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Characteristics of dinoflagellate cyst distribution
in sediments from Gwangyang Bay,

a southern coastal area of Korea

So—Young Kim
Department of Oceanography, Graduate school, Pukvong National University

Abstract

CHAPTER 1I: To describe dinoflagellate cysts from Gwangyang Bay,
surface sediment samples were collected at 20 sites by the TFQ core
sampler on 24th August, 2001, in coupled with a phytoplankton
investigation by surface seawater sampling. More than 17 genera, 36
species of dinoflagellate cysts were identified from the sediment samples of
Gwangyang Bay, consisting of 14 species of gonyaulacoid, 14 species of
protoperidinioid, 3 species of diplopsalid, 2 species of gymnodinioid, 1
species of tuberculodinioid and calciodinellid, respectively. Cyst
concentrations in Gwangyang Bay varied from 115 to 2,088 cysts/g, and
generally increased toward a western part of the study area. The highest
cyst concentration was observed at St. 11 located in  the

northwestern—-most region with 11 genera and 19 species (2,188 cysts/g),



while the lowest value with 6 genera and 9 species (115 cysts/g) at St. 3
located in the center of the study area. The predominant dinoflagellate cyst
was Spiniferites bulloideus, followed by Alexandrium sp., Brigantedinium
simplex and Spiniferites delicatus. The motile forms of eight dinoflagellate
cysts recorded in the sediment samples were also observed in the
seawater: Polykrikos swartzii/kofoidii complex, Scripssiella trochoidea,
Protoperidinium  claudicans(cyst  name:  Votadinium  spinosum), P,
pentagonum(Trinovantedinium  capitatum), P.  conicum(Selenopemphix
quanta), P. leonis(Quinquecuspis concretum), P. conicoides(Brigantedinium
simplex) and Gonyaulax spp.(Spiniferites spp.). In this study, heterotrophic
dinoflagellate cysts show the highest concentration at St. 6 where the
highest density of diatoms simultaneously observed from surface water
sample. This result suggests that the grazing of heterotrophic
dinoflagellates on the diatoms in high concentration caused the higher

concentration of heterotrophic dinoflagellate cysts.

CHAPTER II: Three short-core sediment samples were collected by the

gravity core sampler on 24th August, 2001; St. 1 core (275 cm) in the
northeastern-most part, St. 14 core (30.5 cm) in the southwestern part and

St. 16 core (25.8 cm) close to Yeosu Sound. Total cyst concentrations

_iv..



generally decreased from the top sediment with depth in the cores.
Throughout the cores, empty cysts showed higher concentration than living
cysts but living cysts observed till the deepest sediment sample. The
highest cyst concentrations were shown at 2~3 cm in St 1 care, 4~5 cm
in St. 14 core and 0~1 em in St. 16 core. The prominent increase of
heterotrophic dinoflagellate cyst concentration above 9~10 em layer means

that the cyst production and accumulation have been prompted recently by

eutrophication process in this area.
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CHAPTER 1

G5 el A YW EE G %o
SJHRZH AN2E B3
I. A &
H=EFae 232 WY BHcdA) 2ad, Y5t H Wale] 7+3}
A MEetE 4L A2 7] w2 S &7 Ao s AR ZA o] &
7bA17y 29 (3 %, 2000; Holligan, 1992; Smayda, 1998). &3], A2 ZgaE

9 F8OERE F oA dURRFE A A% $4E AT 2o

X
o
PN
o
©
L)

°] &2 2tk Olli and Heiskanen (1999)& &u] @9l 3 Hof
TAol dold Fo] AT EFA dojol HFAL Yo AL A=
3311, Fogg (1965)= B#)4 87 2903 Hw 2 MA4e A - 2747
Ao g dTE 3920, Smayda and Shimizu (1993)% s o] oo
B7h HEEEF Hro) Wxst 3EE EAAAGD RuE 6 9k o o
AN +79) 433 Axr JARZF Y20 vx= At (Smayda, 2002),

ool 2N e wY g5t AUREF £4 2¥she B (Lauria



et al, 19995 ®we A7t 3=
9}

= ey =]
RER F UR

ra

rr

AlzE gAo gt ABA BAE AXe 5S40l A
t} (Devillers and de Vernal, 2000; Zonneveld et al., 2001; Vink et al.,
2000). A3t 21009959 GHEEF T oF 10 %7 AIAEE FHIY T
24 Ark (Dale, 1983). Al2EE 2xdsht 4y 223 2& 249 -3
b B Wiz A3 FAPE weEe] 4 AHE e #AdEd
(Taylor, 1987; Dale, 2001). Al~E9] WE MNE 2o} A3t Ed= 744
ofA slew WFAdel wg Fsiv: LA Utk ALY A2EE A
shepgtel A V1 F F971E AWEA oAFE HE JAAY FFs
7V A2 A @A HAL (Dale, 1983; Zonneveld et al, 2001; Vink
et al., 2000).

HA HAzel 7158 dUREF ANLE £ A7 FAAY F5F FH 4

rr
off
o2l
o
™
L

W3 ARE AE3t71=E Tk (Cho, 2000). F9 X A A
&

& F, G =34 ST F, @717 T FFo EAEI] wFol

A" & 92 Fx Qv wEld =HAH 2o
T T sl AR EF TP AF

__IL
T Bt aHez ol ¥ 4 3o (Nehring, 1997).
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AA7H) B2 AP e GPEEF AL BE AT

i
fle
M

o 7
vt g whabeh e Az YAFA HFH AW (Lee and Yoo, 1991;
Kim, 1995; Kim et al., 1990). o]l ytall, Atz HEZHF A|LEY £F
of gt AT Ao Z s HAoltt (Lee and Matsuoka, 1996; <F,
1998; Kang et al, 1999). wWetA, & AFelMes vid AR EzH Hx271 7
A BAstE g gl At FAFC AT FUdRt sGelA A=
T OANsE 24 BY EAS Aurn 5D 9 #F dodd &9

