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Distribution of bacterial abundance and production was investigated during October, 1995-August, 1996
in Lake Shiwha constructed artificially in 1994. Its water column was distinguished by two layers: the
brackish surface layer with salinity ranged from 6 to 20%0 and the saline hypoxic/anoxic bottom layer with
salinity of 17 to 27%o. Except for samples collected in March, 1996 (on average 13 ug I"), chlorophyll a
concentration ranged from 27.6 to 249.5 pg 1" in the euphotic zone, indicating the hypertrophic condition of
Lake Shiwha during most of the studied period. In this study, bacterial productions measured by ‘H-
thymidine incorporation method were similar to those by “C-leucine incorporation method. In hypertrophic,
surface waters of Lake Shiwha, bacterial abundance and production ranged from 1.4 to 19.5%X 10 cells I
and from 1.6 to 126.5x 10’ cells I h”, respectively; 2 to 4 fold and 2 to 30 fold higher than those in
eutrophic coastal waters outside of Lake Shiwha, respectively. Turnover times of bacterial community
in the surface layer of Lake Shiwha ranged from 0.2 to 8.9 day, indicating that bacteria in the lake
seemed to adapt to the hypertrophic condition. In the hypoxic bottom layer, bacterial abundance and
production was up to 3 fold and 20 fold lower than those in the surface layer, and showed slow
bacterial growth. Significant correlations between the bacterial abundance, production, and community
turnover time with water temperature indicate water temperature was the important factor controlling
distribution and growth of bacteria. However, during summer season, bacterial production seemed to be
regulated by supply of substrates.
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Fig. 1. A map showing the sampling stations during a study period from October, 1995 to August, 1996.
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Fig. 2. Temporal variations of (A) temperature, (B) salinity, and
(C) concentration of chlorophyll a (Chl a) in adjacent
coastal waters outside of Lake Shiwha ([ ]), in the brackish
surface layer of the lake (), and in the saline bottom
layer of the lake (A4). Error bars represent 1 SD.
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“C-leucine(Leu) incorporation rates measured in the
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Fig. 4. Temporal variations of (A) bacterial abundance (BA), (B)
bacterial production (BP), and (C) turnover time in 3
distinct water masses. Symbols are the same as in Fig. 2.
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Table 1. Bacterial abundances and thymidine-based bacterial productions reported in meso- to hypertrophic environments.

Site Bacterial abundance Bacterial production Source

(x10° cells T") (uegC I' b
Meso- to Eutrophic
York River Estuary (Virginia, USA) 1-8 0.29-3.13 Ducklow (1982)
Mediterranean (Barcelona, Spain) 4.2-8.3 1.42-6.10 Vives-Rego er al. (1988)
Georgia Bight (Georgia, USA) 0.8-7.6 0.07-3.5 Griffith et al. (1990)
Mankyung and Dongjin River Estuary (Korea) 0.4-5.8 0.004-0.93 Cho and Shim (1992)
Chesapeake Bay (USA) 1-22 0.4-9.2 Shiah and Ducklow (1994a)
Kyeonggi Bay (Korea) 1.9-4.2 0.63-3.37 This study
Phytoplankton Bloom
Hudson River (New York, USA) 1.2-14 1.1-2.2 Ducklow and Kirchman (1983)
North Sea (southern bight) - 0.09-2.44 Lancelot and Billen (1984)
QOosterschelde Basin (Netherlands) 0.4-1.0 0.02-0.29 Laanbroek et al. (1985)
North Sea (Belgian Bight) 1.3-35 0.03-0.7 Billen and Fontigny (1987)
‘West European Basin 0.2-2.5 0.05-0.64 Ducklow et al. (1993)
Scripps pier (California, USA) 37174 0.23-17.7 Cho (unpublished data)
Hypertrophic
brackish Lake Shiwha 1.4-19.5 1.2-38.1 This study
£ 8919) ZLolUTH(Table 1). 313 A5olA 249 vezlo} A Wz TE ATFolMe AAske ARYTHCole et dl,
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&9} Scripps piero) A A EEFFAE tFA 0] AAHNES o v}
e srEHe SAPAY thad Bolan, b A9 3E B
= 98] otch(Table 1) Scrlpps pierZ A 23k t}E F A
A B AT Adn B @& dbgglol Al Ay g wel
AL ANEZHAEY] EH%“OH‘: Estn £ dqoA Lo
HEL a FERT YL g8 2o 2 FS /718 TF] 94
gote] 4A4E Age T3l olggt e AP d Gl
grelgolo] o] ek HAno w2y, AEZTHAE 4
%é% o] WA sl vl = wEAY FAES AIAWE}.
WA &) B s Hadd AstielA dhe|E
o} *M}@M Zpolrt s Folx Eela whe|ele} }Ml-r
o] zpol= AR o g 214 o}, gk oA vhHElolE
AAE 7128 29 A4 9 sloje] o) o) Al By
w2 A dojun 9158 AAtskga
SRl whelElol ARG £ ekt fo8 A
FA=0.27, p<0.001, n=49)2 eI 2 HFig. 5A), =
a9hE T AEHAS e A FshtFig. 50). ¢
gzlo} A Fo% A4udAs T9Y% L F4d AYq

