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Spatial and Temporal Distribution of Picoplankton, Nanoplankton and
Microplankton in Jungmun Coastal Waters of Jeju Island, Korea

BUMM SHYNN AND JOON-BAEK LEE*
Deparitment of Oceanography, Cheju National University, Jeju 690-756 Korea

AFe FE Q99 7t 27 EHAEL Y wet PR XS, BLH, ELT A - FTEE
78] A 8R17] ABHAE 19999 7RRE 20008 6¥7E 2AEIAH. FE5F YA 20 SFHIEMHPP) Al
X0 AFFL oA 1.4X10° cells  mi™, SNLHA] 8.3X10° cells - mI™& HYY, EHIYA ZrHEF=
EAPP)E JsolA] 9.9X10% cells - ml™, a1l A 7.1X10% cells - mI™e B oA o B2 X BJe
o 2guE g sl HsiME Bl 2oy 4 2 EYPIYA PAEYIEFINP, ANP)2 3jite] HajR
g o B AES BEE BT AQSHIAEAMP) AEFE detdME 7279 A5 r=0.962, P<0.001),
oA JHEEFY WF (1=0.868, P<0.001)° & FFE ww UAc) 2y} JFFH Z1E iRl o
7t 287 AR BA A EAA ) B4R e AEAAe BolX] ok}, ghAgke] FZHAQ] EXE AlESe 2orot
78 ¥EL A 298 EHFGYY MASHIEANP) §42F0] 7P 52 HES 2Rtk 203 wE g8
Ao AFESE Z2gon ZuASFAEAPPIS 20009 3¥9] 0.42 ugChl-a - 1''(57.9%)2 7 =2 H|&&
B9, W AZFFTEANP)IE 20008 5€90 1.42 pgChl-a-1"\(74.7%)% 713 %o L ZHIAE(AMP)S 1999
W 799 151 pgChl-a-1"'81.8%)E 7FF =t AEQAIAIS} B4 809 AHA-E F4E 244 o a0& 5

o

MREe BTk NP HIE SIStold 364, SlalolA 32,68 ol glo] Slo] 43 PEW Ao vekth 1
A ZABIE dlo] HBEFAE Y] 2B AVLIOE H§5HT Urky BT

Abundance, carbon biomass and chlorophyll a concentration of each size-fractionated plankton on the basis
of trophical level were investigated in terms of spacial and temporal distribution, and interactions between each
biological parameter and environmental factors in Jungmun coastal waters of Jeju Island from July 1999 to June
2000. Heterotrophic picoplankton (HPP) abundance averaged 1.4x10° cells-ml™ at offshore and 8.3x10°
cells - mI™" at inshore, while autotrophic picoplankton (APP) abundance 9.9x10* cells - ml™" at offshore and 7.1x10*
cells - mi™ at inshore. They were more abundant at offshore than at inshore, and also more abundant than the other
areas of Korean waters. On the other hand, heterotrophic and autotrophic nanoplankton (HNP, ANP) were more
abundant at inshore than at offshore. Microplankton (AMP) abundance was affected by diatom (r=0.962, P<0.001)
at inshore and by dinoflagellate (r=0.868, P<0.001) at offshore. However correlations between each plankton group
in terms of size and trophic level were not significant. Carbon biomass showed as same as the distribution pattern
of abundance, but composition percentage of each biomass of plankton group were quite different from that of
abundance, representing the highest percentage in ANP. Seasonal fluctuation of chlorophyll a were different
according to size class, showing the highest with 0.42 pgChl-a - I'' (57.9%) of APP in March 2000, 1.42 pgChl-
a1 (74.7%) of ANP in May 2000, and 1.51 ugChl-a - I"' (81.8%) of AMP in July 1999. Correlation between
biological parameters and environmental factors by principle component analysis revealed that the first factor as
main explanation is the increasing of phosphorus and silica and the increasing of ANP at both offshore and inshore.
The N:P ratio were 36.4 at inshore and 32.6 at offshore, showing the lack of phosphorus. Thus we suggest that
phosphorus might be a main limiting factor to affect phytoplankton community in the study area.
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AN AEZSFIEL 1AAAIRIRA] A2} Horks
9] N2E o|FX Yo 7t AE V| A9 ¥AAE A5
= =93 g¢lo] "o} AEZHIE F7]|E= &\ A (pico-; 0.2
~2 pm), P& (nano-; 2~20 wm), ¥ (micro-; 20~200 pm)S-E
U= 9o H(Sieburth et al., 1978), FANE LFFHIAEN &
3 A7 240IRAT Hole ATEEY LR 204, 1)
& Z719] EFIE 75 US| A Fol ik G AY
= o]dd4fl = phytoplankton - copepod - fishdl] ¢]|2&= HBEs H2E
7} LYES AR DolEo)A FERFIV T HAE AAIE
3 YA, Z#AE Pomeroy(1974)00 &8 Zu|A] & Hl4
ZFAEY o] ¢ F03F Ao2 FXHITE & Azam et
al.(1983)°] 2J3] FAE He)512], & ‘microbial loop’2] 4l =
tho] AFH o)%, 7} JUA Y] parameter E2 HAANAF=
A A7 4843 d39 BEFE EYE AAHAT. A7
g g7k HolalE AA), & de|gole} YA E(Sherr
and Sherr, 1994), YA = 2% FEF-ZHAE(Stoecker and
Capuzzo, 1990)7te] AZ@AA o tste] B AF7F A=A
Iy o] 50] B3 Q2059 AW 93le] ojEA A
ghe- Wt tisiA e o E B EkR] &Th(Vrede et al., 1999).

