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Abstract.

A fish fossil found from the Miocene Bessho Formation near Amikake, Sakaki Town, Hanishina

County in Nagano Prefecture, central Japan is described as a new species of the genus Clupea, C. macrocephala
of the family Clupeidae of Clupeiformes. This new species differs from other species of the genus in having a
large head about 3.4 times in the standard length versus more than 4 times in other species. Clupea macrocephala
sp. nov. is closer to Clupea pallasii than Clupea harengus in the number of vertebrae. Presence of the fossil her-
rings of the genus Clupea in the deposits of Pacific basin implies that the origin of this genus, probably, was in

the Pacific Ocean in the Miocene.
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Introduction

The herrings of the Recent genus Clupea (Clupe-
iformes: Clupeidae) are among the most important objects
of the commercial fisheries in the Northern Hemisphere
(Whitehead, 1985). They are marine pelagic fishes, form-
ing giant schools, and occurring from the surface to a
depth of about 200 m, mainly offshore. Two forms, dis-
tinguished within this genus, the mostly Atlantic Clupea
harengus Linnaeus, 1758, and the mostly Pacific C. pal-
lasii Valenciennes, 1847, are considered as a distinct spe-
cies or as a subspecies by different authors (Svetovidov,
1963; Grande, 1985; Whitehead, 1985). These forms dif-
fer in some meristic characters, mostly in the number of
vertebrae, which is a little greater in the Atlantic form,
and, most importantly, in the biological features of their
spawning (Svetovidov, 1963).

Several dozen fossil fish species have been described
under the generic name “Clupea”, but later have been
recognized as other taxa of clupeids, clupeomorphs or
elsewhere (Grande, 1985). The problem with the identifi-
cation of fossils as belonging to Clupea is that this genus
lacks the clear and certain morphological characters
which would allow fossils to be assigned to it undoubt-
edly.

In eastern Asia there is only one fossil species assigned
to this genus, Clupea aenemtensis Sytchewskaya, 1985,
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from the Miocene of Kamchatka (Sinelnikova et al.,
1985). This species was described from seven incom-
plete skeletons, and was not considered in the revision by
Grande (1985).

Previous researches reveal only three fossil representa-
tives of the family Clupeidae from the Neogene of Japan.
They are Eosardinella hishinaiensis Sato, Sardinella sp.
and Sardinops sp. (Sato, 1966; Ohe, 1993; Yabumoto and
Uyeno, 1994), all known from Miocene deposits. In the
present study, we describe a new clupeid species of the
genus Clupea on the basis of a single specimen from the
Miocene Bessho Formation near Amikake, Sakaki Town,
Nagano, Japan.

Earlier, Uyeno (1979) studied fish fossils from
Kurumizawa and Koami near Amikake in Sakaki Town,
Hanishina County in Nagano Prefecture, central Japan
where the Bessho Formation is distributed. He recog-
nized at least eight species belonging to the families Clu-
peidae and Englaulidae? of Clupeiformes, sternoptychids
of Stomiiformes, macrourids of Gadiformes and the spa-
roids of Perciformes, Gymnosarda sp. of Scombridae and
scorpaeniforms. Uyeno (1979) mentioned that the fauna
somewhat resembles the present fish fauna of Suruga
Bay on the Pacific coast of Honshu in Shizuoka Prefec-
ture, Japan, because it contains pelagic (clupeids), meso-
pelagic (Gymnosarda) and bathypelagic (macrourids
and sternoptychids) fishes. The new herring specimen
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Table 1.

Some diagnostic characters of recent and fossil species of Clupea. Data from Svetovidov (1963),

Grande (1985), Sinelnikova et al. (1985), and Mecklenbourg et al. (2002). *, in the percent of the body length to the
ends of the medial caudal rays, for comparison with data of Svetovidov (1963). ** data from comparative materi-
als of this paper. Abbreviations: pt., pterygiophores; P.r., pleural ribs; P. v., preural vertebrae.

