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(Abstract) 

Thr巴eh巴teropods and fifteen pteropods are described from the middle P1eistocen巴 Takamatsu Silty Sandston e of the Atsumi Group in 

th巴 Atsumi Peninsula, Aichi Prefecture. Th巴y all are living species, and are inhabitants of warrn open sea wate r. The presence of pela gic 

mollu sks in all the samples from the sequence betwe巴n the Mya and Tonna Beds indicat es that open sea water frequently or continuously 

flowed into the depositiona l sit巴 duringdeposition of the sequence. Their absen ce in the sample from the D os ini a B ed suggests no inflow 

of open sea water into it in the course of deposition of this bed. 

Introduction 

The middle Pleistocen巴 Takamatsu Silty Sandstone 

of th巴 Atsumi Group in th巴 Atsumi Peninsula, Aichi 

Prefecture is well known for its prolific molluscan fossi1s 

(Yokoyama, 1926; Oinomikado, 1933; Hayasaka, 1961) . 

Shibata and Ujihara (1983) reported two pteropodous 

sp巴Cl巴s from the Takamatsu Silty Sandstone. Recently w e 

made pelagic mollusk collecting from it again. As a r巴sult

a lot of heteropod and pteropod specimens were obtained . 

They consist of three species of heteropods and fifteen 

species of pteropods includin g the two species previously 

reported from it. The purpos e of this paper is to describe 

all the heteropods and pteropods from that member, and to 

interpret th巴irpaleoenvironmental significance . 

All specimens treated in this paper are housed in 

Graduate School of Environmental Studies , Na goya 

Pacific Ocean ? 2 3 4km 

Fig.1. Map sho wing the co11ecting 10cality of p巴1agic

mo l1usk s fr om the Takamat su Silty Sandston巴 at

Takamatsu, Tahara City, Ai chi Pr巴fecture.
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Th巴 stratigraphy of th巴 Atsumi Group has b巴en describ巴d

by many work巴rs including Oinomikado (1 933) , Kuroda 

(1 958) , Hayasaka (1 961) , Hiroki and Kimiya (1 990) , 

Sugiyama (1991) and Shimamoto and others (1994) . This 

paper follows Shimamoto and others for the c1assification 

and nomenclature of th巴 group . Th巴 colJection of pelagic 

mollusks was made at th巴巴xposure of the Takamatsu Silty 

Sandston巴 600m southeast of Takamatsu , Tahara City 

(Fig . 1). This locality is the same locality as locality Al of 

Shibata and Ujihara (1983) . Sampling for pelagic mollusks 

was mad巴 at eight horizons in the stratigraphic sequ巴nce

betw巴en the Dosinia and Tonna Beds (Oinomikado, 1933) 

(Fig . 2). Sample 1, th巴 stratigraphically lowest sample is 

from the Dosinia Bed, and the others are from the se quence 

between the Mya and Tonna Beds. Two kg of sed im ent 

was coll巴cted from each sampling horizon. Besides that, 

additional 20 kg of sedim巴nt was sampl巴d for coll巴ctmg

rare pelagic mollusks from hori zo n 7 where p巴lag ic

mollusks most abundantly occu r. Pelagic mollusks w巴r巴

found to occur in all the samples except sampl巴 1 (Table 1). Hayasaka (1961) suggested shallow marine water in a 

Shimamoto and others (1994) dated th巳 Takamatsu Silty shelt巴red embayment and r巴lativ巴ly de eper marin巴 water

Sandstone to 0.44 士 0.18 Ma on th巴 basis of the ESR- in an 巴mbaym巴nt widely op巴n seawards as the sedimentary 

dating measuremen t. environment for the Dosinia Bed and both th巴 Mya and 

Tonna Beds, respective ly on the basis of benthic mollusk s. 

Univ巴rsity.

Collecting locality and age 

Sugiyama Sandstone 

Member 

Eヨ Sandstone
Eヨ Mu拘 Sandstone

Eヨ Mudstone

Sample 8 

Samp le 7 
Takamatsu 

Silty Sandstone 

Member 

Sample 6 

Sample 5 

Sample 4 

Sample 3 

Sample 2 

Sample 1 

m
 

Fig. 2. Columnar s巴ction of th巴 Takamatsu Silty Sandstone at 

the co llecting locality w ith the horizons sampled for 

pela gic mollu sks . 

Specie s Sample NlImber s 2 3 4 5 6 7 8 

Atlan{Q pero ni Les ue ur 4 

A. lesu eur i SOll le yct (1) 

A. turriculα/(1 d'Or bigny (4) 

Limacina inßωα (d'Orbigny) 5 2 94 12 

L. lesueurii (d 'Orb igny) 2 2 35 16 

L. bulimoide s (d'Orbigny) 2 4 

L. trochifo rmis (d'Orbigny) 5 4 4 8 55 23 

Creseis aciculα(Rang) 2 15 6 10 12 255 24 

C. vi rg ula (Ran g) 47 II 30 20 800 43 

5η liolα subulα (Quoy and Gaimard ) 自

Hyaloιylis st ri ata (Rang) 49 

Clio pyramida ta Linnaeus 3 

Cuvierina columne ll a (Rang) (1) 

Diacria trispinos a (de Blainville) (2) 

D. quadridentαrα (de Blainvill e) 5 

Ca volinia globu losa (Gray) (1) 

C. il1j1exa (Le sueur ) 2 2 

Dia cavoli nia longirostr日 (de Blain ville ) (10) 

Table 1. List of heteropod s and pt巴ropods frorn the 

Takamatsu Silty Sandstone at Takarnatsu. 

Numbers in parentheses show individual nurnbers 

of heteropods and pteropods found restrictedly in 

the additional sarnpl巴.

