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Experimental Studies to Improve Initial Survival Rate of Juvenile
Japanese Seahorse, Hippocampus mohnikei"’

Hiroyasu Suzuki®’

Abstract

Juvenile Hippocampus mohnikei, as well as prey organisms such as Artemia salina, is known to have
positive phototaxis. Because of this behavior, both juvenile fish and prey organism are often attracted to
the brightest area in the enclosure. In captive breeding program, the brightest area in the enclosure is
typically near the water surface and this causes accidental ingestion of air while juvenile fish foraging pray
organism. Often this causes an air blockage of alimentary canal and creates buoyancy problem, leading to
the eventual death of juvenile fish. We conducted an experimental study to resolve the early-stage loss in
captive breeding program for this species.

This experimental study consisted of four different controlled environments. The first group of juvenile
H. mohnike: was kept in an aquarium with a light shielding lid to reduce the light intensity near the
water surface. The second group was kept in an aquarium where the water was continuously agitated by
higher aeration rate. The third group was kept in an aquarium that contained Nannochloropsis ocultata
(previously frozen) in sea water to increase the turbidity of the aquarium water. The fourth group was
kept in an aquarium with both higher aeration rate and increased turbidity by adding N. ocultata. All four
experiments were repeated five times with different batches of juvenile fish.

We observed an increase in the survival rate of H. mohnike: in all of experiments with the exception of
the second group with continuous agitation from higher aeration rate. We conclude from this experimental
study that altering the environment of juvenile H. mohnike: by shading the light intensity and increasing

the turbidity can effectively reduce early loss in the captive breeding of this species.
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Fig. 1 Juvenile fish with air in alimentary canal (above) and healthy individual (below).
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Fig. 2 Shading experiment. Comparison of survival rate
of juveniles at two weeks after experimental period.
Control group (white) and experiment group (gray).
Experimental tank was shaded by covering upper part
of the tank and control tank was not shaded covering of
them. Upper part of the experimental tank was shaded
by covering in order to prevent juvenile fish to aggregate
near the water surface by positive phototaxis. *An
asterisk represents a significant difference at p<0.05
(Fisher’s exact test).
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Fig. 3 Aeration experiment. Comparison of survival rate
of juveniles after two weeks experimental period.
Aeration rate 20 ml/min - the maximum aeration rate for
not to disturb of juvenile fish - group (white) and 50 ml/
min - the minimum aeration rate to prevent aggregation
of juvenile fish near the water surface - group (gray).
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Fig. 4 Experiment using supplement Nannochloropsis.
Comparison of survival rate of juvenile fish after two
weeks experimental period. Added 5 hundred thousand
cell/ml frozen Nannochloropsis to experimental tank
water by referring a technique commonly used in the
aquaculture. Added no supplement to control tank.
Control group (white) and experiment group (gray). *An
asterisk represents a significant difference at p<0.05
(Fisher’s exact test).
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Fig. 5 Combined experiment, aeration and supplementally
use of Nannochloropsis. Comparison of survival rate
of juvenile fish after two weeks experimental period.
Experimental tank had 50 ml/min aeration and 5
hundred thousand cell/ml frozen Nannochloropsis
were added. Control tank had 20 ml/min aeration and
no supplement was added. Control group (white) and
experiment group (gray). *An asterisk represents a
significant difference at p<0.05 (Fisher’s exact test).
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Molluscan Fossils of the Uppermost Miocene Osozawa Sandstone Member of
the Iitomi Formation in Minobu-cho, Minamikoma-gun, Yamanashi Prefecture
—Reexamination of the Zushi Fauna—"
Masahiro Sua?’ | Takami Nosumara®’ |, Tsuyoshi Kawara®’
and Ichiro Mivazawa®’

Abstract

Eighty-five species of molluscan fossils are reported from the latest Late Miocene Osozawa sandstone
Member of the Iitomi Formation, the Fujikawa Group in the northern part of Fujikawa valley. The fossil
molluscan fauna is characterized by Amussiopecten iitomiensis, Glycymeris osozawaensis, Glycymeris
cisshuensis, Megacardita panda, Keenaea samarangae and Callista chinensis. This fauna contains mixed
assemblages composed of both shallow-water and deep-water inhabitants. From the composition of this
fauna and rock facies, the Osozawa sandstone Member is considered to have been deposited at the main
channel in the submarine valley to the upper fan of the steep slope which adjoined the narrow continental
shelf.

