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AEEYIE TS I A9 FREEE F ARE E e A B9 sholtt. & AFelde A7
9 FANAT AEZTFAE TR G AES Holsl, ol V2R dE #4 542 setstart stk
20099 1€ 129717 vl BRPAIQ AR, AL w|SE, AT, AT 9 2akEHEid ] 307) A
o AEZHIE TxAY £, IF, 999 D chlorophyll 2 FAISIGTE F287 F £EF71A4E 1, 2
47 12€, $ETIIRIL 1, 24, chl-a= 78~1090] 718 Yt AEZ3AE FHE Chaetoceros spp.t BIS5HE 4
Y BANZFE A% 989, 9EQ 6~108L Pseudo-nitzschia spp., Dictyocha spp., Nitzschia longissima?} 37
F0 2 Y3 o 1 vke] AEL Skeletonema costatum, Thalassiosira spp., Eucamphia zodiacus, Akashiwo sanguinea,
Gymnodinium spp., Asterionella japonicus?t 73 2331t FAE2E Ak AT B5&eA ez 3
27} 33) WSO, chl-ag ARl ZF E7 YERdTh Fried A 4t s 2A-EEEY
o RA el 259 JREEF BlES uSE ASHGdA wodth $HAEEFAEY 2L 4 3
A9 AlFHE S YERilon, #2450 B9l 93 AEERAE T HEE ASH
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Abstract — Phytoplankton community structure is one of the indicators that can explain the environmental
characteristics of coastal waters. In this study, phytoplankton community structure and water quality of aquac-
ulture area were investigated for understanding regional environmental characteristics. Thirty stations in aquac-
ulture areas of Tongyeong, southeast coast of Korea, were investigated monthly from January to December,
2009. Phytoplankton community, meteorologic dada and environment factors including temperature, salinity,
transparency, nutrients and chlorophyll a were also examined. Chaetoceros spp. and unidentified small flagel-
lates were dominant species in all the year round. Pseudo-nitzschia spp., Dictyocha spp., and Nitzschia long-
issima were dominant in June to October being summer season, and Skeletonema costatum, Thalassiosira spp.,
Eucamphia zodiacus, Akashiwo sanguinea, Gymnodinium spp. and Asterionella japonicus appeared as dom-
inant species in the rest of months. Dinoflagellate blooms occurred 3 times in near Hansan Bay and around
Saryang-do, and the highest chlorophyll @ was found in Hansan Bay. Species diversity of phytoplankton was
lower in Hansan and Wonmum Bay, and diatom was more abundant than dinoflagellates in Mireuk-do waters.
These results showed that phytoplankton community varied by the seasonal and geographical characteristics,
and recent increase of water temperature and heavy rain may affect on phytoplankton community structure.
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vkl GEalel f1AIg B9 sfjele Abdo
o Sl @& Tk 9fals} AFE ] glom g
= AR 54l o3 ege v} 44
of AAE QIgEo] 1970t of dFakao] vl wuksig)
W, 2009). L] B9 1960 E DO 2RE Ek ok
ol E]luo] Fgah] oRAle] A n Al 2How &
ghstA AZEEREK(Cho, 1991). 28ivt Z7)7ke] o) olg o
Qg 27k @ Fate) olof ofgt ojgeha o3} 1w|w §48F
< 235 A FHE FANES AE B JgEo] AsiE
Kakgo] Zhadta QItHCho and Park, 1983; Choi et al., 1997;
Kang et al., 2000). o9} 22 o|F=Z FAojgte] x&49 At
o] &-& i S92 8738 (carrying capacity)¥} AJE)A)
grejel] &8k Aol HFshor & PaAdo] Ark(Lee er al., 2002).
ofuf#l 7o) A woldAH e WA BAE 2] uFe
Hol 7 Holglo] sk sllded 219 Jaks Bk A
o] W% F23lth(Kang ef al., 2000; Kang ef al., 2009). H %
Aol =] A SWE, wRiE, AW 59 gokst A
o] YRt glont of2 Aot Aol 72 Ex] okl ¢ o)
& AAgh =] YuiAdat ol7k)ell chlorophyll a(chl-a) 8] =
& HoE B ouf AEEHAEY 7|els Fo® FAs giv)
o]=el 749 T At A E (red coloration oysters) HAL &
& UEe] AP ZF(cryptophyte)E Alo]3h o ukag om
(Pastoureaud et al,, 2003), 71 Yoz &0 ol Ho|AEf u}
oF Vehdth deA QLo (Lee, 1995), ©l2ist WHalES 29
4 Akl Y9lo] Hol AE7IxE "ojrme|ar Qlu}, BE )4
279 AL 29 dqFHAE o) (Sato er al, 2002;
Negri et al., 2004), A FFEe] A9 HEZTHIAEY] O
ST GEAL A T AEYAR o7 YRgAlela g
o} 1995 oiF SVARZR Cochlodinium polykrikoides™] <13t
AL whoigk AR $48 91 QITHNFRDI, 1999; NFRDY,
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2000). AFEFol )3k 1A ofBle} o] Q1T HEZHA
B TANES A BES oA st gl 7]

