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To gain a greater understanding of the potential for future harmful algal bloom (HAB) outbreaks and to
trace the dispersal paths of dinoflagellates, sediment samples were collected from 13 stations in the southeastern
Yellow Sea. 23 different types of dinoflageliate resting cysts were identified from the samples. Protoceratium
reticulatum (1-391 cells/g dry weight), Gonyaulax scrippsae (0-254 cells/g dry weight), G. spinifera (0-301
cells/g dry weight) and Alexandrium spp. (ellipsoidal type) (0-76 cells/g dry weight) were the dominant
species at all surveyed stations. The overall distribution pattern demonstrated that the resting cyst densities
were highest in the offshore area and decreased gradually toward the Korean coast. On the other hand,
the composition rate of resting cysts of the heterotrophic dinoflagellate species to the total dinoflagellates
was higher in the Korean coast region than in the offshore area. We supposed that this distribution pattern
of dinoflagellate resting cysts appeared to be influenced by the hydrographic features and environmental
conditions of the Yellow Sea.
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48] A2 (Harmful Algal Blooms; HABs)¢] 8 g0l 4% HIH AT (Kim, 1997).
o U YOS oo R ERE EUTa oA goe BN FF 0155 s Alold Yo tiERo] tad
= ThFst AEARE 7FRIT (Dale, 1983; Pfiester and Anderson, WA gfejolr). o] sie W e WA EL R §
1987). AF3E 21000] 29 JHEZEE = oF 10%7F FHE  AYE 2YH ojFdhe LR A o 1 FAHe
A e Aoz dEaA Qon, o= M¥we  HE 55mo|th(Park and Khim, 1992). 3ol Az wAA]7]
sporopollenin FAE AR A E 0] 9o WrAlo] AEltn AR 61090 e 125 Ax A&Ehe ReR 4y

& A AT (Dale, 1983; Matsuoka and Fukuyo, 2003). +HE 7 glow FQ F0 2= Noctiluca scintillans, Heterosigma
ZF FHIXE 8, 999 vag 28 Ednssy 87 akashiwo, Prorocentrum minimum 2.2 HI1E YT (Kim,
ol Wgtato] Al g 2o] HH wjexEe] F4402) 1997). @3] Aol v A AAAES T 73
& F3o] FAHE) o)FA FAE FHEAE Ao HF 4 Az Y sPEEZRF FEIAL vy B2k glrt
st A7 FAVIE AR AR IEE UAEZ AFS (Cho and Matsuoka, 2001; Park et al,, 2004). Jeon et al. (1988)%
07t HH 253 A A A3l (Dale, 1983; Vink et Park et al. (2004)2 334 F34 ARAE] 935 vin)A
al, 2000) &7] A2 HAE A “KWAAT HEE FY3 g=9) 9¥4e nusrw dgoh
< 208 HA¥glct (Prakash, 1967, Anderson, 1980). whehA 33 oJolol A 2] gpj EZE FUIA By B A=
FREA] AL BXE A2 I Ao A7 938 g9 Bz} vinis) Sasks W) doke 2Alo 2 o)2oly
A% T8 dME AE @ ATk (Dale, 1983; Anderson, ¢}, e} A So] FsfolA f3 HEr 04 RaEm
1984; Pfiester and Anderson, 198?). glom FwW¥a BXo| gt Q75 Es] o]FoiA 1 9
eldet ArME A £ Al d B4 FHHNZIE WM g (0o and Matsuoka, 20015 Cho et al, 2003; Park et al,, 2004).
S AR Kim, 1997), 1980AAAAE F257, S w o gl GERage) A =Bl Ak
BEEF O80 S8F 5o 4T A 288 EAE SRR zE FUyse] 494 Ry S zalsle Az ubay
RROM oIF STAREF A= WY = B FM gges axsia, o g 990l 9FE MAE FH
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Fig. 1. The contour map of the horizontal distribution of
the dinoflagellate resting cysts in the southeastern Yellow
Sea. Contour lines are increments of 100 cells/g dry weight.