e 5 b

Shiah and Ducklow(1994a, b)y= F-<J<3lE Ch esapeake Bayoﬂ
A g delA H‘*Eﬂﬂo} A 7o) 20°C o]
S AETAE £°ﬂ gk 9
olte} FLoM = 7T’é‘«l
of B Avst fAre ZRE ‘iit‘r 3
2ol 98 BL {7189 FRAw B -5}.1.. 199613 2%
& utge]o} A g 233 1.2°C)l o3 Xﬂ\.‘f::
7] WRE o8 oM}

ghelgjol £ SAAIZFE A8 05£02¢Y2 wEx, A
2ol 19963 1193} 19963 2¢e] zZhzh 6.1+1.87 4.2+
3292 “grk(Fig. 40). 181 weeo} FHI AL 2
7§98 &9 ABTA(=0.33, p<0.001, n=92)F UERJ],
F2o] utglalo} T 3 AHAZHE 2 T 8RUYS B

2 Ch(Fig. 5F).

AlE & MAtAS

A gtz el AatadoA e Eol MAFE thRES 2
A 0.7~43%10° cells I B9l 9] o2 AbZo) A 245 ghol W
3 2~3u) AE e FE HATHFig. 4A). 2 1996139] 24
ZAHA A 8ol M= 5.1% 10° cells ') o= =o AP A=

oA =A" v o}l AAel 25~4.9%10° cells 1" 2 gk
Bz Fop thE Ajrle iA}@rc o2 F4e BATHEA



98 HEG -
20 A ¥
P |
©
(3]
-]
o
h ad
x
<€
o
Temperature (°C)
100
— A
2 I .
8 10
& Tt a1
- --
o) T A4 )
5 ! 2
1 el it il
1 10 100
Chla(sgl)
_. 150
= E +
- +
P 100 +
8 r + +
Vo) +
- 50| *
x //
e o
0. i 3‘§*° **
m
0 i 1
0 10 20

BA (x10%cells I'")

Y- F71E - 843 -

__ 150
= B +
s +
o 100
8
~
o
-
x
o
0
40
Temperature (°C)
- - D
j: -
= 100 3
K% 2
8 [
2 10 = 4
x 3
i u
a. - !
1 i 1 llllll‘ L JJ_Li“II 1 1
1 10 100
Chla (ugl')
=
3]
Z
(0]
=
el
()]
>
Q
E
-
._.

0 20 40
Temperature (°C)

Fig. 5. Plots of (A) temperature vs bacterial abundance (BA), (B) temperature vs bacterial production (BP), (C) chlorophyll a (Chl a) vs
BA, (D) Chl a vs BP, (E) BA vs BP, and (F) temperature vs turnover time in brackish surface layer (October 1995, @ ; November
1995, A; February 1996, ®; March 1996, &; May 1996, %; and August 1996, +). Solid lines represent statistically significant (p <
0.05) tinear regression lines. Data inside of the dotted circle (D) were used for the analysis of the linear regression.
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