=2
o
ol
R

(Suh et al, 2003; Chung et al., 2004), ©]e13 W3h= SFLE)
Alell 932 1)x) 1 cHRebstock and Kang, 2003). AE2Z%=
o] 74 WEE 1 gjole] e uhet gepplor 1 e
BAE Vehds AR Kindicaton @A f-E-8tuta el 9l
(Hecky and Kilham, 1988; Heckey et al., 1993). & ZAslL

o] Jgol upet A edde] Fdol B uigk s, &

it

A3 20w FoJopa Qg sl L Jorre] BFE Hol B
& el o aA ol B 3 glek olel @ BREL e
97 SA A HRFBFAAR L, B 9 JUPY FO
2 1 54 A9aplols the ek glof gtk & A
44 QeselolNe] ASERaE Ak 2RSS et
slol 019873 B4E AYstud ot

Mz H Y

2o s 3070 GAdolA] 20099 1€5E 12870 wiE
13 ZALE AAjale] MEE2PAE FUHEY S EEES X
th ZARNE A AERhEEA 1~4), S 5~13),
AMGA 14-18), SAI=HA(F A 19-21), A= (A
A 22~25), EAREHAA A 26~30)2] o7l AL E ik
(Fig. 1A). Fig 1B2] AHEL o AfAAdE Ve, 58
& oo, sttt v|EE W RAbEE wAl el
ol Fraka)go] AbAjate] gt

$E GE-2 CTDAIDRONAUT Srl 316 Plus)E ARE-8lo] #
Z3s9lom, ok w41E 13l 3L Niskin 57| & o]&-slo] )
At 42 57199979 592 450 °ColA B GF/FE
E}(Whatman, Ltd. Maidstone, England)%. o7}5t 5 ¥4 H71%]
-70°CoM W% Beh 3 BHAgTR] 0% SIS th(Parsons ef
al., 1984). chlorophyll a(chl-a) F== 35 500 mLE 0.45 um
membrane filter(Whatman, Ltd. Maidstone, England)2 }%} 3,

Ne

Fig. 1. Map showing 30 sampling stations(A) and distribution of aquaculture farms in the coastal waters of Tongyeong(B).
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90% acetone®.E FEAE 2447 FESII o BFFTAUV-
visible Spectrophotometer Varian Tech. cary 300 Conc.)Z %413}
St (Parsons et al., 1984). 5 S (transparencyy= 2173 30 cm2)
ST =¥ (secchi disk)S: ©]-83107 Aol &eto 7 EZA3)%in). 4
EERIE F Y AL % 2358 AMgEidh @
oM sl 1 LE sl A3 Lugol 4907 HAFFE 2%
7t HA 14e ¥, AFAE A FAPe ] w530
AEEZFTE] FEHL Yamaji(1984)%} Tomas(1997)Z 13t
o] 4319 o1, FJekdA|4== Shannon-Wiener index(Shannon
and Wiener, 1963)E AT AL Al7]ol] whg 748119
HES ZARP] 8k QR4 (one-way ANOVAYHOZ
Zk AL A7) @7 8RNE Hgk ApelE A8k, Duncand]
AYE2A (Post Hoc Multiple comparisonsyS 5335101 ZA} A7)
o) W 2}o}=2 AASIATHSPSS Inc., 2003). A EZHIE $A
T 7 A7 F &9 AR 98 Fi, 1L T 5%
ol AAh= FoE St

