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[Ken-ichi Nakao' and Kenji Mimoto® : Newly found molluscan species from the Ananai Formation of the Plio-
Pleistocene Tonohama Group in Kochi Prefecture, Japan : Part 7]

Abstract . Many molluscan fossils have been collected from the Late Pliocene to Early Pleistocene Ananai
Formation. Among them, considerable number of species not previously recorded from the Ananai Formation are
included. As the seventh report of the study on these species, eight of them are illustrated and briefly described in

this paper.
Key words : Late Pliocene, Gastropoda, Bivalvia

iU oI

BRI AT 5 RNE O BRI, £ < Onf
ZEHIZVEH 1, Yokoyama(1926) L%, 2003 4£ % T
B # 340 FEASHG Sz, & 2 AN, RHETHETH
30 AERT2 & Wikt A9 12 SE 0 S ML 72 I TR TP, (R
WED NS ODPLFIRE S NIz, NS ITRAFIRED
o TRIFT, HEEEE DO b Db HFFELT
WA, NG EFAIUSRNEHER Lo HEFO
ERUHEL N TELEER T, 22T, ks
T HBEILADOFE % #ED, 2004 42> 5 1l 517
SRR I e SIS LS OMR - Wt L Tw b
(=4 - 1, 2004, 2005, 2006, 2008, 2009, 2010a, 2010
b,2013). 2N F TICHE L2 D DIZI3SFIEL T 5.

Gl &fe & 4 MNERE R S B L O T H 3 A R
L, fHICEEHT 5.

B tADEHRSA

LIRS 2 HELAOE ML, KO 22 Th
5.
Loc. T6 © ZHINT R, JRIg A E THBY | THPIIH
HL72RNBIRESH30m TH Y, 2.8~2.5Ma DA
TR GIgE (8K - HAMW, 2012)).
Loc. TU : Z T i 7 v 7 4 )11 8% B8 (1L [ 1 2>, 2012
Dy FHRINER) - ALHELETE 3.1Ma O FELE TR
T (LRI, 2012).

SADEH

W59 5 HEIX8MTH S (Table 1, Figs.2-3).
TRIEAR T Fig-2-5 (2R L 728K % B & fili 55 U8 7 ey i
(TKPM) IZFTE S LTV 5. FREEH KT 4 ICRRT 5.
TV ZA) A MIIMCEN LS DT RIBITS.

Class Gastropoda i & i
Family Turbinidae 4% T}

Turbo (Batillus ) cornutus [Lightfoot], 1786 ¥ ¥ T Fig.

la, 1b, 1c

Turbo cornutus [Lightfoot], 1786, p. 147. [non divi]

Turbo cornutus (Solander), Taki and Oyama, 1954, p. 6, pl.
38, fig. 22, Noda et al., 1995, p. 74, 76, fig. 12-7a-8,14-5.

Turbo (Batillus) cornutus (Solander in Lightfoot), Oyama,
1973, p. 17, pl. 1, fig. 25.

Batillus cornutus (Lightfoot), B MI37*, 1971, p. 70-71 Ep.
46-47, pl. 13, fig. 1, 2, pl. 15, fig. 8.

Turbo (Batillus) cornutus Lightfoot, Ozawa and Tomida,
1996, p. 287-289, pl. 2, fig. 4-5, pl. 3, fig. 1a, b-2, £ 4 K
(L%, 2000), p. 95, pl. 47, fig. 27.

Turbo (Batillus) cornutus [Lightfoot], Tomida et al., 2013, p.
330-331. fig. 3.

IREEA T TKPM-GFI4602. 7 £ 40.5mm. 7% I 31.9

mm. Loc. T6 BE. VHJIIEATIREREE.

BUSIE <, ISR E WV, BERICT RKOBIASH

5. 9B 3RO IR~ FEEROEEDRD Y,

BOMEDZEEN RS & CFET L. AMEFIINETDH

2013 4 11 7 27 HA2AF, 12 A 20 HAZ 8L
VB WA, T770-8070 FEBET AT LD KA AR,
Japan.

