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Ecological Characteristics of Phytoplankton Communities in the Coastal
Waters of Gori, Wolseong, Uljin and Younggwang II. Distributions of
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EEHAEY AEF 9 954 T/ AN, FAEEH a0 Ee] AR HAS 2456 a2l

2 2 FFeGelA AP F DA Hek F5E 742 0.101, 0.094, 0.072 2 0.108 mg/l o193, <14k
z}+z} 0.007, 0.008, 0.006 2 0.009 mg/l ©JUTh N:P ratiose 28], ¥4, 23 9 9Fs)doA 3.2~57.3, 3.1~
109.0, 2.6~102.0 ¥ 1.0~165.02.2 SAT WES YepfIUnh B3 ¥7E54 s=v 27 HT 187, 16.7, 11.6,
2 527 mg/l 19T, FHEE 717t W 3.8, 54,79 2 07 m ot} F FEFL g, 94, &1 ¢ 433
ol A ztz} B 710,659, 687,508, 656,245 22| 1,278,173 cells/iZ FFshS oA 714 Zgtom, A g
AR AP Al 2F ANbE e R 2o JEFE Jepley, o] & AYEFaES HEFLE 18, 9
A, 27 2 Qo)A zkzh B 357,546, 333,638, 276,407 12T 592,975 cells/l 0|40 H, vl AZHTES]
gqEFL 72, €94, €3 9 JBaidolM zhzt Ha 353,113, 353,870, 379,838 223 714,846 cells/l 2 9%
ol 7 A el #2Fe 28], 94, 23 9 AF3Ig0lA 2 o 282,009, 284,710, 238,758 I
2|2 574,563 cells/i= FFAFAA 7F 2oken, 5], 94 2 X189 B3 =12 7FEHo we AFE
EE 29 vhide) FFad-& 52 W AEHE VISt SHEERFE 22 HeE 46,078, 35,401, 32,906
2B AL 16,749 cells/Z A8 F@sGo] 718 WA Ve, JEof g3see A5 aeln £X9Le 72
o #2 ADREEE JEMAT BB A a 555 d7sGelA HaE 2.16~4.28 pg/i2 JFa gl 73 =4 o+
Elddth & TR A4 dasigela] 2.11~2.24 o1%eH, Balte A2 BN A5 dAHH &
= HhHo), Male] FFEd e AR o5 HE THTERE oL AU AEEZHIE &
&4 B a5 A E445%, A7 Al uhet 2 Ao FToAM Aol Kol
v BEE, FAEE 2 dYENO0;-N, POF-P) 50] AEEHAE €EF By 4T F= Hoz eyt

In order to investigate the ecological characteristics of phytoplankton communities around a nuclear power
plant in Gori coastal waters of the South East Sea, Wolscong and Uljin coastal waters of the East Sea and
Younggwang coastal waters of the Yellow Sea, the standing crops and chlorophyll-a concentrations of phy-
toplankton were studied during 1992~ 1996 and the relationships between standing crops and environmental
variables were analyzed. The concentrations of nitrogenous nutrients were on average 0.101, 0.094, 0.072 and
0.108 mg/l and those of phosphorus were on average 0.007, 0.008, 0.006 and 0.009 mg/! in Gori, Wolseong,
Uljin and Younggwang, respectively. The N:P ratios were highly variable, ranging from 3.2 to 57.3, from 3.1
to 109.0, from 2.6 to 102.0 and from 1.0 to 165.0 in Gori, Wolseong, Uljin and Younggwang, respectively. The
concentrations of suspended solids were on average 18.7, 16.7, 11.6 and 52.7 mg/! and transparencies were on
average 3.8, 5.4, 7.9 and 0.7 m in Gori, Wolseong, Uljin and Younggwang, respectively. Total standing crops
of phytoplankton averaged 710,659, 687,508, 656,245 and 1,278,173 cells/l in Gori, Wolseong, Uljin and
Younggwang, respectively. The standing crops of microplankton(>20 pm) averaged 357,546, 333,638, 276,407
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and 592,975 cells/l, those of nanoplankton(<20 um) averaged 353,113, 353,870, 379,838 and 574,563 cells/l in
Gori, Wolseong, Uljin and Younggwang, respectively. While standing crops of diatoms were averaged 282,009,
284,710, 238,758 and 574,563 cells/I, those of dinoflagellates were averaged 46,079, 35,401, 32,906 and 16,749
cells/l in Gori, Wolseong, Uljin and Younggwang, respectively. The seasonal standing crops of diatoms in Gori,
Wolseong and Uljin were higher in Spring than other seasons, but were lower in Summer than other seasons
in Younggwang. The seasonal standing crops of dinoflagellates in Gori and Younggwang were higher in Sum-
mer than other seasons, but were higher in Autumn than other seasons in Uljin. Average of chlorophyll-a con-
centrations ranged from 2.16 to 4.28 ug/l in 4 study areas with the highest concentration occurred in Younggwang.
Indices of species diversity ranged from 2.11 to 2.24 in 4 study areas. While community structures of phy-
toplankton were unstable during winter and stable during summer in Gori, Wolseong and Uljin coastal waters,
those of phytoplankton were stable during winter and summer than during spring and autumn in Younggwang.
The analysis results of Pearson product moment correlation coefficient between standing crops and envi-
ronmental variables showed that distributions of standing crops were affected by transparencies, suspended sol-
ids, and some nutrient(NOs - N, POy -P), even though the degree of influences were a little different according

to the season and the surveyed zone.

Key words: Ecological characteristic, Environmental variable, Gori, Microplankton, Nanoplankton, Uljin,

Wolseong, Younggwang
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A, oF B &5dY 59 EA 2 (Margalef, 1978;
Ignitiades, 1979; Estrada, 1984; Estrada et al., 1987, Mukai,

1987; Abboud-Abi Saab, 1992; Sommer, 1994)7} ZAA31FHE, ),
2bE 2 mjekdA S9f 818 29l (Margalef, 1978; Turpin and
Harrison, 1979; Cullen ef al., 1983; Mukai, 1987; Kokkinakis and
Wheeler, 1987; Thompson et al., 1989; Sommer, 1994) & 2=
EHIAE 9 FHF - AYF B4, 34 28 2494 53
7o HEsFA 8 )(Wimpenny, 1973; Frost, 1991) 5 t}%3l &
ZAoRlee] 3 et olHE adES A W AE 28
Axel wiet 2 HFZ 3 Az A7t AEERIE E2 ok
3| FEFE Fof A FER B3t 2HFZE 7P A Sh(Plan
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) #, 1978, =9} &, 1983; &34 &, 1991; A 5, 1991), 531
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Ao, 1992; A9} 4], 1992, 1993, s} &, 1999) 5 A&7
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Fig. 1. Map showing the sampling sta-
tions in the coastal waters of Gori (A),
. Wolseong (B), Younggwang (C) and Uljin
(D) during 1992-1996. All samples were
taken at the surface.
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o, o] F uAZFIE0um)2] BELFTEE TS E
20 um HEOE BN A AFEHAEG20 um)S AAT & &
ATt & thdd XS (species diversity index)y= E@EF AR
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Fig. 2. Tempral variations of temperature(A), salinity(B), suspended solids(C), transparency(D), POi -P(E) and PO SiO,-Si(F) in the
coastal waters of Gori(GR), Wolseong(WS), Uljin(UJ) and Younggwang(YG) during 1992-1996.
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s} w1$ fASIGITHFig. 2D). BBHHGL o] YEHED

EoZ Qlgh 3o Ef 9
EE 7153 Y 2E3
A ABZFAES FPF0) 9FL e 9, AFY FFE
gokdg ARFAA DA LS 2T F UArh(Savidge, 1981).
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o 5= Atk (Demers ef al., 1986). $HA, 23] miatgiolA] ZHz}t 44 m,
0.9 m(e} 1975), FFHo)Ad 0.8~5.0m(d 5 1984), 37ITHlA]
0.5~3.8 m(Choi and Shim, 1986), Q13| A 0.4~6.2 m(EH
F, 1988) 28]2 A -EF7 FolA 0.1~3.5m(E F, 1991)
o] 3= S Ao BRIt
derdm EF
Aol A 2 ES

