


BB &

ABE-FithRAtad—a NMSRBRKEENNEE. FE
MBE, KRR RS AR ST FR R, &, SREAEREESER
WRRRSEPEMOATF, RETETC THEE, MG RERE RS,
BB KR B RLA TR P A S LA K I ) R N SR R R R,
S TERTUR TS, MR SRR S RIS, frans T T
BRSO TE., M EtE st SN hisrmnls, &5,
gRGEeESRIEIENER, VB, BRESEREN. R
FHAT T AR R 547

ABEPAIRE . K=, RaBE (MWE. SIMERESY) SH
FHMPVTAR ., REREMEMERANSE,

EHERSE (CIP) MR

B SESWAEACEEW MY R, —R: BEdiERt, 2003, 10
(ZUZAH T FRF %)
ISBN 7-03-012271-2

1. % .- [.ORE - MR IR - BASACE - 50
O - Thilf e - MAKE-FERH IV .965.1
o [ A A B 54 cIP BB E (2003) H 08T B

Fuimia, e/ LR, UL T/ aanf: e
HE ) 4E: M AR SN S/ M F
#H@ikit: £ #

&4 5 % B o R
ACEUIE Wkt Y
AR P 100717

http:/f www_sciencep.com
FaMEwalr il
Bt T SME R BIEEE
0034 10 AW — K& FFA: BS (T20x1000)
2003 % 10 A F—KER  EIE: 9
% 1—1 800 T 160000
FEffr: 3800 T

(A Ep R R G R £ AR R (REEDD)



AFMEMGEHTERAER P RAFIREARE “K
ITHTHEMEHOEERCHEENH EEHAEAR” (%
T KZCX1-SW-12), ERAHFEHFEL “EEAMAK
BHERAEREREENHGAR" (%5, 3022511) %
ﬂ#%ﬁ%ﬁ “O73" T H (% 5. G2000046800) F % & Ew
B & 5 ED



Fr

AHRE'EARE"ZHOE B . Fahd e EXTHEFRAEENTE
EZETPRNINEGCADRENHHAE, X 8 SEUIHEDHAEE
1 (filter-feeding) & %, £ bt P B E. FERMER T 8ol 55 07 i 074 &
wH, ATHR ANCARISE HERFRAPRAEAFAFTENER. 20
LSO FERAREHFERAT K" ATERABHR D MARESTHE R
WHAMHER ERERKEFEAERA ;7 — 7@, & Ha 25 HEER
A Hioe FREGEREAR, 20 L EREAEFRH AR LARE
TEEHA.

MR E A0 SLP UK HETRIEFHAERR, 2HELE AN
AEAGBEERAARIBTE, AREERCNETREZ -—REERAEH
KERE, ATEREAGKDARER AP WAKER TESBEFES
B EEHEAR ARAALGER FTHEBARHOTHEL R BL,20
HETOFRUE WA EHAGCEERCAHESERARERE - ERFRH
¥ RKEAFRUBEARAENRAZ

ERAEHEERLOBANBET RV EFENMARLEETHHEE)
MERL EREERTER, FREAZEX  EFFHATLEEERI. 1975
4, Shapiro & A #4482 B 7“4 H 3 M (biomanipulation)” #y# 4&, & Bt Ll B & A
BRABHGEN G ARRNAE R EEH TR, BEmE, 58 Bk
EeANAHEABRANRAEINFAXENRIRLED LR HUhBAFHTN
HERRHEE, Mk EEREEABAREEFER ANFGZHFR
foiz Fla—Bib AR, GFAMS, EERME TR, AN 5 F&FH
EZRUMMITFX i, FFEATESENASTHFH LN, ORI
MO EA—— SRR AR A SN AREE BRHERER R ALY
HERBEEE XA ADERFFHAESERMANEENAREHRT AL,
MERBHERMERLPHERAETFEwlEF ANEAKN EERKFT
BoMEERERBYME THGTRAESAV SN EL, AT, AAT
RS- 3 PR TR Rk ok R

1989 &, # FHE FAKAF RSB LF M RAAFTEHETH ANEE
W HAERERNKEFTHARLERNE, ANAKEERNFHAENE 20 L 50

O



FREFHF G THFRMAESEFTFR OEREHTTALE . I B LD ENE
HMBE, ANTOFKTE BEHEIFAMNTLELERASE, WA 1985 FAEH#
BEk, BB TFHLIEEH R EMESTF RS, Bt AL HES5MF %,
AN EENREE GG - AEFHF AR TFLREAEF L, THFAUNAE
Woiw W E R Ry,

WMIREXRBFAFZHHEE, A HE (enclosure) B L B # BEF B 1989
FRH#TTONMENNECEL, RAFHAAR -—EETHREKEHE £,
#MEMEEA LAESEAEMN0ML0FRK P Y EXEAEH LN EER, 24
REFATAEMESE KN FEAZR PR TEIN AR HEDOE HXLE
EH AR FEANEN BRI UERN THAERA A "B86 &4
B4, RENIHDFEL B’ HP A B BT RBEEAEELSKE 1B F
A EEFLEREARE, MAMNARENOEAFAL, L EFRSREHFEH
WHERHBERER WAL U AREHF SRR E SRR RE, g
FHEEREAATERAEECFENLY, ExdTHEFAARERKES XE
HESFAEEFTmHANTARS, $TH LT 99 FXTREFHAESFHA
—HEREHAFOABEEMESFR,

MTFHEREAMERAELFHNEARREEE MR E BRI ETAR
EHESAEFERAFV ERPREFE LT WS ARV T, H#F R EEHEF TR
THHNES, (8 HE5FEAERFH) - FELFERBETE KO ERIH
ferEANGHHE 8 AN ERRATERERARA P ORA, HAH
HEmBAET R M eERAAE EERAERNBATH P EEU
REXFHBRALTHHE, A mpHEE T A REH R TRH EEREN R
ShE B S AT A 0 T B PO AR % T AT b T A o b ok 2K R AL o E
BHR:RE M5k it R FLHEF VA ARREERFER . K
AMEEH#TTEHFRRESH T,

KT OB L EEEHEEF FE AR RAE E"HERA HEES
HELBELHRANTR, Elh B2 RAAB I EERHARTERLPERA
e HWEAF TS FEIHELFURECH THIATENRES LR R TR
E.

R

WMETHTHE



FF
$—8 8B WMOARSHREEBEIMISIFRGTE oo ]
— ﬁﬁﬁ_‘:ﬂ‘:ﬂi .............................................................................. 1
. r’ﬁ]‘@-?}.ﬂﬁ%l#ﬂjﬂ ............................................................... 3
F_F 8 WFANEFRRETERGWEFREPAMAE oo 13
— ?Eﬁ{tﬁgjﬁﬁﬂﬂﬁg%ﬁ ................................................. - 13
. @.mﬁﬁﬁmﬁﬁ ............................................................ 14
= PN R I A A AR - = T
0. S A B ﬂﬂﬁ%ﬂﬁ ------------------ 16
$=F ®. WHOLMFEDOERS KRS - S [
—. ﬁ%%mﬁ#gﬂk ............................................................... 19
R (FREK) BUSCERTIEGT veeeeeeerereerereeemrannnnnane s ase e 24
=, %IEE‘];&&HF?E ................................................................ 27
g . U.'E.?'j%;kﬁﬂfﬂ fressrsans T Y
SME . WSEEAARR DA THAHERALEH - .40
— . MRMEF Paranca /KFE (A, EEFRE) ALEBFFR -ooeeereeee 40
—. BxMiEE Villerest KFE (IR . BEFE) MERPFT oo 43
=, WAMEEE Saidenbach K (IR, PIEFREY) MILBBFFT «ooovoveee 46
W, PEILFREAE (B, P-HEFY) BOZEHR - 48
i, PESIFSUKE GBEF. H-HEHRY) K« 5, SRR
E(JJE?;E .............................................................................. 49
A, EEAEATH (i, BEFE) LR e 51
FRE . WESEEFRMEPHERKEERN—RXRFRILTE e 54
e\ ARG — M EFUAR BB S GORERE oovveooseeemee 54
T RBERL, PHSAALMRMEL oo 58
= JERTEBBETHE cooeeeeereee e 63
E - - ‘H-ﬁ-ﬁ - srsssnrrssssanrssrsarannesss J{)
- H%ﬂgﬁb% (miﬁﬁ}kﬁ} nlf:iﬁ ﬂﬂﬁjﬁﬁ .......................... 70



T IR EE, SRR e 70

= AT Kinneret fHEBER)ELPE oo 71
. v F b has . SRR e 74
F. FigiBFEfmaiabEt . SERIETE oo 75
5. DIATIRIE AN PEE . BATEHE e 77
. PR s . BEAUETE oo 80
I ﬁlﬂﬁfﬂ?ﬁfﬁmﬁ*ﬁ\ SRR e g2
_,f]_” %[ﬂﬁgﬁﬁ}ﬁﬂﬁﬁi%ﬁﬂm&ﬁ ....................................... 84
+. %Lﬂﬂﬂﬂ#ﬁﬁqﬁﬁﬁq’ﬁﬂqﬁﬁ ............................................. g5
+— . i Warniak ﬂ]ﬁ]mﬂmﬁq:ﬁﬁﬂjﬁﬁ I I v
EtE &, WREHLNSE tersesssenanaaiesaaas §8
— . B SEXHERRE @ﬁﬁ{tﬂ$ﬂﬁﬁtﬁﬂﬂﬁﬁﬁ%ﬁ?ﬁ --------------------- 88
=, 8 HDHERPR YN CREM SRR (TP, HC) R
TIFET rvevrrvmmre e et s e s 0]
=, NIREE (RESE) RS (BREE) 7ESE. SEERYY N ROBEEIL R SHLK
VERITESE . ST LI L e 08
—_ i%ﬁﬂmﬁ-&qi@ﬁ ........................................................... 103
. q:@}ﬁﬂmﬁﬁmﬁ ............................................................ 106
S HHERIARISEEERE S oo 109
DU A A S BN R R PR - oo veesemnee e 109
_h'_ R BRI B HE - eeeerrrrr e 114
1Fgﬂ¢¢mﬁ%ﬂg&ﬂjﬂﬁr}g ............................................. 116

.i-,..-



[TV ™)

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Contents

Natural distribution of silver carp and bighead and the historical
illl'.l"l:ldllcﬁﬂll to m mm ................................................
1. Natural distribution ............................................................
2. Historical introduction to other countrigs =x=esssssarseserssaiiiiania.
Origin of the culture of silver carp and bighead and the role in
mlm ml}-c"lm S]"Sfﬂ'ﬂs ...............................................
1. The ancient history of carp culture in China +oecoorrerererineenn..
2. Drigin of Chinese puljrcl.dture in ]Imd ....................................
3. Biological basis of Chinese polyculture in pond «-rcosoreeseminn..
4. The rapid development of modem pondculture in China and the
i.mpﬂl‘tﬂnt l‘(}]ﬁ cf Sﬂ'ﬂ:r f:ﬂ.l‘p d.nd hiﬂ,'mi .................................
Use of silver carp and bighead to control algae and to improve
m q-lml-it!- i“ m Ell"lll'l: .............................................

1. Carp culture in Eungpe «+++rveereemssmsssmissiiimntsses e
2. E-‘.tp!‘.I‘il'nEnT.ﬂl studies in Poland ( Eastern Eumw) .....................
3 . Exl:mrijm“tﬂl El-tl.ldiﬁs in U’S‘A ...............................................
4. Experimental studies in Israel  +o-oreeerssnnen
Use of silver carp and bighead to control cyanobacterial blooms in
mﬂh‘ﬁ and m]l mm Iﬂkﬂ ...................................
1. Experimental studies in Paranoa Reservoir (tropical, eutrophic)

of Brazil in South America +v++«+ Seadaassruidasdns saunntiuans de aus inuaan
2. Experimental studies in Villerest Reservoir (temperate, eutrophic)

Df anm in E‘lll.'UPE .........................................................
3. Experimental studies in Saidenbach Reservoir ( temperate, mesotro-

phi{'!:] of Gennamy in EI.II'CI[JE ................................................
4. Experimental studies in Dongzhou Reservoir ( temperate, meso- to

e.utm:phic} m &ﬂndﬂlﬁ; [:hi."ﬂ- .............................................
5. Experimental studies on the control of cyanobacteria using alum

plasm + silver carp and bighead in Qiaodun Reservoir (temperate,

mes0-to ﬂl.ltl'ﬂphlt'} in ﬂtﬂjtﬂﬂg1 Chima ==--w=rrrrrressrrsssssssssasssnnaaes
6. Experimental studies in small man-made lake (tropical, eutrophic)

in ]I'bLl]-El ------------------------------------------------------------------------



Chapter 5

Chapter 8

.‘.i.-

Use of silver carp and bighead to control cyanobacterial blooms in

eutrophic lakes——the practice in the Donghn Lake -----s-+--seeoeees 54
1. Features of the ecosystem of the Donghu Lake and the mmng

Endwﬂ.nlngu-[t}fﬂﬂﬂhﬂﬂm'ml b].wnﬁ TEmEEEEEmEn N Trmmmmaee 54
2. Long-term changes of the nutrients, mnplamkmn and fish in the

Donghu Lake  +eee=-seeeressemssnsssume e 38
3. I“ Ei[l.l ﬂl‘tﬂ[[ﬁlll‘ﬂ {'.J{pﬂ'l'in‘lﬂllﬁ ............................................. 63
Food habits of silver carp and bighead «+«+---sreeeeesarmrai. 0
1. Studies in the pelagic water of lakes in the Jiangsu and Zhejiang

HTEQG ** et et resasarEasisasarnrassatar I T n st ?D
2. Studies in the Donghu Lake, Wuhan  ceorovroveermmrnsinii.. 70
3. Studies in the Kinneret Lake of Isragl ccerorereeessmnmsarraaraae. 71
4. Sll.ll.‘li&'i in Fﬂl}"{:u]llﬂ'ﬁ I:l'm“:l. 'Df‘ H-utm_i ................................... T4
5- Stud.ies in Fl]l}‘[:tllh.il]‘ﬂ Wﬂd ﬂf 5hang}.aj ................................. TS
ﬁ- S{udjes in }III}’CI.I]I.‘UI‘E W‘d ﬂf ]hm]. ....................................... ??
T. Sh.ldiﬁﬂ i.“ carp }:HJI}"!‘:I.I]WI‘E pﬂﬂd ﬂf Pﬂlﬂnd .............................. 3‘:]
8. Studies in catfish pond of the United States :::xresesrresrrsrereesnercaes §3
9 Sll.ld]ﬁ:ﬁ in ﬂx[ﬁnmtﬂl FH]T[}H (}f F]ﬂl'ldﬂ ................................. 84
10. Studies in pond and cages in the United States  reecessessessereaseens 85
11. Studies in enclosures and cages of the Wamiak Lake,

Pnlmd .................................................................... By

mﬂ.l nf alge by Sihl‘&l' mrp am hm ........................... m

1. Microscopic observations and enzymological studies on digestive

efficiency of silver carp and bighead on plankton «sseseessssseseseeenee g8
2. Tracer studies using P or “C on digestive Eﬂiclencjr of silver

(’ﬂ[pa]ﬂb]g])mdﬂnp]ﬂﬂkmn sssssssssssEnnann sEmmmsEEEbRsaEFEE g]
3. Broken process of Cyclotella (a diatom) and Scenedesmus (a green

alga) in the intestinal tracts of silver carp and bighead, and the role

of mechanical gnnding in their food digestion =eermreerromrmrmesrmneenees 98
Traditional and non-traditional biomanipulation «-:«----«corereeereees 103
].. Ul‘igi.n D:r bi[ﬂ'ﬂl'lipl.llﬂtim‘l ................................................ 103
2. Pl'in[!’.ipjﬂﬂ ul-' hjmmnip.llﬂtiﬂn ............................................ ]{ﬁ
3. Practical significance of biomanipulation =«reeeserrirreresissns 109
4. Conditions and limitation for biomanipulation «r+sssserereeseeeerreeeeees 109
5. Cnticisms on biomanipulation «-esrereseserrarrmamerrmmsmnrsnessnnrees 114
6. Non-traditional biomanipulation and the principles «---:ss-eosrorreeeee 116
.................................................................................... 12‘?’



F—F S SRS mRaEMNISIFERE
—. BRI

5 S 7E 4y 254 R JR T 9B a4 ( Osteichhthyes ) ¥ FE H ( Cypriniformes ) 882}
( Cyprinidae ) 8§ 1}  Hypophthalmichthyinae ) . 8 /& {{H — %, ED&§ Aristichthys nobilis
(Richardson) , 888 A7 2 %, 5 8% (LU T R ot ) Hypophthalmichthys molitrix ( Cuvier
et Valenciennes) I K8 185 H. harmandi Sauvage; K8% (B2 BY {6 247 Ml 55 09
VLI AR R E R ICRRE (RERSC  1964), 8 8K .5 &[ Clenopharyn-
godon idellus ( Cuvier et Valeneiennes) ] F17§ [ Mylopharyngodon piceus (Richardson) 14
Fe LR PO A, T SE L 8 R 7E BB S RARR 8 b [E 98 1 ( Chinese
carp) "B “ IF B4 83 1 ( Asiatic carp)” .

UAF A EREAI)IT. () FFESA AL BRERFHFE=LEM L
it & DAL T iR TR R E AR IR A2 KSR 7 A K T AR
At o BEAETTeh b T RS R AT IR R v LD I Y b PSR, o SR i
W F Wb — A L, A 7E AR T MBI A B, S IR R A LR A R
i, RIS M E R A R e, AR P TS REH
T SRR IR, TS R e, REEE R R LA PR (R
M 1990).

PR4-PU A FE Al B IR K O S —— b R E P R BRI A R E
eh A LT, a4 T 5 BT AAAETL IDH] G S T SR Bk
I Mo A T I A I 5 A ——6 (L4 1 B ) I, g 3 SR UL I, Ho () A T
W T RHT  IR; # fa——IbE BT, fBIBRIL IR, HE 2 T 55
HUTT R AETT G B ] VL BRIV BRI Ea L FENOARE
HKE(ZERLAHE 1990)(E 1-1). R, 85 REFR, B8R (L)
FjbiEHr (RAETL)

O 55 £ A AR 8 e EL 0 A 0 S R A 7 O 2 A S A A A K I 3 R 55
AR (BREHT  1998), ZEEE T B (29 3.4 ~ 2.48 Ma BP) Ay 7 75
Tty e e S B A ) R MO MK P B BT R A B RV (IR (IR R
F - 7 4t (X TC 3 7K 8 98 F2 % B ( monsoon ) SR PO TS B (M2 1996), PURE
8 1F A MR TR s p Ak SO AR el B NS =L s —dEm
B 7Kt BB FL( Danioniae) 3 (KB4 2 K 48) LTI R PR T TR FE

cy



KILKFE T iR, FZ i EMTME S S E2 8T NIEE S
PEOBREHT  1998).
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B -1 AR EE D E EBWE D AR
YU : DLVL(686km ), ZH: BT (2210km), MI: [ {T.(541km ), Ql: B5 # T (410km ), HL ; 3 3
(1000km), YA: [CiT(6300km), YA: Wil ( S464km), SO IETT (1956km) , WU & 3 81T
(870km), AM: FLREIL(4370km) . BEAHA TE0W 45 MR T2 (o], S0 5 T BRI 4 00 UL
{16 067 2 6, T 6O 4 1 BT S IRB T2 ]
Fig.1-1 Natural ranges of the Chinese carp in the major rivers of China
YU: Yuan Jiang (686km), 7ZH:Zhu Jiang { Pearl River ) (2210km), MI:Min Jiang (341km}, QI
Qiantang Jiang (410km). HU: Huai He (1000km). YA: Yangze River (6300km), YA: Yellow
River { 5464km), 50 Songhua Jiang ( 1956km}, WU: Wusdli Jiang (870km), AM: Amur River
(4370km ), Notural ranges: silver carp is between Amur River aml Youn Jiang, bighead carp be-
iween Peard River and Hai He (in the north of Yellow River b ool Black and grass canps
between Pearl wnd Amur Rivers

3 1o ot SR ) £ 7 45 PRI O B AR P R R A B, D A AR A
] 9 BE T ) 200km BT K 0.45 ~ 2. 26m/s(GERAE ] LU IFIT#E £ 69 7% sh#
WL B fa 4 SRS 0m 18] & 6 Blie 3 shileik LR Rt rh AR ) ; @RERYAK AL F
FH(0.5 ~ dm) a1 {52 5ty 2 7 BF A 2 2 0 38 P 3 ; O o B8 8 ] 6 Bt S B Ak
2 e e T o R (T 35 B P 8 ~ 600m, 9] L TR BE 2 ~ 30m, EUAE 10 ~ 15em, K ild
18 ~ 30°C , #9105 ~ Bmg/L, pH 7.5 ~ 8, % ) (BhBS 5§ 1965, L8 7K 4 A= W B 5 B
AHEMIE  1976).
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VK S R | B oG o HEEE, i) S MR [ R e | R 3B S 7R e kA
( Antalfi and Tolg 1975). [ H AR5 | fke § 1878 4F  (BARES R AERTD . BH G HE 5
VL, e B e, SCBGR M P [E P SRR P R R, JE T 1941 ~ 1944 4 )
H A4 R R B T 370 TR @ ISyt (37 )1 B —  1984). 20 4 30
SEAR, AT 1 MO I | R B b M D S L RS U R O AR AT
& 20 t4g SO 4EAC AR, 1) BT ARERUEAT T JCHEBTRY S R, BT LAY 10 B R
P 2 0 1 2 b ] S 0 AR e, P 4 F 0 2 000 1 A B g I A 1 B M
B (P 1-2), 5 20 feed 50 SE(CE I, g5 | Fa e ik L TR PR R A& 1 ] il
F ok 7 A B S S e T A R L S e (e b [ i B AR Y R T X
i ililf-:f:.‘E fEEAT KR Fe 17 R JE T 45 B M IE 5T %2 aE B I l:l'pl.Lﬁ'f.:lr'm-zki and Shire-
man 1995)

B 12 SR RIE S A e R FE R 1 3m KT 40ke( 1 H Vijer &

Kot Website The Pond Libray, hitp: 7/ waw, [.Jl.'ll'lf“”!ﬂlrjl-'-i‘-r-llﬂ.]

Fig.1-2  Silver carp (left) and bighead carp ( Aght) abroad, reaching 1. 3m long
and 40kg in weight { Cited from Vijer and Koi Wehsite The Pond Libray

hittpr: / www . pondlibrary . ecom)



1958 EPE Y A TR (BhERE  1965), [l 6t Mg 5
71 25 40 B S (O ML (b 7 R A o B L RS IRE T R BT BRIV R T
F T bR A ARt A P R s b R ST AR T oA 0 L A AR
L TSELOE 1-3), MEEHERRGICEOR S, AU FEIBRIG T BEBE e 71 1
[ e b B (2 1-1) S | b 3 51 [ 52 el X (4 1-2) 1 809 LA L 1% ] % (W]
o B A 7 20 HHE42 60 ~ 80 SEAX, A B BUR A T K/ Fe s, b B b R
R R m A L HEA 20 (20 90 AR, BE B 51 R A LS T L
(2 1-3), O LI, S0 Tl 1 fth £ 206 {9 B X BE £ RR 1 I 2Z PR Bz s
(CRIT 3002245 (e (] , 40 M TE 3 650 JEC 7 b £ 398 30 17 M LA e i L S O L8 1
FIEKH ( Opuszynski and Shireman  1995). 55— A B IASE BT EHE B 70 2411
St R, (H (L 7E A B K A 1 AR A

= TRy R '-'1
s

f

g e T e T

[]1-3 B e BERDSE LAY Rt
(5] A Hung 1994)
Fig.1-3  Silver camp in the stamp of
People " s Republic of Korea
{ Cited from Hung 1994)

o S 5RO |- 4% T B (4 £ 1 ( herbivorous) f 28 , it £ LA, EA(IME
V200 K P T R o S a2k R AR P T B PR A AT O
ST R N PR S R e A f = ki) T ST R 4 (Opuszynski and Shireman
1995) . {EG it 1989 4tk B Py ik Ak £ o ik o B JEBER o 129 , B £ O A
& 8% HI 6% , = Fhfa A it ik 26% (FAO  1991),

% 1-1 EHSIW
Table 1-1 Introduction of silver carp

S AT [¥ e st X SIAHE
R e i : A Iyt
- Dhater ool Coundry or i Purpose of Riguidoctng
= indrouetion risgian o introduction .
[ 5 HIE China | NI %R
China Turwan Aquaculiune Artificially




£ %

HPN: g
- *:I[m:‘ﬁl [HFak kX — IAﬁE:Jr O
o intmduetion region introchaction cing
2 1800s LER 4 th[F China s 20 AT
Malaysia Anquaculiure Artificially
3 18TE -~ 1940s  H& Japan #i# China fi it (2| HEER
Agquaculture Maturally
4 1913 # ¥ Thailand HrfH " b 1| MNIER
China* Auquacu ture Artificially
3 194 wER*E ot [ China HeaheE B MNT M
% Lanka To Gl & vacant niche Artificially
6 1958 B#H Viemnam 1 [/ China b 21| AT EW
Aquaculture Artificially
7 1958 ~ 1961 A FE Wi 118 China b 2|
Tm-hmm.ialm Mumltu!n
B 1959 India EQFE HifE T, H A TR AT
Hong Kong, Japan Arpaicul ture Artificially
9 1960 GIE R A Unknown K aem 1
Ulzhsekistan Aquarulture
10 1960-1962  BLEF SE [IAE-TUEin | Fidas | EE. 20
Romania By diffusion of aceli-matizedquaculture Naturally
fish
11962 B R Foyp H A Japan I Experiment N |
Atificially
12 1963 5 Korea H 4 Japan K = e AT R
Adquaculure Artificially
13 1963 RE Tk FOETE ATH.OA KRS amEn
Yugoslavia # B Aumania, Hun- 7K % Aquaculture and  Naturally
gary, U.S.8.R. control of algal blooms
14 1963, 1964 5 # 118 China bk 20 ATER
Hungary Adquacalture Naturally
15 1964, 1968 B[ s i Fiat NI R
Philippines China® Adquaculiure Artifieially
16 1964, 1969 IR Indonesia Haf HEER Fi St 2 ML
Japan, China Taiwan Adquisculture Artificially




s

. g1 A B 1) ¢ el e [ gl A
2 WA SIAH L U0
N Dhate of Country or Source Purpaose of R .
" introduction region ) introduction prochicing
17 1964, 1970 i g H , $(=H F e (1] AT ER
Germany Hungary, China Aquaculiure Anificially
I8 1965 i * Poland BT REE ex-1.5.5.R. A A TSR
Aruaculiuse Artificially
19 1965 P Mexico tH[# China AR AR A TER
A AE Aquaculture and  Astificially
contml of aquatic
blooma
0 19 E T4 Nepal B, H A A AT ¥
India, Japan Amquaculture Artificially
21 1965 25 H ] H# Japan T 7
Jordan River
21966 o == #4135 F| Hungary AHH Unknown MW
Netherlands Artificially
31966 ELEF] Tsrmel H A Japan K= ATHEH
Arquaculture Artificially
24 1987, 1978 i [ Cuba T EE ex-U.5.5. K. AR MTER
:‘l.qu.a.c.'ullur: Antificially
5 1968 i Fj T 3 75 F. Malaysia LU iR E] AL
Pituitary donoe Artificially
26 1968, 1979, [ Braei Hds, &5, o4 7R 7 R AT
1982 Japan, Hungary , China Aquaculure Artificially
71969 da iz H 4 Japan fida | A TR
Bangladesh Aruaculre Artificially
28 1960 b Tk o ] il #1 Unknown MR
Mew Zealand China Hong Kong Artificially
29 1970 Lt Malawi  LAEF lsrae! ? ?
w1970 Bt ? t i
Switzerland
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SLARSE

Tl 5l [

"'..;.Jr. -
F Date of Comanitry or i
introduction region
319N HEU.5.A. 2 s 5 7
China Taiwan
2 o9n EEER A UsA
Puerto Rico
331974 ¥ 5% Guam HEGE
China Taiwan
M 1975 i AE South RAEF] farnel
Africa
35 1975 WERELT H# Japan
Eihiogia
36 1975 HHE Belgum — WNRIZE
Yugoslavia
37197 18 France {4 5 #) Hungary
B 1976 T Bl g iy ENA India
Mauritius
01976 S EEHR L B85 lsrael
Cyprus
40 197 BAE  [H £
Costa Hica China Taiwan
41 1976 i 1% FE S
Hondurss China Taiwan
42 1978 EBHE Panama  PESH
China Taiwan
43 1979 B8 Peu EH S Panama
4 1979 FIEiL Rwands  $E[E Korea

LA B

Purpose of
introduction

e R

Improve water quality

in pond

7

HO#E 4 A GE To 6l «

vacant niche

FEM Stocking

B2 A AR
Control of aquatic
blooms

WK
Control of aquatic
hiloeires

A8 Unknown

£ 5k Sport

S
Aquaculture
AP
Aquaruliure
7 e A
Arquaculture:
A
Adquaculture
b
Adquaculture

LS RN

FB Unknown

M TER
Arificially
A LR
Artificially
AT ER
Antificially

AT
Anificially

AT ER
Antificially
MR
Artificially
AT R
Artificially
AT ER
Artifreially
AT R
Ardificially
AT R
Artificially

AT
Artifrcinlly




g

AR

]l X

FIAHE

3 ¥ THIA
Diate of Couniry or Purpose of
Mo ) ) ) Source i i Reproducing
introduction Teglon introduction
45 1980 FM Gooce B Poland St <7 F 51 B AT
Establishrment of wild Adificially
population
46 1980, 198] BR A Moroeeo  PREIMFNE , 8 7T F] ? 7
Bulgaria., Hungary
47 1980~ 1989 BV HJE Fao- T HT Russia 7 7
48 1981 FEEW Tunisia %] 5 Hungary ? ki
49 1981 ExehtnE SEEH b AR
Dominican  He-  China Taiwan Fisheries and sgquacul-  Anificially
public ture
50 1982 1k fm S dn BI#E North Korea EHAMLE Rearing ALY
Madagascar trials in ree Gelds Artificially
51 1982 - 1983 FLAE W 8 Pak-  BELBIR 7 7
istan China, Nepal
52 1944 A+ FF Bhutan * T *
53 1985 B4 B H ) 5 Hungary 7 7
Algeria
54 1948 HHE B dF W 5 7 "
Caolombin China Taiwan
55 1991 HBHR W Coba ?
M bi
56 Unknown WHMRET CUHEMmEMTE B 7 H X
Czechoslovakin diffusion of acclimtized MNadurally

fish

(I M : Welcomme 1988, Eli, A. in FishBase hitp: //www. fishhase. org/search. html )

{ Data sources: Welcomme 1988; Eli, A. in FishBase hitp: //www, fishbase. org/search. himl)
T 15 ARSI AN R EEEANE FRERE. MR ENAME TE A EE BN,

FEh AR RS EAERLA T B I RARL .
¢ MEIEMS ) Including introduction from Hong Kong
v FMEWIGIH Inchuling introduction from Taiwan



F1-2 WESIR
Table 1-2  Introduction of bighead carp

e L"ﬁf‘f‘ E AR el E'Aﬁﬁ R 2
Na. ) ) Country or region Source . s Reproducing
I Pre-1980s & w5 5 1 1 [® China by 3 | MILEH
China Taiwan Arquaculiure Artificially
2 1BOOs % 3. H 8 China bi g 2 AR
Malaysia Aquaculture Artificially
3 1878~ 1%0:  HE Japan H*{H China b =Ry |
Arpumseulture Maturally
4 1913 # [ Thailand # ¥ China bk 2| AN LER
Agquaculture Artificially
5 1948 WE=F HE China K AILEA
Sri Lanka Artificially
6 1958 M Vietnam 42 [ China 7K i e AT
7 D~ 1962 FLOEE F[H China R H R
Reorrania Acpuncilbure Naturally
B 1963 $E [ Korea PE &S b S 2| M
China Taiwan Agquaculture Artificially
9 1963 R kS FPoEE, MFH, b S 2 A TR
Yugpelavia il 379 Rumenia, Agquaculture Anificially
Hungary, ex-U.5.5.R
10 1963, 1964, (0 F) Hungary P BRI b S | H
1968 China, ex-1/ 5.5, H. Arquaculiure Maturally
11 1964 R H A Japen b S (3 A TR
Indonesia Adquaculiure Artificially
12 1964 1L 4 5 # Hungary b AT
Germany Aquaculture Artificially
131965 # * Poland M ex-U.5.5.R. K AR AT ER
Aquaculture Artificially
14 1966~ 1968 (PG I 7 1 1
15 1968 i PEEHE gk | AT
Philippines China Taiwon Aquacu]ture Artificially




gk

g AN ez '}”“‘mi 5
M. Country or reg Source el
introduction Y introduetion Reproducing
16 1968 W i ST Malaysia Piluitary donor AR
Artificially
17 1968, 1976 HE Cuba BTMEE ex-1.5,5.R, bk | AT Ew
Adquasiilire Artificially
18 190 st ? ? 7
Switzerland
19 1971 JETA R Nepal {4 | Hungary A 1
Aquaculture
N 973 1448 3] Larael PEE Cermauny i R MNIER
EABKERR Anificaly
Aquaculiure,  Stocking
natural watens
21 1973 #1 8, Jordan R Cermany 7 ?
21975 BT Mexico # ™ Cuba b St T A TR
Arquacul ture Artificially
23 1975 ~ present B H haly H B Eastern Europe B iRiE S Spon AT e
Artificially
M9 &5 Egp HE (hina 1 7
I 1975, 1976 iE[E France 1 5 #| Hungry b S (2 MR
Acpuacul ture Artificially
% 197% HWrEEN FEEH b, Fu 0| AT
Coeta Rica China Taiwan Aruearultre: Artificially
719 B Pmam PEHEM b St ol AT R
China Taiwan Acpuneul bure Antificially
®O19M 8 Peru Blfam, B b S AT%ER
Lsraed , Pasarra Arquaculiire Artificially
01979, 1983 7 Brazil ERE R Th P e KT
China, Hungary Agquaculture Antificially
0 198l ExEmtaE PEHEH e Bk A TR
Dominican Rep. China Taiwan Fisheries and Antificially
anquiculure

- 1.