a3 a&

oligketrd

20099 ZAFIS S G #okd EAL Table 10 YERAIC
BE258 990] 24.75+0.78 °CE 7FF ko, 190] 9.69+
1.93 °CZ 713 @i}, G823 8o 30.32+1.28psu® 7FF @4t
o9, 1~5971X)% 33.78+0.27~34.00£0.29psuz 352 2HS LFERGL
t}, 8EF7]F A (Dissolved Inorganic Nitrogen; DINY= 12€9]
13.86 4.0 yMZ 7 29431 199} 2€0] 10.55+4.11, 11.56+5.64
pPME 1 TR0 R A WEREOH, 3~990] 2.48+1.42~3.49+1.65
pME WA Yeht Aol tE Ad vldl & DIN 558
ERfigiTE 2257191 (Dissolved Inorganic Phosphate; DOP)- 2
o] 2.29+0.93 pME 7F 9o, 195 2.042045 pME ¥
A et o), 3958 927k 0.16£0.17~0.44+0.42 pME 3
& F5E Ho] DING fA R Ag0] 52 ¥58 2t &
[ 18904 390] 5.1£1.58~5.7+1.3 mE ZAgon, 74oA
11€0] 3.2£1.52~4.1£1.9mZ RA YeR} AL FHTr} o2

A - Has -

&g - o] - o]z

A B2od At chl-ae 9157 7HRL 7~1080) A Ve
o E3 990 3.98+3.23 pg/LE 71 ESheH, 12€9
0.22+0.16 ng/LZ 713 WA Jebdth sldshd Q59 A%+
FHEILEZ Fig 20 VERAQIEE 22 Sk Aol Woke
o, o E% A8 FFhN =9kth G2 4FT el Wk
oo ki upgEd o7 A5 Fio] Fobslth DINS #IS
= 9 A 92 el A YeREeH, DIPE AFRE &
Z glojo] vl FA Vet TR il dEwns &
AT oA Bgkor | chl-o= 9E bk njET SR

A=A vk,

e e

AA ZAVIZ F ABEHIELS T 15780] TAEHIeH, 1
Z =7 (Bacillariophyceaey> 418 96%, $FAX 27} (Dinophyceae)
25& 56%, T2 U EE7 (Buglenophyceae) 155 15, AR}
(Chrysophyceae) 2% 2%, IHE 7} (Raphidophyceae) 15 15
o] &¥3lR on, SHP 7N Cryptophyceae)y> FI1EFE AFH
RZHEZ 1508 FF39 o) F A2Ae] 7R sl
o, AT E7e) e E YElkth ZARPIE AEEHEIE
o] AAAL F FEFL 7990 24,144~40,642 cells/mLE
A JeRden, FURMIATMH)E 690 245028 71 %3}
o 590] 1.1+045%2 7F W3THFig. 3). €9 4 2 EEH
AEL 7 ZAF A7 F EF MRS €498 A, 2 F
5% o)A R BR= £ 0 2 Sigit). A% E-HEHE T Chaetoceros
spp.& IEAE A8 BT (flagellates)R 2, AFL71Q] 1~4
43 129= FF Skeletonema costatum, Thalassiosira spp.,
Eucamphia zodiacus, Akashiwo sanguinea, Gymnodinium spp.,
Asterionella japonicus, 1572712 6~10¥2 Pseudo-nitzschia
spp., Dictyocha spp., Nitzschia longissima?} 73 Z3319]th(Fig. 4).

AEEHIE TR sGSAEH el wt 2A 2EAH,
olol Mz} o] 52 T 4L Y] FHELS Wds= AL
2 ¥ QItk(Hecky and Kilham, 1988; Heckey et al, 1993).
T3 AEZHIES TES YA F71EAL] At ol

52 TASH: FEEY Hol2AY 4 e & 9 ® o

Table 1. Temporal variations of surface water temperature, salinity, DIN, DIP, Chlorophyll a and transparency from January to December.
Data represent mean+SD, Duncan multiple comparison test. The same superscript letter following means indicates no significant difference
among mean values of environmental variables at each column (Duncan’s multiple comparison, P<0.05, a<b<c<d<e<f<g)

