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Abstract. Specimens of the Recent species Ophiura sarsii sarsii Lütken, collected from the Late Pliocene
Hachioji Formation in Kashiwazaki City, Niigata Prefecture, central Japan, represent the first record of this
species from the Pliocene, although this species has been found from the Middle- Late Miocene. The
fossil specimens have been compared and contrasted with related species using morphometric character-
istics of the disk, basal arm portions and radial shields.
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Introduction

Ophiura sarsii sarsii is an extant, circumpolar species in the
Northern Hemisphere, occurring in high-density populations
in the upper bathyal zone surrounding northern Japan (Fujita
and Ohta, 1989). Fossil ophiuroids assigned to Ophiura s.
sarsii have been found in the Pleistocene from off northern
Norway (Jensen and Thomsen, 1987), from southern Norway
(Bj0rlykke, 1898), from the Middle Pleistocene Ichijuku For-
mation (Kazusa Group) in Chiba Prefecture (Ishida and Inoue,
1993, 1995), from the PI io- Pleistocene Hijikata Formation in
Shizuoka Prefecture (Ishida et al., 1996), from the Late
Miocene Ogawa Formation in Nagano Prefecture (Ishida,
Kurita et al., 1997 ; Ishida et al., 1998), from the Late Miocene
Hongo Formation in Yamagata Prefecture (Ishida, Tokairin et
al., 1997), and from the Middle-Late Miocene Wakkanai
Formation in Hokkaido (Ishida and Fujita, 1998).

We have recently discovered fossil ophiuroids in the Late
Pliocene Hachioji Formation, Kashiwazaki City (Ishida, Kurita
et al., 1997), which proved to be assignable to Ophiura s.
sarsii, based on a detailed morphological analysis. This
paper describes Ophiura s. sarsii from the Pliocene in detail
and discusses the comparison of the fossils with related
species, which are important for its identification.

Locality and age

Thirty-five individuals were collected from a cliff outcrop of
the Hachikoku Oil Field, about two kilometers southeast of
Nagatori Station on the Japan Railways Shin-etsu Line in the
district of Kashiwazaki City, Niigata Prefecture in May 1995

(Figure 1). The Pliocene and Pleistocene in this area com-
prise, in ascending order, the Hododaira Formation, the
Hachikokusan Formation, the Suganuma Formation, the
Hachioji Formation and the Uonuma Formation (Yasui er al.,
1983 ; Kobayashi er al., 1989). The strata in this cliff are

Figure! Sampling locality in the Hachikoku Oil Field.
Part of the "Kashiwazaki" 1 : 50,000 topographic map by the
Geographical Survey Institute, x : Sampling locality.
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composed of massive sandy siltstone assigned to the middle
part of the Hachioji Formation (Yasui ef al., 1983 ; Kobayashi
er al., 1989).

The age of the Hachioji Formation is inferred to be Late
Pliocene from the following studies. The formation was
correlated with the Pliocene Nishiyama Formation of the
standard succession in the Niigata area on the basis of
tephra-stratigraphy and foraminiferal biostratigraphical data
(Kobayashi ef a/., 1989). From an analysis of the stratigra-
phie sequence of the Niigata sedimentary basin, the Hachioji
Formation falls into the Late Pliocene (Arato, 1997). The
Hachioji Formation was correlated lithologically with the
Asojima Formation in the Yoneyama area (Kobayashi ef al.,
1989). Fission track ages of 3.24 and 2.91 Ma have been
obtained for the Asojima Formation (Unpublished data of
Muramatsu, in Kobayashi ef a/., 1989).

Fossil specimens of Ophiura s. sarsii have been described
from the Middle Pleistocene, the Plio-Pleistocene boundary
and the Late Miocene (Ishida and Inoue, 1993 ; Ishida et al.,

1996, 1998), and also from the Middle-Late Miocene (Ishida
and Fujita, 1998), but this is the first report of the species from
the Pliocene.

