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Distribution of dinoflagellate cyst and germination using
SPT solution in eutrophic region of southern coastal

waters of Korea
Yoon-Ja Kang

Department of Oceanograply, Graduate school, Pukyong National University

Abstract

CHAPTER 1 clarified dynamics of dinoflagellate cyst distribution and
phytoplankton assemblage in eutrophic area where is expected to occur
annual blooms, due to influx of organic matters from adjacent fish and
shellfish farms. Sampling was conducted twice near fish farms at
Tongyeoung in the southern coastal waters of Korea on May and
September 2006, respectively. When it comes to water quality on May and
September, water temperature showed seasonal difference, while it ranged
from 1210 to 15.30 C and from 24.00 to 26.65 C. However, other
environmental factors such as salinity and pH did not appear such
differences. In a case of nutrients on May and September, DIN (Disolved
Inorganic Nitrogen) which means a sum of Ammonium, Nitrite, and
Nitrate concentration ranged from 4.64 to 6.12 yM and from 6.31 to 819 u
M on May and September, respectively and DIP (Disolved Inorganic
Phosphorous) varied from 0.62 to 1.01 #M and from 1.11 to 1.61 M. As a

result of environmental factors for sediments, IL (Ignition gross), WC
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(Water content), COD (Chemical Oxygen Demand), and AVS (Acid Volatile
Sulfide) did not show large variation during the sampling period and
COD/IL ratio in the study area was more than 1. In the phytoplankton
analysis, total 42 genera and 72 species were identified from the study area
and Diatoms predominated both on May and September. While the
phytoplankton standing crop was average 635400 cells/ ¢ and Diatoms,
Chaetoceros affinis held large portion of it as 68% on May, it was average
1,351,500 cells/ ¢ and Diatoms, Chetoceros curvisetus and — Chaetoceros
laciniosus took 25% and 11% in the standing crop. In a dinoflagellate cyst
analysis, total 18 genera and 32 species were identified from the surface
sediments at Tongyeong waters and /Profoperidiniord group was dominated
both on May and September. Dinoflagellate cysts concentration appeared
average 241 cysts/g on May and average 317 cysts/g on September.
Heterotrophic species took large portion in dinoflagellate cysts concentration
than autotrophic species as their concentration was average 149 cysts/g and
184 cysts/g, respectively. According to the relationship between water
quality and phytoplankton, phytoplankton™ growth may be affected by
detritus and feed for fish from near fish farms. COD/IL ratio from the
surface sediments was more than 1 which represents that the organic
matters in this study area is allochthonous rather than autogenous. In other
words, the influx of organic matters such as surplus feed and excrement
from adjacent fish farms works actively. In all stations, dinoflagellate cyst

distribution was similar to other eutrophic waters, while heterotrophic



species took high portion than autotrophic species. Thus, increasing the
source of food, Diatoms for dinoflagellate in the water calumn on
September than May may play a pivot role in the high concentration of

heterotrophic species on September than May.

CHAPTER @I  described a dinoflagellate cyst germination experiment
from the surface sediments in Tongyeong waters. Most germination
experiments for dinoflagellate cyst use a panning method by Matsuoka e/
al. (1989) which have a series of processes such as sonication, sieving, and
micropipette separation. However, this method does not consider that it
needs to make an effort for separating cells from the sediments because
particles attached on dinoflagellate cysts as well as organic matters in the
sediments do not be fully eliminated. It also makes difficult to identify
dinoflagellate cysts from ' the sediments. Otherwise, using SPT (Sodium
polytungstate) solution for separation suggested by Bolch in 1997 can bring
effective way to separate. This method depends on_different specific gravity
of materials. SPT solution  is- diluted by the specific gravity (1.3) of
dinoflagellate cyst. The diluted SPT solution is injected into sediment
suspension and then dinoflagellate cysts can be easily separated due to
floating themselves on the surface of the solution. After 15 days later on
20 C, heterotrophic species, Profoperidinium species had high germination
rates than other species. These germinated just after two or four days and

tended to grow continuedly even under the low nutrient environment.
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Even though total 36 cells of Alexandirum cysts were cultured in this study,
any cells did not germinate. It seems to be caused by seasonal effect, in a
respect that a high germination rate of Aleandrium catella/tamarense is
confirmed during the winter season such as January and Feburary after

dormant period sufficiently.
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3-1. A% &7

