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A limnological survey was conducted in a reservoir, Lake Hoengsung located in
Kangwondo, Korea, from July 2000 to September 2001 on the monthly basis.
Phosphorus loading from the watershed was estimated by measuring total
phosphorus concentration in the main tributary. Secchi disc transparency, epili-
mnetic (0-5m) turbidity, chlorophyll a (Chl-a), total phosphorus (TP), total nitrogen
(TN) and silica concentration were in the range of 0.9-3.5m, 0.1-8.5 NTU, 0.3-324
mgChl m™3, 5-46 mgP m™, 0.83-3.55 mgN L™ and 0.5-9.6 mgSi L™, respectively. Green
algae and cyanobacteria dominated phytoplankton community in warm seasons,
from July through October, 2000. In July a green alga (Scenedesmus sp.) was
dominant with a maximum cell density of 10,480 cells mL. Cyanobacteria (Microcystics
sp.) dominated in August and September with cell density of 3,492 and 296 cells mL,
respectively. Species diversity of phytoplankton was highest (2.22) in July. The
trophic state of the reservoir can be classified as eutrophic on the basis of TP, Chl-a,
and Secchi disc transparency. Because TP concentration was high in flood period,
most of phosphorus loading was concentrated in rainy season. TP loading was
calculated by multiplying TP and flow rate. The dam managing company measured
inflow rate of the reservoir daily, while TP was measured by weekly surveys. TP of
unmeasured days was estimated from the empirical relationship of TP and the flow
rate of the main tributary; TP =5.59Q%* (R*=0.47). Annual TP loading was calculated
to be 4.45tP yr*, and the areal P loading was 0.77 gP m 2 yr* which is similar to the
critical P loading for eutrophication by Vollenweider’'s phosphorus model, 0.72gP m™
yrt,
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INTRODUCTION

Most of the Korean reservoirs are constructed
for multiple purposes such as flood control, hy-
droelectricity generation, agro-industrial uses,
and drinking water supply. Although there are
about 18,000 lakes of both natural and artificial
origins in South Korea, the initial limnological
data are absent in most of the cases.

Korean reservoirs, the major supplier to the
agricultural water demand, are facing the grow-
ing problem from the consequences of cultural
eutrophication. As Korean irrigation system is
still managed in traditional way, receiving water
bodies are excessively enriched by the nutrients
discharged from the catchment area, resulting in
higher primary production. Biomass of aquatic
plant is often taken as an important basis for
classifying the lakes due to their higher effects
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on the overall productivity of the aquatic ecosys-
tem.

As most of the Korean reservoirs are built by
damming the rivers, increased transport of the
allochthonous nutrients from the nearby land
and the relatively lower flushing rate helps in
accelerating the eutrophication. Thus, poor ma-
nagement of a catchment area can be pointed as a
major reason for the rapid cultural eutrophica-
tion (Kim et al., 1997).

Increased inflow of nutrients sustain the accel-
erating growth rates of phytoplankton and mar-
cophytes and thus increase the vulnerability to
eutrophication. Most of artificial lakes in Korea
are subject to eutrophication because of increa-
sing pressure of development and livestock in the
watershed, and poor watershed management
(Kim et al., 1997). Preventing eutrophication of
lakes is often difficult, as the restoration prog-
ram is usually associated with high cost and long
time (Kim et al., 1999).

After 1980s, accelerating rates of industrializa-
tion and urban development resulted in rapid
eutrophication of most of the Korean lakes. Inc-
reased concentration of organic matters was the
major water quality problem. In order to establi-
sh management measures of water bodies, lim-
nological perspectives are required to understand
the lake ecosystem function, the quality and
guantity of pollutants flowing into water bodies,
the interrelation of biotic and abiotic factors
within lakes (Kim et al., 1998).

The discharge of nutrients from watersheds
occurs mostly in the rainy seasons in Korea due
to summer monsoon climate. Phosphorus input
is one of the most important factors in the eutro-
phication of lakes (Schindler and Fee, 1974;
Bloesch et al., 1977). It is also an important indi-
cator in classifying the trophic state of lakes and
in predicting the biomass of phytoplankton (Sta-
uffer, 1985). In most of the Korean reservoirs
phosphorus loading during summer account for
70-80% of annual phosphorus loading (Heo et
al., 1992; Lee et al., 1993; Kim et al., 1997; Heo et
al., 1998).

Lake Hoengsung constructed in the Sum River,
has a surface area of 5.82 km?, average annual
rainfall of 1,320 mm, total water capacity of 8.69
x 10" m?, and the watershed area of 209 km?.
This study was carried out from July 2000 till
September 2001 to investigate the basic limnolo-
gical characteristics and to assess of phosphorus

loading from the watershed.

