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ABSTRACT

Nakdong estuary provides the largest wintering grounds for migrating waterfowls in Korea, and
was designated Natural Monument No.” 179 in 1966,

Nakdong barrage and related construction-projects finished in 1987 to increase freshwater-supp-
ly to nearby Pusan metropolitan area and to reclaim the vast intertidal areas for land
development.

Changes on distribution, primary productivity, and standing crop of Schoenopluctus triqueter, the
dominant species in this intertidal flats, were investigated after the construction, during the
1988-1990, and were compared to those before the construction.

Total standing crop, tuber biomass and net primary productivity of S. trigueter increased in 1988
and 1989, but decreased slightly in 1990.

Increase of tuber biomass means an increase in available food, thus the carrying capacity, for
swans wintering in this area. Habitat environment of this estuary should be protected and man-
aged as a wintering ground for migrating waterfowls, inspite of the construction of the barrage.

Flas Gk MAREE gAste] S/o Mo e EEEKL AT 1 AA47)
%1 (Goldmann & Horne, 1983), A4tAo] #ifgtktk the o2 v, aas oA [

A7 19898 Bay sedrzAue Adeg o folx 3.
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ool Ao el B #d A7r &%EA gl A doh(Ranwell, 1961 ;
Chapman, 1977 ; Nestler, 1977 ; Odum and Fanning, 1973 ; Mann, 1982).

Felvebel M e sERmEAE Y KEBREY 2 19 WA #F AF7 o) o] &9
Horvl(g, 1975, F %, 1982; &3 B, 1983), 53 BEILAAR £RERY A7 WOl A
A ool o] stafel] o3 o] FH (R, 1970 ; £, 1978 ; & 5, 1982 ; #i7} &, 1983 ;
ghat &0, 1984 ; 7} 4,1985).

BHEIL WOs 1966d ole) HAZIEE A 17932 NALITHTD e AN mhAZA 2
FELS 79 st5dd de o8 g7 HS TEME FAHE ol 43tm 37 d el M4 8=
A EZIY dEA HES Holot HAAZ ol &5 (i, 1981). v BEITY %
KE BEEZ FH B33 n, ¥aA99 Ao f4d3 Ad 59 598 A7 938k 19839
129 %E 198730 AAH BRI 3750 AHEUT Mo 24 24 HoE 342 Q8
o A OARERY W2 WL i dET 1 dES HAEE) Slsle 84 FEHs) oy
Hofo A o] o] Ht}(Groenendijk, 1983 ; Doornbos, 1983 ; Groenendijk & Yoon, 1985 ;
Groenendijk, 1985 ; F3 ¢, 1985 ; Doornbos, Groenendijk & Jo, 1986 ; 3, 1987 ; ¥4
HiBfE2 ik, 1985 ; NEDECO, 1986).

AT @0 24 5o WIS 2AEY) 931, o] A H FEMe] $9EQ Armeg
o] (Schoenoplectus triqueter (1) Palla)g 4o 2 FOlgEe] Axz W&z weal njz 98
e T ALE did AN, FE, B, BEE 59 8 439 A, —kifikER
HiE g AR, T4 Fe Afifel He AEndo] HE) HER WA E A ey 3o A
A Aol A Z(FH, 1987)3 vl wE gl

AR #R

WHEILA 0= X332 o g+ 2233 (deltaic formation) 317 2 A (Ketchum, 1983) 8%
o] st¥oll = RIS (barrier islands) 7} HEE HHog ZA dagol 2ol gl dale
t HiRES Dol PR 982 slu e (Fig. 1), ol B s 71349 8
ZA¥stel o3l FAwWsirt @4s Ay gUoh(HE, 1973 ; 5, 1984, 1986).

Aoe AAHE A e 38km?(Eynsink, 1983)0] 31, 249 ZHMatol: wZ7)o] 120~150cm
o|i, Azx7]d 10~50cmolrt, Zt HilEd = @F o HEgow TEmr) ddstgen, T8
el AL Z@ES g Atolol <F 400ha, BME 9} K EMEo) ok 800hao)x, Kk EHE I}
FAE Atolo] FEME X o] oF 400hac|ch. FiEMIE S HAIZL 9wE PYdoln FEME
AALE wel AR EF(tidal creek)o] wetsly BEIFol 4L 0.5~2mAPEol),

BERA mEHE FEM ¥iad 1xvt ¥ 4 10cm FxE e Ro] AR o
figE% ol FAS 1, o 7)Ao el Y(Zostera nana Roth, )& B F& wta} £330} BF F9) 9
Amnzgoe] XA FEEo] EFTES o]Fu Utk Mmoo IFL o AP fEzk
3= TUF9 e ol &9 (Groenendijk, 1985).