F NeERAE A dAE Fofstaar T

FEnt s

HoAg sl Fgut (340 517 167 ~ 34° 56’ 55”7 N, 127° 37" 23" ~
127° 50" 86" E)2 WA of 230 ke T wWaEoz gddd @A vt
o7 FYAIY sET el AFNEY I EE Seixe] don, gl
£ F¢0 AT HEE UEEA oldo e AEel A Y (Fig.
1-1. 9] Faigtes F&e £ 4 kme] AP L 3o, 282 T T
Fo =FH YL Tt 5T 29, FFLe] F4HL channel AFE&
Adshd AdtHoz f£4o]l 5 m olFeltt (A# A, 1991; A F, 2000). =

zZ godo] 9x3 HAPFL 39 AL F 107~39.3x10° tonse. 2 FA 5

i
o
Ar
)
ofd
o2
rﬂ
=2

FAET (QARFR, 2000), AFAA 22= ¢F 3 mo]
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o sl WEEL 76~223 %EAM, ZF Fd¥e wa 2 ¥MEg mAg
(Park, 1984). & & (2000)°] w2, o] R HAHAE L ANH
o2 APEHEC] FAst HEQEY #FHE 4~-8 4 HIHEBLS oF 30
%E AAE A oH, AA2 64 %7t FEYE 8~10 ¢ WSl o 713
EHS YAHEEHAY L A% s g e uEd FFARL UM o%
sint el ot TR Moz REan], maje] ko] 10~50 %9 A A
B 2
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HJot (Fig. 1-1).

qg BFAE 54 2 AFES A%, 4 W) w2IA H% Nasg

AAZ}A 10 M2 FE2AZ 3, 554 01 ¢S Olympus CH 2 dAn AL
o] -&3ted 100 Hl, 400 M 2] wigol M #BEEYT. AEZLIE EHL TS

(1994), & & (198D), Cupp (1943)& F= F=3oh

2. FARZHF A=E AP 2 24 94y
FUEZF A2E TAE I 5% H42 ARE ol3d FA (4o 30
cm, AF L1 cm)7t 919l TFO 54 AHY7)E ol&ato] HFsgut
Avict 3 Qe HHE ARE APste] F4E 2 2 FALA Fao
AMEStSTh HAE ARE olad Rrd AFd dd2 dXe & dAaA
Wd 2y sgd. d9d 24¢ 9% H31E As AYdE Cho and

Matsuoka (2001)8 RS Alg e Ly JAs4L. 82 &

A

7] #5ted BB B 3 cm@ Y AZHAA $E YD BAS 24
W ohg, SFEEL 0 T 9B AZAA JAREF FUEA BAL



do
e
i,
1

=2 AH 3 emB FeM, AxFHA &L G FAE A5 Y

i, FAZ AT A oF 10 %] FA 15 mE Yol 24 A AHFos

MEE o] ZuF2 A g, of 47 % B4 15 mE Yol ghA] 24 A7t
At dd (R, 2R 9hE AASY kol Solgle AR
= 4 dETE 2 97tA] olxuIsE AAHIGUD FAHYEHI B ANRE
100 me wo]# el P, o] 2ugre Esle dgdg ey 1 @
< 30&7t £&37] (Sharp Ultrasonic Cleaner)2 %&3 Az 3 % 125
et 20 qm 2712} A (sieve)2 AW thS, 20 gm 2719) Aol Folgli= 9
AHE 20 m TR £ G3 o]udFE Hrisle] dnj4d ARE xRS

hEdTh 20 M FEEREH AR 1 mE As] =Y vl (AXIOVERT 200,
Zeiss)& o] &3t 2007 400 ¥l & 3dtolM FAH L AP dHRRE A
2B AFFE thgH 22 Aoz Asdle] AzAD HARE 1 g 2 FY

XA 5 (cysts/g)Z LERFUISICH

cysts/g = N/W(1-R)
N: 33" Foxa ¢
W: B " E9 FA (g)

R H489) §54



FHEA FAHL Bolch and Hallegraeff(1990), Nehring(1997), Sonneman
and Hill (1997), Matsuoka and Fukuyo (2000) 2] Cho et al. (2001)5 &

Fzshack

m 2

1 #8399 AEEGAE

EZ #l5 AgdA 349 HEEFAREL & 378 OFoUT. F 24
& dan, TEF 67F SURLF 20T, SRLEF 15, 297 F2dy
1Fo2 FAE AT o] F FE2FIT 5% 69F02 Mg e 28 =
TE BEFod, HEZRE 105 19%0) 2@} 2 AHN ABEga
= HEF2 2164~17580 cells/ ¢ 9] WY} (Table 1-1; Fig. 1-2). 53,
A3 6,12, 17, 19, 20904 A EZRIE @E o] 10000 cells/ { o] Ho T =

Skoh g AMEY $HTE ZAE B Az, 44 17, 19, 209 $AEL
Cochlodinium polykrikoides?lol wr&, A3 6% AH 129 $HFL 7Z2¥H
2 olFoA e 5AE v Uk C polykrikoidest B 20004
HEFo| 1469 cells/ ¢ 2 7HF wghouh, A4 99 HA 1ol E BRHA
&gk}

ZAL e $3FS HHRWE, JHTEF F3= C polykrikoides

(35.2%6)e] BE=ko] 71 Egken, 1 o] FRERFO £3E  Chaetoceros
curvisetus (164 %), C. debilis (12.6 %), Stephanopyxis turris (7.4 %) 59