P ASE TG bFE FAF 2AHY B A A
WE Z 2 W% %S Table 1-13 Figure 1-201 YERR AT 20063 59 7}
2006 9¥ ZAMA #EHE S AWEY, 59 AR Y9 F2(Water

temperature)> %% 12.1 ~ 15307 (14.30+1.26, 3 T+

kA

A} o8t &), A

=

5 13.70 ~ 15307C (14.44+0.57)2] W2 WEF3IHaL, 922 F5

~ 26.657C (25.70+0.55), A% 24.00 ~ 25.147C(24.680.56)2] M9 2 W3 &
ZA Fol Ao Fe F5 ASER ofygt BF tolm wistFo] =A
o & F AJT =3 ol FHFAHST(2006)N A BHalgk 19973 F
B 2005 7bA] FF A} A HHEps ol A TAA EF 169C, AT

165C #XE Holil, A ZAlA £F 255C, AF 207Ce EXE H

o ¥3s % (Salinity) 9] A, 5€lE %3 33.80 ~ 34.00 psu (33.93+0.08),

2

S 33.86 ~ 33.96 psu(33.90+0.05) M1 WHE S HAon, gl £
% 31.11 ~ 31.18 psu(31.13+0.03), A F 31.19 ~ 31.54 psu(31.33+0.17) ¥ <]
HE $ES B dESERE F23 nVAE & HE FFS HolA
gton EA 6 vl A thih FAT e ZA.

, 59ole ®E 8.02 ~ 814(8.08+0.05), A% 7.75 ~ 820

o]
o
(8.03+0.18)9] WMEF S R, 9¥ol= ®ZF 8.01 ~ 824(8.10£0.12), A= 8.01 ~
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Table 1-1. The wvalue of minimum, maximum, mean and standard

deviation on the analytical parameters for water column

May 2006 September 2006
Parameters
Min. Mean Max. SD Min. Mean Max. SD
. S 1210 1430 1530 126 2527 2570 26.65 0.55
Temp (TC)
B 1370 14.44 1530 057 24.00 2468 2514 0.56
S 33.80 3393 3400 0.08 3111 3113 31.18 0.03
Sal (psu)
B 3386 3390 3396 0.05 3119 3133 3154 0.17
H S 802 808 814 0.05 8.01 810 824 0.12
p B 775 803 820 0.18 8.01 8.07 818 0.08
S 825 838 856 013 282 326 406 051
DO (mg/¢)
B 762 787 856 039 289 313 362 0.30
coD / S 125 1.32 1.38 0.05 1.31 1.44 1.65 0.14
(me/2) B 195 219 256 025 117 135 154 013
S 307 368 449 055 1.61 2.91 407 1.18
NH&N (uM)
B 344 369 4.09 025 1.65 249 3.06 0.65
S 107 111 117 0.04 042 054 0.65 0.09
NO,-N (uM)
B 106 1.12 1.18 = 0.05 0.63 0.76 098 0.17
S 046 051 054 0.03 360 399 435 031
NO3-N (uM)
B 048 0.53 0.57 0.08 411 4.84 6.28 0.86
S 470 5.30 6.06 055 6.31 744 819  0.90
DIN (uM)
B 502 534 580 029 7.77 8.09 891 0.47
S 062 .0.79 096 012 1.11 1.33 1.62 0.20
PO4&P (uM)
B 077 092 1.01 0.09.- 149 155 1.62  0.05
] S 5381 6.79 - .8.04 095 491 5.59 6.67 0.70
N/P ratio
B 534 585 6.65 065 406 5.20 6.56 093