BACKGROUND AND
HYDROLOGICAL PROPERTIES

Lake Hoengsung is located on a tributary of the
Han River in Hoengsung-Gun county of the
Kangwondo province (Fig. 1). Apart from genera-
ting hydro-electricity of about 10.4 GWH, Lake
Hoengsung also serves as an important multipur-
pose water resources, supplying water of about
111.6 x 10 m~3yr* to the cities of Wonju, Hoeng-
sung, and Munmak for domestic, agricultural and
industrial uses.

It has mean hydraulic residenc time of 0.42 yr
(Table 1). It is located in the central part of
Korean Penninsula and it has average climate
condition of Korea.

Data from the regional meteorological stations
in nearby of Wonju, Chuncheon and Hoengsung
showed that the yearly averages of temperature,
precipitation and relative humidity of Lake Hoen-
gsung were 10.5°C, 1,320 mm, and 71% respec-
tively (Ministry of Construction, 1991).

The annual precipitation is 1,3770 mm and the
watershed had alluvial soils, making it a favora-
ble place for growing mixed crops (Ministry of
Construction, 1991). Forest covers 76.7% (1,438.
13 km?) of the watershed, and 16.2% (304.07 km?)
is agricultural fields. The area of upland fields is
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Fig. 1. Map showing the sampling site and watershed of
Lake Hoengseong.
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Table 1. Hydrological characteristics and the land use in
the watershed of Lake Hoengsung (Ministry of

Construction, 1991).

Surface area (km?) 5.82
Water capacity ( x 10° m®) 86.9
Average water volume 73.4
Annual water inflow ( x 10° m®) 176.0
Water supply (x 10°m3yr™) 111.6
Drainage area (km?) 209.0
Hydraulic residence time (year) 0.42
Ratio of (drainage area/lake surface area) 35.9
Maximum depth (m) 38.2
Mean depth (m) 14.9
Total population in the watershed (persons) 5,135
Agricultural area in the watershed (km?) 15.1
Forests area (km?) 112.7
Air temperature (°C) 10.3
eyt
Length of main axis (km) 8.0
Mean width (km) 0.73

larger than paddy fields by the ratio of 57 : 43

(Ministry of Construction, 1991).

Inflow rate, outflow rate, and the surface water

elevation of Lake Hoengsung are shown in Fig. 2.
This newly constructed dam was impounded
since the year 2000 and was filled up in October,
2000. In the rainy seasons of 2000 and 2001, the
highest monthly average precipitations were
270.6 mm mon. and 263.3 mm mon., respectively.
Highest annual inflows (>80%) occurred during
the rainy season (Fig. 2).

A population of 5,135 inhibited watershed of
Lake Hoengsung in 2000 and the major livestock
were cows and pigs numbering 2,293 and 835,
respectively. The ratio of upland field to paddy

Table 2. The amount of phosphorus discharge from the
sources in the watershed of Lake Hoengsung.

Annual phosphorus

Source loading (tP yr™)
Population 5,135 person 3.06
Livestock Cattle 2,292 head 60.23

Pig 835 head 5.12

Rice field 19 km? 1.18
Land Upland 12 km? 0.74

Forest 113 km? 1.01
Total 71.34

field was successively increasing with the non-
paddy field covering an area of 213.2 km?. Mon-
thly and yearly generation of TP was calculated
using the unit generation rate calculated by the
Ministry of Environment (Table 2). The monthly
average of TP generation loading was about 6.0
tP month™*. and the generation loading from the
livestock alone amounted to be 5.0 tP month™
(91.9%). The yearly TP generation loading amo-
unted to be 72.34 tons.

MATERIALS AND METHODS

Monthly sampling of the lake water was con-
ducted at three or four stations from July 200 till
September 2001, except in the freezing season
(shown in Fig. 1). To measure the TP loading
into the reservoir, the inlet water was sampled
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Fig. 2. Monthly variations of hydrological parameter of
Lake Hoengsung.
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more than once a week. The sampling site for the
main tributatry was located in the upper region
of the lake near Gapcheon Elementary School.

Using PVC Van Dorn water sampler, vertical
samples of the lake water were collected from
three depths (0, 2, 5 m) above the 5m depths and
at every 5m interval below the 5 m depths. Sam-
ples of chlorophyll a were obtained by filtration
through Whatman GF C glass fiber filter. Until
the extraction of chlorophyll a, the filters were
preserved in a sealed plastic container with silica
gel and kept in a freezer. The amount of chloro-
phyll was determined spectrophotometrically
according to the method of Lorenzen (1967).

