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Changes of Distribution of Vascular Hydrophytes in the Nakdong River Estuary
and Growth Dynamics of Schenoplectus triqueter, Waterfowl Food Plant

Kim, Gu-Yeon, Chan-Woo Lee, Hae-Soon Yoon' and Gea-Jae Joo*
Department of Biology, Pusan National University, Busan 609-735, Korea
IDepartmenl of Biology, Dong-A University, Busan 604-714, Korea

ABSTRACT: A study on changes on the distribution of vascular hydrophytes and the growth pattern of
Schenoplectus triqueter (Scirpus triqueter) was undertaken at the Nakdong River estuary from 2002 to 2004. The
change was due to physical alteration of the estuary for the past 25 years. These plant species are the major
food sources for winter waterfowl. A total of 32 species of vascular hydrophytes from 17 families were found
in the West Nakdong River (freshwater), the main channel of Nakdong River (freshwater) and the Nakdong River
Estuary (brackish water). After the construction of the barrage on the estuary in 1987, the number of hydrophytes
has remarkably increased to 17 species (5 species in 1985) in the main channel of the River. In particular, a
community of Eurale ferox was found at the backwater wetland of the Daejeo side of the main channel. The
introduced species of Eichhornia crassipes and Pistia stratiotes that were epidemic in 2001 at West Nakdong
River was not found any more. The other species such as Nymphoides indica, Myriophyllum spicatum, Ruppia
spp. were rediscovered. The large area (about 1,300ha) of Zostera spp. was the main sources of food for swans,
but disappeared because of direct and indirect impacts of reclamation in the River estuary. Currently, there
remains a small patch of Zostera spp. and about 250ha of S. triqueter. Schenoplectus triqueter grew mostly
between April-September and tuber formed, between September~October. The growth of S. triqueter up to
60~80cm in length was observed in 5 sites out of the 7 sites in brackish area. Tubers of S. triqueter were eaten
by waterfowls such as swans as winter food. In five sites, tubers took 44~57% of total biomass in October.
Tubers were found in deep layers; 5~15cm (9%), 15~25¢m (28%), 25~40cm (55%), below 40cm (6~7%). The
distribution of vascular hydrophytes has remarkably changed in the Nakdong River Estuary due to the
reclamation of the area. In order to determine the extent of changes of the distribution of these plants and the
carrying capacity of the area for waterfowl, an intensive research is urgently needed.
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Fig. 1. Map showing the study sites in the lower Nakdong River (A,
West Nakdong River; B, Nakdong River (main channel); C,
Nakdong River (Estuary; Eu, Eulsukdo, My, Myungji; B,

Baeghapdeung; S, Sinjado; J, Jangjado; D, Daemadeung; M
Mangummery).
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Fig. 2. Physical changes of the Nakdong River Estuary.
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Table 1. Physical changes of the Nakdong River Estuary

No. Content Date (area; ha*)

- Reclamation for the Shin-ho agricultural area 1974
@ - Construction for Shin-ho Residential Area 1989(60ha)
- Construction for Shin-ho Industrial Complex — 1994~1997(46ha)

- Construction of estuary barrage
) o , 1983~1987(180ha)
(reorganization of islands)

- Reclamation for the Janglim and Dadae
©) ) 1987~1988(132ha)
Industrial Complex

- Reclamation for the Noksan agricultural area  1984(290ha)

D - Reclamation for the Noksan Industrial Complex 1990~1996(679ha)
® - Reclamation for Myoung-gi Residential Area  1990~2000(161ha)
® - Eulsukdo(sanitary landfill 1" step, 2" step)  1992~1997

- Reclamation for the New Port construction 1997~ (1,309ha)

% ha*; permitted area from the Natural Monument Committee.

Table 2. Salinity variation of the lower Nakdong River on the before

and after construction of Estuarine barrage

Salinity range (ppt)

Site
1983*, 1992%* 2004(this study)
A ; West Nakdong Oligohaline Fresh
River 0.5~5(n=4) 0~0.5(n=5)
. Mesohaline Oligohaline
B ; Nakdong River
5~18(n=3) 0.5~5(n=4)
C ; Nakdong River Hyperhaline Hyperhaline
Estuary > 18(n=5) > 18(n=5)

* Data from Chung and Choi(1983) ;
Hadandong.
** Data from Ha(1993) ;

B-Gupo, Magdorii, C-Myungji,

A-Dunchido, Garak.
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Table 3. Flora list of the vascular hydrophytes in the lower Nakdong River

