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First record of Late Pleistocene holoplanktonic mollusks
(Gastropoda, Euthecosomata, Pterotracheoidea)
from northern Taiwan

Diana Osipova and Chien-Hsiang Lin

ABSTRACT

Pelagic gastropods, including pteropods and heteropods, are cosmopolitan
organisms recorded in Cenozoic deposits across the globe. Their fossils serve as valu-
able tools for paleoenvironmental reconstruction and enable precise stratigraphic cor-
relations. Numerous Neogene and Quaternary assemblages of pelagic gastropods
have been documented in the Indo-West Pacific region, spanning from Indonesia to
central Japan. In Taiwan, molluscan fossil assemblages are abundant and diverse,
predominantly comprising gastropods and bivalves. However, pteropod records from
Taiwan are limited, with only two species previously reported from the Oligocene. This
study investigates a previously undocumented Late Pleistocene assemblage of hol-
oplanktonic pelagic gastropods from the Toukoshan Formation in northern Taiwan. The
pteropod fauna includes nine taxa from the families Creseidae and Cavoliniidae, and
one species of the heteropod family Atlantidae. Notably, the Toukoshan species Diacria
cf. philippinensis and Diacavolinia cf. bandaensis represent the first Pleistocene
records. Additionally, the heteropod Atlanta turriculata marks the first occurrence of this
group in Taiwan. All identified species are epipelagic, corroborating earlier depth esti-
mates for the fossil-bearing strata. The Toukoshan holoplanktonic assemblage shares
similarities with other Pleistocene faunas from Okinawa and Honshu in Japan, high-
lighting regional paleoceanographic connections during this period.
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INTRODUCTION

Holoplanktonic gastropods, comprising ptero-
pods (order Pteropoda Cuvier, 1804) and hetero-
pods (superfamily Pterotracheoidea Rafinesque,
1814 of the order Littorinimorpha Golikov and Star-
obogatov, 1975), are ubiquitous in the world’s
oceans (Janssen et al., 2019). Due to their arago-
nitic shell composition, these gastropods are prone
to poor preservation unless deposited above the
aragonite compensation depth (ACD), which is
shallower than the calcite compensation depth
(Gerhardt and Henrich, 2001; Janssen, 2017; Pei-
jnenburg et al., 2020). Under high acidity, water
becomes undersaturated with aragonite, which
decreases ACD and promotes pteropod shells to
dissolve even within their normal distribution depth.
This makes them effective bioindicators of ocean
acidification (Bednarsek et al., 2016). Moreover,
their abundance and distribution in geological
sequences have been extensively used for palaeo-
environmental reconstruction and stratigraphic cor-
relations (Chen, 1969; Reiss et al., 1980; Shibata
and Ishigaki, 1981; Buccheri, 1984). Assemblage
analyses of pteropods are particularly useful for
estimating water depth (Chen and Huang, 1990),
climatic zones (Messenger et al., 2010; Keul et al.,
2017; Hallenberger et al., 2022), and depositional
environments (Buccheri et al., 1980; Wang et al.,
1997; Hallenberger et al., 2022; Beccari et al.,
2023).

Pteropods first appeared during the Late
Mesozoic (Janssen and Goedert, 2016) and diver-
sified rapidly during the Paleogene, continuing into
the Quaternary (Bernasconi, 1982; Janssen and
Peijnenburg, 2017). In Asia, records of pteropods
date back to the Paleogene, with significant faunal
changes observed across the boundary between
the Eocene and Oligocene (Ando et al., 2009;
Ando, 2011). Recently, early Eocene pteropods
from the Zhepure Formation in Tibet have provided
insights into the paleogeography of the Neo-Tethys
residual basin and potential dispersal pathways to
Asia (Li et al., 2020). Additional records of Neo-
gene and Quaternary holoplanktonic gastropods
are known from the Fiji Islands (Ladd, 1934; Jans-
sen, 1999), Indonesia (Janssen, 1999), and South
Australia (Janssen, 1989).

Neogene and Quaternary West Pacific occur-
rences of holoplanktonic gastropods are predomi-
nantly reported from Japan, with comprehensive
analyses presented by Janssen (2007). These
records range from southern Okinawa (Noda,
1972; Shibata and Ujihara, 1983) to central Hon-
shu (Shibata, 1986). Diverse and abundant Plio-
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cene assemblages have also been reported from
Pangasinan, Luzon, in the Philippines (Janssen,
2007). In contrast, heteropod fossils remain less
common, with sporadic reports from Japan, the
Philippines, and Fiji, spanning the Miocene to
Pleistocene (Shibata, 1977, 1984; Janssen and
Grebneff, 2012).

Taiwan’s location in the West Pacific and its
relatively young geological history, marked by the
ongoing collision of the Eurasian and Philippine
Sea plates, has resulted in significant tectonic uplift
since the Miocene-Pliocene transition (Lin, A.-T. et
al.,, 2003; Lin, C.-H. et al.,, 2022). This uplift
exposed marine strata of various ages in the West-
ern Foothills, where abundant fossils of marine
invertebrates, including mollusks, crabs, ostracods,
and foraminifera, have been discovered (e.g., Yabe
and Hanzawa, 1930; Hu, 1984; Masuda and
Huang, 1990). Among these, mollusks are the
most diverse and extensively studied, with over
1,000 species recorded from the Oligocene to the
Quaternary (Kanno and Chung, 1975; Huang et al.,
1990; Hu, 1991-1995).

