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Vertical Distribution of Dinoflagellate Cysts in Sediments
from Gwangyang Bay, Korea
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To describe vertical distribution of dinoflagellate cysts in bottom sediments from Gwangyang Bay, three short-core
sediment samples were collected with a gravity core sampler on 24 August 2001: St. 1 core (27.5cm) in the
northeastern part of the bay, St. 14 core (30.5 cm) in the southwestern part, and St. 16 core (25.8 cm) near
Yeosu Sound. Total cyst densities generally decreased from the top of the sediment samples through the bottom.
The highest cyst densities were observed at 2-3 cm in St, 1 core, 4-5cm in St. 14 core, and 0-1 cm in St. 16
core, respectavely. Living cysts were observed till the bottom of the sediment samples. The increase of heterotrophic
dinoflagellate cyst proportion may indicate that the eutrophication process was recently escalated in the study

area.
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e JHRZF FEC] ABA Fo F4 A
Ao R HE M5 B (Vink et al,
2000), NEES A5k T A Hieto
Zhelgkol A EE Lo dRE A= #YS AR
{(Matsuoka, 1999; Zonneveld et al., 2001). 3% B}=o]| E 2
H AZEE Yol gla, 44t gle 840AE 28 7zt
ot ol 75 e Ad2 BEE 5 glon, FHszhe
of wet B |7} Utk (Dale, 1983). FHEEF Al&
PFARA AN HEE TEES AT FEAFA
(hypnozygote)= W= s HlHo & 7ieipons BS
EFAE A= A9 2AHA devh (Dale, 1983
Anderson et al., 1985). sfj<k nleto 2 sleteke R ZF
AZEs AE AAAH ATs] wied, H4E Als &4
< 53lo] B JUERF 7 FRE AL 5 U
(Devillers and de Vernal, 2000).

AF7 AL B JARZH ALE AFELS W
2 HYE7 2o HEWQ) ¥F HHE B F2 3
A e, ole JHEzRE A2EE RiU AE AR
deyt Zomz Ueyt & 54 9o A2 Aolet A7)
7] W} &o]t} (Rhoads and Young, 1970; Dale, 1979). ZL&j1},
GHEZF A2Es A BAHGA st 524 EXE
Ueil s, j 2 BHE] o} FoA Lo} 7153 AIEE
7} g BEEHI|E 39Tl (Anderson et al., 1982).
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£ ATe 3E 39y HHE0 7158 Hs
HAE Zold wet Ao 22X, §HE Zlojd

HEzH AXE 7Y 74 4 £X EAS

, o} 7153 A)AE (living cyst) 9t o] 1] Wo}dt A AE

(empty cyst)®] = W3 54 AR 14 o

¥ AT A9 e I
o2 BYES woHH vos
of ol4lef el Aol ALAls

(Fig. 1). HEZXH

55" 78" N, 127°49' 11" E), 943 &3 ©A9) A& €9 93]
347 14 (34°51' 16" N, 127°40' 03" E), o afivt g7
2215 AH 16 (34°51' 68" N, 127°47' 30" E)l|A] o}z ¥
HolZ (A Scm, Z9] 50cm)ES WAS gravity corers
ol-&sle] EHAEE AE s, HA-FC] EoJUe ofaE
golz g MYZIZRE wo] 1L AeRE nFepiR 9
g} HHEFo] wAEA ZA Ho)|XE FAOE A YA
APAZ sl W Bt olad gho| X A
#H HAHES £ dole B 1914 27.5cm, FH 140M=
30.5cm, 283 AA 184 AE 258 cmArh

of=Zg o] A @A Zdebd LFuE TolZL of
B Fo 719 B g ol &3l IRvNE 92 Hojuo],



Fig. 1.

2 g4y HIHES (em ZHH o2 Zelidh
2 Yl 2 4™ & 0-1cm, 2-3cm, 4-5cm, 9-10
19-20 cm, 24-25 cm, 18] 3 #3529 zlo]g)
Aeiste] & 24709 ARE wEQler, 38
A AgE st7] A7A WA RSt dnld 24E 9
& E 28 Al& xgE Cho and Matsuoka (2001)9] A&
e Wyl A ETE 10% AT 470 B4 HE 3§
¥AE eSS 30%7F ZS97] (Sharp Ultrasonic
Cleaner)2 2£3 xa& 3 &, 125um2} 20 4m =719
A (sieve)2 AWl 2, 20 um Z719] Ao HoldE A=
£ 20mL &7[° A FX o|2udE Hrlete] HrA
I NEE wEATE 20ml £712XE Al 1mLE
A8 =¥ #v| A (AXIOVERT 200, Zeiss)& ©]&31 200
9} 400818 Elol A} wro} Y1538k A)2~E (living cyst) 9 Wo}
g AIZE (empty cys)E W7ol T4 B A3t oH
BEF N2ES FrE HRAZ HAE 1g F ARE F