Aoy gPoLH

ol
il

28 el a7HE SYG F F

o, K71BY B, AF5e) $4E

Jo
o

slale) A aRAE 227 58 2 AEYase 93 9
o AL 5L 5 % Atk wo AgEYAR] AAAYYY

o7 e FEEHIES rHEFIEY I9E Ax
Bo o8 F-F== Ao 2 B E Y UrkGilbert, 1982; Carpenter
et al., 1984; Park er al., 1986). 78 5(1988)2 3l 3] olA
NEZFAEY AL FAATE I9Y TS =
S TP AETE A S $HAHA ik olF
gty Bkt

T Al e TR AEEE o) 2dEY, 1
Fro Wl vl9- A3 B3 Yehts Aol 540
o 3 FEF7F 34 $Ase M e F2F U g
sty Age welrt masgea FAHE9-2 0.130~0.548(FF
0.328) mg/l, €442 0.086~ 07502 0.334) mg/[= ]3|
A7} FARBIATE 2218192 0.042~ 0.422(FF 0.250) mg/iZ &
ABIE & 7 vkt E8l sl <] 0.040~0.232 mg/i(Shim
et al, 1985)RTHE =3 T8 FHASLY) 0322 mgl(¥F 5,
1997)2= fAlslse M8l F3s]dE 0.036~0.578¢EH 0.292)
mg/IE A3 A% €] 0.028~0.109 mg//(Han and Choi, 1991)
Bohs =ghAwt S48 2.300 mg/l(©] 5, 1978), 0.201~
0.775 mg/(F 5, 1990), 73 715k2] 0.071~1.190 mg/i(Choi and
Shim, 1986), 21X At} 0.046~0.904 mg/l(@ 3} 2, 1988), 3l
o] 1.145 mg/i} 5, 1990) Bohe 28 FEATh A7y 2%
HZE =) o) 2 4~59)0) AR s ve g
ehliglon, Sdrelol BAY Fxje] Efe] &ud AR =
UTHFig. 2E). 229} YAdsigde] g2 SRRt o ¥
RA G, Al WE FE Aol AL T

A4k | HellA QlakE2 0.002~0.015(F 0.007) mg/l,
LA 0.005~0.019F T 0.008) mg/l, TXHHL 0.005~
0.011(8¢ 0.006) mg/l 18] M3 B339 0.001~0.023(F
i 0.009) mg/l ©1AtHFig. 2F). A7 EF E3% AW
& e ol FEUst el afete] 0.101~0.628
mg/i(et, 1975), $57 7<) 0.023~0.459 mg/ (2, 1975), 3+
Tko] 0.660 mg/l(©] E, 1978), vHHeEe] 0.033~0.182 mg/l(©] 5,

1986)R T Wby FaldEaled el 0.002~0.027 mg/i(Shim et
al., 1985), 7271%t8] 0.023 mg/l(Choi and Shim, 1986), 211t
2} 0.001~0.080 mg/[(&A} &, 1988), E%7H] 0.015~0.020 mg/
I 5, 1995), B3] FAXNFDY 0.027 mg/l(F 5, 19973 f
A¥slg o, AlFeete] 0.003~0.009 mg/i(e}, 1982) 18] s
<] 0.009 mg/I(*¥ 5, 1990), 0.003~0.005 mg/l(Han and Choi,
199)E = ko)

AxA) 4%A: & A (total nitrogen)y= | 3HE A 0.038~
0.172(8< 0.101 mg/[= 1993 11¥€ 7H4 E3kaL 43S
0.023~0.162% 7 0.094) mg/l= 19923 7900 714 #ton, &
8]9S 0.013~0.162(F T 0.072) mg/IE 1993 8€l 71 =
ok, -2 0.008~0.330% T 0.108) mg/i2 19939 10€9]
71 =gith dAdde A i, GG B2 A
Hog go AdA By E Hog uidd], T} 359 &
H2 & ALRETE B FUrh(Fig. 3A-D).

A (NO3-N)2] 75, Z&sile-2 0.025~0.154(%8 0.080)
mg/l, DAL 0.010~0.160CE T 0.077) mg/l, EX13H-Z 0.004
~0.117(F 0.054) mg/l 28 FFsHH-L 0.003~0.303(F
0.081) mg/l= 2|9} AFside] UL, EREGAX TPF @
THFig. 3A-D). ol Zsf-=hatete] 0.220 mg/ie] 5, 1978), #
oFake] 0.076~0.270 mg/l(d &, 1984), 737172} 0.031~0.560
mg/l(Choi and Shim, 1986), 27-&-72] 0.624 mg/i(°] &, 1978),
0.308~0.680 mg/i(F+ A, 1990) Hohe WL, AFE9<] 0.140
~0.224 mg/I(}, 1982), T3l FHX5=99] 0.112 mg/l&F 5, 1997)
e FAEI e, S ERa] 9] 0.007~0.060 mg/i(Shim et
al., 1985), #3112 0.009 mg/iC¥ 5, 1990), 0.003~ 0.050 mg//(You
et al., 1994), i€ 2] 0.004~0.052 mg/i(Han and Choi,
1991) 2812 SRke] 0.001~0.073 mg/l(¥ 5, 1995)Ete ¥
< et

oFE A (NOz-N)9] 74, 22182 0.002~0.029 mg/l, B4
1L 0.002~0.031 mg/l, X319 0.002~0.011 mg/l 2|2
QB A2 0.005~0.038 mg/l=Z FFeNHo] v ghoy & 3}
ol& fIATHFig. 3A-D). ol 3| -vhikete] 0.034(¢] 5, 1978),
sge¥ke] 0.053~0.225 mg/l(h 5, 1984), #Rere] 0.015~0.393
mg/le] 5, 1986), 752 0.012~0.057 mg/l(F &, 1990) X
the Wk, E¥ad ) 0.014(0) 5, 1978), 77192 0.001~
0.015 mg/l(Choi and Shim, 1986), A3l A<kl <] 0.001~0.025
mg/l(Han and Choi, 1991), 53] 0.001~0.012 mg/l(%F 5,
1995)3} ARt e, SR 2] 0.001~0.006 mg//(Shim
et al., 1985), &) 0.003(You er al., 1994)HT}H= EUct.

¢} &2 1] o}(NH; - N)(@ammonia)= 312|319 0.005~0.056(3
0.014) mg/l, Y8122 0.002~0.052(8F 0.011) mg/l, X
£ 0.002~0.067F T 0.014) mg/l 22|31 F-3319-2 0.003~0.048
&7 0.019) mg/E B3l 7PF RO & zole AN
th(Fig. 3A-D). ol= A8 AU H 2] 0.001~0.025 mg/l(Han and
Choi, 1991), &32] 0.008(You er al., 1994), SHTF2] 0.008~
0.028 mg/l(¥F 5, 1995) 28] F743HE] 0.037 mg! ©13HY 5,
1997)9} A Ao 2 FALSIA T

AaA FYE F FAHo] Ayl 27N 7P AIEA
o, g2 gkt Hlas] B of, Fdgste At g ¢
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Qlell gisiM = FAF ez dEid v glo, o)&
g AFEo] AIFsIHR st

N:P, Si:P ¥ Si:tN d]: A7717H<t NP vl 318, 94,
23 223 FFsglM 2zt 3.2~57.3FH T 18.8), 3.1~109.0
(A4 25.9), 2.6~102.0(HT 30.0) 28I 1.0~165.0C3F 26.9)
2 s FolA 71 okttt Al vk NP ¥ w)$-
EES M-S BolX o, Ay 2R Al d%F
] Redfield H| RO} tA| 0 2 o} AAgHTE 2358 A4tE
o] HEEHIE Ao AFIAR 2Ll T e HoeE 2A}
SAh. Eppley er al.(1969y t71278 s Sl f9€ Ak
7t AESAH o 2 aAFo] Aol FE3E] TEE 1, ¢l4kdo]
AFRAALZ A-g-se}al ST FUA T Qi) Fa) e
9 (Shim ez al., 1992y} 5= 81 (Moon et al., 1996)%4]
AEEEIE ] ARl T B 2E et Tt Smith(1984)
= FUGo] FE3] FuEHe g Fikd oabkyg vE
AFRIALZ 288 4 ok sl o, £3) dAgdsiolaa A&
E23E Ao ARl tisire ol = o7o] EEsr}
(Meybeck, 1982; Smith, 1984). 5394 & $(1989) 13.4, Park
er al.(1991%2 6.1 223 Shim er al.(1992)& 12.59] N:P B¥]&
B FAiA] Gggol] Azt 19Tt Moon er al.(1996)
F F 51997 & HI Gl ZHzt 18,6, 8.7~10.19)
N:PHIE RAI3FL, Jo(1988)y= A8l H=rtollA] 52~8.6, A3}
BH(1988)2 7 7|7kellA 7.9~74.5¢] N:P H|E Hrslr).

