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To understand the effect of water temperature on growth pattern of Stephanodiscus
sp., we weekly or biweekly investigated in the lower part of the Nakdong River from
1994 to 2006 and performed a laboratory experiment. Stephanodiscus was the most
dominant species among phytoplankton in winter when low flow persisted and the
high abundances of the species were maintained from December to February. Three
strains of Stephanodiscus sp. were isolated for the in vitro experiment from the
Nakdong River in January 2005. Over the water temperature range of 4°C to 20°C,
the growth patterns of Stephanodiscus sp. were different in the short-term batch
culture. The maximum cell density of Stephanodiscus sp. was observed at approxi-
mately 5°C in the river systems, but the optimum water temperature of Stephanodis-
cus sp. was 10°C for the growth in the laboratory experiment. However, the prolif-
eration of Stephanodiscus sp. was related to low water temperature in the Nakdong
River.
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INTRODUCTION

Phytoplankton proliferation in river systems
was well known as important environmental pro-
blems, reported in diverse rivers in the world
(Paerl, 1987; Marker and Collett, 1997; Rose and
Balbi, 1997; Mitrovic et al., 1999). Eutrophica-
tion and channel modification in river systems
are recognized as crucial causes for the prolifera-
tions of plankton communities (Ha, 1999; Kim,
1999). The Korean rivers are intensively utilized
and modified by human beings in order to satisfy
high water demand and reduce damages by sum-

mer flooding. These circumstances resulted in
serious proliferations of phytoplankton in river
systems (Ha et al., 1998).

The centric diatom Stephanodiscus is a charac-
teristic phytoplankton, considered as an impor-
tant indicator species of eutrophication in large
rivers during the winter (Ha et al., 2002). The
Stephanodiscus blooms are reported annually in
South Korea, especially in the Paldang Reservoir
and Nakdong River (Ha et al., 2002; Han et al.,
2002; Hong et al., 2002). The magnitude of Ste-
phanodiscus blooms in the Korean freshwater
systems is rare case compared with other fresh-
waters in the world (Ha et al., 1998). The species
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proliferation causes high cost at water treatment
facilities such as filter clogging and low efficiency
of coagulation and sedimentation (Lim et al.,
2000).

From field studies, centric diatoms were believ-
ed to become dominant in water bodies by in-
creased nutrient concentrations, low water tem-
perature, and flow conditions in river systems
(Ha et al., 2002). An empirical modeling work
provided simulated results for the environmental
characteristics (Jeong et al., 2003). Among the
environmental parameters, water temperature is
considered as the primary factor for the prolifera-
tions of centric diatoms, however, up to date there
were rare evidences for the relationship between
water temperature and proliferations of Steph-
anodiscus in river systems.

In this study, a field monitoring and laboratory
experiments were simultaneously conducted to
determine the influence of water temperature on
the changes of Stephanodiscus growth. The water
temperature resulting in proliferations of the
species were detected from a long-term monitor-
ing data, and it was compared with the optimal
temperature from the laboratory experiments.

MATERIALS AND METHODS

1. Description of the study site

The Nakdong River, located in the southeast-
ern region of the Korean Peninsula, is the second
largest river system in South Korea (river length,
526 km; drainage area, 23,817 km?). Its water-
shed lies between 35°N~37°N and 127°E~129
°E. Over 60% of the total annual precipitation
(1,000~1,200 mm) occurred in summer (from
June to September) due to the monsoon and sev-
eral typhoons. This river has a typical charac-
teristic of ‘flow regulation’, meaning hydrologi-
cally regulated by a series of multipurpose dams
in the tributaries and middle part of the river,
and by the estuarine barrage. The flow regula-
tion by dams and barrage was responsible for the
acceleration of eutrophication (Joo et al., 1997).
The study site (Mulgum) is located 27 km up-
stream from the estuarine barrage (mean depth,
4~5 m; river width, 250~350 m) (Kim and Joo,
2000).