This fossil fauna corresponds to the upper unit of the Zushi fauna, and can be clearly distinguished from
the late Miocene molluscan fauna from the Fujikawa Group, which corresponds to the lower unit of the
Zushi fauna. This faunal distinction confirms the separation of the Zushi fauna into two stages, and can lead
to newly proposal of the Osozawa fauna for this latest Miocene molluscan fossils, and the Minobu fauna for

its preceding late Miocene fossils.
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Fig. 1 Location map (A) showing our study area. Topographic map (B) showing the sampling points with thick
line circles. R.: River. The base map is used 1/50,000 geographical map of Minobu published by Geographical

Survey Institute of Japan.
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Fig. 2 Geological map of the study area and showing sampling points. 1-2: the Akebono Group (1: the Nakayama
Formation, 2: the Kawadaira Formation), 3-7: the Fujikawa Group (3-5: the litomi Formation, 3: the Osozawa
sandstone Member, 4: the Karasumoriyama tuff-breccia Member, 5: the Hayakawabashi interbeds of sandstone
and mudstone Member), 6: the Minobu Formation (the Mitsuishi tuff-breccia Member), 7: the Shimobe
Formation (the Hara mudstone Member), 8: the Nishiyatsushiro Group, 9: Fault, 10: Axis of Akebono syncline.
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EREETRE DR FEIMILR

BRI EHEO 2 #EL (Loc. a, b) 7 HHkAEEY)
LA A8HRE L, 1o Off & R E Z oo
5 7% b E® TTable UWIRT. AR THET 52K
Wi iE 5 o OARB WAL A 121E, Amussiopecten
titomiensis, Glycymeris osozawaensis, Glycymeris
cisshuensis, Megacardita panda, Keenaea samarangae,
Callista chinensis’e EO BHFENRLHEL, Th
PNV IE R $E Cld Hariotis sp., Ginebis crumpii,
Astraea omorii, Siphonalia sp., ¥ < 4 FH% <,
Perotrchus aosimaiX® Turbo (Lunatica) robustus’s
ELEONL. ZHHBITIX, Arca cf ventricosa,
Mytilus sp., Chlamys sp., Cryptopecten vesiculosus,
Lima sp., Acesta goliathb % ¥ 5. BIRWE

WEr LN L -RENZREES W LADERE R
Figs. 4~7I12/R 7.

NSO ABEHEIIE, Turbo (Lunatica)
robustus 7z & B -2 X O i A HE TR &
Glycymeris cisshuensis, Amussiopecten titomiensis,
Megacardita pandaZs EBEFLIE O/ EZT L 72 1%
g ~ TR O IKHEELE, S B IZAcesta goliath,
Perotrochus aosimai, Arca cf. ventricosa’s & KFE
FHI A RENS 2> SR OREN RO ObN L. T X
I, BIREAERIE D S5 5 Nk KB LA TR
&, WIS X OVEHEO RIS A BT A Rl & KRR
T2 SRS O AT 2 AT 2 IRAEHETD
D, TOZ LI KEEM & 2 KRR DAL
ZINET 5.