G| Al a]
e "Du:t: AR i g"mﬂj 3
No. ) - Country or region Source o o Reproducing
31 1981 P #2 T Moroceo ?ﬂ?:ﬂ Hungary 7 - 2
32 1981 s FE IR Nepal 7 ?
Bangladesh
33 1983 fif 2= BHE Germany EEF A ] Mo
Netherlands Diffusion along
natural walerways
U 1983 FF} Bhutan FRIEVT Nepal ? ?
35 1985 R R A 5 F Hungary 4 7
Algeria
36 1986 EEU.5.A. FEH Asia o A Iprove 7
water quality in pond
37 1987 ENFE India A4, & fmda 5 7 ?
Japan, Banglades
38 1988 BFfE HL FE & 7 4
Colombsia China Taiwen
9 19901991 BERSGE LAY laal ? 9
Bolivia
40 1991 % 104 HE Cuba 7 ?
M .
a1 7 3 Rl e LA Unknown b 31 I=f o 1]
Danube basin Aquaculture Naturally

(B4 HE 6 ; Welcomme  1988; Eli, A. in FishBase http://www. fishhase. org/search . html)

{ Data sources: Welcomme 1988; Eli, A. in FishBase hitp: //www. fishbase  org/search . huml )

FF) 11 [ A A ) A ERE ] B 3 380 8 < el A L M T MU B B0 i T RN O Y R
RS N B R

« 11 -



£13 B.MESEHERBNSIMERY
Table 1-3  Numbers of introduced coumtries of silver carp and bighead during various periods

EIE iEE SR E ¥
Period of introduction Number of introduced country or region
B Silver cap 8 PBighesd carp
Pre-1800 ~ 1940s 50(9.1%) 5(12.5%)
1950 3 (5.5%) 1(2.56)
1960s 20 (36.4%) 11 (27.5%)
19704 16 (20, 1% ) 12 {30.0% )
1980s 10 (18.2%) 9 (22.5%)
1990 1(1.8%) 2(5.0%)
it Total 55 (100% } 40 (100% )
A H Unknown 16 1

ESPHBERR S AR E W, MR - R 12 T HTM. The bracketed figures represent
percentage of the total introduction. Calculated from Table 1-1 and Table 1-2.

- 12 -



FE S SFEAOCBEREREMERNT
2SRRI

B SEREN AT A (A FA 8 8P a8 O SRENERS
HhE A kK iR R R R E . RENAH AR R AU AR
M TEMOIEAE Y. S8 AR, WA F AEARRIERKREE T %E, #0h UE R
A BEFMETE WL bl f i, Rt DU R B9 IR AR PRV BK
CHFFAT LA RERAW, 20 2 50 F4UK, HaA TR LR MR,
V0 A %68 (8 % A (7 o 6D T EL 7 e 7 90 T P R e A LA A

— . FEE A E IR A %

FoE T A R BRI K, A TTRT 12 e p R AR AL A M I R R
HORHR FirE AR R NER. WREERKEREL AP MR
“HiHA ERE”,ERA, T —ATSXE DN X R RSE A E A, BEE
bl 2 P, T A 7 — St 4 3t e, 1 O R 7 F o, F B B A AR L O B R 3
", ‘B AR RAGRTRERAS EZ2EZ ERIZ AHRZ, -
THERB, FPHEK”, Zicl TR, AXERR R, FEARBHFHMA
TERKRR 244k | 3 i i fa R AT HER 0 E B O IEM), i 0 Rl sy, kAT LA AR
A8, e B IA] % it 7 8 4 I T B 3 SR R0 ) B 8T8 0 A =Bl (fRR ST iRk
1k 1961).

el n] 2 EE R, M5 TCHT 460 4 A A MRk I i A 0 SR 8L + 4
BOFRRTHRRABMESR NTiEE THR LE-BRaEFE—(RAa8)(E
£).ZBORT YN ESNRASE , DE8AE ST NG & F IR0 RE . ik
CEH) R A RSB TR, FEEE RAT, Y KB KRR (fh
mRoCFREEOE 1961 HBRXE 1992 KBREF  1992).

BEM(FASIA IR ERE G MaLBFRRLE T fEshER, T B3R
W g FETE P o AR A, MM rp R4 B R B BT B BE A, 77 88y i AT BE tL Lk
ZEFET. BEMESCR, MHHFE R M, SR PR, WHEEZ IR
TRE B M A B AR MRS DI E R B, 1614 EEAKRE", A EHHR
[ & i FTE 1258 SE T 047548 , 1560 FF1E AFRIL, 1660 4 5 AFHE " ({RAR SCFBEEK

Ik 196], fHERICE 1992),
. |3 ®



AR IR AL (/A0 618 ~ 904 4F ) EHT =W, B EtE %, £ 58
R 8 M BRI A RAE, B ik R AR A A, RS A T, R e
BeHl, MR B T 1000 B fa FF b 8 TR RKEMITE. B, a3
BN SRR, Bt B8 7E X — B I bf L R 3R N &
T(REH  1957),

— . P EME R IR ER

FE A 0 0 () TR B 00 5 57 08 1) B (D 0 RS 0O 245 36 ) 9 T o Y i o
THLA. SeEAFFEAR, FRRE 56 BEMBEUT P RE aE , ReR T
MIWAIHEFE ., BT AR, R0, L (I BRI A A S A X EEF T, A
S R R A AR, RS L IThal— e F. K2
Bl 7k Ak 7% 200 fa B AT MU AR BRI T R M T B BT L
Fh B e, W TTSOE T MR IR A 0 ARl . 7ERHRI, I IR OB A
AT B ey B 4 (Th R SOmBeEUE  1961).

#7960 ~ 1279 48) AT T % F 546 BEFSIE IR 8 7 091 40
#. TEAET 1243 T E (R E R P08 T el 587 f87, f0 o] 7F B S K
S el A kA B T B, DXRR e 2 L e I L ) £ T L SR A R 7 BRI
IS, ERAQFHNEEMLIFGTHRESFFEG. 5 & BRIy
T, iX 5 s RO A 2 T A AR T e R A K. ARERR T BAECR
REHE AR, REARBYEANF ANIECHRERMIAA, BEAVE 5
AR A, M, — AP 20 e 40 FA,AMTEFIEOASENOEL, T
ERATRAELGE D, AFRF QM aSEAERBEREE, N8 Sa A
HLFIRE AR A TR IA N B AT 8 B 368 0 fr ((RARSCRIBERIE  1961). BUATAHEE
LR AT, 8 W EEHATHEW (RS 1954), TEIEH AR, BRN
A A B AV AR AC A UL R BRI BE T R

AR (1368 ~ 1644 4E) , Af10F 560 0 BERISE Y R R REMEE &
fa i B A AT B B B AN R REAC , 2 SRR SR U B AR S O ISR AR 1
REENSR, MEEYERRE(FAZ)REARE(RBE BV PRAE THE
D /vt £ FpHE A 4 55 £ 200 FE F0 8% 600 B G ER MR AR f i — FR =8E")
@A BT, TR AR A, AR f A G O B £ MR E A
SHBGZERIERHTE, AXER TR SRR QX 25 TH#ER XL
1B, i 08 F 6 T IR I ANBR 2 : @Bk 50 £ gty b & ) 5 98 s © 4 /b i Fr /1
RS, B B K ENE IR, JEHE i AR R R Rl A A I R
BEAOUE R, - SR B AR B, 1T £ 2 3% ST {58 A (G T AR b Ak G AC
BRACR),S%,. BA Fa BAR0RFENRCH THIMER, A0 H

- 14 -



pik—HEMES(hERSCF  1992). AR, FEX I, " —Fi3R = 8"y
FRERPIANTAR T S ASHE P E Rt T LI e st R E , A
f1E B (AR 1 B R AP 1R ) AU BITR IR A8 A 25 S A LU
SHIRM TR B A A ERER.

=, P EMIER SR A S R

R E M TSRS, R R E IR SRRl 2 A A ™. i
KA HE b A P R AU REIBHED I, AMTARE], REEFMIRKARRA A
[7] 49 8 3% 4 2502 (wophic niche) : ZEK K b 1215 Sh a8 S E R R HFEY, BEK
fod T T B A T Skl 2 KON B A 2 O £ B B
WS E AR A VI E . i AR E R A S A AR IR, R kBT
437 Pt 385 <7 s () 5 0% R R 7 ek ) I, BRI, P RRZ O SE IR AR AR
AL bR IR O] 643 A A [R) 0020 2 6 ) LA RON < (D8 P 0 5 B e TR A L
A (R FEIT B A P A0 4 R A e $R 10 K B A HLBE R (organic detrits), W BEE
P SERGE T BT B AR s O8E S0 1 2B £ 7R e A Y A HLER B A DL AT
gt , i BT B AR Rk o AR AT Oy £ SR O B AT O A TR R, IR A WIAUAG B 2
‘B EE R ERAME SEEU(FEES  1961); O B 8 M85
Ji i £ ST B R P R , B T 2 75 4 SR S S RE L R SR s Db Fae it
Y 2 £ K002 i R VR o Y s , A (LB 76 40 1) P ) BT R i i 3l R U8 i 3
ok AR AR A K0 S, 4 8 4 7 RS 3 R A LU A e R R T A
FITFEE ML K(EEBS 192, BEHF 1992), HTEELNNE, AEELA
RO AR T R I R SCRE, RERIEM, B Bt — SR EitiE. AL
i, BT E A R AR AR AR R R E B .

RE ML 1~ 3 Fhf S (B FENERENR), MEF XA 25
7~8 %0, MTREGERE. A UREREANOEREENESR LR T REH
BIEXH, KK FRR EREE RO FALNEL NOFA;0RE +F
th DE A + 8+ W OF ;OB + WS 0 EMIRIFLER, PR AN EMATEE
BENSE, SRR IR+ FR(ZRTIRBX )M + 88 + B
(ZRTFEHRIL=AH)NAFER, FaHENERXDE DT RBIRR, 5 + 5
FEM LRGN IE, FRTERE T, sy ENRERFRNS
WFH R (FRde et B R s RS O SR R E AT RARTE
B, ATl E TR, IR AR AW IS (IR M L JE 68 3 0 I T ) —
Yo (B i T8 KM KA H R ARRTFaNHATEAZR, H
MR, HMEE ERAESE 8 R ARFEA R D B MR ERMRCTRAF,

Hope B —REERAE 25% ~ 40% (T BB, oAy B E/ ) (REH%  1992).
+ 15 -



PO, BRAT A 3 T TR b Y G A R
Ko S S5 1) B AL

20 {42 60 HEACLART, LASE 8 55 {5 F0 W 0k o ah ik K S a0l 8 T
B TT BRTT B SR K 0 % 28 £ BRI Y, R IR R T A A R, WY T Rk b AR
ROl 5 2. S0 ERRE - AHIRK AW E RN RFE a7 T KR
A Wk My T A EEE T4 ekt B, T 1958 SRR T KN TE
RIS O AT (Bh B 1965) ., A L BETHAY AL BAE A = b N R R R R HE T 3K
FE e K W e ) e ol R ol ) 9 2 o E K R R TE 1936 (U S0
1,1957 4E 2% 100 J7 1, 1984 4 FFF 4 200 7 1, 1990 FE14 F) 420 77 1, 1993 SRR F)
650 77 t (Zhong 1992,FAO 1993,FAD  1995).

T (53 Kt e BB AR, 32 B I T T i R Al A S . TR [t A K
A 4 K E R 6.7% , B R IR EE ik Rl Y B SR, S, 1986 I
GV AT . 30900 7K FE 3t 8 2% o K e 6 B O 348 0 o, L oh s Ol o A R A
74.3% (WAHSS  1992) ; £F 1990 4 iy F (51 e /K 24 5 7 i o, Y 0 £ 28 e L™
it #5ik 75.5% , Wi K 625 BEAr B0 6.0% F18.0% , i3l i (i 7™ it i ik
2385kg/hnt , 7 301 . 7K P £ 7= 4Rt 0504 5 O 435kg/hm” F1 255kg/hm” (FAO 1993,
Qian 19941995 4E MK =8N 690 77+, ISR FFI ™ BEik 73% (FAO  1997).

18 45
.

=40

[

=il

=i

=)

L I!]E'

AR~ R 10 T
= 8
1902~ 1995 SEH | 4 oy

"3 B (o M W Gl WwE W) KT W
Guangdong Hubei Jiangsu Hunan Jiangxi Anhui Shandong Sichuan Zhejiang Guangxi

P 21 1995 SEep K 7 AEHE AT 15 8 00 f R AR
1992 ~ 1995 4[] M H (5 B FAO  1997)
Fig.2-1  Production of freshwater fishes in 1995 in the top 15 provinces of China and their
corresponding sector growth rate between 1992 ~ 1995 ( Cited from FAU 1997)



MECHE A e, Mo Ab Bk T Y T 4 A A 5 T S A L T I T
o A XU, b b T AT Y e e B S R A L R e T e B
(P 2-1,1 2-2)

B L Ky, M

| ENELGR

BEE 200 00D — §oo 559
50 (00 —> 199 000

[]< 49 999

19

.J'. i

g 24b 2 “ig
N s ﬁam

= .'.' ;
= :

4 Tiannn

L J|1

_ i op

13

i e : &;Lnﬁm
e
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M 2.2 et A RCEE ST EUX 1995 kAR R I A R A 1
[G18 FAO 1970 K45 &k MG ETR) ]
H.OHGERAE T A 20 Wdk: 3. T4 @Al 5. YA 6. REBEGT.
BaR, Ny 9. HRIT.a0, 1P 10 2. BBV 13 RO 14, 407 15, EE
19, # M 20, Wi 21, 7 22, BEAE; 230 B 24a. TR 24b. IES 26, TR
27, WP 28, HAE:29. Wi 30, MR, 16, LM 17, RKiRI8. LR
ig.2-2  ‘The administrative divisions of the People’ s Republic
of China, showing ranked freshwater aquaculture production
for 1995 in each area ( Cited from: FAD 1997)

The provinces and autonomous regions are: | . Guangdong; 2. Hubeds 3. liangsus 4. Hunan: 5.
Jimngxd; 6. Anhui; 7. Shandong: 8. Sichwan: 9. Zhejiang; 10, Guangxiz 11, Fujion; 12, Hei-
longjiang; 13, Henan; 14, Lisoning; 15. Hebei; 19. Jiling 20, Hainan; 21. Yunnang .
Shaanxi; 23, Ninjiang; 24a. Guirhou; 2db. Nei Mongol; 26. Ningpda; 27, Shandi; 28, Gansu;
29, Qinghai; 30. Xizang (Tibet) . The Municipalities are: Shanghai (ranked 16)
Tianjing (17) and Beijing (18)

3 TCRE (6], 3 A T 7 2 o o A T B S A P TR B AR R
7Kt 7= A5k o ¢4 X T BE ML, AN 1993 SEAY 7 B, X S RHT R pE LR AY

BLAA 5 1% 65.3% , 1] LA £ 7 P A1 40 0 888 A L ) g Jek i , A B P RO £t 45 T
- I"’ -



B FEA = B (# 2-1).

F21 O EFPEFENAEENCRNEEMY
Table 2-1 Major freshwater fish species reared in China in

1993 and their major feeding habits
F28 Specics A FEAH Feoing habita
Production
P %

i Mypophthalmichithys molisrix ) 1807 28.2 it BT R R

B 11 ( Crenopharyngodon idelle ) 1465 22,9 RO, LA R KCE RO RO

M Aristichthys nobilis ) 911 142 MEt RS YR

88 Cyprinus carpio ) 892 13.9  Zefrid BRI Eh B K O SRR
R ATUIRER B

B4k 0 (| Tilapio niloticus ) 533 8.3 R, FRTFES

M ( Carassius carassius ) 2 4.5 At AEEREAELE. A8
EEFERAENSHE RN
$y B R R

% ( Porabramia pekinesis ) 219 3.4 it FEAY AT BTRSAK
4 O L

8 { Cirrihia molitorella) 100 1.6 gt EafHEE R

71 #1.( Mylopharingodon piceus ) 66 1.0 B, Lk sh M e T
EaE MR R R
oS

Hoft f 128 2.0

B2it 6410 100

(1@ FAO 1995, Wir'H 1902) (Cited from FAD 1995, Ca0  1992)
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F=F @R B|YSHEFEPHERSKRYLE

20 R B, iy FAE 5 A0 K IR BB B 52 Tk vk 2 A T3 407 G O TR, 1A
BRI R AFH EB AWK (B RS T CGERE, B
45 MK PSR o PR o A A TR AR , LA S K45
P ) b L R e TR S S AR B
53— B L LSRRG R 5 R B A IR K B O, S BOK P26
M 38 o 4 0 R B XA P 0 P T I 2P, O b, MR
G R RL U 4 26 S 7K 7= 3 78 5 AR AR B /K R 9 3 B2 9 Smith
1085), 46 , 62t M R T A 75 M7 P SO0 1 M K B, B S E TR IR B
o, BB E S EEWRE SRR, 5 E T B S A 3 = A
J& , i P A A 2S PR SR FE T, FE T B A ) S BRSOk T
3R EATET (B TR NI AT R AXIET) ;= A
B VR B A B e B 1P B TR (I 2 %) i 8 5
faAIET,
fe v ) £ SRR PO ) B R T A R Y
BB - (DZE R A A = RO T 0 2 0 A £ O 4 LK
HAOfr A A, B, 8895 AT REER of L s oK B, AT LI ER B A B A fR
(Opuszynski and Shireman  1995) o SH , 7ERKYN (HE SR AR BRI AR ) 86
5 T S R L 3 A L B S 7 B, 6 A A MK
s S ) A FE 26 et ] AR , B A0R T O B N X A 2

R HK
— BRYH i th 8 I Y

FREAMIEFAE MBI ER S, TEAE W A ANRESFESES
Ho b (BRI SR e R ). Ti#E £ H 3% (common carp monoculture ) FT i 42
I3 70 R B M e b — B 5 S HAIS R, BRI TE R At IR A
o R, 18 4B E R (RO RS 7) 1998 4 ¥l Goit B e, BAL A%
(8 5 26 RHOE 30 ) FE R B A K o SRS B AY 86% . 1998 SRR B 3 (AL 58
HE ) M BT A E A B B 21%, B2 19% , FE 5 16% MR E
129, 1998 4F , BRI P e 7K 7= R L0 Bt o K P SR L R A% 19% , TR ok 7™ 2

-lg.



fh odo ok B koK (Hp s a2 5 83% , BEABE 9] K 50% F 27% ) (FAO
2000) ,

BT E ., HA M WA SR, o] GRS —Fh et R A 25 Fhad
H. RE 19 gt 20 TR0 EAM—RIIMGIHE, EILTFEE TS
WAk A AR FE R B A M 5 (Welcomme  1988) . B T opith40 | 48 8 B 46 A 1 BK
B Pk, FCAR A i T fi i A5 P S T T B E S, e, PR
P R Y £ FE T O B 240 B TR IF R A& R o 8 B AU B SRR R E RS SN
TR AE A H B8 & (Opuszynski and Shireman  1995) . 5t E A 38R 4 He
B DAy - B 3 i I 19 ) 2L o ) g 2 i 3 K R, LA B A 4T 3 43 ) A ) 9 40 L
.

KA, KRN T A, EAEREREMKEAEE T,
— 7 1 9 £ O] 378 5 B TR A T s 7T 2 R A s B e DR b NP YRR
HB—hEENXAMNERFERE L (ENERER R, & HF A XRER
Bl ) . BERXFIE O R0 7E SRR AR MEX 4, (HSC R B 9T R 0A , B e T
E B % U Y P B A BT M KR B S B (B 3-1). 2SRl
WAt I T AR ah 4y 8 0 6206 ) 8 BE -5 7KK Fh SSTREB: o 40 vk FEE A TR AT o
XX ER(A32), XE5FEEKENOMERFEPARINESKEAKERK
T stk A IR A 1T 168 [ 45 76 IR U o (07 HLI In 28 4 R OB 0 ) S R
BE—-FHM(RAFS 1992).

15

10

BB A P loading/ (mg/m® = d)

0 T T T T =T
0 25 50 75 100 125

# BB E Fish density/ (g + m?)

P31 BEEA(HTE 7~ 14 J5 ) HEPEOT EE R R DBy A R R B
W (3| B Lamama 1974, Schefler 1998)
Fig. 3-1 Effect of carp density on phosphorus release into water
column 7 ~ 14 days after introduction of carp in enclosures
{Lamarra 1974, Scheffer 1998)
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FHLE 7 [ lnorganic susp. solids/ (mg DW/L)
]

0
| | | | ] |
0 100 200 300 400 500 00 700

JE 1 % Benthivorous fish /(kg/hm? » m)

32 FHTw<mEbLimirnEESRmamaaishn
X F (5] @ Meijer et al.  1989)
Fig.32 Relationship between inorganic suspended solid concentrations and the hiomass
of benthivorous fish in several Dutch ponds ( Cited from Meijer et al.  1989)

H o e B R PR, JLF o7 i s e B g TR T sh B, R R
W, E B F AR ARSI —-EXREND . EPEMFET AR, E
R LA i B 1 (herbivorous ) 36 1T A AP B 51 A B9 11 86 F 51
W+ e AR AR (E 3-3).

AR LE P B T4 3 At R TR 40 B BT 2 AR A — B fE 2 L B0 5F R S5 IR G T
oM IR IR AT th M, MR 5 O RERFERE TSR BB IR, (i S A BORIR R
(Antalfi and Tolg 1975, Opuszynski and Shireman 1995). IFE{ 2% Zabieniec #i1X #
70 wh 4R % B 00 HE, X [ 8 5E A O 4000 B/he’ B, BB £ P RE{LE &
(260kg/hm?®) F B, 24 FIBEFET % B _E FF) 8000 ~ 12 000 B /hnd® i, 5K 5 62 88 #4 7
B2 T e, 1 G A = A B 3 S 5 A T 400 T 3L 800k b (P 3-4), B £
hFERER EREMEET LS/~ 55 AEPHEar-f#N 25 T 5
RE SEASEaEANAERE, AR T TERAPHLFAER, 5
KRR PR R IR b S A A 4 (Opusynski  1981) , MBS R /N2l
Fieshyy, FERMEAAMARENSMEHE G, B, 8 H S A 0 A
R FE (Opuszynski and Shireman  1995). Opuszynski(1981)7E 73 — 20 # 8 ST b IE (3
iR FE ) chiR 78 MR L3 TP B BI A IAES R (3 3-1).
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] I T T it I B 2 4
[ate Phytoplankion] Macrophytes Feed Zooplankion Bembhos

2. 1. 1966

28. V1. 1966

e e e

26, VI 1966

P Average |

Bl # Common carp il Grass carp  [EXZ9 M Silver carp

TR

P 3-3 {2 Zabieniec 3t PTH 35 bR b W8 40 00 FOEE 40 008 £ B0V & o ALY
1996 4F 7 A 2 HAT RN EEE, IMKFHERITHRE
(82 H Opusaynsk  1979a)

Fig.3-3 Percent composition of fingerling food of common, grass and silver carp in

polyculture, Labieniec, Poland. Common carp were not stocked as of 2 July 1966.
Three horizontal bars in each column depict three replication

{ Mesdifieded from Opuszynskd 1979}
£ 31 i Zabieniec HEME FAMERRE WNEENE L~ R
Table 3-1 Fishery results of carp pond with silver carp,
highead carp and/or grass carp in Zabieniec, Poland

W FIR o )
i Y THME e [ M T
Stocking dinsilies ; ’ .
> i} replic- individual survival Prodution In relution 1o the
ey s ales  indrermel g £ % A kg’ ) control/{ kg/hai' )
Pl
B0 T R De- B REBEIN Inerense
crease of carp pro- ol total production
duction
2000 € 3 a7l 81 11 =
N 3 I8 a1 | 103 = 132

L



S

FEH R R

, . E¥M  THME  HFEE i Liiko okl
ﬂ.uch:mg densities
replic-  individual survival Production In relation 1o the
/{ind. /hnt®) and _
) increment g S A kght ) control{ kg/hm® )
species
1500 Sc 108 () 130
2000 C 3 578 o4 1092 9 258
3000 S¢ o o3 267
2000C 2 36 82 873 228 3
1500 Bh 182 %6 261
20000 3 445 ] T 324 122
1500 Se 113 76 120
1500 Bh 152 86 186
1500 Ge 103 a3 140

C: 88 common carp,Sc: 8 silver carp,Bh: M bighead camp.Ge: T grass carp
(51 8 Opuspynski  1981)  (Cited from Opuseymski  1981)

e Cg o S, & Co+5c 1
2200 = ]
!
1 //
1800
&
g 14009 CONTROL
g =
E 1000~ T.—:F‘ -
& t" -- ‘
i - &
T -
600 -4
4000Cc, 4000Cc, 4000Cc, 1000Ce,
08¢, 4000Sc, 8000Sc, 120008c,

A Stocking rate /(8 /hm?)

B34 AR SETE RIS B 2 Zabieniec A G T4 0 4 7= B (T 2 0
(3| B Opuszynski and Shireman 1995)

Ceo, T — Ry M0, S, FoR —MREMR ., Control £837 8 f S04 §5 13 Y7 4000 &/ e
. PHES SR AR R, R R
Fig.34 Influence of various stocking rates of silver carp on the production
of common carp in ponds, Zabieniec, Poland ( Cited from i

and Shireman 1995) :
Gy = |-}'Eﬂ"—|}H COMITNA G, Sop = 2.}-@;-“]:" ailver carp. Control line = Carp P“'d“C'
tion in monoculture al a stocking raie of 4000ind. /hor’. Hatehed area = increase in total

production due to silver carp. Vertical lines = standard deviations ’3



L B 20 PG R P A S EY A E R RSN )/
EIELERCM (R B R R R I AT RS REBHN R, InE 20 #E 50
FACKLLG | i85 08 8 55 o B 3¢ 0 0% 11 3% O B2 o Tt 40 7 T - R e K (A =L R A5 B
I 2R, R A e R R 1) R Rt SR AR T, AN 3% 24 49 Krasnodar b X, B
fmFEAmEP, PEXAN™BRA L™ BRI 50% (1175 ~ 2360kg/hm’ ) ; 7 LA
7, 85T 1965 GF TR, s ST MMM RFBIE D, SEM
1 £ 0 2 0 B 75 H L, O £ ) (9 68 0 AF f A B B 0 T 229% A0
119 ( Opuszynski and Shireman 1995).,

— B (R KSR 5T

B SR 2T 1964 ~ 1966 4 M FH K 5| 6 B I *2 (Opuszynski and Shireman
1995), ¥ B B AR T R v B 50t 3 TR & 55 B RUOE, 72 20 1) A DR
VOO AR R, AR PEFRASEAMMINESREENSAaTEREL
af Gl A SC T, (ELE B ISR A L S R AR A—FL

1. e & 3% 7l i L MRS R R (IR T )

P24 PR Januszko (1974)F Opuszynski(1979b) B3 T it 7 N THMBAIHK
o f FER M, T B & ook iR e St P A LR R T
AR T
Januszko 1968 £ (19 SLHG T FBA , S e T 010 FF 7 M 0 o PR B 4 P Ry
OO 0, 5 B 8 R 7 05 3 K B A9 & 4 (Januszko  1974) . Januszko T+ 1968 4
(4~ 10 H)7E 26 M EBFRARE 0.2hm®, KK 0.85m) PHIFE T 8 MFIE 455
Senta iR AT RS A0 R, FTE ik o A8 S FE R AEH 0 2000 /b .
B a bR T T HEAE (M 200kg/hm’ + P,0s 40kg/hn) , 85 F R SRR RO, X958E
A 1500 B /hnt(14g/m YT SFHFHTUE A B8 EFF 10% (38 ~ 42mg/1) , Mi8Ef
W 0 3 3000 B/ ht (28g/m ) I, ¥ 04 40 A o 4 TR R 109 ; 77 AR 42 (1500
R/hnt ) G 0EIE 5 SRR IS YR EFHET 1009% (27 ~ 66mg/L) . BEABFIELS
bk BT (L BB L H E T S BN (EERAKEAIRE Anabaena
flos-aquae , A. solitaria var. planctomica , 1 FCHEIR Oscillatoria agardhii ) LI ACHR L7t
TR (1500 /b ) 5 880 IR 35 0 PR VPR S P BB, Januszko 1A 2H, 8 3000
B/ h SR A P TR 10% ARl T a2 s, meEHamRHE, X—if
Forb, A b R R i sh P AR L .
Opuszynski (1979) ZBBFFT T A ) 1 65 %5 70 X 880 5 3% 7 P S K RO SR . MR
BOFEFUERE Y 4000 B/hmd, EIBEMFERISEE 0 0,4000,8000, 12000 B /hm’ . FT47
£ AR T T HGEAE (A 290ke/hm? + P05 47kg/hm?) , I KR B MR 6. (1 BERY
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FEH R BT R A YA AL (B 3-5) , Hoh e B A R R IR v A P B
KEEm. P EYR ST S RGFIRYEETROF B ER (R
SRVEBERL/D) TP Sl B 00 W R R AR W B R BRI . BEA OSSR A
SN E RIS BT AR A /) TR S B R A B R, B
BB R REE A .

i AN T ENTIT 1
0.1 0.5 1 3 10 20
A5 B BE logarithmic scale

B 35 p N b 6 R PR T AR R WA TR R EA R
(5] B Opuszynski  1979h)
RS 1 PR TR — BT (U T e (Y of B R ) B 3 HRER R LT N
i 3 T 3 0 5 (0 e 0 R 5 SR FE PR O B A D 1 SUIG;2. W43 BOD 4. TR
ST MR 6. U AR o ST PRORAA A AR 8 AR 9 T MR R A IR
0. A 1 AR T 12 SR W 13 RO L A R 14 R R IR S
K A 2 15 P R+ Y S 9 s 16 T R D B RO it 07 PR Sh A R 18 RR W Sh S R
it ; 19 NEHE s34 i
Fig.3-5 The influence of stocking densities with silver carp on average seasonal values

of some environmental and biocenotic factors( Cited from Opuseynski 1979h)
Logarithmic scale: | corresponds to the value of a given factor in the control group of ponds with common
carp oaly. The three bars correspond o three conseculive increasing stocking densities of silver camp (the
higher bar shows the particular value at lowest stocking density of silver carp). 1. ammonium nitmgen; 2.
phosphates; 3. BODs; 4. soluble oxygen; 5. phytoplankton biomass; 6. chlorophyll a; 7. gross primary
production; 8, destruction; 9. nel primary production; 10. total number of bacteria; 11. mumber of pro-
teolytic bacteria; 12. number of ammonificating bacteria; 13, total number of bacteria in sediments; 14.
pumber of proteolytic hacteria in scdiments; 15. number of denitrifying bacteria in sediments; 16. m0-

plankton number; 17. sooplankton biomass; 18, benthos mumbers; 19, benthos biomass

.25-



2. iEE N A SEERACR (B R X )

Kajak 55 (1975)7F— 1~ 2EAT 1 £ 2638 % 5 92 58 1Y & 5 % /) 368 84 ( pond-type )
I —— Warniak #0038 i B 9088, BF 92 T ST iR i E a2 R ILH
38 4hm?, XK 1.5m, M EAE—T B 2R, ) A 2 A 1 G

TR Fifrshiy
Phytoplankion Zooplankton

1% Cladocers
i B2 Copepods
I.-ﬁﬂl'll# Nauph'a

=i
(#g}

## ift Biomass mg/L

A {it Months
P 3-6 A ] 66 IO 06 TR B AP PR B A A i B (B Y Kajk et ol 1975)
Lake: H G S8R, Conteod: A AR, H : BEWEHE Ilp./nr‘ i RS,
Hy  MEWE I 90/ nr'ir) IR
Fig.3-6 Biomass of plankton in enclosures with various densities of silver carp
and in the surmounding lake water{ Adapted from Kajak et al.  1975)

Luke: lske water outside the enclosures, Contml ouotil - encloseres withiost silver comp, Hyt

enchosures with /o silver camp. His enclosures with 90g/ i silver carp
v 2.5 -



THEH Y, 1967 SEHLH T 800kg 88 £ F) 849kg KRR , 1968 EH) 1969 FF &8
T 1680kg 1 200kg f) 8 £ ( Hillbricht-Tlkowska and Weglenska 1973, Zawisza and
Ciepielewski 1973). HRRELR T 1973 £HF(7 -9 A7, HitH 6 MEMR. B
A~FE B 6.25m(2.5m x 2.5m) -3 AJE IR 40cm, KB 1.5m, LRiZHH .2 38
(Tofh),2 e i fa 9 FF (H, : 30g/m’ ) FI 2 R BE B (H;: 90/ m’ ), 45K
AR, B s 5 B A (U SR e s ik W B R (S B E, TR T 4.5 1), BB
W (R W Microcystis aeruginosa ) HE 9 AT B (B 3-6), itk AT LA
MEKE. B—H,7E H, fH b, B R a5 TR T 4.5 #16 fi%.
Kajak i35 H109 Hy BT Januszko AYSETE PSR M SE R EHAE, 0 Hy 0 H, £ 3
1%, Januszko O3 P YA L W BN Kajak SFA LR DA 2 65, AR, Kajak
% (1975) TR BRI AYEE Y Januseko (1974,1979) BIL5E (FIFH L .

