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Fossil Ophiuroids (Ophiura sarsii Liitken, 1854) from the
Pleistocene Ichijuku Formation (Kazusa Group),
Chiba Prefecture, Central Japan
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Abstract Abundant specimens of a fossil ophiuroid were collected from the siltstone and coarse
sandstone of the Early to Middle Pleistocene Ichijuku Formation of the Kazusa Group in the Ichijuku
area, Kimitsu City, Chiba Prefecture, Central Japan. These fossil ophiuroids are identified as a living
species Ophiura sarsii mainly because the disk scales are fine and comb papillae are short. This
clarifies that origin of the species goes back at least to the Early Pleistocene. This paper provides the
first description of the fossil specimens of Ophiura sarsii.
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Over 300 individuals of an ophiuroid spe-
cies from the Early to Middle Pleistocene
Ichijuku Formation of the Kazusa Group
(Mitsunashi et al., 1961; Niitsuma, 1976) in
the Ichijuku area, Kimitsu City, Chiba Pre-
fecture were collected at a sand quarry on a
cliff in this area, about two kilometers north-
east of Kand Mountain (Fig. 1). The occur-
rence of the ophiuroid from the Ichijuku For-
mation was reported by Hamada (1975) and
Hayami (1987), but taxonomic allocation has
not still been done. In this paper, we describe
morphological characters of the specimens
and allocate the specimens to a living species
Ophiura sarsii.

The late Pleistocene specimens of Ophiura
sarsii were recorded from off northern
Norway (Jensen and Thomsen, 1987). The
specimen from the Pleistocene of South
Norway was listed as Ophiura sarsii (Bjor-
lykke, 1898). The occurrence of the fossil
Ophiura sarsii from the Ichijuku area sug-
gests that origin of this species goes back to
the age of the Ichijuku Formation (the Early
to Middle Pleistocene).

Geology
The Ichijuku Formation yielding the oph-

iuroids rests conformably on the Iwasaka
Formation, and is overlain unconformably
by the Nagahama Formation (Mitsunashi et
al., 1961). At the fossil locality, the middle
part of the Ichijuku Formation is composed
mainly of coarse sand with large-scale cross-
bedded sets (Plate II, fig. 1), intercalated are a
few siltstone layers of 10-50 cm in thickness
(Plate II, fig. 2). A few specimens were collect-
ed directly from the outcrop, and over 300
were found in boulders of siltstone and
coarse sandstone near by. Since the lithic
characters of the boulders are quite the same
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Fig. 1. Locality of fossil Ophiura sarsii. A part
of the topographic map of “Futtsu” on the scale
of 1: 50,000 by the Geographical Survey Institute,
Ministry of Construction, Japan. X: Fossil locality.
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as those of the mother rocks at the outcrop, it
is considered that these boulders were de-
rived from the outcrop. Many specimens are
well preserved and not fragmented, and there-
fore appear to be autochthonous or semi-
autochthonous (Plate, I). Together with ophi-
uroids, we found various additional fossils in
the Ichijuku Formation of this locality, vis.
bivalves such as Pecten (Notovola) albicans,
Mizuhopecten tokyoensis, Aequipecten vesicul-
osus, Chlamys (s.s.) jousseaumei, Placopecten
akihoensis, Crassostrea gigas, Arca boucardi
miyatensis, Glycymeris (s.s.) yessoensis, G. (s.s.)
vestita, Limopsis (s.s.) tokaiensis, L. (Nipponoli-
mopsis) azumana, Chama (s.s.) cf. reflexa, Ven-
ericardia (Cyclocardia) ferruginosa etc., Gastro-
poda such as Patelloida (Asteroacmaea) pal-
lida, Tegura (Chlorostoma) pfeifferi, Diodora
yokoyamai kosibensis, Turritella (Neohausta-
tor) saishuensis, Architectonica yokoyamai,
Cryptonatica janthostomoides, Fulgolaria (Pse-
phaea) cf. kamakurensis etc.; Scaphopoda
such as Eufistulana grandis, Dentalium (Ant-
alis) septentrionale etc.; corals Caryophyllia sp.
and Flabellum sp., and shark teeth.

Description of fossils

Order Ophiurida Miiller and Troschel, 1840
Family Ophiuridae Lyman, 1865
Ophiura sarsii Liitken, 1854
(Figs. 2A-E, 3A-E; Plates I-III)

Materials. Over 300 specimens were col-
lected at Ichijuku area, Kimitsu City, Chiba
Prefecture. Ichijuku Formation, Kazusa
Group, Early to Middle Pleistocene. Stored at
the Natural History Museum and Institute,
Chiba Prefecture, Central Japan (CBM-PI
01399).

