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Faunal changes of cryophilic ostracods (Crustacea) in the Japan Sea, in
relation to oceanographic environment: an overview

Hirokazu Ozawa

Department of Geology, National Science Museum of Japan, 3-23-1 Hyakunin-cho, Shinjuku-ku, Tokyo, 169-0073,
Japan (ozawahi@kahaku.go.jp)

Abstract. This paper overviews the faunal changes of cryophilic ostracods (Crustacea) in the Japan
Sea since the early Pleistocene, in relation to oceanographic environments. Summaries of water
temperature-salinity ranges for living relict-species of the families Hemicytheridae, Cytheruridae
and Eucytheridae in and around this sea provided significant information on their ecology and
survival through Pleistocene environmental fluctuations. Using summer temperature-salinity habitat
requirements, 14 representative species could be divided into three groups. The winter temperature-
salinity of areas inhabited by these three species-groups falls into a single range. The ability of all these
species to tolerate a low winter temperature around 5 ‘C (or less than 5°C) is considered critical for
their survival. Their wide temperature-salinity tolerances between summer and winter are considered
to be the most advantageous factor for survival through Pleistocene environmental fluctuations in the
Japan Sea, caused by glacio-eustatic sea-level changes. Palaeo-habitats and the Pleistocene extinction-
history of cryophilic species in this sea are recorded in coastal strata. The presence of 16 now-extinct
species from the Omma Formation (1.5 Ma), central Japan, indicates that such species predominated
in a shallow, open sea environment. Tolerance ranges of salinity for these now-extinct species are
inferred to have been narrower than those of most extant cryophilic species that live in open water as
well as in brackish inner-bays. The salinity decrease in shallow-areas, as the result of glacio-eustatic
changes and the closure of shallow straits around this sea owing to the low sea-level, might have caused
their extinctions during glacial periods with increased sea-level amplitude since 1 Ma.

Key words: ostracods, Crustacea, Japan Sea, cryophilic species, Pleistocene extinction-survival, water
temperature-salinity range
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EWFHOETE L ZOEEAH L OBDY 2, FV IRk
ETHAT S Z L%, HERBIFEOFLEED 1O TH S,
BUE O BASISFIIC L, fRa R BIERE P 5
O, ZERRMAEEYHEP R OND. 20, HEEEO
IHF e MEFNEy T o v 7T L0, BERBRI oA
kA E ERENLOHEL BB TE2 L0 OFfRLHD.
L3> T, AARFIEIFHAMICR TS, HBafUREick
D UEAEA O SRE DB T D RIC L 5T, il
RHUR O 1O TH D,

JEFE AR 0 B A 1%, REESOICALE 3 2 BT
7o Y T, BEBCE T ERIC K — MK o K[EEE) I
tEoT, B2 L OBRMMAERLZE/NL, WL WEREELD)
oz F T & o (B, 1981; Kanazawa, 1990; Oba ef al.,
1991; Koizumi, 1992; Tada, 1994; Cronin ef al., 1994; & H,

2000; Kitamura et al., 2001; Ozawa and Kamiya, 2001;
Yamada et al., 2002). 4E &Y BT 508 (KE 0.5
~1.0 mm & & OHU/NFFYE ; Ostracoda, HFHIE, HR
¥, hAIvva, FRANTa—FLEERE 1L FEY
R FFle v o THISREA M <, H AR O %
icb % < OFEMNERL TS (Tkeya and Suzuki, 1992;
Ozawa, 2003a). F7z, FEOkE EZEHEP A ZET
% 7o ¥ (Hanai, 1957; Okada, 1979; Ishizaki and Matoba,
1985; Hayashi, 1988; Irizuki, 1996; Ozawa, 1996; Kamiya
et al., 2001; Ozawa and Kamiya, 2005a), BR#EZ{bIC L 5
EWEEOEBEREOMGEICHE L MBI TH D, L, H
AR = O NI BLE T DWW TIE, Hifg Z & o HEF X
boledy, I L OMBHIHACETLERD, < —Ho
BEBRWTRIE SN TW R roTe, £z, BIED BARWE
LT RO 50, ABRE T T 2R S 2
<AL, TNHOEREPRATH T, €I TEHI,
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FICAARMEEHEE & LT, FARBY L BRELNIRIC,
PEBRIRE L T ORI - R L OBE R, FRICIFmTE L
N BREICOW TR L TE T,

INOONMHRE L IG L L BRI, BARER RO
R 70 D IR B S 2T T o EEHLIC 046 3 2 BT
L EHHOHE» S, KO ARBTEELE, Wb
D BN RE oA N EFICER L, kAT —#
DALEGNZ N 2 & (Tabuki, 1986; Cronin and Tkeya, 1987;
Irizuki, 1993; Ozawa and Kamiya, 2005b) &, T4 T 725
T, BABOSMAERPEA TS D TH D (FHE,
1996; /NRIEA>, 1999; Ozawa, 2004 72 &).

AFGTIE, HIOIC HAME & LI 2 i rm e A
? R F M) 72 3 B (Hemicythere, Cytherura, Eucythere %} )
BT, BUEORE AR & RO BREESAF OKIR. - ¥55)
IZOWT, Ozawaetal. (2004) &/ (2006) 23AFKL
TNEEZBEICHR RS, KR - 9 2RF LB RE, 2
o OWE - bR 2 ERER L LT, AR
BOBHMDPHBUE S NDHIRL Wb ThHD (Athersuch
et al., 1989; Tkeya and Cronin, 1993; Frenzel and Boomer,
200572 L), WIT, 60 3ROBIUER LR IED, 4
TR L 72 LB X O 2LEREICBEIL T, b ZHET D
Hifg T o EER,  H ARG IR 1T D BT RTHILARE o FE
HORRHE & MR, 38 X OEIARE O AT EEICOWT,
Ozawa and Kamiya (2005b) 232K L AR Z, HT O
T2 LEBREBINL TRAT 5. &EIC, Zhb0Fn
PR ORI R SRR i 5.

