that Schwarzhans (2019c¢) has placed this species in the genus
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Pseudophycis in his taxonomic revision on the morids. We tentatively followed the older taxonomy in
Meléndez and Markle (1997), though, since the taxonomic revision of Schwarzhans (2019¢) was based

only on otolith morphology.

Genus Physiculus Kaup, 1858
Physiculus sp.

(Standard Japanese name: None) (Fig. 2-6g, 6g’)

Material. n=1. KPM-NNV 897: right sagitta, 4.04 mm OL, 1.26 mm OH, OL:OH = 3.21, bulk
sample (Fig. 2-6g, g’).

Description. The otolith is slender, spindle-like in shape. The inner face is flat. The outer face has an
umbo at the anterior region, and has a keel which is developing downward at the postero-ventral region.
The anterior rim is pointed. The dorsal rim is slightly curved, and its length is two-thirds of the otolith
length. The ventral rim is nearly straight, and its length is nine-tenths of the otolith length. The posterior
rim is strongly recessed. The sulcus is caudal. The ostial colliculum is oblong in shape. The caudal
colliculum is forming a keel which is extending to the posterior end of the otolith. The CCL:OCL ratio
is 2.55. The cristae are well-developed. The dorsal area is flat, and the ventral area is slightly depressed.

Remarks. The otolith is most similar to those of Physiculus in the spindle-like otolith shape, the
OL:OH ratio (2.8-4.0 in the recent species), the flat inner face, the outer face with an umbo, the
CCL:OCL ratio (1.7-2.5 in the recent species), an oblong ostial colliculum and a keel-like caudal
colliculum (Schwarzhans, 2019c¢: p. 362-364, pl. 4, figs. 6-20). The fossil material is most similar to the
otolith of P. japonicus Hilgendorf, 1879 in the shapes of the sulcus, collicula and a keel on the
postero-ventral region of the outer face (Lin and Chang, 2012: p. 59, pls. 12, 80; Schwarzhans, 2019c:
pl. 4, fig. 12), however, we refrained from our identification to the species because the morphological

information of the otoliths of the other Japanese species is insufficient.

Family Gadidae Rafinesque, 1810
Genus Theragra Lucas in Jordan and Evermann, 1898

Theragra chalcogramma (Pallas, 1814)
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(Standard Japanese name: Suketoudara) (Fig. 2-6h, 6h”)

Material. n=1. KPM-NNV 899: left sagitta, 4.16 mm OL, 1.84 mm OH, OL:OH = 2.26, bulk sample
(Fig. 2-6h, 6h’).

Description. The shape of the otolith is slender, spindle-type. The inner face is slightly convex, and
the outer face is slightly concave, lobulated. The ventral lobulations on the outer face is not extending to
the midline of the otolith. The anterior rim is blunt. The dorsal and ventral rims are slightly convex and
crenulated. A postero-dorsal angle is near the posterior tip of the otolith. The posterior rim is pointed.
The sulcus is ostio-pseudocaudal, horizontal and straight. The collicula are approximately homomorph,
and the OsL:CL ratio is 0.86. The collum is approximately situated at the midpoint of the otolith. The
cristae are well-developed. The dorsal area is approximately flat. The ventral area is not depressed.

Remarks. The otolith is most similar to those of 7. chalcogramma in the following characters: a
slender otolith shape (OH is approximately 44 % in OL), a concave outer face, a ventral lobulations
which is not extending to the midline of the outer face (Frost, 1981: p. 56, fig. 2; Matta and Kimura,
2012: figs. 17-19). The specimen is also similar to the otoliths of Eleginus gracilis (Tilesius, 1810) in
the slender otolith shape, however, the postero-dorsal angle is situated anteriorly in E. gracilis (Frost,

1981: fig. 4; Harvey et al., 2000: p. 15).

Order Trachichthyiformes Moore, 1993
Family Trachichthyidae Bleeker, 1859
Genus Hoplostethus Cuvier, 1829
Hoplostethus sp.
(Standard Japanese name: None) (Fig. 2-61)
Material. n=1. KPM-NNV 1517: right sagitta, 5.15 mm OL, 3.46 mm OH, OL:OH = 1.49, SHO8
(Fig. 2-6i).
Description. The otolith is rhomboidal in shape. The inner face is flat, and the outer face is slightly
convex. The antirostrum and excisura are indistinct. The rostrum is protruding and blunt. The dorsal rim

is nearly trapezoidal, and roughly crenulated. The ventral rim is curved and smooth. The posterior rim is
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pointed. The sulcus is ostial and markedly bending up dorsally, its shape is tadpole-like. The cristae are
well-developed and the dorsal and ventral areas are flat, but they are abraded.

Remarks. The otolith is most similar to those of genus H. japonicus in the rhomboidal otolith shape
and the shape of sulcus (Ohe, 1985: p. 70; Lin and Chang, 2012: p. 74, pl. 18). However, we refrained
from an identification to the species since the inner face and rims of the fossil material are more or less

abraded.

Order Kurtiformes Jordan, 1963
Family Apogonidae Giinther, 1859
Apogonidae indet.

(Standard Japanese name: None) (Fig. 2-6j)

Material. n=1. KPM-NNV 1519(190313-1-8): left sagitta, 3.41 mm OL, 2.39 mm OH, OL:OH =
1.43, SHO1 (Fig. 2-6j).

Description. The otolith is oval shape. The inner face is slightly convex, and the outer face is slightly
concave. The antirostrum and the excisura are indistinct. The rostrum is protruding, and its tip is blunt.
The dorsal rim is slightly curved, and its outline is nearly trapezoidal in shape. The ventral rim is curved
and smooth. The posterior rim is slightly curved and smooth. The sulcus is ostial and slightly bending
up dorsally. The ostial colliculum is wider and slightly deeper than the caudal colliculum. The cristae
are well-developed. The dorsal area is slightly depressed whereas the ventral area is not.

Remarks. The otolith is comparable to those of the apogonids in the shape of the otolith and sulcus
(Ohe, 1985: p. 79-80; Lin and Chang, 2012: p. 111-114, pls. 38, 39, 98, 99). However, we refrained

from a specific identification since the marginal structures are abraded.

Order Gobiiformes Giinther, 1880
Family Oxudercidae Giinther, 1861
Genus Amblychaeturichthys Bleeker, 1874
Amblychaeturichthys sciistius (Bleeker, 1853)

(Standard Japanese name: Komochijako) (Fig. 2-6k, 6k’, 61)
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Material. n=2. KPM-NNV 892: left sagitta, 2.30 mm OL, 2.03 mm OH, OL:OH = 1.13, bulk sample;
KPM-NNV 1527: right sagitta, 1.26 mm OL, 1.34 mm OH, OL:OH = 0.94, bulk sample (Fig. 2-6k, 6k’,
61). Recent material: 4. sciistius, n=1. KPM-NI 53287: 21.8 mm SL, 1.28 mm OL, 1.25 mm OH,
OL:OH = 1.02 (right sagitta), Tokyo Bay (Fig. 2-6m).

Description. The shape of the otolith is sliced bread-like in the larger specimen (Fig. 2-6k, 6k’), but it
is discoidal in the smaller one (Fig. 2-61). The inner face is flat and the outer face is convex. The
anterior rim is slightly curved and crenulated in the larger specimen (Fig. 2-6k, 6k’), but protruding and
roughly crenulated in the smaller one (Fig. 2-61). The dorsal rim is slightly curved and crenulated in the
larger specimen (Fig. 2-6k, 6k’), but the curve is strong and roughly crenulated in the smaller one (Fig.
2-61). The ventral rim is straight and smooth in the larger specimen (Fig. 2-6k, 6k’), while it is curved
and slightly crenulated in the smaller one (Fig. 2-61). The posterior rim is protruding posteriorly in the
postero-dorsal region and angled in the postero-ventral region in the larger specimen (Fig. 2-6k, k), but
it is slightly curved posteriorly and having a weak notch at the center in the smaller one (Fig. 2-61). The
sulcus is mesial, sole-like shaped. The colliculum fills the sulcus; the CL:OL ratios are 0.42 in the larger
specimen (Fig. 2-6k) and 0.47 in the smaller one (Fig. 2-61). The cristae are ridge-like and a subcaudal
iugum is present below the caudal region of the sulcus. The dorsal and ventral areas are flat.

Remarks. The larger otolith is most similar to those of 4. sciistius in the sliced bread-like otolith
shape, strongly protruding postero-dorsal region of the posterior rim, and mesial, sole-like shaped sulcus
(Ohe, 1985: p. 133). The smaller otolith is also similar to those of the juveniles of A. sciistius in the
following characters: discoidal outline, roughly crenulated margins, protruding anterior rim, slightly
curved posterior rim, sole-like shaped sulcus and the OL:OH and CL:OL ratios (1.02 and 0.47,

respectively, in a recent specimen) (Fig. 2-6m).

Amblychaeturichthys hexanema (Bleeker, 1853)
(Standard Japanese name: Akahaze) (Fig. 2-7a, 7a’)
Material. n=1. KPM-NNV 1528: right sagitta, 1.89 mm OL, 1.38 mm OH, OL:OH = 1.37, SH04

(Fig. 2-7a, 7).
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Description. The otolith is slender and sliced bread-like in shape. The inner and outer faces are
slightly convex. The anterior and dorsal rims are smooth and slightly curved. The antero-dorsal and
-ventral regions of the rims are angular. The postero-dorsal region of the rim is markedly protruding,
and its tip is blunt and smooth. The postero-ventral region of the rim is slightly curved. The posterior
rim has a notch at the midpoint. The sulcus is mesial, and sole-like in shape. The colliculum fills the
sulcus; the CL:OL ratio is 0.46. The cristae are poorly-developed and a subcaudal iugum is present
below the caudal region of the sulcus. The dorsal and ventral areas are not depressed.

Remarks. The otolith is most similar to those of A. hexanema in the slender, sliced bread-like otolith

shape and sole-like shaped sulcus (Ohe, 1985: p. 132).

Genus Gymnogobius Gill, 1863
Gymnogobius aff. heptacanthus (Hilgendorf, 1879)

(Standard Japanese name: None) (Fig. 2-7b, 7b’)

Material. n=1. KPM-NNV 1534: right sagitta, 0.96 mm OL, 0.89 mm OH, OL:OH = 0.93, SH02
(Fig. 2-7b, 7b’). Recent material: G. heptacanthus, n=3. KPM-NI 53567: 29.9 mm SL, 0.79 mm OL,
0.92 mm OH, OL:OH = 0.86 (left sagitta), Tokyo Bay; KPM-NI 53568, 53569: 30.3—34.8 mm SL,
0.87-1.01 mm OL, 0.99-1.10 mm OH, OL:OH = 0.88-0.92 (right sagittae), Tokyo Bay (Fig. 2-7c).
Redigobius bikolanus (Maeda, Saeki and Satoh, 1927), n=3. KPM-NI 53283, 53564, 53565, 19.8-23.6
mm SL, 0.80 mm OL, 0.77-0.97 mm OH, OL:OH = 0.82—-0.85 (right sagittac), Kanagawa Prefecture
(Fig. 2-7d).

Description. The otolith shape is approximately tall pyriform. The inner face is flat; the outer face is
convex and smooth. The anterior rim is approximately straight, slightly crenulated. The dorsal rim is
curved and smooth. The ventral rim is slightly curved and smooth. The posterior rim is approximately
smooth, but it has an extremely shallow notch at the midpoint. The sulcus is mesial, sole-like shaped.
The colliculum fills the sulcus; the CL:OL ratio is 0.42. The cristae are ridge-like and a subcaudal
fugum is present below the caudal region of the sulcus. The dorsal are is slightly depressed. The ventral

area is flat.
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Remarks. The otolith is comparable to those of G. heptacanthus in the tall otolith shape, an
approximately straight posterior rim which has an extremely shallow notch and a mesial, sole-like
shaped sulcus (Fig. 2-7¢), however, the CL:OL ratio is smaller (CL:OL ratio is 0.58 in the recent
specimens) (Fig. 2-7¢). In addition, the otoliths of R. bikolanus are also similar to our fossil material in
the tall otolith shape and approximately smooth margins, however, it is different in the slightly concave

inner face and the slender ostium (Fig. 2-7d).

Genus Pterogobius Gill, 1863
Pterogobius zacalles Jordan and Snyder, 1901

(Standard Japanese name: Ryuguhaze) (Fig. 2-7e, 7¢”)

Material. n=1. KPM-NNV 1529: left sagitta, 2.15 mm OL, 1.82 mm OH, OL:OH = 1.18, SHOS8 (Fig.
2-Te, €’). Recent material: P. zacalles, n=1. KPM-NI 53285: 119.2 mm SL, 2.96 mm OL, 2.41 mm OH,
OL:OH = 1.23 (right sagitta), Tokyo Bay (Fig. 2-7f, 7f”).

