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Effects of Stocking and Removal of Silver Carp on Plankton Communities in a Shallow-
hypertrophic Lake. Kim, Baik—Ho, Min-Kyu Choi, Su-0Ok Hwang! and Noriko Takamura?
(Institute for Environmental Science, Wonkwang University, 344-2, Shinyong-dong, Iksan,
Chollabuk-do 570-749, Korea, 1Juam Dam Office, Korea Water Resources Corporation,
212-1 Yongkae-ri, Sangsa-myen, Sunchon 540-860, Korea, and 2National Institute for
Environmental Studies, 16-2 Onogawa, Tsukuba, Ibaraki 305-0053, Japan)

To evaluate the influences of stocking and removal of silver carp on plankton
communities and physicochemical parameters, fish biomanipulation was conducted
in six enclosures constructed on the coast of a hypertrophic lake during the summer
of 1997. Of these, three enclosures were established for the fish-stocking experi-
ment; one fishless enclosure used as a control and two enclosures with high and low
densities of fish. The other three enclosures for the fish-removal experiment were
prepared in an entirely converse process compared to that for fish stocking. The
results of randomized intervention analysis (a = 0.05) showed significant changes in
several physicochemical parameters and plankton communities after fish stocking
and removal. Fish stocking decreased water transparency, DO, pH and chl-a (>40
um), while increasing the concentration of nitrogen and chl-a (<2 pm). However,
water transparency did not increase by fish removal. Small plankton communities,
such as picocyanobacteria, eukaryotic picoplankton and ciliates (<20 pm) showed
significant reciprocal changes after both fish treatments: increase by the presence
of fish and decrease by the absence of fish. No count of large sized phytoplankton
and zooplankton showed significant change in the presence of fish, while large
zooplankton, Diaphanosoma, Cyclopoida and nauplii were significantly increased by
fish removal. Although the frequent heavy-winds and endless supply of phosphorus
from the lake sediment strongly disturbed the fish behavior and enclosure manage-
ment, the stocking and removal of silver carp showed an obvious reciprocal in-
fluences on plankton communities and its physico-chemical parameters in a shal-
low-hypertrophic lake.

Key words : Fish biomanipulation, Silver carp (Hypophthalmichthys molitrix Val.),
Cascade effect, Aquatic organism, RIA analysis
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Fig. 1. Diagram showing six enclosures constructed for
fish biomanipulation.
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Table 1. Summary of fish stocking and removal experi-
ments in six enclosures.

Enclo- Fish Fish biomass Experimental -
sure density (9/m?3) period Experiments
1 15 20.9 5/22~7/23 Stocking
2 57 78.8 5/22~7/23 Stocking
3 _ _ _ Stocking
control
Removal
4 38 22.0/56.3 5/22~9/18 control
5 57 37.4 7/123~9/18 Removal
6 15 9.1 7/123~9/18 Removal

E9low, enclosure F}712 &= & 30cm HAtoe]|E A
2)stgdct A3 7)7F SF A enclosure2] §I 1E9) ¢
g o] 2ok oF 78% A xo|m, 340 AFYF F<l
2 FA 0] =5 747 0.095mg/L9} 1.150 mg/L o]tk
(Takamura et al., 1996).

2. 43508

Enclosured §lof] A4 o] {2} A=A AN e+
Table 13} Ztom], A2 =74 7| (1997, 5122 ~7/23)
o} $7](1997, 7/23~9/18) 2 FE3te] AAE. o F
o] B4 AARTNAHE FUEA AR enclosuresl]
2] =313 enclosured| A1 8] o FAIAZ
olmlate, & A o] F7F A 7Y 23Ul FAl o

3 AdeZF 7+ enclosure2XE o] F£41
o] gol 9 HEFE 9lted, 7Y 1493 8Y 13U 7
7+ 1314 Fl2AS AAEloh 2ARE A IES 9
4-3te] enclosured] oF2o] &Ab &l W spnbee
53 595 g A AARGH SAlel o7 Al
T % AE AR oFe BRI (EE e
2z0] enclosure 1,2 X 30A], A AAE (A8 2)& I
Z29] enclosure 4,52 6|4 77k AAFH e A1
549 229 RE 79 23Y471A] oF7F 999 enclosure
1 (A =)7} enclosure 2 (HE)el] oJF-2 F4lsl9o
o, ) &<l enclosure 32 A3 o] Zu= 94 187}
2 75 FY3HA &tk A 2% 59 229 RE 7Y

239 <t enclosure 5 (U x)2} 6 (U)ol ZHzh o

72 T3] vioksieir), 79 239 Bl AL
], g) &<l enclosure 4= enclosure 5¢} 62 =714 %
o) o} fg £ NYFRAA A% wpatolct

3. 2¥33y A =4

AgxAb 19074 59 2290H 54 99 189744
#2504 % 353)% AXsdon, AYE 539 BF

o

(Rl -

0

% BHAT

I 24 10m/sec o|4F2] wlgto] of 203] A= Eic}

A7 =9 el =] (17.9 m/sec, 64 204) 23t en-
closure 13} 298] x4l A7} glelont 244 7ko]
o] ®3lelc) £ NE, ENE, E, SSW, SW, WSW
o] 60% o|Ae x}x|3}9la, o] = ENE, E, SW7} 7}
=2 vlxE WP 7 enclosure?] 4=, EHE 4~
pH, DO FAeA A4 ZAsldom, 48 8 g2
At 72 om(FEubE W), 1m 2 2mel A o4
7] (YSI model 58), pHE= Fd]-& pH meter (TOA HM-
12p), =9 == Secchi disc (37 30cm)E o] L3le] =
Asledl. 3= E= Quantum sensor L1-10007} X2zl
Datalogger LI-COR (umols ™t m=2 per pA)S o] L3},
JE ¢, 7E w1, 10-20, 25, 50, 75, 100, 150, 200 cm, ~L
g3 saniErta) S4she.