2B, ARTHW D IFHMR L S FEFRIE, Cronin and
Ikeya (1987) 2AHAMEONMTEHIICO>WTERE LT, 21
f& @ cryophilic species (AF 1) & [ U HFE 225, &
T b ORI L R— O Z7RL T, 22T
i, BARMEZ IS L, Bk o X5 RIEKIR 2T &
WO iR 2RO 3R OBUAERE, BXUZ o 3REHAERL
R ATE L WO B THWS.

BABERDIZHEITHFAEREOREDNSf
EAERIRR

HAHE DN B OWTIE, BEOCHESMG T — & Bk
WL D ledoleledd, EEEOOWE I NV—T1X, £T
2> S ALHEET O 5 VEEK T, Bt & et o WK 2 A
L T (Tsukawakietal, 1999 72 &), FI 250 % & % 5l
L UNR, RAKRT—#), Hip 2 KEEEHFH - isic X v
4 FEEITKAI L 72 (Ozawa, 2003a). & 61T, O K
R - o) AT U TR, ABEO NI, 42 A4 T DK
IR b%& % 2 DOMRFRKIL (RHERRREAK, x5
B EAK) L EEm KL (B AP - BR7K, BT
WIKRHEIK) xR 5 2 LB S DN o 7 (Ozawa,
2003a).

COAKKMD O L, HAMMAKZREAKICHECHEITIE,
X&) 72 3 B} (Hemicythere, Cytherura, Eucythere £} ) & 47

NN

BHEEPZ<EENLTWe (1), ThbofEid, 7Ekix
B DHROFEEE A ETESTED, EHELOFEICLY
B TAEERPER SN, EEEPEFELE LT, BARL
JEIECAEETND Z ERHA LRI Ro 7 (FHE 1996
NRAZ 22, 1999; Tsukawaki ef al., 1999; Ozawa, 2004 72 &).
—7, ML 7o BAYEES obafEE, 3R CEHEICOER
L2 EMEHFOFTETHHL OB o7, T O & A7
EOTEREERTHDIC, £ 3ROHRATENAE
A 72 4 FEIZ ST (K1), BUEO BRI 3AG & BEF O 3L
BT —2 L, EEOLOMETHLLT L eFE LD,

Flo, HHMBOEFLAZOKIR - N7 — ¥ ZRfE
L7z, Zhid, BARMEEEE TIX, B2 AOKBENPKT
FREITHARTREWED TH S, INERIC OV TidfE
RZITHEE RS - AARMET —# k% — (JODC) @
7 — 4% ~X— 2 (http://www.jodc.go.jp/service_j.htm) %
FIHL, WHOYEKIE - 2 Ret L. 2T -
RREE 1A > ¥ a N KEE 0~500m (0, 10, 20, 30, 50, 75,
100, 125, 150, 200, 250, 400, 500 m) DT —# T, FKFEICD
WC, AR D A KGRI b 3TV KR DK - o %
Wiz, AEBIEIC OV TIE, RO EREFEERTT 2 £ B4
FLZBHEZH Wz, 2o oK - EEEZE LD,
ZLlicr 77 Tl (Ozawa et al., 2004, Figs. 4-6 2
.

ZORER, T D OFEIE, BAME- A F—> 7 il KEE-
ENEIN RN O S, JLREEL I Z < O RS
U, T B AL N (Bt 88) 1213 &2 @ 14
FERDATH I ERHBH L (K2). 14 oL BRI,
EWOKEWEZFRKIR - Ho &ML AmgickoE, #H
WA EEL 23 7 —T, OHARINE - NERL (9 F
0~25°C,30~34 %), @QRA -7 F 2 /MM (11
5 CHii &, 31~34%0), @RAAR IR (47E:0~25C,
33~34 %) Xl (HM1,3). Thicksd e, E=F
KIS 0~25 C L g IRVR B 2 Ff>ff &, 5 CRifZ &
BRVNR EEM I 2 R ofB I 3 s 5.

—7, AZKIE 5 CHitE (2 WIE5TUTF) &)
P, 3 7N —FICHBORETH D, Z ORI,
HAMREIRIC R b 2 BARBER K L o mKE o
EOKIREFRET, ZOLAFOMAKIRD, Fmtk L X
N5 UHEDORMEHETDHREEEZOND. Wkt
i, SMNFEOBITHERRRIC IR, SNE & VB O G ICHEL R
RV AIRIA <, ZOFFAITRKT30~34 % TH 5.

BEHHLUROIF AN REOESE

AIE TIXEIC, 4S5 EET DGR OBEN) 756 & B8R
Bt OKIR - #9#H) 1D\ T, Ozawaeral. (2004)
E/NR(2006) IZESWTEIRICHEM L. TOETIHE,
FL 3RO THILATLRRSRGT, MIELIZEE X
LNDHFICDOWT, Ozawa and Kamiya (2005b) DN
CESWTIHEMNT S, Zh b AAREICEEOmE S0



A ARG D IR IEITTE BAR D L8 & HHFRSE

2007 4£ 10 A

140°E

OB&E/Sh¥-—RER
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2. BUEIFGYERE © 30 s X N3 7 v—T o 43 & FEEK

(Ozawa et al., 2004; /MR, 2006 1233 <).

