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Limnological Characteristics and Influences of Free-floating

Plants on the Woopo Wetland during the Summer
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During January 1998-October 1999, the impact of free-floating plants (FFP) on lim-
nology of the wetland ecosystem was evaluated through the investigation of physico
-chemical characteristics of the Woopo Wetland along with in situ manipulation
experiments of aquatic plants. Flooding events occurred in the wetland during the
summer period (Jun.-Aug.) and water levels rose to 2-3 m due to precipitation from
the catchment and inflow from the main channel of the Nakdong River. Physico-
chemical parameters and plankton dynamics in the wetland during the summer
were greatly influenced by floods and growth of free-floating plants. Dissolved oxy-
gen (Jun.-Sept., 4.5+2.5 mg/l; Oct.-May, 8.1+4.0 mg/l) and pH (Jun.-Sept., 6.9+0.4;
Oct.-May, 7.4+0.8) levels were significantly lower during the summer than any oth-
er seasons. Three types of enclosure experiments (100 L, treatments with floating
plants, screened and opened) were conducted under the presence and absence of
sediment for 15 days in the 1999 summer. The treatments with sediment had higher
levels of nutrient concentrations than those of the others. Among the treatments
with sediment, nutrient concentrations in the treatments with free-floating plants
were higher than the others. Zooplankton communities in each treatment showed a
similar variation, although the scale of zooplankton densities differed. Rotifer com-
munity dominated the zooplankton at the initial phase of the experiment, but decre-
ased drastically along with an increase of cladoceran and copepod communities. In
conclusion, low levels of dissolved oxygen and pH in the Woopo Wetland during the
summer seemed to be caused by a proliferation of free-floating plants and active
decomposition process at the bottom of the sediment.
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INTRODUCTION

Wetland is one of the most productive ecosys-
tems on the earth and is valuable as sources, si-
nks and transformers of a multitude of chemical,
biological and genetic materials (Mitsch and Go-
sselink, 1986). The system plays major roles in
the landscape by providing unique habitats for a
wide variety of biota as well as in flood control by
detaining and retaining water (Sather et al.,
1990).

Hydrological regime is considered as an impor-
tant factor controlling primary production in
wetland ecosystems. Studies on seasonality of
physico-chemical parameters of floodplain water
bodies in South American and Australian show-
ed distinctive annual cycles of certain physico-
chemical parameters (Welcomme, 1988). There
are continuous interactions between the river
and the floodplain lakes, but the magnitude of
the variation and characteristics are not well un-
derstood (Joo, 1990).

Agquatic plant is one of the important primary
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producers in wetland ecosystems, and serves as
habitats or refugees for aquatic biota such as fi-
shes, aquatic invertebrates and zooplankton.
However, the plants may also serve as a light
inhibitor for phytoplankton growth in certain
systems when they proliferate on the surface of
the water. Seasonal floods and proliferations of
aquatic plants in a wetland system may modify
the ecosystem behavior. In Far Eastern Asia, in-
tense rainfall in summer period due to the mon-
soon climate and typhoons is known as major
cause of limnological variabilities in freshwater
systems (Park et al., 2002). Choi et al. (1998) re-
ported influences of summer floods on a natural
wetland system in S. Korea. Floods induced cha-
nges in the distribution of floating aquatic plants,
which may cause changes in biotic properties.
The combination of the timing of flood occurren-
ces with aquatic plant growth might be an imp-
ortant issue in ecosystem dynamics in wetlands.

The Woopo Wetland, which is the largest river-
ine wetland in Korea, is well known for its high
biodiversity and habitat of migratory birds. In-
tense floods occur 2-3 times a year especially in
summer, with water levels rising to 2-3 m, whi-
ch usually lasts 7 to 15 days. On occasion, this
lasts more than two weeks due to the clogging of
the wetland outlet with free-floating plants and
the prolonged flooding (Choi et al., 1998). From
June to October, free-floating plants such as
Spirodela polyrhiza, Lemma paucicostata and
Salvinia natans covered most of the open surface
water in the wetland, which caused a sharp de-
cline of DO and pH concentrations (Chang et al.,
1998).