DIP and DIN were measured for filtered water,
while TP and TN were measured with non-
filtered sample. DIP was determined by ascorbic
acid method, and TP was determined by persul-
fate digestion method according to Standard
Methods (1992). Nitrogen was calculated accord-
ing to the cadmium reduction method with an
autoanalyzer (BRAN+LUEBBE AutoAnalyzer3).
Water temperature and turbidity were measured
at the study site using a Multiprobe (YSI 6000).
Phytoplankton samples collected by PVC Van
Dorn sampler, were fixed by adding Lugol’s
solution. Then, the samples were transported to
the laboratory to be stored for one week. The
samples were concentrated by settling and sipho-
ning the supernatant. Phytoplankton samples
were examined under an optical microscope with
the magnification of 400 x by 600 x . Phytoplank-
ton species were identified according to the Picto-
rial handbooks of Mizuno (1964) and Algae of Ja-
panese Freshwater (1977).

RESULTS AND DISCUSSION

Physical characteristics

The variations of air and surface water tempe-
rature showed similar patterns. The horizontal
variation of water temperatures was not signifi-
cant. In August 2000, thermocline was formed at
the elevation of 165 m. After October autumn
turnover occurred breaking the thermocline and
consequently reducing the temperature from
16.5°C in October, 11°C in November, 6°C in
December and was finally ice covered. Spring
turnover occurred at the temperature was below
6°C in May 2001. Although an artificial aeration
system was started in May 2001, the thermocline
was slowly formed, which might be due to insuffi-
cient aeration power of the aerator (Fig. 3). In
the case of Lake Dalbang, thermocline was repor-
ted to be destroyed completely by aretificial aera-
tion system (Heo et al., 1999; Heo and Kim, 2004).

Surface water (average of 0-5m) turbidity was
in the range of 0.1-58.5 NTU (mean 2.0 NTU)
(Table 3). Turbidity was found to be higher in the
inlet areas than at the dam sites. Vertical varia-
tion of turbidity was high in rainy seasons becau-
se most of turbid storm runoffs flowed into the
metalimnion along the layer of same water den-
sity. The interflow of turbid runoffs was also
observed in Lake Soyang and Lake Andong (Heo
et al., 1988, 2000). It is thought that after the
rainy season inorganic suspended particles are
dispersed from metalimnion to epilimnion, affec-
ting the primary production.
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Fig. 3. The isopleths of temperature (°C) in the Dam site (St. 1).



The Limnological Survey and Phosphorus Loading of Lake Hoengsung 415

Table. 3. A statistical summary of nutrient and the rele-
vant hydrographical parameters (0-5m average
data of all site).

Site Mean SD SE Min Max N
Temp. 16.7 6.7 0.6 3.4 29.6 149

Cond. 83 9. 0.8 67 113 149
pH 7.75 0.88 0.07 6.29 9.88 149
Tur. 2.0 1.9 0.2 0.1 8.5 149
DO 9.0 2.4 0.2 2.0 14.2 123
SD 2.1 0.7 0.1 0.9 3.5 42
TP 16 9 0.8 5 46 124
DIP 4.1 2.8 0.3 0.2 13.3 124
TN 159 0.49 0.04 0.83 355 124

NOs-N 112 041 0.04 0.09 3.33 124
NH:;-N  0.08 0.04 0.01 0.04 0.23 66
NO2-N 0.00 0.00 0.00 0.00 0.00 58
SiO; 6.1 2.3 0.2 0.5 9.6 124
Chl. a 8.8 6.7 0.6 0.3 324 118

1. SD =standard deviation; SE = standard error (SE = SD/N°%)

2. Units for nitrogen-mg L™, phosphorus-mg m™2,

3. The units for the hydrographic parameters are as follows: mg L™
(DO), mg m3(Chl. a), m (SD), °C (temperature), uS cm™* (conduc-
tivity).

Secchi disc transparency was in the range of
0.9-3.5m. The dam site (St. 1) showed higher
transparency than the upper reach of the reservo-
ir (St. 3) because of the effect of turbid storm run-
off. Since U.S. EPA (1976) classifies lakes of tran-
sparency 2.0-3.7 m as mesotropic, Lake Hoeng-
sung can be classified to be mesotrophic.