Paleoenvironment 

All the heteropods and pteropods from the Tak amatsu 

Silty Sandstone ar巴 living forms inhabitin g warm oceanic 

wat巴r r巴gions (T巴sch ， 1946 ; T巴sch ， 1948; Spoel, 196 7; 

B� and Gilmer, 1977), and they are useful as indicato rs 

of warm oceanic waters . The pres巴nce of such pelagic 

mollusks in sam pl es 2 to 8 indicates freque nt or continuous 

inflowing of warm open sea water into th巴 d巴positional

site during deposition of the sequence betwe巴n the Mya 

and Tonn a Bed s. On the other hand the absence of pelagic 

mollusks in sample l suggests no inflow of open sea 

water into the deposition al site during deposition of the 

Dosinia B巴d. It is most lik ely that this bed was deposited 

in a strongly protected 巴mbaym巴nt. Th巴 infer巳nce on th巴

depositional environment of the Takamatsu Silty Sandstone 

from pelagic mollusks support s that of Hayasaka (1961) 

above m巴ntlOn巴d.



Pelagic Mollusks from the middle Pleistoc巴n巴 Takamatsu Silty Sandstone 

Systematic paleontology 

Superfamily Heteropoda d'Orbigny , 1836 

Family Atlantidae Wiegmann and Ruth巴， 1832

Genus Atlanta Lesueur, 1817 

Atlanta peroni Lesueur, 1817 

(Figs . 3-5-6) 
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Description -. The present species is represented by a 

single specimen. Whorls 3 , separa ted by distinct suture 

Spir巴 small ， conical , its top projecting beyond the last whorl 

in ap巴rtural view. The last whorllarg巴， about two times as 

large as spire in diam巴ter. Aperture wide , with a fissure on 

outer lip . Keel high , not pen巴trating betwe巴n 10n巴r lip and 

p巴nultimat巴 whorl. Surface smooth . Dimensions; height 

0.57 mm, diameter 1.5 mm (KC20203). 

Discussion -. Atlanta lesueuri differs from th巴 pr巴ceding

sp巴cies in having a smaller spire. The specim巴n from the 

Atlanta peroni Lesueur, 1817 , p. 390 , pl. 2, figs. 1, 2; Shibata and Tonna B巴d constitutes th巴 firstfossil record of this species. 

Ujihara , 1983, p. 154 , pl. 46 , fig. 2; Grecchi , 1984 , p. 19 , 

pl. 1, fig. 19 , pl. 2, figs. 1, 2; Grecchi and Bertolotti, 1988 , p. 

120, pl. 2, fig. 3. 

Atlanta peronii Lesueu r. B ucch巴ri ， 1978 , p. 124, pl. 1, fig . 卜

Atlanta turriculata d'Orbigny , 1836 

(Figs .3-2-4) 

(Lit巴ratur巴 on Recent occurr巴nces are excluded from th巴 Atlanta tωuげr円r円'zcαulωat.ωαd'Orb刷igny ， 1836 , p. 173 , P戸l. 20 , figs. 5-11; 

synonymy.) Shibata and Ujihara , 1983 , p. 157 , pl. 47 , fig. 4 

(Literature on Recent occurrences are excluded from th巴

Description The apertural part is missing in all synonymy.) 

specimens. Shell flattened , with 3 1/2 whorls , separated 

by impressed suture. Embryonic shell consisting of one Description -. Whorls about 4 1/2. Embryonic shell 

whorl , smalL Spire slightly 巴levated ， conical , its top faintly swoll巴n. Spire turr巴ted， spir巴 whorls very slowly increasing 

projecting beyond the plane of the last whorl in sid e view . in diamete r. Suture canal icul ate. Spire whorls and th巴

Th巴 last whorl large , with a tall ke巴1. Th巴 k巴巴1 not inserted initial 1/4 of the last whorls ornament巴d with wavy spiral 

between inner lip and penultimate whor l. Surfac巴 of the threads; spiral thr巴 ads sev巴n in numb巴r on the initial 

shell smooth. part of the last whor l. The last whorl bearing a k巴巴L In 

one speclm巴n the k巴巴 1 is inserted betw巴en inner lip and 

Dimensions (in mm) -. 

Height Diameter 

KC20201 0.57 

KC20202 0.66 

1.5 

1.9 

Discussion -. Atlanta peroni closely res巴mbles Atlanta 

gaudichaudi Souleyet, but spir巴 whorls more rapidly 

mcreas巴 in diameter distally , and the embryonic shell is 

more depressed . 

Atlanta lesueuri Souley巴t ， 1852 

(Fig . 3-1) 

Atlanta lesueuri Sou1eyet, 1852 , p. 380 , pl. 20 , fig s. 1-8 

(Lit巴ratuI 巴 on Recent occurrences ar巴 exc1uded from the 

synonymy .) 

penultimate whor l. The underside of the last whorl slightly 

inflat巴d ， provided with wavy spiral threads . Aperture wide , 

with a fissure on out巴r lip. Umbilicus deep . 

Dimensions (in mm) 一.

Height Diameter 

KC20204 0.59 1.4 

1.8 KC20205 

Discussion -. The present species resembl巴s Atlantaルsca

Souleyet, but the spire is mor巴巴levated and slendere r. 

Order Thecosomata de Blainville, 1824 
Suborder Euth巴cosomata Meis巴nheimer， 1905 

Family Limacinidae Gray , 1847 

Genus Limacina Bosc, 1817 
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Limacina inflata (d'Orbigny, 1836) 

(Figs.4-1-2) 

Description -. Whorls about 4 1/2, s巴parated by distinct 

suture. Spire low, conical, visibl巴 in side vi巴w. Spire 

whorls rather regularly increas巴 in diamete r. Aperture 

Atlanta inflata d'Orbigny, 1836, p. 174, pl. 12, figs. 16-19. large , its inn巴r border straigh t. Umbilicus narrow , 

Limacina inflata (d'Or bigny). Yamakawa and Ishikawa, 1912a, p. semiluna r. Surface of th巴 shell smooth. 