Description. The otolith shape is parallelogram. The inner face is convex and the outer face is
concave. The anterior rim is approximately straight. The antero-ventral region of the rim is angled,
slightly protruding anteriorly. The dorsal rim is approximately horizontal, poorly crenulated. The ventral
rim is horizontal, straight. The postero-dorsal and -ventral regions of the rims are angled and protruding
posteriorly; both are similar in size with their tips extending parallel. The posterior rim has a notch at
the midpoint. The sulcus is mesial and golf club-like in shape; the ostial region of the sulcus is widening
ventrally. The colliculum fills the sulcus; the CL:OL ratio is 0.54. The cristae are ridge-like but the
subcaudal iugum is absent. The dorsal area is slightly depressed. The ventral area is flat.

Remarks. The otolith is most similar to those of P. zacalles in the following characters: a
parallelogram otolith shape, the OL:OH ratio (1.23 in a recent material), the protruding postero-dorsal
and -ventral regions of the rim, a notch at the midpoint of the posterior rim, ventrally widening ostial

region of the sulcus (Fig. 2-7f, 7f").

Gobiiformes indet. 1

(Standard Japanese name: None) (Fig. 2-7g, 7g’)
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Material. n=1. KPM-NNV 887: right sagitta, 1.92 mm OL, 1.78 mm OH, OL:OH = 1.08, bulk
sample (Fig. 2-7g, 7g’).

Description. The otolith is approximately discoidal in shape. The inner face is flat, and the outer face
is convex and lobulated. The antero-dorsal region of the rim is protruding. The antero-ventral region of
the rim is angular. The anterior rim is slightly curved below a notch which is located at the midpoint.
The dorsal rim is slightly curved, and roughly crenulated. The ventral rim is nearly straight and smooth.
The postero-dorsal angle is indistinct. The postero-ventral region of the rim is angular. The posterior rim
is nearly vertical and crenulated. The sulcus is mesial, and sole-like in shape. The colliculum fills the
sulcus; the CL:OL ratio is 0.44. The cristae are well-developed and a subcaudal iugum is present below
the caudal region of the sulcus. The dorsal and ventral areas are flat.

Remarks. The otolith is similar to those of Amblychaeturichthys sciistius in the crenulated rims, and
a sole-like shaped sulcus (Fig. 2-6k, 6k’), however, it is different in the discoidal otolith shape. The
otoliths of juvenile A. sciistius shows discoidal shape, but its size is much smaller than that of this fossil

material, and the ventral rim of this material is nearly straight (Figs. 2-6m, 7g, 7g’).

Gobiiformes indet. 2

(Standard Japanese name: None) (Fig. 2-7h, 7h’)

Material. n=1. KPM-NNV 1531: left sagitta, 1.73 mm OL, 1.71 mm OH, OL:OH = 1.01, bulk
sample (Fig. 2-7h, 7h’).

Description. The otolith is discoidal shape. The inner face is flat, and the outer face is convex and
lobulated. The anterior rim is slightly curved and crenulated. The dorsal and ventral rims are slightly
curved and roughly crenulated. The postero-ventral region of the rim is protruding, and the
postero-dorsal region angle is blunt. The posterior rim has a notch at the midpoint. The sulcus is mesial
and sole-like in shape. The colliculum fills the sulcus; the CL:OL ratio is 0.45. The cristae are
well-developed and a subcaudal iugum is present below the caudal region of the sulcus. The dorsal and
ventral areas are flat.

Remarks. The otolith is very similar to those of Gobiiformes indet. 1 in the discoidal otolith shape,

the crenulated rims, a sole-like shaped sulcus and the OL:OH and CL:OL ratios (Fig. 2-7g, g’), however,
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its postero-ventral region is more prominent than that of Gobiiformes indet. 1. The morphological
differences between the otoliths of Gobiiformes indet. 1 and 2 may represent intraspecific variation, but
we tentatively described them separately. The shape of this fossil otolith is also similar to those of

juveniles of 4. sciistius (Fig. 2-6m), but it is much larger in size as well as Gobiiformes indet. 1.

Gobiiformes indet. 3

(Standard Japanese name: None) (Fig. 2-71, 71°)

Material. n=1. KPM-NNV 1532: 1.91 mm OL, 2.00 mm OH, OL:OH = 0.95, bulk sample (Fig. 2-7i,
7i°).

Description. The otolith is tall, sliced bread-like in shape. The inner face is flat, and the outer face is
convex and lobulated. The anterior rim is nearly vertical and roughly crenulated. The antero-ventral
region of the rim is angular. The dorsal rim is curved and roughly crenulated. The ventral rim is nearly
straight and smooth. The postero-dorsal angle and the postero-ventral region of the rim are slightly
protruding, and the posterior rim has a notch at the midpoint. The sulcus is mesial and sole-like in shape.
The colliculum fills the sulcus; the CL:OL ratio is 0.44. The cristae are well-developed and a subcaudal
iugum is present below the caudal region of the sulcus. The dorsal and ventral areas are flat.

Remarks. The otolith is similar to those of Gobiiformes indet. 1 in the crenulated rims, a sole-like
shaped sulcus and the CL:OL ratio (Fig. 2-7g, 7g”), however, the otolith is taller and the OL:OH ratio is

lower.

Gobiiformes indet. 4
(Standard Japanese name: None) (Fig. 2-7j, 7j°)
Material. n=1. KPM-NNV 1533: right sagitta, 2.27 mm OL, 2.33 mm OH, OL:OH = 0.97, SHO7
(Fig. 2-75, 77).
Description. The otolith is sliced bread-like in shape. The inner face is flat, and the outer face is
convex and smooth. The antero-dorsal region of the rim is protruding. The anterior rim has a notch at
the midpoint. The antero- and postero-ventral regions of the rims are angled. The ventral rim is nearly

straight and smooth. The postero-dorsal angle is blunt, and the posterior rim is nearly vertical and
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roughly crenulated. The sulcus is mesial, and sole-like in shape. The colliculum fills the sulcus; the
CL:OL ratio is 0.50. The cristae are ridge-like but the subcaudal iugum is absent. The dorsal area is
slightly depressed, and the ventral area is flat.

Remarks. The otolith is similar to those of A. sciistius in the sliced bread-like otolith shape, a convex
and smooth outer face and the sole-like shaped sulcus , however, the shape of the otolith is taller, and
the OL:OH ratio is lower (1.18 in the recent specimens) (Ohe, 1985: p. 133). More fossil and extant

specimens are required for species identification.

Gobiiformes indet. 5

(Standard Japanese name: None) (Fig. 2-7k, 7k’)

Material. n=1. KPM-NNV 936: left sagitta, 1.55 mm OL, 1.68 mm OH, OL:OH = 0.92, bulk sample
(Fig. 2-7k, 7k’).

Description. The otolith is approximately pentagonal in shape. The inner face is flat, and the outer
face is convex and roughly lobulated in the dorsal region. The antero- dorsal and -ventral regions of the
rims are angled, and the tip of antero-dorsal region of the rim is slightly forward. The dorsal rim is
pointed and smooth. The ventral rim is straight and smooth. The postero-dorsal angle is distinct, and the
postero-ventral region of the rim is curved. The anterior and posterior rims have a shallow notch at the
midpoint. The sulcus is mesial, and sole-like in shape. The colliculum fills the sulcus; the CL:OL ratio is
0.48. The cristae are well-developed and a subcaudal iugum is present below the caudal region of the
sulcus. The dorsal and ventral areas are flat.

Remarks. The otolith is comparable to those of Gobiiformes in the sole-like shaped sulcus (e.g.
Schwarzhans, 2014: fig. 2), however, more fossil and extant specimens are required for species

identification.

Gobiiformes indet. 6
(Standard Japanese name: None) (Fig. 2-8a, 8a”)
Material. n=1. KPM-NNV 1535: right sagitta, 2.96 mm OL, 2.71 mm OH, OL:OH = 1.09 (Fig. 2-8a,

8a’).
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Description. The otolith is sliced bread-like in shape. The inner face is slightly convex. The outer
face is slightly concave, and roughly lobulated. The anterior rim is nearly straight and crenulated. The
antero-dorsal region of the rim is slightly curved, and the antero-ventral region of the rim is distinctly
angled. The dorsal rim is curved and nearly smooth. The ventral rim is straight and smooth. The
postero-dorsal angle and the postero-ventral region of the rim are protruding, and both are similar in
size with their tips extending parallel. The posterior rim has a notch at the midpoint. The sulcus is
mesial and sole-like in shape. The colliculum fills the sulcus; the CL:OL ratio is 0.44. The cristae are
ridge-like but the subcaudal iugum is absent. The dorsal and ventral areas are flat.

Remarks. The otolith is comparable to those of Gobiiformes in the sole-like shaped sulcus (e.g.
Schwarzhans, 2014: fig. 2), however, more fossil and extant specimens are required for species

identification.

Order Carangiformes Jordan, 1923
Family Carangidae Rafinesque, 1815
Genus Trachurus Rafinesque, 1810
Trachurus japonicus (Temminck and Schlegel, 1844)

(Standard Japanese name: Maaji) (Fig. 2-8b)

Material. n=1. KPM-NNV 898: left sagitta, 3.50 mm OL, 2.13 mm OH, OL:OH = 1.64, bulk sample
(Fig. 2-8b).

Description. The otolith is spindle-like in shape. The inner face is slightly convex, and the outer face
is slightly concave. The antirostrum is extremely short and pointed. The rostrum is protruding and
pointed. The excisura is extremely shallow; the AL:RL ratio is 0.02. The dorsal rim is slightly curved
and crenulated, and the postero-dorsal angle is distinct but blunt. The ventral rim is curved and poorly
crenulated. The posterior rim is pointed. The sulcus is ostial, its shape is straight and funnel-like, and
flexed ventrally at the posterior end. The colliculum fills the sulcus. The cristae are well-developed. The
dorsal area is slightly depressed whereas the ventral area is not.

Remarks. The otolith is most similar to those of 7. japonicus in the spindle-like otolith shape, the

OL:OH ratio which is below 2.0, and the shape of sulcus (Ohe, 1985: p. 83; Lin and Chang, 2012: p.
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123, pls. 34, 102). The otoliths of genus Decapterus is also similar to the fossil material, however, they
are more slender and the OL:OH ratio is over 2.0 (Ohe, 1985: p. 82—84; Lin and Chang, 2012: p. 120-

121, pls. 33, 101).

Order Pleuronectiformes Bleeker, 1859
Family Paralichthyidae Chabanaud, 1937
Genus Paralichthys Girard, 1858
Paralichthys sp.

(Standard Japanese name: None) (Fig. 2-8c)

Material. n=1. KPM-NNV 1536: left sagitta, 2.44 mm OL, 1.39 mm OH, OL:OH = 1.75, SHO7 (Fig.
2-8¢).

Description. The otolith is slender, spindle in shape. The inner face is convex, and the outer face is
slightly concave. The antirostrum and the excisura are indistinct. The rostrum is protruding and pointed.
The dorsal rim is curved and roughly crenulated. The ventral rim is curved and smooth. The posterior
rim is pointed. The sulcus is ostial, straight and funnel-like in shape. The ostium is longer than cauda;
the OsL:CaL ratio is 1.83. The colliculum fills the sulcus. The cristae are ridge-like. The circumsulcal
depression is slightly depressed.

Remarks. The otolith is comparable to those of genus Paralichthys in the straight and funnel-like
shaped sulcus, and the long ostium (Schwarzhans, 1999: p. 114-124, figs. 185-208). However, the
otoliths of Japanese extant species P. olivaceus (Temminck and Schlegel, 1846) are oval or nearly
pentagonal in shape (Ohe, 1985: p. 164; Schwarzhans, 1999: p. 122, figs. 205, 206). Furthermore

morphological comparison with the otoliths of the other extant paralichthyid fishes is required.

Genus Tarphops Thompson, 1914
Tarphops sp.
(Standard Japanese name: None) (Fig. 2-8d)
Material. n=1. KPM-NNV 923: left sagitta, 1.48 mm OL, 1.34 mm OH, OL:OH = 1.10, bulk sample

(Fig. 2-8d).
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Description. The otolith is approximately square in shape. The inner face is convex, and the outer
face is concave. The anterior rim is slightly curved, and has a shallow notch above the sulcus. The
dorsal rim is approximately straight, and has a shallow notch at the midpoint. The ventral rim is strongly
curved and smooth. The posterior rim is nearly straight and poorly crenulated. The sulcus is ostial and
straight. The CL:OL ratio is 0.72. The cristae are ridge-like. The circumsulcal depression is flat.

Remarks. The otolith is similar to those of 7. oligolepis (Bleeker, 1859) in the approximately square
otolith shape, the OL:OH ratio (1.0-1.05 in the recent specimens) and the ostial, straight sulcus
(Schwarzhans, 1999: p. 134-135, figs. 240-242), however, we need the morphological comparison with

the otoliths of the other congeneric species 7. elegans Amaoka, 1969.