Chemical characteristic

Conductivity in the epilimnion (0-5 m average)
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ranged from 67-113 uS cm™ (mean 83 pS cm™),
upstream area (site 4) had the highest value. The
metalimnion showed highest conductance during
the rainy seasons. DO concentration in the epili-
mnion (0-5m) was in the range of 2.0-14.2 mgO-
L™ (mean 9.0 mgO, L ™). In July and August of
2000 DO in the epilimnion was in the range of
8.4-14.1 mgO, L™, but the hypolimnion was in
oxygen-deficient condition (Fig. 4). Also in July
and September of 2001, St. 1 recorded very low
DO concentration of about 1.0 mgO, L™* in the
hypolimnion. Because the study reservoir is at
the beginning stage of impoundment, terrestrial
organic matter that had been accumulated before
impoundment might have contributed oxygen
consumption significantly (Lee, 2001). Also in
August and September 2001, in the dam site (St.
1) DO minimum was observed at the metalim-
nion with DO of about 1.0 mgO, L™* DO.

Fast et al. (1973) reported that after the arti-
ficial aeration the hypolimnion had excess DO
concentration more than epilimnion. Heo et al.,
(1999) showed that in Lake Dalbang, below the
metalimnion, DO concentration increased after
the artificial aeration. But in Lake Hoengsung,
DO concentration in the hypolimnion depleted
after the artificial aeration because of the tempo-
rary oxygen deficient phenomenon prior to the
dam construction and also due to the lower aera-
tion capacity of the aerator. Capacities of aerators
are important for achieving increase in DO con-
centration (Fast, 1989).

Average TP of the whole lake in the epilimnion
(0-5m average) was in the range of 5-46 mgP m™3
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Fig. 4. The isopleths of dissolved oxygen (mgO; L) in the Dam site (St. 1).
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(mean 16 mgP m™3), with higher values mostly
near the inlet areas. Seasonally TP concentration
was higher after turnover in the early spring and
after the rainfall. In September 2001, vertical
distribution of TP was high at site 1 (near 2m
and hypolimnion), and site 2 (Fig. 5). Below 15 m
depth, site 1 and 2 had TP concentration in the
range of 137-164 mgP m™3 because suspended
solid inflowed in the metalimnion during the
rainfall. Usually phosphorus concentration of
inflowing water increases during rainy seasons
(Heo et al., 1992). Similarly high phosphorus
concentration and particulate organic matter
(POM) during high rainfall affects the eutrophi-
cation process of the lakes with longer residence
time. Vollenweider (1968) and Carlson (1977)
classified lakes as mesotrophic with the TP con-
centration in the ranges of 10-30 mgP m™® and
12-24 mgP m™ respectively. Thus on these basis
Lake Hoengsung can be classified as a mesotro-
phic lake.

DIP uptake is a very important factor in suppo-
rting the growth rate of phytoplankton. Harmful
algae bloom occurs when the DIP concentration

exceeds the concentration of 10 mgP m™3 (Sawyer,
1947). Average DIP concentration of the whole
lake in the epilimnion was in range of 0.2-13.2
mgP m~3 (mean 4.1 mgP m~3). Most of the DIP
concentration was below 10 mgP m™3, except in
September 2001. In this period, the highest
concentration was recorded below the depth of 10
m as for the reasons similar to the variation of TP.

Therefore for preventing Lake Hoengsung from
being eutrophic, higher control of phosphorus
loading from the non-point source is needed. TP
of inflowing water was high during the rainy sea-
son. But in the dry seasons no high fluctuations
were found. Inflow rate and TP concentration
were used in the equation TP = 5.59Q%* (R? =
0.47) to calculate the TP loading from the water-
shed (Fig. 6). Monthly TP loading is shown in
Table 4. TP loading during the study period (of
about 18 months) was about 6.67 tons, with the
yearly loading of 4.45 tons. Inflow rate highly
affected the phosphorus loading. Phosphorus loa-
ding during the rainy season (July-September)
was 90% of 4.45 tonP yr * (2001). In July 2001
alone, with the tropical monsoon rainfall, a total
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of 3.8 ton of phosphorus was loaded. In the rainy
seasons, phosphorus loading concentrated around
72-80% of the total yearly loading. Phosphorus
generation in the watershed was about 71.34 ton
and the delivery rate of just 6.2% was recorded in
Lake Hoengsung, which is much lower in compa-
rison with other lakes of Korea (10-20%) (Heo et
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Fig. 6. Plot of inflow rate vs. total phosphorus in the infl-

owing water (Data from July 2000 to May 2002
are included).

Table 4. Total phosphorus loading of Lake Hoengsung.

Month Phosphorus loading (kgP month™)
Jul. 2001 345.6
Aug. 1,191.4
Sep. 799.9
Oct. 22.3
Nov. 8.6
Dec. 5.6
Jan. 2002 30.2
Fer. 9.1
Mar. 36.4
Apr. 18.4
May 6.8
Jun. 157.1
Jul. 3,801.8
Aug. 199.6
Sep. 2.8
Oct. 30.2
Nov. 3.8
Dec. 3.1
Total (all months) 6,673
Total (kgP yr™) 4,449

al., 1993). As the cattle urine was collected in a
storage tank and later transported to a treatment
plant outside the watershed, very less phospho-
rus was delivered in the lake although TP gene-
ration from the cattle amounted to be 85% of the
total phosphorus generated in the watershed.