Systematic description

Family Ophiuridae Lyman, 1865
Subfamily Ophiurinae Lyman, 1865

Genus Ophiura Lamarck, 1816

Ophiura sarsii sarsii Lütken, 1855

Figures 2, 3

Ophiura sarsii Lütken, 1855, p. 101; Clark, 1911, p. 37
Matsumoto, 1917, p. 272, fig. 74; Mortensen, 1927, p. 238
figs. 128-1, 2; Berry, 1934, p. 98, pis. 5, 6; D'yakonov, 1954
p. 98, fig. 35 ; Irimura, 1990, p. 98 ; Ishida and Inoue, 1993, p
104, pis. 1-3 ; Ishida ef a/., 1996, p. 67-69, fig. 3 ; Ishida ef al.

Figure 2. Camera lucida drawings of the figured specimens of Ophiura sarsii sarsii Lütken. 1855 from the
Hachioji Formation. A. Dorsal view of disk and proximal arm ; B. Ventral view, proximal to mid arm ; C. Dorsal
view, proximal to mid arm ; D. Latero-ventral view, proximal to mid arm ; E. Partial ventral view of disk : F. Lateral
view of lateral arm plate (inside) ; G. Entire animal, showing ventral side (vertebral ossicles showing dorsal side).
Abbreviation : 1, Lateral arm plate (ventral view) ; 2, Arm spine ; 3, Ventral arm plate ; 4, Lateral arm plate (lateral
side) ; 5, Vertebral ossicle (dorsal side) ; 6, A part of genital plate ; 7, Oral plate : 8. Adorai plate : 9. Oral shield :
10, Disk scale ; 11, Primary scale ; 12, Radial shield ; 13, First dorsal arm plate ; 14. Dorsal arm plate ; 15. First ventral
arm plate ; 16, Arm comb plate ; 17, Socket of arm spine. Scale bars equal 1 mm.
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Figure 3. Fossil Ophiura sarsii sarsii Lütken, 1855 from the Hachioji Formation. A. Dense occurrence of
fossils ; B. Small individuals ; C. Dorsal view of a complete specimen ; D. Free arm, proximal part showing inside
of ventral arm plates and lateral arm plates, distal part showing dorsal side of vertebral ossicles ; E. Free arm,
latero-ventral view ; F. Ventral view of disk and proximal arms ; G. Dorsal view of disk and proximal arm.
Morphological explanation : 1, Inside of ventral arm plate ; 2, Inner ventral side of lateral arm plate ; 3, Dorsal view
of vertebral ossicle ; 4, Lateral side of lateral arm plate ; 5, Arm spine ; 6, Ventral view of vertebral ossicle ; 7, A
part of radial shield ; 8, Central plate ; 9, Scale ; 10, Lateral side of lateral arm plate ; 11, Dorsal arm plate ; 12, Disk
margin.

1998, p. 10-12, figs. 3, 4.
Materials.— Thirty-five specimens from the Hachioji Forma-

tion, three of which are illustrated here, are housed at the
Municipal Nagaoka Science Museum, Niigata Prefecture

(Gf8-10).
Measurements.— Measurements are based on 31 speci-

mens ; disk diameter ranges from 6.0-14.1 mm ; mean, 9.7
mm ; median, 9.9 mm.
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Description.— Disk circular in outline, low and flat, covered
with small, flat and imbricated scales. Primary scales fairly
large and circular. Radial shields oval, about twice as long
as wide, separated from each other and about half as long
as disk radius. Comb plates elliptical. Oral shields about
one third of disk radius, pentagonal with rounded distal
borders, with a pointed corner proximally and slightly longer
than wide. Adorai plates slender, rectangular, in contact
with each other at adorai margin. Oral plates fairly long,
rectangular with a pointed corner proximally, in contact with
each other at adorai side. Genital plates slender and long.
First 4 or 5 arm segments insert laterally into disk. Arms