Sye} FH oA AESHIE F7] TR A% A7=
1980Wdt) F5t njA 2 AYFEFIES FEIFUAN AlFHAG
(Shim et al., 1985; A3+ A1, 1989). £L£J WA Lol ZHAE
o &3 A7 v 2 F27 3199 (Cho and Shim, 1992; 4l
&, 1993), Bl (E 5, 1994), 737]%HLee and Choi, 2000)°14] B
IERL, 53] 2UNEHIE] TFE A7e FHI o]FA
A 5, 1998, 2000; Lee and Choi, 2000; No and Choi, 2001).
gy AlFE FAHHGM Y ZE ZFFE EXo gig A
e B FHg g SFaE e dx@Estk o], 200007t
W wu]slr w&o] deolEHgaE Ave AFS 44
A7 AT G FE T drhdRa

e

AZAY FFE LI A2H (T F, 2001), 53] sHAN=
7ol AAF gl AT FT= LI JUTHA F, 1999). E
Z4d BEIA S| 3G sk AP ALY &

Z7he A% B35 GF2 M8 RO o
45 Hgelth, 2 ATE AFE SR B9 - e
Ak ARAEAlL] T ek A8 o e Fae ¥AET}
siekal] Slste] 218 ERaEe] AT AEFS] BEEA
3 g a7e] FRAAE FRTA AAlsan

al

H}Hd
x oH

M=

ZAbE AT Gl X S Fs]GollA s <t(inshore)

o) 37 AEE3AE 1, 2, 33 A3l (offshore)2] 370 FHEGEA 4, 5,

6)2 Asle] 1999d 79RE 20000 6¥7K< Wl E QA kAT

(Fig. 1). A& Niskin 571& ©]8-3}] 3|k 23} AZ(10m

o), ¥lsiE F=Z, 10m, 20m, 30 m, 50 m, 75 m=oA A5}
At

ZUMEFIEFANET 7IF 02~2 um)H PAEFIENR]

-
i
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Ae
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EF77 71F 2~20um) AFE 9 e HFEE 05%
glutaraldehyde2 143 A|EE 7Bl FA] o] FojF T} 2HA]
ZYAEL IPANEF 10mbS FH3t] H-& SIS DAPI (46-
diamidino-2-phenylindole) 2 527+ B4 & Nuclepore filter(3=
0.2 um, black stained)® #}3}] ¥IE immersion oil2 §A 38}
o £ho|=5 AFst] A4 THSherr ef al,, 1993). WA UV
sgatell A x1,000 WiE2 7731 2 um ol8te] AEZE At
Z g o ESFE BB oH e STO|=E blued st
A GESE ZT Yo AERS U AL SIS 294
Z#=.E (autotrophic picoplankton, ©|5} APPWIESZ B3t &
£adopxd Zu| A Z P I E (heterotrophic picoplankotn, ©]3} HPP)
£ % aE ol APP HEFE 73 & FH S THPorter
and Feig, 1980).