On the basis of the empirical model proposed
by Vollenweider (1976), the critical phosphorus
budge for Lake Hoengsung was calculated as
0.72gP m™2yr™, but the study showed the phos-
phorus loading of about 0.77 gP m2yr* (Table 5).
So, phosphorus reduction should be given serious
considerations for preventing further degrada-
tion of water quality in Lake Hoengsung.

Average TN of the whole lake were in the
range of 0.83-3.55mgN L™* (mean 1.58 mgN L™%).
In September 2001, lowest TN was recorded in
site 1. During the spring and autumn turnover,
TN of the whole lake, was in the range of 1.4-1.5
mgN L%, After the rainfall seasons, TN concent-
rations decreased below the metalimnion. Nitro-
gen showed high fluctuations due to the increa-
sed use of fertilizers and consequent leaching
from the soil.

Forsber and Ryding (1980) classified lakes as
eutrophic with the TN concentration in the range
of 0.6-1.5 mgN L%, So, Lake Hoengsung can be
classified as eutrophic lake on the basis of TN
concentration.

Average NO3-N concentrations in the epilimn-
ion in the whole lake were in the range of 0.09-
3.33mgN L (mean 1.1 mg N L™). In June 2001,
the TN concentration was at the lowest. Average
NHs-N concentrations in the epilimnion of the
whole lake were in the range of 0.04-0.23 mg N

Table 5. Hydrological characteristic and phosphorus loa-
ding from the watershed of Lake Hoengsung.

Unit L. Hoengsung

Drainage area km? 209
Water volume m?® 7.34 %107
Surface area km? 5.82
Outflow rate m3yr! 1.16 x 108
Mean depth m 13
Flushing rate yrt 1.58
Hydraulic residence time yr 0.63
Surface hydraulic loading, Qs m2yr? 20
Qs(1+ (z+Qs)%%) 36

gPm32yr? 0.34
gPm32yrt 0.72

tPyr? 4.45
gPm2yr? 0.77

Permissible TP loading
Dangerous TP loading
Annual phosphorus loading
P loading
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L™ . The average TN/TP weight ratio of the epili-
mition was 126. This value is similar to the val-
ues of other artificial lakes (40-160) in Korea
(Kim et al., 1997). The TN/TP weight ratio incre-
ased because of the reduced phosphorus concen-
tration. Unlike this case, TN/TP weight ratio in
Lake Andong decreased because of the reduced
TN concentration (Heo et al., 2000).

Average silicate concentrations in the epilimn-
ion of the whole lake were in the range of 0.5-9.6
mgSi L' (mean 6.1 mgSi L™). In May 2001,
lowest silicate concentration was recorded in site
4. The vertical distribution of silicate was found
low. Silicate concentration from April till July
2001 was lower in the epilimnion than the hypol-
imnion. Seasonally, spring had the lower silicate
concentration and it gradually increased after the
rainy season because spring was the diatom’s
growing season. Kwon et al., (2002) showed that
in the lagoons of eastern coast of Korea, silicate
concentration decreased as the consequence of
uptake by diatoms in the spring.

TSI was calculated using the data from May
till September as it was the growing season for
phytoplankton. In 2000 and 2001 the average
TSI were of 59 and 57, respectively (Table 6). In
the early 1980s TSI of Lake Soyang was 40 but
in the early 1990s it increased to 50-60 (Kim et
al., 1988; Heo et al., 1993). TSI values of Lake
Hoengsung were in the range of 50-64 immedia-
tely after the completion of dam construction. On
the basis of guidelines provided by Haven (2000),
the differencing TSI value brings us to the con-
clusion that phosphorus is not the limiting fac-
tor. Light dispersion could be a limiting factor
due to the larger particle sizes of suspended so-
lid. The algal growth might also have been limit-
ed by zooplankton grazing (Fig. 7).

Chlorophyll a concentration and distribution
of phytoplankton communities

Chlorophyll a concentrations in the epilimnion
of the whole lake were in the range of 0.3-32.4

Table 6. TSI : trophic state index. TSI was calculated from
warm season average (May-September).