bent gradually on bedding plane, more than three times as
long as disk diameter. Arms flattened, much wider than
high, rather wide at base, tapering gradually. Dorsal arm
plates well developed, rectangular, wider than long, with
median keel, successive plates broadly in contact. First
dorsal arm plates triangular. Ventral arm plates triangular,
about 2-3 times as wide as long. First ventral arm plates
trapezoidal. Lateral arm plates well developed, separated
by dorsal arm plates, but in contact ventrally. Arm spines
long and tapering, about twice as long as arm segment
proximally and almost equal to length of arm segment at
mid-arm, three in number, adpressed or often somewhat
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Figure 4. Size frequency distribution of Recent Ophiura sarsii sarsii, Ophiura leptoctenia, Ophiura kinbergi (A)
and fossil Ophiura sarsii sarsii from the Hachioji Formation (B). Data for these Recent specimens are from the
specimens stored at the National Science Museum, Tokyo (Ophiura s. sarsii, NSMT-E 1608. Wakasa Bay. Fukui
Prefecture, 270 m depth ; 1414, Toyama Bay, Toyama Prefecture, ca. 200 m depth ; Ophiura leptoctenia, NSMT-E
1987, Off Otsuchi, Iwate Prefecture, 1,038-1,055 m depth; Ophiura kinbergi, NSMT-E 0670, Amakusa Isis..
Kumamoto Prefecture, ca. 30 m depth).
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Figure 5. The relationship between disk diameter and basal arm width of Recent Ophiura sarsii sarsii, Ophiura
leptoctenia and fossil Ophiura sarsii sarsii from the Hachioji Formation. Solid lines show linear regression and
broken lines show 95% confidence limits. Each regression line is statistically significant {r=0.99, p<0.05 for
living O. s. sarsii (Oss), r = 0.95, p<0.05 for O. leptoctenia (01) and r=0.97, p<0.05 for fossil specimens of 0. s.
sarsii from the Hachioji Formation (H)}. There is a statistically significant difference on intercept (p<0.05) and
regression coefficient (p<0.05) between the two regression lines (Oss, 01). The fossil specimens safely fall into
the confidence interval of Recent O. s. sarsii, but not into that of O. leptoctenia. Data for Recent O. s. sarsii and
O. leptoctenia are from specimens stored at the National Science Museum, Tokyo ( O. s. sarsii NSMT-E 0568,
Wakasa Bay, 275 m depth ; 1414, 1608, 1609, Wakasa Bay, 240 m depth ; 0. leptoctenia NSMT-E 1987) .
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detached. Vertebral ossicles, triangular dorsally, with a
pointed distal corner.

Remarks.— Morphologically the Hachioji specimens have
much in common with Recent O. s. sarsii, which is related to
Ophiura s. vadicola, Ophiura kinbergi and Ophiura leptoctenia.
These four (sub)species can be distinguished mainly on the
basis of the shape of arm comb papillae. Although the arm
comb papillae were not discernible in the Hachioji fossils,
they have been identified as Ophiura s. sarsii for the following
reasons. Recent O. s. sarsii is larger than O. kinbergi, while
the Hachioji specimens are similar to O. s. sarsii in size
(Figure 4). Recent O. s. sarsii has a larger ratio of basal arm
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Figure 6. The relationship between width and length of
radial shields in Recent Ophiura sarsii vadicola, Ophiura sarsii
sarsii and a fossil specimen from the Hachioji Formation. The
value at each point for O. s. vadicola and O. s. sarsii indicates
the mean value measured from five radial shields in the
specimen. The value for the fossil specimen indicates the
mean value measured from three radial shields in the speci-
men. Solid lines show linear regression and broken lines
show 95% confidence limits. Each regression line is statisti-
cally significant (r=0.97, p<0.05 for living O. s. vadicola, r=
0.95, p<0.05 for O. s. sarsii). There is a statistically signifi-
cant difference on intercept (p<0.05) and regression coeffi-
cient (p<0.05) between the two regression lines. The fossil
specimen safely falls into the confidence interval of Recent O.
s. sarsii, but not into that of O. s. vadicola. Data for Recent
specimens of O. s. vadicola and O. s. sarsii are from the
specimens stored at the National Science Museum, Tokyo (O.
s. vadicola NSMT-E1821, O. s. sarsii NSMT-E1609, 0568).