2, pl. 1, fi g. 1; Collins, 1934, p. 179, pl. 7, fig s. 3-8; Almogi 

Labin and Reiss , 1977, p. 13, pl. 7, figs. 5, 7, p. 36, pl. 7, 

figs. 3, 4, 8, 9; Buccheri, 1978, p. 126, pl. 1, fig . 3; Shibata 

and 切ihara， 1983, p. 158, pl. 43 , fig. 1; Grecchi, 1984, p. 14, 

pl. 1, fig. 5; Grecchi and Bertolotti, 1988, p. 101 , pl. 1, fig 

1; Janssen, 1989, p. 14, pl. 2, fi gs. 5-7, pl. 3, fig. 11 , pl. 10, 

fig. 2; Janssen, 1998, p. 99, pl. 1, fig. 12; Mimoto and Nakao, 

2004, p. 20, fig. 2-5. 

Dim巴nsions (in mm) 一.

KC20209 

KC20210 

KC20211 

KC20212 

Height Diameter 

0.51 0.63 

0.67 0.74 

0.41 0.50 

0.73 

Spiratella injiat，α(d'Orbigny). Co lantoni and others, 1970, p. 176, Discussion -. Limacina lesueurii differs from Limacinα 

pl. 24, fig. 7; D'A1essandro and others, 1979, p. 82, pl. 15, inflata in having an elevated spire. 

fig. 11. 

Limacina (Heliconoides) inflata (d'Orbigny). Janssen, 1999, p. 14, 

pl. 2, figs. 10, 11 

(Literature on Recent occurrences are excluded from th e 

synonymy.) 

Limacina bulimoides (d'Orbigny, 1836) 

(Fig.4司8)

Atlanta bulimoidωd'Orbigny， 1836, p. 179, pl. 12, figs. 36-38. 

Spirat ella bu /imoides (d'Orbigny). Colantoni and oth巴rs ， 1970, p. 

Description -. She 1l coiled in on巴 l巴vel. Whorls 2 1/2, 178, pl. 24, figs. 3-4 

S巴parated by clear suture . Spire sma]] , not visibl巴 in sid巴 Limacina buli moi des (d'Orbigny) . Almog i- Labin and Reiss, 1977, 

view. The last whorl much larg巴r than the preceding p. 35 , pl. 7, fi gs . 1, 2; Bucch巴ri ， 1978 , p. 127, pl. 1, fig 

ones , we 1l swo 1len . Apertur巳 large， semilunar, basallip 5; Almogi-Labin , 1982, p. 56, pl. 1, figs. 1-4; Shibata and 

proj巴cted. Umbilicus narrow , circular, d巴巴p. Surface of the Ujihara, 1983, p. 158, pl. 43 , fi gs. 3, 4; Gr巴cchi ， 1984, p. 15, 

sh巴11 smooth. pl. 1, fig . 2; Grecchi and Bertolotti, 1988, p. 102, pl. 1, fi g. 4; 

Janss巴n ， 1998, p. 99, pl. 1, figs . 6-8. 

Dimensions (in mm) 一.

He ight Diameter 

KC20207 0.94 

KC20208 0.65+ 

1.3 

l.l 

(Litera ture on Recent occurrences are excl uded from the 

synonymy .) 

D巴scription -. Shell large for the genus Limαcina ， 

tu口'eted， whor ls about 4 1/2 in clud in g one embryomental 

Discussion -. The small spire hidden by the last whorl in one . Spire convex conical, about 1/3 of th巴 she1l hei ght. 

side vi巴w is diagnostic of Limacina iポata. Sutur巴 distinct. Apertur e semilunar, its inn巴r border 

straigh t. Umbilicus v巴ry narro w. Surface of the shell 

Limacina lesueurii (d'Orbigny, 1836) smooth. Dimensions; h巴ight 0.82 mm , diameter 0.55 mm  

(Figs.4-3-6) (KC20213) . 

Atlanta lesu eurii d'Orbigny, 1836, p. 177, pl. 20, figs. 12-15. Discuss ion -. The present sp巴cies has a high巴r sp ir e than 

Li macina lesueurii (d'Ort碍ny). Buccheri, 1978, p. 128 , pl. 1, fig. 4. Limacina trochiformis . 

Limacina lesueuri (d'Orbigny). Shibata and Ujihara, 1983, p. 159, 

pl. 43, figs. 5, 6 

(Literature on Recent occurrences are excluded from the 

sy nonymy.) 

Limacina trochiformis (d'Orbigny, 1836) 

(F ig.4-7) 



Pelagic Mollusks from the middle Pleistoc巴n巴 Takamatsu Silty Sandstone 
19 

Atlanta trochザormis d'Orbigny, 1836, p. 177, pl. 12, figs. 29-3 1. 1, fig. 7; Janssen, 1999, p. 15, pl. 3, figs. 1, 2. 

Spiratella trochiformis (d'Orbigny). Colantoni and others, 1970, p. Creseis acicula acicula Rang. Shibata and Ujihara, 1983, p. 159, 

177, pl. 24, figs. 5, 6. pl. 44, fig . 1 

Limacina trochij�mis (d'Orbigny). Almogi-Labin and Reiss, 1977 , Creseis acicula forma acicula Rang. Shibata, 1984, p. 78, pl. 23 , 

p. 14, pl. 8, figs. 1, 3, 4, pl. 9, figs. 2, 3, p. 36, pl. 8, figs. 2, fig s. 9, 10. 

5-7, pl. 9, fi g. 1; Buccheri, 1978, p. 126, pl. 1, fig. 6; Almogi- Creseis acicula forma acicula (Rang) . Ujihara and others, 1990, p 

Labin , 1982, p. 56, pl. 1, figs. 5- 7; Shibata and Ujihara, 312, pl. 1, fig. 1; Ujihara, 1996, p. 774, fig. 3.5. 

