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TERTIARY AND QUATERNARY GASTROPODA OF OKINAWA

By F. Stearns MacNEemwL

ABSTRACT

The general geology of the Ryukyu Islands is summarized as
a background to the discussion of the stratigraphy of the fos-
siliferous Tertiary and Quaternary rocks. The following strati-
graphic units are recognized; the Shimajiri formation, consist-
ing of the Yonabaru clay member (late Miocene) in the lower
part of the exposed section, and the Shinzato tuff member
(Miocene or Pliocene) in the upper part; and the Ryukyu
group, consisting of, in ascending order, the possibly contem-
poraneous Nakoshi sand (Pliocene) and Chinen sand (Plio-
cene), the Naha limestone (Pliocene), the Yontan limestone
(Pleistocene), and the Machinato limestone (Pleistocene).
Raised beach deposits (Post-Pleistocene) are not discussed in
this report. One well on Okinawa penetrated about 2,500 feet of
the Shimajiri formation not exposed at the surface. The unex-
posed part of the formation is not named.

A total of 333 species, subspecies, and varieties are treated
systematically. The number of species obtained from each rock
unit is: Yonabaru clay member of the Shimajiri formation 118,
Shinzato tuff member of the Shimajiri formation 91, Chinen
sand 71, Nakoshi sand 28, Naha limestone 55, Yontan limestone
46. Ninety-seven species, 6 subspecies, and one variety are
described as new (see pl. 20). Six new genera and one new
subgenus are described: Tostatrochus, Loochooia, Nihonophos,
Unedogemmula, Pinguigemmula, Nihonia, and Alticlavatula
(subgen. of Clavatula). 'The present treatment of Makiyamaia
may be its first valid usage. It is a manuscript name of
Kuroda’s which was used in a plate legend by Kira in combi-
nation with a specific name but no other explanation. Ac-
cording to present rules this does not validate the name.

An analysis is made of the geographical relationships of the
fauna of each formation to determine possible climatic changes
in the area. In general, progressive cooling took place from
Miocene to early Pliocene time, followed by warming in middle
or late Pliocene time. The Pleistocene deposits represent
warm stages.

Bathymetric interpretations based on dredging and collecting
records for surviving representatives or close relatives of the
fossil species indicate that the Yonabaru clay and Shinzato tuff
members of the Shimajiri formation were deposited in moder-
ately deep water—at least 150 to 300 fathoms, and 200 to 400
fathoms, respectively. The Shimajiri formation probably rep-
resents deposition on the side of a trench corresponding to the
present Ryukyu trench. The Chinen sand appears to have been
deposited in water between 50 and 100 fathoms deep; the
Nakoshi sand in less than 50 fathoms. The Naha limestone
has an indicated depth of about 20 to 30 fathoms, suggesting
that it is either a lagoon deposit or an insular shelf deposit.
The Yontan limestone is mostly a shallow reef detritus, prob-
ably deposited in water 10 fathoms deep or less.

INTRODUCTION

The fossil gastropods dealt with in this report were
collected during the course of geologic mapping of
Okinawa from 1946 to 1948. The project was part of
the Pacific Geologic Mapping Program carried out by
the U.S. Geological Survey in cooperation with the
Office of Chief of Engineers, U.S. Army.

Regional geologic features are discussed in relation to
the origin, structure and history of the Tertiary and
Quaternary deposits from which the fossils were ob-
tained. Stratigraphic units are recognized which differ
somewhat from those used in earlier reports, mainly
Japanese. Some of the stratigraphic units used earlier
have been subdivided and parts of them have been recor-
related or reassigned to other formations or groups.
One name has been abandoned. The stratigraphic con-
cept outlined here results from the work of all members
of the U.S. Geological Survey party but the writer is
solely responsible for the statements made herein.
Raymond A. Saplis helped prepare the lithologic
descriptions.

Geologists who participated in the mapping and
fossil collecting were H. William Burke, Gilbert C.
Corwin, McClelland G. Dings, Maxim M. Elias, Delos
E. Flint, Warren P. Fuller, F. Stearns MacNeil, and
Raymond A. Saplis. Invertebrate fossils have been
placed in the hands of various specialists and reports
on the following groups are in preparation or have
been published: Echinoidea (C. Wythe Cooke, pub-
lished in 1954), Gastropoda (F. Stearns MacNeil),
Pelecypoda (F. Stearns MacNeil), Scaphopoda (Wil-
liam K. Emerson), smaller Formaninifera (Leslie W.
LeRoy), larger Foraminifera (W. Storrs Cole),
Brachiopoda (G. Arthur Cooper, published in 1957),
Corals (John W, Wells).

GENERAL GEOLOGY OF OKINAWA AND THE RYUKYU
ISLANDS

LOCATION
The Ryukyu Islands (fig. 1) form one of the island

arcs of the western Pacific, extending from southern
Japan to the northern end of Formosa. The convex
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2 TERTIARY AND QUATERNARY GASTROPODA OF OKINAWA

side of the islands faces the Philippine Sea and the
shallow East China Sea lies behind them. The island
of Okinawa lies about midway in the Ryukyu Islands

Apparently the first information on the geology of
Okinawa to be published is a description of its terrain
and rocks in the narrative of Commodore M. C. Per-
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FicurB 1.—Map of Ryukyu Islands showing location of Okinawa and area covered by index map of fossil localities (pl. 21).

between latitudes 26°04” and 26°52’ north and longi-
tudes 127°38’ and 128°20” east.

PREVIOUS WORK ON OKINAWA

A summary of the contributions to the geology ot
the Ryukyu Islands prior to 1935 is given by Hanzawa
(1985) and his account should be consulted as a sup-
plement to the present summary. No attempt is made
to repeat his commentary or to include all of his bibli-
ographic references, a number of them being to papers
in the Japanese language.

ry’s mission (Jones, 1856). According to Hanzawa,
Déderlein (1880-84) was the first to point out the exist-
ence of parallel ares of volcanic and sedimentary rocks
in the Ryukyus.

The first geologic map and a brief account of the
geology of Okinawa was published by Kada (1885),
and he appears to have been the first to use the names
Shimajiri and Naha in at least an informal strati-
graphic sense. According to Hanzawa, Kada’s map was
the basis for Koto’s interpretation of the structure of
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the Ryukyu Islands, the first really important contri-
bution. Koto (1897) pointed out the three-fold divi-
sion of the Ryukyu Islands into an inner volcanic zone,
a complex middle zone of Paleozoic metamorphic and
igneous intrusive rocks, and an outer zone of young
Tertiary rocks. He also detected great rifts radial to
the Ryukyu are.

Certainly the first papers not in Japanese which deal
with the geology of Okinawa in more than brief state-
ments are two by Yoshiwara (Tokunaga) both of which
appeared in 1901. The second of these summarizes
earlier work and among the citations is a list of fossils
from Okinawa reported by Furet (1860), which accord-
ing to the identifications were believed erroneously to
be Cretaceous species. Tokunaga’s work included a
simple geologic map that shows roughly the distribu-
tion of several types of Paleozoic rocks, Tertiary sands
and shales, and raised reef limestone. A tabulation is
given for the types of rock and their dip and strike
observed on numerous traverses, and the rocks of Oki-
nawa are compared with those of other islands in the
arc. There are some good descriptions of the lithology,
bedding, and attitude of the Tertiary sands and shales,
and of the raised reef limestone. Fossils are listed,
mostly as genera.

In 1925 Yabe and Hanzawa (1925) reported on the
Foraminifera in four samples sent them from Okinawa,
two from the Naha limestone as used here, one from
the Yonabaru clay member of the Shimajiri formation
as used here, and one from the Nakoshi sand as used
here. They regarded the Naha limestone as pre-
Pleistocene. They regarded the Yonabaru clay mem-
ber and Nakoshi sand as not very different in age despite
the faunal dissimilarities. They thought that some
elements from the Yonabaru indicated a fauna which
might range from deep tropical to shallow boreal water.
They regarded the fauna of the Nakoshi sand as similar
to recent shallow water faunas of the Philippines.

After their joint paper was prepared Hanzawa
visited Okinawa to collect additional material and
published a note that appeared the same year (Han-
zawa, 1925). The formation to which all of his samples
should be assigned in terms of the present report is not
certain, but, except for Nakoshi, it seems likely that all
of his samples came from the Yonabaru clay member
of the Shimajiri formation as used here. The name
Shimajiri group was proposed for all of the beds ex-
posed below the limestone.

Hanzawa spent additional time in Formosa and the
Ryuku Islands from 1929 to 1933, which work resulted
in a comprehensive treatment of the geology of the
Ryukyu Islands (Hanzawa, 1935a, b). New geologic

maps were included for the islands. Aside from his
previous usage of Shimajiri group, formal strati-
graphic nomenclature was used in this report for the
first time. Shimajiri group was changed to Shimajiri
beds and, as before, the name was used for all beds
below the base of the limestone. The type area was
Shimajiri-gun in southern Okinawa but no type section
was specified. The name was used for the entire sec-
tion of sands, silts, tuffs, and clays below the limestone
on all of the islands where this sequence occurs from
Miyako-jima to Kikaiga-shima. A pumice bed several
meters thick was mentioned as occurring in the upper
part of the Shimajiri beds on Kikaiga-shima but no
mention was made of pumice or tuff on Okinawa. The
Shimajiri beds were stated to be rich in Foraminifera
but apparently no Mollusca were found in any part of
them in their type area in southern Okinawa. How-
ever, Mollusca were found at several localities near
Nakoshi in northern Okinawa and collections from
the area were later to become the subject of a paper by
Nomura and Zinbo (1936). While the fossiliferous
beds at Nakoshi were a part of the Shimajiri beds of
Hanzawa, it is the Nakoshi sand of this report and is
regarded as a formation of the Ryukyu group rather
than part of the Shimajiri formation. The unfortunate
circumstance of having the only described fossils from
the Shimajiri prove to be from another unit results en-
tirely from the discovery that the 30 feet or less of beds
at the top of Hanzawa’s Shimajiri beds are separated
from the lower beds by an unconformity, and that the
sandy beds above the unconformity are conformable
with and grade into the overlying limestone.

The raised reef limestones were called in Hanzawa’s
report the Riukiu limestone, a term used throughout
the Ryukyu Islands. The Riukiu limestone of Han-
zawa consists of three unconformable and faunally
distinet units, which, together with the Nakoshi sand
and Chinen sand constitute the Ryukyu group as here
used.

A third stratigraphic term used by Hanzawa was
the Kunigami gravel. The Kunigami, as he mapped it,
consists of lateritic soils and gravels; there is a wide
range in clastic components of the gravel from place
to place depending on the type of rock from which 1t
was derived. Hanzawa stated that in an earlier paper
in Japanese he had regarded the Kunigami gravel as
contemporaneous with the basal gravel of the “Riukiu
limestone” but more recently had determined that the
Kunigami rests unconformably on the “Riukiu lime-
stone.” Work done by the writer and his associates
indicates that both of Hanzawa’s views are partly cor-
rect. The interpretation reached by the Survey party
is that part of his Kunigami is the residuum of the
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limestone units and that part is gravel that once inter-
tongued with now dissolved reef limestones along the
shoreward margin of the former reefs. Similar gravel
deposits are still found intertonguing with limestone
in areas where the limestone beds are not leached.
Several short notes by other Japanese paleontolo-
gists followed Hanzawa’s papers. Nomura and Hatai
(1936) listed several fossils collected from limestone
near Naha (the Naha limestone of this paper) and
assigned an early Pliocene age to the fauna. An
interesting observation in this paper is the statement
that the fossils from the limestone near Naha show it
to be of about the same age as the Simaziri beds near
Nakoshi, and that possibly the limestone near Naha
might be a limestone facies of the Simaziri beds and
not a part of the Riukiu limestone. This suggestion

agrees as far as correlation is concerned with the find--

ings of Survey geologists that the Nakoshi sand belongs
to the same depositional sequence as the Naha lime-
stone. The Nakoshi sand (and the equivalent Chinen
sand) is conformable with the Naha limestone above it.
The Chinen sand unconformably overlies the Shimajiri
formation.

Nomura (1938) published another short note on
mollusks from Okinawa, Ie-shima, and Kume-shima.
The fossils from Okinawa were from Hanezi-mura
(=Hanechi?=Nakoshi?). None was regarded as new
and their known ranges were given. Some had been
known previously in deposits as old as Miocene; some,
only as Recent species.

Another addition to the fossil mollusks known from
Nakoshi was made by Yabe and Hatai (1941b).
They confirmed the Pliocene age of the Nakoshi fauna
and stated that all the fossils except for a new species
of Haliotis occur in the Byoritzu beds of Formosa.

Yabe and Hatai (1941a) published a second note in
1941 which dealt mainly with two species of Pecten,
L. (Amussiopecten) praesignis Yokoyama and 2.
naganumanus Yokoyama, from limestone near Naha.
The ranges of the species were discussed and it was
pointed out that while 7. praesignis ranges from the
Miocene to the lower Pliocene and 7. naganumanus
from the lower Pliocene to the Pleistocene, the lime-
stone near Naha is the first place where they have been
found occurring together.

C. Wythe Cooke’s (1954) paper on the fossil echi-
noids from Okinawa is the first of the present series
on fossils collected by the Geological Survey party.
Cooke did not use the stratigraphic nomenclature fi-
nally adopted for Okinawa but stated the echinoids are
from “the lower, partly sandy division of the Ryukyu
limestone of recent authors.” Some are from the

Nakoshi sand; others, from the Naha limestone of this
report.

The second paper of the series is the one on the fossil
brachiopods by G. Arthur Cooper (1957) who made
use of the U.S. Geological Survey collections as well
as fossils obtained independently by the U.S. National
Museum. Cooper used the stratigraphic names of the
present report with the exception of Shimajiri forma-
tion, treating the Yonabaru clay and Shinzato tuff as
independent formations.

GEOLOGIC PROVINCES

There are three distinct geologic provinces in the
Ryukyu Islands represented by three roughly concen-
tric arcs of islands, although Okinawa contains parts
of two provinces. The innermost arc, or “fire ring,”
is composed of volcanic islands, some of them being
active volcanoes. Most of the volcanic islands are con-
centrated between Okinawa and Japan in the northern
half of the Ryukyu Islands, but volcanic islets are pres-
ent in Senkaku-gunto north of Iriomote and probably
Daiton Volcano at the extreme northern tip of Formosa
belongs to the same line of activity. The middle arc
consists of metamorphosed Paleozoic rocks in which
there is some close folding and large scale thrusting.
Subordinate igneous dikes cut the Paleozoic rocks. The
outer ring, of which there are only three geographic
elements, Kikaiga-shima, southern Okinawa and some
small islands lying east of southern Okinawa, and
Miyako-jima, is composed of unconsolidated late
Miocene and Pliocene sedimentary rocks. Part of the
sediments of the outer ring are deep water deposits and
they appear to have been raised to their present posi-
tion from a position on the west slope of the Ryukyu
Trench. Some lower Tertiary and lower middle Ter-
tiary sediments rest on the Paleozoic rocks on some
islands of the middle arc. Pliocene and Pleistocene
raised reef limestones may occur on islands of all three
arcs.

STRATIGRAPHY
PRE-TERTIARY ROCKS OF OKINAWA

The pre-Tertiary rocks of Okinawa consist of partly
metamorphosed sedimentary rocks with subordinate
dikes and sills. The metamorphic rocks (probably all
of late Paleozoic age) include greenstone, phyllite, clay-
slate, sandstone, chert, and crystalline limestone. They
form the mountains of the main are of the island from
Yontan-zan northward, the mountains of Motobu
Peninsula, and they underlie the reef limestones of Te-
shima and the Kerama-retto; whether they underlie
the Teritary rocks of southern Okinawa is not known.
Igneous intrusions of rhyolite porphyry, andesite
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porphyry, and hypersthene andesite cut the metamor-
phic rocks. The age of the igneous intrusions could be
as old as very late Paleozoic or as young as early Ter-
tiary. No Mesozoic rocks have been identified in the
Ryukyu Islands and unless some of the intrusives are
of that age none are present. Hanzawa (1935) sug-
gested that during Mesozoic time a great “Riukiu
Cordillera” occupied the present site of the Ryukyu
Islands and that most of the regional metamorphism
took place during its upheaval.

No fossils have been found in the sandstone, phyllite,
and greenstone. The limestone has yielded some non-
diagnostic crinoid stems on Ie-shima, and in Motobu
Peninsula Hanzawa collected some highly crystallized
fusulinids of the genera Neoschwagerina, Parafusuling,
and Verbeekina which indicate a Permian age, at least
for the limestone.

LOWER AND MIDDLE TERTIARY ROCKS OF THE
RYUKYU ISLANDS

Rocks of early Tertiary age are found in Ishigaki in
the southern Ryukyu Islands and rocks of middle Ter-
tiary age are found on several islands of the Yaeyama
group. Both lower and middle Tertiary rocks are
found on Tanega-shima in the Osumi group. If rocks
of early or middle Tertiary age are present in the Oki-
nawa group they underlie the exposed upper Tertiary
rocks at depths below sea level.

Although the evidence is still incomplete, Otuka
(1938) dated the latest crustal deformation in the
Ryukyu area as late Oligocene. This was based on the
fact that in Tanega-shima the Kukinaga beds, which
are dated as early Miocene, rest unconformably on in-
tensely folded Kumage beds which are dated as Eocene
or early Oligocene. The Miyara beds, which occur only
on the two islands in the Yaeyama group, Ishigaki and
Kobama, are dated as late Eocene on the basis of Pellati-
spira madrezi Hantken, a foraminifer. According to
Hanzawa they are tilted in various directions at steep
angles. The Miyara beds are overlain by the Yaeyama
coal-bearing beds of Miocene age, the lowest part being
dated as Burdigalian by Hanzawa. The Yaeyama coal-
bearing beds are cut by numerous faults but are only
slightly tilted.

The oldest post-Paleozoic rocks on Okinawa are those
of the Shimajiri formation, the oldest exposed part of
which is believed to be of late Miocene age. Over 4,000
feet of the Shimajiri formation was penetrated in a well
near Yonabaru in southern Okinawa. All of the ex-
posed part of the Shimajiri formation is believed from
a study of the smaller Foraminifera by L. W. LeRoy
(written communication, 1946) to be equivalent to the
upper 1,500 feet in the well. The beds at 4,000 feet,

still assigned to the Shimajiri formation, are believed
by LeRoy to be no older than middle Miocene.

It seems likely that the Kukinaga beds of Tanega-
shima, the Yaeyama coal-bearing beds of Ishigaki and
Kobama, and the Shimajiri formation of Okinawa all
belong to the same regional regimen and that the lowest,
still unknown part of the Shimajiri formation may
prove to be of the same age as the Kukinaga beds to the
north and the Yaeyama coal-bearing beds to the south.
According to Hanzawa the Shimajiri beds are not pres-
ent on Tanega-shima, but he may have been thinking
in terms of the Pliocene Nakoshi sand of this report.
Information available at present does not rule out the
near equivalence of at least the lower part of the Shima-
jiri formation in the Yonabaru well with the Kukinaga
beds and the Yaeyama coal-bearing beds.

TERTIARY AND QUATERNARY ROCKS OF OKINAWA

The oldest Tertiary rocks (late Miocene and early?
Pliocene) of Okinawa are restricted to the southern
part of the island and to some islands lying east of
southern Okinawa., Here clays and sands of the
Shimajiri formation form the basement for the over-
lying Ryukyu group. Younger Tertiary and Quater-
nary sands, gravels and limestones of the Ryukyu group
(Pliocene and Pleistocene) are widespread at medium
and low altitudes. In general, gravel, gravelly lime-
stone, and sand predominate nearest to the Paleozoic
rocks; limestone with subordinate sand farthest from
the Paleozoic rocks. The present occurrence of lime-
stone is fortuitous owing to solution. Limestone is
most prevalent in southern Okinawa, on the lower ter-
race slopes of central Okinawa, in Motobu Peninsula,
and on most of the outlying islands. Only one small
patch of limestone is known in northern Okinawa—
near sea level on the west side. If limestone was ever
extensive in northern Okinawa it has been removed by
solution.

The only formal stratigraphic names that have been
applied to the Tertiary and Quaternary formations of
Okinawa are those of Hanzawa, although some of his
names were used informally by earlier authors. The
present classification as well as the stratigraphic no-
menclature used differs from Hanzawa’s in several re-
spects and they are contrasted in the following table.
(Fig. 2.)

MIOCENE OR PLIOCENE—SHIMAJIRI FORMATION
UNEXPOSED LOWER BEDS IN THE YONABARU WELL (MIOCENE)

The lower, unexposed part of the Shimajiri forma-
tion, which is known at present only from the cuttings
of two wells, is not assigned to a named member. The
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deeper well, drilled near Yonabaru, penetrated to a
depth of 4,036 feet. The well started an estimated 300
to 500 feet below the top of the Shimajiri formation.
Allowing for an approximate thickness of 200 feet for
the Shinzato tuff member, the well is believed to have
been spudded in approximately 100 to 300 feet below
the top of the Yonabaru clay member. According to
L. W. LeRoy (written communication, 1947) the Fo-
raminifera indicate that the exposed part of the Yona-
baru clay member is represented by the upper 1,500 feet
in the Yonabaru well. The well thus penetrated some
2,500 feet of beds not exposed at the surface.

The lithology of the unexposed lower beds will be
described by LeRoy. It contains some gray sands and
shales similar to the exposed part of the formation, but

in addition it contains red shales and graywacke sand-
stones unlike any of the exposed beds.

Neither the base nor the contact of the Shimajiri
formation with the Paleozoic rocks is known. The
Yonabaru well did not pass out of the formation and
there are no well data near the Paleozoic outcrops.

The lowest beds penetrated in the well contain Fo-
raminifera that are believed to be no older than middle
Miocene.

YONABARU CLAY MEMBER (MIOCENE)

The name “Yonabaru clay member” is used for all of
the exposed part of the Shimajiri formation below the
upper tuffaceous and pumiceous zone. The Yonabaru
consists of bluish to gray silty to sandy clay, commonly
with hackly to conchoidal fracture (figs. 3, 4) and fine
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of the sediments referred to the Shimajiri beds by
Hanzawa on Kikaiga and Miyako are not known well
enough for generalizations, but on Okinawa the Shima-
jiri formation contains some deep-water faunas (forms
living in water at least as deep as 400 fathoms), and the
beds containing them were probably deposited on the
west slope of the Ryukyu trench. These beds have
been squeezed upwards with some distortion to their
present position above sea level by outward thrusting
of the Paleozoic rocks of the Ryukyu arc. Okinawa
is the only island on which both the Paleozoic rocks
and the Shimajiri formation occur together and on
which the contact relationships could possibly be seen.
Unfortunately, however, no exposures of the contact
west slope of the Ryukyu trench. These beds have
of the Shimajiri and the Paleozoic phyllite are known
in one area about a mile apart but the intervening area
is covered by gravel and limestone residues of the
Ryukyu group. The contact may be a fault but its
existence could not be verified (fig. 5, a—a’). Several
faults paralleling the outcrop of the Paleozoic rocks
and forming blocks concentric with the Ryukyu arc
were observed within the Shimajiri formation. None
could be traced for any distance owing to poor expo-
sure. The movement of all concentric blocks from
their original position probably was upward, although
the total movement of individual blocks may have dif-
fered. Upward movement of successive concentric
blocks is suggested by the width of outcrop and by
dips observed within the Shimajiri formation, which in-
dicate an exposed section of over 5,000 feet—whereas
the Foraminifera show that all of the exposed section
correlates with the upper 1,500 to 1,800 feet in the well
near Yonabaru.

In general the Ryukyu arc appears to be cut by faults
radial to it, and wedges formed by these faults are dif-
ferentially depressed or raised. Some major wedges
raise the Palezoic rocks to form high mountains, some
maintain the Paleozoic rocks close to or just below sea
level, whereas other wedges are foundered and form
deep rifts such as Tokar Strait north of Amami-o-shima
and the strait between Okinawa and Miyako. A dif-
ference in age for some of the rifts might be assumed
because of the fact that Tokar Strait is an important
zoogeographic boundary across which land animals did
not migrate during low water stages of the Pleistocene,
whereas the strait between Okinawa and Miyako does
not seem to have been a barrier at that time. Radial
faults of lesser magnitude cross the island of Okinawa,
elevating and depressing alternate wedges or segments.
This condition is conspicuous along the east side of
northern Okinawa where faults transect a marine ter-
race. Adjacent segments of the terrace are raised or

depressed like piano keys, some sloping evenly to the
sea, others extending nearly horizontally to the coast
where they terminate as sea cliffs 200 to 300 feet high.

PALEONTOLOGY
NUMBER OF SPECIES

Prior to the present publication only 6 fossil gastro-
pods and 7 fossil pelecypods were described from Oki-
nawa. Five of the gastropods were described by No-
mura and Zinbo (1936), and one by Yabe and Hatai
(1941b). All are from the Nakoshi sand of this report.
The gastropods described by Nomura and Zinbo are:

Ciavus (Brachytoma) simazirianus
Pseudoraphitoma nakosiensis
Raphitoma gabusogana

Vewillum (Pusia) gabusoganum
Turbo yabei

Only one of these, 7urbo yabes, is believed to be pres-
ent in the Geological Survey collections and it is re-
garded as a synonym of Marmorostoma (Batillus)
gemmata (Reeve).

The one species described by Yabe and Hatai is
Haliotis gigantoides. This species is not represented in
the Geological Survey collections.

However, a large number of fossils identified as pre-
viously described species has been recorded from Oki-
nawa. No attempt is made to repeat the lists of other
authors. Most of the species are unfigured and com-
parison with them could not be made. Reference is
made to some of the figured species in the systematic
discussions.

The lists of Furet (1880-84) and Yoshiwara (Toku-
naga) (1901) have little but historic interest at the
present time yet they alone seem to have listed some
fossils from the Shimajiri formation as here restricted.
Nomura, in Yabe and Hanzawa (1925), listed 17 pelecy-
pods and 25 gastropods from the Nakoshi sand. No-
mura and Zinbo (1936) listed 56 pelecypods and 56
gastropods, of which 13 were new and a total of 29 were
figured. All of their species are from the Nakoshi
sand. Nomura and Hatai (1936) listed 11 pelecypods
and 7 gastropods, apparently all of them from the Naha
limestone. Nomura (1938) listed 12 pelecypods and 3
gastropods from the Nakoshi sand of Okinawa. In ad-
dition they listed 3 pelecypods and 1 gastropod from
beds equivalent to the Nakoshi sand on Kume-shima and
1 gastropod from limestone on Te-shima. Yabe and
Hatai (1941b) list 6 pelecypods and 8 gastropods, of
which one is new and 5 are figured. All of them are
from the Nakoshi sand. Yabe and Hatai (1941a) dis-
cuss and figure two species of Pecten from the Naha
limestone.
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In the present paper a total of 333 species of gastro-
pods are treated systematically. Of these, 73 are identi-
fied as previously described forms, 64 are compared to
species previously described (cf.), 54 are identified only
to the extent of indicating relationship to species pre-
viously described (aff.), 97 species, 6 subspecies, and
one variety are described as new, and 38 are indeter-
minate. About 150 pelecypods are to be considered in
a later report. The number of gastropod species re-
ported here by formation is as follows: Yonabaru clay
member 118, and Shinzato tuff member of the Shimajiri
formation 91, Chinen sand 71, Nakoshi sand 28 (as op-
posed to 56 reported by Nomura and Zinbo), Naha lime-
stone 55, Yontan limestone 46.

GEOGRAPHIC AND GEOLOGIC RANGE

The geographic and geologic ranges of the fossil
gastropod species are shown in separate columns ad-
joining the list of species on the distribution chart (pl.
20). One column shows the areas along the coast of
Asia where each species occurred at any time from the
Miocene to the Recent. The other column shows the
known geologic range of the species. These graphs are
intended for reference only and no general conclusions
are drawn from them,

In these columns unqualified identifications, sup-
posedly correct identifications (cf.), and new species
are plotted as solid lines. A few forms identified only
to genus are also plotted as solid lines. These are mostly
poorly preserved single specimens and the plotting in-
dicates merely the age of beds in which they were found ;
not that they are new or otherwise unique. Possible
new species which for one reason or another are identi-
fied only to their closest known relative (aff.) are
plotted as solid lines for the Okinawan occurrences and
for the outside occurrence of forms believed to be identi-
cal; the occurrence of the supposedly related named
species is indicated by a question mark (%).

NORTH-SOUTH GEOGRAPHIC AFFINITIES

A second series of distribution graphs (fig. 15) is
intended to show whether the fauna of each formation
had greater northern or southern affinities, and the
graph for each formation is contrasted with a graph
for the same species or species groups occurring in
modern seas. This analysis was made for the purpose
of showing any general climatic trends through time.
The writer does not feel, however, that it constitutes
an accurate comparison of the climate of any particular
period with the climate of today.

To avoid what might be purely nomenclatural re-
strictions an arbitrary system of plotting is used on
this chart. The units are termed “bio-units” and they
are defined as either unique spectes, a species plus all

Range
Southern ~ Okinawa-  Northern Number of bio-units
Formosa 0 10 20 30 40 50 60 70 80
Yontan limestone (Pleistocene)
Yontan bio- units still living:

Bio-units in Yontan li

—

Nahg limestone (Pliocene)
Naha bio-units still living:

T

Bio-units in Naha limestone:

'r_

Nakoshi sand (Pliocene)
Nakoshi bio-units still living:

g R o

k

T T

Bio-units in Nakoshi sand:

Chinen sand (Pliocene)
Chinen bio-units still living:

Bio-units in Chinen sand

Shinzato tuff member of the Shimajiri formation (Miocene or Pliocene)
Shinzato bio-units still living:

Bio-units in Shinzato tuff:

Yonabaru clay member of the Shimajiri formation (Miocene)

Yonabaru bio-units still living:

Bio-units in Yonabaru clay:

FIGURE 15.—Graphs contrasting the north-south range of the gastropods
of each formation with the range of the same bio-units still living.
The bio-units used are either a species, a species plus all its varieties,
or a species plus its closest related species.
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of its subspecies and varieties, or a species and its most
closely related species that may be separated from
it either geographically or stratigraphically. The units
used are not, therefore, biologic taxa although some
may be. The use of such bio-units makes it possible
to show relationships which would be obscured if only
named taxa were employed and they were plotted only
for the area where they occur.