HEFE vlmH =g
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2. A8 £ fAREF A~

|m

T dydA F4E gEm AEEE F 1784 30Fo|en,
protoperidinioid 13, gonyaulacoid 115, diplopsalid 22, gymnodinioid 2%
tuberculodinioid 1, calciodinellid 1% $°2 % 679 1§02 T4
AT Gonyaulacoid LF-2 AA AT EHF A2EQ 607 %2 245
¥, Alexandrium, Lingulodinium, Spiniferites, Operculodinium® 4%¢] 28

3. Protoperidinioid 25& A4 SHRZH AJAEQ 274 %E 2759

Fl

i,  Brigantedinium, Protoperidinium, Quinquecuspis, Selenopemphix,

Stelladinium, Trinovantedinium, Votadinium® 7%0°] &334 doput

o

HAE AmdA 713 2ol wA" & gonyaulacoid 2E o)

b
i

5

Spiniferites  bulloideus®| 932, 2 YL E gonyaulacoid 28] 43

rr

Alexandrium sp. ¢ protoperidinioid 71§59 %38} Brigantedinium simplex,
223 gonyaulacoid 1§ %3t S. delicatus 51 $285 1 ok

AL o] dHRERF A2EE 115~2188 cysts/gd] FEZ BEm
AR T FeM  Spiniferites  bulloideuss AR A|A2EQ 135 %,
Alexandrium sp.= 8%, Brigantedinium simplexs 77 %E& =34} 3
H, A7tdY PHRZERQ gonyaulacoid, tuberculodinioid, calciodinellid &
o] Al2EE H 558 cysts/ge] BERAHY W, =2 Spiniferites £0.82 FA

S AW B9 Y dHERZEFA protoperidinioid,  diplopsalid,



gvmnodinioid (C. polykrikoides A 9]) 1§ A|AEE BT 318 cysts/go]
&5 %o, Brigantedinium 40| 338 %Act (Table 1-2; Fig. 1-3).
EZAEHE T M N2E 3R 539 AA 11 (2188 cysts/g)oll A= &
114 18%¢) SHARZEF A 2EZ fa=o 3 240 74 tksiA Jehyg
o, 2 gonuaulacoid 2E°) %&= Spiniferites £o] A& 1 Q)
H R TR AAEZ #EE YA 3 (115 cysts/g)ollAlE F 65 9F o

HAEAY. @A, @vd BE F Alexandrium £032 FAHE, H Ao

ity
v
=
rO
m
ofl,
o
£

£ 71zl B89 A2EZ 0~151 cysts/gd M= BF

Haow, 53 A4 7, 12, 19, 20004 z+zb 140 cysts/g o} o2 wEE P}

2 EAMIA EAEH JVEZF AAEE F 174 6EOE, AY 8 =%
T 115~2,188 cysts/g® MLt (Table 1-2). 2 A7 RT 4 g2 Az
o) JARZF A AEE FA Lee and Matsuoka (1996)% & eobo & HE
e EojR s el 545 9% dHUREF AAES} 21~363 cysts/
cr AR FAGE &, AL A AT HABANE 78 1639 9
EF NEETF 42~1,087 cysts/er HHE #AFHAG T gt vl
2 Zajvte) AHTZHF AAE BE¥ S 2AE o (1998)2) 73-%, 19933 8¢

ANz 9% 1759 AM2E7F 780~2270 cysts/ci HYZ, 19949 8Yel= 9&
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17F ] 780~2,200 cysts/crd] W=

i

i, Lee and Matsuoka (1996)R.t}

ok (1998)9) Aol d o &

5
#e
8
B

F& veblch 2oy, B A7
A AT HARe] et ArES ARH o FHsh=u 2 oo
Aozt 4/ wRel & AT Aztst Bro] g AT AHEL wmah=y
sfelgol Sith ¥ AP 2L AiE A% @YE AEET Cho and

x

M

Matsuoka (2000)] wEzw 32 3o} 22 JURZEFE A|AE
S A7 Ad F 18 H 4l TY AWEEF ARET} 0~7566 cysts/g?]
M gl Fgdut BE HAZ MY AXE wErTl e A
ZE & B o @ik 24y, 24 A" AvA e 2 gonyaulacoid 2
& ¥ protoperidiniold &°] ¥ 1, Spiniferites bulloideus £& X3 et
Spiniferites %3 e438 9 Alexandrium A AE7 Wo] :a®E oFale 2 o
T A3} HEsan.

HAZ Agd 715 8 29 9HERFE NAES $AMEI} S5 Al g
Ml wALAY:  Polykrikos  swartzii/kofoidii  complex, Seripssiella
trochoidea, Protoperidinium claudicans (cyst name: Votadinium spinosum),
P. pentagonum (Trinovantedinium capitatum), P. conicum (Selenopemphix
quanta), P.  leonis  (Quinquecuspis  concretum), P.  conicoides
(Brigantedinium simplex), Gonyaulax spp. (Spiniferites spp.). 7 ATt
=W, Taylor (1987) HEZF A2EQ] BY¥E 3 gl 49 4%

o £¥ d%& Werta st en Ishikawa and Taniguchi (2000)= B2



AFel JHREFo U A2E 2AZ Adeid AR A E3 8
Fol $Ashe dUREF F3} HGEe $Hok: FURZF ALE Fof

M2 GAFE Bag v o wrde] BT AN Kang et al. (1999)%

=
a
>
(4,
&
I-C’L
o
By
P
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o
—
o)
[¢]
N
L'y
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o]
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},
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}-tj

F a9AEe H

off
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H.I
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e
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el
ol
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R
o
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£e
47
£
K

T, ANEY HHREF AAE R EYY GUNEF A2EE 747
HE AHAA M 5 vEE Y (Fig. 1-4, 1-5). J7rd< 949
RAEF AREY FEE A d9e 2% b f9x% AAH 1144
1,800 cysts/go 2 7b =tom, B7lg Y% HERF A2EE Hrol ¥4

