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FAX THEEA S RGL AR DI, WM
A Py s, HLIR R AR 1N 5 52 2 31458 5%
AR, PrATRE AN T, LA A b
B EE YR, AOFTEH, EEFERI R,
il FME S B R0 3 Rl #9075

2.1 KARMEEAEHEIIRHN

HEK AR, BRI AR AR FUK IR R
TR AR, Yo T sk, WA
WERh 2o 32, RS a5 281 O e dig, IUAF
WA, KA, SHRERNKETE, W
HTERE A T IR A BERR AV IEOL T, )RR e
B A TS BB SR IO 1) 3 i RN 6 2 B B R i 1Y)
R SF TR S R B AR B, xR
TRAAR R 32 LA e B I P PR 1 A - 2 2 3 5 R
F, BEIHKIARR S B, R 2R,
[ m 2 0F 3 as (a2 A& TN —
M A atmEs) .

TS TAT TR LME 2K IR S B Rk
H & #4289\ ( Biomanipulation ) "™ J5 ¥k 351,
AR RA PRI E T EM S B2 (Om-
nivores) , AN B AR A & M (2 (Pisci-
vores) , R EMEMAAERAMAGH, L7 F

W, KAEBRGEWEE AR RE— K HE
TRz LR, SARRIRE, gutiR, BE
A WY 7 AU ANIRE FR ) A B R, X
HRVNT 0.4 km® 1 K3k A& (CF#1°8 0. 18
km®) FELT, ARG A O B Y
B IR KA P S, DS B W EE i
SRI=

TEFA MK ES, BT RAERERXT N &)
W JE B B2 AR TR, o TR Bk £ 28 45 ) it o
By, IREA S RININ, RS AR
YslE S (0 B B0, S AR fa /N AL & T £
J5, Ak SEYEEYIEE, FEaRATRIREYIN £
FEERRAR 2 ANEI AR 2 R 2 IR [ B 1 %5 T
K SO B B AR A R B sh P Rk, IR
ARSI JR o X THE 5 AT )2 R O A T
MREBE TG BN, DA ™ iy RS YA
IR EEA, naE W EESE ) DI sl
Ve, IO, BERURIRP AR E R, X7
R 2K IER A R, WniL 748 2 K e K
PRI IREE | BF), A BEER A s, Ay
NGRS T H w8 &, OREEE, S
— B IORELR R ) S A ML A

TRk IR, —ET, PE AL
JKEEFTAIA, A TV, 8, 0] P LRIL
FITTVCFRAEYT R B3 . 320, DARRITIS K
AT BRI FE B B SR TR ) BRERYT R U
HNIKAR, — B JE L A5 K P B = BRI, A4ER
TR K B, R R KA Rk
Az, IR EE TR KR 1) 375 B B A6 AN TR) T 1T )
£5, FEREHRYETFRERE,

2.2 UHEEUEEATREN RN

11~V/ QNS 5 3 VAN B PN - R G B R TN U
W, LGP AR B | T P SRR K A AT
Bigiat =) 3 SR MR K S A AR A ]
—AE R B R R KR BESIBUE SR
YR DR R, (RN BREEISEAER, N
BV B R AR C 2T T iR R R s
TSRS , 75 20 e Y e s i e PR A=
s, LI EE SRR, ek R,
fEZBIJE “KkAe” L JC 5 W RN, o,
RV AR, FERBAE AT —
DT, CEFRYI AR PR AR B R S —T5 i,
BIRYBE AL T, fE— B A TR
VIR L, 3 RUE SRR R




454 P

¥ ok ¥ ¥ &

%32 %

ER AR A P #90  ( Non —traditional bio-
manipulation) HSMISE G AR, IR HET
ISR SRR T, AL T | X R
PAREIEN, MiZM T A2 a8 0 fr 2k
BB 2 R B R B E T AR5 b R
HAEEABIER, b L2 ata AR
BEaratkas, UHEEEmALR ., KEG#mh
TEFEE R, WL, e &Rk IE D EEa
55 SR LI, RIGE A AKIREIEAS | WAL R
g (1) KBIEA I, ARSI 22 m 57K
RF LB, IR 2 22 Bt a2 SR ka2
RG], BDRMALFIER, %, N, RERE
SRR KR, RIS LB Z a2, O
H B A R IR K2 W RF G IR, (R LIRS
(B B2 e B AT ST AR, AN A8 3 76 T — A T
JRANE OKE) Ml L8 2, Eatka
FEHBERR)Z I P iR (0 Sy 322
RS, H R Z AT 5 o P
) 40% ~60% , F185H 30% ~50% , FE6E{LH
10% 5 (2) WAL+ R i =k 77 ok K/ N 2 18
T S 0 X6 /N TR 8 285 P R B D, A VTR R |
BT B TR 2R b B - YA AN (] ) R A ke S
J1, DR Z 2% 6 P 10 2 A T L B AR TR 25 Y
KR A (3) ABEARR S P E AR KU IR
LA FEOCTA OR EE DATT5  JEJT ORE F)  V7 F
iEah, DhROG ISR W B AR, BRI R H 225
Koo AKX, JRS 240 2 py g v LAl
2.3 EmMBREAETREMEEEAFEE LR