Thus, a species plotted in the distribution chart (pl.
20) as occurring only in Okinawa might be plotted in
these graphs as a bio-unit occurring from Okinawa
southward because there is a very closely related species
in the Indonesian region but no known relative in
Japan. Likewise, a fossil species and a differently
named Recent species may be plotted against each
other; they are regarded as being the same kind of
animal and representing the same bio-unit, and pre-
sumably indicative of the same climatic environment.
Twenty-eight bio-units are plotted for the Nakoshi
sand and they all occur in recent seas. This does not
mean that all of the Nakoshi species are still living, but
rather that their linear descendants, even though they
may have changed enough to warrant another name,
still live in the area.

The imperfection of the fossil record may be the
greatest limitation to the correctness of the relation-
ships so determined. Kach formation contains more
bio-units known only in Okinawa and Formosa than are
known elsewhere in beds of the same age. However,
not one of the bio-units surviving in Recent seas is re-
stricted to this area; they now live only in Japanese
waters, only in Indonesian-Philippine waters, they
range from the Ryukyu Islands northward or the
Ryukyu Islands southward, or they are Indo-Pacific
in distribution. In spite of the obvious imperfection
of the fossil record, the large number of species de-
scribed from both Indonesia and Japan seems to justify
some attempt at comparison. The distribution of the
species in the Recent fauna is probably more accurately
known, but, considered alone, does not give any indica-
tion of how these mollusks might have shifted their
range through time.

The chart shows two trends which, inasmuch as they
appear to be reciprocal, probably result from the same
cause. The first is the ratio of the northward ranging
bio-units to the southward ranging bio-units. Disre-
garding the number of restricted bio-units, each for-
mation has a greater number of southward ranging
forms. The ratio of southward ranging bio-units over
northward ranging bio-units decreases, however, from
the Miocene to the early Pliocene and increases again
in the late Pliocene and Pleistocene. The Yonabaru
clay member of the Shimajiri formation has 28 bio-

units ranging southward and only 3 ranging north-
ward. The Shinzato tuff member of the Shimajiri
has 9 bio-units ranging from Okinawa to the south and
7 ranging to the north. The Chinen sand has 13 rang-
ing southward and 9 ranging northward. The Nakoshi
sand has 6 ranging southward and 4 ranging north-
ward. A reversal occurs in the Naha limestone where
there are 10 southward ranging bio-units and only 1
northward ranging bio-unit. The Yontan limestone has
6 bio-units ranging to the south and 1 to the north.

The apparently reciprocate trend is shown by the
distribution of the elements still living. Bio-units of
the Yonabaru clay member still living show a subequal
north-south distribution, 18 being known only to the
north and 19 only to the south. Five range from Oki-
nawa northward and 3 from Okinawa southward. The
Shinzato bio-units still living have slightly greater
northern affinities. Four bio-units range to the north
and 4 to the south, but 20 are now restricted to northern
waters as opposed to 16 restricted to southern waters.
Recent survivors of the Chinen sand are definitely more
northern, 14 being restricted to the north and only 8
to the south. Of the elements ranging northward and
southward, 3 range to the north and 1 to the south.
The Nakoshi survivors also are more northern in both
categories, 6 being northern and 2 southern while 3
range northward and 2 southward. The trend reverses
itself in living representatives of the Naha fauna, 3
being restricted to the north and 4 to the south, and 5
ranging northward as opposed to eight ranging south-
ward. Almost the same ratio exists for surviving bio-
units of the Yontan limestone, 3 restricted to the north,
4 to the south, and 5 ranging northward, 7 southward.

Thus it would seem that with a decrease in the excess
of southward ranging forms over those that range
northward in successively younger formations there is
a corresponding increase in the number of bio-units
restricted to northern waters or ranging into northern
waters among the living representatives of the respec-
tive faunas.

These trends are taken to indicate a period of gradual
cooling from the Miocene to the early or middle Plio-
cene, followed by warming during the reef-forming
stages of the late Pliocene and Pleistocene.

DEPTH INTERPRETATIONS

Interpretations of the depth of water in which the
different formations were deposited is based entirely on
dredging and collecting records for Recent species
identical with or closely related to the fossil species.
Most of these data are from labels of specimens in the
Albatross collection deposited at the U.S. National
Museum. Other data are from reports of the Chal-
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lenger Expedition, the Siboga Expedition, the Deut-
schen Tiefsee-Expedition, scattered J apanese records,
and a few other sources. Reliable depth data are avail-
able for less than 20 percent of the species under
consideration.

The records are plotted as linear scatter diagrams
(fig. 16). A somewhat arbitrary system was used in
the plotting. Single records are indicated by one line.
Simple statements of depth range are plotted by two
lines, one for the minimum and one for the maximum
depth, as are Albatross records of a few hauls (5 or 6).
Records of many hauls (50 or 60) are plotted by a line
tor the minimum and maximum hauls, except where the
greatest number of hauls are concentrated in one part
of the range. Then three lines were used, two delimit-
ing the greatest concentration, and one the erratic (in
most cases it was the shallowest) depth. The single
exception is Profundinasse which has many records be-
tween 235 and 540 fathoms, and two deeper ones, 645
and 925 fathoms. A few genera and species whose
depth range is regarded as particularly significant are
added by name with arrows indicating their minimum
and maximum known depths.

For all forms the minimum depth data are more
concentrated ; the maximum depth data more scattered.
On the strength of the graphs it might be assumed that
the probable average depth for the Yonabaru clay
member of the Shimajiri formation is 150 to 300
fathoms, and that for the Shinzato tuff member is 200
to 400 fathoms. However, both of these members con-
tain genera whose only Recent records are in much
deeper water. For instance, the only depth records for
living specimens of the genus Orectospira, which oc-
curs in the Yonabaru, are between 440 and 600 fathoms.
Phanerolepida, which occurs in the Shinzato, has been
dredged from 487 to 600 fathoms. Phenacoptygma,
another genus in the Shinzato, has been obtained living
only once, at a depth of 984 fathoms. Possibly the
maximum depth assumed for these members is more
nearly correct than the minimum depth, and both depths
may be much greater.

An average figure for the depth of the Chinen sand
seems to be between 50 and 100 fathoms, although here
again there are some elements indicating deeper water.
The Nakoshi sand is probably of shallower origin than
the Chinen, its average depth being 50 fathoms or less.
The Naha limestone is definitely a shallow water de-
posit. A possible average depth of between 20 and 30
fathoms suggests that it is a lagoona] or shelf deposit.
The Yontan limestone is a shallow reef facies, probably
most of it deposited in less than 10 fathoms of water.
Probably parts of it were at sea level.

AGE

The age of the Tertiary and Quaternary formations
of Okinawa is based on the relationships of their faunas
with other faunas described from eastern Asia. Au-
thority for the dating of the comparative faunas is
taken almost entirely from the works of Van der Vlerk
(1931), Altena (1938-1950), and Wissema (1947) for
the Indonesian faunas, and from Hatai and Nisiyama
(1952) for the Japanese faunas.

Four graphs are plotted in figure 17 to show the age
range of the species in four stratigraphic zones: the
Yonabaru clay member of the Shimajiri formation,
the Shinzato tuff member of the Shimajiri formation,
the combined Chinen and Nakoshi sands and the Naha
limestone, and the Yontan limestone. The number of
species having the age range of the bars in the graph are
indicated in the vertical column on the right. The
number of species occurring in beds of each age is

Miocene

or Pliocene Recent. {

‘ Miocene Pliocene ‘ Pleistocene

Yontan limestone

(24) 23 45 34 45 species of 46
41 (less species known only in Yontan)

39 (less species known only in Pleistocene)

Chinen sand, Nakoshi sand and Naha limestone

——————————————— 10

— —— 7
(43)24 19 (154) 135 T4 69 135 species of 139

96 (less species known only in Chinen, Nakoshi, and Naha)
86 (less species known only in Pliocene)

Shinzato tuff member of the Shimajiri formation

—_— 15

(113) 23 90 (126) 36 24 24
41 (less species known only in Shinzato)

90 species of 91

Yonabaru clay member of the Shimajiri formation

53
— 7
————— 21
——— —— 2
—————————— 2
_____ 18
—_—_— e —— U
(140) 117 23 (80) 57 34 32

77 (less species known only in Yonabaru)

64 (less species known only in Miocene)

117 species of 118

FIGURE 17.—Graph showing the age range of fossil gastropods of each
age.
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shown in the horizontal column at the base of the
graphs. The fauna of the Shinzato tuff member, which
is of either very late Miocene or early Pliocene age,
is treated as a separate (Miocene or Pliocene) column,
but alternate figures are given in parentheses beside the
Miocene and Pliocene totals showing what the figure
would be if the species in the Shinzato were added to
either. Since each of the graphs is heavily overbal
anced by the species known only in the beds in question,
alternate figures are given below the totals for (a)
what the figure would be if the indigenous species were
eliminated, and (b) if the species found in Okinawa
and in beds of the same age elsewhere were eliminated.
The resulting figures still support the age assignments
indicated, although less strongly.

The Byoritzu beds of Formosa are considered by the
writer to be of Pliocene age and their fauna is so treated
in the charts showing the geographical relationships
and age of the Okinawa faunas. However, the greater
part of the Byoritzu fossils are from the “Upper Byo-
ritzu beds” which are regarded as younger than both
the Nakoshi sand and the more fossiliferous lower part
of the Naha limestone. Possibly the “Upper Byoritzu
beds” should be correlated with the upper, sparsely
fossiliferous part of the Naha limestone, but owing to
the dissimilar facies in the two areas the correlation
cannot be demonstrated on the basis of fossil mollusks.
The less fossiliferous “Lower Byoritzu beds” are more
nearly the correlative of the Nakoshi sand and the lower
part of the Naha limestone.

Authors have not been consistent in locating the lower
boundary of the Byoritzu beds and it is possible that
the lowest part of the Byoritzu beds of at least some
authors includes the equivalent of the Shinzato tuff
member of the Shimajiri formation. Likewise, authors
have not been consistent in either the part of the sec-
tion assigned to the Byoritzu beds or Byoritzu group, in
the subdivision of the Byoritzu beds into upper and
lower parts (or into lower, middle, upper, and upper-
most parts), or in the subdivision of the Byoritzu group
into other named formations.

The stratigraphic nomenclature is so confused at
present that an outsider cannot resolve it. Dr. Haya-
saka (written communication, April 11, 1950) kindly
gave the writer his opinion on the provenance of the
Byoritzu fossils. He says:

The material studied by Yokoyama [1928a] consisted of col-
lections made by some petroleum geologists who provisionally
divided the Byoritzu beds into lower and upper groups, based
on their field observations. Thus, Yokoyama divided the
Byoritzu fossil shells into two groups in his systematic study.
Nomura’s [1935] material included the specimens collected by

Ando, Hanzawa, and others, who did not subdivide the forma-
tion. As a matter of fact, the majority of the fossil localities

of the Byoritzu beds belong to the area of the uppermost part
of the beds, which is represented around the village of Tsusyo,
southwest of Byoritzu. This richly fossiliferous part is named
the Tsisyo formation.

Among the localities * * * there may be some that might
well be regarded as belonging to the lower Byoritzu, but at the
present stage of our knowledge, it is in reality difficult to draw
a line between the upper and the lower Byoritzu beds. It can
be said that the lower parts of the Byoritzu beds are much
less fossiliferous than the upper.

Hayasaka, Lin, and Yen (1948) give a diagram in
which they make the Tsiisyo sandstone the lower for-
mation, and the Syokkozan conglomerate the upper
formation, of a Tokazan group. The Byoritzu group
underlies the Tokazan group. Their Byoritzu group
includes two formations; the upper Takuran sandstone
and shale and the lower Kinsui shale. The age of the
Tsiisyo sandstone is given as uppermost Neogene.

In an earlier paper by Rin (1935), what is presumed
to be the Tsisyo sandstone is called the “Lower
Tokazan beds.” The equivalent of the Syokkozan con-
glomerate he calls the “Upper Tokazan beds,” and the
two are separated by an interval called “Transition
beds.” All three comprise the Tokazan Series. The
Lower Tokazan beds are correlated with an upper part
of the “Upper Byoritzu beds” of Iizuka and an upper
part of the undifferentiated “Byoritzu beds” of Oinoue.
Rin does not use the name Byoritzu in his own strati-
graphic column, the Tokazan Series being underlain by
the Toyahara Series which in turn is divided into an
upper Takuran group and a lower Hitosan group. The
Takuran group is correlated with the greater part of
the Byoritzu beds of both Tizuka and Oinoue. The
Lower Tokazan beds are assigned a Calabrian age.

In a more recent paper dealing mainly with Foram-
inifera, Change (1956) employs the term Tokazan
formation which he divides into a Kozan facies and a
Kayenzan facies. The meaning of these facies terms
is not discussed and it is not apparent whether one of
them refers to the Syokkozan conglomerate. Inasmuch
as Rin stated that the abundantly fossiliferous part of
the “Byoritzu beds” is the Lower Tokazan beds of the
Kaenzan region, it is assumed that the Kayenzan facies
is the “Upper Byoritzu beds” of authors. Chang’s
Tékazan formation is underlain by the Miaoli group
which consists of an upper Takuran formation and a
lower Kinsui shale, units corresponding roughly to the
lower Byoritzu of some authors and to the Byoritzu
group as restricted by Hayasaka, Lin, and Yen. Chang
shows the Kayenzan facies and the Kozan facies as
being separated by a local unconformity which trans-
gresses time, the greater part of the Kayenzan facies
being of Pleistocene age. If the writer is correct in the
assumption that the Kayenzan facies is the same unit as
the “Upper Byoritzu beds,” the “Tsiisy6 sandstone,”
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and the “Lower Tokazan beds,” he is not in agreement
with its age assignment by Chang.

LOCALITIES
[Coordinates refer to map, plate 21}

Is-10. Yontan limestone. Large quarry on north side of upper
level road along south side of Ie-shima, about 1.3 mi west
of western limits of le-mura. G-19.

17440 (ME 21). Nakoshi sand. Near mouth of small stream
emptying into Katena-ko, directly across road from Nakoshi
Primary School. J-14.

17441 (MD 149) (22-291-9). Chinen sand. Lower part of large
road cut at top of hill on Highway 31 about 0.3 mi north-
east of the junction of Highways 8 and 81. G-T7.

17442 (MD 25). Chinen sand. Fine gray sand exposed on east
side of narrow ridge north of Highway 8 about 0.2 mi east
of the junction of Highways 8 and 16. G-T7.

17443 (FSM 19). Chinen sand. Hill cut back from Highway
10 just west of the junction of Highways 10 and 16. G-7.

17444 (FSM 21). Nakoshi sand. Road cut at top of ridge on
Highway 116 south of Yamanuwabara, about 1.5 mi north
of the west end of Nago. I-14.

17445 (RS 75). Yonabaru clay member. Fossiliferous bed at
base of low hill on south side of Highway 40 about 1.0 mi
west of the junction of Highways 13 and 137 in Yonabaru.
4.

17447 (RS 196). Yonabaru clay member. Low cut on side of
small promontory on top of a narrow erosional spur, about
0.5 mi north-northwest of the north junction of Highways
13 and 46 at Iwa. C-3.

17448 (RS 250). Yonabaru clay member. Low cut at edge of
potato patch in higher dissected area about 0.2 mi south-
west of Majikin. D-4.

17449 (RS 270). Yonabaru clay member. Cut along side of
trail to Kakazu from Highway 11, near top of hill at south
edge of village. B—4.

17450 (RS 368). Yonabaru clay member. Road cut along
steep hill leading to small group of houses on hilltop, about
0.5 mi northwest of the north junction of Highways 13 and
46 at Iwa. C-3.

17451 (RS 369) (22-323-9). Yonabaru clay member. Road cut
on east side of Highway 46 about 0.2 mi north of the
northern junction of Highways 46 and 13 in Iwa. C-3.

17452 (RS 319). Shinzato tuff member. Fossiliferous beds
above pumice quarry above Okinawa Central Prison, about
0.4 mi east-southeast of Shinzato. D-3.

17453 (RS 346, RS 364). Shinzato tuff member. Low road
cut at end of small spur of hill west of road, about 0.6
mi north of junction of road with Highway 6+ at Asato.
C-2.

17454 (RS 365). Shinzato tuff member. Shallow dug hole on
west side of road and at north foot of spur around which
the road makes a shallow bend, about 0.6 mi north of
junction of road with Highway 64 at Asato. C-2.

17454 A. Shinzato tuff member. A single specimen picked up
in a potato patch in a shallow reentrant along the south-
west side of an irregular hill about 0.4 mi north-northwest
of Gushichan. C-2.

17455 (RS 366). Shinzato tuff member. Outcrop of tuffaceous
marl up the hill slope from 17454. C-2.

17456 (RS 372). Shinzato tuff member. Thin tuffaceous bed
in low road cut on east side of Highway 64 about 0.6 mi

(airline) west of the junction of Highways 137 and 64 at
Hiyakuna. D-3.

17458 (RS 351). Shinzato tuff member. Blue gray silty sand
exposed at base of seacliff that forms a headland about
0.8 mi south of Gushichan. C-2.

17460 (RS 348). Naha limestone. Cliff at top of south bank
of small reentrant into which a small stream falls, about
0.1 mi southeast of bend in Highway 64 near east edge of
Gushichan. D-2.

17464 (RS 3888). Naha limestone. Large quarry facing East
China Sea just south of Sakibaru-saki. A-5.

17473 (RS 383). Naha limestone. Quarry on west side of
Highway 7 about 0.2 mi south of the intersection of High-
ways 7, 13 and 52, about 1.0 mi east of Itoman. B-3.

17474 (RS 384). Naha limestone. Large quarry south of road
about 0.2 mi east of the Okinawan Civil Administration
Headquarters (Inafuku). D-3.

17476 (TKRS 6). Yonabaru clay member. Blue gray silty
clay underlying tuffaceous beds in road cut near top of
steep slope about 0.6 mi south of Miyagusuku, Takabanare-
shima. I-8.

17477 (TKRS 1). Shinzato tuff member. —High roadcut near
intersection of two main roads along northeast edge of
Miyagusuku, Takabanare-shima. I-8.

17479 (TKRS 7). Chinen sand. Low cliff along beach about
0.3 mi northeast of the northwest tip of Heanza-shima.
H-8.

17480 (FSM 27). Chinen sand. High road cut along Highway
64 about 0.1 mi west of sharp bend in road about 0.3 mi
east of Yashitomi. E-3. This may be the Shinzato tuff.

17481 (RSWB) (22-226-30). Chinen sand. Roadside expo-
sure near top of hill on Highway 8 leading down to “White
Beach”, U. 8. Naval Piers. G-7. This locality could be
Shinzato tuff.

17482 (FSM 28). Chinen sand. (a: base, b: middle part, c:
upper beds just below limestone.) Section in both aban-
doned road cut and new road cut at Chinen-misaki. E-4.

17483 (ME 36). Nakoshi sand. Very fossiliferous sand ex-
posed in road cut and ditch on road to landing on Unten-
ko, about 0.2 mi from the landing. I-16.

17484 (FSM 14). Naha limestone. Road cat on south side of
Highway 60 about 0.6 mi west of the junction with High-
way 3. A-4.

17495 (WPF 253). Chinen sand. Blue gray silty clay underly-
ing oyster-bearing gravels in road cut on west side of High-
way 5, 200 yards south of a creek and about 0.5 mi south
of Yamashiro. E-9.

17497 (FSM 29). Naha limestome. a: lower bed, b: upper
bed. Edge of Chinen plateau overlooking Baten-ko above
the village of Sashiki. D-3.

17498 L (FSM 36) (22-251-2). Naha limestone (type local-
ity). Lower part of large quarry south of docks at Naha
Harbor, about 0.2 mi south of the junction of Highways 3
and 7. BA4.

17499 (WF 135). Naha limestone. Quarry about 0.1 mi east
of the southeast corner of Kiyuna. D-6.

17502 (WF 35). Yonabaru clay member. Road cut at sharp
bend in Highway 35 around west end of hill about 0.4 mi
west of Arakaki. D-6.

17503 (WF 39). Yonabaru clay member. Hillside outcrop at
upper edge of garden plots on steep slope overlooking Naga-
gusuku-wan about west of the southern edge of Atsuta.
E-T.
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17509 (RS 400). Naha limestone. Large quarry south of
Shuri and about 0.8 mi north-northeast of the intersection
of Highways 44 and 46. C—4.

17510 (RS 404). Yontan limestone. Quarry on north side
secondary road about 0.3 mi northwest of Onna. F-11.
17511 (RS 418). Yontan limestone. High cut at west end of
ridge on secondary road north of Kin and about 0.8 mi west

of Highway 13. H-10.

17512 (RS 419). Yontan limestone. Quarry along the aban-
doned part of Highway 104 about 0.1 mi southeast of the
junction of the rerouted part of Highway 104 with the
old road, about 0.8 mi northwest of the center of Kin.
H-10.

17513 (RS 421). Yontan limestone. Quarry at east end of
limestone ridge north of Kin, about 200 yards west of
Highway 13. H-10. (=17647.)

17514 (RS 422). Yontan limestone. Small quarry at foot of
hill and north of Highway 13, about 0.2 mi west of Ishiza.
G-10.

17515 (RS 423). Yontan limestone. Quarry on east side of
Highway 13 at top of hill south of river about 0.7 mi
northeast of the center of Kin. H-10.

17518 (WF 32, WF 146, WF 154). Naha limestone. Quarry
about 0.3 mi west of Highway 5 and about 1.0 mi east of
the junction of Highways 1 and 30. D-5.

17526 (WF 169). Naha limestone. Low cliff on south wall
of ravine near the mouth of Ohira-gawa. B-5.

17529 (WF 189). Naha limestone, Road cut on west side of
ravine about 0.7 mi south-southeast of the junction of
Highways 5 and 16. E-8.

17534 (WF 237). Naha limestone. Seacliff at north end of
small beach about 0.8 mi due west of road fork at west
edge of Hanza. C-9.

17537 (WF 267). Naha limestone. Large quarry at junction
of Highways 13 and 24, about 0.3 mi south of Higa-
shionna. E-9.

17538 (WF 290). Naha limestone. Lower part of quarry
on north side of Highway 6 about 0.2 mi west of the inter-
section of Highways 1 and 6. D-10. (See 17553.)

17539 (WF 292). Naha limestone. Small quarry on north
side of Highway 6 near Maeta about 0.5 mi west of the
junction of Highways 1 and 6. D-10.

17540 (WF 259). Naha limestone. (=17550 L) B-9.

17541 (WF 293). Naha limestone. Road cut on south side
of Highway 6 just east of creek between Masuya and
Maeta. D-10.

17542 (WF 233). Yontan limestone. Quarry about 0.2 mi
north-northeast of sharp road bend north of Oki. D-9.
17543 (WF 234). Yontan limestone, Large quarry 200 yards
of Highway 6 about 0.7 mi southwest of the junction of

Highways 6 and 12 north of Hanza. C-9.

17544 (WF 235). Yontan limestone. Large quarry on hillside
east of Highway 6 about 0.6 mi north of Sobe. C-9.
(=17644 D).

17545 (WF 236). Yontan limestone. Large quarry on hillside
east of Highway 6 about 0.5 mi north of Sobe. C-9. (on
south side of secondary road from 17644.)

17546 (WF 239). Yontan limestone. Quarry about 0.8 mi
northwest of the junction of Highways 6 and 12 between
Hanza and Takashiho. C-9.

17547 (WF 240). Yontan limestone. Quarry about 0.3 mi
from western shore and about 0.9 mi west-southwest of
the northern junction of Highways 6 and 12, C-9.

17548 (WF 257). Yontan limestone. Quarry about 200 yards
northeast of the junction of Highways 5 and 6, near the
south edge of Iwa. E-9.

17549 (WF 260). Yontan limestone. Upper level in large
quarry on hillside west of Highway 13 about 0.4 mi south
of the junction of Highways 13 and 164 at Ischicha
(Ishikawa). E-9. (=17550 u and 17646.)

17550 (WF 261). U: upper bed, Yontan limestone, L: lower
bed, Naha limestone. Large quarry on hillside west of
Highway 13 about 0.4 mi south of the junction of Highways
13 and 164 at Ischicha (Ishikawa). E-9. (U=17549 and
17646) (L=17540.)

17551 (WF 287). Yontan limestone. Small quarry at north
edge of a limestone plateau about 0.2 mi east of Highway
1 and about 0.6 mi south of the junction of Highways 1
and 6. D-10.

17552 (WF 289). Yontan limestone. Large quarry at south
end of a limestone plateau about 0.2 mi east of Highway
1 and about 1.0 mi south of the junction of Highways 1
and 6. D-10.

17553 (WF 290). Yontan limestone. Upper part of quarry on
north side of Highway 6 about 0.2 mi west of the inter-
section of Highways 1 and 6, D-10. (see 17538.)

17554 (WF 294). Naha limestone. (=17673.)

17558 (WF 246). Yontan limestone. Quarry on south side
of Highway 12 about 0.75 mi east of Kina. D-9.

17561 (GC 32). Naha limestone. Sea cliff at west end of
beach on south side of Akamaruno-misaki. M-17.

17564 (DF 114). Naha limestone. (Possibly an indurated
phase of the Nakoshi sand.) Exposed in two cuts at
junction of secondary roads about 0.5 mi southeast of
Kunjabaru. J-16.

17567 (DF 126). Naha limestone. Small quarry on south side
of road almost west of Nakijin Industrial High School be-
tween Janai and Fuishichi. I-16.

17571 (DF 137). Naha limestone. Quarry south of Highway
124 about 0.5 mi south of Nakaoshi. H-16.

17573 (DF 153). Yontan limestone. Road cut on secondary
road along eastern edge of Imadomari, about 100 feet north
of Highway 124. H-16.

17574 (DF 154). Naha limestone. Road cut on secondary
road along eastern edge of Imadomari, about 200 yards
north of Highway 124, H-16. This may be Yontan lime-
stone.

17576 (DF 156). Naha limestone. Small projecting cliff near
the west end of the beach at Imadomari. H-16.

17578 (DF 159). Naha limestone. Road cut on west side of
Highway 124 about 0.3 mi south of road fork west of
Kushichin. G-16.

17579 (DF 160). Naha limestone. Lowest part of limestone
in quarry on west side of Highway 124 about 0.4 mi north-
east of Jahana. G-16.

17580 (DF 161). Naha limestone. Coarse conglomerate bed
1 foot thick located about 15 feet below top of quarry. Same
quarry at 17579. G-16.

17582 (DF 163). Naha limestone. Large quarry on east side
of Highway 124, about 0.2 mi south of road junction west
of Kushichin. G-16.

17583 (DF 164). Naha limestone. Road cut and quarry west
of Highway 124 about 150 yards south of road fork west
of Kushichin. G-16.

17584 (DF 165). Naha limestone. Quarry west of Highway
124 about 150 yards south of road fork west of Kushichin.
From top of quarry to top of hill. G-16.
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17585 (DF 166). Naha limestone. Sandy limestone in road
cut on south side of Highway 124 at road fork 0.5 mi west
of Kushichin. G-16.

17586 (DF 167). Yontan limestone. Large quarry on edge
of plateau north of road along north shore of Urasaki-wan,
about 0.8 mi west of Urasaki. G-16.

17590 (DF 176). Naha (?) limestone. Quarry at Kami-Motobu-
Mura office on highway between Jahana and Urasaki. G-16.

17591 (DF 177). Yontan limestone. Small cut 100 yards west
of Highway 124 at southern edge of Kitazato (?Jahana).
G-16.

17593 (DF 180). Yontan limestone.
mi southeast of Urasaki. G-16.

17595 (DF 183). Yontan limestone. Limestone in large road
cut on Highway 112 about 0.5 mi west of Toguchi. G-15.

17598 (DF 187). Naha limestone. Quarry east of road at
the south end of Bise. G-16.

17600 (DF 116). Nakoshi sand. Half way up the seacliff
above trail about 0.3 mi west of Kunjabaru. I-16.
17602 (DF 121). Naha limestone. Exposure in cut for tomb
on north side of secondary road from Nakasoni to Goechi,

about 0.3 mi northwest of Nakasoni. I-16.

17608 (DF 144). Naha limestone. Quarry on secondary road
about 0.2 mi north of Shushi. H-16.

17610 (ME 35). Naha limestone. Road cut on north side of
road at landing on Unten-ko. I-16.

17612 (FSM 61). Naha limestone. Quarry on west side of
Highway 13 west of Kin. G-10.

17613 (FSM 62). Yontan limestone.
secondary road just north of Kin. H-10.

17615 (FSM 58). Naha limestone. Small quarry on road to
beach, west of Highway 12, about 0.8 mi west of road
fork at west edge of Hanza. C-9.

17632 (FSM 13). Yonabaru clay member. Road cut about
0.1 mi below road fork at top of hill on road from Okuma
to Arakaki. D-6.

17633 (FSM 11, 22-333-14). Shinzato tuff member. Low
cliff at canyon head just east of trail pass through ridge
about 0.4 mi southwest of China. E—4.

