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Samples were collected to investigate the effect of salinity change on biological interaction between primary
producers and herbivores in water column of the Youngsan estuary (Mokpo Harbor) at 8 stations from October
2003 to September 2004. The highest river freshwater inputs were introduced into the estuary from the Young-
san dike during summer (June and July 2004). Ranges of salinity were between 6 and 28.9 psu when the gates

“of dike were open whereas the ranges were between 24.4 and 30.3 psu when the gates were closed. Algal bloom
occurred in February and July when the gates were not open at the upper region of the Youngsan estuary and
the bloom was dominated (70%) by large cells of phytoplankton (micro-sized; >20 pum). Nano-sized (2-20 pum)
and pico-sized phytoplankton (< 2 pm) were dominant in October, November 2003, June, August and September
2004 when the gates were open suggesting that size structure was affected by river discharge from the dike.
Micro- and meso-zooplankton (herbivores) displayed the similar pattern to that of phytoplankton. The biomass
of zooplankton was higher when the gates were closed than when the gates open and also the biomass was
higher at the upper region of the harbor system. This results suggest that freshwater inputs affect size structure
and biomass of phytoplankton by changing salinity, nutrient inputs, turbidity or light level in water column
resulting in the change of the interaction between primary producters and herbivores in the Youngsan estuary.
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AL F0K) el A Ho] AlEelM AEEFIAES YA} A}
BX A9 dFeAE Tk FEEEAE B oY AR
DS XL, T3 Aot dYEFY el T3 9T
238t} (Kemp and Boynton, 1981; Boynton ef al., 1982; Coffin
and Sharp, 1987; Sundbaeck et al., 1990). A BEFa=E2] U3}
M- dutE o I F 71X 713 o3 2dEnt. F¥E
19] ZF(3%4 24 bottom-up control)Z EAJR}o]| €]FH A1
3 722 A& &-8-(815k4] 24 top-down control)(Carpenter
et al. 1987, Kivi et al. 1993, Armstrong 1994, Caraco et al. 1997)
olc. ST o] F e} A, AR At stk 2ol o)
& oA T dside 2 ¢ =] oI$tH(Tilman
1982, Carpenter et al. 1985).
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1985, Malone et al. 1986, Sundbaeck et al. 1990). ThA] sl
olol] thgt FH LK AE2] RESE TV 49 (grazing pressure)3}
ZE f71A AARE vEe R TR 1AMIREY] St A
HE2Z7)YE 2T 5 7] ol At S EZA 0 g oA
S Sl olE g 71EA dlFhEe] WSt olsirt 8
Stk & 5= lvh 2] 27 AEEEAES] $7dRsle] o)
gt Wh-3-(Malone and Chervin, 1979; Takahashi and Bienfang,
1983; Gieskes and Kraay, 1986; Joint and Pomroy, 1986; Oviatt
et al., 1989; Glibert er al., 1992; Armstrong, 1994; Hein et al.,
1995; Sin et al. 2000)3} 10 WE 3 e HolalEe] T2}
FAE B A e G AA Frh(Walsh, 1976; Lenz, 1992;
Painting ef al., 1993). T8 4= (Michaels and Silver, 1988)
o} o] FEEE AA 3] i AEEFAEY] A A4k
FzZt(Jonas, 1992) 2232 FYF R A (dulgorst dAF
ES9 nAEEL0 7 93y Caron, 1991)°] Lol AYE A
FA7)0l wE} th2A ®d £ M AEEYAES Al 2
& (micro-size(>20 um), nano-size(3-20 um) 22| I pico-size(<3
pm)O 2 o] ZARSIGT it shtelA Al EERAEY] A
71z A areke] Asakge] e A+ dxe A A
T3 dAolnt, mEkA B A7 BA2 Gk shrolA Al

o] EAlsle AEZHIAEAYIANT FYLAR] FEEFE  d UYHE fYFHE B2 A% €2 Wil Ui e B9 ¥
HEEL S48 g el w2 F4stress)0] A wel s A EEFAEY] A7) TR AE FgH 7] 2P AL A
A Gy et A2 AsgelA] AR Wt Az A AaHGERY §71E QA niAE g Fetge s o
Aab|Rzre] ASALE(EA) S oF5Ry 7 |F) ouls & 2} & ERIAEY] HE Wl OE whgo] olse} AU
& vl dig de AR A2 F8 #ge] digh gh A A mlbe) rloEaat s
-8 olsizte V12PAR & 4 om, TS 229 23 A&
ZPase) YAZ 3719 72 st e sk Aty ME 3 EHE
9] 4 #e] FHAME Fasith st dapAl A&
EFIEL FRIA 35S B3l FHGES] 2N BFE F4lo] oF 6 ml FAkE WAl =410) °F 20 mel 913
u) X3t 4] (algal blooms)o] Yot F FHavAEe whgo] Pz F &7/ HH(SF 14 km)lA 2003 1094 2004 9
U ZA&ET} 20 25X e AEEo] vigel slEgtel v 4 74X mjE WAE A92 87 2 TR sl 2AR
AE Bajlo] 71A2A 288 §ENAE TAAF R FEE HFig ). ATe AGU 2] ¥ A ERaERe] 34
otsl Al + 7] WiE|tHOfficer et al. 1984, Seliger et al. & LolB7] f8lA 37 S5 AU (20033 99, 11€, 2004
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3 69, 89, 99y vyl (2004 29, 49, 59, 79)E UF
o] EZoA 1 m okt AZNA 1 m 9] TS Aesisinh.