1983, p. 158, pl. 43 , fig. 2; Grecchi, 1984, p. 15, pl. 1, fig. 3; (Literature on Recent occurrences are exc lud ed from the 

Grecchi and Bertolotti, 1988, p. 103, pl. 1, fig. 2. synonymy.) 

(Literatur巴 on Recent occurrences are exclud巴d from th e 

synonymy.) 

Description -. Whorls 3, separated by deep suture, well 

inflated. Embryonic shell one, inflated . Spire conica! , 

about 1/6 of th巴 shell h巴ight. Th巴 last whorl well inflated. 

Apertur巴 larg巴， ovate, its basa! part protrud巴d. Columella 

thicken巴d， n巴arly straigh t. Surfac巴 ofthe shell smooth. 

Dimensions (in mm) ー

Height Diameter 

KC20214 0.91 

KC20215 0.53 

0.76 

0.45 

Description -. Shell n巴edle-lik巴， w ith small aberrations. 

Embryonic sh巴11 slightly bulged, hardly constricted at its 

base, the top rounded. Transvers巴 section and aperture 

circula r. Surface smooth. 

Dimensions (in mm) ー.

Length Diameter 

KC20216 5.4 0.47 

KC20217 3.6 0.31 

KC20218 3.8 0.34 

Discussion -. The shell is slend巴rer than that of Creseis 

virgula . This species is identified wit h acicula in forma 

Discussion - Specimens at hand show considerable l ev巴 I taxon on the basis of the very weak constriction 

variation in shape. Limacina trochijormis is distinguish巴d behind the bas巴 ofthe embryonic shel l. 

from Limacina lesueurii by its 巴levatedspire. 

Family Cavoliniidae Fisher, 1883 

G巴nus Crese is Rang, 1828 

Creseis acicula (Rang, 1828) 

(Figs. 4-10-12) 

Creseis virgula (Rang, 1828) 

(Figs . 4-13-15 ) 

Cleodora (C reseis) vi rgula Rang, 1828, p. 316, pl. 17, fig. 2 

Clio (Creseis) virgula (Rang). Yamakawa and Ishikawa, 1912a, p. 

3, pl. 1, fig. 3 

Creseis virgul a forma conica Eschs cholt z. Almogi-Labin and 

Reiss, 1977, p. 11 , pl. 4, figs. 6-8. 

Cleodora (Cresei s) acicula Rang , 1828, p. 318, pl. 17, fig. 6; Creseis virgula forma virgula (Rang). AlmogiーLabin and Reiss , 

Collins, 1934, p. 207, pl. 9, figs. 6, 7, pl. 13, figs. 7, 8. 1977, p. 26, pl. 4, figs. 4, 5, 9, 10. 

Clio (Creseis) acicula (Rang). Yamakawa and Ishikawa, 191 2a, p. Creseis virgula Rang. GJ巴cchi ， 1982, p. 71 7, pl. 52, fi gs . 4, 5; 

2, pl. 1, fig. 2. Grecchi, 1984, p. 15 , pl. 1, fig. 6 

Styliola acicula (Rang). Ladd, 1934, p. 234, pl. 41 , fig. 10. Creseis νirgula co凡stricta Chen and B�. Shibata and Ujihara, 

Cres eis acicula Ran g. Bucch巴ri ， 1978, p. 128, pl. 2, fi g. 5; Grecchi , 1983, p. 160, pl. 44, fig. 2. 

1982, p. 718, pl. 54, figs. 7, 8; Grecchi , 1984, p. 15, pl. 1, fig. Creseis virgula (Rang). Grecchi and Bertolotti, 1988, p. 105, pl. 1, 

14 . fig.8. 

Creseis acicula (Rang) . Colantoni and others, 1970, p. 179, pl. 24, (Literature on Recent occurr巴nces ar巴巴xc luded from the 

fig. 11 ; Almo gi-Labin and Reiss, 1977, p. 10, pl. 4, fig. 3, p. synonym y.) 

26, pl. 4, figs. 1, 2; Grecchi and Bertolotti, 1988, p. 104, pl. 
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Description -. Shell conical, bent dorsally . Embryonic Ujihara, 1996, p. 774, fig s. 3.6-3.9; Janssen, 1999, p. 18, p1 

sh巴11 conical , separated from the rest of the shell by 3, fi gs. 7-9 ; Mimoto and Nakao, 2004, p. 20, fi g. 2.6. 

a constriction , the posterior part of it bearing a faint Sty�la cf. subula (Quoy and Gaimard). Robba and Spano, 1978, 

constriction beside this one. The top of the embryonic she ll p. 762, pl. 76, figs. 2, 3. 

round巴d . Aperture circula r. Sh巴11 surface smooth. Styliola subula la mberti (Checchia-Rispoli). D 'Alessandro and 

Dimensions (in mm) ー.

Length 

KC20219 2.0 

KC20220 1.9 

KC20221 l.8 

Diameter 

0.47 

0.50 

0.47 

Robba, 1981 , p. 617, pl. 61 , fi gs. 1-5 

?Styliola subu la la mberti Checchia -R ispo li. Shibata and Ujihara, 

1989, p. 24, pl. 1, fig . 8 

(Literature on Rec ent occurrences are exc lu ded from the 

synonymy. ) 

Description -. Th巴 present spe cies is repres巴nted by 

Discussion -. The embryonic shell is more distinctly 巴leven fragmentary specimens. Shell conical , straig ht 

constricted at it s bas巴 thanthat of Creseis acicu la . Embryonic shell small , with two constrictions, a distinct 

on巴 at th巴 bas巴 and a faint on巴 in the posterior par t. Th巴

G巴nus StyliolαGray， 1850 

Styliola subula (Quoy and Gaimard, 1827) 
(Fi g.4 -9) 

Cleodora subula Quoy and Gaimard, 1827, p. 233 , pl. 80, figs 

top of the embryonic shell is pointed. Aperture circular, 

with an indent of a longitudinal striation . Surfac巴 with a 

queer lon gitud inal striation starting fro m a Iittle above the 

base of post -embryonic shel l. Dimen sions; len gt h 3.1 mm, 

diameter 0.69 mm  (KC20222) . 