Characters Clupea harengus Clupea pallasii  Clupea aenemtensis ~ Clupea macrocephala sp. nov.
Predorsals 18-19 15-16 — =10
Pleural ribs 35-37 34-35 — 35
Preural vertebrae 54-59 52-55 ~50 52
P.r./P.v. ratio 0.64 0.66 — 0.63
Dorsal fin pt 17-18 17-18 17 18
Anal fin pt 16-18 15-16 ~18 16
Epurals 2 1-2 — 2
Pre-Dorsal distance* 49.1 49.1 — 48.3
Pre-Anal distance* 72.6 72.6 — 75
Pre-Pelvic distance* 53.7 53.7 — 57.2
Head length* 20.2-25.9 19.0-24.6 <25.0 274
Prepelvic scutes** 18 16-17 21-22 ~ 18
Postpelvic scutes 12-16 10-14 ~11 8

described here was not mentioned previously, and came
from another locality, Amikake of the Bessho Formation.

Material and methods

The sole specimen, holotype, is deposited in the
National Museum of Nature and Science, Tsukuba, with
the number PV23963-a, b. The specimen was cleaned by
preparation needles under a binocular microscope. All
measurements were made using vernier calipers to within
0.1 mm, with the standard body length (SL) as the main
measurement. The so-called “trade length”, i.e., the body
length to the ends of the medial caudal rays, is used in
Table 1 for comparable values with data of Svetovidov
(1963). The number of prepelvic scutes was counted
between the pectoral and pelvic fin insertions. Osteology
of Recent species was studied by radiographs of speci-
mens from the ichthyological collection of the Zoologi-
cal Institute of the Russain Academy of Science (ZIN):
Clupea pallasii, ZIN 54831, Bering Sea, SL = 180 mm
and ZIN 30347, Sea of Okhotsk, 6 specimens, SL = 170—
185 mm; C. harengus, ZIN 39896, North-West Atlantic,
5 specimens, SL = 255-280 mm and ZIN 32225, off
England, SL = 225 mm.
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Paleontological description

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

Type species.—Clupea harengus Linnaeus, 1758.

Clupea macrocephala sp. nov.

Figures 1-4

Holotype.—NSM (National Museum of Nature and
Science, Tsukuba) PV23963-a, b, almost complete speci-
men of the part (a) and the counterpart (b).

Locality and horizon.—The locality of the fossil is
Amikake, Sakaki Town, along the Chikuma River where
the middle Miocene Bessho Formation is distributed
(Figure 1). The type locality of the Bessho Formation is
the area along the Yukawa River, which is a branch of the
Chikuma River near Bessho Onsen (hot spring) (Honma,
1931). The main part of the Bessho Formation is mas-
sive black shale with fossils of whales, dolphins, fishes,
mollusks and plants (Kato, 1980). The uppermost part of
the formation consists of medium- and coarse-grained
sandstone, conglomerate and alternation of sandstone and
mudstone. The Bessho Formation overlies the Uchimura
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Figure 1.

Locality of the holotype, NSMPV23963, Clupea macrocephala sp. nov. Abbreviations: Al, lowermost member of Aoki For-

mation (middle Miocene); A2, lower member of Aoki Formation (middle Miocene); A3, middle member of Aoki Formation (middle Miocene);
A4, upper member of Aoki Formation (middle Miocene); AS, uppermost member of Aoki Formation (middle Miocene); Bs, Bessho Formation
(middle Miocene); Ju, younger Josho Lake Deposits (Pleistocene); Mr, Mori Member of Uchimura Formation (early Miocene); O1, Sashikiri
Member of Ogawa Formation (late Miocene); Ob, Obasute Mudflow (Pleistocene); Om, Omineyama Member of Uchimura Formation (early
Miocene); P, Porphyrite of dike and sheet (middle Miocene) (geological map from Kato, 1980).

Formation with conformity and is overlain by the Aoki
Formation (Kato, 1980).

Etymology.— macrocephala means long head in Greek.

Diagnosis.—The new species is distinguished from
other species of the genus Clupea by its large head: the
standard length about 3.4 times the head length.