Kajak 25 ( 19753 i 8% K W8 i 37 76 e 9 (Sl i R P At S 0 B 3 4, R B
FE AR N R A — S SR sh YR EE T A B R S e R P A B B
Pyit, & B E R I FB A RERR A 2208, BRI BT IR A E R M.
incerta, M. delicatissima, Wi 9 3R Comphosphaeria lacustris I 76, HEEFRIHID
{7 6 6 3 30 R B A 4

SR, Kajak % (1975) AN, OB FEEHERPRISEEN M (5
Januszko TR IECEHILL) WiHEMAAEAMERE: O EREEm/NEEER
g S KU PG , PR A B ¥ R e sh A W A W B B L B R R T e
2, TR M AR A, T EETCEE ) M 5, Oy TRERR A TR A SR AR IR HE
T E R RMEDME, BN EHEnRfmERAsw+E, NAaHT
7K IE Bk

=, XENERHFR

EEMEA TR b Kk, o G G S TR SR 86% (1995) . By L
¥(FEREZE) KSR AR EE MR, ERL, R (B 378 3-8).
7R, 40 O FRRTRNS LUMIRL 09 BE A SR M 3, i L R AR B SR HUK
P IR JE A A0 ACRY S R T 4, T LA S AR AR O TR . X P S E R A i
FENG T — KB FAETEE ERA TR . R IRk e P S IR
b e ) E R A EZ — .

Bt ST 1971 SENRE G5 R R KR, RREAR N T 7275 KR M (Sewage
lagoon) ¥ 7 4E 9734 BE (biofiltration) , 5 R £ EAHF R b5 WS4+ LR
3 7 b A AT IR 3% LA B0 i 48 /K T (93 ) ( Cremer and Smitherman  1980).

1. HEEMA RS + PR ASRREAR KEEXE)

Smith (1985)IA , Mol b 35 FEE H S BT R Py A it 00398 oo e 51 2 T B
C 2T .



o LI
: i Mia%
il Hra Clarms M"?Els Cyprinds

Coyfish 3% -
B . B 8 Carfish
Salmaonids i 43%
19% ;

$H465 Oysters
25%
37 b2 1005 4 HEK P R HLA R AOFE AL S1 B FAO  1997)

Fig. 37  Relative production of cultured species groups in Nowth Amenca
in 1995 ( Cited from FAO  1997)

250004
g 200000 1 BE & 8 B Channed catfish
e
2 1so0004
% ¥ AR '
£ 100000 PR AR AR American cupped oyster
=
i

S0000

0 4 }

1081 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

38 JEE’E'F.%f#ﬂﬂﬁfﬁfﬁ.ifﬁ!ﬂﬁifﬁﬁﬂﬂﬁﬁ]F!W'ﬂ‘ﬂ’.ﬂﬂ'
(3] E FAO 1997)
Fig. 3-8 Trends in production of main cultured species ( channel catfish
and American cupped oyster) in North America ( Cited from FAO 1997)
ANERREEA EOK T, FE R TRER T LA/ PR SR O R A MR
( herbivorous ) {EiE 8 . b TR UEX — {1, Smith F 1983 F£5-6 AFRA64 1o’
{44 3 B 47 HEGT ( Fiberglass tank ) BFAL T — itz 1 8§ 5V i S i A R R I 2R R
8RO HT ik
4 f 25 B, EEGMEPEA I’ (1 5 £ B A0E JL 380 26T 0t 38 01 7K B % R 1Y
S, o BIE 4 PECR A 1) FRBEA T (10.5cm) , 7B e Y 2 B
o6 16— 43— CHp R sl 7 2 Ayt o 3 8 LA BR-AP PR S0 4) 7 2 ANGLAS R R
Wi 2EEMSHSH R i 10 BT ( fetalurus pum*m.frm}{ 12.7em)
o 107 T s 5 A ) BRE O e T B 1 5 A5 11 1 6L R 3 A, O R £ I
. 28 -



) M ke A E M E K EFR. TRT e H 15 HE W, 40 X
G, S & R IEE s s at AR 0 B BET (CC # CSC) ML, A irsh iR Gt iy &
S(RE)PAYMERE a SR TRET 9% (3% 3-2).

F32 LBEGTFHER o (/L)
Table 3-2 Experimental design and chiorophyil-a contents (j:z/1.)

b g
i L+ E R o 50 FEE « 35MER)
Treatmen:
o Catfish silver cam refuge Chl-al mean + SE)
[4 E
SH2SHMay25 6H2HJune2 6 H 25 H June 25
co 0 0 MNie SR 76 677 + 43 T21 £ 220
50 10 11 No To6 + 222 BE3 £ 201 1460 + 263
RE 10 11 Yeu 4165 25+8.0 m+1.7

(51 H Smith 1989 Cited from Smith 1989

Smith{ 1985) BE SR BESS IR B RAY TG B, (R S H AR Anabae-
na SHBEME Microcystis FI BEBEIR Gloeocystis , {H X L A MM P IAE R, X
FIFiesh iy, CSC ob i) 18 35 /N B £ 26 i) 8 1 3 ( Chydorids ) 718 7K & ( Cy-
clopoids) , RE o 4 ff % KR M 26 (E € EMEUE Ceriodaphnia , & Daphnia ,
A AHL{E5 & Simocephalus IR E Scapholeberis ) , 1 CC IR LB H e, — 1
T R B3R 8 B Chydorids, 1T 575 — /1~ T 5 &4 P 508 i 85 B b O Al 4 o] i
i o

[ i, Smith( 1985) A R , SU{U A o B 5 & 7R i sl 9 A B S R BE2R 2 &,
Wik & IR e Eh A 2R AR ok (FRTR T Eh By 0 B AR S, PR R TR B3R ) T
B R MRS R R R E A, A —H S ERR AT
FH T4 294k (intensive ) B2 BLEE, (extensive ) K = FR B R G

H TEHRIDX—H AR ML, Smith (1989) #— 7 T ST A/ b Ak
LA C R PraT(& 3-3). AT 20L K/ gKIER  BE A TN 32,5,
LETE 20C FiFE— /i, Z5RFEW, 32 EAEEAFN T0um LI E A TR P
A £ 3 AT 1K B 18.25L/h, i & T 70m AT A F50RL 40 A 38 £ 3 Bl 2 R E /N
i FEE, WA T 5 10um LUFoE, TN F(E 3-9), Hik, 8e
WA R R M SRS XN NIEAT . B, Smith
(1989) OS5I L , 19 BERE At A 45 I 3R 24 A0 B A W B, 17 R 45 Wl MR S B /D5 1
o B i 3 7 B S PB4 R (size-specific) FE T4, B B 3 i A 4 R A9
RS R 2 s fr (1 3-10) BRIk A 10pm DLTF B SRS K L AR
B, (B il a1 B L 0 4 2 T ) B A A R TN BB I R IR

. '29 N



—
(=13

i K # Water filtered /[L/Ch « )]
= =

1 10 100 100
Wik B & Particle diameter/gum

39 BMatilERE(G]E Smith 1989)

A R RS AR T bR 2 A U ACWRERFOZES ), I X BOIY

BT @ AR CHTRDY; do:E, oo FEE, & BUKE, o DK E e Y

K, bo: 2R
Fig.3-9 Clearance rates of silver carp (Cited from Smith 1989)
Points are means £ S.E. for each particle type: 4 trial A (yeast and pollen) ; Il ial B ( mi-
cronic beads) ; @ moplankion from trial C; da: Daphnia; ce: Cerodophniay di,

Digpeomus ; cy: Cyclops ; na; nauplii; bo; Bosmine

£33 TR
Table 3-3 Experimental design

e ) Eod ks L LT
Trial Replication Particle Particle size
BEOFHT Yeast cluster 10.8
A ) EBFREE Ragweed pollen 16.8
F 1L ¥ Cattail pollen 26.5
+ $ 6B Com pollen 75.0

{# [\ B - Micronic beads 5.7




22

= WM L k] L il o VTR
Trial Replication Particle Particle size
B P WA Micronic beads 10.0
Bk F Micronic beads 0.2
f# /3% F Micronic beads 40.1
& Daphnic 500
P& Ceriodaphnia 450
C 3 Sk & Diaptomus 370
Bk E Cyclops 260
#RTE Boming 230
AT Nauplii 150

(B H Smith 1989 (Cited from Smith 1989

1.0

I
el
o
#

—o 2l \

\

i - i i I L Lt L ‘l 4 o I L i il
! 10 100
WA TP Al dismeter /pm

M 310 AsEEE ARNEIFRS R EME(F] A Smith  1989)

— R log g =0.12-0.092 log (HHBRIET) HEMMMEE KE®E, HE b
FAfE 8, B o’ (Smith and Kalff 1983 ) ;- F MR 1 2 20 5 ch 5 0 24
3000kg hre® () 32 $ T A 1 B 3| 2 9 PR T R TN ) A R R R A SR
Fig.3-10 FEffect of silver carp grazing on phytoplankton of different sizes
(Cited from Smith  1989)

—as growth rtes of algae predicted from the equation log g = 0.12 = 0.092 log (cell volume),
where g is the doublings per day, and cell volume is in g’ { Senith and Kalff 1983); ——-as
residual growth rates of algae predicted from the equation above and a death rate due to
mglnﬁ ol 32g silver carp

- 3] -



2. lEEFAEPRESER WEROERAR(LEXR)

Burke % (1986) T 1983 4E4E 12 M E EFAM (84 0.02hw’, KH 1m) P HF
97 T8 849 S PTM + SERFEIENHEYIMERE. T e, BRI
TEF (1) BT W0 F 2 £ (BF SR Y 7410 FE/hm’, 88.9kg/hm’, B 1 % 124 B/hn’
14.8kg/hm?), Ft4 3 bE(EA A 3 NRERE) M RS E, T
8 b i 8, @5 B 2 2470 B /hm? (37 1kg/hm? 58 3. 71g/m’ ) 3B — - A0 B £
FHE 2470 B/hm? (24 Tkg/hn? B 2.47g/m’ ). 15 KA —Fp& 329 A4 3R Ttk
VL B8 , 203d AYSEuR I (E], R BERE Y 5126kg/hm’

wER L S5 U, 6 SRR R ZUH RS S X F W SRR, i
WA E 2 HIN T 100% 1 F(E 3-11. 8 3-12.3% 34), R R LHEEE
B 8 Ab T E] AR EE T (R AD B A T . HEE TSRS R AT
For-, 8 6T B AN AE SR BT G0  fEEREE. (BR, IR R P EY
R AR, B TE R i B T IR TR ERIER.

—--= HFEf Control /
=s==+ ¥ Silver carp '

1504

10

204

M H a Chl-a/ (g /1)

1]
Mar. Apr. May June July Aug. Sept
A {4 Months

Bl 311 1983 SF =#hAC i £ SERU AL R T EIF I - @ R A
(51 H Burke etal. 1986)
Fig.3-11 Mean chlorophyll-a concentrations for the three experimental fish
culture treatments in 1983 ( Cited from Burke et al.  1986)

3. pHURFEAA A0 + TSI A S M A (REXR)

3 T RAE Smith (1985)35F 1m® BOBERELF 4k G 7 RO LIRS RAET S B 5L
7 47K = JE R , Laws H1 Weisburd( 1990) 7E T 87 0. dhen” A% 47 45) 77 78 1t 3
BT 2 LR, — 4N (SRR, BN EE O+ Tl A
BERLR.,
Laws 1 Weishurd( 1990) F 1984 sE8k E 1985 4 & , 7 X E AV E B R Oahu &f , F
- 32 M
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1 L8 iEo Bt
i f_'f]adae:raﬂ# 004 Cﬂi}l&'ﬂ:‘dﬁ
6004 !
2401 ;
s04 | A 180
. ' v .E _:' - x
P10 1204 F1
200 R r i
3 0 T T I'._"
;_“ Mar. May July Sept,
.:é [ I';H (_‘bl'ltl'd
L% —-— W Silver carp
=] 800 1
% 000 5 !
i B e ik g
Rotifers 5001  Copepod navglii {1
4000 4 , ¥
H e l‘j
4001 )
i l .
20004 || L,
1 00 ! ‘; _ I:.’K\__‘ __:-
0 - — v 0 :
Mar. May July Sept. Mar, May Tuly Sept.

A Months

B 3-12 = RpSCEG 6 B AL S Tt 0 b 23 1 i sh A o Ko R R
(31 8 Burke et al.  1986)
Fig. 3-12 Mean standing stocks of four zooplankton groups for the three
experimental fish culture treatments, 1983 (Cited from Burke et al.  1986)

1 24 4~ %} 40 5 R0 AE Cuf AR DL H 4R B OR 23 + 6kg/hm? ), B9 T IR 1 6
FEmA KRN, BN 0.4hm®, BIE R Im. 1984 4E 11 7 14 H ,7E
12 b dE & B 30 BT 98 1) E1BE, 55 12 AR A SR AT, AHARAE
R (o) 7E4S TR 0.80(SD: £0.12) , 75 & FIBERI M IE 2 0.89(SD: +
0.16), G5RFIA, S EMEMHEE, ElREPNER S RAgaf, 8 ¥a &
BILEER T 40%,PC # PN B35 BT T 19% # 34% (£ 3-5) . WitH , 845
o S R0 (1 B0 I 8K & A 20t A MK A9 0.076% ~ 0.22% , (R HEN, 5 A a2

P e ik =i B AT X OB 9 4 74K 81 (bioturbation ) fE AT AT BB E 2 T HEAEM .
« 33 s



F34 DEIXNTEHEPIRIHER o SXT W AANTHS
P ESE (. AEER)
Table 3-4 Treatment means for chlorophyll-a (Chl-a), zooplankton groups,
ammonia nitrogen and nitrite messured in three experimentnl fish culture
treatments in 1983. The number of samples appears in parentheses

L A B 8] :3:c| pid 2|

Treatment Control Silver carp Bighead carp
ME#E a Chl-a (pg/L) 38.17(n =112) 80.19(n = 112) 80.5(n = 110)
BB % Copepods(-T/L) 137(n = 32) 14(n =32) 11(n=32)
KA 4 Copepod nauplii (/L) 27(n=32) 59(n =32) 56(n=32)
% Cladocerans (<1-/1) 302(32) 4l n =32} 18(m =32}
#3 Ratifers (7~/1) 1600(32) 406( n =32) 456(n =32)
¥ NH, ( mg/L) 0.393(112) 0.123(n =112} 0.082(n = 111)
B NO (gL 9.19( n = 108) 3.43(n = 108} 2.69(n = 107)

{3 B Burke e al.  1986){ Cited from Burke et al. 1986}

£35 FaAS(HE) L 30 & A E RNk RHEE DR

Table 3-5§ Median vahses of water quality parameters in prawn ponds containing
no fish (controls) or 30 silver carp

KRR Variable st BB A Control pond 8t 4 Silver carp pond
WK 5 Chl-a/(mg/L) 0.072(0.068 ~ 0.083) 0. 100(0. 094 ~ 0. 108)
W PC/(mg/L) 12.5(10.2 ~ 13.7) 14.9{13.7 - 16.8)
BRI B PN (mg/L) 1.3(1.22 ~1.53) 1.74(1.61 ~ 1.93)
0 NHL/ (ol L) 0.53(0.45 ~ 0.64) 0.49(0.45 ~ 0.65)
B + RIS E NO, + NO; (jpamol/L) 0.14(0,09 ~0.24) 0.19(0.13 ~ 0.26)
R PO} /{(pmol /L) 0.27(0.25~ 0.31) 0.26(0.24 ~ 0.32)

(2] H Laws and Weishurd  1990) (Cited from Laws and Weishurd 1990}

Laws 1 Weisburd( 1990) F 1987 £ 6 A , Fl A i 0.4hm® JO/PEVEFEETT T 5

W (1500 B/, K 30em) B SR KRPHA LRI, —JLEHRT 1217
Ml BT 4 AR R A IR, 4 U B BETE B RS R B e,

7 4 MM TEP LB R — 4 =, S SRR e Mg i S . BB

5 8 R R 2000 L ATER . A ERA o R e ] |,

(% 3-6) R, ORI A A B SRR H > 10um MR BIFARME
. 34 s



F s DAt B AE - E PR AR i i 27 o R W s 4R LR RO FR BT8R e, < 10pm B3
RMHER R & & BEDA BRI, A 1R AF 0t Y R o B BCIT B IR BT Al SEAIE
(35 Smith (1985)i2 Fl 1o B8 47 48 G AT 00 R X 558 240 4 S0 800 3 391 64 2 0 5
RS, RVTEARE S 0 H A EE + TS WA S RE A TR R

0.4hm® /|~ B % IR 5 7l 44

#36 MEFRAREPOERFNEHEEK « FHEMEL . REPNERTES
Table 36 Changes in mean chlorophyll a concentration in prawn ponds before and
after the introduction of silver carp. Numbers in parenthescs are the ranges of values

- Lodialigy
AP R (Treatment SN2 BLF0 < 10pm ol EE P REHEE o
ison) (Total algae) (N ton) ( Netplankton) MRS (% Ok
COMpErison algae Nanoplankton etpl o et )
IS FE8T(5 B 18 H ) Before introduction {May 18)
Brfi dF 0.188 0.009 0.089 47
All ponds {0,038~ 1.007) {0.007 ~0.537) (0.011 ~ 0.470) (18~ 93)
EIRERHEE (T H 28 BHZE 10 8 14 H ) After introduction
{Jul. 28 ~ Out, 14)
At FEAR A (CE) 0.214 0.079 0.135 63(52 - 81}
Contral ponds (0,058 ~ 0.454) {0.029 ~ 0. 186) {0.029 - 0.268)
{ no fish)
ol B A ) 0.7 0.098 0.019 17(8 - 37)
Free-maming silver-  (0.079~0,162) (0.062 ~ 0. 146) (0.010 - 0.037)
cap
o e ) 0.21 0. 195 0.01 13(0~23)
Confined silver carp (0,042 - 0.643) {0,039 - 0.639) {0.003 ~0.020)

(8] 8 Laws and Weisburd 1990} { Cited from Laws and Weishurd  1990)

Smith (1985, 1989) #1 Laws 1 Weisburd( 1900) B9BFFE 28], IR KB 2 ¥FED
BOAR AT S, VR O B A 1 0 7 R R BT WML T A B B R R L

4. = RS SNk R KRR (R

X ERE AR 0 — BB WA (T B ikM /Y Apopka ), K HIR &R
43 925 (¥ 8 % 38  Botryococcus braunii ) K%, 3 T T B R AR—RF
)% 97K 4 B9 ] BEYE , Opuszynski 1 Shireman (1993) F 1990 fFFI FI4BiL Apopka
49 6 AT T8, A E L 0.2k, ZKYE Im, ¥ Apopka A9 BA K R A
o3 , BT FE 64 84 7 77 1) = A5 44 (sterile triploid) . FEep, 2 1~ b 4 P 4 0 85 B 0 0
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(141kg/hm?®) , 2 />3 358 FEc 35 BEAR 5 HE A8 (23ke/hm®) , 1 H 4 HUECHE, B0 065 ) O
PR 115« g, KIEHGERES T 2~ 10 AT,

SCRG R A, 9 TE (IR R R 8 S R E Dy 86, 7E 5 AL LR P A E R 77 ~
84g, 7 i 1 #5710 (21 48 35 ( mark-and-recapture ) f1F H 8§ 76 {5 8 B #b 3 o 0 035 204
39% F 449 , T 7€ F % B M 3 o A LIS 2000 6% 71 10% SR A R T R E IR
FEp 3 24 T1kg/hm® F1 80kg/hm® , 767 & HE #h3% 5 A 60kg/hm® F1 97kg/hm? . A
I BT BENS RS HE—R(ER 3T,

$£37 E&(FL)MERETW(BH) il EREHNFELE
Table 3-7 Mean values of various parameters in fishless | FL}

and bighead carp stocked (BH) ponds

£ Pacsoncter iy N
FL ponds BH pond
Al Temperature (°C) - E.s +4 6.7 x4
H ¥ DO/ (mg/L) 8.5:£2.1 B.5:2.0
B W Secchi disc/cm 51.9£20.2 53.5+17.4
pH 8.7+0.4 8.7x0.4
B TN (mgL) 1.33:0.72 3.27:0.73
B8 TP (mg/L) 0.070 £ 0,026 0.067 £ 0.021
B ERE a Toal Chl-a/(pg/L) 30.8+11.0 3.4x10.3
< 35pm AR B o Chl-a <35 pm/(pg/L) 23.2+7.6 24.7+8.3
R Total algaes( 10° f~/ml) 150.1 £ 141.3 131.4 £ 105.2
E# Blue-green algae(10° 4 /ml) 145.3 + 143.9 128.5+ 105.7
% Green algae (107 T-/ml) 1.87:5.88 2.30£3.02
#H %MW Botryocoorus braunii /(4 /ml ) 617 T4
0 Rotifers/(-1/ml} 187 + 188 144 £ 142
B % Cladocera(~/ml) 221 + 444 100 + 234
B Copepodas (T /ml} 545 &5
T Sl F s R 40 & Nauplii and copepoditess(T~/ml) 156+ 112 95+ 107
7R e Total sooplankton/( T /ml) 560 + 523 242 + 355

(8] & Opusgmski end Shireman  1993) (Cited from Opuszynski and Shireman  1993)

BT T ANEPEHYELESBILTFERARER, BIHHRE a K
< 35um PHGE a 2 FIRE/D, 85 066 M 3540 HG , 6 97 A b 0 o o 0 B2 TR
R W T AR, 4 2R e S M L AR T BRI, SR B R A R (B R N R B &
Bosmina sp. PG & E Chydorus sphaericus ) B8 BE R BI K i R A0 —F

16 7 A 1 06 L 0 0 0K O AR X AR ( > 9090 ) , B E R L FER O — TP BB
WMk Spirulina laxissima (5 (R% 21 1K) FIA & A Microcystis incerta (i T 5+ 20
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U, ORI A R4 Lyngbya limnetica (503 7 00) RBERI 2 L. contorta ( 4
P46 W) {01 ~3 W G0 E R 22 B L. lagerheimii ,—F 2B Merismope-
dia teruissima FIG K V-2 M . glavea . H AR ER G RE( ~ 3 0O M) R H R
¥R £F MW Ankistrodesmus comvolutus . 3 8K % Quadrigula lacustris 1 Lagerheimia
BpP. s

HEHath Bn, BRSO HR R RSN HR HRM Melosira granulata
FOFHE B Naviewla sp. R (Ivlev AUEFEYEIRI £, > +0.8)  {BIX SR E T —
R, STABEHAL, SFERMSPHERSSETEZ B FREK,
OpuszynskiF! Shireman (1993 )4 iX — 22 5 15 58 J 0t 5] 42 B4 3K v A S ) B SR AL
(HARE M P B RS Y B iR F IS BORE SHMES BEM £ E(GERE: -0.6
~ +0.5, B -0.NERFLTHELREMN £, (H(EE: -0.8~ -1.0,F
Hf: - 0.9), B HENT , SAY 801 F N RS A A i P py SR IR
DEREEAEEREA.

TEX— Wb, 1 4, o T M0 5 0 3 A5 J2 b 358 o ) 00 55, B 1L e ) £ B 55 H
R LE ik B TR HEH T REOETE, KRS0 EDR{INY 60 ~97
kg/hm? , A HE 15 5400 1) #0208 5 B BB A 1L THIROR

. DA B se s it 5

L] Bt b 4 A Eik kil e R N e P R E 2 — KR
R ATE AN EERE(FAO  1997). LB F K= FHFE0E T 1939 47,
B DR oA Feen WM, M RO 0 R B, By PR a0 6 RE e TR R
{4, nb BB AR 15 R B AL T ARAL , e KA SRS R T AR A A, e, 0 T AP RIS,
[ FF e 2 E 40 O L B TG R ) S faiR o, 76 R B 0 50
FEF A8 (mullet) , P EF AT 1965 45| # LI 5] (Wohlfarth 1977, Opuszynski and
Shireman 1995). 20 ft42 60 4EFLLLSG , il N B JE R R AG | A b E 2 6 (5
s Titn), LRI RIE RSB T —4 & B (Spataru et al.  1983), FELAEFIRIR
Fup RN MMRERA LEMNER, DL PN —FrEEBRR S —-MOER
(Yashouv 1970, 1971, Yashouv and Helevy 1972,Spataru 1977).

Spataru %5 (1983 ) WFFT T 8 .8 B L 2% 22 U5 AR 0 LA 62 5003 3 b 30 b 2 8 A 9
Eug, TR T o MIE(E 400m’ JKIE Im) @A A S F A
B fa (& 3-8), BT SRR R AR, BPSS | 633 e , 38 2 26 Rk 5 Ak
3 K B AR A R E R, FLERIANEL, ERFZE4ITA
(1979 4 7~ 10 A) B R8 6 K8 i PR T H & IR F 25% & 8RR

it
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#3138 LEFR#FEEDEHEEHRARE IGERNNE
Table 3-8 Details of stocking densities, initial weights and weight gains of
various fish species in the polyculture ponds, Israel

WM EREDT No. of FEMEER Avernge  TETHHE Average

i3 Fish species

fish stocked {per pond) initial weight/g indivicual wright gain/g
$El Common carp 208 35 542
FEAR Gruss carp 40 2 446
%1k i Tilapia 368 11 135
8 Silver cap 80 143 550
 #85 Common carp 28 36 61
Hifl Grass curp 40 n 384
F4E 4 Tilapia 368 9 131
¥ Dighead camp &0 78 430
88 {fi Commaon carp 08 36 603
i Grass carp 40 23 461
% 3k 4 Tilapia 368 10 138
8% ¥ Silver x bighead carp 80 13 633

(3] B Spatar et al.  1983)(Cited from Spataru et al.  1983)

7 B4riRie e S A Y B RAE, o7 B 2 R0 K R A MR, BRI,
Bt 8520 5 R0 & o EE R A A B 4 B B 88% ~ 95% .0 ~ 2% 1
28% ~ 55% , IR WERN M A W BB LB 4% ~ T9% . 75% ~95% F 32% ~ 63% ; TER
Yo ik O J 23 S5 Al e B R B 4 A B B4 EE B 4 B 12% ~ 33% .54 % ~
999% & 179% ~ 779% (P8 3-13) . LBt UL, kIR 37 Rl o 64 7 e 1 40 B 45 0 o Bt It
TE TP We A Y Wy b 0 H B R B 35/ T IR FE a0 , T B < SRR A T Lk
2 2R (8], Tk 5 6 e 2o S5 AR & B P B0 EL IR AP A L, X ML R
TH SRR ERTENRAVENERE. TRAR,SHBET
RAETHEDH FE SR (WEMM Scenedesmus quadricauda , I 3 Chlamy-
domonas sp. /N7 A>3 Coelastrum microporum , S Bk % Pandorina morun ) AR RS
(/MR Cyclotella ssp.) JRBE(SREBIRE Euglena viridis) JPEHFREY , W BAE BT 4 it
e A EEARELIE, Bk 5% .