NAZHIEL IAANES 20mlE FH3+S proflavine(3-6-
diamino-acridine hemi-sulfate) .2 527+ F4 F Nuclepore filter
5= 0.8 um, black stained)® S33te] ¥I=E immersion oilZ &
Y3l Eetel=g Al ztste] 7383 TkSherr et al., 1993). 27
2 blueBstollA x1,000 HlE&E 2F4L HE 2~20um 7] ¥
A NEZF FEL A3 F2 A& e Ag SHIHR 7
Z# =1 (autotrophic nanoplankton, ©]3} ANP)S & A58},
&8 220 AT HRE 71X RS THYY e
E (heterotrophic nanoplankton, ©13} HNP)S.Z Alg=3le] &3}
ATk 20 pm ©)3F] MESFE o2 S0 nAaEga
E Alpella Alsksict.

2HEFIREMETH 7]1E 20~200 um)S 345 1E Lugol
fH o8 st AR o8l $5E A EF 1 mIE Sedgwick-
Rafter A3l Yol FARAHLE 20 um o) AEE A3t
o] EHYUA £F 2= E (autotrophic microplankton, ©]5+ AMP)
AxZ2 B35

gage AZrd gE4% ASE BPos e
HPPE:#E 15 £gC - bacterium™, APPEAZES 200 fgC - cyano-
bacterium ™8] FEFTE o] §-8le] WS HNPS} ANPS
BT A ERIE Fale] WIS 183 fgC - um™Y AL
€ o83ty 7z MESZRE AL tH(Caron er al., 1995).
AMPEEAFL B4 Chl-af] HIE 50:12 71 Sl] =430 R
e SAst3tHEppley et al., 1977). 2718 FE4 oL B
112 F8ld = =7] 20 um, 2.0 um, 0.2 um?| filters o3k
T} Parsons et al, (1984)9] W o2 ZH st} o) ANATF
chlorophyll 2% (ugChl-q - e E YR

Fe37 JES CTD(SBE 19-03)2 EZoA M&71A] 243}
dor, 7t S FAIAFEEL, U4, TFA-7F4)E Parsons

et al.,(1984)2] W o= ZH 3 th FAEA S SYSTAT v8.0 £

W B

AZZ IS o] &3l BN FHREA L HAEH.
Z2 3
M|z
ZUAEFIAES TEYEAHHPP)S QoA 1.4x104~

=
3.3x10° cells * ml™, 23094 8.0x10°~1.4x107 cells - mI™'¢) #
A2 i/l ¢ & AES BEXE BY¥or AA Hax Qs
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Fig. 1. Map showing sampling stations
in the study area.

Table 1. Ranges of abundance, carbon biomass and chlorophyll a concentration in each plankton’s size category in Jungmun coastal waters of
Jeju Island from July 1999 to June 2000

Abundance Carbon biomass Chlorophyll a
Size class Trophic type Location
cells - ml™ peC1™ ygChl-g - 1!
picoplankton heterotrophic inshore 1.4x10* ~3.3x10° 0.2~50.2
offshore 8.0x10°~1.4x10’ 0.1~209.9
autotrophic inshore 6.4x10%~5.5x10° 0.1~109.6 0.04~1.02
offshore 3.2x10°~1.9x10° 0.1~384.0 0.02~1.09
nanoplankton heterotrophic inshore 1.4x10°~2.2x10° 2.8~ 46.1
offshore 4.2x10~8.1x10° 0.9~167.8
autotrophic inshore 1.0x10*~3.6x10° 2.1~75.5 0.0~2.0
offshore 1.2x10°~8.1x10° 2.4~167.8 0.0~2.5
microplankton autotrophic inshore 1.0~1.3x107 5.1~53.7 0.10~1.07
offshore 1.0~2.7x10? 43~972 0.09~1.94