TSI

Average
SD Chl TP
2000 56 60 62 58 59
2001 50 57 64 58 57
Average 53 58 63 58 58

mg m® (mean 8.8 mg m®). During the summer
season higher concentration of Chl. a were found
in the upper stream due to the shallow water
depth and high inflow of nutrients during the
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rainy season. Inlet areas are highly affected by
wind rather than the dam ward sites due to the
shallow depth. US EPA (1976) classifies lakes as
eutrophic if the Chl. a concentration is over 10
mg m~3. Similarly, Forsberg and Ryding (1980)
classified lakes as eutrophic if the Chl. a concent-
ration is in the range of 7-40 mgm™3. Thus, Lake
Hoengsung can be categorized as an eutrophic
lake.

During the study period, a total of 66 species of
phytoplankton were found compromising of Baci-
llariophyceae (23%), Chlorophyceae (56%), Cya-
nophyceae (6%), Chrysophyceae (2%), Crypto-
phyceae (2%), Dinophyceae (9%) and Eugleno-
phyceae (2%). Chlorophyceae and Cyanophyceae
were the dominant species during the summer
season while in the winter season species of
Bacillariophyceae dominated (Table 7).

Communities of Chlorophyceae and Cyanophy-
ceae were the monthly dominant species from
July till October 2000. In July, Chlorophyceae
Scenedesmus sp. with biomass of 10,480 cells
mL™* dominated, while August and September
were dominated by Cyanophyceae Microcystis sp.
with the biomass of 3,492 and 296 cells mL™*
respectively. But in October, Chlorophyceae Coe-
lastrum microporum appeared with the cell den-
sity of 133 cells mL™ . In November, Bacillario-
phyceae Asterionella formosa with biomass of

2,654 cells mL™! dominated. In December, the
biomass was very low and Bacillariophyceae
Aulacoseira granulate was recorded with the cell
density of 29 cellsmL™ .

Again, in 2nd April, 2001 the biomass was very
low and Chlorophyceae Ankistrodesmus falcatus
with biomass of 17 cells mL™ was recorded, but
in the 27th April biomass sharply increased due
to the presence of Bacillariophyceae Aulacoseira
granulata var. angustissima with the cell density
of 592 cells mL™%. In July, Chlorophyceae Sphae-
rocystis schroeteri with the biomass of 413cells
mL™* dominated. In September 2000 Cyanophy-
ceae Microcystis sp. were the dominant species
but Bacilariophyceae Aulacoseira sp. with bio-
mass of 404 cells mL™* dominated in September
2001 (Table 7). Cyanophyceae communities failed
to reappear in 2001. In Lake Dalbang, after the
operation of artificial aeration Bacillariophyceae
(Asterionella formosa, Melosira granulara) suc-
ceeded the previously dominant Cyanophyceae
(Anabaena sp., Microcystis sp.) (Heo et al., 1999).
But in Lake Hoengsung, Bacillariophyceae’s suc-
cession of Cyanophyceae was only a temporary
phenomenon which occurred immediately after
the completion of lake construction. In August
2000, the species richness index was at the high-
est of 25 while December reported the lowest
value of 1. Species richness index in 27th April

Table 7. Dominant species and standing crops (cells mL™%) of phytoplankton at the surface in the dam of Lake Hoengsung

From July 2000 to September 2001.

. . 2000 2001

Dominant species
Jul. 28 Aug. 24 Sep. 28 Oct. 27 Nov. 23 Dec.29 Apr.2 Apr.27 Jul.27 Sep.28

Asterionella formosa 83 2,654 167
A:Agz%si?ég?rgganulata var. 321 592 29
Aulacoseira granulata 29
Aulacoseira sp. 42 25 404
Ankistrodesmus falcatus 17 4
Coelastrum microporum 133
Scenedesmus sp. 10,480 283 4 17 83 133
Sphaerocystis schroeteri 133 279 413 346
Microcystis sp. 760 3,492 296 104
o s 11,240 3908 300 133 763 29 17 596 521 913
Total cell number 36,640 4,604 379 317 3,592 29 58 1,083 820 1,178
Species richness 20 25 10 6 19 1 7 15 13 5
Diversity 2.22 1.09 0.96 1.38 106 O 2.03 1.57 1.39 1.31
Dominance 0.15 0.58 0.62 0.30 056 1 0.22 0.34 0.28 0.23
Evenness 0.89 0.43 0.43 0.84 0.46 0.00 0.91 0.70 0.78 0.96
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2001 was 15, which is relatively low as compared
to that of 2000. During the whole study period,
July 2000 had the highest diversity index of 2.22
and the highest biomass of 36,640 cells mL™™. In
April 2001, diversity index was comparatively
high by 2.03 and decreased with the approaching
summer season. Dominance index in September
2000 were 0.62 and the highest value in 2001
were much lower than that of 2000.