In this study, we tried to define the role of free
—floating plants in the Woopo Wetland by means
of two manipulation experiments and routine
monitoring of limnological variables for two ye-
ars. Time-series monitoring in the wetland could
suggest information about the influence of floods
on limnological characteristics. In addition, the
direct influences of free-floating plants on the
plankton community and limnological variables
were experimentally evaluated.

MATERIALS AND METHODS

1. Site description

The Woopo Wetland is located in Changnyeong
-gun of Gyeongsangnam-do, South Korea (Fig.
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Fig. 1. The Map of Woopo Wetland (@ indicates sampling
site).

1). The total surface area of the wetland is about
2.4 km? and the mean depth is about 1 m (Baek,
1988). The Mokpo Wetland (Northern part of
Woopo) and the Sajipo Wetland (2 km North East
of Woopo) are interconnected with the Woopo
Wetland. The main channel of Nakdong River
(Jukpo) is about 5 km from the wetland and con-
nected through Topyeong Stream. The Woopo
Wetland was designated as a Natural Ecosystem
Conservation Area by the Ministry of Environ-
ment in 1997 and registered as the second Ram-
sar site of South Korea in March 1988.

The sampling site for physico-chemical para-
meters and plankton samples was located on the
Ibang-myeon side of the Woopo Wetland, close
to the floodgate. The site is shallow (<1 m) and
is seasonally covered with free—floating plants
such as Spirodela polyrhiza, Lemma paucicostata
and Salvinia natans.

2. Analysis of limnological parameters

The sampling was conducted on biweekly and/
or monthly basis from January 1998 to October
1999. The physical parameters such as water
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temperature, turbidity and water level and che-
mical parameters such as conductivity, alkalini-
ty, dissolved oxygen, pH, NO3-N, NH4+-N and
PO.-P were determined to characterize the lim-
nology of the study site. Precipitation data of Mi-
ryang region (approximately 20 km from the wet-
land) was obtained from the Busan Meteorologi-
cal Office. Water level of the wetland was record-
ed manually at the floodgate, which is located
150 m from the sampling site. The iron ladder on
the floodgate (Ibang) was used as a fixed point
and from this point water level was measured.

Water temperature, turbidity and conductivity
were measured using YSI DO meter (Model 58),
Shaban turbidimeter (Model 20052), Fisher con-
ductivity meter (Model 152), respectively. Alkali-
nity was measured using titration method (Wet-
zel and Liken, 1991). Winkler method and YSI
DO meter (Model 58) were used for the measure-
ment of dissolved oxygen (DO). pH was measured
using an Orion pH Meter (Model 407A). Nutrient
concentrations such as NO3-N, NH4-N, and
PO4-P were determined using a QuickChem Au-
tomated lon Analyzer (Lachat, NOs-N, No. 10-
107-04-1-0; NH4+-N, No. 10-107-06-1-B;
PO4-P, No. 10-115-01-1-B).

Phytoplankton samples were collected using a
Van-Dorn water sampler. The subsamples of
100 ml were immediately preserved with acid

Frea-llnsing planis

Woopo wator
{104 L)

Sudmuni

Lugol’'s solution. Utermohl (1955) sedimentation
method was used to prepare the samples for
identification and enumeration. ldentification of
species was conducted with a Nikon microscope
(x100). Water samples of 10 ml were settled in
chambers (diameter, 2.5 cm; volume, 10 ml) for
4-5 hours before counting.

Water samples for phytoplankton biomass were
collected from the 0.5 m strata for the determina-
tion of chlorophyll a concentration and filtered
through 0.45 pm glass fiber filters (Whatman GF/
C) and stored frozen until analyzed. Chlorophyll
a was determined spectrophotometrically using a
monochromatic method (Wetzel and Liken, 1991).
For the analysis of zooplankton, water of 2 L
were filtered through a 32 um mesh (Wildco
48C60), resuspended in 50-60 ml water and fix-
ed with formaldehyde (final concentration 4%).
To determine zooplankton abundance, either the
whole sample or at least 200 individuals were
counted in subsamples of each replicate.