The first report of holoplanktonic gastropods
in Taiwan came from Oligocene formations near
Taipei, where two taxa were identified as belonging
to the family Cavoliniidae (Clio sp.) (Chen, 1981).
Subsequent studies described these specimens as
Clio mai Chen and Huang, 1990, along with new
Limacina lini Chen and Huang, 1990, which helped
reconstruct the paleodepths of the Oligocene basin
in northern Taiwan (Chen and Huang, 1990). How-
ever, the diversity and geological history of Tai-
wan’s holoplanktonic mollusks remain largely
understudied, with no heteropod fossils reported
from Taiwan to the best of our knowledge. This
research aims to address this gap by providing
new data and taxonomic descriptions of Late Pleis-
tocene pelagic gastropod fossils from the Tou-
koshan Formation.

GEOLOGICAL SETTINGS

The Toukoshan Formation, consisting of
Pleistocene strata, was introduced by Lin (1935)
and Torii (1935). Its type locality is at the Touko
mountain, Xinshe District, east of Fengyuan District
in Taichung City (Chou, 1992). This formation over-
lies the Lower Pleistocene Cholan Formation
(Kotaka, 1973; Chou, 1992; Nagel et al., 2013). Its
thickness reaches over 3,000 m in the Taichung
region (Hu, 1978; Chou, 1992; Liu et al., 2022).

Chang et al. (1965) initially divided the local
Toukoshan Formation into the Wumeikeng,
Nanwo, and Hutou members, in ascending order.



However, most of the later studies classified the
formation into two members: the lower Hsiangshan
Member and the upper Huoyenshan Conglomerate
Member (e.g., Chou, 1973), with fine-grained sand-
stone at the lower part and coarse-grained fluvial
sediments dominating the upper part (Torii, 1935;
Chang, 1948, 1955; Kotaka, 1973; Chen et al.,
2001). Paleontological and sedimentary studies
suggest that the Toukoshan Formation was depos-
ited in environments ranging from shallow neritic
and littoral to fluvial-deltaic from bottom to top
(Hayasaka, 1933, 1934; Chou, 1973). In north-
western and west-central Taiwan, it is often uncon-
formably overlain by terrace deposits of fluvial-
lacustrine or marine-brackish facies (Liew, 1988).

The fossil-bearing layer examined here is part
of the uppermost Nanwo Member (also known as
uppermost part of Hsiangshan Member) and com-
prises gray to dark gray sandstone and shale inter-
beds (Hu, 1992; Lee, 2000, figures A.1, A.2). This
layer contains abundant fossils, including sea
urchins, mollusks, crabs, and smaller fossils such
as foraminifera, ostracods, and bryozoans (Kotaka,
1973; Hu, 1978, 1992). Comparing with recent for-
aminiferal data from the Taiwan Strait, Chow
(1980) estimated water depths between 30 and 60
m for the fossil-bearing layer.

The age of the Toukoshan Formation remains
controversial. Biostratigraphic studies on plank-
tonic foraminifera indicate that the formation’s
deposition began after the Olduvai event (Huang,
1984), with a time range from 1.24 to 0.46 Ma (Lee
et al., 2002; Nigel et al., 2013). Based on verte-
brate fossils, Lin (1963) proposed that its age might
correspond to the Calabrian to Cromerian stages.
More recent analyses, however, suggest a younger
age, possibly younger than 0.4 to 0.5 Ma based on
pollen evidence (Liew, 1988). Interestingly, radio-
carbon dating of some fossil scallops (Wang and
Peng, 1991) and echinoids (Ho et al., 2022) from
nearby outcrops indicates ages of 30 to 50 ka, spe-
cifically Marine Isotope Stage (MIS) 3 of the last
Glacial (Ho et al., 2022). This suggests the forma-
tion could be younger than expected, though some
argue the dating materials may have been altered.

MATERIAL AND METHODS

The sediment samples were collected at the
outcrops of the Toukoshan Formation, Miaoli
County, Xihu Township, Taiwan in the summer sea-
son of 2023 (24°35'51.66"(double prime, sec-
onds)N 120°43'32.63"E; Figure 1). The bulk
sediments with a total weight of 45 kg were wet
sieved through a 500-um mesh and dried in a 40°C
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oven. Subsequently, all samples were examined
under a microscope to isolate the shells of hol-
oplanktonic gastropods for detailed analysis. A
total of 77 specimens were recovered, of which 24
were analyzed in this study. Specimens were iden-
tified, described, measured (Table 1), and photo-
graphed. For pteropods with elongated conical
shell width (WSh) and height (HSh) of the shells
were measured. For species with globose shells
four additional parameters were measured: aper-
ture height (HA), aperture width (WA), joint width
(WJ), and rostrum height (HR). For the heteropod
specimen HSh, HA and WA were measured, as
well as shell diameter (ShD). All specimens are
deposited in the Biodiversity Research Museum,
Academia Sinica, Taiwan, under the code ASIZF.

SYSTEMATIC PALEONTOLOGY

Class GASTROPODA Cuvier, 1795
Order LITTORINIMORPHA Golikov and
Starobogatov, 1975
Superfamily PTEROTRACHEOIDEA Rafinesque,
1814
Family ATLANTIDAE Rang, 1829
Genus ATLANTA Lesueur, 1817

Type species. Atlanta peronii Lesueur, 1817, type
by subsequent designation.

Atlanta turriculata d’Orbigny, 1836
Figure 2A

*1836 Atlanta turriculata d'Orbigny, p. 173, pl. XX,
figs. 5-11.
1983 Atlanta turriculata d’Orbigny; Shibata and
Ujihara, p. 157, pl. 47, fig. 4.