H1F Spataru ZEAY 35 b I 50 B R HUE 00 AT R A B , IR T O 9 o 4 W
B W RGN SE MR A YA BER W, EN I ER SRR LI
W, S (i o o R ) b VR 9 R A PP Y BRI AR W A ) B A R R A T B
BF) S A, TS A e S A R

+ 38 -



1
99 % 54 %4

33% 3k 255 12%
6 40 it
Silver carp pond @
2. 7mg/L. 13 Smg/L12. Img/L. 0. Tmg/L
DY

L Rikie
Bighead carp pond @
0. Sme/L 10. 1me/L 15. 9mg/L 15- Tmg/
% 9% aTy 17%
8% o Wi A S i E @
5<Bh hybrid pond
= T3 2. Tmg/L. 8. 4mg/L 8. 3mg/L 11. 5mg/L
Phytoplankton 7H 8 A 8 H whA
Firchth July August Seprember October
Fooplankton

M 3-13 1979 4 7~ 10 A BIE], = FpAE 50 ab i A i o iF He i
FIFE N sh Y 4 W Bt (mg/L)AIEER (51 B Spataru et al.  1983)

L

- EMG T R R WA i (/L) BRI B SRR ST HE G R,

A0 E 4 H R T S YR A
Fig. 3-13 Biomass (mg/L) and proportions of phytoplankton and
zooplankton in the water of three types of ponds during July-October 1979

( Cited from Spataru et al.  1983)
Figures at the lower right of each circle show the hiomass of plankton (mg/L). Percentage of phytoplankton
is given al the upper right of each circle, the remaining percentage being woplankion biomass
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FUE HWESEFFKERNALS
Y R K R

— . P E W EL T Paranoa 7K JFE (B4 B B IER)H)
SERG A5

R A XOR[R], A R KR R R SUK SR R
e iR F SR AR SRR RA. N
M, AMNEE R B — R AR R AT A A . DR A S
BT AT KR R

Paranoa 7K FE{ FHAMFHI 2 M EF 04, (B 3T 1959 4, T B 40km” (e KK B
38m, WK 14m) , 9 Brasilia i fit 7K . 320K FETE i F 15 7K K BHHEA T A Wi i &
HFAl, WKLY —Fh 22 AR UE B Cylindrospermopsis raciborskii ) T H %
KRB, WAKECTIE T — sk 2, W5 P A A ( Tilapia rendalli ) 1 8
#4.( Lepomis macrochirus ), 24 Hb BT B4 8 b & B8 L0 % B8 i — 25 9] i tambaqui
( Colossoma macropomum ) 318 1 78 Al O A K 5| 2 9 845 1 86 26 4 %) & (Starling and
Rocha 1990), DI, %% T Mk s & T i A 4 0 4 o 8 253 Paranoa 7K FE 7 B9
H AR

. REEERFALTRE

a4 % Starling #1 Rocha(1990) T 1988 E 3~ 4 A T T EHRCK. It
HAT 0T RZERSEMER(EE 1.0m, §2.5m), 88 A 2n’ #97K, B
FEEREM, BEAP, —3EF 4 8o T8 MR P 4 A8 £ | wmbagui
LS. B 2 T ERAREEN T ES, FFas5E 2 M EE, 1R Al
PR B T 35 6 FE 1938 250g( 2 T 3000kg/hm?®) . SCIRFFEET 5 Bl HREY, LR
WM C. raciborskii & FIHHE Y B Y B A 98% , TR H R, AEE R FREMR T
C. raciborskii B9EM I, MM 3 R EHEM T C. raciborskii 1)=& (B 4-1),
XTI PR, QR TR YR H AR RRF - FEE D
aphanosoma ) IS 11 , 17 % 3E £ R G 68 6 (48 R RO B 7, BT S FP 48 A o VP i 5
SR 0% L . 924 Paranca K RN HIAAFREEERE C.
raciborskii , B , 1 866 03 75 0 s 69 58 ZH40 ] 45 I 30 A REWE R B sl B ) i — 224K
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O 38 PR L P A7 (6 ] 8 2 ] et 20 5 A sl T /)N TR R 2K 9 S P, D i 3
NIRRT T

= 0.07 o 0.25 —

Foultim T AR % 0.20]bre) 5 o

% 0.04, vul garis 0,154

én.m. £ 0.10

5o 0l E D ]

Gy S S N S N NGyt S ———————

# T. BG TQ@ SC CTL . BG TQ s CTL
-7 Trearments QP8 Treatments

]
[=]

Pirreat) =0, 02 —F-SERRE AL

3 0,25

% Pt =0, i

(reat} =0. 15 MIN |Pinter)<< 001 Cylmdros permopsis
indlrosy

E p, o PUinter) =0.06  (ecillareria sp.
-

Fr
0. 15 —
= 0. 10 H|_|
U8 0, 051
: |1 T
# Y79 k6 Ta sc oL TL BG TQ SC CIL

4178 Treatments Ot Treatments

B 41 fERSREPEMA(TL) 8 4 (BC) . tambaqui( TQ) I 5 88 (SC) £ ¥
B o A A A R (/BRE B  F I B A B AN 10, Clindros-
permopsis BOFEA S 10), ACFAICER ) ANOVA BEEE BRE & TH
HEMAH(F] B Staring and Rocha  1990)
Fig. 41 Phytoplankton biomass in tilapia (TL), bluegill (BG), tambaqui
(TQ), silver carp (3C) and control (CTL) treatments for enclosure experiment
(n =10 for Chlovella, Cryptomonas and Oscillatoria and n = 20 for Clindros-
permapsis } . ANOVA probability values for trestment and interaction are given to
the left of each histogram (Cited from Starling and Rocha  1990)

1]
L=

2

4= 4 &t Biomass/ (mg/L)
.
=

=

2, hEEEAEFEXE

£ I 3£ Starling #1 Rocha( 1990) i) SE 1 v, 14 86 49 2% P B BETR &5 (125g/m’) . A
i, Starling( 1993) F 1991 4E 5~ 6 AT AMM P FRMEEN LR, HERT 4
ASTLAE 2m. B 3m (075 BH B 3849 I ( fiberglass tank ) , B B TE K FERY K X R IR
WA AR 30em, BRI KB AEBR 6.5n’ . 2 DRI BECEE R 41g/m’
850kg/hm?), 5 2 M RHCAME X, LRIRE T 38d. LIRERY, ABRE
HoPEAL T 4R E o & BAENFEY( > Spm) 89659 B (B 4-2) , Sc B a] , 22 4R 5 3

. 41 -



Py E B BB 66% , DB EHLREIL T BE M (3 FH M Oscillutoria
mougeotii, 0. subtilissima # 0. quadripunctulata , {8 8195 Cylindrospermopsis raci-
borskii ) HE . BED B E M PE(R T RIS (LIS A B EM Staurastrum spp. . Stau-
rodesmus spp. HIGLBE Cosmarium spp. {ERERE A Closterium spp. ) FEREE (%
PR Trachelomonas spp. ) MIFHE , (HATHD T fEM A F E (E 4-3).
P, A 1A 8, JH BSR4 il Paranoa 7K FE P4 ARG 22 ARIE®E Cylindros-

permopsis raciborskii E—-fERFENERTE,

BRI Sam) BHEE
Total phytoplankion{ ~=5pum) Total chlorophyll-a
10000 pr— = —
SC—2910  PUTreat)=0.051 80 3.1 P(Trea=0.005
-a NF=4494 (1303) o [F=351 (1. 56
EooIm\Y 3
€ \ E.
.E‘ 5000 'g 40 1
= .
5 H
£
<H
D T T T T T T T T T T T l:l T I T T Ll 1 LI Ll T L] ]
3 7 1014 17 2124 2731 35 38 3 7 1014 17 21 24 27 31 35 38
1A Time/d BffA] Time/d
4R FE Treatments BFE Treatments
—— - F — P )
Silver carp Mo figh Silver carp Merfish

B 42 (98E(SC)RITE(NF) LB i B S A FO0H 4K o S BFSY
{HHEH(5] A Sarding 1993)
45 o B IR 0 0 T ( Treat) ) ANOVA BESE (L0 MSER 22 5. 5C 1 NF
Ak B S E 0 5 B S AL TR AT AT R {E
Fig.4-2 Mean value of total phytoplankton density and chlorophyll-a over
time for silver camp {&C) and no-fish (NF) treatments

(Cited from Starling 1993)

Right: Probability values from repeated-measures ANOVA for treatment effect {Treat )

and /M5 error; lefi: overall mean densities for SC and NF treatments;

arrow: Mean pre-ireatment value
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B ¥ Cyanophytes (100~ 300pm) B8 Desenid (25 ~60um)

1000 T—— 600 T— v
=227 Pitreat) =0, 073 . SC=47.5 Pltreat)=0. 054 :
NF =231 arzy NF=1&5. & (107} :
¢
500 !
- 300 p
E
t {I T T L "'.l‘- f ﬁ L3 Al L G L] T Li T T L] Ll Ll T T T
= 3 7 10 14 1721 24 27 31 3538 3 T 10 14 1721 24 2731 35 38
F E] Time/d At Time/d
&
P B ¥ Euglenophytes (15~ 30pm) it # Bacillariophytes (30~ 200pm)
¥ 300 100
SC=a9 P{Treat)}=0.089 » SC=38 Pitreat) =0, (43
NF =77 (50 / NF=35 @

‘:I T T T |I| T T T v T T L U Ll Ld L3 L T T T T T L] T
3 T 1014172124 27313538 3 0710141721 24 27313538
iR Time/d gfE] Time/d

ib P Treatments

—— M = R
Silver carp Mo-fish
P43 F8E(SC)HTE L (NF) ik B o I A 4 1 P (B Y P
(31 8 Swarling 1993)

M. MGRERNTEEEREE o, SR ARARRLRaW LR AR
o ff Ak 2 PR R v Ak PR L B ) PR I R S B e B A O
Fig.4-3 Mean value of phytoplankton densities over time for SC and NF
treatments ( Cited from Starling  1993)

Probability values, +'MS error and overall mesn densities as in Fig. 4-2. For distoms, mean
pre-treatment value is indicated separately for SC (black armw) and NF treatments

{ white arrow) . Phytoplankion sizes shown are manges of muimum dimensions

= BRI E Villerest K FE (T B EFE)H
LRI

o F B9 Villerest 7K FE $EH T 1983 4E, [ # 30km? ( & KK I 40m, T 277K 3
18m) . 37K HE B F N 05 30 (T K HEA el A 7= 5 ) B B o T A 7 34k 6 5 R 1k, B

i43|-



¢ # a Chiorophyll-a
p=0.002

4E+8
IE+8
ZE+8
SE+7+

£ 4 Biomass/ (mg/m?)
2 % g

AR Secchi depthim)

0 4 8 12 16 20 24 98 32

I Cyanobacteria
p—0 043

N\

# B Densiny/ CGRREL/L)

2E+74
1E+7 4
S5E-+-64
1E+3

0 4 B 12 16 20 24 28 32

L1 i
Unicellular chlorophytes

p=0.116

T\ﬁ/

ZE+8
1E+8
SE+T
1E+4

0 4 B8 12 16 20 24 28 32
ik

Colonial chlorophytes
p=0. 081

S

1 & T "7 [ ¥ 1
O 4 8 12 16 20 24 28 32

{5 ¥ W Fishi biomass/ (g/m?)

M Density/ (4EHEL /L)

ﬂﬁﬂ&'[‘rammrﬂmy
2.0 p=0. 000
1.5
1.0
-
0.5
D"ﬂ' ¥ T T T T T T T 1
0 4 B 12 16 20 24 28 32
B3 Pyrrophytes
1E+7 p=0.014
1IE+6 —
1E+5
]E+4 LI ": v T T T T T T 1
o 4 B 12 16 20 24 28 32
45 3 Chrysophytes
SE+5 p=0. 785
AE+5
.-_
5E+4.+

0 4 8 12 16 20 24 28 32

2Bl Fish  biomass/ (g/m?*)

B 4da HEAEE 4 REE(E7.13.20.27 )RR o, 0508 T BT 8 2R

I (3] A Domaizon and Devaux  1999)

fa A R A T B A ANOVA AR BTN T M P . « RN

0T A S fF (8 0 R MR

Fig.d-4 Mean responses of chlorophyll-a (mg/m’), transparency (Secchi depth m), phytoplankton
{ind./L) on four sampling dates (days 7, 13, 20, 27) after fish introduction ( Cited

from Domaizon and Devaux  1999)

Prohability values from repeated-messures ANOVA of fish biomass main effects are indicated on each Erl'ph

o pre-fish conditions {mean value on day 0)



8 B Density/ (/L3

2043 * e Total zooplankton

600 pe=0, 000
400
200
Dl T L T 1 T L ¥ L 1
O 4 B 12 16 2024 28 32
Bz - Bk F Cyclops
160 p=0. 000
120
80
40
O ———————r—————,
0 4 & 12 16 2024 28 32
8 - # it % Cladocerans
320 p=0. 000
240
160
B0
. e —
0 4 8 12 16 2024 28 32
234 . _ .
* ISE Ceriodaphnia
20 p=0.011
10
Ul L] L] T L] L L Ll
0 4 8 12 16 2024 28 32
40
20 Bk Chydeorus
p=0. 002

16 20 24 28 32

¢ 4 8 12
A4 i Fish biomass/(g/m? )

B 4.5 4IRS 4 SOREECE 7.13.20.27 K )T R A - 2 0e 1

(3] B Domaizon and Devaux

1o« £ 11 Rotifers
15 p=0.124
10

f TN

0

0 4 8§ 12 16 2024 28 32
1262 - A& Mauplii
300 £=0. 000
200
100
Gl L] L] L] Ll L L Ll T 1
0 4 & 12 16 2024 28 32
200 % Daphnia
150 p=0. 000
120
80
40
)+ —— & r
b 4 B 12 16 2024 28 a2
54 # BiF Bosmina
£=0.000
30
20
10
0

0 4 B 12 16 20 24 28 az
& 45 W i Fish biomass/(g/m?*)

1999}

A ER Ry e MR aNovA TR ES T EE.
- AR AR SR (R 0 KT B
Fig 45 Mean responses of mooplankton {ind. /L) on four sampling dates (days 7, 13, 20, 27)

after fish introduction { Cited from Domaizon and Devaux
Probahility values from repested-messures ANOVA of fish biomass main effects are indicated on each graph.

1999)

o pre-fish conditions {mean value on day 0)



HoR A (R S IR B Microcystis aeruginosa ) SR % | 7K %Ak . Domaizon
1 Devaux (1999)F 1996 FH %= FIFRRLI 0T T A SN E Villerest 7K FE 7K i
ARl frtE, EERT ISP EHR 2.8m. 5 2.2n MEIR (O AR, BBk
Feyik KK, B MP KM AERY S5’ —HE 5 8. 0.8, 16,20,
32g/m’ (5K 0,180.350.450 ,700kg/he’ B~ A 3-MHE. HEE7 H 23 HilA,
EE 8 A 19 HETHE, B R IR I

HERFIAY SR e SaRFEEXCRET. YAsHEE N 0 8yn’
B, R o S EEE, M A8 (16.20.32 g/m’ )0, o FRER, T
l6g/m’ B fe i (Bl 4-4), WCARAT, S ER Pt EE S L LHEEN 79.1% +
5.7% ,SEREE TR, A Ab R I i B AR AT PR hn (LA 8 F 16g/n® B AN IR &, ] 32g/nd”
W), 32g/m’ B EESE 5 WS B RY 85.4% , Ml b FE R g WK B A HE B B
FKF 95.5%. F—T5 T, o8B0 A2 TR 2 fE IR T RIS M B A R
(P 4-5), TS B0/ B MRS A0 38 0, 53— Oy T 740 25 TR A R R O Y BRI 7
W TEFRWEN L. mERAAaER, SEEMEMHE(FELER Doph-
nia ) AEFEH T A RIEEE o n] B4 i T JC R B2 (0 At e S 3 L ) , AT
i 5% BH FE B A 0

i , Domaizon 1 Devaux (1999)ih4, M ESH E KT 12¢/m’ (260kg/hm’ ) B,
t FEEAE A SEGTIFsh S T R M W R SRR R, E A s a4
JB LA O Y A o — R, AN 0 B A — S £ TR N Y 2R
MR E EHENTRE SRR FEE, SR SHMEREEHEL,
N/’ FETHEEMERAERE, B8R A RS ISR AR,

= . BRI 7E E Saidenbach /K FE (IR P EFE)H
SC IS WY

20 42 80 SEL IS, SERE F2 T 1 Saidenbach K FE S E K AIFEKES,
LABi# 7K 7 ( Radke and Kahl 2002), H(3%8%)5 , Saidenbach 7K FE B FH{B2E (JLF
2% Daphnia galeata) (34 88 T M, MT AP FHEDRBHFRFA
45, Radke #1 Kahl(2002 )8 1 FEIRR 9006 , B 98 T o 5 5 B A i B 0t VR B HEL A R
il 7T B H ) R

Saidenbach 7 & 3-8 F F 4k FAK IR &9 B &5, 4 R AT F 0K A #8 J1 ( recreational
fishing) . Z/KFEMBL 1.46km? , F KT 15.3m KK E 45m. 1990 F LR W%
WeRFHEFREE 1Spg/L A, EREFHT 6T ER Im, F 2 WEHRELE
(polyethylene) FEIM, FETE 4 T AHEHF L. ERKEME N 30pm KR
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Fig.4-6 Dynamics of total phosphorus, Secchi depth, the biomass of phytoplankton < 30 and gi_ﬁm. partic-
ulate organi carbon {POC), Daphnia biomass, copepod biomass and Daphnia size at maturity during
an enclosure experiment from 22 June to 16 July 1999 { Cited from Radke and Kahl 202)
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(gauze) BT, FIREHETANR(BERRT) B, ERECEE 2 TFES PO
30m LA EEIKR  EEA AT IENI K, — A5 (1999 £ 6 A 22 H), BEHLLE 3 4~ R
FedE(48.1 £+ 6.7g)  HMWMEEHE N 10,2+ 1. 4g/m’, LRI AFE N 101 2
1.5g/m’ .

@it 25d B9, DA A E R I < 30pm R Y E W& B < 30pm FiRLE8
B(TOC) @& TR AR, A& ENH L @S8R LRh R EYRTE 2 Fhib i
A TR EXAEREER T4 R TaBR+P8 Daphnia P&
HETHABRR, RRIFMNERA DS BRSET D. goleata P EE
K- B F T RE(E 4-6). B, 505 A0 00 52w A L, o 5 W B 0 B 9% A
R T r s AT S SR 3 A R A E

Radke F1 Kahl (2002)3A % , BER7 1% 3 B A T LARR (R A 78 K B S v 77 i o
A A A AP TR AR M (AN B ) b H My A R (R, B
T i A TR e AR e A 7 g LS AR M A T

PO . A LR AR SR K (R R -E B SRR 1
SR B 5

2T (1993) 70 111 ZR B 46 v 2R JEL K HE AT T A [m] 45 E A 5 55 4 R % X LB
ARG AR RIS OB AR SRR LR, KR8 H
18 HE 9 B 20 $4E 3ad, 75 A 7K Be [ 2 800hm®, KB 8m, B -E E IR,
Ry ERE AR SR, B2 ESAGH A, B ERER 1.99m, KT #H2H
Smy AR 1430, S5 RKERRE . LRAS 1 ARR HEE-8 55 55 8 5 L 1S
AR EE(RFE A1), B 2 A ER IR T 30 A ERR. HCR A [,
AT A LEER S R B AR 3% ~ 5%, TEEIHE, % ERD
ft ek £ S Y 16 T 188 + 83g, MR T6% .

S e FF 40 77 O R OO0 e 2y 45 A O P B TR (T B R 0 B
825 + 127 x 10 /L 1 235 = 130 x 10° #k/L) , ER P EFREKE. BRIk
B 5d 5, kARSI Ok, 1 R FEBE I R K R AR IR (A1 HEFRERSN) . Lh
e (B T B0 5 4 ) 450 T 0 N A O R O e - BB TRE Y 23.7 LR
HE O K e A B RME R, BEE U BN T RE A R D R B A0 4 )
B ERH T NVRG IR LB, BETAS AR L 2K 0w R ] T R (T A B A
B 2R L AR L)), SER e, B SR N st A B R U B BRI
Kyt 4y B4 B BE % T 58.7% . 65.0% 1 63.6% ( 4 4 2 98 30 A ¥ &t i fIK 35
90.6% ) fBEME AEIE R 18.2%, [ APk b (9 TP 41 BT BRI, (& NH, EFH T
16.8% .
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¥4l TEUERFERKEFTHAEDEEOR(SC:g/n') 586 (CC.g/n’ ) BFR (X M X)
HERESRE DT (ZP:me/L) | IFHHEY (PPimg/L) . HERMTMW(M: x 10° /L),
1% A BF ( Trans: m) . S8 ( TP:pe/L) #1888 ( NH,-N: pg/L) B9 5 W
Table 41 Influences of mixed cultures of silver carp (SC:g/m’) and common carp (CC:g/nr’) on
zooplankton ( ZP: mg/L), phytoplankton (PP:mg /L), Microcystis aeruginosa (M: »x 10* 4~/L),
transparency (Trans:m), total phosphorus (TP:pg/L) and ammonia nitrogen (NH,-N:pg/L) in

the ecosystems of the enclosures during a M d experiment in Dongzhou Reservoir, Shandong

ol L] L ifiksh¥y  AHEFAY T B 1 L i

Ene &L o g PP M Trans ™ NH.-N
A-l 0 ] 2.05+1.20 E.Tﬁiﬂ.S:_BIlﬁ:IH 1.98 £0.24 19+ 10 13125_
A-2 28 0 11020062 1.42+0.04 12+130 2.04+0.18 1927 3z 52
A-3 45 0 0.84+0.41  1.26+0.49 82404 207+0.7 =8 16+ 21
-_B—-l_T 150 4.E:3.75 240+ |.3'?_ 651]1_-1{9 1.59+0.22 107 £ 34 e +7T
B-2 a2 150 1.33£1.06 1.24+0.93 62 + 42 I.B3£0.18 BE + 20 1724
B-3 75 150 1.3 £0.76  0.97+0.71 135 1.99 0,18 &7 +40 123+ 6
-1 0 189 355216 3.39:01.57 BO2 + 266 1.45+0.23 187 + 96 14 &5
C-2 63 189 1.37£ 115 1.3+0.9) [+ M 1.96 + 10,31 107 £ 43 128+ 5
-3 a4 188 201178 0.02:£0.97 24+ 20 2.05=0.56 126 + 65 1339
-1 U_ 353 3.20+3.19 2.86+0.91 ME 115 1.58 £0.39 19295 176+ IS‘}-
D-2 7 53 [.Bl+1.B8 2.02+0.89 52+ 1.77£0.32 16776 198123
-3 129 253 1.36£0.92 0.18x0.9 52+ 40 1.92 +0.39 Ith-?-'E 185 = 136
Bl 0 36 1912249 50192 990618 1.2420.18 40=113 38194
E-2 126 380 1.17+0.41  1.66+0.68 60+ 21 1.59 0.4 3354065 433+ (38

E-3 196 i7s 011205 1.33=1.00 B=n 1.92 £0.43 B+7% 38 1M
FA 7ost” 0. " 12.37°° 19.46" ° 4.29° 3.95

f AT AR g, « BREF, LR UEFR, Freld,8) =584, F,ld4,8)=7.01
Note: factar A—— density of silver earp, * :significant difference, * * :highly significant difference
7 £ SR 1003) )32 14, (Modified from Tablel-4 of Li et al. 1993}

1. P EIST UK E (R F-EE A
AL + B 42 ) I By BT

B 2 5 (2002) AT T Bt AL 1L 9L A0 TG 7 20 B o A L AR 2 5 £
AP M YT R AOK I i K A L Bl K R ST . BRRIOK Y 5,12 % 10'm’
E 7K 16.0m, fB 2.63km?, 1997 ~ 1998 4F, 7K (£ 5 BV 1K 0.649mg/L (B

. 49 +



KA 2.61mg/L) , BB FHMRIE 0.027me/L (FEH (4 0.055mg/L) . 1997 4E 7 Hi%k
P R 5 B B ( Microcystis ) KAE , BB S5 B 1% 1.26 x 108 ~/L, KB 53 1 RV R
FAREK, 1998 F 4 AKFEHICEERE, HT RARAER, R KEE
BT A TR S T AR O, 7K A A MK AR 2 4 BTEY 2 ~ 3m TR 0.3 ~ 0.9m,
TKARERE S S B Microcystis aeruginosa (% 4-2) .

%42 DR VERATR A BN A 6t . ST (1998 £E 8 B )4k BE R
HNRENERNEYRER
Table 42 Percentage composition in density and biomass of phytoplankton community
{August 1998) in Qisodun Reservoir before the spray of an ameliorated alum
plasm and the increased stocking of silver and bighead carps

o7 SR B R A o B H R R T A b

MEERE Algal groups Percentage in total cell Percentage in

number: 5o total bismiss %
# %1 Cyanophyta 9.2 82.2
SR Microoystis aeruginosa 78.3 68.3
FAEMEE M. flo-aguae 14.9 10.3
KA B Aphanisomeno flos-aquae 5.9 3.6
ERI] Chlorophyta 0.5 1.5
4] Bacillariophyta 0.3 6.3

(5 HEGFFES  2002)( Cited from Lu et al,  2002)

1998 £ 9 A #6477 B i 3d &9 534 = B 50 5% S I (36 1021, -1 38.8g/
me), F4E 12 A E WA 3 A, 3L 8508 6 f 2850kg FIBE MR 1500k (GRS 1E
1.65g/m’), 1999 F Ji /K FE 8% 6 4R f Bl 77 B 7 B ik 2.5 x 10%kg. 6.5 x 10%kg FI
0.75 x 10*kg( 8 SEM AR 51115 34.2g/nd) .

1999 4 7 ~ 9 F #4r IX B BUK B H i A # 2T 1998 £/
[Fl—HBTH, 2000 ~ 2001 ERKFEAR BB AEREKE KELGRAHEXE. 5
1998 4E[RIHA (8 H ) E4,2000 SEEEA RS T 2.4m, SR TFRET 61.1%, B8 TR
T 59.4% EMEE T T 98.6% , IS AE B2 R P LB 99.2% T FE2
31.5% (# 4-3) . APF#shi AR )2 B E MR T R4 s oy 4 S i, T B
I TR A AEs A B, B R SR A T Bk A BT u, BARE IR s
RN KM EL.

Bl FF 8 55 (2002) i - — LK A R a7 AR K 42, 78 40 o o8 L 8 A 5 O
BB BRI B A B8 AT, B S % 1 A 40 BB R A RIRE D O TE R
TRCHERIT , 4ot A T i 7 5 2R T A, O B O 0 S B K A R Y, TR K AR IR

;50.;



RCLAJG , 2530 A0 M RO A0 M B2 2 2 40, HEBR A9 £ 2% o A7 7E B R T AL Y 75 3K, BTR
RS K e B A FOE P, et , ] I MR A N B . B, 4R
i, SER RS 7 T A N 2 R, 78 TR S A S A ] i, Bk A
PR, FEAF R T RN BOH 2 AT s S IE R, Ay
BB ARR KL SRGR QIR BTG E B IR LK R ke —
MRBIE.

¥ 4.3 WEERCMEAAR IR BN i OIS SRR T
BHEEREAMMTEL( x10° /L)
Table 43 Changes in the percentage composition in density of phytoplanicton
community in Qiacdun Reservoir before and after the spray of an ameliorated ahum
plasm and the increased stocking of silver and bighead carps ( x 10¢ ind. /L)

B[] Lk k] R EEEEM] L-E 1 53 |

Date Microcystis Cyanophyta Chlorophyta  Bacillariophyta ~ Cryptophyta ~ Total
1998.9 9806 10436 50 37 0 10522
1999.8 1875 nn &l 141 ] 2466
2000.8 82 143 119 159 9 455

(4| AREFE%  2002){ Cited from Lu et al.  2002)

B9, T £ 55 (2002) S F8E B 0 A o] A/ B B i 3 1 T AL A T AP AR 2 R 19
e e = BHEIE SR (ELR, H bt i b 7 B 2 B 5 ) I B B B B 4R
gaik, Wi S et — PR,

75 EPRE/NR T (R BB AR

P AP TR ENEE R PR KR AN EE o R, K
TSN R Microcystis B3 Oscillatoria , 12 3E Anabaena F1YTEREE Nodu-
laria % . Datta Fl Jana (1998)iA %, BB & A RE O 21T LMEl G2 fm il
#5( cichlids) ) T EAER] , 2 7K 4 o T 0 3 55 AR R AR K R i R £ 7 0
(B 6k = 255 0 F BUw A ot A R se ok e n ok 4 7%= . EPEERY B B TR ik K
a0 ERER R, Bit, 1RSI ERFR T 3 et ag—
B S P07 A AR 0 — BT AR /N A T R AR B e 1) Tl T K AR B A R A
fiEf.

A THER 6hm®, KF 1.3m, —HMHAT 12 7~ EHEYER(ETEFR
SO0L, FT4% 1m, 55 1.6m) i B0 ZM40E K&, FRAEEEAERY ., TWaE
3 AR TR M B IR ) R — R AL B (R, B b 3 T EE, I

. sp -



mEES R 24 BR/o’ IR 85 S F P a8k 200 £1.8)g. (18 &
2.5) g M 16( + 1.5) g, B, #0866 24 B & 4 5 85 35 480g/m’ . 432g/m’ A
3Bdg/m’ ,

SCES I GRS, B A PN R & B WA Y R 959, Ak 5% AR EE . 1
B|IKRME T X IHAYSFE T FER PRSI E o & 8090 EE L
(ik 60% ~93% ) {2, h TR Fe(@HEME %2, 2 4k &0 15 BR 00U 3 R Fr g 1< A9 i ]
(P 4-7.H 4-8), BOYRE , BEXT RO P BRGE N Bom , HUOOEE, FaEfa R =,
il B Tt A HE i S B SRR B M 5 | 2 A% #2595 9 B B 3% 1k (ichthyoeutrophication )
s w2 TR > 8 > 8. [Hitk, Datta f Jana (1998) A &R 7 BR #4041 7K
R B RS,

25

i B R
Mo, of Microcwsitts colonies/ (> 105 ~/L}

i (8] Tirme/d

P47 FERRP SRS EMAIL(3] A Data and Jana  1998)
O M. @ &l WA FEf
Fig. 47 Changes of Microcystis density in the limnocomals
{ Cited from Datta and Jana 1998)
) Control; @ Silver carp; M Bighead; & Tilapia
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Fig. 48 Changes of chlorophyll & amount in the limnocorrals
( Cited from Datta and Jana 1998)
O Control; @ Bighead: Wl Tilapia; & Silver camp
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g 1R PR ) R A Ch A R A R R T A X

KM AAREREESEZILFFEPCSEE T( REOEREEH 1980,
KL 1984, Tang and Xie 2000, B AHER S 2001, Xie and Xie 2002), Mi#]eh
SEAY TT i 48 09 K B R 8 Bom & B 1957 SR Y 0.043mg/L T F 1998 4F Ay
0.361mg/ L. 028 0 BRI B — T oT AB A TR . SR, R3S A D T el B HE o 7
61 5 40 [ B A o B — B, SR A R LA LGSR AT AE 0 A W O B, OSE B R
BBl E (Lin 1984). BIE AR SMEFEMZHEE . M
T 2 DA 86 A 0 A, S A B Y RO L R Ak R Ak 3R K R S HE A
Wb (P 5-2) (FkK L 1984, Tang and Xie  2000) .
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52 ARMERUCE (T H Tang and Xie 2000)
Fig. 5-2 Nitrogen and phosphorus budgets for Lake Donghu
(Cited from Tang and Xie 2000)

WL B REE Atk AR R ol ol Ml . 96 B R R O £, IR D
Ay (v | £ 7 IR R L ARSI T A L b S A0 R G R R I T Y 22 A
FA5 5 4 7 , () ot i A A 0 A R BRSO BT R Ak M RUB R . W IR R 1R
KA 100 BHK LT (45— T RKRMEK ).
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4.6°C , FEF B GEEE 7 A)EEEEM 28.8-31.4T(Lin 1984). KEHEFTH

R (0 Th S8 B TR o B R S A i dr kel L e A i (R AR
1996 )., 75—y [fi , i W A0 7= AR RS AY . WIE PR Y R3S O B 1A ( Hy-

pophthatmichehys molitrix ) T8 16 Aristichthys nobilis) . L — LR fr fadf 282 (A

EATR SRR BF 9T O 2 0 o 25 i B B TR ) X0 I O 2k Y A R i R K (Shei et al.
1993 )

2 EMERKENER

M 20 42 60 SE{C R B0 ER I iF M ETHE R RHEE LB
OGRS THAEBEMRE(EW 1990, Xie et al. 2000). M IEFEE DL
W20 42 50 SE(CF] 70 EfL R M B E0Ed. KR8 L fF 1956 B 1957
LA — REMRE AT HIER ST EEER 60% - TO% . i M AR
BT E G 60 SEFR IS, U M R I, 5 B e ) 50% LA B (i
I FIEESERE 19800 . £E 1979 SF L 35 A SOHE S A 11 O HE Y 0 A R (U 0 A
Wl e e B (I W S d ) R, FR AT A b o 09 R A A 4 B TR R
M PR R (i R A 4 B B R RUR IR Ry I A0 % % T (Lin
1984 )

oA M R ek i 0 R A o O A K TR A A B A, M 20 HIEEE T0
{5 1084 4 B AE B I FE 0 AR A N AT B O E T LA A Ak fE (1M 5-3) . M

] 5-3 AR ECINHEETF 1981 5 I0H 9H)
(3| B Xie ond Liv 2001)

Fig.5-3  Cvanobacterin blooms i Lake Donghu on Uetober 9. 1981

[ prhsten by K. Tatsukawa) { Cited from Xie and Lin 2001 }
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1985 S k!, KR — Ul A K il PR A (LS Y 2 ~ 3 4F (8] (U FE IS & X Bt A7 /0 it
KAE) MR G AR KRR A AL, ESC8 718, M1979 -
2000 4[] 75 80 35 i WO ORI PG 10 ) MR (R B O R 0 A B B R
K 5 4y T S, S NS T ) S Y A R T A ) Y T 2 Y B
E(ELRPE)AW B EFES(ES4).