3. Experimental design

To evaluate influences of free-floating plants
and sediment on limnological characteristics in
the wetland, several experiments were conducted
near the Ibang-myeon side of Woopo Wetland.
The experiments were lasted from June 1 to June
15, 1999. The design of experimental setting is

50 =
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Fig. 2. Experimental design.
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shown in Fig. 2.

Six treatments had 2 replicates, and each plas-
tic tank (diameter, 55 cm; height, 62 cm) was fill-
ed with 100 L water of the Woopo Wetland. Wa-
ter samples in the enclosures were taken on 2 or
3 days interval at a depth of 30 cm using a siph-
on. Same amounts of sediment were placed to th-
ree treatments of I, Il and Il before the begin-
ning of the experiment (10 cm off the plastic tank
bottom). In the treatment | and I', free-floating
plants (Spirodela polyrhiza, Lemma paucicostata
and Salvinia natans) fully covered the surface
water, while the surface water was free from
floating plants and completely uncovered in
treatment 111 and I1I'. To prevent full sunlight
from penetrating the water and simulate a semi
—-natural environment, the surface of the water
in treatment Il and Il was covered by textile scr-
eens (50% reduction).

The second experiment, which was identical to
the first experiment, was conducted in the begin-
ning of the Sept. 1999 but most enclosures were
lost due to unexpected flooding events.

RESULTS AND DISCUSSION

1. Seasonal changes of limnological
characteristics

1) Physico- chemical parameters

The Woopo Wetland is influenced by monsoon
climates. Over 60% of total annual rainfall occurs
in the summer (Jun.-Sept.). Annual precipitati-
on of the Woopo area for the last twenty years
was 1,231 mm, which is slightly above the Kor-
ean average. The annual precipitation in 1998
and 1999 (Jan.-Oct.) was 1,553 mm and 1,860
mm, respectively (Fig. 3). In 1999, the annual
precipitation was much higher than that of 1998
with about 1,200 mm of rainfall from Jul. to Sept.

During the study period, large floods occurred
twice a year. The water level during the floods
rose to 2-3 m due to precipitation at the catch-
ment and inflows from the main channel of the
Nakdong River (Jukpo). When the water level pe-
aked, it usually took 7 to 15 days for the return
of a normal water level. Sometimes, it took more
than two weeks, since the outlet of the wetland
clogged up with free-floating plants (Choi et al.,
1998).

Mean water temperature during the study pe-
riod averaged 19.9+8.1°C (n = 35), rising from

late March or early April and reaching up to 30°
C in July and August. It dropped sharply in Oc-
tober. Seasonal change of dissolved oxygen in the
Woopo Wetland was strongly influenced by water
temperature and seasonal growth of the free-
floating plants (Fig. 3). Mean DO (7.3+4.2mg/l (n
=35)) was lower during late spring and summer
than during winter. When free-floating plants
covered the surface of the wetland from June to
September (Jun.-Sept., 4.5+2.5 mg/l; Oct.-May,
8.1+4.0 mg/l), the DO dropped as low as 1.4 mg/l.
The reduced DO was attributed to decreased
photosynthetic activities of phytoplankton by low
light penetration, and active decomposition of
organic matter derived from floating plants and
sediment.

Seasonal changes of pH were similar to the ch-
anges of DO (Fig. 3). Mean pH averaged 7.2+0.7
(n = 35) during the study period. and the mean
during the covering of free-floating plants on the
surface of the wetland from June to September
(6.9£0.4) was lower than that of the remaining
periods (7.3+0.8).