BEIRES 3R O, BEKE 70 Hokl ~ MRS 2
LRgR S, BALA % & KILEEZ: & oMk 7 R
WHbEINTD. BRAERLKINBRIEICTNOL
FRILEEIK A B A 0 KL IS ok 2 e 1l
HOLDOTH%. KO EIIHIRT, REEE
PAET BIBHED 52D FEITE I ERE, LK S,
SR L O MK R R > A 7 & (Walker and
Mutti, 1973) DiEA D 5 LR O F ¥ A

EXRCHERE L 72l & Z 2 o s (BRI3H, 2013).
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Fig. 3 Stratigraphic succession of the Fujikawa Group
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D& LIZITFAKOBEEZHRE L. T42bDB,

Amussiopecten iitomiensis, Glycymeris
osozawaensis, Megacardita panda, “Periglypta’
sp. WL FEL, M “Gari” sp.,

cisshuensis, Chlamys miurensis, Acesta goliath,

Glycymeris cf.

Anadara sp., Lima sp., Protothaca sp. 7z £ D
HH & Thatcheria mirabilis7s & O JEFDE L 72,
Tomida (1996) <TiX, /MRS & EIRD 2 H#irih
L3O RAKREN WAL A A S, LERE LT
IR LS Tl Ginebis argenteonitens, Turbo cf.
marmoratus, Hartungia typica, — FH ¥ Tl
Glycymeris rotunda, Glycymeris osozawaensis,
Glycymeris albolineata, Amussiopecten iitomiensis,
Megacardita panda, Keenaea samarangae’s & 0%
%. ZLC, Tomida (1996) TixZ N 52 Turbo cf.

Table 1 List of the fossils from the Osozawa sandstone
Member of litomi Formation in the Fujikawa Group.
Number is number of specimens.

Species name Osozawa
Locality No. a

|Perotrochus aosimai Ozaki 3

Perotrochus sp.

Hariotis sp.

Cellana_sp.

Ginebis crumpii (Pilsbry)

"Solariella” sp.

[ Astraea omorii_Shibata

Astaea sp.
Turbo (Lunatica) robustus Ozawa & Tomida

alalaln| |wla|o]—
w

Turbo (Lunatica) aff. robustus Ozawa & Tomida

Turbo sp. 1

Astralium_sp. 1

|Hipponix sp. 1

Cheilea sp. 1

Cypraea sp.

Cypraeidae gen. et sp. indet. 1

Glossaulax sp. 2

Sinum javanicum (Griffith & Pidgeon)

Naticidae gen. et sp. indet.

Galeoconys sp.

Tonna sp.

[Morula sp.

Siphonalia sp.

Hindsia sp.

JENENTT 1 N N N 13| BN

Hemifusus sp.

Granulifusu's sp.
|Fusinus _sp.

Fulgor aria sp.

Olivella sp.

Olividae gen. et sp. indet.

Mitridae gen. et sp. indet.

Conidas gen. et sp. indet. 1

[ENEENENENENEN N [T N

Turridae gen. et sp. indet.

| Purpura_sp. 1

-

Thatcheria mirabilis (Angas)
Comitas sp. 1
|Parabathyvtoma cf. luhdorfi (Lischke)

N

N

Terebra_spp. 2

Terebridae gen. et sp. Indet. 2

| Architectonica sp. 1

[Arca_cf. ventricosa Lamarck 5

Arca_sp. 1

[Arca spp. 1

N

|Barbatia_sp.
Crenulilimopsis oblonga (A. Adams) 1

Glycymeris cisshuensis Makiyvama

Glycymeris cf. cisshuensis Makiyama

Glycymeris osozawaensis Kanno

Glycymeris sp.

Atrina sp.

\Mytilus sp.

| Amussiopecten iitomiensis (Otuka)
Chlamys sp.
Cryptopecten vesiculosus (Dunker)

Lima_sp.

Acesta goliath (Sowerby)

"Ostrea” sp.

N | 0[N
NI ENENTS NI SIOIENTIR N

"Crassatellites"” sp.

Indocrassatella sp.

Glans sp.

-
[e¢]

Megacardita panda (Y okoyama)

-

Meiocardia tetragona (Adams & Reeve)

Keenaea samarangae (Makiyvama)

[ Keenaea sp.

-
N
wl=

NI [e=(N

Cardiidae gen. et sp. indet.