Material. Miaoli County, Houlong Township; Tou-
koshan Formation, Late Pleistocene; 1 specimen,
ASIZF0101021.
Description. Shell very small, to 1.88 mm in diam-
eter. Spire slender and high, protrudes over body
whorls. Teleoconch consist of approximately 5
whorls (precise number cannot be counted due to
preservation of specimen). Sculpture on whorls not
observed. Keel well-developed and run string from
1,5 of penultimate whorl. Edge of keel broken.
Umbilicus narrow, moderately deep. Aperture sub-
circular, narrowing toward keel.
Remarks. The single complete specimen was
recovered from the sediments in our examined
locality. Additionally, a broken piece of the last
whorl of the atlantid shell was found, however, it is
impossible to identify the specimen.

From the recent fauna of the Indo-West
Pacific region, two species are now recognized
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FIGURE 1. Locality and geological background of sampling site: A, study area; B, and general geological background

of Miaoli area (adapted from Ho et al., 2022).

and share morphological similarity (Wall-Palmer et
al., 2019), namely A. turriculta and Atlanta vander-
spoeli Wall-Palmer, Hegmann and Peijnenburg,
2019. In addition to a narrower distribution range
than that in A. turriculata, A. vanderspoeli also has
a broader apical angle. However, the spire of our
specimen is covered in sediments that hinder more

precise identification. With all other features, the
specimen appears to be A. turriculata. Additional
specimens from the same locality will facilitate
more confident identification.

The Toukoshan Formation appears to be the
third locality of Quaternary age of the Indo-West
Pacific from where A. turriculata was mentioned,

TABLE 1. Shell measurements (in mm) and number of specimens of fossil holoplanktonic mollusk from the Toukoshan
Formation, Miaoli, northern Taiwan. NA means the feature cannot be measured. Dash means the feature was not mea-
sured in the specimen. Tilde symbol means either an average value (for multiple specimens) or an estimated value due

to incomplete preservation (e.g., missing shell parts).

Number of

Species specimens ShH Shw HA WA wJ RH ShD
Atlanta turriculata 1 0.73 - 0.73 0.88 - - 1.88
Creseis acicula 4 ~4.4 ~0.52 - - - - -
Styliola subula 1 2.31 0.46 - - - - -
Cavolinia 2 ~5.65 ~4.41 NA NA - - -
globulosa
Cavolinia cf. 1 7.18 5.53 NA NA NA ~1 -
gibbosa
Cavolinia cf. 1 NA NA NA NA NA NA -
tridentata
Diacavolinia 9 ~4.5 ~3.56 ~0.7 ~1.88 ~0.8 ~1.17 -
longirostris
Diacavolinia cf. 1 NA 3.6 NA NA NA NA -
bandaensis
Diacria cf. 2 6.55 NA NA NA NA - -
philippinensis
Telodiacria 2 ~2.44 ~1.76 NA NA NA - -
quadridentata
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FIGURE 2. Species of families Atlantidae and Creseidae from the Toukoshan Formation, Miaoli, northern Taiwan. A,
Atlanta turriculata, ASIZF0101021; B-E, Creseis acicula, ASIZF0101022-025; F, Styliola subula, AS1ZF0101026,
arrows indicate the groove on the specimen. Scale bars A, B-E, F equal 1 mm.

following the occurrence in the Pleistocene depos-
its of the Noto Peninsula, central Honshu (Shibata
and Ujihara, 1983; Shibata, 1986) and Okinawa
(Shibata and Ujihara, 1983). This species can be
quickly identified by its high and narrow spire and
relatively small shell. The current specimen of A.
turriculata is the first heteropod fossil recorded
from Taiwan.

Order PTEROPODA Cuvier, 1804
Superfamily CAVOLINIOIDEA Gray, 1850 (1815)
Family CRESEIDAE Rampal, 1973
Genus CRESEIS Rang, 1828

Type species. Creseis acicula (Rang, 1828), type
by subsequent designation.

Creseis acicula (Rang, 1828)

Figure 2B-E
*1828 Cleodora (Creseis) acicula Rang, p. 318,
pl. 17, fig. 6..
1912 Clio (Creseis) acicula (Rang); Yamakawa

and Ishikawa, p. 2, pl. I, figs. 1a, 1b.

.1983 Creseis acicula acicula (Rang); Shibata
and Ujihara, p. 159, pl. 44, fig. 1.
Creseis acicula forma acicula (Rang); Shi-

bata, p. 78, pl. 23, figs. 9, 10.

Creseis acicula forma acicula (Rang); Uji-
hara, Shibata, and Saito, p. 312, pl. 1, fig.
1.

Creseis acicula forma acicula (Rang); Uiji-
hara, p. 774, fig. 3.5.

Creseis acicula (Rang); Janssen, p. 186.
Creseis clava (Rang); Janssen, p. 68, fig.
7; pl. 2, figs. 9, 10; pl. 23, figs. 7, 8.
Creseis clava (Rang); Janssen and Greb-
neff, p. 20.

Material. Miaoli County, Houlong Township; Tou-
koshan Formation, Late Pleistocene; 4 specimens,
ASIZF0101022-025.

Description. Shell elongated, needle-like. Gradu-
ally increase in width towards aperture. Possible
uneven curvature along length. No additional struc-

.1984

.1990

.1996

.1999
.2007

.2012
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tures on shell. Aperture circular. Embryonic shells
absent in examined samples.