(cysts/g) 2 VERY QI T)

e AL

-
o e

7| 1}

=
A 19 HEENA THE dUREZF ALEE F 4%
25Fo0|ew, o EL2 ZtzZb  protoperidinioid 11§,
gonyaulacoid 10, diplopsalid 1%, gymnodinioid 15,

tuberculodinioid 1% 12] 1L calciodinellid 1 59 & 6719
g0 8 FAIEo] A} (Table 1). Gonyaulacoid ZLE2
AN dARZRF A|2EQ 51%F XA SF LW, Alexan-
drium, Lingulodinium ZL2Y3l Spiniferites®} 3&0] £93t9
t}. Protoperidinioid L& A A HEZRF A EEQ] 27%
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Map of Gwangyang Bay showing sampling stations.

& ARSI AL, Brigantedinium, Protoperidinium, Quinque-

cuspis, Selenopemphix, Stelladinium, Trinovantedinium ~1E]
I Votadinium®] 74°] 23934t

A 19X AI2E FEE HAE ol 2-3cm (776
cysts/g)ot A FEB A peakE BFUT 131, §AE Z o]
19-20 cm (302 cysts/g) 2} 24-25 cm (283 cysts/g)ol A 713
sk AR 19 ARdA 7P gl dHE T
gonyaulacoid “LE9) &8} Spiniferites bulloideus@ i, 71

20 2 diplopsalid 21L& 438}= Diplopsalis lenticula®}
gonyaulacoid 18l &8} Spiniferites hyperacanthus, ~1#)
3l Spiniferites delicatus 5] 7433 AUTH 42
Spiniferites bulloideuse 4-5cmoA 7V & 5 (242
cysts/g) S B AT} Diplopsalis lenticulay 2-3 cmoll A 7}
£ 5% (Ycysts/g) s BEon, BAHE ol 4-F
HAAH o2 w7l Zadhe AFS Bt (Fig 2). Loldh
A 2=Ew AA 9 81% (2,746 cysts/g) S FAISFH L, Wolr}
S A 2B 19% (643 cysts/g)E AHAISIATE B A E 219
of W& HIE FHRA, wolt AIZEE FAHE 4-5cm
Ziololl Al HILEE (589 cysts/g)E H R L ofef Zo|RH
= Jarg o2 AT Hobsdt A|IAEs HAE 2-3
cm Zlolol A HaEE (236 cysts/g)E BT 14-15cm 2
o|7tA| FA3| gadle HAAHFE (12 cysts/g) S Ho|Thr}
I o} Zo|RE v Fhst AT A, AVtE S 2 L
Y AAEZEF AEEQ HEL 9-10cm FFEH ¥HIE
2ok B GHERR ALEY A, 9-10cm F
(40%)5E] 2-3cm F (55%)71A) 35 HHER Z24E ng
o] F713tatt (Fig. 3).
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Table 1. Species composition and concentration (cysts/g) of dinoflagellate cysts (living-empty types) according to sediments

depth at St. 1

Species / Depth (cm) 0-1 2-3 4-5 9-10 14-15 19-20 24-25
E L E L E L E L E L E L E L
Autotrophs
Gonyaulacoid group
Alexandrium sp. 1 (ellipsoidal) 9 8
sp. 2 (ovoid) 7 27
Lingulodinium machaerophorum 19 7
Spiniferites delicatus 8 35 38 9 41 78 7 59 9 16 32 25
bulloideus 58 14 84 27 218 24 78 7 112 66 16 44 12
hyperacanthus 36 35 47 27 25 24 29 20 6 74 38 18
membranaceus 7
mirabilis 9
ramosus 15 10 9 8 7 6
spp. 36 10 25 15 14
Tuberculodinioid group
Tuberculodinium vancampoae 22 28 9 8 7 17
Calciodinellid group
Scripssiella trochoidea 15
Heterotrophs
Protoperidinioid group
Brigantedinium simplex 15 28 9 41 7
denticulatum 10 17 8 9 7
Spp. 15 10 15 9
Protoperidinium americanum 15 57 75 65 41 8 22 14 9
latissinum 15
Quinquecuspis concretum 10 17 9 13
Selenopemphix alticintum 8 7
quanta 29 19 18 9 40 29 20 9 7 7
Stelladinium stellatum 10 7
Trinovantedinium capitatum 10 9 7 7
Votadinium calvum 15 14 10 18 7 9 7
Diplopsalid group
Diplopsalis lenticula 93 94 89 71 66 50 32 7
Gymnodinioid group
Polykrikos kofoidii/swartzii complex 36 28 57 8 6
Subtotal 431 162 540 236 589 104 369 28 333 12 270 32 214 69
Total 593 776 693 397 345 302 283
E: empty cysts, L: living cysts
EY