SiP vl= 8], 94, &3 2 gFadel Zz 15.9~1827
(Ho 63.5), 17.5~239.5F 97.1), 21.2~328.0(H 2 88.6) 28]
3 6.4~220.0F T 569019, dukF <l sk SiPp H] 2%
15.0(Raymont, 1980)ET} 2o} AF3H RFofA] Qlakdo] #}g
AR LT YL U 4 ATk A, Shim er al.(1992y
FNA 5.19 SiP U S Byd R AR BT

SATH 8193t} Stefansson and Richards(19635= 35 th&2]o]
vl o oF 22.09] SiP H|2 A EH ] E5Arky Hrsignt.

SiN Hl= 28], 94, 21 2 FFs)goNr 242 3.6, 42, 4.5
ae|w 472 FFse] Tk BT} Sommer(1994)s = HE
ol gk 272 THLE SN Hlo| ¥hgdtty sk 2 A
TIME 2FEFAS it 27 357 sl
96.1%= 7P =%t

AEEYIES| HEH 2%

& HEY

AP7IREERY el A EZHE] F PAEFL 183,907
~2,631,922 cells/[Z 1996 29l 714 Wty 1995 5¢9) 71
A EUTHFig. 4A-1). A i EEHS 462,296~ 1,089,809
cells//Z ALH) Bar Bdo) Epom, 7hed e ALAS) v
T E W AEFS VMY 958 o SR EQE B
Hel| =2 HEFE 7158 22 14283 E (nanoplankton) ¥
vk o2} Skeletonema costatum, Thalassiosira decipiens 5+ 52
W =2 JEF giFoldn) H2 712 B dEge 1B
QA wAEHAEY] HEFe] HukEoZ dgpy] ot}
AEH T ¥ & HEFZ FR|8 AL Chaetoceros debilis
7t 8 @EFS 7] giolH, B3] 19933 79l R
A Ceratium furca’t HEAE oA BHuc 52 AEF
g 7153t FYa ol A(1992)e JS5HAE A EEH=A
E9] tiFae] WA 5 Yok s (1992)= Fdal ol
A1 1,647,000~ 9,866,000 cells/I2] 7-$- 2 FE=ZS B yslYE
H], ol= Z7|7F v 2He wiA 9 2] AZ#FE (picoplankton)
o HEFo] v]9- w947] W Eo|Urt '

YAdsid el F EEFL 149,239~ 2,657,638 cells/[E 1995
740l 7P @k 19939 8ol 7H w9kt (Fig. 4B-1). ARE
B FEFHS 442215~1,123,613 cells/[Z B-Ho)] =3 7124
of ol zEaiH sl FAGE S B S BEd &
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Fig. 4. Variations of standing crops of total phytoplankton, microplankton (>20 um) and nanoplankton (<20 um) in the coastal waters of
Gori(A), Wolseong(B), Uljin(C) and Younggwang(D) during 1992-1996(1: total phytoplankton, 2: microplankton, 3: nanoplankon).

2 FEHS H AL nATHIE
debilis, Th. decipiens $°) =& AL 7
B2 % Chaetoceros 49 TEC] & d&F 1o v|wd ¥
2 HdEHL AL Uk Yo A e
SJAH1980)2] 1,000~ 2,840,076 cells/l, T=RZFAH1990)2] 1,401

o
p
¢
e

bl
Hr
32
X
=
Q

~ 3,620,000 cells/l Z2]3 <4(1992)2] 623,000~ 2,566,000 cells/!
53 A H o2 FAIEIStH(Table 1).

R F HEFL 139,065~ 1,659,031 cells/IZ 19963
1190 71 S9ks 1995 29l 71 EShoh(Fig. 4C-1). AR
W g TS 483,386~ 845,238 celly/[E 2] B YA =}
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Table 1. Total standing crops of phytoplankton in different region of Korea.
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Area Standing crops (cells/l) Period References
Yellow Sea .

Beobseongpo 786 1964~1965 Choi(1967)(in Korean)

Western coast of Korea 0~305,623 1965~1966 Choi(1969)

Han River Estuary 31,034~3,489,051 1977~1978 Shim and Choi(1978)(in Korean)
Chonsu Bay 25,49~2129,459 1977~1978 Shim and Lee(1979)(in Korean)
Younggwang coastal area 12,969~831,438 1979~1980 KEPCO(1984)(in Korean)
Kunsan coastal area 200,000~2,331,500 1980~1981 Shim and Yoo(1985)(in Korean)
Kyeonggi Bay 16,234~1,753,458 1981~1982 Choi and Shim(1986)

Yellow Sea 1,100~241,660 1983. 8 Chang and Shim(1990)(in Korean)
Inchon coastal area 18,000~535,000 19831984 Shin and Choi(1988)(in Korean)
Yellow Sea 318,000~700,400 1984. 11 Chang and Shim(1994)(in Korean)
Yellow Sea 61,000~331,000 1984 Chang and Shim(1993)(in Korean)
Chonsu Bay 48,000~3,720,000 1985~1986 Shim and Yeo(1988)(in Korean)
Younkwang coastal area 59,700~2,120,000 1985~1986 KEPCO(1986)(in Korean)
Middle eastern coast of Yellow Sea 86,000~3,174,000 1986. 7 Choi(1991)(in Korean)

Middle eastern coast of Yellow Sea 5,000~4,340,000 1987 Han and Choi(1991)

Kunsan coastal area 15,000~5,451,000 1987~1988 Lee et al.(1989)(in Korean)
Youngkwang coastal area 453,000 1987~1988 Cho(1988)(in Korean)
Mankyong, Dongjin River Estuary 2,1482~2,291,000 1989~1990 Shim et a/.(1991)(in Korean)
Middle eastern coast of Yellow Sea 27,499~219,806 1989~1990 Kang(1991)(in Korean)
Kyeonggi Bay 25,888~432,355 1989~1990 Kang(1991)(in Korean)

Inchon Duck 7,000,000~ 12,500,000 1989~1990 Lee and Byun(1991)(in Korean)
Younggwang coastal waters 428,667~2,292,822 19921~996 Present study

East Sea

Jukbyun 226 1964~1965 Choi(1967)(in Korean)

Korea Strait 0~39,753 1965 - Choi(1966)(in Korean)

Japan Sea 1,000~100,000 1966 Kawarada ef al.(1968)

Coastal area of East Sea 0~245,247 1965~1966 Choi(1969)(in Korean)

Korea Strait 0~40,236 1965~1966 Choi(1969)(in Korean)

Gori coastal area 35~15,455 1969~1970 Choe(1972)

Gori coastal area 184~524,852 1977~1980 Yoo and Lee(1982)(in Korean)
Wolseong coastal area 1,000~2,840,076 1979 KNES(1980)(in Korean)

Uljin coastal area 18,134~239,827 1980 KEPCO(1980)(in Korean)
Youngil Bay 74,000~1,038,000 1983~1984 Shim and Bae(1985)
Southwestern waters of East Sea 3,040,000 1984 Shim et al.(1985)