KR AR
(C) A S (C) EE=
25 A 25
A
I
20 L Ay, AA 20 -
154 * R Loap 15+
A L A“
104 . AA . 10 Jd
A 3
54 Lo 5 " fi R
o s o al as Mls
30 3132 33 iﬁﬁ 34 (%o) 30 3132 33 ﬁﬁ'_:ﬁj\ 34 (%)
(C) (C)
25 B 25
20 -| 204
15 15 4
10 + 10
Y
st+ + + FAEEE AL 5 + e o4
+ + +
1 e A i
315 32 33 34 (%) 315 32 33 34 (%)
©C (C)
25 £ X 25
1. BARUE & FVEERE o BT RE (37 v—T 0 20 """ 20
14 ) O SEMEH. 1-9: HA M- NER, 10: B A - s s
75 R B HER, 1114 B A SMER 1. Cornucoquimba %
alata (Tabuki, 1986), RV, 2. Finmarchinella nealei Okada, 1979, 10 x : 104
RV, 3. Hemicythere orientalis Schornikov, 1974, LV, 4. Howeina x % % ‘*
camptocytheroidea Hanai, 1957, RV, 5. Howeina higashimeyaensis ®1 x * 57 Hmx*
Ishizaki, 1971, LV, 6. Howeina leptocytheroidea (Hanai, 1957), 04 B x 0 Xy xuX *
RV, 7. Johnnealella nopporensis Hanai and Ikeya, 1991, LV, 8. 32 33 34 (%) 32 33 34 (%)

Munseyella hatatatensis Ishizaki, 1966, RV, 9. Yezocythere hayashii
Hanai and Ikeya, 1991, LV, 10. Laperousecythere robusta (Tabuki,
1986), LV, 11. Baffinicythere ishizakii Irizuki, 1996, RV, 12.
Baffinicythere robusticostata Irizuki, 1996, LV, 13. Daishakacythere
abei (Tabuki, 1986), LV, 14. Daishakacythere posterocostata
(Tabuki, 1986), LV. 14 OSMERZERE, @ THF®E. AR
B DR ZR9. LV Erk, RV AR 1,4,7,8,10-12 1%
FAR— 7 HBEM) B, 2,3,6,9,13, 14 IXH AW CR7eEH)
BE, 5K () PE.

X 3. 37 N—T7OEMICHET D, HEOEE 8 H) - 4F (2/)

DK - W T — 8 OIE 2 5 7 (Ozawa et al., 2004 |2 B AHEFEES
OF—# ZBM). A THARINE - BT (2 9FEICOWT, A),
B.THAR -7 Z 20 /4R (& 1FEICO>WT,+), C.ITAAR/
SR (A FEITOWT, X).
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X4, FHMETH O KEE» 5 ET 5 M AENE (Now Extinet) F{Lf © SEM 5 H. 1. Cornucoquimba sp. A, LV,
2. Cornucoquimba sp. B, RV, 3. Cornucoquimba sp. C, LV, 4. Cornucoquimba sp. D, LV, 5. Hemicythere kitanipponica (Tabuki, 1986),
RV, 6. Johnnealella? sp., LV. 7. Laperousecythere cf. ishizakii Irizuki and Matsubara, 1996, RV, 8. Laperousecythere sp. A, LV,
9. Laperousecythere sp. B, RV, 10. Laperousecythere sp. C, RV, 11. Laperousecythere sp. D, LV, 12. Urocythereis? gorokuensis
Ishizaki, 1966, RV, 13. Semicytherura subundata (Hanai, 1957), RV, 14. Semicytherura cf. undata (Sars, 1865), RV, 15. Semicytherura
sp. A, LV, 16. Semicytherura sp. B, RV. 10 DSR2 fr &, & TRl OWRANIEOTS 279, LV @ 2, RV @ £k

12 (HZfgE) ZkrE, 2TKRREE.

T, ZOHBHSMLELR N 2m5 221X, oot
YHOLEEEYZ 25 FTHEHETHS. AFRTIEIhb0{L
FRE%Z, 5 TIEHEHRL TWd v Bk b, ELNE
fii (Now Extinct f) M5 (K4).

NE It TLPEHLZ2VWD T, £FWNE L ED
ELLOBRBEAZIGFATEONEHRE L. HARUREOHE
D5 H, 1HUE»S B2 25 NE oA RS £, dt
Rty o KEfE (EHIEATEY) TR 2 et L 2. K&
JEDH TS, NE RO R b L\ 150 T 4RTAHTITAE
W DBHEIZHONT, HEREORZ D 3HIRME (WE 2 H
I & SRR 1 Ml ; Ozawa and Kamiya, 2001) T Z
EOEHROFEL, KM TIV U TIABLVICED DK
S WEIS AL L 7. 3 MU T E L E R 20 Rl 0 3k
BHARTAER, 1 OO TRk D 16 AR S L7253,
D 2 IR TIX1TER < LT HLOEIGTELICTER
Dotz. T OF 16 O NE L, HL5E 0 BAEN Y HESC K
4 FlEEAILEE, NE A% < STt CalKEMmk
WE) 26 (EH, 2000), NEBXY b, SMEOEREE (1
W EE) %0 ATHAL Tz EHERIS e

WIC NE & Ok 2, Tt 317 5 A AR O BRTEA
LS TERT D720, BED 14 OFFHICRIT
LEMOFEREEZE LD, K50 KK, KREED
16 ffiC, fhIfA L, JLER» DIANEE L HE SN

T [FR D 6 F 2N % 725 22 © NE FEIZ 2\ T, #KHiE T
DEHOFEZR L. 2 TIREROEHMICLY, 14
OHE % A-F O 6 BRI, ELbA~FHLL 25 X
SR TH D, ZOFER, Bl A © 150 FHEF £ T
X Z VS, BRI L < 2Dl 20THY, HHF
O FHBE (12 HERD KX 1O RICR D, it
ok, BATD WREOLAEHRT—4% L5 O TFX
WRLTZ, ZOERPD, ZTNHOBEAES L OMENG
FETHZ b5,