AE U FUEA dEe AFFT AES (cellsg dry
weigh) = S3}7] 913k} A|2E Cho and Matsuoka (2001)2]
ol met Helstdnh A2 1292 HER HAd] Do}
FAE Ao, dry ovend o8-8kl 70C o)A 12"}7 F Az
o Azd Al FAE g gol RES 590
T o2 A4 1-2¢2 10% hydroch oric acid (HCl)i 24413k
Agstel Ad el vk (53%, 94 5L AA% =
47% hydrofluoric acid (HF)E 24*) 7 AHelsle} gpabE (L),
7‘}3%‘7{}, TEF 5)e AASMAY 1 &, S/ "=
A8 Ultrasonic Cleaner 5210 (Branson)E ©]-43}4 30%
b 25 A)shar, W 120 um 20 me) F 2 ofwhshe]
VAR oo ¥2g BeES A At 20 pm Aol
'

FHEIAE 15mL dAT A D 10mLe S8

o Tr T
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ARZF XA B2 69

2 FFastg. FHEIA 542 A8 1 mLe Sedgwick-
Rafter chambero]] #8+ed Axiovert 200 (Zeiss, Germany) 3818

w74 s A 2 A1EY 2, Matsuoka and Fukuyo (2000)°]
wet FA45AT HE FHIA UEE A5G FAaEs

G2 Bk Uebd

2

of AelME F 35 124 21%9 JAREF FW
TS UM, 11 % Gonyaulacales©] 105, Peridinialeso] 7%
0|12 9, Gymnodiniales™ 4%°] 54 ¥ 1T} (Table 1). £
FHF O EE Protoceratium reticulatum, Gonyaulax scrippsae,
G. spinifera®} Alexandrium spp. (cllipsoidal type) 2.5 FALE 9]
o, o5 E5 Gonyaulacalesoll %38l5iv}.

307 Linedl A= & 1952 FHEATF 2236 cells/g dry
weight @23 EXch /M & 922 59 3o 713

sfafoll A A 30709EM F 236 cells/g dry weight 0.5
WEbstT}. Alexandrium spp. (ellipsoidal type; 0-76 cells/g dry
weight)7} 71 839, th29F Gonyaulax verior
{0-35 cells/g dry weight), G. scrippsae (0-26 cells/g dry weight)
&} P. reticulatum (1-25 cells/g dry weight)’} H& W5 & &9
St T} (Table 1).

309 Lineoll X & 195 FHXEAT} 421,276 cells/g dry
weight U2 23l 98] A3 30909904 /M4 &
FEE VFERIL (1,276 cells/g dry weight), 815F ¢ioto & o]
TEFE 21 YRV 43 2AEAY Fig ). 2 $HE

& P. reiiculatum (6-391 cells/g dry weight), G. spinifera (2-301

HEA7}

2

cells/g dry weight), G. scrippsae {(4-254 cells/g dry weight)$}
Alexandrium spp. (ellipsoidal type; 4-61 cells/g dry weight)7}
FAE 02 JEIST (Table 1).

T Bl AT FA 31009914 561 cells/g dry weight
o Mg Fgatden & 1780 54HAY. 8 $4F
2 P. reticulatum (152 cells/g dry weight), G. spinifera (143
cells/gdry weight)®} G. scrippsae (139 cells/g dry weight)o] G TH
{Table 1).

&, 311 Lined) A& & 18% 2] FHEAY FHEe
W 7 UEH AT 148-261 cells/g dry weighto]9lem, 744
Qefioll AR AR 31109904 FAEAY FEIL 261
cells/g dry weight® 7} EU4th F8 SHEE G spinifera
(29-87 cells/g dry weight), G. scrippsae (26-77 cells/g dry
weight) 2} P. reticulatum (12-75 cells/g dry weight) .2 1}E}
e} (Table 1).

PRA Rt B A s g e} Bhehe 312 Linedl A& & 208 €]
FHXERL7} 83-186 cells/g dry weight B Z EXslgon,
G. scrippsae (35-52 cells/g dry weight)7} H-¢-HE0 2 1jepyt
th (Table 1).
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Table 1. Distribution of dinoflagellate resting cysts (cells/g dry weight) in the surface sediments in the southeastern Yellow
Sea

Station 30703 30705 30709 30901 30905 30909 31009 31104 31107 31109 31203 31205 31209

