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Abstract 

 

Fossil molluscs from the Ena, Shikura and Shirakawa limestones within the Middle Miocene Sa-

kurada Formation (Yugashima Group) on the Izu Peninsula, central Japan represent the tropical shal-

low marine community lived around a volcanic island(s) that located at latitudes much lower than 

the present. A new gastropod species, Astralium ena, is described from the Ena Limestone. This new 

species is distinct from the most similar species Astralium verbeeki Icke from the Lower Miocene of 

Nias in Indonesia by the higher shell profile, more impressed suture, thicker axial ribs and more 

number of spiral cords on the base. This is the second species of the genus Astralium recognized 

from the Miocene of Japan. 
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1. Introduction 

 

The Ena, Shikura and Shirakawa limestones are 

small-scale allochthonous sedimentary bodies that are 

intercalated within the Middle Miocene volcano-clas-

tic Sakurada Formation (Yugashima Group) in Matsu-

zaki and Nishi-izu towns of Izu Peninsula, Shizuoka 

Prefecture, central Japan (Misawa et al., 2007). These 

limestone bodies contain quite rich tropical rocky 

shore molluscs and provide a window into the paleo-

biodiversity of a tropical island(s) in the northeastern 

Philippine Sea Plate (Tomida and Kadota, 2012a, b, 

2014; Tomida et al., 2013, 2017, 2019, 2021; Kadota, 

2015; Kase et al., 2020). The Sakurada Formation has 

been correlated to nannofossil zone CN4 (Okada et al., 

1986; Okada, 1987) and dated between 14.9–13.5 Ma 

based on Gradstein et al. (2012).  

This paper is the eighth installment of the system-

atic studies in the fossil molluscs from the Middle Mi-

ocene limestone bodies on the Izu Peninsula. We here 

describe a new species of the genus Astralium based 

on the material from the Ena Limestone in the Matsu-

zaki area (Fig. 1). The Ena Limestone consists of two 

limestone blocks: the larger and smaller ones are ap-

proximately 10 m and 7 m in length and 0.8 m and 1.2 

m in thickness, respectively. These blocks contain 

reef-building corals, larger foraminifers and rocky 

shore molluscs. For detailed locality description and 
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faunal composition of the Ena Limestone, see Kadota 

(2015), Tomida and Kadota (2014), Tomida et al. 

(2019) and Kase et al. (2020).  

Repository abbreviations: MGVC (Matsuzaki Geo-

park Visiting Center, Matsuzaki); NMNS (National 

Museum of Natural and Sciences, Tsukuba); NUM 

(Nagoya University Museum, Nagoya); SPMN (Mu-

seum of Natural and Environmental History, Shizuoka). 

 

2. Systematic Description 

 

Family Turbinidae Rafinesque, 1815 

Genus Astralium Link, 1807 

 

Astralium ena, new species 

(Fig. 2) 

[New Japanese name: Ena-urauzugai] 

Diagnosis: Small, coniform Astralium less than 24 

mm high, with angular to subangular basal periphery, 

flat to concave and spirally ornamented base. Whorls 

flat to concave in earlier, convex and constricted by 

rather deeply impressed suture in later. Sculpture of 

opisthocline transverse axial ribs, variable in number 

from 18 to over 40 on last whorl. Basal periphery tu-

berculate or slightly spiny. 

Type material: Holotype, NMNS PM65696; 4 

paratypes, NMNS PM65692–65695; 1 paratype, 

NUM-Fa456; 1 paratype, SPMN FL25008; 2 para-

types MGVC F0042, 0043. 

Type locality: Ena, Matsuzaki-cho, Kamo-gun, 

Shizuoka Prefecture (34°45′42″N; 138°47′9″E). 
Type horizon: Ena Limestone intercalated within 

the Sakurada Formation. 

Etymology: The species is named after its type-

locality, Ena. The name is used as a noun in 

apposition. 

 

 

 

Table 1. Shell measurements for Astralium ena, 

new species. 