Bothidae Rafinesque, 1810
Genus Crossorhombus Regan, 1920
Crossorhombus kanekonis (Tanaka, 1918)

(Standard Japanese name: Kanekodarumagarei) (Fig. 2-8¢)

Material. n=1. KPM-NNV 1537: right sagitta, 1.93 mm OL, 1.37 mm OH, OL:OH = 1.41, SH09
(Fig. 2-8e).

Description. The otolith is oval in shape. The inner face is slightly convex, and the outer face is
slightly concave. The anterior and ventral rims are curved and smooth. The dorsal rim is slightly curved,
poorly and roughly crenulated. The posterior rim is pointed. The sulcus is ostial and straight. The
OCL:CCL ratio is 1.75. The cristae are ridge-like. The circumsulcal depression is flat.

Remarks. The otolith is most similar to those of C. kanekonis in the oval otolith shape, the OL:OH
and OCL:CCL ratios (1.35-1.4 and 1.8 in the recent specimens) (Schwarzhans, 1999: p. 204, figs. 474,

475).

Family Pleuronectidae Cuvier, 1816
Genus Limanda Gottsche, 1835
Limanda punctatissima (Steindachner, 1879)

(Standard Japanese name: Sunagarei) (Fig. 2-8f)
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Material. n=1. KPM-NNV 1539(190313-7-19): left sagitta, 2.41 mm OL, 1.90 mm OH, OL:OH =
1.27, SHO7 (Fig. 2-8f). Recent material: L. punctatissima, n=3. KPM-NI 52542, 53570, 53571: 184.2—
226.5 mm SL, 4.37—4.50 mm OL, 3.20-3.72 mm OH, OL:OH = 1.21-1.37 (left sagittae), Hokkaido
(Fig. 2-8g).

Description. The otolith is approximately semicircular. The inner face is nearly flat and the outer face
is slightly concave. The anterior rim is curved, and has a shallow notch; the antero-dorsal region of the
rim is angled and slightly protruding. The dorsal rim is approximately straight. The ventral and posterior
rims are curved. The sulcus is mesial and straight, the neck is indistinct. The collicula are oblong,
depressed; the OCL:CCL ratio is 1.80. The cristae are well developed. The circumsulcal depression is
slightly depressed.

Remarks. The otolith is most similar to those of L. punctatissima in the following characters: an
approximately semicircular otolith shape, the OL:OH ratio (1.21-1.37 in the recent specimens), an
angled antero-dorsal region of the rim, a mesial sulcus, the concave and the oblong collicula (the

OCL:CCL ratio is 1.70—1.90 in the recent specimens) (Fig. 2-8g).

Genus Pseudopleuronectes Bleeker, 1862
Pseudopleuronectes herzensteini (Jordan and Snyder, 1901)

(Standard Japanese name: Magarei) (Fig. 2-8h)

Material. n=1. KPM-NNV 1538: left sagitta, 3.58 mm OL, 2.30 mm OH, OL:OH = 1.56, SHO3 (Fig.
2-8h). Recent material: P. herzensteini, n=1. KPM-NI 52536: 210.6 mm SL, 5.42 mm OL, 3.53 mm OH,
OL:OH = 1.54 (left sagitta), Hokkaido (Fig. 2-8i).

Description. The otolith is approximately “D” shape. The inner face is slightly convex, and the outer
face is slightly concave. The anterior rim is protruding and strongly curved, and the antero-dorsal region
of the rim is curved. The dorsal rim is straight and smooth, and the postero-dorsal angle is pointed. The
ventral rim is curved, its anterior region is smooth but its posterior region is crenulated. The posterior
rim is slightly curved and crenulated. The sulcus is ostial and straight, and the neck is indistinct. The
collicula are oblong and depressed; the OCL:CCL ratio is 1.82. The cristae are well-developed. The

circumsulcal depression is slightly depressed.
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Remarks. The otolith is most similar to those of P. herzensteini in the approximately “D” shaped
otolith, the OL:OH and OCL:CCL ratios (1.54 and 1.83 in the recent specimen), and the straight sulcus
without neck (Fig. 8(I)). The otolith of P. yokohamae (Giinther, 1877) is also similar to our fossil
material, however, its shape is more slender, the OL:OH ratio is 1.65—1.80 (Schwarzhans, 1999: p. 238,

figs. 581, 582).

Order Trachiniformes Rafinesque, 1810
Family Pinguipedidae Giinther, 1860
Pinguipedidae indet.

(Standard Japanese name: None) (Fig. 2-8j)

Material. n=1. KPM-NNV 927: left sagitta, 4.66 mm OL, 1.66 mm OH, OL:OH = 2.80, bulk sample
(Fig. 2-8j).

Description. The otolith is slender and spindle-like in shape. The inner face is slightly convex, and
the outer face is slightly concave. The antirostrum is distinct but it is not protruding, and the excisura is
indistinct. The rostrum is protruding and pointed. The dorsal rim is nearly straight, and gradually
declined from the postero-dorsal angle to the posterior tip of the otolith. The ventral rim is nearly
straight. The posterior tip of the otolith is pointed. The sulcus is ostial and funnel-like in shape, and its
posterior end is flexing ventrally. The colliculum fills the sulcus. The cristae are well-developed. The
dorsal area is slightly depressed whereas the ventral area is not, but they are abraded.

Remarks. The otolith is comparable to those of pinguipedid fishes in the slender, spindle shaped
otolith with a distinct postero-dorsal angle, and the shape of sulcus (e.g. Lin and Chang, 2012: p. 188—
189, pls. 54, 122). However, we refrained from identification to the genus or species level since the

preservation of the specimen is poor.

Family Ammodytidae Bonaparte, 1832
Genus Ammodytes Linnaeus, 1758
Ammodytes sp.

(Standard Japanese name: None) (Fig. 2-8k)
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Material. n=1. KPM-NNV 1525: right sagitta, 2.51 mm OL, 1.15 mm OH, OL:OH =2.25, bulk
sample (Fig. 2-8k). Recent material: 4. japonicus Duncker and Mohr, 1939, n=3. KPM-NI 52540,
53580, 53582: 161.2-164.4 mm SL, 2.85-3.23 mm OL, 1.27-1.45 mm OH, OL:OH = 2.17-2.29 (right
sagittae), Hokkaido (Fig. 2-8l).

Description. The otolith is slender, sesame seed-like shaped. The inner face is convex and the outer
face is slightly concave. The anterior rim is sharply pointed. The antero-dorsal and -ventral regions are
straight, poorly crenulated. The dorsal and ventral margins are slightly curved and smooth. The
posterior rim is smooth and markedly protruding. The sulcus is ostial, narrow, and funnel-like. The
ostial colliculum is slightly deeper than the caudal colliculum. The caudal colliculum fills the cauda.
The cristae are ridge-like. The dorsal area is slightly depressed whereas the ventral area is not.

Remarks. The otolith is comparable to those of A. japonicus in the following characters: a slender,
sesame seed-like otolith shape, the OL:OH ratio (2.17-2.29 in a recent specimen), a narrow and a
funnel-like shaped sulcus (Fig. 2-81). However, the otoliths of the three congeneric species, A. japonicus,
A. hexapterus Pallas, 1814 and A. heian Orr, Wildes and Kai, 2015, distributed in the Western North
Pacific are difficult to distinguish (Muto and Yamada, 2019). Therefore this specimen was classified

only up to the genus level.

Order Perciformes Bleeker, 1863
Family Acropomatidae Gill, 1893
Genus Parascombrops Alcock, 1889
Parascombrops ohei Schwarzhans and Prokofiev, 2017
(Standard Japanese name: None) (Fig. 2-8m)
Material. n=1. KPM-NNV 1518: right sagitta, 3.94 mm OL, 1.97 mm OH, OL:OH = 2.00, SH04
(Fig. 2-8m).
Description. The shape of the otolith is oblong. The inner face is slightly convex, and the outer face
is slightly concave. The antirostrum is short and pointed. The rostrum is protruding and its tip is pointed.
The excisura is shallow; the AL:RL ratio is 0.13. The dorsal rim is slightly curved and poorly crenulated.

The ventral rim is curved and poorly crenulated, its bottom is located at about 1/3 of the otolith length.
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The posterior rim is slightly curved and poorly crenulated. The sulcus is ostial, straight and oar-like in
shape; the neck is distinctly constricted at the ventral side. The OsL:CaL ratio is 1.01. The collicula fill
the sulcus. The cristae are well-developed. The dorsal and ventral areas are flat.

Remarks. The otolith is most similar to those of P. okei in the oblong otolith shape, the OL:OH ratio
(1.9-2.1 (mean value is 2.0) in the recent specimens) and the oar-like shaped sulcus (Schwarzhans and

Prokofiev, 2017: p. 4143, fig. 14S-U, table 7).

Family Cepolidae Rafinesque, 1810
Genus Cepola Linnaeus, 1764
Cepola schlegeli Bleeker, 1854

(Standard Japanese name: Sumitsukiakatachi) (Fig. 2-8n)

Material. n=1. KPM-NNV 1521: left sagitta, 2.68 mm OL, 1.46 mm OH, OL:OH = 1.84, SHO7 (Fig.
2-8n).

Description. The otolith is slender, approximately spindle-like in shape. The inner and outer faces are
convex. The antirostrum and the excisura are indistinct. The rostrum is protruding, and its tip is pointed.
The antero-dorsal region of the rim is angular. The dorsal rim is straight and smooth, and the
postero-dorsal angle is blunt and weak. The ventral rim is straight and smooth, and the antero- and
postero-ventral regions of the rims are curved. The posterior rim is strongly curved and smooth. The
sulcus is ostial and its shape is glasses-like; the neck is strongly constricted. The ostium is longer than
cauda; the OsL:CaL ratio is 2.43. The cristae are ridge-like. The dorsal and ventral areas are not
depressed.

Remarks. The otolith is most similar to those of C. schlegeli in the approximately spindle-like otolith
shape, the OL:OH ratio (1.9 in the recent specimen) and the glasses-like shaped sulcus (Ohe, 1985: p.

86).

Order Scorpaeniformes Bloch, 1789
Family Scorpaenidae Risso, 1826

Genus Sebastiscus Jordan and Starks, 1904
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Sebastiscus marmoratus (Cuvier, 1829)

(Standard Japanese name: Kasago) (Fig. 2-80)

Material. KPM-NNV 882: left sagitta, 3.30 mm OL, 1.73 mm OH, OL:OH = 1.91, bulk sample (Fig.
2-80).

Description. The otolith is slender and spindle in shape. The inner face is slightly convex, and the
outer face is slightly concave. The antirostrum is poorly protruding, and its tip is blunt. The rostrum is
protruding, and its tip is pointed. The excisura is extremely shallow; the AL:RL ratio is 0.05. The dorsal
and ventral rims are curved and poorly crenulated. The posterior rim is strongly curved. The sulcus is
ostial, funnel-like in shape and its posterior end is flexing ventrally, but the neck is indistinct. The
collicula fill the sulcus. The crista superior is ridge-like, and the crista inferior is well-developed. The
dorsal area is slightly depressed whereas the ventral area is not.

Remarks. The otolith is most similar to those of S. marmoratus in the slender, spindle-like in shape,

with an extremely shallow excisura, and a nearly straight, funnel shaped sulcus (Ohe, 1985: p. 154).

Family Triglidae Risso, 1826
Genus Lepidotrigla Giinther, 1860
Lepidotrigla sp.

(Standard Japanese name: None) (Fig. 2-9a)

Material. n=1. KPM-NNV 906: right sagitta, 3.37 mm OL, 2.61 mm OH, OL:OH = 1.29, bulk
sample (Fig. 2-9a).

Description. The otolith is approximately spindle-like in shape. The inner face is convex, and the
outer face is concave. The antirostrum is poorly protruding, and its tip is blunt. The rostrum is short, and
its tip is blunt. The excisura is wide but it is extremely shallow; the AL:RL ratio is 0.23. The dorsal rim
is strongly curved and angular at the midpoint. The ventral rim is slightly curved and with an angle at
the midpoint, and the postero-ventral region of the rim is distinctly angular. The posterior rim is vertical.
The sulcus is ostial, and sigmoidal shaped. The ostium is wider than the cauda. The colliculum is

indistinct. The crista superior is crest-like, but it is poorly-developed above the ostium. The crista
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inferior is ridge-like, but it is poorly-developed below the ostium. The dorsal area is depressed whereas
the ventral area is not.

Remarks. The otolith is similar to those of L. guntheri and L. japonica in the approximately
spindle-like otolith shape with the angles at the dorsal and ventral rims, and a sigmoidal shaped sulcus
(Lin and Chang, 2012: p. 90, pls. 23, 91), however, we need more morphological comparison with the

recent materials.