Coelomactra cf. antiquata (Spengler)

N

Oxyperas bernardi (Pilsbry)

Oxyperas sp.

Lutraria maxima Jonas
Macoma sp.

Solen krusensternii_Schrenck

Solecurtus sp.
Solidicorbula sp.

Circe sp.

N |afa]alalaln=lain

N

Callista chinensis (Holten)

Callista sp.

[ Anomalocardita sp.

|Dosiniella_aff. sabulata (Smith)

o= |=|w(n

|Dosiniella sp.

|Paphia exilis takaokaensisi Shuto 1
Clementia papyracea (Gray)

N

N

\Mvadora fluctuosa Gould 2
Pictodentalium vernerdi (Sowerby) 14

Fissidentalium yokoyamai (Makiyama). 2

ININ

Fissidentalium_sp.
Brachyopoda 1

Echinoidea 19

Scleactinia 3 2

Crripedia 14

Carcharodon carcharias (Linnaeus) 2

Total number of specimens 275 282
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Fig. 4 Characteristic species of fossil molluscan assenbleges from the Osozawa sandstone Member of litomi
Formation in the Fujikawa Group. Scale bar is 1 cm. 1-2: Perotrochus aosimai Ozaki (NHMT-13800, Loc. b,
1: apical view, 2: side view), 3-4: Astraea omorii Shibata (SPMN-r20257, Loc. a, 1: apical view, 2: side view),
5-8: Ginebis crumpii (Pilsbry) (5-6: SPMN-r20232, Loc. a, 5: apical view, 6: side view, 7-8: NHMT-13684, Loc.
b, 5: apical view, 6: side view), 9-10: Architectonica sp. (SPMN-r20231, Loc. a, 9: apical view, 10: side view),
11: Cellana sp. (SPMN-r20260, Loc. a, apical view), 12: Sinum javanicum (Griffith & Pidgeon) (SPMN-r20264,
Loc. a, apical view).
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Fig. 5 Characteristic species of fossil molluscan assenbleges from the Osozawa sandstone Member of
litomi Formation in the Fujikawa Group. Scale bar is 1 cm. 1-3: Turbo (Lunatica) robustus Ozawa &
Tomida (SPMN-r20254, Loc. a, 1: side view, 2: apical view, 3: apertural view), 4-5: Turbo aff. (Lunatica)
robustus Ozawa & Tomida (SPMN-r20239, Loc. a, 4: side view, 5: oblique apical view), 6-8: Siphonalia sp.
(6-7: SPMN-r20251, Loc. a, 6: apical view, 7: side view, 8: NHMT-13812, Loc. b, side view), 9-10: Cypraea sp.
(SPMN r-20217, Loc. a, 9: dorsal view, 10: apertural view), 11: Purpura sp. (SPMN-r20243, Loc. a, 8: oblique
apical view), 12: Hindsia sp. (SPMN-r20234, Loc. a, side view), 13: Terebra sp. (SPMN-r20236, Loc. a, side
view), 14: Terebra sp. (SPMN-r20237, Loc. a, side view).
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Fig. 6 Characteristic species of fossil molluscan assenbleges from the Osozawa sandstone Member of litomi
Formation in the Fujikawa Group. Scale bar is 1 cm. 1-3: Amussiopecten iitomiensis (Otuka) (1: NHMT-13539,
Loc. b, right valve, outer surface, 2: NHMT-I3501, Loc. a, left valve, outer surface, 3: NHMT-13502, Loc. a,
right valve, outer surface), 4: Arca cf. ventricosa Lamarck (SPMN-r20214, Loc. a, left valve, outer surface),
5: Barbatia sp. (SPMN-r20203, Loc. a, left valve, outer surface), 6: Glycymeris osozawaensis Kanno
(SPMN-r20148, Loc. a, right valve, outer surface), 7-8: Glycymeris cisshuensis Makiyama (7: SPMN-r20141,
Loc. a, left valve, outer surface, 8: NHMT-13507, Loc. a, right valve, outer surface).
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Fig. 7 Characteristic species of fossil molluscan assenbleges from the Osozawa sandstone Member of litomi
Formation in the Fujikawa Group. Scale bar is 1 cm. 1: Mytilus sp. (SPMN-r20222, Loc. a, right valve, outer
surface), 2: Atrina sp. (SPMN-r20229, Loc. a, right valve, outer surface), 3: Acesta goliath (Sowerby)
(SPMN-r20222, Loc. a, right valve, outer surface), 4: Megacardita panda (Yokoyama) (SPMN-r20268, Loc.
a, left valve, outer surface), 5: Chlamys sp. (SPMN-r20301, Loc. a, right valve, outer surface), 6: Circe sp.
(SPMN-r20194, Loc. a, right valve, outer surface), 7: Dosinella aff. subulata (Smith) (NHMT-13604, Loc. a,
right valve, outer surface), 8: Callista chinensis (Holten) (NHMT-13548, Loc. a, right valve, outer surface), 9:
Keenaea samarangae (Makiyama) (SPMN-r20172, Loc. a, right valve, outer surface).
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marmoratus — Charonia sauliae®t$: &, Glycymeris
albolineata — Amussiopecten iitomiensis —
Megacardita pandal¥ %, Bolma virgata — Kelletia
brevistEt, Glycymeris rotundalt %, Ginebis
argenteonitens — Actla divaricata — Fissidentalium
yokoyamailiE 5 % 88, RilEA B EPREEBE O
ARIBISEIINTEE LT, ZoZErbRE%R
FHEA D - 72 L HEE L7z

