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To clarify the phytoplankton blooms in Lake Shihwa after the construction of a dyke, a study on the
environmental factors, the distribution of chlorophyll-a, phytoplankton standing stocks, dominant
species and primary productivity was carried out in Lake Shihwa and adjacent coastal areas from
October, 1995 to August, 1996. Lake Shihwa is brackish water with mixing of freshwater from
tributaries and the remaining salt water at the bottom. The dense phytoplankton bloom of average
value of 168.6 pgChl-a 1" have occurred throughout the year in Lake Shihwa which is eutrophicated
by the large input of nutrients from inflowing 5 tributaries and Shihwa Industrial Complex. The major
organisms of algal bloom in Lake Shihwa were diatoms, Cyclotella atomus, Nitzschia sp. and Chae-
foceros sp. in autumn and winter, and dinoflagellate Prorocentrum minimum and Chrysophyceae in
spring and summer. The autumn and winter diatom blooms were limited by the depletion of silicate
in the lake. Diatom blooms have occurred in the coastal areas adjacent to Shihwa lake from winter to
summer due to the inflow of nutrient rich-water from Lake Shihwa. The primary productivities in the
Lake Shihwa ranged from 2,653 mgC m” day'1 to 9,505 mgC m? day'1 with an average of 3,972 mgC
m™ day”. However, most of the high primary production was limited to the shallow euphotic zone
due to the inhibition of light penetration. The primary productivities during autumn and winter were
limited by the depletion of silicate. Lack of photosynthesis and the decomposition of falling organic
matter under the middle of water column accelerated the depletion of dissolved oxygen in the bottom
layer.
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Fig. 1. Sampling stations in Lake Shihwa.
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Fig. 2. Vertical profiles of water temperature, salinity and disso-

Ived oxygen (DO) at station 4. A: Autumn, B: Winter, C:
Spring, D: Summer.
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Fig. 3. Distribution of euphotic depth in Lake Shihwa.
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Fig. 4. Vertical profiles of chlorophyll-a at station 4 in Lake Shihwa.
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Talbe 1. Seasonal variations of daily primary productivity (mgC m?
day™) and assimilation number (mgC mgChl-a” hr?).

Season Station  Primary productivity ~Assimilation number
Autumn 1 2,698 2.59
4 2,653 2.54
Winter 1 3,686 2.04
4 3,479 2.01
Sea water 1,888 3.89
Spring 1 5,007 3.59
4 4,479 341
Summer 1 9,505 33
4 2,857 4.45
Sea water 1,382 7.17
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Fig. 6. Seasonal variations of primary productivity in Lake Shihwa.

HEH FEo7] o g2 o sy
7} ghe 7 0 2 A} #chSmetacek, 1986).

o wa| 2HE

ALEE B 3¢o] B FL o e FaATE iﬁiﬁ.

v} #-2 chlorophyll-a 58 YA o] 2k, "5'}741

& +€ 2A0R £& SHATE BAo H5 f qu
€ 9l S0 was 9YY 339 Gz Yooz g
&2 ARG E BT

4 B

Alsbaal A4 £ SA02RE fYdE 2HFE 3
AN FEER BIESHAT. B BAYHE Adlo
F4Ul] £Fe| A+ chlorophyll-a F%71 B+ 168.6 ug Chl-a
I'o] @3l AEEgaE 54 Aol 441 Z2A AL
TSI TE oj = ETo] FAL ojxe] ZAH chlorophyll-a ‘%
1.8 pg Chl-a IG5 ATAL, 1993b)e} 9dujol] 23 hst
R gFHez BzA o] A 2d7e] Yeht Aol
ol e YA HETFHIAE AEFHA UL FIidy
19933 HEEHAE &Pl vjsl] B zA7|7h B9 o

coled - wAE - 844

250818 FUbb dejwdrh. AlgEe
chlorophyll-a o &]3] 700]4¢] =& ¥
g HGx NS ErY RgUds WERE FAHS 24, sHAC
24 gF4 o] vehdth Aglsule] AEEFFIE F
28 ZA9 TA G BELHe Cyclotella atomus, Nitzschia
sp., Synedra sp. 53 33t BEF4] Chaetoceros sp.ol 23] §
Aol ok, A9 sHAlE FAEY Fadt #29 Ao
2 AR EQ Prorocentrum minimumd}t EZFHQ1 Scenede-
smus sp., FLZ A 3] diF4o] dojwtrt.
N3 E el YRS AT 3,972 mgC m? day'S) &