Family Platycephalidae Gill, 1872
Platycephalidae indet.

(Standard Japanese name: None) (Fig. 2-9b)

Material. n=1. KPM-NNV 919: left sagitta, 1.82 + mm OL, 0.72 mm OH, OL:OH is incalculable,
bulk sample (Fig. 2-9b).

Description. The otolith is slender, spindle-like in shape, but the tip of rostrum is broken. The inner
face is convex, and the outer face is slightly concave. The antirostrum and the excisura are indistinct.
The dorsal rim is curved and smooth. The ventral rim is slightly curved and smooth. The posterior rim is
tapering and its tip is sharply pointed. The sulcus is ostial and straight, its shape is funnel-like. The
ostial colliculum is slightly deeper than the caudal colliculum. The cristae are ridge-like. The dorsal area
is depressed whereas the ventral area is not.

Remarks. The otolith is comparable to those of platycephalid fishes in the slender, nearly spindle
otolith shape, a sharply pointed posterior tip of the otolith, and a straight, funnel-like shaped sulcus (Lin
and Chang, 2012: p. 93-95, pls. 24, 25, 92, 93), however, we refrained from an identification to the

genus or species level since its rostrum is broken.

Family Cottidae Bonaparte, 1831
Genus Triglops Reinhardt, 1830
Triglops sp.

(Standard Japanese name: None) (Fig. 2-9¢)
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Material. n=1. KPM-NNV 1523: right sagitta, 2.17 mm OL, 1.15 mm OH, OL:OH = 1.89, SH07
(Fig. 2-9¢). Recent material: T. jordani (Jordan and Starks, 1904), n=1. KPM-NI 23525: 177.1 mm SL,
3.27 mm OL, 1.81 mm OH, OL:OH = 1.81 (right sagitta), off Akita (Fig. 2-9d).

Description. The otolith is spindle shaped. The inner face is convex and the outer face is slightly
concave. The antirostrum is blunt and not protruding anteriorly. The rostrum is protruding anteriorly and
pointed at the tip. The dorsal margin is curved and roughly crenulated. The ventral margin is smooth,
slightly curved. The posterior rim is pointed. The sulcus is ostial and straight. The ostial colliculum is
deeper than the caudal one. The crista superior is poorly-developed. The crista inferior is ridge-like. The
dorsal and ventral areas are not depressed.

Remarks. The otolith is most similar to those of 7. jordani and T. pingelii in the spindle otolith shape,
the blunt antirostrum which is not protruding anteriorly, the deeper ostial colliculum, the poorly
developed crista superior and the ridge-liked crista inferior (Fig. 2-9d; Lombarte et al., 2006: Fish ID

10040, n=1, in the AFORO Database).

Order Spariformes Bleeker, 1876
Family Sillaginidae Richardson, 1846
Genus Sillago Cuvier, 1817
Sillago japonica Temminck and Schlegel, 1843

(Standard Japanese name: Shirogisu) (Fig. 2-9¢)

Material. KPM-NNV 905: right sagitta, 3.72 mm OL, 2.27 mm OH, OL:OH = 1.64, bulk sample
(Fig. 2-9e¢).

Description. The otolith is spindle-like in shape. The inner face is convex, and the outer face is
slightly concave. The antirostrum and the excisura are indistinct. The rostrum is pointed. The dorsal and
ventral rims are curved and poorly crenulated. The posterior rim is pointed. The sulcus is
ostio-pseudocaudal and straight. The neck of the sulcus is distinct at the ventral side, and the ventral rim
of cauda has a notch at the midpoint. The colliculum fills the sulcus. The cristae are ridge-like. The

dorsal and ventral areas are not depressed.
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Remarks. The otolith is most similar to those of S. japonica in the spindle-like otolith shape, the
OL:OH ratio (1.5-1.68 in the recent specimens), and the shape of sulcus (Ohe, 1985: p. 118; Lin and

Chang, 2012: p. 115-116, pls. 32, 100).

Family Sparidae Rafinesque, 1810
Genus Pagrus Cuvier, 1816
Pagrus major (Temminck and Schlegel, 1843)

(Standard Japanese name: Madai) (Fig. 2-9f)

Material. KPM-NNV 1520: right sagitta, 3.42 mm OL, 2.52 mm OH, OL:OH = 1.36, SH04 (Fig.
2-91).

Description. The otolith is approximately spindle-like in shape. The inner face is slightly convex, and
the outer face is slightly concave. The antirostrum is blunt, but it is poorly protruding. The rostrum is
protruding and its tip is pointed. The excisura is wide but extremely shallow; the AL:RL ratio is 0.02.
The dorsal rim is slightly curved and roughly crenulated, and the posterodorsal angle is distinct. The
ventral rim is curved and crenulated, and angular at the midpoint. The posterior rim is slightly curved
and crenulated. The sulcus is ostial and tadpole-like in shape, and its posterior end is flexing ventrally.
The neck of the sulcus is distinct. The ostial colliculum is slightly deeper than the caudal colliculum.
The cristae are well-developed. The dorsal area is depressed whereas the ventral area is not.

Remarks. The otolith is most similar to those of P. major in the spindle otolith shape, the crenulated
rims and the shape of sulcus (Watanabe et al., 2004: “Pagrus major” in the CD-ROM software “A guide

for otoliths of fishes off Japan™).

Paleoenvironmental analysis. The bathymetric distribution and climatic zone categories based on the
marine fish distribution of recent analogues are shown in Table 2-2. Both number of taxa (richness) and
number of specimens (abundance) were higher in the sandy mud assemblage (samples SHO1-SHO7 and
bulk) than in the muddy sand assemblage (samples SHO8-SH11) (Table 2-1). However, variations in the
indices for both assemblages were very similar either in “all taxa” or “benthic/benthopelagic (B/B) taxa”

analyses in the paleobathymetric analyses (Fig. 2-10). In “all taxa” analysis, richness and abundance in
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both assemblages were highest in the uppermost 0-100 m interval, decreased around 200 m, and
increased again at depths around 400 m. The richness then gradually decreased below 400 m, while the
abundance maintained a moderate level until 1500 m. A different pattern could be seen in the analysis of
“B/B taxa”. Both indices for richness and abundance were also highest in the uppermost interval and
then decreased, first drastically and then gradually at further depths.

Paleoclimate analysis on both assemblages revealed similar patterns with two peaks in the percentages
of richness and abundance in TP taxa and TT taxa. In comparison, richness and abundance of other taxa

were negligible (Fig. 2-11).

Discussion

The present study provides the first record of 62 fish taxa from the Sha’ana Tuffaceous Sand Member,
of which 31 extant species are newly recorded from the Chibanian of Kanto region, although Trachurus
Japonicus and Sillago japonica were previously recovered from the Kioroshi Formation (Takahashi and
Fukuda, 1991) (we tentatively excluded the Aoki’s taxa from the fossil records as mentioned below).
Our assemblage from this member complements the scant fossil record for the Kanto region during this
age that includes only 8 studies (Aoki, 1968, 1971; Uyeno and Matsushima, 1979; Aoki and Baba,

1980; Goto et al., 1984; Takahashi and Fukuda, 1991; Naruse et al., 1994; Tanaka, 1997; Taru and
Matsushima, 1998; Fujii et al, 2010; Aida et al., 2016). Here we note another remarkable fossil record of
Theragra chalcogramma: it was previously recorded from the Pleistocene from Chiba Prefecture in the
Kanto region (Aoki, 1971) and from Ishikawa, Akita, and Aomori Prefectures in northern Japan (Ohe
and Watanabe, 2018). Therefore the specimens found in this study represent the southwesternmost fossil
record for this species in Japan and suggest the past occurrence of this boreal fish (Endo, 2009) off the
coast of temperate Kanto.

Bathymetric analysis indicates that both sandy mud and muddy sand assemblages were likely under
similar sedimentary environment. In “all taxa” analyses, richness and abundance of both assemblages
showed higher values at depths of <200 m and >400 m, suggesting possible paleo-water depths (Fig.
2-10). However, the increase of indices at depths >400 m is mainly due to the otoliths of mesopelagic

myctophids. The myctophids are characterized by their diel vertical migration and can be found in both
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epipelagic and mesopelagic zones (Table 2-1). Moreover, otoliths of myctophids are also commonly
recovered from the sediments of shallow sea bottoms (< 200 m), not only strictly confined to the
sediments of the deep sea (e.g., Schwarzhans, 2013; Lin et al., 2016, 2017). On the other hand, the high
values for richness and abundance in the analysis of “benthic/benthopelagic taxa (B/B)” strongly
suggest a very shallow paleobathymetry (Fig. 2-10). Despite the occurrence of otoliths of Abyssicola
macrochir (recent species found at depths of 158—830 m) and Parascombrops ohei (175200 m) in the
sandy mud assemblage indicate a slightly deeper paleoenvironment, their bathymetric range does not
exclude waters <200 m. Therefore, the whole fauna was likely deposited at depths shallower than 200
m.

Fossil invertebrates from Sha’ana-dai generally show an accumulative and allochthonous
preservation, suggesting the possibility of post-mortem transportation, concentration, and
time-averaging of remains during taphonomic processes (Nojo and Suzuki, 1999). Okumura et al.
(1979) recognized that the molluscan assemblage from the Kamimiyada Tuffaceous Sand Member
(geologically identical to the Sha’ana Tuffaceous Sand Member) was composed of dwellers from both
intertidal zone and continental shelf, and suggested the shells from intertidal zones might have drifted to
the deeper continental shelf. In Sha’ana-dai, we also found a mixture of many intertidal mollusks, e.g.,
Homalopoma amussitatum, and bivalves with articulated shells from deeper continental shelf (recent
species found at depths of 50-200 m; Okutani, 2017). Similarly, the remains of very shallow water
fishes dwelling at depths <100 m could have drifted from their habitats to deeper zones, or could have
been transported through predators down slope (Lin et al., 2016), resulting in allochthonous
preservation. This could be the case, for example, of the otoliths of Amblychaeturichthys sciistius,
Pterogobius zacalles, and Limanda punctatissima in our assemblages (Table 2-1, 2). According to the
lithology of the section, the recognized semiconsolidated sandy mud and muddy sand are generally
deposited on the outer continental shelf at depths below 70 m (Saito, 1989). Consequently, Sha’ana
Tuffaceous Sand Member exposed in Sha’ana-dai is likely deposited in the outer continental shelf at
depths of 100-200 m.

The composition of paleoichthyofauna in Sha’ana-dai consisted of diverse climate-related taxa (AS,

CT, TP and TT taxa, Fig. 2-11). This could be derived from the geographical and oceanographical
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factors in the Paleo-Tokyo Bay during the Chibanian. Temperate (TP) and tropical-temperate (TT) taxa
dominated the assemblages. TP species, except Guttigadus nana, Crossorhombus kanekonis, and
Parascombrops ohei, all occur in the present fish fauna in the region (Senou et al., 2006). However, the
recent distribution of TT taxa includes the warm Kuroshio Current in Japanese waters (Nakabo, 2013a),
which strongly suggests that the warm water current inflow in the Kanto area persists since the
Chibanian. On the other hand, the relatively rare, but perhaps more significant arctic/subarctic (AS, e.g.
Clupea pallasii and Theragra chalcogramma) and cold temperate (CT, e.g. Pseudopleuronectes
herzensteini) taxa suggest the presence of cold water current(s). The articulated extant bivalves
co-occurring in the assemblages are temperate species (e.g. Cyclocardia ferrungia, Acira mirabilis, and
Nuculana yokoyamai), but extant boreal molluscs (e.g. H. amussitatum, Puncturella nobilis, and
Macoma calcarea) and tropical-temperate planktonic mollusks (e.g. Clio pyramidata) were also
abundant. It is known that the warm Kuroshio Current extended to the latitude of about 35°N for at least
3 Ma (Gallagher et al., 2015), and the subarctic front between the cold Oyashio and warm Kuroshio
Currents fluctuated north- and southward at the coast of southeastern Japan during the Chibanian
(Suganuma et al., 2018). Kanie and Ohkoshi (1981) considered that the sedimentary basin of the
Kamimiyada Tuffaceous Sand Member (equivalent of Sha’ana Tuffaceous Sand Member) is opening
towards the east. The Paleo-Tokyo Bay is considered to be widely opened to the southeast (Sugai et al.,
2013), and hence the warm and cold water currents could project into the inner bay (Kaneko et al.,
2018). Therefore, the paleoclimate zone for Sha’ana-dai can be considered as temperate, and it was
located at a place where the influence of both warm Kuroshio and cold Oyashio currents was
significant.