Survey(n)  Water temperature (°C)  Salinity (psu) DIN (uM) DIP (uM) Transparency (M)  Chl a (ng/L)
Jan.(30) 9.69+1.93° 33.81+0.28% 10.55+4.11° 2.04£0.45° 57+13° 0.84:£0 24
Feb.(30) 10.07+1.43% 33.94+0.25¢8 11.56+5.64° 2.29+0.93° 5.1+1.5% 1.01£0.47%
Mar.(30) 10.93+1.23 33.9440.32¢ 3.00+2.77° 0.1620.17* 5.6+1.8° 1.96+1.10%
Apr.(30) 12.2+0.61° 34.00+0.29¢ 3.49+1.65° 0.18+0.21% 4.3+]1.2% 1.03+0.60"™
May(30) 16.63+1.27° 33.79+0.27% 2.86+1.51° 0.19+0.21% 5.2+1.3% 1.69£1.16"
Jun.(30) 18.7241.24 33.54+0.21° 2.58+2.09* 0.39£0.53% 4.5+0.9% 1.174£0.54%
Jul(30) 21.66+1.51" 32.61+0.49° 2.7142.01° 0.44+0.42° 3.9+1.3% 2.99+2 .44
Aug.(30) 24.08£0.53' 30.33+1.28° 2.48+1.42° 0.28+£0.22% 4.1£1.9% 3.14+2.83¢
Sep.(30) 24.75+0.78 31.46£0.65 2.66+3.12* 0.37£0.30% 3.8+1.5% 3.98+3.23"
Oct.(30) 20.65+0.69¢ 32.7240.52¢ 6.79+3.32° 0.72:£0.33¢ 3.241.5° 2.97+3.40°%
Nov.(30) 16.77+0.46° 33.18+0.32° 6.61£2.96 0.70+0.58° 4343.1° 2.25+1.37%
Dec.(30) 13.46+1.04¢ 33.32+0.18% 13.86+4.01 0.74+0.58° 4.3£3.1™ 0.22+0.16°
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Fig. 2. Horizontal distribution of annual mean of water temperature, salinity, DIN, DIP, transparency and chlorophyll a in 2009.
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2K Widdows er al., 1979; Navarro ef al., 1993) 7]% AR
< Sigh Fokd At} olE2] Ael-AgE] 9 sle] Hogoksl Al
2 H7e ¢ = 583 AARRE AR 4 Qith(Healey, 1975;
Barlow, 1980; Dortch and Packard, 1989). AL =] &akA]
E7d0l ue} FFe ool Ao Fodorslyl w4 it
A AR, P oLt of SR oksloj o] ol AbAje ]S
91( Akl 2laie] Bke Yol k= AJEET ¢} ST e
o# A VY 4 8led olf AR Aud e g :"-
@B‘M A4 shehge] 540 wie ohEA Vel @%5%
B AEEGHgE] »?/g:{lloﬂt: 2 gge njd A
Holrh, Rgosid 9] 28 chle w5, 9
FAAES] Fate] dlo] =, wiakasy] 84
Z-g-5irt. 93t “%a o] A B9 v
2 QI8lo] AEZAE GEFo] wol UAE 1

S|
A

B

LS
%‘*@%
121

A 5

ﬂ
mrm

i

ol S
PN

rlo Olﬂ

Orp

=

o g o o)gt #AL, A x| Fo] wAgit
AL A7 Sk S BY 7E U A
7 e AR noon 9foa 108704 1 4
itk Yokl DIN DIPE 3~9% 74 7}75} 2>
Wlth(Table 1). 224 chl-a 58 A2
Lol 7HE #=A4 1JrE}”E‘r(Table 1, Fig. 4. OI L
Eo| FAHEA 9% ¥t worslor, 78 AR
SR tE.?} o1 AEEHIE TR T ANEHoE A
Hof vk Ferh fAE9ICh 5 11E olF chla FE7F e
shaA oA GgE BT} TR ARdE & 5 lTh AR A
i B 4EnhE dhalnle] ke s ulE] =2o] WA o
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<} *}B‘:C 2 YEntelr] A Jebdedl, 4ET] A5 453

RIS kA bRk

23] 2o 7)Q1% A2 BTk, chl-a 3HikE

T=



162 Qg -

Q- 2ol - s -

- o33

ol

Ellan
®Feb
SMar
i Apr
& May
BJun
£l

HAug

& Sep

o] 7F¢ & ZoE Jepgton 39 SPHEZRRQ Akashiwo
sanguinea AZ7} WSS 399 e Jgd
B W A sanguinea AZE 0] A9 o] of
ol g3t f71e9ER B0l gl FoE dddt) AE3F
AEZ AT A BAE 73 Qe
FUH FPkshs SHIMY AEEHIEQ 127 4
W {7 e dde] 2L ERQPUYY AEEHIE
9 4% FEFH(Laybourn-Parry, 1992). 3HAH) 5
ThFEFEY F71E 7197 SRR RR] H 2
= o Ao e AoE Helth

T -glollA F-RAES o83 SGSAF P} o] F X 11 9]
om, A% YA AT ARE ] 4% w84E s
ATHXu et al,, 2004; Kim et al., 2007b). &4 AFHST0] B %
AL L- 3 el AT WA #EE R )
of aioe] At &4 HrPL Fesit. B ATelE Az
W5, chl-a §%, THHY, E8F 54 L 1279 SFESR 1)
& 59 AEEgaE 7 WEEEE uEEyth

