J. Lake Sci.(#ia#+5), 2016, 28(3): 463-475
DOI 10. 18307/2016. 0301
© 2016 by Journal of Lake Sciences

BE SRR EE SR 0 I S R

AR KA
(R 27K 7 5 1 B, 13 201306)

7 OE: FRENEE SRR B 8 AR TSR RE 0 09 AL M R S AT B, D DASE 5y T g AR 2 Yy
BRPEORZ B 7SN A SR, B SR8 A O A B 5 T 9 22491, S BBONATT X BE A5 1) FH B8 5 2 o) T 5 SR AL
TH A AT B K AR TR DA 0B AR SCI e % [ AR AT SR 50 2 () AT B0 A, 4 o 1 B0 S sl R
R 25 SR AT RE SR, 48 1 X 5 | G4 RO T LA B A IR, LU S 3 [l I 7A PRI B0 A BRI PR 4P S A A

KGRI : WA B E IRl B 5 85 DI B s WA ]

Controlling the nuisance algae by silver and bighead carps in eutrophic lakes: disputes
and consensus

LIU Qigen & ZHANG Zhen
(College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, P.R.China)

Abstract; Treatment of lake eutrophication is shifting from pollution control towards restoration and management of lake ecosystems
in China, so it has drawn much attention of the non-traditional biomanipulation based on the role of silver carp and bighead carp in
lakes. However, there are both successful and unsuccessful cases over the use of silver carp and bighead carp in controlling nui-
sance algae, which has led to the discrepancy over the feasibility of its usage. In this paper, we analyzed many studies that tested
the effects of silver carp and bighead carp on algal production, pinpointed out the possible causes leading to the different results in
these case studies, and tried to reach a consensus over the use of silver carp and bighead carp to control algal over growing in eu-
trophic lakes. We hope this effort could play a role in helping the environmental management and protection of lakes in China.

Keywords: Lakes; eutrophication; silver carp; bighead carp; cyanobacterial bloom; control of nuisance algae

S T R AL U T SR e R W R K e e . B T £ B AR W R
“PORF AL FETR K Wl 5 J ot b FLA 246 JE 0 0 0 7 SR A, S (L 2 9t 39 199 3 2 3 0
2 W2 T E & WA (F K, TR B85 AR, HAE — e 13 ) 3 7 rp R T G 5 40% DL
CUnE SHELE VT T 02 9 ) A0 7 A 509 DAL T ZE B DUAR ) o 1) 90% LA 1)) . PRl e it 3 T S 2 3
FE] ST e L SR G ) 3 10 KT, o T T £ IO 454 X 1) T [ AN ) B S R

SR, NI B S5 P 24 AR LB T il R PR 8. by 0 60 B2 AT B 2 g, DR ) B
B ) S SR AT R S A S P s K AR B T REE R E B T E AN Sz % O L b
S O ) X — e R B AR LA A S RN T S AT T SR AT B S5 e 75 4 A AR
HIRAAFA AL, BA RN, S2FR b, 56 T 0 AR 25252800 s B0 (4 [ N AMIFIE iT I AR (54 A
AR , X ORI ST 5 S 2 6] AR P I, AS(E o R ik SRS 1) 2 5 T D0 HA AR RE SR R g — , & i)k
Ik LI B — e, B X i 92 0 R AL AT [ P AN I I AN T AT X ) 7 LY
TEAE S5 TT o 0 S 50T 7K A 555 0 PR A1 FH A5 S 80 0 A 19 7 P L 670 4 P A S 80 S8 MR, o — 26 2
Fi 7K PR A B SR I . R IR o S [ S A A i 25 00 e, o e R 0 K B 08 5 EL A

x ANEPEAT I CAOlk) L35 (201303056 ) | I G K AT Jed il 5 VAR R £ 151 (2012ZX07101-007) ([ 5K H S4B}
B4 TH (31072218) F0 LT m AR AR S 5 WU H (ZF1206) 564 98 1. 2016 —01 —31 1k ;2016 —02 - 02 g
PhhE. KRR (1965~ ) , 5, 1+, #4% ; E-mail : qgliu@ shou.edu.cn.



