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Marine Environmental Characteristics on the Dinoflagellate
Cysts Distribution in Surface Sediments
in the Southwest Sea, Korea
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Abstract — Marine environmental characteristics on the dinoflagellate cysts distribution in sur-
face sediment of the southwest sea of Korea were investigated from 21 stations in September 2003,
and 36 stations in June, 2004. The water mass characteristics indicated that the southwest sea of
Korea is characterized by various oceanographic conditions due to coastal waters of Korea and
China. The Tsushima warm currents and the cold bottom water of the Yellow Sea. Mud contents
and chlorophyll a concentrations were higher in central region such as, Namhaedo, Yeosu and
Goheung coast than in western region such as, Wando, Haenam and Jindo coast in the South Sea
of Korea. A total of 35 taxa of dinoflagellate cysts were identified representing 21 genera, 33
species, 2 unidentified species. Cyst abundance ranged from 13 to 527 cysts g-dry~!, showing
higher abundance in the coastal areas than in western region of the South Sea of Korea. From the
result of the PCA analysis, the distribution of dinoflagellate cysts was not only related to the dif-
ferent water masses which appeared in the southwestern sea but also to physical and biological
parameters such as water temperature, light, surface sediment faces and phytoplankton biomass.

Key words : dinoflagellate cyst, surface sediment, southwest sea of Korea, PCA, physical and
biological parameters, water mass
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Fig. 1. Map show to sampling stations in the southwest sea of Korea.

22F F oF 10%9] 200F)A A 2E7} PAEHE A
o] 2mee (Head 1996). Al AEL 38 & Aol
Aol Ziebkol A 7|7HE<t FHIIE RHA A
A AE IAAF Agsierl A8 34 Aol
E A = x)72k (Dale 1983; Vink et al. 2000; Zonneveld et al.
2001), 73 x710] FolA|H Wolsle] FogAQl HR R
#o) dflos F5Uo sWEEFe) AR A2
e nAYe WAz oo 42 20 4T
190, dshilele) shieas Rl F2% ¥ug A
W} 2, A2se) JEAH pre Aty 8
A3t A71E AEE 4 U= DB ATT B ok
2} (Anderson and Wall 1978; Nehring 1997), $}¥ 2 2 59)
Ao} gl e] FefE ofd 3H=d F23lvh(Yamagu-
chi et al. 2002).

AP SR ALs 43wk 2
# 722 A a9qle) 95 ZA = v (Anderson 1980),
2xr HA8e A IAEE, QARAY 2 d5s
Zo| Z& AL e} (Cho and Matsuoka 2001),
4379 g% =} (Marret et al. 2001).

3 o

4 gk

of

—l_/

15 QAR B A, A, e
o) f1As, A%, AN F
9¢ BT $4718 BAS 4US BRALAY A9
UL S 3 S A1 B A
(Beardsley ef al. 1985; 713} x= 1994)o]] ¢]3F o33k& 7,

A ket (oF 5 1995; & 1999). =3 A A W]'EV‘]
£ dohdR (15t 2 1998; o] 1999) D FeAAZ Y4
9 Qe Pl B ez duvag Are

a2

i
-

REE ool AYBAD UL VAL vepd A
o= 2Ag
gl %

HEx
A7} ghol 1980 FHMLE
8} ol (Lee and Yoo 1991; Kim 1995)& A|zte=z 714t
2 (atxk § 2003), AA A (Shin et al. 2007) B G F
ol¥ (v} = 2005) S-ol|A]e] Bxe FE AFeA 2000
d o) & sokstAs) izt 48 A3l Roizldh (e
- 2003; ¥} 5 2004, 2005; Shin et al. 2007).
wepd, & QFINE B3k AR PaE Uu
e &= dAs g Al S ez JHRRF
ANrE 29F5 9 BE 54 T2 Q%S nAE &
¥Rl Wt mABle] R

e LY

A zAL= 2003 99 2170 A 2004 64 (36
A 200349 197) 4R ZIHE dabez o4
g (A4 AdHgw) A AFZ1208)F o] 43}
o APV 23 GUELF AL $AE BEE
AR (Fig. 1),