Remarks. This species appears to be the most
abundant within the Toukoshan Formation (Table
1), accounting for more than 60 specimens. The
preservation of this species is poor, and in almost
all individuals protoconch is not preserved. Previ-
ously, the absence of an embryonic shell made it
doubtful to assign a specific species name (Ujihara
et al., 1990; Janssen, 1999), and identification was
roughly done based on the shell outline (Janssen,
2007). However, presently, only three living spe-
cies are recognized (WoRMS, 2025). Among them,
C. acicula appears distinct by its slender, straight,
and long shell. Within the Toukoshan formation,
shells of Scaphopoda of similar size and shape can
be distinguished from C. acicula by having non-
transparent, thicker shells of white color with a
glossy surface.

The stratigraphic range of C. acicula in Ceno-
zoic sediments of the western Pacific starts from
the Miocene in Japan (Shibata, 1980; Ujihara et al.,
1990) and Fiji (Janssen, 1999; Janssen and Greb-
neff, 2012). Very abundant C. acicula was
described from multiple Pliocene formations in
Japan (Shibata and Ishigaki, 1981; Shibata, 1984,
1986; Ujihara et al., 1990; Ujihara, 1996), and
maintained abundance trend until Pleistocene (Shi-
bata and Ishigaki, 1981; Shibata and Ujihara,
1983; Shibata, 1984).

Genus STYLIOLA Gray, 1847

Type species. Cleodora recta Blainville, 1827
accepted as Styliola subula (Quoy and Gaimard,
1827), type by monotypy.

Styliola subula (Quoy and Gaimard, 1827)
Figure 2F

*1827 Cleodora subula Quoy and Gaimard, p.
233-234, pl. 8D, figs. 1-3.

1912  Clio (Styliola) subula (Quoy and Gaimard);
Yamakawa and Ishikawa, p. 4, pl. |, figs.
4a, 4b.

1972 Creseis acicula (Quoy and Gaimard, non
Creseis acicula (Rang, 1828)); Noda, p.
481, pl. 57, figs. 1-4.

.1983 Styliola subula (Quoy and Gaimard); Shi-
bata and Ujihara, p. 161, pl. 44, fig. 6.

1984  Styliola subula (Quoy and Gaimard); Shi-
bata, p. 79, pl. 24, figs. 8, 9.

.1989 Styliola subula (Quoy and Gaimard); Jans-

sen, p. 32, pl. 5, figs. 13—-19; pl. 6, figs. 1—
9.

.1990 Styliola subula (Quoy and Gaimard); Uji-
hara, Shibata, and Saito, p. 313, pl. 1, fig.
2.

.1996 Styliola subula (Quoy and Gaimard); Uji-
hara, p. 774, figs. 3.6-3.9.

1999  Styliola subula (Quoy and Gaimard); Jans-
sen, p. 180, pl. 1, figs. 1a, 1b.

.2007 Styliola subula (Quoy and Gaimard); Jans-
sen, p. 73, pl. 3, figs. 1-4; pl. 24, figs. 2, 3.

.2012  Styliola subula (Quoy and Gaimard); Jans-

sen and Grebneff, p. 20.
Material. Miaoli County, Houlong Township; Tou-
koshan Formation, Late Pleistocene; 1 specimen,
ASIZF0101026.
Description. Shell straight and conical, slightly
curved. Barely visible longitudinal groove become
more apparent closer to aperture. Aperture broken.
Depression made by groove slightly compress cir-
cular transverse section. Protoconch elliptical and
pointed. Protoconch tip of single specimen broken,
visually divided from postembryonic shell by circu-
lar groove (depression).
Remarks. This species is represented by only a
single specimen of a small size (2.3 mm). Styliola
subula can be easily identified by having a groove
that runs across the whole shell from the apex
towards the aperture, and the shell being wide
starting from the contraction at the protoconch.

In the western Pacific sediment sequences,
Styliola subula appeared during the Miocene in
southern Australia (Janssen, 1989), Indonesia
(Janssen 1999), and southern and central Japan
(Shibata, 1986; Ujihara et al., 1990). During the
Pliocene-Pleistocene, the distribution of this spe-
cies ranged from Indonesia (Janssen, 1999; Jans-
sen and Grebneff, 2012) and the Philippines
(Janssen, 2007) to central Honshu, on both west-
ern Noto and eastern Boso Peninsulas (Noda,
1972; Shibata and Ishigaki, 1981; Shibata and Uji-
hara, 1983; Shibata, 1984; Ujihara et al., 1990; Uji-
hara, 1996).

Family CAVOLINIIDAE Gray, 1850 (1815)

Subfamily CAVOLINIINAE Gray, 1850 (1815)
Genus CAVOLINIA Abildgaard, 1791

Type species. Cavolinia natans Abildgaard, 1791
accepted as Cavolinia tridentata (Forsskal, 1775),
type by monotypy.

Cavolinia globulosa Gray, 1850
Figure 3A-B

*1850 Cavolinia globulosa Gray, p. 8.



1912 Cavolinia (s. str) globulosa Gray;
Yamakawa and Ishikawa, p. 20, pl. VI, figs.
12a-12c.

.1983 Cavolinia globulosa Gray; Shibata and Uji-
hara, p. 164, pl. 45, fig. 3.

.1984 Cavolinia globulosa Gray; Shibata, p. 85,
pl. 26, figs. 1, 2.