464 J. Lake Sci.(#:a#%),2016,28(3)

R

T BN i5 5 TE R TR L B BE K, A A A XT [ PN A R B AR SR S B 3 BT e 1 O 24
(012 LR JUAN )R - Sy A2 R BT 5 2 75 30 0 45 2R 25 Tt at e L 28 58 X0 57 0 BUAT AR 2 ) B O 47 7
WA T /AT 4G, RETR ISR WURBLA (IR A 2 LUE s, IR A 4 Ja BT R (S FE I BT A4 e
A BT (53 (BT A

1 8 SR AR R R E

TPV 2 o) % A T 2 B 3 B K S I A 3R Ak 1) I 5 = A AR R
WIZ BN SEIER. FLAE 1970s — 1980s, [ P bk £ A G S5 s g a7 " R I o AE 1980s TF 4 1 Rk
Tl S S A AL A R K R R K AR B, A R B R RO S R
E AN EL 3 ST KT , U8 2 eI 1 25 R G A R 7o A B i DR T W9 7 R At i — A EE 37
. T SRR E B, DR AR TS I SR 45 1 T 5 SR A I o A 9 2K 5 0 K R A R
T E N SMIFSE RO R — S UL

R ST AR B SR 8 ) T, L A e R 75 0 R A 4 ) B U e B A A k) A A R
TN 55 el SR WA TN 20) I3, B 75 ) 65 | 9 of 45 A 9 2K 1 o o 4 I sl 0 3 s A AR R
F9 DR BRI 5 S5 Bl 7542 S T, S A 8 6 2 R 35 e 8 1 A 153 80 A 28 0 0 , DR Ay A A )
T5 YL IR I, OGE A B SR ) A 1 3 P K A M 1. B 1 L < 9 e R 4 R
BFACIT A R TR TS YL U5 O AN A AT, 22 B AT 2200 Bl e S e 42 35, TN g B U
5 YL AR B s, K BT Il — o RS 3 R R it , A, 33 S 37 T R4 DRI A ok TR A A
T 55 Yl I A PR 5 2, PECHEE I BRI B B e K A, DR A8 B A R O\ S5
KT 3742 T 8 248 16 o R B 38 /BT T AR T 0 ). 33K 2 R T 9 9 D e 5042 9 1) 32 1
k. BRI 0 R IO PR B — Fh T B, S X NG et 1 A ARk 7

2 B SRR R A B =)

A Kbl ST RORIEST, FE AN R B R 1. T 0 B L S KB R D) T TR T E A AR
TRZ WM, A LRI T USSR, b T35 0 22 001 8 A J LT o A1) oo B 55 i 5 42 8 1) 25 AL 2
W WA SO 25 B 2 I TR SE 1), S AE RS B 1k — A0 1 A0 B 0 R 9 1y BRUR R0 8, LA B TR
R RGBS 4 ) PRl T S A BT 7 T ) 5 0, DR e ke X S ) 43, 2T A
TE 5 77 T R IR AT
2.1 B SRR A0 SR T2 0

