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o] AW AT gy SR e dUd FAEEE BT, AREHIE T2 SUHY
SPHEFZE F5 o]F3oH AT A7 16X10° cells 1~ 5,845X 107 cells I'(BT 555X 10° cells /)8 HY=
Bkt AEEFAES] RS adF WSl sl sk AdE 4E2HaE dFEFL 28
@A 8EEH Pl =12, 52 EANT 112 EANN Rttt AT77FESY Skeletonema costatum, Akashiwo sanguinea,
Pseudo-nitzschia pungens, Dactyliosolen sp., Leptocylindrus danicus, cryptomonads 5°] AEZZIE SHFoZ
AT 59, 8. costatum Al T8} FRBIY O, A sanguinea(FA F7), Pseudo-nitzschia sp.
@A), Guinardia striataFEA)), 71673 HEFGEH), cryptomonads(@EA)) -2 SAA7| & $ASS BT}
Chl ¢ %3 AL 0.6 pg - '~ 16.7 ug - "G 3.4 pg - IHE JESTH AE2EA A3 A9 ARage 3
A F 7Y s @dd WS 950 BEAH, & wre) JEEYaE dERY Chl 0 FEE B 13
U] B9 2, 54, FUAF(SI0, TN, TP and ete) 50| 21 EZHHE FHo A2 nx= kst
7 aqlew yehith 783 WESns S 7tREe AHT Alole] 4 o7k s o] Yehkth.

We studied spatial and temporal distributions of the phytoplankton and their relationships to physico-chemical
environmental factors in the western Jinhae Bay, Korea from November 2003 to August 2004. In most cases,
physico-chemical environmental factors showed homogeneous distribution. The phytoplankton communities
were composed of mainly diatoms and dinoflagellates, and their standing crops ranged from 16X 10° cells /!
to 5,845x10° cells /' (with a mean value of 555% 10° cells /'"). The bloom of phytoplankton was observed in
Gohyun Port in the summer. Seasonal variation of phytoplankton standing crops was higher in winter and summer
than in spring and autumn. The dominant species were Skeletonema costatum, Akashiwo sanguinea, Pseudo-nitzschia
pungens, Dactyliosolen sp., Leptocylindrus danicus, cryptomonads and etc. Especially, S. costatum was pre-
dominant in the summer and 4. sanguinea (spring and autumn), Pseudo-nitzschia sp. (summer), Guinardia striata
(spring), unidentified flagellates (summer) and cryptomonads (spring) appeared to be an opportunistic species.
Concentrations of Chl o ranged from 0.6 pg/™' to 16.7 pg-/* (with a mean value of 3.4 pgZ"). The results of
the canonical correspondence analysis implies the study area was grouped into the 2 water masses (inner and
outer waters of Gohyun Port) and inner waters had higher abundance and Chl a concentration than outer waters.
Also, phytoplankton sanding crops were related with temperature, DO and nutrients (SiO,, TN, TP and etc.) in
inner waters. Inner water-mass of Gohyun Port expanded between Gacho Is. and Chilchon Is. during the winter.

Keywords: Phytoplankton, Seasonal Distribution, Environmental Factors, CCA Analysis

*Corresponding author: jkchoi@inha.ac.kr

305



306 T - S -

N B

sl st METFo R A gloy, 11 F A%
EFHAES TES VIS AGNAFE 9y a4
HFUENA oo 318 FPIAZ FAsHE= FQ Qx|
%] T 2RI ANEZHGEL FE S8 ook o m]ek
4 T S3EH #7424 Wl g AAE 9@ AAAo)
AR ol 4R HEZHIAEY A]- F1HF
A= 2235 golojr)

3l Fiobo] BElsta 2lokae) ajgko & o] Folxl wiy
A HFez o] A FgfEo] desle] Qo] A
o] HA=omE &, 2000), $4+0] 2L 9} TA|ZHE] AL
Aot sl 5 o o 9Edo] fsldnt B iy
T AT EL Qe S io] AdelR] Bat UnkEA o
EZ,WPd Cochlodinium A7 2+& AEZHIE o] 314
o ZsHA BHAIFTHE] F, 2003). £3] $=Alo] Wy, 2&o A%
o] H&3R] k2 544& Hol= E ATalddel Qawt ARy
< F, AFEH, g2 T AFddo) sl At e 9
T Adsd A Foe S, 2 dAEgEoR 9PEA
A3 A2 oslz @8] 2upsle] Q@0 AslEx
U= EH SoIthFZHFARIZY, 1991).

At wpdntel o] AEZFTE B3t 7= 197090
FHERE] AzT) RIAsH] DAEEA O A Bl s}
Al o]Fojgom, HI7HK Az U AF AF 5o AEZYIE
TS FAHoEg MYz AP 2 o)FoB kR F,
2006; Pae and Yoo, 1991; & 5, 1998; &, 2000). ®=3} Zl&jwlz}
P A E2lglat $4 ey A EEaE ) A e 1f
BE Y8 AT R O AR S 9 ax o ks
A ANEEFAET] B8 AN P o= s
£ HojFEH(Yoo, 1991; £ 5, 2006). WEhA £ A= szt
ARG ANEEFAE BEEAS AVuT, sy 227
AEEFIAEY] BAE oE A AEg$EA (CccAyS
Boto] ot ) I}

B ag=
—¥E

> N &

WEEET

HEZZAE 9 ol3eA AFzAR= 20039 1149, 20044
24, 59 9 84 43) ol '3l DT AR (34°53.8N ~ 3501N,
128°29.7°E ~ 128°37.4'E)2] & 187} A4 AA513tk(Fig. 1).