B A 2AAE 35 R0 A3 HHAHA IS e Adog BHE) KER
Mol MEnsdo] F&& [ALE Aity, KEEIN FA4% Alole Arnwgel #a&g [[A
282 A48HArHFig. 1), A2 MiZxHF2A [ALE [ALRYG 315 X8, |
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Fig. 1. Map showing the studied area in Nakdong estuary.

B . Baeghapdeung D : Daemadeung E : Eulsukdo
Ja . Jangjado Ji : Jinwoodo Sa : Saedeung

M : Myeonghodo
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A2 vtk GFE o ol W AFolrt. FTA &F ol F ANYWstE, Ty HwE
Fdhel THM ZRE §% MEd Y THte EAWPZA b s 24500,
dEo HAM T2 MEL FBMI AFen, AT HHog Qs SFHAYG. Z
BE NE FLEE ZBE 359 TR AZog 433tn KEWELS J4og Z4Hu
Ao, FaEet W FAFA L ML dHo $FHD HAog XA golH o,
MG SR A2 BHA7F B Atk BHARLY LILUFE 22 see HHNE
o BRE %oz FHM7E APy BHE 9% FHe Fdog z2da Jg
(Ban, unpublished data). we}x BZAAS [Aie ANoz Tt WAoo Hasw,
IA4e= &F5 7t de Foloh

WENM X Kk

w AT 2AFE 19899 3UNE 11474 ¢ /MY HH o2 o] FoHom HruaYo] 3
e AAF Wzte 4F FFF ZHAIZ] 299 10898 4o 1988, 1989, 19909l
A A st

BANA AEY EXAFL Tt kg r)derg REXNGE 0mtH g 2P e
o, JEndo] F&e T2z By F(50cmX50cm)E A g T WP U] A EL 23}
F7b 283 AHE ¢ UAE2 40cm Hol7A o] 0.6mme] H Lo MHEL G B2
FEs MAH3d EREHIZ E A KR 52 YEog Helsla 30C Ax7NA HEo
2 w7z AdzAZ F BRI, HETrE 4T AREE 37 o| 4 BT E AL}
Aeon, wE BEIE dFATo] S8 o Fox BEHA(8Y )] HAF R AAFE =
Atste A e & Fata, WATFHY ZF A9 AR Aol E mm7tR] 2Hsle] FFAE F
A=

e Z1Ae FE(1982)) W oy, MrumPole BHKE Scirpusol A Schoenoplectus (&,
1983 ; Flora of Taiwan, 1975)@o. 2 ulg zqtc)

—&KMiAE & (net primary productivity) & HEFESZ RE b2 o] Smally(1959)9)
Wy wek A&

AA=A +A AA ; Changed of crop of living material
AB=B,,+B, AB ; Changed of crop of dead material
1) if AA>0 and AB>0 ; prod. =AA+ AB

) if AA<0 and AB<0 ; prod. =0
3) if AA>0 and AB<(Q ; prod. =AA
4) if AA<0 and AB>0; prod. =AA+ AB;

a. if prod. 0 ;prod. =AA+AB

b, if prod. <0 ; prod. =0

Argo]l 779 B#FL ballistic bomb calorimeter(Gallenkamp, CBB-330)2 &4 3l¢
o, Foj &L 550T A 48412 38 A7) of ash& 0.1 NHCIo} %9 % o]z} 2H 5=
43t 9AFFEFF=A (atomic absorption spectrophotometer ; Shimadzu-AA-646) 2
38 .
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BR A ExX

F@ol Ao Bz FAHEL MELBo|(S. trigueter (L) Palla), of 7] A vie) 2
(Zostera nana Roth, ), Z-oh (Phragmites communis L. )olR1 &1}, a7 & F [ 2| 2ol AUAL
2 (Carex scabrifolia Steude. )7} A L& AtH(1990.10). FE 79 Hold &2 Wy KEEFH
(A, 1986)S MEngo|s} Ay AT T o)A Groenendijk, 1983). A7 &
o % fEo) B¥AYLS g2 ¥M3E Jeuiuo(Fig. 2a, 2b).