width to disk diameter than has O. leptoctenia, while the
Hachioji specimens are close to O. s. sarsii in this ratio : the
values are 0.24 for O. s. sarsii, 0.12 for O. leptoctenia and 0.22
for the Hachioji specimens (Figure 5). Recent specimens of
O. s. sarsii possess a smaller width to length ratio for radial
shields than O. s. vadicola (the ratio is 0.75 for O. s. vadicola
and 0.54 for O. s. sarsii), while the Hachioji specimens are
similar to O. s. sarsii (the ratio is 0.58) (Figure 6). Recent O.
s. sarsii has longer radial shields than those of Recent O. s.
vadicola (the length is 0.5 times disk radius in O. s. sars/7, and
0.4 times disk radius in O. s. vadicola based on the same
samples as Figure 6), while the Hachioji specimens are
similar to O. s. sarsii. The body size of the Hachioji speci-
mens is similar to that of specimens from the Lower Pleis-
tocene Ichijuku Formation (mean disk diameter 9.6 mm)
(Ishida and Inoue, 1993), but is larger than that of specimens
from the Plio-Pleistocene Hijikata Formation (mean disk
diameter 8.2 mm) (Ishida et a/., 1996).

Mode of occurrence and paieoenvironment

Dense aggregations of fossilized ophiuroids were found in
sandy siltstone layers. Many of their arms and disks are still
attached, and most individuals (85%) lie dorsal side up on the
bedding plane (Figure 7). This suggests the assemblage is

Dorsal \ ie%\

Ventral view

Figure 7. Sketch illustrating the dense occurrence of
fossil Ophiura sarsii sarsii in sandy siltstone matrix from the
Hachioji Formation.
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Table 1. List of molluscan fossils associated with fossil ophiuroids. N ; Numbers. For Recent species, depth and
latitudinal range are given, according to Habe (1977), Higo (1973) and Kuroda and Habe (1952).

Species
Pelecypoda

Saccela confusa (Hanley)
Nuculana (Thestyleda) yokoyamai (Kuroda)
Acila sp.
Yoldia (Cnesterium) notabilis Yokoyama
Portlandia (Megayoldia) thraciaeformis (Storer)
Limopsis (Empleconia) cumingi A. Adams
Anadata (Scapharca) ommaensis Otuka
dementia vatheleti Mebille
Solamen spectabilis (A. Adams)
Nemocardium (Keenaea) cf. samarangae (Makiyama)
Felaniella usta (Gould)
Megacardia ferruginosa (A. Adams and Reeve)
Macoma calcarea (Gmelin)
Thracia cf. kakumana Yokoyama

Gastropoda
Turritella (Neohaustator) saishuensis Yokoyama
Neverita {Glassaulax) reiniana (Dunker)
Cryptonatica janthostomoides (Kuroda and Habe)
Siphonalia cf. fusoides (Reeve)
Fusinus perplexus (A. Adams)
Mitra sp.
Fulgoraria cf. masudae Hayasaka
Turbonilla sp.

Scaphopoda
Dentalium (Antalis) weinkauffi (Dunker)

N Depth (m) Latitude (°N)

4

25 15-550 30-42

autochthonous or semiautochthonous. The number of
specimens observed on the surface area of the block illus-
trated in Figure 7 is 13/222 cm 2 , which is equivalent to a
density of 585 ind./m 2 . This value is nearly the same as
that reported for Recent faunas (Fujita, 1992).

Together with ophiuroids, we found 23 molluscan species
at this locality (Table 1). Species typical mainly of the lower
sublittoral zone, such as Limopsis (Empleconia) cumingi and
Cryptonatica janthostomoides, are common in the Hachioji
Formation. The mode of occurrence of ophiuroids and
molluscs suggests that the ophiuroids lived on a lower
sublittoral, sandy silt bottom. Recent O. s. sarsii is distribut-
ed mainly on the uppermost continental slope around Japan
(Fujita and Ohta, 1990). The Hachioji specimens lived in a
slightly shallower setting than their extant counterparts.
Some molluscs, e.g. Anadara (Scapharca) ommaensis, Yoldia
(Cnesterium) notabilis and Turritella (Neohaustator) saishuen-
sis have been recognized as typical of the Omma-Manganji
fauna (Ogasawara, 1994), which suggests the sedimentary
environment of the Hachioji Formation to have been one of
a mild to cool temperate marine climate.
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