AEEFIE AEANFL Kitahara type YIE(EE 20 um)E 5
A osted AR F, 50ml Hell Wo] Lugol’'s $A0 2 148}
Pk FE ANEE 9T ZHSEES A% &, FekenA
(Olympus BX50)X 200 ~ X 1,000°14 SR 3+1.0H, 41(1994),
Rines and Hargraves(1988), Tomas(1997), Round et al.(1990) 5
& FE3G. AEZHIAE AEF A EE Niskin A57)S o]
8ot S 500 mie e &, ZejoldAo] Y1 Logols
ooz TSI WPH At FANS olgale] 20 mE
5% ¥, Sedgwick-Rafter chambers ©]§31) Z14=811t}. Chl o
© @48l 300 mbe o3 9X)(47 mm GF/F, Whatman)el ZE]st
., B ool 90% oMIESY 10 ml BT 24413F S 3

34°5T'N

344N

L |
12824°E 128°42FE

12833E

Fig. 1. A map showing the study area in the western region of Jinhae Bay,
Korea.
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Table 1. The seasonal variation of environmental factors (Aver. +SD).

e Date — Nov.-03 Feb.-04 May-04 Aug.-04
Tr, (m) 6.6+2.1 5.7+1.4 4.841.0 5.9+1.9
pH - 8.03+0.08 8.01+0.06 8.37+0.06 8.32+0.05
DO (mg/L) 6.8+0.7 9.4+0.9 9.2+0.5 8.4+0.7

Temp. (°C) 16.9+0.2 6.6+£0.4 16.9+0.5 27.1+0.6
Sal. (psu) 31.70+£0.20 33.01+0.22 31.86+0.61 32.10+0.31
SiO, (uM) 18.21+5.16 0.50+0.51 14.794+5.10 2.68+5.00
DIN (uM) 4.77+2.94 1.29£1.23 5.16+£16.83 2.20+3.32
TP (uM) 1.40+0.28 0.49+0.12 0.66:0.41 1.40+0.80
TN (uM) 17.80+3.61 8.22+1.57 17.47£14.09 20.98+17.69
SS (mg/L) 1.4+1.7 0.6x0.7 1.6+1.6 1.4+1.1
COD (mg/L) 2.540.5 2.341.0 2.840.5 2.2+0.5

Table 2. Summary statistics for the first two axes from CCA of phytoplankton species, station and environmental factors in the western region

of Jinhae Bay, Korea.

Nov.-03 Feb.-04 May-04 Aug.-04
Axisl Axis2 Axisl Axis2 Axisl Axis2 Axisl Axis2
Eigenvalues 0.07 0.05 0.16 0.03 0.13 0.10 0.15 0.09
Percentage 21.59 16.38 49.72 9.23 22.80 17.78 26.63 16.59
Cum. Percentage 21.59 37.97 49.72 58.95 22.80 40.58 26.63 43.22
Cum. Constr. Percentage 27.85 48.98 66.17 78.45 29.03 51.67 3531 57.30
Spec.-env. correlations 0.96 0.96 0.92 0.87 0.99 0.88 0.97 0.89
Table 3. Code labels used in the CCA diagram (Fig. 9). Bold labels are dominant species.
Code  Nov.-03 Feb.-04 May-04 Aug.-04
a Actinoptychus senarius Asterionellopsis glacialis Chaetoceros debilis Chaetoceros borealis
b Chaetoceros affinis Chaetoceros debilis Chaetoceros didymus Chaetoceros debilis
c Chaetoceros constrictus Chaetoceros didymus Chaetoceros sp. Chaetoceros didymus
d Chaetoceros danicus Chaetoceros sp. Chaetoceros spp. Chaetoceros sp.
e Chaetoceros debilis Dactyliosolen sp. Eucampia zodiacus Chaetoceros spp.
f Chaetoceros pseudocrinitus Leptocylindrus danicus Guinardia striata Coscinodiscus sp.
g Chaetoceros sp. Navicula sp. Pseudo-nitzschia sp. Cylindrotheca closterium
h Cylindrotheca closterium Pseudo-nitzschia pungens Skeletonema costatum Pseudo-nitzschia pungens
i Nitzschia spp. Pseudo-nitzschia sp. Thalassionema nitzschioides Pseudo-nitzschia sp.
j Pseudo-nitzschia pungens Rhizosolenia setigera Euglena sp. Skeletonema costatum
k Rhizosolenia sp. Skeletonema costatum Schroederia setigera cryptomonads
1 Skeletonema costatum Thalassionema nitzschioides cryptomonads Ceratium fusus
m Thalassiosira spp. cryptomonads Ceratium fusus Cochlodinium sp.
n Thalassionema nitzschioides unid. flagellates Dinophysis fortii Gonyaulax fragilis
o Euglena sp. Akashiwo sanguinea Akashiwo sanguinea
P cryptomonads Heterocapsa triquetra unid. flagellates
q Ceratium fusus Katodinium glaucum
r Akashiwo sanguinea Prorocentrum triestinum
s Gyrodinium spirale Scrippsiella trochoidea
t Katodinium glaucum unid. flagellates
u unid. flagellates
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Fig. 2. Species composition of phytoplankton in western region of
Jinhae Bay, Korea.
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Fig. 3. Seasonal changes of phytoplankton composition in the west-
ern region of Jinhae Bay, Korea.
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Fig. 4. Seasonal variations of phytoplankton standing crops in the
western region of Jinhae Bay, Korea. Error bars are min. and max.
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Fig. 5. Spatial distribution of phytoplankton in the western region of Jinhae Bay, Korea.
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Fig. 6. Spatio-temporal distribution of dominant species in the western region of Jinhae Bay, Korea.
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Fig. 7. Seasonal variations of Chl a concentration in the western
region of Jinhae Bay, Korea. Error bars are min. and max.