4

=N 35.05 .")
¢

A S. triqueter I"7"! Intertidal Area T,
dense-stand ", :
EE- nana g aedium '.. 5 . trigueter e **--
fi] sparsef 128.35 REETL L-55
Fig. 2a. Distibution of S. frigueter before  Fig. 2b. Distribution of S. triqueter after
the construction of Nakdong the construction of Nakdong
Barrage, 1985. Barrage, 1989.
M : Myeonghodo S ! Saedeung M : Myeonghodo S Saedeung
J . Jangjado D : Daemadeung J . Jangjado D . Daemadeung

Auidols [Nag [A4 2 ZHRE stde TEtd EXaoy, A71Anage
shigel 7M7he A4S 227 ZEE 39S THEte F3 BE KoL BF A
(1984). 281} 1985 799 ZAMIA ZHE ol MZ F&Euzet N A4 HA%F A
YA Vel o v (10.58g - DW/m?), ol& & @4 SFAE 98l Al 58§ 72l
2 a8 A|7](NEDECO, 1986)¢ 4@t & &g 2oz of A9 4wl 454
o} (personal communication, Bae)®Rt} @714 4 E<Q of 7] A v 2 & (Beeftink, 1977)0] z &
F A @ Aoz FHAG.

Amigolel FEY Bt 2 HEES HEL Table 191419 2o}, 1984 I 5-E 1985 &



68 Korean ]J. Ecol. Vol. 14 No.1

Table 1. Population density, plant height, standing crop and net primary productivity of
S. trigueter in summers of 1984~ 1989,

No. of individuals Mean height
(m™%; (cm)
"84 "85 '86 89 "84 ‘85 ‘86 '89
Aug. Jul. Jul. Aug. Aug . Jul. Jul. Aug.
Site | 270 478 NA* 385 27.2 38.3 NA* 35.5
I 243 382 276 442 28.9 37.7 31.8 26.8
I &11 256 430 NA* 413.5 28.1 38.0 NA* 31.2
Mean dry weight Net primary productivity
(g DW-m"?) (g Dw-m™ yrh)
‘84 ‘85 ‘86 '89 ‘84 85 ‘86 ‘89
Aug . Jul, Jul. Aug.
Site I 50.6 46.1 120.1 155.5 45.8 87.7 113.4 145.0
II  59.4 141.0 88.1 99.2 106.4 129.2 81.8 95.1
1 & 11 35.0 93.6 104.1 127 .4 76.1 108.5 97.6 120.0

NA* . Not available

A7 EQre Ao BAIgle) FES BEX L BFEEC SR en 1986 e HAAE
2 e D, Ao S43F 1989ddl e [ A4e MAF7E 43 EXs BEES F
7Htg e, NAxAME Adse Fristed ELd HEELS 23l Fasd.

Smallys] WMo @& —kifiEER(Table 1) &) 712 Wol] & 54 249 AL
g ZAo| A Fol wa} Wiegert-Evans(1964)8r¥o) 23 A v} 54~70%9 & g e
W o (Groenendijk, 1987), %+ o}t z 71#H 2 Minimum-Maximum ®og R2g 3
2% FRUE B Yo e Vel oz (Balsberg, 1982) A9 —kititERS ¢ &
Aoz AlaHY, uoh AR ARE A7) fste ZAVIY @& a7dTh

HE gl Ao sitEse] Wes 0.5~1Kg DW - m? yr!(Mann, 1982)0]22 B =
Apoll M o] MEmmefole] WAHLE o Fo £3Fr), a2y Scrpus americanus2] 150g DW -
m? yri(Boyd, 1976)3 <412 Ul FOfE dAFA 713790 1984 d = HIE
19863 523} &F o] F A7IRA 19893 9] EANF S vwd B [ AL E AL F7H3t
Ao [AAaolAE 19843 %00 vla) 19853+ 121.4% =2 F7189 1, 1986d ==
%9 63.3%%2 FasAon, &F olF FHA bgd A7 1989l = 1988l wE F 7}
FHE Rolxqt 1984'd9] 89.4%2 FAF o] Mol wls] FaFATE o WHEFL [ 29
Ix149 71%A AFAME Tt 283 F Aie 7 FA ol F F7Hat At