(Temp: Water Temperature, Sal: Salinity, DO: Dissolved Oxygen, COD: Chemical Oxygen
Demand, NH4-N: Ammonia-nitrogen, NO,-N: Nitrite-nirogen, NO3-N: Nitrate-nitrogen, DIN:
Dissolved Inorganic Nitrogen, PO4-P: Phosphate-phosphorus, Chl-z: Chlorophyll 2)
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Fig. 1-2. Variations of water temperature, salinity, pH, dissolved oxygen
(DO) and chemical oxygen demand(COD) in Tongyeong coastal

waters on May and September (circles mean surface and

squares mean bottom).
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(1.44+0.14), A% 117 ~ 1.54(1.35+0.13)2] W& FFS B AT
A7 FY YU EY W3l FhS A HE W (Table 1-1, Figure

1-3), ¢E Y% ¥ (Ammonium)S 5€] X3 3.07 ~ 449 iM(3.68+0.55), A Z
344 ~ 409 1M(3.69+0.25)¢ WE FFS HYow, 9do| X F 161 ~ 4.07
M(2.91£1.18), A% 1.65 ~ 3.06 uM(2.49+0.65)2] M2 WAt ofdi 4
(Nitrite) S w1, 5940 %5 1.07 ~ 1.17 zM(1.11+0.04), A% 1.06 ~ 1.18

1M(1.1240.05)9] WE S-S HAoH, 9do £F 042 ~ 0.65 uM(0.54£0.09),

2

% 063 ~ 098 uM(0.76+0.17)2] HWHE W gt 24F4(Nitrate)> 52 ol

=<

% 046 ~ 054 yuM(0.51£0.03), A% 0.48 ~ 0.57 M (0.53+0.03)2] HF S

o

B3R, 9€o #EF 360 ~ 435 M (3.99+0.31), AZF 411 ~ 628 M
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.50

UM (7.44+0.90), A
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o
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el
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el

45.89 ~ 55.74% (51.27+4.29)2]
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Table 1-2. The value of minimum, maximum, mean and standard deviation on the analytical parameters

for surface sediments

May 2006 September 2006
Parameters
Min. Mean Max. SD  Min. Mean Max. SD
Ignition Loss (IL, %) 707 748 811 041 657 688 717 0.24
Acid Volatile Sulfide (AVS, mgS/g dry) 009 014 025 0.07 004 006 0.09 0.02
Chemical Oxygen Demand (COD, mgO»/g dry) 18.48 2116 2370 197 19.03 2197 2452 196
Water Content (WC, %) 4589 5127 5574 429 4111 4847 5155 4.26
COD / IL 254 283 309 023 290 319 366 0.28
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Fig. 1-4. Variations of environmental factors of sediments collected from

Tongyeong coastal waters on May and September.
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4111 ~ 51.55% (48.47+4.26)2]
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Table 1-3. Phytoplankton species composition and abundance (x100 cell/

£ ) in the study area on May.