& QAEE Bo] T2 A =L chlorophyll-a 59 £844 4
o #2382 ryvh Ty BE6AM Y & FEFE YA
Abo] Al 3mUlE ZFFHUT AFAE BFNAH AR «

7129 AR Aata AE7E etk 23edA s AEAH e
2 EgFo hFAd o3 74ty mE F54 A 17
o] ettt

FR%s AF(TSh=
FEE AT A BE

ol i} o] A ZFE AFHLE FUHE LAFE F
FU3Eo] 42 EFIAEY thF o] AT AL dojuta gl

= 19963 % Qs En W A4 A

B s A3 2
W 348 el Qo 9lsod

& FPHRAFUT NS =
Abol] E@ale] 4 YRS A A=Y L B =7 A
o s Fal gt wabel A E wgol A A E &
gyt

i
AR, 137), AAE, 98, 1992 43 FHR 4L S
A7 % A%

7)ol A ARYNE T} F AT 2 A
37, 27: 237-248.

AU, A, G, 89, wheat, 1996, 3¢ G
FANM FAE 2gd A =F 1Y V9=,
Algae, 11: 231-237.

uhgH, uka, Y, &5, dET, 43, 1997. Asts
e84 BAFY $E %, 7] HTBY WA
. gaoFsrs A Mupr), 2(2): 5368,

AT, A, 1994 957 3799 AEEHIE T/ TE
W3} 2845182, 27(3): 227-250.

A%, 19%. 3= A<t AHHF T 7| ARTH 2 2
B AT, AeSEL o) SubA} 9 =T 191pp.
H%F7), 1995, F& €A AL 87 9% B3A, AHA

7t 465pp.

g £ FA), 1993a. @A A
A8 314]. 311pp.

3T kg FA), 1993b. 793 AIFAT AR AF THEA 2
AN 87 e A} 317pp.

3 FAY FAL FolE IEFAL 1995.
A B2A g3 58 A 1A, 641pp.

oft
of

235 7l gl #

AFA T B



Algtz s} Asts 9 3

=

T71E, AT, T, o], 1996. A8} 1F s G A
7 F71E. 3]+ 18: 89-92.

Bodeanu, N., 1993. Microalgal blooms in the romanian areas of
the Black Sea and contemporary eutrophication consitions. In:
Toxic Phytoplankton Blooms in the Sea, edited by T.J.
Smayda and Y. Shimiz, Elsevier.

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

Choi, JK. and JH., Shim, 1986. The ecological study of phyto-
plankton in Kyeonggi Bay, Yellow Sea. I Environmental
chaeracteristics. J. Oceanol. Korea 21(1): 56-71.

Choi, J K, J.H. Noh, K.S. Shin and K.H. Hong, 1995. The early
autumn distribution of chlorophyll-a and primary productivity
in the Yellow Sea, 1992. The Yellow Sea 1: 68-80.

EPA, 1976. Water quality criteria research of the U.S. Environ-
mental Protection Agency. Proceed. of EPA sponsored symp.,
EPA-600 (3-76-079) 185pp.

Forsberg, C. and S.0, Ryding, 1980. Water quality criteria. Arch.
fitr. Hydrobiol., 89: 189-207.

Lee, 1A, KJ. Cho, 0.5. Kwon and LK. Chung, 1994. Primary

Appendix

HEFYAES ZHF A3 YU BE A7 85

production of phytoplankton in Naktong estuarine ecosystem.
Korea J. Limnol. 27: 69-78.