A4 149 HAEANAN TAHE JHUEEF
14& 2320|9lo, o]&& Z+Z} protoperidinioid 11,

=
[S3K)

A2EE &
gonyaulacoid 8%, diplopsalid 2<%, gymnodinioid
tuberculodinioid 1% &9 & 5749 2gog FAHIY
(Table 2). Gonyaulacoid &L A JBEZHF A|2E
9l 69%S ARASFY O, Alexandrium, Lingulodinium,
Spiniferites®] 340} 83} T} Protoperidinioid L& &
A JARZHF AN AEQ 14%E X}R|3VQ 1L, Brigantedinium,
Protoperidinium, Quinquecuspis, Selenopemphix, Stelladi-
nium, Trinovantedinium, Votadinium® 74:0] &334},

A 14914 A2E FEE HAE o] 4-5cm (613

cysts/g)oll A peakE B0, 24-25cm (144 cysts/g) Q] 4
ool A 7} skt AA 149 HAE AmdA 7HE ©ol
AR #FL  gonyaulacoid IFO] 3=
hyperacanthus®] 31, 1 T2 & gonyaulacoid ZE9] 4
8l Spiniferites delicatusS} Spiniferites bulloideus, 12| 1.
diplopsalid &l £38}= Diplopsalis lenticula 5-°} $-743}
A}t - EQ Spiniferites hyperacanthuss 2-3 cm
(169 cysts/g)ol A 7} B FE S RN LW, Spiniferites
delicatus= 4-5cm (132 cysts/g)ol A 714 & T8 BF
t} (Fig. 4). To}dk AJ2E = AA 2] 79% (2,041 cysts/g) =
A8k, Wol et A|2EE 22% (559 cysts/g) S =LA

Spiniferites
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Fig. 2. Depth profile of total cyst concentration (living-
empty types) n St. 1 core (cysts/g).

S}k HHE 2o b2 WS YW, oty A2
ET HHE 4-5cm Zo] (467 cysts/g)ol A HAFEEE B
I 2 ol Zo]REHe MHo g AT} wolrted
AZ2Es HHE 4-5cm Zo] (146 cysts/g) 9} 14-15cm Z0)
(112 cysts/g) A 218 peakS BR{T) A, A7FEeF oA
EZH AN2EE 4-5em & (66%)FE] Hl-§o] #AastsE 4
Fe o, Bt JHUREF A 2EQ HEL 4-5
cm T (34%)%E F7Hete BAEE JERAT (Fig. 5).

AR 160 TAE GRTZF NAEE & 155 23F0)
Ao, o]5& z+2Zb protoperidinioid 11%, gonyaulacoid
7%, diplopsalid 2%, gymnodinioid 2§, tuberculodinioid
15 59 & /8 2§z 745 AR (Table 3).
Gonyaulacoid T2 XA JHRZHF A|AEQ 57%E 2|3
R 0., Alexandrium, Lingulodinium, Spiniferites®) 340)
233}tk Protoperidinioid 5 HA SHERF A~
E9) 25%E A A|8YS1al, Brigantedinium, Protoperidinium,
Quinquecuspis, Selenopemphix, Stelladinium, Trinovante-
dinium, Votadinium® 74:0] Zd3Ych

A7 1694 A2E FEE HAEE Zo] 0-1cm (578
cysts/g)oN A peakE H P o™, 14-15cm (232 cysts/g) ] &4
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Fig. 3. Depth profile of relative frequency of autotrophic-
heterotrophic dinoflageliate cysts in St. 1 core (%).
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Fig. 4. Depth profile of total cyst concentration (living-
empty types) in St. 14 core (cysts/g).
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Table 2. Species composition and concentration (cysts/g) of dinoflagellate cysts (living-empty types) according to sediments