Tokushima Prefectural Museum, Bunka-no-Mori Park, Tokushima 770-8070,

2 T780-0976 @TiADE 1T H 310-8. Mizuki 1-310-8, Kochi 780-0976, Japan.
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Fig. 1. Map showing the fossil localities in eastern Kochi Prefecture. Topographic map : 1 : 25,000-scale “Aki” and “Nahari” published by the Geospatial

Information Authority of Japan.

D, BEBEIDEVOT, REEEE RIS,
AT, FEREER LA CRIESERE 3 X OV H L8 2
WeailkE) »ooERPRGOILARLEFE SN TS
(Tomida et al., 2013).

Family Turbinellidae *+ =27 %4 Fl

Columbarium sp. cf. C . pagoda (Lesson, 1834) 4 F 7'
¥ ? Fig.2-2a,2b

Compared with.

Fusus pagoda Lesson, 1834, p. 14, pl. 40.

Columbarium pagoda (Lesson), Habe, 1953, p. 181-182, fig.
18, 20, Darragh, 1969, p. 86-87, pl. 3, fig. 34, 36, £
2, 1971, p. 277, Ep. 181, pl. 51, fig. 6, 7.

Columbarium pagoda f. stellata Habe, 1953, p. 181-182, fig.
19, 21.

Columbarium pagoda stellare [sic] Habe, J% &8, 1961, p. 68,
pl. 33, fig. 23.

Columbarium pagoda costata Shikama, 1963, p. 61-62, pl. 1,
fig. 1, 2.

Columbarium pagoda pagoda (Lesson), Habe, 1979, p. 2, pl.
1, fig. 1, 1B (BLZM, 2000), p. 423, pl. 210, fig. 9.

Columbarium pagoda costatum Shikama, Habe, 1979, p. 2,
pl. 1, fig. 2.

Columbarium pagoda nakayasui Habe, 1979, p. 2-3, pl. 1,
fig. 3.

Columbarium pagoda f. stellatum Habe, T2 (B4R,
2000), p. 423, pl. 210, fig. 10.

58]
>
E

Columbarium pagoda f. costatum Shikama, )& (
2000), p. 423, pl. 210, fig. 11.

Columbarium pagoda f. nakayasui Habe, T2 (B4,
2000), p. 423, pl. 210, fig. 12.

BUREEA | TKPM-GFI4993. JAKRE & 0 LI k4E, 14
J& DBJKINT OB IS E (KEOWRENES &
%). Loc.T6 FE. HIBHRE.

JEREAIAE L AR, BIEHHAMENEHE, 208K
R T 8K, BEICIHEAD D L. OB XU
A OIEPITIZEIRD AN 7 .

BT 2 DIV, A OO & B XA
i34 b7V ~<I2—3 L, Darragh(1969) 25X /RiC#k L 72
HU oA 2, C spinicinctum (Martens, 1881) B X O
C. veridicum Dell, 1963 £ 13572 5. LA L, [FIEICIE%
ERDPBIETILERPLETH 5.
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Table 1. Molluscan fossils from the Ananai Formation reported in this paper. The Arabic
numerals indicate the number of collected specimens.

Species

Localities

T6 TU

Turbo (Batillus) cornutus [Lightfoot]
Columbarium sp. cf. C . pagoda (Lesson)
Japeuthria ferrea (Reeve)

Cancellaria (Momoebora ) sinensis Reeve
Cancellaria sp.

Nuttallia sp. cf. N . tchangsii (Scarlato)

Hiatula sp. aff. H. atrata (Deshayes in Reeve)

Cuspidaria nobilis (A. Adams)

1

1

1
11<
30<

Noda (1980) % HU 2 & ERCH L 72 C. habei 13, Bl
HEO MNP A N Z IV C. osuzukii Habe et Kosuge, 1972
WM 5 KRVIRE IS E S, s s 4 T (pl
6, fig. 22a, b)II A N ZIVICHRTHADKE {, BIK
ARV EERLTWVS.

awvyavyA bTIV=C pagoda f. stellatum, 71+t
YA N7V C. pagoda costatum B LV a A N7
V= C. pagoda nakayasui 1&, WTNbA N TNV ~<DY
J = b kST (R (AR, 2000)).