17637 (FSM 35). Yontan limestone. Low road cut along
Highway 5 about 200-300 feet northeast of a road fork
and about 0.8 mi south of Yamashiro. E-9.

17640 (RSM 50). Yontan limestone. Quarry north of sec-
ondary road about 0.6 mi east of Nagushiku. B-2.
17641 (FSM 52). Naha limestone. Deep quarry west of High-
way 6. About 1.1 mi south of road fork at west edge of

Hanza. a:lowest,b:middle, ¢: highest. C-9.

17644 (FSM 55). a: lower bed, Naha limestone, b: upper bed,
Yontan limestone. ILarge quarry on hillside east of High-
way 6 about 0.6 mi north of Sobe. C-9.

17645 (FSM 59). Yontan limestone. Small bulldozer pit just
east of Highway 12 about 1 mi west of the junction of
Highways 6 and 12 north of Hanza. C-9.

17646 (FSM 60). Yontan limestone. Large quarry on hill-
side west of Highway 13 about 0.4 mi south of the junction

Quarry on hill about 0.3

Quarry on east side of

of Highways 13 and 164 at Ishicha (Ishikawa). E-9.
(=17550 u and 17549.)
17647 (FSM 63). Yontan limestone. (=17513.) H-10.

17648 (FSM 12). Shinzato tuff member. Large road cut just
below top of long hill on Highway 137 about 0.3 mi south
of Shinzato. D-3.
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17652 (FSM 64). Yontan limestone. Quarry at foot of hill
near Navy dock, about 0.6 mi northeast of village of Ten-
gan. F-9.

17656 (FSM 88). U: upper bed, Yontan limestone, L: lower
bed, Naha limestone. Large quarry west of Highway 1,
just south of Kakazu Ridge and about 0.6 mi west of the
junction of Highways 1 and 153. C-6.

17658 (FSM 68). Yontan limestone. Quarry on west side of
Highway 1 about 0.25 mi north of the intersection of High-
ways 1 and 20. D-7.

17660 (FSM 70). Yontan limestone. Quarry between shore
road and large limestone pinnacle, about 0.4 mi north-
northwest of the intersection of Highways 1 and 20. D-T.

17661 (FSM 71). Naha limestone. Cut on small loop road
west of shore road and south of small creek about 1.4 mi
south of the mouth of the Hiza-gawa (Bisha-gawa). C-8.

17663 (FSM 73). Yontan limestone. Quarry in erosional
remnant of limestone lying between two secondary roads
about 1.8 mi south of Yontan-zan and about 1.3 mi east of
Kina. D-9.

17665 (FSM 75). U: Yontan limestone, L: Naha limestone
Large quarry on west side of Highway 1 about 0.6 mi
south of Kina. D-9.

17666 (FSM 76). Yontan limestone. Large quarry on west
side of Highway 1 about 0.4 mi south of Kina. D-9.

17667 (FSM 177). Naha limestone. Lower level in large
2-level quarry just north of Oki. C-9.

17669 (FSM 79). Naha limestone. Bulldozer trench on south
side of secondary road about 0.8 mi southwest of the road
circle at Kadena. C-8.

17670 (FSM 80). Naha limestone. Road cut through north
levee of Hiza-gawa (Bisha-gawa) at mouth of river. C-8.

17671 (FSM 81). Naha limestone. West end of quarry north
of road at top of steep hill about 0.8 mi due east of Kina.
D-9.

17672 (FSM 82). U: upper bed, Yontan limestone, L: lower
bed, Naha limestone. East end of same quarry as 17671
D-9.

17673 (FSM 83). Naha limestone. Road cut and ditch on
south side of Highway 6 just east of the junction of High-
ways 1and 6. D-10.

17677 (22-226-29). Shinzato tuff member. Roadside expo-
sure near base of hill on Highway 8 near “White Beach”,
U.S. Naval Piers. G-T.

17678 (WF 258). Yontan limestone. Small tree-covered knob
of limestone between cultivated fields south of Highway 6
and about 0.6 mi west of the junction of Highways 5 and
6. E-9.

17679 (WF 278). Yonabaru clay member. High road cut on
Highway 13 east of broad bend in road, about 0.9 mi
north of the junction of Highways 13 and 38. D-5.

17680 Yontan(?) limestone “Small quarry on top of ridge,
150 yards east of route 418 Location unknown but
believed to be near Kin. H-10? Not located on map.

17681 (TKRS 2). Shinzato tuff member. Outcrop at base of
limestone cliff near top of steep slope facing Kimmu-wan,
about 0.4 mi west of Ikemi, Takabanare-shima. I-8.

17686 (RS 354). Yontan limestone. Quarry on north slope
of Yuza-dake about 1.2 mi west of Tomari and about 2.5
mi east of Itoman. C-2.
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SYSTEMATIC PALEONTOLOGY
Class GASTROPODA
Subclass PROSOBRANCHIA
Order ARCHAEOGASTROPODA
Superfamily PLEUROTOMARIACEA
Family HALIOTIDAE
Genus HALIOTIS Linné 1758
Type: H. asining Linné.
Haliotis cf. H. diversicolor Reeve
Plate 16, figure 1; plate 18, figure 1

?YHaliotis diversicolor Reeve, 1846, Conchologia iconica, v. 3,
pl. 12, fig. 39.
?(Hirase) Taki, 1951, Handbook of illustrated shells, pl. 60,
fig. 1.

Internal molds and fragments showing the external
sculpture were obtained from both the Naha and
Yontan limestones. The sculpture, shape, and location
and size of the perforations compare with H. diversi-
color. According to some authors this is a synonym
of H. japonica Reeve, but Reeve's figures show strong
plications on Z. japonica that are not present on H.
diversicolor.

Yabe and Hatai (1941b, p. 76, pl. 7, fig. 1) described
a new Hualiotis from the Nakoshi sand as H. gigan-
toides. Their species, which comes from a fine gray
sand, is more circular in outline and has faint spiral
ribs in comparison with the specimens in the writers
collection, all of which came from limestone. This
suggests that different species were living in different
ecological environments.

Distribution: Pliocene, (Naha limestone) Okinawa; Pleisto-
cene, (Yontan limestone) Okinawa and Ie-Shima; Recent,
Indo-Pacific region, northward to central Honshu.

Localities: Naha limestone, 17474, 17484 (figured), 17537,

17582, 17644-a; Yontan limestone, Is-10 (figured), 17514,
17644-b, 17680.

Superfamily TROCHACEA
Family TROCHIDAE

Subfamily MARGARITINAE

Genus BATHYBEMBIX Crosse 1893

Type: Bembix acola Watson.

The species here referred to Bathybembix were in-
cluded by Yokoyama (1920) under Bembiz Watson
1879, a name preoccupied by Bembiz Koninck 1844.
The substitute name Bathybembixz Crosse 1893 was for
years considered to be predated by 7wrcicula Dall.
However, Rehder (1955) has shown that the type of
Twrcicula is unique and that Bathybembix is the cor-
rect name for the Japanese species commonly referred
to Turcicula. Thus, the monograph of Japanese 7ur-

cicula by Taki and Otuka (1942) is a monograph of
Japanese Bathybembiz. Taki (1951) and Kuroda and
Habe (1952) referred these and related species to the
genus Lischkeia Fischer 1879. Theile (1931) regarded
both 7Turcicula and Lischkeia as “sections” of Callio-
tropis Seguenza (1903), a younger name. They were
placed under 7wrcicula by Taki and Oyama (1954).
Wenz (1938) treated 7wrcicula, Calliotropis, and Lis-
chkeias. s. as subgenera of Lischkeia.

Bathybembix sp. ind.
Plate 1, figure 1; plate 7, figures 1-2

Badly decorticated and fragmental specimens of
what may be two species of Bathybembixz were collected
from the Shimajiri formation. They belong to the
group of B. aeola (Watson) and B. japonicum (Dall) ;
probably being more closely related to the former spe-
cies than to the latter. The Shimajiri forms differ from
each other, and from the Recent species mentioned, in
the details of the sculpture above the periphery. On
the fragment from the Yonabaru clay member there
are 3 rows of low, unpointed nodes arranged along low
spiral ridges, and connected axially by less distinct
ridges. The species from the Shinzato tuff member has
a lower row of nodes arranged along a low spiral ridge,
and 2 less distinct rows of oblique nodes above it. The
Recent B. japonicum has 3 rows of sharp nodes, where-
as B. ueola has elongate oblique axial ribs above the
periphery which are sometimes disconnected to form 3
or more distinct rows of short oblique axial ribs.

Distribution: Miocene, (Yonabaru clay member) Okinawa;
Miocene or Pliocene, (Shinzato tuff member) Okinawa.

Localities: Yonabaru clay member, 17445 (figured) ; Shinzato
tuff member, 17456 (figured).

Comparative bathymetric data: Both of the Recent species
with which the specimens from the Shimajiri formation are
compared are from deep water and are represented in the
Albatross collections from southern Japan at depths between
292 and 475 fathoms.

Bathybembix cf. B. convexiusculum (Yokoyama)
Plate 10, figure 13

Bembir convexiusculum Yokoyama, 1920, Tokyo Imp. Univ.
Coll. Sci. Jour., v. 39, art. 6, p. 90, pl. 5, fig. 32.

It would appear from an examination of specimens
in the U.S. National Museum that two distinet species
have been referred to the Recent B. argenteo-nitens
(Lischke). The typical form has a Basilissa-like spire
and is very close to B. converiusculum (Yokoyama)
from the Pliocene of Japan. The other species has a
central row of large nodes on all whorls. The form
figured by Hirase (1936) is the second type. It was
renamed Zwurcicula hirasei Kuroda (in Taki and Otuka,
1942).



PALEONTOLOGY 23

Bathybembix convexiusculum differs from the Recent
B. argenteo-nitens in that the nodes, both the subsutural
and suprasutural rows, are slightly coarser and less
numerous (see Lischke, 1874, pl. 4, fig. 1).

Distribution : Pliocene, (Chinen sand) Okinawa, (Kamakura
and Nojima formations) Japan.

Localities : Chinen sand, 17481 (figured).

Comparative bathymetric data: Specimens of the closely re-
lated B. argenteo-nitens collected from the vicinity of Japan by
the Albatross range in depth from 70 to 304 fathoms.

Genus Lischkeia Fischer 1879
Type: T'rochus monilifera Lamarck.
Lischkeia aff. L. monilifera (Lamarck)
Plate 7, figures 10, 33

Trochus monilifera Lamarck, 1804, Ann. Mus. Hist. Nat. Paris,
v. 4, (19). p. 48.

?Lischkeia (Lischkeia) monilifera. Wenz, 1938, Handbuch der
Palidnzoologie, v. 6, pt. 2, p. 272, fig. 569.

Fragments of the shell so identified were obtained
from two localities. The body whorl is angulate with
a crudely bicarinate keel bearing two rows of moder-
ately sharp beads, the upper row stronger. A single
row of larger, more widely spaced blunt nodes is lo-
cated about midway between the periphery and the
suture. A row of sharp beads of about the same size
and spacing as those along the periphery lies immedi-
ately below the suture. The base has low spirals,
weakly beaded at the crest, which slope gently on the
side toward the umbilicus but which are cut off more
abruptly on the side toward the periphery. The um-
bilicus is closed by callus, and the undercut smooth si-
phonal fasciole is partly exposed at the edge of the
umbilical callus.

This may be a new species but it is not named be-
cause the material is fragmentary. A specimen figured
by Kira (1955, pl. 6, fig. 2) as Lischkeia alwinae
(Lischke) is very close to the Okinawan species and
the two may be identical. Kira gives a depth range
of 50 to 100 fathoms for the species.

Localities: Shinzato tuff member, 17458 (figured), 17681.
Genus STOMATELLA Lamarck 1819

Type: Stomatella imbricata Lamarck. Recent, Indo-
Pacific.

Stomatella cf. S. lyrata Pilsbry
Plate 10, figures 24-25

?Stomatella Iyrate Pilsbry, 1890, Manual of conchology, v. 12,
p. 12, pl. 2, figs. 3-5.
?Yokoyama, 1922, Tokyo Imp. Univ. Coll. Sci. Jour., v. 44,
art. 1, p. 115, pl. 6, fig. 2.
?Taki and Oyawma, 1954, Paleont. Soc. Japan Spec. Paper
2, pl. 26, fig. 2.

No differences can be discerned between the Oki-
nawan fossil and the form figured by Yokoyama from
the Pleistocene of Japan.

Distribution : Pliocene, (Nakoshi sand) Okinawa ; Pleistocene,
Shimosa (“Upper Musashino’) Japan: Recent, northern, cen-

tral and western Japan.
Localities : Nakoshi sand, 17440 (figured).

Genus “SOLARIELLA” §. Wood 1842

The species here described fall well within the com-
plex generally referred to as Solariella. Kuroda and
Habe (1952) refer S. nyssona Dall, a species discussed
here, to Machaeroplaxw Friele and S. subangulata
(Oyama), another species discussed here, to Minolia A.
Adams. Both Thiele (1931) and Abbott (1954) regard
Machaeroplax as a synonym of Solariella. Taki and
Oyama (1954), however, refer both S. nyssona and S.
subangulata to Minolia. Thiele (1931) treats Minolia
as a “section” of 7lsunda A. Adams. The present
species may fall within the genus /sanda as used
by Wenz, possibly within one of the subgenera such
as Antisolarium Finlay, Zeminolia Finlay, or Zetela
Finlay. [sanda is placed by Thiele in the Unboniinae
rather than in the Margaritinae.

Although Wood himself suppressed this genus in
1848 (p. 134), it has been accepted by nearly all sub-
sequent writers as a valid genus. Unless Harmer’s
(1923, pl. 60, fig. 1) figure of Solariella maculata Wood
is the species Wood had in mind in 1842 and not the
one he figure in 1848, it is an error. Harmer’s rather
than Wood’s (1848, pl. 15, fig. 3) figure was reproduced
by Wenz. However, the genus as typified by Wood’s
1848 figure certainly includes the species under con-
sideration and in the sense the genus has been used by
American paleontologists.

“Solariella” albalitus, n. sp.
Plate 10, figures 19-20

Shell of medium size, spire subconical, whorls on the
spire with a slightly angulate periphery and flattened
above the angulation, body whorl rounded. Proto-
conch consisting of about one half of a whorl, smooth
and polished, followed by about 214 whorls which are
sculptured by slightly crescentic axial riblets, closely
set, and without spiral angulation of any kind. Aper-
ture round ; outer and inner lips thin, detached and not
reflected. Umbilicus open and deep. Sutures chan-
nelled. Sculpture consisting of two principal spirals
along the periphery and a row of beads below the suture
channel, the slope between the beaded row and the
periphery bearing weak (1 to 2) spiral threads, the
base with stronger beaded spiral threads, the thread at
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the edge of the umbilical opening being stronger than
the rest.

Holotype (USNM 562885) measures: height 8 mm, diameter
6.9 mm.

Type locality : Chinen sand, 17481.

This form appears to be unlike any other described
species from the western Pacific. It is closely related
to the Recent West Indian species, S. amabilis Jeffreys,
differing from it mainly in having stronger spiral
threads, especially on the base,

Solariella nyssona Dall, Recent from off Hondo,
Japan, is more distantly related to this species, dif-
fering from it in having more rounded whorls, a
broader subsutural platform, and spirals of nearly
equal strength over the upper part of the whorls. The
nodes on the spirals are sharp in nyssona whereas on
albalitus they are beaded.

Distribution : Pliocene, (Chinen sand) Okinawa.

Localities: Chinen sand, 17481 (figured type).

Comparative bathymetric data: Solarielle amabilis was ob-
tained by dredgings from the Blake from 135 to 805 fathoms.

“Solariella” shimajiriensis, n. sp.
Plate 1, figures 24

Shell rather large for the genus, spire of medium
height, whorls rounded with a broad subsutural slope
or shoulder that is flattened and nearly horizontal.
Protoconch small, consisting of not more than 34 of a
whorl, smooth, not distinctly set off from the first
sculptured whorl of the spire. Aperture nearly round
with a narrow area of attachment, no callus. Outer and
inner lips thin and not reflected. Umbilicus open and
deep. Sutures marked by a nearly right angled junc-
ture of the subsutural shelf of the whorl below and
the whorl above. Sculpture consisting of crescentic
axials only on the 214 whorls immediately following
the protoconch, the next 114 whorls cancellate with
spiral lines and axials of about equal strength, and the
remainder of the shell with well defined finely beaded
spiral lines, the axial scupture becoming obsolete on the
penultimate whorl, the threads on the lower body whorl
and the basal threads becoming unbeaded and continu-
ous except for those immediately adjoining the umbili-
cus.

Holotype (USNM 562646) measures: height 9.5 mm, diam-

eter 9.4 mm.
Type locality : Yonabaru clay member, 17451.

This is a lower, more inflated species than S. albalitus
and can be distinguished at once by its flat subsutural
bench. It is probably more closely related to S. nyssona
Dall, but is more inflated and shorter than that species
and has more numerous and more evenly distributed
spiral lines and weaker axial threads. Solariella shima-

jiriensis is most closely related to the Pleistocene species
figured by Yokoyama (1922, p. 111, pl. 5, fig. 20) as
8. angulata Tokunaga, since renamed S. subangulata
(Oyama) Kuroda and Habe (1952, p. 66). A Recent
specimen of 8. subangulata collected by the Albatross
Expedition from Station 4832, off Hondo, Japan,
closely resembles 8. shimajiriensis in shape but has
fewer spiral threads.

Distribution: Miocene, (Yonabaru clay member) Okinawa.

Localities: Yonabaru clay member, 17449 (figured), 17451
(figured type).

Comparative bathymetric data: The Recent species from
Japan (?8. subangulatea Oyama), mentioned above, was ob-
tained from a depth of 70 fathoms.

Genus ORECTOSPIRA Dall 1925

Type: Basilissa babelica Dall, Recent, Japan.

Dall proposed this as a subgenus of Basilissa Watson,
and some of the species Watson referred to Basilissa
certainly belong in it. By selecting B. lampra Watson
as the type of Basilissa, however, Dall fixed the name
Basilissa on the most atypical of the forms included by
Watson in Basilissa, and in my opinion Basilisse and
Orectospira should stand as distinct genera. Kuroda
and Habe (1952) list dabelica Dall under the genus
Basilissa.

Orectospira c¢f. 0. babelica (Dall)
Plate 1, figure 12
9Basilissa babelica Dall, 1907, Smithsonian Misc. Colln., v. 50,
pt. 2, no. 1727, p. 168.
?Basilissa (Orectospira) babelica. Dall, 1925, U.S. Natl. Mus.
Proc., v. 66, art. 17, no. 2554, p. 5, pl. 82, figs. 8, 12.

A fragment consisting of a little over 1 full whorl
appears to be very closely related to the Recent Japa-
nese species. The fossil form has finer spiral lines than
on any Recent specimens examined. There is no indica-
tion of thin, arcuate axials on the fossil species, but not
all Recent specimens have them.

Distribution: Miocene, (Yonabaru clay member) Okinawa;
Recent, southern Japan.

Localities: Yonabaru clay member, 17679 (figured).

Comparative bathymetric data: The Recent species was col-
lected by the Albatross Expedition from depths of 440 and 600

fathoms.
Subfamily CALLIOSTOMATINAE

Genus CALLIOSTOMA Swainson 1840
Subgenus TRISTICOTROCHUS Ikebe 1942

Type: Calliostoma aculeatum Sowerby, Recent,
Japan,

Ampullotrochus Monterosato, the type of which is
Trochus granulatus Born from the Mediterranean, is
very closely related. Until the relationship of these
forms is established it seems advisable to use the name
Tristicotrochus for the Japanese forms. It might logi-

cally be made a subgenus of Ampullotrochus.
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Calliostoma (Tristicotrochus) nahaensis, n, sp.
Plate 16, figures 2, 7

Shell of medium size, spire subconical, whorls angu-
late with a blunt periphery. Nuclear whorls unknown.
Aperture angulate oval; outer lip thin, inner lip thick-
ened and appressed, inner lip callus lacking a tubercle.
No umbilical chink. Sculpture consisting of 6 pri-
mary spirals, the 1 immediately below the suture and
the 2 on the periphery being stronger and more beaded
than the 3 intervening ones, secondary spirals and weak
tertiary spirals present; base bearing about 13 spiral
threads with a weak secondary thread developed be-
tween some of them.

Holotype (USNM 562998) measures: height (less tip) 12 mm,
diameter 11 mm.

Type locality : Naha limestone, 17484.

This species appears to be closely related to O.
aculeatum uezii lkebe (1942, p. 260, pl. 27, figs. 5a—c)
from the Pleistocene of Japan, differing from it in
having a higher spire. Other relatives of this species
are some as yet undescribed species obtained by the
Albatross from the Hawaiian Islands, and the re-
lationship to one of these is very close. Calliostoma
annulatum Solander, Recent from Alaska to San Diego,
California, differs mainly in having broader spirals
and coarser, more pointed beads. Calliostoma dyscri-
tum Cossmann, described from the Pliocene of Karikal,
India (Cossmann, 1910, p. 80), and reported from the
Pliocene of Nias (Wissema, 1947, p. 13) may be related.

Distribution : Pliocene, (Naha limestone) Okinawa.

Localities : Naha limestone, 17484 (figured type).

Comparative bathymetric data: The Hawaiian species re-

ferred to above were obtained in hauls from depths ranging
from 49 to 182 fathoms.

Calliostoma (Tristicotrochus) sp. ind.
A small nearly completely decorticated specimen of
a sharply conical trochid was obtained. A small por-
tion of the outer sculpture remaining does not agree
with that of the preceeding species.
Occurrence : Naha limestone, 17580.
Subgenus PULCHRASTELE Iredale 1929
Type: Calliostoma septenaria Melville and Standen.
Calliostoma (Pulchrastele) ikebei n, sp.
Plate 16, figures 3, 8
Shell of medium size, abnormally high spired for the
genus, whorls flattened, sometimes with a weak biangu-
late kee] just above the suture. Protoconch blunt but no
sculpture discernable on type. Outer lip broken on

type. Inner lip tightly appressed on parietal wall,
thickened where free. Suture closed to slightly open.

Umbilicus small, semicircular. Sculpture consisting of
two coarser beaded spirals just below the suture, finer
spirals with finer and slightly elongate beads on the
central part of the whorl, the beads forming rows in-
clined to the left along growth lines, and a pair of
moderately coarse beaded spirals forming a weak keel
just above the suture.

Holotype (USNM 562999) measures: height 12.8 mm, di-
ameter 7.7 mm,

Type locality : Naha limestone, 17497a.

This species is not closely related to any fossil or Re-
cent Calliostoma described from Japan. These were
recently brought together in a paper by Ikebe (1942)
for whom the present species is named.

Distribution : Pliocene, (Naha limestone) Okinawa.
Localities : Naha limestone, 17497a (figured type).

Calliostoma (Pulchrastele) aff. C. (P.) ikebei MacNeil
Plate 10, figures 14-15

A fragment from the Chinen sand is related to C.
thebes and may be identical.

Occurrence : Chinen sand, 17441 (figured).
Subfamily MONODONTINAE
Genus CHRYSOSTOMA Swainson 1840

Type: C. nicobaricus (Gmelin) Swainson (=C. para-
doxum (Born)).

Chrysostoma paradoxum (Born)
Plate 10, figure 21

Heliz paradora Born, 1780, Testacea musei Caesurei vin-
dobonensis, p. 394, pl. 13, figs. 16-17.

Chrysostoma nicobaricus. Swainson, 1840, Treatise on mala-
cology, p. 353.

Chrysostoma paradoxum. Hatai, 1941, Tropical Industry Inst.
Palau, Bull. 7A, p. 86, pl. 3, figs. 7-8.

(Hirase) Taki, 1951, Handbook of illustrated shells, pl. 67,

fig. 1.

I find no record of this species having been found
previously as a fossil.

Distribution: Pliocene, (Nakoshi sand) Okinawa; Recent,
northern Ryukyu Islands to the Philippines, Palau and New
Caledonia.

Localities : Nakoshi sand, 17483 (figured).

Subfamily TROCHINAE
Genus TROCHUS Linné 1758

Type: 7. maculatus Linné.

Trochus niloticus Linné
Plate 18, figures 3,5

Trochus niloticus Linné, 1767, Systema naturae, ed. 12, p. 1227,

Trochus (Pyramidea) mniloticus. Nomura, 1935, Tohoko Imp.
Univ. Sci. Repts., 2d ser., v. 18 no. 2, p. 211, pl. 10,
fig. 46.
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Hatai, 1941, Tropical Industry Inst. Palau Bull. 7A, p. 83,
pl. 30, figs. 1, 2 (Not figs. 3, 4 which are marximus.)
Trochus niloticus maxrimus. (Hirase) Taki, 1951, Handbook
of illustrated shells, pl. 65, fig. 6.

A large trochid from the Yontan limestone appears to
belong to the Recent species. Two other specimens were
found in a raised beach ridge of very late age on the
southern coast of Te-shima. Nomura reported the oc-
currence of this species from “Raised Coral Reef” on
Formosa, a deposit that carries a fauna similar to that
of the Yontan limestone of Okinawa, and may be con-
temporaneous.

The form figured by Hirase appears to be typical
T'. niloticus rather than 7'. mazimus (Koch) Philippi.
Kuroda and Habe (1952, p. 92) list 7. niloticus Linné
as an invalid name and give as valid Zectus marimus
(Philippi) (=niloticus Linné (pars)). Tt isnot clear
whether this means they do not recognize typical 7.
niloticus in Japan, or whether they believe that all
members of a Linnaean species can be named, leaving
no typical form. Some of the young individuals col-
lected on Okinawa have the coarse sculpture and con-
vex base that characterize 7'. mawimus, and it may be
that both forms are represented. The large specimens
are all typteal 7. niloticus, however.

Distribution : Pliocene (?), Sumatra; Pliocene, (Naha lime-
stone) Okinawa; Pleistocene, (Yontan limestone and raised
beach dunes) Okinawa and Ie-shima, (“raised coral reef”)
Formosa ; Recent, Indian Ocean, northern Australia, Philippines
to Kyushu, New Caledonia, Solomon Islands and Fiji. The
species now occurs in the Carolines, Marshalls, Marianas,
Palau and Yap, but it is believed to have been introduced there
by the Japanese.

Localities: Yontan limestone, 17543, 17544 (figured), 17644-b
(figured).

Doubtful occurrences: Poorly preserved or very young in-
dividuals, some of which may be T. mazimus, were obtained
from the following :

Naha limestone: 17499, 17541, 17582, 17585, 17673.

Yontan limestone: 17510, 17551, 17573, 17591, 17613, 17640,
17645, 17656 U, 17678.

Comparative bathymetric data : Specimens of this species have
been obtained from tide pools on reefs, but its main habitat
seems to be the off side of the outer reef.

Trochus calcaratus Souverbie
Plate 18, figures 7, 9

Trochus (Polydonta) calcaratus Souverbie, 1875, Journal de
conchyliologie, v. 23, p. 41, pl. 4, figs. 7, Ta.
Trochus (Trochus) calearatus. Nomura, 1935, Tohoku Imp.
Univ. Sci. Repts., 2d ser., v. 18, no. 2, p. 211, pl. 10, fig. 16.
Trochus histrio Reeve may be an older name for this
species, but according to Pilsbry (1888-1896, v. 11, p.
30,) 7. histrio cannot be positively identified, and it is
more satisfactory to use Souverbie’sname. Nomura re-

ported this species from “Raised Coral Reef” of For-
mosa, a horizon probably the same as the Yontan lime-
stone of Okinawa.

Distribution: Pleistocene, (Yontan limestone) Okinawa,
(“raised coral reef’) Formosa ; Recent, southwest Pacific from
New Caledonia through the Philippines to the northern
Ryukyu Islands.

Localities: Yontan limestone, 17511, 17515, 17543, 17544,
17545 (figured), 17551, 17552, 17613, 17637, 17640, 17644-b,
17646, 17652, 17666 (figured).

Trochus sp. ind.
Plate 18, figure 8

A juvenile and an imperfect adult 7rochus allied to
7. rota Dunker were obtained from the Yontan lime-
stone. Z'rochus rota was reported from Gabusoga, a
locality in the Nakoshi sand, by Nomura and Zinbo
(1936).

Localities: 17544 (figured), 17644-Db. Specimens from 17512
and 17637 may represent the same species.

Tosatrochus MacNeil, new genus

Type: Thalotia aspera Kuroda. (Hirase) Taki, 1951, Hand-
book of illustrated shells, pl. 68, fig. 3 (=attenuatus
Jonas, fide Fischer and Pilsbry) ; Recent, Japan.

Thalotia aspera is a new name for 7'rochus elongatus
Wood, a homonym of Zrochus elongatus Sowerby.
(See Kuroda and Habe, 1952, p. 90.) According to
Fischer (1879, p. 281), and Pilsbry (1888-1896, vol.
11, p. 143), 7. attenuatus Jonas is an earlier name for
7. elongatus Wood. Trochus attenuatus was unfigured,
and both it and 7. elongatus Wood are from unknown
localities. Fischer reported the species from New Cale-
donia, and several records exist for its occurrence off
Shikoku, Japan.

Trochus elongatus Wood has been assigned variously
to Thalotia, both as a genus and as a subgenus of Can-
tharidus. In this writer’s opinion it has little relation-
ship with either. Perhaps its open umbilicus and sculp-
ture ally it more closely with Praecia Gray, but 7.
elegantula Wood, the type of that species, has a lower
spire.