West Nakdong River Nakdong River Nakdong River Estuary

Family name Scientific name

1985+ 2001** 2004 1983#!* 2004 1983%! 2004
Salviniceae Salvinia natans o] O ¢)
Nymphaeaceae Euryale ferox @) 0
Nelumbo nucifera o @) ¢)
Ceratophyllaceae ~ Ceratophyllum demersum o @) ¢)
Hydrocaryacceae ~ Trapa japonica @) @) @)
O
Halorrhagaceae Myriophyllum spicatum o) ¢)
Gentianaceae Nymphoides peltata o] ©) ) @)
N. indica @) @)
Scrophulariaceae  Limnophila sessiliflora ¢)
Lobeliaceae Lobelia chinensis o] O
Typhaceae Typha orientalis ) ¢)
T. angustata ) @) O
Potamogetonaceae  Ruppia maritina O @) @)
Potamogeton cristatus O @) O
P. malaianus o] @) @)
P. crispus @) @) O 0
P. berchtoldii o] @) ¢)
Najadaceae Najas marina o)
N. minor O O
Zosteraceae Zostera marina
Zostera noltii ¢)
Phyllospadix iwatensis
Alismataceae Sagittaria pygmaea o] @)
§. trifolia o] @) ¢)
S. aginashi o @) ¢)
Hydrocharitaceae ~ Vallisneria asiatica o] @) ¢) 0
Hydrilla verticillata o @) ¢) 0
Hydrocharia dubia o) @) @) 0
Gramineae Zizania latifolia o] @) @) 0
Phragmites australis o) @) @) 0
Scirpus triqueter o] ©) ) @)
Araceae Pistia stratiotes @)
Lemnaceae Spirodela polyrhiza ©) @)
Lemna paucicostata @)
Pontederiaceae Eichhornia crassipes @)
Monochoria korsakowi O
M. vaginalis var. plantaginea o 0

*' Data from Yoon(1987), * Data from Chung and Choi(1983), ' Data from Yoon ef al.(2001), * Data from Chung and Choi(1985).
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2, dEolle 2zl AL mEshy vyt &0 1 Ay
1958 348t 4590l A5 vrEleke Z0E Barstal
AThLillebo et al. 2003).

AEazyo]e] Ux wWshe 499 TRIHAT 10~30702] 714
& ARRe 2 79 120~25070A], 9 € Lol 250~30071A1 2 437
BIATH(Fig. 49} Table 4). S5 AHL 2] AMHT £ AA
H 9E HslE Bk BA] A AlRaols 784 0¥
Ale] 5% Bk WIS HolH, S5% YL 44 o]% 74
T2 B5 AP UEiTh o]2fgh Aol WA A W AR
o)) JAo| SEERTE A AR WO E AekEt:
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Fig. 3. Change of distribution of food plant on the Nakdong River Estuary.
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A5 A APdR7} A EA] FAAF RS AAE, 9
dolle YR Hol7t He HAo] A AT 44~57%F
22| AT Fig. 5). 5=t WA 4] AR o]E H]uls|
RO, A%yt gy 23971 g2 gAA AT 9okt A
-] o] A ool S5E0) A9 TSkt of o7
AE w2A dojyith
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AEaredole] a1 Apol= AA AsHE-e] 7 YA Ao

€0 Euryale ferox

777 Rare distnbution
of Jastera spp.

™ Ruppia spp)

128" 55°E

a0
- & - Eulmkds
L
_— _-_'__'_,.,-'-"'_ﬂ-ﬂ-
2 A~
0 - .
: g
v
100 /ﬂ,f"
§ -
= .L__,-!'/__.-*'
=t

4 &8 8 &8 B.

Langth of shack (em)

k

Fig. 4. Seasonal changes of density and shoot length of S. trigueter in
the Nakdong River Estuary(-@-, -A- Eulsukdo; -O-, -A-
Myungji).
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Table 4. Seasonal changes of biomass of S. friqueter in each site(2002, n=3~5)

s Flower Stem Root Rhizome Tuber
Biomass (g.dw/m”)
M E M E M E M E M
5 April - - - - - - - - 5+ 4 7+ 5
26 July 6+2 - 139+ 3 78+ 6 13+ 1 5+1 1241 5+1 30411 7+ 3
25 September 18+0.4 7+1 248+13 195+19 44£10 2243 46+4 2242 163£13 121£ 5
20 October - - - - - - - - 168+10 184+35