. . Surface Bottom
Species \ Stations 1 2 3 4 5 1 2 3 4 5
Diatoms
Amphiprora sp. 12
Asterionella glacialis 321 384 144 96 192 288 204 312 192 180
Chaetoceros affinis 4788 8940 7800 2976 3132 5172 3024 3504 2400 1224
compressus 264 96
conistrictus 216 324 480 312 348 504 540 540
cuvisetus 144 96
danicus 36 12
aebilis 9 252 228 84 144 372 120 300 72 36
didymus 132 600 768 300 204 516 300 912 360 72
laciniosus 132
socialis 36 48
sp. 180 120 60 96 12
OViindrotheca closterium 72 12 12 12 12 24 36 24
DOitylum brightwellii 12 12
Guinardia delicatula 12 288
Leptocylinarus danicus 60
Licmophora Sp. 12
Navicula sp. 12 12 24 12 36 12 36 36
Oaontella longicruris 360 480 24 132
Faralia Sulcata 300
PFleurosigma angulatum 72 12 108 120 72 36 72 132 36
Pseudo-ritzschia sp. 288 468 120 144 204 60 96 72
spp.1 48 36 60 180 168
spp.2 72 120 216 24 132 24 12
FRhizosolernia seligera 12 36 12 24
Skeletonema costatum 120 108 252648 72 228 180
Thalassionema nitzschioiges 96 48 72 96
Thalassiosira rotula 24 48
sp. 36 12 48
Dinoflagellates
Gyrodinium spirale 12 12 12
Scrippsiella trochoidea 12
Cryptomonads
Chroomonas sp. 204 12 12 36 12 12
Total 7653 11304 10056 3876 5604 7092 4596 6744 4452 2160
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Table 1-4. Phytoplankton species composition and abundance (*100
cell/?) in the study area on September
. . Surface Bottom
Specios \Stations 1 2 3 4 5 1 2 3 4 5
Diatoms
Amohiporora sp. 12
Asterionella dadalis 2716 % % 72 108 84 48 9% 24 9%
Bacteriastrum ablicatulum 1404 264 6% 132 528 684 120 516 180 84
Chaetoceros affinis 2028 1800 684 876 468 120 108 324 168
brevis 108 84
comoresstis 3024 2256 1380 684 1068 2928 1483 1920 528 324
cornstrictus 780 24 512 120 %
cuvisetus 4483 2016 4164 2472 6288 2532 3120 2352 2508 3936
danicus 24 36 36 24 120 60
akbilis 56 60 108 8 283 168 396 48 144 120
akciplerns 252
ddymus 2040 1800 1272 924 972 1692 1104 1236 1260 564
laciriosus 4308 1584 1680 732 1330 1812 1884 1200 2700 420
Jorergianus 552 480 228 360 120 420 492 348 216 28
sccialis 240 336
sp. 1188 648 583 72 360 240 ¥ 324 3b B
O/lindrotheca closterium 36 480 48 48 96 36 24 60
Lactyliosolen fragilissimus 180 768 1082 336 45 804 3% 3% 264 360
Otlum brightnellii 72 182 240 9% 204 120 9% 9% % 72
Eucarmphia zodlacus 24 12 12
Gammatoohora . sp. 24
Quinardla dblicatula 60 84 240 72 132 36 132 12
flaccida 72 48 36 24 48 48 12
striata 48 % 8 9% b 24 12 12
sp. 108 48
Hemiaulus membraraceus 24
Lauckria borialis 48 0 24 48 72
Leotocylinarus daricus 2016684 528 84. 36 1104 444 660 120 240
minimus 156204 156108 96 %
Liecmaohora sp.
Navicula sp. 24 24 240 24 36 36 24 72 ¥ 72
Coortella Jongicruris 48 156 120 132 72 180 108 132 1® 1R
Faralia Sulcata 72 240
Reurosigma anoulatum 12 12 12 12 12 12 12
elorngatum 12 12
Sp. 12
FProboscia alata 12 24 12 12 24
Pseudoritzschia  sp. 216 24 36 9% 24 120 240 240
spp.1 216 84 538 42 42 132 276 156 252 36
spp.2 300 168 1 216 300 240 8 216
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Table 1-4. (Continued)

. . Surface Bottom
Spocies \Stations 1 2 3 4 5 1 2 3 4 5
FRhizosolenia Imbricata 24
setigera 12 12 12
sp. 24 12 12
Skeletonema costatumn 108 228 156 60 360 348 240 216
Stephanopyxis turris 48 48 24 36 36
Thalassionema nitzschioides 360 1% 336 132 36 84 216 600 228
Thalassiosira sp. 48
Thalassiothrix frauenteldli 84 24 24 132 48 60 132
sp.
Tropidoners leoidoptera 12
Dinoflagellates
Alexanarium sp. 12
Chattonella antiqua 12
sp. 12
Cochlodlinium polykrikoides 12
Gymnodinium sp. 24 12
Grrodinium spirale 72 60 48 36 12 12
sp. 12 12
Heterocapsa triquetra 12
Heterosigma akashino 36 36 48 24
Noctiluca scintillanse 12
Frorocentrum dentatum 12 12 24 12
micans 12 12 24 12
minimum 72 12 240
triestinum 24 24 12
FProtoperidinium  pacificum 12 12
sp. 12 12 12 48 12 36 36 12 12
Scrippsiella trochoidea 48 12 12 12
Cryptomonads
Chroomonas sp. 12 60 156 24 12
Euglenoids
Eutreptiella gymnastica 48 48 24
Silico—flagellates
Dictyocha fibula 12
Total 24733 15434 14907 8512 14705 14653 11938 10923 10648 8693
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Fig. 1-5. Species composition of phytoplankton in the study
area on  May.
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Fig. 1-6. Species composition of phytoplankton in the study
area on September.