2. Limnological parameters and
phytoplankton collection

A weekly monitoring programme was main-
tained from 1994 to 2006 in order to observe the
limnological dynamics at the study site. Among
the data set, we utilized water temperature (mea-
sured by YSI model 58). Basic hydrological infor-
mation was considered, and the local precipita-
tion data for the study period were obtained from
the Korea Meteorological Administration, and
the amount of precipitation was the average value
of 5 regions (i.e., Miryang, Andong, Daegu, Hap-
chun, Jinju). The discharge data at the Sam-
rangjin station were obtained from the Nakdong
River Flood Control Office. Phytoplankton sam-
ples at the study site were immediately preserved
with Lugol’s solution. Utermoéhl’s sedimentation
method (Utermohl, 1958) was used to identify
and enumerate phytoplankton. Biovolume was
estimated from mean cell dimensions and cellular
shape of each species (Wetzel and Likens, 1991).
Phytoplankton identification was based on mor-
phological characteristics.

3. Organism and culture conditions

The strain of Stephanodiscus sp. used in this
study was isolated from the lower Nakdong River
in January 2005. Water samples were collected
and stored in the shade at ambient temperatures
until return to the laboratory. Three strains of
Stephanodiscus sp. were isolated from water sam-
ples. We used modified macro-pipette method
(Throndsen, 1969; Guillard, 1973) on an inverted
microscope for isolation of Stephanodiscus sp.
single cell. The separated single cells were cul-
tured in well plates with diatom medium (DM).
After 10 days, we selected three strains which
were well grown in each plate and moved to 300
mL flasks for mass culture respectively. We de-
signated NRS (Nakdong River Stephanodiscus)-1,
2, 3 of each strains as replications. Axenic cul-
tures were conducted by the treatment of strepto-
mycin sulfate that were gradient concentrations.
Stephanodiscus sp. cultures were maintained by
serial transfer of the above medium every 14~ 16
day until experiments. The stock cultures were
maintained in 300 mL conical flask containing
150 mL of sterilized diatom medium at 15°C, 50
umol photons m™® s™* with 12: 12 (L : D) cycle.
The physiological responses of the diatom Ste-
phanodiscus sp. to temperature were determined
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over the temperature range of 4°C to 20°C using
short-term batch culture methods. To determine
the effect of acclimation on behavior, cells were
cultured at different temperatures (4, 10, 15 and
20°C). We used the each stock culture in diffe-
rent temperatures on exponential phase. Initial
inoculation cell densities were about 1,000 cells
mL ! in all conical flasks. The experiment was
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tions were randomly changed in growth chamber
once a day. Stephanodiscus sp. cells were counted
in every second day using the Sedgwick-Rafter
chamber (McAlice, 1971). The growth rate (1) was
calculated by Fogg and Thake (1987) from 0 to
20™ day.
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Fig. 1. Long-term changes of limnological parameters (a-water temperature, b-precipitation, c-discharge, d-diatom abun-

dance) (no data in 2002).
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at ¢ day, ¢ is the number of day.

RESULTS

1. Physico-chemical environments and diatom
succession in the study sites

The diatom dynamics were apparently influ-
enced by the temperature and river flow (Fig. 1).
There were shown the seasonal changes of cen-
tric diatom during the study periods. The high
abundances of diatom was occurred and main-
tained at low water temperature (4~8°C) during
the winter (December ~ February; Fig. 1a). In win-
ters, water flow was highly stable than that of
summer, which was concentrated more than 50%
of total annual precipitation (Fig. 1b, ¢). The dia-
tom was repeatedly proliferated under the condi-
tions of low water temperature and low discharge
(Fig. 1d, no data in 2002). The bio-volume of Ste-
phanodiscus sp. occupy ca. 42% of total diatom
bio-volume, and especially over 90% in winters.

There was high probability of Stephanodiscus
sp.’s proliferations when water temperature was
below 10°C (Fig. 2). The peak cell density of Ste-
phanodiscus sp. was found mostly from Decem-
ber to February. Water temperature average in
the late autumn (November) was about 12°C and

o : Water temp.
x: Stephanodiscus sp.
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then Stephanodiscus abundance was drastically
increased. High abundance of Stephanodiscus
was persisted until the next March.