Gori coastal area 1,647,000~9,866,000 1987~1989 Yeo(1992)(in Korean)
Wolseong coastal area 623,000~2,566,000 1987 Yeo(1992)(in Korean)

Gori coastal area 62,000~416,000 1987~1988 Cho(1988)(in Korean)
Wolseong coastal area 23,000~356,000 19871988 Cho(1988)(in Korean)
Southwestern waters of East Sea 2,174,000~5,512,000 1989 Shim et al.(1992)

Wolseong coastal area 1,401~3,620,000 1989~1990 KEPCO(1990)(in Korean)

Uljin coastal area 52,000~2,524,000 1990 KEPCO(1991)(in Korean)

Gori coastal waters 183,907~2,631,922 1992~1996 Present study

Wolseong coastal waters 175,973~2,657,638 1992~1996 Present study

Uljin coastal waters 139,065~1,659,031 1992~1996 Present study

South Sea

Masan Bay 3,780~7,642,798 1974~1975 Yoo and Lee(1976)(in Korean)
Jinhae Bay 808,000~12,461,000 1976~1975 Yoo and Lee(1979)

Duekyang Bay 2,967,000~5,326,814 1980~1981 Lee and Huh(1983)(in Korean)
Kwangyang Bay 79,000~2,849,000 1982 Shim et al.(1984)(in Korean)
Nakdong River Estuary 640~331,760 1985~1986 Cho and Huh(1988)(in Korean)
Samchonpo coastal area 1,468,000~7,086,000 1987 Yeo(1992)(in Korean)
JejuBusan 36~12,501 1988 Park and Lee(1990)(in Korean)
Jeju coastal area 1,834~1,190,044 1988~1989 Lee et al.(1990)(in Korean)
Nakdong River Estuary 173,000~3,554,000 1989 Moon and Choi(1991)(in Korean)
Samchonpo coastal area 35,640~5,900,490 1990~1991 KEPCO(1993)(in Korean)
Kwangyang Bay 25,000~2,182,000 1986~1987 Cho et al.(1994)
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R 2 R Bar B-o] A4 vEbsteh 2Eur AhE
o2 AL 2 dEHL vo] vE9) YAHE = thh T
E AdA 2EXEAS YeERITE ol AL durzF
Prorocentrum triestinum®] & AEHFE 7|53 7) wjiojt},
FAsNHA F=HHFAH1990)= 52,000~ 2,524,000 cells/I9)
HEZ2S B3I TH(Table 1).

A3 Y 2] & HETS 428,667~ 2,304,532 cells/[Z 1995
8ol 7% Wkt 1993 2ol 7H ESITH(Fig. 4D-1). Al
Ha AL 886,082~ 1,619,929 cells//2 ASHd] war
ol =A vepkdh, B3 78E s ASdI A2 fARH
AEHE 7|8l slo, Bl Aty e, 94 a9z &
= O AR EEE eI 27171 28 n)agga
721 S. costatum, Th. decipiens Z8)1L Paralia sulcata
% o] B2 71498 sk

webA A77izHeet 2, 94, €3 2 F3 Gl A EE
FAEL] & Y AEFE 42 710,699 cells/l, 687,508 cells/l,
656,245 cells/l 22)3 1,278,173 cells/lZ FFsdNA 713 =
U3z, et 9 o EREGe Ao FAEIIY Falldgt
o] 2], 94 Zlx SREge B w2 R we v
Hol| Mafe] FFs|d e AgH BHo 537 JEH Yol &
At MaFRAt AGole] NEZYAE AHY BIY
ol i eSS € F ATk FF 2elolM RANE A EZH
HAES] 2AFE AT|ElA Table 19 Yok, AAl7] 2 s
o ulet EF) Ao} 43E Ho)r} o] wmsle Hie thk
Fa7F Aot AwraQl AgS gekeh £ o B9} Y
¢l Fai T (You and Lee, 1979), QA 3|2} W, 1991) 227 7
SR T, 19910 M = 107 cells/] o] 4] v 9 =& &
o] R, SA1e} Dozl S Fst 4, 1993, 1994)}
AFAL L 0], 1990y B FEFS 7|2k U B 9
F39-2 FYTHShim and Bae, 1985), T4tk (A3} &, 1985),
737)9K(Choi and Shim, 1986), A&l AW (H, 1991), G54
sHE F, 1991) 232 FYTHA 5, 1984; Cho ef al., 1994)
o] A& FALBI THTable 1).

2 EZIE (microplankton, >20 pm) ¥ FEF HEY

oFol] MAlste AEZSHIEL =Y wet 2FTHIE
(microplankton, >20 pm), Pl4:Z %3 E(nanoplankton, 2~ 20 wm)
28] 2P)4FY3E (picoplankton, 0.2~2 pm) $2.8 A +
2 4 Sth(Sieburth ef al,, 1978). &t Aglsidol ] AFZ
HIEL A2F{7F WRES XS (Werner, 1977). $-2vtat
FHIAFoA FHRs FZFE F 54099F9) o]=H(Lee and
Cho 1985), & A7l e oF 3006959 3L B39
3 A, 2001).

el e] AYEHIE JAEFLE 82,648 ~1,729,521 cells/[E
199613 2€) 71 @9k, 19953 5¥€o] 7P ESkch(Fig. 4A-
2). AIFEZE = HF 180,120~ 609,050 cells/[2 7FS-H| W &
el 78 =Y ASHAE ¥e JEFES BHyen J8H
I F7 AERT. Y Gl Choe(1972)= 35~15,455 cells/
1, 2(1988)= 62,000~ 416,000 cells//E B A3I{TH AFEHAE
T FEFY EFHS 57,468 ~1,457,930 cells/IE 1996 1029
7P WAl 1995 59l 7 E=tkth(Fig. SA-1). 19959 59
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o FZFR! S. costatum3} Leptocylindrcus danicuss 0| 2¥2}
559,715~ 1,330,688 cells/l, 256,051~955,675 cells/lz EEgo)|
B2 71 E g 9, 19961 1080]E $HEe2 283k .
costatum, Chaetoceros spp. 5°] 10%cells/l 1 T+e] w9 e &
S22 el Stk Al 2= S 106,711~ 540,150 cells/
2 A =Sk 7k Bl Bdsidolr F2} ©](1982)
© 184~524,852 cells//®] TF&2F HEHFS 223 vl 9o} .
costatum, Th. decipiens, Ch. debilis, Ch. socialis 5°] #3257 Q2%
ol & 714 & 3t em, o] ol P sulcata, Asterionellopsis
glacialis, C. furca 5°] A2 W} & &g 7|E25H ).

s H ] AP EFAE HEFL 73,296~ 1,076,754 cells/IE
1994 1149l 7+ ASAL, Chaetoceros spp.7F tIE4E ¥o37)
19933 8ol 7H¢ &2 FEHE VeRlUTHFig. 4B-2). Al2d
ZE B 172,014~ 607,917 cells/I2 AL H B3 BHo) &o}
A2 x| FARE ADETE Yepliioh 7HS A x A
23 vV E ol ¢ W dERS Bgon Jgde O #7
A=A SYsGelr = HFAH1980) 18,134~239,827
cells/l, Z(1988)y= 23,000~ 356,000 cell/Z B 3150tH A8 S E
F FEF EHE 31,878~ 1,052,983 cells/IE 1996 1199 7}
7 Gt 19939 89l 7HE ETHEFig. 5B-1). 1993 8 8.
costatum™ Ch. debilis T &°) ZFz}F 96,967~735,612 cells/l, 218,895
~549,185 cells/[2 AEH] e 7|od& g 9o, 19963 11
Yol B2 dFEFL Bole F27FY ZFo] A9 g, A
Hoz JHREHo E¥Ho] Wt AMEZE FHF 115,050~
500,577 cells/I=. B3l 7P Bskx, /M2 71 vol majs)
Qa} o]§ FAIAY. Ch. debilis, S. costatum, Th. decipiens 5
o] A TAGle] F2F dEH] 2 7)o S o, E3
Ch. socialise A<E, 21813 Chaetoceros £8] FEL oE3H0)
ES HEFE /1=