Agage] FF 2 450 s dE F

o

T4 YUY A AFEH7E o gasict

off £

o o

27

I\

AEAE F JFEF M-S 9% A5 7 enclo-
5cm, Z o] 218cm A X
A& AHEEA e, A5l
A3 A& AL Ice boxg o] L3
o}, ookl Standard methods (APHA, 1995)e) oz}
A5} 31, bacteria, PCB, ANF, HNF, EPP & A1 &Z
g Eo] A1A-L Takamura et al. (1996)2] ¥l ol ule}
A5kt Chl-ax Z7¥E 2 4942 E33}he] (>40
pm, 10~40 pm, 2~10 pm, <2 pum), 90% methanol =
~20°Cel A 24470 %53 HPLC o2 ZAslolc}
(Takamura et al., 1996). T2 ZFIEL F2AA 472
13] A $sle] ZHFE net (NXXX25, ca.94 um)=2. o 7}
gk %, 10% sugar formaline2 %] 3}eq, s 53] A
(Nikkon, Tokyo)slell A FA B 7HA425 Asstadot
A EEHFIES] A= Lugol iodinej oz w143 F,
Utermohl (1958)¢]] whe} =23 n])7 (Nikon, Tokyo)3d}e]]
A EA 9 AASE SR HEERE 2% gluta-
raldehyde® 1A 3}31, 50 mLE 12A]7Hg¢l A A7)
5 =5 3v]7 (Nikon, Tokyo)stell A 71743} =t

5. 4224 2 AN

AAe) ETEAe Q94 APad
]

=
% 7 $FAE] A Wske fode AAe

4 e
3
> o

g2 A of77F A" enclosure (1, 2)ell F-E



Fish Biomanipulation in a Hypertrophic Lake 361

—

dakar o7& A FUA W enclosure (3)9}
AAskda, A AL
2 enclosure (5, 6) 2%
H o fE AAT F AJFEA AEH ez oJFE
43 enclosure (4)2}8] el & AT EAM S
o 2= 7t enclosure®] £9 %, DO, pH, &4 (NO2-N+
NO3-N, NHs—N), ¢lAF(PO4-P), 27| =4 £3
(>40pum, 40~10 pm, 10~ 2 pm, <2 um), bacteria, PCB,
EPP, ANF, HNF, 4 Z8 3 &, o 25, Aphanocapsa,
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Table 2. Effects of fish stocking and removal on physico-
chemical characteristics in enclosures. Signifi-
cant increase and decrease of parameters at a=
0.05 are indicated by upward (increase) and
downward (decrease) arrows, respectively. Sta-
tistics was analyzed by Randomized Interven-
tion Analysis of Carpenter et al. (1989).

Fish stocking Fish removal

Physicochemical
parameters Low High Low High

Transparency ! !

Dissolved Oxygen -

pH - |

NO2-N+NO3-N - 1

NH4-N - 1
l

| &——> — |

PO4-P

chl-a (>40pum)
chl-a (10~40 um)
chl-a (2~10um)
chl-a (<2 pm)

—_ — | — |

— |

— | > — |

— | o/ | ——— — |

Table 3. Effects of fish stocking and removal on density
changes of bacteria, picocyanobacteria, ANF and
HNF, EPP, picoplankton, blue-green algae, zoo-
plankton, and ciliata. Significant increase and
decrease of parameters at a=0.05 are indicated
by upward and downward arrows, respectively.
Statistics was analyzed by Randomized Inter-
vention Analysis of Carpenter et al. (1989).

Fish stocking Fish removal

Low High Low High

Aquatic organisms

1 ! !
— l —

Bacteria

Picocyanobacteria (PCB)

Eukaryotic picoplankton
(EPP)

Autotrophic
nanoflagellates (ANF)

Heterotrophic
nanoflagellates (HNF)

Aphanocapsa elachista - -
Chroococcus dispersus — — — —
Lyngbya contorta - - - -
Merismopedia tenuissima ! ! - -
Oscillatoria agardhii - -
Other total algae

Diaphanosoma - -
Bosmina - -
Cyclopoida - -
Calanoida - -
Nauplii - -
Ciliata (<20 pm)
Ciliata (20~ 60 um) - - - -

—_ - — —

| = — | — |
| — | D —— |

—
—

7F5et 349} enclosured] %2 =% (>105cell/mL)E
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Fig. 2. Succassion of dominant phytoplankton count (>90% of total phytoplankton) in fishless (A) and fish (B) enclosures.
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