ZAY 717t B9 13970K) abAA sel gEREF
Akashiwo sanguinea A%, 88 11~13Y ARFT R E T Alo)9] 3
Sl HRZF Gonyaulax spinifera B3, W 119 39 Al
NE % Fdo\X ARTZER7 Cochlodinium polykrikopides
Az} LAYSIATHFig. 5)(NFRDI, 2009). dgtaode] 43]==
Ak, A 22 F7194R) A5 FFS AEZFIE o
F S op)8lal chl-af] FEF F7MACH H27)L T8 3
A AL oAFEAGoNY G2 RE Y] Jgo] E Yo =,
SRHE F 4A 5, 6 132 W2 23 2Ud dRTH), B
E9T 9 ABF chl-g T} /M B2 902 Yehgtt &
, 9158 AEZSHIE T24YF chl-a & AR 3
2 #HA/do] TH(Choi et al., 1997; Lee et al., 2001). Kang et
al., (2000 AFketa) sHib-AATre] ok Zo) Aslers 24,
Ak 2 AEASLE A7e A3 dlgA ekl xgkule)
N3 FAEAAT B} FL& chl-a2 GA1F2 Wol o]8-E(food
availability)o] &o} /37g0] ¥ 02 vehkth £ A=
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Fig, 4. Inter-annual variation of dominant
phytoplankton species (> 5% of numer-
ical abundance) in each survey.
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Fig. 5. The events of red tides around study area during survey
period.

A SledQl £), AR Bk W ws g Uiel fEwl, g
Atk m)E T 9 SAREREe e Fekalo] At gloH,
=2 chl-a ¥5E 230}

dut¥ oz F gold g7t e Y Ao o¢x
7} gor BiE 2 vl ke oeket AEA 2 A3
o A5 S Besitia 4EA vk 4] Wi 37 A
o} = F-FUSAL A2st BAALe] wE F24ol g g
Z 90 23 $0)2} AHska QItk(Reynolds, 1988; Smayda,
2002). ¥ ZARNYL AGF Friedo] Untol} £ FF¢E
To] wh= gBul BAT v]EX &y} Savte] FH 6,9
¢} 11014 AEZFTEL] F v A57E @A JERLTHFig.
6A). TS HEZF vEL odd H9dY A9 dHrz
Fo] Hlgo] Ea 18X g2 AFGL 2R gl 2 A
o2 A Utk vEE Ao FERF FEEEFE A
T Hl&o] A JERoH, e ARl ot 2901 2
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88 o2 UePgth(Fig. 6B). 1, 28 QE} dkashiwo sanguinea= 1~38 SHIFRE Pseudo-

Z- A7 hEAQ $9F 9 2 Eucamphia zodiacus=  nitzschia spp= 6~88 MS% A ARL, dsterionella glacialis=
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108 EAHERE o 38 Ed3ITHFig. 7). ©] FEL2 19
&t AHoM T2 Edohs FOE A BIU) £33}
A Jebgt), o)& $E9 23 1 9] 374 EAL &
g Qe ZoE B dZ 4E2F 35 859 9 ¢
£ Aol e Bgon, AUEZRR 4. sanguined= TFE
A Ed RS A AFIATE 2B o] E50) oju Bt
e o8 54 ddoir ¥z EH=IHe dor AT
Fojok & Zo7 Azten},

Aol ] A EEFTES] Frpok R, 29 Wy vl
29 2 chlg $EE ¥71999 A% #40d ¥ oz}
SR ENA 77 DS BAPL e Al E delA ATHKim
et al., 2007a; Kim ef al., 2007b). SFAPE-2] AA o] =71} 7
APE W3] Bk A Ao AFH Ryt dFEHE
YXJ3h FAGFe AR 2A wigRElA] ¢k Aoz gehd)
B A E SAE AT B4 Y do AEEHAE
9] 23 BAoR E v tE AN v)3)] F9usld HY
OF Vst

FTHFAFEE] AR BEAE] B ARS8 A
A9 A7) & H%5S Ba 19809%E AR o] kst
= S Bt (Fig 8A). RIS 713+ duid AF390)
Hsty guprl EREEARE F olddl 713 548 HolA
U 2= A5 ofF 7ol A He T odnkg 718 E4o)
A g2tA dFo] wl¢ oFHoh AR 20093 S A
T €8 HE-S AV RY 78 5 B (1971~2000
|, KMA, 2009) Bt} 28] olido]glont, 88} 99o] sk
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