SR8G ] AFELAE WIS 41,857~ 1,042,349 cells/[E
1992 199l 7P Wiz, 19959 290l & 72819 thFig.
4C-2). AAHE Z= Ha 209,786~ 354,945 cells/[E E-H o)) E9ko
1, 22le 949394 vl AR wE EF AT TRl
LT}, Chaetoceros 52 FE0o| A BAIYe] 9% &
ES 71530, P rriestinum 7FS AT AEH L
SHE 715 B3 s Sl Fatgel digk rx2Fe] AN
A FRAURRF Distephanus speculums 7FSA T A-EH )
TF 5L JEHE VIS Ao FEE ¢ . FUa G
A 2 FAH1980) 18,134~ 239,827 cells/iE B 3tth 72
F HEHL 21,648~ 1,048,955 cells/[E 19963 11¥€9) 7P &
7 19929 1€ 7HF = thFig. 5C-1). 19929 1€
Chaetoceros 2] £E0°] H=AL do A oW, E3] Ch socialis
= 136,250~ 536,370 cells/ 2 AEFo| B2 7193153t} o] =
2 19924 20l ZEEHME B2 AFFE YERIZ it
19961 11¥99l= 7FE7 E8e] A9 IAZ, Az oz 9w
ExFe 8ol 2ot} AME = B 127,673~ 342,280 cells/
=2 A5z B /1 B, 7 A e dFEFe
YERIITE 28] § E48E S AR AEEEE YERIRle Y,
2 A5EL v Agion AEHRT ALHY] dEFHo] A
Ueld Rlo] o3ttt
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Fig. 5. Variations of standing crops of diatoms and dinoflagellates in the coastal waters of Gori(A), Wolseong(B), Uljin(C) and Youngg-

wang(D) during 1992-1996(1: diatoms, 2: dinoflagellates).

A FBslg e AYEHFIAE SHL 77,714~1,136,206
cells/[2 19923 1€ 7P RUIL, S. coastaum®] NF2& L
©71 19929 499 7P =& A=FE Yeplith = 1994
2937} 19953 10990 Th. decipiens’} thE4S 4o =& ¥
£ 712319 tHFig. 4D-2). AHEE = H 382,945~703,640
cells/[Z AEH AF o= WA, YeiA] A-E FAR BX
2 JeRNRAT}. Th. decipienst S. coastatum T F°) A% =&
HEge 7|Es1gon, o] o P sulcata= 7A=4, Ch. debilis
E oE8Hd 5L d=HL 7St FYFIA =dHF
AH1984Y= 12,969~ 831,438 cells/l, 3 (1967)= UG HA
Fol|A 786 cells/ie] BEZFS B IEATHTable 1). 127 EE

2o 71,857~ 1,118,787 cells/[Z 1992%d 1€l 717 RSLEL 1992
494 7P ZtHFig. 5D-1). 1992 490 FdiE 20 A
& FEFS 7|23 i), 1992 190 W2 HEFES B
7 G B HEGFS HolE P sulcata®} S. costatum
= o] n)¢ whe HEFS JeEhl7] wlEelth AXEEE 9
T 341,778~693,700 cells/[2. R0 714 wW3kom, o] £
ALe sAleidnt e, 44, &3 B FRFdeM 72F &
Eo 717} BT 282,000 cells/, 284,710 cells/l, 238,758 celis/!
28T 574,563 cells/[2 SRS AN 7P Wi, Gl
71 Eokth Fa) Agteigy xE, 94 2 X RS 8
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&Y EHIE (microplankton)dl] 3 FZFY HH&L g,
94, 83 9 gFaidolM zHzt 20.5~99.2(F T 78.6)%, 25.2~
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Shim et al. (1989 &l dRaldolA oF 77.0~95.8%2 FX7

R

flo
z
rlo Kl

MR oW
o
)
lo

=

BHee Bt B ATt stk SUNGAA B
AR B Qe HHoR HEERY Phge| B o

= YA, o
ol webr] o

v FER7

o) vls) FAHEF (Distephanus sp.)) &
o|t}. Shim et al.(1989)2 D. speculum®] B
5] Zashe Falg T HalHelA] T2 dAE
X, #AE AFHE H8l Tt A S1slvk 2R o
A FHAHRRE FE £&0] B 7MEE ASH 283519
th FAA G F2Fe B2 ARHES B2 A8 £y %
o] gzl xZolr] 83t P sulcata D Pseudo-nitzschia seriata
T e B3 q2F7F ggez £3s167] Wiold.
JHE R HEH
AFOF oF 20004F 0] FH3II o, 7
257} 37 S golA ull-¢ Fash AT Gd3ti(Taylor, 1987).
FUellM e 2 Zlae} rlaite S0 2 Jaietl A4S
2 F¥ske PHEER O3] 402 drsEo] 2ok (Yoo
and Lee, 1979, 1980; 2F4, 1980, 1982; Kim et al., 1990; 3},
1990; & &, 1991), T Aehy =2 o} vFgl Hol
©HShim, 1980; ©]¢} &), 1983; Yoo and Lee, 1987; ©] =, 1990;
gk, 1990; Kim et al., 1991; Cho et al., 1993; & 5, 1994). 28
Lz} FHEHollA] EHsks HEE R oF 1709%0) ol2H
(Lee and Cho, 1985). & A9 e & 9780 Ea=ct
G #, 2001). 22D 2,232~ 493 924(BF 46,078) cells/[E
199313 599) 71 AL, C. furcat 117,949~ 785,566 cells/] =
2 HEFS 712 19939 720l 7P SUTHFig. 6A-2). AR
2E Ha 5,601~ 129,355 cells/[2 A EH| &= ALH|
ook} A 9L 1,656~ 243,258 35,401) cells/IZ 1993
2990 7H QU P triestinum®] 67,160~416,298 cells/I=
HEIS 7123 19929 11990 78 =90} (Fig. 6B-2). 7l
AdEEE W 6,355~64,021 cells/IE B35} 7 SHd =32, A
Ao 7h3 Tk WA 2,565~202,953(F 2 32,906)
cells/[Z 1992+ 4¥€o) 7H 2k5r, 19959 108 71 3+
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2 714 & stAth A EE e 8,1613~72,942 cells/[Z 7HS
Aol 7 E=UI B 1 wgen, AgHdt vy &
HEZFS FAIEH ATk Al G373l 0~71,689H T
16,749) cells/[Z 1992 190lli= 3] S| YU, Prorocentrum
£9] TEo] B2 HEFS 1wl 19961d 799 7} =UTHFig.
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Fig. 6. Variations of occurrence rates of microplankton (>20 pm)
and nanoplankton (<20 um) in the coastal waters of Gori(A),
Wolseong(B), Uljin(C) and Younggwang(D) during 1992-1996.

Aol £ AEHFS 7[EAT 7P B2 2S5 Bl 94
s @ 2, 2000 BA S AEEEE Yehlodt B o
QrEHe] AFslHRT Be dEFL 1B M) FFide o
FEHO~89)l 52 AESHFHE Yehiis vwA £ APEE
£ RolZ ATH(Fig. 6D-2). Shim et al. (1989 EH ol ) o
T3 HA 1,600~ 18,900 cells/io] SRR ZF A=E B U319

2P EFAE Uig fHRRF FHES 2, 94, &7
2 FFaigeolr ztzt 0.9~783(HF 13.1)%, 0.40~62.5(8F

13.2)%, 0.6~81.0(Hw 20.0)% 283 0.0~24.6(BF 4.2)% ©]
o, SR 7R BRI FFsIHoAA s Bkt A
8 AR 1), €94, €3 2 3ol 2z 4.7~23.8%,
5.80~30.2%, 4.8~35.7% 122 0.9~ 12.9%= 129} g3 o
40, €44 gL 71eH B Rz FAMERICH
Shim er al.(1989)2 &3l FHslfolAr] &F 42~17.6%2] oFHR



F AREE BTN
0| AZ 23 E (nanoplankton, <20 um) HEZ
gl M mAZFIAEY F27440°] 47| A1EEE 1950 ©]
532 ooz g Ap=Ege] dxEloen, e 4
EEHAE ATFY F8 tide] Ha Jdrkel 5, 1989; 4l 5, 1990;
A &, 1996; Malone, 1980; Shim er al., 1985; Geider, 1988).