Marchetti, R., 1984. Quadro analytico complessivo dei resultati
delle indangini condetto negli acquae costiere dellEmilia
Romagna: situazione e ipostesi di intervento, Regione Emilia
Romagna, 310pp.

Mihnea, P.E., 1992, Conventional methods applied in pollution
control of the romanian coastal waters of the Black Sea. In:
Marine Coastal Eurtophication, edited by R.A. Vollenweider,
R. Marchetti and R. Viviani, Elsevier.

Parsons, T.R., Maita, Y., Lalli, C.M,, 1984. A Manual of Chemical
and Biological Methods for Seawater Analysis. Pergamon Press.
173pp.

Smetacek, V.S., 1986. Impact of freshwater discharge on produc-
tion and transfer of materials in the marine environment. In:
NATO serics, Vol. 67, The Role of Freshwater Outflow in
Coastal Marine Ecosystems, edited by Skreslet, Springer-Verlag.

Vollenweider, RA. and 1.S. Kerekes, 1982. Eutrophication of
Waters, Monitoring Assessment and Control. OECD, Paris,

82pp.

Appendix 1. Distributions of water temperature and salinity in Lake Shihwa and adjacent coastal areas.

Autumn Winter Spring Summer
Station Depth (m)Tem. (°C) Sal. (psu) Depth (m)Tem. (°C) Sal. (psu) Depth (m)Tem. ('C) Sal. (psu) Depth (m)Tem. (°C) Sal. (psu)
1 0.0 16.6 6.9 0.0 4.2 9.4 0.0 228 178 0.0 315 11.9
35 16.8 7.3 4.5 3.0 10.2 7.0 18.8 20.8 7.0 30.5 125
2 0.0 16.9 7.0 0.0 43 9.6 0.0 213 19.3 0.0 30.6 13.0
40 165 71 5.0 39 10.2 8.0 12.8 26.6 8.0 245 157
3 0.0 16.8 7.2 0.0 35 10.1 0.0 20.4 19.6 0.0 30.2 135
2.0 16.7 72 50 - 34 10.2 4.0 19.5 19.8 4.0 11.6 275
45 16.8 7.9
4 0.0 176 7.3 0.0 45 9.8 0.0 18.5 19.5 0.0 30.0 13.6
4.0 16.5 7.3 3.0 4.1 10.1 3.0 17.9 19.6 3.0 29.4 13.5
5.5 171 9.2 6.0 2.9 11.1 6.0 17.6 19.7 5.0 27.7 14.3
6.5 19.4 253 7.0 2.9 12.4 7.0 11.3 255 6.0 24.0 16.1
8.0 19.2 26.5 8.0 4.9 17.9 8.0 9.7 26.8 7.0 23.0 17.6
9.0 7.9 22.6 9.0 8.9 27.0 3.0 20.0 20.8
10.0 8.6 233 10.0 8.1 272 10.0 14.2 26.0
12.0 10.7 251 12.0 7.2 28.0 13.0 11.7 28.4
15.0 12.2 28.3 15.0 7.1 28.0
18.0 11.1 29.7 18.0 82 29.6
5 0.0 176 7.1 0.0 4.1 9.9 0.0 177 19.8 0.0 293 137
40 16.1 7.1 3.0 33 9.9 3.0 17.4 19.8 3.0 28.8 13.7
55 18.0 22.7 6.0 3.0 10.0 6.0 16.2 20.4 5.0 28.0 14.0
7.0 19.4 251 7.0 2.8 10.7 7.0 14.2 22.6 6.0 27.4 14.5
8.0 33 16.6 8.0 9.7 26.8 7.0 25.4 15.5
9.0 4.6 25.0 9.0 8.8 26.8 8.0 20.9 20.0
10.0 5.7 231 10.0 7.5 27.8 10.0 15.9 25.7
12.0 6.3 25.1 12.0 7.0 27.8 12.0 14.6 26.5
14.0 6.9 277
6 0.0 172 74 0.0 38 104 0.0 16.8 19.8 0.0 283 13.9
3.0 17.2 135 3.0 3.4 10.3 3.0 16.7 20.0 3.0 27.6 139
5.0 17.5 16.6 6.0 2.3 29.2
A 0.0 18.8 29.9 0.0 2.8 325 0.0 14.2 321 0.0 25.4 30.6
7.0 18.8 299 - - - 8.0 13.1 321 botton 24.8 30.9
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Appendix 2. Seasonal variations of chlorophyll-a in Lake Shihwa and adjacent coastal areas.

