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SUMMARY
I. Title

Study of the East Sea planktonic and benthic foraminifera species
diversity 4

II. Significance and Objectives

There are several unsolved problems in the East Sea. These
are: (1) the impact of Subarctic Front Zone on the climatic changes, (2)
the depth changes of the calcium carbonate compensation (CCD) depth,
and (3) the controlling environmental variables of species diversity. The
shifts of the Subarctic Front Zone and the CCD depths changes during
the glacial and interglacial periods affect the climatic and environmental
changes in the Korean Peninsula. The study of foraminifera from the
surface and core sediments will help to solve these unsolved problems.

The species diversity of foraminifera respond very sensitively to
the climatic and environmental changes. The controlling factors for the
species diversity are temperature, salinity, water masses, predation,
competition, carbonate dissolution, sediment composition. However,
several papers report the environmenta! changes due to the waste
disposal affect the species diversity distribution patterns of foraminifera.

The purpose of this paper is to investigate the environmental
changes of the waste disposal areas in the East Sea by use of the
species diversity distribution patterns and the absolute and relative

abundances of planktonic and benthic foraminifera.



III. The scope of the study planning

There 1s no study of the environmental changes by the species
diversity distribution patterns of foraminifera in Korea. Moreover, there
is no study of the environmental impact of the waste dispoéal dumped
in the ocean on the species diversity of foraminifera. Only a few
papers reported that the environmental impact of waste disposal to the
foraminifera species diversity in the foreign countries. Therefore, the
study of species diversity is a promising area to evaluate the
environmental changes due to the waste disposal dumped in the ocean
or rivers in the very near future, or even at the present time.

The following data are collected from the surface and core
sediments to evaluate the environmental impact of waste disposal
dumped in the East Sea.

(1) Coarse fraction content from the surface sediment in each box core,

(2) Number of benthic foraminifera in the 10 grams of dried surface
sediment in each box core,

(3) Number of arenaceous foraminifera in the 10 grams of dried surface
sediment in each box core,

(4) Number of planktonic foraminifera in the 10 grams of dried surface
sediment in each box core,

(5) Number of planktonic plus benthic foraminifera in the 10 grams of
dried surface sediment in each box core,

(6) Relative abundances of broken planktonic foraminifera from the
surface sediment in each box core,

(7) Planktonic/benthic foraminifera ratio from the surface sediment in



each box core,

(8) Number of planktonic foraminifera Globorotalia menardii in the 10
grams of dried surface sediment in each box core,

(9) Species diversity indices [S, H(S), E] from the surface sediment in
each boc core, .

(10) Downcore distribution patterns of coarse fraction (%), relative
abundances of broken planktonic foraminifera (%6),
planktonic/benthic foraminifera ratio (%), number of benthic,
arenaceous, planktonic, planktonic plus benthic foraminifera in
the 10 grams of dried sediment, and the number of planktonic
foraminifera G. menardii in the 100 grams of dried sediment in
the box core ],

(12) The benthic foraminifera species diversity indices from the core
sediment, and

(13) The benthic foraminifera identification and their relative abundances

(%) from the surface and core sediment.

IV. Results

The species diversity indices [S, H(S), E] of foraminifera and
the total number of foraminifera show significant differences in the
ocean waste disposal areas and in the adjacent areas of the waste
disposal areas. Ocean waste disposal areas B and B’ show not only
smaller number of foraminifera species but also lower Values of coarse
fraction content .in the sediment and the number of benthic and

planktonic foraminifera than the surrounding areas. Ocean disposal area



J’ contains abnormally greater number of planktonic foraminifera
(approximately 300,000 individuals/10g dried sediment) and benthic
foraminifera (approximately 300,000 individuals/10g dried sediment)
compared to those of the adjacent areas. The waste dumped at Station
J’ probably acts as a nutrient causing the greater number of
foraminifera. Station J contains low species diversity indices [S, H(S)].
The number of benthic foraminifera decreases from the surface to the
downcore at the Station J. These indicate that Station J is under stress.
However, Stations J’, J2, and J6 are under the stable conditions as
evidenced by the greater species diversity indices [S, H(S)] compared to
other stations. No foraminifera found with biological disease or
foraminifera with abnormal chambers, which commonly occur in
extremely stressed environment, at both the ocean disposal and adjacent
areas.

All six stations, except Station B, contain lower ratios of broken
planktonic foraminifera and constant planktonic/benthic foraminifera
ratios. These indicate that the organic matter decay caused by wastes
dumped at the study areas does not make the corrosive bottom water

conditions.

V. Usefulness of the results
The results from this study can be used in various disciplines.

Firstly, the results and data from this study will provide valuable

informations to predict more accurately that the environmental impact of



dumped wastes on the oceanic biosphere. Secondly, the species diversity
indices collected from this study can be applied to other areas (Yellow
Sea, South Sea of Korea, and East China Sea) to investigate the
differences and similarities, and stabilities of water masses. Thirdly, the
results from this study can be applied to the physical, geological,
chemical, and biological oceanography because the species diversity
indices are affected by the characteristics of the water masses
(temperature, salinity, and dissolved oxygen), bottom topography,
sediment composition, competition, predation, nutrient, and productivity.
Fourthly, this study directly applied to the PAGES (Past Global
Changes) Program which has hot attention to the internationally at the
present time. Furthermore, the results from this study will provide
valuable informations in the areas of Quaternary paleoclimatology,

sedimentology, paleo sea-level, and paleoceanography.
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Az 2 3y
% 7 709 box core 7} % F7F #HY (B, B, ], J) 2 Q=
A (J2, J6, H) 14 1997 4 3 9 2 9 9 o sA1W= U} (Table 1 and
Fig. 1). 2} core 9 91X, 4, Zo]7} Table 1 o] YIt}. B £ B’ sge
TFEY o 125km T3 ol AAAYC J L J Ade RuEY o
90km 3 ol AX A (T8 LA T4, 1996).