o] T EFI 27% 50F2E F AT Y 72%E AASH HS-HFAH.
o] oJd JHEZF 115 175 (25%), <HEZF , F=2dvF 293 24
ExR7F 474 15 151%) %N =88t (Figure 1-6). & 3T Fo B2

71AE & & AWEW,  Gwtoeroces %5(13%F), Guinardin % (4%F),
Prorocentrum %(4&)° &3t= ETE5°] vl 2 Ho] 33U (Table 1-4).

B zAS A HEEYAES BEFL 5

e,

3]
ofN:
PN

Abell A 5,060,400 ~
1,130,400 1 769,9000) cells/ ¢, A ZolA 216,000 ~ 709,200(% 1 500,900)
cells/ ¢ 2 YEtWA, 99 EF ZAbelA 850,800 ~ 2,473,200(% T 1,565,800)
cells/ ¢, AZolA 868800 ~ 1,465,200(%+1,137,100) cells/ ¢/ Z eI} 9€
AEEFAEY] AEFC] 589 v& =4 UYEHo. ZHEE= 593 94
BE FA A28 AN dEFe] A el HlE) =2 s vE

Wt} (Table 1-3, 1-4, Figure 1-7, 1-8).

A 20061 59 EARZIRE b fHFoR ZF3 HEETFIAES &
B, Chaetoceros affinis7t & AEZFY 67.6%= AA M HAFHFToZ =

-

AR, Chaetoceros didymus=-6.6%°] FH S Holn 3T 9¢ XA
717t S AR 938 ANEZHIES AWHEWA Chactoceros curvisetus
7V = A& 251% S XA VA AN DA, Chaetoceors laciniosuscE.
131%9 $HE Holy Fo HFFog AT o] A% Chaetoceros

compressus?t 11.6%, Chaeotoceros didymus7t 102% 5 At 547 99 =

ARG o] AEZHIE FAFS AHE A, B5F FX2F7FQA Chaetoceros <50°]

2 -4 sl ok (Table 1-6).
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B9 A%S FAF A2 3 HHEAM 20069 593 98 GPRE

FAZES 4T A3 F 18% 32%F°] TAHHUIL, 2006 58lE F 15
4 23F o] FAEUG. o T Profoperidinioid group®©l 74 11E02 F 29T

T2 48% 5 AAsIH 7HE g A sk ol ol Gonyaulacoid group
2% 6F(26%), Gymnodinioid group 3% 3% (13%), Diplopsalid group 2% 2%
(9%), Tuberculodinium group 1% 1% (4%)7F & @3t (Figure 1-9). & =383

ol Be 7AE & &8 AWEW, Spiuferites 4 (5F), Brigantedinium % (3

ofN
il

Z), Protoperidinium 4 (3%)° &3l= o] Hln & o] FA = At (Table

1-5). 2006} 9¢€ =A}717F ok A E <

o

HZF ANEEE F 174 28%F 9]

= 3
AOowW, o] F Profoperidinioid group®| 6% 9E, Gonyalulacoid group 3% 9%
o7 32%¥ zASH 7HF gdeA =AY, ol Lol Gymnodinioid
group 4% 5% (18%), Dplopsalid group 2% 2E(7%), Calciodineloid group 15
2%(7%), Tuberculodipium group 1% 1% (4%)7F = @3t A th(Figure 1-10). F =
AF Foll B2 7198 & &S AHEWA, Sniferites 5 (5%F), Alexandrium %
(3F), Brigantedinium 4 (B&)N &sle FTE°] vlw4 ®o|l 45 Ath(Table
1-5).