In conclusion, based on fish assemblages, the paleoenvironment of Sha’ana-dai during the deposition
period of the Sha’ana Tuffaceous Sand Member is interpreted as a continental shelf environment with
depths of 100—200 m. The location of deposition was within the temperate zone where both cold
Oyashio and warm Kuroshio Currents existed. This interpretation on the paleoenvironment agrees with
those drawn from studies on molluscan (Okumura et al., 1977, 1979, 2005) and brachiopod assemblages

(Kuramochi and Katsuzawa, 1999).
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The study opens an exciting new perspective for understanding the content of the paleo ichthyofauna
in the temperate region where warm and cold currents met during the Chibanian. Paleo-biogeographical
insights based on the associated fish fauna from the region would provide a more comprehensive view
on how fish communities have changed since the Pleistocene. Many fossil otoliths collected from the
Pleistocene strata in the Kanto region were described in Aoki (1968, 1971) and Aoki and Baba (1980).
However, taxonomy and/or identification in these publications are problematical since comparison to
extant fish otoliths was incomplete. Our ongoing studies include a review of previous materials with an
updated version of modern systematics (Aoki, 1968, 1971; Aoki and Baba, 1980; Takahashi and Fukuda,
1991) and exploring unstudied otoliths from museum collections (e.g. the Chibanian Naganuma
Formation, the type horizon of Aoki’s taxa, stored at KPMNH). Moreover, knowledge on the related
stratigraphy and geological age of the members belonging to the Miyata Formation remains scarce
(Kasama and Shioi, 2019), hindering the horizontal correlation of the local fauna to those from other
regions. In doing so, we expect to understand better the past spatiotemporal dynamics of the fish fauna

during the Chibanian in the Western Pacific, particularly in Japan.
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Fig. 2-1. Stratigraphy of the Miyata Formation after Okumura et al. (1977) and Kasama
and Shioi (2019). Fn: Funakubo Tuff. MIS: marine isotope stage.
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Fig. 2-3. Columnar section of the Sha’ana Tuffaceous
Sand Member exposed at Sha’ana-dai. Sm: sandy mud;
Ms: muddy sand. Criteria of mud content followed
Kitazaki and Majima (2003).
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Fig. 2-4. Fish remains from Sha’ana-dai. Pictures of otoliths are inner views unless
otherwise indicated. Registration codes of fossil materials are described in “Systematic
description”. a, a’: Hypogaleus cf. hyugaensis. a: labial view, a’: lingual view. b, b’:
Squalus sp. b: labial view, b’: lingual view. ¢, ¢’: Rajidae indet. c: lateral view, c’:
frontal view. d, d’: Rhynchobatus sp. d: occlusal view, d’: lingual view. e: Conger
myriaster. f, h: Gnathophis sp. g, i: Gnathophis heterognathos, recent materials. g: left
sagitta. KPM-NI 46384, 303.7 mm TL, Suruga Bay. i: right sagitta. KPM-NI 52535,
58.7 mm TL, Sagami Bay. j: Engraulis japonica. k—-m: Clupea pallasii. m: a recent
material, right sagitta. KPM-NI 53290, 55.5 mm SL, Hokkaido. n: Sardinops
melanostictus. o: Glossanodon semifasciatus. p: Osmeridae indet. Scale bars represent
1 mm (0.5 mm in 1, m).
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Fig. 2-5. Fish remains from Sha’ana-dai. Pictures of otoliths are inner views unless
otherwise indicated. Registration codes of fossil materials are described in “Systematic
description”. a: Valenciennellus tripunctulatus. b: Benthosema suborbitale. c:
Ceratoscopelus warmingii. d: Ceratoscopelus sp. e: Diaphus aliciae. f: Diaphus luetkeni.
g: Diaphus watasei. h, h’: Diogenichthys atlanticus. h: inner view, h’: dorsal view. i:
Electrona risso. j: Hygophum sp. K. Lampadena sp. 1, m: Lampanyctus tuneri. m: a recent
specimen, right sagitta. CBM-ZF 5379, 51.5 mm SL, Sagami Bay. n: Myctophum
asperum. o: Notoscopelus resplendens. p: Stenobrachius leucopsarus. q: Taaningichthys
minimus. r: Myctophidae indet. Scale bars represent 0.5 mm (1 mminc,e, g, j, n, p).
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Fig. 2-6. Fish remains from Sha’ana-dai. Pictures of otoliths are inner views unless
otherwise indicated. Registration codes of fossil materials are described in
“Systematic description”. a—b. Abyssicola macrochir. a: inner view, a’: outer view. b:
a recent material, right sagitta, KPM-NI 53284, right sagitta, 119.2 mm TL, Suruga
Bay. c: Ventrifossa sp. d: Macrouridae indet. e—f”: Guttigadus nana. e: inner view, e’:
outer view. f, f’: a recent material, right sagitta. KAUM-I. 75043, 57.6 mm SL, East
China Sea. f: inner view, f’: outer view. g, g’: Physiculus sp. h, h’: Theragra
chalcogramma. i: Hoplostethus sp. j: Apogonidae indet. k—m: Amblychaeturichthys
sciistius. k: inner view, k’: outer view. m: a recent specimen, right sagitta, KPM-NI
53287, 21.8 mm SL, Tokyo Bay. Scale bars represent 1 mm (0.5 mm in d, 1, m).
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Fig. 2-7. Fish remains from Sha’ana-dai. Pictures of otoliths are inner views unless
otherwise indicated. Registration codes of fossil materials are described in “Systematic
description”. a, a’: Amblychaeturichthys hexanema. b, b’: Gymnogobius aff.
heptacanthus. b: inner view, b’: outer view. c: G. heptacanthus, a recent material, left
sagitta. KPM-NI 53567, 29.9 mm SL, Tokyo Bay. d: Redigobius bikolanus, a recent
material, right sagitta. KPM-NI 53565, 19.8 mm SL, Kanagawa. e—f’: Pterogobius
zacalles. e: inner view, e’: outer view. f, f”: a recent specimen, right sagitta, KPM-NI
53285, 119.2 mm SL, Tokyo Bay. f: inner view, f’: outer view. g, g’: Gobiiformes
indet. 1. g: inner view, g’: outer view. h, h’: Gobiiformes indet. 2. h: inner view, h’:
outer view. i, i’ Gobiiformes indet. 3. i: inner view, i’: outer view. j, j’: Gobiiformes
indet. 4. j: inner view, j’: outer view. k, k’: Gobiiformes indet. 5. k: inner view, k’:
outer view. Scale bars represent 1 mm (0.5 mm in b—d).
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Fig. 2-8. Fish remains from Sha’ana-dai. Pictures of otoliths are inner views unless
otherwise indicated. Registration codes of fossil materials are described in “Systematic
description”. a, a’: Gobiiformes indet. 6. a: inner view, a’: outer view. b: Trachurus
japonicus. c: Paralichthys sp. d: Tarphops sp. e: Crossorhombus kanekonis. f, g:
Limanda punctatissima. g: a recent specimen, left sagitta. KPM-NI 52542, 226.5 mm
SL, Hokkaido. h, i: Pseudopleuronectes herzensteini. i: a recent specimen, left sagitta.
KPM-NI 52536, 210.6 mm SL, Hokkaido. j: Pinguipedidae indet. k: Ammodytes sp. 1:
Ammodytes japonicus, a recent specimen, right sagitta. KPM-NI 52540, 161.2 mm SL,
Hokkaido. m: Parascombrops ohei. n: Cepola schlegeli. o: Sebastiscus marmoratus.
Scale bars represent 1 mm (0.5 mm in d).
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Fig. 2-9. Fish remains from Sha’ana-dai. Pictures of otoliths are inner views
unless otherwise indicated. Registration codes of fossil materials are described in
“Systematic description”. a: Lepidotrigla sp. b: Platycephalidae indet. c: Triglops
sp. d: Triglops jordani. a recent specimen, right sagitta. KPM-NI 23525, 177.1
mm SL, off Akita. e: Sillago japonica. f: Pagrus major. Scale bars represent 1

mm.
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Fig. 2-10. Paleobathymetric analyses. a, b: richness of all species in the sandy mud
assemblage (a) and the muddy sand assemblage (b). ¢, d: abundances of all taxa in
the sandy mud assemblage (c) and the muddy sand assemblage (d). e, f: richness in
of the benthic/benthopelagic (B/B) taxa in the sandy assemblage (e) and the muddy
sand assemblage (f). g, h: abundances of the B/B taxa in the sandy mud assemblage
(g) and the muddy sand assemblage (h).
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Fig. 2-11. Paleoclimatic analyses. Richness (a) and abundance (b) of the species in
both assemblages. Shaded bars indicate the indices of the sandy mud assemblage, and
solid bars indicate the indices of the muddy sand assemblage. AS: arctic/subarctic.
CT: cold-temperate. TP: temperate. WT: warm-temperate. TT: tropical-temperate.

85



Table 2-1. Fish remains from each horizon.

Lithology Sandy mud Muddy sand

Horizon SHOl SHO2 SHO03 SH04 SHO5 SHO6 SHO7 Bulk samlple Total SHO8 SHO09 SHI0 SHII Total Total
Hypogaleus ct. hyugaensis 1 1 ] 1
Squalus sp. 1 1 1 1 2
Rajidae indet. 1 1 1 1 2
Rhynchobatus sp. 1 1 0 1
Conger myriaster 1 1 ] 1
Gnarhophis sp. 5 1 1 3 3 3 45 64 3 4 2 2 11 75
FEnglauris japonica 7 18 11 12 10 18 18 109 203 5 9 25 228
Clupea pallasii 1 1 1 1 2
Sardinops melanosticius 1 1 1 2 5 2 1 3 8
Glossanodon semifasciatus 1 1 1 3 1 1 4
Osmeridae, indet. 1 1 2 0 2
Valencienneilus fripunctulatus 1 1 0 1
Benthosenia suborbitale 1 1 2 1 1 2 4
Ceratoscopelus warmingii 1 2 1 4 3 3 1 38 53 5 3 2 4 14 67
? Ceratoscopelus sp. 4 1 8 13 1 3 2 6 19
Diaphus aliciae 1 1 2 1 1 1 7 1 1 8
Diaphus luetkeni 2 2 1 1 3
Diaphus watasei 1 1 1 1 4 0 4
Diogenichthys atlanticus 1 1 ] 1
Electrona risso 1 1 0 1
Hygophum sp. 1 2 2 1 7 13 1 1 2 15
Lampadena sp. 1 1 2 1 1 3
Lampanyctus turneri 5 5 1 1 2 7
Myctophum asperum 1 2 4 7 ] 7
Notoscapelus resplendens 2 2 0 2
Stenobrachius lencopsarus 1 1 ] 1
Taaningichthys minimus 1 1 2 1 1 3
Myctophidae, indet. 0 1 1 1
Poorly preserved myctophids 1 4 1 4 10 1 1 11
Abyssicola macrochir 1 1 0 1
Ventrifossa sp. 1 1 2 0 2
Macrouridae, indet. 1 1 0 1
Guttigadus nana 1 1 1 1 4 ] 4
Physiculus sp 1 2 3 2 1 1 20 1 3 1 2 7 27
Theragra chalcogramma 2 2 0 2
Hoplostethus sp. 0 1 1 1
Apogonidae indet. 1 1 ] 1
Amblychaeturichthys sciistins E 4 5 2 3 4 10 3 36 3 5 7 2 17 53
Amblvehaenirichthys hexanema 1 1 0 1
Gymnogobius aff. heptacanihus 1 1 1 3 ] 3
Pterogobius zacalles 1 2 3 3 1 1 5 8
Gobiiformes indet. 1 5 5 4 1 17 32 3 9 4 11 27 59
Gobiiformes indet. 2 3 2 5 3 21 34 1 1 1 6 9 43
Gobiiformes indet. 3 1 1 4 2 13 21 7 3 1 11 22 43
Gobiiformes indet. 4 1 1 0 1
Gobiiformes indet. 5 3 3 0 3
Gobiiformes indet. 6 1 1 2 2 3
Poorly preserved gobiids 24 29 18 20 27 27 22 31 478 15 10 15 25 65 543
Trachurus japonicus 1 2 3 1 2 1 19 29 1 2 1 4 33
Paralichthys sp. 1 1 2 0 2
Tarphops sp. 1 1 0 1
Limanda punctatissima 1 1 2 0 2
Pseudopleuronectes herzensteini 1 1 2 1 1 3
Crossorhombus kanekonis 3 3 1 1 2 3
Pinguipedidae, indet. 1 1 0 1
Ammodytes sp. 1 2 1 1 1 1 2 11 20 1 1 2 4 24
Parascombrops ohei 1 1 1 3 ] 3
Cepola schiegeli 1 1 0 1
Sebastiscus marmoratis 1 1 0 L
Lepidotrigla sp 1 3 4 ] 4
Platyeephalidae, indet. 1 1 0 1
Triglops sp. 1 1 3 1 3 1 3 8 21 1 1 2 23
Sillago japonica 1 1 2 0 2
Pagrus major 1 1 2 1 1 3
Unidentified shark teeth 1 1 0 1
Unidentified teleostean otoliths 2 13 12 9 4 10 14 91 155 7 9 1 4 21 176
Unidentified teleostean teeth 4 1 1 5
Unidentified teleostean bones 4 9 3 3 2 24 11 22 80 11 3 3 7 24 104

Total 51 94 82 79 67 118 102 793 1386 79 74 48 88 289 1675
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Table 2-2. Vertical and horizontal distributions of extant fishes. References as
below: 1, 2. Nakabo (2013a, b). 3. Schwarzhans and Prokofiev (2017). 4. Ishikawa
and Senou (2010). 5. Yamada et al. (2007). 6. Coad and Reist (2004). 7. Hata and
Motomura (2011). 8. Yang et al. (1996). 9. Ohizumi et al. (2001).