(T 1.4x10° cells - mI™)7}F ISHEHFE 83x10° cells - mI™EEF  FFo] AFHTE B EXE B oY, sidlx= HPPE X
E=9hth(Table 1, 2). EPFYE 2 ASFIEAPP)E 3ol oA oRRIE A2 WolRA T APPE 10 m3°] 7FE & &
6.4x102~5.5x10° cells - mI™!, 3ol 3.2x10°~1.9x10° cells © = ESITH(Table 2).

me] M2 By A Has dsi@Ed 9.9x10° cells - miy} n] AT TS 24U (HNP)S sletoll 1.4x10%~2.2x10°
T 7.1x10* cells» mi™)RT} 2F7F ESTH(Table 1, 2). &P cells - ml™, 234 4.2x10~8.1x10° cells - ml'e] M E <t
AZFaEL £4 9 EYJYPN BF a7t aigtn & Al o] YsiErt =% AA e sihEEd 8.3x10° cells + ml™)

=
o
T

T2 By} £=EE B9 F|¢olAE HPPS APP 2% o] (@ 7.1x107 cells - mI)E} %7 =5 TH(Table 1, 2).
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Table 2. Average abundance, average carbon biomass, and average chlorophyll a concentration of each size-fractionated trophic category at
cach depth in Jungmun inshore and offshore of Jeju Island from July 1999 to June 2000 (abbreviation: HPP, heterotrophic picoplankton; APP,
autotrophic picoplankton; HNP, heterotrophic nanoplankton; ANP, autotrophic nanoplankton; AMP, autotrophic microplankton)

Location Depth HPP APP HNP ANP AMP
Abundance (cells - ml™)
Inshore 0m 882,994 80,810 945 1,065 15
10m 784,411 61,613 720 1,337 14
Average 833,702 71,212 883 1,201 14
Offshore 0m 1,787,229 108,955 556 702 22
10m 1,429,476 123,963 568 689 19
20 m 1,026,551 73,074 1,176 989 11
30m 1,183,294 90,032 551 773 7
Average 1,356,637 99,006 713 788 15
Carbon biomass (ugC - 1)
Inshore 0m 132 16.1 19.5 22.0 14.5
10m 11.7 12.3 14.9 27.6 144
Average 12.5 14.2 17.2 248 14.5
Offshore 0Om 26.8 21.7 11.5 14.5 19.1
10m 214 24.7 11.7 142 223
20 m 15.4 14.6 24.3 20.4 147
30 m 17.7 18.0 11.4 15.9 11.3
Average 20.4 19.8 14.7 16.3 16.9
Chlorophyll a (ugChl-a - 1)
Inshore Om 0.22 0.25 0.29
10 m 0.15 0.28 0.29
Average 0.19 0.26 0.29
Offshore Om 0.17 0.31 0.38
10m 0.18 0.25 0.45
20 m 0.18 0.27 0.29
30 m 0.19 0.28 0.23
Average 0.18 0.28 0.34

EYGIA N AZFAEANP)S Sl 1.0x10°~3.6x10°
cells * ml™., €)aAA 1.2x10°~8.1x10° cells - ml™e] H{F S
A HE= ShE T 1.2x10° cells - mlI™e] I8 @Ed 7.9x10°
cells - mI'™HYETH =t} nAZHIELS £4& 2 EHFIYH =
% Fjete] et B8 AXESE VERNY T Table 1, 2).
W By 9lsola] HNPY ANP 5 20 m 204 7% &
EE B0, gl e HNPE F3olA E9HT ANPE A
ol Al EUTH Table 2).