Z O NE BOREEICOWT, X 6 12k L &2 tn
BRI 7 TR, IhERS L, NE T 150 7401 E
THEIZZ WD, TO®%ED L, Fi2 90~40 J7 471 O H
M 7TEIBEHL 22D, KL ExLND., Zh
OO HEREIE, AR [RGB RBREZG AT DO T, Bk
DA LIED TG, RBEREREO I THEIE L 720 T
RN LEIREE X2 LA TV (Ozawa and Kamiya,
2005b). L 22 L, BAARUERGERID A O #EHT - FEHHE T BT
RN BCAREOEH 2L <HRit L 72kE, #< e
125 75 FERiEE o DK HIC L, BE O xSRI T
REEEDSN HARMRICHI O THA, 4 O H AR 72 B D B i
BWMAL TWe Z & BRI S 7z (Ozawa and Kamiya,
2001). L7223-> 7T, NERESDA L7 < 725 90~40 J54E
A&, BUE LB DG R AR DTRA L e R o 125 77
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i A B C D |E|F
i, Nl -
2 NEE (i) | B & 20 1 8 o 6 | 2 B &

Cornucoquimba sp. C f
Laperousecythere cf. ishizakii
Laperousecythere sp. D

| Laperousecythere sp. A
Semicytherura sp. B
Semicytherura cf. undata

Laperousecythere sp. C b
Laperousecythere sp. B
Normanicythere japoni d b

Pectocythere daishak i b
Patagonacythere sasaokaensis | d
Cornucoquimba sp. D
Cornucoquimba sp. A
Cornucoquimba sp. B f
Hemicythere kitani i b|d
Johnnealella? sp.

Semicytherura sp. A

Urocythereis? gorokuensis d

Daishakacythere sp. d d[d

Finmarchinella daishak i c
Finmarchinella rectangulata c
Semicytherura subundata a a ala

B2l RET2E
Baffinicythere ishizakii
Baffinicythere robusti a €
Cornucoquimba alata b
Finmarchinella nealei
Hemicythere ori i
Johnnealella nopporensis
Laperousecythere robusta
Yezocythere hayashii b
Howeina camptocytheroidea c
Howeina higashimeyaensis a a
Howeina leptocytheroidea b
Munseyella | i
Daishakacythere abei
Daishakacythere posterocostata d/ d

O#mx  EIXET—7

B 6. AU O - BHHEICH 1T 5 NE (Now Extinct)
Tl & BUAELFmRE o baER 7 —4#  (Ozawa and Kamiya, 2005b
X o%EL, F—% %EM). X#R 7 —%; a. Ishizaki and
Matoba (1985), b. Tabuki (1986), c. Cronin and Ikeya
(1987), d. Irizuki (1993), e. Irizuki (1996), f. fH CRAFKT —
4). Wil# 5 A. 160 77 4ERTE T, B. 120-100 J7 41, C. 90 J54EAl,
D: 80-50 J7 41, E. 40-25 J5 4R, F. 10 J74FRT. FARITMNERIE
2x (1995), FEREiE2~ (1999), REMKIE2~ (1999), &M (2000)
R EWHES L (2ot 5K L Ozawa and Kamiya, 2005b
ZH).

FRTE O, RS > THE T FEORMENE
L Lzl b (Xe6).

—J7, BARWETIX 100 HERISAEDO K22 L, Zh
PART DRI He S, AR 23 OV DS R ER P IR DS - Tz & %
26N T35 (K6; #1213 Tada, 1994). ZiubH O HBRE
IALDOBEH 2 SHW+5 L, NEMHOMEET SR I Lk
EABEREE, EL LD 125 TERNCHHE 2 HPKE & &gk
Uz, BUE & I BB OBRRKOFA LY b, 100 )74
AT ARE D KA I A U 72 B A D IR b D 5 322 &
Ezobinbd. SPOBA UEOEBE S#AEBET 5
&, 150 JTERRT & 90~40 J7 4R/l O H AHRERMEER TiE, oK
W OEHLMNER Y, 90~40 J5ERT ORI LT %
B AVIR Do T ANEEME D 22 O NE FEAS, KK HERE 12 gl
DL TRITH 2722 b by, Mkl iz LHES
5.

Z D 90~40 FERTOHRIC X, ZALRTICH T, #
WOKE - PRI OWKELENR K & < 72572 (Ozawa

2007 4£ 10 A

FAEDOER N £t
3 "Tj 10 20 () BARBORIEZL Ma)
. i
(Ma) | %
b | & r
[
| | L
|
- | — 0.4
| A NE
(5] L
0.5 -
7| nem\ T 2 E
T AN ] i | |
| | s ;\1
| =
i | ﬁ =l
| = ]
| D e
HA )
| AR H] oo
&)
1.0 t ' #1 Ma 1.0
Daishakacythere | 1
261, ' -
| L i
I
| I 1.3
|
’ : DIELY i
s ; HAR
: ‘o)
0 10 20 (@) fEI ok EA JKER
(BRRNFR)

6. 150 HAERTLAREZ 31T 5 HARUEN & O THHE NE (Now
Extinct) FEOFEHBBERED VT 7 L HERERBHR (Ozawa and
Kamiya, 2005b & ¥ tZ). HAME~ O B AR 13 Ozawa
and Kamiya (2001) [Z&2<. &5 A-FIEM5 &F— 77
WD B, D, E O/8— X4EARIE &R

and Kamiya, 2005b). D%, HAW TIE, K OK
W KER TR 1T 5, B Ot L o Wi it 23 2 4v LR O
K LD ML, B EES OWKRDR D TRA
Lic Kol LRI ND., ZHITX->T, 90~40 )7
AR ORI IR, AREE 5 o Wk o g 23 2 U LART 0 7K
XU SIERL, EEGBRE D - HELILZ L2, 22
O NE fDMHICKREREELEZTLEZLNTND
(Ozawa and Kamiya, 2005b). Z 46 O NEF IZ &> T
Rz X5, TAERSNER] © AFED H AW TERT
5X 9ol