1-3. Discussion -. Th巴 embryonic shell is similar in shap巴 to

Sty�la sulcifera Gabb, 1873 , p. 200; Jung, 1971 , p. 2 16, pl. 19, that of C li o pyramidata , but it is I巴ss buIged 

figs. 14, 15 . 

Sty�la rangiana Tate, 1887, p. 194, pl. 20, fig. 2 

Sty�la subulata (Quoy and Gaimard). Bellini, 1905, p. 44 

CLio (St ylio la) su bula (Quoy and Gaimard). Yamakawa and 

Ishikawa, 1912a, p. 4, pl. 1, fig. 4. 

Clio (Sty�La) lamberti Checchia-Rispoli, 1921 , p. 10, fig. 3 

G巴nusHyαlocylis Fol, 1875 

Hyalocylis striata (Rang, 1828) 

(Fig .4-16) 

Cleodora (St yliola) sulcザ'era Ga bb . Collins, 1934, p. 202, pl. 9, C leodora (Creseis) striata Rang, 1828, p. 315, pl. 17, fig. 3. 

figs.9-12. Creseis striata Rang. Seguenza, 1867, p. 12, fig. 13. 

Styliola lamb erti Checch ia-Rispoli . Sirna, 1968, p. 420, fig. 6; Hyaloc ylis stri ata (Rang). Colantoni and oth巴rs ， 1970, p. 180, pl. 

D'Alessandro and others , 1979 , p. 84, pl. 16, fi gs. 43-45 ; 24, fig. 9; Buccheri, 1978, p. 129, pl. 2, fig. 6; Grecchi, 1984, 

Krach, 1981 , p. 122, pl. 1, fig. 10. p. 16, pl. 1, fig. 4; Shibata and others, 1986, p. 44, pl. 7, fig 

Creseis acic ula (Rang). Noda, 1972, p. 48 1, pl. 57, figs. 1-5 (non 4; Grecch i and Bertolotti, 1988 , p. 107, pl. 1, fi g. 10 ; Ujihara, 

Creseis acicula (Rang, 1828)). 1996, p. 776, figs. 3.10, 3.11 ; Janss巴n， 1999, p. 16, pl. 3, figs 

Styliola subula (Quoy and Gaimard). Co1antoni and others , 1970, 3-6 

p. 179, pl. 24, fig. 10; Almog卜Labin and Reiss, 1977, p. 15, Hyal ocylix striata (Ran g). Noda, 1972, p. 478 , pl. 57, figs. 7, 8; 

pl. 9, figs. 4, 5; Bucch巴ri ， 1978, p. 130, pl. 1, fig. 9; Grecchi , Almogi -Lab in and Reiss, 1977, p. 13, pl. 6, figs. 6-8; Shibata 

1982, p. 719, pl. 52, fi g. 3; Shibata and Ujihara, 1983 , p. 161 , and Ujihara, 1983 , p. 161 , pl. 44, fig. 7; Shibata, 1984, p. 80, 

pl. 44, fig. 6; Shibata, 1984, p. 79, pl. 24, figs. 8, 9; Grecchi pl. 23 , figs. 11, 12 

and Bertolotti , 1988, p. 106, pl. 1, fig. 9; Janss巴n ， 1989, p. (Literature on R巴cent occurrenc巴s are exc luded fro m the 

32, pl. 5, figs. 13-19, pl. 6, figs ト9; Ujihara and others , synonymy.) 

1990, p. 313, pl. 1, fig. 2; Janssen and Zorn, 1993, p. 194, pl 

6, figs . 2-4, pl. 7, fig目 1 ; Janssen, 1995, p. 29, pl. 2, fi gs . 1, 2; Description -. More than 50 spec im ens ar e available, but 
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they all are fr agrnen tary ones. Shell thin , conical , slightly sh ell bulged , s巴parated frorn the rest of th巴 shell by a 

curv巴d dorsaJly . Apertur巴 circular. Surfac巴 transversely constriction. Dim巴nsions; 1巴ngth 5.7+ rnrn , width 4.7+ rnrn 

striated. Dirn巴nsions; length 2.4 rnrn , diarnet巴r l.l rnrn (KC20224). 

(KC20223). 

Discussion -. The pyrarnidal shape of th巴 shell is a 

Discussion -. The conical shell with transverse striations diagnostic charact巴r of Clio pyramidata. Sp巴clrnens at 

is diagnostic of Hyalocylis striata. hand are identified with lanceolata in forrna lev巴1 taxon on 

the basis of the strongly diverging later al keels. 

Genus Clio Linna巴us ， 1767 

Clio pyramidata Linnaeus, 1767 
(Figs.5-1-2) 

Clio pyramidata Linnaeus , 1767 , p. 1094; Yamakawa and 

Genus Cuνierina Boas, 1886 

Cuvierina columnella (Rang, 1827) 

(Fig. 5-3) 

Ishikawa , 1912a, p. 4, pl. 1, fig. 5; Colantoni and others , Cuνieria columnella Rang, 1827 , p. 323 , pl. 45 , B, figs. 1-8. 

1970, p. 180, pl. 24, fig. 13 , pl. 25 , figs. 2, 3; Grecchi , 1975 , Cuνierina columnella (Rang). Yamakawa and Ishikawa , 1912a, 

p. 229 , pl. 1, figs. 6, 7; Robba, 1977, p. 599, pl. 21 , figs. 2-4 , p. 8, pl. 1, fig . 8; Collins , 1934, p. 222 , pl. 14, figs. 6, 7; 

pl. 25 , fig. 8; Grecchi , 1982, p. 719 , pl. 52, fig. 1, pl. 53, fig . Buccheri, 1978, p. 138, pl. 2, fig. 4. 