Tosatrochus attenuatus (Jonas)
Plate 10, figures 16, 22-23

Trochus elongatus Wood (not Sowerby), 1828, Index testaceolo-
gicus, suppl.. p. 17, pl. 5, fig. 19.

Trochus attenuatus Jonas, 1844, Zeitschrist fiir Malakozoologie,
p- 170.

Trochus clongatus. Fischer,
ed., p. 281, pl. 92, fig. 1.

Cantharidus (Thalotia) elongatus. Pilsbry, 1889, Manual of
conchology. v. 11, p. 143, pl. 45, fig. 56.

Hirase, 1936, A collection of Japanese shells, pl. 68, fig. 3.

1879, Coquilles vivantes, 2d.
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Thalotia aspera Kuroda (MS). (Hirase) Taki, 1951, Hand-
book of illustrated shells, pl. 68, fig. 3.
Kuroda and Habe, 1952, Recent Mollusca of Japan, p. 90.

Two specimens of this species from Nakoshi appear
to be identical with the Recent species.

Distribution: Pliocene, (Nakoshi sand) Okinawa; Recent,
western Pacific region from New Caledonia to Tosa (Shikoku),
Japan.

Localities : Nakoshi sand, 17440 (figured).

Doubtful identifications: Two poorly preserved speciments of
Tosatrochus from the Naha limestone may be this species, 17608

and 17644-a.
Genus CLANCULUS Montfort 1810

Type: T'rochus pharaoniuws Linné.
Clanculus microdon ater Pilsbry
Plate 16, figures 4, 9

Clanculus microdon var. eter Pilsbry, 1901, Acad. Nat. Sci.
Philadelphia Proc., v. 53, p. 200.

Clanculus microdon ater. (Hirase) Taki, 1951, Handbook of
illustrated shells, pl. 66, fig. 5.

Pilsbry distinguished this form from typical C.
microdon on the basis of color and a greater number
of spiral cords. The subspecies afer is characterized
by scattered white beads on its otherwise dark gray
or black shell, and by alternating large and small
threads in its gpiral sculpture.

Yokoyama (1924, pl. 2, fig. 5) figured a specimen
from the coral bed at Awa as Trochus (Clanculus)
atropurpureus (Gould). Taki and Oyama (1954, pl.
39, fig. 5) reidentified it as Clanculus (Euclanculus)
microdon ater Pilsbry.

Distribution : Pliocene, (Naha limestone) Okinawa; Pleisto-
cene or post-Pleistocene, (coral bed at Awa) Japan; Recent,

central Japan.
Localities : Naha limestone, 17484 (figured).

Clanculus margaritarins (Philippi)
Plate 18, figures 14-15

Monodonta margaritaria Philippi, 1846, Zeitschrift fiir Malako-
zoologie, p. 100.

Olanculus margaritarius. (Hirase) Taki, 1951, Handbook of
illustrated shells, pl. 66, fig. 3.

A specimen with several of the apex whorls missing,
but agreeing with this species in sculpture and in the
apertural and umbilical characters was found in the
Yontan limestone.

Distribution : Pleistocene, (Yontan limestone) Okinawa ; Re-
cent, southern Ryukyu Islands to central Japan.
Localities : Yontan limestone, 17551 (figured).

Subfamily UMBONIINAE
Genus MONILEA Swainson 1840
Type: T'rochus callifera Lamarck.

Monilea haebaruensis, n. sp.
Plate 11, figures 1-2

Shell of medium size, whorls rounded, sutures de-
pressed. Protoconch simple but its sculpture cannot
be discerned on the specimens at hand. Aperture sub-
quadrate. Outer lip moderately thick, not corrugated
within. Inner lip thickened at the outer of two um-
bilical carinae and reflected at the inner carina.
Parietal wall weakly callussed, the callus weakest and
less emergent at the midpoint of the appression. Um-
bilicus deep and open. Sculpture consisting of sharp-
ened spirals with occasional weak secondary spirals
above the periphery, and rounded, more closely set
spirals on the base, a strong roughened spiral thread,
referred to above as the outer umbilical carina, rimming
the umbilical opening.

Holotype (USNM 562889) measures: height 9.6 mm., diameter
11.8 mm.

Type locality : Chinen sand, 17442,

It cannot be decided from his figure whether this is
the same species as the one reported from both the
Byoritzu beds and Pleistocene raised coral reef of
Formosa by Nomura (1935, p. 215, pl. 10, figs. 23a-b)
as M. lentiginosa A. Adams, but from the general
aspect it is not. The Okinawan fossil differs from Re-
cent specimens of M. lentiginosa in having a narrower
umbilicus with the outer umbilical carina less recessed,
stronger, and lacking a deep groove between it and
the finer spiral sculpture. The spirals on the spire of
M. lentiginosa are rounded and beaded, whereas on the
Okinawan form they are sharpened and simple.

Distribution : Pliocene, (Chinen sand) Okinawa.
Localities : Chinen sand, 17442 (figured type).

Subgenus ROSSITERIA Brazier 1895

(Solanderia P. Fischer 1879, not Duchassaing and Michelotti
1846)

Type: T'rochus nucleus Philippi.
Monilea (Rossiteria) cf. M. (R.) nuclea (Philippi)
Plate 1, figures 89

*"Trochus nucleus Philippi, 1849, Zeitschrift fiir Malakozoologie,
p. 171,

7Monilea nuclea. Pilsbry, 1889, Manual of conchology, v. 11,
p. 257, pl. 61, figs. 31, 32.

Monilea nuclea is difficult to identify from any of its
published figures. It is fairly well fixed by Pilsbry’s
comparison of it with his new species, M. nucleolus
(Pilsbry, 1903, p. 71). The species here reported from
Okinawa does not appear to be separable from speci-
mens in the Hirase Collection in the U.S. National
Museum labelled “Monilea (Rossiteria) nuclea Phil”.
However, specimens labelled “Monilea (Rossiteria)
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nucleolus Pils” appear to be the same species. Accord-
ing to Pilsbry M. nucleolus is nearly smooth whereas
M. nuclea has sharply incised spiral lines.

Distribution : Miocene, (Yonabaru clay member) Okinawa;
Recent, southwest Pacific, New Caledonia to central Japan.

Localities : Yonabaru clay member, 17449 (figured).

Comparative bathymetric data: Specimens in the Thaanum
Collection in the U.S. National Museum were obtained from
10 to 25 fathoms.

Genus ETHALIA A, Adams 1853

Type: Rotella guamensis Quoy and Gaimard.
Ethalia subpulchella, n. sp.
Plate 11, figures 16-17

Ethalia pulchella. Nomura, 1935, To6hoku Imp. Univ. Sci.
Repts., 24 ser., v. 18, no. 2, p. 215, pl. 10, figs. 24a, b.
Shell medium to large for the genus, sublenticular,
angulate. Protoconch not well preserved on type.
Aperture subquadrate, outer lip plain, parietal wall
with a tongue-shaped callus, thicker towards the um-
bilicus, extending a little beyond the umbilicus and
nearly closing it. Umbilicus not open to direct view,
but with a small opening visable from an angle. Sur-
face of shell smooth except for growth lines above, and
with weak radiating corrugations on the base that die
out before reaching the midline of the base.

Holotype (USNM 562898) measures: height 5 mm, diam-
eter 9.2 mm. A slightly larger topotype is 10.2 millimeters in
diameter.

Type locality : Chinen sand, 17442.

The form from the Byoritzu beds of Formosa iden-
tified as E. pulchella (A. Adams) by Nomura appears
to belong to the species here described. Ethalia sub-
pulchella differs from E. pulchella in having its um-
bilicus more completely covered by the callus.

Distribution: Pliocene, (Byoritzu beds) Formosa, (Chinen
sand) Okinawa.

Localities: Chinen sand, 17442 (figured type).

Genus UMBONIUM Link 1807
Type: Trochus vestiariwm Linné.
Umbonium aff. U. costatum (Kiener)
Plate 18, figures 2, 6

?Rotella costata (Valenciennes) Kiener, 1839, Coquilles vivantes,
Rotella, p. 10, pl. 2, fig. 5.

Wmbonium (Suchium) moniliferum. Nomura, 1959, Tohoku
Imp. Univ. Sci. Repts., 2d ser.,, v. 18, no. 2, p. 214 (in
part).

MWmbonium costatum. (Hirase) Taki, 1951, Handbook of
illustrated shells, pl. 71, fig. 1.

Nomura followed Kuroda in regarding U. costatum
as a synonym of U. moniliferwm (Lamarck). Both the
Okinawan fossils and specimens of costatum in the U.S.
National Museum appear to differ from moniliferum in
lacking the row of prominent tubercles below the suture.
Most of the specimens in a collection from the upper
Byoritsu beds, presented to the U.S. Geological Survey
by 1. Hayasaka, have very prominent subsutural tu-
bercles and are labelled “Umbonium (Suchium)
noduliferum (Lamarck)”. However, Hayasaka, Lin
and Yen (1948, p. 12) list only U. moniliferum. The
species figured by Yokoyama (1920, pl. 6, fig. 6) as U.
costatum has prominent subsutural tubercles and prob-
ably is typical U. moniéliferum.

The single poorly preserved specimen from the Yon-
tan limestone of Okinawa has a lower spire than is
common for the Recent U. costatum, but is otherwise
very similar.

Distribution : Pliocene, (Nakoshi sand) Okinawa Pleistocene,
(Yontan limestone) Okinawa; Recent (U. costatum), southern
Japan.

Localities: Nakoshi sand, 17440; Yontan limestone, 17672-u
(figured).

Doubtful occurrences: Poorly preserved specimens which may
be this species were found at the following: Yontan limestone,

17511, 17514, 17550.
Family STOMATIIDAE

Subfamily STOMATIINAE
Genus STOMATIA Helbling 1779
Type:S. phymotis Helbling.
Stomatia cf. 8. rubra (Lamarck)
Plate 16, figure 5

9Stomatella rubre Lamarck, 1816, Encyclopédie méthodique, pl
450, figs. 3a, b; 1822, Animaux sans vertébres, v. 6, pt. 2,
p. 210.

2Stomatia rubra. H. and A. Adams, 1854, Genera of Recent
Mollusca, p. 436.

Stomatia rubra. (Hirase) Taki, 1951, Handbook of illus-
trated shells, pl. 63, fig. 7.

Only a single internal mold of this form was ob-
tained. It is a small, circular Stomatia with the im-
pression of sculpture resembling that.of S. rubra.

Distribution: Pliocene, (Naha limestone) Okinawa; Recent,
Philippines to Japan sea.

Localities : Naha limestone, 17661 (figured).

Comparative bathymetric data: Specimens of the Recent
species are in the Albatross collection from the Philippines from
depths of 10 and 37 fathoms.
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Family ANGARIIDAE
Genus ANGARIA (Bolten) Roeding 1798
Type: Turbo delphinus Linné.
Angaria delphinus (Linné)
Plate 16, figures 6, 11-12
Turbo delphinus Linné, 1758, Systema naturae, ed. 10, v. 1, p.
764.
Angaria delphinus. (Bolten) Roeding, 1798, Museum Bolten-
ianum, no. 911, p. 71.
Delphinula laciniate Lamarck, 1816, Encyclopédie méthodique,

pl. 451, figs. 1a, b; 1822, Animaux sans vertébres, v. 6,
p. 230.

Angaria delphinus laciniata. Hirase, 1936, A collection of Jap-
anese shells, pl. 71, fig. 8.

Angarig delphinus. (Hirase) Taki, 1951, Handbook of illus-
trated shells, pl. 71, fig. 8.

Angeria delphinus laciniata. Kuroda and Habe, 1952, Recent
marine Mollusca of Japan, p. 38.

Incomplete specimens whose visible characters fall
well within the limits of the very variable Recent species
were recovered from the Naha and Yontan(?) lime-
stones. The form named laciniata by Lamarck is typi-
cal A. delphinus and, therefore, needs no subspecific
name,

Distribution: Pliocene, (Naha limestone) Okinawa ; Pleisto-
cene, (Yontan? limestone) Okinawa: Recent, Indonesia to
Japan.

Localities: Naha limestone, 17484, 17574 (figured); Yontan
(?) limestone, 17637 (figured).

Comparative bathymetric data: The species is recorded from
depths of less than 10 fathoms, and is frequently collected from
tide pools.

Family SKENEIDAE
Genus LEUCORHYNCHIA Crosse 1867
Type: L. caledonica Crosse.
?Leucorhynchia sp. ind.
Plate 16, figures 13-14

A single imperfect specimen of a small, smooth form
that appears to have had a Lewcorhynchia-like umbilical
callus was found. It is otherwise indeterminable.

Occurrence: Naha limestone, 17518 (figured).
Family TURBINIDAE
Subfamily LIOTIINAE
Genus LIOTIA Gray 1847
Type: Delphinula cancellata Gray.
Liotia sp. ind,
Plate 7, figures 34

A single poorly preserved specimen of a large Liotia
probably related to Z. hermanni Dunker was obtained
from the Shimajiri formation. Its sculpture is mostly

eroded but a row of rather large holes along the outer
edge of the siphonal fasciole resembles that of L. her-
manni and L. peronii Kiener. Liotia fenestrata Car-
penter (See Abbott, 1954, pl. 18, fig. U) from the
Pacific coast of Mexico is closely related.

Distribution: Miocene or Pliocene, (Shinzato tuff member)

Okinawa.
Localities: Shinzato tuff member, 17456 (figured).

Genus HOMALOPOMA Carpenter 1864

Type: Turbo sanguinewm Linné.

Homalopoma is not regarded as a homonym of
Homalopomus Girard 1857. 1f it is, Leptothyra Dall
1871 is the next available name.

Homalopoma cf. H, sangarensis (Schrenck)
Plate 11, figures 7-8

?Turbo sangarensis Schrenck, 1861, Bull. Acad. Imp. des Sci.
de Saint Petersbourg, v. 4, no. 7, p. 409.
?Leptothyra sangarensis. Pilsbry, 1888, Manual of conchology,
v. 10, p. 250, pl. 47, figs. 27, 28, pl. 64, fig. 59.
?Kuroda and Habe, 1952, Recent marine Mollusca of Japan,
p. 62.

The specimen compared with this species is incom-
plete and slightly crushed, but the apertural and sculp-
tural details appear to be identical in all respects with
those of specimens so labelled in the Hirase collection
in the U.S. National Museum from Fusan, Korea. H.
amussitata (Gould) is closely related but I had no
specimens for comparison.

Distribution: Pliocene, (Chinen sand) Okinawa; Recent,

northern Japan and Korea.
Localities : Chinen sand, 17480 (figured).

Genus LIOTINA Munier-Chalmas 1883
Type: Delphinula gervillei DeFrance.
Subgenus DENTARENE Iredale 1929

Type: D. sarcina Iredale (=Delphinula crenata
Kiener).
Liotina (Dentarene) chinenensis, n. sp.

Plate 11, figures 29-31

Shell medium sized for the genus, ovate in shape.
Protoconoch smooth, planispiral, slightly submerged
and tilted, consisting of about 1% turns. First 115
postnuclear whorls likewise planispiral, remaining
whorls spiral and turbiniform. Aperture round.
Outer lip somewhat flaring, but inner lip simple
and unreflected. Suture deeply impressed. Sculp-
ture consisting of four spiral lirations, 2 above
and 2 on the periphery, the upper of the peripheral
lirations stronger, peripheral lirations bearing
spiny projections which begin earlier on the upper lira-
tion and which are open toward the direction of growth,
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axial lirations of about equal strength (about 6 visible
from an angle) intersecting the spirals lirations to form
a cancellate pattern; miscosculpture consisting of very
fine raised lamellae all over the shell. Base bearing a
row of rounded beads rimming the unbilical opening,
and a much weaker row outside, fine corrugations ex-
tending from the nodes of the rim row into the umbilical
opening.

Holotype (USNM 562909) measures: height 4.8 mm dia-
meter 6.5 mm.

Type locality : Chinen sand, 17482-b.

A much larger, apparently undescribed, species is
present in the Albatross collections from the Philip-
pines, but it has a single prominent row of peripheral
spines rather than two spiny peripheral carinae. ZLio-
tina (Dentarene) cycloma (Tomlin) (see Kira, 1955,
pl. 11, fig. 2) appears to be closely related to L. (D.)
chinenensis but the available figures of the former are
not good enough for detailed comparison.

Distribution : Pliocene, (Chinen sand) Okinawa.
Localities : Chinen sand, 17482-b (figured type).

Genus PHANEROLEPIDA Dall 1907

Type: Leptothyra transenna Watson.

Phanerolepida was treated as a “section” of Lepto-
thyra by Thiele (1931), and the type species was
referred to Leptothyra without any subgeneric assign-
ment by Kuroda and Habe (1952, p. 62). Wenz (1938,
p. 341) regarded it as a subgenus of Homalopoma Car-
penter of which he regarded Leptothyra a synonym.
Otuka (1949, p. 302) also made it a subgenus of Homa-
lopoma.

Phanerolepida rehderi, n. sp.
Plate 7, figures 6-8, 11-13

Shell of medium size, naticoidal, spire low, but the
first 314 to 4 turns rise more steeply than the rest, mak-
ing the tip of the spire slightly papillate. Protoconch
low, consisting of about 1 full turn, smooth. ~Aperture
subcircular. Callus extending over the body whorl to
cover an area nearly as large as the aperture. Sculp-
ture on first 3 adult whorls consisting of fairly strong
spiral lirations or carinae; sculpture on later whorls
consisting of faint spiral lines or of alternating patches
of shell with faint spiral lines and patches having a
finely reticulate or shagreen-like sculpture, the bound-
ary between the two types being sharp and irregular.

Holotype (USNM 562794) measures: height 17.5 mm, di-
ameter 17 mm.

Type locality : Shinzato tuff member, 17454.

Before 1931 this genus was known only from a single
Recent species, P. transenna (Watson) (1886, p. 125, pl.

6, fig. 12), which inhabits deep water on both the east-
ern and western sides of southern Japan. Otuka
(1949, p. 302, pl. 13, fig. 4) reported the species
from the Tomiya tuffaceous sandstone (Pliocene) of
Japan. The Okinawan fossil species is smaller than
the Recent species, and the reticulated sculpture is
coarser. None of three specimens from locality 17677
have patches of shagreen-like sculpture but otherwise
they are identical. Specimens lacking patches of retic-
ulate sculpture might easily be mistaken for ('Zryso-
stoma paradovum. Chrysostoma paradorum does not
have raised spiral ridges on the early adult whorls and
its spire is lower.

Kuroda (1931a, p. 70) described a fossil species as
P. expansilabrum. Otuka (1949, p. 302) mentioned it
and stated that it came from the Pliocene but did not
compare it with P. ¢transenna. Hatai and Nisiyama
(1952, p. 230) give its provenance as the upper Uchi-
mura formation (Miocene). Kuroda's paper has not
been seen by the writer.

Distribution : Miocene or Pliocene, (Shinzato tuff member)

Okinawa.

Localities : Shinzato tuff member, 1745 (figured type), 17677
(figured).

Comparative bathymetric data:The type of P. transenna
(Watson) was obtained from a depth of 565 fathoms. Two
specimens in the U.8. National Museum, collected by the Alba-
tross, are from depths of 487 and 600 fathoms. Kuroda (1931a,
p. 70; fide Otuka, 1949, p. 302) reports it from Sagami Bay at
a depth of 500 fathoms.

Genus CIRSOCHILUS Cossmann 1888
Type: Delphinula striatum Lamarck.
Cirsochilus ryukyuensis, n. sp.
Plate 11, figures 13-15

Shell medium small, spire low, whorls slightly tri-
carinate. Protoconch consisting of about 1 regularly
coiled smooth whorl. Aperture nearly circular. Outer
lip thin at the edge but thickening behind, apparently
forming an operculum receptacle; a slight tuberosity
on the inner lip opposite the rim of the umbilicus.
Parietal callus tongue-shaped and extending well in
advance of the aperture; callus overhanging the umbili-
cus slightly. Suture narrowly and shallowly channeled.
Sculpture consisting of fine spiral lines all over and
4 stronger spirals, 1 just below the suture and 3 others,
well separated, at the periphery, the spiral below the
suture beaded, but becoming smooth on the last quarter
turn, the uppermost of the peripheral spirals beaded on
the first half of the last turn (on both of two specimens
at hand) but smooth elsewhere, base with small corru-
gations extending outwards from the rim of the um-
bilicus.
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Holotype (USNM 562897) measures: height 3 mm, diameter
4.3 mm.
Type locality : Chinen sand, 17482-b.

I have not been able to associate this species with
any reported from the western Pacific. Species re-
ferred to Neocollonia and Colloniste ((Hirase) Taki,
1951, pl. 75) may be related but the figures are un-
recognizable. There is doubt in my mind that the two
Recent species from Australia referred to Cirsochilus
by Cossmann, 7urbo filifer Deshayes and Collonia
roseopunctate Angas, are even congeneric with it.

There is probably some relationship between this
species and Zwrbo (Marmorostoma) rutteni Beets
(1942, p. 231, pl. 25, figs. 8-10) from the upper Miocene
of eastern Borneo. The Borneo form is higher and
more 7urbo-like, but it may well represent the ances-
tral stock of the species here described.

The type species, C. striata (Lamarck), from the
Eocene of France is slightly higher, lacks the beaded
spirals, and its callus does not partly cover the um-
bilicus.

Distribution: Pliocene, (Chinen sand) Okinawa.
Localities : Chinen sand, 17482b (figured type).

Subfamily TURBININAE
Genus TURBO Linné 1758
Type: 7. petholatus Linné.
Turbo petholatus Linné
Plate 18, figure 12

Turbo petholatus Linné, 1758, Systema naturae, ed. 10, p. 762.

Turbo (Turbo) petholatus. Nomura, 1935, Tohoku Imp. Univ.
Sci. Repts., 2d ser., v. 18, no. 2, p. 206, pl. 10, fig. 31.

Turbo petholatum. Hatai, 1941, Tropical Industry Inst. Palau,
Bull. TA, p. 90, pl. 18, figs. 10, 11.

Turbo petholatus. (Hirase) Taki, 1951, Handbook of illustrated
shells, pl. 73, fig. 1.

Numerous specimens of this species were obtained
from both the Naha and Yontan limestones. Nomura
records it from the Byoritzu beds of Formosa.

Distribution: Miocene to Recent, Indo-Pacific region (See
Wissema, 1947, p. 26); Pliocene, (Byoritzu beds) Formosa,
(Naha limestone) Okinawa; Pleistocene, (Yontan limestone)
Okinawa ; Recent, Red Sea to Japan and islands of the Pacific.

Localities (doubtful identifications indicated by ?; opercula
only by 0) : Naha limestone, ?17473, 17484(0), 717499, 717534,
17540, 17541, 17554(0), 717561, ?17578, 17582, 917584, 17608,
717612, 17615, ?17641C; Yontan limestone, 17510, 17511(0),
17512(0), 717512, 17513, 717543, 17544 (figured), ?17547, 17548,
17549, 17551, 17552, 17558, ?17573, 17613, 17637, 17640(0),
17644-b, 17652, 17656U, 17665U, 17665U (0), 17672U, 17680,
717686.

Genus MARMOROSTOMA Swainson 1829
Type: Turbo chrysostomus Linné
Marmorostoma argyrostoma (Linné)
Plate 18, figure 4

Turbo argyrostomus Linné, 1758, Systema naturae, ed. 19, p. 176.

Turbo (Turbo) argyrostomus. Nomura, 1935, Tohoku Imp.
Univ. Sci. Repts., 2d ser., v. 18, no. 2, p. 207.

Turbo argyrostomus. (Hirase) Taki, 1951, Handbook of illus-
trated shells, pl. 73, fig. 4.

The specimens from the Yontan limestone do not
show any characteristics by which they can be distin-
guished from the variable Recent species. Nomura
reported the species from “Raised Coral Reef” of For-

mosa, probably equivalent to the Yontan limestone in
age.

Distribution : Pliocene, (Naha? limestone) Okinawa : Pleisto-
cene, Zanzibar, Mombasa, Nias, Tonga, (“Raised Coral Reef”)
Formosa, (Yontan limestone) Okinawa; Recent, Indian Ocean
to the northern Ryukyus Islands and central Pacific Ocean
islands.

Localities: Naha (?) limestone, 17484, 17541; Yontan lime-
stone, 17511 (figured), 17512-a, 17543, 17544, 17672U.

Comparative bathymetric data: Specimens bearing data in
the U.S. National Museum all were obtained from reefs and
shallow water.

Subgenus BATILLUS Schumacher 1817
Type: Turbo cornutus Gmelin,

Marmorostoma (Batillus) gemmata (Reeve)
Plate 11, figure 4

Turbo gemmatus Reeve, 1848, Conchologia iconica, v. 4, Turbo,
pl. 12, fig. 62.
Turbo? sp. Dickerson, 1922, Philippine Jour. Sci., v. 20, no. 2,
pl. 5, fig. 17.
Turbo yabei Nomura and Zinbo. 1936, Tohoku Imp. Univ. Seci.
Repts., 2d ser., v. 18, no. 3, p. 263, pl. 11, figs. 34a, b.
(Marmorostoma) gemmatus. Altena, 1938, Leidse
Geologische Mededelingen, v. 10, p. 288, fig. 12.
Cox, 1948, Schweizerische Paliontologische Abhandlungen,
v. 66, p. 17, pl. 1, figs. 2a, b.

See Cox for a full discussion of this species. 7urbo
yabei was described from Gabusoga, Okinawa, a lo-
cality close to and equivalent to the exposure at Nakoshi
where the specimen figured here was obtained.

This species is characterized by its strongly beaded
spiral sculpture.

Turbo

Distribution: Miocene or Pliocene, Philippines and northern
Borneo:; Pliocene, eastern Java, (Nakoshi sand) Okinawa;
Pliocene or Pleistocene, Nias; Pleistocene, eastern Java; Re-
cent, Indo-Pacific region.

Localities: Nakoshi sand, Gabusoga (Nomura and Zinbo).
17440 (figured), 17444.
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Marmorostoma (Batillus) ¢f. M. (B.) cornuta (Humphrey)
Plate 11, figures 11-12

Turbo cornutus Humphrey, 1786, Portland catalogue, p. 147,
no. 3235.

#Turbo (Batillus) cornutus. (Hirase) Taki, 1951, Handbook
of illustrated shells, pl. 73, fig. 3.

Specimens resembling the young of 3. cornuta, the
stage before the formation of spines, were recovered
from the Nakoshi sand, the Naha limestone and the
Yontan limestone. A new species may be represented
here, but no attempt is made to describe it on the basis
of the material at hand. It occurs with M. gemmata
(yabei) at one locality but there is no intergradation.
Young specimens of Marmorostoma argyrostoma re-
semble this species superficially. This form does not
have an open umbilicus like /. argyrostoma and the
spiral ribs and channels are much weaker, particularly
on the base.

Distribution : Pliocene, (Nakoshi sand and Naha limestone)
Okinawa ; Pleistocene, (Yontan limestone) Okinawa; Recent,
Ryukyu Islands to central Japan.

Localities: Nakoshi sand, 17440 (figured); Naha limestone,
17484, 17499, 17571, 17574, 17576, 17608, 17644-a; Yontan lime-

stone, 17510, 17545, 17548, 17551, 17552, 17558, 17637, 17646,
17652, 17666.

Genus LUNATICA (Bolten) Roeding 1798
Type: Twrbo marmoratus Linné.

Lunatica. marmorata (Linné)

Plate 11, figure 3

Turbo marmoratus Linné, 1758, Systema, naturae, ed. 10, p. 763.
(Hirase) Taki, 1951, Handbook of illustrated shells, pl. 72,
fig. 3.

Nomura (1935, pl. 10, figs. 30a-b) figured a large
Lunatica from “raised coral reef” of Formosa as Zurbo
(Turbo) regenfussi Deshayes. Nomura’s specimen is
a young individual, and the Okinawan specimen is only
a fragment so that accurate comparison is impossible,
but it may be the two represent the same species. L.
regenfusst is an Indian Ocean form, whereas L.
marmorata is reported to range from the Indian Ocean
nearly to Japan. Pilsbry believed the two to be syn-
onyms. Probably the shell figured by Nomura is the
same species as a larger but less complete specimen
figured from the Byoritzu beds by Yokoyama (1928, pl.
4, fig. 12) as Zurbo marmoratus var. laevis.

Distribution : Pliocene, (Nakoshi sand) Okinawa, ( ?Byoritzu
beds) Formosa; Pleistocene, (“raised coral reef”) Fornmosa:

Recent, Indian Ocean to the northern Ryukyu Islands.
Localities : Nakoshi sand, 17440 (figured).

Genus GUILDFORDIA Gray 1850
Type: Astralium triumphans Philippi.
Guildfordia yoca Jousseaume
Plate 11, figures 5-6
Guildfordia yoca Jousseaume, 1899, Le naturaliste, p. 48.

Guildfordia yoca differs from G. triumphans (Phil-
ippi) in being a little lower, and in lacking granules
on the base. The top of @. yoca generally has fewer
rows of granules than &. ¢riumphans, although occa-
sional specimens of (. yoca have granules completely
covering the top of the whorls. Recent specimens of .
triumphans are a darker rose color than @. yoca.

Distribution : Pliocene, (Chinen sand) Okinawa; Recent, In-
donesia to central Japan.

Localities: Chinen sand, 17482-b, 17482-c (figured).

Comparative bathymetric data: Specimens taken by the Al-
batross expedition ranged in depth from 38 te 700 fathoms
with all records but the one at 38 fathoms being over 200
fathoms.

Genus CALCAR Montfort 1810

Type: Trochus stellaris Gmelin.