Description.—The holotype is an almost complete
specimen preserved in the part and counterpart on black
shale (Figure 2). The body is compressed because the
lateral sides of the specimen are exposed. The estimated
total length is 82 mm, the standard length (SL) is 71.8
mm. The head is large. The mouth is terminal or some-
what superior, with the mandible slightly protruding. The
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head is large. The standard length is about 3.4 times the
head length and about 3.6 times the body depth. The orbit
is large. The head length is 3.9 times the orbit diameter.

The neurocranium is low and wedge-shaped, with its
dorsal contour almost straight. The visible portion of the
parasphenoid, ahead of the cranial part of the skull, is also
straight. The frontal is narrow, triangular, without visible
striations of its dorsal surface. The structure of the other
cranial bones is not discernible, as well as the condition
of the bullae.

The bones of the infraorbital series are not recogniz-
able. The premaxilla is very small. The maxilla is elon-
gated, reaching past the posterior to the front of the orbit,
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Figure 2. Clupea macrocephala sp. nov., holotype. a, the part, NSMPV23963-a; b, the counterpart, NSMPV23963-b. Arabic numer-
als show the numbers of centra. Abbreviations: e.A.b., posterior end of the anal fin base; A.o., anal fin origin; D.o., dorsal fin origin; e.D.b.,
posterior end of dorsal fin base; P2 i., pelvic insertion.

with a thin anterior arm and strong strut from the anterior
tip to the posterior portion (Figure 3). The structure and
number of the supramaxillaries are unknown. The man-
dible is deep and widely triangular. The articulation of the
lower jaw is located under and slightly behind the anterior
margin of the orbit. There are no traces of the jaw teeth.
A part of preopercle and opercle is preserved. The width
of the opercle is shorter than its depth. There are no bony
radiating striae on its surface. The preopercle is wide,
crescentic, with the upper branch slightly longer than
the lower one. The quadrate is fan-shaped. Some other
bones of the cranium are recognized, however the border
of each bone is not clear. The number of branchiostegals
is unknown.

There are 54 vertebrae, including the two ural centra,
thus the number of preural vertebrae is 52. Of them, 35
are abdominal (Figure 2). The length and the depth of
the centra are almost the same, except for two or three
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anteriormost vertebrae in which the depth exceeds the
length. The ribs are slender and long extending almost to
the ventral margin of the abdomen. It is difficult to count
the ribs, but 33 pairs of pleural ribs are supposed from
the number of abdominal vertebrae and the ribs/vertebrae
ratio is about 0.63. Epineurals and epipleurals are thin and
comparatively short, not longer than 1/8 of the abdominal
cavity. These bones can be traced to the 7 or 8 preural
vertebrae. There is a series of, at least, 10 supraneurals,
which do not reach the dorsal fin base.

The dorsal fin is located slightly behind the middle
of the body (Figure 2a). There are 18 slender pterygi-
ophores and at least 19 dorsal fin rays. The height of the
longest rays in the anterior part of this fin slightly exceeds
the length of the dorsal fin base. The last dorsal fin ray
is definitely not elongated (Figure 4a, b). The origin of
the dorsal fin is above the 21st centrum and the posterior
end of the dorsal fin base is above the 30th centrum. The
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Figure 3. Head of Clupea macrocephala sp. nov., holotype, NSMPV23963-a. Abbreviations: ANG, angular-articular; ar, articulation of
the lower jaw; CLE, cleithrum; DEN, dentary; MAX, maxilla; o, orbit; OPE, opercle; P1, pectoral fin; PARA, parasphenoid; POP, preopercle;
PREM, premaxilla; Q, quadrate.

insertion of the anterior dorsal pterygiophore is before
the neural spine of the 17th vertebra. A long slender stay
extending posteriorly is visible behind the last dorsal fin
pterygiophore (Figure 4a, b).

The anal fin is located well behind the posterior end of
the dorsal fin (Figure 2a). The length of the anal fin base
is approximately equal to that of the dorsal fin base. The
origin of the anal fin is under the 40th centrum and the
posterior end of the anal fin base is under the 47th cen-
trum. Anterior anal fin pterygiophore is positioned before
the 36th vertebra. Anal fin pterygiophores number 16; the
stay is absent (Figure 4c, d). Seventeen anal fin rays can
be counted, at least. The distal parts of the anterior rays
are lost and those of other rays are disarticulated, whereas
the rays of the last pterygiophore (consisting of two rays)
are preserved and not elongated.