depth at St. 14

Species / Depth (cm) 0-1 2-3 4-5 9-10 14-15 19-20 24-25
E L E L E L E L E L E L E L
Autotrophs
Gonyaulacoid group
Alexandrium sp. 1 (ellipsoidal) 7
Lingulodinium machaerophorum 8 9 17
Spiniferites delicatus 61 51 71 42 91 41 21 20 16 38 62 8 25
bulloideus 70 85 14 91 24 67 78 7 4 0 17
hyperacanthus 36 34 113 56 74 41 41 6 47 46 44 8 33 8
membranaceus 16
mirabilis 8 14 6 8 9
ramosus 9 8 7 31 9
Tuberculodinioid group
Tuberculodinium vancampoae 8 25 14 7
Heterotrophs
Protoperidinioid group
Brigantedinium simplex 9
denticulatum 9 8 7
Spp. 18 8
Protoperidinium americanum 8 7
latissinum 9 9
Quinquecuspis concretum 8 50 8 8 17
Selenopemphix alticintum 8 16 16
quanta 9 8 8 17 8 7
Stelladinium stellatum 9 7 7 8
Trinovantedinium capitatum 9 17 7
Votadinium calvum 15 7 8
Diplopsalid group
Diplopsalis lenticula 87 22 58 41 24 71
Dubridinium capetatum 18 17 9
Gymnodinioid group
Polykrikos kofoidii/swartzii complex 18 17 8
Subtotal 343 118 346 119 467 146 226 32 284 112 239 24 136 8
Total 461 465 6134 - 258 396 263 144

E: empty cysts, L: living cysts

ool A] 7b wEsich AA 169 HAHE AlFAA 7P gol
A £E&  gonyaulacoid 1Y) Spiniferites
bulloideuso}QaL, 1 T30 2 gonyaulacoid L&l £3l<
S. delicatus®} diplopsalid L&l €3} Diplopsalis lenticula,
Z12]31 protoperidinioid L] = Protoperidinium
americanum 5°) A3t AU} HEL] S bullvideus=
0-lem (255cysts/g)olld 748 =& & B S
delicatuse= 2-3 cm (50 cysts/g)o A 7HE & 55 & Yo}
(Fig. 6). Lo}t A 2Ex A9 83% (2,054 cysts/g)E AHA|
sk 3L, Wolrtsdlt A/ AEE 18% (436 cysts/g) B X 51
. 3 E Zolo] wE W3l E AHEY, dolst A|AEE
EZEHE 0-1cm Zo] (S17cysts/g)ollA] AL F=5 HY
T 1 ol ZAolREE Aoz A3 19-20em &
o] (289 cysts/g)oll Al F7HE Bt Polrted AEs

P
= o

1
g

s
=0

EXE 2-3cmZ o) (85cysts/g)o| M EE 9-10em Z o) (78
cysts/g)7HA] Bl A & w2 E HYGa 1 olg ZojRy
ARA oz HAastct 3, A7tE S 2 S SR
ZF A2EQ] H S-S AR, AVt BEERF A2
E9] Hl &L 4-5em (52%)F-H RF7HA Fotste A
e, el ok A|2EQ] H] &2 4-5cm F
(48%)F-E} 0-1cm 2 (39%)7)} A A EAEE 242 aln
A A3te AEE HYY (Fig. 7).

2EF

I &

Lee et al. (1998)-& vlihutz} za||gtol A o1H Al 2=
E7} 0-2cm Zolo|lA] 113 E9F 932-4,372 cysts/em’e] HY =
HAge 1 B2 F2E JERTT STt Lee et al
(1999)9] 7tebdt T2 EHEE ZAS Ao HE 3-4cm

ExH
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Fig. 5. Depth profile of relative frequency of autotrophic-
heterotrophic dinoflagellate cysts in St. 14 core (%).
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Fig. 6. Depth profile of total cyst concentration (living-
empty types) in St. 16 core (cysts/g).
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Fig. 7. Depth profile of relative frequency of autotrophic-
heterotrophic dinoflagellate cysts in St. 16 core (%).

ZololA 714 Bo A 2E FEE B o1, Yamaguchi et
al. (1995)2 Y& AL ZAMG A, 0-3cm ZHole| HHE
oM 71 T JUREF AIXE R/} BHEEHJGI 3
fon, = ALE FAME Kim (1992)9) Q7oA 0-2
cm Zole] HHENA AL 70% #Bste FAEZEF A
2E7 A, /M 58 FEE BT B AN E
HE ol ¥z ANFE BA% 2o, AF 19 2-3cm ol
(776 cysts/g), A 149} 4-5cm Z o] (613 cysts/g), 112
A7 169 0-1cm Z o] (578 cysts/g)o A 24zt dARZF
AN2EZ 71 e T2 dAHAG