Species
Gymnodiniales
Gymnodinium catenatum - 1 2 - 4 4 1 1 2 2 - - 1
Gymnodinium impudicum - - 1 - 1 - - 1 - - - - 1
Pheopolykrikos hartmannii - - 12 4 14 40 16 4 7 19 5 2 12
Polykrikos kofoidii/schwartzii - - 1 - - - - - 17 -
Gonyaulacales
Alexandrium spp. (ellipsoidal) - 7 76 4 61 54 11 - 18 33 - 2 39
Alexandrium spp. (ovoidal) - - 1 - - - - - - - - - -
Alexandrium spp. (spherical) - - 4 1 5 5 2 - 2 1 - 2
Gonyaulax scrippsae - 2 26 4 6 254 139 77 26 47 52 35 48
Gonyaulax spinifera - 2 13 2 4 301 143 87 35 29 31 20 18
Gonyaulax spinifera complex - - 3 1 - 41 6 3 3 3 - 5 1
Gonyaulax verior - 2 35 3 2 15 9 1 1 7 - - 16
Lingulodinium polyedrum 1 1 12 4 9 14 7 1 2 3 - - 2
Protoceratium reticulatum 1 2 25 6 19 391 152 12 36 75 37 4 23
Pyrophacus steinii - - - - - - - 3 - - 1 1 1
Peridinales
Diplopsalis lenticula - 1 3 - 2 38 13 - 1 4 1 3 2
Preperidinium meunieri - 1 1 - 2 2 1 - - - - - 1
Protoperidinium conicum oo - 3 - 3 13 6 4 4 2 6 6 1
Protoperidinium oblongum - - 1 - - 9 3 - 1 3 1 - 1
Protoperidinium spp.(spherical) - - 5 1 5 11 6 - 2 3 3 - 1
Protoperidinium spp. - 1 5 3 5 24 5 1 3 9 1 2 6
Srippsiella spp. - 2 4 7 16 34 31 3 4 17 12 2 8
Unidentified - - 4 1 3 26 10 - 1 4 1 1 2
Heterotrophic species (%) 105 127 78 11.7 101 7.6 6.1 33 71 80 141 144 58
Total 2 22 236 42 161 1,276 561 198 148 261 168 83 186
Y FolME BEd X3 A FHEA TE7} S 124°E 125|°E 126|"E 127°E
AAT AHERT A JENIAM, B4 309098 F4o= 37°N -
HolAE TR ¥ Y57 o 3l #
f_°1 d-E FEIA U } x}ﬁD}(Flg. D). 3 A o 0709 30705 30703
HEZF F E7I9eE0] AAshe vee 314%s UBlst
2‘4, S ETE $F FU59] Fol B A Pl A
3 FX7 #A Gt (Fig. 2).
36°N =
.~
Aubow A vo EEdhe FHREF FUIAE
Aol Hejo} B 1 g, 4, 279 58, AH 54 gL
B33 240 4L e Aoz FEA ATH(Dale, 1976; 35N
Harland, 1983). 53] FAZA= 22 3&EA A& 443
Assnz meducks A5 AdeN we Fe BIe
T e Ao dHA dnk Yo IR A B9 sl
ol AEFHo] de] BE3T Wsgol= mdel Aol 340N =
FH3AL e, ol 279 FAYH Aol Utk (Park e e 8 g
and Khim, 1992; Shi et al., 2004).
Cho and Matsuoka (2001)= FF 531} &3] 54 949
oz PR EF FUHERY B¥s ABIEY. 1 330N
}\

& FREA v} HHBY A3 2719} 13} 44, _ _ .
] &x o] ztold] ol wWala o ) = Fig. 2. The contour map of the composition rate of resting
s Aelel sl istdna sgov, F4 3 cysts of heterotrophic dinoflagellates ‘to the total dino-

el 1 AET A 5T AAER A-E A4S flagellates in the southeastern Yellow Sea. Contour lines are
A8t AES Boldy Budgth Bale ALY % Cho increments of 1%.
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B9 Y ARER FUEA vl 5o A9Ge £
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(Versteegh, 1994; Dale et al., 2002). Matsuoka (1999)F &3
gF g stelel o] FAXA 2L xAbehe] Rojoks)
7‘1"3§%"§ Bt St R xR 27} o8t
< RSS2 A G0 ME Bt sfH ez
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(Chang et al., 1987; Lee et al., 1997), 8. W&
< SHHRZERA A tamarense® B YT} (Han et al,
1992; Kim, 1995). ©|& <3}y -zt M E vl A ol
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71 gt iF 2 A fal Az Bl i A g
o) B4 Ax8At (Lee et al., 1997; Kim and Shin,
1997). Jeon et al. (1988)2 3ol A e ) Foll ] ohu)
4 5ol AEHE Ag Bud v Qo dajjoe u}ﬁ
35S BB Alexandrium %S Z 3 ellipsoidal 3
e FREAT o RESE A0F BT (Cho et
al., 2004; Park et al., 2004). I yessotoxin (YTX)# 2 &%
AE AV P. reticulatum (Satake et al., 1999)0] o] AT
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