Species Vertical distribution (m) Reference Horizontal distribution Reference
Benthic/benthopelagic
Conger myriaster 0-100 1 temperate 2
Gnathophis sp. temparate 2
Glossanodon semifasciatus 70-430 1 temparate 2
Gurtigadus nana 0-94 1 temparate 2
Ventrifossa sp. temparate 2
Abyssicola macrochir 158-830 1 temparate 2
Theragra chalcogramma 0-2000 1 arctic/subarctic 2
Amblychaeturichthys sciistius 20-60 1 temperate 2
Amblychaeturichthys hexanemc 30-125 5 temparate 2
Pterogobius zacalles 3-45 1 cold temparate 2
Tarphops sp. temparate 2
Pseudopleuronectes herzensteir 0-100 1 cold temparate 2
Limanda punctatissima 0-30 1 arctic/subarctic 2
Crossorhombus kanekonis 0-30 1 temperate 2
Parascombrops ohei 175-200 3 temparate 3
Cepola schlegeli about 100 1 temparate 2
Sebastiscus marmoratus 2-43 1 warm temparate 2
Triglops sp. arctic/subarctic 2
Sillago japonica 3-70 4 temparate 2
Pagrus major 30-200 1 temparate 2
Pelagic/mesopelagic
Englauris japonica 27-170 5 temparate 2
Clupea pallasii 0-475 6 arctic/subarctic 2
Sardinops melanostictus 0-50 7 temparate 2
Valenciennellus tripunctulatus 100-1000 8 tropical-temperate 2
Benthosema suborbitale 0-125 (n), 375-800 (d) 1 tropical-temperate 2
Ceratoscopelus warmingii 0-200 (n), 425-1500 (d) | tropical-temperate 2
Diaphus watasei 0-100 (n), 100-2005 (d) 9 tropical-temperate 2
Diaphus aliciae 0-1594 1 tropical-temperate 2
Diaphus luetkeni 40-325 (n), 375-750 (d) 1 tropical-temperate 2
Diogenichthys atlanticus 10-1050 (n), 400-1250 (d) 1 tropical-temperate 2
Electrona risso 90-700 (n), 200-750 (d) | tropical-temperate 2
Hygophum sp. tropical-temperate 2
Lampadena sp. tropical-temperate 2
Lampanyctus turneri 0-212 1 tropical-temperate 2
Myctophum asperum 0-125 (n), 425-750 (d) 1 tropical-temperate 2,9
Notoscopelus resplendens 0-800 (n), 25-2000 (d) 1 tropical-temperate 2,9
Stenobrachius leucopsarus 0-30 (n), 200-1000 (d) 1 arctic/subarctic 9
Taaningichthys minimus 0-600 (n), 0-875 (d) 1 tropical-temperate 2
Trachurus japonicus temparate 2

87



BEER

F1ETIE, HADWTREBICES S HEERIEEOBRRE iy LT, AAE= U BHH
2 (=vy, UVAALDUY, ©F, IR, a/vn, Javy¥avRkaersA, Karq,
AERAT Y, FTaA Ty, by, AUy, ¥ ) OFHAOHNBIGRELEZ1T
EEBIT, TNAAL VT EA T LD 2FIHOVWTREICHE ) BAORERELERGE LT,
DGR, 1) &, OL:OH, AL:RL, HHJERk, MHEEZS L O%EEBROEIR, crista superior
DRERLD 7T EIZESEHZBOBHNARETH LI &, 2) UNAAL T ETATTD 2 FEIC
BT, BEEIZHED OL:OH B X WWALRL OB RZ — U NBAR D HRH LN E ol &
HIZ, TNHORRICESE, AAE=T UREIE 12 TR B A OHMRED 72 DR 2 AF
L7z,

H52 WL, 1 BCERR LB ROIGHIIIZE L LT, AR =1 iE FlTE & o
FIRT AN=7 R - BHEO RN OEN L= VRSO EA{bA DRIEE1T - 72,
S BT, CERRBIAAEAR & DI IS &, e LT HAka (B X OB O Mt )
DIFEZ ATV, B BB oA BEHE KO REOE cE1To 72, ZO/MR, 1)
FIBECTERLIERBREZANDZLICED =V v BIO~YA U YO 2O = VRSN [
ESH, EOMOEAAIZONT S CERRBUVEIREAR L OB ZITo kR, 27r<Led 62
Z 7R STz, I, 2) REObaRERITIRGE - BKMESENMESLS L, DEoO
N - SRR L ORI B0 - IRIBEHE CTH o722 &, 3) REHER YR O

JEE /B 3] - BRI OO J5 2N M d DIRATEIR O, KK 100200 m D REETH o722 &2

=

ANy AW

N

SBED TN NEFEREE LTUE, £7, =3 VA2 50 A AEMIHO Ha DR
FHIFE R K OMBROER N ZE T b b, 51 mETHRR2 8518, S FRTEno
7o Y~ § X X2 Amblygaster sirm 78 £ %5 e A APE =3 RSO H A O RELL ik 2
1TV, BNEMC bR E LTHELND FTREMED & 2 B0 H A OIEBIEE 2B 60023 5 0 F

Wod, SHIZ, =V RS ORMD IR ON TS, AL L AL - FEE T OIERE

88



FHIREE 21TV, SHEOIEEIEE ORRZIT O MENH D, FIZIE, AAENEHEEOH
FIZONTIE, —EBOFRIZ DWW TR « FLHEA T TV 528 (Ohe, 1985; 81 « 111, 2008),
%< OofERE (B - JB) TR TORRBERA R+ Th o, 2072, {bait LTARBMA
FOHFAZLLKERT 200, Z<DEAEIFEHLWIEH L AALOREIZED HATEY

(i5if, 1976, 1977; KiT, 1989; & HIEA, 2018 72 &), 7O Citdk S b AT W3 b BlE
i & DOFAFHI R R RF A LB L STV D (5 2 B Discussion Z2 M), D728, K
HHEEOFAOREMEERKIZIAE THDL LV LI FNCMA T, H1ETRHRLEL DI,
HAWESSHEREITIE, FlRICHES BREZBET HULEND D, FRRIZIE, AU
TR LICHR R ORI G 4 A APEMIARTRIZIRNT, S OITIRRERIZPE O BB A kA b lEiET 2 24
ERbbHEEZOND,

ZD XD R IR 21T O FIT K Y, HAEHTFIZB WL, BFalkaodigefks
DEEHFREL 720, FE[EE, % L THERFECH Dm0 O A ek X0 b IEfMEE 25 &%
R DD, FERANCIE, BIRHG 213 oA L 0 EHT 2 HAaba gD RESH T2
Rt HER L, SRRICKIT 2 B AR T S bafdEmoh A, 2 L T2 EED
B 23 72 S 4y, B O ESSEFE SO0 AT AR, TN O HUSEATE D LR ~DBEN R E D,
OWTCIIEEAEY OFE SRR RICEBRTE 2 EHIfF S5,

S BT, FERMRRED —2 L LT, RO RN S IZENEDSE B O L2 H
FAIZHONWT S, MBEDOEMMELHRAET D2 MNERH D, BlE, FE OITMHBEBIRRICES L
BHOBANAYHELZED TBY, =V U BRBEOFALZEAE TS (BRIZ), RER)
(I, ABESE OWFIEHERIM D b =2 VBB AZ I LD L T2 ONEHOEAZETWD
(=, RER), 4%, 20X RILFRTEIZBWTHRERAFHIND Z & T, B2 1358

T OBRBO VTN, R TREIALHALNIRL EEZLND,

89



KHFFEEAT 2128720, Carlos A. Striissmann #0f%, FEHESLAESSZ, IIAVERIBIZ (HUR
WErE R A gEE, LUT TR 72 b ONCEIRTE 220 (R R4 R8T 58
) 2L, ENENEEB LORIE S L TEEOMIEA S L T\ 2720 /2, Chien-Hsiang Lin
[+ (Academia Sinica), i BIfEL (PRI A O - HIEREWER ; LIT TKPMNHY),
RILSCHER (R BIRSUBMAFZERT) 121, HEE & L TERONE~D ZHEE - Zih 1z
oo AR (HIRRFRT), I OBFEIR (RIFRTFKETE), JIIBRIK Gt
HNEIFRPER > 2 —), T AL SR IBROKEHE > & —), AA—HK GUUR¥E
R PERET) 1%, FAaBEAOREY TRV 27207, ise 2t (KPMNH),
AN % (BRBRFRETREmEE), & ERtEL (FRERSPREDEE) (2, Y
fEIN & B O E I ZBRfiR - T S & THU 72, Pieter A. M. Gaemers & I (Winterswijk,
Netherlands), (B4 2R BBRKT), &7 EEK (BHEEETHR), ek B
% URR A7), RREAREN CRIBERTFAED M) 12E, (bAORAEICE
Kied ZHhzehoT-, WS #2725 ONCHT KR BHEENLRS) 12, H2E0E
VERSSHT & THRHETEW -, RIS 2L (KPMNH) (1213, HEYEE O T 5 5 AR E 751
SO NAEH A X - TIAW ., SR —FHdR GRERFEEE), BOF HER (MR 5a
BRASAL), AHER GOTFEERFPRTERD), AHENRK (ESLREEEE), [ v B
BV CRAEUR Y ZIRERVEIEBRIT) 1 21E, BiIMREIC SWHATEV 2, 55 2 O LBl
BHEARD R, %5 16 Bl JAMBIO {h /AW & A&V TERE S U,

F 7=, O P A & NS RFBEAERERICIL, A a2t 5 ETREBIEEZ /o7,
IS, M Th D =IHHERZR O WNIHMFRIZIE, HEE D EFHOWIROZATIC ZHRIH X,
EARBDOIEN T EIZBWTE R D T 12> T& T, BLEohxixtL, ZoREzED T

RSHMLE L BT £,

90



51 A3TER

Aguilera, O., Schwarzhans, W. W., Moraes-Santos, H., Nepomuceno, A. Before the flood: Miocene
otoliths from eastern Amazon Pirabas Formation reveal a Caribbean-type fish fauna. Journal of
South American Earth Sciences, 2014, 56, 422-446.

Aida, Y., Miyata, S., Kato, T., Endo, T. A fossil Thunnus centrum occurred from the Pleistocene
Shimosa Group at Ami-machi, Inashiki-gun, Ibaraki Prefecture. Bulletin of Ibaraki Nature Museum,
2016, 19, 37-44.

Akaike, H. Information theory and an extension of the maximum likelihood principle. Petrov BN, Csaki
F (eds) 2nd International Symposium on Information Theory. Akdémiai Kiad6, Budapest, 1973, p.
267-281.

Amaoka, K. Flatfishes of Japan (Citharidae, Paralichthydae, Bothidae, Pleuronectidae, Poecilopsettidae,
Samaridae). Tokai University Press, Hiratsuka, 2016, 229p.

Aoki, N. Some fossil Gobius from Japan. Transactions and Proceedings of the Paleontological Society
of Japan, New series, 1967, 67, 125—-128.

Aoki, N. Some Pleistocene fish-otoliths from the Boso and Miura Peninsulas. Transactions and
Proceedings of the Paleontological Society of Japan. New Series, 1968, 71, 296-307.

Aoki, N. Some Pleistocene fish-otoliths from the Boso and Miura Peninsulas (second report). Scientific
Reports of the Tokyo Kyoiku Daigaku section C, 1971, 104, 11-34.

Aoki, N. Baba, K. Some Pleistocene fish-otoliths from the Boso and Miura Peninsulas (third report).
Annual Report of the Institute of the Geoscience, the University of Tsukuba, 1980, 6, 55-61.

Aoki, R. [Sea-shore of Miura Peninsula.] Chikyu (The Globe), 1925, 3, 101-111. (in Japanese)

Aonuma, Y., Yagishita, N. Clupeidae. Nakabo T (ed) Fishes of Japan with pictorial key to the species
3rd edition. Tokai University Press, Hadano, 2013, p. 297-301, 1811-1812.

Campana, S. E. Chemistry and composition of fish otoliths: pathways, mechanisms and applications.