.1986 Cavolinia globulosa Gray; Shibata, Ishi-

gaki, and Ujihara, p. 50, pl. 8, fig. 9.
Material. Miaoli County, Houlong Township; Tou-
koshan Formation, Late Pleistocene; 2 specimens,
ASIZF0101027-028.

Description. Shell comparatively big in size. Ven-
tral part absent in all specimens. Apical spine nar-
row and bended dorsally, but mostly broken.
Lateral spines small, directed to caudal side. Dis-
tance between their tops smaller than shell width in
middle. Dorsal part mostly rounded, except for cau-
dal part. Five dorsal ribs can be distinguished. Lat-
eral ribs wide, middle ribs separated by not deep
grooves. Dorsal apertural lip bent ventrally, creat-
ing hump.
Remarks. In our samples, this species is repre-
sented by only the dorsal parts of two individuals.
Shells of Cavolinia globulosa differ from other
Cavolinia species by having small lateral spines
almost oriented backwards, and the shell having its
greatest width at its middle part. Shibata (1984)
noted that his fossil specimens differ slightly from
the recent counterpart by having a more curved
dorsal lip and a more ovate-elongated shape.
Within the West Pacific region as a fossil this
species was recorded only from deposits in Japan,
ranging from the Okinawa islands (Shibata and Uji-
hara, 1983) up to the central Honshu (e.g., Shibata
et al., 1986), with the first appearance during the
Miocene (Shibata, 1984) and ranges from Neo-
gene to Quaternary (Shibata and Ishigaki, 1981;
Shibata and Ujihara, 1983; Shibata, 1984; Shibata
et al., 1986).

Cavolinia cf. gibbosa d’Orbigny, 1835
Figure 3C

?1912 Cavolinia (s. str.) gibbosa (d'Orbigny);
Yamakawa and Ishakawa, p. 21, pl. VI,
figs. 13a—13c.

Material. Miaoli County, Houlong Township; Tou-

koshan Formation, Late Pleistocene; 1 specimen,

ASIZF0101029.

Description. Shell comparatively big, rounded. On

the dorsal side at least five radial ribs present, all of

the same size. Outer hump absent. Rostrum
appear wide and flat.
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Remarks. In our material, only a single fragment
was recovered, representing only the dorsal part
with a rostrum. Based on the relatively big size of
the shell, wide outer hump and inner hump being
not strong, it is possible current specimen belongs
to the species Cavolinia gibbosa (d’Orbigny, 1835).
But due to the lack of other important features, we
cannot assign more precise name. It differs from C.
globulosa from the Toukoshan Formation by not
having distinct outer hump.

Fossil specimens of this species were recov-
ered only from the Japanese Neogene and Quater-
nary sediments. The oldest records appear to be
incomplete shells of Cavolinia gibbosa from the
Chiba Prefecture of the “Neogene” sediments
(Yamakawa, 1912). Shibata and Ujihara (1983)
and Shibata (1986) reported this species from mul-
tiple formations in central Honshu of the Pleisto-
cene age. Additionally, species reported as
Cavolinia okinawana Noda, 1972 bears high
resemblance to C. gibbosa, however, more
detailed comparison of type specimens is required.

Cavolinia cf. tridentata (Forsskal, 1775)
Figure 3D

Material. Miaoli County, Houlong Township; Tou-
koshan Formation, Late Pleistocene; 1 specimen,
ASIZF0101030.

Description. Dorsal lip triangular in shape, with
rather broad rostrum. Small lip gutter, but no con-
striction. One evident central dorsal radial rib does
not continue to the rostrum. Outer hump not steep.
Inner hump cannot be observed.

Remarks. This specimen is hard to identify due to
the limited features that are preserved. The only
preserved dorsal lip has one distinct feature that
represents a central dorsal rib that ends before
outer hump and does not continue to the rostrum.
This characteristic can also be observed in Cavo-
linia tridentata (Forsskal, 1775) and Cavolinia shi-
batai Janssen, 2007. However, comparing the
Toukoshan specimen to Pagasinan species (Jans-
sen, 2007), C. shibatai has no inner hump, and C.
tridentata has a comparatively wider rostrum. Addi-
tionally, our studied specimen also resembles Dia-
cavolinia triangulata Van der Spoel, Bleeker and
Kobayasi, 1993 in the lateral view; however, in the
original description, the feature of dorsal ribs was
not specified. The main difference between Cavo-
linia and Diacavolinia Van der Spoel, 1987 species
lies in the development of the shell, with Cavolinia
species retaining the protoconch. Combining that
our specimen lacks the caudal part and the rostrum
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FIGURE 3. Species of the family Cavoliniidae, subfamily Cavoliniinae from the Toukoshan Formation, Miaoli, northern
Taiwan. A-B, Cavolinia globulosa, ASIZF0101027-028; C, Cavolinia cf. gibbosa, ASIZF0101029; D, Cavolinia cf. tri-
dentata, ASIZF0101030. Scale bars A—C, D equal 1 mm.

is long and not wide, we decided to assign it to the
species Cavolinia tridentata.

Genus DIACAVOLINIA Van der Spoel, 1987

Type species. Hyalaea longirostris Blainville, 1821
accepted as Diacavolinia longirostris (Blainville,
1821), type by original designation.

Diacavolinia longirostris (Blainville, 1821)

Figure 4

*1821 Hyalaea longirostris Blainville, p. 81.

1912  Cavolinia (s. str.) longirostris (Blainville);
Yamakawa and Ishikawa, p. 19, pl. VI, figs.
11a—11c.

.1983 Cavolinia longirostris longisrostris (Blain-
ville); Shibata and Ujihara, p. 164, pl. 45,
fig. 5.