=% AFZSHIEAMP)E N4 1~1.3x10° cells-
mi™, sl 1~2.7x10% cells-ml'e] HHE Bon A 3
T2 T 14 cells - ml™)F s(FH T 15 cells - mI™)e] A
o] ZIktk(Table 1, 2). =5 BEE st} 8l 2% FFoA
7PE =3 2 o]l FAlYAE UEHZAGE volRle EEE 24
TH(Table 2).

P~

]

o Mz

=

F4£GU% ZHEFIEMHPP)R LA 02~50.2 ugC -
I, 2ol 0.1~209.9 ugC - '] HWHEA AA Fg-e s
(B 204 pgC - Y7} SIkCET 125 ugC - Iy Bk B =%
tH(Table 1, 2). EHGFY ZAZSHIEAPP)S FteA 0.1

m

N

~109.6 ugC - 17, 2lsfioll A 0.1~384.0 ugC - 1" 2 I3+
19.8 ugC - I'Yy7}+ sliekE@E T 142 pgC - 1Y) Bk ¥ TH(Table 1,
2). 2SI E] BiFs} A Z5E a7t sigtEtt 5o 2
ZE YERAAT.

Z&2QUA NAZFIAEHNP)E 3t YalolA 22 2.8~
46.1 pgC - 1", 0.9~167.8 ugC - 'S BJ o gete] <)sf=c}
ko] B ERTHTable 1, 2). SHY FE(ANP)2 237} 2.4
~167.8 ugC - I"'EM 2.1~75.5 pgC - 1''9] 8¢t B} H$j=o]
AAT AA Fe FokET 24.8 ug - 1'Me) A FHT 163
uegC - BT EYTHTable 1, 2). T ASHAE Sadgre £59
FH SPIGE BT sigte] SJEjEth Eo0th SHIWE &
HEFIEAMP)S dgte] 5.1~53.7ugC - 17!, &7t 43~
97.2ugC - I'E 23X W7t o A Has (8
16.9 pgC - 1'y7} st 14.5 ugC- 1" B k7 EYTHTable
1,2). 55E B2s B8 EJIE 150 A2} 22

738kS RS{TH(Table 2).
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S48
HA WA ZRMEFIEAPP)Y BEL ¢ F dHtA
0.04~1.02 pgChl-a - I!, &J3ellA 0.02~1.09 pgChl-a - I"'9] ¥
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H=A sk Qs et o] Z2t 0.19 pgChl-a-1"'% 0.18 pgChl-
a-1'g& 2o & Aolg HolA] W3kTh(Table 1, 2). SHIEA
o] AEZIE(ANP)E 3<tollA 0~2 ugChl-a - I, sl 0~
2.5ugChl-a - I'2 A7} W Flou Hagd 72 026 pg
Chl-a * I'#} 0.28 pgChl-g - I''& Bo] & o]zt fIATk(Table 1,
2). FHYUA 2 SFIAEAMP) 3194 0.1~1.07 pgChl-
a1, 98lolA 0.09~1.94 ugChl-a - I''9] V= HFZE> <3
(0.34 ugChl-a - 1')7} 812H0.29 ugChl-a « I'") B} ERTHTable
1,2). $58 2ZE APPY A4S Sk BXo] AZRT ¥34T
3= S8 2}ol7} ofF AUTH(Table 2). ANPE 3f<tollAE A
Zo] ESRT B3 Yoy EFo) 7P EUA T 205}
ANME 30 mEo] 7FE EUTHTable 2). AMPR 7% sfigke X,
AZo] o7t g o Aol 10 m o] 7P =8 H(Table 2).

ARHTLE 3t ol zfol7} e $Jsfel 73 1999
W 795 20008 5940 ko™ 1999 9ol 71 RUTH(Fig.
2). S 1999 9o 7H vigkom 1958 A3 F7kske
AFS BThFig 2). 2712 chlorophyll aBg 3k s)e)
FEZM 7+ A7) we} v zsid AdHEe] e 548 BY

> & S Fig. 2. Monthly variations of pico-,
N N $ nano-, micro-faction of chlorophyll a in
v v v Jungmun coastal waters from July 1999

to June 2000.

