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Limiting nutrients for phytoplankton were determined by dissolved inorganic nitrogen/phosphorous (DIN/DIP) in situ and algal
bioassay experiment in the Seomjin River estuary during a study period from March 1999 to October 2001. DIN/DIP ranged from
14.7 to 681.1 during the study period. DIN/DIP was over 16 at the upper and middle estuarine region where salinity was lower than
25 psu and chlorophyll a concentration was high, probably indicating P-limitation in this region, while the ratio was less than 16 at
the high saline (>25 psu) region, reflecting the supply of DIP from Gwangyang Bay and thereby mdlcatmg N-limitation at the lower
estuarine region. These results suggested that the spatial distribution of DIN/DIP in the study region was controlled by the high
supply of phosphate from Gwangyang Bay, the low input from Seomjin River and the active uptake by phytoplankton within the
estuarine system. The bioassay experiments using Skelefonema costatum, Thalassiosira rotula and in situ phytoplankton assemblage
displayed relatively higher growth of phytoplankton in the P-added culture media, indicating P-limitation. This result was well
consistent with the spatial distribution of inorganic nutrients. S. costatum showed a rapid adaptation to the low salinity compared
to other phytoplankton species. This phenomenon seemed to account for the strong (>90% in total cell number) S. costatum bloom
in autumn in this estuary. Moreover, although phytoplankton growth rate was higher in the P-added culture media at the end of
culture experiment of in sity phytoplankton, the fast growth in the trace metal-added media at the beginning of the experiment
suggested a possibility of limitation by other micro-nutrients such as trace metal and vitamin etc.
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A E HEEFAE 4FY ATIFES B3] A% PHoezRe
E£EL71449 A4 A9 ¥ (N/P HDE 3= Aol 1
9] dAAIAQ] HEEFIEL 9%Y, 3F 2 & % ad ez Bol o)1 oy £EFIAL R FE R
FRAERAY vl o3 J¥L Pon, JEEFIE HFS 710 =7t o}F @E B¢ FFeAz2 9 FRE HAHE
W3 257t A4 o GFY Fol g8 AgHAA G A WE 4 o} (Lee et al, 2001). =3, 8 JYHT JEHF
ot o] F AEEFAEY AL Adde T4 JYIL £F ENvtoge 29 &8 A3 2 Mo] 59 ¥F AHEEFIE
71849 94t o)W (McCarthy, 1980; Nalewajko and Lean,  Fejo] W& 318 AR UzA¢ Wi E wds) Wrle ¢ o
1980), & 77124 € F2 )%l (Howarth, 1988; Hecky and ~ 21$" (Smayda, 1974), &A1 A5 ¢ uvts} o] FAWsL A
Kilham, 1988; Mahoney, 1989), L&l <14} <) (Schindler, 1977) ooy ARYYES Bodie AL g5 ofE Aot
& 72 g3dM AEEFAEY AAE Adste 8 FUY ojol Hjg], & F (waten)®] FFEE HAVhete HEEFAE
oty a2y, ZEE B #UHe #H49 Ao £ AF ¢ 33 Tv Ag4dA Wdste BERP LY (algal bioassy)
Ao g Wige HFgelde AEEHFAEY AT 4ol A e ATILEE JFH)L NI BT £ URE 3
o2 aex FVFHeZ A A% (DElia et al, 1986; ¥ (Mahoney, 1989), ¥ 449 94Y £4% 4EEF3AE
Caraco et al., 1987; Webb, 1988; Harrison et al., 1990), 379 deFvto 2y BuEs) oy, AEEFIE 4L 2Age
Fdd 29d dEAYG FRANA HxIA sEse YA A G449, vEES 23 vET 5 dF JRE d& &
JYd 499 dHAANE FTFGY AFIYE I3 A ¥ 9t} (Smayda, 1974; Hitchcock and Smayda, 1977), ¢l$ld} 23
&A "o} (Fisher et al, 1992). YAFE Bty A3 WAL 2 Mesocosm, Nutrient turnover
time 12} 3 Alkaline phosphatase activity 5-& ©]8& 4840l
s1out (Fisher et al, 1992), AEXNE A YIS HEFH]
*Corresponding author: kwonky @ maill.pknu.ackr 9% gukxql dolgtn Hrjde ot (Lee et al, 2001).
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3, 1M HEEFIE AP AFIIEE BYdeE
AL 79 4 AA dUdYy ¥4 71FS ol 3
g 7led Agded o F8% ARE A& F AT (Lee,
1997). 28y, PN AFFFLS Bdsty] 3 BEAS
AYS o] 43 AF e NG L FFIAMY T vl vz