RO A b7V, B RETETIR=A(1986) 4
Columbarium sp. & L CHEBEMEAZHR L, BiFEHE
T3 Shuto (1961) %55 3 AL A (R ER (L DT85 1)
HALFRE), Tomida et al. (2013) A% T &R IEIERE 2>
bOREREREL T D, E72, Rl - {EH (2012) 2%
B E O RO R EE LA Z KR L Tw
% . Shuto(1961) % [FHE % il L 7z [FE #E 0 28 18 HALA
Jg (B (A 2 v) BAGA R ) (305 3t A AL BT N17 (e
Hiik) \2J& 3 % (Shuto, 1986).

Family Buccinidae Y73 #}
Japeuthria ferrea (Reeve, 1847) 4 =7 Fig.2-3
Buccinum ferreum Reeve, 1847, pl. 13, fig. 102.
Euthria ferrea (Reeve), Yokoyama, 1924, p. 12, pl. 5, fig. 17.
Japeuthria ferrea (Reeve), I 72>, 1971, p. 257, Ep. 168,
pl. 44, fig. 12, 13, B4% (B4, 2000), p. 487, pl. 242,
fig. 158, Higo et al. , 2001, fig. G2730,
Pisania (Japeuthria) ferrea (Reeve), Oyama, 1973, p. 44, pl.
14, fig. 14.
M7RIEA | TKPM-GFI6374. #% 5 62.3mm+, 7% 28. 1
mm. Loc. T6 £, HEIRIE.
IR II R R O . BREITEELED, #EDOTICHIN
RIEEDN DY, BIKIIIEBOBMNH 5. BIIVER
JRERE, WEEICHIRICZ 5 7285 VEEN S Hd 5. KE

FIIRR R,

ARAE O F L 3.5em B T d 0 (A (B4,
2000) 7% &), AERIEN% ) KEOMEETH L. T4
LA Ol A FICART A2 EETH Y, (LA
ZBOY v TBUIN IR T E o 7.

Family Cancellariidae 2 W€ % 1

Cancellaria (Momoebora ) sinensis Reeve, 1856 EEILK
J  Fig. 2-4a,4b, 4c, 5

Cancellaria sinensis Reeve, 1856, sp. 35.

Merica asprella (Lamarck), Habe, 1961, p. 434, pl. 24, fig.
26. [not of Lamarck, 1822]

Momoebora elegans sinensis (Reeve), HEHII2, 1971, p.
310, Ep. 202, pl. 54, fig. 7.

Cancellaria (Momoebora) sinensis Reeve, 4011 (B4,
2000), p. 581, pl. 289, fig. 3.

BUREEA | TKPM-GFI6375. #%J% 35.1mm+, 7% 22.5
mm+. YV 1 A5 KIE. Loc. Te, 1 7L 12
BE, 20124F 6 H 2 H, =L &R pTE-T s
IV 23y No 10785 (AR F A > & —{RE).
e 26, 7mm+ . $E OSSR AME IR L, B
PO REE I, R (GEIANDT), PSR IR
1.

B3 38, P, BT, #EOBE I LT
30 BEME <. AR LA D B, HEhiE 2@ H
A TR CHIMEDORE S 55\, ZOR%M 2 b &
EDICHS P REMEE %), 38 H (BRI TldE
FoTAEEZ L 20 5. WINEFEME 2L 0 MKk
I ARTOLHIAET 5.

Momoebora Kuroda et Habe in Kuroda et al. , 1971 £, J&
BOMEC LV REBICER SN TBE LTRSS, 3
TE\X Cancellaria DHJE L 2 NT\W 5. [FERHED 2
> IR 7 C. (Merica) laticosta Lobbecke, 1881 X7 &
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EILRT C (Merica)oblonga Sowerby, 1825 1%, =
WAL 5 b 00, B lrz w2 & TEELR
T LIRS,

Cancellaria sp. Fig. 3-1a, 1b, 1c, 3-2a, 2b

Sydaphera spengleriana (Deshayes), H§ - ¥4, 1993, p.
21, pl. 9, fig. 14a, b. [not of Deshayes, 1830 in 1830-
32]

Cancellaria (Sydaphera) spengleriana  Deshayes, Okumura
and Takei, 1993, pl. 30, fig. 10a, b, c. [not of Deshayes,
1830 in 1830-32]

X7REA | TKPM-GFI2839-12 (Fig. 3-2). #% & 44.2mm,
%8 25.0mm. Loc. T6 E, HEHkH. TKPM-GFI4786-1
(Fig. 3-1). 3% 50.4mm, 70§ 32.3mm. & UE GEAIA
B), BRI ICEREE.