AR =2 I 5 Ay B A2 S HL IR S (R, 2 ) N i 7 T B 1 i 4 0 2 —. %S T 1982 4F
57 AREAT FHK R 8 A 3 m (AL 2 m® 7§ 1.5 m) (/K P8, 43 A B PR4LIRII BE47. A 213
JEE A ZE A JEEBE IR K RS VR , B 2. AR B0t 9 1 A K, 23 1L 0.6 (18 i1 36 2/ m’ (8 JiE Jik 37714
S 10.2 om [ S0 Rl (B B> R 20 1) L R K R A X[ — AR 5 58 X SR E S 10 AN AHAR R4S , 4
SILLAEAS (HLA% 7 mx4 mx1.8 m)0.0.6,1.0 il 1.5 7 BRI AR 42K 10 em A2 47 (1l G 50, 4> C.D 7§
AT IR, 45 S d WISE 1 UORMFRIK A AL S bR VUCRAERT ] 15:00— 15:30. F4H %]
) AN VEAR , /K T SCHAR S , S I (S WA e . T A 0 T 5 45 AT 1 WK A2 K A A W 2 A
FROOIE . BRI (K U RIRAE ) 295 20 d. BFFE 4% S 6, il Je 5 S K Mp ™ i TR AR )
B P/B RZBORHRE BT, Hoh B A R O T IR, A L3R T B 2. [RIRE, £ R R i 1 1 A
IR AL P AP iR P/B 2R R P DR SR T L A0, B 2 I I LR 3R A i S A
%, BRI TR R P i M P/B 2B R o5 TR AN, AN, B R 28 Bk B — s B, Ak ik b g
TR /N A R R A T A AL LA 2B, R TR AL St R O AR B
140x10°* cells/mg, T7EHFF 36 F/m’ (1) A2 53t , P ek 490 1 45 ik 3] 2650x 10° cells/mg. Bifi 5 ik 972 5 1
BRI, 730 Sh 0 A R e, Lt B/ NI A T K A K B R N T AR 2. SR SR T B S i



N HARLE 7 BHRALHE T e s SEIE RN S 2R 465

PR A B2 R

W, A ERRE B K AR AR MR ST BT R B0 5 SR W 5T 5% KL [R5 T 1994 4R [ 5 (o 78 S50 s KR A A5 18 1
TFRE T i SRR RmESE . AT T 124> 60 L AR, 43 3 NS4 (1121 o i 3% , T2 g i
Fr, VAR EERTR) A L AX IR ( L 20) B2 3 AN s A, KA BN LA 1 Al B 1y | SRk e i) —
FhYERRA WC B IR AL, K 31 em , IR HERN B R £ 5200 B T IR & B IE IR, R i) 4h 28 B Oy
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RN Lk tafh HOP A K 400 16.5 e/ B AT 20 80 o/ B, FIFGHBEM IR E N 4 o/m’. KRBT
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Tab.1 Design of stocking filter feeders in the algae control zone of Channel catfish culture experiment

AP FR G (R 4/ R AR B ) / (keg/hm?)

H 39 BB

A B C D
8H30H—9HI1H 1 fi%/3000 1£/3300 /3300 fit/3000
9H2—22H 2 /3300 fif:/3000 fi%/3000 /3300
9H23—30H 3 /3300 fi/3000 /3300 fi/3000

T 0 ), T A A B e B K B I 5 R 1 ) 3R 2.0 A TR LR Aok R, 7 LA sl a4 Dl
LAY BEAT P8 N 25 UK B 2 B 18] 22 5 AN

¢ 2 1001 ) SR AN K R Y F2 2K BT AR b

Tab.2 The main water quality parameters during the experiment of farmed mussels and silver carp

i fife

N A AR 2R/ (AR ) N T AR 2/ (AR 0R)
KIE/C 1080 22.9+2.8/(18.2~29.9) 1080 22.9+2.7/(18.1~29.8)
W4/ (mg/L) 1080 6.0+1.1/(1.1~17.5) 1080 5.5:1.2/(0.9~16.8)
pH i 1080 7.5+0.2/(6.7~9.0) 1080 7.4+0.3/(6.6~9.1)
TAN/(mg/L) 12 1.940.4/(1.1~3.8) 12 2.2+0.4/(1.2~3.9)
HEB TR/ (mg/L) 1080 0.1:0/(0~0.2) 1080 0.1£0/(0~0.2)
A%/ (mg/L) 12 0.7+0.3/(0.16~1.4) 12 0.9+0.2/(0.33~1.6)
B/ em 31 14.2+1.1/(10~25) 31 18.5+1.2/(12~24)
ik A A AU (mg C/L) 5 25.6+6.4/(17.1~36.8) 5 37.7+15.5/(12.6~55.6)