AAelny (Fisher et al, 1992), FHAAE F9ge N/P
4

ﬁ\o

A
HE o] &3te Agdgds BId A7+ wi ¢ Bov}, 484
AAYE o] 23 P YN HEHALHSE T 4ES
FAEFHY AGIFHol §EF7124TT U Lee et al
(2000 AT QLA 2FZFAY NS §F Cochlo-
dinium polykrikoides BZ9 A#YYFE ZAF Kim et al
(20019 AFolgoE HlaF o] EH3}ch 53, Lee et al
(2001) & AHFAGA A AHF AW FFANAN F9€E oGF
o QA ol o3 FFHLE AFFFGo) AHoE AAAFE
Ho, A% 7 Yd AR AGM e F47l0 FeERPez
st QA4 Qo] AFFYHol E AL Fd Ut
et & dFoAe ZE F97 5y B EFo o] F
oAE AAZM 7Y AEAA ] WE JEFEY NP v
HEARZLEE o83 JEEFIAE AFY ATIYEs o
9, FEREF L AEEFIE AEFY s g ATy
Fdy HEENS ANEcd 539 Utk

= My o

ME L uy

A7sidel 8%y EAo thdMe Kang et al. (200D,
Kwon et al. (2001a,b), Park et al. (2001) §¢ A7 A3
Hugglen] 2 a7 FAd BHE 98, £F 952 o9
ADA HE AL Kwon et al. (2002)9] oA A3 Bas
ot

gorade] N/P H] HERGS JME AR S g
QA w2k 19999 3EREH 20009 108744 F 123]0) 2
ZAE Bon, AEAFAEL 20009 109, 20019 49,89 &

108 F 439 A &858 o83t APt R

FIg AEAH L AAZ T EE5Fd 94X e
GERAMRE B4 dert AL due ARAA 43% &
& wa rbaA A&E AAsgeH (Fig 1, 2AEL
A PR 4 2AM Y Q8-S BN s A
Aok 9 2A4E daiMe 4N A5 AES S00mLE
%7 045uym Whatman membrane 9#A2 4% ¥ 47d
AEE EAAMA ¥F BRI AY. FFHL Strickland and Pa-
rsons (1972)9) vl Poz o} AN (nitrite), A4Y (nitrate),
@48 Yol (ammonia), Y44 (phosphate) & ZA 3.
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1049 30, 15 2 Spsu (4F 0km, 20km, 23.5km) F&¥ 99 A
ETE ALY (Fig D, 3ET HEEHAEL Skeleto-
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Fig. 1. Map showing the sampling locations for nutrient deter-
mination and algal bioassay experiment.

10989l 83 AEEYIE FE 9814 30,20,15 10 2 Spsu
(42 0km, 125km, 20km, 22km, 23.5km) §E49Y A 5+E
o &3t th.

S. costatum® T. rotwiad o143 AEAFAH L AFoA A
B7E AAsd ¥4z $9g ¥ ¥4 045 ym membrane o
BA g oFsgen, g Agsd d99e 44 Jg ¥
gaA st APMAE SR HT 4 F¥Hel A8 WAE
22X150 test tubed] 1SmLE FHF ¥, 12} £ - g 48 -