2E A 3 HAE (0-1 cm)A 8o IAF data 7}

1) AXE F8Fd F
(2) 284 HAE (coarse faction) & Aol % (%)
@) AZEAE 10 g ol T2 ANA, 244, A2 3329 5
(4) A Ff9 3% (broken planktonic foraminifera) ¢ AMd] &2l <}
(%)
6) #4 R AXAY £F% 2 v& (planktonic/benthic foraminifera ratio)
(%)
6) AZAN=E 10 g ol F/2 */4 5% Globorotalia menardii ©) 4=
(7) F 444
o] o]9elx HA B9 10-11 cm, 20-21 cm, 30-31 cm 18 %
B3 J 9 10-11 cm o FHE AMAY 3% 2E9HUAY (Table 2).
ZHA HAYE o FdAHA & Fo] A8 94% o Re AmE
60° C oven o o 48 A7t A=ZAZ F RAE AJch. 2Pz Azxd
ANEE 63 ¢m sieve 3t BLF 63 ym B} A7} 2 gAZL
ovend] T F FAE AT 63 pm B} YAt 2 HAHE o Tie
Csieve 3714 o AEAR FAZ e ¥ 1008 BE @0l 294 948



o] A Folrt.

HYE o &€ 55 d7& st 9 10-30 g 9 A=z d
A5 & 63 pm sieve 3lol A W&F Otto Microsplitter® A}&3}o] A A A
F&F°l 300 A7 2 WA split 39 FEFFL TR IF 4E9
A F (%) AdAT. ZAEY A %e Table 2 o )

s
FHR/AAE FrEFS] &S T3] 98 HHE o a9 FF%F 100

T4 FE5FY FuEA %S 150 gm Z size fraction

o HHES AHEFer 150 4m B} 2 size fractiong A}&3F o] f =

A1 §3F %9 duplicate countingS 3 3t7] Yol BHA &

Globorotalia menardii & 4RWHAH S 2 size 7} 250 gm X} 2822
HHES 250 4m sieveE AHE38A sieve 5 BRI A}

T AFo= 3 7HAEF7F Aok (1) Simple Species

Diversity (S), (2) Shannon-Wiener Information Function [H(S)],

-
K2

&

Equitability (E). Simple Species Diversity © Z A|23 4T3 300
WA LA e F9 Foltk. Shannon-Wiener Information Function
[H(S)] € H(S)=-2Pi x nPi & AFdrt. 474 S & A8 & U=
FE5%Y Foly Pi & A8 £d Y= ith £ 9 proportion ©|tf. &
Information Function 2] 43 & sample size (H A& o %) 9] &S
Aol w2l gro ] extremely abundant 3tAY rare 3 £ o] A E
A8 BFE TA %3 commonly YEILE Fo| oM ¢S =}
(Gibson and Buzas, 1973). o] &322 e H(S) L BEE o
1% 2¥% 9 Jeldo} Equitability (E) & E=eH(S)/S 2 A9l 5
H(S) & Shannon-Wiener Information Function ©]% S & A|8%
EoldE 7359 F9 Foltt (Buzas and Gibson, 1969; Gibson and



Buzas, 1973). E gt & &4 1 Bt} 2on AR e FFF0l
complete equitability B EjolA] o= Ax "Wo|z JYE=AE SA
EE £ o] #YFA (equally) EXHAE o E=1.0 |tk E 3k ©]
HAEE K% T o] oY £XH A F3E& gr g

23 HEE

Z92 HAE 9 ¢ F4o] AY 2L (1,500 m) B coreol A
74 A& 7t (008 %)& Ktk B core £ F3% ol9]el o
(bivalve), <4, s{F o} (ostracode), ¥AtF o} (radiolaria), &7
(diatom), sponge spiculesS ¥#3t2 9t ZHZE HIFES Y g
(94.12 %) H coreol A Yebdth H core & B2 %2 49 2 sponge
spicule 3l Utk B’ core A& oluldlF =7 € A& (plant)
Z27tEo] yehdo. J R J core M= 49, HS 4, sponge spicule
olmi#F =7zt Fo] yehdrl ]2 core M E HFIRH, M4,
olvf 37, J6 core oAM= 49, sponge spicule 5°] YEtET. HF
213 W) 4 719 core (B, B', J, J)A & J core (4411 %) &
Aot £ ¥ £HE HIAEY ¢S A AF FU1F WA
ZHA HHEY Y& BB JJ core 2 ZFF (F FAo] Cof ALH)
Z7}8tt}t (Table 1 and Fig. 2).

AEANE 10 g 3 S°le AXMAY 7839 € F4H°] Ad
& B coredl A 7Hd A A (460 HA) YEFAS ] coredll A THE ol
~ uWEbd (oF 300,000 7HA) (Table 3 and Fig. 3). J2 (¢F 70,000 7HA]) 2
J6 (<F 30,000 7HA}) core SAME vnA @ I FFFo] Yepdr}



(Table 3 and Fig. 3).

AZANE 10 g B E0lUs AHE #3%F9 5 ]2 coredl A 7+
@o] yebdot (772 AA). FAol AY A& B core A E FiFHoR
2 F (134 A 9o AR FEF°] YEbDH (Table 3 and Fig. 4).
HAFE71F $dEY B € B’ core A= AAEFETZ YUY JH T
core oA YEtYGA &=t (Table 3 and Fig. 4).

AZANE 10 g T S0+ /74 7359 v ] coredllA
Hdl A (2F 300,000 HANE Hol® B R B’ coredl A HAAE (eF 300
NA)) ®Qlt} (Table 3 and Fig. 5). 3YEA slHdA = J' cored
ALstne 2% F74 F35F0 drdo

AZAIR 10 g B BAUE F #53F (HAL+FFA+ALR)
o] E J' coredl A 7Hg ®ol (2F 600,000 ZHA) Vel s F T
32 B £ B’ coredll A 7 AL & (F 1,000 AA)S & F ol
vel gt (Table 3 and Fig. 6).