28 10
20 Cyanophyta 8 Bacillariophyta
b d 6
510 g4
3 2
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SEEEEEEZE8EE
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. 25 25
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et 2 L5
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g E o E 1o
.5 0.5
# a0 .
: 0.0

SE{ Year

P 5-4  FROROHD.C 100G ) R SRR I iR R
10 7 4k (1979 ~ 20000 ( 31 A RCEH 2002)
Cyanophyta: 85 ¥ (1 Bacillariophya s & 38T Chboraphyta; S8
Cryptophyta + Pyerophyia: B3 1] #0588 7] ; Total phytoplankton : £ 7 i H30
Fig.5-4  Long-term changes of the biomass of various phytoplankton
in the Donghu Lake( the mid-lake Station 11) (Cited from Tang  2002)

i 7S i 1970 ~ 1982 4E (6] F1 1089 ~ 1992 4 (] ¥ 1 3 BEOG (E 8 F e
B 14 A 05t 4 09 BT L0 2 B G e A k([ 5-5) . FE 1979 ~ 1982 AR [A], Bk # K e TE
MAEE KRRk MR 2R R N R R SRS &
1989 ~ 1992 45 [] , (F 4 (955 I 08 0 26 /v PR 8E (vproCo S ek ) PR, O £ 8 ¢y
0 0 T 2 T B O A R R K B (Shei et al. 1993).
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T 257 4 & ik 0 L2 #1979 — 1982 SF Bl ok B £ 2. 1990) (5] A Xie and Liv - 2001)
Fig. 5-5 Annual mean biomass ( % ) of dominant phytoplankton at two sampling sta-
tions of Lake Donghu between 1979 ~ 1982 and 1989 ~ 1992 (1979 ~ 1982 data from
Wang  1990) ( Cited from Xie and Liu 2001)

= FRVEFRER IR s A A A R AR L

Ao b 7E 20 (40 70 45 H0 3 00 45 (8 I I] L 755 0 4k 0 kA R A R o 0k
] 0 6 7 G g f 315 4 « B TR ELCTDN ) LGS 795 A9 % ( TDIP) B 8 S R, (U R R
Qo] S A 1 TEER F RS, TDN 5 TDP 4 Ho fif to A & 2 45 AU A% 28 4 ( Tang and
Xie 2000): 6 BE . £0% (TP) I B2 14 HE 8% ( PO-P) 9 fb AR K, K bk B R B # 70 4F
(b 8 36 7k A B 14 8L, TP D PO,-P AR 705 , 80 4 X o 190k ) T00E Bl B 4 il
A HE Y i % TP T PO,-P HBLKCWE T (1 5-6.18 5-7)

S . 1 5.8 T T IEE Bh A LA oL, B 38 (AL 4R R WA I ) B M A
1956 — 1996 AF [i] () 75 (b B0 . JFF R0 ah 4 00 0 7 R, (HLOF AR SR B LA 1
fiy T I ﬁ:m.ﬁﬁ_#&:fﬂﬁfﬁ%iﬁzﬂﬁfﬂsnﬁﬁmmﬁﬂlﬁﬁizﬁﬂ%‘rfﬁ.ﬁﬁ
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bacterial blooms
1.0F G RRER G R
oLEE A

B M TP concentration{mg/L}

[ 5.6 G AETE 1057 - 1909 SE @] 49 % T RN
e (#E0% E Xie and Xie 2002)
ig. 56 Seasonal changes of TP concentration in the Donghu
Lake during 1957 = 1999 (adapted from Xie and Xie 2002}
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= 1.0 — I *
2
E 0.8}
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e P ket
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-
E 0.2t
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i Yoar

B 57 & PO-P HEHERE 1957 - 1999 Y F WM EL
(B0 A Xie amd Xie 2002)
Fig.5-7 Seasonal changes of PO-P concentration in the Donghu Lake
during 1957 = 1999 (adapied from Xie and Xie  2002)
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ol 4 g bl 4 205 B 2 B 60 ) TS RS R BT IRLAS . o 2 KN 8 A )
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(2] [ Xie and Yang 2000, Xie and Liu 20001 )
Fig. 5-8  Aunual mean densities of 1otal Protozoa, Hotifera, Copepoda {ineluding aamplii |

and Cladocera ot Stations 1 and 11 of the Donghu Lake ( Cited from Xie and Yang 2000,

Yie anc Laa 2000}
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73 49 Z [AAEEh ) 0 5 40.39% (7F 18.4% ~ 63.2% 2 [A] 7 8h ) , H i £l 26 B & 49 [L
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Fig.5-10  The harvested silver carp and bighead (lower lefi}, the bulk harvest-
ing by the fishermen { lower right) , testing of echo-sounder by scientists to esli-
mate fish population of the lake [upper lefi ), mnd the arificial dikes goross Lake

Donghu (upper right) (photos by K. Tatsukawa ) { Cited from Xie and Liu 2001
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Fig.5-12  Changes in chlorophyll-a in both total phytoplankton and those < 30pm phyto-
plankion in enclosures and the surmounding lake water in Lake Donghu during April-

August 1990 ( Cited from Xie and Liv 1992, 2001)
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Fig. 5-14 Changes in biomass of Microcystis and other phytoplankion
in the enclosures and the surrounding lake water in Lake Donghu during
July-September, 1992 ( Cited from Tang 2002)
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®ol FHARREERE MWBEASHIESEMWNETELERE L, %)
Table 6-1 Seasonal changes in the percentage composition (in volume) of the food items
in the water samples of the Donghu Lake and the fore-guts of silver carp and bighead carp

T Food ft " # # ¥ ® # <} i*®
Spring  Summer Awtumn Spring  Summer  Autummn Spring  Summer  Aubumn

/A Detritus 45,4 1.8 2.8 7.6 EXN 45.9 21.8 5.5 32.5
#5114 Bacteria 2.7 31.6 30.2 297 29.4 19.3 18.1 M3 12.6
T 0.5 24.9 15.7 20.9 30.0 16.9 11.1 22.6 .4
Phytoplankton
i s 21.5 1.7 21.4 1.8 6.8 17.9 49.0 31.5 46.6
Fooplankton

(Sl B 19820 (Cited from Chen  1982)

%62 FHKRERE.MAHASHRERTHEY. THNW - 10 ABHTHEERA T, %)
Table 62 Mean percentage composition{in number) of the various phytoplankton and zooplankton in the
water samples of the Donghu Lake and the fore-guts of silver carp and bighead carp during April-October

o Wk o ®o W W3ty wxo®W
Phyoghnkicn lake  Silver  Bighead Zooplankion Lake  Silver  Bighead
water  cap  camp water  cwp  cap
% ¥ Chrysophyta 1.8 3.1 2.4 FREEhH Protosoans 4.6 598 17.8
%3 Xanthophyla 2.5 5.7 3.3 | $em Rotifers 37.5 2.8 1.1
H#E Pyrophyta 6.4 36 0.4 H M3 Cladocerans 7.2 9.4 442
KE® Bacillasiophyta 10.8 14.0 13.9 B2 [2 % Copepods 6.7 8.0 26.8
B Euglenophya 2.5 2.7 3.0
S Chlorophyta w3 264 213
B Cyanophyta 7.4 45 558

(2] (M 19820 {Cited from Chen  1982)

= . I8 %] Kinneret 5 1 & ¥

LLE 51 Kinneret B 7 170km? . FEIKE 25.6m, BAKE 43m, JEEAE 5]
FEMKEM, SERATISEFKN 173, T 1969 5| AR, 1974 ~
1981 4E 8] , BEM4E= BT 10 ~ 1871, Spataru Fl Gophen (1985)F 1973 ~ 1974 41
3¢ Ti%M P EE R tE, — M T 260 Rfa, HK 12,7~ %em, KT 0.12 ~ 17kg,

o Bk, SN I 9~ 1 A8 50%, WifE 2~8 AET 50%
" 'Tl .
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# 63 Kinneret I BHZ WP FHEONESEDR (g BE) REXTHEDYN
T H( % ) ETER
Table 6-3 Seasonal changes in the mean biomass of total phytoplankton(g, w.w. )and the percentage
composition( % ) of various phytoplankion in the gut of silver carp sampled from Lake Kinneret

LM Biomass FI 4341 Percentage composition” %

At ekt itk i i 2%

memith Tal phytoplankion B Cyanophyta Pyrraphyta Chlorophyta
1 11.2 8.5 80.3 11.2
2 104.0 4.8 65.4 X8
3 3.4 0.2 7.4 0.9
4 122 0 9.9 0.1
5 9.93 19.4 80.6 ]
] 4.05 0 o8.8 1.2
7 9.2 10.2 89.4 0.4
8 79.0 58.2 41.7 0.1
9 7.03 42.7 56.9 0.4
10 11.1 53.9 49 1.2
1 4.02 49 8 49.8 0.4
12 4.12 0.7 97.1 2.2

( #448 Spataru and Gophen 1985 BB W)  (Recaloulated from Spatary and Gophen  1985)

% 64 Kinneret #BEHSHPFHNDHTEHENR (2, BE) R EXFHNWH
FEEe B (%  METEN
Table 6-4 Seasonal changes in the mean biomass of total zooplankton(g, w.w. )and the percentage
composition (% ) of various zooplankton in the gut of silver carp sampled from Lake Kinneret

R Biomas B, Percentage compositions S

H i faRes (k) L B B

month Fotal mooplankton Ratifiers Cladocera Copepoda
o 11.07 0.6 6.2 3.1
2 14.04 0.3 21.4 78.3
3 E.14 1.7 6.4 35.9
4 0.15 6.7 93.3 0.0
5 0.0 0.0 0.0 0.0
6 0.07 100.0 0.0 0.0
7 9.37 0.0 3.9 9.1
B 15.03 0.2 33.3 6.5
9 11.08 0.7 2.2 7.1
10 93.87 0.0 0.9 9.1
11 15.02 0.1 13.3 86.6
12 14,18 1.3 5.4 42.3

( #13 Spataru ardd Gophen 1985 FHITH)  (Recalculated from Spataru and Gophen  1985)
T3 .
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65 B WNEPEHEHEENO SR E . EXTHNY
FEFiEhY B 4 S i b iy bE B[ 4R 4080 M BT (1989) 35 34 i1 W)
Table 6-5 The ratio of algal biomass to zooplankton biomass, and the percentage composition
of various zooplankton in total zooplankton biomass in the fore-gut of silver
and bighead carps{ recalculated from Tables 3-4 of Xie 1989)

& Silver carp M Bighead carp
PRI E 8T EhH Phytoplankion : zoplankton 1.17 0.16
4 8% Protoscans 0.3% 0.1%
$:4 Rotifers 10. 7% 7.9%
Hifi % Cladocerans 0. 2% 76.6%
B Copepods 18.7% 15.4%

(1) SERY LRI 0 4, S LR sl O &

(2) MEFEEERE AT NS, SRR/ IR WA Yy, T S I gk FE B X
AOTRIEAE B - 8 LE B DB A 2RI | BRI AT o R 3 2 (A
Oscillatoria . FE®E Phormidium , ¥R Merismopedia F1H T3 Amphora 5§ ), T 42
Lk RE/ OIS  SEERILE, SRR PRSI s A HL A BE K

L HAEE SRR G R BB TR, B (1989) A%, B, B
IHERE ., £, BREAAEPORAEHA R, X 5HIEBMERIG(1954) HW A —
B, AEIRGRE, A AsE, SRR IR M L R, XT3,
e A T 2AS AT LA A i AR LA AL -

. LIRSt b aE A R

EhENRIERFERS S, AMTEFRASMREY FWRERY . ARELSR
SN ARG 2R PR Takamura 25(1993)F 1991 45 8 A, X El TR — M ESF
M 56m x 88m x 2.5m) R AOSE , B AT T RIS, BT A8 T Ak
(483kg Bt 190kg 13k 8. 290kg BE . 860kg M. 220kg BIfR) . M AFFREIAY 12 A
G, MM R T i 83, 45 HEEM BB A (REF Lolium
perenne ), 6~ 11 7 S0 AR BOK A (£ B RS Vallisneria spiralis ) . 5 FHEYTE
JiCE K 3 (hm?-d) . EEESRE:

(1) 85 8 E e E A R i By, (B f R B s Y RO E RUB A HLEE S
(AT B THIFEF ), 8545 45 38 ¥ ( Chlorococcales ) 1 #2 3 ( Euglenophyceae ) EE i
HEL. EROBEYE, PRI SEDERN LERD, ERARET TR
BAERGA PR (AN SRR . B EPPaER bk,

(2) SEAQEEARFE R/ RIS, (H b OF A0 9 ot B K AR 26 (R B A

l?j’l



) (E63). SHZEEPER S (16% ~ 57% ) W T B sh R anse h (RR A

& Silver carp M Bighead carp
f I FF % Food items Nify=5, Nth)=6 Nify=6, N(h)=7
KA ) 0 S0%  100%0 S0% 100%

Aquatic plants{with pigments)

KEMBFTER

Aquatic plants{without pigments}

4K B

Filamentous attached algae

WH Oedogonium ]

FEH LM ——— co—ous o
Unknown organic particles

T .
Unknown inorganic particles |
i Roufers

B8 Protozoal?)

BRI BEE X (D)
Copepoda andfor cladocerans

WM Microoysus
W Cosmarium

BREE Scenedesmus

W Pediastrum
5 coccoidal # »

Green coccodial algae

HEE Phacus
8 Euglena F

L ]

me3 8. WiHTWhameEdER (%), BRT 2% EAEWET, =00
EETHHTSEY, LoABETERPOEY, BRRTHE, £8 . ME TN
HEEI A, 8 EERE Gomphosphaeria . VBB Merismopedia , /NIHER Cyclotella |
W Nicschia . SR Ankistrodesmus . 1% Chlamydomonas . FERRE Coelasphaerium . +
8 Crucigenia . B3 Dictyosphaerium , T 8 Kirchneriella . HREEHE Oooymis, MEER
Staurastrum . BRI Trachelomonas FITER M VM ERMHOM A (AWM. 28
Ulothrix . W% Melosira . +F M Crucigenia . BEFIBE Dictyosphaerium FIHESR €89 TIHE
#(51 8 Takamura et al.  1993)
Fig.6-3 Relative abundance (%) of food items in the gut contents of silver carp and bighead
carp. Only items representing 2% or more of the total are presented. Open circles indicate fore
parts and closed circles indicate hind parts of intestines. Bars indicate ranges of the values. Other
items present in the gus of each fish species are as follows. Silver carp: Gomphasphaeria , Meris-
Dictyosphaerium , Kirchneriella , Oocystis , Staurastrum , Trachelomonas , blue-green dinoflagelata,
and yellow algae ( Cryptomonas?) ; bighead carp: Ulnhrix , Melosira , Crucigenia , Dictosphaerium
and blue-green dinoflagellata( Cited from Takamura et al.  1993)
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¥l Anuroeopsis fissa , F LWL Schizoverca diversicornis . BRI W Thchocerca spp. ) .
— e (IR ARBEYE B Asplanchna brightwelli . ¥ REH 9L Brachionus spp. )T 8% | &
TP MR FIRTREMR I A shdr o f L, E—FRYskin SRS b,
FEMSEEMNRH AERMETR L

(3) PEAREER S PSR AR AR T e AR, WAk i 8 1l i
BERH A R R AT LR E . X — i SRE B RE R (1954) 00— 2L

7S LAEFTR SR M i 8 SR B T

Spataru (1977) -F 1975 FEBF9E FLAGFIE R (88, 86 AP &) i hat
e, SR E 8 (I 4000, K 1m), BB HREES, BB
ThEn, Gifh, 4B B Tilapia aurea ) B &% RS T. vuleant MERRIS
TR, TEHA A 4 i, B HR 3 (sorghum ) FIHE R LB} manure) , 755350
4 il , (CEOR R AR SR R R A A K . A A A 2kg i
W45 55 ( superphosphate ) , 2kg Bl #% % ( amnonium sulphate ) & 10kg % 3% ( chicken drop-
pings), S:ERFFRGRAT, T4rhiE TR T —BadiE], W B R A E 5% EE R
R E TGP R

HTmast it R A 1975 E7~10 H, L4k, SN E - amhieysy
(0+ )FIAE( + AR 4 RETREERS, b T RESginamalLEE, o
a3br 1 8 P e A

Spataru (1977 )IA Sy &A% 44 o 170 B2 S8 A0 L8 U , T L Al 38 28 0 7 40
1 8 e BB N (2 6-6) , MLAMA R AR B R B R, (b

%66 MARERERNBNPAOEETH DA SFRMAH MR (%) NEEE(%)
REEEEERENBE SN ERADLKBNE T
Table 6-6 The frequency (F, %) and dominance (D), %) of the various foods in the intestinal
contents of silver carp raised in four different types of pond. Dominance is expressed
by the percentage of examined fish in which a certain form of food was dominant

R+ R IEH WikEE
R Sorghum + uid manuze Lhuimum
Food items KE 1 Typel %2 Type2 K& Typel HE2 Typel
F D F D F D F D
TIER Sconedesmus quadricauds 26,41 24.52  26.41 5-.4—3—_ 264 1320 2075 ILR
Sl B Scenedesmus arcuatus 2%6.41 - 5.8 — 1320 — 075 -
ZHEREE Pediastrum duples 11.32 — 18.86 - 11.32 — 15.09

iy B B B8 Pediastrum simplex 11.32 - 1.3 — 1.58 — an —

i??!



B

o+ W M
iR Sorghum + fluid manure Fluid manure
Fund e HH1 Typel %82 Type2 - Tﬂw_l_‘ﬂz Type2
F D F D F D F D
-F %7 B W Coslastrum sp. .7 — 5.66 — 1.88 — 5.66 2 —
S Ankistrodesmus sp. 1.88 — 5.66 — 1.84 - 5.66 —
—FARAE Spirgyra . 188 — — — — — — —
—F T Microcymis ap. - — 1.58 — 1.88 - 7.5 -
— W Oscillaoria sp. - — - - 1.%8 — — —
-FREER Spinuling sp. 566  — - — — — -
—F M Euglena sp. 1886 — 2830 - M.52 - 188 —
—HREE Phacs sp. 12 - 48— 1320 — 9.43 —
BRI — — 8.8 188  11.32 943 132 13.20
Organic particles in suspension
$28 Rotifera 566 00— 7.4 — 5.66 2 — - -

MO 123030 FFUGRT, Tt b 0P A 259 3 ¢ T R Do M SR R 4 2

Typel: Before the experiment, the ponds had been used to store fish that were fed with pellets containing 25% pro-

MR 2. 0K FFRARD, MR T MR TR ERORRSME

Type2: Before the experiment, the ponds had been kepl dry for several days or woeks.

(31 &) Spata  1977)  {Cited from Speataru  1977)
WEF XL AL HEBN MR R T REMARMEER. X5
SR RA (1954) A HBERREI LRI R B S — B S RRBEN S
89y o i TR B 41— 40 11 B ( Rotatoria ) 71 FE $8 /& ( Brachionus ) 36 R ANR B 7% &
B, AR S OE RIS, X hakse B, AEEdBE2THE
EHETEH .

Spataru % (1983)7E LA A5 IR % (M . Ea P E&)BIEP, BT 7~ 10
A=FRmAbTE( + 85, ool Bk o) ok M B2k a0 S R & 4 R 4L A B
friy B (LKA, SRe XmE M amPhHRBRTERARENT 25%FOH
WE AR ), T8 R S5RABRERR 1950 B+ 4020l BEE R R i
oy, S ERAEEY, R M2 RN FREZN, T aE R
£y R H B I () 6-4), SEFRMEIEBONE B3 R0 T X B % (A
6-5),

- 78 -
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] .
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# 2 L =TV
@ £ = L
i o
o i 20 =
0 - I = ; E 0 ]
July  Aug, Sep, Ot July  Aug, Sep.  (her,
A i Months At Months

PH 64 B SER i IT B R S A el () (1B S et al. 1983)
BEXWPNTREY. oo 8, O-0 N, -0 REER;
BEaHPHERGE. A-A R -0 N, A REGHE

Fig.6-4 The relative amounts of phytoplankton and zooplankton( percentages) in the gut
contents of Chinese carps{ Cited from Spataru et al.  1983)
Phytoplankton in the gut: £-4 of silver carp; (-0 of bighead carp; -] of Chinese carp hybrid .
Zooplankton in the gut: #-d of silver carp; @-@ of bighead carp; - of Chinese carp hybrid
1.0
0. &1
0.6
0. 4 1

0. 24

o0

_ﬂlz.

=144

EFEE R B Selectivity value

—i. G

.UI B .
_1,.,;..___1‘.;=Q==$="_—._'°
1 A 5 ]
H % Months

B 6-5 8k MR RLYE P PR A S R FEE (51 B &num etal, 1983)
RSN AENE. Ao 8 OO W, 00 #enHs
W F IS ME RS AA K O-O N B-0 LG
Fig.6-5 Selectivity of Chinese carps for plankton compenents in the ponds
( Cited from Spataru et al.  1983)
Phytoplankion: &-2 selectivity of silver camp; (-0 selectivity of bighead carp:
[(0-C7 sslectivity of Chinese carp hybrid.
Fooplankton : d- e selectivity of silver carp; @@ selectivity of bighead carp;
BB sclectivity of Chinese carp hybrid
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L i 2 £ TR IR o b S RO R

g T HE I 2 e T N R e A AR B R AR
= BT AESE W) . Opuszynski( 1981 ) BFSE T S FI4L A R il bk, S et ot

T FE M R R 0. 2h?, FRIAKTE Tm. X P 38 (LA AR 8 (2000 R/hm?) .,
st e, i 5 0 L I [ R 4 1 R P4 S A, o 4 A 4
wfn AT 4 H e sEca R, 10 AP REes. i Al S 4 — il FHL P < B 36
(urea)——& N 200kg/hm’ i % i 15 ( superphosphate )—— 5 P05 40kg/hn® . BT A7
Sl $5 1 5045 Bt L AR 155 8 (sorghum) . F 6 H 14 H 7 1 11 HFI8 A 14 Rk

35e

7 1. 5Bht + 1. 58¢)
14

37

ik

13mg 08

1. 5S¢ 41. 5Bh)

i

1

10
29%

Blmg

267mg

I 6-6 ﬁﬁ'%q’ﬂﬁ%ﬁ&#ﬁﬁﬁﬂ!#ﬂﬂlﬁﬂﬁﬁtﬁﬂﬁlE Opuszynski  1981)

S {5, Bh R, 1.5 3 26 1.5 0 3 100 Ik, AT BT TS HNAY LA,

NEL L ACESULbE 6 PR s A B A 0 TR s A L LR T ML
[ 766 ) 0 i R A 0 2 B (g
Fig.6-6 Ammtsmdpnanﬁu'mdm—mﬂmmmnmmefmdﬁm
{ Cited from Opuszynski  1981)

Se, silver carps Bh, bighead carp; 1.5.3. thousand individuals/hm® ; black field, sooplankton;
columns of lgures 5l Irfluf{:imtﬁﬂalmﬂmpnfnﬂiund'maphnhminthmemmﬂﬂivﬂ

samples and the avemge: ﬁgmundﬁﬁm!ess}mﬁmfmdhhnuspmﬁah in mg

« Ry =
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T S & 0T, 2 BN G AL 10 R ASEFTR S, eI 500 M A&
A SRS, BMER.

Kit SN AR, Siom T8 b S0 KROFEREY ., mHFEsY
S IR BB S b R A R, (UK B TR, 0 s B e BE iR &
b i (L% (P 6-6) . B MERYRA S P bR R B T RRA R R

EFH&EHHTirsh(E 6-7), SFEHAHRFFIP(FELSER
. ), Mt EEHATRR ARSI R A s, B ST MR,
S EFEAORL M2 R T B R B ( Alona quadrangular) , HBIERBIE(A. rectan-
gular ) , F 3|k ( Daphnia longispina ) 8 A 0R & ( Polyphemus pediculus ) , HoAlb i 2
JLF-# 2 B el i ( Tendipedidae) . — &K E( Cyelops sp. ) Fl—F LK 8 ( Diapto-
mus sp. ) AEE SEMEEMEEA. X TR PATIAS, 8 S EasNE.
Al R A OO A T A, RERE 68% (66% ), ERPE 21%(30% )., K
119%(4%); 8 A, GE3E 79%(73% ), ¥ 20% (24% ), 59 1% (3% ). WK f 6
# ( Melosira granulata ) &= %5 8§ £ 57 b fic By W0 0 95 8b

14 June 11 July 14 August

-
i

Al

L3

Silver carp

Baghead carp

L] .

Han i esl EERAT BeE ol JE At
Cladocera Bosning Copepoda Rotatonia (lthers
(withowt Bosming) fesmgrirosiris

Bl 67 IR IR chaE | SRR i Sh B HL A 2 H (3 T R A F 0D
(51 A Opuszynski  1981)

Fig.6-7 Percentage composition of the zoplankton food biomass of silver carp and

bighead reared together {average from three ponds) ( Cited from Opuszynski  1981)
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I\ 3 [ B 5 5 o 0 R R B R R

Cremer 1 Smitherman (1980) BF5% T FE R4 b &E , SEAYEHE . 2 1 0.04hm® B
3 40 B Ak TR M S0 R, HAPERE 25 BREAMYE, 5 25 RHA—1 1o’
(B IPA F A TR BER T 21.7g, BT 13.2g. T A 3 6 A1 K 1150keg/hm’
LA BN pRtE , HHE I 45kg/hm?(20 1 201 5=N: P K)MERCRFFEEEKE, HEH
i — A, eI 2 A A R TR LR L R R AR R TR, X
il 478 B 465 R A AR EA THR. B H A T BRI RNA P& 3 BB 3 Y
S &Y. BAE, SR 3 EL IR (B + R IR MIE (FREE.
25000 FEFEHI/hi? + 1250 2 85 /hm® + 1250 B8 /hm? ) P EH 3 B8 3 REE 5
By, hE THE 8% 108 B, LRILRFEE T 159,

(1) & S5 &R A AL, KB AZER Coelastrum , 5
Scenedesmus (LW, T REHAFE R M3k ) . BEFIBE Dictyosphaerium , BXBEBE Sphaerocystis
FISEESE Spirulina . B TOEULMERERSN, 8 S5 &P P i & /s 3
B H AR Sk b 924 R, SRk ST B RS BOE R . BIRA TR Sele-
nastrum TE2F FRES R th 88, BILFRHMER S, TRAELKENT
10pm T #2107 86 08 £ UK A0/ F IR RTESELIERELLT .

(2) @HENBHEYER(E6T)ENR, BHEYWILTAREFNNY, 7ish
R, TIZES MBI, a8 & Y -b A Aa il sh Y. SiaY & H ik
M e IR e h S 6 L BT e IR MR L T RO R IR A ) R KT R
sh4.

%67 WIRBMTER. WOEETY
Table 6-7 Intestinal contents of silver and bighead carp in fertilized ponds
% % Intestinal contentsa’ %

B4 Food itoms 05 ) (i) LR W)
Silver carp {pond)  Bighead carp (pond)  Silver carp (cage) Bighend earp { cage)
A3 Bacillariophycene 2.4 0.6 2.1 2.3
£ Chloruphyceae B1.9 6.4 B4.1 6.8
BE# Cyanophyceace 0.4 0.1 0.5 0.3
¥ Fuglenophyceae Dinophyceac 0.0 0.0 0.0 0.0
TR P S Zooplankion 0.0 2.6 0.0 5.3
#M Detritus 15.3 9.3 13.3 25.3
Bt Total 100.0 100.0 100.0 100.0

(3§ Cremer and Smitherman 1980} { Cited from Cremes and Smitherman 1980}
. 82 .



(3) FEMEARAYTS LT, FEMBI R A8 & B P eE B A9 LB R 5 69.3% , ATE
Mot B EERR S0 4.5 A%, HTERF PRI S A0 2.9 A%,

(4) 83k 200 TR L BE A SR G Bemyy . FREFEh I RBRIE , K/NEER 17
~ 3000um, A EEIEHFH K S0 ~ 100pm; BEDE RO R KL R B b A BRE TS
FNFLRE g 8 ~ 100pm, RAPSFFHFHY A 17 ~ S0pm.

(5) WREE T B £ 7 0 b S i A R T, A E R T Dt 3R o Y
H e AT B TR RO T R 57% , SETESLPR L AR A ORI AR S R D
RO R S39% , A LIt S B b a8 (LR 1R R 0RE ) /Y bL )7 b 3
M 30% 38 INE] 73% , R 15% 8 N3] 35% . i &% B i A 02 B 5 E AL
AR NS, hEa HREREESEG SR B S, RS
A5 KA R

Burke % (1986) T 1983 4E7E 12 R E I A (B 0.02hm?, KIE 1m) P HF
57 T BRI SR b E iR SRS, B, WA T, 8. M. BEER 7410 B/
hn? . B 124 R/hm?, B (S0 ) % HE 2470 B/hn®, K — R0 & 32% B3R
PR R REEE , 203d (OSCIRIANE, Ak ERRE Y 5126ke/hm’, B H MR MHIE
miEATFHEY S, AR TE. S5 2R, BEYB A BIEN R Sem
P, il AR S A i S R T e A I LR

Ak, M7 S~ 6 A EEHMATH AT, WE7~8 AFENMH
i BB (% 6-8) ., Burke 25(1986)1A A, 7 ~ 8 J3 {38 245 8 BE 7R 8 il 7 0

=68 B MESHOATL(S-88). BFEFRTHEAETHAANE
Table 68 Gut contents of silver and bighead carp sampled at monthly intervals
(May-August) . Values represent estimates of mean volume per cent

5 - -~ FiiFEht Zooplankion
Moth Algge Detritus il BE 1 4 R
o & Silver carp
5 A May a3 ) 5 T T
6 H June 60 A0 T T —
T H July 50 50 T T —
B H August S0 50 T T —
M Bighead carp
5 H May 10 40 10 30 10
6 H June 25 (7] 5 T 10
7 A July [i1] 35 T T
8 H August 50 40 ] T T

T; {## Trace amounts
(& FY Burke & al. 19860  {Citerl from Burke o al,  1986)



SR>, ATRESRAE R EIFBF AN AL AR B, B b R A TR, MR A
FE R ED R T, SN ERRETFERYHEE, &S
BTERFNHELSAREN L

Ju, EE S B AN b IE = A e |

Opuszynski #i Shireman (1993) fE 1990 4E X {# &7 51 1K M 453 Apopka ¥ Y 2 &
A G FE 78 o B R 8 (B R 0.2hm", KR 1m) PO = fE RS B YEBETT T RAF
BRI FE, F085FER0E 7E A 1T s N 141 kg hm® , TR BEfb 8 0 23kg/hm® . 7
PR ITE R 2~ 10 A, ¥EER 5 R K A(79 ~ 200g) RIZNA(10 ~ T4g) . TG £
EHRWNT .

(1) SRS &8 (% 6-9)FEFTH M P R WA B Botryococcus braundi oy #8 7f
¥ (Fg61%), HikRHMmMBEETERIER6%), MmN L2 AH
(4 <3%); MR ERTSDEA—F,

£69 ME(SIHAXE(LISRDERNGS. FHEDINERNEHER
Table 69 Mean percentage vohume of zooplankton, phytoplankton, and Botryococcus brasunii
in the food of small(S) and large(L) fish

S (GERE)

Frs LEE
:frﬁ Zooplankton (exe. B. brawnii) (B. brauni)
M) KBL)  AMAS) K@) AAES) kL)
1{HSD) 1 1 48 19 s 60
4(HSD) 0 0 26 23 74 77
3(1SD) I 2 37 4l 62 57
6(LSD) 2 1 39 33 59 66
X mean 1 1 40 36 59 63
fRAEE 5.D. 1 1 17 15 17 15

HSD: RS @ i, 1SD.{E@AEME  HSD, high stock density; [SD, low stock density ponds
(81 & Opuszynski and Shireman  1993)  ( Cited from Opustynski and Shireman  1993)

(2) TEIRHEHIE D, W5 B R AR (Ivley MOZEFRPESREL £, > +0.9),
AMUEF B, THREFLAREHE. REARKELM 2R ER(HK
W4 Lyngbya lagerheimii . BTN L. limnetica ) VT REFRERERIMVIE R EFE A
WM (E = -0.1~ +0.1),

(3) —fRy, S0 0 28 £ S A O 2 A ) A/ (R — M 4 ) 1 2

M 34 -



mE A, HX AR, W 204um® M)A Navicula sp. )8 E, F + 0.8, T
375um® BIASE BB Microcystis incerta ) 9 E; 7 - 0.2, W RER A B BE L5 0y (40 £t
T8 ) 1) 38 206 L A0 i P LA I O 5 P T A b 26 1 5 e i A

(4) BrbRE R AR, SXHFHal Y & KA BB (E > +0.9), M
R B PR i s ) P RE 2 5 SO 2 P iR s D i R

+ . % vt 3 A 0 58 3 5 P B A 21

S T R R e e —  (HLE AR SRR T RE R HL AR A R Y
W BEIEN , B, TRARAE R R M A SRR e, s s e
I HE 8 (Opuszynski et al,  1991).

Fir FH 6 9tk 38 187 2 0.05hm? , SE 597K % 1.6m. 58 ffi A 2o B R 5 ( superphos-
phate ) FIT ¥ €% ( ammonium nitrate) . 55 | IR T 1988 f£ 8 A 31 H, # 30 B8
il (E 34.1 £ 8.9g) AT BTE 2 S P R M B, FFFEBEEREMBEAZ
i, XETRAHTOH 1T M2 HEEH St B2H4ETRTIA29H,
e 30 AT (F 101 £ 24g) 2 15 FE 2 W8 A1 (T 2242 + 5Tdg) A RUETE 1 St
g, LA AT 10 H 20 #7121 H B Wb,

AR 2 RIS E o SR, EEZFHEYEERE SN (F6-10),
153t 35 AR B ( Chroocoecus sp. ) (2.2 £0.07um), i 2 S /MK ( Chiorella vul-
garis ) (6 =0, 4pm) , W} ( Scendesmus spp. ) FERRAI AR 12£1. Tum, B HAE | St
BB, EE T W 5 B Keratella cochlearis ) . 5 FE$E 11 ( Trichocerca sp. ) Fl
3k 1 ( Cephalodella sp. ).