—J, ZLOBERTH D THAINE - NBE] 09
fEe THA - 7720 /98] o 178%, K3 TRLE
£ 91, AFKIE 5 CHIR (HDWIXE5TCUT) OfLb
X, RESOKBIZ O M TE e, AEIEDD T LN
TEeDiZh 5. 2FY, ZOHMOKHNTRIT 587272
IRHE 3 BREE O BT I C & 72/, H AN O B
SMET, AFKIR 5 CHit: (HDWIESCULF) DFTE
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TIEVR, TERD oIS L 2 LRSS,

AR D X 90, MEHTE - L < ONERIZS T
ZEEL TWD 2, [ UANEE T TRASNER] o
Daishakacythere J&® 2 F&I%, LA TRSBEDODMH D
HARWELIS O HEE D DS <, 120 HERNITHELL T
LiBg, T2 L BARMBAICE EEoTWLEAREEEZ X LN
% (Ozawaetal,2004). THAR FNER] o fEiX, B
O X5 RMPOKENCIE, JbHREEL R L, AZSKIR 5 CHitE
(D VWIE5CELUF) TIHERE WS O®RIERIC A
5. O AREL, ARES OVEHR A REFE LR o TV,
90-40 FEEHTOKIIC, BAETEDO LS ICL TAESEDY
DD D h. ZHUTONWTIE, 54D & 252 DD,
/AR (2006) ICE VRSN TND.

— D HIE, 90 FERLAEOKMICD, BED LD 2kt
BRI WL KBRS B ARSIV (Rt AR ; K
7100400 m) O —FOWEE T, I < K ORES KD
TIBFHELTZEVWSIEBEZXTHD. ZOXKEOHFEER, I
JR B o WIS - ARG (Amano and
Watanabe, 2001; Amano, 2004) <2, 7KH] o> H A& T D fik
W b oEH (BORIED, 1996) M HARBR I TWND.
TAARSMER) OfEE, BAE, K100 m HEICE <5
35753, 100 m IO 200 m FHEIC AT 261 b #
EINTVWDEZ DD (Ozawaeral, 2004), FAEDIK
VEEPH L 0 b0V IKIRICAERT S Z Licky, kg
T ol LRSS,

o TAARHFERL) FERBUEOARIE 2 O NIB I o3 A
BT, WBEOCAEE THEL ZRER b Bl
i, AR EE O EMINEI D X 51T, WHEBRREOL
B E W M (6~9 ml/l; S5, 1990; Ikeya and Cronin,
1993 72 &) e Z &3, 1 OOFREME L L THIF L5,
Bl 20X, BFEOILE H ARDASENRNEETH D, B
Y w vl TR, EEA2FLICERBKOEGFBEED
SmILELFETIRTNL, BMFAKMHET S Ok,
1983; M - THik, 1988 72 ). EHFHEFR®E O & W\ ik &
Fte, T ONEEOREIX, ZOKBOFETHRELE
FC LB ICAER LIS o e LHERIE NS,

LIATNEHDS, ZOANFEHOKEICHA T E NI,
KM ZFRVE L Z N TERAEERDH S, LrL, &
BRI (170~140 J54RRT) o WHFBREA(L 2 fifk L &
KEE TICAEH R —rv 25 L, THAR/SNER)
fii & NE ffid, ZEBEPLT L LN b,
W& O DAIKERH TR RoTWZEEZ LN D,
NE f1%, {bf T BSOS AR e HEST L2 L
X, LV RAEMHICEZ < EEND 2 LR ERD (Ozawa,
1996; & H, 2000; Ozawa and Kamiya, 2005b), NE f& &
J 8 K0 W KEEICIREIC ML TWie &Rl = h
5. T D AR/KGEETH OE WS E OS2 400, THA
SONERL) RV, TERTHERTIICARE OOKI &, ORORVIME
K T E LW, NE FEOFRREOIRE S KORE L
ZFOT L, ML TR D D

AN/

TORE THAR/INERY AFED BATIEREEIICB 32
AREMETH S, o4, ERITD 5D LIRWES o4t
I THAEZLNDOS LRV, ((IH2OHKTE
ZE THIEER A 29T S v, BUE IR RE S WIE S O
REWCELEDHLTND, LWVWIBZXTHS. THA -
T T A HHNERL @ Laperousecythere robusta 1%, [HZAR
SONERL) O AFEE Y, RS OXSEEILEERIC b 43
45, TAARIER) OFED 9, Daishakacythere J&
D 2 FENE BAYED N 946 U, Baffinicythere J& O 2 F 13,
1D 17 CRIEEREOSTFEMNINEE) 2KE, H
K& A HR— 7D HRITHAA L TWDH (Ozawa et al.,
2004). ZRRBAEE 2 E O BARBLEE PO b, TOR
DWEILD DM, FHHE L ba o rgEE R ER ST
W57, ZIZTEERINL TWS (Ikeya and Itoh, 1991;
Ozawa, 2003b; Ozawa et al., 2004 ZH). TDlzH b
DL, BELLBH - HEEEN OIS, HDHVTEVE
WK (200 m BLR) 123 LIZ<WE WS Rt b,
JE AP\ 5347 % 5E0F 72 L. robusta © X 912, 7KEE 200 m LA
BOWS 55 TRHIBRT V) a—vx VHIRREDRE
JLAEIT, 200 m BATROERV R 28k 2 C =5 A0S 2 O # s
BB BEILIC <, KRPEFEILE R E~ER TE o7
Db LRV, Lo T, BIEXR»T E, &
WARBEICORDA L TWEREEL H 5.