4; Grecchi , 1984, p. 16, pl. 1, fig. 8; Grecchi and Bertolotti, Cuvierina columnella columnella (Rang). Shibata and Ujihara, 

1988, p. 108, pl. 1, fig. 5. 1983 , p. 162, pl. 44 , fig. 9. 

Cleodora lanceolata Peron and Lesueu r. Segu巴nza， 1867, p. 9, fig . 8. Cuvierina columnella forma columnella (Rang). Shibata, 1984, p 

Cleodora bowdenensis Collins , 1934, p. 201 , pl. 12, figs . 3-7. 83 , pl. 24, fig. 10. 

Cleodora okina予凶na Noda, 1972, p. 477 , pl. 57, figs. 6, 12, 13 . (Literature on Recent occurr巴nc巴 s are exc 1ud巴d from the 

Clio pyramidata forma lanceolata (Lesueur). A1mogi-Labin and synonymy.) 

Reiss , 1977, p. 10, pl. 3, figs. 1, 2; Shibata, 1984, p. 81 , pl 

24 , figs. 1-3; Shibata and others, 1986, p. 47 , pl. 7, figs. 5, 6; Description -. A single spec irnen without the posterior 

Ujihara and others , 1990, p. 315 , pl. 1, figs. 10, 11; Janssen , part is available frorn sarnpling horizon 7. Shell bottle-

1995 , P‘ 83 , pl. 7, figs. 3-5; Ujihara , 1996, p. 777 , figs. shap巴d ， with th巴 greatest width in th巴 posterior part of 

3.23-3.25; Janssen, 1999, p. 21 , pl. 3, figs. 3, 13-17. shel l. Aperture triangular, dorsal apertural lip protruding 

Clio pyramidata forma convexa (Boas). A1mogi-Labin and Reiss , ant巴riorly. Post-apertural constriction sligh t. Dirnensions; 

1977, p.26 , pI. 2, fig.6 , pI. 3, figs.3 -6. length 7.5+ rnrn , width 3 .2 rnrn , thickness 3.1 rnrn 

Clio pyramidaωLinne. Buccheri, 1978 , p. 132, pl. 2, fig. 3. (KC20225). 

Clio pyramidata lanceolata (Lesueur). Shibata and Ujihara, 1983 , 

p. 162 , pl. 44 , figs. 5, 8; Mimoto and Nakao , 2004 , p. 22 , Discussion -. The specirnen has a diagnostic character of 

figs. 3.1 , 3.2. forrna columne lla as to the position of the greatest width of 

(Literature on Recent occurrences are excluded from the the shell . 

syno口ymy.)

Description -. The pres巴nt species is repr巴sented by 

four fragrn巴ntary specirnens. Dorsal side triangular in 

dorsal view , convex, with thr巴巴 Jongitudinal ribs. V巴ntral

side concave , with a rn巴dian longi tudinal rib. Besides 

Genus Diacria Gray , 1847 

Diacria trispinosa (de Blainvill巴 ， 1821) 

(Fig. 5-4) 

the longit udinal sculpture both sides bearing transv巴rse Hyalaea trispinosa de Blainville, 1821 , p. 82. 

striations on th巴 surface. Cross-section crescen t. Lateral Hyalaea (Diacria) trispinosa (Lesueur). S巴guenza， 1867 , p. 8, fig. 

keels thicken巴d ， strongly div巴rging anteriorly . Ernbryonic 7 
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Fig. 3. Pelagic mo Ilusks from the Takamatsu Silty Sandstone at Takamatsu . 

1. Atlanta lesueuri Souley巴t. a, upper, b, apertural view , X 30, KC20203 . 2-4. Atlanta turriculata d'Orbigny. 2a, upper, 
2b, apertural view , X 30, KC20204 ; 3, upp巴r view , X 30, KC20206 ; 4, upper view , X 30, KC20205 . 5-6. Atlαnta perom 

Lesueu r. 5a, upp巴r， 5b, apertural view , X 30, KC2020 1; 6a, upper, 6b, apertural view, X 30, KC20202 . 
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3a 
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Fig. 4. Pelagic mollusks from the Takamatsu Silty Sandstone at Takamatsu (continu巴d).

1-2. Limacina inflata (d'Orbigny). 1, apertural view , X40, KC20207; 2a, upper, 2b, apertural view , X40 , KC20208 
3-6. Limacina lesueurii (d'Orbigny). 3a, upper, 3b, apertural view , X 40, KC20211; 4a, upper, 4b, apertural vi巴w ， X40 , 
KC202 1O; 5, upper vi巴w ， X40 , KC20212; 6, apertural view , X 40, KC20209. 7. Limacina trochiformis (d'Orbigny) 
a, upper, b, apertural view , X40, KC20214. 8. Limacina bulimoides (d'Orbigny). apertural view , X40, KC20213. 9 
Styliola subula (Quoy and Gaimard). dorsal view , X 20, KC20222. 10-12. Creseis aciculα(Rang). 10, X20, KC20216; 
11 , X20, KC20217; 12, X20 , KC20218. 13-15 . Creseisvirgula(Rang).13 , X20, KC20219; 14, X20 , KC20221; 15 , X 
20, KC20220. 16. Hyalocylis striata (Rang). a, dorsal , b, lateral view , X20 , KC20223. 
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Fig. 5. Pelagic mollusks from the Takamatsu Silty Sandstone at Takamatsu (continued). 
1-2. Clio pyramidata Linna巴us. 1a, dorsal, 1b, ventral, lc, lateral view , X 8, KC20224; 2，巴mbryonic part, X 40, 
KC20235. 3. Cuvierina columnella (Rang). a, dorsal , b, ventral, c, late ral vi巴w， X 8, KC20225 . 4. Diacria trispinosa 

(de Blainville). embryonic part, X40, KC20226. 5-7. Diacria quadr ident ata (de Blainvill巴). 5a, dorsal , 5b, ventral , 
5c ， lat巴ral view , X 16, KC 20228 ; 6a, dorsal , 6b, ventral, 6c, lateral v i巴w ， X 16, KC 202 27; 7, embryo ni c part, X40, 
KC 20229 
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2c 

3b 

Fig. 6. Pelagic mollusks from the Takamatsu Silty Sandstone at Takamatsu (continued) . 