B A BAEdA sHE HHREEF AEES s 58 XA
A] 182 ~ 368(% T 241) cysts/g, 99 Ao A 257 ~ 487(%317) cysts/go
2 Ued, 9d9 gARxR{F AN2ES Frvt AAHLR FIhE AT (Table
6) Y A2E TEE Hudl B, 5937 99 Ao A EF &l ZH
um Al ol mlal =A Yebsta, 5eel= 182 ~ 238 cysts/g2

],
FEE B, 99olE 257 ~ 310 cysts/g2 H=ZE U th(Figure 1-11).
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Table 1-5. Species composition and concentration of dinoflagellate cysts
(cysts/g) in surface sediments collected from the study area
on May and September

. . 2006 May 2006 September
Species \Stations 1 2 3 4 5 1 2 3 4 5
AUTOTROPHS
Calciodineloid group
Scrippsiella trocholdea 10
sp. 8
Gonyaulacoid group
Alexanaium affine 34 70 21 57 69
tamarense/catenella 20 11 10 30
sp. 9 M 10 10
Linglodinium machaerophorum 8
Spiniferites bentori 9 37 M 21 19
bulloideus 61 57 37 3 98 17 10 11 10 30
membranaceus 24 18
mirabilis 17
ramaosus 18 10
sp. 25 25 10 11 19 59
Tuberculodinium group
Tuberculodinium vacampoae 9 Se™ 2Q
HETEROTROPHS
Diplopsalid group
Diplopelta parva 12 17 11 10
Diplopsalis sp. 18 10
Gymnodinioid group
Cochlodinium sp. 12 11 10 10
Gymnodinium catenatum 25 30
sp. 10
Pheopolyknkos hartmannil 25 8 10 10
Polyknikos kofoidli/schwartzii complex 12 28 11 37 8 10 19
Protoperidinioid group
Brigantedinium caracoense 47 9+ 3249 34 30 11 20
simolex 11 8
sp. 49 56 46 65 8 34 50 9% 57 109
Protoperidinium americanum 12 30
sp. 12
Quinquecuspis corncretum 12 11 30 10 20
Selenopemphix quanta 32 10
sp. 12
Stelladlinium reidli 22
Trinovantedinium capitatum 11 34 10 10
Votadinium calvum 9 18 11 12 25 21 10 20
Total 182 187 238 228 368 310 270 257 261 487
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Fig. 1-9. Species composition of dinoflagellate cysts in the

surface sediment at the study area on May.
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Fig. 1-10. Species composition of dinoflagellate cysts in the

surface sediment at the study area on September.
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ZA g 23 HAEAAN Y JUEXF AZEY $HFS &Y
KW, 59 XYM Brigantedinium  sp7t & FE9 244%E A3t S5
AT 2 SA3RIAL, Gpiniferites bulloidenss. 23.7%°) & Holw F8
AEo=2 33T ol ol Brigantedinium  caracoense?t 11.4%, Polykrikos

kofoidi/schwartzii complex?t 7.3% A A . 99 ZAYNME Brigantedinium
sp7t F T 218%E AFSH HASHAFoE EFIHINANOW, Alvandrium
affine?] 158% 5 HolH Fo fRIFoRE ZdASAT. o o= Spmgferites

sp.7} 7.8% Z &3 tH(Table 1-6).

ofN

(Heterotrophic species)©.2 #FT & Sl
o T9 A g9 20061 599 SHILFTY AEFS 54 ~ 123(FH T
ANE2E dE59 o 38%E A5,

=
=
54T AEFS 97 ~ 245(H T 149) cysts/g2 2 F HEH Y oF 62%
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Ast], 5GYF] SYFFEA WS Ee WS 2PHE AL L 5

ART. 98 ALY FHIGFT/FTEILET vIEo] 58 Akl HlE va F

74 AL 5EAl FRHA B FHIASS Calciodineloid group®| Scrippsiella



&% Gonyaulacoid group®l Alexandrium 491 FE°] 9¥ole =337
2= AN FEHEILETl FHIEF

Zolth, ARHE T 593 {ASHA RE

of ®l&l 50% o]’ ¥ Hl&S AA|stal At (Table 1-5, Figure 1-12, 1-13).
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Table 1-7. DIN and DIP in previous research from adjacent waters of the

study area. (NFRDI, 2006)