RIBIZIE 14~ 16 AOELHNWY 2 B & OABLRI 72 53
hhid % . el & s L COliaL 2. #&tr ok 1
SR ICE DN S KEMER T, S AHANC 2,
FALEEPEBEG I LD 5.

AT T EHA C (Sydaphera) spengleriana Deshayes
BLO M2 A L C (Habesolatia) nodulifera Sowerby
5. LaLaaEel g e, REOHIHEICKH L
TRIEPRE <, LVERY, KBS TR
L. Tl ATANALVEE, BREDTOHERWVEIROE
B DR TII L A EFEET, W TH ),
TEFL2SEA U % ROAHES 5. DL EORBUZ—309 % BEA
I, KRB TH 2. FERXORNE > S ZH
DATEOMEEAEL T 525, THETRETLITEN
A LR STz,

Class Bivalvia —HB(H#

Family Psammobiidae ¥4 %%+ I §l
Nuttallia sp. cf. N. tchangsii (Scarlato, 1965) Fig. 3-3a, 3b
Compared with :

Sanguinolaria (Hainania) tchangsii Scarlato, 1965, p. 51-
52, pl. 5, fig. 2.
Sanguinolaria tchangsii (Scarlato) [sic], % - 58, 2008, p.
207, fig. 644.
Nuttallia tchangsii Scarlato [sic], Wang(Qi, ed., 2004),
p-291, pl. 158. fig. C.
[KREEA | TKPM-GFI2911. /i, #% R 10.0 mm, #5
7.4 mm. Loc. T6 i, HEIREE.
/RN TRRRIT TG, 5 AT, IR TR =

TR S N7z HEE(7)

AR, REOKRICHESH L. 2 KO H Y,
I, BRI AR,
AR, B2 TR N. tchangsii \ZJTEREB &
ORE SHEPT 5%, ses o L TOREFREL, &
WO LKL B 5 TR s, —J, METHLEN
ME@BFED AV Y X N. japonica (Reeve) & 1%, HALD
AL, RIEOKE D AEG <, BTADHEFDITITH AL
BT5HTHLNIIRE 5.
JBALE, JELHEL O HIE Hainania % Nuttallia D /) =
2 &9 % Amano and Ogihara (2012) O BfRIZHE - 7.
Hiatula sp. aff. H. atrata (Deshayes in Reeve, 1857) 7 77 7K
/%X 2BBE  Fig. 3-4a, 4b

Compared with :

Soletellina atrata Deshayes in Reeve, 1857, pl. 3, fig. 14, ¥
P2 (B2, 2000) , p. 987, 989, pl. 491, fig. 17.

Hiatula atrata (Reeve), 235, 1971, p. 679, Ep. 444, pl.
98, fig. 3.

Hiatula atrata Reeve [sic], B34, 1988, p. 137.

B7REEA | TKPM-GFI6365.5% f 82.4mm, 7% 49.7mm.
Loc. TU B, HRIRIE.

BIITEMIE TR 5 21355, BERITFETEHOBE
WML, BIEAOBIIIHED D 5. BiimlE M <,
B EBOR, AEAR TR EHRIIEDN TV L2 KD
D, ISRITEEV, ERHE AR,

RIERIE, 77 R F XU 555, #TEIHR
LY LR D I2H SR, B EL, AR CIE
WHTRRRL 5. [/ED 7Y F I A H. boeddinghausi
Lischke, 1870 & 13, Hidi2sHl <, BIAASPRFVIZH Y,
BRI R CTHIREIC R 2 5.

J& A1 Matsubara (2013) 126t - 7-.

Family Cuspidariidae ¥ ¥ 7 ¥ % £ Fl
Cuspidaria nobilis (A. Adams, 1864) *F+ ¥ ¥ 7V H A
Fig. 3-5
Neaera nobilis A. Adams, 1864, p. 207, Kuroda, 1948, p. 15-
17, pl. 1, fig. 5.