AT frRhedsl 355} 24 o, 98 2
2|7 984 g (Chl-a)x= CTD7} #A#% Submersible
Fluorometer (Alec Co., ACL 1151-D)& o]&-3}g on,
Chi-a 243k BAS $d 224 2304 o4
500mLE A43le] A ¥beh o =] (pore size:



Marine Environmental Characteristics on the Dinoflagellate Cysts Distribution in Surface

207

0.45 um, diameter: 47 mm)Z Eled3} 3+ 3 90% o}
= 10mLell M4£E & A7 283z QA5 (3,000
pm, 10 min)® AHE & UV £33 %4 (Mecasys Co.,
Ltd., Optizen 2120 UV)& o] &3l TR w2 =23}
Aoz AE3H= SCOR-Unesco (1966) Wb el 9}3}
Rt

EZEAE AL Gravity corer (7 4cm)S o] &3}
Hor, AlAE EML A8 B dsEMe 22 2cm7t
29} EAEe Al J=EBML Ingram (1971)2)
el we)l A& Sgg o] 83l 10% FAkslSA (H0,)
2 2447 o4 WEAA $AY 718 AAs%
0.IN Ak (HCH o2 shakge A A 3 3, A3 BMo
oatdet 2eln AURZFH AAE BEHS (g9 HA
Agel s 4g FYsl 285 2472 302
A2ste] 128 ums} 20ume} FHY A EFAA
H3Ho2 20um Al APY Amel ADsse
o]g3le] HFF=rt 10mL7} H7A sle] FAA 82 A
T3k 7478 A& 1mLE Sedgwick-Rafter chamber
of #H&l F=#uA (Nikon, Eclipse E600)s}el|A] £ =}

B oA

A5E A A8} o} (Matsuoka and Fukuyo 2000). £} 2
25 A2EE A5F D AS(cysts g-dry HE e}
Wolow, BAEA L SPSS(7.5)F o438l FAE &

A A s,

L 3 ¢gr

20035 997 2004 646 HE2H 52, R, g
A 9 g gepe] W o2 Table 1o EA|8150 =
2HE 20039 99 FAsHde] 2252 193~248°C
(23.1£1.8°C, Hg £ EF Uz} o3} 2 whoz wA)
AR 24.2~32.0psu (29.9+2.4 psu)2)
Hod, 23 @Fo] F7AQ W) =

3) TEuk=) 9AE Fel Fat
o| A 23.6°C o] AF9] x-&4=¢} 30psu o3} A
v g ddits 9 As ek @

Table 1. The values of minimum, mean, maximum and standard deviation (SD) of the marine environmental parameters in September 2003

and June 2004
. September 2003 June 2004
Environmental parameters -

Minimum Mean Maximum SD Minimum Mean Maximum SD
Water temperature (°C) 19.3 23.1 24.8 1.8 14.2 16.8 21.1 1.9
Salinity (psu) 242 29.9 32.0 24 33.1 33.6 33.8 0.2
Chlorophyll a (ug L") 1.3 8.3 46.4 11.3 1.0 2.1 3.7 0.7
Mud contents (%) - - — - 32.1 80.5 99.7 21.8
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Fig. 2. Horizontal distributions of water temperature and salinity in the surface water in September 2003 (A, B) and June 2004 (C, D).



208 Hyeon Ho Shin, Yang Ho Yoon and Jong Sick Park

Salinity (psu)
240 260 280 300 320 340
( ‘ T 1] 1 T T L} 22
G TS
b R
L
ke
20
2}
g
2 20} 18
=
<
g}
5
£ 1sh
g 16
<
z |
16}
14
\ r'(])
14}f /
September 2003 (A) L June 2004 (B)