BT EIMEOBRET
(B EEMF & BRENYEDIRIB)

ANEE B (1992) 1%, BRI R D O T
WG T CHAR 5 AR O H ARG B o R+
D BT H & i BT BRI TR AL L 72 BRI R BN B L
LT, BEFEEHEAL LCGETEWRE G L7

ANEE - BH (1992) &, ETFEIRE L ET 51t
ARELGUIEE LT, 1 (Shikama, 1973)
XU, Tk (Ohara and Ito, 1980, Tomida,
1989), VE/MBERE (K¥%, 1931 %K, 1978), FHR
JE % A (Mikami, 1961 5 $87H - #85, 1987),
ViR ERE R e, BRI E (KK, 1934 ¢
Fkili, 1957), MHEJE#E (Tsuchi, 1961, 1986), =
I gEes @ (Shuto, 1961, 1986) # HIF T 5.

Tomida (1996) &, F&E 7 + v 4~ 7 F Hidg
OETEWHE T L OB, ETEWHER
WiZ2p3nb el T4bb, THoEHEIZ
B 725 LI A B X Amussiopecten akiyamae
— Chlamys miurensis — Lima zushiensisht
ML, bAoA H 2D kTR
51EGlycymeris albolineata — Amussiopecten
iitomiensis — Megacardita pandad ¥ ETH L L
72, F 72, o RBHEZIESiphonalia cf. declivis &
Nipponocrassatella cf. takanabensis7s & 1 I 357 1
OENBEYRE L ET 2L ETL L LTS,

i3 (2013) & L) 8 HE B REJE = v 1 BEIK
AT E A 5 B U 72 Amussiopecten akiyamae —
Chlamys miurensistE81%, Z O A S Tomida
(1996) DETBWHED T OIEHEDILAHREEICD
720, ZoOMWERAMAIZSEIES (2012) X0 B
B w9 OBlow (1969) ONI6H ICH Y2 b D
EEZoNA. F72, I (2013) oELIIE
T DR R B IRA A TR E A 6 S A Amussiopecten

iitomiensis — Glycymeris osozawaensis —

Megacardita pandatit 1%, Z O S Tomida
(1996) o LA/ AREEICH D, Si1EH
(2012) & 0 2 bR IREAR R F J00 hoT HERT ON 17
W~NISHICHNTHEERONS.