CONCLUSIONS

For the maintenance of high standards in the
water quality and effective water management of
the multi-purpose Lake Hoengsung the follow-
ing steps must be taken: 1) Control storm-water
by constructing either a settling pond with fully
developed macrophytes on the littoral regions or
a diversion for storm-water in the upstream
area. 2). Recognize and implement appropriate
sustainable land management practices to restore
the lake. 3) Treatment or diversion of livestocks
feces and control of discharges from non-point
sources.

ACKNOWLEDGMENTS

This study was sponsored partially by the
Samcheok National University Support Fund in
Korea (2003, Long Term Overseas Study Pro-
gram).

REFERENCES

APHA (American Public Health Association). 1992.
“Standard Methods for the examination of water
and wastewater 18th ed”, Washington D.C.

Bloesch, J.P., P. Stadelman and H. Buhrer. 1977.
Primary production and sedimentation in the
euphotic zone of two Swiss lakes. Limnol. Ocean-
ogr. 22: 511-526.

Carlson, R.E. 1977. A trophic state index for lakes.
Limnol. Oceanogr. 22: 361-369.

Fast, A.W., B. Moss and R.G. Wetzel. 1973. Effects of
Artificial Aeration on the Chemistry and Algae of
Two Michigan Lakes. Water Resources Res. 9:
624-647.

Fast, A.W. and R.G. Hulquist. 1989. Oxygen and
temperature relationships in nine artificially ae-
rated California reservoirs. Calif. Fish and Game
75: 213-217.

Forsberg, C. and S.O. Ryding. 1980. Eutrophication
parameters and trophic state indices in 30 swe-
dish waste receving lake, Arch Fur Hydrobiol. 89:
189-207.

Havens, K.E. 2000. Using Trophic State Index (TSI)
Values to Draw Inferences Regrding Phytoplank-
ton Limiting Factors and Seston Composition
from Routine Water Quality Monitoring Data.
Kor. J. Limol. 33: 187-196.

Heo, W.M., B. Kim, T.S. Ahn and K.J. Lee. 1992.
Phosphorus loadings from watershed and fish-
farms into Lake Soyang and the phosphorus bud-
get. Kor. J. Limnol. 25(4): 207-214.

Heo, W.M. 1993. A Study of the Eutrophication and
the Cyanobacterial Bloom in Lake Soyang. Ph.D
thesis. Kangwon National University.

Heo, W.M., B. Kim, Y. Kim and K.S. Choi. 1998. Storm
runoff of phosphorus from nonpoint sources into
Lake Soyang and transportation of trubid water
mass within the lake. Kor. J. Limnol. 31: 1-8.

Heo, W.M., J.0. Kim and B. Kim. 1999. A study of
water quality variations on the artificial aeration
in water supply system (Lake Dalbang). J. KSWQ
SEP. 15: 335-343.

Heo, W.M., S.Y. Kwon, B. Kim and J.H. Park. 2000.
Long-term Variation of Water Quality in Lake
Andong. Kor. J. Limnol. 33: 260-266.

Heo, Woo-myung and Bomchul Kim. 2004. The effect
of artificial destratification on phytoplankton in a
reservoir. Hydrobiologia, 524: 229-239.

Kim, B., T.S. Ahn and K.S. Cho. 1988. A Compara-
tive Study of the Eutrophication in Reservoirs of
the Han River. Kor. J. Limnol. 21: 151-163.

Kim, B., J.H. Park, G. Hwang and K. Choi. 1997.
Eutrophication of Large Freshwater Ecosystem in
Korea. Kor. J. Limnol. 30: 512-517.

Kim, B., J.H. Park, B.J. Lim, W.M. Heo, G. Hwang,
K. Choi and K.S. Chae. The limnological survey of
major lakes in Korea (2): Lake Hapchon. Kor. J.
Limnol. 31; 312-327.

Kim, B., J.H. Park, W.M. Heo, B.J. Lim, G. Hwang,
K. Choi and K.S. Chae. 1999. The Limnological
Survey of Major Lakes in Korea (3): Lake Jinyang.
Kor. J. Limnol. 32: 111-126.

Korea Ministry of Construction. 1991. Impact asses-
ment of Hoengsung Reservoir construction. 421pp.
(In Korean)

Kwon, S.Y. 2002. Limnoecological Study of Lake
Hwajinpo. Graduate School thesis. Samcheok Na-
tional University.

Lee, K.J., W.M. Heo and B. Kim. 1993. Phosphorus
loadings from watershed and fishfarms into Lake
Daechung and the phosphorus budget. 3. KSWQ
SEP. 9: 139-144.