ANEE 2 Bt dUR2F AL2ET A S BES

F Atelell YA HH 6ol A 788 cysts/go® MY =9 (Fig. 1-4, 1-5).
et "
2}

o N2 dAHA ¢E ZHAE ojde ATIME muE u gr Qu
Hachinohe ©¢t& FAFgF Matsuoka (1976)% El7bd gF) protoperidinioid
2% N2ev dddl ke HAZAN s W, AtdREQ
gonyaulacoid 1F¢] AAEE Ao zHE We) Woln Yo =g Z
oA EAdYR don, BdYd @ ANYF FWEEF ALEY A
2 OE £¥ FYe ddozRHe A Ao Yokn gtk =9 2

T (2002)9) AFeME AZMIY dUEEHF FUHEA L B Y Junz
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A= N2 g 9o HAEN A0 $ER ngon, g

:m
m

VAR ASEE o] A% W A% SN, AIFEL 29
e W Y AN ¥ TR BAEAAG. A 5 Q002 o Aol
A7tde @ b AR aF ASE 212X 2 Ade 09 AEE

w3 7}

olf

45 B9t Andren (19992 NEEFAE 4 F F2F

b F 7k

ﬁr
or
Flo
]
:oé‘
12
[Is3
-z
of
ol
o
lo
>
og{::
o
i
o,
xo,
)
k]
—O'_I‘
s
2
F‘l

g, Tiselius and Kuylenstierna (1996)& B}/l MR =zFe MojgtE oz

A3 FxFe iAo AFEM, FEFS HolFo.

it
x
ful
N
off
ol
S
)
ko
BN

ol At Stk 8H9 a1, Matsuoka (1999)& R szt A EQ)
el HAE S SAsE 1A fHRZF AAE9 H|fo] At
GURZEF A2Ee HE] Frhsitta FAsAch Jolrl, HAE & Ex)
St SAHRZF ALES] A7tdd 2 BA9GES ve I s 24
Fo2A dF B4 RIS Wy AL welHAe A7 S5l YU (Dale
et al, 1999; Matsuoka, 1999; Dale, 2000; Matsuoka, 2001). Y& Tokyo 7o)
Yokohama oA 3T HHE ARE o] ¥ HAE Matsuoka (1999)
= HAHE o7l FolAFE AA A2E FHAA BrEY JEHRRFE A

~E7} AAGE WS RN A% FAREF A2EE ZFad

rir

d4e Qe oA 2asgel Adsz Astd RAYHH s A
g A7)t AA TS wE W,
W oATN HedR E3Ase 42EFAE TN HAR Ao
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olde AFELS AHEH Fovre i FAdvA (POSCO, oz 33t
@A, stE gy dAEA, ek AdelvHud 59k A (BgA], d-ADR
g wp glon] (o] & 2001),

5 (1998) 3 Moon (1990)& oFaiwtalAl g 2 gy I

B9y URER s GuE £5 Bt chdY SHREE Al
Est 727 ¥HA A8 Matsuoka (1999)8) 71, & Rtz s
L7 271 AFolA FE2FIE Bel FA5T, Holo] FRFE Yo
E e Bl Y SHERRE B Yo HAL 97 YEd AAHe
2 B2 4o Bt Y JHRZRRF A2E7 gAE T HH " 43 HFH 2

Ak Bl Y dHRRF A2EY BEv} ¥ BEAE FHoz @Y
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CHAPTER I

<

G FARZF A 2EQ HAR Zo] W AF

S
L
u:l
)
L
g
i
4
ofi
2
x
X
>
i
v
=
oy
=
S
o
3
g
kN
B
rr
=4
i

i, coccolithophorids e} 37 efF 713 AlAbe] Ay Hno =% =@ o) of
et (Parsons et al, 1984), & JHEZF TS50 WEA} o xAgHo

2 HEMST N2EE FAUT (Vink et al, 2000). FERZBE 2244

FA ANE B4 FU 9A N2EE F990 (Dale, 2001). FREEFE
NEEE A48t o RS 41 §9852 Y27 Hol £22 %3

oA #A vieoz stebgel HARE 49 FFNE FNHHE YL AN

t} (Zonneveld et al., 2001; Matsuoka, 1999). 3¢ wlge] EHARH ANx2E=

Mol 9n, 427 gle BHANE 28 717 S o} A5H Ahe we

F glom, FR/IHE Fol me BE Holr} Utk (Dale, 1983). FURZ

FASEE 99 FRUIANES YYF FoE BEA Y ooz sdote
=5

A e Ao BAHA &=t} (Dale, 1983; Anderson

_24_



el al, 1985). Y vhetem Adere dUREF AAEE AE AT A
A, HAHA o SPHo), ARH o HAMA JWMEERE A|AE
THel HAstn, A ste 9%g o (Dale, 1977; Anderson and
Morel, 1979). mepA, SHARZF Al2EZF 7| Z5 0l HAE A|ZE 14

gotgos s B duwzf 239 vHdd Aug 2L + oy

+

(Devillers and de Vernal, 2000).

L

il
flo

Qg oz 57

3} gof

e

.