AZANE 10 g 3 EAYE 703 /43 G359 Hd3d
%8 TE coredllA 10 % °]stZ YEbIT} (Table 3 and Fig. 7). B core
ANAE 150 pm Hoh 8 EHENA FE3F ¢ /A FF3F] A

gonz Aol R{A FEFE count 3HA] &Rt

EHAZ/AXD §3%Y &2 B 9 B’ coreg Ag thil 749
core (J, J', J2, J6, H)olA Z} core B °F 50 % A X et} (Table 3
and Fig. 8). B 2 B’ HAZAE F23F 49 H74, AAAE K3 Fol
et ol ER{AA/AXAAL FE3F &S AN + gt

AZxAE 10 g B S9AUE F74 +8% Globorotalia menardii
£ J2 coredl A 7} Bo] vyt (74 1A) B 2 B’ core A=
JEIYR 2=t} C Globorotalia menardii ¥ ] 9lA, I, ]2 2 AFE

o



Z7}sle A3¢E B9t (Table 3 and Fig. 9).

AR FE8FY F9 FE J2 coredA 7 Bo| YEY (42
%) H core A= 71 A& (25 F) 7 Jebdt; (Table 2 and Fig.
10). 5713 31%<l B, B, JollA gutz oz ¥ Fo 71 Yetdh
Shannon-Wiener Information Function [H(S)] & J6A 7}& & &
(296)% BHoly B, B, ¥ H coredlA 71F @& & B, F7|%
Aol M= vlw3 F& H(S) & HERlvh (Table 2 and Fig. 10).
Equitability (E) #t& B’ coredlA] 713 @& (0.36) S Hold t&
core £ AE v 7 (044-0500& EUA

o] HAE

B coredl 4] downcore o] ZHZ E|HE (coarse fraction) ¢ ¥
2 0-008 % Z vi$ A2 g B (Table 4). £¥A HAE 9 &
& 3o &F (% 10 cm-33 cm) 7} AF (0-10 cm) Bk & & HAY
(Figure 11). AZAIH 10 g B A€ AXA F3F5Y F, AHE
%Y &, 2 F HFFY F = HIE EFNA 2 ecm 7AA F43]
ZAagH 2 cmelA Zojo] HE HAEZA = v§ LS F7t
veldc} (Table 4 and Fig. 11). &4 #3%9 £ £3F, 24 cm, 26
cmoll Al B o] yEdo.

J coredllX] ZxA & 10 g F SoJde £HE HAE, AAA
359 7, 2 AA F{A3 735 Fv FFNA FZolg HAE
g 4452 Z7180 (Table 5 and Fig. 12). A2 3% 12
cmol A AZAE 10 g B 268 A7 Yo t& Ho] go] A=
UetuA et 748 738%F, F 7859 F 2 ¥R 3 F

_lQr
Globorotalia menardii = E%°lA 10 cm 7HA F71819 10 cmoll A

Jo

o

i
o

oL



2 A5 E B4 3ES BA (Fig. 12) B coredlA
FEF Fo = EFHFHENA 7 B 2o Jcore A= EF ¥
1

cm ZololA & WIE Bolx ¥Er} (Fig. 14).

ZU3 HAHE 9 ¥ B9 ZE 9 £9HEE JEE AA
A2 AR & 4 Aot (Keir, 1980; Williams et al, 1985). 4% 9
Z¥2 HHEL 43 (dissolution)E Bo] ¥ FA vepdo
(Backman and Shackleton, 1983/1984; Williams et al., 1985). &
ATFA oA o] B & £HZE HAEQ o] 008 % °l5 (Table 3 and
Fig. 2) o]2A @& & F4lo] & #AZ (1,500 m) 3t} &4H4E
Z#o] AT dEoI EF AMAY FFF5Y SAAFE S
HAAE Zlo] (calcium carbonate compensation depth) 2 & 3&)v] f<=4
(Iysocline) 9 #e]E ettt (Kennett, 1982). 1,500 m o]l o]
BolAM HAMA frFFe] AXAIE 10 g B 460 /WA S7F U420 (Table 3
and Fig. 2). °l& U& E3 HAE vl 433 & £Ao|th
a3z B A7 Ao gafuirAe] el o 1,500 m 2
fxsdct. FFIE AHYA ], ] 7F B, B’ o HE ¥ HAH=9
Fol wedl ol J, J' Aol B, B’ Ao ula) F4lo] @yl wFoT.

9l g ¥ Bolde AMAY £3%F £ Bolst oS
223 S shel A Fo] WS F7HAeh (Polski, 1959). sHAT £717%
A J 9o BF HAEC] A2AH vl ¥B3] B Fe AAMA

FTZ9 & #4332 Ao} (Table 3 and Fig. 3). B 9 AAXA



FESE clay-silt §Fo] & W guty oz go] YEldt} (Sen Gupta,
1979). A& S F71% A J, J'E vAAEE, F AFL F4o]
Hlxste] J 7F sigte 2 5H 22 WojA )t} (Table 1 and Fig. 1).
AR J 9 #F HHEANAE AXRAE 10 g T < 8000 /HAL] AHMA
FEFE FHeta gley | dlAe J Bk oF 40 MiAE ¥ 300,000
i35t 2t} (Table 3 and Fig. 3). Clay-silt
FF ET U AR A dEdh 3] 9 3 5589 2¥3
HHEo] J Bt AdHoz douz Jr ) Hog B8 ¥ clay-siltE
et Aok (Fig. 2). 222z 3oz R A 2 A E9
THE € AFEF7IR AddME HAHY FFFY & control A=
Ferh dPrHoR FFFY 2%, 9%, 2 £344Y F 2 {FFZY
Tl FE PIA= Aoz FHAJG. AW FIF H9 ], J A
ol AFH F79 FYHA SHLS ATt Ho|rt ] gch

Oxygen minimum zone %3 AAA FFF 9 FE control . oS

=
2
o
24
R
o,
Fo
ol
of
o

o] HF Sl A& F9 FFF0] shallow oxygen minimum zone
(150-400 m) ¥ deep oxygen minimum zone (900-1,700 m)olA et
(Ingle and Kolpack, 1980). 3}A%t J ¥ J' gL Eol7} v)&sin &
Sl Folde &&EAALY F& 2 Holst UA goze Az
sedimentation rate) =3 559 F of B 4L v}