Calcar has been variously treated as a synonym or
as a subgenus of Astraea (Bolten) Roeding 1798. How-
ever, in the sense that it has been used by some recent
authors, the writer regards it as generically distinct
from Astraeca. The nomenclature of this whole group
is in an unsatisfactory condition and needs revision.

Calcar cf. C. haematraga (Menke)
Plate 18, figures 23-25

?Trochus haematragus Menke, 1829, Conchylien-Sammlung der
Freiberrn v. Malsburg, p. 18.

2Astralium (Cyclocantha) haematragus. Yokoyama, 1924,
Tokyo Imp. Univ. Coll. Sci. Jour., v. 45, pl. 2, fig. 7.

7Astraea (Calcar) haematraga. Otuka, 1935, Earthquake Re-
search Inst. Bull., v. 13, pt. 4, p. 850, pl. 53, figs. 40a,b.

24 straea haematrage. (Hirase) Taki, 1951, Handbook of illus-
trated shells, pl. 74, fig. 4.

2Astraea (Calcar) haematraga. Takiand Oyama, 1954, Paleont.
Soc. Japan Spec. Paper 2, pl. 39, fig. 7.

Two specimens from the Yontan limestone agree
with the less spiny individuals of this Recent species,
but most Recent specimens have the spines more de-
veloped.

Distribution: Pleistocene, (Yontan limestone) Okinawg;
post-Pleistocene, (Noto and the coral bed at Awa) Japan;

Recent, Formosa to central Japan.
Localities : Yontan limestone, 17644-b (figured).
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Calcar sp. ind.
Plate 16, figures 15, 21

Two fragments of Calear from the Naha limestone
are unidentifiable, although possibly both are closely
related to if not identical with C. haematraga. Both
specimens have strong peripheral spines.

Occurrence: Naha limestone, 17440 (figured), 17497-a

(figured).
Calcar loochooensis, n. sp.

Plate 16, figures 16-18

Shell moderately small and subconical, whorls
slightly rounded to nearly straight, flaring abruptly at
the base to nearly the diameter of the next whorl.
Aperture round. Umbilicus closed. Base slightly con-
cave. Sculpture consisting of fine oblique irregular
lirations and coarser irregular, granular axial ridges,
the base of the whorl with granular fine spiral lines;
the periphery (just above the suture) adorned with
small thin projections which extend slightly downward,
and which on the spire whorls are appressed on the top
of the whorls below.

Holotype (USNM 563009) measures: height 14.7 mm, di-
ameter 12.9 mm.

Type locality : Naha limestone, 17669.

This species is closely related to €. haematraga, but
differs from it in having a narrower spire and much
finer sculpture, particularly on the base. The peripheral
projections in this species are more delicate and tightly
appressed whereas in C. haematraga they often are hol-
low and projecting.

Distribution : Pliocene, (Naha limestone) Okinawa.

Localities: Naha limestone, 17539 (figured), 17669 (figured

type).
Genus PSEUDASTRALIUM Schepman 1908

Type: Astralium abyssorum Schepman.
Pseudastralium cf, P. henicus (Watson)
Plate 11, figures 9-10
?Turbo (Calcar) henicus Watson, 1878, Jour. Linn. Soc. London,
v. 14, p. 713; 1886, Voyage H.M.S. Challenger, Zoology, V.
15, p. 130, pl. 6, fig. 11.

?Astraea (Calcar) henica. Nomura and Zinbo, 1934, Tohoku
Imp. Univ. Sci. Repts., 2d ser., v. 16, no. 2, p. 146.

fAstraea (Pseudastralium) abyssorum. Hirase, 1936, A col-
lection of Japanese shells, pl. 74, fig. 10.

fGuildfordia abyssorum ver. (Hirase) Taki, 1951, Handbook
of illustrated shells, pl. 74, fig. 10.

?Guildfordia henicus var. Kuroda and Habe, 1952, Recent
marine Mollusca of Japan, p. 59.

Specimens of this genus from the Molucca Pass in the
Albatross collection have a broad channelled suture and
thus compare more with 2. henicus than with P. abys-

sorum Schepman which has an appressed or nearly ap-
pressed suture. Hirase’s figure appears to represent a
form more closely related to P. henicus than to P. abys-
sorum. The Okinawan fossil also has a channelled
suture, and compares closely with 2. kenicus in other
respects.

Distribution : Pliocene, (Chinen sand) Okinawa, (“Ryukyus
limestone”) Kikaiga-shima ; Recent, Indonesia, Fiji, southern
Japan.

Localities : Chinen sand, 17480 (figured).

Comparative bathymetric data: Albatross specimens, prob-
ably P. henicus, were obtained from depths of 272, 305 and 310
fathoms.

Genus BOLMA Risso 1826

Type: Turbo rugosa Linné.

The forms from the Yonabaru clay and Shinzato tuff
members assigned to this genus are related to Zurbo
coronatus Gmelin which was assigned to ZLunella
(Bolten) Roeding 1798 by Kuroda and Habe (1952, p.
64). Possibly Lunella should be used for more turbini-
form species which seem to fall between the typical
turbinids and Astraea and its allies.

Bolma cf. B, pseudomodesta (Nomura)
Plate 16, figures 10, 23

?Astraea pseudomodeste Nomura, 1935, T6hoku Imp. Univ. Sci.
Repts., 2d ser., v. 18, no. 2, p. 208, pl. 10, figs. la—c.

Bolma pseudomodesta was described from the Byor-
itzu beds of Formosa. It differs from B. modesta
(Reeve) (See (Hirase) Taki, 1951, pl. 74, fig. 6) in
being smaller and with finer sculpture, but unquestion-
ably the two species are closely related. The Recent
species is known only from Japanese waters. The
specimens at hand do not differ noticeably from the
Recent species in the coarseness of the granular sculp-
ture, but the hollow spines on the two prominent revolv-
ing carinae are weaker.

Distribution: Pliocene, (Byoritzu beds) Formosa, (Naha

limestone) Okinawa.

Localities: Naha limestone, 17497-b, (figured), 17529 (fig-
ured).

Comparative bathymetric data: Bolma modesta (Reeve) is
present in the Albatross collections from near Japan and is
recorded from depths of 31 to 48 fathoms.

Bolma sp. ind.
Plate 17, figure 15
A fragment of a large Bolma allied to B. modesta
was collected from the Shinzato tuff member. It may
be a fragment of a large individual of the preceding
species, but if so the sculpture changes greatly in the
adult stages.

Occurrence: Shinzato tuff member, 17681 (figured).
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Bolma hataii, n. sp.
Plate 7, figures 5, 9, 14

Shell of medium size, low turbiniform, whorls weakly
tricarinate with the slopes between the subsutural de-
pressions and the upper peripheral angulations forming
disconnected parts of the plane of the spire. Pro-
toconch low and broad, consisting of about 214 whorls,
smooth except for the last 34 whorl which has a low
raised spiral both immediately above and below the
suture. Aperture nearly round. Umbilicus closed or
with only a pinhole chink. Outer lip broken on type.
Inner lip thick and well rounded, appressed. Parietal
callus thin and not completely concealing the details
of the basal sculpture. Sculpture consisting of two
well spaced peripheral ridges as in Bolma and a third
less projecting ridge below which is fully visible in
the basal view, the upper of the two peripheral ridges
bearing low vaulted spines. A row of coarse beads lies
below the suture, and between it and the suture is a
flat or slightly excavated bench or shallow channel.
The remainder of the surface is ornamented with spiral
rows of smaller beads between which are more continu-
ous spiral threads. The beads on the basal spirals are
finer than those above the peripheral ridges.

Holotype (USNM 562793) measures: height 10.6 mm, di-
ameter 11.8 mm.

Type locality : Shinzato tuff member, 17456.

This species is closely related to a form from the
Pliocene of Java regarded by Altena (1939, p. 46, pl.
3, figs. 1a—¢) as a half-grown specimen of Astralium
girgyllus (Reeve), but there is doubt that either is
conspecific with the form figured by Hirase ((Hirase)
Taki, 1951, pl. 74, fig. 8) as Astraea girgyllus (Reeve).
Lunella coronata (Gmelin) ((Hirase) Taki, 1951, pl
74, fig. 2) is more turbiniform with a more rapidly
expanding spire in the early whorls and it has a much
less developed subsutural bench. Hirase’s figure of
L. coronata also seems to show an open umbilicus.

Distribution: Miocene or Pliocene, (Shinzato tuff member)
Okinawa.
Localities : Shinzato tuff member, 17456 (figured type).

Bolma, n. sp.?
Plate 1, figure 7

A partial specimen obtained from the Yonabaru clay
member appears to be an unrecorded species but it is
too incomplete to describe. It has a higher spire than
both B. hataii and the specimen figured by Altena as
Astralium girgyllus (Reeve), and it has only a single
finely beaded spiral between the two peripheral
ridges—comparing more in this respect with Bolma
pseudomodesta (pl. 16, fig. 23).

Occurrence : Yonabaru clay member, 17451 (figured).

Superfamily NERITACEA
Family NERITIDAE
Subfamily NERITINAE
Genus NERITA Linné 1758
Type: N. peloronta Linné.
Nerita chamaeleon Linné
Plate 1, figures 5, 10

Nerite chamaeleon Linné, 1758, Systema naturae, ed. 10, p. 779.
Nomura, 1935, Tohoku Imp. Univ. Sci. Repts., 2d ser., v.
18, no. 2, p. 218, pl. 10, fig. 18.
Nerita chamaeleon laevilirata. (Hirase) Taki, 1951, Handbook
of illustrated shells, pl. 75, fig. 10.

The specimen here figured compares closely with
specimens so labelled in the Hirase collection in the
U.S. National Museum from the Ryukyu Islands.
The shell suffered an injury about a third of a turn
back from the present aperture and the sculpture is
abnormal.

Distribution : Miocene, (Yonabaru clay member) Okinawa ;
Pliocene, Java (both typical and var. squamatulata), Timor,
Ceram, (Byoritzu beds) Formosa; Recent, Indian Ocean and

Polynesia, northward to southern Japan.
Localities: Yonabaru clay member, 17679 (figured).

Nerita aff, N. reticulata Karsten
Plate 16, figures 19-20

INerita reticulata Karsten, 1789, Museum Leskeanum, p. 296.
?Tryon, 1888, Manual of conchology, v. 10, p. 21, pl. 3, figs.
49, 50.

According to Tryon, V. signata Mac Leay is a syno-
nym. A single rather poorly preserved specimen from
the Naha limestone is tentatively referred to this
species. It compares with some individuals of the
Recent species on which the spiral ribs are made
discontinuous by prominent growth wrinkles.

Distribution : Pliocene, (Naha limestone) Okinawa; Recent
(N. reticulata), Indonesia and Polynesia, northward to the
Ryukyu Islands.

Localities: Naha limestone, 17610 (figured).

Comparative bathymetric data: A shallow-water species
collected from beaches, bays and reefs.

Nerita cf. N. polita Linnée®
Plate 16, figures 27-28

9Nerita polita Linné, 1758, Systema naturae, ed. 10, p. 778.
INerite (Amphinerita) polita. Hirase, 1936, A collection of
Japanese shells, pl. 75, fig. 13.
?Nerite polita. (Hirase) Taki, 1951, Handbook of illustrated
shells, pl. 75, fig. 13.
Morris, 1952, Field guide to shells of the Pacific coast and
Hawaii, p. 165, pl. 36, fig. 16.
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The specimen so identified is incomplete and rather
poorly preserved, but the characters of the inner lip
appear to be identical with those of the living N. polita.
The general shape and smooth exterior also suggest re-
lationship to V. politc.

Distribution : Pliocene, (Naha limestone) Okinawa; Recent,
Red Sea, Indian Ocean, Philippines and Polynesia, northward

to southern Japan.
Localities: Naha limestone, 17610 (figured).

Nerita aff. N. undata Linné
Plate 18, figure 11

A single incomplete specimen with only the younger
whorls showing any trace of sculpture was obtained
from the Yontan limestone. Its sculpture resembles
that of specimens labelled V. undata Linné in the U.S.
National Musenm. This is probably the form figured
as Nerita (Ritena) undata striata Burrow by Hirase
(1936, pl. 75, fig. 11), corrected in the Taki edition
(1951) to N. stiiata Burrow. The Yontan limestone
specimen has a higher spire than normal (See Hatai,
1941, pl. 27, figs. 3—4).

Distribution: Miocene? of Java; Pleistocene. (Yontan lime-
stone) Okinawa:; Recent (N. undata s. 1.), Indian Ocean, Pa-

cific Islands, northward to the Ryukyu Islands.
Localities : Yontan limestone, 17514 (figured).

Superfamily COCCULINACEA
Family COCCULINIDAE
Genus COCCULINA Dall 1881
Type: (. rathbuniDall.

Cocculina loochooensis, n. sp.
Plate 1, figures 6, 11, 16

Shell oval, moderately high, apex a little anterior of
the center. Apex somewhat decorticated on type, but
showing a small papilla on a flattened area about 2 mm
in length. Sculpture consisting of moderately weak
raised lines radiating from the apex, and making a
cancellate pattern with the growth lines. Edge non-
chalky, but the interior is lined by white chalky shell.
Mantle and muscle attachments as for the genns and
consisting of a horseshoe shaped attachment around the
posterior two thirds of the shell, an indentation extend-
ing towards the apex about 2 to 8 times the width of
the posterior band at about the anterior third of the
shell, and a thin band connecting these around the
anterior end.

Holotype (USNM 562649) measures: height 5.9 mm, length
14.4 mm, diameter 9.9 mm.

Type locality : Yonabaru clay member 17451,

This species is clearly related to an apparently un-
described species in the Albatross collections from the

Philippines, Borneo and Celebes. The Recent species
gets much larger than the fossil specimen, the largest
being 37 mm in length.

Two species have been described from Japan by
Dall, (. japonica and €. rhyssa. Both are smaller than
the fossil species. (. japonica has its apex more
strongly inclined to the anterior, and (. rhyssa dif-
fers from both the other Recent and fossil forms in
being more arcuate in shape, the profile of its base being
strongly curved like the lip of an eye cup.

Distribution : Miocene, (Yonabaru clay member) Okinawa.

Localities: Yonabaru clay member 17451 (figured type).

Comparative bathymetric data : All Cocculina are deep water
forms, the Japanese species having been obtained from 200 to

503 fathoms, and the large Philippine and Indonesian species
from 260 to 510 fathoms.

Order MESOGASTROPODA
Superfamily RISSOACEA
Family ADEORBIDAE (TORNIDAE)
Genus PSEUDOLIOTIA Tate 1898

Type: Pseudoliotia micans (A. Adams)
For a discussion of this group see Abbott (1950).

Pseudoliotia motobuensis, n. sp.
Plate 10, figures 26-28

“Cyclostrema” micans. Nomura and Zinbo, 1936, Téhoku Imp.
Univ. Sci. Repts., 2d ser., v. 18, no. 3, p. 264, pl. 11, fig. 35.
Shell medium small, whorls round, ;pife low. Proto-
conch, not projecting, consisting of about one full
smooth whorl. Aperture round with the faint sugges-
tion of an indentation at the position of the anal sinus:
edge of entire aperture rounded. Umbilicus open.
Sculpture consisting of prominent spiral ridges, about
7 in number of which the 2 along the periphery and
the 1 above are the most prominent, crossed by small
raised ridges along the growth lines, the 2 series of
vidges giving the shell a strongly cancellate appearance.
Holotype (USNM 5628%8) measures: height 5 mm, diameter

8.2 mm.
Type locality : Nakoshi sand, 17483.

The specimens reported by Nomura and Zinbo from
Gabusoga, Okinawa, are from the same fossil zone.
The Recent COyclostrema pulchella Dunker, Recent
from Japan, is closely related to this species, but it is
smaller and does not have the spiral ridges as strongly
developed. According to Kuroda and Habe (1952, p.
50) C. pulchella Dunker is a synonym of P. micans (A.
Adams) (See (Hirase) Taki, 1951, pl. 131, figs. 1-2).

“Delphinula reeviana” Dickerson (1922, pl. 2, fig. 17)
from the Miocene or Pliocene of the Phillippines may
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be closely related, but it appears to have a more de-
flected parietal callus.

Unidentified specimens of a species, probably 2.
micans, closely related to the one here described were
taken by the Albatross expedition from Tawi Tawi, and
by Byrant and Palmer from off Java.

Distribution : Pliocene, Nakoshi sand, Okinawa.

Localities: Nakoshi sand, 17483 (figured type), Gabusoga
(figured by Nomura and Zinbo).

Comparative bathymetric data: Specimens from Tawi Tawi
(P. micans) are recorded from depths of 10, 18, 43, and 68
fathoms.

Superfamily CERITHIACEA

Family TURRITELLIDAE
Genus TURRITELLA Lamarck 1799
Subgenus HAUSTATOR Montfort 1810
Type: 7. imbricataria Lamarck.
Turritella filiola Yokoyama
Plate 1, figure 20; plate 11, figures 22-26
Turritella filiola Yokoyama, 1928, Imp. Geol, Sur. Japan Rept.
101, p. 57, pl. 4, fig. 7.
Nomura, 1935, Tohoku Imp. Univ. Sci. Repts., 2d ser., v.
18, no. 2, p. 189.
Otuka, 1938, Venus, v. 8, no. 1, p. 39, uunumbered plate,
fig. 18.

Both Yokoyama and Nomura suggested close rela-
tionship of this species to 7. fascialis Menke. It ap-
pears to be just as closely related to specimens labelled
T. cingulifera Sowerby in the Hirase collection in the
U.S. National Museum. Zwrritella filiola, particularly
the form so identified from Okinawa, more closely re-
sembles 7. fascialis in the possession of three strong
spirals, but more closely resembles 7'. cingulifera in the
degree of beading of the spiral lines. Like 7. cinguli-
fera, it frequently displays a tendency for the whorls
to become more rounded in adults whereas 7. fascialis
maintains the same degree of flatness throughout. Some
specimens of 7. filiola have stronger spiral lirations
than either 7. fascialis or T. cingulifera. The more
rounded variant (fig. 26) has much the form of 7.
terebra Linné (Yokoyama 1928a, pl. 4, fig. 3) but the
young stage of 7. terebra does not have 3 prominent
beaded spirals.

Beets (1950a, p. 330) states that in his opinion 7.
filiola is identical with 7'. cingulifera Sowerby and that
as such it occurs in the Rembang beds of Java. The
Rembang beds are considerably older (Burdigalian or
Aquitanian?) than the beds in Formosa and Okinawa
containing 7. filiola.

Occurrence: Miocene, (Yonabaru clay member) Okinawa;

Pliocene, (Byoritzu beds) Formosa, (Nakoshi sand, Chinen?
sand, and Naha limestone) Okinawa.

Localities: Yonabaru clay member, 17449 (figured), (?)
17451; Nakoshi sand, 17440, 17483 (figured), Gabusoga
(Nomura and Zinbo) ; Chinen sand, (?) 17442 ; Naha limestone,
17673.

Turritella aff. T. fascialis Menke

Plate 11, figure 28

Turritella fascialis Menke, 1828, Synopsis methodica mollus-
corum, p. 83.
?0Otuka, 1938, Venus, v. 8, no. 1, p. 38, unnumbered plate,
fig. 5.
"Turritelle fascialis naganumensis Otuka, 1938, Venus, v. § no.
1, p. 39, unnumbered plate, fig. 8.

The Hirase collection in the U.S. National Museum
contains specimens that compare with Otuka’s 7. naga-
numensis as well as typical 7'. fascialis and it is doubt-
ful whether the subspecific name is justified or has any
stratigraphic significance.

It is possible that the Okinawan specimen is merely
a variant of 7. filiola, but of many specimens of the
latter species from other localities, none closely resem-
bles the one figured.

Distribution : Pliocene, (Chinen sand) Okinawa. Typical 7.
fascialis: Pliocene or Pleistocene, Japan; Recent (7. fascialis),

western Pacific northward to central Japan.
Localities: Chinen sand, 17441 (figured).

Turritella aff. T. millepunctata Nomura
Plate 1, figure 24

Turritella millepunctete Nomura, 1935, Tohoku Imp. Univ. Sci.
Repts., 2d ser., v. 18, no. 2, p. 191, pl. 9, fig. 44.
20tuka, 1938, Venus, v. 8, no. 1, p. 41, unnumbered plate, fig.
15.

Diagrams of the whorls are given by Otuka but the
specimen from Okinawa is too eroded for accurate
comparison. It shows three prominent spirals, how-
ever, with the lowest stronger than the others and form-
ing a prominent angulation near the base of the whorl.
Remnants of longitudinal striae make a row of puncta-
tions between the spirals.

Distribution: Miocene, (Yonabaru clay member) Okinawa ;

Pliocene (T. millepunctata), (Byoritzu beds) Formosa.
Localities : Yonabaru clay member, 17503 (figured).

Turritella zinboi, n. sp.
Plate 11, figure 27

Shell small, spire narrow, whorls very gently
rounded. Protoconch not present on specimens at hand.
Aperture subquadrate. Suture only faintly incised on
normal specimens, but on the holotype it is abnormally
deep owing ‘to an injury to an early whorl. Very
young whorls strongly carinate near the base (seen on
paratype only), this stage being followed by several
whorls bearing three rather prominent spiral lirations,
the lower liration corresponding to the single carina-
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tion on the very young whorls, Adult sculpture con-
sisting of numerous weak spiral lirations, the middle of
the three primary lirations being slightly stronger than
the rest, and the remainder being subequal in strength,
the spirals arising as secondary and tertiary lirations
between the original three lirations; the last whorl of
the holotype (the 12th or 13th) larger than the rest
and not conforming with the spire angle.

Holotype (USNM 562907) measures: height 16.4 mm, diam-
eter 4.0 mm.

Paratype: (USNM 563089) not figured.

Type locality : Chinen sand, 17481.

This species may be related to 7. andenensis tsushi-
maensis Kotaka (1951, pl. 11, figs. 7-9), Recent from
Tsushima Strait west of Japan. The resemblance is
mainly in the fine texture of the spirals, and the degree
of convexity of the whorls. The aperture of 7. an-
denensis is rounder than that of 7'. zinboi whose aper-
ture has a strong basal angulation. Actually the rela-
tionship between these forms may be more apparent
than real.

Distribution : Pliocene, (Chinen sand) Okinawa.

Localities : Chinen sand, 17481 (figured type).

Family MATHILDIDAE
Genus MATHILDA Semper 1865

Type: Turbo quadricarinata Brocchi.
Mathilda loochooensis, n. sp.
Plate 7, figure 18

Shell probably large for the genus, turritelliform,
whorls rounded. Protoconch not known. Aperture
rounded with a weak attenuation in the siphonal re-
gion. Outer lip thin. Inner lip thickened and reflected.
Parietal wall very weakly callused. Umbilicus closed
except for a pinhole chink. Sculpture made cancel-
late by spiral and axial lirations, both series sharp and
well defined, the spirals about 5 in number on the young
whorls with the middle 1 stronger and forming an
angulation, becoming about 9 to 10 in number on the
adult whorls by the development of interstitial lines of
subequal strength, sometimes on adults 2 on the periph-
ery are stronger than the others but they do not form
a distinct angulation.

Holotype (USNM 562802) measures: height 14.4 mm, diam-
eter 6 mm.

Type locality : Shinzato tuff member 17454.

This species is probably most closely related to .
bonneti Cossmann (1910, p. 45, pl. 2, figs. 22-23) from
the Pliocene of Karakal, India, and also reported by
Wissema (1947, p. 35, pl. 1, fig. 29) from the Pliocene

of Nias. It differs from 3. bonneti in having only one
spiral larger than the others in the young stages and
thus being unicarinate in the young stages, whereas M.
bonneti has two spirals enlarged and is bicarinate.

Distribution: Miocene or Pliocene, (Shinzato tuff member)
Okinawa.
Localities: Shinzato tuff member, 17454 (figured type).

Family ARCHITECTONICIDAE
Genus CLIMACOPOMA P. Fischer 1885
Type: Solariwm patula Lamarck.
Climacopoma serratomarginata, n. sp.
Plate 7, figures 17, 23, 27

Shell thickly discoidal, periphery sharply keeled and
irregularly serrate. Protoconch not well preserved, but
obviously depressed. Aperture subquadrate. Outer
lip projected to form a sharp flange. Inner lip ap-
pressed. Umbilicus broad and parabolic. Sculpture
consisting of raised fine spiral lines, somewhat irregular
in coarseness and spacing, and made irregularly beaded
by growth lines that cross the spirals as depressions;
peripheral keel irregularly serrated or indented.

Holotype (USNM 562801) measures: height 4.8 mm, di-
ameter 12 mm.

Type locality : Shinzato tuff member, 17454.

This species is very closely related to one described by
Schepman (1909, p. 222, pl. 14, fig. 6) from the Banda
Sea as Torinia mirabilis. An excellent specimen of C.
mirabilis was obtained by the Albatross expedition
from Linapacan Strait, south of Culion Island in the
Philippines. No similar species has been reported from
post-Eocene beds, but closely related forms are known
from the Upper Cretaceous and from the Eocene of
Europe, Africa, India, and North America.

Climacopomu serratomarginata differs from C. mira-
bilis in being less flattened, especially on the under side
where the whorls are more inflated, and in having
the sutures less tightly impressed. In the living species
the serrations along the periphery of the whorls are
pressed tightly against the next whorl, whereas in the
Okinawan form.they are looser and have been broken
off without leaving any impression on the subsutural
area. The growth line markings of the fossil are con-
siderably stronger than on the living species.

Distribution: Miocene or Pliocene, (Shinzato tuff member)
Okinawa.

Localities : Shinzato tuff member, 17454 (figured type).

Comparative bathymetric data : The specimen in the Albatross
collection from the Philippines was dredged from a depth of 46

fathoms. The type of C. mirabilis was obtained from a depth
of 462 meters.
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Genus ARCHITECTONICA (Bolten) Roeding 1799
Type: Trochus perspectiva Linné.
Architectonica perspectiva (Linné)
Plate 1, figures 18, 22, 26 ; plate 12, figures 1, 7, 11

Trochus perspectivus Linné, 1758, Systema naturae, ed. 10,
p. 757.

Architectonica perspectiva. Nomura, 1935, Tohoku Imp. Univ.
Sci. Repts., 2d ser,, v. 18, no. 2, p. 194, pl. 9, fig. 41.

Architectonica (Architectonica) perspectivum. Wissema, 1947,
Young Tertiary and Quaternary Gastropoda from the
Island of Nias, Doctor's thesis, Rijksuniversiteit Leiden,
p. 35.

Architectonica perspectiva. (Hirase) Taki, 1951, Handbook of
illustrated shells, pl. 128, fig. 7.

Both this species and A. modesta Philippi, which can
be differentiated from it only by color, are characterized
by having a single spiral sulcus below the suture, setting
off only a single row of beads below the suture. It dif-
fers from A. maxima Philippi which is bisulcate below
the suture, making a double row of subsutural beads.

There is some variation in the height of shells re-
ferred to this species, some being flatter with a more
rounded base, whereas others are more domed with a
flatter or even slightly concave base. The peripheral
spirals are apt to be subequal in extension on the more
domed individuals, whereas the lower of the two pe-
ripheral spirals is more extended on the flattened indi-
viduals. On both types a third spiral is located close
to the periphery on the base. These two types and all
intermediates appear to exist in Recent populations,

Fossils from the Nakoshi sand, Chinen sand and
Naha limestone are low spired with the lower periph-
eral spiral extended. The specimen from the Yona-
baru clay member of the Shimajiri formation is high
spired with subequal peripheral spirals, and a slightly
concave base.

Distribution: Miocene, Java, Fiji, Assam, northwest India,
Sumatra, (Yonabaru clay member) Okinawa; Pliocene, Java,
Sumatra, Timor, New Guinea, (Konomine formation) Japan,
(Byoritzu beds) Formosa, (Nakoshi sand and Chinen sand)
Okinawa ; Pliocene or Pleistocene, Nias; Pleistocene, Tangan-
vika, French Scmaliland, Red Sea, Java, Timor, Kikaiga-shima ;
Recent, Indo-Pacific region.

Localities: Yonabaru clay member 17449 (figured), 17679 ;

Nakoshi sand, 17440 (figured) ; Chinen sand, 17441, 17442 ; Naha
limestone, 17610.

Architectonica maxima (Philippi)
Plate 1, figures 17, 21, 25

Solarium marimum Philippi, 1849, Zeitschrift fiir
zoologie, 1848 mo. 11, p. 170.
Solarium perspectivum. Yokoyama, 1928, Imp. Geol. Sur. Japan

Rept. 101, p. 62, pL. 5, fig. 7.

Malako-
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Architectonice marima. Nomura, 1935, Tohoku Imp. Univ. Sci.
Repts., 2d ser., v. 18, no. 2, p. 194, pl. 9, fig. 40.

Architectonica (Architectonica) maxima. Wissema, 1947, Young
Tertiary and Quaternary Gastropoda from the Island of
Nias, Doctor’s thesis, Rijksuniversiteit Leiden, p. 37.

Apparently the same range of variation exists for
this species as for A. perspectiva. The specimen fig-
ured by Yokoyama is a high, bicarinate form, whereas
the specimen here figured is a low form with the
lower of the peripheral spirals more extended than the
upper. The occurrence of identical varietal series in
both named species might be reason for questioning the
validity of the single or double sulcus below the suture
as a specific character. Specimens collected by the
Albatross from the Philippines, however, seem to con-
tain all of either the unisuleate or the bisulcate type
in different hauls.

Distribution : Oligocene( ?), Burma ; Miocene, Burma, north-
west India, Java, (Yonabaru clay member) OKkinawa; Mio-
cene or Pliocene, (Vigo group) Philippines: Pliocene, Java,
Sumatra, Ceram, Papua, Timor, (Karikal) India, (Byoritzu

beds) Formosa, (Chinen sand) Okinawa; Pleistocene, Java,
("Ryukyu limestone”) Formosa; Recent, Indo-Pacific region.