i, THAR/ MR OBAM L NE FEOAER O 1
SLLT, HBLRRBRLRD 20, EEORFERE
PO LRI TE (M6). WFE OFEHRHM & b
RZE, NEFEDZEALIFELS L bt mBEiL,
RPCIEPEICEICE N T2 S WD (Hemicythere
kitanipponica, Semicytherura subundata 78 £ ; Irizuki,
1994). —J5, B4 D Daishakacythere J& D 2 FilX, HH:
A o 120 GEERTEICEL N, SEE Y BT 72 3R O 36
FEORTHERZICHEA L, BbH LW AL—TTho. %
7z, Daishakacythere J& D353 A5 & JEITAE O 7o RFEA I, Aot
12X HEL L TV 72 Baffinicythere J& @ 2 F& & [FIALIZ 100 77
FRICEE T (Irizuki, 1996), FHHEOMICEZHL T
INEREE ANED D X 91T, BARWEONFERERICE
L R, 2006), B7E TS BAMILE O/MEEICZ <
ST 5 (R, 1996; /NRIED, 1999).

Z o B L AT IS O W TTE,  F ARG D B
TIXH DM, Daishakacythere J& D 2 T3 X 8 Baffinicythere
JEO 2 fEIL, AT PEIIEO HABICB 1T 5% < DN E
HEOMIR T, IMEREERICD X 9 EZ2V T T A RERHE
i (=vF=z) ZEHEDDEHICRY, %2010 2K
TEOD»b L., E#RICR T 5 100 774 FiLARED
THASMER FoERIZ oW TR, £fIc>nTo X
DEEZRREE &, F O BRI RRROAPNETHD.

FLOHLRE

EFITINET, BARLELOEEAY O A L BREE &



A ARG D IR IEITTE BAR D L8 & HHFREE

DORYEICE 2R D, L~V TORBICHEFRT, bah
LHERROERGZBEOND L WNWOIFEDH DNTE
HIEE, WM B L TH-> TE /2. BT ARBREDOT
it & BAE 2 i, 3R O MR - KGR &
BERIE, JKHET - BDOKEADNER VK L i offak & 477, %
o LREAT L OBHERRTE. ZNHO/BENLD
oo Tz, HARME L TR IT 2 RAELFHIENE B
HOMNM &, WHTFEREE L OB EOMIT TEERZ LT,
ROFTHD.

FHEORMBZ RS L, BARDOBFEILET TR, BARE
kRO REER R, B, 77 A0k e, M < g
NIGFTIC AT 20 b b 5. £, [F—F TbHipkic
KX oT, KRS, SNE - NIE 7R E DA O MY
YERD, 5T, BARWED L D 22RO EHEN 7
B TIE, KEFEREDVWDWY D KFEICHN, HELLDK
RIS DFEWDBRKE V. SEENETIE, ESb
Bipd, Lo T, RFSHBELZEOHE, BAME
A L WREREE & OB OFAE TIE, L<HWLDF
EHOKIE - T —F O LD b, HELAFO/X
DK - W T—2 %, BZ L, DA 53 - KR L
WA <HhH L, [F—2 7 7 EChiig L <, B3t -
MBS ZRNETZEDREETHS.

IHO OfFITIE, FEBERITIER ICHMZR, AfElc>
WTHE LN AERRERE OKR - B %, AT
FRACBITEDOHIR - KIRDTN, BAFREREREDOEFRE S
LADLETERTHIE, BEOREEEICER L 24AYiE
OB, 477 - MGREREZ 250D 2 h
ZTND.

ZO—FT, SBBEIIEF A X251 mm Fitg & /hIn
Tz, WAEYFOMR LR DMOEYICIER, £ OER
O - NEP S DFEICE D E T, BB, Lo
T, MEERMEOZEEBS, MESTRITIIRIOHD £ <,
HABOFHHEEOLA THRIETH 2. fl2iE, 3FEO
SRR & & T 83 JE  (Finmarchinella, Hemicythere,
Howeina, Semicytherura 72 ¥) 121X, S ENFEY EiF 720>
723, AL DA L 72 v 20 AiTf: O RELHETE S FE L,
FHTHERTH & TIX A ARMFICIREMIC A L TWie Z LR
D 72> T W % (Cronin and Tkeya, 1987 : Ozawa, 1996 :
R, RAERT—42). U6 OfSE - 2TV, b
ek z £ L O, TR o 3 B o i iR o
i, BIEOREED RS Th D H AU 2 LIk, @)
WS TeHENRATICR D, Eie, BFEL B2 iFmiE
NEBEOE REZEI LTI T, Kilo B ARED
BRIRSM &1, BRI TH o Tedi b v 5 BLEREGE
RIS ENATL 5.

BT, INEORTNOE, (2 E 00T E D)
BafbL, EARBRER CAABOEGREIC oD
PITONTS, RAZRERZ . Thb 2T 2123,
H ARG D 3 B D GG T 18 2 EHC, 2R3 A
ELEEZLNDRHMLBEICONWT, FREOLAERT —

2007 4£ 10 A

B EHeT L L bic, MEORMKBREBEEL T, H#kx
SR A DS, FEIEICE DI A SR T D4
ERHD. TOXDBRENTND, BB OBREEA T I K
b HUR R PREEEIC BN T, BT AERE LA O £ O R
Wi L, BEEOBREGELERLDOL A I 7T n
TR, MU WERSEAE DS AW O TBIC R L T g 8803
LRCIRDTEAS.