(
B2 7Y 352 53 &0 28 v 2ol JeEld} (McGlasson 1959).

olfrz HA go] ¥ow 34 (dilution) EHZ As) HRHez
#3%9) 7} dojan
2w ] BEFHAEZANN ANY FEF0 AXNE 10g @

go] 4ok olfE T 7 B %9 #3FL A4y S43E
2

(upwelling) ©] dojyvte XA veldtt (Phleger, 1964). o]&+=



€58 os A3 F55 dLFol FREEC] HEFF TFH
FEEe Holvk He 424 EFIAEY ¢ TV HEelth B
ANFFINIR AMFFT ] 7t ] Bk 85280 BA dojvdes A A=
@k olfE Wk J Ut Bk 5380 B3ohd §53Eo
dojupe o Bol MAdts AMA 8% 9 Bolivina Y Uvigerina
7b F5-3) vetvordtct. X9 Table 2 o)A Hojx]=nte}h Zo] J &
J 9l Bolivina @ Uvigerina 7} %°¢] YE}R] &=t}

el FATAA LY BA (1996) o] 9354E B, B, ], &,
J ol vigde ¢ H7 8L 5 FoA 44 28, dde F549
T84, 7714 HZES F PR st don 1996 3 19%E 9
4712 WY #7189 FRe ded

e
=

o AFuE NAF &, ARFAZAYL P HUE B A LA
$AEE §714 2y

o FALYLANY F AEFA AANLAA 2AHE §714 oY)
o FUE HE VAT

o H4h #HEZe (pH 2.0 °l8}, 125 o4

AFHZIE WEA Y gl J ol MY KT Fo] Bol
AEHE olfe Gl WA HIEo] FFFo] A0 &
VIFEY 422 & Aoz AAHATN oo g g AES U7
AlMe AFF7IE ESGE T3 A2 AN g
HEFEHAEYN FHE HF3Y 77 BoF) wEaid e gl J
ANME Rref sjFH 71 e AMA FEFFY ol 4FE vizgd



AxAE 10 g T e AN 73F 7 £ ] dAANE Bl
A& ojof & Rojth sA|E J A& J'oﬂ vlaf wlg AL e AAA
fEF0) AEUY §33Y FE QHHoE AYvit BL HolE
¥ o} (patchiness). AT {FFF9) Foll AlA J' 71 J o w8 oF 40
v o] ®&d ¢]& patchiness ¢ Z#}Z HAP3r]= P} o]d djF
olfrE BAZE A3 & F Ut ole] AFE AN ], J FNF
AN tEL FFHAEY 3% 9 AssF s JL T
F71% e 5&F AXHAE B, € B’ 571 sl M= vl ¢
AL Y AXAA FE3Fc] AFd. B A AMA FFF0] %ol
HeR &= ofe SdAE AFARl A AA (1,500 m)
F5%ol &3E A 2. AU B Fole F40] 949 m Y=
ET3 B2 ¥ AXAR F3F0] YEA gtk old diF olf&
L#H B, B’ AHe] J, J' Ao v nfxe] X AR 2AUte
0] EASIEE F¥Fo] A8 Bo] 44 ¥%E 754l o B, B’
AFe X3 FUAY 28Y FTFY F (density) o] B3 =80

© BAZ B, B' AYe] A FFFo] Bo] Ax e daae
A=A ¢ F Uk

B, B' AHo] J, J' AAel| ws] §IFFo| Bo] 4 % = e

olfre F71%C HA WrlEe FFH/ 9¥A IXE BET. B, B
Aol 1996 1955 99714 1,499,248 £9) H7]Eo] vz o
2L 71 ], I Aol 1,061,194 9 #Hr|Eo] wHA}
(B2 FATF2, 1996). AT WA H7)8e) FRE e B B
Aol 100533 Y Ex 2 111,273 £ #HSF 7F 283 J, ] de

- 909,118 =9 ¥ ¥ 142662 €9 ¥ vy Y. oj9x B, B

Aol A (197,840 €), W5 24 (919661 ), 35 24 (98,384



E), 718ty (47835 &), 71824 (16470 €), F4i7Hs I A&
(7,252 €) ol BigAch spARt J, J' A Fell= #H4 @3 &), H+ 24
(5422 &), 3t 24 (6 €), 4t 7HEZAE 3904 &) Tol vz ey
ZIgt e, 5714 oY T2 WA A &t} (53 FA T4, 1996).
olgl g MW HIEY & R FFH 7717 el MYt 7859
o @ PR A dae obF A7 HolA 7] WE ] ojw g
2& U717t Y v e dFHojoF & Aol
AZANE 10g F EAUE AHE 7359 T ]2 EFHHEANA

71 Zol Y2 AARTZY X & 8479 BA He g
A7} 9} (Kaminski, 1985; Milam and Anderson, 1981; Kellogg, 1976;
Lindberg and Auras, 1984; Pujos—Lamy, 1984; Theyer, 1971; Hofker,
1972; Lohmann, 1978; Corliss, 1979) AlZA {359 £ ¥ 4& & v X =
840 E o], #99 EA, A 9 £4 (Milam and Anderson,
1981), % (Hofker, 1972), & o] &&4 449 4 (Lohmann, 1978),
g9 249 A ¥3} (undersaturation) FE (Corliss, 1979) $o| Ut}
AAFETFTY BEE 2&, 9%, €320 o g3jA dFernges
s kel A2 A0 HAA (geographic position) o £3iA o FF&
Be=teE 2315 ¢t} (Lindberg and Auras, 1984). Milam 3} Anderson
(1981) < &4 Zge] Fo] A 359 X o %S vzt
B o] d doA HRo] AEAFEFY EXd A= AHT
JAAE ¢8A UA FAT B ¢ A2 FE3F L HAZ o]FoA
A & HFHEA wo] Yehdr} (Polski, 1959; Finger and Lipps, 1981).