Conductivity showed a significant difference
between summer and the other seasons (Jun.-
Sept., 211+109 uS/cm; Oct.-May, 294+112 uS/
cm). The lower conductivity was due to the inten-
se precipitation along with influences from the
main channel (Fig. 3). When river water flows
into the wetland, conductivity can be a good indi-
cator of the penetration by water (Mitsch, 1978;
Joo and Francko, 1995). The mean alkalinity was
relatively high (59.9+20.8 mg/l) and the patterns
in the seasonal changes were similar to that of
conductivity. During the flooding events, alkali-
nity of the river (Jun.-Sept., 56.8+23.0 mg/l;
Oct.-May, 62.0+20.9 mg/l) decreased while that
of the wetland increased. It seemed that the in-
creased alkalinity was attributed to an inflow of
ionic matters from the river as the river water
mixed with the water column within the wetland.
Seasonal changes of turbidity were relatively
minor except during the floods and the active
growth period of free-floating plants such as
Spirodela polyrhiza, Lemma paucicostata and
Salvinia natans (Fig. 3). After the series of floods,
sediment loading resulted in higher turbidity
(Jun.-Sept., 3.9-157 NTU; Oct.-May, 3.7-80
NTU).

Seasonal changes of nutrients in the Woopo
Wetland were largely influenced by summer flo-
ods. Mean concentrations of NH;-N, NO3-N,
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Fig. 3. Seasonal changes of physico-chemical parameters in the Woopo Wetland. Arrows indicate flooding events. Dashed

lines in water level are estimated values.
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Fig. 3. Continued.

and PO4-P were 0.18+0.14 mg/l, 2.67 +=1.46 mg/I
and 65.0+64.0 pg/l, respectively and these valu-
es varied depending on the magnitudes and fre-
guencies of rainfall events. Due to the intensive
farming and irrigation in the catchment area, it
is possible that a massive amount of nutrients
were introduced into the wetland during the flo-
oding. During the summer, the concentration of
Chl. a was higher than other seasons (Fig. 3).

Consequently, flooding events and the prolife-
ration of free-floating plants seemed to be major
environmental factors influencing the limnology
of the Woopo Wetland in summer. The active
growth of free-floating plants resulted in the
sharp declines of DO and pH.

2. Influences of free-floating plants (FFP) on
the ambient water of enclosures

1) Physico- chemical conditions
Among the three treatments, the influences of
FFP in the treatments of | and I' on the water
chemistry was evident. In particular, the values
of DO and pH in treatments with open surfaces
(111 and 111") were higher than those of the others

(Fig. 4, Table 1). Nutrient concentrations varied
depending on the treatments. Distinctive diffe-
rences in physico-chemical parameters were
observed between the presence and absence of
sediment. In the treatments with sediment (I, 11
and I1I"), higher conductivity and nutrient con-
centrations and lower DO and pH levels than the
other treatments (I', 11" and 111") were observed.
Changes of DO and pH in all treatments were
similar during the experiments. Dissolved oxy-
gen and pH levels were lowest in the treatment |
(DO, 2.1+1.9 mg/l; pH, 6.94+0.2), whereas they
were higher in the treatment II' than any other
treatments (DO, 7.0+3.0 mg/l; pH, 7.9+0.4).
Mean DO and pH (DO, 5.9+5.1 mg/l; pH, 7.2+
0.5) of the Woopo Wetland were relatively higher
than the experimental data, since the experi-
ment was conducted just at the beginning of the
active growth of FFP. According to the statistical
analysis, DO and pH levels of treatment | and 11
were similar, but those of the treatment with an
open surface were different from the other treat-
ments with sediment. Among treatments with-
out sediment (I', 1l and I11'), treatment 111" with
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Table 1. Summary of the physico-chemical parameters on the Woopo Wetland during the experimental period of June 1-

15, 1999 (mean+SD, n=5).