ASEYIE YNY¥E=2Y) 3

2 AFAME AEFLHAES Vo 2R Rk B3}
St} micro-size(>20 um), nano-size(3-20 um) ZZE]Z pico-size
(<3 um). ©] 2FF 918 20 um Nytex mesh, 3 um ester membrane
filtersE o] &alM 48 ¢ AlE AFEFQ20 umE 200 ml,
3 ume 300 m)E H= (<120 mmHg)E ARESIA 3 g & of
I Holz Ad-g f8 A AZAR(GFF filter, 27 25 mm,
Whatman, pore size 0.7 pm)& ©]-&3]4 o3} o A &
229 (Chlorophyll ay2 A+¥ SFAIE 100 mlE F2] HF o
HAZ gE gt AHE HEES F22E FEEYA 90%
O} E(Acetone) 8 miZF F71 A Alg ol WL 12417F0] At
F 2427k o] Z Turner Designs 10-AU FluorometerS A-8-3}
o Z2A3Hth FE29 HCIR NS ot A slel) whe
pheopigments®] ¥= G th. PutHoR FAAE0] AEE
FAEE A ¥ 52 AVMER A E229 ot
pheopigmentsZ AE=7] o F22H a9 pheopigments?]
HE B3 d2o e @AdMAE Ahlst AEE 7H 3
o2 &A% 4 JdrH(Welschmeyer and Lorenzen, 1985).

=oH SMER, g, 25) U EEML

ZAPIZE B9 b H 2 AFRAIME BEA| 71 AEE 9
S35 W AmE 4410, 35, 60, 85, 110 cmellA] LI-
COR PAR Quantum RadiometerZ AR&-3ta] 243t F4d
Al5~(Light attenuation coefficient) A4 Beer’s Law(l,=l.¢*)=
o]&-3}.

S~ (Temperature), E-(Salinity) % -84 (Dissolved Oxygen)
£ YSI-Model 85 S-C-T 57 H]|& o]&3t, FZlA 1 m of
o] S AZoNA 1 m §Y A L, GF 2 £54

£E ST

oS F: @LIO}, AL, A, olikeyd

Niskin 5718 o8&t AlgE A5 £ AlF dFFE F
74 25 mm GF/F filters 34171 &8 20 ml plastic scintillation
vialell ¥o] dry icedll WE 24l -20°C WEEF $ Parsons
et al(1984)°] 3l AutoAnalyzer(Bran Luebbe®)E o]-&5}o]
ATt
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EZHIECE TS o]&3 AAEIFHHE B9 A
net?] Y737, w9 ANAR B £=(5A (flowmeter)
HaliA @] WAG AF T (dry weight, gy ALt
=748 $3] Folsom 8715 ©]&
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formateZ A A3 & AFHIZ E7|8 AASA}. AH Y-S A
A% & FES 7] QB o 70°CE AT FAE E w7t
A G2 AZAZ F, AZAZ AR FARRE 7= A
& M FARRY FEZHIARY 7AFHE I A5
PFAE dw gm’E ek

g 24

SAJNAES] #A Tot-g $3 linear simple regression
(Microsoft Excely& o]-8-3f G wHsle|o the W A&
EH3EY A7 722 AALHIARECA MXE e Hot
313 AEEFIE S A LRAES] RS ERAF HEE
getgto 24 & Wl e olg EFIAEEY] s Apgolt
AAAE Tetatit. ‘
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FZAF 71781 2003 1095 20049 9¥7HR] BExAHe] Y
3 Az 2 34, 899 A, 68 &2 5495 vERY
Ath(Fig. 2A). AFEe 257190 AL B3 Ao Fat
U HFol o «EdR 44E Uik AT UEE AL
2 Hol & AJEH A AL el A &5
ATHFig. 2A). F2FE S22 E MEHe SF FUFE R
A 737t A2HU 62(183,248HE ) 79 (381,402HE )l &
£ g 7t FYHEAS S A & UAh(Fig. 2B). AF=F
Arde] A whel 7 fAle) RisfEA R RSl A
}E &89 Y.