Localities: Yonabaru clay member, 17445, 17503 (figured),
17679 ; Chinen sand, 17441, 17442,
Subgenus SOLARIAXIS Dall 1892

Type: Solarium elaborata Conrad.

Architectonica (Solariaxis) nomurai, n. sp.
Plate 1, figures 19, 23, 27

Shell medium small, lenticular, top regularly domed,
periphery bluntly keeled, base slightly concave adjacent
to periphery, slightly convex adjacent to umbilicus.
Protoconch consisting of about 114 rapidly expanding
smooth whorls, slightly involute. Aperture subquad-
rate. Outer lip thickest at the peripheral keel. Parie-
tal wall thinly callussed. Umbilicus rather steep sided
with a slightly overhanging beaded rim, and a single
sharp thin thread along the umbilical wall. Sculpture
on top consisting of small, subequal weakly beaded
spirals, about seven in number, the periphery similarly
beaded, the base bearing smaller more weakly beaded
spirals increasing in strength towards the umbilicus,
and at the umbilical rim a broad currugated band,
which is not set off by a revolving sulcus.

Holotype (USNM 562656) measures: height 6.8 mm, diam-
eter 14.5 mm.

Type locality : Yonabaru clay member, 17451.

This species is related to 8. dilecta (Deshayes), a
Recent species that was reported by Nomura and Zinbo
(1934, p. 144) from the “Ryukyu limestone™ of Ki-
kaiga-shima. It differs from S. dilecta, however, in
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having a more flattened base, weaker basal spirals, and
less indented sutures.

This species is closely related to the form described
by Yokoyama (1920) as Solarium lenticulatum (See
Architectonica (Solariaxis) lenticulatum, Taki and
Oyama, 1954, pl. 5, fig. 21a-b), differing from it in hav-
ing a flatter base and a sharper peripheral keel.

Distribution: Miocene, (Yonabaru clay member) Okinawa.
Localities: Yonabaru clay member, 17451 (figured type).

Architectonica (Solariaxis) aff. A. nomurai MacNeil

Plate 7, figures 16, 22, 26

A specimen from the Shinzato tuff member of the
Shimajiri formation differs in several respects from
the specimen described above from the Yonabaru clay
member. It appears to have a more inflated base with
a sharper peripheral keel which lacks the peripheral
beads found in 4. nomurai. The umbilicus is narrower
and does not expand so rapidly with growth.

Although the above differences seem to be fairly well
defined, the specimen is, nevertheless, pathologic, hav-
ing suffered a severe injury at about the first quarter of
the last whorl and the normal sculpture was not re-
sumed. The characters listed are those of the whorls
preceding the injury. Since these are young whorls,
however, the individual is not mature enough for ade-
quate description.

This form is more like 4. (S.) lenticulatum (Yoko-
yama) (1920, pl. 4, fig. 21) from the Koshiba formation
(lower Pliocene) of Japan than is typical 4. nomurai
from the Yonabaru clay member and it may be identical.

Distribution: Miocene or Pliocene, (Shinzato tuff member)
Okinawa.

Localities : Shinzato tuff member, 17454 (figured).

Architectonica (Solariaxis) dileecta (Deshayes)
Plate 1, figures 13-15

Solarium dilectum Deshayes, 1863, Catalogue mollusques l'ile
de 1a Réunion, p. 68, pl. 9, fig. 3-6.

Heliacus dilectus. Nomura and Zinbo, 1934, Tohoku Imp. Univ.
Sci. Repts., v. 16, no. 2, p. 144, pl. 5, figs. 35a, b.

The species here figured from the Yonabaru clay
member of the Shimajiri formation of Okinawa ap-
pears to be identical with the form from the “Ryukyu
limestone™ of Kikaiga-shima figured by Nomura and
Zinbo. It is certainly very closely related to typical 4.
dilecta from Reunion Island. but only a drawing of the
Recent species is available.

Distribution: Miocene, (Yonabaru clay member) Okinawa :
Pliocene(?) (“Ryukyu limestone”) Kikaiga-shima ; Recent, Re-
union (Bourbon) Island.

Localities : Yonabaru clay member, 17679 (figured).

Family POTAMIDIAE
Subfamily POTAMIDINAE
Genus CERITHIDEA Swainson 1840

Type: Melania lineolata Griffith and Pidgeon
(=Murex decollata Linné).

Cerithidea rhizoporarum A. Adams
Plate 18, figure 26

Cerithidea rhizoporarum A. Adams, 1854, Proc. Zool. Soc.

London, Pt. 22, p. 85.
(Hirase) Taki, 1951, Handbook of illustrated shells, pl. 84,
fig. 7.

Found in the Yontan limestone. No good specimens
obtained, but not distinet from the Recent species in
any respects observed.

Distribution: Pleistocene, (Yontan limestone) Okinawa;
Recent, Borneo, Philippines and Japan.

Localities : Yontan limestone, 17550u (figured).

Comparative bathymetric data: This species is an estuarine
form, taking its name from the mangrove, Rhizophora, on
whose roots it lives.

Subfamily BATILLARIINAE
Genus BATILLARIA Benson 1842
Type: Cerithium zonalis Bruguiére.
Batillaria aff. B. zonalis (Bruguiére)
Plate 16, figure 25 ; plate 18, figure 13

2Cerithium zonale Bruguidre, 1792, Encyclopédie méthodique,
v. 1, p. 497.

9Batillaria zonalis. Nomura, 1935, Tohoku Imp. Univ, Sei.
Repts., 2d ser., v. 18, no. 2, p. 186, pl. 9. fig. 17.

Batillaria zonalis (See (Hirase) Taki, 1951, pl. 84,
fig. 14) 1s a very variable species. In addition to the
diversity shown by the series commonly referred to
this species, Pilsbry suggested that B. cumingi (Crosse),
B. multiformis (Lischke), and B. aterrime (Dunker)
should all be considered varieties of it. In addition,
Nomura suggested that B. australis (Quoy and
Gaimard) 1s the same.

The specimens obtained from Okinawa are poorly
preserved. Two strong spirals are present on the
lower part of the whorls at about the latitude of the
anal canal. The same is true of some specimens from
the Byoritzu beds, but it is not common in the Recent
species. Nomura stated that the Byoritzu form was
identical with a certain living varietal form. A large
number of specimens from the Byoritzu beds are in
the Hayasaka collection, but I find no Recent specimens
that are identical with them. The axials are consist-
ently stronger on the Byoritzu specimens, and they
tend to be more raised just below the suture than on
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Recent specimens.
involved here.

Possibly two or more species are

Distribution: Pliocene, (?Byoritzu beds) Formosa, (Naha
limestone) Okinawa; Pleistocene, (Yontan limestone) OKi-
nawa ; Recent (B. zonalis) Australia to Japan.

Localities: Naha limestone, 17673 (figured); Yontan lime-
stone, 17550 U (figured).

Comparative bathymetric data: The Recent species has been
collected from harbors and reefs.

Genus ZEACUMANTUS Finlay 1926
Type: Cerithidea subcarinata Sowerby.
Zeacumantus sp. ind.

Plate 12, figure 4; plate 16, figure 29; plate 18, figures 20,
21, 30

Poorly preserved fragments of a large cerithid that
appears to be a Zeacumantus were obtained from both
the Naha and Yontan limestones. They are related to
Z. lutulentus (Kiener) but are larger and have less
prominent axial ribs. The Okinawan form has a slight
to moderately pronounced median spiral depression.
Weak axial ribs extend both above and below the sul-
cus, but they die out at the sulcus as if they were
smoothed out by a string drawn tight along this line.
The upper extension of the axials is shorter and
stronger than the lower extension,

The U.S. National Museum Collection contains an-
other living species that may be even closer to the
Okinawan form than Z. lutulentus, but its locality is
not known.

Distribution: Pliocene, (Chinen sand and Naha limestone)
Okinawa ; Pleistocene, (Yontan limestone) Okinawa.

Localities: Chinen sand, 17441 (figured), Naha limestone,
17474 (figured) ; Yontan limestone, 17593, 17658 (figured).

Family CERITHIIDAE
Subfamily CERITHIINAE
Genus ARGYROPEZA Melvill and Standen 1901
Type: A. divina Melvill and Standen.
Argyropeza cf. A. divina Melvill and Standen
Plate 11, figure 19

Argyropeza divine Melvill and Standen, 1901. Proc. Zool. Soc.
London, June, p. 372, pl. 21, fig. 3.
?Melvill, 1912, Proc. Malacological Soc., v. 10, pt. 3, p. 246.
pl. 12, fig. 10.
?Schepman, 1909, Resultats Siboga Expeditie, Mon. 49-1,
p. 169.

This species was described from the Persian Gulf and
reported by Schepman from Molucca Passage and Sum-
bawa. It is very abundant in the Albatross collections
from the Philippines. The Okinawan fossils do not
appear to be separable from the living species.

Argyropeza izekiana Kuroda (1949, p. 76), the only
species living in Japanese waters, is distinguished from
4. divina by having stronger tubercles with the top or
anterior row much closer to the suture. It also appears
to be more inflated. It was collected from a depth of
100 fathoms.

Distribution: Pliocene, (Chinen sand) Okinawa; Recent,
Persian Gulf to the Philippines.

Localities: Chinen sand, 17481 (figured).

Comparative bathymetric data: Gulf of Oman, 156 fathoms;

Molucca Passage, 397 meters; Sumbawa, 274 meters; Philip-
pines, many localities, mostly between 150 and 300 fathoms.

Argyropeza cf. A. schepmaniana Melvill
Plate 2, figure 1

2Argyropeza schepmaniana Melvill, 1912, Proc. Malacological
Soc., v. 10, pt. 3, p. 246, pl. 12, fig. 11.

The difference between this species and 4. dévina
lies in the possession of three rows of acute nodules by
this species and two rows of nodules by 4. divina. Ac-
cording to Melvill 4. divina is gregarious whereas 4.
schepmaniana is solitary and rare. It is certainly true
that where A. déwina occurs it is present in great num-
bers. Argyropeza cf. A. schepmaniana is known from
Okinawa by a single specimen, and it did not occur in
association with 4. divina as far as is known.

Distribution : Miocene, (Yonabaru clay member) Okinawa;
Recent, Gulf of Oman.

Localities: Yonabaru clay member, 17447 (figured).

Comparative bathymetric data: The type of this species was
obtained from a depth of 40 fathoms.

Genus CERITHIUM Bruguiére 1789

Type: Cerithium virgatum Montfort (=Murex ver-
tagus Linné),

The status of the genus Cerithium has been a subject
of discussion for years. Not only has there been a lack
of agreement on the type designation, but there were
unfortunate and unsatisfactory circumstances attend-
ing each of the alternatives. Until the names of Mar-
tyn were disregarded, Cerithium, by virtue of Mont-
fort’s designation, was in danger of becoming a
synonym of Clava Martyn. Rather than have this hap-
pen, and apparently purely as a matter of expedience,
various authors, following the lead of Vignal (1910),
attempted to fix the type designation on €. adansonii
Bruguiére, “Le Cerite” of Adanson, cbnstruing it to be
the type by indirect virtual tautonymy. Until the
recent, discovery of Adanson’s collection this was an un-
satisfactory alternative because of the uncertainty as
to the identity of Adanson’s species, but now that it has
been determined definitely as C. erythraconense La-
marck that difficulty is removed. In all probability, if
the name Cerithium had not been threatened, this
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strained concept of tautonymy would never have been
introduced. With the elimination of Martyn’s names,
“Cerithiwm” is no longer in jeopardy, and if the first
available direct type designation is used, the effect is
merely to transfer the name from one large cerithid
to another, the group generally known as Clawva, be-
coming typical Cerithium.

It could be argued that if C. adansonii is acceptable
as the type in one circumstance it is correct for all.
Several recent authors, including Cox (1939), and
Grant and Gale (1931), have declined to accept it as
a tautonymic type, however. Cox chose to ignore it,
whereas Grant and Gale believed that it was untenable
unless special action was taken in favor of it by the
International Commission on Zoological Nomenclature,
In anticipation of such a move they accepted €. adan-
sonéi as the type, but so far the move has not been in-
stigated.

I feel that inasmuch as the name Cerithium is no
longer in danger, and that as an alternate to type by
indirect virtual tautonymy there is an early direct
type designation, that the need for special action by the
Commission no longer exists.

Cerithium cf. C. vertagus (Linné)
Plate 16, figure 22

Murex vertagus Linné, 1767, Systema naturae, ed. 12, p. 1225.

?0lava vertagus. Hatai 1941, Tropical Industry Inst. Palau
Bull. 7A, p. 95, pl. 2, figs. 11, 12.

?0erithium vertagus. (Hirase) Taki, 1951, Handbook of illus-
trated shells, pl. 83, fig. 2.

A single partial specimen was obtained that appears
to be this species. It is a little larger than any Recent
specimens in the U.S. National Museum, however.

Distribution: Pliocene, (Naha limestone) Okinawa; Recent,
Indo-Pacific region, northward to the Ryukyu Islands.
Localities: Naha limestone, 17473 (figured), 17608.
Comparative bathymetric data: Shallow water, bays and
reefs.
Cerithium asperum (Linné)

Plate 18, figure 27

Murex aspcr Linné, 1758, Systema naturae, ed. 10, p. 756.
Cerithium asperum. (Hirase) Taki, 1951, Handbook of illus-
trated shells, pl. 83, fig. 1.

A specimen obtained from the Yontan limestone
is apparently identical with the Recent species.

Distribution : Pleistocene, (Yontan limestone) Okinawa;
Recent, Indian Ocean, Philippines, northward to the Ryukyu
Islands.

Localities: Yontan limestone, 17652 (figured).

Comparative bathymetric data: Shallow water and reefs.

Subgenus PROCLAVA Thiele 1929

Type: Cerithium pfefferi Dunker (=C. turritum
Sowerby)

Cerithium (Proclava) turritum Sowerby
Plate 12, figure 3

Cerithium turritum Sowerby, 1855, Thesaurus conchyliorum,
Cerithiuwm, p. 860, sp. 47, pl. 158, fig. 101.

Vertagus pfefferi Dunker, 1882, Molluscorum Maris Japonici,
p. 108, pl. 4, figs. 12-14.

Cerithium twrritum. Tryon. 1887, Manual of conchology, v. 9,
p. 147, pl. 28, figs. 55, 56.

Cerithium pfefferi. Nomura and Zinbo, 1936, Tohoku Imp. Univ.
Sci. Repts., 2d ser., v. 18, no. 3, p. 260, pl. 11, fig. 28.

Altena, 1941, Leidse Geologische Mededelingen, v. 12, pt. 1,
p. 18.

Clava (Proclavae) pfefferi. Wissema, 1947, Young Tertiary and
Quaternary Gastropoda from the Island of Nias, Doctor’s
thesis, Rijksuniversiteit Leiden, p. 50.

Cerithium pfefferi. (Hirase) Taki, 1951, Handbook of illus-
trated shells, pl. 83, fig. 6.

Presumably some recent authors do not accept the
synonymy of C. pfefferi and C. turritum Sowerby, but
there is no discussion of their views in the papers cited.
If the two species should prove to be distinct, €. pfefferi
Dunker is the proper assignment for the Okinawan
species. At least Kuroda and Habe (1952, p. 45) re-
gard O. turritum Tryon as conspecific with C. pfeffer:.

Distribution: Pliocene, (Nakoshi sand) Okinawa; Pleisto-
cene, Java; “raised beaches”, (BosdO Peninsula) Japan; Recent,
Philippines to Japan.

Localities: Nakoshi sand, 17483 (figured), Gabusoga (No-
mura and Zinbo). Nakoshi (=17440) (Nomura and Zimbo).

Cerithium (Proclava) kobelti Dunker
Plate 11, figure 21

Cerithiwm Kkobelti Dunker, 1877, Malakozoologische Blétter,
v. 24, p. 67; 1882, Molluscorum Maris Japonici, p. 106,
pl. 4, figs. 8, 9.
Yokoyama, 1920, Tokyo Imp. Univ. College Sci. Jour., v.
39, art. 6, p. 66, pl. 4, fig. 10.
Contumag kobelti. (Hirase) Taki, 1951, Handbook of illus-
trated shells, pl. 83, fig. 11.
Kuroda and Habe, 1952, Recent marine Mollusca of Japan,
p. 48.
Thericium kobelti. Taki and Oyaina, 1954, Paleont. Soc. Japan
Spec. Paper 2, pl. 5, fig. 10.

Yokoyama reported this species from the Yokosuka
zone of his “lower Musashino”. The name “Yokosuka”
does not appear to have been used by other writers.
Hatai and Nisiyama (1952) do not mention it under
the Tertiary stratigraphic terms nor do they list any of
Yokoyama’s “Yokosuka” species. Inasmuch as Hatai
and Nisiyama did not include the Pleistocene in their
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compilation, it is presumed they regarded the “Yoko-
suka” as being of Pleistocene age.

Distribution: Pliocene, (Chinen sand and Nakoshi sand)
Okinawa; (?) Pleistocene, (Otsu, Miura Peninsula) Japan;
Recent, northern Ryukyu Islands and southern Japan.

Localities: Chinen sand, 17495 (figured); Nakoshi
17483.

sand,

Subgenus THERICIUM Monterosato 1890
Type: Cerithium rulgatum Bruguiére.
Cerithium (Thericium) echinatum Lamarck
Plate 18, figure 28

Cerithium echinatum Lamarck, 1822, Animaux sans vertébres,
v. 7, p. 68.

Cerithium echinatum. Tesch, 1920, Paliiontologie von Timor,
nt. 2, mo. 14, p. 52, pl. 130, figs. 173a, b.

Contumaz echinatus., Kuroda and Habe, 1952, Recent marine
Mollusca of Japan, p. 48.

A single specimen referable to this species resembles
the less tuberculate variety of the Recent form. Tt is
very similar to the form figured by Tesch from Timor.

Distribution: Pliocene or Pleistocene, Timor; Pleistocene,
(Yontan limestone) Okinawa; Recent, Indonesia, southwest
Pacific northward to Shikoku, Japan.

Localities: Yontan limestone, 17545, 17644b (figured).

Subfamily CAMPANILINAE
Genus TROCHOCERITHIUM Cossmann and Sacco 1896

Type: T'rochus turritum Bonelli.

Trochocerithium is by far the most likely genus to
include the following species so far proposed, but they
may require a new name. Beets (1950b, pp. 342-348)
reviewed the genus 7'rochocerithivm and included Ceri-
thiopsis? shikoensis Yokoyama in it. He did not men-
tion the Recent. E'chinella (?) tectiformis Watson which
Kuroda and Habe (1952, p. 92) assign to T'rochoce-
rithiwm tentatively, and he excluded Cerithium excel-
sum Yokoyama from it, suggesting that the latter may
belong to Hemicerithium Cossman. T feel that if 7. ex-
celsum is not a typical T'rochocerithium it can hardly
be more than subgenerically removed from it. There
seem to be all gradations between specimens with a
nearly median peripheral keel and specimens with the
keel close to the anterior suture.

Trochocerithium aff. T. shikoensis (Yokoyama)
Plate 7, figure 20

?Cerithiopsis shikoensis Yokoyama, 1928, Imp. Geol. Survey
Japan Rept. 101, p. 55, pl. 4, fig. 10.

?Trochocerithium shikoense, Nomura, 1935, Tohoku Imp. Univ.
Sci. Repts., 2d ser.. v. 1§, no. 2, p. 183.

The Okinawan form appears to have a wider apical
angle and the peripheral keel may be stronger and far-
ther removed from the anterior suture than in the form
from the Byoritzu beds of Formosa. However, both

appear to have equally deeply channeled sutures.
Echinella(?) tectiformis Watson, a living Japanese
species is certainly congeneric as well as very close
specifically. E. tectiformis is represented by several
excellent. specimens in the Albatross collections from
around Japan. The living species grows larger, has its
periphery closer to the lower suture, and has fine spiral
lines all over but the apertural and columellar charac-
ters are nearly identical.

Distribution : Miocene or Pliocene, (Shinzato tuff member)
Okinawa ; Pliocene (7. shikoensis), (Byoritzu beds) Formosa.

Localities : Shinzato tuff member. 17454 (figured).

Comparative bathymetric data: Trochocerithium tectiforniis
Watson was reported to have been obtained by the Challenger
at a depth of 565 fathoms. The species was obtained by
the Albatross from depths of 94, 133, 197, 244, 258, 282, 302,
and 400 fathoms.

Trochocerithium sp.

Plate 6. figure 28

A spire fragment of 8 whorls that agrees with the
preceding in all respects except that it has about 8 or
9 fine spiral lines distributed over its surface, 4 above
and 4 to 5 below the periphery, may be merely a variety
of the smoother type. The greatest diameter of the
fragment is 4 mm.

Occurrence : Shinzato tuff member, 17453,
Trochocerithium cf. T. excelsum (Yokoyama)
Plate 2, figure 2

Werithium exrcelsum Yokoyama, 1928, Tokyo Imp. Univ. Fac.
Sci. Jour., sec. 2, v. 2, pt. 7, p. 346, pl. 67, fig. &.

This species differs from the preceding in having a
flatter base, a stronger angulation at the base of the
whorl marking the edge of the base, and in having
stronger and fewer peripheral nodes. Trochocerithium
excelsum was described as having 5 equally distributed
spiral lirae on each whorl. The Okinawan form does
not agree with this description, having about 25 fine
spiral lines evenly distributed over the surface, but
aside from this agrees closely with the figures of the
type specimen given by Yokoyama.

Distribution: Miocene, (Yonabaru clay member) Okinawa;
Pliocene, (Kounji formation) Japan.
Localities: Yonabaru clay member, 17445 (figured).

Family CERITHIOPSIDAE
Genus CERITHIOPSIS Forbes and Hanley 1849
Type: Murex tubercularis Montagu.
Subgenus ALIPTA Finlay 1927
Type: Cerithiopsis crenistria Suter.
The species described herewith is tentatively as-

signed to this subgenus. The Okinawan species does not
have its inner lip detached and undulate as suggested
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by Wenz’s figure. Suter’s figure does not suggest the
same type of canal as Wenz’s figure. However, Wenz’s
figure, which he says is after Suter, is retouched and
may be incorrect. The Okinawan specimen is not an
adult, however, and a different type of aperture might
characterize the adult stage. Schepmann’s figure of
“Argyropeza” melvilli, if an Alipta, as 1 believe, may
be the best available figure of the aperture of Alipta.

Cerithiopsis (Alipta) premelvilli, n. sp.
Plate 7, figure 31

Shell small, moderately slender, whorls flattened with
two rows of weak nodes. Protoconch unknown. Aper-
ture subquadrate. Outer lip thin and rounded, sub-
angulate at the base of the whorl, concave along the
basal portion and extending to a small siphonal notch
that is deflected away from the aperture. Columella
above the notch slightly twisted with no indication of
detachment of the inner lip. Seculpture consisting of
two rows of low rounded nodes, arranged in axial rows
along the spire, and with the nodes at the same stage
of each whorl connected by a weaker axial ridge that
often is nearly obsolete midway between the two rows.
Base of whorls marked by a well defined but narrow
spiral thread.

Holotype (USNM 562809) measures: height 6 mm, diameter
2 mm,

Type locality : Shinzato tuff member, 17452.

This species is closely related to Argyropeza melwilli
Schepman from the Sulu Sea. Schepman acknowledged
that his species has a different aperture and nucleus
from those described for Argyropeza, and that its as-
signment to that genus is dubious. It certainly appears
to be congeneric with the Okinawan species, which, as
stated under the subgenus, is only tentatively assigned
te Alipta.

Cerithiopsis premelvilli differs from €. melwilli in
being more slender and in having the nodes arranged
in axial rows, whereas in O. melwilli the nodes are
staggered.

Cerithiopsis nodosocostatus Yokoyama (1922, p. 73,
pl 3, fig. 14) from the “Upper Musashino” (Pleisto-
cene) of Japan is very closely related and appears to
differ mainly in having more closely spaced axials.
Taki and Oyama (1954, pl. 23, fig. 14) regarded this
species as a synonym of Myurella (Pervicacia) latisul-
cata Yokoyama, a terebrid.

Distribution: Miocene or Pliocene, (Shinzato tuff member)
Okinawa.

Localities: Shinzato tuff member, 17452 (figured).
Comparative bathymetric data : €. melwilli was obtained from
a depth of 535 meters.

Family TRIPHORIDAE
Genus TRIPHORA Blainville 1826

Type: Triphora geminata Blainville.

The Okinawan species probably are not typical
Triphora. The new species here described may prop-
erly belong to the subgenus Notosinister Finlay (Type:
7. fascelina Suter). Means for distinguishing the
named subgenera of 7'riphora from each other has not
been properly clarified to date, however. Probably
some of the names proposed are synonyms, while other
valid groups have not been delimited.

Triphora aff. T. dolicha (Watson)

Plate 7, figure 30

?Triforis dolicha Watson, 1886, Voyage H.M.S. Challenger,
Zoology, v. 15, p. 565, pl. 42, fig. 1.

A small imperfect 7'riphora is certainly closely re-
lated to 7. dolicha. Watson’s figure shows his species
to have three rows of beaded spirals with the beads of
the center row narrow and spirally elongate. The Al-
batross Collection from the Philippines contains many
specimens that range from the typical dolicha type to
forms in which the middle row of beads is only slightly
smaller than the upper and lower row and the beads
are papillate or rounded. If this seriesisall one species,
the Okinawan form is only a variety of 7' dolicha.

Distribution: Miocene or Pliocene, (Shinzato tuff member)
Okinawa; Recent (7. dolicha), north Australia and Indo-

Pacific region.
Localities : Shinzato tuff member, 17453 (figured).

Triphora aff. T. micans (Hinds)
Plate 12, figure 2

?Triforis micans Hinds, 1843, Annals and Mag. Nat. Hist,, v. 11,
p- 18.

The last three whorls of a single specimen is all that
was obtained of this species. It is closely related to if
not identical with the Recent species.

Distribution: Pliocene, (Shinzato tuff member) Okinawa;
Recent (7. micens), New Guinea, Philippines and(?) Japan.
Localities: Shinzato tuff member, 17458 (figured).

Superfamily EPITONIACEA
Family EPITONIDAE
Genus TURRISCALA DeBoury 1890
Type: Turbo torulosa Brocchi.
Subgenus CLAVISCALA DeBoury 1909
Type: Scala richardi Dautzenberg and DeBoury.
Turriscala (Claviscala) shimajiriensis, n. sp.
Plate 2, figure 3

Shell slender and of medium size, whorls rounded
with an intervening weak subsutural band. Protoconch
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unknown. Aperture of type broken but apparently
round. Outer lip thin. Inner lip firmly attached to
parietal wall and forming a very weak umbilical chink
where it becomes detached below. Sculpture consisting
of axial riblets, vertical or slightly retractive, about 8
visible from an angle, extending from the suture be-
low to the subsutural depression above but not crossing
it; about 6 to 8 spiral raised lirations present on each
whorl and in the interspaces between them minute la-
mella-like raised growth lines are usually present.
Basal disk weakly developed and partly crossed by
axial ribs, spiral lirations all over the disk.

Holotype (USNM 562661) measures: height 15 mm, diameter
4 mm.

Type locality : Yonabaru clay member, 17451.

There seems to be no closely related species described
from the western Pacific region. A species collected
by the Albatross from the Philippines is more like the
fragment listed next.

Distribution: Miocene, (Yonabaru clay member) Okinawa.
Localities: Yonabaru clay member, 17451 (figured type).

Turriscala (Claviscala) sp. ind.
Plate 7, figure 21

A specimen represented by only two whorls is suffi-
ciently distinet from the preceding to substantiate the
presence of another species. It compares with a
species collected by the Albatross from off Luzon. It
differs from 7'. shimajiriensis in having fewer and
coarser spiral lines, which moreover are impressed
lines rather than raised lines. The surface is polished
and lacks the microlamellae of 7. shéimajiriensis.

Occurrence: Shinzato tuff member, 17454 (figured).

Comparative bathymetric data: The Recent and apparently

undescribed species from the Phillippines was obtained from
a depth of 280 fathoms.

Genus AMAEA H. and A. Adams 1853
Type: Scalaria magnifica Sowerby.
Subgenus DISCOSCALA Sacco 1890
Type: Scalaria scaberrima Michelotti.
Amaea (Discoscala) aff. A. (D.) niasensis Wissema
Plate 2, figures 4, 9

?Amaea (Discoscala) niasensis Wissema, 1947, Young Tertiary
and Quaternary Gastropoda from the Island of Nias,
Doctor’s thesis, Rijksuniversiteit Leiden, p. 76, pl. 3,
figs. 88, 89.

The Okinawan form is very closely related to the
Nias species, and may be identical. Wissema compared
his species with 4. verbeeki (Tesch) from Timor and
found it to have fewer and coarser varices than the
Timor form. Amaea ofiensis (Yokoyama) (see Taki

and Oyama, 1954, pl. 44, fig. 3) is related but not very
closely. It has more numerous varices, and they are
considerably more inclined than on the Okinawan form.

Distribution: Miocene, (Yonabaru clay member) Okinawa.
Localities: Yonabaru clay member, 17451 (figured).

Genus EPITONIUM Bolten (Roeding) 1798
Type: Turbo scalaris Linné.
Epitonium scalare (Linné)
Plate 12, figure 6

Turbo scalaris Linng, 1758, Systema naturae, ed. 10, p. 764.
Scalaria pretiosa Lamarck, 1819, Animaux sans vertébres, v.