(Unit: ug 1

Autumn Winter Spring Summer

Station Total Nano Pico Total Nano Total Total Nano

1 1181 108.6 2.2 302.4 246.5 218.0 314.9 304.2

2 119.0 59.5 2.2 2677 262.6 269.8 210.6 -

3 65.7 - 260.3 251.5 2273 56.0 524

4 46.4 41.1 2.9 3183 266.0 170.1 45.1 44.2

5 70.6 60.3 14 279.7 241.0 152.2 325 30.5

6 64.8 - - - — 94.8 415 35.6

Sea Water 23 1.7 0.5 314 - 15.0 12.0 -
Appendix 3. Seasonal variations of TSI (trophic state index) values in Lake Shihwa.
(1) TSI (Secchi disk Transparency)

Autumn Winter Spring Summer

Station S.D. (m) TSI SD. (m) TSI S.D. (m) TSI S.D. (m) TSI

1 0.70 65.15 0.40 73.22 0.30 7737 0.50 70.00

2 0.40 73.22 0.40 73.22 0.30 77.37 0.40 73.22

3 0.80 63.22 0.40 73.22 0.30 77.37 0.90 61.52

4 0.80 63.22 0.35 75.15 0.40 73.22 0.80 63.22

5 1.00 60.00 0.35 75.15 0.50 70.00 1.00 60.00

6 0.35 75.15 0.60 67.37 0.60 67.37

Min. 0.40 60.00 0.35 73.22 0.30 67.37 0.40 61.52

Max. 1.00 73.22 0.40 75.15 0.60 77.37 0.90 73.22

Avg. 0.74 64.96 0.38 74.18 0.40 73.78 0.65 66.99

(2) TSI (Chlorophyll-a) <Cht-a: Chlorophyll-a(ug 1')>

Autumn Winter Spring Summer

Station Chl-a TSI Chl-a TSI Chl-a TSI Chl-a TSI

1 1181 77.4 302.4 86.6 218.0 834 3149 87.0

2 119.0 77.5 267.7 85.4 269.8 85.5 2106 83.1

3 65.7 71.6 260.3 85.1 2273 83.8 56.0 70.1

4 46.4 68.2 3183 87.1 170.1 81.0 451 67.9

5 70.6 72.3 279.7 85.8 1522 79.9 36.3 65.8

6 64.8 71.5 - - 94.8 75.2 415 67.1

Min. 46.4 68.2 260.3 85.1 94.8 75.2 36.6 65.8

Max. 119.0 715 3183 97.1 269.8 85.5 314.9 87.0

Avg. 80.8 73.1 285.7 86.0 188.7 81.5 117.4 735

Appendix 4. Standing stocks of phytoplankton at surface layer in Lake

Shihwa.
(unit: X 10° cells 1')
Phytoplankton standing stocks

Station Autumn Winter Spring Summer
1 50.6 71.4 11.0 335
2 214 49.6 55.1 238
3 12.2 59.4 103 7.1
4 8.6 54.9 12.4 4.8
5 21.4 56.6 12.0 2.7
6 16.3 51.3 - 0.5
Min. 8.6 49.6 10.3 0.5
Max. 50.6 71.4 55.1 335
Avg. 21.8 572 20.2 121