ASHA e Be GHTAF AAE A7

CELR) 2

ol

HAE #AH F2 A gEd, ole 6w

BN

2
Ir

E

3]

T rHy HE QARG A%t eme Unst & 2A9d (™" Aolg
A7) W, Al2E7F AT} 28 HAR 9o B2 YA A o]
Atk 714E Z12e2 Fa Sy W)tk (Dale, 1979; Rhoads and
Young, 1970). Z18ju}, SHREF{ NAE B¥E A2 e 57 2 dot 3

AN chgR Azl £4H 2xF deyn, g2t olEEdA Wl

=1
[<]

(e

M2EZE A #3590tk (Anderson et al, 1982). waba], B < 7o)

2
i
o
o2
rﬂ
k)
2
o
R

HEe 7159 GHAREF A2EE HAHE gold ot

i

FAEeRA, HF HAE olfd EAHE FURZF A2E Y

M

¥ EHS dolrm, HAE zlolo] mE wo} sl AlAE (living cyst)

f

Zobgh AAE (empty cyst)9) FE Bkt 548 delrmA Fu

o. A= 9 %y
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L U xH AI2E 248 AT 48 A7 3y

& d7E A% AF 2AE 20019 89 24U & 3709 AN A
Aok (Fig. 2-1). IBEZEF N2ES] 235 4% go| 92 dojry) 9
sted obA™  Hol= (HA 5 cm, ol 50 em)S WA EF gravity corerZ o)
Batod x4} sloel FE2 T 9 FH 134 ° 55 78 N, 127 °
49" 117 E), oA st wrAe] A& 2o AT AW 14 (34 51 167 N,
127 7 40" 03" E), o5 & 7o) 1A% A" 16 ( 34 ° 51" 68" N,
127 747 30" B)ell A HHE& A4 bg, g8 BodE olady
olLE AMUZIZHE W] O 4R E uFelfR ugr 2 dA7s 53R
= ol ME AJ2EQ BE WIE AT AR HHPEZo wmt
HA FA shv1gle) Holxg fxow YA APAE Sutsle, W ng
shdth. A3 1elA ofa¥ mol:mo) PP FHAR & Pol:= 275 cm, A

4 1ol M e 305 ecm, 283 AH 18AME 258 cmP ).

ohLd solZ AFe wtA Fehd RTRNE Ho|= ol R ¢
WE ol 8std n¥uilE Y2 Lolof, Holx YRz WYL HAHEL

1 cm tHo2 Fadint, dv)? #2L 93 0~1 cm, 2~3 cm, 4~5 cm,

9~10 cm, 14~15 cm, 19~20 cm, Z#H 1 24~25 cm Zole) HAHE A=

-26 -
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A A}, 3 AAe] Fo|Z2RE 77} 8 /WY X 87} BEA, F 247
8 AR7F RtEoHY. dmA #48 A% A AE &y A7 H4
S WA B@EHh Bo}l 75 A RE (living cyst)9F Ho}dk A|AE
(empty cyst)= o] §4 9 AFsidon AXES woldg e HAHA
Atk #Avld AL AT HHE A8 e A 13oM9 2ol Cho and
Matsuoka (2001)] 2BE2r= A5 A Yy o #A3dch

A £E F49L Bolch and Hallegraeff (1990), Nering (1997), Sonneman
and Hill (1997), Matsuoka and Fukuyo (2000) Z8]Z Cho et al. 2001)S <

Fzeo

m 2 3

B3 19 HAHEAM $HE JHEEER A2EE £ 145 2BFo)glon,
protoperidinioid 11&, gonyaulacoid 10%, diplopsalid 1%, gymnodinioid 1,
tuberculodinioid 1% 18| 3 calciodinellid 1% $2.8 & 670% 2§c2 T4
o] At Gonyaulacoid 182 #HA JURZF AAEQ 5146 %E 2%
StR o1, Alexandrium, Lingulodinium 181 Spiniferites®] 340 2839
o} Protoperidinioid 21§& AA SHBZF A A2EQ 2662 %5 (A3 1,
Brigantedinium, Protoperidinium, Quinqguecuspis, Selenopemphix,

Stelladinium, Trinovantedinium 1831 Votadinium€ 7%l 2383849t 5
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42 dolel Awglel AH 19 AsdAM ¥ ®o] wpd

o

<
gonyaulacoid 7wl 8<%  Spiniferites bulloideus®) @i, 1 teoz
diplopsalid 1§l %3} Diplopsalis lenticula®} gonyaulacoid 59 23}
T Spiniferites hyperacanthus, 1€ iL Spiniferites delicatus S°] <3 ] A
A%1th (Table 2-1).

AR 16 A2E 55 H4E Zo] 2~3 cm (776 cysts/g)® 4~5 cm
(693 cysts/g)l A FE A peak®E RYrh 2wz, UHE o] 19~20 em

(302 cysts/g) ¢ 24~25 cm (283 cysts/g)el A FRER %7} 743 [=3:19=

Mo
olf

FHER]  Spiniferites bulloideus= 4~5 cm (242 cysts/g)N A 713 =

rlo

=& B AY. Diplopsalis lenticula’= 2~3 cm (94 cysts/g)old 714 =

=5 Blon, HAZ oldE 44E HA}How v fardls ARL B
Act (Fig. 2-2).
Lol7bsd Al2=E (living cyst)sh 2oldt A|2E (empty cyst)E Yo A

T AR, dolgt A2EL AAY 81 % (2746 cysts/g)E AX| 331, o)
7bed A ZEE 189 % (643 cysts/g)E X35t HHE oo mz A

32 HHEW, Lol A2EE HAE 4~5 cm Zo] (589 cysts/g)oll A
AFEE BT 7 ot HelRE e HAAHoZ Fasguh §H, wolrts
¢ AEEE HAE 2~3 em Zo| (236 cysts/g)ol A HIEEE BER 14~
15 cm o] (12 cysts/g)7tx] F438] 2289 HAFEE ozt 1 ofe

HolHE thA] F7hstg
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cyst concentration (cysts/g)
0 200 400 600 800 1000

E
|
@
© 1a-1s i 7
19~20 g; |
24~25 %@’f Empty
A Living

Fig. 2-2. Depth profile of total cyst concentration (living-empty types)
in St. 1 core (cysts/g):
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AR 1 ZojA RN gEd A7tdY GBERZF AAEE 4~5 cmoll A

P =2 FX (366 cysts/glE, 24~25 cm#AoloAM FIF H& =% (176

l>

cysts/g)€ YEHHY. B7ME Y SHREF AIAEE 2~3 cmdlAd A Be
T (423 cysts/g)E, 19~20 cmol A 71 Y& B (104 cysts/g) S ey
9. @4, At d 2 Bt gY FUERF AAEE 9~10 emol A 4~5 em
Abelell A AR Foke woldh Bl uezF A2EQ F$ 14~15
cm 5 (107 cysts/g)RE 2~3 cm & (423 cysts/g)7hA] A HAEZz 714
5 484 327 F7M8lA Y (Fig. 2-3).