Marine Ecological Progress Series, 1999, 188, 263-297.
Campana, S. E. Photographic atlas of fish otoliths of the Northwest Atlantic Ocean. NRC Research
Press, Ottawa, 2004, 284p.

Cappetta, H. Handbook of Paleoichthyology, Vol. 3E: Chondrichthyes. Mesozoic and Cenozoic

91



Elasmobranchii: Teeth. Verlag Dr. Friedrich Pfeil, Miinchen, 2012, 512p.

Chen, W., Al-Husaini, M., Beech, M., Al-Enezi, K., Rajab, S., Husain, H. Discriminant analysis as a
tool to identify catfish (Ariidae) species of the excavated archaeological otoliths. Environmental
Biology of Fishes, 2011, 90, 287-299.

Coad, B.W., J.D. Reist. Annotated list of the arctic marine fishes of Canada. Canadian Manuscript
Report of Fisheries and Aquatic Science, 2004, 2674, iv+1-112.

Egan, J. P., Bloom, D. D., Kuo, C. H., Hammer, M. P., Tonmgnunui, P., Iglésias, S. P., Sheaves, M.,
Grudpan, C., Simons, A. M. Phylogenetic analysis of trophic niche evolution reveals a latitudinal
herbivory gradient in Clupeoidei (herrings, anchovies, and allies). Molecular Phylogenetics and
Evolution, 2018, 124, 151-161.

Endo, H. Gadidae, in: Okamura, O., Amaoka, K. (Ed.), Sea fishes of Japan. Yamakei Publishers, Tokyo,

2009, p.132—-133.

Fitch, J. E., Barker, L. W. The fish family Moridae in the eastern north Pacific with notes on morid
otoliths, caudal skeletons, and the fossil record. Fishery Bulletin, 1972, 70, 565-584.

Frost, K. J. Description key to the otoliths of gadid fishes of the Bering, Chukchi, and Beaufort seas.

Arctic, 1981, 34, 55-59.

Fujii, K., Usui, K., Shimizu, M., Kobayashi, H., Endo, S., Shimizu, K., Mizuhara, T. Fossils from the
Ami-machi, Ibaraki Prefecture Number 1: Sharks and rays. The Memoir of Kuzubukuro Earth
Science Society, 2010, 5, 1-41.

Furlani, D., Gales, R., Pemberton, D. Otoliths of common Australian temperate fish: a photographic
guide. CSIRO Publishing, Collingwood, 2007. 208p.

Gallagher, S. J., Kitamura, A., Iryu, Y., Itaki, T., Koizumi, I., Hoiles, P. W. The Pliocene to recent history
of the Kuroshio and Tsushima Currents: a multi-proxy approach. Progress in Earth and Planetary
Science 2, 2015, 17 (https://doi.org/10.1186/s40645-015-0045-6).

Gartner, S., 1977. Calcareous nannofossil biostratigraphy and revised zonation of the Pleistocene.
Marine Micropaleontology, 2, 1-25.

Goto, M., Kikuchi, T., Sekimoto, S., Noma, T. Fossil teeth of the great white shark, Carcharodon

carcharias, from the Kazusa and Shimosa Groups (Pliocene to Pleistocene) in the Boso Peninsula

92



and Shimosa Upland, Central Japan. Earth Science (Chikyu Kagaku), 1984, 38, 420-426.

Harvey, J. T., Loughlin, T. R., Perez, M. A., Oxman, D. S. Relationship between fish size and otolith
length for 63 species of fishes from the Eastern North Pacific Ocean. NOAA Technical Report
NMFS, 2000, 150, 1-36.

Hata, H., Motomura, H. [Specimen-based clupeiform fish fauna in Kagoshima Prefecture]. Nature of
Kagoshima, 2011, 37, 49—62. (in Japanese)

Hata, H., Motomura, H. A new species of sardine, Sardinella electra (Teleostei: Clupeiformes:
Clupeidae), from the Ryukyu Islands, Japan. Zootaxa, 2019a, 4565, 274-280.

Hata, H., Motomura, H. Sardinella alcyone n. sp., a new species (Teleostei: Clupeiformes: Clupeidae)
from the northwestern Pacific Ocean. Zootaxa, 2019b, 4702, 19-25.

Hatai, K. Some fish otoliths from northeast Honshu, Japan. Science Reports of the Tohoku University,
second series (Geology), 1965, 37, 63-77.

He, T., Cheng, J., Qin, J. G., Li, Y., Gao, T. X. Comparative analysis of otolith morphology in three
species of Scomber. Ichthyolical Research, 2018, 65, 192-201.

lizuka, K., Katayama, S. Otolith morphology of teleost fishes of Japan. Bulletin of Fisheries Research
Agency, 2008, 25, 1-222.

Ishikawa, H., Senou, H. [Pictorial guide of Japanese marine fishes]. Nitto Shoin Co. Ltd., Tokyo, 2010,
399p.

Kaneko, M., Ishikawa, H., Nomura, M., Nakazawa, T. Fossil foraminiferal assemblages from the
Pleistocene Shimosa Group in core GS-UR-1, Urawa, Saitama City, central Japan. Bulletin of the
Geological Survey of Japan, 2018, 69, 211-232.

Kanie, Y., Ohkoshi, A. Quaternary System of the Miyata Upland in the Miura Peninsula, east-central
Japan. Science Report of the Yokosuka City Museum, 1981, 28, 57-77.

Kanie, Y., Kuramochi, T., Okada, H. Invertebrate fauna of the Pleistocene Miyata Formation from Nobi
coast, Yokosuka City, Kanagawa Prefecture, Japan. Science Report of the Yokosuka City Museum,
2000, 47, 85-87.

Kasama, T., Shioi, H. Stratigraphic subdivision of the Pleistocene Miyata Formation based on lithology

and unconformity, Miura Peninsula, with special reference to the radiometric age of the

93



intercalated Funakubo Tuff. Bulletin of Kanagawa Prefectural Museum (Natural Science), 2019, 48,
1-12.

Katayama, S. A description of four types of otolith opaque zone. Fisheries Science, 2018, 84, 735-745.

Kawase, M., Nishimatsu, K. Elasmobranch remains from the Middle Pleistocene Takamatsu Silty
Sandstone of the Toyohashi Formation, the Atsumi Group, Aichi Prefecture, Central Japan
-Paleoenvironment inferred from the fossils found from Nagoya and surrounding areas-. Bulletin
of Mizunami Fossil Museum, 2016, 42, 47-61.

Kikuchi, T. [Paleo-Tokyo Bay]. Urban Kubota, 1980, 18, 16-31. (in Japanese)

Kitazaki, T., Majima, R. A slope to outer-shelf cold-seep assemblage in the Plio-Pleistocene Kazusa
Group, Pacific side of central Japan. Paleontological Research, 2003, 7, 279-296.

Kohno, H., Kanou, K., Yokoo, T. A photographic guide to the fishes in Tokyo Bay. Heibonsha, Tokyo,
2011, 374p.

Kuramochi, T., Katsuzawa, H. Life habit and allometry of Coptothyris grayi (Brachiopoda: Articulata)
from the Pleistocene Miyata Formation Group in Central Japan. Science Report of the Yokosuka
City Museum, 1999, 46, 57-58.

Last, P. J., Naylor, G. J., Manjaji-Matsumoto, B. M. A revised classification of the family Dasyatidae
(Chondrichthyes: Myliobatiformes) based on new morphological and molecular insights. Zootaxa,
2016, 4139, 345-368.

Lin, C.-H., Chang, C.-W. Otolith atlas of Taiwan fishes. National Museum of Marine Biology and

Aquarium, Taiwan, 2012, 415p.

Lin, C.-H., Li, K. T., Chang, C.-W. Identification of Pomadasys species (Pisces, Haemulidae) from
archaeological midden site in Nankuanli east (Taiwan), based on otolith morphology. The Raffles
Bulletin of Zoology, 2013, 61, 293-302.

Lin, C.-H., Girone, A., Nolf, D. Fish otolith assemblages from recent NE Atlantic sea bottoms: a
comparative study of palacoecology. Paleogeography, Paleoclimatology, Paleoecology, 2016, 446,
98-107.

Lin, C.-H., Taviani, M., Angeletti, L., Girone, A., Nolf, D. Fish otoliths in superficial sediments of the

Mediterranean Sea. Palacogeography, Palacoclimatology, Palacoecology, 2017, 471, 134-143.

94



Lin, C.-H., Chiang, Y.-P., Tuset, V. M., Lombarte, A., Girone, A. Late Quaternary to recent diversity of
fish otoliths from the Red Sea, central Mediterranean, and NE Atlantic sea bottoms. Geobios, 2018,
51,335-358.

Lombarte, A., Chic, O., Parisi-Baradad , V., Olivella, R., Piera, J., Garcia-Ladona, E. A web-based
environment from shape analysis of fish otoliths. The AFORO database. Scientia Marina, 2006, 70,
147-152.

Matta, M. E., Kimura, D. K. (Eds.), Age determination manual of the Alaska Fisheries Science Center
Age and Growth Program. NOAA Professional Paper NMFS, 2012, 13, 1-97.

McBride, R. S., Hauser, J. W., Sutherland, S. J. Brodeur’s guide to otoliths of some northwest Atlantic
fishes. NOA A/National Marine Fisheries Service/Northeast Fisheries Science Center, Woods Hole,
Massachusetts (as Northeast Fisheries Science Center Reference Document 10-04.), 2010, 35p.

Meléndez, R., Markle, D. F. Phylogeny and zoogeography of Laemonema and Guttigadus (Pisces;
Gadiformes; Moridae). Bulletin of Marine Science, 1997, 61, 593—670.

Mitsui, S., Ohizumi, H., Taru, H. Stomach contents of Pacific white-sided dolphin (Lagenorhynchus
obliquidens) and dwarf sperm whale (Kogia sima), stranded in Sagami Bay. Bulletin of the Kanagawa
Prefectural Museum (Natural History), 2014, 43, 7-22.

Mitsui, S., Striissmann, C. A., Yokota, M., Yamamoto, Y. Comparative otolith morphology and species

identification of clupeids from Japan. Ichthyological Research, 2020, 67, 502-513.

B HEAM - TR R - AT - AREPARC. EmiRAL SRR K TSR ES 0O T R R
JERERIHEIE 2 HPE U7 g SO BoA - b, BmiR i ba T Je s S, 2018, 44,
31-38.

Miyazaki, N., Kuramochi, T., Amano, M. Pacific white-sided dolphins (Lagenorhynchus obliquidens)
off northern Hokkaido. Memoirs of the National Science Museum (Tokyo), 1991, 24, 131-139.

Morrow, J. E. Preliminary keys to otoliths of some adult fishes of the Gulf of Alaska, Bering Sea, and
Beaufort Sea. NOAA/National Marine Fisheries Service, Seattle, Washington D. C. (as NOAA
Technical Report, NMFS Circular 420), 1979, 32p.

Muto, N., Yamada, M. Variation in otolith morphology of three species of Ammodytes (Perciformes:

Ammodytidae) from the Sea of Okhotsk coast of Hokkaido, Japan. Japanese Journal of

95



Ichthyology, 2019, 66, 101-108.

Nakabo, T. (Ed.) Fishes of Japan with pictorial keys to the species, 3rd edition. Tokai University Press,
Hadano, 2013a, 1+-2428p.

Nakabo, T. [Biogeography of fishes in East Asia], in: Nakabo, T. (Ed.), Fishes of Japan with pictorial
keys to the species, 3rd edition. Tokai University Press, Hadano, 2013b, p.2289-2338. (in
Japanese)

Naruse, A., Hayashi, K., Iwai, T., Kuroda, M., Asada, T. Fossil elasmobranchs from the Pleistocene
Shimosa Group, central Japan. Bulletin of the Mizunami Fossil Museum, 1994, 21, 47-56, figs. 3,
tabs.3, pls. 4.

Nelson, J. S., Grande, T. C., Wilson, M. V. H. Fishes of the world, 5th edition. Wiley, New Jersey, 2016,

752p.

Nemoto, T. Food of baleen whales with reference to whale movements. Scientific Reports of the Whales

Research Institute, 1959, 14, 149-291.

Nojo, A., Suzuki, A. Taphonomy of shell concentrations: Reconstruction of depositional processes by
combined analyses of mollusc and foraminifer. Memoirs of the Geological Society of Japan, 1999,
54,35-54.

Nolf, D. Otolithi piscium: handbook of paleoichthyology vol. 10. Gustav Fisher, New York, 1985, 145p.

Nolf, D., Brzobohaty, R. Fish otoliths as a paleobathymetric indicators. Paleontologia i Evolcio, 1994,
24-25,255-264.

Nolf, D. The diversity of fish otoliths, past and present. Royal Bergian Institute of Natural Sciences,
Bruxelles, 2013. 581p.

Ohe, F. Marine fish-otoliths of Japan. The senior high school attached to the Aichi University of
Education, Kariya, 1985, 306p.