.1984 Cavolinia longirostris forma longirostris

(Blainville); Shibata, p. 86, pl. 25, figs. 5, 6.

.1993 Diacavolinia longirostris (Blainville); Van
der Spoel, Bleeker. And Kobayashi, p. 132,
fig. 3.
Material. Miaoli County, Houlong Township; Tou-
koshan Formation, Late Pleistocene; 9 specimens,
ASIZF0101031-039.
Description. Shell medium in size, triangular from
the dorsal view. The greatest width of the shell at
the lateral spines. Ventral part moderately swollen
and convex. Growth lines visible along all ventral
part. Dorsal side smooth and glossy, slightly con-
vex with five longitudinal ribs, three of them in the
center the most evident. Middle longitudinal rib
continues to the rostrum. Outer hump absent. Lat-
eral ribs wide. Growth lines evident on the dorsal
side. Dorsal lip bent ventrally and considerably pro-
trudes over the ventral part of the shell. Second
lock mechanism present. Apical spine shaded,
leaving a caudal joint.
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FIGURE 4. Diacavolinia longirostris from the Toukoshan Formation, Miaoli, northern Taiwan. A-l, ASIZF0101031-039.
Scale bars A-B, C-l equal 1 mm.

Remarks. Representatives of this species are
among the most abundant in the studied locality
(Table 1). All studied specimens align with the so-
called Diacavolinia longirostris group, which has
been the subject of taxonomic debate (Burridge et
al., 2019) and includes D. longirostris and closely
related taxa. The slight variation in form and shape
of our specimens can be observed. Some of them,
which are represented by only the dorsal part of
the shell (Figure 4E-I), differ from others only by
the dorsal lip that is only slightly bent to the ventral
side compared to the rest of the specimens (Figure
4A-D). These specimens may belong to the spe-
cies Diacavolinia vanutrechti Van der Spoel,

Bleeker and Kobayasi, 1993. Another difference
lies in two specimens with a complete shell, with
one specimen being more convex with lateral
spines bent outwards (Figure 4A), which is charac-
teristic of D. longirostris. The other specimen (Fig-
ure 4B) has a generally smaller and less convex
shell with straight lateral spines. Generally, these
variation lies within the D. longirostris, but the
incompleteness of most of the specimens and a
small number of individuals hinder a more precise
identification. At the same time, recent phyloge-
netic and morphological study (Burridge et al.,
2019) suggests that D. longirostris might be
restricted only to the Atlantic Ocean.
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Within the Neogene and Quaternary deposits
in the Indo-West Pacific region, this species was
reported only from Japan, with the southernmost
occurrence in the Okinawa islands (Noda, 1972;
Shibata and Ujihara, 1983) up to the central Hon-
shu (Yamakawa, 1912; Shibata and Ujihara, 1983).
The earliest occurrence of Diacavolinia longirostris
is of Miocene from the Shizuoka Prefecture (Shi-
bata, 1984) and noted to be abundant in the early
Pleistocene deposits (Shibata and Ishigaki, 1981).

Key distinguishing features include the degree
of convexity in the dorsal and ventral parts, the
shape and characteristics of the rostrum, the con-
figuration of lateral spines, and the presence of
outer and inner humps (Van der Spoel et al., 1993).
Most of the Diacavolinia longirostris specimens
from the Toukoshan Formation are poorly pre-
served, with broken dorsal parts that obscure these
critical diagnostic features. Some variation in the
dorsal lip was observed, with certain specimens
resembling D. vanutrechti, which is characterized
by a less ventrally tilted dorsal lip. However, due to
insufficient preservation, confidently distinguishing
between these species is challenging. Conse-
quently, all these specimens are provisionally iden-
tified as D. longirostris.

Diacavolinia cf. bandaensis Van der Spoel,
Bleeker, and Kobayasi, 1993
Figure 5A

*1993 Diacavolinia bandaensis Van der Spoel,
Bleeker and Kobayasi; p. 144, figs. 19A-B,
pl. I, fig. 24.

Material. Miaoli County, Houlong Township; Tou-
koshan Formation, Late Pleistocene; 1 specimen,
ASIZF0101040.

Description. Dorsal side of the shell smooth and
glossy, not convex. Five longitudinal ribs, three of
them in the center the most evident, lateral spines
wide and continue to lateral spines. Dorsal lip trian-
gular in shape, with rostrum. Outer hump evident.
Rostrum broken, but the basement suggests that it
rater broad. Apertural margin of the dorsal side tri-
angular in shape with central radial rib being the
longest. Growth lines evident on the dorsal side.
Remarks. The single broken specimen represent-
ing only part of the dorsal side differs from other
cavoliniids from the Toukoshan Formation. The
presence of the hump that comes before rostrum,
makes it different from Diacavolinia longirostris. To
our knowledge, this species has no fossil record
and current specimen may represent the first Pleis-
tocene occurrence of D. bandaensis.
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This species was first described by Van der
Spoel et al. (1993) from the Banda Sea in Indone-
sia. They noted that this species is closely related
to Diacavolinia angulosa (Gray, 1850) and Diaca-
volinia pacifica Van der Spoel, Bleeker, and
Kobayasi, 1993, but the latter two species are
smaller, and the outer hump has slightly arched
shape compared to more triangular in D. ban-
daensis.

Subfamily DIACRIINAE Rampal, 2019
Genus DIACRIA Gray, 1840

Type species. Hyalaea trispinosa Blainville, 1821
accepted as Diacria trispinosa (Blainville,
1821), type by subsequent designation.