6, pt. 2, p. 225.
Reeve, 1874, Conchologia iconica, v. 19, Scaeleria, pl. 1,
fig. 4.
?Epitonium tokyoense Kuroda, 1930, Venus, v. 2, no. 1, pl. 3, text
fig. 2.

Epitonium scalare. (Hirase) Taki, 1951, Handbook of illus-
trated shells, pl. 99, fig. 5.

Specimens of this species were found in the Nakoshi
sand and the Naha limestone. The largest, a frag-
ment, is below middle size for the species (about 20 mm
diameter) and the other two are small. The species
appears not to have been reported fossil.

Distribution: Pliocene, (Nakoshi sand and Naha limestone)

Okinawa ; Recent, Australia to Japan.
Localities: Nakoshi sand, 17483 (figured) ; Naha limestone,

17460, 17498L.
Comparative bathymetric data: Said to come ashore at un-
usual tides, but not characteristically a near-shore species.

Subgenus CRISPOSCALA De Boury 1886

Type: Scalaria crispa Lamarck.

The single species here referred to this subgenus
appears to be another of the relicts found in the Far
East. It seems to be most closely related to some of
the Paris Basin Eocene species of this subgenus, par-
ticularly Crisposcala johannae De Boury from the
Calcaire grossier.

Epitonium (Crisposcala) okinavensis, n. sp.
Plate 2, figure 5; plate 11, figures 18, 20

Shell of medium size, inflated, whorls rounded but
with a strong flare of the varices below the suture mak-
ing a sharp shoulder along the varices. Protoconch
unknown. Aperture rounded. Lip thickened and
flaring, forming a short flattened plate at the siphonal
fasciolar region and another bluntly pointed area at the
point of the varical flare. Umbilical chink prominent.
Siphonal fasciole well formed and crossed by tightly
packed extensions of the growth varices. Whorls sculp-
tured by spiral lirae which in turn are sculptured by
numerous much finer spiral lines, varices of irregular
thickness and spacing, and consisting of several closely
packed frilled lamellae which on some whorls, espe-
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cially on the early ones, converge to form a single sharp
edge at the subsutural flare; a stronger spiral line near
the point of contact of the whorls with the top of the
aperture marks the edge of a weak basal plate, but there
is no noticeable attenuation of the varices at this point.

Holotype (USNM 562899) measures: height 26.5 mm, diam-
eter 16 mm.

Type locality : Chinen sand, 17480.

I find no close relative of this species from the area,
either fossil or living, unless Z. yamakawai (Yoko-
yama) (1922, pl. 4, fig. 17) can be so regarded. Takai
and Oyama (1954, pl. 24, fig. 14) referred this species
to the subgenus Cinctiscala. It appears to differ from
E. yamakawai in having more numerous varices, and
in having a broad plate-like expansion of the lip at the
position of the siphonal fasciole, successive positions of
which are responsible for the fasciole. The Recent Z.
denticulata (Sowerby) may be related but specimens
and accurate figures of the latter are not available. The
latter species is the type of Decussiscale De Boury.
Crisposcala flewilamella De Boury, Recent from an un-
known locality, also appears related.

Distribution: Miocene, (Yonabaru clay member) Okinawa;
Pliocene, (Chinen sand) Okinawa.
Localities : Yonabaru clay member, 17451 (figured) ; Chinen

sand, 17480 (figured type).
Comparative bathymetric data: The type locality of this

species yielded only three other species, among them a spiny
rhynconellid brachiopod of the type known only in water over
150 fathoms depth.

Subgenus GLABRISCALA De Boury 1909
Type: Scalaria glabrate Hinds.

Epitonium (Glabriscala) submaculosum, n. sp.
Plate 16, figure 31

Shell of medium size, medium inflated, whorls
rounded. Protoconch unkown. Aperture subrounded,
lip rounded and reflected all around, somewhat more
so in the siphonal area. Surface smooth and polished
with moderately strong recurved varices, about 7 to 8
visible from an angle, thinner and somewhat more flar-
ing below the suture.

Holotype (USNM 563019) measures:
meters.

Type locality : Nakoshi sand, 17600.

diameter 9.3 milli-

This species is closely related to £. maculosa (Adams
and Reeve) (1850, p. 51), differing from it mainly in
having somewhat stronger varices and a greater flare
on the varices below the suture. The larger varices
make the suture of this species more open than in £.
maculosa, and the apertural lip is farther removed
from the parietal wall. This species could well be the
direct ancestor of £. maculosa.

528175 O - 61 - 3

Yokoyama (1922, p. 86, pl. 4, fig. 14) identified a very
closely related form from the lower Pleistocene of
Otake, Japan, as Scalaria maculosa. Taki and Oyama
(1954), pl. 24, fig. 14) reidentified it as Zpitonium
(Glabriscala) stigmaticum (Pilsbry).

Distribution : Pliocene, (Nakoshi sand) Okinawa.

Localities : Nakoshi sand, 17600 (figured type).

Superfamily PYRAMIDELLACEA
Family MELANELLIDAE
Genus NISO Risso 1826

Type: Niso eburnea Risso.

Niso aff. N. yokoyamai Kuroda and Habe
Plate 7, figure 19 ; plate 12, figure 8

?Niso interrupta. Yokoyama, 1926, Tokyo Imp. Univ. Fac. Sci.
Jour., sec. 2, v. 1, pt. 9, p. 367, pl. 42, fig. 8.

Niso yokoyamai Kuroda and Habe, 1952, Recent marine Mol-
lusca of Japan, p. 72.

Two incomplete Niso are related to if not conspecific
with the form reported by Yokoyama from the Kono-
mine formation (Pliocene) of Tonohama, Shikoku,
Japan. Niso interrupta Sowerby is a Central American
species. Kuroda and Habe, who renamed Yokoyama’s
species, believe it still lives in waters off Shikoku and
southern Honshu, Japan.

Distribution: Upper Miocene or Pliocene, (Shinzato tuff
member) Okinawa; Pliocene, (Chinen sand) Okinawa; (XN.
yokoyamai) Recent, southern Japan)

Localities : Shinzato tuff member, 17677 (figured); Chinen
sand, 17482-b (figured).

?Niso sp. ind.

Plate 16, figure 30

A poorly preserved melanellid was obtained from the
Naha limestone. Its umbilical characters are not pre-
served and it could be a Balcis or Eulima.

Occurrence : Naha limestone 17518 (figured).

Family PYRAMIDELLIDAE
Genus ODOSTOMIA Fleming 1813

Type: Turbo plicatus Montagu.

Odostomia of this type have been referred to the sub-
genus Amaura Moller 1842 (Type: Amaura candida
Méller). Amaura is preoccupied in the Lepidoptera,
however, by Amaura (Geyer) Huebner 1837.

Odostomia cf. 0. sasagensis Nomura
Plate 12, figure 9

?20dostomia (Amaure) sasagensis Nomura, 1939, Jubilee Pub-
lications Commemorating Prof. H. Habe’s 60th Birthday,

v. 1, p. 150, pl. 9, fig. 29.
The single specimen obtained appears to be very
much like 0. sasagensis in apertural characters. No-
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mura’s figure suggests a slightly higher spire but this
may be accounted for by the fact that it has at least one
more whorl. Odostomia kizakiensis Yokoyama (1922,
p- 97, pl. 4, fig. 29) from the “Upper Musashino”
(Pleistocene) of Japan also appears to be related.
Distribution : Pliocene, (Chinen sand) Okinawa, (? Umegase

formation) Japan.
Localities : Chinen sand, 17482-b (figured).

Genus TURBONILLA Risso 1826
Type: Turbo lactea Linné.
Subgenus LANCEA Pease 1868

Type: 7'. (L.) elongata Pease (=peasi Dall and
Bartsch).

The subgenus Lancella Dall and Bartsch 1904 is a
synonym. The name was proposed as a substitute for
Lancea which was presumed to be a homonym of Lancia.

Turbonilla (Lancea) cf. T. (L.) varicosa (A, Adams)
Plate 12, figure 5

?Chemnitzia varicosa A. Adams, 1853, Proc. Zool. Soc. London,
pt. 21, p. 181, pl. 20, fig. 15. (Not 7. varicosa Dunker,
1860, Malakozoologissche Blitter, p. 239; 1861, Mollusca
Japonica, p. 15, pl. 2, fig. 5.)

Turbonilla “varicosa (A. Adams)”’. Kuroda and Habe, 1952,
Recent marine Mollusca of Japan, p. 95.

A single incomplete specimen of this species was
obtained. It appears to be identical with the Recent
species in sculpture and apertural characters, but the
apical angle may be narrower than on most other
specimens examined. Two similar slender specimens
are in the Thaanum collection from Hilo, Hawaii.

Distribution : Pliocene, (Chinen sand) Okinawa; Recent (7.

varicosa) “Eastern Seas (A. Adams)”, Philippines, Hawaiian
Islands.

Localities : Chinen sand, 17482-b (figured).

Comparative bathymetric data: Philippines, off Jolo Island,
22 fathoms (Albatross collection) ; Hawaiian Islands, Maui,
4-12 fathoms, Oahu, 6-8, 12-25, 33-50 fathoms.

Genus SYRNOLA A. Adams 1860
Type: Syrnola gracillima A. Adams.
Syrnola aff. 8. titizimana Nomura
Plate 2, figure 7

Syrnole (s.s.) titizimana Nomura, 1939, Jubilee publications
commemorating Prof. H. Yabe’s 60th Birthday, v. 1,
p. 133, pl. 9, fig. 19.

An imperfectly preserved specimen from the Yona-
baru clay member of the Shimajiri formation is prob-
ably related to the Recent western Pacific species.

The fossil may have a slightly stronger subsutural
band or collar.

TERTIARY AND QUATERNARY GASTROPODA OF OKINAWA

Distribution: Miocene, (Yonabaru clay member) Okinawa;
Recent (8. titizimana), Bonin Islands.
Localities: Yonabaru clay member, 17449 (figured).

Superfamily HIPPONICACEA
Family HIPPONICIDAE
Genus CHEILEA Modeer 1793
Type: Patella equestris Linné.

Cheilea equestris (Linné)
Plate 16, figure 32

Patella equestris Linné, 1758, Systema naturae, ed. 10, p. 780.

Mitrularia equestris. Tryon, 1886, Manual of conchology, v. 8,
p. 137, pl. 41, figs. 25-32.

Oheilea equestris. (Hirase) Taki, 1951, Handbook of illustrated
shells, pl. 89, fig. 11.

Only an internal mold of this species was obtained.
If it differs from the Recent species in any respect the
difference cannot be ascertained. The species is highly
variable and is reported to occur in the seas of both
hemispheres although Woodring (1928, p. 375) ques-
tioned that such a far flung assemblage represented only
one species.

Distribution: Pliocene, (Naha limestone) Okinawa, Java;
Pleistocene, Timor; Recent, Indo-Pacific region, northward to
the Ryukyu Islands (Woodring questions the identity of Mio-
cene to Recent West Indian forms).

Localities : Naha limestone, 17571 (figured).
Comparative bathymetric data: Typically a reef dweller.

Cheilea layardii (Reeve)
Plate 7, figures 25, 29, 32

Calyptraca layardii Reeve, 1858, Conchologia, icomica, v. 11,
Calyptraea, fig. 28.

Mitrularia equestris. Tryon, 1886, Manual of conchology, v. 8,
p. 137, pl. 42, fig. 33.

Tryon placed this form in the synonymy of (. eque-
stris, but collections in the U.S. National Museum indi-
cate that they are distinet. This species has much
coarser radials, which appear later than in C. equestris.
The most distinctive feature is the much greater angle
of the very young stage, which, after the shell has ex-
panded to about 5 millimeters, is abruptly brought into
relief by the shell expanding at a much smaller angle.
This species is closely related to C. tortilis (Reeve)
which Altena (1941, p. 35, fig. 11) records from the
Upper Kalibéng beds (Pliocene) of Java.

Distribution: Miocene or Pliocene, (Shinzato tuff member)
Okinawa ; Recent, Indo-Pacific region.

Localities : Shinzato tuff member, 17633 (figured).

Comparative bathymetric data: Specimens obtained by the

Albatross are from depths as follows; off Leyte, 48 and 57
fathoms, Palawan Pass, 43 fathoms, off Bantayan, 32 fathoms.
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Genus HIPPONIX DeFrance 1819
Type: Patella cornucopio Lamarck.
Subgenus ANTISABIA Iredale 1937
Type: Hipponyx foliaceus Quoy and Gaimard.

Hipponix (Antisabia) foliaceus Quoy and Gaimard
Plate 18, figures 10, 16-17

Hipponyx foliaceus Quoy and Gaimard, 1835, Voyage de
I’Astrolabe, v. 3, p. 439, pL. 72, figs. 41—45.

Amalthea foliacea. Hirase, 1936, A collection of Japanese shells,
pl. 89, fig. 8.

Antisabia foliacea. (Hirase) Taki, 1951, Handbook of illus-
trated shells, pl. 89, fig. 8.

Two specimens were obtained from the Yontan lime-
stone. The exterior of one and the interior of the
other are figured. Tt is assumed that the closely related
American species is distinct and that the correct name
for it is Hipponiw (Antisabia) antiquate (Linné).
“Hipponix” tortilis Guppy (see Woodring, 1928, pl. 29,
figs. 14-15) from the Miocene of Jamaica is related,
differing mainly in having a more terminal apex.

Distribution: Pliocene or DPleistocene, (“Ryukyu lime-
stone”) Kikaiga-shima; Pleistocene, (Yontan limestone)
Okinawa; Recent, Indo-Pacific region, northward to Central
Japan.,

Localities: Yontan
17644-b (figured).

limestone, 17544 (figured), 17637,

Subgenus MALLUVIUM Melvill 1906

Type: Capulus lissus E. A. Smith.

Melvill pointed out that the group typified by C.
lissus secretes a calcareous plate to which the foot is
attached, and that therefore its affinities were with the
Hipponicidae rather than with the Capulidae. Smith
questioned the validity of the group on these grounds
and pointed out that there is at least a difference of
opinion on whether or not Capulus hungaricus, the type
of Capulus, ever secretes a calcareous base. He added
in a footnote, however, that since penning his objec-
tion the radulae had been studied by Gwatkin and
that C. lissus appeared to be a hipponicid rather than
a capulid.

Amalthea Schumacher 1817 used sometimes for this
group is preoccupied by Amalthea Rafinesque 1815.

We should probably wonder seriously when we see
such forms as Orthonychia pajerensis Chronic (Geol.
Soc. America, Mem. 58, p. 29, fig. 6a) from the Permian
of Peru how much the Paleozoic paleontologists and
the Recent malacologists know of each others work.

Hipponix (Malluvium) cf. H. (M.) lissus (E. A. Smith)
Plate 2, figures 6, 11, 16 ; plate 7, figure 28

?Capulus lissus E. A. Smith, 1894, Annals and Mag. Nat. Mist.,
v. 14, p. 166, pl. 4, figs. 4-6.

Amalthea lissa. Altena, 1941, Leidse Geologische Medede-
lingen, v. 12, pt. 1, p. 36, figs. 12a, b.

Smith described this species as being smooth, a fea-
ture that distinguishes it from Capulus, as well as from
the species he referred to Capulus which are now re-
ferred to Malluvium. Collections in the U.S. National
Museum, including the Albatross Collection, contain a
great number of specimens that range from smooth to
prominently ribbed. It is suggested that M. badius
(Dunker), which was described as obscurely radially
striate, forms an unending series with M. Zlissus
(Smith), and that possibly A7. Zissus should be regarded
as a subspecies or variety of the older /. badius. Some
specimens in the series show well defined radial color
markings but no radial ridges on the shell. This ap-
parently was not the impression of Kuroda and Habe
(1952, p. 44) who placed badius under the genus
Capulus.

Distribution: Miocene, (Yonabaru clay member) Okinawa;
Miocene or Pliocene, (Shinzato tuff member) Okinawa ; Plio-
cene, (Upper Kalibéng beds) Java; Pleistocene, (Poetjangan
beds) Java: Recent, Indo-Pacific region, north to (?) Japan.

Localities: Yonabaru clay member, 17447 (figured), 17451;
Shinzato tuff member, 17633 (figured).

Comparative bathymetric data: This form shows a wide

range in habitat. It was obtained by the Albatross from depths
of 22 fathoms to 298 fathoms.

Superfamily STROMBACEA
Family XENOPHORIDAE
Genus TUGURIUM P. Fischer 1880
Type: Phorus exutus Reeve.
Tugurium exutum (Reeve)
Plate 12, figure 10

Phorus exutus Reeve, 1843, Conchologia iconica, v. 1, pl. 2,
fig. 7.
Xenophora (Tugwrium) exuta. 'Tryon, 1886, Manual of con-
chology, v. 8, p. 161, pl. 46, figs. 90, 91.
?Xenophora exuta. Yokoyama, 1927, Tokyo Imp. Univ. Fac.
Sci. Jour., sec. 2, v. 2, pt. 4, p. 176, pl. 47, fig. 10.
Nomura, 1935, Tohoku Imp. Univ. Sci. Rept., 2d ser., v.
18, no. 2, p. 198, pl. 10, figs. 25a, b.
(Hirase) Taki, 1951, Handbook of illustrated shells, pl
89, fig. 4.
Tugurium exutum. Kuroda and Habe, 1952, Recent marine
Mollusca of Japan, p. 93.

With the exception of Yokoyama’s record of the
species from the Pliocene of Kaga, Japan, based on a
rather poor specimen, there seems to be no doubt of the
identity of the fossil and Recent species.

Distribution: Miocene (?), (Moniwa formation) Japan;
Pliocene, (Byoritzu beds) Formosa, (Nakoshi sand) Okinawa,
(?0nma formation) Japan; Recent, Japan, the Ryukyu Islands,
China and northern Philippines.
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Localities : Nakoshi sand, 17440 (figured).

Comparative bathymetric data : Specimens of 7. ezutum were
obtained by the Albatross from the South China Sea and
northern Philippine waters at the following depths; 50, 62,
88, 106, 122, and 198 fathoms.

Genus XENOPHORA Fischer de Waldheim 1807

Type: T'rochus conchyliophorus Born (=Xenophora
laevigata Fischer de Waldheim).

Xenophora sp. ind.
Plate 2, figures 8, 12

Fragmental and crushed specimens of a Xenophora,
which agglutinates shells to its upper surface in its
adult stage, were obtained from the Yonabaru clay and
Shinzato tuff members of the Shimajiri formation. A
poorly preserved internal mold was also obtained from
the Naha limestone. Zugurium ewutum agglutinates
foreign shells only in its very young stages. The un-
identified form also differs from 7. exutum in lacking
well defined spiral sculpture on its base.

Occurrence : Yonabaru clay member, 17632 (figured) ; Shin-
zato tuff member, 17458; Naha limestone, 17661.

Family STROMBIDAE
Genus TIBIA (Bolten) Roeding 1798

Type: T'ibia insulae-chorib (Bolten) Roeding (=7
curvirostra Lamarck).

Tibia sp. ind.
Plate 16, figure 26
Only a poorly preserved fragment was recovered.
Occurrence : Naha limestone, 17484 (figured).
Genus STROMBUS Linné 1758

Type: Strombus pugilis Linné.
The following species is referred by some to Qostrom-
bus Sacco 1893.

Strombus aff. S. gibberulus Linné
Plate 18§, figure 18

?8trombus gibberulus Linné, 1758, Systema naturae, ed. 10,
p. 774.

?Tesch, 1920, Paliontologie von Timor, pt. 8 no. 2, p. 49,
pl. 130, figs. 166a, b.

?Strombus (Oostromdus) gibberulus.
Geologische Mededelingen, v. 12, no. 1, p. 47.
for extended synonymy.)

Canarium (OQostromdus) gibberulus. Wissema, 1947, Young
Tertiary and Quaternary Gastropoda from the Island of
Nias, Doctor's thesis, Rijksuniversiteit Leiden, p. 93.

?8trombus gibberulus. Kuroda and Habe, 1952, Recent Mollusca
of Japan, p. 87.

Altena, 1941, Leidse
(See

Only fragmental and poorly preserved specimens
were obtained. This species appears to be closely re-
lated to S. lhuanus Linné, differing from it in having

a higher spire which is less involute in adults, and in
having less pronounced axial nodes on the spire whorls.
Strombus luhuanus is definitely cone-shaped whereas S.
gibberulus is spindle-shaped.

Distribution: Pliocene, Java, Timor, Obi, (Naha limestone)
Okinawa; Pleistocene, Hawaii, French Somaliland, Tangan-
yika, Celebes, Timor, Red Sea, Kenya, (Yontan limestone)
Okinawa; Recent (8. gibberulus), Indian Ocean and south
Pacific to the Tuamotu Archipelago and Hawaii, in western
Pacific to the northern Ryukyu Islands.

Localities: Naha limestone, 17537; 17673 ; Yontan limestone,
17652 (figured).

Subgenus Labiostrombus Oostingh 1925
Type: Strombus succinotus Linné.
Strombus (Labiostrombus) cf. S. (L.) japonicus Reeve
Plate 12, figures 14-15, 22-23

?Strombus japonicus Reeve, 1851, Conchologia iconica, v. 6,
pl. 17, fig. 42,
?Yokoyama, 1922, Tokyo Imp. Univ. Coll. Sci. Jour., v. 44,
art. 1, p. 70, pl. 3, fig. 12.
WStrombus (Labiostrombus) japonicus. Hirase, 1936, A col-
lection of Japanese shells, pl. 86, fig. 10.
?Nomura and Zinbo, 1936, Tohoku Imp. Univ. Sci. Rept.,
2d ser., v. 18, no. 3, p. 259, pl. 11, fig. 27.
?Strombus taiwanicus. Yabe and Hatai, 1941, Japanese Jour.
Geology and Geography, v. 18, nos. 1, 2, p. 76.
0anarium (Labiostrombus) japonicus. Taki and Oyama, 1954,
Paleont. Soc. Japan, pl. 23, fig. 12.

The Okinawan form, as was recognized by Nomura
and Zinbo, is more like the Recent species than the
species described from the Byoritzu beds of Formosa
by Nomura (1935, p. 177, pL. 8, figs. 15-16) as S. tai-
wanicus. The other new Formosan species, S. bivari-
cosus, is merely a young specimen of S. taiwanicus, as
can be seen from numerous specimens in the Hayasaka
Collection in the U.S. Geological Survey. The tend-
ency to divarication is seen in about two thirds of the
specimens of S. taiwanicus, whereas it is not shown at
all on the Okinawan form, nor on the Recent species.
Strombus taiwanicus is more slender, higher spired,
and has stronger axial and spiral sculpture on the body
whorl than §. japonicus.

Distribution: Pliocene, (Nakoshi sand and Naha limestone)
Okinawa ; Recent, Japan and the Ryukyu Islands.

Localities: Nakoshi sand, 17440 (figured) (Also reported
from this locality by Yabe and Hatai), Gabusoga (Nomura and
Zinbo) ; Naha limestone, 17561, ?17602, 17610. All localities
are on the western side of Okinawa.

?Strombus sp.
Plate 12, figures 12-13

The specimen figured is obviously a juvenile. Noth-
ing that could be the adult of it was collected. Its
systematic position is not certain. It could be a bucci-
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nid but it is tentatively regarded as a Stromdus, pos-
sibly the young of S. isabella Lamarck.

Locality : Chinen sand, 17495 (figured).
Superfamily CYPRAEACEA
Family ERATOIDAE
Subfamily TRIVIINAE
Genus DOLICHUPIS Iredale 1930
Type: Cypraea producta Gaskoin.
Subgenus TRIVELLONA Iredale 1931

Type: 7. excelsa Iredale.

Both Schilder and Wenz placed 7'rivellona under the
synonomy of Dolichupis. Although Wenz regarded
Dolichupis as a subgenus of Pusula Jousseaume (Type:
Cypraea radians Lamarck), Schilder regarded them
both as genera under the tribe Pusulini. It seems to me
that the name 7'rivellona might be useful to distinguish
the species with short posterior termini from those with
elongate termini. The well developed pustule at the
posterior end of the inner lip also appears to set this
subgenus apart.

Dolichupis (Trivellona) shimajiriensis, n. sp.
Plate 2, figures 10, 13-15

Shell medium large for the genus, inflated, spire
hump well defined. Aperture narrow, gently curved
centrally and anteriorly but more abruptly curved pos-
teriorly. Anterior canal only slightly wider than the
aperture above, posterior canal not appreciably sunken
and slightly narrower than aperture below. Outer lip
thickened and flattened both at the anterior and pos-
terior ends. Columellar lip bearing a sharp terminal
ridge at the anterior end and a sharp raised elongate
pustule at the posterior end, rounded centrally. A
well-defined lateral depression at the edge of the outer
lip. Sculptured by sharp raised spiral ridges number-
ing about 22 at the inner lip edge where they become
columellar teeth, 24 on the outer lip, the central ones
(about 12) continuous across the dorsum with only a
slight crowding, and those above and below discontinu-
ous or recurving sharply from points about one third
the distance from either end ; spirals higher and sharper
on the terminal ridge, at the anterior end of the outer
lip,and on the posterior pustule.

Holotype (USNM 562667) measures: length 17.7 mm, width
13 mm. Paratype (a juvenile) (USNM 562668) measures:
length 8.8 mm, width 7.5 mm.

Type locality : Yonabaru clay member, 17448,

This species appears to be closely related to 7'. excelsa
Iredale, a Recent species from New South Wales. No

similar trivid has been described from the western Pa-
cific region, either fossil or living, but a closely related,
if not identical, species is represented by a single speci-
men in the Philippine collections of the Albatross.

The Australian species is less inflated than the Oki-
nawan species, and, if Iredale’s figure has not been too
closely trimmed, does not have the spiral lirations
raised to form sharp denticles at the anterior end of the
outer lip. Apparently the posterior pustule is sharper
and longer in this species than on the Australian
species.

Distribution: Miocene, (Yonabaru clay member) OKkinawa;
Recent (?), Philippines.

Localities: Yonabaru clay member, 17448 (figured type),
17449, 17451 (figured paratype).

Comparative bathymetric data: The closely related species
from the Philippines was dredged from a depth of 170 fathoms.

Dolichupis producte was obtained by the Albatross at several
localities, ranging in depth from 18 to 135 fathoms.

Family CYPRAEIDAE
Subfamily CYPRAEINAE
Genus TALPARIA Troschel 1863
Type: Cypreea talpe Linné.
Subgenus ARESTORIDES Iredale 1930
Type: Cypraca argus Linné.
Talparia (Arestorides) nahaensis, n. sp.

Plate 17, figures 3, 7

Shell of medium size, moderately inflated, less in-
flated and more cylindrical centrally. Spire not cal-
lussed but depressed with the tip in sharp relief. Aper-
ture to the right of the median line, narrow and more
curved towards the posterior end. Fossula deep and
moderately wide, sloping downwards away from the
aperture rather than towards it. Columellar teeth
short, sharp and denticulate, raised along a low sharp
ridge anteriorly and not continuing into the body cav-
ity. Outer lip with weakly developed teeth. Hind top
of inner lip raised and sharp. Terminal ridge oblique
and flaring.

Holotype (USNM 563023) measures: length 40 mm, diam-
eter 24 min.

Type locality : Naha limestone, 17541.

This species is very closely related to 7. argus
(Linné) from which it differs mainly in the nature of
the columellar teeth, those of 7. nahaensis being short
denticles, whereas those of 7. argus extend into and
out of sight within the aperture.

Distribution: Pliocene, (Naha limestone) Okinawa.
Localities : Naha limestone, 17541 (figured type).
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Genus CYPRAEA Linné 1758
Type: 0. tigris Linné.
Cypraea sp. ind.
Plate 17, figure 1

A fragment of a large Cypraea that may be related
to C. tigris Linné was obtained from the Naha lime-
stone. There is a depressed area at the outer edge of
the outer lip, however, that has not been seen on Recent
specimens of #gris, or on any other large Cypraea.
Only a fragment of the shell remains at this point so
that it cannot be described in detail.

Occurrence : Naha limestone. 17484 (figured).
Subgenus LYNCINA Troschel 1863
Type: Cypraea lynx Linné.
Cypraea (Lyncina) aff, C. (L.) arenosa Gray
Plate 17, figures 4, 8

?Cypraea arenosa Gray, 1824, Zool. Jour., art. 19, p. 147, pl. 7,
fig. 6, pl. 12, fig. 6.

?Roberts, in Tryon, 1885, Manual of conchology, v. 7, p-
172, pl. 6, figs. 1, 2.

A single imperfect specimen that compares with C.
arenosa was obtained from the Naha limestone. It is
probably more closely related to an undescribed variety
or subspecies of (. areonsa that inhabits the Ryukyu
region rather than to the typical form of the mid-
Pacific. The Ryukyu form is about midway between
0. arenose and C. sulcidentata in the length and size
of its teeth.

Distribution: Pliocene, (Naha limestone)

Recent (?), (C. (L.) arenosa), Ryukyu Islands.
Localities: Naha limestone, 17484 (figured).

Okinawa ;

Cypraea (Lyncina) aff. C. (L.) carneola Linné
Plate 17, figure 5

?Cypraea carneola Linné, 1758, Systema naturae, ed. 10, p. 719.
?Yokoyama, 1924, Tokyo Imp. Univ. Coll., Sci. Jour., v. 45,
art. 1, p. 18, pl. 1, fig. 11.
?Yokoyama, 1928, Imp. Geol. Survey Japan Rept. 101, p.
418, pl. 4, fig. 4.
?Cypraea (Lyncina) carneole yokoyamai Schilder,
Leidse Geologische Mededelingen, v. 12, p. 177.
?Cypraea (Lyncina) carneola carneola. Wissema, 1947, Young
Tertiary and Quaternary Gastropoda from the Island
of Nias, Doctor’s thesis, Rijksuniversiteit Leiden, p. 109.
(With further synonymy.)