2. The growth curves of Stephanodiscus sp.

The growing pattern of Stephanodiscus sp. in
the temperature 4°C is shown in Fig. 3a. The lag
phase was observed up to the eighth days and
after then the exponential phase was persisted
until the twentieth days and there was no station-
ary phase during this experiment. In the twen-
tieth days, the cell densities of NRS-1, 2 and 3
were 127,180 cells, 121,980 cells, 110,220 cells per
milliliter respectively. The growth rates (u) of
NRS-1, 2 and 3 were 0.105, 0.104 and 0.102 per
day respectively. In the temperature 10°C, lag
phase was observed up to the tenth days and
after then the exponential phase was persisted
until the eighteenth days. In the twentieth days,
the cell densities of NRS-1, 2 and 3 were 219,180
cells, 140,700 cells and 246,260 cells per millili-
ter. The growth rates (1) of NRS-1, 2 and 3 were
0.117, 0.107 and 0.119 per days respectively (Fig.
3b). In the temperature 15°C, lag phase was ob-
served up to the eighth days. In the twentieth
days, the cell densities of NRS-1, 2 and 3 were
186,140 cells, 189,860 cells and 161,610 cells per
milliliter. The growth rates (1) of NRS-1, 2 and 3
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Fig. 2. Annual changes of water temperature and Stephanodiscus sp. cell number (1994~ 2006, n=680).



30 Kim, Myoung-Chul, Geung-Hwan La, Hyun-Woo Kim, Kwang-Seuk Jeong, Dong-Kyun Kim and Gea-Jae Joo

300x 10%

—e— NRS-1
250x10%{ —°~ NRS-2
—v— NRS-3

200 x 10%-
150 x 10°
100 x 10?7

50 x 10%

0 ag ag \ y T -

(a)4°C

(b) 10°C

300108

250 x 10°-

200 x 103

Stephanodiscus cell number (cells mL™)

150 x 10

100 x 1031

50 x 1034

() 15°C

(d) 20°C

0 * ' T T T T T T
-0 2 4 6 8 10 12 14 16

Day

18 200 2 4 6 8 10 12 14 16 18 20

Day

Fig. 3. Growth curves of Stephanodiscus sp. in different temperatures (a-4°C, b-10°C, ¢-15°C, d-20°C).

were 0.113, 0.113 and 0.110 per day respectively
(Fig. 3¢). In the temperature 20°C, lag phase was
observed up to the sixth days and after then the
exponential phase was persisted until the eigh-
teenth days. The overall trends of growth curves
were quite similar with the temperature 4°C. In
the twentieth days, the cell densities of NRS-1, 2
and 3 were 176,200 cells, 150,660 cells and
182,320 cells per milliliter respectively. The grow-
th rates (1) of NRS-1, 2 and 3 were 0.112, 0.109
and 0.113 per day respectively.

The growing patterns of Stephanodiscus sp. in
various temperature settings were distinctly dif-
fered (Fig. 3). The growth rates were different
along temperatures (4=0.104 in 4°C, 0.114 in 10
°C, 0.112 in 15°C, 0.111 in 20°C respectively) and
the highest growth of Stephanodiscus sp. could
be observed at 10°C. However, the growth pat-
terns of each strain have been statistically differ-
ent since 12" day of in vitro experiment at 10°C
(p>0.05, ANOVA).

DISCUSSION

The seasonality of diatom community (especi-
ally Stephanodiscus) in the lower part of the
Nakdong River is influenced by complex interac-
tions between each species and environmental
factors. Among the environmental factors, hydro-
logical and physical parameters such as preci-
pitation, river flow, and water temperature were
the most important for the growth of Stephano-
discus sp. Some scientific works provided similar
pattern of the species in the Paltang Reservoir
(Lee and Han, 2004). They concluded that low
discharge or stable water column with moderate
mixing could be the primary basis for the explo-
sive growth of diatoms. The low water tempera-
ture in the winter that was favored by the species
physiologically triggered the exponential growth
in freshwaters. The dominance of Bacillario-
phyceae in the lower Nakdong River could be ex-
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plained by the hypothesis (see Ha et al., 2002).