B Ao wolsiA] 9he A|AEs ZAME BE FAd
A BAHEe 71 e 59 24-25cm Zo|7bA| B
Kim (1992)2 vpibeta} ajeh-g 244 A3, 6 cm o €]
HHZoA wolgt A 2EQ AT Hustgon,
Lee et al. (1998)% & sl oA 10cm 2lo] ol ) F A Eo
£ ol Mg Al2EE BEHA gtk Rustyh w
g, B d7e A AFES vus B o, v He
HHE F71A) Bo} 75 SHERR A 2ETF EX 8t
Uee U F AT FAUEEF A2EQ] FA7|IH Fo
wet gAe FALAMEE dAs ¢ dol o]27]71A] 9
WS e A2 A Ut (Taylor, 1987). whehA], &
ofgro] Bl A Eo] ojw o]fo| 2]} (bioturbation, 3}42]
T AE F) ol Fol EAFE AREV BEHLE o5
ThH A|2EQ) wolof A o] ZAHAE W, A|I=E
7} wolste] FAY F9 AEFFIAE £ 19T 7}

BN
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Table 3. Species composition and concentration (cysts/g) of dinoflagellate cysts (living-empty types) according to sediments

depth at St. 16

Species / Depth (cm) 0-1 2-3 4-5 9-10 14-15 19-20 24-25
E L E E L E L E L E L E L
Autotrophs
Gonyaulacoid group
Alexandrium sp. 1 (ellipsoidal) 6 5
Lingulodinium machaerophorum 8 7
Spiniferites delicatus 32 10 36 16 15 13 18 29 5 36 13
bulloideus 224 31 136 100 60 61 18 6 21 136 28 38 25
hyperacanthus 22 10 8 8 13 6 6 7 6
mirabilis 5 7
ramosus 11 15 12 15 19
Tuberculodinioid group
Tuberculodinium vancampoae 11 8 7 6 7
Gymnodinioid group
Gymnodinium catenatum 16 7 8 19
Heterotrophs
Protoperidinioid group
Brigantedinium simplex 11 8 16 7 6
Spp. 32 7 6 8 19
Protoperidinium americanum 36 8 7 13 18 12 5 8 7 13 6
latissinum 8 7
Quinquecuspis concretum 8 8 5 8 7
Selenopemphix alticintum 16 25 8
quanta 22 8 31 6 7 8
Stelladinium stellatum 22 8 8 8
Trinovantedinium capitatum 11 8 16 7 6
Votadinium calvum 11 10 8 13 15 19
spinosum 6
Diplopsalid group
Diplopsalis lenticula 22 43 39 31 40 15 32
Dubridinium capetatum 6
Gymnodinioid group
Polykrikos kofoidii/swartzii complex 86 8 7 6 8 13
Subtotal 517 61 330 85 306 89 211 78 181 51 289 35 220 37
Total 578 415 395 289 232 324 257
E: empty cysts, L: living cysts
X0l Agy BoEc BEF A2E v 27190k AT Lee et al. (1999)
HHE Zold W& A7t Y 2 Bt d JAEZRF Al 2 7 ) 23 HAEY YA EEERRF A LE
2o Mg W BE W g Rdgste paAe]  FErl 2RQYsrl A APolA o Bohn musgc B
42 4= Ut} (Dale et al, 1999; Matsuoka, 1999; Dale, AT HHE Zgojo WE A7t L et e
2000; Matsuoka, 2001). Dale (2001)2 & A|AE FEA ZF ANEESY HEL 4-5cm Zo|E 7|Eo g FHEE %
B HEEF A|2EQ] Hlgo] Frlete A % 4 Bk 53], AR 13 A 140A et haRz
Ataf ol A Rg stz JPHL A& on g 313 T A ZEQ Bl go] Tl S B, HAE 45

t}. 53], Matsuoka (1999)= BN/} o HRZRF
A s HlES F718A AVMEE GHRERF A ZEL
Hl &2 2H43t7] A FEe Zoly HAES Adlrt AN
Aol A2 1t FF &= 7] A1 &g Al 7)ol 3 =e
< W, mEbd FgdEv 18 FQ sl HHE

Ae BVt S SRERE A 2EQ BEo] A7t 9

>
N
m
N
)

em Qo ol NE AWHO R e wlgs FFHHL,
4-5em¥HH R LFBEE W] S AR
o mebd, A7l B A% olo] B B9 o
Rz A2EY vl o] 45em Zolg V1Ee T AW
2 3718 Pae, of 32 V1HoR Bgute] Pdos

APl W7t et e-8 Rogoh
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