Fig. 3. T-S diagrams of the southwest sea, Korea in September 2003 (A) and June 2004 (B).
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Fig. 4. Horizontal distribution of mud contents (%) in the south-
west sea of Korea.
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Fig. 5. Horizontal distributions of chlorophyll a concentration in
the surface water in September 2003 (A) and June 2004 (B).
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Table 2. Occurrence (*) list and dominant species of dinoflagellate
cysts in the southwest sea of Korea

September 2003  June 2004

Dinoflagellate cysts/Dates

AUTOTROPHIC SPECIES

Gonyaulacoid group 48.1% 36.1%
Spiniferites bentori *

Spiniferites bulloideus * *
Spiniferites hypercanthus *

Spiniferites elongatus *

Spiniferites mirabilis * *
Spiniferites ramous * *
Spiniferites spp. * *
Alexandrium tamarense type cyst * *
Lingulodinium machaerophorum * 7.3%
Operculodinium centrocarpum 13.1% *
Operculodinium israelianum 6.5% *

Tuberculodinioid group 1.2%
Tuberculodinium vancampoae *

Calciodinellid group 3.9% 15.9%
Ensiculifera carinata *
Scrippsiella trochoidea * 9.6%

Gymnodinioid group 8.1% 5.2%
Cochlodinium sp. *
Gymnodinium catenatum * *
Pheopolykrikos hartmanii * *

HETEROTROPHIC SPECIES

Peridinioid group 28.0% 27.6%
Brigantedinium spp. * *
Protoperidinium americanum * *
Quinquescuspis concreta * *
Selenopemphix nephroides *
Selenopemphix quanta * *
Stelladinium abei *

Stelladinium reidii *
Trinovantedinium capitatum *
Votadinium calvum *
Votadinium spinosum *
Xandarodinium xanthium *

Diplopsalid group 7.8% 9.5%
Diplopsalis lenticula 5.7% 9.2%
Diplopelta parva *

Gymnodinioid group 4.1% 4.5%
Polykrikos kofoidii * *
Polykrikos schwartzii *

Number of species 22 25

A E¥ste ¢ PEFo=st ARk 20039 94

X Operculodinium centrocarpum, O. israelianum 18]
3 Diplopsalis lenticula?t 247} 13.1%, 6.1% R 5.7%=
$Astgon, 2004 69l
D. lenticula 183 Lingulodinium machaerophorume) 7}
Z¢ 9.6%,9.2% 2 7.3%2 Ao, =AM A we}l o
2 e Ve slT (Table 2).

dAs el 2 fHRE R ALE HEF AA
A WE Z2 [3~527cysts g-dry! (240t 121 cysts g-
dry HE, 20031 9ol 13~468 cysts g-dry~! (229135

Scrippsiella trochoidea,
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cysts g dry™1), 20049 6¥ell 80~527 cysts g-dry~! (247
+ 113 cysts g-dry 2] WE F-& vefljo], 6¥o] 9dn
o B ko), & ol 91T (Table 3). 18] 1 9}
HREF ALES] dEFS APLE Z33l= 4 A

2E (living cyst) 2} ol 3 ZAGE 2A)8l= T A AE

Table 3. The values of minimum, mean, maximum and standard
deviation (SD) of abundance of dinoflagellate cysts in
September 2003 and June 2004

Abundance (cysts g-dry~T)

Date
Minimum Mean Maximum SD
Total 13 229 468 135
Living cyst 0 45 122 41
September iﬁggoi,ﬁtc 0 185 465 126
2003 species 13 181 432 117
Heterotrophic
species 0 55 156 39
Total 80 247 527 113
Living cyst 0 65 203 4
Empty cyst 32 176 400 90
June Autotrophic
2004 rop 0 141 280 71
species
Heterotrophic
species 23 100 231 62

o0 Fyan, 9
¢ w
September 2003 Empty

(empty cys))®] H]&-E 23] FAlAM BFE F A2ES)
E-ock Fo] A AAES) FHYfFuct A ¥
&}93 ¢} (Table 3).