These species occupied the phytoplankton com-
munity when relatively low temperature persist-
ed (below 10°C). Jeong et al. (2001) suggested that
the summer phytoplankton community in the
large river of the region affected by monsoon cli-
mate was strongly related to the pattern of dis-
charge. However, in summer, the blue-green algae
was proliferated when the low precipitation and
low discharge due to the high illumination and
water temperature (Ha, 1999). While the dis-
charge of multipurpose dam in the upper part of
the Nakdong River decreased in the late autumn
(October ~November), the amount of inputting
pollutants to the river were maintained with
another season. Furthermore, the steady flow of
the water body and high retention time affected
the proliferation of winter diatom in the Nakdong
River. Kim et al. (2007) reported that the low flow
of Nakdong River during winter contributed the
proliferation of Stephanodiscus. Kim et al. (2000,
2005) suggested that the edible small centric di-
atoms were increased from late October however;
the activity and density of zooplankton in the
Nakdong River were decreased due to the low
temperature in winter. The proliferation of diatom
in winter was not controlled by zooplankton pre-
dation activity. Algal bloom may lead not only to
deterioration of water quality, but also to adverse
transformation of the ecosystem and its degrada-
tion (Sorokin et al., 1996). Indeed the diatom (Sze-
phanodiscus sp.) in every winter degrades water
quality in South Korea (Cho et al., 1998; Ha et al.,
2002; Kang et al., 2005).

Van Donk and Kilham (1990) suggested that
water temperature can alter the maximum grow-
th rate (um) of algae. Ahlgren (1987) reviewed the
various formulations used to describe the effects
of temperature on algal growth constants and
concluded that the effect of temperature on u, of
algae was essentially linear over the range 0~
40°C. Van Donk and Kilham (1990) indicated
that un of S. hantzschii (S. minutus; the taxono-
my was in confusion) increased with the increas-
ing temperature between 5°C to 20°C and below
20°C no real optimum was reached. Our labora-
tory studies of Stephanodiscus sp. presented the
different effect with natural river system for the
growth of the diatom. The cell density of Steph-
anodiscus sp. was observed maximum in appro-
ximately 5°C in the river system. However, the
optimum water temperature was 10°C for the

growth of Stephanodiscus sp. in the laboratory
studies. For a long time, temperature was thoug-
ht to have played a relatively minor role in sea-
sonal succession because only maximum growth
rate was considered to be set by temperature, al-
though in nature this maximum growth probably
seldom reached due to the growth limitation by
effect of nutrient concentration (Eppley, 1972).
The growth of unialgal clonal cultures in labora-
tory can be different with the species within algal
community in nature ecosystem condition due to
the different physico-chemical factors and bio-
logical interactions (e.g. competition for the nu-
trients, allelophatic activity with other species,
and zooplankton grazing).

Van Donk and Kilham (1990) suggested that
the Fragilaria crotonensis having apparently
lower mortalities due to the wall growth, and S.
hantzschii having higher mortalities at 20°C due
to the selective predation of zooplankton. In our
results, Stephanodiscus sp. was dominated dur-
ing low temperature when the zooplankton com-
munity filtering rates on phytoplankton was quite
low. The high cell density of Stephanodiscus sp.
could be maintained during the winter due to the
low clearances rates of zooplankton grazing.
O’Brien (1974) theoretically explored the question
of differential mortality on the abilities of species
to compete for nutrients and found that species-
specific mortality can change the outcome of nu-
trient dependent competition between algal spe-
cies. Furthermore, Stephanodiscus sp. can get an
advantage for uptake of nutrients because of
having more tolerance to low temperature than
the other algal species.

Most other rivers in South Korea are also in a
highly regulated condition, and have characteri-
stics similar to that of the Nakdong River. There-
fore, the dynamics of the important diatom spec-
ies Stephanodiscus sp. observed in the river, pro-
vide a good baseline for further studies on winter
phytoplankton for efficient management during
low temperature. Further experimental designs
for the complex relationship among temperature,
predation and resource competition are assigned
to provide evidence of Stephanodiscus’s growth
in the river system.
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