IS GG & R EIEIRW S E O 2 >0tk
HETE, RHEMORENTOBEZHRD ) DD
bN%. T4bb, Amussiopecten)E 2B LTI,
L& 7 & X Amussiopecten akivamaedSEN T 5
DR LT, EIRW A ERE D S X Amussiopecten
iitomiensisDS T A, Glyeymeris)®B I L T,
5 it g T \dMatsukuma and Okumura (1986) <°
Inoue et al. (1997) 2 & - THRF H A D &R Hie
25 HWMEBI DD D Glycymeris izumoensish & %
MDA, BIREE R Tl A O BRI 8 BE ) &
b MY B Glycymeris osozawaensis% s 5.

kB, BLINBETIZIZOmEDHONEHEIZSH 7
% R T NGRS S HIE g (P rpor it 14 10
OJF#E, NI6~NI7Hi ) 7 51E, Crenulilimopsis
oblonga — Megacardita ovamaiTE$EDTRD LS.
Z DAL A B X Amussiopecten)® TR L X)L F T
[ TEXBEAPAD SN T VARV, BRI E
BRI B W B Megacardita pandaDHLEHITH %
Megacardita oyamaix %S 5 (52134, 2013).
%8B, Megacardita oyamail3'& 1) IEHE DAL TIZE
W5 g 7E L o A Y A58 5 (Shuto, 1957). %
72, Glycymerisl& 2B L CTl&, HEEEH» 5 b
SN D Glycymeris izumoensis<, AL HARD S iyt
HAOH - EEBhFrfeo & #H (Inoue et al,
1997) ® & 5 Glycymeris idensisH3% L, IR
HERRE I HE OV B Glyeymeris osozawaensishy e
Ihw. T42bb, RINGED SRS EREREO
Crenulilimopsis oblonga — Megacardita oyamaitt
1%, BRI ETEOLAREE L D VR 25
BOT L ATEDZ O EZOFhRE KD D, 2
DT EWD, RGeS HRE T EOL AR,
Tomida (1996) @ TA7J&HE D BWHEIZAYS T 5 W HE
W2id 5. B, NEII2 (199) 12X, N17
AEPIETEWHOMBICHATHNTB Y, FR0
WCHIEE R,

ek, EFEWREDTHT R & 1 50 TR A5
b rE T vV FEHONAEEE
¥ L ®7zTomida (1996) IZX > TRENZZH DD,
[l —HERR A2 BT B T D TOALARE DR 122
L LTeozonflidhhr o7z, ABIFEICL -
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Fig. 8 Depositional ages and molluscan assemblages distributions for the Fujikawa and Akebono Groups. Time

scale after Lourens et al. (2004). F.: Formation.

T, BB ORHMZLHZ T (2012, 2013)
WX 2 ELINEREORE T OB AR, FIERE D
Amussiopecten akiyamae — Chlamys miurensis
HETREINIE OB L, ERDE
8 k& D Amussiopecten iitomiensis — Glycymeris
osozawaensis — Megacardita pandattEh S 7 5 14
FEHOBPWREL LTHRINIZEWR S,
EFEREE, - BH (1992) ICXBEFRT
R R 2 S SEF RN EH I 20 TR AR L
B O H ARG O IR 7 OB 70 b AT BREE T
WCER LR ARBWH SN TB Y, BT
kD kg o O & O Climatic Optimum 3 (Barron
and Baldauf, 1990 : 7.6 - 6.6 Ma, N174#F F#) 2
JRAZL L7z & Sz UNEIZA, 1995). 2 OClimatic
Optimum 3OO EWHE X, & LNEHE TITHK
B e IE E e s BERE (N1I6~N17H ) o
Crenulilimopsis oblonga — Megacardita ovamaitt
E£RMHUT L. LT, ZOFMNOHFIILED

Amussiopecten akiyamae — Chlamys miurensishf

HFE T B BE & T S 22 L DLRT O B
Hicn s, L LadsofEgo LTk, LTl
7 X DI HERE OB Y X Tomida (1996) =1
BWEEOREIICH TIETE S, ZOZEIETEHY
TEDORHR O R KA\ ZE D b O % TG 5 2
TR LI L rRIETAH.