Specimen number Type
Shell height

(in mm)
Shell width

(in mm)

NMNS PM65692 Paratype 15.2 14.8

NMNS PM65693 Paratype 14.6 16.1

NMNS PM65694 Paratype 14.5 16.7

NMNS PM65695 Paratype 14.7 15.1

MGVC-F0042 Paratype 15.3 14.7

SPMN FL25008 Paratype 19.7 17.4

NUM-Fa456 Paratype 16.6 16.5

MGVC-F0043 Paratype 20.2 20.7

NMNS PM65696 Holotype 23.8 21.7  
 
 

 
Fig. 1. Index maps showing the fossil locality in central Japan (A), and the fossil collecting site 
(★), in Matsuzaki-cho (B), Kamo-gun, Shizuoka Prefecture; Topographic map in B was ob-

tained from 1:25,000 scale electric map of the Geospatial Information Authority of Japan. 
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Fig. 2. Astralium ena, new species from the Ena Limestone at Ena, Matsuzaki-cho, Kamo-gun, 
Shizuoka Prefecture, Japan. A–C, apertural, adapertural and basal views of paratype, NUM 
Fa456; D, E, apertural and adapertural views of paratype, NMNS PM65695; F, G, adapertural 
and apertural views of paratype, SPMN FL25008; H–J, apertural, adapertural and basal views 
of holotype, NMNS PM65696.  

 

 
Description: Shell small, coniform, anomphalous, 

up to 23.8 mm high and 21.7 mm wide, as high as 

wide (width/height ration = 0.9–1.1). Spire conical, 

its height almost half of shell height. Spire angle 

63°–84°. Protoconch all eroded. Teleoconch up to 

5.5 whorls, straight- to concave-sided on early 

whorls, separated by linear suture and very nar-

rowly shouldered in some specimens, while weakly 

convex and constricted above and below by im-

pressed suture on later whorls. Teleoconch whorls 

ornamented with more or less irregularly arranged 

transverse axial ribs, sometimes bifurcating, divid-

ing into two or more subordinate ones or interven-

ing additional one, slightly noded near suture; 

number of ribs highly variable, counting 15 to 

around 40; some obscure spiral cords occur on 

adapertural part of penultimate whorl. Last whorl 

more or less angulated at middle, ornamented with 

opisthocline axial ribs same as those on early 

whorls in nature, 18 to over 40 in number, granu-

lated or becoming rough on area above basal pe-

riphery, and finely tuberculated or spiny at basal pe-

riphery. Base angulated to subangulated at periph-

ery, flat to slightly concave, ornamented with 7 to 

10 rather thick spiral cords. Aperture oblique and 

low elliptical, parietal area covered with callus, col-

umella evenly rounded. Operculum unknown. 

Measurements: see Table 1. 
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Remarks: Astralium is very rare in fossil occur-

rence and constitutes a minor element of the Neo-

gene and Quaternary warm-water marine molluscan 

assemblages in the Indo-Pacific region. Our exten-

sive survey of literature shows that there are six 

named and four unnamed species from the Miocene 

beds, none from the Pliocene beds, and two species 

referable to the modern species and one unnamed 

species from the Pleistocene deposits (Table 2). As-

tralium hayakawai (Kanno, 1958) is the only species 

that has been recognized from the Miocene of Japan 

so far. Among them, A. ena, n. sp. is most similar to 

Astralium verbeeki Icke in Icke and Martin (1907) 

from a Late Miocene bed of Nias, Indonesia. In par-

ticular, smaller specimens of A. ena, n. sp. that bear 

an obscure shouldered edge on the last whorl show 

almost the same shell profile with A. verbeeki (Fig. 

2A–E). In addition, both species share the surface 

sculpture that consists of many opisthocline, more or 

less clumsy axial ribs, and the presence of spiral 

cords on the base. However, the present new species 

is easily distinguished from A. verbeeki by its higher 

shell profile, more deeply impressed suture, thicker 

axial ribs and much number of spiral cords on the 

base. Astralium ena, n. sp. also resembles Astralium 

waluensis (Ladd, 1966) [= Astraea (Calcar) sp. A in 

Ladd, 1934] from the Lower Miocene Suva For-

mation in Fiji. In A. waluensis seven or eight opis-

thocline axial ribs consist of a bundle of much finer 

axial ribs and bear a broad-based hollowed spine 

each on them, while such axial ribs and spines are 

absent in the present new species. Astralium sp. il-

lustrated by Dharma (2005) from the upper Miocene 

Nyalindung Formation in West Java is also similar 

to A. ena, new species. A comparison of the two spe-

cies is pending for future study because the Nya-

lindung species has not been described formally yet. 

Astralium ena, n. sp. is also similar to Astralium bi-

serialis (Martin, 1884) from the Lower Miocene bed 

of Central Java, Astralium hayakawai (Kanno, 1958) 

from the Middle Miocene Hiranita Formation in the 

Chichibu basin, Japan and Astralium sp. 1 (Itoigawa 

et al., 1981) from the Lower to Upper Miocene 

Shukunohora Formation in the Mizunami basin, Japan. 