T nAZHAE HAEFL 101,259~ 1,110,968(F
353,113) cells/IZ 1993 790l 7 =3kar, 9793892 67,145
~1,670,884(H T 353,870) cells/[Z 19943 8ol 71 =9drt.
S8 35,663~ 1,197,000 379,838) cells/IZ 19924 1
Qo 7B Eokon | FFe) L 221,056~ 1,402,070 714,846)
cells/I= 19933 1€ 7174 EAUTHFig. 4A-3~4D-3)). T3 AL
o) 7], Y4 9 8ol v|ATHIE AEFS A F
ArEtsies, A3l FFsdelA 7 =4 veiw AdEEE
e, 94, &3 2ea g gl dzh i 272,585~ 480,759
cells/l, 270,201~ 515,696 cells/l, 273,600~ 490,293 cells/l ~22] 3L
503,137~970,879 cells/l ©]21oH, FadALe] ], €4 4 &
A2 Bao F2 ol Aafe] FFsldg2 ALH =A
YERsTE

ghafloll A Ak 4(1986)2] 2,700~ 600,000 cells/! Rrh= 9k
A ek, HApakoll A A 5(1990)2] 300,000~ 6,384,000 cells/] 2]
2 zElsfde] A %(1991)2) 1,660,000~ 9,207,000 cells/] Bk
@it AubE]l aYelA mlAEREAES] EER1 1,000,000
~ 2,000,000 cells/l(Geider, 1988) Bt}E Yo}, B A7)0 w
2ZYaE] HEFo| vhh FHAaHrME o= W

2% 9 D|ASH3IE £8E

AEZHAE] AVEEE HolAlE FE9 sG] AL
ouix] Mg &gl Qo vi-¢ T orlE et} Sl
Aol Z7] EREEE HUE $890) itk B 97
ol AATHAl 5, 1990; & 5, 1991; Margalef, 1978; Shim, 1980;
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Furnas, 1983; Shim and You, 1985; Shim er al., 1985; Stockner and
Antia, 1986; Chang er al., 1987; Marrase et al., 1989; Trembly
et al., 1997). iHF o 2 v|AFgAFe| IA HEFHIAE QS
gkl oF 80.0~100.0%< xHA13hH, szt Aol we} 2717} &
2P EFIERT AA3A PP o] dck(Takahashi ef al., 1982).
g 27|17 2 nla E 2u|AZHEAEd U & 9 4%
3 FF3E YsHe slAsor & B2 EAIFEC] Hol it

Z A=Yl g AYZHAEY 2SS ZHIA 207
~73.8CET 48.8%), YAl 34.0~83.2(HT 48.6)%, =3
oA 3.4~76.4(41.6)% 22| 3 FFs|HolA 5.3~72.2(48.7)%
2 38 7P kA, A Y2 A2 FAsEACHFig.
6). ZalsildL 1996 8¢, €33} 31892 1994 7€l
29 2YEEE 71538192H, o] Wl Chaetoceros spp.2] HF2]0]
UATH AFsid 2F A7t S EES AY giich
3, mAEgaEY] 2H8L ZEEdgdA 262~793C3F
51.20)%2 1993 590l 7P T3tk S HAolA] o (1992)¢]
238 (67.0%)xc) WYk A48 16.8~66.0C3 51.4)%
2 19933 11¢€9] AU E 71831901, a2Ed sz AL Akt
Ak SXHGe 23.0~96.0F T 58.0)%= 1992 1€ 7
=ton, A AL 17.0~94.0HT 51.0)%% FAEACH
Aoz R He FH &) 7Y Fghor, ae], ¥4 el
B ufg- FAkslA Vet B dasfolA RaE zkEe}
v sl B, FATre] 12.0~46.0%(Shim ef al., 1984), 1] 46.0%(
A, 1986 THE E3kT, A8l A’ts] S 2] 30.0~70.0%(Han and
Choi, 191)7h= FARSHH 01, S5-3)9] 43.0~99.0%(Shim and Lee,
1984), T3l Wil o] 80.0~92.0%(Shim ef al., 1985) 223 H<F
uko] 39 0~93.0%A &, 1990tk W Zholgith

HEL a ST (1994~1996)

TGN Z AEL g FEE 0.94~443¢FF 2.57) pg/l
2 199593 599 71 =4t (Fig. 7A). ©] F A EFAEY ¢
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Fig. 7. Variations of size-fractionated chlorophyll-a concentrations in the coastal waters of Gori(A), Wolseong(B), Uljin(C) and Youngg-

wang(D) during 1992-1996.
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A a FEE 0.18~2.65(F T 1.14) wglE S. costaum®] 3
St 19953 5¥ell 7 EokoH, nAERAESY 45
a BEE 0.56~1.78FH 1.33) ng/l= 19959 59 714 =
gtk FUai oA £(1988)2) 1.08~3.76 pg/l, A 5(1996)<]
2.01~5.88 pg/is} FARSIAT. dAgsidoX F Q&4 a &S
091~451(FH 2.16) pg/lE 19943 590 7P Z=UTHFig. 7B).
ol Z AYEZHIEL FEL q FEE 0.32~2.74(3F 1.05) ng/
2 1996 490l 71 Egton, u]AEHIEY] F§EL 0 FE
= 0.59~2.09E 7 1.11) pg/iE 19953 599 713 &9t} 5
oA 2(1988)2] 1.90~7.55 ug/l Xrh= Y1, A gAt
(1996)9] 0.15~4.19 pg/l #= FARIA A F 9=
2 BEE 0.71~3.98@F 1.67) ug/l2 19953 1090 7 =
SITH(Fig. 70). ©] & AFZHFAEL P24 4 FEE 0.09~2.53
(B 0.67) ug/lE 19959 10890 78 ko], niAEagaE9)
AEL 0 FEE 047~222F T 1.00) ug/l2 19953 108l 7}
A =itk SdsGelA gHHZFA(1990, 1996y 242} 0.09
~3.90 pg/l, 0.15~0.78 pug/is B st I3 ol & 45
2 aFEE 1.71~5.88FHT 4.25) py/lE 19954 108 7 &

r K

ol

D

off

70 A) .

#%57]

StthFig. 7D). ©] & AP EFAE] GEL a FEE 0.42~2.36(
B 1.49) pg/lE 19943 290 74 Egkon, nAZgase)
AEL g BT 1.09~3.96(FHT 2.76) pg/l= 19953 1089 7+
7 =oith FYs oA = EFAR1986)2] 0.75~14.49 pg/l,
2(1988)2] 1.22~4.00 ug/izt A8 AEZEHTEY] F 4§
=4 ¢ FEE FFNGGN JPE U0 SR M T @
skom, A% 9 u|4AEFIEY] 484 o FE T3 FEH A
A 7P =4 Jelgt AdERs et 94892 BA =
T 7R A ve AES 1el Wb, £33 JFHe B
3 AdHE el ATHFig. 7). 3= d2sldM A EEFAE
HEA Tl e 255 G5t Table 29 YERHATE A3)
E 0.07~14.49 ug/l, 53E 0.09~14.85 ng/l 2212 G = 0.10
~43.18 pg/l 5 ZAA719} sG] wel AFGE 2ol & RojFy
ATt FF A2s|de] & AE4 FEQ] 0.09~43.18 pg/iel M
< w2 i 9d &3l tH(Table 2).

Fxo tig 7| AR-E&E ATEE, 4%
ZFaEe] Aage e, €4, 3 B G gA A2 9.8
Vb, 243~61.0(8d 44.5)%, 8.0~65.0(3F
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Table 2. Chlorophyll-a concentrations of phytoplankton in different region of Korea.