AFA AN B Fo £HE HHYES F3nAe J2 2] (7446
%) M E AHd FrEFol §ol Uetuy (772 71A/10 g) H 2o =
ZYA HAEY o] 9412 %E AAFE EFEL AXAE 10g F



22 A AE fEZFol Y2t} (Table 3 and Fig. 4). B, B’ s{&¢F71%
Aol AR 3 Fol AU ], I F71% AHelM e 2AHA
2ed (Fig. 4).
B dpxde BE A3 6 /19 A F HHEANA Ao

T4 FEFFY FUAY FE (%) WHE e FE Edd 10 % olsh)
(Fig. 7). 7oA B/48 1339 4L 89 Za9 &4B=E
2R3 ALE 4 v} (Phleger et al, 1953; Berger, 1970; Thunell,
1976; Vincent and Berger, 1981; Balsam, 1982). Berger (1970) &
ety 2w 437t sk AW B /A #E5Y = FUHEH
gt 2 A7AGAA AR {8 F8F5Y 7 s 25
Azt FAAde] B3R &< guldth. B ZojoAE 150 pm Bt
Z HAE dAdME TS 29 F74 FEFol veA @7 #HEl
AoIA FEHA 339 ZdHA FE count 34 X Chen 3%
Wang (1995) ¢ @Al <3t Fa| el A calcite ¢} undersaturation
ZolE 1,300 m Hrh 2 oA yehd. 2ej7t 1,500 m ¢ B
Fojol A B{HA KT FC] Bel dehA FE olfe FHA FE A
Fol oA fFEFFol &3

B-H5A/A48 FE3%F9 v&L (P/B ratio) 154

(paleobathymetry) & 314 3l=1d] Al4-5o]Z ) (Parker and Berger,
1971). P/B ratio & FA4°] €& XA HE& Xo2 #AFE FIHE
P/B ratio ¥ £3 8419 g9 REAEE YENIP {335 H¥49
% Mgz 23 (selective solution) o 9J3|A JFES W= (Berger,
1968, 1973). ¥ A2 HoA B, B’ 2o & A3}, P/B ratio & ¢ 50
. % A= g zted (Fig. 8). °le 5709 (, J, J2, J6, H) B3 9
Falo] vl A HlxE P/B ratiog e AR T 5 Utk E &



of

L% A MFFAF M (, J)E& 27/ A2 39 (2, J6, H) 9
7b #4730 AR @SS AT ol J R J gl HA

718 9] decay 7} AEFFE corrosive A 1A & kSE& A|ALgHG

Az 10 g B EAdE #7484 #FF Globorotalia menardii
9] &7} Figure 109 o] 2t} G menardii ¥ WE3E E9] (tropical to
subtropical) A} Eo]™ (Beard, 1969; Tolderlund and Be 1971; Oba et
al., 1991) 3lF 9 57} 17.2-295 °C, 94%7} 35.75-36.63 % 1 ol
7b4 F5-3 ebdrt (Tolderlund and Be, 1971). & £& 40| o
82-100 m ¢! water column®l A= Fo|t} (Polski, 1959; Frerichs, 1971).
B AFAHNN G menardii € ]2, ], ], H 2 F&5E ZA3E
A% BAT (Fig. 9). ol FFAL (Kuroshio) & 9% J2, J', J, H
2 ¥EE F27] Wil J o dH¥AH J6 e wie He F
(1 7HA/10 g) © G. menardii 7} VehHEt) o] °]vkE warm Kuroshio
7 J6 Aol ol =E3A ¥k&E AAET. B, B’ AYdde G
menardii 7} YEIL}R] &¢=4d o] &= warm Kuroshio current 7} B, B’
Ae7kA Ae) Edsha) GRAY o B, B A e 4l wEol
G. menardii 7} &35 glojA7] W& Aoz Azdrh

2
ol
it

Ho

% g %A (Species Diversity)

Aduict F gl dEgs AHELS 2 RFTY B2 wEgx
Aole] & &)X A4 o|t} (Gibson and Buzas, 1973). 31X o @
B a0l Fh¥AE control =X e oA T A3 LA
AR wo A Advit F gFdo] tEA Y diEE B Ao
Atk A7t (time), 71 $®¥ 3} (climatic changes), 3739 94A3A

(environmental stability), 3 9] &3t T YA (spatial heterogeneity

i

_33‘_



of water masses), A4 (competition), ¥4 (predation), A4t
(productivity), 31 Fel A& R Y2 J& (geographic and
topographic features), 9 %% (resources) 5°] A7tX] A Fvjr} F
o] e olf& Adsted AHed FAdEolt

B A3 5 93td FoFAH =3 A= the W nFch
(Fischer, 1960; Simpson, 1964; Valentine, 1966, Cook, 1969; Kiester,
1971). ¥ 9L £ F4d o FrMdves Eax $eH (Hessler
and Sanders, 1967; Buzas and Gibson, 1969) ®4t9 Z#9 4 ¢
lithology ol 93] AgwrectE 1% v} (Watkins, 1989). ol &
2L o2 Fo 71%F 9 tAA (climatic stability) ©] F th¥FA
7HA9ES v Agds F2E At} (Klopfer, 1959; Fischer, 1960).

2 AFAH\ A warm water % G menardii. 7} 7} Bol
vette ]2 ZojdA M B2 F9 71 YEd YT (42 F). °]= Simple
Species Diversity & F8H o2 &9 2% 9&A control &
gulgtt. FY =T T2 HoA BE Fol AYETEY o
2 ¥ 7l Ut} (Berggren, 1969; Stehli et al., 1972; Williams et al.,
1985; Wise 1988; Erba, 1992; Huber and Watkins, 1992). B, B’
NFF71 o] e 2=/t EEolxe E73ta J 2o F9 71
3ol Yo & olfr= B. B’ dl%o] F4Ho] 7] WEQ Aoz Aztdrh

FAol 2L YL B 84 (L%, 9%, wave activity), 9
W3} (fluctuation) 7t FAlo] & AFe| H3] 7] ] B Fo
A2 &t} (Hessler and Sanders, 1967; Sanders, 1968).