Treatment

Parameters , , , Woopo

I I i I I 1 Weﬂ;nd

Water Temp. (°C) 25.0+1.9 254420  257+19 251419  254+16  258+2.0  27.3+2.9
DO (mg/l) 21419 22+18 5.2+3.6 4.0+0.8 7.0£3.0 48+3.4 5.9+5.1
DO (% saturation) 242472 26.6+20.3 6124423 48.6+93  858+351 57.2+385 73.7+64.7
pH 6.9+0.2 7.0+0.1 7.2+0.1 7.0+0.2 7.9+0.4 7.6+0.5 7.240.5

Conductivity (uS/cm) ~ 257+15 257+13 244+9 226+5.7 22247 228+4 241+4
Alkalinity (mg/l) 51.0+13.2 52.2+6.1 5124112 48.0+6.3 51.4+43  49.8+6.7 56.8+7.9
Turbidity (NTU) 14.9+8.5 11.044.4  12.2+48 6.0+4.9 6.8+2.3 7.9+43.2 53.1+21.8
NH-N (mg/1) 0.87+0.48 1.14+024 0544023 0.11+0.06 0.0840.02 0.12+0.05 0.12+0.03
NOs-N (mg/l) 1.8140.47 1574030 1.83+0.29 1.39+0.13 1234014 1.25+0.14 1.53+0.14
Total-N (mg/l) 499+159 3.86+047 281+0.85 250+3.13 1.23+0.35 1.14+037 4.02+2.82
PO4-P (ug/l) 90+15 161+66 10843 72+13 58+8 71+14 77421
Total-P (ug/l) 3104341 196+57 169+38 100+58 108+29 120+15 3954223

Chlorophyll a (ug/l) 36.9+43.9 39.1+126 47.8+15.8

17.0+£176 27.5+145 19.0+74 67.7+£29.4

an open surface was also different from the oth-
ers. All of treatments with sediment maintained
lower values of DO and pH comparing with the
other treatments.

Low DO and pH levels in the treatments of I,

I1, I' and II' were probably due to the inhibition
of light penetration into the water by the FFP
and textile screens. Compared to treatments | vs.
I'and Il vs. II', DO and pH of treatments | and
111 was lower than that of treatments without
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sediment. We believe that since the Woopo Wet-
land is shallow (<1 m), decomposition of organic
matter and respiration of biota on the bottom of
the sediment could be important factors in low

DO and pH concentrations (Chang et al., 1998).
As a result, low DO and pH levels resulted from
the combined effects of the presence of FFP and
the decomposition and respiration at the bottom
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Fig. 5. Changes of zooplankton community during the enclosure experiments.
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of the sediment.

Conductivity and turbidity were slightly higher
in the treatments with sediment (I, 11 and I11)
than the other treatments (I', Il' and 111") (Fig. 6,
Table 1). It seemed that releasing of ionic matter
from the sediment caused the higher conductivi-
ty and turbidity. The presence (I, II, I' and I1")
and absence (111 and 11I") of light inhibition did
not affect conductivity and turbidity statistically.
Similar values for alkalinity were observed dur-
ing the experiment.

All nutrients (NHs-N, NO3-N, PO4-P, TN, and
TP) were higher in treatments with sediment
than the others. The concentration of total nitro-
gen and total phosphorous were highest in the
treatment I, probably due to the influences of
sediment and sedimentation of the FFP.

The concentration of NHs—-N and PO4-P in the
treatments with FFP (I and I') and an open sur-
face (111 and I11") were slightly higher than the
treatment with a closed surface (11 and II'). The
concentration of NHs-N and PO4-P in treatm-
ents I, I11, I' and 111" increased at the beginning
of the experiment, but then decreased sharply.
The reduced NHs-N and PO4-P in the treat-
ments of I and I' might have caused an uptake of
nutrients by the FFP. Relatively high phytoplan-
kton biomass (Chl. a) was shown in the treat-
ments of 11l and IIl' compared with treatments
Il and II'. It seemed that phytoplankton in treat-
ments of 111 and 111" utilized NHs-N and PO,-P
more actively with a better underwater light con-
dition.

2) Changes of plankton communities

Chlorophyll a in the treatments with sediment
(1, 1l and 111) was much higher than the others
(I', 11" and 11I'). In the treatments with sediment,
the Chl. a concentration was highest in 111 (47.8
+15.8 pg/l, n =24). Chlorophyll a in IlI' (27.5+
14.5 pg/l, n = 24) was highest among the treat-
ments without sediment. Treatments without
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Fig. 6. Changes of Chl. a during the enclosure experi-
ments.