FITRF 5% 3t 8 o 0 £ 5 PR NP AR 00 o L SR B S50 T A B ) AR L A2 A D, Tk
/N PR A At S A S Y TR S Al 53 (38 6-11), Opusaynski 95 (1991) 35 30 88 49
B3 T R R R xR R i R B T EEEAL.

ANEREE /R IE 2 K e A o S0S( = 158), 16 B h IS B0 0% 8 B A b ol 293
(£91), TO7E R P A8 &3 P04 SO+ 1). Opuszynski %5 (1991) 1N, SN B
ek BN A MR B R AT I, R R ) R N o A L A AR AL
A, MREEMEPFEENER T, SifEE SHERERE AR m/hek
BT EARTEDHNSB YT, TREER VMBS TIRETROE
I 2 Y B R T ER A SR

55 R b s L, SR B A SR S SRR MR, 3
MY FERBEL R MK, TRUENEARIE. Opuszynski F(1991)
NS, SR A L2 LY (opportunistic) ST 451, BEERZIAYHEEIKRMNE
B, 3t BE SRR A ] 36 T ol St P IR B B L RSl . R R
FEPER AR AWM.
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F610 1988F9H19EM10A 19 H 128 3 SN T WS
Table 6-10 Characteristics of seston in ponds 1 and 3, September 19 and October 19, 1988

HH lterms SR 19H 3 Sl 10 H 19 H 1 S
Sep. 19 pond No. 3 Oct. 19 pond No. 1
MHER R a Chlorophyll a(pg/L) o 4846 ~ 51) 48(43 ~ 51} o
MR EE PR B Phascopigment”{ pug /L) 0.7(0.4 ~ 1.0) 5.5(3.0-7.1)
S RE Total particulate matter( mg/L.) 46(44 - 49) 28(27 - 30)
# HLEE 0 Organic particulate matter{ mg/L.) 3936 ~ 43) 16015~ 17)
T2 IEH9 Phytoplankton {No. % 107 ml)
R Chlorella mulgoris 106(80 ~ 135)
¥ Scendesmus . 0.21(0.15~0.31)
{03 8 Chrovcocous sp. 211(170 ~ 235)
H AR Other algne 0.31(0.11 ~ 0.55) 3.4(2.2-4.7)
itk ah4h Zooplankton (No. 171)
¥ Rotifers 5(1~7) 203( 160 ~ 231)
530 Crustacea 10(4 ~ 15) 31021 - 39)
* HHHIBL Number of cells
(3] H Opuseynski et al.  1991)  (Cited from Opuszynski et ol . 1991]
F611 WEEANAW
Table 6-11 Body weights and food of bighead carp
YHITHIS 9A2HIH I0A20HEIE WHAHI%
ke Ll b it 58 b i P b AE PR a8 o (1) R 98
Sep.17 pond No.3  Sep.2l pond No.3  0ct.20 pond No.1  Oct.21 pond No.1
T Body weight/g 27021 ~ 34) 60(55 ~ 65) 96(52~ 139}  2150{1500 ~ 2800}
it ¥ B Relative 2.0(1.7~2.4) 4.4(3.4~5.2) 1.1{0.8~1.4) 0.9(0.8~1.1)
food weight
MW M Pecen-  0.7(0.1~1.1) 4.9(3.2~7.7) 1.4(1.0~1.8) 1.1(0.6 ~ 1.4)
age of animal food/ %
e fn BB PR
A8 Number of
plankion ingested per g
fish hody weight
AR Chiorella 2880177~ 467)  5869(4444 - T280)
sulgaris ( x 10')
1B Scenderus wp. 58(38 ~ 105) 20( 14 ~ 42)
{x 10°)
& 1 { Rotifers) <10 <10 I88{ 163 ~ 652) 369231 ~ 605)
(31 F1 Opuszynski et al. 1991}  (Cited from Opuszynski et al.  1991)
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+— . 2% Warniak % FE b A0 948 o 8510 21

Kajak % (1975)F 1973 S 76—~ M3 BY B 20 330901 Wamniak 2 0 15 9% 72 [
(2.5mx2.5mx 1.5m %, #HAJEE 40em) B M (R Lem x lem) o B SEA) &1
fTTF5E. SCRE N 5~9 A, Lwgign, REa#iThEwar.

SERE, fEMIK, WESEHCESSELELEYRYN 9%), TERE
SR EBE Microcystis aeruginosa , TEBEERIMAR D, R FHEDR S ERAELED
A 18% ~36% . Tig KR BB, FifshPEk e e /e S oF
Yy i TR S Y 44% ~ T1% ), HUCHIS R CF L& 5T
shin S PRAY 12% ~27%) .

ERfEPREAEE, TS GRANMKER, KHSPLISSMERS T
o AH—LPESMME R, WERERN s, HHEYPoiiERiE
AL AR B RE BRI S A B — WA, WM. incerta . M. delicatissima T
H: B R ¥  Comphosphaeria lacustris) . FTRETEMERR, HFWHAEMM FHETRE, &
KA RERRIE.,

« BT -



FLtE B EXEXHLNE
— B BT P I AR YD ACROCR I B OV N B A B O

1. BiER AT EWHE T EN SRR

B3 FI$H2E F Bitterlich F1 Gnaiger (1984 ) BFFE T 8 WU 177 4= B0 06 95 bk
. FTHSEER N 2+, BUE €T Szarvas F—H0 IR (FEFE3E ), H8EH S HELH
S0 (% 12 000g) , S, TEHE A M S5 b IR SR AR B 0 R ok R
HHE T RBE EERDD, EERE TR, H S EEhFEEHR, /)
8K PR EEH

TEWET, Fitsh—Eah BN S F ek, FR 20705 ks i
S0k 20min N EDEE AR, A FErEh B RBE | 36 B 11 38 ( pharynx ) 15835 AT LA B
. PR — S VLMRE SRR X R B s R R, Fh FEuxs
Fp A KB FRIEE E b Tk BHA . B, Bitterlich(1984) A%, QERBH b=
17 3h 80 3 A R A BT 7E 0 27 e £8P0 5 4% T £ 2 B0 SR (selective phytoplanktivo-
rous strategy), FR, MTEBRIPRHG K EZHER DR ERF T, REEHKE
AR SRR, TR E LT AR REOBEREER QRPN
o 1 A A 1 G R 1 B A o] At B T 3 7E 85 09 1 % B v R HE SR AR 4 TR 52 B 7F ¥ 5
8y, 168 Y1 i st b A TN B EE A RS B A 3, RS S b Y ER I S B vT ik
5| 30% (Kajak et al.  1977),

2. SEXHEHFEY AL SN RRS T (RRERRIED)

Bitterlich( 1985a )38 1 L BCEERT | J5 a 1N/ & 90 b 7 B A 400 6 1L R e S B 2
HEREERER, - TREmCY LA A AREH R EE) A S R, M s i
T HAb AT BN LR B

Fir RIS #0 F F1] Searvas () — 38 . il BMBRSEMNH I LT,
( Scendesmus ) FE A1l 5 B 1 15 BL A ST AT ) 40 O 88 P m AL, 0ol A £ 44 3K 4
e, T iAo S A RE B sEN 1k, PAE, Binterich ¥ Scendesmus 1F 2 £t ¥I#)—1-H3
R

A i A 20 IR B R K B e v RS A A Y S PR B A K TR
Fob fr ) 8 20 0 AL R U] 45 S 1 O R R TR HE (P 7-1) o Binterlich M3 T 2 Bl ik
B 8 2 O IR T AL HE (low digestibility) : OFE RIS o tH BLHY K B OB G52 47 3

+ B8 -



HEER R OWEBIB GG EY, WHE Fuglena TEIGHHHE E LARMB
FREEER. UL, fihhy, RGBT FEES AR EE M UE S T 8855 K W @ A B
SR YA Y )

HE

Racillarinphycear Cyanophyceas Chlorophyceae Euglenophyceae
2.0 A
s
£ 1.51
z
g
g
3 U gy == == ——— = S —
=
- !
5 ’ :
x "% i P I
THREn | IR N
a H H H
I:l ll 'l ‘r =l *I I. I 1 Tl TI Il T T| lI
Se Ba Me Ap M Ce Co S Tv Cl Oo Mo Te Ph Eu

i WA Phytoplankton species

B 71 EEATRR L) TG RR (SCER ) B X W v MRS A T B Scendesmus ) BB
(3 A Bitedich 1985a)

AR RS A 10, FEEBERA 17T, Se=Al8E, B P REAMM AR ROREE,
Me= FEEEE, Ap= ATSE3E, Mi= (RIEM, Co=4R3RM D, Co= Coccales (HLEEML), S = A, T = IUALEK,
Cl=% 78, Oo= 5K, Mo= Monoraphidium | —FEH M), Te = MMM, Ph=ENHR, Fu= BN
Fig.7-1 Number of algae relative to Scenedesmus in the fore-gut (dotted lines = algae in fore-gut/
Seenedesmus in fore-gut) and hind-gut (full lines = algae in hind- gut/ Scenedesmas in hind-gut )
of silver carp { Modified from Bitterlich  1985a)

Ttal oount of Seemsdesmus colonies was 10 in fore-gut and 17 in hind-gut . Se = Stephanodiscus , Ba = Bacillaniophyceae
{ without Seephanodiseus and Melosim ), Me = Melosine ;. Ap = Aphanisomenon , Mi = Microcystis ,
¢ = Chlorcoccale, Co = Coccales (single cells) , Se = Scenedesmies , Tt = Tetrastrum . €1 = Coslastrum ,

Do = Ooeyetis , Mo = Monoraphidium , Te = Tetraadron , Ph = Phacotus , Eu = Englenophycear

HHfh— i AR (R BREH RS 1954, Kajak et al.  1977) B M UL %
Fp 45 B H R, Bitterlich T B e i SE R Ee, rEMEA) B HORBEELSS, X5
Panov 2£(1960) FI“C BT S REA S REEE BIb F AR T AZTE R Nitzschia

Mg e A .
3. BN E SRR RFANNEARSWEENEINELEE

Bitterlich{ 1985b) % T HEitH &P b a0 LR W20 8ER . W8S Y
e T L, L E BT B o SRR A AR L, SETT T N LA e
M Eg -



5 3% 40 A ) B 1 O i A R ) R SRR AL G

Fr e 2 + 60, IUE R)F ] Szarvas 89— 035, o 4 R (P2 5K)
b R, AR T 5 B B E R L A A R E A HE R PR R mesenteries ., B AR
pancreas M AERT), BT - 20CHF. HASHMBERIE, BREAGEABEY
43 BB ( x 15 000g ) 10min, ¥ EFHE T - 20C{RTF. TRELEEXETEFY
TKAEE AR Anabaena flos-aquae(HEIRIRAE . - 25°C . HiF 3k : Bold’ s Basal Medium).
THAEE - AR RFIBPRTNAEET TN AR TEHAE (het-
erotrophic aerobic bacteria) (BfFEIRE : iR . £¥ 2. Columbia medium) . HH (# %
WEN —FWNRGY) MEE L ERFRIES, HFEERRSF T AN, B
£ i8] 5 [ & 76 B 18 o A4 B IR

i B A R AR S RS R A BRI ERARE,
AR W H A, TR, 25 on MRS, Mt Y 8 b S AR A BT
B, WAL, DaERENA oSN EARRMELER
TEES S 8 ERERG (F 7-1). X —-BE P, R E OSSR .
Bitterlich(1985b)iA2, B FEMHRHEAER S BHNENF BEHE, Hitai
(03T 5% PR s S 0 S 28 A9 T 765 0 b ok 3 BT B 6 268 1) T T AL I 48 T iE B S
A0 P AF 1L AR

#£7-1 AYHA
Table 7-1 Utilization of food

#id oh AL B h MR R

N ERERARER) { o Fe b 8 B B ) % ) Release of frec

& Nutrient Amount of amino acids in the nu- .
ot ) (pancl/ ) aming acids after 9 h of in-vilro incubation
(as % of amino scids in nutrient)
B Algae o 380.49 9.52
8- AlgseBacteria 475.80 7.05
il ¥ Bacteria 286,96 -0.45

(5] & Bitterlich  1985h)  {Cited irom Bimerlich 1985h}

4. 8 WD &4 R OH LTS RO BT 5T

Bitterlich( 1985¢) BF 38 T 835 S F 4 # LS (RS K uypsin, €8 A8
amylase . 75 %85 lysozyme , ST HE R B8 cellulase) TG HE . B FIATIEN 2 + I BEFNSN (5
10 B2), BLH 2 F Szarvas 89— M3 .

&% WSy ESEREREEEA RGBSR TR, ZRd—
3 TR AL 5 T AR I A T S IS

Bitterlich( 1985¢) A Jo SRS 40 M 8% (O (040 Ar RAT M 2, (B AP HE R Sr 8 0 A0

o B0 -



i, FE g mEANBRES, M Z AR FEMNELHIE T kg
AOBEXRE A9 B LT R EEF HER M LS.

fas it B, B, SRR . 828 T IF 11 (Opuszynski - 1981, Bit-
terlich and Gnaiger 1984) . Bitterlich(1985¢)iA A— 7 T 6% J /2 8 R S 0B ok IR,
W— 7, s B R, RN BT U ah P i s A B B ORN T it
AR . BEARS . b TR R A R A A RETE
¥uf Al = S & G I T 42 FE T 2. Bittedich( 1985¢) #A5EH KL X B a2
T K BB ¥ (herbivorous) , $£ 48 AT X 43 .36 9 1A 8 44 ( camivorous ) #8128
B E AR ENEL,

T BB PR ) T AL RCR I
BRI R (PP UC) R BRI
1. HSHER L ROP RERH 5

& ok o OE R -4 Ak & AR R 4 I 4L LI

{EBEMFRELED, Af1%EHN, BHEFAIEM( Anabaena spiroides ) K8 ¥FH A
P 458 B 4 R 7 H— AR B L A R R AR (O He A 2 8805 ), BT AR
mEh, B EEAES, Kb AERRE;, T HEAMNTRE
AR R AR, A S (1975) F IR E R AL E TP WOE T B, . =
o % 0I5 £ RS A A TH TL IR

Mt AR AR B AR A RS, i ARRICHY K HPO, W, (HERIRAY
B IR N 2000Ci/ Lo K5 BR I0 07 A0 8 1E £0 I AL AR M P, B0 9% €836 48 /DR
UKIB 25°C) . A~ ot 0 e 40 0 3 00 I (bR s R R (R 7-2), HEPBERT AR
Keta IR AL TR £, JLUCHER, TR D; X SEER 4 3% g kb AT i 1 A
g 4 T R S o S e IR, AR, TN AR E R M TR A
B B S SS —B, RN, LRy e R RER . Wit
Wl M L RE N , ph T LA ER IS b, o 4R £ R O B BRI AT R
Tt fa h FH RS, AR aERE ERE(AEPF 1975).

FiE A (1976) FE— 4 NP #4777 85T S £ RE 5 £ R0 R IR B
Ly, B 7-3) PR, WRE S T ARG RN 5 I (LR R Y R R Y, BELTERE
{2 JE 3 i T B R IR B K 71.3% (B 8 il S R TR R F 0 64.6%), &
B E R (EERAKENUTRIT) 8 G RER 1.15% ., 1.27%F1 2.18% ., B
Wt 0, B P AOBLNE L R MO (LS e 2, BEEE N, REM
RS, BEAMERRETHBR, Hit, ik, HRiEaiERy A%
A5 HRELERES TR,

-in



72 B, M. AR podl ok 6 RE R G0 MR
Table 7-2  Absorbency of “P-Anabaena spiroides by silver, bighead and grass carps

(T B & AEEE T
Tl Species Liem D.W./mg  mean mdicactivity of *P absorbed by fish rate: of absorbency
{epen 100 mg DW) s
B Grass carp 8.3 775 2695 1.0
W Highead carp 6.2 35 17345 6.4
8 Silver carp 6.8 384 107718 9.6

L: {24t Mean total length of fish
D: 8T FH& Mean body dry weight of fish
(FIAGHEDPE 1975)  (Cited from Shi et al.  1975)

%73 BEXNEP-REaiERNAT RE
Table 7-3 Utilization of *P-Anabaena spiroides by silver carp fingerfings

o B A o 8 B FHyE A
e of comtral fish mesary of treated fish mean utilization
i) -
Teeatment o4 Tk E A T i £l 286
(WT,T) N o F i8R
(9 Radioactivity TL DW  Total radivactivity ” whale Fb
dem /{epm/100mg) Fem Smg Aopm w fish i
without gut
K21 1.7 4.9 1.7 1973 75773 I 715 4.0
2 11.5 523.7 11.4 1891 TI5700 TRSTS 4.4 63.6
{27} 9.2 240.7 9.0 BO7 366839 64808 62,1 56.4

Fo il o R P- S AR M A £ R T B9TE M Rudicactivity of 2P in the fish body through grazing on ™ P- Angbaena
aptroides
(BiAHEPE 1976) (Cited from Shi et al.  1976)
IO PN TICES S & N T LR TN
U T8 RTERENRK IR P EERAL, BN TIEE L E (A B
HB1954)iA ek BT ISLIE S M AERSHELRETER, EaETH
(1975, 1976) P30 RIRERE |, PR REIRET, SR M (1982) BF 5T T SExd #14E
B ( Scenedesmus obliquus ) BT AL, A M AN LT (1983 ) BFFE 1 B, WX 4 S 1
P 9 ( Microcystis aeruginosa ) FI#R 38 ( Euglena sp. lioi=R! ATV
R e X e b AR
T8 484 1 10 ~ 14em, BEE 11 ~ 23g, BT 5009 AR 10 MR LA PP
Rk 4 SRR P ACH T AR, 3 R RRISREE P20, 30,
50p:Ci/ L) Bic i A E M 72h (KR 15°C), WRICHRITE 98% LA L (R 1982).
w l_)'z -



F B 3 B[R] E BE (07 P $RiC 1L A FHE M 4 B SR 8E 48K (KIR 12°C). BRE
AR, SERETAALTL RS, BEERELTP 10 E 4 FETE 47.4% ~ 63.6% 2 ) (% 74), it
A, HEREUORICHREZ G, ERAHITHE, BB RSN, WS 48 85
tE, ART TP RS, SN alked 8% ~70%, RPSERED,

%74 BNHEHBRPTPHRRBK
Table 7-4  Accumulative absorbance of “P in labeled Scendesmus obliguus by silver carp

b B8 (8 3P b0 # B ) Treatments ( Scendesmus Tabeled by 20 40 60
different specific radioactivities}{ Fy ) ApCi/L)  Apli/l)  ApCisL)
TR A TP M Specific radivactivity of 7P in culture 304 474 686
mesdium at the beginning of the experiment { £, )
A A FE R R TP 8 1Y Specific radicactivity of P in eulture 160 244 250
medium at the end of the experiment { F)
BEERERUR R b TP R IY Specific radicactivity of 7P ingested 144 230 436
BT P 5 4% Percentage of ingested 2P { §) 47.4 48.5 63.6

?E;Fr=Fg—F.pa';:fFD_Fn}anllm
Note FP'I Fu—f'm S-LFI}" Fu}"Fu-:":lm
(FIA%E 1962) (Cited from Zhu  1982)

B, AE(1982) 0K, TERAEEA S ™=u hut, LU R EE N
Fal, WA REAE L ATET A S bR R s,

df | 4R AR TR R Ao R R 6 D AL LI

FUG S H AW, ST 95% . MREEE A PR B K A A BT ET Br
i, FRICHUELIPP AUERR 10 SHEFR e P RO, K HRUHHE (spe-
cific radioactivity) &y 200pCi/L, # G E THic 5 F A% 3 w004
9% , RMEAZP BRI, B 48 NEHIRUE . 87% (R A U R
1983 ), Ffmic i) 4 4 o TR SE B (A R R 88 4 | MR v 8 . (/KR 26 ~ 30°C), T 24h,
48h, 96h M ESE B ARH , BE | A0 B St folg 0 R P 4 R Y G R A B (I + ) Y
#R7E 48h; REECHLR GBI AYRE , BEEL . T, AR, TP A B ETRCE R R S &y
BI7E S0% F130% A4 ([ 7-2), HEErEdEnoss . S . & . A, 2P & SR
4 B o A R4 BITE 62% 1 S7% 2545 (1B 7-3) .

Bt 8T 58 24 /N RTIEHLP 9B EE A BN 9.2% M 1.76% , 48 /hEf
3.91% F10.90% , 4 96 /NI 3.85% F10.66% . MEE ., 8§60 G # s 25 ik
IR A BB ARG . MRS RN TR AL R R TR AR
(#7-5), ixF&8, 8 SEAEARTP 35 R i Hh v i Tl 2 8 F 4 i T AR A Y
(AP L 1983).

.93-



60

401

2oy

W ® Absorbent rate/ 3

/f — i Silver carp
# ===—=— ¥ Bighead carp
0 1 1 I
24 48 95
B8 Time/h

B7-2 &, SEGESHMERPIPREEESE, ABE . AL aRREE(%);
C. D: B EERUE(%) (S AREPLE 1983)
Fig.7-2 The absorbent rate of 2P in Microcystis aeruginosa for silver carp and
bighead carp. A, B: the percentage of absorbency by the skin, skeleton and muscle;
C, D: the shsorbent rate of the whole fish body (Cited from Zhu and Deng  1983)

60 =

40 =

———— M Bighead carp
= & Silver carp

20

R R Absorbent rate/ %
1

24 48 46
Btia] Time/h

B73 8. SHEERTPEWESE. AL BE. . AR EEREE(%);
C. D: BT E(% ) (5| A RERIP LR 1983)
Fig.7-3 The absorbent rate of P in Euglena sp. for silver carp and bighead carp.
A, B: the percentage of absorbency by the skin, skeleton and muscle;
C., D: the aheorbent rate of the whole fish body( Cited from Zhu and Deng  1983)



£7-5 B, WTASHERORENTP T EREE
Table 7-5 Real absorbeni rate of P in Microcystis aeruginosa

and FEuglena sp. ingested by silver carp and bighead carp

B4 . B f . B S e s
e i Budwfh KRRt real abmrt.: of u:'&*
B Y length real abworbent rles % ¥ e
Algae Fish of fish skeleton and muscle in total /%
/em 24h  48h 96 b 48k 96h
e e § 1 8 Silver carp 1.4 5.4 480 471 362 465 39.5
Microcystis M Bighead 11.6 3.0 3.9 2.3 6.7 269 20.7
W B Silver carp 10.3 16.5 3.1 35.9 0.0 4.6 62.7
Euglena B Bighead 10.1 49 532 6.6 9.3 515 57.6

(Bl AEBHBIRE 1983}  (Cited from Zhu and Deng  1983)

A, SR SRR A] 2 B B AR 1k - 24h A RYFEMEE
fadpid | SRR . B, AAOEET Tk, B 48 /hat, ARRIEMERIA . B
W, BEEA, BITKE; 5 o6h, RREMEEMN, BT, HS2EBE, K
AR, SRR, 8 851 059 5950 5 40 i 80 Bl A 0 () A9 SE
i 47 T 0 20, 55 96 /et RO EF eb LT AR B SE B8 A4, 150 B o 0 N
T b HE AR B — iR, FEREEA WO I LR . 3R B, BT SRR
HE R . KRR S e e K, BRIt RY, 8,
A 5 16 P 0 o 00 7 s A o R ) £ S I TR s T A RS FE T ARAR
H BRI T KR, 2EEHIEIFGE N M, 530 838 CREMAE L

1983),

T8 SERE A ALH] SR, T REHERGETP MRERDT I, RERR
(1083 AR IR 5 A PS5 (1975, 1976) %t 6B e £ 1R B A4 B 9T A5 R+ 4
g, S THEMEIE, X TFEE, SRS RN A el B
szh BAYEEE(RE 1982, RMAAIICE  1983), S A ICHEE (1983) /9B
g B, WE SRR A AT (b RS B ) B AR R B A AR, BLR 96h
i, RN R SRR 49.6% (BE) 1 34.6% (85) , X OB S A K
8 401 T % 5 R R A 8 g 38, 790 (8 ) 1 20.4.% (8 ) .

2. aHEE R RVC RRHR

e S IC T RS YDA €
FAF % % Iwata (1977) ¥ C R ERTFFE T 8EXT 2 Fhig 3 — 00 BB A &
Closterium moniliferum , 300pm 17 8 Selenastrum sp., 108um B T AL . FEBR
HpEFa A SpCi/L 1Y NaH"CO,, HRICHiFE B3k 2 #4338 60h, FE7KiR 20°CHY
. 95 »



AT, AFRICTHC A B HRSE . TR MBS 1.8 ~5.5em, LI FFIERT
e BN, FEMC ST HE R SR I i

SEE T (AT B R m ot B i ) 8 ) T e VO o 3 B A Y 38 I T 4 R (1.8 ~ 2.0em
BIEERTE LR R 33% ~ 40%, > 3. 3em MEEETH L UCRIL 54% ~ 4% ), H
HEEIHASREESI ¥ L E R ERE (9% EGR. n=14, ¢=6.11)(H 7-
4) ;3 A [ R s (AT S/ B H T 3 00 T Ak W A SR I BB A R 4 T 4L M
(13.6% +2.4% ). BEXF ik 2 FC SRR B WU 2y 60% 15 T n B #A Z B
R N R A VSR . Twata(1977)1A 0, SEXT 2 Ff 5 38 09 7 1k TR
W iy B 3 22 5 e R T B e AR ) K T PR R AL S S i 1R e B d A
BHEMSE; Fik, VSRS FIIFED AR aAORE, AUHBRRE
BREE AN, IR SRt T RE R BN R S E AR B
W]

=3
=

£0 1
50 1 9

.H:I o '&j ﬂ
30+
20

IEI-I

[F] fk 3 Assimilation efficiency, %

o é . 1I5 l ErS I :':5 . -l!-lﬁ
i Total length/mm
74 BEXTHC HRIC KT B ET A SEAY RERER (LI ET) iR
ZEMER(BHA Iwata  1977)
Fig.7-4 Relationship between the assimilation efficiency (in terms of
carbon) of silver carp to "'C- Closterium mondliferum and total length
of the fish { modified from Iwata 1977)

& 2+ 1 3 -k % @ 12 3% (Anabaena flos-aquae ) #) i A6 Ll

20 42 70 £E48, #F F Balaton # Y fa 7= & (U A MR L RAY 0.07%,
HTHEHREE T U ZEMS A SR 0 A26—BE LIS N ™ &, Herodek
55(1089)#47 T BER Balaton 3 () [ 2R 7 BRI HD BV B R MR BB RIH ALY
LI -

A1 5 F K B B S Be B 9T 7 BT Balaton 3 F1 2R 12 U P BE R MO S fr vk PR 44
(#7-6). FTFAIRYSER T 15g, RFELE Sh, /KiR 20°C, X FFHhamt, BiK+EF

!%-



A A O 3 Ah o B (MGG AR B Anabaena spiroides , KR 448 Aphanizomenon
flosaquae , — F 71 B8 % Anabaenopsis raciborskii . — i H 2% B Aphanizonmenon is-
satschenkoi ) , TE3E 69 #4Fh h — R 3E T 8 Nitzschia acicularis 1425 4T % Synedra
acus » /T 20um AIEER FEH B Crptomonas . NBEEE Oocystis T ¥E Chodatella
FIK® Chlamydomonas . 5B B+ EHAEMN, WX - EMEEM®, <10pm
2 0 L, M R AR (R ) M EGET 69 64. Tmg/L TREE] 41. Tmg/L.

£7-6 BETRWEKEEPESEFHEEDHLEH
Table 7-6 Proportion of different groups of algae in aquaria before and after feeding experiments

L B B e

Group of alge Hedore feeding’ % Alter feeding/ %
o #5 AR  Filamentous blue-greens 45.93 79.54
FF 20pem FEME > 20pem diatoms 30.16 26.95
B Microcystis 0.35 0.51
i3 Fuglenophoyta 0.35 0.51
AT 2y B Algae < 20um 23.21 42,49

{81 ] Hersdek et al.  1989)  {Cited from Herdek et al. 1989

FERGIA T BEXH R IS A RIF B A RN 2 G, #—#, Herodek %5 (1989)
AR ID T 4 897K 4 46 18 85 ( Anabaena flos-aquae )Y R &4, BT 7T SEME & (fry) X
A fa R 9 o Rl 38, 7K %6 A I8 3 ) b 1803t HE (specific radioactivity ) 2 460Bg/mg
(9T, LR 4/, R ER, BOEERNEREEEYRER T LT,
Rk R 14.7% ~ 17.1% (K 7-7).

%77 EREFSTFCHKESERRNBRENELER
Table 7-7 Ingestion and assimilation rates of silver carp fry fed on labeled Anabaena flos-aquae

W48 I R M0 - Anabaena flos-oquae
ponceniralion z"l:_m&ij

15 40 65
T Average wet weight of fish /(g/R) 17 15.9 14.8
# T Average dry weight of fish /(g/B) 1.8 1.75 1.63
Hifr 3 Ingestion rate /[ g/ (R -d) ] 0.228 0.660 1.034
H i Daily consumption rate(wet body weight) /% 1.34 4,15 7.0
6] b % Assimilation ratel ingested food ) /% 17.1 14,7 16.0

(® ) Herodek et al.  1989)  (Modified from Herodek et al.  1989)
" g':,r .



B, Herodek 55k %7, Balaton #8404 4 ™ 0 R LA &S T XK
ROBERREE, MMl #id . Hik, AR AKEMRE T, WTLLE Balaton
5| FrEE,

Panov 2£(1969) FIC MOBFFT4L R A0, 8 SIS S H I, WAaER An-
abaena ., W4 M Aphanizomenon FEEIEH Nitzschia WIFI{LZEE L 3T 3R Scenedemus . 4T
HEE Ankistrodesmus FI/NERBE Chlorella B .

= /IR (CRENR) MM 3R (238 ) £ 8¢ BB NI
BB A 2 5 DL AE 7 B . SR RO R

AT N 2R LA a0 BB I IR, AR BE 382 AT Akt (m) &
FHILR— AR (MR EMILFE), Flin: FiER. EWRASHhEE
BT L AR R I B A -t 20, BF . S S N M B EF HE R THAL o
PR ({5335 &4 1954, Spataru 1977, Bitterlich and Gnaiger 1984, Bitterlich

1985a ~ ¢) ; 1M FAACHHHE R B4 AR - Y LR e 32 ) e 45 R AD BBt | o
S, FEAMERERROHARAEDE 1975, 1976, Iwata 1976, KK
1982, kWA ILH 1983, Herodek et al.  1989)

—REE iR, TEEACH AT B T R R, EEFELL T =Rl
&) MR . AR LML IE R (Bitterlich  1985b) , B IFfh B SR ARRARHLE], & 7EN
W T PR B AT S AR D LA R AP 0 B W pH (VT LAED) 2.5 B & 1.0, X{H
THREE A XA SMEILE (Moriarty et al. 1973, Caulton 1976, Payne 1978). #&
i, 7 E At aAkmmet ., WA pH (3% KT 6, MM, S A Bk
TR, X5 T FIRR R AT AT 4 % 40 M B Y 43 8 1 5 B M ( Bitterlich
1985¢) . HR4., 1G8% | SRR (0 TC 1 B9 I8 o £ 2 2 G faf i 8 8 25 0 0 B T 0ot
AT IH AL R R 7

1. VAR (R ) 7E 8 . WER T Y RRRRI 12

BT (Xie and Liu  1991b, Xie 1999, 2001 ) F] A2 107 0 P4 () I 46 72 0,
Be T/NFA SR TE8E . SR AR e 12 . R B /NIRRT BE . SR JLad
SRR ERRE, O/NREE— T REN ., LN ARE, BED
BT ALY, O FMENFEERFREEEMEROEEARR D BT
BESE /N R ETE S AL 00 1 R P B M R O, FRATTHE /N IR ERARAR O 5 R A
Fa28 A~ ERI(ILE 7-558).

FIT S0 B . SR T7ER DU K R 0 X A — KBS MRS (BT 2.5m x 4m,
B H A/ Tem x lem) N, RAREHEEMIE. 19043 A 5 H, EZMATRA
B B FPS 150 . M3 H 12 838]5 H 23 B30T 7 KB, SIRTESR
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MR IR IR EEAS, FFM TR e, 85 5~ 7 B, 7 BRAR I i & 4
WS i B s 2 S — R e A AT R P B, R M B R Bl Y 1712,
A — B iR AN, S, /NN AP R
FI A 0z A B, o A0 B A BRI A R T Sk B B PR B L . IS B
S AL [ B il R S AL AT Sem ZERIRRAE . SCSRIM KRR 11.8~26.3 C, 3t
i T 43 FESECIARLC 11,0~ 13,8em) F1 32 RS (K 11.1~17.7em) .