B AlgdAe FE % (300 AAY AMAH FEF0] YA
. ¥om2 HES) %, E @2 AMdskA . [, J2, J6lA 7HE =
H(S) #<& Z=d (Fig. 10). °l= J, J2, J6 A9 AZF7F 73

-'lN 52



ARE delel T ASE v HEFFIF AGA B, J 7 )
vl *& S H(S) &€ Zevt (Fig. 10). ol B’ ® J aliddo] J
g gel vl3) E<AF S (unstable) A F FEHYS v

-

fr3% 9 Equitability (E) #-< control 3}= factor & B2 957}
go] oA Ytk B AF 5717 9 B’ QA g 2L E e
=t ole B A9 §E% E¥s} g g vlE FUA B
Ho)glA Feg oujatt YMHoz FUF FFEY BEXE A
e R Uedth B'E AYE e A9 A9 5 E e
A 532 2¥9 7Y =7 A9 uxge vt =3
EANZHAQA ], I E FAZHG0] obd g3 vjasH FE3F FE

st} (Fig. 10).

o] H3E

Foll A AFHAKe] U2 HAHE (coarse fraction) o ¥
et d ZE (calcium carbonate) o &AEE M 3t=H A8 F
At (Keir, 1980; Williams et al., 1985). &4t Zr#9 &7t Fr7hstd
Z8A HAHE9 F& #Aad (Williams et al, 1985). ZHZE HHE9
Fe =3 HHEY HAIHE AAEY. B ¢ =€ HHEL
o]%¥ ¥ AHE (transported sediment)olA WeEbA} (Douglas, 1973;
Yamashiro, 1975; Berger and Killingley, 1977). 83 H¥ &9 &2
71Z+Eete] W3l E 84 3lr) = o @ A9 (Backman et al, 1986) B 3] 9
°F 10 cmoll Al EFEHENA 2¥2 HAHEY ¢ Frtsted o=
AT FAEAETL 10 cmolN E3o2 FEFE G237
] Zo] A} o}y bottom current activity 7} F71g7] W& Aot}
T FZoHAHE 12 cmFH AFHIE 33 cm) M= EFFH 11l cm



o 293 HAEY go] B (B2 Aololr]e AW HF
(fluctuation) ©] 2t} ©]¥= bottom current activity 7} 3IF-EHE (12
cm-33 cm) °] HAHE o] FFHHE (0-11 cm) °] HAHHE=
Zotut} of7r Ao E3 current velocity ¢ HEE HUL S
olu) gte} (Fig. 11).

ANAE B AARFETFY £ 2cem B Z2 o2 AFE
FA3) 7443t} o]= pore water 7} '3 3] carbon dioxide 7} F5-8]A]
F3 %ol &3 (dissolution) H3A7) W& Aoz A7dyg. Fos
(Figure 10.13) =& AZMET FFoA ®o] UYehted ol A &
A Ego] &ME Wo} &afo] FF Fo] Fof YA 7] WEolth F /4
frEZo] 9 22 cmBE A 2 (33 cm) 9 F A FUhET (Fig. 11).
ole] thgt & 712 sl Atk A WA FteAdL 22 emPH A F
T-7HA HAH Eo] HAHEHE T F71¥4 (organic carbon) & %ol
F7HE 7ol Aok Ortiz ¢ Mix (1992) ¢ |- ¢33
F71eR9 Fo] FIHEH FRARTEY & FUME Y. F
A 7L A8 EF3E9 A4 AY (Tolderlund and Be,
1971) chlorophyll & 3ol £& o FRFAFTFY 71 F71dh
(Fairbanks and Wiebe, 1980). olo] th3l AZFS 37 Ydalires #7)
g4 2] & 2 chlorophyll data 7} B3t} wpX9 7lsA LS B X199
22-33 cm T73to] HAH = < Kuroshio & 93] & Aol &
Kuroshio current 7} ¥FA43 735 & Bo] carry & 7FeAolt. o]9
7H4& AFE7] A8 B A Gl dehde FRARTE £F71
3 8 3t}

JAYY 2ydAHAEY §FS 7o A F (18 cm)olA
EZo2 FAFE 4ste 43S 29 (Fig. 12). °]= bottom

i



o =283 HHYEY dol B3 (B2 Aolo]rle AN ¥WE
(fluctuation) ©] &t} ©]& bottom current activity 7} 3FEHE (12
cm-33 cm) °] HAHH = Fto] FFHAHAE (0-11 cm) ©] HA ==
ARG o7t FF o EF current velocity o HEE AHYSS
oul gt} (Fig. 11).

A DL ARAR[FTES = 2 cm Bt A& £o2 AF4E
TA43] Za¥r}t. o= pore water 7} A3 3] carbon dioxide 7} EE A
F&%5°] &3 (dissolution) HA7] WEQ Aoz Aztdct. F9F
(Figure 10.13) =3 AZoA Rt F3FA Bo] Yeled ol A £
HHEo] & E Wol &l o3 Fol Fol §lojAy] wWFEojth B/A
F8Fol o 22 ecm¥ ¥ A F (33 cm) FIA F7HETh (Fig. 11).
olol A&k R 712 JhsAde]l Aok A WA e 22 emF-H A F
TR HAHEo] HAHHE T4l 7€ 4 (organic carbon) 9] %ol
S7HAE 7Hs/d el Ak Ortiz 9 Mix (1992) 9 Qo] osd
T71gae] o] Tkt RRAFETEY FE FUMEY nyd. F
AR 7Hsd S A8 E23E9 iAol A (Tolderlund and Be,
1971) chlorophyll ¢ #Fo] & o E{AFFF9 F71 F71a
(Fairbanks and Wiebe, 1980). o]o] i3t AZFE& 317] s = §7)
g2l & ¥ chlorophyll data 7} 223tk vx% 715 & B Y9
22-33 cm T-3re] HAHE F<F Kuroshio o 93] & AHolt}h &
Kuroshio current 7} FA4 735 & %] carry #& 7Aoot o] 9
7Hd& HAF37] 93 B A9el deve FRAFTSY B7)
g 2 3}t},
o] A Z (18 cm)olA
Fig. 12). °l+ bottom