The caudal fin is deeply forked, with 9 branched fin
rays in the upper, and 8 in the lower lobes (Figure 5).
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There are 7 unbranched fin rays in the upper and 6 in the
lower lobes. The caudal skeleton is typical for clupeoid
fishes (see Whitehead, 1985; Grande, 1985). The first
hypural is large. The second hypural is slender and fused
at the base to the first ural centrum. The third hypural is
slightly larger than the first one. The fourth to the sixth
hypurals are slender and the fifth one is thinner than the
sixth one. The third and fourth hypurals articulate with
the second ural centrum. The first uroneural is slender
and forms the pleurostyle fused to the first preural cen-
trum. The second and third uroneurals are also slender
and located behind the pleurostyle. The third uroneural is
short and located above the sixth hypural and behind the
second uroneural. Two rod-like epurals are clearly visible
ahead of the pleurostyle.

The pectoral base is placed close to the ventral body
border, under the vertebrae 2—4. The longest pectoral rays
extend to about the anterior one-third of the abdomen
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Figure 4.

(Figure 2). Seventeen or 16 fin rays can be counted. The
cleithrum is wide and extends from the vertebral column
to the ventral body edge. The postcleithrum is a slender,
slightly sigmoidal bone. The other bones of the pectoral
girdle are not recognized.

The pelvic fin is abdominal. The distance between the
pectoral and pelvic fin insertions is 1.5 time the distance
between the pelvic fin insertion and the anal fin origin.
The pelvic fin insertion is positioned under the dorsal fin
base, slightly ahead of its midpoint, and shows the ventral
surface of both sides (Figure 2). There are 6 to 8 rays in
each, left and right. The pelvic fin is long and slightly
shorter than the pectoral fin. The structure of the pelvic
girdle is indiscernible.

The shape and size of body scales are indiscernible.
The series of the ventral scutes are well developed and
present before (approx. 18 scales) and behind (8 scales)
the pelvic fin. The dorsal scutes are absent.

Measurements.—Standard length (SL) = 71.8 mm.
Percentage with SL: body length to the ends of the medial
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Clupea macrocephala sp. nov., holotype. a, dorsal fin on NMS 23963-a; b, dorsal fin on 23963-b; ¢, anal fin on NMS 23963-
a; d, anal fin on NMS 23963-b. Arabic numerals indicate the numbers of the pterygiophores. Abbreviation: ST, stay.

caudal rays, 107.4%; head length, 29.4%; maximum
body depth, 27.6%; caudal peduncle depth, 11.6%; pre-
dorsal distance, 51.9%; preanal distance, 80.6%; prepec-
toral distance, 30.0%; prepelvic distance, 61.4%; dorsal
fin base, 13.3%; dorsal fin height, 13.9%; anal fin base,
13.5%; caudal fin length, 22.4%; pectoral fin length,
15.2%; pelvic fin length, 9.0%; preorbital length, 10.2%;
orbit length, 7.4%.

Comparison.—The new species from Japan is very
close to both Recent representatives of the genus, Clu-
pea harengus and C. pallasii in the body proportions and
counts (Figure 6, Table 1). It can be clearly separated
from these by its larger head (Figure 7), lower number of
abdominal postpelvic scutes, and, probably, by the lower
number of supraneurals. The low number of the preural
vertebrae makes C. macrocephala sp. nov. more similar
to the recent Pacific herring C. pallasii. It should be noted
here that the range in numbers of vertebrae in the two
species overlaps more broadly than was shown by Grande
(1985) (see Table 1). By the data from Svetovidov (1963),
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Figure 5. Caudal fin and skeleton of Clupea macrocephala sp. nov., holotype, NMS 23963-a. Abbreviations: EPUI, first epural; EPU2,
second epural; HY UL, first hypural; HY U2, second hypural; HYU3, third hypural; HYUS, sixth hypural, PARH, parhypural; PL, pleurostyle;
PUL, first preuralcentrum; U1, first ural vertebra; U2, second ural vertebra; UN1, first uroneural; UN2, second uroneural; UN3, third uroneural.