Diacria cf. philippinensis Janssen, 2007t
Figure 5B-C

*2007 Diacria philippinensis Janssent; p. 100, pl.
7, fig. 3; pl. 8, fig. 6; pl. 25, fig. 1.

.2012 Diacria philippinensis Janssent; Janssen
and Grebneff, p. 24, figs. 16a—c.

Material. Miaoli County, Houlong Township; Tou-
koshan Formation, Late Pleistocene; 2 specimens,
ASIZF0101041-042.

Description. Dorsal part of the compressed shell
not swollen with three evident central ribs. Lateral
ribs wide, mostly broken. The remaining part of the
caudal spine indicates its long length. Dorsal aper-
ture edge almost straight, broken.

Remarks. From the studied locality, this species is
represented by two fragmentary specimens, com-
prising one with preserved only the dorsal part, and
one with the base of the apical spine. The charac-
teristic feature of the latter specimen is the pres-
ence of three radial dorsal ribs and remains of the
apical spine, resembling species Diacria philippin-
ensis, but lacking transverse ornamentation at the
dorsal apertural margin. However, species Diacria
trispinosa (Blainville, 1821) (specifically, forma
trispinosa) also possesses similar features. Unlike
D. philippinensis, shells of D. trispinosa are bigger,
less convex, and widen sharply in the posterior part
at the base of the apical spine. However, our spec-
imens lack important characteristics of the ventral
side and lateral spines that hinder more precise
identification.

The species Diacria philippinensis was
described based on material from the type locality
in Luzon, Philippines of Pliocene age (Piacenzian)
(Janssen, 2007). Occurrence from the sediments
of the same age is known in the Viti Levi Island, Fiji
Archipelago (Janssen and Grebneff, 2012). It is
worth noting that both records differ by the convex-
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FIGURE 5. Species of the family Cavoliniidae, subfamily Diacriinae from the Toukoshan Formation, Miaoli, northern
Taiwan. A, Diacavolinia cf. bandaensis, ASIZF0101040; B—C, Diacria cf. philippinensis, ASIZF0101041-042; D-E,
Telodiacria quadridentata, ASIZF0101043—-044. Scale bars A, D-C, D-E equal 1 mm.

ity and the shape of lateral spines; in Fiji's speci-
mens are placed wide apart. Additionally, Janssen
(2007) mentioned that the apical spine is shed in
all specimens from the Philippines and replaced by
a septum. However, Fiji specimens (Janssen and
Grebneff, 2012) retained their apical spine. Our
studied material resembles shells described from
the Fiji Archipelago.

Genus TELODIACRIA Rampal, 2019

Type species. Hyalaea quadridentata Blainville,
1821 accepted as Telodiacria quadriden-
tata (Blainville, 1821), type by original des-
ignation.

Telodiacria quadridentata (Blainville, 1821)
Figure 5D-E

*1821 Hyalaea quadridentata Blainville, p. 81.

1
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1912 Cavolinia (Diacria) quadridentata (Blain-
ville); Yamakawa and Ishikawa, p. 18, pl.
VI, figs. 10a—10c.

Diacria quadridentata erythra Van der
Spoel; Shibata and Ujihara, p. 163, pl. 44,
figs. 10, 11.

Material. Miaoli County, Houlong Township; Tou-
koshan Formation, Late Pleistocene; 2 specimens,
ASIZF0101043-044.

Description. Shell medium in size (3 mm), rather
higher than wide. Ventral part absent in examined
specimens. Dorsal side is moderately convex.
Thickened dorsal apertural margin has brownish
color in inner and outer sides, closer to aperture
margin transverse crests are present. Five dorsal
radial ribs separated by distinct grooves, three ribs
in the middle are the most distinct. Apical spine
absent. Lateral spines not recognizable as lateral
parts of the shell broken.

Remarks. This species from the Toukoshan For-
mation comprises only the dorsal parts of two
specimens. Based on the Yamakawa (1912) record
from the Chiba Prefecture in central Japan, this
species started its appearance in the West Pacific
during the Neogene. However, the only other
record from Pleistocene deposits is Shibata (1986).
Shibata and Ujihara (1983) identified this taxon as
Diacria quadridentata erythra Van der Spoel, 1971,
but their specimen differs from D. q. erythra (cur-
rently accepted as Diacria erythra Van der Spoel,
1971) by being comparatively smaller with less dis-
tinct radial ribs, and, thus, represents T. qudriden-
tata.

.1983

DISCUSSION
Taxonomic Composition

The Toukoshan Formation has revealed a
diverse yet relatively sparse fauna of holoplank-
tonic gastropods. This assemblage predominantly
comprises at least nine pteropod taxa and a single
heteropod species. Among these, the most abun-
dant is Creseis acicula, whose fragile shells are
well-preserved but lacking embryonic parts. The
next most common species is Diacavolinia longi-
rostris. However, the species affiliation needs to be
confirmed by a more comprehensive review of this
species within the Cenozoic sediments in the Indo-
West Pacific, as it was recently suggested that this
species is restricted only to the Atlantic Ocean
(Burridge et al., 2019).

Other pteropod species are represented by
only a few fragmentary shells with low abundance.
Notably, the typically abundant and common spe-
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cies from the Pleistocene deposits (e.g., Shibata,
1984), Styliola subula, is nearly absent from our
study. Atlanta turriculata is the only heteropod spe-
cies found in the Toukoshan Formation. However,
this single specimen is the first record of heteropod
from the Pleistocene deposits in Taiwan.