A 149 HHZNA FAE HNEF ANAEE £ 144 23Folgl o
protoperidinioid 11§, gonyaulacoid 8%, diplopsalid 2%, gymnodinioid 1%
tuberculodinioid 1% 28 F 579 JFe®  FAHS vk
Gonyaulacoid 252 A JUEXF A2EQ 6908 %E HAsFon,
Alexandrium, Lingulodinium, Spiniferites®) 34:0] il g =

Protoperidinioid 2.&-& A 4A

2
i

BYZHF AZEQ 1412 %2 A3z

Brigantedinium, Protoperidinium, Quinquecuspis, Selenopemphix,
Stelladinium, Trinovantedinium, Votadinium® 7%°] 8349t AF 149
HEE ARdAM b3 ®o] @A™ %L gonyaulacoid TIE] Sat:
Spiniferites hyperacanthus©| 13, 1 L 02 gonyaulacoid 1o &&=
Spiniferites delicatus®t Spiniferites bulloideus, 712131 diplopsalid Z&ol] 4

3t= Diplopsalis lenticula 5°] 382 231t} (Table 2-2).
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cyst concentration (cysts/qg)
8] 200 400 600 800 1000

(/77

45 77
£ |
% 510 7

14~15 W0

2405 B Autotroph
B Heterotroph

Fig. 2-3. Depth profile of concentration of autotrophic-heterotrophic

dinoflagellate cysts in St. 1 core (cysts/g).
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A 1494 A2E e HA4E el 4~5 cm (613 cysty/g)oll A FE=
A peakE BT 183, HAE Ho| 24~25 cm (144 cysts/g)o A A~
E FE7F 7P @t -8 E 9 Spiniferites hyperacanthus8 2™, 2~3 cm
(169 cysts/g)l A 7t4 ¥& FE2E B} Spiniferites delicatus® 4~5 cm
(132 cysts/@)ol Al 7H8 & 55 BAT} (Fig. 2-4).

Bobgh A 2Ex AA Y 785 % (2041 cysts/g)E A5 Am, Folrs

=

A EES 215 % (559 cysts/g)E AA sttt 5A% zlolo] uwa wWale

il

T

i

HEH, doldt ANAER: HAR 45 cm do] (467 cysts/g)dl A HixE

25 0 oky RolREE AWHOT s @Y, Bopsd A

A

fm

¥

= HAE 45 cm ZHol (236 cysts/g)9 14~15 cm dolelA] 23} peak =
2ao

AE 14 ZAANENA B AU Y dHRERF AAEE 4~5 cm®l A
1 & FE (404 cysts/g)E, 24~25 cm# ool A} we ®w (118
cysts/g)E UEtTh B9y AWUEZF A2EE 0~1 cmilA R =&
= (210 cysts/g)E, 24~25 cmol A 7HE 22 E% (26 cysts/g)E UEFW
o W, A9 FURFER A2E ¥E= 9~10 em (196 cysts/g) ol A
4~5 cm (404 cysts/g) Atolel M FA3% £718 BYr) Brl9g dHnzE
AMEEL A9 HAl 9~10 cm & (62 cysts/g) M 4~5 cm = (209 cysts/g)

Abolell A k7l A4 748} (Fig. 2-5).

ol

Ad 16el4 FHEE JWEEEHF A=zE

Z 156% 23Fo|gden,
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cyst concentration {(cysts/g)

0 200 400 600 800

Empty
B Living

Fig. 2-4. Depth profile of total cyst concentration (living-empty types)
in St. 14 core (cysts/g).
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cyst concentration {cysts/g)
0 200 400 600 800
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Fig. 2-5. Depth profile of concentration of autotrophic-heterotrophic

dinoflagellate cysts in St. 14 core (cysts/g).
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protoperidinioid 11¥, gonyaulacoid 7%, diplopsalid 2%, gymnodinioid 2%,
tuberculodinioid 1% Fo2 % 579 aFoz TAHY 9t

Gonyaulacoid 252 A JHREF A 2Ee 5699 %= 2pA &R 0. H

2

Alexandrium, Lingulodinium, Spiniferites®] 34z 0] 439
Protoperidinioid &2 Hal 4HRZEHF A2EQ 248 %= A8t Q 1,
Brigantedinium, Protoperidinium, Quinquecuspis, Selenopemphix,
Stelladinium, Trinovantedinium, Votadinium?) 750 2839 o A43A 189

H48 ARG A wel 2AW £ gonyaulacoid 1B e

fir

19!

Spiniferites bulloideus®) Q4 i, 71 th& oz gonyaulacoid & <£3l=

delicatus®}t  diplopsalid 1&o| &3= Diplopsalis  lenticula, 1%

ky

protoperidinioid 1%l 43l Protoperidinium americanum s°l 4351
AR} (Table 2-3).

B 1694 AN2E Fre

dm

HE ZHol 0~1 cm (578 cysts/g)dll A S
4 peakE BEAW €)1, HHE o] 14~15 cm (232 cysts/g)ol A Fd
X2} FE7F b dskth $HZ9 Spiniferites bulloideus2 2%, 0~1 em
(255 cysts/g)oll A 748 58 w52 nqr Spiniferites delicatus®= 2~3 cm
(50 cysts/g)ell X 713 & %8 mA) (Fig. 2-6).