1. Cavolinia globulosa (Gray). a, dorsal , b, ventral , c, lateral view , X 8, KC20230. 2-3 . Caνo/inia infiexa (Lesu巴ur).2a，

dorsal , 2b, ventral , 2c, lat巴ral vi巴w ， X8 , KC20231 ; 3a, dorsal, 3b, lateral view of 巴mbryonic part, X 20, KC20232 . 4-5 . 

Diacaνolinia longirostris (de Blainville). 4, dorsal view , X 12, KC20234; 5a, dorsal , 5b, ventral , 5c, lateral view , X 12, 
KC20233. 
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Cavolinia (Diacria) tri i>pinosa (L巴su巴ur). Yamalくawaand Ishikawa, 1983, p. 163, pl. 44, figs . 10, 11. 

1912b, p. 17, pl. 6, fig. 9. Diacria quadr identata (ms. Lesu巴ur) (de Blainville). Gr ecc hi and 

Diacr ia trispinosa (Lesueur) . Co lantoni and others, 1970, p. 182, Bertolotti, 1988, p. 112, pl. 1, fig. 12. 

pl. 24, fig. 12, pl. 25 , fig. 4; D 'Alessandro and others, 1979, (Literatur巴 on Recent occurrence s are excl ude d from the 

p. 90, pl. 15, fig. 8; Grecchi , 1982, p. 721 , pl. 53, fig . 3. synonymy. ) 

Diacria trispinosa (ms. Lesu巴ur) in de Blainville. Gr巴cchi， 1975 ，

p. 229, pl. 1, figs. 1, 2. Description -. Sh巴11 ovate in dor sal view , rathe r thick, 

Diacria trisp in osa (ms. Lesueur). Almogi-Labin and Reiss, 1977, with greatest width in th巴 middleof the shell 1巴ngth . Dorsal 

p. 12, pl. 6, fig. 2. side convex, protruding antero-v巴ntra11y beyond ventral li p. 

Diacria trispinosa (ms. Lesueur) (d巴 Blainville) . Gr巴cchi and Dorsallip thickened, ornamented wit h transverse st riations. 

Bertolotti, 1988, p. 111 , pl. 1, fig. 13. Dorsal surface with five longitudina1 ribs , of th巴m th e 

Diacria trispino sa forma trispinosa (de Blainville). Shibata, 1984, median one the narrowes t. Ventra1 side vaulted , v巴ntral

p. 84, pl. 25 , figs. 1-3; Shibat a and others, 1986, p. 48, pl. 8, lip rec ur ved. Anterior part of ventra l side sculptured with 

figs. 7, 8; Uj ih ara and others, 1990, p. 318, pl. 2, figs. 1, 2 transv erse striations. Posterior projection lost, th e rup ture 

(non fig. 3). formed as a r巴sult of its loss ovate, closed by a callu s. 

Diacria trispinィフ5a (de Blainvill巴). Janssen, 1995, p. 107, pl. 9, Lateral sp in es small , proje cting po ste ro-Iaterally. J uv巴nil巴

figs.3・5 ; Janssen, 1998, p. 104, pl. 2, fig. 14. she11 triangular, compressed dorso-ventrally, with thick巴ned

(Literature on Recent occurrences are excluded from th e 1ateral keel s. Embryonic shell globular, with a di stinct 

synonymy.) constri ction at its base. 

D巴scription -. The present sp巴CI巴S IS r巴pres巴nted by two Dimen sions (in mm) ー.

posterior parts. Post巴rior part mace-shaped, long , dor soｭ

V巴ntrally depressed, with thick巴ned 1ateral ke els. Juv eni le 

shell ver y slow1y increases in width , lenticu1 ar in cross ｭ

section. Embryonic sh巴11 globular, separated from juvenile 

shell by a distinct constriction, th巴 tip of 巴mbryonic shell 

L巴ngth Width Thickne ss 

KC20227 3.1 2.6 2.2 

KC20228 1.9 1.7 1.3 

rounded. Dimensions; 1巴ngth 1.5 mm, width 0.38 mm  Discu ss ion -. The juvenil e shell of Diacria quadrid entata 

(posterior part) (K C20226) . clos巴ly r巴sembles that of Dia cria trispinosa, but the former 

is 1arg巴rthan the 1att er in ap ica1 angle. 

Discussion -. Th巴 JUv巴nile sp巴clm巴ns are identified with 

Diacria trispinosαon th巴 basis of the virgate juv巴nile she11 

with the glo bular embryo nic sh巴11.

Diacria quadridenωta (d巴 Blainvill巴， 18 21) 

(Figs. 5-5-7 ) 

Genus Cavolinia Abi1dgaard, 1791 

Cavolinia globulosa (Gray, 1850) 

(Fig . 6-1 ) 

Caνo/ina (H yalaea ) glohulosa Gray, 1850, p. 8. 

Hyalaea quadridentata de Blainville, 1821, p. 81. Caνolinia (s. s.) glob ulo sa (Rang). Y ama kawa and lshikawa, 

Cavolinia (Dia cri a) quadrid entata (Les ueur). Yamakawa and 191 2b, p. 20, pl. 6, fi g. 12 

Ishikawa, 1912b, p. 18, pl. 6, fig. 10. Cavolinia globulosα(Rang). Shib ata and Ujihara, 1983 , p. 164, pl. 