the range of this character for the Atlantic species is
51-60, whereas for the Pacific species it is 47-57, if all its
populations are considered. At the same time, the prepel-
vic abdominal scutes of this new species are well devel-
oped, as in the Atlantic herring C. harengus, whereas they
are poorly developed and often are absent in C. pallasii
(Berg, 1948; Andriashev, 1954). Clupea macrocephala
sp. nov. well differs from the other fossil eastern Asian
species, C. aenemtensis from the Miocene of Kamchatka,
by the large head, higher number of vertebrae and lower
number of prepelvic scutes (Table 1).

Downloaded From: https://bioone.org/journals/Paleontological-Research on 30 Mar 2025
Terms of Use: https://bioone.org/terms-of-use

Discussion

About 57 genera and 188 Recent species of the family
Clupeidae of the order Clupeiformes have been recog-
nized in the world. Clupeidae consists of six subfamilies:
Dussumieriinae, Ehiravinae, Pellonulinae, Clupeinae,
Alosinae, and Dorosomatinae (Nelson et al., 2016).
Among them, Dussumieriinae, Clupeinae and Dorosoma-
tinae are distributed in Japan. Furthermore, 34 genera and
118 or more species of fossils have been described from
the world (Grande, 1985).

This new species is considered to be a member of Clu-
peomorpha, as it possesses several abdominal scutes,
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Figure 6. X-ray images of the extant species of the genus Clupea. a, Clupea pallasii, ZIN 54831, Bering Sea, SL = 180 mm; b,
C. pallasii, ZIN 30347, Sea of Okhotsk, SL = 185 mm; ¢, C. harengus, ZIN 32225, England, SL = 225 mm; d, C. harengus, ZIN 39896,
Northwest Atlantic, SL = 280 mm. Meristic counts and proportional measurements of the specimens are in Appendix 1.

second hypural fused with the first ural centrum, and an
autogenous first hypural. Further, the new species is a
member of Clupeoidei because of the fusion of the first
uroneural with the first preural centrum, and the presence
of an autogenous parhypural (see Grande, 1985). The
high pleural rib to preural vertebrae ratio (0.63) supports
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the inclusion of this species within the Clupeoidea. Clu-
pea macrocephala sp. nov. should be included to the fam-
ily Clupeidae because of the absence of the dagger-like
teeth inherent for Chirocentridae. This new Miocene spe-
cies did not possess any characters of the well diagnosed
clupeid subfamilies: a peculiar, unkeeled, W-shaped pel-
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Figure 7. Comparison of head length. a, Clupea macrocephala sp. nov.; b, C. pallasii Valenciennes, 1847; ¢, C. harengus Linnaeus,
1758 (b and ¢ from Whitehead, 1985). Abbreviations: HL, head length; SL, standard length.

vic scute (Dussumieriinae), inferior mouth and long fila-
mentous last dorsal-fin ray (Dorosomatinae), complex of
paedomorphic features (Ehiravinae), comparatively large
body height, enlarged scales (ala) at the base of the cau-
dal fin and well developed scutes on the throat (Alosinae)
(Svetovidov, 1963; Grande, 1985; Whitehead, 1985;
Nelson et al., 2016). This Miocene herring from Japan
differs from the genera of Pellonulinae by the absence of
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well developed pronounced abdominal keel, dorsal scutes
and jaw teeth, and by the position of the pelvic fin under
the middle of the dorsal base (vs. under the beginning of
the dorsal base or ahead of it in Pellonulinae). The num-
ber of supramaxillaries (diagnostic character of Grande,
1982) is unfortunately unknown. Thus, this new species
described here should be treated as a member of the sub-
family Clupeinae.
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Within the subfamily Clupeinae the new species is
assigned to the genus Clupea by the following combina-
tion of characters: opercle smooth; fronto-parietal striae
on top of head are absent; last dorsal and last two anal fin
rays are not enlarged; the abdominal scutes not forming a
strong keel and scutes before pectoral fin are absent; the
lower jaw joint is placed beneath the anterior portion of
the orbit; the dorsal fin origin is immediately behind the
middle of body; the pelvic fin base is under the middle of
the dorsal base; 18 dorsal fin pterygiophores, 16 anal fin
pterygiophores, 52 preural vertebrae and two epurals (see
Svetovidov, 1963; Grande, 1985; Whitehead, 1985).