1942,

Schilder proposed a new subspecific name yokoyamai
for the Formosan and Japanese fossil species figured
by Yokoyama, and earlier (1939, p. 499) had proposed
the subspecific name carneola wanneri for the Pliocene
form of Java and Timor, including the form Tesch
had figured as Cypraee (Luponia) lynx. Wissema

recognized wanneri, but synonomized yokoyamai with
typical C. carneola. 'The distinctions made by Schilder
between the three subspecies are not clear to me, and
the synonomy of Wissema, who has examined the
Timorese and Javanese specimens, is tentatively
followed.

Distribution: Pliocene, (Byoritzu beds) Formosa, (Naha
limestone) Okinawa; Pleistocene, (coral bed at Awa) Japan;
Recent (C. (L.) carneole), Indonesia, Philippines to Japan.
Forms reported from the Pliocene and Pleistocene of East Africa
and the western Indian Ocean, and from Hawaii, as well as
Recent forms from the same areas have been assigned to other
races or subspecies.

Localities : Naha limestone, 17484 (figured).

Subfamily NARIINAE
Genus PUSTULARIA Swainson 1840

Type: Cypraea circercule Linné (designated by
both Herrmannsen and Gray, but Herrmannsen from
Peripatus on is antedated by Gray).

Pustularia cf. P. circercula (Linné) s, 1,
Plate 19, figure 1-2

?Cypraea circercula Linné, 1758, Systema naturae, ed. 10, p. 725.

Roberts, in Tryon, 1885, Manual of conchology, v. 7, p. 197,
pl. 20, figs. 55, 56.

7Pustularia circercula. Nomura, 1935, Tohoku Imp. Univ. Sci.
Repts., 2d ser., v. 18, no. 2, p. 176, pl. 9, figs. 11a, b.

?Pustularia (Pustularia) circercula. Hirase, 1936, A collection
of Japanese shells, pl. 94, fig. 1.

?Wissema, 1947, Young Tertiary and Quaternary Gastro-
poda from the Island of Nias, Doctor’s thesis, Rijksuni-
versiteit Leiden, p. 111.

?PPustularia bistrinotata. (Hirase) Taki, 1951, Handbook of
illustrated shells, pl. 94, fig. 1.

?Kuroda and Habe, 1952, Recent marine Mollusca of Japan,
p. 80.

It is uncertain to which of the subspecies or races
of P. circercula the Okinawan fossil should be referred.
It lacks dorsal granules, has no indication of a sul-
cus, and the teeth tend to become weak or absent
towards the central part of the aperture. It most
closely resembles specimens from the mid-Pacific Is-
lands in the above listed features and this together
with the range as defined by Schilder suggests the
subspecies margarita (Solander) Dillwyn. Neither
the figures cited by Schilder or Roberts in Tryon
appear to be very close to the mid-Pacific race of 7. cir-
cerula, however, so that the Okinawan form is referred
to P. circercula s.l. Taki reidentified Hirase’s figure
as P. bistrinotata Schilder and Schilder. Kuroda and
Habe list bistrinata, circercula, and margarita as valid
species in the Ryukyu Islands. T am not prepared
to determine the validity or synonomy of this group.
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Distribution (P. circercule and subspecies) : Pleistocene,
French Somaliland to the Hawaiian Islands, (Yontan lime-
stone) Okinawa, (‘“Raised coral reef”) Formosa; Recent,
Indo-Pacific region.

Localities: Yontan limestone, 17511 (figured), 1763T7.

Genus EROSARIA Troschel 1863
Type: Cypraea erosa Linné.
Subgenus RAVITRONA Iredale 1930
Type: Cypraea caputserpentis Linné.
Erosaria (Ravitrona) helvola (Linné)
Plate 17, figures 2, 6

Cypraea helvole Linné, 1758, Systema naturae, ed. 10, p. 724.
Sowerby, 1870, Thesaurus conchyliorum, Cypraee, pl. 25,
figs. 214-216.
Nomura and Zinbo, 1934, Tohoku Imp. Univ. sa, p. 117
Sci. Repts., 2d ser., v. 16, no. 2, p. 140.
Erosaria (Ravitrona) helvola. Schilder, 1937, De Ingenieur in
Nederlands Indié, ser. 4 (Mijnbouw en Geologie), v. 4,
p. 201.
Schilder, 1941, Leidse Geologische Mededelingen, v. 12,
p. 179.
Krosaria helvola. (Hirase) Taki, 1951, Handbook of illustrated
shells, pl. 94, fig. 8.

In reporting this species from the Pliocene of Java,
Schilder stated that there was no other fossil record.
He apparently overlooked Nomura and Zinbo’s report
of the species in the “Ryukyu limestone” of Kikaiga-
shima.

The Okinawan specimen is incomplete but there can
be little doubt of its identity.

Distribution: Pliocene, Java, (?)Kikaiga-shima, (Naha
limestone) Okinawa; Recent, Indo-Pacific region to Hawaii
and Japan.

Localities : Naha limestone, 17484 (figured).

Erosaria (Ravitrona) caputserpentis (Linné)
Plate 19, figures 3, 10

Cypraea caputserpentis Linné, 1758, Systema naturae, ed. 10,
p. 720.

Sowerby, 1870, Thesaurus conchyliorum, Cypraea, pl. 12,
figs. 72, 73.

Nomura and Zinbo, 1934, Tohoku Imp. Univ. Sci. Repts.,
2d ser., v. 16, no. 2, p. 140.

Nomura, 1935, Tohoku Imp. Univ. Sei. Repts., 2d ser., v.
18, no. 2, p. 172.

Pustularia (Erosaria) caputserpentis.
tion of Japanese shells, pl. 94, fig. 9.

Hrosaria (Ravitrona) caputserpentis. Schilder, 1938, Proc.
Malacological Soc. London, v. 23, pt. 3, p. 135.

Brosaria (Ravitrona) ceputserpentis reticulum. Wissema, 1947,
Young Tertiary and Quaternary Gastropoda from the
Island of Nias, Doctor’'s thesis, Rijksuniversiteit Leiden,
p. 114, (With further synonymy.)

Erosaria caputserpentis forma reticulum. (Hirase) Taki, 1951,
Handbook of illustrated shells, pl. 94, fig. 9.

Hirase, 1936, A collec-

Ravitrona caputserpentis, Kuroda and Habe, 1952, Recent
Mollusca of Japan, p. 82.

The specimen collected does not appear to differ from
those still living in the region.

Distribution: Pliocene, (Naha limestone) Okinawa; Pleis-
tocene, French Somaliland, Tonga, Hawaii, (raised coral reef)
Formosa, Kikaiga-shima, Recent, Indo-Pacific region, Africa to
Hawaii and Easter Island, north to Japan.

Localities : Naha limestone, 17554 (figured).

Comparative bathymetric data: A shallow reef dweller.

Subgenus EROSARIA Troschel 1863
Type: Cypraea erosa Linné.
Erosaria (Erosaria) erosa (Linné) cf. var. phragedaina (Melvill)
Plate 19, figures 9, 12

20ypraea erosa phragedaina Melvill, 1888, Mem. Proc. Man-
chester Lit. Philos. Soc., 4th ser., v. 1, p. 223, pi. 1, fig. 11.

?Brosaria (Erosaria) erosa duyfjesi Schilder, 1937, De In-
genieur in Nederlands-Indié, ser. 4 (Mijnbouw en Geol-
ogie), v. 4, p. 205, figs. 23, 24.

?Schilder, 1942, Leidse Geologische Mededelingen, v. 12, p.

180. (With further synonymy.)

?Erosaria (Brosaria) erosa phagedaine. Wissema, 1947, Young
Tertiary and Quaternary Gastropoda from the Island of
Nias, Doctor’s thesis, Rijksuniversiteit Leiden, p. 114.
(With further synonymy.)

?EBrosaria erosa forma phagedaring. (Hirase) Taki, 1951,
Handbook of illustrated shells, pl. 94, fig. 11.

?Erosaria erosa. Kuroda and Habe, 1952, Recent marine
Mollusca of Japan, p. 56.

The differences that distinguish this variety from
typical £. erosa are slight, E. phragedaina being said
to be more pitted and with the left side more angularly
margined, and with color differences not observable in
fossils. The identification here made is based more on
the geographical delimitation of Schilder rather than
on any morphological differences observed.

Distribution: Miocene, Java, Nias; Pliocene,
Timor, Sumatra, (Naha Ilimestone) Okinawa; Pleistocene,
(?)Timor, Celebes, (Yontan limestone) Okinawa; Recent,
Cocos-Keeling, Indonesia, Malaya, Philippines and (?)Japan.

Localities : Naha limestone, 17541 ; Yontan limestone, 17542
(figured), 17663.

Philippines,

Genus STAPHYLAEA Jousseaume 1884
Type: Cypraea staphylaea Linné.
Subgenus NUCLEARIA Jousseaume 1884
Type: Cypraea nucleus Linné.
Staphylaea (Nuclearia) nucleus (Linng)
Plate 19, figures 5-6

Cypraea nucleus Linné, 1758, Systema naturae, ed. 10, p. 724.
Sowerby, 1870, Thesaurus conchyliorum, Cypraea, pl. 33,
figs. 399, 400.
Pustularia (Nuclearia) nucleus.
Japanese shells, pl. 94, fig. 3.

Hirase, 1936, A collection of
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Staphylaea (Nuclearia) nucleus. Schilder, 1938, Proc. Mala-
cological Soc. London, v. 23, pt. 3, p. 130.
Staphylaea nucleus. (Hirase) Taki, 1951, Handbook of illus-
trated shells, pl. 94, fig. 3.
Kuroda and Habe, 1952, Recent marine Mollusca of Japan,
p. 87.

According to Van Der Vierk (1931, p. 244), Wood-
ward reported this species from the middle Miocene of
Nias in 1880, a record that needs to be verified, but
aside from this there is no previous report of the spe-
cies as a fossil.

Distribution: Pleistocene, (Yontan limestone) Okinawa; Re-
cent, Indo-Pacific region, Africa to Hawaii and Japan.

Localities: Yontan limestone, 17544 (figured), 17552.

Subfamily CYPRAEOVULINAE
Genus CRIBRARIA Jousseaume 1884
Type: Cypraea cribraria Linné.
Subgenus TALOSTOLIDA Iredale 1931
Type: Cypraea teres Gmelin,
Cribraria (Talostolida) teres (Gmelin)
Plate 19, figures 4, 11

Cypraeea teres Gmelin, 1791, Systema naturae, ed. 13, p. 3405.

Cribraria (Talostolida) teres. Schilder, 1938, Proc. Malaco-
logical Soc. London, v. 23, pt. 3, p. 168.

HErronea (Tatostolida) teres. Hirase, 1936, A collection of Jap-
anese shells, pl. 93, fig. 8.

Erronea teres. (Hirase) Taki, 1951, Handbook of illustrated
shells, pl. 93, fig. 8.

Talostolide teres. Kuroda and Habe, 1952, Recent marine
Mollusca of Japan, p. 88.

There is no apparent difference between the fossil
here figured and the Recent species from Japan and the
Ryukyu Islands.

Distribution : Pleistocene, (Yontan limestone) Okinawa; Re-
cent, (including all races) Indo-Pacific region, East Africa to

Australia, Japan, Midway, New Britain and Tonga.
Localities: Yontan limestone, 17543 (figured).

Cribraria (Thalostolida) aff. C. (T.) cincta (Martin)
Plate 2, figures 17-18, 25

Cypraea (Luponia) cincte Martin, 1899, Samml. Geol. Reichs-
mus. Leiden, v. 1, p. 172, pl. 28, fig. 399—102.

?Cypraeq cincta. Nomura, 1935, Tohoku Imp. Univ. Sci. Repts.,
2d ser., v. 18, no. 2, p. 173, pl. 9, figs. 6a, b.

How closely Cypraea cinctoides Yokoyama, from the
Lower Byoritzu beds of Formosa, is related to the form
here figured is not clear from Yokoyama’s figure.
Martin reported C. cincta from the Lower Miocene and
Pliocene of Java so that the form is fairly long ranging

if the specimens referred to it are conspecific. Cribaria
aff. C. cincta is very closely related to C. teres, and the
one or several species included under €. cincta may be
ancestral to 0. teres.

Distribution: Lower(?) Miocene, Java (type); Miocene,
(Yonabaru clay member) Okinawa; Pliocene, Java, (Byoritzu

beds) Formosa.
Localities: Yonobaru clay member, 17449 (figured).

“Cypraea” sp. aff. “C”. asellus Linné
Plate 18, figures 19, 22

An imperfect specimen of a medium sized Cypraea
resembles somewhat the Recent Palmadusta asellus
(Linné), but the identification is far from certain.

Occurrence: Yontan limestone, 17544 (figured).

Unidentified Cypraeidae

Fragments, internal molds and otherwise poorly pre-
served specimens of cypraeids were obtained from many
other localities. Some suggest the species named in the
following list. Others are listed solely for the ecologic
significance the family may have.

Yonabaru clay member : Shinzato tuff member :

17451 erosa? 17456 arenosa?
17679 17632

17633

17677 teres?
Naha limestone:
17474 ? 17593 ?
17474 arenosa? 17608 nahaensis?
17484 erosa? 17608 erosa?
17499-1 ? 17641-b ?
17499—u erosa? 17641-c helvola?
17526 ? 17641-c isabella?
17534 ? 17665-u ?
17540 ? 17667 ?
17541 ? 17667 helvola?
17554 isabella? 17669 erosa?
17554 ? 17670 ?
17567 ? 17673 ?
17578 ? 17680 ?
17579 ?
Yontan limestone:
17495 ? 17586 ?
17511 helvola? 17637 helvola?
17513 ? 17637 ?
17543 ? 17640 ?
17544 isabella? 17644-b ?
17544 caputserpentis? 17646 ?
17544 carneola? 17652 ?
17546 talpa? 17652 talpa?
17547 ? 17656—u ?
17550-a carneola? 17658 ?
17551 ? 17660 ?
17552 erosa’? 17672—u ?
17552 isabella? 17686—u ?
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Family AMPHIPERATIDAE
Subfamily AMPHIPERATINAE
Genus VOLVA (Bolten) Roeding 1798

Type: Volva textoria (Bolten) Roeding (=Bulla
volva Linné)

Subgenus PELLASIMNIA Iredale 1931
Type: Ovulum angasi Reeve.
Volva (?Pellagsimnia) sp. ind.
Plate 13, figure 8
Only one poorly preserved specimen was obtained.
Occurrence : Chinen sand, 17442 (figured).
Superfamily NATICACEA
Family NATICIDAE
Subfamily POLINICINAE
Genus POLINICES Montfort 1810

Type: Polinices albus Montfort (=Nerita mammilla
Linné).

Polinices e¢f. P, cumingianus madioensis Altena

Plate 2, figure 19; plate 13, figure 1

?Natica powisiana. Martin, 1905, Samml. Geol. Reichsmus.

Leiden, v. 1, p. 263, pl. 39, fig. 634.

?Natica powisiana. Fischer, 1927, Paliontologie von Timor, v.
15. no. 25, pl. 212, figs. 8-10.

Polinices (Polinices) cumingianus var. madioensis Altena,
1941, Leidse Geologische Mededelingen, v. 12, p. 58, fig. 18.

Altena combined P. cumingianus (Recluz) and P.
powisiana (Recluz) and cited a lengthy synonymy. The
acceptance of cumingianus in preference to the more
widely used powisiana is apparently based on page
priority. Iam notin a position to judge the synonomy
of the fossils, but T would hesitate to combine Recent
forms referred to the two species.

Martin had already called attention to a variety of
powisiana having a broad funiculus which nearly fills
the umbilical opening. The specimen in Martin’s figure
637 and Altena’s type of madioensis are very close to
the specimens figured here. According to Altena this
form is extinet.

Distribution: Miocene(?) Java (type), (Yonabaru clay mem-
ber) Okinawa; Pliocene, Ceram, (Nakoshi sand) Okinawa.

Localities: Yonabaru clay member, 17449 (figured), 17679;
Nakoshi sand, ?17440, 17483 (figured).

Polinices cf. P. albumen (Linné)
Plate 2, figure 23 ; plate 12, figure 26

?Nerita albumen Linné, 1758, Systema naturae, ed. 10, p. 776.
?Natice albumen. Tryon, 1886, Manual of conchology, v. 8,
p. 47, pl. 20, fig. 5.

?Natica (Polinices) tegalensis Martin, 1899, Samml. Geol.
Reichsmus. Leiden, v. 1, p. 266, pl. 39, fig. 641.

Polynices albumen. (Hirase) Taki, 1951, Handbook of illus-
trated shells, pl. 91, fig. 7.

The Okinawan form is very close to the living species
and it is doubtful if they could be separated. Polinices
tegalensis from the Pliocene of Java is probably a
synonym.

Polinices albumen has a very broad umbilical area
and a heavy funicle. The umbilicus itself is deep,
and open nearly to the apex of the spire. In full um-
bilical view the funicle descends in a sort of spiral
stairway. It differs from two close relatives, P.
columnaris (Recluz) and P. sagamiensis Pilsbry, if
these two are really distinct, in that the latter have a
shallow, plugged umbilicus and the funicle is more per-
pendicular to the plane of the umbilical area so that the
last position of the funicle, which flares slightly, hides
most of its track.

Although P. albumen is reported living to southern
Japan (Kuroda and Habe, 1952, p. 78) it has not been
found fossil in the area.

However, P. sagamiensis was reported from the By-
oritzu beds of Formosa by Yokoyama (1928a, p. 63,
pl. 6, fig. 2) and Taki and Oyama (1954, pl. 24, fig. 12)
reidentified a specimen from the lower Pleistocene of
Japan as this species. According to Nomura (1935,
p. 201) the species in the Byoritzu beds is P. “colum-
nelis” (Recluz) (%columnaris), a dubious refinement.

Dickerson (1922, pl. 4, fig. 1) reported P. albumen
from the Vigo group in the Philippines but it is a
juvenile and the identification may be incorrect.

Distribution: Miocene, (Yonabaru clay member) Okinawa ;
Miocene or Pliocene, ?Philippines; Pliocene, Java, (Chinen
sand) Okinawa; Recent, Moluccas, Malaya, New Caledonia,
Philippines to southern Japan.

Localities: Yonabaru clay member, 17451 (figured) ; Chinen
sand, 17442 (figured).

Polinices cf. P. flemingianus (Recluz)
Plate 8, figure 3

?Natica flemingiana Recluz, 1844, Zool. Soc. London Proc., v.
11, no. 130, p. 209.
?Tryon, 1886, Manual of conchology, v. 8, p. 50, pl. 16, fig. 53.
Polynices flemingianus. (Hirase) Taki, 1951, Handbook of
illustrated shells, pl. 91, fig. 5.
?Polinices flemingianus. Kuroda and Habe, 1952, Recent marine
Mollusca of Japan, p. 78.

Nomura and Zinbo (1936, p. 34) report this species
from Nakoshi, Okinawa, but it is not present in the
writers collections from there. Specimens recorded
here from the Yonabaru clay and Shinzato tuff mem-
bers of the Shimajiri formation are indistinguishable.

Distribution: Miocene, (Yonabaru clay member) Okinawa;
Miocene or Pliocene, (Shinzato tuff member) Okinawa; Plio-
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cene, (’Nakoshi sand) Okinawa (Nomura and Zinbo) ; Recent,
Australia to Japan (Tryon).

Localities: Yonabaru clay member,
member, 17633 (figured).

17448; Shinzato tuff

Polinices cf. P, mammilla (Linné)
Plate 12, figures 17, 21

?Nerita mammille Linné, 1758, Systema naturae, ed. 10, p. 776.
?Polinices (Polinices) mammilla. Ladd, 1934, Bernice P.
Bishop Mus. Bull. 119, p. 210, pl. 36, figs. 4, 5.

?Altena, 1941, Leidse Geologische Mededelingen, v. 12,
p. 61. (With extended synonymy.)

?Wissema, 1947, Young Tertiary and Quaternary Gastro-
poda from the Island of Nias, Doctor’s thesis, Rijksuni-
versiteit Leiden, p. 12. (With extended distribution
data.)

?Polynices pyriformis. (Hirase) Taki,
illustrated shells, pl. 91, fig. 4.
?Polinices pyriformis. Kuroda and Habe, 1952, Recent marine

Mollusca of Japan, p. 78.

1951, Handbook of

Some recent Japanese authors list the species living
in the Ryukyu Islands and southern Japan as P. pyri-
formis (Récluz) (=mammilla Reeve non Linné). In
the opinion of most systematists, however, the form
figured by Reeve is Linné’s species and mammilla is,
therefore, its name. If the Japanese form is distinct
it could hardly be more than a subspecies. I find no
record of pyriformis as a fossil but mammilla has been
reported fossil from many places.

Polinices mammilla has been reported as a fossil
north of the Philippines only once previously
(Nomura, 1935, p. 202); in a “raised coral reef”
(Pleistocene) on Formosa.

Distribution : Miocene, Java, Borneo, Philippines, Fiji; Plio-
cene, Philippines, Indonesia, Kenya, (Nakoshi sand) Okinawa ;
Pleistocene, Formosa, Java, Red Sea, Tangabyika; Recent,

Indonesia, New Caledonia, Central Polynesia, Philippines to
southern Japan.

Localities: Nakoshi sand, 17483 (figured).
Genus MAMMILLA Schumacher 1817

Type: Mammilla fasciata Schumacher (=~Nerita
melanostoma Gmelin).

Mammilla melanostoma (Gmelin)
Plate 8, figure 1; plate 12, figure 19

Nerita melanostome Gmelin, 1791, Systema naturae, ed. 13,
p. 3674.

Polinices (Polinices) melanostoma.
Bishop Mus. Bull. 119, p. 211.

Nomura, 1935, Téhoku Imp. Univ. Sci. Rept., 2d ser., v. 18,

no. 2, p. 203, pl. 9, fig. 32.

Polinices (Mammilla) melanostoma. Altena,
Geologische Mededelingen, v. 12, p. 67.

Mammilla melanostoma. Wissema, 1947, Young Tertiary and
Quaternary Gastropoda from the Island of Nias, Doctor’s
thesis, Rijksuniversiteit Leiden, p. 128.

Ladd, 1934, Bernice P.

1941, Leidse

Polynices opacus. (Hirase) Taki, 1951, Handbook of illustrated
shells, pl. 91, fig. 1.

Polinices opacus. Kuroda and Taki, 1952, Recent marine Mol-
lusca of Japan, p. 78.

Some recent Japanese systematists apparently be-
lieve either that melanostoma Reeve 1855 is the Japa-
nese form and is not melanostoma Gmelin 1790, or that
they are the same and the name should date from
Reeve, not Gmelin, and in either case must yield prior-
ity to opacus (Récluz) 1850. According to most other
systematists Reeve figured Gmelin’s species and
Gmelin’s name has priority.

The specimens from the Chinen sand (pl. 12, fig.
19) retain some of the original pigment on the inner
lip but there is no pigment on the parietal callus; the
same color pattern is characteristic of living specimens.

The Hayasaka collection of fossils from the Byoritzu
beds of Formosa, now in the U.S. Geological Survey,
includes one specimen labelled “Polinices (Mammilla)
opacus (Récluz), Kako,” and it appears to be identi-
cal with the specimen from Wanga figured by Nomura,
and with the Okinawan fossils. Another specimen
labelled “Polinices (Polinices) melanostoma (Gmelin),
Boshiko” is another species, possibly P. aurantius.

Distribution : Miocene, Java; Miocene or Pliocene, (Shinzato
tuff member) Okinawa; Pliocene, Java, Sumatra, Papua,
(Byoritzu beds) Formosa, (Chinen sand) Okinawa, (Konomine
formation) Shikoku; Pleistocene, Java, Fiji, ?Kikaiga-shima,
Red Sea; Recent, Madagascar, Mauritius, Indonesia, western
Polynesia, Philippines, Ryukyu Islands and southern Japan.

Localities: Shinzato tuff member, 17633 (figured); Chinen
sand, 17442 (figured).

Subfamily NATICINAE
Genus NATICA Scopoli 1777

Type: Neritavitellus Linné.

As pointed out by Hanley, Nerita vitellus of Linné
is not the N. vitellus of Gmelin and other authors, but
rather the Nerita rufa of Born and Gmelin. Nerita
spadicea of Gmelin is another synonym. Hedley stated
that N. vitellus of Lamarck, and of authors generally,
is Nerita stellatus Martyn, and in so doing validated the
name, those of Martyn not now being accepted.

Natica cf. N, vitellus (Linné)
Plate 2, figure 22 ; plate 8, figure 8 ; plate 12, figures 20, 24

?Nerita vitellus Linné, 1758, Systema naturae, ed. 10. (Non
auctores=stellata “Martyn” Hedley.)

?Nerita rufa Born, 1780, Testacea musei Caesarei vindobonensis,
p. 398, pL. 17, figs. 3, 4.

WNerita spadices Gmelin, 1791, Systema naturae, ed. 13, p. 3672.

9Natica rufa. Reeve, 1855, Conchologia iconica, Natica, pl. 16,
sp. 70.

?Tryon, 1886, Manual of conchology, v. 8, p. 29, pl. 9,

figs. 62, 63.
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?Natica (8. 8.) rufa. Fischer, 1927, Paldontologie von Timor,
v. 15, no. 25, p. 46, pl. 212, fig. 6.

?Natica (Natica) rufe. Nomura, 1935, Tohoku Imp. Univ. Sci.
Repts., 2d ser., v. 18, no. 2, p. 200, pl. 9, figs. 29a-c. (With
further synonymy.)

?Natica vitellus spadicea. Hirase, 1986, A collection of Japanese
shells, pl. 90, fig. 11.

?Natica rufa. Altena, 1942, Leidse Geologische Mededelingen,
v.12, p. 738. (With further synony:ny.)

?Natice rufa. Wissema, 1947, Young Tertiary and Quaternary
Gastropoda from the Island of Nias, Doctor’s thesis.
Rijksuniversiteit Leiden, p. 134. (With further
synonymy.)

Nomura also figured a specimen from the Byoritzu
beds of Formosa as Natica (Natica) wvitellus which
according to his remarks is probably N. stellatus Hed-
ley. The Hayasaka collection from the Byoritzu beds
contains several specimens labelled V. witellus and one
labelled &. rufa. These all appear to be conspecific
and are V. vitellus as here used.

Natica sondeiana Martin (1906, pl. 38, fig. 612) is
very close to V. witellus and may be the young of it.
The species figured by Martin as N. witellus is the N.
vitellus of Born and Gmelin (=stellatus) ; not Linné.

Distribution: Miocene, Java, Borneo, (Yonabaru clay mem-
ber) Okinawa; Miocene or Pliocene, (Vigo group) Philippines,
(Shinzato tuff member) Okinawa; Pliocene, Java, Sumatra,
Timor, Ceram, Philippines, New Guinea, (Byoritzu beds) For-
mosa, (Chinen sand) Okinawa; Recent, East Africa to Japan.

Localities: Yonabaru clay member, 17445 (figured); Shin-
zato tuff member, 17633 (figured); Chinen sand, 17442
(figured).

Natica sp. aff. N. stellatus Hedley

Plate 8, figures 6-7

The specimens so identified may belong to a new
species but the specimens at hand are not complete
enough for an adequate description. Dr. Altena was
kind enough to compare photographs of this form with
specimens of V. stellatus from Indonesia and stated
that the Okinawan species has a higher spire, deeper
sutures, a narrower umbilicus and a less developed
callus; V. stellatus has a tongue-shaped outgrowth to
the left just above the umbilicus (see Tryon, 1886, pl.
8, fig. 60). The callus outgrowth on the best preserved
specimen from Okinawa (pl. 8, fig. 7) is comparatively
blunt and rounded.

This species may be related also to N. helvacea La-
marck (=globosa Chemnitz) but the latter also has a
lower spire, less impressed sutures, and the callus at
the anal end of the aperture is heavier and more up-
ward directed.

Distribution: Miocene or Pliocene, (Shinzato tuff member)
Okinawa.

Localities: Shinzato tuff member, 17454 (figured), 17677
(figured).

Genus NATICARIUS Dumeril 1806
Type: Nerita canrenus Linné.

Naticarius marochiensis (Gmelin) s. 1.
Plate 15, figures 21-22

?Nerita marochiensis Gmelin, 1791, Systema naturae, ed. 13,
p. 3673.

?Natica marochiensis.
p- 22, pl. 5, fig. 74.

Natica colliei. Yokoyama, 1928, Imp. Geol. Sur. Japan Rept.
101, p. 63, pl. 6, fig. 1.

Natica (Natica) marochiensis. Ladd, 1934, Bernice P. Bishop
Mus. Bull. 119, p. 209, pl. 36, figs. 2, 3.

Natica (Natica) ala-papilionis. Nomura, 1935, Tohoku Imp.
Univ. Sci. Repts., 2d ser., v. 18, no. 2, p. 198.

Natica marochiensis. Altena, 1941, Leidse Geologische Mededel-
ingen, v. 12, no. 1, p. 79. (? in part, but with extended
synonymy.)

Naticarius (Naticarius) marochiengis. Wissema, 1947, Young
Tertiary and Quaternary Gastropoda from the Island of
Nias, Doctor’s thesis, Rijksuniversiteit Leiden, p. 136.
(With further synonymy).

Tryon, 1886, Manual of conchology, v. 8,

The specimen figured by Dickerson (1922, pl. 4, fig.
4) from the Vigo group of Luzon as N. lacernula
d’Oribigny probably also belongs here.
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