Cuspidaria nobilis (A. Adams) , Habe, 1958, p. 38, pl. 13, fig.
17, BMZ 22, 1971, p. 734, Ep. 484, pl. 103, fig. 16.
Cuspidaria noblis consimilis Habe, 1961, p. 146, pl. 65, fig.

21, App. 42, LA (LA, 2000), p. 1043, pl. 519, fig.
2.
Cuspidaria nobilis noblis (A. Adams), B4+ (BLZR, 2000),

<Fig. 2. Molluscan fossils from the Ananai Formation- (1). 1a, 1b, 1c. Turbo (Batillus) cornutus [Lightfoot], TKPM. GFI4602. 2a, 2b. Columbarium sp.
cf. C. pagoda (Lesson) , TKPM-GFI4993. 3. Japeuthria ferrea (Reeve), TKPM-GFI6374. 4a, 4b. Cancellaria (Momoebora) sinensis Reeve, TKPM-

GFI6519. 5. C. (M.) sinensis Reeve, Hirata collection No. 10785.
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p. 1043, pl. 519, fig. 1.

X/REEAR | TKPM-GFI6376. #% [ 35.7mm+, #%H 19.4
mm, D7mm. RS hH T 2 IIKIE. Loc. T6, 4 7
12 . 201244 H 9 H, =ARFRE.

BEEMICEERRA S D, @Ok REBTIEZnIC
B> CTH 1mm DB TEIKOEHA L 5. B D%REBIC
(&, BRTED O PR GRED 4570 1 Of7#E) ~NED S
EWEDSH Y, IR Z B 5. BTN MRV
W AFIEAES 2V AEEIZHS 2 ICXKE S 5.

V¥ /) Y% 7Y C hindsiana (A. Adams, 1864)13, 7%
TEAIARMICEP T 225, #20%b o L/S CHREBKTIE
W 21, Tmm), BIHD S BRI ANE D AR S .

Kuroda and Habe (1981, p. 193) % Higo et al.(1999, p.
528)1%, ¥/N¥ v 7 KA Cuspidaria noblis consimilis
Habe 44+ v 7 A DY ) Z LI LTw5h.

Noda et al. (1993, p. 168, fig. 22-1-2) iZ, AKEEDL
fi% C.(C.)nobilis & L TEIRH L, Noda(1980, p. 94-
95, pl. 12, fig. 20) »% C. cf. nobilis & L7-3F BREELA D
ML LTWE500, WFRHBEEZRVTW5S,
Matsubara (2011, p. 75, pl. 7, fig. 2) 1%, AL {ERE # A
5 C. sp. cf. C. nobilis % FIRiE L TWABD, FNT v
7 HALEDERIIESR LTV,

i

P RFEOTHEE I, S TORENSERICD
WTZTHORW 272w e, EBEE RFOREMZER &
IZiE, auEFARB LA V2V I HOERFRIC
DWTHIER T A Y MWWz, BHARED TR
ABIRITE, 7Y THRINEEOME &R LA OB
DWC, dGEEBE KR PO M EMEBIZI T R
F XY DFMIZONWT YRV 2727z, TEIEAT RIS
EMEBOBERZIRME L Tz nie, IS0 H 412,
FRLTUELSBILBHL EFET. 28, Zoffseo—ic
SCEREF AR R R W A [l o BUER LA RLEED
SEL A HFREOR | Z ORI & BRET R (R
FITHEREA, RRETE T 22540477) B L OY (LA S
HBUAEMHEBEORE] UL EEE REFT
25400499) % fHEH L 7-.

51 3k

Adams, A. 1864. On the species of Neaera found in the seas
of Japan. Annals and Magazine of Natural History, 13
(3) :206-209.