Lee, 1.J. Distribution of Phosphorus Concentration
and Phosphorus Loading of Lake Hoengsung.
2001. Graduate School thesis. Sangji University.

Lorenzen, C.J. 1967. Determination of chlorophyll



422

and pheo-pigments: Spectrophotometric equa-
tion. Limnol. Ocenogr. 12: 343-346.

Sawyer, C.N. 1947. Fertilisation of lakes by agricul-
tural and industrial drainage. New England Wa-
ter Works Association. 61: 109-27.

Schindler, D.W. and E.J. Fee. 1974. Experimental
Lakes Area: Whole lake experiments in eutrophi-
cation. J. Fish Res. Bd. Can. 31: 973-953.

Stauffer, R.E. 1985. Relationships between phospho-
rus loading and trophic state in calcareous lakes of
southeast Wisconsin. Limnol. Ocenogr. 30: 123~
145.

U.S. EPA. 1976. Water Quality Criteria Research of
the U. S. Environmental Protection Agency, Pro-

AN
H
Al
il
to
Vv

Heo, Woo-Myung - Sangyong Kwon -

Bomchul Kim

ceeding of and EPA Sponsord Symposium, EPA-
600 (3-76-079): 185.

Vollenweider, R.A. 1968. Water Management Resear-
ch; Scientific Fundamentals of the Eutrophication
of Lakes and Flowing Waters, with particular
reference to Nitrogen and Phosphorus as factors
in Eutrophication. OECE, Paris, Technical Report
DAS/CS1/68.27.

Vollenweider, R.A. 1976. Advance in defining critical
loading levels for phosphorus in lake eutrophica-
tion. Mem. Inst. Idrobiol., 33: 53-83.

(Manuscript received 14 July 2004,
Revision accepted 24 November 2004)

)
fo
2
e
o

FAzA = FFF7] 7|3l =
o2 Ak nE FHe £F
A gk FHEE 09-35me] HAAZ 9 s
whokeh &E444E 20001 7€ 89l A A 0mell4 8.4-14.1mgO; -

dAdE 27 4HE w3ich =3 20014 7€} 9%01] B3 19 AZllA 1m902 )
o] - tkoke}, o] ¥Z(0-5m)FF 29 HEE 5-46mgP - mP& 289| turnover 2%
° 70| %ol = =7 0.2-13.2 mgP m=2 2001 9¥€& A9l ti
10 mgP - m? o]o]. olodtt A5 A7t ARFFL oF 445ton A= FAoll A WA 5]
WA 71.34ton F oF 6.2%%te] TFUNE FUEE AR Urtyt sHAE RS
0.77gP - m?-yriog IAso G GFolet & & AL FJYARFF 0.72gP - m? - yr!
0.05gP - m?-yr!* 238 f£Folth. A A Z(0-5mFAF 244 55+ 0.83-3.55mgN - L

ol WAsIRe, $5512 A Fi] 24 &
X 0.1-85NTUE §7] o] 3] &=
(St. 1) BReNA =LA UrEbkC’WI P

=0}
M

&S

°
L
A)

A=
z

" o fu »E
Yo mx ) o\

m[o flo ofv Mz N ofN g = WX

T
71l BEE

L

T

o) =

T

s o T

=
4H el £3%(0-5m)FFol 009-

2 7] ol Fol FF olsh AFellA wokeh A Hae A
3.33mgN - L'2 2001 6%¥oll 74 <gtrh gmuolyd Axe A Ao EZ(0-5m)H ol

d
5-

>

3

0.04-0.23mgN - Lo]glck A Fd 2 (0-5mFF TLEEE 05-9.6mgSi - L2 B4l o
gtom, $7)o]Foll thA] Z7lech HF TSIE 200017 2001l ZHzk 599} 570|9ich A A
A EZ20-5mIFAF 2L axEE 03-324mg- m32 o] &4l =& HEgL nyon, FAd
2= AFAAA Edth A EZHaEL 20001 794 H%F2 Scenedesmus sp.7} 10,480
cells - mL™%, 8¥ 3} 9¥ol|&= YF=F3l Microcystis sp.7} 7+ 3,4929) 296 cells - mL™12 4314
t}. 10€olE &= xF<Ql Coelastrum microporume] 133 cells - mL™, 11¥€o]E F2H9l
Asterionella formosa~} 2,654 cells - mL™, 1290l Fx2&91 Aulacoseira granulata7} 29 cells -

ML 8 Folgieh 53] 2000 of FHoll $HFIUW FEF 20010 FAHA kgor]
Z thekA] (diversity) A 4= 2000 76l 2228 sbA Egtod, MEE 2| 7HE 36,640

o0& ©
cells - mL'& 7} wkor

=
azTT