These three species are coniform and have a flattened 

base almost the same with the present new species, but 

the sculpture on the base in these three species con-

sists of one or two spiral rows of fine granules, while 

it consists of 7 to 10 granular spiral cords in the new 

species. 

Alf and Kreipl (2011) illustrated and gave shell 

characters for 20 named and one unnamed modern 

species from the Indo-Pacific. Among them, A. ena, n. 

sp. is most similar to Astralium confragosum (Gould, 

1848). Meyer et al. (2005) demonstrated that A. con-

fragosum is a morphologically and genetically distinct 

clade within the Astralium rhodostomum species com-

plex, and endemic to the Society and Tuamotu Islands 

in the South Pacific. Astralium confragosum is char-

acterized by its relatively small subconical shells that 

are as high as wide or slightly wider than high, shoul-

dered whorls, fine and irregular opisthocline axial ribs, 

and the hollowed spines on the shouldered angle and 

basal periphery. In contrast, the new species is higher 

than wide in shell shape, and does not have hollowed 

spine at the shouldered angle as well as basal periph-

ery. 

The present new species is also similar to 

Astralium haematragum (Menke, 1829) distributed 

in Japan and Taiwan, and Astralium rhodostomum 

(Lamarck, 1822) widely distributed in the Northern 

Indo-West Pacific oceans. However, there are clear 

morphological differences between the new and the 

above two species in that the axial ribs are trans-

verse between the upper and lower suture in the new 

species, while they consist of fine axial rugose ribs 

below the suture and much coarser axial spines or 

spiny costae above the suture and basal periphery in 

the extant species. 
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Table 2. Neogene fossil occurrence of Astralium in the Indo-West Pacific. 

Species Original assignment Formation Area Age References

Astralium biserialis (Martin, 1884)
Trochus  (Polydonta )  biserialis  Martin,
1884

unnamed bed
Central Java,
Indonesia

Early  Miocene
Martin, 1884; LeLoux &
Wesselingh, 2009

Astralium waluensis (Ladd, 1966)
Astraea  (Astralium ) waluensis  Ladd,
1966

Suva Formation Fij i Early  Miocene Ladd, 1934, 1966

Astralium  sp. A Astralium sp. 1
Shukunohora
Formation

Mizunami, Japan
Early  to Middle
Miocene

Itoigawa et al., 1981

Astralium  sp. B Astralium sp. 2
Shukunohora
Formation

Mizunami, Japan
Early  to Middle
Miocene

Itoigawa et al., 1981

Astralium proprium  (Hatai & Kotaka,
1952)

Astraea  (Calcar ) propria  Hatai &
Kotaka, 1952

Heiroku Formation North Korea Middle Miocene Hatai & Kotaka, 1952

Astralium hayakawai  (Kanno, 1958) Astraea hayakawai Kanno, 1958 Hiranita Formation Chichibu, Japan Middle Miocene Kanno, 1958

Astralium verbeeki Icke, 1907
Astralium  (Pachypoma ) verbeeki
Icke, 1907

not specified Nias, Indonesia Late Miocene
Icke & Martin, 1907; Skwarko &
Sufiati, 1999

Astralium eniwetokensis  (Ladd, 1966)
Astraea  (Astralium ) eniwetokensis
Ladd, 1966

not specified
Eniwetok atoll, W.
Pacific

Late Miocene Ladd, 1966

Astralium  sp. C Astralium sp. Nyalindung Formation West Java, Indonesia Late Miocene Dharma, 2005

Astralium  sp. D Astraea  (Astralium ) sp. A not specified
Eniwetok atoll, W.
Pacific

Late Miocene Ladd, 1966

Astralium rhodostomum (Lamarck,
1822)

Astraea  (Astralium ) rhodostoma
(Lamarck, 1822)

not specified
Western Pacific
Islands

Pleistocene Ladd, 1966

Astralium  sp. E
Astraea  (Astralium ) aff. rhodostoma
(Lamarck, 1822)

not specified
Funafuti, Western
Pafcific

Pleistocene Ladd, 1966

Astralium haematragum  (Menke,
1829)

Astralium haematragum  (Menke,
1829)

raised beach deposits Tateyama, Japan Holocene Yokoyama, 1924; Oyama, 1973
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Appendix 

Astralium ena Tomida, Inoue and Kase, new species  LSID: urn:lsid:zoobank.org:act:F712C866-9B44-4D1C-AE85-B43BF85C46FB 

新称：エナウラウズガイ 
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