Table 2. Statistical tests on the limnological variables during the experiments (two-way ANOVA with replication and
Tukey test for post-hoc test, a =0.05, n=72). (FFP: free-floating plants, S: screen, O: open, PS: presence of sedi-

ment, AS: absence of sediment).

Aquatic plants Sediments Interaction
Parameters —_—
F p groups F p groups F p
Water Temp. (°C) 0.86 0.427 0.17 0.682
DO (mg/l) 4.86 0.010 FFP,S:0O 16.33 0.0001 PS:AS
DO (% saturation) 6.03 0.003 FFP,S:0O 10.70 0.0001 PS: AS
pH 7.05 0.001 FFP:O 41.49 0.0001 PS:AS 2.67 0.076
Conductivity (uS/cm) 3.00 0.056 68.63 0.0001 PS:AS
Alkalinity (mg/l) 0.37 0.689 1.50 0.224 0.02 0.980
Conductivity (NTU) 0.06 0.940 5.28 0.024 PS:AS
NH4-N (mg/l) 3.79 0.027 S:0 78.79 0.0001 PS:AS 4.74 0.011
NOs-N (mg/l) 1.72 0.187 35.57 0.0001 PS:AS
Total-N (mg/l) 2.52 0.088 144.62 0.0001 PS:AS
PO4-P (ng/l) 6.15 0.003 FFP,0O:S 20.88 0.0001 PS:AS 4.22 0.018
Total-P (ug/l) 0.93 0.400 19.17 0.0001 PS: AS
Chlorophyll a (ug/l) 0.29 0.752 7.49 0.007 PS:AS
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sediment and free-floating plants had the lowest
Chl. a (17.0+£17.6 pg/l, n = 24). Treatments with
sediment and open surface (I11) had a high Chl. a
due to probably active growth. In the treatments
with sediment, a continuous supply of nutrients
from the bottom of the sediment resulted in high-
er concentrations of Chl. a compared with the
others. The Ambient Chl. a in the surface water
of the wetland was high (67.7+29.4 ug/l (n = 12))
throughout the enclosure experiments. Since the
experiments were conducted just beginning of
the FFP bloom, relatively high phytoplankton
biomass was observed. According to statistical
analysis, there was no difference in Chl. a, amo-
ng the treatments with sediment (I, 1l and I11),
although that of the Il (open surface) was high-
est. Probably light inhibition by the FFP on the
wetland was minor to phytoplankton biomass.
During the experimental period, Keratella coche-
learis, Polyarthra sp. and Filinia sp. were domi-
nant rotifer species. Dominant cladoceran and
copepoda taxa were, Ceriodaphnia sp., Moina
micrura and Nauplius. The changes of zooplank-
ton communities in all treatments were similar,
although density differences were evident among
the treatments during the experiments. Plankto-
nic rotifer dominated the zooplankton in the all
treatments at the beginning (by day 6), and then
decreased drastically along with increases of
cladoceran and copepoda communities. Higher
densities of rotifer were observed in the treatm-
ents without sediments than those of the others.
We believe that relatively low concentrations of
nutrients and predators (cladoceran and copepo-
da) were maintained. The density of copepoda in
the treatments with FFP (I and I') were lower
than those of the others (11, 111, 11" and 111"). Low
Chl. a in the treatments of I and I' might be cau-
sed by relatively high densities of copepoda (Fig.
6). Two-way ANOVA showed that the presence
or absence of free-floating plants had differences
in parameters such as DO, pH and NHs—N. Ex-
cept for water temperature and alkalinity, sedi-
ments influenced values of pH, conductivity, NH4
-N and TN (Table 2).

Accordingly, free-floating plants proliferated
in late spring due to the rising water temperatu-
re and the decomposition process at the bottom
of the sediment but declined during summer flo-
ods. After the floods, the plants covered most of
the Woopo Wetland surface again. Further study
should be done on the fate of organic matter pro-

duced within the wetland and flux of nutrients
between the catchment of the Woopo Wetland
and the main channel of the Nakdong River.
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