SR, FH A Sl s e R BT, 2% FR 0 R e P I S 2R R 22 0 (i 3% o, (eI 5 1 BB, LA I
AW B C PR GE, HHEE A Y A Sy B — PR 34, L2 i (BT cells/ml) 7 61.6% , HAEY)
PRF (AP B B B ) o5 LIk 99.9% . T IR TCE S AR 1 7 X UL K/ INik 78.5425.1 m (LA
KA EARN, GALD) . T ASE R U A A R D RGeS LA S B i A W 3, L AR 34 o
WL e R — b R S 4 SRR S, 3 R 1 KN R 10.0£2.4 3.0£0.5 1 4.0£2.0 pm GALD.
ZI B 2, K TR R G A R D (S R I AR DRI B K2 R B I A, A 1 A A AR R
P35 6.4% +11.8% ™ 10 B 38, S AS 008 986 1 £ 00 28 A G o B o AR S R R R S BB 1 22 57
AR AEXPIAZRGE P T IR R il A B E US| BRI K/ ML 47.947.2 pum BEINE) T 77.9+
15.9 wm GALD. i BERCKH RS  HISE /MBI T, 5B 1 AR BG4 i [l )9 i 28 bt B0 S 0 B 3
25 WML EL 5 B R C RGEH i i B O BEIE B , B 2 10 flce SRt (L T B 35 i, AR ik
LT 3.9% +6.3% d' AR RIS/, R TS Bcm i/ b (RSB R S B 1| 1A 2 5. e
BRI T 20RO/ NE BT B 1R 2 2 i) 22 53 8.3, B BE 1 745958 44.5+18.9 pm, {r B 2 P10 33.2+4.1
pm GALD. HF5E -2 K/ MBI N T ARSI RPR 22 5 AN 3. TEIE B AE R S 65 I /N T 6 pum
(/N ST iy HH B, UKL S A MUBR A — e B EE D0, ZE BB 3, D R G Rk iR ), FLRe e
JE B Z BEAR , LA W AR LAl 2 B (P =0.003) , Ty BT . THIAE A RGeH, th TARLRE T 0, P 3
TRAEFEAT RS, HIUR R/ ME L D RGE IR (A R ISR K/ Jy 64.9+18.4 wm GALD, ifif D
FGEH N 50.213.7 pm GALD). M7ERSE C A0k £ A Yy oy S 18 [ 0 I e A s B o, FO2E
YT R T RGN, TE RS B, th THEVY B, U sk k.

TR FETE RE M R, 5% A 8 A ) B 5 ST e 1 TR PR AR O e 20 G, T R G v A B S R 4 1
U , LIS TT LA 30 P A T . [RIRE R R, iy TR A 9 ORDRLAR /)N, DR I A (ELAS Al 4 ol



468 J. Lake Sci.(#:a#%),2016,28(3)

B T2 R 2R B R

FE M) — WL A R R v ) R s

EH AT 2007 4E 6 19 H 2 12 J] 25 HAEHLA G iR BTl L a R s IR FE 2\ Rl SR AL D
TR T it Sk R AE R T — 4 hm® 22 AT (9 KRR 9 A I T A T A BT 1T A
H12l#5 200 m*(18.5 mx 11.0 m) , /K 2.0 m. {55 AT FHIFE A 10 40 ik, 048 5 FR7E B K 1T 40~ 50 em
Ab, ARG A 1.5 m 724, BN AR MR 4~ 5 HUE. B SE S0 | b, BLA% 2350 il 200 ¢/ F2 , B
300 g/ 2. X, FRRR A ARG B ANSE 3 FF7R. BT S5 R PR A PR AL — 3k, BB AE 6.95 ¢/ m”. FTFHIAE
BEE A B3 TN 8.0% , TP 5.0%.