e B IR BT RN, Rk R
SEELA T T E SR LR, CaRE
DLSEELITA W S R R LR R B A, X ZOKIRH
[T 20 e e St IR T . = R 13 B & RS 8
B, R R AR, KPR AN I B H
B, KIS MRAR, FiEsh s 5 52 5
e PEAISI R, ASBERIEI N PR P 1Y)
YER, ARSI TR EE, MO EIR R
VA, WK 2 m, BTN 2300 km? 9K, TE
WKEHN 4.4 m, AN 330 km®, {H K&,
BREZER, BEARKME, NEETE SR EK
2, TR RIRER S, VR A R
W, AT REREIEAEEYRE L, Kk
FETRIE Sh I RO SR E I, s ik fa
FICIRGE R LA, G2 4% 6 M A0 28 0 L 3]
[ B} B8 A A AR ) S T b, 9 s A 5 EE 3 T %o 77

WS B R, DR E AT,
Mo Hn, PRSP SES
AREZA LB B 7 B K RS R A
AL T fantE | FERE. FIRRSE, Hoh e R
FENBHORRI a2, FF BN AR D8 B 2 5L
ARG BESFEGE A D REIR RN O, ROl
AR, BT, ZInEENANEEZS A, ERA R
8 & RFBH WAL T IRIEML R,

3 EWRARBIEMN

PR AR ERNIRCR B SE R AR A A
WEEY AR PR U, LIRS YRR 2 5
TEIERFE , ORI R —— R R S A
TEES e A E A B, IMHE LS RGE R
T, MRS AL e — Mok B BT R L
WS REARAE BT F OIS g a3, (H Y 5
TV RITEPR AN 22 WA, BITEDT A R K B X 35
BERe w2 AN [ KRR AN R 2R A B B B 22 57
WFFE I IEXTIRBT R MY, AU T R iR
PRIGAEAL, IO CTE A BG4 KIEH, f
BRG] AR SR E ™

3.1 EBAFEMIMEEYFIER

SR AR I LA A5G i (Y ELE AR,
AW AR, 4G RS (A 2ERIK
B BYLGEAAIAERJEI], T DUHR K PR 1 A R
¥, EEAAERR A KRB, 6
(BCRE ., BS%) | pH AF A, L RRTE &
Wi RVCLE A RO X SR bR A KRS FRR
SMAEEHMEE, W R R KAE
RONRER, HEFRY R RE R RN A
Wi Aii i, pH A HRREE 55 TR R R A A L - AR
PR SR R 0 Ao i ) R 25

B AR PSS . AR SR | TR
WA i B R i Al . PRI Sh M BA T SR
ZEK . RAEh Y BT i RO R A, LU 2
FEPESEROR 23 (0] S PR R, B R B 2 R
a 5 FPE U AL ) B0 BRAT ] LR R A 2K IR
OU, T 22 R OR8] S TR PR 8 50T LA S P4
IS AT BRI b —— R M AT R e
SRS A MR v B 2 AR PR ORI 2 18] 57 Jo P e A1
Pl — g AP FRE— BEn E] 1) £ Y R K
BV, PR U £0 28 B BUAE A, SRR
Ko FETRE, BRI OKZ BB KT #)
SR, KRGS




%4 4

EFE, % BB R AKEEE R b B AR

455

fa K ERIRIR

VKA RGBS, f0 2808 h 1%
il FS AR K A A RGO SCHER, Ik, BT
K B R S A ORI RER 254, AR AR A=)
B BR P aEMIER R, HIE/ESL R R )™
i, PUMISRAI R A - BRI BIR R, S/hTE
FEYIRDURR A, B E SRR AT, AT
Iif, BRI AR A ROR R IE R, ORI L
FRA P e B SRS M Al AR R S 2,
A AR AL, S5 G N IREABIBE | i 4
HATRAERESE , T LU SE IR B AR I S5 4 A
AR PSS AL RE SR AR, AT LB E 1% f ) AR
RGERE | A A AR 7 A R SR A B R R 0K B A
K,