3 o May August
=03 9]0} 211 411
A et 2.46 4.50
DIN (uM) A} 9 oF 3.00 4.79
7.76
z A8l o 5.32
(September)
= o3 9] of 0.42 0.35
A =k 0.40 0.26
DIP (M) AL &g 0.39 0.37
1.44
ZALl & 0.86
(September)
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Table 1-8. Species number of dinoflagellate cysts reported in the Southern Coastal Waters of Korea

Study area

Number of Species

Reference

Masan—-Chinhae Bay

Gamak Bay

Tongyeong Bay

Gwangyang Bay

Busan Harbor

Tongyeong Fish Farm

12 genera 27 species

32 species

22 genera 37 specles

21 genera
11 genera
17 genera
12 genera

18 ‘%:e‘d‘era

species

species

species

species

species

Lee et al, 1998

Lee et al, 1999

Park and Yoon, 2003

Park er al, 2004

Kang et al, 1999

Kim et al, 2003

Kim et al, 2005

This study
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AARZF ANZE T A, 599w Brgantedinium sp. (24.4%),
Spiniferites bulloideus (23.7%), Brigantedinium caracoense (114%) &°] 323t
o, 99 FEAMNXN = Brigantedinium sp. (21.8%), Alexandrium affine (15.8%)
sol A Eds At (Table 1-5). &AWV F EQ% Alevandrium %5
MR, Alexandirum affine, Alexandirum catenella/tamarense s °| =33 =
v, AlexandriumZ ) &3 Az P vlH] A 3 =5 (Paralytic Shellfish Poisoning;

PSP)e] AL 1993 o] % o|w] S EIFAXNE ZFHste] wid FEAl ofnf I
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AL otyARt, 58 AN & Hl&S UYBWA B9 Alevandirum %] 94
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Cochlodinium polyfrikoides (PlateV)2 FRE = A|2ELE Zdsto], B XA
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Fig. 1-14. The increase of diatoms and heterotrophic dinoflagellate cysts

during sampling period.
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5. PLATES

PLATE 5-1.
1 ~ 4 : Alexandrium tamarense/catenella
5 : Alexandrium affine

6 ~ 7 : Tuberculodinium vacampoae

PLATE 5-2.
8 ~ 10 : Spiniferites bulloideus
11 : Spiniferites bentori
12 : Spiniferites membranaceus
13 : Spiniferites ramosus
14 ~ 16 : Spingferites sp.

PLATE 5-3.
17 ~ 18 : Briganfedinium cariacoense
19 : Brigantedinium sinplex
20 ~ 22 : Brigantedimium sp .

PLATE 5-4.
23 ~ 25 : Quinguecuspis corcretum
26 : Properidinium americanum
27 ~ 28 : Selengpemphix quanta
29 : Stelladinium reidii
30 ~ 31 : Trinovantedinium capitatum

32 ~ 34 : Voladinium caroum
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PLATE 5-5.

35 ~ 36 : Cocklodinium sp.
37 : Diplopsalis paroa
38 : Gymnodinium catenatum
39 : Pheopolyhkrikos hartmannii
40 ~ 42 : Polykrikos kofoidiy/scheartzii complex
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PLATE 5-1.
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PLATE 5-2.
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PLATE 5-3.
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PLATE 5-4.
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PLATE 5-5.
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A7 BAE SGARER F AVE AP IUA Fe BPL 9RL 0

AR oL whote] gute SRS vhH, 4A] FIAEE Fotrh Axo Gtk
DA #AE 7HAZL Jde= A2 A Y (Anderson and Wall, 1978;
Anderson and Keafer, 1985; Balch e7 #/, 1983; Kim, 1992).
JHARZHF AAEC HhE AFE 1980 TR E FUolME A3 E
oy, o AGd= FHXERS B X} Alevandrium catenella/ tamarense <%
k52

Lol 4 Fo Topddd FEHo A= AA v (HFA Al 1997; =, 2002;

|53,

Hb S, 2004; Kim e/ l,72002). HEFh, thio] WoldedE 59 At o
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o, AAZRE AEXE Ested B olzgc] waEn, FUEAE T3
71%= Y&tk ¥4, Bolch (1997)7F AFgH SPT (Sodium Polytungstate) & 4
S AHEE AEFEIHS wEd, o3d seet HHEo] E3E @A o