L u ) K=

Dactyliosolen sp Pseudo-nitzschia sp. & 7% E2F(Diatoms)S! BF

W 592 7, Heterocapsa triguetra, Ceratium fusus, Prorocentrum

34 5T N
34 48 N i
128 24" E 128° 22" E
35° 06’ N[
34° 87" N
34 48 N L]
128° 24" E 128° 33° E 128" 42" E
triestinum & TE $PARF(dinoflagellatesy’} =2 43I B
AT}t 882 Skeletonema costatum®] =545 Rt 13gt
WA @ 1~ 4] e 9 PEH R, 2, 97, 85
A T 52 TS Bt IEE Jnt #9e AF 2
T & A4S Bolr, Jute| 8844, JUdR Fol '
ZHFAEN 22 IS RYHFig. 9).

[o]

—

E 9

£ Foo)] 2d AEZFIE SITFE FUul 24
137 &(Cho et al., 19947} FAKSEL, Rt BRI A}
154 F©19} d, 1997) Hiks thh w2 55 19k Jl
A= G U HS FRER T, TAAIC)
sFHERY 2B HERF So] @HoR & sk &

Ao 2 (&3 11, 1995; F, 1999, 2000), ¥ AT E LT}



R ARalelol] AEERaEe) A - 31

34 48 N .
128" 24" E

128 33 E

May-03

34 57 N

128" 24" E

128" 33 E

0

k2

347

Fig. 8. Spatial distribution of Chl a concentration in the western region of Jinhae Bay, Korea.

O~

FTTY 57%F AAERE 7Y BT o @ vEh) At
72 B8 RolFrh. R ] B ol
TO % F 2FT 34%E ARESIT AEEHIE
9~5,845% 10° cells /'9] & HEHARE HHF 535X 10°
cells 78 YRS, o9} ¥h(1997)0] FAFEE 202X 10° cells /8.
ok 7 A o] ESkth HE dgkeele AlEEHaEL By 7}

0

O I M
o diitgo] Uojuh= Aol ArAo|t(Zingone er al., 1995;
Carstensen ef al., 2004), ¥ AT L] HEEYIAE JZFS
A Al RS Bl = g Qg e e
Aoz &t sty FES 4 5 sy EAow
RIS, FAlol =& dE:o| {A BEwo) & 1, 1995;
£, 1999), o9} ¥h(1997)0)] oatd A i gul o)F @

x5 311
Feb.-04
> 06° N d
57" N
487 N e u
128° 24" E 128° 33 E 128 42 K
Aug.-04
128 24" E 128° 33 E 128" ‘ E
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2 95 #4907 I T5E JUAFUE T Q”lolgkn Bst
k. B3] ZA4|, s i 7Y US5ddA - 7=
YR, FAS FAE ZAEE 5 P B2 dEF U s
vebdch AEE8HE Chl ¢ F55F 06~16.7ug 1'GHd 34
pg [He] Wl AEZHIE HEHT o] TEY US|
BB w0 Chl g 552 91, 7 ¥ 9= XA o
2 =L Chl ¢ 55 230 AEE Chl o 5= F419) 34
of| =kt A9k A0 wot, AEEHAE A Aol thi
ZpolE BT Chl o 5t AEEHHE 24 9 HgHE e

Qlof| u}g} AJe]S Ko (Marisol and Catalan, 2000; Aponasenko
et al., 2006), ¥ AN Ade g AEEHTAE $491F, T

s 5
24, A aie] vslR Qs HEZHAE dTEH Chla



312 FE - S

T sixy

4
4-

o
P

-4

Axis 1

Vector scaling: 4.02

21—

2 sixy

24

Axis 1

Vector scaling: 3.52

g sixy

Axis 1
Vector scaling: 4.95

p—

4
-4

-4

Axis 1

Vector scaling: 4.11
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