o
09‘:
tlo
FI
41 R



current activity 7t A F HHEAN EFHAEZ HAHE JnF
HA2REE vt =3 J A9 &5 (¢ 10 cm-18 cm) o149
ZHd HHE9 FFo] ¥ (0-10 cm) B} =} (Fig. 12). o= B
A 93} vt 2 7o) HAEgo] HH5E % bottom current 7}
FH-9 HHEo] HAE wWro 73y oFolo)
AN 785 & R AAA 359 £ B Zojge 2

Fo| 52 FYFE FUIske FAFE Y4 (Fig. 12). ©]& bottom
water ¢ F2 o] (corrosiveness) 2o AR oA 2 g4
e AS duigth. EFoA F 10 em 7AA, AMAY FFF, {4
785, R AL + FRAFETEY F= ARFo2 Frdg o=
T8%F9 F7F 320 RN JR2 FAEE Fase vty
A= Bl AFEE Bk orld dEME F A stsAel 9
A AA Thsde FU1RE Gl A HrEBo] 8325 2 A3de 4TS

EFHAEANAM AMA L B{A F3F9 71 73] sREAE
MRt Ak F AA SteAe HIEY s BA Q)
o FFNA FRZ FEFE FTF9 WA (productivity)e] A F7)

o & o] o}.

e

TF G menardii € ZHHE 6 cmolH EZoz
FETE Fase A U ol FFAL current 9 P 3to)
HAE 6 cmilXN E37HA HAHE AREN AP FaFee
v|¥. G menardii 9 %°] 6 cm¥E HAE A = (18 cm) 7HA &
BE A7t yA ged ole J NG HAE 6 cmolA 18 cm 7}
HAHEe ¢ FFAL fdol vad dAYL L vl s

T OGFAEASF [S, HS), El & ¥2 2 10-11 cm ]9
HAEA v]&3 & 2AY (Fig. 13). ol: A 29 dAA Awr}



£ % 10-11 cm 7+ HAHE S nzgee gvlw

4&

EFHAE
() $FF71% 99 B, B’ EFHAEL 239 292 HAR, A4
244 #8359 + 7t vehbed ol B, B Aejo] Aojx

2 F/d 713
£3hu) A (lysocline) Well S1x8igde Aoz Az}
Q) ALEF71F A9 B, B, ], J) F JoA mil$ B F AMA 2
A4 freFel ugdo A J M e B2 49
F&sol UeA deth o 2 5713 89 (, J) WA T
7F] B vle B8 49 ANAE £ R4 G
HEtdEAE A2 A oJFE &
3) AR FFFY F FF HYL £33
#& B ol A% Ao WA HrEY F1E &3

(organic matter decay) 7} AE5E& H24Ado] A 3A
BReS 9v g
& A2 AGoNAN EHAH/AAAE HFFY

4) $717% A9 ], I'e £H9
2 W5E woln grth ot F71% el wa
& PIAA B%kE

AZA G o e

1

S ES
Hr g0l FH73 35 £Xo & 9%

A A} 3kt
5) ¥71% #99 B, B’ Ado] e A} vz F 5o

Fol Urhath o B, B’ Ajo] R& 40 AAd Y=
BAZ g3l G ANY §8F F o HEFez Ho} glo]
AAY ohI® 713 sedo] wa HrE o dgoz Asto]



AgH oz A FHFeA ¥ Fo|l AA X3}r] wWiol.

6) F1F 90 B’ 2 J AYge] & A9 vjudf ¥& H(S) @&
Btk o] B € J AY9Y AEFF7F A2 A vus) EXA
(unstable) ¥ 9w g

(D J, 12, 16 AFelA 7+ £& S, H(S) ol Udethted o T, J2,
J6 N9 AFF 7t e A "8 Mg IRHASE
ojm) ghet,

@) 74 F8%F G menardii AFE 294 ,J, ] 2 FEFF ZFL&
st A¢E 1tk ol warm Kuroshio 9 g&e] J2olA J, J
2 FEFE gady) fELZ AT ]2, ], ] S Hi2
g 6 € H AMAE v+ 239 G menardii 7} YEtY =
¥l o] Kuroshio current 7} J6 € H s Hell= J2, J', J alHal
ua) ofatAl daE w3 WEel

o] HAE

1) 713 31992 B 2 J sl Yol A bottom current activity 2] %Ato]
o2 J dlge] B el vls =HA EHAHEY Fo] B
ol FA4o] ¥ o] E YA bottom current activity 7} =3+
ettt & FE o B e 2y HHEY Fo] 10
cmol A EFo 2 ZFE FUls=d o]& bottom current speed
7V Z7hete ov| gt} =3 12-33 cm 9 EHAHEo] HAHE 73t
E<t 9 bottom current speed 7t 0-11 cm 742 9] E A & o]
Ed=HE 7|3 1o w3k o bottom current activity &
W& (fluctuation) ©] A 3FA &g}, Wk J 2 Yol A+ bottom

current activity 7+ 2o} HAstRelN AYY 2 FY4S



%

}'>~

o

A
(2) B si9elX e ANY F38%9) 71 20 3R 2 FB5F FH 0

s

&= ol olvlk pore water 7} corrosive 1A A A A &
%%"] A EA7 HEQ A 2k SR ] HYNME 28
AN FEF F7F A3 Foleke AFL Mol=d o]x A
A4 e Aol 77 MEQA ohyd #gel] ¥
A7) o JRAAE AAZH A% ¢ 4 g oE 2] 9
M Y R FHNG o 2L HHE EMo| Fasiy)
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Fig. 1. Location map of the core site.
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Table 2. Benthic foraminifera s J)OCIGS list and percentage data.