zZt A4 BERES Wale 2 713 AAFEF dig W2 &2 Table 20149 2}, 7
Aatole @EF 7 Aol vehlA sttt AEnYole 4WLFE Yol A
o] Aj 4 (turion) o 2 RE A&7 AZaH 1989 39 HF BHEES 9.79- DW/mPo g
B o) 55.8%F A=A @y A= A Wil Fig. 3A, Fig. 3B 2 Fig. 3ColA ¢ &
o] 39 o]%F 59l ojZ¥ T A3 MK HEREL Zastn A3 42 F(culm)o]
Z7hgc}h 59 ol Fo FA% AFL Yehl R olg @ Fhe AN BfFE(51.8%)0] A

o
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Fig. 3a. Seasonal changes in standing crop  Fig. 3b. Seasonal changes in standing crop

of aboveground and underground of aboveground and underground
organs of S.t#rigueter in 1989 organs of S. triqueter in 1989
(Site 1). (Site II) .

100p [ swoors-i sl Welol 1% (48.2%)Bot 2 ANTXE
8 swoms VERR QT 8RERE A Axe i3, Zz3¥
[0  ruowess & seeos

A(0.6%) 2 A A skl FHHANEES AZ
3y, 2 olF AR e =M I =AY
e W Fol MgF FE $£F A7)A Rdt=
YA Zo] TF B Ao WA F& ¢
o] o] AA 1, 10¥e] o2 AFHe o
55.8%7F MFESI L, MWTFMELS Ao o] &
t}. (Table 2).
Fig. 3c. Seasonal changes in standing crop Aoy FAMAHA FAAM A o
of aboveground and underground 3 WA HEe] o3 WAooz Wi AL
Qrgans of S. triqueter in 1989 A Bused 22 BYs oo AFe @
(Site [ &II pooled).
Uie REWEXN 9L 20 HEAE 7.
10%, #RERHE 2.12%, K45 5.38%= RKfb#el 72.90%0)on] Hae 4. Okcal/olx 3] 3}4)
7 AAL EF F& 4E Hn, dol&¥4 A Fe 365.3mg/g, Na 171.5mg/g, K 185.
8mg/g, Ca 70.6mg/g, Mg 25.3g/mg, Zn 4.28g/mgo. 2 Fer} E3] =ich,

IUF AEHY AZBe] MK BHFEEE NS st Nztste 1088 4
o2 WMOoETE Fif(H, 1987)7 FOE A4 ol F& vlwata 19831d(6.78g DW - m %)l 4
1984, 198572 F718tAo.n, 19860l& &3] ZHA3ste 198339 81% wFolUch ¢
T3 1988 dolE 198338t £ 0.79¢ DW-m?2og 198339 159%=2 Z7lgdon,
198939 EwHoz ZrtstR2(143.48¢ DW - m™?), 1990 &= 19893 o} 748 th
(Fig. 4).