AFcik, BLIEROBFEICES Lads, &
T BYWE ORI & 2B AH Y 5 2 B AR SRR
BICHREICXKTE B2 L, 20— TRTBY
BEOREDOR L FTIZOVTHRI T 202N 5
CELWISNICL 2T, BB EHHE MO

Amussiopecten akivamae — Chlamys miurensis
— Lima zushiensishE%E B L OB H#HZH O
Crenulilimopsis oblonga — Megacardita oyamailt

o ltntEE e SEEWREE L, RUPHr
WK B D Amussiopecten iitomiensis — Glycymeris
osozawaensis — Megacardita pandat 505 72 1L
AR ERENRE L IR 5 2 & 2% T 5. Fig. 8
12, 2RI (2013) OFEL)IEREZ BT 5 B #E
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DREFFERERYT. 72, BWE7 + v < s

3B L ZORBIZBT 2 WEWHEICHIETE 5
ILAEBED A %, Fig 9IZI/RT.
PERBEWRE & FAROLARER L, B8l o PaEE

JEHA R A E (Tomida, 1996) RSHRIL#L D
REREEARE (REIE2, 2003), KB%HER: O P/
e (- B, 1983 HIT - )&, 1997), MHE
E# (Tsuchi, 1961), =I%EH: (Shuto, 1961) 7%
HbH. Z0HL, FHRILOFESED S1E, BIRW
b E ORI ALA & T iﬂﬁ@fkﬁ#%%?ﬁi
ENTWws (IBEIEH, 2003). TNEHDH LT
5L, BRI T Chlorostoma narudei, Astraea
omorti,
T, ZHMHFETIXAcila (Truncacila) insignis,

Glycymeris osozawaensts,

Serpulorbis cf. dentiferus, Kelletia brevis

Chlamys miurensis,
Acesta yagenensis, Megacardita panda, Macoma
praetexta TH ), Amussiopecten iitomiensisd & F
NG, P/NMEREA 5, HE -8 (1997) 12 X g,
Suchium sp., Glycymeris cisshuensis, Venericardia
(Megacardita) panda,
B4PEL, Glycymeris cf. osozawaensis, Chlamys
miurensisDVSEEN5H. Tz, H-EH (1983) 12X
MU Amussiopecten iitomiensisb & EN 5.

B, MERBEHIZOWTIE, Inoue et al. (1997)

Mercenaria yokoyvamai

R EENMULA &L T OEMOFEMAHE TRV &
o, FEIBREEICOWTIZFORBEEDEH
LB A PG T A LB H D 2 LD, Kb
TR & S o/bA R & BRI L o
BIRIZOWTIESHROMEREL T 5
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TR i L BE R B W WY R g 3 X A2 A 5 B | )l

JE BEIE IR 75 508 D IZIR O 2 Hupi 7> & 85FH D ik AR E)
WibaZEL LY A L7

FEWM L 728k AR B AL 1 121X, Amussiopecten

titomiensis,

Glycymeris osozawaensis, Glycymerts

Megacardita panda, Keenaea
samarangae, Callista chinensis’s & O K HHH
WL, TNDANCHE R B TlXHariotis sp.,
Bathybembix crumpii, Astraea omorii, Siphonalia
sp., ¥ <X HABNEL L, Perotrchus aosimaiX Turbo
(Lunatica) robustus’ £Ed R H5N 5. ZHHFTIX

Arca cf. ventricosa, Mytilus sp., Cryptopecten

cisshuensis,

vesiculosus, Lima sp., Acesta goliathd % FE3 5.
NS OLAREEICIE, B BT X O R iEilE

T RENG 2R & BRI OANE I L 72 Bk~ T
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