Measurements. The smallest specimen has
a disk diameter of about 3 mm, while that in
the largest specimen is about 19 mm, mean
diameter being 9.6 mm. The arms are about
three times as long as the disk diameter.

Description. The disk is circular in outline,
low and flat. The disk is covered with small,
flat, and imbricated scales (Fig. 2B). The pri-
mary plate is circular in shape (Fig. 2A). The
radial shields are irregularly triangular,
about twice as long as wide, separated from

each other, about half the length of the disk
radius. The comb plates are elliptical in
shape, vertical to the disk radius. The comb
papillae are arranged along the margin of the
plate, narrowly separated by gaps, conical or
rather broad and apically obtuse, short, or
about one third of the basal arm joint in
length (Fig. 2C, D). The comb papillae are
discernible 10 in number along the comb
plate, but there is room for 1 or 2 additional
papillae. The interradial marginal plates are
elliptical in outline, and about 0.34 times as
long as the interradial length. The external
surface of the plate is arched along the short-
er axis. The oral shields are pentagonal in
shape with rounded distal borders, wider
within than without, slightly longer than
broad (Fig. 3A). The length of the oral shields
equals the distance from their outer edge to
the edge of disk, but is occasionally twice this
length, however this is rare. The teeth and
oral papillae are long, slender and acute at
the tips. Eight tooth papillae are counted at
the apex of a jaw; these are wide and longer
than the oral papillae (Fig. 3C). The oral pa-
pillae number six or seven (Fig. 3B). The
adoral plates are slender and rectangular in
shape, in contact with each other at the
adoral margin. The oral plates are rather
long, rectangular in shape, in contact with
each other at the adoral side. The genital slits
are long with squarish, flat, short, closely-set
genital papillae along the abradial border of
the genital slit (Fig. 3D). The oral slits are
U-shaped. The first 4 or 5 arm segments
insert laterally into the disk (Fig. 3A). The
arms are rather wide at the base and taper
gently. The arms are flattened, much wider
than high and keeled at the aboral side. The
dorsal arm plates are well developed, rec-
tangular in shape, with straight or slightly
convex outer edges, and in contct over their
whole breadth. About 4 dorsal arm plates at
the base of the arm are incorporated into the
disk. The proximalmost of the dorsal arm
plates are triangular or rectangular in shape
(Fig. 2C). The free dorsal arm plates in the
proximal part are about 3.5 times as broad as
long. The ventral arm plates are triangular in
shape with rounded corners, wider than long,
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Fig. 2. Sketch showing the aboral and lateral view of fossil Ophiura sarsii. A: Disk and arms, aboral view.
B: Disk, aboral view. C: Basal arm and disk edge, aboral view. D: Arm comb, aboral view. E: Arm, lateral
view. 1: Interradial marginal plate, 2: Disk scale, 3: Radial shield, 4: Primary plate, 5: Dorsal arm plate, 6:
Arm spine, 7: Lateral arm plate, 8: First dorsal arm plate, 9: Arm comb plate, 10: Arm comb papilla, 11:

Disk, 12: Ventral arm plate.

about 2.5 times as broad as long, with
straight or slightly convex outer edges, sep-
arated from each other. The shape of the first
ventral arm plates is trapezoidal with curved
distal margin (Fig. 3A). The lateral arm plates
are separated by the dorsal arm plate on the
dorsal side of the arm, but, they are in con-
tact with each other on the ventral side. The
distal margin of the lateral arm plates is
uneven due to the presence of sockets of the
spines. The basal margin of the lateral arm
plates has a shallow sinus in its center. The
outer surface of the lateral arm plates is
smooth, sloping towards the distal margin.
Tentacle pores occur over most of the arm,

are larger and more pronounced near the
disk than elsewhere on the arm. The second
oral tentacle pores are very large and are
protected by 4-5 square tentacle scales on
each side of the pore (Fig. 3B). Proximal arm
segments have 2 or 3 tentacle scales, whereas
middle and distal arm segments have a single
tentacle scale. The arm spines are 3 in
number, long and tapering, twice as long as
the corresponding arm segment at basal arm
and almost equal to the length of the corre-
sponding arm segment at mid-arm (Fig. 2E).
The three arm spines are appressed or often
somewhat detached, and placed at equal dis-
tance from each other. The arm spines are
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Fig. 3. Sketch showing the oral view of fossil Ophiura sarsii. A: Disk. B: Jaw apparatus. C: Tooth papillae.
D: Genital papillae. E: Arm. 1: Adoral plate, 2: Oral plate, 3: Second oral tentacle scale, 4: Teeth, 5: Oral
papilla, 6: Second oral tentacle pore, 7: Oral shield, 8: Ventral arm plate, 9: Interradial marginal plate, 10:
Arm spine, 11: Lateral arm plate, 12: Tentacle pore, 13: Tentacle scales, 14: Disk scale, 15: Torus angularis,

16: Teeth, 17: Genital papilla, 18: First ventral arm plate.

not completely round, being somewhat flat-
tened on two sides, so that the cross section
would be elliptical in outline.