Area Concentrations(Lg//) Period References
Yellow Sea
Yellow Sea 0.07~0.45 1983. 8 Chang and Shim(1990)(in Korean)
Younggwang coastal area 0.75~14.49 1985~1986 KEPCO(1986)(in Korean)
Younggwang coastal area 1.22~4.00 1986 Cho(1988)(in Korean)
Chonsu Bay 0.81~4.78 1985~1986 Shin ef al.(1990)(in Korean)
Eastern coast of Yellow Sea 5.00~7.00 1986~1987 Choi(1991)(in Korean)
Middle eastern coast of Yellow Sea 0.45~4.11 1987 Han and Choi(1991)
Middle eastern coast of Yellow Sea 1.03~2.09 1989~1990 Kang(1991)(in Korean)
Kyeonggi Bay 1.32~2.63 1989~1990 Kang(1991)(in Korean)
Boryong, Seochon coastal area 2.28~4.31 1992 Lee and Lee(1997)(in Korean)
Yellow Sea 0.45~0.84 1994. 11 Chang and Shim(1993)(in Korean)
Yellow Sea 0.87~1.24 1994r Chang and Shim(1994)(in Korean)
Younggwang coastal waters 1.71~5.88 1994~1996 Present study
East Sea
Youngil Bay 0.29~3.07 1983~1984 Shim and Bae(1985)
Southwestern coast of East Sea 0.21~2.18 1984 Shim et al.(1985)
Gorli coastal area 1.08~3.76 1986 Cho(1988)(in Korean)
Wolseong coastal area 1.90~7.55 1986 Cho(1988)(in Korean)
Gori coastal area 1.89~12.68 1987~1989 Yeo et al.(1991)(in Korean)
Southwestern coast of East Sea 0.50~14.85 1988~1990 Shim et al.(1992)
Southeastern coast of Korea 0.46~1.00 1990 Park et al.(1991)
Southeastern coast of Korea 0.21~8.26 1961~1990 Park et al.(1998)(in Korean)
Wolseong coastal area 0.15~4.19 1989~1990 KEPCO(1991)(in Korean)
Uljin coastal area 0.09~3.90 1990 KEPCO(1991)(in Korean)
Gori coastal area 2.01~5.88 1992 Shim ef al.(1996)(in Korean)
Uljin coastal area 0.15~0.78 1994~1995 KEPCO(1996)(in Korean)
Gori coastal waters 0.94~4.43 1994~1996 Present study
Wolseong coastal waters 0.91~4.52 1994~1996 Present study
Uljin coastal waters 0.71~3.98 1994~1996 Present study
South Sea
Geoje Island 0.11~1.22 1984~1985 Jin and Hong(1985)
Nakdong River Estuary 0.10~13.64 1985~1986 Cho and Huh(1988)(in Korean)
Masan Bay 3.00~24.00 1988 Pae and Yoo(1991(in Korean)
Nakdong River Estuary 1.19~43.18 1989 Moon and Choi(1991)(in Korean)
Masan Bay 3.00~19.60 1989. 10 Han et al.(1991)
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Fig. 8. Variations indicies of phytoplankton species in the coastal waters of Gori(A), Wolseong(B), Uljin(C) and Younggwang(D) during

1992-1996.

39.1)% 2B L 23.2~56.6(H T 35.8)%% FH SR HH} 1
o} dAdside] =4 Jehdt. nAEEasEs] A2 12d,
44, &2 F FFINGelA 2+ 34.5~90.2(F 56.1)%, 39.0~
75.7(B 55.5)%, 35.0~92.0(8F 60.9)% 121 43.4 ~ 76.8(3
4 642)%2 AT BT vAEGFIE] HH-g0] =4 vEr
Bt A7 BRM F GELA o 5 A=Y HEL 4F
EHIERTE 277} B2 vaEFAR o A UTH(Fig.
7TA~D). ol FaEal <) 16.0~99.0%(Shim e al., 1985), &
a2 25.0~83.0%(=F, 1985), B3] B+ 46.2%(Chang et al.,
1987), 64.0~83.0%(3 %, 1988), 7122 34.0~92.0¢3} B},
1988) 2 A5kl 39.0~93.0%% 5, 1990)5# Hl=shd
= A viAEHAE AR-82 AP o2 fARIATH

& ik X

ZF thSd A (species diversity index)y= EF) Al 7
803 AEEH FEatge] g AEZHIE £ v F
H2H AEEFIE FHTEE Hske T9= o)&HH, o]
A g B4 82059 WHale) Y AAE HAtMukai and
Takimoto, 1985). Z&\} &2 IR = AlFeate] J&Fe
wong Agzil o AEZHIE 2 AeldE 1
Isle AL vh$ SJFTH(Duarte ef al., 1990). )28 AFL A=
Z B3R )3 &% 54, counting chamberth ol 4] 2] non-
random £X % 2E71] A5 B o HE o) O B
T F RS HEEYIE 2o AuE Agem vt
oFE AT THHulbert, 1963).

A7 7eet EE|do)x AEERIEY] T Y AFe
1.05~3.14FET 2.14H)Z 1992 2€ 718 @3k, 199539 7€
o 7% ESkch(Fig. 8A). 1992 29 - 9% 272
£ Jed AL o] Al Ch. socialis?t ABEFAE HET9

78.6%= A-5-3197] wfjE-olct. 19954 SYN= 7251 S, costatum
L. danicus®] & A&go 2 sl BT A 7ZE v
ElGITh Auby o 2 Bof B Ela 7180] HHA s
= TR FEe w Uk €489 1.00~3.19(84F 2.22)
2 1992 290] 714 St 19949 79 7 E4ThH(Fig. 8B).
TYHE T VIR E 19929 290 AFSHAE FF: o)
80.0%% F73F Ch. socialis W&ol )¢ EeHE 3 2R +2E 1}
gt sl g Ang o AgH EUAAE T o
£33 FgE FRATERE o]F AU EXEHEL 1.21~2.86
G 21DE 199249 1€ 7 kot 19924 1089 78 &8kt
(Fig. 8C). 1992d 1€9= Cylindrotheca closterium® & $38&
ool tha BOHFE 2 F2E VERITE AntH oz AeE
3 BrtE q4E8ds 71edd e ZHFRE 1R Y
th M3 F8ge] F HOH AFE 1.53~2.86(Fd 2.24)2
Th. decipiens®) @F o) BT 19943 490l 714 kT 1995
W 8¥ol 7P EStth(Fig. 8D). Aoz EH3 7 ARt
AR AEHYN F 9 D THTRE o1FIL Yo] 233
o JNEA ALt e, 94 2 SR GE ALdo
B e ZATZRE Holthrt HEA S A 7] HTHA ¢
AeAle FHTFZE B wiHd, Aaf FBeide ALHF o
EHd) Y FHTRE HolX Stk €4 SR g L gz}
Aoz ol g7t 71 Al A, 229} e e AY
A FHFL Q1) 3= Azsdolx ZA1E AEE A28l Table
39 Yepfiglen, d7A1719) ool wiet ohekek 2he B F31
o} S A2l F okl Age o 003~4.44 FEH o
B AFEg e 1 7 B0l St mEl 2 AL 7
S 2 THE TG OhE Agtel el vlE) XGHE Fo] Foi H]
WA A EEHIE dHTERE o|Fe Ao et
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Table 3. Diversity indices(H') of phytoplankton species in different region of Korea.