BCC DRE ARBUC 4DRE
#ij 7K Lake water =t i Fore-gut SARCDORDAE
E“‘] [T O | [1 T "-__'."_".:_‘; 'I[."[? r . S, Do -
BOPLE 4 M g BO
60 T
Ed 2
10 F 40 F
20 r 20 F
0 [i]
2= 23- 30- 12- 26 10 23 12- 23- 30- 12- 26- 10~ 23-
Mar, Mar. Mar, Apr. Apr.May, May. Mar, Mar, Mar, Apr. Apr. May. May,
EARBLUCZDEE . BANBLUCEDNE
i i Hind-gur HE Feces
100 Lot - ) i 1001 Lo = 5
g0 b "_j.:'.f iR '%f ::::j_; : % g0 b : o i
i R e 3 1.:.-'__-. I.'.- '.-I_'-:
o b B N\ *%\ : so il b
S wig/R ‘:35 ‘.. = tn~§ N A
ol R Y -
0 : 0
12- 23- 30- 12- 26- 10~ 23- 12- 23- 30- 12- 26- 10- 23-
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0§ i 6] Experimental period

75 5~7 HEKE SRS AR SRR FE 2SR R AMIRAT (5] A Xie  1999)
(A AT AU SE MR, A Py o A Lt 2 28 T A A N
B P o 4 S LR, 1y o L A 8 ) RS
C 76L& T G DO S BRERE ;D ) e 57 SR LRE < F . % 1 Al RS )
Fig.7-5 Proportion (% ) of various-typed cells of Cyclotefla(Cited from Xie 1999)
{A; cells with intact cell wall and protoplst: B: protoplast partly destroyed bat frustule intact;
C: fragments of frustules with protoplests 1: intect empty frostule:
E: frapments of empty frustules) in the luke waler, md the gul
confents and foces of the silver carp during Mareh-May
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B 7-6 S~ ikt 86 RO ol R I 26 R /) IR A A E 0
MR A~ E 52 LA 7-5(31 H Xie  2001)
Fig.7-6  Proportion( % ) of various-typed cells of Cyclotella in the lake water,
and the gut contents and feces of the silver carp during March-May .
Cell types A-E are the same with Fig.7-5( Cited from Xie 2001)

FHE) 46.1% (B%) 1 49.9% (8l , i 5e tF 4R (A K0T o Gy & el BIK P Y 66.7% T
5 BT B 1 0 3189 (%) A0 27,6% (M) , i3 308 /S0 8 40 A 7k £ TEL S A7 °F K
UL B MR RIERE . BRI, RAF A (i B, E ) AR A0 i E i KT
LW 3 A B ) At e e, o A 245 7 ot 4 IR A0 0 e 3 = S L B )
BRI, A2l 67% A5 86 /1N ER S A0 Bl 1 SRR IORI I £ 5 0 B AN [ R B
BOREER . WEbR TR0 52% KA AR T, LA 159 R i i (LS R i A
WK 1. Fo 2 79.5% WY 5 /I B B A HD B fa BB AN LS M B A R
B ROWER . WA 0 S8.5% % Ak fE fraB A, LA 219% J2 o i T 4 5
B

o 1My =



F£78 Ak B WMEIHOEEPERTEXEI/NFRABAFEHEH (%)
(5~7 A7 RFRMTHE)
Fig.7-8 Average proportion (% ) of various-typed cells of Cyclotella in the lake water,
and the gut contents and feces of the silver amd bighead carps from a pooled data

of 7 collections during March-May
H AT Cell type
A B G D E

Bk Lake water 6.7 5.3 0.00 7.1 o
& Silver earp

il Fore-gut 31.8 181 017 46. 1 374

[ Hind-gut B9 27.9 0.90 40.8 6.56

FEME Fores 1.9 259 1.57 42.3 .30
¥ Righead camp

Fif]  Fore-gut 7.6 19.1 0.89 49,9 2.4

[5G Hind-gut 16.0 26,1 0.21 54.5 3.7

F{F Feces 13.7 26,7 0.80 5.2 4.56

(BrE Mie and Liv 19917 (Modified from Xie and Lin  1991)

2. FHEHR (SR R, MHEHAEETE

UM (1992) BIFF7 7 H88 1 8% £ % i 78 b A9 WA 4 LAY B 40 HE AR R 3K
BRI T 24 0L 9K RS, A BIIMARE SRR R E WS, BB — KRR
Y, B— A AT, BAKERT SRR 15 R, iR 12h, KRR
I 20°C, FCHRT)E, MSEEE R ( x 10°/ml) 7E A0 ED K B4 A DL 198( + 2.6) BER) 111
(+7.9), TERINIKFER M 202 +2.9) B F) 75( + 14.3)(F 79).

sEm R Y S, I o 5O A A A O AR R
Fok b BB A A R, p <0.01), BERRIH S W T - Bl B
ME TR ERTE (e . p<0.05).

%79 KhREEHEDBESROE S HMMEL
Table 7-9 Changes in the percentage of cracked cells of Scenedesmius
in the water and the guts of silver carp

ik g T R 4 B Cracked cells of Scenedesmus /T
#A4F Treatments
Body length of fish Aob Water  BAHTEE Foregt BB/5 8L Hind-ut
HEk With sand 6.5+ 0.67 4,40 +0.97 11.4+3.14 14.1+3.03
Ay Withowt sand 6.4 0,40 6482 14 18.8 £ 4.96 22 0546

(s WA 1992)  { Modified from Dong  1992)
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3. HUAIF AR, MHLPRREX

BF%(Xie and Liv 1991, Xie 1999, 2001) FIF TUHL(1992) Ay Sc M &5 R &
B - 2 R | S B Y S S 1 L R B TR e 7 P A B o (o Y R Sk
37 TE R R R AT SR L, LA -4 i3RI O SUTESS AT e Et A HE B — ) RO IR EE 4
SR . REANC LT Z AR ] — 2 5 176 8 £ A i 3k 05 v LA R ety
iR s, (HRXT 8 A i 45 205 A B wPIL i AR 1< A [|] (20 fiE42 50 ~ 80 4FAR)
il T A RO RS FARLE (Xie  1999) . HUAK(1992) 7 fl A 38 30, 1B Xie
1 Liu(1991) 6 THEXT /DR B AME B O ¢ TR MR LRE R, TR 86
MR 4 7 %o LAY R 2 A 0 B RE () R R T EE VUGB REAE A, AN B 7E
I A LA £ 285 7 1 Rl i L T Pl A 27 0 38 0 B ) oty M 3 b A PR (o i 25 1
PRl i 3 5 BF 7 BE AT 15 B0 A BERT LA b 1) i ok e SR 2K 5 SR 5 M FR A o 1
B R RS R ZE TGS THE—. ¥ HC 199 F/
LR REHMAT TIRAGSH, ACEEE, SHbf TR RME R(Xie 1999,
2001) .

0 E AR, Xie #1 Liu(1991 ) F1 HOUUM (1992) i) 0T 38 55 52 28 /0 AT LA 6] 2 H 1R
HR, s AR e B E R R A, B EE R E LG AL
WP, XEM TR TESAIEXTE, SHEERFEAARTS. &F
i, 8 —E AR A MR RS 8, 760 [ A0 3R 2870 i 2 (8] 3X — th Bl s F
TFERFMER(Xie 1999). B (Xie 1999)ik2y, 2NN AR H—
AT A B ST 2 B B M AR, L R R L £ 4 R Oy o 0 9 S 4 i B dn 4t
B, Tt MOHEARSTEES, ARSH T —ReERH EFaRNG
BT I R A RE T MEHRE S, AR, 5 THARENREFELT
R AR AR /), (ELSC T i 85 £ A i T 0 A T o 9 5 T A T S A ) T BR Y
LR PE BT, U RE R4 IR o 3 B AR ) 5 8 . SRS — 2L i8R . SMAERE
AR Rk EE R, BB RSB R . T, B EsE, SRS IR 3R (E T
RELT STR T P B, 3 O A U B 2T 2t R R A A T BT IR AL
SR, BRI NEA B ZE PR 13 R ERE. B, (ERIHAAH
% 00 1 W 0 1 Ak SR 00 E B i M B b BTER TS A R BERR AR (L B W A RV AE B
2 AP ITEE AY, 1REE . SRR E MY v A ORI T HE L i Ok
B a s R, MAEYhROEERXREFRMEA RO HLER S 4/
BB IRERYY, i, MWEHE ERUE, TN AT HAIE XL E R
£ 2 ) — B aF L7 P HE RS (Xie  1999).
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FNE ZHS5FEZMAEYIRY
— .\ A YBRHEE R K

Shapiro 9 (1975) & 558 H T "4 478 94 (biomanipulation) " B #:5%, & L " i#
A R2FIEE P R R AR, (0 — X B R A R R
B, DRAFILEREMEWRMNTR. 52, £ NARIELISE KA
HHMEFHAENEARRBROKELDBETE. WL LS, FHRHEL
F FH78 (top-down-force ) , ¥ FF 9% 83 B % 1] ( trophic cascade interaction ) 5§ £ 447 ¥
12 90 ( food web manipulation) , 12X %6 i) #F A 802 | UCEH B R AR OKUACTH TR E RS L
HOGFBEE 55 W B B2 ( Cophen  1990) .

e b, A A A R KA S B P R EH o R A
1hor B R WU —— T R R TR R AT A, S F RV OOCEM
AR R, b E TR RS E Y . ST AT I E i B S AT 2R B e
(Straskraba 1965), A 4 # {E % S8 20 B - (driving variable ) 1 { 24 i1 Fif (5 - ( response
variable) e 5 £ ¢ 1 #flk 4 Hy 2 32 50 96 7F Q0] 5 b 3K 75 8 b ( commercial ) #H1{K H
(recreational ) il () 7% B Bt = % 8 0 450K AV FERC N ; B, MIIAE SRS
o B 4 43 R S B R R S AT AR I T R R T AL EY
P #1 7K Gl 5 el 89 3A 15 ( Gophen 1990, Drenner and Hambright 2002) .

Shapiro( 1990) 3 2 T # - £ R8I 6 & PR Y B F. # Caird (1945) 4110,
1940 4E, 24 1000 4 A0 B4 (largemouth bass ) 8 1A 35 (5] B IR 2K #5 M i) — 4 i ik
o, LABTIZ MR R A oy M AR R RS 8 T R X AT RE L L
&, BETE, U EEREAREMRPAARLEEOK, SeRkE EXN'C
S4FET"  BRAEE Cad REX MM THEARKEMNNH, 5 16T
J& Omer-Cooper(1947) M 2E 5, 7€ 1933 4, Y% JE A § 51 A B W P E Siwan Oa-
sis [ Siwan Springs B, P T XA E W “EL M EEYRE, BRI NS,
AMBEREEY, £ -THPBEDR, — YR & BLHE Al gE R b
a4 AR A B T p

HIEMEREH M T 9 MR B80T 20 L 60 &L F 1 Hrbacek
% (1961) 5 Brooks I Dodson(1965) ) TF , {71 (¥ 1 4 {3 3 8 4% 5 Iy 1 & B It
mEHNENAEENKESEECYESEAM Y DERT S Harkm,
Brooks F1 Dodson ( 1965)38 th 1 J7 P4 -39 0 &b 40 40 T ¢ 3R A9 P TR R0 3R B 158 (size-
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efficiency hypothesis) : K BUEE A 28 B 37 i 2l 97 95 4y & A &, MR R
FYEENREMAaE TR AL SER, h TAXRMRFHEEER, K
R F e S 4 B B TR e sh A BT O, IS AN BE D R R I O A B AT
A (P 8-1), Brooks 1 Dodson B FL-CEEIR&RIR F#2 BB E R EE
T 1 SN 4 Fhn 24 b K o O 1 R O 50 S O £ R AR VY R R R o i i R LA
R A EE R PR R ENE, B, Bk AR, S0 ] & (edi-
bility) Bl 5 78 K E 54k, £ EHRAT . BB REE M, R o &1 iF i
WA S At AR, AT, EEHRE AT AESHMENM
& i 2| (] 4% 8208 i) 15 BT UM ( Lamens et al . 1990),

A8 A %, Hrbacek 25 (1961) 5 Brooks il Dodson (1965) ) HF 40 ¥ 10 4F il
Bz, MiB¥FEAFHER AL BERVMYTNNESRE P IFREDE
KB EERDE T, FMEFGEIEREHEAEMMHEERETYMEK
WS T TR, 24, MEMERIE L, ¥F . TEREY. SRS
LIE S A e il 1900 BEOE 8-2).

Hurlbert % (1972) 7 A T.5 T 1 ( mesocosms ) 56 56 1 & BLE B Cambusia affinis
WA T S RIER ST, DI S T A Y B D RE B R R, B, 7]
A 2k AT 0 ot B, 20 R B )RR b A o D DA TE R 25 ) of [RE IR 8 o B TE A
W EE . X R B Zaret A Paine( 1973 ) i) U0 2 By S5 « iy T 4B AY AR 4 ( Cichla
ocellaris VEE R #1 5] A B B2 & 5 A) Catun W, SETREE-FETirahaE
( Melaniris chagresi ) TE P4 9 4 8 40 F §&, M T 13 ¥ sh i i &
Shapiro FF(1975) 3 T H 497 84 SURE & 00 W1 60 52 oy 2 F — 20 oy S 00 B 9 4 8 T 2k 8t
WMEIFE S, K, 2HLXETHRI R aEATFHAD TS
%t i 4 B0 1 $fr R 77 (Shapiro and Wright 1984, Gophen 1990). Shapiro &
(1982) % 41 Hi 26 E T FI F A W48 04 0 — B FAT RN O B A E K B He ), o
Pl EL T RN OLEEMERXRENERLEMAFR T BRI AT
Je AT IE N Gophen( 1990) 5 Hi AR BE , X B R & 7T fiE 2 4 W #R 90 88 & W01
B R BlE A R O S 4R, IR BT B — b AZ A% T B 8100 R E AR LTS
Iy fra) B0 ) ) 80 7 46 T 90 B0 2 i JE BE L 20 [ 4T 80 ~ 90 4E 4R A S E AL B R 1H)
JE[H:Z—(Northcote 1988, Kasprzak 1995) .

20 #4280 48R, McQueen % (1986 17400 M F AT AU B & &k, #
$ T EF7: F47 bottom-up: top-down” 8 &, BEEE T & (B UHIET WK
) 1] P34 ( resource availability) , fBTIA K, #5 % &k 44 7T 45 4 B a GE % B iy S i)
A, TR S EEGR F TR M T AR KSR, EEE R
. hF R L ARFER, e Rex e Bm, mad it
B REMERO SRS EERR, EREMNKESREAYMENTW, By
BT A7 7 Rt R 4L % 6B 4 B 0 5 © #0712 1% % (Horppila et al. 1998).
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—p_F il

3 0.4 §0-5 Ltngth {1 -.":I/"" ] 0
It
B i [ominant zooplankiers
Bosmina Q f ropocyologs L_y. faps . 5 i 1

P 8.1 K 80 o 0 Tk Y L0 R (1942 ) 15 (1964 55 ) i i B A 80
i 41 B Stafford Springs, Connecticut ) 51 H Brooks and Dodsen 19650
FE AR B A 0 O A T B o 0 R IR A T Y G B R R — T . BRI SR L
AL A B 0 i B e E AR R e BT AR Y PR AR AT R Y R R PR 35
A ) W e TR A S RS R R R A AT (. R R T A
Lsplanchra priosdonia B s e sl HibE 8GR
{60 o 4 4 A B 9 e

Thae |-”r|||-],.'.i||“r|_ of the erustacean .‘:Hlillitnktﬂl.'l ul Lr"t"ﬂl Latke! Staffornd S"J‘T'irl-ﬁ-q.

TTFTITTTTOTTTTET

% Frequency /2

Fig. 8-1
Connecticut) before {19421 and after (1964 ) a population of Alosa aestivalis had
become well established Cited from Brooks and Dodson 19651

‘ach square of the histogram indieates that | percent of the total sample counted was within the size
range . The larger sooplankters are not represented in the histograms. beeause of the relative scarcity
of muture specimens, The specimens depicled represent the mean sizel length fran posterior
base lines 1o the anterior end ) of the smallest muture instar, The armows indicate
the position of the smallest mature instar of each dominant species in relation
i the histograms . The predaceoss rotifier, Agdanehno porindonta .
i the only nonerustacean species. incloded, other otifers

wers present bat nol neluded in this study
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M52 (A)E LA THINES RGP mE R e FE R CB, (B AR/
P MR O A D T RO B P WL htap s ) www . biio . tew. edu/ drenner/bib. html
(8| ¥ Drenner and Hambright  2002)
Fig.8-2 (A) Number of published scientific articles concemning the effects of fish
in lake ecosystems. (B) Inset shows cumulative summary . The datatsase used
for this figure can be found at hitps // www . bio - teu. edu/drenner/ bib . html
{ Cited from Drenner and Hambright 2002 )

A RO FBL

O B, R AL RS o R 00 Rk ORI ) i A SO
iy e B SE R MK R Bk . 3ok o O 20 A o B R R AL 0t A W S AE
S R (T 5 e PR R Rl £ 0 i R ) R X R
37 B 0 (1 B2 0 M 17 £ 2 0 %5 7% b 9 £ AR ( Drenner and Hambright  2002)

Drenner #1 Hambright (2002) 7644 T A RO A SFFEAY 360 B, HERE AT
DA B £ 245 g o AT R (G 2 R i RO B el R o (T DA 6 246 ) i ) 2200 e o8 39 U s
fr 0 (JC L LA £l (R T A 8 ) O W R cE B L B S fi 2 B 25 b H B0 MU B
( high-vulnerability ) i) % 2 2H i ; @ e & 8 iF e sh P A R BLE SRR, JUH
IE A7 e A SRR R i sh B E R 1 A 0 9 i s A e o R e S 4 X
M R AR e h ok, [, St 9F WA A T 4 0 S BT fE S R R s 4
TWMMHMﬁEﬁM@%WHMMM;ﬁﬁﬁﬁmmWﬁwﬂwﬁﬁﬁmm&%
RiEias et fadEmaha, o 4R G W B A i R S O T PR L
ifi 1 ok L R0 BAE SR AYEEL, Rk, 3 DA 2 A L IR (R e 1
¥R AL B 100285 (faleultative pluuktiwm*]‘ﬁﬁfﬁ him A 4 S0 W i 18] 2 b [ I 9 0 LAY
fi T IO P 2% A TR0 R e TR B WK HP I W K S ¥ iife ah 4 40 B0 £ 4R 1L
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B HE B T ) . ) GE ok 2 0 A A R A (B AR O R 00T A AT L T ) MR ek A T O
HU o O 3 B AR 5 7 o S K 9 ORI o (3800 RTE s @55 — b 0 0 e 28 g 1L
VT e i) 5y 2 B 7 O s ) £ 288 B £ RS W s 0 P g LR A o 2k ARG TRE B
AR fY i 6, AR X i 285 R R 43 g B (pelagic) 4 (IR F Sh 1 38, (B
1 1 25 e 25 R 6 L %) B Rk o o5 ] 0% ~ 90% -

Hansson 3 ( 1998 ) iif it F Wk # 36 4 38 961 o B F 97 A9 2 0 45 90 Y o8 ik 47 o0 B
ik, AR L B K X B P B A R, A R
B A R R e R, AN R Y L PR R T 6 R IR B
B A8 TF %

Drenner Hl Hambright (2002 )i 24 |- 1900 o SCmk g o b, R BLOLA 39 {8 i
5 9 DU B 2 3 T SR A i A M, (H e 22 TR A A HL At Y B O (i [ i
U TR E T ARl e ), Bk, ARER T A 4R 1R 28 A
W o A A F 6 17 854k IR 1 A9 (nonconfounded ) BFF 78 58 (] i 40 By A B, ol 4R

A
200 4 2 ye=. Glr—2. 02.
F=0.94.N=42
y=0. 08x+35. 57,
1 o pd=0, 76, N'=55

100 .®
5
-~
A
=z o
= o 200 400 600 BOO
2
g 1000 -
E =0, 352,
e 100 4
*
"

10 4

14 =0 A8x" =,
- 8 rt=0, 67, N=55
0.1 : ;
1 10 100 1000

% Total Phosphorus/(pg /L)

P 8-3  ofd 845 a5 & (3] H Drenner and Hambright  2002)
e gAy - O Wy 1 A7 TR I A K BN R M A0 R i B R A PR A
i e e UG D AR, B IR W B R R TR R B O )
Fig.8-3  Chlorophyll-total phosphones relationships in systems containing planktivorous fish
with { red. elosed) and without( blue ,open) piscivorous fish( Cited from Drenner and Hamhnght  2002)

Fach point sepresents a like-summer from poneenfounded experiments and surveys
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G0 A 0 £ 2 O R AL B LAk A i (0 2 7 A, BCAR 10 (R OC T R REHE . BORAEK
2800 3 T T A R B R PR R e T R R, (LRI AR R
WG R . OLAA IR A SO W I (3K 44 N IIF ) o ) P g A - L AR I
VI A4 T (k3 05 e & A £ i ik 1 f R R SR S B R (36 55 1
BT (I 8-3) 5 33 T 005 o T 4 B AR AR (40 < 25pg /1) B S S0 R U bt ok L i
(6 SRS T 100pg/L TR T, MR Egchrr R K FRERME. 2, it
{148 4 T ] F e g A - B ] 01 i % 4 R B 2D EE T (functional piﬁnh‘ur}rifﬁ'
B O B (1 8-4) . SLRRGT(E AR A A A BIC R 3 R4 D E SRR, R hEET A
MICHNE AR E RN, LEENEREME, M THRAEGTHS
.

& Mo
'i' KR pisc,

fL#HE  Low
KGR pisc,

i w2} Effect of

& 5% piscivore

FI % W enhancement

w i High
PR pisc.

Bl ok WA R AR

ssmuol aloanyueld Busrassag

4 % Chlorophyll

L
1 Total Phosphoros

[ 84 DA %G 0 AT R A R S B R ELIE RN
(3| f1 Drenner and Hambright 2002}

WL EG A7 6 A7 0 7F I 1 fh 5 11 O 1 R TR TR A 3 A% 3 40 95 00 0 9 P AR
%t FOMR 05 AR MR R MR 4 T R RS DVMNE WA T
MLk FE A A R AR SRR AR R 3 A 1 B R S5 i Wi

Fig.8-4  Theoretical effect of piscivores on the chlorophyll-total phosphorus
relationship in lakes( Cited from Drenner and Hambright 2002 )

The heavy line indicutes the relationship predicted in lakos that eontain planktivarous fish bul oo

piseivorous fish and therefore function s 3-trophic level systems. Thie thin Fne iodicaes
the relation predicted in Likis thot contain abundant piscivorous fish amd therefore
function ns S-trophic level systems, The intermediate tine indicates the relationship
predicted in lakes that contain low populations of piscivarous fizh

and therefore function more Like 3-tmphic Tevel systens
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THESEEME, # 3 Drenner Bl Hambright (2002) 84+ #r (B 8-3)n[GEH B —F
W EE B A A R S ORI T T b e R B ORI TR s RO IE D
Y o T BN ARG ER ), RAACA Hc T B F M ey W E R,
FREFEM FE-EMAKBIHEFAN PR, A%, WTRFECSEHMEP T
RS ERENFHE SRR e, oA REE T R
B L ] ) ey AR T

= VBRI LEE X

Kitchell(1992)iA 3k, LAY IDGAE 203k F RS R A ol e S M 3 7
¥ = My P TR B 25 Ak R L ol 88 0 3 AR R A 38 i 2 £k U B B (n] i)
RIS, T2 T LR 7 7 O OO L R K o
B AEERM R T B B, EIFBHRF, #7855 B0 m e A m LR e
a5 Bl 5 0 90 6 0, A R A P IR O T ) 0 B 4 T U SRR BE AR, R ARSEIE K
BHEER ARSI, SR AE R - T B, By
il , A T I A 2 K R R A B G T REE .

SR S e 5 0 R 25 B R S T A S0 R R R TR K B
FEESE, CHRUCHIEMHBIVF BB e Win, Ko7 LR X E A%
4 e % S 8 LA A K DX 2 i K IR B Rh A A R DU R R S B R ) el L A i
A 7 ok 815 64 o 2 o2 2 B A 1 B e 4k 49 A 25 ( Drenner and Hambright 1999, 2002) .
A R 0 2 R b g A 9 RO UK R KRR () H B BE R (Hasson et al. 1998, Dren-
ner and Hambright 1999) .

Hansson (1998 )ik Y%, WA Aol 77, i B8 ET, BT R CE SRR
FrEFRa) —Fl W i, FFRE R TR E I G A e BT B

MAEESMEFEE, BT A HAEE(otenone) XA A, AWHEHE -Fif
W cr e, MAELEAEEGEAMERLER, B RHERER £
T[40 &0 ) B ( Kasprzak  1995) .

DU | A B A i R D 0 R ey BR

Hansson S5 1998) 3211 T LU T 4= $h 42 90 a4 A I . D S sl )
T IR R A R P 75% s (OF O D A s O
MR O M SN KHEDEE, OMKERET 100p/L; @OFELR
24,

F o (e el B A R R SRR T DSE £ 28 5 HE T R T

$1( Gophen 1990, Drenner and Hambright 2002) :
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(1) SFERBHMEETTFES, FAAKBEARDE AMNEETY
B, BT RO SHOMERAGHENRETNEREENES. T
Rk F PR, R EL R U 00 0 T preference ) F1 5 # £ F P (vulnerability )
AN, MEFRNEAEFHREDNERELETRAHE, &0, HXIE#HE
Ml O A R EIm A M P HORMMEE AL, ER R iER A
ERGElid, X, NEAENSHBTEDFAEFRE AR aEn
FE, HESHTTHAYata kLN N ROEEHaEN M ER KRN AR
s En T EELE,

(2) BRfa26 5, A i 2 A0 R B2 R0 £ 77 i sh 4 0 J0FF Mk 30 B Bl 6 & el 8
ghfy | sNEF KK R ) 25 ( Leptodora T Polyphemus ) BE 3 6L TT 3% 5 45 o Y SE T2 3
Tl E i i Sl 4 £ 25 0 47 6 — ML I 1 00 ¥ e S B Bl A al PR R0 0T @ A B (
EATV I B R R I S A B . N U O o A S DA T o S T A e,
T ¥ W 2h 4y 3 £ 0 H 18 hn o 49 1B PR M IR R S .

(3) IFEEIFHE AT E R, HEwAilEaX, fafLH
Baht., mAn e mé, &SN EEEP, aENSERBENRFHD
MEMsIHETEARamBENTEaE, Ak, MRPENMNEaZETES T
AHE WS R R AR K, B REERM RN S,

(4) MR HANYASBE RN R TR a2 E A, 2R N
iR sh e R REER T AaEMEE, TRl REIREQORREE
By ROk Z Lk A e A, WM ENEREERE.

(5) FHHHLAEEPA TR RENESEREFE RO . U2 RE
BRA AN B AT TR, £ SRR T, Bt
89738 0 S SRR AY A AT Cinedible) A H R A ; FLEFHAY(REEHR
HMATamE R EREREXMNEEFRELE —ER )N HAEZRDA
HEFH. ks, B0 o o AE a2 vt £ 3 i 5 B £ 26 ) SRS AT I i T iR
Weahty, i fE A HEME S B MO I E AT E MR, B OC R M &
0 FE B A O] B 2 R RS A T o] &1 (edible ) FF A P AT 0

Kasprzak (1995 )t UH 4 T 0 F 5 B0E P 88 90 % Bray IR (N .

(1) 818 FEEE — 1380 Y AR #0265 B P 3 i RE T

(2) frEfre el g UM ATEROEEMENER,

) BTHERAOEREN, BB ETFFAAaRES ANESEXS
T £ 4 G B Eh A B A R LA T R A R

(4) frifif ML EBLAEREEF BT AXIEENEMERL
#;

(5) B ( Daphnia ) B MF B LI T, — FEENZIFHFEYHEN
B, B—AE, T R {nvﬁr-hinmﬂnipulatiun}%ﬁﬂﬂﬁ'mﬁ

< 1 -



g AT

ik 5

(6) EATROM AT 47800 H Lo 4

(7) BEWRAIBS ERRIM SR, MM BB E YWk Ew;

(8) d1 FA7 HLUR A AE A5 A [m] o e it ], — > 55 9 B8 9 °F #y ] BE 75 B0 A9
BN

(9) FHFHPH AR - - EMREH, HPMERIHE T EN
MESRFOMFRNPNERMEMNER,

(10) MiEREEAMEA, FHEYEER LR SELN, A g
4 ( non-ingestible) . A 0] JH G THE( um.’iitigt‘.ﬁtamz:]%:

(11) FEEREEOTE, RN IS TR

(12) fR-HEIFE =S R rfER .

Kasprzak ( 1995) AR, b T ibAEWRYA K H —~F Hoy MR T e 8,
— B B A B AR AT R R AR B OB, R R & PL ] (indirect mech-
anism ) i A LR

ETHHBRAEESEEERFHAEY, FUMAMA T CRABEE. DEDRN
AR REESWMAMNERKES X ORBRFYW (AL BEREHE K
fepy e AR AR BE PR B 7

R RS MIHERRK TR,

FEFE—&, oA EHEE. McQueen F(1986), Vanni F (1990}, & La-
fontaine F1 McQueen( 1991) 1A T 17800 o] BEE 8 B FF R4t HEBERFEFE
W%, FEAMAEE: OEF KT NEL @A ELE O & KA T
W W %" L ( Persson et al . 1988), [E i T B8 % 04 37 ik 3 4 O 82 0 19 17
WEAE Y s @BENE KT S BRI IHE A AT & (inedible) ) % 28 8 # (Me-
Queen 1990), 1l DeMelo %5 (1992) il % 1961 ~ 1989 4 ] % 3 A9 44 4~ $h 57 A9 X
)P B R ESR ) HT A — BRI AR

Jeppesen SE(1991 )42 TP B8 & b 100pe/L LT REERK MR 4 P12 90 E I
51 B A LA 0 F vl . 25, Hansson %5 (1998) i 4 Vollenweider( 1968 ) 1Y £2 Xy
MY, LT ST A S R R L K 9 I A B R IR ) 100/ L KL T OXF R K Y
6L 7% 18 07 ) B AR (% TR K 901 ) o Benndorf(1995) 48 i, H SRR 67 K £ 0.6 ~
0.8g/(m®+a) B, 4k 38 4 0] 58 [ K 380 P9 (in-lake ) B9 30 BE , DA TTT M8 00 33 e LD (0 %
Bl

Benndorf 25 (2002) 1A 4 4 H7 45 4 0% L T 8 0 A B KO A IR 2
MEEFAE P ER R ORI P E SR RS- E R R
AR - B EF MNP R, B4 PRI R R B RE S BT A H
B (10 B 1% L (RS 2 1L ok 3 e 7K B ) Cepilimnetic ) B% 75 810 3 0 A7 %010 X §F % 4 4 A
FAFE 8 (REBR ) . Drenner 1 Hambright ( 2002) 30 53 43 47 D4 5 £ 28 850 90 0f i & 42
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B Y ] 0 5 FE A R it DA 7 TR AR 0 b AR AT LA 0 B O A R A R AT
B, ARREEE, A CHTEE BRI A A HL 2 R 8 0 3
Wi, MeAh, ERER-BERSRGIAPBEIE 2T, UENBASEE L kit
HAEE T T 17 % (Benndord et al. 2002, Drenner and Hambright 2002) .

Gliwicz( 1990a) 4 #1115 5 K F &5 iR 0% L8 . 9 I a0 76 A 6] 38 F2 K P 1A
B AR A B R R I, AN TER B SR b, iF i sl P AR XSS T i
. 3T Sommer 25 (1986) X i & 7 [6] F 3% K F () 7 12 Y IR B 0 69 F 9% B4R
B4 FTIA Y, R EREN PRSI BN EEF RSN ETRMNRE
SEiF B EE AT TR E, ERFANBEERRSE T, R
SR BEEASRMAP SEBN KRR REA R R EHE, H
HREFHEDED BRI ERARSRM,; MaERERWAS, fathirir
4 (0 {0 75 120 B 3 B £ (0 /1 U 38 25 (nanoplankton) 34 35 89 4 4C 3 17 8990 1 6B 4 S0
1637 We i, 1Pl 3 H KM spring clear water phase” ( Lampert 1978} H &
EEAES, EECITSHE RN b &L BB, & &Y E Ak
I, EHAMBFRESFENUEEFEETERLNNPEMS ARERKE,

KA HHH (AR A TREHB AR EORKRAREER?