HA Wy 1 2 AR A SE A RHTR A B, ARX
PR 2%, Sl PR AR W B B R R R AR R
INRPEAE IR E MR 2 R L, e HBIR S T
BHEY B RBE, (HAMRINIAT T R HUOR
T B AR, BN R 2R
JERR R, HWRE BRSO R B TR
i AR R A B P R R A, AR
B, R ERA T EHERA L SO AR
i/

Ay STl O T R AR AR, &
BUERAR, HMEFRYEMR, EEREE
g, AT EA R —Jrm, i
a1 /0 5 SN = N N /I A N Ve T U
PEON S Sy Jr i, B ] AR B R SRS
(4 R I BA R DL i, RIS RO e
F ARG, INIL T RAK K, S IR
R PR REAI

4 ZEiE

SENRATNRIER , NBKIOKZ 8RR
SRR A4, DRI R A A AR A 25 T BE A2 F A
HEFF KR REA AR T2 . [ NS AR 2R LR 22 i
APERNHIE, SR T AR ER IR R, AT
i AL RS B OGBS U YR T
AL A TR, S TR A E SRR
BRI AT 2 RO 500 5E e 25T & S 7
P LA S B I R 58

SEH

(1] K8, mom i, AN, o [ Sl k AL 57 G 3P [T ], KA

3.2

[9]

[10]

[11]

[14]

[15]

[16]

[17]

2F4%,2016,47 (1) :94-100.
/N diis /N A ite. o B 0 08 X 30T S B SR AR T
s S KO A (1], A S SRR BB AR 4z, 2014, 30
(4):438-443.
BN ZE A, AT BRI T SR AL AR e e R
FRAEHT (7). Bl 4, 2006 ,51(7) :848-855.
XFCAR , SR L. BB FRAL WA v (Y B S e ] i 4R
[J]. W1AFL,2016,28(3) :463-475.
Jorgensen S E,de Bernardi R. The use of structural dynamic mod-
els to explain successes and failures of biomanipulation[ J]. Hydro-
biologia, 1998 ,379(1-3) :147-158.
Drenner R W, Hambright K D. Biomanipulation of fish assemblages
as a lake restoration technique [ J]. Archiv Fur Hydrobiologie,
1999,146(2) :129-165.
Jeppesen E, Meerhoff M, Jacobsen B A, et al. Restoration of shallow
lakes by nutrient control and biomanipulation—the successful strat-
egy varies with lake size and climate[ J]. Hydrobiologia, 2007 ,581
(1) :269-285.
Bernes C, Carpenter S R, Gardmark A, et al. What is the influence
of a reduction of planktivorous and benthivorous fish on water qual-
ity in temperate eutrophic lakes? A systematic review[ ] ]. Environ-
mental Evidence,2015,4.7.
VanMiddlesworth T D, McClelland N N,Sass G G,et al. Fish com-
munity succession and biomanipulation to control two common a-
quatic ecosystem stressors during a large—scale floodplain lake res-
toration[ J ]. Hydrobiologia,2016,769(1) :1-16.
ZAAS, w0, R, A 1A R E IR A R AR A AR R
[1]. BH445E4R ,2013,58(10) :855-864.
SO R REE HXUMR, 5. JAK B3 A0SR WK 2R Y B35 I
T IRIEE AR R SO R [ T]. W S I , 199425
(1):77-86.
S, TS IS AR S R E SR WA e A BRI
MR [J]. Kk B ORRE1 ,2016,36(3) 1241 -244.
Liu Wenzhi,Zhang Quanfa, Liu Guihua. Lake eutrophication asso-
ciated with geographic location, lake morphology and climate in
China[ J]. Hydrobiologia,2010,644 (1) ;289-299.
Bittencourt—Oliveira M D C,Chia M A, Oliveira H S B D, et al.
Allelopathic interactions between microcystin — producing and
non—microcystin—producing cyanobacteria and green microalgae:
implications for microcystins production [ J]. Journal of Applied
Phycology,2015,27(1) :275-284.
Chen Feizhou, Dai Xi, Shu Tingting, et al. Microcystins derived
from lysing Microcystis cells do not cause negative effects on crus-
tacean zooplankton in Lake Taihu, China[ J]. Aquatic Ecology,
2013,47(4) :379-387.
Zhang Junqian, Xie Zhicai, Wang Zhi. Oxidative stress responses
and toxin accumulation in the freshwater snail Radix swinhoei
( Gastropoda, Pulmonata) exposed to microcystin—LR [ J]. Envi-
ronmental Science and Pollution Research,2016,23(2):1353 -
1361.
Brock W, Kinzig A, Perrings C. Modeling the economics of biodi-
versity and environmental heterogeneity [ J ]. Environmental and

Resource Economics,2010,46(1) :43-58.