Lot N2Ex AA9 825 % (2054 cysts/g)E FA YL, wolr}s st
AEEE 175 % (436 cysis/g)E A stgu g% Zold] & HW3E A

b

=
r2

ol A

|

EL ESHHE 0~1 cm Zo] (17 cysts/g)illA A%

’
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Fig. 2-6. Depth profile of total cyst concentration (living-empty types)
i St. 16 core (cysts/g).
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=2 RAS 7 o}y Aeo|RHE WOz 7%AETI} 19~20 em@ ol A
S7HE BT #H, Wolsbsd AlAE= BB 2~3 cm "ol (85 cysts/g)
AXFH 9~10 emzle] (78 cysts/g)7HA] ¥ $EE BYT 1 ofg Holw
B MaAde=z #istang.

A 16 I EgA A2E A7YY JHREF AAEE 0~1 cmol A
P =8 ¥R (351 cysts/g)E, 24~25 cmzlo)ol A M de Ex (129
cysts/glE WEIWT BrtdY dUEZF AAEE 0~1 cmollAd AR =L
TR (227 cysts/g)E, 14~15 emol A 71E 92 =% (2 cysts/g)E& YEFY
oo @, At dERaEE AJAE BT 9~10 cm (142 cysts/g)%-H
0~1 cm (351 cysts/g)7tA] AHew Frlete 4% S R wBridel o
HEZH Al2E? A% 14~15 cm = (92 cysts/g)el A 4~5 em = (188

cysts/@)7hA FE7F 24 Zrhst Y (Fig. 2-7).

v. » #

= A7 3 AP 3ol NRE HHE o) B B A, A 1
2l 2~3 cm o] (776 cysts/g)°l A, FH 142 4~5 cm Hol (613 cysts/)
oM, 2E]3 A 169) 0~1 cm Zo] (578 cysts/g)olA] AN ZHF AAE
7P M w8 FER BPEUY (Fig. 2-2, 2-5, 2-8). wpAgks s whe) A]

HAE zlolo) g JHERE AAE B¥Z A7 Lee ef ol (1998)& 2}
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Fig. 2-7. Depth profile of concentration of autotrophic-heterotrophic
dinoflagellate cysts in St. 16 core (cysts/g).
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UREF A2EE 0~2 cm ZHololA 1d 59QF 932~4,372 cysts/erd] HE =
BAR] 71 =& 258 Jedoa 3t%lt}. Yamaguchi et al. (1995)2 <

rk

dehg 2AHE A3, B3 3 cmyold HABN bY B FUREF
NAE SR HR9A%T dglon, 3 deke 2AF Kim (1992)9] 9

FAAE 0~2 cm @ole] HABAM A 0 %l AwH= dARzF A

ZREZL B0, 1 28 $EE AT ol o], FUREF Aiur)
M Ee FER AWEE 998 dolv 2abe oo ne} Folrt 182
%+ o

AT A G D By GANEF AAsES) HAE olof

= FE SXET 9-10 cm HolE V|FLE 7HHE S4S RYd (Fig
2-3, 275, 2-7). HJHE 9~10 cm #Hol ool AwHozg e xr=
Holrpzh 9-10 e H AR 2 28442 Fxr 27187 ARsigu) &

ZAE F 3 A4 EF 9-10 cm@ 4-5 cm Atolol A Bl slH Rz R

AZEZF F7kske dabel Fals) vehdth HAZo R4 P9 A7

rie

S ol de) zAh Ao HALL ool Wy P E wp
1~2 cm/yrel 488 woln, 1abx] T 0 BFA SRRAHE o 2~3

cm/yre] HAES BAGT RIHYY (FFF 39A FHE E5% stEol

F23A4 T2 R FUAALA). B, 910 cm 2 A BB AzA
HelAE FUEA FES AT F7h: o 5~6 U Aol MY AP

AZHEE, ol= HlIH HTo) SolA EtY ANRRF ALES AT

l
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HAol legle s Ve,

HAZ &8s dURZF A2Ee x7tdd 2 elrtgderze] v en
HAE dolo] W2 R¥ WslE ZAHoEA §F $79 2Adgs Ay 3
4% WY 7 A9 2eld Ao (Dale et al, 1999; Matsuoka, 1999; Dale,
2000; Matsuoka, 2001). 42 Tokyo %9 Yokohama ol Qs EAm
AEE zZlo]l M2 ¥AM% Matsuoka (1999 A% 522 242 04 &
HEA LYol M Brtdd duR2F A2E7) FHshe v 8e Zrlaau
At ARz F A2EE asE @42 wHsgon o As= z
Arsl el Atgiste Qlste] Rggstst ARE Al7)9h AxFE uE Wk w
“HAl, Matsuoka (1999)= R4 ¥37h A& Z9 sidela 5 ABo] s
Bt d SAREF A2ES Hgo] A7tdd FARZE A 2B Hlg =
ZhETha spgith Bty FdwA (POSCO, 9A sha @Al HE
2 g, FF ddoldEnd )9 £A) (BPA], dHANZRE ge
ok A@erE FIWEvn RuHYoy (o ¥, 201), 7 = s (1998) %
Moon (1990)2 M dezre A4d 9 Fadol dFsvtes gem,
FER FHAN WEHE Ages AR Aad 2 dEyot F

wHelsha et e, 4 §F (1984)& FFTW FHolM $YHE =L =

o

>l.l:l
ot
¥

2o gEuot Aol oa A F2F ol BANTL HATh Dale
0D HHge) EAste ARREF FUEAE Qo 4= AL @

F FUEA sRo W AHoD BtdY JURER A2ES BEi}
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dAsA Trhste e zAlAdolA RAYEr YT 9Le uj@
chiL STk mhebM, B Aol melHi= wiel #ol, 9~10 cm RolE 74

©% 3 439 H48 e el9Y FHUEZF NAE Fus AxaA)