HiEE

AFREIZONWTY VY RY Y LSBT 2% 5 2T
TE ol RKEpFnZfb-f, AABIAEL, BOREHE IR
WOBERT D, SHEHEFEL, kel G 9
L, AE EEL, SERTELICIREED D BT
B & 7218111 %2 TV 2. Robin J. Smith 12133 24
BILCTHWE:. 240EFEOHITITEEER M ETE
x, FRIIAECHESNE. ULoF4 CEHROE LR
T 5. ARWFZE O —ERIC B AR EL SR B 78 B 5 2
(GREER 5 06372) &Mz,

SRR

Amano, K., 2004. Biogeography and the Pleistocene extinction
of neogastropods in the Japan Sea. Palaeogeography,
Palaeoclimatology, Palaeoecology, 202, 245-252.

Amano, K. and Watanabe, M., 2001. Taxonomy and distribution
of Plio-Pleistocene Buccinum (Gastropoda) in northeast Japan.
Paleontological Research, 5, 215-226.

Athersuch, J., Horne, D. J. and Whittaker, J. E., 1989. Marine and
brackish water ostracods. In Kermack, D. M. and Barnes, R. S.
K. eds., Synopses of the British Fauna (New Series) No. 43, 343p., The
Linnean Society of London and The Estuarine and Brackish-
Water Sciences Association, E. J. Brill, Leiden.

Cronin, T. M. and Ikeya, N., 1987. The Omma Manganji ostracode
fauna (Plio-Pleistocene) of Japan and the zoogeography of
circumpolar species. Journal of Micropalaeontology, 6, 65-88.

Cronin, T. M., Kitamura, A., Ikeya, N., Watanabe, M. and
Kamiya, T., 1994. Late Pliocene climate change 3.4-2.3Ma:
paleoceanographic record from the Yabuta Formation, Sea of
Japan. Palaeogeography, Palaeoclimatology, Palaeoecology, 108, 437
-455.

Frenzel, P. and Boomer, 1., 2005. The use of ostracods from the
marginal marine, brackish waters as bioindicators of modern
and Quaternary environmental change. Palaeogeography,
Palaeoclimatology, Palaeoecology, 225, 68-92.

Hanai, T., 1957. Studies on the Ostracoda from Japan, III.
Subfamilies Cytherurinae G. W. Miiller (emend. G. O. Sars,
1925) and Cytheropterinae, new subfamily. Journal of Faculty of
Sciences, University of Tokyo, 11, 11-36.

Hayashi, K., 1988. Pliocene-Pleistocene palaeoenvironment and
fossil ostracod fauna from southwestern Hokkaido, Japan. /n
Hanai, T., Ikeya, N. and Ishizaki, K. eds., Evolutionary Biology of
Ostracoda-Its fundamentals and applications, 557-568. Kodansha,
Tokyo, and Elsevier, Amsterdam.

Ikeya, N. and Cronin, T. M., 1993. Quantitative analysis of
Ostracoda and water masses around Japan: Application to
Pliocene and Pleistocene paleoceanography. Micropaleontology,
39, 263-281.

Ikeya, N. and Itoh, H., 1991. Recent Ostracoda from the Sendai



b 82 =

Bay region, Pacific coast of northeastern Japan. Report of Faculty
of Science, Shizuoka University, 25, 93-141.

Ikeya, N. and Suzuki, C., 1992. Distributional patterns of modern
ostracodes off Shimane, southwestern Japan Sea. Report of
Faculty of Science, Shizuoka University, 26, 91-137.

Irizuki, T., 1993. Morphology and taxonomy of some Japanese
hemicytherin Ostracoda — with particular reference to
ontogenetic changes of marginal pores. Transactions and
Proceedings of Palaeontological Society of Japan, (170), 186-211.

Irizuki, T., 1994. Late Miocene ostracods from the Fujikotogawa
Formation, northern Japan — with reference to cold water
species involved with trans-Arctic interchange. Journal of
Micropalaeontology, 13, 3-15.

Irizuki, T., 1996. Ontogenetic change in valve characters in
three new species of Baffinicythere (Ostracoda, Crustacea) from
Northern Japan. Journal of Paleontology, 70, 450-462.

Ishizaki, K. and Matoba, Y., 1985. Excursion 5, Akita (Early
Pleistocene cold, shallow water Ostracoda). In Ikeya, N. ed.,
Guidebook of Excursions for the 9th International Symposium of
Ostracoda, Shizuoka, 1-12, Organising committee of 9th ISO,
Shizuoka.

BORFEH - AL 4 - AL 2h, 1996, A ASMEALHGE , ALMBERY
MIT I 1T D BRI LU D B RS (FE2). FAT(E -
FFPIERRER, ALHRE PSR O BRETA B B9 5 A RIDITE (F
R 7 SR EERFFERE S i — LM E FE ) . 171-185. TR
be B FHATET, k.

ERIAYE, 1996, AbiEEALES, ALSCEM S & ONEET O B,
FAH AW 224 1996 FAFFRITT 4R, 142,

Kamiya, T., Ozawa, H. and Obata, M., 2001. Quaternary and
Recent marine Ostracoda in Hokuriku district, the Japan Sea
coast (Excursion D). In Ikeya, N. ed., Field Excursion Guidebook
of the 14th International Symposium on Ostracoda, Shizuoka Univ.
(15S02001), 73-106. Organising committee of ISO 2001, Shizuoka.

Kanazawa, K., 1990. Early Pleistocene glacio-eustatic sea-
level fluctuations as deduced from periodic changes in cold-
and warm-water molluscan associations in the Shimokita
Peninsula, Northeast Japan. Palaeogeography, Palaeoclimatology,
Palaeoecology, 719, 263-273.

DNFREHE - AR SEART - B LR IE - R AR - (iR Rr = - LRI -
BEIER], 1995, HAMHD FHURIC S E T 2 ik LA AR O A K
EWALR B — S TIURE ). @R KRR H RE AR,
(32), 21-38.