456 KX & B OF K ¥ ¥ R %32 %

[18] Havens K E, Beaver J R. Zooplankton to phytoplankton biomass filter—feeding fish to control cyanobacteria blooms:a synthesis of
ratios in shallow Florida lakes: an evaluation of seasonality and decades of research and application in a subtropical hypereutro-
hypotheses about factors controlling variability [ J ]. Hydrobiolo- phic lake[ J]. The Scientific World,2001,1:337-356.
gia,2013,703 (1) ;177-187. [26] ETFRE. EBRP IR E E IR &8y b,

(197 ZEflng, fadak, AR, 55, (NZR A K BUK PR M7= T Y 43 201610429504. 4[ P].2016-06-15.

GG I ] K54, 1993 ,17(2) :95-104. [27]  FEXUMR. HEIERG K™ FRALAY A A5 2 A [ M. JLnt b2 i

[20] gk, ob [0 9A RIOK R 08 3R 43 2K [ 1] KIE K= 2 B % Jz#t,2015.

##%,1987(1) : 1-10. (28] AR, 57 1B b AS [5] 25 B2 B o PR A M i s2mal [ 7] 4

[21] Byers J E. Impact of non—indigenous species on natives enhanced gl K i A ) ,2006,25(3) :277-280.
by anthropogenic alteration of selection regimes[ J]. Oikos,2002 , [29]  EFHE, WS, oA E A5 ARYE LA I VTN B | B k5% E B Y
97(3) :449-458. JrE BB ] . REK =2 BEFA),2001,16(2) :99-105.

[22] Domaizon I,Devaux J. Experimental study of the impacts of silver [30] XA XIIESC, 10 £ 1. A TH) 80 £ 5 A A Y MR N 5 3R
carp on plankton communities of eutrophic Villerest reservoir 8] ¢ 2 B 4B [J1. AR ,2007,19(3) :345-350.
(France) [ J]. Aquatic Ecology,1999,33(2) :193-204. [31]  fu[fR, #2208 T /INkR, 4. I fha 288 07 346 7 A A 080 A

(23] EFEE, M, LN, X AR R G T AT 50 GUEHR bR w0 BHLEH[T]. HAFE,2012,24(1) :104-110.

PRLT]. SRPHA 2 B2 41 ,2002,19(2) :139-144. [32] #SM9JE, B30, 90, 55, 1L T8 6 FEZK UK PR & H IR LR il

[24] BEH WO WOM T ERBHRG[)]. A5%Hk,2001, BB ST [T, R T K277 4k, 2016,31 (2) : 180 -
21(1) :86-93. 184.

[25] Xie Ping,Liu Jiankang. Practical success of biomanipulation using

Insight into fisheries manipulations to inhibit and restore
eutrophications in lakes and reservoirs

WANG Yu-ting', YE Jin-yun', ZHENG Rong-quan®
(1. Zhejiang Provincial Key Laboratory of Aquatic Resources Conservation and Development, Key Laboratory of Aquatic Animal Genetic Breeding and
Nutrition, Chinese Academy of Fishery Sciences, Huzhou University, Huzhou 313000, China; 2. Zhejiang Provincial Key Laboratory of Biotechnology
and Protective Utilization of Wild Animals, Zhejiang Normal University, Jinhua 321004, China)

Abstract; The fisheries manipulation strategies were surveyed in lakes and reserviors with various trophic types,
basin morphology, and nutrient input rhythm to inhibit and restore eutrophications in lakes and reservoirs. The sta-
tistic data collected from some reservoirs and lakes indicate that long food chain piscivorous fish and indigenous fish
should be protected to increase the biodiversties in oligotrophic waters with less non—point pollution and nutrient in-
put. Omnivores are stocked into the waters as eutrophication become more and more serious, and ratio of filtering
feeder to benthivorous fish should be controlled mainly depending on water depth and area, instead of exaggeration
of the algae removal effect by filter feeding fishes in all waters. Especially, benthivorous fish should be stocked
more to remove algae in shallow lakes by swallowing and scraping the algae that are adhered by lake basins. In ultra
eutrophic lakes, the restoration must be carried out by omnivorous fish together with increase of the water heteroge-
neity such as implanting refuges for zooplankton in order to improve biodiversity and fish production, or increase in
the rate of nutrients being concentrated and unloaded from the waters. It is first suggested that fence segmentation
be conducted in shallow and large eutrophic waters so that a large ecosystem is divided into small ecosystem land-
scape complexes that depend on each other.

Key words: fisheries manipulation; eutrophication; heterogeneity; ecological restoration