EYIES AZSHAY. P L5 20T, R RAYF £ 9

£33k 2000~2500 lux, 14:10A12t9) Bz oA A F &
gen, W 13 && o] 43t APF vt} AAF HEF
FAEL AVMAAY vF AEEFAEY AFFAHL fluorome-
ter (Turner Designs Model 10-AU-005) & ©] &, 1~2¥ 3oz
HEZFIAE] MFHI AT Z test tubed] W FF3k (fluo-
rescence) & &Rt F3Aor, 7 H¥L 33 wEAYE I
At

voke] AHEE JEZFIAEL 437 FFHA AZEHA
£ net (Y7 300 mm, %5 20m)E o433 AT F, 44
Az gurgdch e AEANA £ (isolation)d & T
W 4E 913t FAA (Sigma Co.; No. P 0781, Penicillin-Strepto-
mycin Sol)E& AH&l$ ¥ (1/500 34, 19 EA), 30psud s
oM wlF - BESATE vl AHE AEEFHAE T HIA
7oA 7123 bloome $48%9Q S costatum (Kwon et al,
20012) 2 FFERPA Yggko] vz WA IBHE T rotula
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Adasigon o] 252 das oo AYWH wWiAAN 157Y
AL 7l gd & A7) Aeol 22T AXES 4 U
A7HA WA o) HE3 Ak

3 20019 1099 AF A EEYAEL o) $F A2 AAHLT
2 M, 498 AVHAY BS, HBM EEFE 045m
membrane GHAZ GFH3 & 10mLE 22X150 test tubed] ¥
F3AA0m, 7 test tubeo] Y¥FE AT wFo] o] ¢
HANEEYIEL RN JEEHAE na2 AFT F, F
BEEHAEY 4TS A7) A3t 2 200 mQ & H netE
A#GE, 4 JFd A Ao, AU L9 F,
ERNBEFAE YoM H4d vz wa} wieraige.

7 J¥EY HMe 9Y¥UE FHEA @& dZE (Cont-
rol), & A7 (+N), @ A7 (+P), T2 F7HA (+5D 2
vEFFE "M (FTME 4RSS 4 3 FxE 2
8 A (Guillard, 1975) A=YWYL 7|F22 stk (Table 1).

Table 1. Nutrient enrichment schedule and media used in the
bioassay experiments (Based on /2 medium; Guil-
lard, 1975)

C Control (sterilized & filtered water; not added)
+N  Control + 75mg N/L as NaNO;
+P  Control + 5mg P/L as NaH,PO, H;O
+Si Control + 3mg Si/L as NaSiO;*9H,0
+TM

Control + Trace Metal mix
4.36 mg Na,EDTA/L
3.15mg FeCl;*6H,O/L
0.01 mg CuSO.5SH,O/L
0.022 mg ZnSO,*TH,O/L
0.01 mg CoCl;'6H.O/L
0.18 mg MnClz'4HzO/L
0.006 mg Na,MoQO,*2H,0/L

2ot o ¥

AL ST N/P AKX

ZANT B F F1AL (OFEA FA+AN A+ gr Yo}
AR FEE BT 9.07~10552 pg-at/Le] W=, BEolel W
L FF7lel wom, EEG w3 AGEGANAN & Aol
Atk (Table 2). A4 8] BT+ HT 027~1.34 pg-at/Le} H 9
Z AdRgge FRF A8 g Uz F 1349
g2 AEEYol vj3] PG 2& Pl AL Fet
F 571249 A A9 A4 (N/P ratio)e BT 14.7~681.1
ol welz 2001 299 344~150439] WA 453 e,
2000 499 12~4129 HSZE 713 2Rk} (Table 2). G0l
g F771449 A < AR Y FEFFE HAZ AGE
Aol =1 IFGEGAA e Aol (Fig 2). 19999 11
gl s~15psu HEH, 20000d 10¥9 0~18psu FE Y, 2001
299 20psu o3, 281 20013 4¥3} 8¥ol 5psu ol FE
Ao A N/P ulgko] 200 olH o2 w4 ¥ on, 200000 483 8
e A gEYIA 50 ol3tZ Fkeh N/P Hl7} 16 ©)3k2 U

Table 2. Mean values of dissolved inorganic nitrogen and pho-
sphate concentrations and of DIN/DIP ratios in the
surface water of Seomjin River estuary (Values in
parentheses are ranges)