Kitamura, A., Takano, O., Takata, H. and Omote, H., 2001. Late
Pliocene-Pleistocene paleoceanographic evolution of the Sea of
Japan. Palaeogeography, Palaeoclimatology, Palaeoecology, 172, 81~
98.

Koizumi, 1., 1992. Biostratigraphy and paleoceanography of the
Japan Sea based on diatoms: ODP Leg 127. In Tsuchi, R. and
Ingle Jr. J. C., eds., Pacific Neogene: environment, evolution, and
events, 15-24. University of Tokyo Press, Tokyo.

SEEEZ, 1990. %534 % (WD REE (HLAES). AR
DM REEERF R AR, B - BARENR RS (REUE - 5
@), 768-773. MIERZEHIRS, HOX.

JKMESCH: « ZERRIE - REFHF= - BI HE - @Ak(EHE 1983, HHAn
56 4F RS BB AT, HARRKERN ¥ v 7 —FEERE
&, 12,17-31.

REME R - RAIIUER - [ i - ARSI - S0RBIE - MHEE,
1999. PERgALHRE MM O KRS e P K & A PR
MRS, 105, 370-388.

Oba, T., Kato, M., Kitazato, H., Koizumi, I., Ohmura, A., Sakai,
T. and Takayama, T., 1991. Paleoenvironmental changes in the
Japan Sea during the last 85,000 years. Paleoceanography, 6, 499~
518.

Okada, Y., 1979. Stratigraphy and Ostracoda from the Late

YNNI

Cenozoic strata of the Oga Peninsula, Akita Prefecture.
Transactions and Proceedings of Palaeontological Society of Japan,
(115), 143-173.

Ozawa, H., 1996. Ostracode fossils from the late Pliocene to early
Pleistocene Omma Formation in the Hokuriku district, central
Japan. Science Report of Kanazawa University, 41, 77-115.

Ozawa, H., 2003a. Japan Sea ostracod assemblages in surface
sediments: their distribution and relationships to water mass
properties. Paleontological Research, 7, 257-274.

Ozawa, H., 2003b. Cold-water ostracod fossils from the southern
and eastern margins of the Japan Sea. Journal of Geological
Society of Japan, 109, 459-465.

Ozawa, H., 2004. Okhotsk Sea ostracods in surface sediments:
depth distribution of cryophilic species relative to oceanic
environment. Marine Micropaleontology, 53, 245-260.

ANRURFN, 2006, BAHE & JEIIC BT D Fmta i dE (g
FISMI dufi) o o340 & WEPESRER. & 7 ¥/ A AR B,
20, 26-40.

ANRURFR - Wl BF - Al BE, 1999.  HAHEALSRES - ki vy
TP OBUES TG B, M BF - WMATER, ACEE v s
DERBIATNC BT 2 G AR SE K OSSR o 3l -4 1 B 5
D WE%E (FRR 10 4R EERFFEME B8R 5 3), 103-117. T3EELibeit
ERAET, K.

Ozawa, H. and Kamiya, T., 2001. Palaeoceanographic records
related to glacio-eustatic sea-level fluctuations in the Pleistocene
Japan Sea coast based on ostracods from the Omma Formation.
Palaeogeography, Palaeoclimatology, Palaeoecology, 170, 27-48.

Ozawa, H. and Kamiya, T., 2005a. Ecological analysis of benthic
ostracods in the northern Japan Sea, based on water properties
of modern habitats and late Cenozoic fossil records. Marine
Micropaleontology, 55, 255-276.

Ozawa, H. and Kamiya, T., 2005b. The effects of glacio-eustatic
sea-level change on Pleistocene cold-water ostracod assemblages
from the Japan Sea. Marine Micropaleontology, 54, 167-189.

Ozawa, H., Kamiya, T., Itoh, H. and Tsukawaki, S., 2004. Water
temperature, salinity ranges and ecological significance of the
three families of Recent cold-water ostracods in and around the
Japan Sea. Paleontological Research, 8, 11-28.

VERRFE - BBIEE - =W B, 1999. AREF > /baIc kD%
W AERME R OWERHE & 7 7 7 8. HEREeE, 53, 265-
274.

Tabuki, R., 1986. Plio-Pleistocene Ostracoda from the Tsugaru
Basin, North Honshu, Japan. Bulletin of College of Education,
University of Ryukyus, 29, 27-160.

ZHIES - Wi, 1988. ¥ v ~ W/KEBEREETA. B 62 4%
JLMEE LK PR BR E SE5E,  209-213.

Tada, R., 1994. Paleoceanographic evolution of the Japan Sea.
Palaeogeography, Palaeoclimatology, Palaeoecology, 108, 487-508.
AT, 2000, FILEMEEREICD &2 E LR N AL O
REEHETR (REEEFH~ RIS RTH) o WEREZE. ba,

(67), 1-18.

BREFRE, 1981, HAHE O BIIH A ERSE & DL, BB DUACASE,
20, 231-242.

Tsukawaki, S., Ozawa, H., Domitsu, H., Tanaka, Y., Kamiya, T.,
Kato, M. and Oda, M., 1999. Preliminary results from the R. V.
Tansei-maru Cruise KT97-15 in the eastern marginal part of the
Japan Sea off Tsugaru Peninsula, Northeast Japan — sediments,
benthic and planktonic foraminifers and ostracodes. Bulletin of
the Japan Sea Research Institute, (30), 99-140.

Yamada, K., Irizuki, T. and Tanaka, Y., 2002. Cyclic sea-
level changes based on fossil ostracode faunas from the upper
Pliocene Sasaoka Formation, Akita Prefecture, central Japan.
Palaeogeography, Palaeoclimatology, Palaeoecology, 185,115-132.