* E, Eulsukdo; M, Myungji.
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Fig. 5. Seasonal changes of biomass of S. friqueter in the Nakdong
River Estuary(A, Eulsukdo; B, Myungji ; n=3~5, 2002).
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ZAER) S5 et ¥R Bk Hit pHE 247 699 7.3
o2 FAl 7L f718 e S5 Aol 2.8%, 8
A 15%=E 7 AF7 FoaE 1%00A4 FJshAl Yepsth
ANAEEE 2,438( 1£Slem)FE 2,076( £ Sem) O & =] o]
A H7e] Aol gIATHTable 5).
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Table 5. Sediment properties of Eulsukdo and Myungji (n=4)

AE2] EA(soil texture)> HA|NA EejghaFo] 87%, S4=
oA 46% = HA| B g BlEo] A vEh F A
7kl AT Ao)2 HATHP<0.01). AZHEFH 23 24
A7 PR BEYS FANE, S55E EYL AYER &/
ATKTable 5). EFS] EAS AEA9 Aol a8 29 &
o] shfoltt. HES} HET} wol FHirH Y] EGS vy
o] HojA ] 23 FEES HFIL o] 2 EA & dY
5 Algske Aog dEA vk FE7t st A AR
gPolo] 75 Fokto] FHG vistE RlEo] 4o ol ¢
3 AEaolrt H4E WESIHA TR i 3aT dY
i 7ol ofFoAE ZoE AdHnh

SE sl 4 A Anaols] 4%
S5 S 2 e REshe ARngele] 43 xu

30~60cm HYZ AAE 30em=z 7 Ao fol4F 1%09]
Well A Al R o] 7o AtolE YERH XITKFig. 63} Table
6). Karagatzides(1991)2] X 310 28} w]=9] Fraser River Delta
oA MEarzgolet FAEQ S, americanuse 40~60cm, S1iA};
71 45~70cm ] Zo] F7Fo R AR o]}t FAFsIGAT Al
Baggole] dre e AT 250~35070 A o)Ak AlAf=e}
A ARAAM - Bes el oH, tinks A3 2x
7b =A YERsth

Aol o] A FHbiomass)S T BEHE A5
A 7V e RS BYTKFig 7). AlEareyele] He] 47
o] Bt AAtE oA A AT A YERE oL 4147
HEH T2 A A AlFelA Frolt 2ol & HolA]
=g

9574 ool €5ste FaRel T4 ol Mg
o] #)7tuber) 2] AN A BAIZF] 44~57%F AHAISFATE

Organic matter (%) pH Conductivity (#S/cm)  Sand (%) Silt (%) Clay (%) Soil texture
Eulsukdo 2.840.1 6.9+0.1 2,438+1,236 46 30 24 Loam
Myungji 1.5+0.2 7.3£0.1 2,076+ 399 87 13 0 Loamy Sand
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Table 6. Comparison of the density, shoot length and biomass of S. frigueter in each site (2003, n=3)

Sites (mean + SD)

Statistics (ANOVA)

Daema-deung Sinjado Jangjado Baeghapdeung ~ Mangummery F P
Density (n/m”) 346 + 21° 247 + 44° 266 + 13" 320 + 17° 314 + 39® 5.780 0.011
Length of shoot (cm) 56 + 4.4° 32+ 42° 62+ 5.6° 60 £+ 58° 59+ 31¢ 102.433 <0.001
Flower 11+ 45° 7+ 22% 6+ 13° 7+ 23 102z 3 2.636 NS
Stem 140 + 8 4+ 12 98 + 8° 190 + 17° 172 + 13 76.372 <0.001
Biomass ab a ab ¢ be
) Root 17 + 34 12+ 3 16+ 7 29+ 8 2%+ 5 4760 0.021
(g.dw/m")
Rhizome 27 + 88° 9+ 4° 1+ 4 18+ 4° 18+ 5° 3.609 0.045
Tuber 146 + 14° i+ 7 118+ § 199 + 11 208 + 18° 66.564 <0.001

* SD, standard deviation; NS, not significant (p>0.05).
* Homogeneous of variance, Duncan multiple range tests.
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Fig. 6. Density and shoot length of S. triqueter in the Nakdong River
Estuary(Bae, Baeghapdeung; Sin, Sinjado; Jan, Jangjado; Dae,
Daemadeung; Man, Mangummery; n=3, 2003).
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Fig. 7. Biomass of S. triqueter in the Nakdong River Estuary(Bae,

SE Bt

Baeghapdeung; Sin, Sinjado; Jan, Jangjado; Dae, Daemadeung;
Man, Mangummery; n=3, 2003).
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olo} fAlek Ao Yeldt) & 5(2000)2] A7+ Azt AjAdv)
AZ1(S. planiculmis) 2738] 3 Zlo]= 0~5cmol|A 2F 77%,
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