Di acria quadr id en tata (m s. Lesueur ) (d巴 B1ainville) forma crassa 45 , fi g. 3; Shibata, 1984, p. 85 , pl. 26, figs . 1, 2 

van der Spoe l. Almogi -Labin and Reiss , 1977, p. 32, pl. 5, (L it eratur e on Recent occ urrenc es are exclud巴d from the 

figs. 5-9, pl. 6, fig s. 1, 3-5. synonym y.) 

Diacria quadridentata orbignyi (Rang) (Soul巴y巴t). Buccheri, 1978, 

p. 135, pl. 1, fi g. 7. D巴scription -. A single imp erf ect sp巴clm巴n was foun d 

Dia cria quadr id enta ta erythra va n der Spoe l. Shib ata and Ujihara, in sampl巴 7. Shell globular , ovate in dor sa l view , w ith 
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greatest width in th巴 middle of the shell length . The dorsaI 

side inflated, with fiv巴 obscur巴 longitudinal ribs. Ventral 

sid巴 h巴avily vault巴d ， ventraI lip r巴curved. Anterior part 

Diacavolinia longirostris (de Blainville, 182 1) 

(Figs . 6-4-5) 

of the ventral surface with transverse striations. Posterior Hyalaea longirostris de BlainviIle, 1821 , p. 81. 

27 

projection small , curved dorsally. LateraI spines not well Cavolinia (s. s.) longirostris (Lesueur). Yamakawa and Ishikawa, 

developed. Dimensions; length 5.2 mm , width 4.1 mm , 1912b, p. 19, pl. 6, fig. 11 

thickness 4.3 mm  (KC20230). Cavolinia lon girostris formafie xipes van der Spoe l. Almogi -Labin 

and Reiss, 1977 , p. 25 , pl. 1, figs. 2-4. 

Discussion -. This species r巴sembI巴s Caνolinia mexicana Caνolinia longirostris forma strangulata (Deshayes). Bucch巴n ，

(Collins) from the Pliocene Agu巴gu巴xquite Formation in 1978, p. 136, pl. 1, fig. 8, pl. 2, fig. 1. 

恥1exico， but the post巴rior proj巴ction is smalle r. Cavolinia longirostris longirostris (de Blainvill巴). Shibata and 

Cavolinia inflexa (L巴sueur， 1813) 

(Figs . 6-2-3) 

Hyalaea inflexa Lesueur, 1813, p. 285 , pl. 5, fig. 4 

Cavolinia (s. s.) infiexa (Lesueur). Yamakawa and Ishikawa, 

切ihara， 1983 , p. 164, pl. 45 , fig. 5 

Cavolinia longirostris angulosa (Gray). Shibata and Ujihara, 1983, 

p. 165 , pl. 45 , fig. 6. 

(Literatur巴 on R巴cent occurrences are 巴xcluded from the 

sy nonymy.) 

1912b, p. 23 , pl. 6, fig. 16. Description -. Shell triangular in dorsal view. Dorsal side 

Cavolinia infiexa (Lesu巴ur). Colantoni and oth巴rs ， 1970, p. 183 , pl. inflated , with five longitudinal ribs. Dorsal Iip rostrated , 

26 , fig. 3; Buccheri, 1978 , p. 137, pl. 2, fig. 2; Grecchi , 1984, gutter-shaped , projecting antero-ventrally . In one specimen 

p. 18 , pl. 1, fig. 13; Grecchi and Berto1otti, 1988, p. 113 玖 pl. a transverse bulge running along th巴 base of dorsal Iip. 

2, figs. 1, 2. Ventral side evenly vaulted , with transv巴rs巴Iines ， which 

Cavolinia infiexa labiata (d'Orbigny). Shibata and Ujihara, 1983 , become obscur巴 in the posterior hal f. Ventral Iip recurved , 

p. 165 , pl. 44 , fig. 4, pl. 45 , fig. 4. slightly indent巴d in th巴 middle . Lateral spines protruding 

(Literature on Rec巴nt occurrences are 巴xclud巴d from the postero-laterally, consisting of ventral sid巴 shell. Posterior 

synonymy.) projection los t. The rupture formed as a result of its loss 

is closed by depression of the dorsal and ventral sid巴 s.

Description -. Shell spoon-shaped , with long posterior Dimensions; 1巴ngth 3.4 mm , width 3.1 mm , thickness 1.8 

proJ巴ction . Dorsal side slightly inflat巴d ， proj巴cting far mm (KC20233) . 

beyond v巴ntral lip. The main part of dorsal side having 

no sculpture on the surface . Dorsal lip tapering anteriorly , Discussion -. The long , gutter-shap巴d dorsal lip and th巴

provid巴d with a longitudinal ridge in the cente r. Ventral straight lat巴ral spines are characteristic of forma longirostris 

side more inflated than dorsal side, ventral lip r巴curved . among the forma巴 b巴longing to Diacavolinia longirostris . 

Surfac巴 of ventral side smooth. Posterior proj 巴ction

long , curved dorsally , with blunt tip . Lateral spines 

well developed , proj巴cting post巴ro-laterally ， tip pointed. 
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(要旨)

柴田博・氏原温・市原俊:渥美半島の渥

美層群高松シル卜質砂岩(中期更新世)産浮遊性

貝類.

愛知県渥美半島の渥美層群高松シルト質砂岩

(中期更新世)より産出した 3種の異足類 と 15

種の翼足類を記載する.こ れらの種はすべて現

生種で，暖水に生息する浮遊性種である.浮遊

性員類はAそya (オオノガイ)層からおnna (ヤツ

シロガイ) 層聞の 7層準で採取した全試料で発見

された.これは， 2層間の地層の堆積中に頻繁に

かまたは恒常的に堆積場所へ外洋水の流入があ

ったことを示す.一方， D os ini a (カガミガイ) 層

の試料には浮遊性貝類が発見されなかったこと

は， 同層堆積時に堆積場所に外洋水の流入がな

かったことを示唆する.