RILSCHE. @RAT-EHETIZ @R T 2 Pt 780 6 OFHE A IOV T (FH) . LA D

&, 1989, 35, 20-23.

RATSCHE. HPOFT PO SR — K B O ZEE—. Bl b A A AE S, 1990, 7, 25-59.

96



Ohe, F., Matsui, A., Maruyama, M., Shinka, R., Nishida, I.. The fish-otoliths recovered from the shell
middens of the Jomon Higashimyou site cluster, Saga City, southern Japan. The Higashimyou Site
Cluster Synthesis Report, 2016, 1, 145-160.

Ohe, F., Watanabe, A. An otolith of Alaska Pollock Theragra chalcogramma from the Middle
Pleistocene Wakimoto Formation, Oga Peninsula, Akita Prefecture. Annual report of Akita
Prefectural Museum, 2018, 43, 13-20.

RILICHE « Z2EMAT - ABER 2B - BRI ] - {h 2P B AR AR UL R BT RN 5340 3 5 BO8e /)
FRJE O BAREEE. BRI LA BB, 2020, 21, 1-20.

Ohizumi, H., Watanabe, H., Moku, M., Kawahara, S. Species identification for otoliths of myctophid
fishes in the western Pacific. Aquabiology, 2001, 137, 626—637.

Okada, H., Bukry, D. Supplementary modification and introduction of code numbers to the low-latitude
coccolith biostratigraphic zonation (Bukry, 1973; 1975). Marine Micropaleontology, 1980, 5, 321—
325.

Okanishi, M., Ishida, Y., Mitsui, S. Fossil gorgonocephalid basket stars (Echinodermata: Ophiuroidea:
Euryalida) from the middle Pleistocene of Japan; the first record from the Indo Pacific region.
Paleontological Research, 2019, 23, 179-185.

Okumura, K., Taguchi, K., Yoshida, H., Kato, K., Toyoda, H., Uchino, S., Kawana, H., Kitagawa, N.,
Shibayama, E., Suenaga, Y., Ryuman, N. Fossils from the Miyata Formation in the southern part of
the Miura Peninsula Kanagawa Prefecture, Central Japan. Bulletin of the Kanagawa Prefectural
Museum (Natural Science), 2005, 34, 75-82.

Okumura, K., Yoshida, H., Kato, K. [On the Quaternary System of the Miyada region of the Miura
Peninsula.] Journal of Geography (Chigaku Zasshi). 1977, 86, 305-318. (in Japanese)

Okumura, K., Yoshida, H., Kato, K. [Molluscan faunas of the Miyata Formation in the Miura Peninsula,
southern Kanto, Japan.] Journal of Geography (Chigaku Zasshi), 1979, 88, 40-52. (in Japanese)

Okutani, T. (Ed.) Marine mollusuks in Japan the second edition. Tokai University Press, Hiratsuka, 2017,
1382p.

Pothin, K., Gonzalez-Salas, C., Chabanet, P., Lecomte-Finiger, R. Distinction between Mulloidichthys

flavolineatus juveniles from Reunion Island and Mauritius Island (south-west Indian Ocean) based

97



on otolith morphometrics. Journal of Fish Biology, 2006, 69, 38-53.

Randall, J. E., DiBattista, J. D. Etrumeus makiawa, a new species of round herring (Clupeidae:
Dussumierinae) from the Hawaiian Islands. Pacific Science, 2012, 66, 97-110.

Saito, Y. Classification of shelf sediments and their sedimentary facies in the storm-dominated shelf: a

review. Journal of Geography (Chigaku Zasshi), 1989, 98, 350-365.

Schwarzhans, W. W. A comparative morphological treatise of recent and fossil otoliths of the family
Sciaenidae (Perciformes). Piscium Catalogus Part Otolithi Piscium Volume 1. Verlag F. Pfeil,
Miinchen, 1993. 245p.

Schwarzhans, W. W. Sexual and ontogenetic dimorphism in otoliths of the family Ophidiidae. Cybium,
1994, 18, 71-98.

Schwarzhans, W. W. A comparative morphological treatise of recent and fossil otoliths of the order
Pleuronectiformes. Piscium Catalogus Part Otolithi Piscium Volume 2. Verlag F. Pfeil, Miinchen,
1999, 392p.

Schwarzhans, W. W. A comparative morphological study of the recent otoliths of the genera Diaphus,
Idiolychnus and Lobianchia (Myctophidae). Palaeo Ichthyology, 2013, 13, 41-82.

Schwarzhans, W. W. Otoliths from the middle Miocene (Serravallian) of the Karaman Basin, Turkey.
Caenozoic Research, 2014, 14, 35-69.

Schwarzhans, W. W., Prokofiev, A. M. Reappraisal of Synagrops, Glinther, 1887 with rehabilitation and
revision of Parascombrops Alcock, 1889 including description of seven new species and two new
genera (Perciformes: Acropomatidae). Zootaxa, 2017, 4260, 1-74.

Schwarzhans, W. W. Reconstruction of the fossil marine bony fish fauna (Teleostei) from the Eocene to
Pleistocene of New Zealand by means of otoliths. Memorie della Societa italiana di scienze
naturali, 2019a, 46, 1-326.

Schwarzhans, W. W. A comparative morphological study of recent otoliths of the Congridae,
Muraenesocidae, Nettastomatidae and Colocongridae (Anguilliformes). Memorie della Societa
italiana di scienze naturali, 2019b, 46, 327-354.

Schwarzhans, W. W. A comparative morphological study of recent otoliths of the Moridae (Gadiformes).

Memorie della Societa italiana di scienze naturali, 2019c¢, 46, 355-370.

98



Schwarzhans, W. W. A comparative morphological study of recent otoliths of the so-called Trachinoidei.
Memorie della Societa italiana di scienze naturali, 2019d, 46, 371-388.

Schwarzhans, W. W., Ohe, F. Lanternfish otoliths (Teleostei, Myctophidae) from the Pliocene and
Pleistocene of Japan. Rivista Italiana di Paleontologia e Steatigrafia, 2019, 125, 355-400.

Schwarzhans, W. W., Stringer, G., Fricke, R. On the authorship of Actinopteri and Actinopterygii.
Cybium, 2020, 44, 7-8.

Secor, D. H., Dean, J. M., Laban, E. H. Otolith removal and preparation for microstructural examination.
Stevenson, D. K., Campana, S. E. (Ed) Otolith microstructure examination and analysis (Canadian
special publication of fisheries and aquatic sciences no. 117). Department of Fisheries and Oceans,
Ottawa, 1992, p.19-57.

Senou, H., Matsuura, K., Shinohara, G. Checklist of fishes in the Sagami Sea with zoogeographical
comments on shallow water fishes occurring along the coastlines under the influence of the
Kuroshio Current. Memoirs of the National Science Museum, 2006, 41, 389-542.

Shimose, T., Watanabe, H., Tanabe, T., Kubodera, T. Ontogenetic diet shift of age-0 year Pacific Bluefin
tuna Thunnus orientalis. Journal of Fish Biology, 2013, 82, 263-276.

Shirakihara, M., Seki, K., Takemura, A., Shirakihara, K., Yoshida, H., Yamazaki, T. Food habits of
Finless Porpoises Neophocaena phocaenoides in western Kyushu, Japan. Journal of Mammalogy,
2008, 89, 1248—-1256.

Smale, M. J., Watson, G., Hecht, T. Otolith atlas of southern African marine fishes. Ichthyologycal
Monographs of the J. L. B. Smith Institute of Ichthyology 1. J. L. B. Smith Institute of Ichthyology,
South Africa, 1995, 253p., pls. 149.

Stern, N., Douek, J., Goren, M., Rinkevich, B. With no gap to mind: a shallow genealogy within the
world's most widespread small pelagic fish. Ecography, 2017, 41, 491-504.

Sugai, T., Matsushima (Ogami), H., Mizuno, K. Last 400 ka landform evolution of the Kanto Plain:
under the influence of concurrent glacio-eustatic sea level changes and tectonic activity. Journal of
Geography (Chigaku Zasshi), 2013, 122, 921-948.

Suganuma, Y., Haneda, Y., Kameo, K., Kubota, Y., Hayashi, H., Itaki, T., Okuda, M., Head, M. J.,

Sugaya, M., Nakazato, H., Igarashi, A., Shikoku, K., Hongo, M., Watanabe, M., Satoguchi, Y.,

99



Takeshita, Y., Nishida, N., Izumi, K., Kawamura, K., Kawamata, M., Okuno, J., Yoshida, T.,
Ogitsui, 1., Yabusaki, H., Okada, M. Paleoclimatic and paleoceanographic records through Marine
Isotope Stage 19 at the Chiba composite section, central Japan: A key reference for the Early—
Middle Pleistocene Subseries boundary. Quaternary Science Reviews, 2018, 191, 406—430.

Svetocheva, O., Stasencova, N., Fooks, G. Guide to the bony fishes otoliths of the White Sea.
IMR/PINRO Joint Report Series, 2007, 3, 1-46.

EGIES. ERERESE Ak, ERT AT RET e S, 1976, 3, 55-71.

Takahashi, M., Fukuda, Y. Fish otoliths from the Upper Pleistocene Kioroshi Formation, Sakurai,
Kisarazu City, Chiba Prefecture, Central Japan. Earth Science (Chikyu Kagaku), 1991, 45, 259—
274.

Takahashi, M. [Otoliths]. in: Fossil Research Society of Japan (Ed.), [Research methods for fossils].
Kyoristu Shuppan Co., Ltd., Tokyo, 2000, p.202-205. (in Japanese)

Tanaka, T. Fossil shark teeth from Ninomiya Group of Middle Pleistocene. Bulletin of the Hiratsuka
City Museum, 1997, 20, 31-39.

Taru, H., Matsushima, Y. List of Fossil Cartilaginous Fishes Collected from Kanagawa Prefecture, Part
1 -Specimens Deposited in the Kanagawa Prefectural Museum of Natural History-. Natural History
Report of Kanagawa, 1998, 19, 117-121.

Toyota, H., Okumura, K. ESR ages of the Pleistocene Miyada Formation in the Miura Peninsula, central
Japan. The Quaternary Research, 2000, 39, 559-568.

Tuset, V. M., Farré, M., Ostero-Ferrer, J. L., Vilar, A., Morales-Nin, B., Lombarte, A. Testing otolith
morphology for measuring marine fish biodiversity. Marine and Freshwater Research, 2016, 67,
1037-1048.

Uyeno, T., Matsushima, Y. Comparative study of teeth from Naganuma Formation of Middle
Pleistocene and recent specimens of the great white shark, Carcharodon carcharias from Japan.
Bulletin of Kanagawa Prefectural Museum (Natural Science), 1979, 11, 11-30, tab. 1.

Waessle, J. A., Lasta, C. A., Favero, M. Otolith morphology and body size relationships for juvenile

Sciaenidae in the Rio de la Plata estuary (35 -36 S). Scientia Marina, 2003, 67, 233-240.

100



Watanabe, H., Kubodera, T., Ichii, T., Kawahara, S. Feeding habits of neon flying squid Ommastrephes
bartramii in the transitional region of the central North Pacific. Marine Ecological Progress Series,
2004, 266, 173—184.

Wijnsma, G., Pierce, G. J., Santos, M. B. Assessment of errors in cetacean diet analysis: in vitro
digestion of otoliths. Journal of the Marine Biological Association of the United Kingdom, 1999,
79, 573-575.

Yabumoto, Y. Mesozoic and Cenozoic osteichthyan fish fossils from Japan based on the specimens
deposited in Japanese museums and their potential. Fossils. The Paleontological Society of Japan,
2019, 105, 21-32.

Yamada, U., Tokimura, M., Horikawa, H., Nakabo, T. Fishes and fisheries of the East China and Yellow
Seas. Tokai University Press, Hadano, 2007, Ixxiii+1262p.

Yamaguchi, T., Matsushima, Y., Hirata, D., Arai, S., Ito, T., Murata, A., Machida, H., Arai, F.,
Takayanagi, Y., Oda, T., Okada, H., Kitazato, H. An unconformity between the Hatsuse and the
Miyata Formations in Shimomiyata, Miura City. Nature History Report of Kanagawa, 1983, 4, 87—
93.

Yamazaki, T., Oda, S., Shirakihara, M. Stomach contents of an Indo-Pacific bottlenose dolphin stranded
in Amakusa, western Kyushu, Japan. Fisheries Science, 2008, 74, 1195-1197.

Yang, J., Z. Huang, S. Chen, Li, Q. The deep-water pelagic fishes in the area from Nansha Islands to the
northeast part of South China Sea. Science Publication Company, Beijing, 1996. vii+90p.

Ye, Z.-J., Zhu, B.-J., Xue, Y. Photographic atlas of fish otoliths of the China sea (1). China Ocean

University Press, Qingdao, 2007, 231p.

101