Placing the Toukoshan Holoplanktonic Fauna
in Time and Place

The fossil record indicates that the modern
holoplanktonic fauna in the West Pacific began to
establish during the Pliocene-Pleistocene, with
most species having their first appearance during
the Miocene (Bernasconi, 1982; Shibata, 1986;
Wang et al., 1997). The most comprehensive fossil
records of holoplanktonic gastropods are from
Japan, where deposits of various ages have been
reported (Figure 6). However, the nearly absence
of records from other parts of the West Pacific
strongly hinders our understanding of the origin
and development of the fauna during the entire
Neogene and Quaternary in the region, although
this limitation can also be applied to other marine
faunas (Lin et al., 2021; Mediodia et al., 2024). Fur-
ther paleontological investigations could signifi-
cantly enhance our understanding of
holoplanktonic mollusk distributions.

Pteropods in South China Sea are thought to
have originated in the open waters of the western
Pacific and subsequently dispersed into the sea
during the Late Quaternary via the Bashi Strait,
located between the southern tip of Taiwan and
Luzon Island (Wang et al., 1997). It is plausible that
the Toukoshan fauna in the northern Taiwan Strait
shares this origin. Alternatively, the connection
between the Taiwan Strait and the northern West
Pacific might have been facilitated by the China
Coastal Current (Ho et al., 2022).

Nearly all pteropod species from the Tou-
koshan Formation are extant and have been docu-
mented in Indo-West Pacific deposits since the
Miocene (Figure 6). Exceptions include Diacria cf.
philippinensis and Diacavolinia cf. bondaensis. The
known stratigraphic range of D. philippinensis is
the Pliocene (Janssen, 2007; Janssen and Greb-
neff, 2012), suggesting it likely evolved during the
Miocene but lacks living representatives. As the
present study identified specimens as D. philippin-
ensis, its stratigraphic range has been extended
into the Pleistocene, being the first recorded Qua-
ternary occurrence of this species. In contrast, D.
bandaensis lacks fossil records from the Pacific
region and is only known as a living species (Van
der Spoel et al., 1993; Burridge et al., 2019). This
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FIGURE 6. Combined records of fossil occurrences from the literature of pteropods and heteropods in the West Pacific
region. A, species of the family Atlantidae; B, species of the family Creseidea and Cavoliniidae.
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study provides a potential first Quaternary record
for this taxon. However, due to the high morpholog-
ical similarity between D. bandaensis and Diacavo-
linia angulosa—a species widely reported in Indo-
West Pacific Neogene and Quaternary deposits—a
thorough comparison with type specimens and
new fossil records could reveal additional occur-
rences of this species.

The holoplanktonic gastropods from the Tou-
koshan Formation predominantly represent tropi-
cal-subtropical species, which are characteristic of
the circumglobal warm-water region (Be and
Gilmer, 1977, and references therein; Wall-Palmer
et al., 2016). Most of the pteropod species live in
wide range of temperatures ranging from 15 to
28°C (Chen and Be, 1964; Van der Spoel, 1967;
Williams, 1972), with an exception of T. quadriden-
tata that can tolerate only narrow range of warm
water temperature (Williams, 1972). Based on the
radiocarbon dating (e.g., Wang and Peng, 1990;
Ho et al., 2022), the age of the Toukoshan Forma-
tion correlated to the MIS 3, and characterized by
milder glacial temperatures (Ho et al., 2022). The
cooler conditions may influence the decline in
abundance and number of species of warm-water
pteropods at that time. This is possibly reflected in
the presence of a high number of eurythermal C.
acicula, along with a low abundance of stenother-
mic T. quadridentata. The contrast in number of
taxa is observed from the Szekou Formation,
another locality studied by us, that are considered
to represent warmer MIS 5e, and several forma-
tions in central Japan (Shibata and Ujihara, 1983),
yielding greater diversity and occurrence of both
pteropods and heteropods. A similar situation was
observed in cores from the Red Sea (Almogi-
Labin, 1982), where diversity peaked during inter-
glacial stage 5, in contrast to the reduction of diver-
sity towards glacial maxima at stage 2. However,
the discrepancies in the interpreted age of the Tou-
koshan Formation complicate precise correlations
with other records, permitting only generalized
comparisons.

During the deposition, a shallow-water condi-
tion is proposed, with a depth of around 60 m
(Chow, 1980). The holoplanktonic fauna reported
in the present paper is epipelagic and typically
inhabits depths above 200 m (Tesch, 1948; Wor-
melle, 1962), usually with pronounced diurnal
migration (Bé and Gilmer, 1977; Wall-Palmer et al.,
2018). An exception may be represented by C.
acicula, which is known to inhabit only the upper 50
m (Myers, 1968). Similarly, the higher abundance
of this species compared to others indicates condi-
tions shallower than 100 m and may support previ-
ous interpretations of depositional conditions for
the fossil-bearing layer (Chow, 1980). However, it
should also be noted that, due to their buoyant
shells, pteropods may have been transported over
long distances at the surface before sinking and
being deposited, potentially in waters shallower
than their original habitat.

The current study represents a resumption of
studies on fossil mollusks in Taiwan and aims to
contribute to the scarce records of holoplanktonic
gastropods in the West Pacific. It might improve
our understanding of their development and estab-
lishment in this area after its dispersal from the
Tethys residual basin (Li et al., 2020). A thorough
investigation on fossil holoplanktonic gastropods is
planned within Taiwan and adjacent territories.
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