Tt A SHEEAMPNS 1999 790 Sk} oA mF
7 wskewl 47 0.708 pgChl-a « 1! (73.1%)3} 1.505 pgChl-
a * '8L8%)S JEMIATHFig. 2). PIEEFITEANP)S 3t
oA 20000 621 0.510 ugChl-a - 1'(49.9%), 2314 200004
590 1.423 pugChl-a - I''(74.7%)E 7% &3 19993 9Y7E
129714 e BXE 1ot 2AAEFIEAPP)R 3t 9
glollx 1999 1085 1297FR] AA| chlorophyll aollA =&
HE-L Bom 71 B8 32 20009 3290 gkl 0415ug
Chl-a - I(57.9%)& YERI It (Fig. 2)

MBQIRIZIS| AT
B Avol 248 4 2E AES, BaY, §SaUTH)

ot e EEYWN SHIAEAMP)F TFEF(DIATOM)7}
0.962 (P<0.001)¢] £ A& vehllo] AMP ¥52 tiF&
TFRE 23 AdFg Aos YzZIEATK(Table 3). ¥ aollA]
= AMPY} SR ZF(DINOY7T 0.868 (P<0.001)E F& A#A
< 2o HRZFIF AMP HEo GgE vH3 At vlAl
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Table 3. Pearson correlation coefficients between biotic parameters in Jungmun coatal waters of Jeju Island (abbreviation : HPP, APP, HNP,
ANP, AMP, abundance of each size class; DIATOM, DINO, abundance of diatom and dinoflagellate; HPP-C, APP-C, HNP-C, ANP-C, AMP-
C, carbon biomass of each size class; P-CHL, N-CHL, M-CHL, T-CHL, chlorophyll a of picoplankton, nanoplankton, microplankton, and

total)
HPP APP HNP ANP AMP DINO HPP-C HNP-C AMP-C P-CHL N-CHL M-CHL

<Inshore> _

DIATOM 0.962*

HPP-C 0.990*

APP-C 1.000*

HNP-C 1.000*

ANP-C 1.000*

AMP-C 0.455%*

M-CHL 0.454%* 0.998*

T-CHL 0.463%* 0.650*  0.464**
<Offshore>

ANP 0.798*

AMP 0.456*
DIATOM 0.496*

DINO 0.546* 0.868*

HPP-C 0.977* 0.467*  0.555*

APP-C 1.000*

HNP-C 1.000*  0.798*

ANP-C 0.798*  1.000* 0.798*

AMP-C 0.323** 0.602*  0.656* 0.307**

M-CHL 0.323%* 0.602*  0.656* 0.307** 1.000*

T-CHL 0.460*  0.454* 0.707*  0.392* 0.618* 0.707*
Note: *, P<0.001; ** P<0.01

2 FulaEFIEY BAFH 7 372 MES, 223 48 a0l

EHIE B2FH 7 272 GEAHE 52 J9E Bye ZAI14E AF T2 3ltelA 13.7~26.3°CEF 18.9°C),
g ole @a¥ UL AEF B AE54AFE 71F0E 39 oA 13.9~26.5°C(H 18.5°C)2] BSE E X THTable 4).

o= 7]—?}

0“)‘!
s
=

0.707 P<0.001)Z F= %

7 EAS BE SEgery U]}\II i%(ANP)—‘*]‘ =
EHIEMNPP] gaflolA 0798 P<000DE & A4S Bolw Ho d=

AZ(T-CHL)H 7} 377 9=
ol BA Ftelres mAZHIEN-CHL)®] 0.650 (P<0.001)
B TS i%i:ﬂ_ QlsfolxE