STATION NUMBER

B

B

J

J

7

J2

J6

CORE DEPTH {cm)

9

10' =11

20'—21

30'

0

10'—11"

0

0

WATER DEPTH (m)

1,500

120

141

176

115

209

NO OF SPECIES (S)

26

12

3

10

23

25

37

42

40

H(S)

na -

na

na

na

2.45

2.45

2.88

2.91

2.96

2.44

E

na

na

na

na

0.5

0.46

0.48

0.44

0.48

0.46

NUMBER OF SPECIMENS

594

28

6

18

7193

12,832

289,660

72,821

29,104

3467

IN 10 g DRIED SEDIMENT

Alveolophragmium angulosa

0.3

A.ringens

1

A._subglobosum

A. wiesneri

16

Ammonia beccarii

5.2

0.7

1.4

7.0

Amphicoryna separans

O—A
wilo

Anomalina glabrata

Bolivina pacifica
B. simplex

0.4

B. spathulata

B. spissa

O [ oo
Y ENIEN

B. subspingscens
B.8D.

0.4

Buccella frigida

0.7

7.0

1B. malciyamae

B sp.
Bulimina exilis

0.3

B. gibba

B. notovata

1.0

3.0

4.8

4.0

0.3

B. margineta
B. pacifica

8. striata

0.3

Calcarina calcar

0.4

Cancris indicus

C. obiongus

IC.sp.

Cassidulina carinata

C. crassa

251

15.0

C. cushmani

C. norvangi

C. teretis

0.3

3.0

1.6

C._transiucens

Chrysalidinella dimorpha

Cibicides deprimus

3.4

0.4

Cibicides lobatulus

16

22.5

186

C. refulgens

Csp.

13

Cyclammina cancellata

C. trullissata

C. sp.

0.6

Dentalina sp.

Discobinslia convexa

0.3

Discopuivinulina araucana

0.7

Discorbis candeiana

0.7

0.3

Eggerelia bradyi

Elphidium advenum

52

2.4

olo

E. crispum

oo

E. excavatum

10.1

12.3

5.1

.
o
N [

.E._gunteri

£. macellum

E.sp. (reticulosum ?)

Epistominella exigua

11.2

E. naraensis

"
Ol
o0 [ o0

|Eponides tener

Fissurina annectens

F. lagvigata

F. orbignyana

F. semimarginata

F. submarginata

0.4

F_._wiesneri

0.3

Fissurina sp.

0.4

Gaudryina sp.

0.4

Globobulimina pacifica

0.3




Table 2. Continued

Globocassidulina subglobo]

12

3.4

63

2.8

9.1

4.3

Globulina minuta

Guttulina pacifica

Q. sp.

Qyroidinoides kuwanoi

{Gyroidinoides nipponica

olo
o |~

3.0

Hanzewaia nipponica

Hoeglundina elegans

Hyalinea baithica

o
~[wjo

~|wie
e ENIFN

(=Y ad B (]
(X% (=3 3N (5]

0.3

Lagena elongata

OOO [+~
FNENENIENFN

L. laevis

0.3

L. striata

L. sp.
Lenticulina convergens

0.6

L. gibba

1.1

L. lucidus

L. .sp.

0.3

0.8

L. sagamiensis

Melonis affine

Miliolinsila oblonga

oo
o feo

Nodosaria 8p.

Nonion bradyi

0.7

N. scaphum

2.1

2.9

Nonionella atiantica

- |O
o

N. stella

3.6

N_ turgida

0.3

Oolina apiculata

Q. globosa

9.7

1.4

2.6

0. melo

Orodorsalis tener

0.7

0.3

Parafrondicularia advena

Q.3

Patellinella inconspicua

0.3

Planularia australis

0.4

P. siddalliana

Pleurostomella sp.

Pseudononion japonicum

34

0.7

Pullenia bulloides

0.4

P. quinqueloba

1.0

0.6

Pytgo laevis

Quinqueloculina elongata

'Y P S Y

Q. lamarcklana

Q. venusta

0.7

Robertingides bradyi

0.3

Robulus pliocaenicus

Robulus sp.

0.3

Rosaling bradyi

1.0

0.4

1.0

R. globularis

0.4

(R._sp

Siphotextularia concava

oo
W j

Spiroloculina tenuiseptata

0.3

S.sp.

9.3

Spirosigmoilinelia sp.

0.4

Textularia_goesii

bl b £d
e [~ [

Trochammina charlottensis

T. infiata

12

T. japonica

1.4

1. pygmaea

Uvigerina bifurcata

0.4

MO O
o (o~

Uvigerlna canariensis

1.8

U. cushmani

0.4

2.2

U. peregrina

72

Q.4

1.3

U.sp.

Valvuiineria aff. hamanakoe
V. rugosa

nsis

—
Co {Co

3.0

Valvulineria sp.

0.3

Virgulina davisi

0.4
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Table 4. Downcore values of various environmental parameters for core B.

Core depth (cm) CF(%) Ben./10g  Are./10g P1./10g P+B/10g
0 0.08 460 134 299 759
1 0.05 113 52 27 140
2 0.07 39 14 18 57
3 0.06
4 0.06 19 4 36 55
5 0.05
6 0.02 20 2 17 37
7 0.04
8 0.02 14 0 12 26
9 0.01
10 0.02 28 0 23 51
11 0.01
12 0.05 7 0 29 36
13 0.05 '
14 0.07 4 0 5 9
15 0.05 :
16 0.05 5 0 11 16
17 0.06
18 0.05 2 0 1 3
19 0.05 |

20 0.06 6 0 50 56
21 0.07

22 0.07 21 0 65 86
23 0.05

24 0.06 20 0 251 271
25 0.05

26 0.04 16 0 177 193
27 0.07 ;
28 0.04 9 0 9 18
29 0

30 0.06 18 0 98 116
31 0.04

32 0.06 4 0 123 127
33 0.06 10 0 62 72
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