Month (p?-allrt\}L) (1:12‘;;{) ZIN/P ratio
Mar 1999 (5355068 (a0~14D)  (17-1750)
LI Gosgie)  (088o100 (666~56)
S 1% (teer) Q1) (210-992)
Now 1999 (14sq0s0) (091200  (124~5120)
Mar 2000 (o0 8% 00 oiaion  Gsoinie)
A0 (0000 g9 (1amd1)
A0 0060 105t (186~509)
Ot 2000 (1654 5689 Q09109 (16558
Feb 2000 (0950 “1504) (009080  (A~15043)
A 20T D aeetas) (2o$s2)
A 201 (ooinh0)  (14m09%)  (S13-6018)
0ot 2001 (1051500 (053l (140nTrSS)

B FE A2 AN A dEE 22 HYd T8
o 20009 498 A3 A - Fzhe) #AQL] 16 ¢4
=2 HFE Vel

2 ATFYL d2x 7 A4S AYsa grEo) & F
of YAt FEAA Y KU MG F FFZEEHY Qi
A9 FRF FFUe] GFoE Ad 25psu 013 FEYoAE
N/P ¥7t Fom Awrzer Add BAYe AEBEZFAEY
AR Z2Ae AT 9YYL 94 U9 Rez Bgdd 19
U, oF 25psu o} dEYY dax: 3y e Fyggozny
H TEHE A% 99 9%z s N/ 8l 16 o)FE we},
LETIALI AEEYIAEY ARE AFste Aoz wdd
. ole 437 TN 72 ALE 2EdE FIge AN Y
ol B3F Kim (1992)¢) 27 s 94X 8, 28T A4 A9
Aol o3 FA AA7t A gFgoez $AA delde
GFFToA B ¥ F57t Y€ AS ARAA g7 AT
Ao Me Aggggdel A4 do] @ RolBAR & Lec et al.
(2001) ¢} AHox AT} Lee et al. (2001)0] FA§ 427
A7 A AYL E A7 dak 39 g3 gxgm glon,
BEE FHHAAM Y N/P ¥E 57 de AR 16 o8 F
F719E 16 o449 Higk& VeERl i
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Fig. 2. Relationship of DIN/DIP ratio with salinity in the surface water of Seomjin River estuary (Broken lines indicate 16

as the Redfield ratio).

S, AEHA N/P H9] walekde 20009 48 2 889 A
€9, 283 2001 499 Spsu o] FEYGAA wjmH o}
o1 19993 11¥ 5~15psu 9£9, 20008 1083 20013 229
0~20psu F¥Y, 2 20019 4¥7 89 ZAGEGA
N/P H]7} ¢F 200 o] 422 Fo} AAd] W& N/P vl& E33A
Ha A (Fig 2). Yvta o 799 JUdge 247q ¥
3 Fx7ld] FH SAoRRE FFHoz F4HH, AAE X
gate Agees IFUFE wEste deAs FAAUL o
O, AaAgo] it Aol v)3) JujFoz B2 ¥o) FYEh
T, HFAM NP ¥ie B2, G5 G N/P H7F & Aol
dwkA o]y} (Schindler, 1977; Howarth, 1988; Hecky and Kilham,
1988; Mahoney, 1989) 359} 27t EFHE TG N/P
v o] Wiyt 3w & 3 w Folde & N/ ), 7
F7lde ¥& NP HE Hel e Zo] gitF ot (D'Elia et al,
1986; Caraco et al,, 1987; Webb, 1988; Harrison et al,, 1990). 1=
A2 T (Chesapeake Bay)S 3% #4719 e S< N/P
H 7t ol A4t AfGFEeRE FEaHed, T4 284
€ N/P H|7} go} A4t Qo] AEEHAEY A UYdoz 7
£33t (Fisher et al, 1992). PIAAI 979} 4a& we Fo)A
B} B (Louisiena Bigh)lME AAlwlz o] 349 Bdd
F3E BdFA2en (Smith and Hitchcock, 1994), 3] 2A % gt
(Lee et al, 1996a,b), Laholm % (Graneli, 1987) SolA %= fAHs
A7t L