The first opening of the Bering Strait between the Arctic
and North Pacific happened about 5 Ma. Since this opening
fish faunas from the Atlantic and Pacific could exchange
their species through the Arctic. Thus, there was enough
time for separation of Atlantic and Pacific populations at
the species/subspecies level. The two extant species of
the genus Clupea are distributed in the northern Pacific
Ocean including Japan and the western cost of Russia in
the Arctic Sea (C. pallasii), and in the northern Atlantic
Ocean and the western cost of Russia in the Arctic Sea (C.
harengus) (Svetovidov, 1963; Whitehead, 1985) (Figure
8). The finding of the second fossil species of the genus
Clupea in the deposits of the Pacific basin implies that the
origin of this genus, probably, was in the Pacific Ocean
in the Miocene. The Atlantic herring, then, was derived
from that group passed through the Bering Strait into the
Arctic Ocean and the Pacific herring was derived from the
group that stayed in the Pacific Ocean. Later the Pacific
herring migrated through the Bering Strait into the Arctic
Ocean and settled in the White, Barents and Kara seas in
Russia separated from the population of the Pacific Ocean
(Figure 8). However, more extensive paleontological data
are required for determining the time and the original
basin of these fishes more or less reliably.
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Appendix 1. Meristic counts and proportional measure-
ments of the specimens in Figure 6. Abbreviations: AC, body
length from the tip of snout to the ends of medial caudal fin rays;
HL, head length; pre-A, pre-anal distance; pre-D, pre-dorsal dis-
tance; pre-P2, pre-plevic distance.
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Clupea pallasii, ZIN 54831 (Figure 6a), preural vertebrac =
54 (36+18), pleural ribs from 3 to 35 = 33, ribs/vertebrae ratio =
0.61, supraneurals = 12, intermusculars to the pu7-pu8, epurals =
2, dorsal pterygiophores = 16+stay, anal pterygiophores = 12, pre-
pelvic scutes = 23, post-pelvic scutes = 10. Percentage with AC:
pre-D = 45.6%; pre-A = 71.6%; pre-P2 = 52.4%; HL = 18.8%.

Clupea pallasii, ZIN 30347 (Figure 6b), preural vertebrac =
55 (37+18), pleural ribs from 3 to 37 vertebrae = 35, ribs/verte-
brae ratio = 0.64, supraneurals = 12, intermusculars to the puS5-
pub, epurals = 2, dorsal pterygiophores = 18+stay, anal pterygi-
ophores = 16, pre-pelvic scutes = 24, post-pelvic scutes = 11.
Percentage with AC: pre-D = 48.0%, pre-A = 74.1%, pre- P2 =
55.5%, HL = 22.0%.

Clupea harengus, ZIN 32225 (Figure 6¢), preural vertebrae
= 57 (40+17), pleural ribs from 3 to 40 vertebrac = 38, ribs/
vertebrae ratio = 0.67, supraneurals = 19, intermusculars to the
pu4, epurals = 2, dorsal pterygiophores = 18+stay, anal pterygi-
ophores = 14, pre-pelvic scutes = 24, post-pelvic scutes + 8.
Percentage with AC: pre-D = 48.5%, pre-A = 73.7%, pre- P2 =
53.7%, HL = 18.7%.

Clupea harengus, ZIN 39896 (Figure 6d), preural vertebrae
= 56 (38+18), preural ribs from 3 to 37 vertebrac = 35, ribs/
vertebrae ratio = 0.63, supraneurals = 17, intermusculars to the
puS-pu6, epurals = 2, dorsal pterygiophores = 18+stay, anal
pterygiophores = 15, preventral scutes = 22, postventral scutes
= 10. Percentage with AC: pre-D = 52.1%, pre-A = 72.0%, pre-
P2 = 54.0%, HL = 21.1%.