MofE A4 FAo moERERY Wb KBEY AfEY T2 Aoz od4s
Rou Tma BHAZY TEMe Wyse] glojzied, 4% FEtr §45 1 ZHE of
Ao FEe oS A AT, MEnHoly BHERS FA7IT B¢ 4% WE L Je
WAAT 4FFA 2818 Friatdoh. 12 1EiRM B4E S creek bankz R E HolAxE
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Table 2. Seasonal changes in standing crop(g/DW/m? of S. trigueter in Nakdong
Estuary,
SITE | Mar-'89 May 89 AUG 89 Nov-'89
DW % DW % DW % DW %
Total 12.26 10.49 155.46 133.56
Living 10.36 84.47 10,03 95.58 152.81 98.30 95.89 71.80
Dead 1.90 15.53 (.46 4.42 2.65 1.70 37.67 28.20
Aboveground 4.77 0.39 4.79 0.46 122.02 0.78 66.19 0.50
Shoots-L 2.87 23.38 4.33 41.22 118.70 76.35 28.52 21.35
1.90 15.53 (.46 4.41 2.57 1.65 37.67 28.20
Flower&Seeds  00.00 0.00 0.00 0.00 0.75 0.48 0.00 0.00
Belowground 7.49 61.09 5.70 54.36 33.44 21.51 67.37 50.44
Root & -L 1.01 8.20 1.54 14.68 29.43 18.93 23.35 17.48
-D 0.00 0.00 0.00 0.00 0.08 0.05 0.00 0.00
Tuber L 6.49 52.89 4.16 39.68 3.94 2.53 44.02 32.96
-D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SITE 11 Mar-'89 May-89 AUG-’'89 Nov-"89
DW % DW % DW 9% DW %
Total 4.60 8.97 99.16 78.31
Living 3.40 73.91 8.58 95.66 93.88 94.67 63.80 81.47
Dead 1.20 26.09 0.39 4.34 5.28 5.33 14.51 18.53
Aboveground 1.20 0.26 5.19 (.58 81.24 0.82 26.98 (.34
Shoots -L 0.00 0.00 4.80 53.55 75.32 75.96 12.47 15.93
1.20 26.09 0.39 4.34 5.28 5.33 14 .51 18.53
Flower&Seeds .00 0.00 0.00 0.00 0.64 0.65 0.00 0.00
Belowground 3.40 73.91 3.78 17.92 51.32
Root & -L 0.00 0.00 1.64 18.31 17.02 17.17 8.28 10.57
-D 0.00 0.00 0.00 0.00 (.00 0.00 0.00 0.00
Tuber -L 3.40 73.91 2.14 23.80 0.90 0.90 43.04 54.97
-D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (.00
oo siTE & it roouED HEBRI Eo] YolA 1, Nestlers= 1 o] F &
150 @ —p g / ke el Rt FzAATG. AW
/ neole A FrEFve WHE #A 3
100 ‘\ o/ omg(F, 1987) ¢F ol F 1989 2 19909
//: . BEEEe Z7he 253 Z717 2A e
ool 3 \ . WHoee Angt. odd BHAM N
: ° i olste) A Ad uHE ¥ Hast
] : ) 37 Sisted, 4@ 49 olgd) WA s2:
'83  '84  '85 '86 87 88 '89 00

Fig. 4. The Changes of standing crop

of S,

triqueter in Oct.
1983 to 1990 each year.

from

g we ol 2450 $% ue €
MZ Sue 4% 2 Y% S4FEE ¥4
% ANz 2Ase] Yool PFaelol B
Ro2 ArErh
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mze AES ANSAXN MY WUF KE S (carrying capacity)s BAECTH AA A
o2 WE BEEL Z7IHEUeH, A9 108 EF Frte o] A7l st 7Y
79 BATRER (food available standing crop)o] ZF712, mid 28§ 21U F 9 AMAE 9l
o, ﬁ%ﬁ*¥55°§ ) BREWA S(carrying capacity)e] F7H3 ez FRHG, we
Aol A9 ANERAzA MAFHY ALHQ K By sAE

W =

BHRIL PO 34 o3 THt M4 HstE 47 fdte Ay Bxo AFEH 9 B
FES A Ao A4 gig vied 29 dgx 22 A48 4.

FEHh [ A4 Aol FHie] A5 WMEZF 3 F2H(1985. 7)0] B n EEI FolA
oo, 3ol MHz DA MEnPe] Feo| P BEEY HE L HEFEC /A
t}.

FR DALY AAAY F&o AHEY HASH 351 FEEe] solid. 55%
¥ (sandy area)?] M Eno] F&L 71381 FUF(muddy area)?] ME ol HHY
of BifrEol A3 MEFRE THith(sandy area)= =1, F7HEATh

PO AAFTA S BE, &L, BEFER 2 —GM4EEES 4% H5 S Jeuslen,
FAZ71(1984)° Hl8] FA} ol F 1988\d, 19893 2] & & & (total standing crop) 3 A
HEFL Zristd o, 19909 = 19899 8 e} ozt st A azlo] W BER
& dAMEe] =] A 1088 FHOE MOETHE §I(F, 1987)2 MO 34 o
& vlxstd 1983 5-H "84, "85 7HA FrtEd o, 1986\l S48 Aasle '83d
o 81% &0t FFF 2 1988l & 198338} ¥ 0.79¢g DW - m2o 2 8339 159%
2 Z7E 9o, 'g9doe Eudog Zreda '90dol e t8od o k7 A stgd).
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