ARzH A2E WZE13)02 H447 SPT €98 FUA7A, 22 149
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2-1. ZAHA S
B ATE APGE 59N HFE 2 ARY FHol HAFD U
3l &1 (39°49'N, 128°21'E)ell A 3P = th(Figure 2-1). AN G2 x| =4

23 4o 45 AR 748 ¢ HE% g3 2] du, 4%

)
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S}
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N
s
i
=
o
N
=)
S
L

Fig. 2-1. A map showing the sampling stations and a type of farms
in Tongyeong of Korean Southern coastal waters. Shaded
portions and cross portions stand for fish cages and

shellfish farms, respectively.
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olgfoll FU3ATE °]E 1,600 rpmolAl 1023 A EZHAA HAEMF

5~63] WhE Al Fstnt. HAHEAA E2d FHEAES micropipette & &
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N ™
. 2 B
. ' > R4
10g of sediment S 3
+
Filtered sea water Sonication Sieving
5
_
—> —>
E
| . }
Remove 3ml of overlying Centrifuge

Add 3ml of SPT soution

- '...

i
-

Abstract target sample

S

Fig. 2-2. Process of separating dinoflagellate cysts from the surface sedinments by
using SPT (Sodium polytungstate : 3Na:WO.9WO;3H,0) solution.
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Table 2-1. Composition of SWIl medium

Ingredient SWII
KNO3 72.0 ng
KH2PO4 4.5 mg
Naz-glycerophosphate 10.5 mg
Fe-EDTA 0.5 mg
Vitamin Big 0.6 ug
Biotin 1.0 ug
Thiamine 0.1 mg
Tris 10g
Sea Water 1,000.0 m¢
pH 7.8 ~ 8.0
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3. 4% ¥ n&

3-1. SPT (Sodium polytungstate : 3Na, WO, 9WO;3H,0) & A& o] &3

JHRZHF FHIAE AZA B3] 3 WHez dnxoz =
Fol dgAIZ & 253 A8E star, 200me} 20ume] A ol
H

< A& (Anderson ef 4/, 1995). 1 ©] WHE

—

figure 3(left)oll Al E=ukel o], wA] YApE0] AAHA o} FAHEAE W

As7] WEL, ME 2 A FWe) BRBEE AANT At oy

j&

washing Z-& 7A ok st= EWIe] vk EF, wmolaz IS o] &3

washing ZFg 2] WHE o 2 Ao 2EFHEE 718 4 Qlil, o] Mz o}

W, SPT(Sodium polytungstate : 3Na;WO9WO;H,0) 4N o] 83}
HAES AAY3tH, figure 214 H=nEef Zo], uvlFo] A9 1.38E< <
HAEZHF A2E ¥ SPTEAL HFo] 1.30]31 A3 1.39]42 HF
= Atolddl HEA B mebA, 7hEd Ao JHREF A LERS 535
A HEg EHA EU 7hestH, FARET o]Fo] wolstal Fe HIAXE
(empty cyst)?} o} 7hsAo]l = WA ZE(living cyst)E FA3] F& T

T UoernE BolAdPS 3 HAFEHEE FUHEAS BN A
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N

Fig. 2-3. Comparision with two methods: siev-i;;g methods (left) and SPT solution methods (right).
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Tuberculodinium vacampone®} 32 & = 23l

(A 5, 2003; 23} &, 2003; ¥ 5, 2004), A

=
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4. PLATES

1-4 : Brigantedinium cariacoense (Protoperidinium avellana)

5-8 : Protoperidinium americanum.

9-11 : Quinquecuspis concretum (Protoperidnium leonis)

12-15 : Votadinium carvum (Protoperidnium oblongum)

16-19 : Votadinium spinosum (Protoperidinium caludicans)

20, 21, 22-23 : Species not germinated during fifteen days.

(Tuberculodinium vacampoae, Selenopempix

alticintum, Alexandrium catenella/

tamarense, and Alexandrium affine).
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