— iR, SRR AR R R R LN R, HENER
YRS ES RS A KR ML, Y EER Daphnia ( Brooks and
Dodson 1965, Pace 1984). &, ¥ F Daphnia B8 7 5 W JE BUK % i 22 4R SR 11
oA, M TERE KL

HEEASEMEFEN, EEEEEFRND, B E AN TN
EEL, HAEEH TR HENN N EREEEMNR S T EM R (de
Bemnardi and Giussani 1990), &0, & XAMN — T /DREERIN, Lago di
Annone, TERHEF VW H WA MM N e, WiH ALEHE D BB R Dophnia B #Y
64 % B i 4 iR B9 F B (de Bernardi and Giussani  1978). TEBIME LR, @i %
el P& 19 % 4 ( Andersson et al.  1978), of, 4 3 05 8 % A 5 6 M 25 Daphnia + P £2
% Ceriodaphnia ) TE 7F H1 186 i WU £8 3¢ & ( Lynch and Shapiro 1981, de Bernardi et al.
1982) .

BRESEME B, £ - T ROKE, 3 EEsh a0 Be ke
B {FE AT £ P I 460 40 A9 90 47 R, 1T G R 65 8 1 U7 O HE  9 BRTE & ( Benndorf
1995, Boing et al. 1998), KR HFFFLRM, KB EBFFAR] Daphnia He R F H L
A0 i (Amold 1971, Schindler 1971 3 # B 5 3 3% 6 60 f7 £ /™ 5 R X
Daphnia B4 46 (Gliwicz  1990a, Gliwicz and Lampert  1990) .

Gliwicz({ 1090a) ik &, 76 718 52 If1 2 76 5 AE A9 B MR b, /8 B iR i R4 4 IS

B, A 3 R BT I SN A B A B SR O T (undergrowth)

fy /| T BT i 3 2 AR R R Y 2 R 9 R J2 AR ( camopy ) " R S B UK, S # TR O
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RETERDUIF e sh i o &, Ml £ 3 % s 4 9 B0 TR o F BB 28 37 B0 A9 R #E (Gli-
wicz 1975, Porter  1977); (2K REAY I8 £ E Fh 235 Bwt T B ol ¥ 420 o) 38 28 B0 4T
(B3 IR 400 . Bl e ) v/ R 28 BRI

Fi— PO, E— SR E KK, Daphnia fE 515 $oK B, HARES: %
MK AR Qe DU B 1980 ~ 1983 AF [H], MRS K AR AH 24 BB 00 B £
Daphnia carinata (BeF7ik 65 /L), (HR, GHEEFERKENCESEL, EW(K
W Microcystis + 82 8 Anabaena + B8 Oscillatoria )& ¥ 8 (38 H ) B &M H 78 1
s 50mg/L, TE 1 3T S0me/LOEFE K 1990, T #1990, Xie and Liu
20013 .,

RHILLE, 2R 8 5 0002 77 i s W 0 5 90 00 B 0 of O 18T R VR e b 4
A7 ) A AN A R R M A R O R R R T Y B ) — R
H—TER(Gliwicz 1990a), BHE W5 07 5, K Daphnia BEHEHU 25 800 %
A ) 22 48 08 B8 (Bogatova 1965, Infante 1973, Holm and Shapire 1984, Dawidowicz
1990), H—F7H, SEHFEH LR Daphnia G895 25 49 22 4R 0 B (Sorokin 1968,
Lynch 1980, Holm et al. 1983, Knisely and Geller 1986, Dawidowicz et al. 1988,
Fulton 1988)

a5 T 2 AR R O P IR S W B SR A B R Daphnia 7E B SABREE
FESAMEMZREENEENEEMEF G EEIENG . OF 505 a8
REAS Daphnia HH#; OEEMEFIAMENZMET, ERABE D, 2REER R
RS REARR]; OEFFEFSMME A RAT T, Daphnia BT 48 I (1) 85 36 22 5 K
BIFFA R L AT BEAS 7] (Gliwicz  1990a) . X T OB MBFFERM, TF 4200 6§ %
Xif 35 6% o 49 ) B g A (0 5 HE A R B A 5%, iy L At el £ P R 2K A e FE L
Ko

W& e AR 8 (R Oscillatoria , W22 8 Lyngbya . F 22 8 Aphanizomenon ) i) 8 /&
159 K780 % Daphnia magna B9SCKBIFE 20, S AR BRI, D. magna 1%
AR, MR R AR, D, mogna MEMBEEE TR, BEEL
R T 2 (R FE AR R0 000/ ml B D, magna £ IF %5 ( Dawidowicz et al. 1988},
Gliwicz( 1990h ) Y 5k §& B 97 Je B, 224005 38 (K S 22 3 Aphanizomenon flos-aquae ) B 1F
TEPHLEE 4 # Daphnia (140D . cucullata . B ED. hyalina . D. pulicaria F1F 8
D. mgm}ifﬂﬁ?éﬁ]%ﬁ Scenedesmus ( B HE 0. 5mg/L) R H, *gﬁif Daphnia
A A SR 5 v (R T 2 R T 2 A I (540 ~ 67 00071~/ ml B8k HE 0.2 ~ S0mg/L)
RS R T N, 7E @ AT Daphnia (RIS MO, W H, WA RMFAE(D.
magna . D. pulicaria ) ERIE KD, hyalina . D. cucullata ) ZE W EE, F
LA DA A A o 246 (00 75 4 (R 5 e I 1 oA 2 S 4 E e B X ) B M 4Rl
s ik Pt A R T/ EGTE R b, OV R B S B R i sl M O R R
KT RDRFIESEBEEERO T 5 — 8B (Cliwicz  1977) . 22 4R W8 34
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Daphnia i i R s R O Kb T Daphnia MEaELE, B Daphnia 1 38 A
5 a3 I L 0 MR foad groove ) ( Lefevie 1950, Bums  1968a, Gliwicz  1980). 4~
AR HE, i — e RS Y e T A A TR (Amold 1971, Wehster and Peters
1978, Gliwicz and Siedlar 1980) 3L 5 KA BN A H B Ceratium (Xie e1 al.  1998)
%t Daphnia (58Sl LA RFEAI TR0 . X, # Daphnia © S WCEFIR &Y
2 LR H B 8 3 ( postabdominal ) i B A AT e s 25 a0 HE R AT i E 8, X SEHH
1 0 T B 0B 1 9 EE Y 1, 30 A A BERE AU R L S O B R (G-
wicz  1990a, Voigt and Hiilsmann 2001 ).

etk I SRR B S R BRI A b, 3 TR R O B 2 xR e st g
Wi Fp 0 S I B 20 48 & L Chen #1 Xie (2003 ) 4 38, 2 i BS 35 69 24 4 B 38 ( Scenedesmus
obliguus )3 FE : Tmg/ L) FUF B 070 0 8 U8 50/ A 64 ~ 1120m( HTF i A 80 0 50 35 ) 1Y
it 0 28 B ( Microcystis auginosa ) (1% 20, 10, 50, 100mg/L) B9 & %) % 17 FE 45
Daphnia carinata W, D. carinata BIFFESS R EE RSB E Y 10mg/L BHER K,
T 4 6 £ (0 98 38 ¢ BE 390 00 2] SOmeg/ 1. F1 100mgy/ L 66 ) &3k 36 (6 1K (5 0 #0 10mg/ L. 4
te ), AT AR 3 B AR 2SR AR Moina micrura . 51 R 75 K & Diaphanosoma
brachyurum F1F 5 P £ § Ceriodaphnia cornuta } 7= 17 T8 BE W81 69 1l 34 76 BE 24 4 10meg/ L,
X 5 Gliwicz(1990b) 36 T 22 4k 1% 86 0 4 #p A RHER KB Daphnia 89081 4 403041
BWSRIEGAE, 4%, Chen Fl Xie(2003 ) #9305 3 A ¥ M > 1120m 0 R09E 3 04 i
{K . Chen HI Xie(2003) % B0, BT 64 ~ 1120m A4 5 6 5 0E 33 15 (50mg /L), 28R NAY
FHEWMREA M 0. 1mg/L BN T Sme/L 0, BESR B A M 3 Fob M 2510 Fh i 4 <
SR E I, BT i S A 1 o] R T A RN A ) A T B

i XA PR RIHETR

PR R ORI, AT R K T B R S R R
B RWAIE S, (B, BPEAE AR W68 30, 36Tl it A B B ok 2l 8 K R
F7TE B g B (o) A dE R, IR E ) L RRI R, FHEA QYA
QE AR EEET B, W R SIS, A I KM (Kasprzak  1995) . B MBS
B o 1 K #) B4 60% (Hansson et al. 1998, Drenner and Hambright 1999,
Mehner et al.  2002). 4 #3240 A9 % W 0T 6E B F A F AT 80 G E — T ME
T ATsns , MRITE R T — 1~ i R R0 55 F Fo e LA ) 9 AR 2Rk o Pl 4y R B B 20 i)
Z 4 (Miller and Kerfoot 1987, Kasprzak  1995) B I 47 FI T 97 % R B 5% HE LL 53 55 ( Me-
Queen  1990) .

JG e AN TR R MRS, S T 8 o B T B R ) O IR R RE T 4R o Y A R
BRARIA, A, #E, SR A S SRR E R, &
GEIRAEER 2 K A A — R B WA s IR AR e E Y R

- I]d_.



“black box" 2 4bF, WL HARNMEREEELFIRELREGENAS
KR O — 2 — M R, T B R 7R b (re-oligotrophication ) 1:f
BT ERF I EMEEE R AL B ZrER), MOH ZRAR A%
Fr, LEEEEE I AEE B, B, A ER O\ A B A SR R A 4 R Y — R Y
Jpid (Kasprzak  1995) .

Wetzel( 2000 ) 41 4 ¥ FR OB 77 T 90 ZU 0 110 9F o Atk oA O 38 2o BT 1 B0 o PR 07 it
B A M AR MR AR Z N H B SRR R, REAHE NN
Gt (40 Carpenter et al. 1995, Hansson et al.  1998), flXf“E MO0 " F B8R 1L T
SEREIAYFEE, HE MR DX RN E AR Y R RO BB R
Feif, (UICEAE BRI, A0 H SRR (RF AR 88 ) FUE MM IE #9 — 1~ 3%
FEET A b SR T AR, T SRR 0 — B R RS s
Foa e BRI @R A A EOK X A S ME e R U mey , £
BEOY R b SR A, fESERRIEAE AR TS ISR E SRR AR T, 0 A A R B kA
R TE ShH A S KB R T & QO ARIFIE M, KRB TP 7 b B 0 BB o]
MO ECGER A RO TR, AN SRR (ERRVEM R E R M
B o ) AN RE B VT i s 10 A B0 oY B MK e B SR 0. Ay, PR B R
WA AR, XL RS R AR (RAS R ERERL
MM R/ MERYIRIT T B, BE AR R B K E B TR

AESRMAE SRR EEEM KSR ENIA AR L EA
BT AR RS, A KR e R B A, MR, X
K T A R ED R R L AR R ECE R0 o TR L A Fem ke

AT RE 5 B BT 3 A Daphnia 76 H AR B R A M LK R B Daphnia KA 5
it 42 R FORE R 05 MR 0B 38 5, Cliwicz(1990a) % A 4 ¥ A B2t 1 07 %% A 3 I 4%
4 R KA Daphnia 6% 17 AB1 G 8 HEAR SRR FE R 2 SO IR AR 1 2 U SE R
GRAT T IE£F 5 M A FUIE W Daphnia (NG 520 2 0 S0 00 0 SR B FRBE RO, H R
FMIOMHFFH KR B0 A RKE -2, 8 80 20E Lk 625 o)
4 (offfshore ) 77 6% B 5 Bi 1F 24 4 4} 5 ( young-fish-of-the-year ) B 1k i 7 2 3K 4 ) 5 2
i) Daphnia SEF5F) B A ; GXHE, oF B 47 75 55 50 75 3% WA 00 o0 7 K 01 EE S B0 A o T RE

(B R, IR HE BES 9 B0 90 0 4 5 G A B Ao O ) T P 1 R K 1R ik
A, T E A A AR B K E R (BRI WA P A B L S8R, WERHAR
AP SR RN R AR REE S, N, ERAARENDOE "W L e,
i REEhE R ZEN.
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A5 AR IVE TR 2 S

T D 4% 4 B0 Y A 2 O R 1 2 T ( DeMelo et al. 1992) BOK B
PR {1 040 T 1 AT A RS AR 0 v i K e Y 9 ) 1 Bt AR W B
IRk (789 1% o380 sk 458 X0 286 R T B 1 £ 2 o e TP R I R K B R 16 SR
G L S 8 5 ) % T ) P D007 BT o 7 % — 8 0 %) YD R L 4 ) o 9 4 % 5 5 B
TR L 0l E R RN (1999) 55 Xie I Lin(2001 )48 1 38 i 457 ih] 04 5 40 368 B i 9
R BB APt (0 M) ol PR R K R A R SRR O R £
0. () 491480, ( non-traditional biomanipulation) ( B 8-5) , T £E-1E 26 FECM I 2% Hl#Y
o 7 X 2 ol ot B A R o A 0 R R R i AR R 26, iR R
39 44ty o B e AL TH S S o A A 48 AW RT O £ Y A 0 B8 O (traditional biomanipula-
von) ([ 8-6) . (S TE @AY R, E& A BRI MR E R, IEH R4
RGN iE % B R R s A AR B ) Xie #I Liu(2001)iA Y, o000y B R AL H
FeAR BT 25 | 2 /0 R T 2 £ R U o L 1 AR, T R S A ) K
W AT T et S ) TR A A I el B T R M L

Piscivore

ivore

i B
S-S e,

B -5 PR M kA S R e i R
(8] B Xie and Lin  2001)

Fig.8-5 Conceptual disgram of the non-tralitional biomanipulaiion

by using filter-feeding silver and bighead carp to eounteract

ryanobacteria blooms( Citedd from Xie and Liu 2001)
Nie 1 Lin(2001) 46 1 22 i A 438 90 00 0 F b5 o o7 o 45 ) R A, TR A K 9
A i LA R A R OFF I, kR EERT . SR E
Bk ek, R R e BRI Z ([ 8-7); i TR
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Piscivore

gERHHEE

Zooplanktivore

T
Zooplankton

i gk
Phytoplenkton
B B-6 5 ) 2kt s Rk A0 PRG0S B 1 (51 H Xie and Lin  2001)

F'Ib!-ﬂ-h |-"J'|I"!‘P'|||1'i[ ||,i'.|g|'1'|.r|| of traditional biomanipalation for the control
ol algal blooms( Cited from Xie and Lin 2001 )

AU 0 o () A B B R B R B, ALK, Wk SRR L s R AR (R
- o B o g i ok PRy ok g sh B S Codd 1995, Dawson 1998, Carmichael
001, Paerl et al. 2001, Landsberg 20020 5 #ACHE By /™= 4 i) E oA 0 5 A Em
4 B T 45 % (Yu 1995, Pouria et al.  1998)

b 87 M P L HET 2002 4E 5 A 20 HOFUKHICT 8L BT 2002 % 8 F 20 FORYTE K
Fig. 87 Surface blooms of eyanobacteria in the Dianchi Lake (upper,the photos were taken
on May 20,2002) and the Taithu Lake {lower, the photos were taken on August 20, 2002)
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fER A FE M h . H AT A MK R AR A LT JL# ( Paerl et al.
2001) DAk FEE A, 50 REAE: QMmN E RS AN PH);
il i HL MR 4 SR A B R I T4 2 s 0 I R K A% B e e b R D D
s dl . b TR A A e e R R A EE, B IRER RN
H A o fE — S B f . i R R s R A o A oK B e 0 R A B SE

R R PR, S AR E T AR s B,
TRV A, fER AT, B AL dE S Ay, TR ATAT 06y A SO R

L ;2 B 27 L7 0 £ K 30T S 6 ke o O AR £
b B (] A TR PR SR 3R R T T/ LAY BRK (/D T Sm) 1A o & R
Seep QAT R A0 K (0 E ik ) T FIF eh . 55 0RO kAR A AT AT Y R
i R 25 gy o AR Y, X B O a0 o A o A AR 1 £ £ e 5l £ 3% U 5 4
4o | {8 18 T PR B B IR Daphnia () FE 75 LA b0, 08 1T 7R €2 A7) ) 80 B K
R R L (HR L AT RTE , P AN M T i A 0T R A Bt 5 T i K A

W WAt A A, R TR AR Y. Bk, R
$ibi 0 7 110 158 OH W H2 3% Leptodora . X IR & Polyphemus HI 2 32 3% Bythotrephes 51, Hifth "
B Y 1k o i i B R A 2R Y ) B BRI R R 1979)
5 L T A ) B 8 O £ (XU
1992 . 1903 ). e i 245 9 1 £ 2577 A 4% H o 1) 8-8 MY B-9 B, B, MEAYIE AR H
% 9 P 8-11 i R

ral P

MR8 oAU A T00 I A e 0 L O T o R PR = 200pm)
(7] B Brendelberger and Geller 1985 )
Fig. 8-8 Scanning electron photo of the filter comb of theracopod 111 of Daphnia
magna ( bar = 200pm ) ( Cited from Brendelberger and Geller 1985)

B fiy 45 A% T 2 M v HE T 8, iR 0 i i A 500K 3 5 R 40 (Brendel-
herger and Geller 1985) . 7 WL EL iy 245 1 g frasym Al & ] E ( setulae ) [8] /5 7F L 8
¥ L4 T (Geller and Maller 19810 D41 [ LBt #{L K 0.24 ~ 0.64um, FRA KT
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R
¥
|

g

i:E R0 ,”ulrl.".'mu J'JIJJ'fr'ljrfrr I.IE'"] "‘-I‘I] Iy I_1 .‘J? HiLﬁrJ -'I, 1-_. Hl {H‘ E_,”j‘! H.I':I‘ |F_|,'lfﬂ' lt]
(8 =2000m) (5] H Brendelberger and Geller  1985)
]"i;I. 18 SCannimg electron ]||:||H|| of the seta and setules of the filter comb IV of .I'Jup.&me.'
pudicaria ( bar = 200pm } { Cited from Brendelberger and Geller  1985)

% (3% Diaphanosoma brachyurum , B 1 & [ & Chydorus sphaericus | 11 T I £ Cerio-
daphnia quadrangular . 888 Daphnia cucullata K BIED. magna; @ % MLIE
EH A 1.0~ 1.6pm,F ¥ Daphnia galeata . D. pulicaria . EHWHIED. hyalina fl i
il % B & Bosmina coregoni ; (0 ML IE £ 8 s E g ER AT 2um, £
BO7E 2~4.2um 2], B3EH Holopedium gibberum 150 5% il 35 W Sida crystalling .
iy 25 0B i £ WORAY | B A B £ B 3 Chydorus §1 %2 8 3% Bosmina f9 2 ~ Spm, #)
o KU B Daphnia magna 1] 40pm( Burm 1968, Neill 1975, Gliwice 1977, Geller
and Miller 1981 (%] 8-10),

K 46 BT BE B £ 0% TR0 R D 0 b TR BE R A 2 R B KD iR K ( Bums
19685L) . 1] BE 8 B fir 2% i 1E £ B (Gllering limb ) 22 (8] # BE B K 51 5% 22 5 ( carapace
crevice ) {19 6 BE 7 BB 1 ( Gliwicz 1980, Gliwicz and Siedlar  1980), B #R 2.5 ~ 3mm
{9 Daphnia magna 1~ 14 €4 ] 75 150, T R AT 80pem /0 0 R $ , (B fth b 25 Y L5
fiy 2 BT G 3 £ 0% 9B 49 % ik K (LA 3L 45pm(Bum  1968), 55— BIB ATtk
# 7 7k % 0 B AT w A Bk A, ik o sh A4l T 3 Y §E B8 ( Richman and Rogers

1969. Frost 1972, Richman et al. 1980), B 8EF| HI 42K 4 ~ 100pm KDY
Wi B4 ( Poulet 1973, Hall et al.  1976)

(ElE . MR E D, KAy T80 R = 1PrE:6.4 -7~ 14mm H
ErfrBE, 15 ~ 29mm S 7 3 i B £2 4% fk B BE, 30mm LA b 308 8 B BL OO S5
1992, 1993). {EIE X B S | 8l LLIEHERY . 1 i 5 1 B R N S RO el ol 1
S B Ex A 11 £ 4 A0 RS o R e T AT (] I 4 % fi) B (P 8-9) . R 30mm LA
I i ity 6 0 (6] B 8 ~ 20pm, PUZE[E]EE % 15 ~ 33pm, (R, O] BEHUHY de ANER i EA
Ko h 8 ~ 20pm x 15 = 33pm; 21K 30mm L 8l 820 ] BE % 23.4 ~ 72.0pm, fil] %
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Fig. 8-10 The food niches of adult animals in eleven cladoeerin species s related to

fiuned size: the manges of high fillenng efficiency are indicated by thick bars, the
pransitional runges of probubly decreasing filiering efficiency al laoth ends of the
spevies’ food size spectrs iare shown by thin bars. The species are wrranged
in & series of increasing filler mesh-sizes( Cited from Geller and Muller 1981 )

(196 % 29.8 ~ 55.8um, [, o ik A9 8 8 9 HLAS 0y 23.4 ~ 72.0pm x 29.8 ~
55, Rpem( MIBRAESE 1992, 1993). s Tl Y S AR ] B °F HLE X B, 96 FREE R
£ 87 4068 LB A, SR, Cremer FI Smitherman( 1980) 19 3% 9 91 By 2 0, WOk 0
iy R e R A . P O Eh B RRE B ) Ah K T R 17 ~ 3000pm (3L K i F
BB 2l 50 ~ 100gm) , 55 38 i i T0URE $y (G080 A0 DI 7R PR dfp b B ) 6 /N R A
8 ~ 100pm( e A #6417 U5 HUBI N 17 ~ SO0pm) . {HIZ, 55 - 5 T P O ) e
[ A AR S T A A e B O 8-11)

B (Silver carp) M (Bighead carp}

PEgo11 & MEEE N R Srn B mo R FLOrtaE AR V(5] H Spataru et al.  1983)
Fig. 811 Portions of the gill rakers of silver carp and bighead earp , mzinter-gill
rakers epace ( fillering meshes ) ({ Cited from Spatan el al 1983 )
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(. Mg ST A RO RL (I R AR AR S ). AT AT S
AT I R &, SR — A BB SRE IS 10 ~ 20pm ELF A9/ R PR e 4 (1
8-12), X WHLEGL, ERE M AKER MR IRWIE b, I APt sy it
FaESRRMEIT R e R e, BEEFHLE R AR KE, MILREY - F, &,
Bl A £ TR A R R A R O RT R S 6 BDRTRR 2 Ok TR oK 8 O T R
BT AR A R LA B A AR, B SEAYHER BTN AL
FIFIA SR T @ TS A I R, Hoh, 8 SIS RmE R e Sn M
PORP A R AL BRSO 8B SRV R B, Mot ol A A (i i sh 4 )
MR AT 4= B, AR AT WU, i i A 00 W e e L R Rk R Y o
K FAEWRR . K EARTT 48— 1~ A3l 0 5 A7 8045 B 5 8 Ak Tk A BE |
) B o A O 0, B 8O PR B DA N S0g/m’, BP— K RO R
HE M 1999, Xie and Lin  2001)

B 12 dbptabqir s BT A B . AT ELFLAY MR
O, AT L0 S U A R A R o A Y
Fig.8-12  Ihagram of the filtering apparatus of silver carp and the filier-
|1]$‘. iirﬂ'l'f'ﬁ-‘\ L1111 -illﬂ.ui]l". "l[h‘,’l.lr'" HIII-I]”i‘I ”HIII !hl‘ IIIl"l"iI B 'I\'I” EI-HE-L‘ 1.hl'|.|l.lgl'|
thee gill rakers, wheress the algael e g. . the colony-forming eyanohbactenial
larger than the mesh size of the gill rakers will he retained

and transported into the intestinal canals
s i AR e, RS s R B A I R R
(1) HATFe Atk RS mEMRY kKT ( 2L RBEME) L
(R h s, SRR E o] fr e Sk, A K R WTE A 4%
fERIM B s, X RAMEAEMEGTRME(EF -RBE1-2 ALIKN) ., #
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R A A O R i R e R e o O R R Y R R R
E. M, @A FIEEFE, BT A REERTEAMER, #HEFERBEE.
B SRR T O A R K O T Y 5 B T IR O 20kn” 1) 4K
B X, A e o XA R S R AR DB P AE SR IF R R 2, AL e
R TEET 1970~ 1984 FRIFEAMERRE M EEEREKEL 16
2 A(Xie and Lin  2001) . FEHEF F 876 000 808 69 WA 1A | 5l ik 20 009 4 i
PR TR T EMERKER 6 FZAMNBRARIEDL. THUEAT K
i, A i iE P AR £ A9 A R G B T i Ik B 0 b A A o ) O A U

(2) i B A e, BFANRI S N BE A I, B ST I R A B
. 20 42 80 F AL, HERDAW RERMKEER, S0 K &R
aifb i, MEEES ARG FEFRTHSENE, ERESMEE(TE) AR
By B FE B LD 24 100 ~ 370mg kg, 7K 4 IR & (T 3 ) 4 235mg/ke ({0 H 5 F
1990) , 1M 8 i A e [ 0% 0 A 0 0 60 PO i 95 9% B R 4% il M N T AT 4 R
TP R BT R, BE . SRR IR A RN L e SR R R B AR BT, BEOR 96
AatEE, CERR I E L 49.6% (BF)FI 34.6% (M) (CRERIEICH  1983), RMK
MM FE ah S 2200, B | K 0 A A Y 0 M A R B0 T BR T (Xie and Liu
2001). K B 0 LB, A — 4% b R R A BT B 00 A 2 T B ( Microcystis
viridis ) [ MC-RR #1 MC-LR % & 4 51| 4 268 ~ 580pg/g A1 110 ~ 292pp/g( 1+ 8 ) | MR
Feih | BEAY O BEEURE K 1202 ~ 4807,g MC-RR Fl 681 ~ 2726p¢ MC-IR/kg(IB T ), &
of 80d G4 R AR AF I , T FL AT Al 8 9E A MC-LR 7 B2 B ) B 4% UL OF RE
P IE MC-LR 5 i B 88,

(3) ScHMmen, CREMTFAGRX EAERKENTERNAS, 5F
EEERHE, EREEEMERE MR, JFFMERR, 20 L 70 F17Y
Ao R A B D A (bR ER L AT SRR 1980) . B R R R UK B0 50 HE A R ol i
Wi, WHKEM R, EFUER, mERAMAMEGHK L
SEEHE S, TERILA M, JE 2 A W R O 2 A0 s P T M T B TR KR
i 75 3 B9 2 T ARG B A0 B o (P 8-13),

(4) BEIEE T fr. TS e BERA B, SRR KR E ) @K
(TERR%E, FHERALCBEMRAEEN) SR EMATRREDEIENS, 5
N Wetzel (2000) FFfEERIILEE, BRL DEABAH - EREHEHBEER T
G AR, TR S I R B — H A N FROE R LB S et A AR
A, Sata s EadH, Fei oY mikimiye — . st
FEPHROREE, RAEREERLHEES S, BdMETNREDB
EhRE S, RN EN, B A B OUAHE s KRR BEAT R R, 2T
B BGXHME FEMOAEMEE R, SRR KM RANWE TR
W, (B — R4 At el M 300 2 (Liv 1984) . LR L, ERIURH, &4 ETEE,
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Fig. 8-13 Comparison of the sights of the Donghu lake hefore and afier

the success of non-traditional biomanipilation
Upper: accamulation of surface blotms of cyanobacterin in the bay of Shuiguohu sres
in mad-1980s { phato by K. Tatsukawa) Lower: sight of the same bray of the
Donghu Lake after the disappeasance of cyanobacterial blooms

g 174 41 05 M 56 R 1 2 Nk ) R (18 B-14).
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Fig.8-14  Annual nitrogen and phosphorus budgets of fisheries in
thie Donghu Lake in the late 1990s Comit: ton)
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(5) [ 0GB 04 14 30 97 7 . a0 30 ) K o G (TP A9 1 B A0 1k b s, 20 4
BO 4 {8 407 07 B 47 0 K SR O S I S B, TP A B R (L, RO SRR b M A K R
Kla, TP RFTR, 5285 80 FE{CH MK, 90 EIUEBE MM A SHBEFEAE
PCAE 6 (1) 8-15) . B Bl 9 58 F 98 A 45 5L GE 96, BE K T At 4 2 % T L B b ik i
FoREER, SCHLPE AL B R el T A A e VR 0 In 5 5 B pH fE 0 TR (El ) m
BLONO-N) e BE Y T R Xie et al.  2003a, b). R 3L, fEali AW, itz
e sk PR R i PR A MK T, A RO 1 TR Y o R A

[ 8-15 1957 ~ 2000 5 i 25 150 4 1 88 K ob 6l i 4 W 1k
(B Xie and Xie 2001)
Fig, 8-15  Long-term dynamics of phosphorus in the lake water of the Donghu Lake
Wuhan, during 1957 = 2000 { Modified from Xic and Xie 2001 )
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a6 MbEHESEREEGG AFERS i 40 i 2003-03-22 http s/ www . yn . xinhua org |
bR Mk Sem MR A, & BB R E R R R MRS PR AT R 8 A IR TE o] 25 4 14
4 MR DL AN, T R R AR T R ol e RSB R 2001
12 H 13 B, Wip: & www . people, com.eng T~ 1 e £ 0 4 F 2002 S5 26 H) i‘krﬂla{f‘iﬁéﬁ?{- 200w, F
2000 °E 4 AR, AL T - 6. lke? MR A, JLEEARE MEME 200 % YFMGAEA R, R0
ELff S50~ 10,2003 fFBH R MMIE R T AN ERT 3~k BERNLRD i 00 &4,
G 3 S b b B R T EY 23, ST O B ek R R R R 5
FRAR A G A L A O S A o O OO
Fig. B-16  Field wrial of the biological control of cyanohacterial blooms in Lake Dianchi
{ Cited from Yunnan News of Xinhuanet, 2003-03-22 hitp; & www . yn. xinhua , org )
The upper lefi shows a Sem-thick cyamobacterial surface blosm, the upper right shews that researchers from the lnstinte
of Hudeubiology, CAS, are releasing fingerlings of silver carp and higheael Tor the contml of the Bloam, and the lower
phiotos indicate that a lot of feees of the fishes ane Muating on the sueface of the water [ ihe upper photos are from
Fhongyao Shou, Dec. 13, 2000, hitp: ) www preaple . com . eng the lower pholos wene tuken by the wuthor on May 26,
2002}, This pruject with o badge of 2.23 millions, started from Apeil 2000, and built & huge enclosore of & Ikm'; &
wotal of 200 tons of silver carg and bighead Bngerlings were released into the enclosure . thee fingerlings at storking were
less than 100g in weight, and now they grew to o maximum siee of kg, o the total fish biomass resched more than
00 tanss afier an experimental period of tres years, biomass of cyanobacterin declined 1o 153 concentrations
of mitrogen and phosphworus in the water devreasedgreatly . whereas tronsparesncy showed great inenese
arsl the dissection of the Gish by researchers shows that imestines of the fish

were [illed with cyanobactens



P oR-17 BERES| ACKET M LA A S S H NIWA (National Institute of Water and Atmospheric
Research) 2003 |( http: /" www . miwa ., cri.nz /e freshwater/ fishatlas/ species/ silver _carp , htm )
BP Al e e, Uiy RN E ey, REA R R R R, MR, T
Hawkes M0 — =i d MRS 08 Z ELA AR EAE AAHHTHERTE R
Fig. 8-17  Silver carp were brought 10 New Zealand specifically for their potential o contrl
the growth of phvtoplankion| Cited from NIWA { National Institute of Water and Atmospheric
Research) 2003 [{ hitp; & www , niwa. eni . ne/ i/ freshwater/ lishatlas species/ silver _carp . him )
Field trials showed that silver camp could contral phytoplankton blooms ai oot times i enough fish
wire presend . Silver carp, present only to the |l of the barrler, wese able to control

I_.h'l.t:,;plunhlnn gnawth al timne= in this small like in Howkes Bay
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