THHeRE AA ddRzFe ARES H4, 23
EF AREYIE AEF] ¥ = A4lE 1
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#F& Ho 223 439 f¥el g4 ¥ AaEE
ekl Q3 s el w2 vlEE Hol: W, A

AAE WEE AR el weh B vepd
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Fig. 6. Horizontal distributions of living and empty cysts, and autotrophic and heterotrophic species of southwest sea of Korea in September

2003 (A, B) and June 2004 (C, D).
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Fig. 7. Distributions of loading factor on the 1% to 3" principal components by the PCA on the marine environmental factors and dinoflage-
llate cysts in surface sediment of southwest sea, Korea in September 2003 (A) and June 2004 (B).
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2E cyst2H FHEAE 2E 3= Aoz H4HY AAEE ¥ Aoz, T A3 FHREE F5
o ARFAAES AL 98 2 e A4 ¥ 5 FUHEHR F ALETL ] RS Bely Wb, 5
AUEF R F A2ES ko] ARg, £, Chla 22T FET A AXES st 28] AAE Helx Heoz
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212 Hyeon Ho Shin, Yang Ho Yoon and Jong Sick Park

Z1

September 2003 _3 (A)

—4

June 2004 4 (B)

Fig. 8. Distributions of score on the 1 and 2™ principal components and two regions (C, D) separated by the PCA on the marine environ-
mental factors and dinoflagellate cysts in surface sediment of southwest sea, Korea in September 2003 (A) and June 2004 (B).
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Table 4. Abundance of dinoflagellate cysts of the Coastal Waters

of Korea
Abundance
Study areas (cysts g-dry-) References
Gamak Bay 21~4322 Park and Yoon (2003)
Gwangyang Bay 115~2,188 Kim (2003)
Korea strait and Lee and Matsuoka
Cheju waters 36~962 (1994)
Southwest sea of Korea 13~527 This study

Spiniferites 43} & Gonyaulax 4-9] A Aex &
33t (Lee and Matsuoka 1994), 3= s Folr 3o
(7F § 2005), 283 F4+ A9l o (Matsuoka 1985)e]
M e AREE 2ol dnbdie} oge sRE A
02 #s ¢} (Lee and Matsuoka 1994). 18] 1
Brigantedinium 48] A|A~E¥x BEX 42 JR gl ook
GRS 2L PA2AS DAY LW el
A %338} (Marret and Zonneveld 2003). =31 942
o2 &3 Operculodinium centrocarpume- 2k
Qut AE oM A Z¥sbe] (Wilpshaar and
Leereveld 1994), Scrippsiella trochoidea’= 33l Zo}x.
el M S8 Aow Bag Foloh(et B 2005).

SHEZR AAE W% Qs Wr e
218 A3} & 2003; 7 2003)Hoi= wfS e
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Matsuoka 1994)e]] v] s}l o4
=Z el (Table 4),
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P, 4E P e dgelds Y o
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et 4= 9lo} (Matsuoka and Fukuyo 2000). 2 &= ¢
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A3 ZA AEHE Aoz AFE 5 3Usich
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MR g 54 L bt dEeeR cystd
Al - Z7PE Rz, gkE4Aret 3] A). 36:151-156.
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% 771E 4 SHExF Aael] REEAC o3t
Ji‘} u:];} _,_24 gh=3) ok 3k 38t 3] #). 7:164-173.
&, A3, 2005. el FAE Hge] =

3 9183 #7189 dHesh ALE BE 274
& 23:163-172.

5033 1992, 3hikE ) 539 s4ew P ok
3]7]. 4:324-331.

FRA. A ATFY. 1995, S9N E24F JFAR
A s 1 e A R
2

{Toc}z. 1999. U& ANEELIE 29 A FH 2
zz%xg.:gwg@ . 17: 481-492.

ks, A, MEd, Rl 2005, o] HF TFF
R e AREGaE FH FEEA
g3 o g7 233 %). 8:100-110.

o] %FAl, 71718, 1998. 228Rag o] &3+ oA} A thmpti
o) 7FAH AT g2 eket3)A]. 3:175-182.

oA 1999. A5 ALA el kg FEEA. AT
) o3} 3] 7], 4:371-382.
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