Area Diversity indices Period References

Masan Bay 0.480~3.000 1974~1975 Yoo and Lee(1976)(in Korean)
Han River Estuary 1.416~4.281 1977~1978 Shim and Choi(1978)(in Korean)
Chonsu Bay 0.648~3.597 1977~1978 Shim and Lee(1979)(in Korean)
Duekyang Bay 0.028~3.759 1980~1981 Lee and Huh(1983)(in Korean)
Kwangyang Bay 0.370~2.600 1982 Shim et a/.(1984)(in Korean)
Younggwang coastal area 0.830~3.780 1979~1980 KEPCO(1984)(in Korean)
Younggwang coastal area 1.900~2.400 1985~1986 KEPCO(1986)(in Korean)

Inchon coastal area 1.850 1983~1984 Shin and Choi(1988)(in Korean)
Yellow Sea 2.300~4.440 1983. 8 Chang and Shim(1990)(in Korean)
Jeju coastal area 1.040~3.720 1984 Lee et al.(1990)(in Korean)
Inchon coastal area 0.700~3.051 1988~1989 Hyun and Choi(1991)(in Korean)
Yellow Sea 0.100~3.540 1984 Chang and Shim(1993)(in Korean)
Mankyong, Dongjin River Estuary 0.440~2.650 1989~1990 Shim et a/.(1991)(in Korean)

Gori coastal waters 1.050~3.149(2.140) 1992~1996 Present study

Wolseong coastal waters 1.000~3.190(2.220) 1992~1996 Present study

Uljin coastal waters 1.210~2.860(2.110) 1992~1996 Present study

Younggwang coastal waters 1.530~2.860(2.240) 1992~1996 Present study

s

2015T4e] A
29l £

BR) £ s NEEIIE 2dl o1
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°11]'—-4 48 7@"4?5}6}-— 32 nfl-¢- o1%1:}(Muka1 and Takimoto,
1985). & 03?—01]*1% AEZYIE JAEY o5 v|X= FA
23ty @4 053] ATAAE B4 st A ¢ sjeEE o
g A& old)strt 3

el Agddle /e é‘sﬂr FHetuAEEIE L A
A E2¥3aE d=T 5 AHHAE JeEen, &A%
25 dE¥E grigle dEEAE UrEM?iE‘r(Table 4) 23
ole FRPErt nAEFIES A % =
eRSTE H& éoﬂ—t- Aalgdo] 22 Y iiﬂr «lﬂl A% H(-)
o] A (r=-0.63, p<0.0003)E VEMI L, 7FeH = A

o] ofHRZER fﬂzawr«l t)e A JeRSIT webs
yHAe] AEETFAE B¥xE ALY B B3 o
e B3 9 wE 5 23 JE8dy reHd e 999
Fgg W Ao HoHnh

289 Aol Ady FREHo] AX A H=F
A& d=EF & AAAAE Be, 7HSHoe o8 &
29150] AA A ESHIAET T ARBAE Ve £3,
Agdole F5E5E v/t & 43AA(1=0.84, p<0.0005)%
et} Bdole HEERS} GiErt 52 *Urﬂr?ﬂﬂ (r=0.86,
p<0.0005y2 R Blo] 58 vt 515
3} vlRR|2 Aatdo] A% 2 AR2F
A S Yeldisled, 53], &
#A S el o, 427
W21th(Table 5).

gAse): AL A BE AHo] QLagol AR HE
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ZYaE A2 B 909 FUWAE Yehigon], 53
AEHo) WA BEH B GO0l FVBAE LERAT 7]

2EHAEL ALH FHEA 52 A (1=0.79, p<0.0005)
2 UEh T, SFIREFE B Hd $23 9o JuaAE

Table 4. Results of Pearson product moment correlation coefficient
between standing crops and environmental variables in Gori during
1992 ~1996.

Dinofla-

Microplan Nanoplan .
Diatom
gellate

kton kton

Total

Winter

Nitrate
Phosphate
Temperature
Salinity
Suspended solids
Transparency

0.57%*
0.53**

0.57**
0.52%*

0.70%**
0.67%**

0.70%*%
0.65%+*

Spring

Nitrate
Phosphate
Temperature
Salinity
Suspended solids
Transparency

—0.65%%*
—0.59**

0.54%*  (.83%%* (0.65%** (.55%* —0.42**

Summer

Nitrate
Phosphate
Temperature
Salinity
Suspended solids
Transparency

-0.55*%* —0.36*
—0.43* —-041*

—0.63%** —0.41*

—~0.54*

—0.42%*
-0.41*

-0.36*
-0.38*

—0.55%*
—0.43*

Autumn

Nitrate
Phosphate
Temperature
Salinity
Suspended solids
Transparency

* p<0.05, **: p<0.005, ***: p<0.0005

0.56**
0.46*
—0.41%*

0.47*
-0.46* —0.48*

0.47*

0.53**
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Table 5. Results of Pearson product moment correlation coefficient
between standing crops and environmental variables in Wolseong
during 1992 ~1996.
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Table 6. Results of Pearson product moment correlation coefficient
between standing crops and environmental variables in Uljin during
1992~1996.

Microplank- Nanoplank- Total Diatom Microplan Nano- Total Diatom Dinoflage
ton ton kton  plankton llate

Winter Winter
Nitrate 0.69%** 0.70*** 0.71***  0.70***  Nitrate —0.43* 0.54** —0.42%*
Phosphate 0.39* 0.42* Phosphate —0.83*%**  (.63** —0.58%*
Temperature Temperature 0.41* 0.41* —0.45*
Salinity 0.50** 0.49** Salinity 0.63%** —0.61**
Suspended solids ~ 0.75*** 0.83*** 0.84%*x () 75%%* Suspended solids 0.79%x* —0.67%**
Transparency Transparency —0.48*
Spring Spring
Nitrate Nitrate —0.42* —0.40*
Phosphate 0.51* Phosphate 0.58**
Temperature Temperature -0.44* —0.41** —049* -045*
Salinity Salinity —0.43**  —0.40*
Suspended solids Suspended solids ~ 0.48** 0.41*  0.49*
Transparency Transparency
Summer Summer
Nitrate —0.61***  —0.47* —0.54%%  —0.60***  Nitrate 0.44*
Phosphate —0.42** Phosphate —0.63**%* —(.57** .72%*%* —.65%*+*
Temperature Temperature —0.65%**
Salinity Salinity
Suspended solids Suspended solids —0.46* 0.54%*
Transparency Transparency —0.47* —0.41* -0.48*
Autumn Autumn
Nitrate 0.68*** 0.85%** 0.82%**  (.38* Nitrate —0.42*% —0.43* -0.45*
Phosphate 0.46* 0.54** 0.53** Phosphate ~0.55%*% —0.53** —0.56*%* —0.54** ~(0.42*
Temperature —0.52** —0.39* -0.47*  =0.70%** Temperature
Salinity 0.75%** Salinity
Suspended solids ~ 0.52%%* 0.41* 0.43* Suspended solids
Transparency 0.58** 0.70%** 0.68**  0.53** Transparency

*: p<0.05, **: p<0.005, ***: p<0.0005
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*: p<0.05, **: p<0.005, ***: p<0.0005

SEvet el 7, 949gt, Fasre] g ey
Aal] gie] dgaiEigelr 1992d5E 19967k AdE s
AEZSaE §7 Q91 E0] ZAMIT I A 2AR 9] 2
A7 AFE FEHE S
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Mz grabdo] A% ks 43S Bk ArsidE e
AE9 597 B T FHEAY 4% &4, €4, 19 ¢
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Table 7. Results of Pearson product moment correlation coefficient
between standing crops and environmental variables in Younggwang
during 1992~1996.

Microplan Nano- Diatom Dinofla-
gellate

kton  plankton Total

Winter

Nitrate
Phosphate
Temperature
Salinity
Suspended solids

—0.47*
—0.66%** 0.42*
—0.83*** —(.65%**

Transparency —0.82%+* —0.41*

Spring

Nitrate 0.65%**  0.44*

Phosphate 0.72%%* 0.73%**

0.65%**
Temperature
Salinity
Suspended solids 0.43*

0.43* 045+

Transparency

Summer

Nitrate
Phosphate
Temperature
Salinity
Suspended solids
Transparency
Autumn

Nitrate
Phosphate
Temperature
Salinity
Suspended solids
Transparency —0.40*

*: p<0.05, **: p<0.005, ***: p<0.0005

0.59%** 0.38% .57

—0.39*

-0.41*
-0.43*

0.45*
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