Pt Ao 2 RE B f-ygel dd 717 B9
T EF GE BEE BY 6289 paust FES A &9 A
71(24.4~30.3 pswET} Z GE o) 2 el (Fig. 3A). F7H
0 2= FE NEA & BkE olelE A AdA 7HE Hke
o, IEE &) XS A HolA PE & 9% BEIE
BT £33 F7 /] WEHA~D)Y Ha YRS 103 psud
23.4 psu¢l Q&) vls)|A 43 e BEE wch RAF 717
e ¥F 8 B E BY 945839 23.70°C0.42)2 7HF
=tor ALA 629°C*020)E 7P e $& BEXE By
t}. B3 Fedels Zzh 15.87°C(£0.59) 17.86°C(x0.90)E 7t
Sl tha: =A YERTH(data not shown). 5+ /1WA %

BEXE BW 18.7~19.1°CE 15.1~16.8°CQ1 BI7/R¥kA] B} o
A A JERRT 28 FF Al WEs el &
ZpolE HolA] ggpor, FHHoRE S BX AEFS Hol
A &3thFig. 3B). F-HEE R AEEFIEY self-shadingd
PME G2 v B2l AP K i AL 2R E
B ko] ©49) fedo] UMH 717l 1.6~5.6 m'E ¥ i
A} 0.7~1.0 m™ B} o) £ F4E A (Ko) BES BN
th FHE o 2= £E AL tE] A Bl 5.6 mME 7Y
=okor, AAle okl AH Bl 1.6 mME JFY We BxE
HthFig. 3C). <= BIA e FadAlse 9¥e! 079 m”
2 086m 9l R i B Jelgtoy $7 s
WaelA 3.6 m™"e2 2.0 m™'Sl A8} nustE e uf & % 3}
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Fig. 2. Photoperiod (monthly sum), precipitation (daily mean and
monthly sum) and river discharge rates from the Youngsan River
dike in the Youngsan River estuary.

ol Ry FAEN(TE +41%)23
(P<0.0001) 212l FAF AT (P=0.0024)
Ae AL et

oA B(P=0.0025), %
23 fejsbl Aol

Cieg0l0) (2 Hoky SEEYIE U J7|Y MASEY
3-1% T_"_'_l_
FEG NES o) dRvolel FE EXE HH, 20034 10

4 AR AdAM 137 uME M B FEE B, 752
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Fig. 3. Physical properties (mean) of the Youngsan estuary when the
gates of dike were open and closed respectively.
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Fig. 4. Nutrient concentrations in the Youngsan estuary when the gates of dike were open and closed respectively.
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Fig. 5. Zooplankton (micro-, meso-sized) biomass (dry weight, g/m®) in the Youngsan estuary when the gates of dike were open and closed
respectively.
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G T BHL Holx APAT, vES AAF EES e X Yk wels Weld 1 AR0R 4% HolE 4%
WhFig. 5A, SB). &E B/ 2% 2 $PEETLIEL £ L BYSH, FES AURS o B} o 2o YA BES
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Fig. 6. Phytoplankton biomass (chlorophyll a) of size classes in the Youngsan estuary when the gates of dike were open and closed respectively.
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20043 2€olA 7129] 99 R AE QA Fo] MM i
7388 B T(Fig. 8E, 8F). £ EEHFIEL TS = 2004
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Fig. 7. Size structure of phytoplankton
(% contributions of size classes to total
chlorophyll a)in the Youngsan estuary
when the gates of dike were open and
closed respectively.
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Table 1. Results(r?) of linear regression analyses of surface chlorophyll a vs. environmental factors over the sampling period. (r values less

than 0.2 were omitted and denoted by ‘-

’. Negative value denote negative relationship).

Sal. Ky PAR DO NH, POy DSi NOy Micro-zoopl Meso-zoopl  Ry/R,

St. A 0.35° - 0.92° 0.65° - -0.36 - -0.40 0.84° 0.90° 0.59°
St. B 0.47° -0.21 0.81° 0.70° -0.39 -0.30 - -0.40 0.35 - 0.51°
St.C 0.25 -0.17 0.92° 0.64° -0.29 -0.40 -0.76 -0.37 0.84° 0.48 0.30
St.D 0.49° -0.26 0.83° 0.26 -0.29 -0.37 - -0.41 0.73° - 0.60°
St.E 0.32 -0.17 0.45 0.70" - - -0.45 - - - 0.81°
St. F 0.43* - 0.51 0.23 - - - - -0.57 - 0.83°
St. G - -0.24 0.71° 0.79° - - - - 0.94° 0.80° 0.39°
St. H - -0.23 0.70° 0.57° - - 0.60 -0.30 -0.35 0.43°

P<0.1

°P<.05

*Sal (Salinity), K4 (Light attenuation coefficient, m™), PAR (Photosynthetically Active Radiation), DO (Dissolved Oxygen), NH, (Ammonium), PO,
(Phosphate), DSi, (Silicate), NOx (Nitrite+Nitrate), Micro-zoopl (Microzooplankton), Meso-zoopl (Mesozooplankton), Ry/R. (Chlorophyll

Pheopigments ratio)
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