- AFIE

T o-E

al—gE(M CHL)O]

gl ol A

aFAlole] A GRS AF dligtelA] 29.5~34.6 psu(HT 33.4 psu),
29
3

N

<J el

9.4~34.6 psu(HT 33.6 psu)2] HYE ﬁoﬂi 2, G5
o2 719 7Z3hth(Table 4). UL 75 225 (Total N)o| &

g BCHTable 3). ZF 2712 AZF 3 WE sigtolA 0.07~84.86 ug-at - 1-1(%& 6.16 png-at -

240J0k4 njA

I, g3 0.26~38.90 pg-at - I'(B T 4.34 pg-at - I'H S
HAZE vi$ Wslon gete] dgkrtl v 2o B

=

YA T 271279 AL T0R] =4 GkcH(Table 3). & EATH(Table 4). AAF-<APOP)E <ol Al ND~2.05
Table 4. Ranges and averages of water tempearature, salinity, nutrients in Jungmun coastal waters of Jeju Island from July 1999 to June 2000
Factor Unit Location Range Average

Water temperature °C inshore’ 13.7~26.3 18.9+4.2
offshore . 13.9~26.5 18.5¢3.5
Salinity psu inshore 295~ 34.6 33.4+14
offshore 29.4~ 34.6 33.6+1.1
Total N pg-at - 17! inshore 0.07~ 84.86 6.16+6.80
offshore 0.26~ 38.90 4.3442.65
PO,-P ug-at- 17 inshore ND~ 2.05 0.29+0.21
offshore ND~ 1.41 0.31+0.19
N:P ratio inshore 0.1~ 726.3 36.4+65.0
offshore 0.4~ 1156.0 32.6194.8
Si0.-Si ug-at - 1 inshore 0.10~ 60.07 11.28+8.04

offshore 0.10~47.48 10.33+6.57
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Table 5. Loading matrixes of principle component analysis between plankton abundance and environmental parameters in the inshore
and offshore of Jungmun coastal waters of Jeju Island (Abbreviation: HPP, heterotrophic picoplankton; APP, autotrophic picoplankton;
HNP, heterotrophic nanoplankton; ANP, autotrophic nanoplankton; AMP, autotrophic microplankton; TEMP, water temperature; SAL,
salinity; TN, total nitrogen; PO, phosphate; SiO», silicate; VAR, variance explained by rotated components; VAR(%), percent of total

variance explained)

Inshore Offshore
Parameter Parameter
Factor 1 Factor 2 Factor 1 Factor 2
ANP 0.995 -0.048 TEMP -0.837 0.209
TEMP -0.661 0.687 ANP 0.689 0.554
PO, 0.631 -0.020 SiO, 0.618 0.149
SiO, 0.608 0.000 PO, 0.515 0.042
SAL 0.470 -0.825 AMP -0.503 0.148
APP 0.440 0.812 APP -0.149 0.663
HNP 0.368 0.525 HPP -0.006 0.618
TN -0.021 0.284 HNP 0.311 0.560
HPP -0.051 0.237 N -0.113 0.452
AMP -0.379 0.023 SAL 0.453 -0.321
VAR 2.892 2.226 VAR 2.413 1.839
VAR(%) 28.921 22.261 VAR(%) 24.134 18.387
pg-at- I, 95104 ND~1.41 pg-at- 19 W& HA 2} 9 o &

slo] H@(0.31 ug-at - 17H°] skETh 2F7h FhTh Fabta
(Si0,-Siy= #ere] H(11.28 pg-at - 1) o] YRt I =
SITH(Table 4).

ETEY SHQQI7te| AZEHA

zymE 7t 271259 e ARgE FAAREA 9
3 sjotst Jsfela zkk Y] 8918 FE2n). sieke] A
7} QAAE 98 FEE Al 1 =
(ANP, 1=0.995), $1(1=0.631), TF&(1=0.608)= o F&E H3l
Bl e (r=-0.661) 5o AHe Hel A WA ale 20
ZAEAA 2, T4 GEAFEIT ANP F71] B el
o2 28.9%¢] AHEg YR THTable 5). Al 2 203 HHY
A ZEMZEFIAE(APP, 1=0.812), TEYYA HAEZIE
(HNP, 1=0.525), &(r=0.687)2 A 4&HE
0.825)% Ho] Ag Hol B ¥lA 8%1e L
7} APP, HNP & 280 9&g WX e 8107 222%9
AR S GERAATHTable 5). Sjsie] A5 A