£ drdMe GM A5 vl o] Fota A7 ST Al
o fAAste xR N/ Hthe] ZEHFd wb dubFg)

M3t BYS ¥, N/P H7h 16 o) SZ ¥& 25psu 03 gE
dolxe drA AFEE dehdA gt F, 1994 119
5~15psu GEHANAME 400 ©]4¢ N/P ], 2000 10¥ 20 psu
o)t A& Aol A 200 |49 N/P ¥, 2 2001 487 8Y
ZAGEGANANY 500 o144 N/P HlE A EBEFIAEY w2 4
Ao 93] (Kwon et al, 2002) ¥& FXo] ¢4t Qo] FA3H
2250 NP H7} Hold Aoz agdch =8 F47¢ 2000
d 893t 2001d 2€9 N/P M7} 4719 #Er)9 dwbEQl
N/P ¥} 443 w2 Jehd AL 4883 adude £&F
71829 A4 U9 EFFHY FFo YT Fogegn #ud
ot 20009 493 8€E 1999 o]F SERV|ALV ALFez
FTEHA goF N/P HI7F Al Fo2 3 A", 20019
290 25790 E $EF71449 dFFY, A 99 ¢
R FEZ U3 NP HI7F oS Eoldl Aog wadd

ME ZAM4AY (Algal bioassay) Zn}

F¥d H7lA W& Skeletonema costatum™ Thalassiosira
rotula®] 43EE& windly] A4 Fig 3o =22 dig 4 4%
g A7MANAM Y HBEE %2 JENIUT S costatume 43
ZAIZE B GG BAGle) AvEoz A4 A AT GA
ARHLE 5& S Byon, 53] ngEAq) v& AL Gl
A AdHez 48l XY T. rotwlats 20013 8¥ 30psu g
293 109 15psu G QA < AANAM 453 ¥ 4
A& Egoy, I 9 Aide & 9499 A R Ao)st
YA T romlas 2001d 8Y Spsu 9EG3 109 Spsu B8
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Fig. 3. % growth (in fluorescence) in the nutrient-added culture media against control of Skelefonema costatum and Thalas-
siosira rotula in the surface water of Seomjin River estuary.
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2001'd 1089 30, 20, 15, 10 Z Spsu GEGoN dF A EE
FAEES A3 g 29E AHEE (Fig 4, 4 9¥98
BREEY Aole da oy, AvF ez fER|de vFT
& AL WiAGA BE 4 BAen, g AF 209 °f
Foe QA 9 HAVHIAA €958 &2 A4%FE BRAd. 59
Spsudl e T2 FEG Hj& A4 A A HANMY Aol &
3 =%,

S. costatum¥ T. rotulaE °] &3 HEFFLEHR 8 H&F
FAES o] 4T AEHAAY 2% dAZ A < HIHAAA
Aol A FHe g BA Jevd, A3% 7 ged A HEEFIE

RARE Adde EEL YA AU A2 BAFHAG B 9%
A H7HO wEte] QA Qo] HrME WA A FEA EA
A ol 20019 889 30 B 10psud S costatum B T. ro-
tula, 2.8 3 20019 10¥ 15psu?] 8. costatum B T. rotula®d 24,
200043} 20013 10¥ S. costatum® FYE 5 psu HIA NS ¥
2H g2 4FE BA o) FYd A7 A N/P
HlE 20003 10290 2488, 20013 g€l 513 (30psw) L 1006
(10 psw), 22 200113 1028 480 (15psw) 2 1755 (Spsu) 2
redfield ratio®] N/P ¥] l6Ett €53 Eol, A4 < AZHAY
AAA £ A4S A AEARLY AH9 AT (Table
3). 2, N/P ¥|7} vob A Aa A7HAY wAgA & 4
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Fig. 4. Growth curves for in situ phytoplankton assemblage in the nutirent enrichment bioassay experiment of October 2001.
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Table 3. Comparison of estimation of limiting nutrient by algal
bioassay and N/P ratios