Comparisons. The species of these speci-
mens is identified with the living species,
Ophiura sarsii because comb papillae are
very short and 11 or 12 in number, disk
scales fine, and arm spines 3 in number. In
the living subspecies, Ophiura sarsi vadicola
D’yakonov (D'yakonov, 1954), the arm comb
papillae are long, slender and subacute. The
radial shields are short, usually oval or
round, and almost as broad as long. The arm
spines are short and rather obtuse. In fossil O.
sarsii, however, the arm comb papillae are

short, rather broad and apically obtuse. The
radial shields are long, irregularly triangular,
and about twice as long as wide. The arm
spines are long and tapering. In the living
species, Ophiura texturata Lamarck, the arm
comb papillae are very fine, rather long, and
ca. 30 in number (Mortensen, 1927). The pa-
pillae of fossil O. sarsii, however, are rather
broad, short, and ca. 11-12 in number. The
oral shields of O. texturata are longer than
those of fossil O. sarsii. The arm spines of the
former are short and blunt, whereas those of
the latter are long and tapering. The arm
comb papillae of the modern Ophiura kinbergi
Ljungman are longer than those of fossil O.
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sarsti. In the fossil species, Ophiura marylan-
dica Berry (Berry, 1934, 1939), the dorsal disk
scales are large, and few in number. The lat-
eral arm plates are not in contact with each
other on the ventral side. The interradial
marginal plates are well developed. The arm
spines are very short. In fossil O. sarsii, how-
ever, the dorsal disk scales are small. The
lateral arm plates are in contact with each
other on the ventral side. The interradial
marginal plates are not well developed. The
arm spines are long. In the fossil species,
Ophiura texana Clark (Clark, 1915; Berry,
1941), the form of the ventral arm plates is
trapezoidal, length equalling width. The ven-
tral ends of the lateral arm plates are in con-
tact with each other at the lateral side of the
arm and appear to be thick massive plates. In
fossil O. sarsii, however, the ventral arm
plates are triangular in shape with rounded
corners, and wider than long. The lateral arm
plates are not thicker than those of Ophiura
texana. In the fossil species, Ophiura wethere-
1li (Wetherell) (Wetherell, 1834; Forbes, 1852;
Rasmussen, 1972), the arm spines are 4 or 5
in number, and rather short. The disk scales
are rather large. The ventral arm plates vary
in shape from broad quadrangular to sub-
triangular. In fossil O. sarsii, however, the
arm spines are 3 in number. The disk scales
are rather small. The ventral arm plates are
triangular in shape. In the fossil species, Ophi-
ura graysonensis (Alexander) (Alexander,
1931; Berry, 1941), the disk scales are very
large, forming a rosette at the center of the
disk. O. graysonensis has no true interradial
marginal plates. The oral shields show a con-
cavity on their lateral sides. The shape of the
ventral arm plates is a truncated triangle. The
arm spines are short, and 4 in number. In
fossil Ophiura sarsii, however, the disk scales
are rather small, and do not form a rosette.
Ophiura sarsii has interradial marginal
plates. The oral shields do not show a concav-
ity on their lateral sides. The ventral arm
plates are triangular in shape. The arm
spines are long, and 3 in number. In the fossil
species, Ophiura travisana Berry (Berry, 1941),
the oral shields are cordate in shape. The
teeth are broad and flat. The ventral arm