ARG - BB, 2012, HIGEHTE N H & O %1 6
iR EIEERE > SEN S 2ttt ar 2 ) -V 3
v, BB A EmEN L E, (32), 53-65.
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Pacific, with remarks on the evolution of the Genus.
Paleontological Research, 16 (2), 146-158.
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[Makoto Ogawa' : Distribution of Alligatorweed (Alternanthera philoxeroides (Mart. ) Griseb. )in
Kyu-Yoshino-gawa Area, Tokushima Prefecture]
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[Yasushi Ibaragi', Satoru Kinoshita’, Okihito Yano' and Makoto Ogawa' : Habitat of Schoenus apogon Roem. et
Schult. at Jogamaru-ike pond in Tokuhsima Prefecture]
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Fig. 1. Habitat of Schoenus apogon around Jyogamaru-ike pond in Itano-cho, Itano-gun, Tokushima.
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Fig. 2. Habit of Schoenus apogon .
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Fig. 3. Inflorescence of Schoenus apogon .
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A record of a proliferating grass found in Kagawa Prefecture

Yasushi Ibaragi', Yasuhiro Kikuma®, Osamu Kume’ and Stephen Renvoize'

Key word : Flora, phyllody, proliferation

Spikelets of grasses sometime show incredibly wide
modification. A specimen that was collected in Zentsuji city,
Kagawa prefecture, has particularly curved spikelets and it
looks significantly different from any other recorded grass
species from this prefecuture(Fig. 1). After detailed
investigation, this strange grass was identified as a type of
malformation which frequently occurs in the Poaceae. We
record here this strange malformation, as a reference to avoid
misidentification for floristic work.

The specimen was discovered on a road-side bank along an
express-way in Inagi-cho, Zentsuji-city, Kagawa prefecture.

About ten tussocks were scattered around on arid soil. All

individual plants had strongly curved spikelets (Fig. 1). Based
on detailed observation, we found that each spikelet had many
glumes and lemmas, but lacked palea, stamen and pistil in the
florets (Fig. 2). Glumes and lemmas are prolonged and
twisted.

There are three types of malformation that are known from
grass family. These are vivipary, proliferation and phyllody
(Gould and Shaw 1968). In the case of vivipary, flowers,
lemmas and paleas are transformed into, or replaced by,
bulbils or bulblets. Proliferation is when the glumes and
lemmas develop a blade at the distal end and phyllody shows

the metamorphosis of the glumes, lemmas and/or paleas into

Fig. 1. A voucher specimen deposited in a herbarium of Tokushima Prefectural Museum (Inagi-cho, Zentsuji-city, Kagawa

prefecture., Y. Kikuma 14 Apr. 2013, TKPM)

Received November 30, 2013 ; accepted December 20, 2013.

! Tokushima Prefectural Museum, Bunka-no-Mori Park, Tokushima 770-8070, Japan.

2 Inagi-cho 518-3, Zentsuji-city, Kagawa 765-0022, Japan.
3 Ohtakami-machi 78-11, Takamatsu-city, Kagawa 761-8074, Japan.
4 Royal Botanic Gardens, Kew, Richmond, Surrey TW9 3AB, UK



Fig. 2. Dissected one spikelet. Each spikelet has many glumes and lemmas, while its lacks palea, stamen and pistil in the

spikelet.

leaves.

The causes for these different modifications are varied and
may result from physical or insect damage, adverse
environmental conditions and true vivipary. These variations
occur in Pooideae, Chloridoideae, and Panicoideae, but were
most frequent in the Pooideae (Gould and Shaw 1968).
Additionally, it is common for grasses which continue to
flower at the end of the season to have proliferating spikelets
(Chapman 1996).

Based on our investigation, the sample might be better to be
treated as a type of proliferation or phyllody. This means that
the spikelets are abnormal and makes it difficult to identify the
species. However, on examining the spikelet in detail we

suggest that it may be a Poa sp.

Specimen examined
Inagi-cho, Zentsuji-city, Kagawa prefecture. (Y. Kikuma 14
Apr. 2013, TKPM-BSP081334 : Fig. 1)

I wish to express my sincere thanks to Dr. Hidehisa Koba of J.

F. Oberlin University for his valuable discussions.
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[Takahide Kurosawa', Satoru Kinoshita’, Takeki Tabuchi’, Aiji Narita*, Toshiyuki Nakamura’, Makoto Ogawa® and
Yasushi Ibaragi6 : Euphorbia sieboldiana C. Morren sensu lato (EUPHORBIACEAE) in Tokushima Prefecture,
Japan]
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[Makoto Ogawa' : Taraxacum kiushianum H. Koidz. in Ehime Prefecture]
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