Salinity . Estimation
Date (zonej B(;(i);sosriy of liminting rI:tgs
psu nutrient
Oct. SK (+P)
2000 5 TR 2488
Apr. SK
2001 30 TR 2.92*
SK +P
;)%gl m 30 TR +P 51.30
10 SK +P 100.63
SK
30 TR 1395
Oct. T T e T
SK +P
2001 __“_}_5 ______ TR +p ) 48.(?}"_
5 SK (+pP) 175.51
0 M, +P 1395
Ot 20 Insiw ___TTM, tP 5077
201 15 phyoplanklon  +TM, +P 4801
_____}9 _____ assemblage TTM, 4P - 85.7_?__
5 +TM, +P 175.51

SK: Skeletonema costatum
TR: Thalassiosira rotula
*. ammonia concentration not added

2L GA4dd 2001 49 30psu WA (N/P=292)9 20013 10
4 30psu (N/P=14.0) v 2 AL F/MAY & 4
Ae BAHR] ggton], RE 4G HHALY HFE Aol
aA gt ol opvik B Fro 9YgL e BA
A S$EF7AL AR 9 A Q1Y TRV 4 B Fd H7}
ol N/P B7} ZF FAHUE FoE HoHy, old Ud o
g3 wee 2o A A A7t 94 es Az
th, Twinch and Breen (1982)& 4 #73 449 384 £4&
5% N/P Y F4L L£ERF4L 9 QA Qo) g B
Z7o] Fitojol 3ln ZHe A2 AF FEE HAe N/p
o I e Fi FHY ZHE TG YT £ A7
ME N/ HI7F 7H Bk 20019 489 A$, dxYol Fav)
BEMEA o} £E277A4Y 7} oA HAA NP ¥ 7
ol Aoz ZAED EF Goldman et al. (1979)3 Lee
(19 HEEFIE ¢ Fo AdFoz go &A=
A HFFHAS F, o] FE2F F7o] HAL o FFHHS
Q% o] &3td YAV Y AAUTL gyt
#2000 2 20013 108 Spsu GEHNA 9} 2ol NP H7}
Ztzh 2488 @ 17552 W% Lo e B78E, 94 9 AUA
N ¢ g Aol dARA e ¢ S costatum B T
rotula?t FLF 249 WA A Folg AFTHE e AL
N/P ] o]9]d) w9 3183 zA] W& NEZHFAEY F4
e re ¢ Aot g2r g Aoz dgdn AdEd
N9 S costatum™ T. rotula®l AAZTAE HlZd] HgE o

2719 - P2 - B2 - BAS - A0S - 4

(Fig. 5), S. costatum& WA Z F - AFE G wiAAM T rotuladl
H8) A5 7] AF Aol ma Bo §A4¢ A4S YL
o <At Qlof i whgol JUiHoR £& o2 JEHYY. 9
of w8} T. rotula® LFEGAT AHo2 52 4FE B
fom o 10psu ol3te] AGEFANE AY 4FE RAY
Aol ASANE FEo} g H§7|7ho] DA e o9
Ze, 37 53 GEA U AEEFAEY £ HEHE 1Y
SEE W, g Fo va) ¥ WAol A3z, YA Aol i wr
&40l & S costatum?] F 5ol A% T HAAM 71E A
EtEol N3 dUFLoE mE A4S 2YIAS HojH, $HE
90% ol4e] S. costatum bloom®] TAHE FL 4UAF9 Iy

& AR FZHY S costaume Y H dUAH FRFE
(Round et al., 1990) Nothern San Francisco Bay 37 (Cloem
and Cheng, 1981; Cloern et al., 1983), St. Lawrence 73H (Roy
et al, 1996) & & ZrolA dE G @A) 79 £
A &% AAZY £F bloome Yo FLE ¥¥A Ak

TH, 2000 109 R ESHIES o4 YEFH LY
e M FAF 27 P FFE H7HAAA vy BE 43E

Skeletonema costatum Thalassiosira rotula
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