FHol FEHe FIF Bl A=, FAFI 219 Ao 7z
b el SAstal, Holol F¢AL ik edd Hnzss FEE
= Hol® shal W doz wdsn H4d AR 4" 5 ook EAw
31 B F dE shE ddae] AHT FA 1olu 9 AT Ay

AH 169 2ol N8t HAE 9~10 cm ZolRy 19 e HAYRE =
o F7F Aol FlatA Jebt o Wl ofawe] A Ay 161 A1
T EMSY ¥ vE9 7 dude® uokdA) vehgt o= Al 19]
WA 160) Wiwte] S xale] sjsjgele] mF ago] = wal WA 16
& ol AR Aol Aol uhat Uiwkel] A F FH) vl o)
o) A{ 48E Bo] wey Wele] A& S oy WD)

T, Ldotd A|2E (empty cyst)st o} 7b5¥ A AE (living cyst)e
FE& PlUY 2, Bold AAE (BT 807 %)7t ol A% AlAE (H

193 %)Et | B2 o2 EAstn A} (Fig. 2-2, 2-4, 2-6), Po}a}x)

rle

FE ALEE ZAME BE 3 AN HAZ A4 e 29 24-25 em

HolZbx wAEAS (Fig. 2-11). Kim (1992) ubabubs} 2s)5te 218 2

#, 6 cmobhe] A ZoA ol NAEWG BAAYGT BIHHO, Lee



et al. (1998)= & oA 10 cm do] ol o] &2 Zo= ol 7}%58 A]~

EE AR 23vn wasQnh ged, 2 AfE o4 drsy uas)

il
&

MRA e B8 7% wol J5E GURZF AAET} 28

T es & F AAT AREF A2EQ Fuy)

5
(o

o & #FA=
TAHLANTLE dAE Fd~FAd o274 e MYE b= How of
24 AT (Taylor, 1987). uhejx, #eFwre] ExZo] oW o]fd ofa
(bioturbation, #=2] w# 2§ 5) ol Eo EAs= ANAEI pE:mom
olETHY AxEe] wote] HGH BAo] ZAHYL W, A2ES} wols)

o B 70 NBELAE T T A0 agkn Bun
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3 F 29

CHAPTER 1I: #¢ute] gHRZF NAEEZ d737] 939 20013 89
24l Fdnte) 2070 AANA TFO AY7|2 o|&3te] B2 HHBS 343
Aov, EF T AFNAM AEEIFIAE A4S 9T S H5FE A5
A B4 A2RE AWEY, 174 3029 JHREF A2Er Bofure F
AE MuodM FAHJEHE, gonyaulacoid T2 11%, protoperidinioid 25
13, diplopsalid 1§ 2%, gymnodinioid 1% 2%, tuberculodinioid 18 1%,
L83 calciodinellid 1§ 1322 FAHHT FLute] AR 115~
2088 cysts/g®] TEE ¥t dded, AwHog Falgde Mmooz
s Srhetdu N2E 27t JbE 54 et e B R 9%
A 1124, 114 18% (2,188 cysts/g)e] FHAREF A/ 2E7 BAEQ 0w,
e 7hg SA JEhd A gL zAEde] Eoie ¢ixE A A 302 6
% 9% (115 cysts/g)®) AAE7F 2AHAY. 7hd Bo] AR evmzs
AN2Ex Spiniferites bulloideus12.9, Alexandrium sp., Brigantedinium
simplex, Spiniferites delicatus $°] 33t HAE AR 7129 8¢
FHURZF A2EQ FAALI 5 ABANE SAFH Polykrikos
swartzii/kofoidii  complex,  Scripssiella trochoidea,  Protoperidinium
claudicans  (cyst name: Votadinium spinosum), P.  pentagonum
(Trinovantedinium capitatum), P. conicum (Selenopemphix quania), P,
leonis (Quinquecuspis concretum), P. conicoides (Brigantedinium simplex),
Gonyaulax spp. (Spiniferites spp.). ¥ ATNA HHE A 52 g7l o

7 OALRE FEv b 5E Add 22 d% AR 7RE &)
58 Adol dAsgon, ol ¥& HEFY FZEES MHolFozy

Z

b

N



EHIF MRz AANFL Fh5a, ARdon HHBYe| AAE ¥

CHAPTER II: 3Jnte] AR &3l JURER A AES 22 1
XS 2ASE7] skl 2001d 849 249 Fokubel 37 A H o) A) gravity core
samplerg °] &3t HAH &S Y3t HHE A5 AFsde g B
FEl AT AH 1AM 275 em, FA%S 418 AH 1494 305 om,
2ela ekl vhbe] A8 B 169014 258 cme} Doz A3 = o).
HAE GRA R UHdSE Aedor AAE Bol gasis A%

= Bfen, Lol Aed AAE (living eyst)H o} Wolstn GAR A|AE

(empty cys9] 5%7F o A #2H% 2oy 2o} Jlse ArE §
qE ARY b 4 2AA waudct 2 A" B3 A rEe &
A4 EEE AAY 9% doldy Au Exe Uehdth za 1o

2~3 cmolA, HH 14 4~5cmel A, A4 162 0~ lemold Hx =& G
Bt Bt S HRREF A2E FEe) @AY B7bE 9-10 cm o] 4
FAA e Ao, ol olzs] HAgel B9 Asd zAlH
AH FAFH F43) WYHS| dWRAF N2E Yo GP maA 7
et H7hE.
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Plates

Plate 1

1, 2, 3 Lingulodinium machaerophorum
4 Spiniferites of delicatus
5, 6! Spiniferites ramosus

7, 8 Spiniferites hyperacanthus

Plate 1I

9, 10: Tuberculodinium vancampoae
11, 12, 13, 14, 15, 16: Brigantedinium sp.

Plate I

17: Protoperidinium americanum
18: Quinquecuspis concretum
19: Steladinium stellatum

200 Diplopsalis lenticula
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Plate 1
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Plate 1T
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Plate I
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