3 e B L A SRR R i L R R

Tab.3 The stocking condition of the pond in Jinhua city

e [l Ffa 2=

LES 10* 1* 12* 13* 14* 15* 16" 17* 18*
i 305 — — — — 305 305 305 305
fifk — 15 46 — — 15 46 —
i — — — 15 46 — — 15 46

SERFN] e = FWLIE BERIGE 3 8 £ A W X 0k 57 BE 1) PRI TP, 9 D0 L) A o e B e v A
o R O R A, EL I 2 ) 22 e 3. MR b A B S 1 9T R 7 0 L A A1 T e e L, e
SUEARLL , B 6 S RE AR K K o ) PR AR A A . DAV IR O SR 2 R R, R e R o R A e
e TR G FEL R T e AR o ST ARG T 95 R 5 L T R e i o A ek S B R Y 8 g g — 20
BEAR. WFIE s , 7EME R TR B s , IR AR W e 2 (3 TR, ELTR SR B A FIIR 1 e ot 2, R W7
T3 FEI R 25 T TR A S 48 BE A e 2 A ) W i A o T B, T X SIS 2 1 4 TS o A

IRBIESEFRUCIE B, SRV A 08 £ RS A A K R rh O e i, TR A 8 0 AN EUR RE T2 1R 6 2, B 2> fie
HEEBEMHEAH, T ] REVS & R sk A XSGR A BEREHOIR S8 P TT R K BRI 18 S IS8 34T i e .

) = KT HOR A R S g

FE TR T 2007 ARLE R TFATR K E Db 2 (0 — 2 37 00 0 28 s 0 A7 1 B SR ik ™ i it g It
K100 m, ZRPEK 30 m, T 3 m. YRJE, 13 45°. KR % f it BT KA 23 30 mx 10 m ) 10 ARG, T
2007 4F- 6 F 4 HH/KE 1.6 m. i B0 (300 BE 18 T 0 (HS,60 g/m”) (Pl (MS,30 g/m*) 6%
(18,10 g/m’) KB (LB, 10 g/m*) FIxt AR (NF, Joft) 2 5 A FRAL, R4~ Ab B4 i 2 A~ &, 4k 10 4>
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Tab.4 The composition of the main phytoplankton mass of Yugiao Reservoir in Tianjin( % )

EEVE]
TRl AR

HS MS LS LB NF
W 2.1 2.0 3.8 6.8 6.1 12.8
L 66.2 34.1 38.8 37.4 39.8 39.9
Tk 7.3 31.8 375 33.1 27.0 16.3
B 2.8 12.6 115 12.8 19.3 12.0
e 0.3 5.3 2.9 3.4 35 6.3
Gib 3 11.0 1.6 0.8 1.6 2.3 11.2

trum sp.) s NF A S Fiv252 60 RIS 6 073 2S00 5 SE00 JEL L 0 T W, T 5 1 1
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P A ™ . 5 A R FRUAR L, 7 0 PRI L 0 3 0, 0 £ 4V TV T WA L, T A
S A 510 ISR 25 e 0, 10 R 390 P R 5 O 24 0 7 , TR S A e b T . R 12, I PR P e
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situation of fish stocking in the new enclosures
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Tab.6 Stocking and harvesting sizes of silver carp and bighead carp in the enclosures

iy P, T r[ 1 N n
— I ﬁ%zjf/ TSRS A HLAS
~ /g K/ em KE/g K/ em
T fi 50 69.2+8.9 16.28+0.66 89.9+10.5 17.70+0.60
i 15 88.8+7.6 17.96+0.98 100.2+7.3 18.11+0.51
HIEA fik 50 69.2+8.9 16.28+0.66 80.2+5.8 17.52+0.54
i 15 88.8+7.6 17.96+0.98 95.4+6.4 17.34+0.78
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