plates are pentagonal in shape with rounded
corners. In fossil O. sarsii, however, the oral
shields are pentagonal in shape. The teeth are
long and slender. The ventral arm plates are
triangular in shape. In the fossil species, Ophi-
ura? hagenowi Rasmussen (Rasmussen, 1950;
Maryanska and Popiel-Barczyk, 1969), the
dorsal arm plates are subtriangular in shape.
The ventral arm plates are markedly hexago-
nal. In fossil O. sarsii, however, the dorsal
arm plates are rectangular in shape. The ven-
tral arm plates are triangular in shape. In the
fossil species, Ophiura? parviformis Kiipper
(Klipper, 1954), the ventral arm plates are
longer than wide, whereas those of fossil O.
sarsii are wider than long. In the fossil spe-
cies, Ophiura? vindobonesis Kiipper (Kiipper,
1954), the ventral arm plates are pentagonal
in shape, whereas those of fossil O. sarsii are
triangular in shape. In the fossil species, Oph-
iura serrata Roemer (Forbes, 1843; Rasmu-
ssen, 1950), the arm spines are short, 4-8 in
number. The ventral arm plates are in con-
tact with each other. In fossil O. sarsii, how-
ever, the arm spines are long, 3 in number.
The ventral arm plates are not in contact
with each other. In the fossil species, Ophi-
ura? substriata Rasmussen (Rasmussen, 1950),
the ventral arm plates are wedge-shaped or
shield-shaped, whereas those of fossil O.
sarsii are triangular in shape. In the fossil
species, Ophiura achatae Rasmussen (Rasmu-
ssen, 1972), the height of the arm is about
equal to the width, whereas the arms of fossil
O. sarsii are wider than high. In the fossil
species, Ophiura furiae Rasmussen (Rasmu-
ssen, 1972), the disk is pentagonal in outline,
whereas that of fossil O. sarsii is circular in
outline. The radial shields of fossil Ophiura
bognoriensis Rasmussen (Rasmussen, 1972)
are larger than those of fossil O. sarsii. The
dorsal arm plates of fossil Ophiura bartone-
nsis Rasmussen (Rasmussen, 1972) are longer
than those of fossil O. sarsii. The dorsal arm
plates of fossil Ophiura carpelloides Ras-
mussen (Rasmussen, 1972) are smaller than
those of fossil O. sarsii. The lateral arm plates
of fossil Ophiura davisi Rasmussen (Ras-
mussen, 1972) are larger than those of fossil
O. sarsii. The disk scales of fossil Ophiura
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murravii Forbes (Forbes, 1843) are larger
than those of fossil O. sarsii. In the fossil
species, aff. Ophiura straini (Cornell et al.,
1991), the dorsal arm plates are triangular in
shape, whereas those of fossil O. sarsii are
rectangular in shape.
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Explanation of Plates

Plate I (p. 110). fig. 1. Gregarious occurrence of fossil Ophiura sarsii, most specimens showing the dorsal side.
The matrix is siltstone. fig. 2. Superposed occurrence of fossil Ophiura sarsii, showing the ventral side. The
matrix is coarse sandstone. fig. 3. More or less isolated occurrence of fossil Ophiura sarsii, showing the ventral
side. The arms are sigmoidal in attitude on the bedding plane. The matrix is siltstone.

Plate II (p. 111). fig. 1. The outcrop near the collection site of fossil Ophiura sarsii, referred to the Ichijuku
Formation, composed of coarse sand with large-scale cross-bedded sets. fig. 2. Close-up of the former, showing
on intercalation of a siltstone layer (arrow). fig. 3. Dorsal view of a complete specimen of Ophiura sarsii,
collected from the coarse sandstone. fig. 4. External cast of Ophiura sarsii, showing ventral view of the oral
shield (arrow). The matrix is siltstone. fig. 5. Cross-section of arms. The arms are keeled dorsally. Vertebral
ossicles are discernible.

Plate III. (p. 112). Various parts of fossil Ophiura sarsii. fig. 1. Ventral side of disk, buried in coarse
sandstone. Lateral arm plates, ventral arm plates, tentacle pores, teeth, etc. are discernible. 1: Second oral
tentacle pore, 2: Oral shield, 3: Tentacle pore, 4: Margin of the disk. fig. 2. Dorsal side of disk in siltstone. Fine
scales on disk are discernible. fig. 3. Ventral side of disk in coarse sandstone. 1: Teeth, 2: Oral papillae, 3:
Second oral tentacle pore, 4: Second oral tentacle scales, 5: Oral plate. fig. 4. Ventral side of arm in ditto. 1:
Tentacle pore, 2: Ventral arm plates, 3: Lateral arm plates, 4: Arm spine. fig. 5. Ventral side of disk in ditto.
Genital papillae are indicated by arrow. fig. 5”. Close-up of genital papillae. fig. 6. Aboral view of disk and basal
part of arm in ditto. 1: Comb papillae, 2: Interradial marginal plate, 3: Dorsal arm plate, 4: Arm spine. fig. 6.
Close-up of comb papillae. fig. 7. Dorsal side of arm in ditto. 1: Dorsal arm plate, 2: Arm spine. fig. 8. Lateral
side of arm and appressed arm spines in ditto. 1: Dorsal arm plate, 2: Arm spine.
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