0,

>
ko
-0,

o) A|A, $L=-0837)& Fo FAE 2o 3 WA 2l
& Fgo] ZASAL 74, ?l F7PF ANPSTI] d%E PIA=
£910% 24.1%2] AHEL RBol¥ glof st a7}t 2L 5
el 29lo] FEHUTH(Table 5). A 2 2% SHIFY 2]
A EFAEAPP, 1=0.663), TEFFY VA EFLEHPP,
1=0.618), ££A % VW AEFIEHNP, r=0.560), THIF vl
AZFHAE(ANP, 1=0.550) S 2=0452)7} o} FBS B

o] = W g91e A4 2719 23 APP, HPP, HNP, ANPS)
Z712 Jeplls 90102 18.3%9 9L YeRATH(Table
5). wEh B s sfeta ojsolA 2T 2 At
FAHE] =P nATHIAEANP)] FFE PAE &
Qlo] 7H3 ¥ AE S Hol1 vl FrHEh

ANkA 0 2 EAUA ZAZFIEL S| SH ol 2=
BAEe] B sl7HA F2 Bo] FEct ZA
o 9] 2&0J A 20| SHIEHPP)= A3l 77|l siF
o B3 45X10° cells-ml™(Lee and Choi, 2000)=} 332 2
B9 2.6X10°~5.0X 10° cells - ml'(E 5, 1994) Bt &
T A - B} sEEAoA 04X 10°~5.8X 10° cells - mi™'(Cho
and Shim, 1992)2] B9} vl<3ith. &8 ZABIH S F5 U
EYodola) 2ol ELZEMHPPY APP) A4 25 siehuct
a7t ¢ 1.4~ 168 BUTE ol9pzto] ZuMEFIE A ES7F
B o]fE FUiK ZHoA B 4 e, A AL &
o2 HE §YEE o) Wl AFHoE 52 o] HE
R st thE oA FE| X spFdA
o] W&} il YR8k Qo] ozl 718 FEE] 2
& gty AZETH & WRE ARG 2RAEREEe
St srr W AL Ynkdow goz AFE gk
Ey} Yolx| ojuf] =77} ZHe B E] JUdE F5ol
Faltia 2elA e A A7 Aok AZETH(Chang et al,
1995).

Z&% nAZFAEMENP)Y AZFE Al A7 3
T 4.8X10%cells - ml™*(Lee and Choi, 200002t AL, % &
w32l 3.9~6.4X10% cells - mI™(Cho et al., 1998)E.0} ¥jwA"
mort. EYAYA v ASTFIEANP)E A3 H719H] 418X
10° cells - ml™'(Lee and Choi, 2000)2t}F ARt AF= THE i
oo uAZFIE NEFY s AFE 24 FHI Y9
07X 10°~9.8X 10* cells - I''(°] 5, 2000)RTh B2, B3 AU
2] 88X 10°~2.4X 10%¢ells - I''(& %, 1990)¢} ®]5=3l5itt. S
We BE v]AZYAEEHNPSY ANPYS sEt) siQheA o
o S BXE BYE, oA SAZRE il FHE

T 220N, @

Jo uR

= B 62 ng-at - 1) F2(Si0,, ABF 11.3
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pg-at - 17)7F ek B 40 10m oW E 7 EFo] &
wsty] wjeelza AzEv
U sYe SHIE wiFl A3 AFE ofF Mg
olth, B2 FS F317] 913 AF A ofH o] o] tiF-
| AEFERE F20d SAFE AA S ok 2 A7
AEF GELFS o] &3] B§AFS P 7 27
o] &4 BEXE AX9 18 tE S HAT SEYF
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o] & Aol Bo)w YTHTable 2). 9)A-& Al ZA7|d we} &
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) o WS JERNR1(Shim and Yoo, 1985), H5THolA]
E rAEFIE] 2.1~101.5 ugC - 1, 2FEHIAE] 7.79~
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