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Studies on the carrying capacity of water bodies for cage culture of mandarin

fish (Siniperca chuatsi)

PENG Jian—Hual‘ 2, LIU Jia-Shou', XIONG Bang-Xiz (1. Institute of Reservoir Fisheries, the Chinese Ministry of Water
Resources and the Chinese Academy of Sciences, Wuhan 430079 2. Fisheries College of Huazhong Agricultural University, Wuhan 430070). Acta
Ecologica Sinica .2004,24(]) : 28~ 34,

Abstract;:In order to investigate the effect of cage-culture of piscivorous fishes on water environment. the Fuqiaohe Reservoir
(110°52'30"E, 31°10'N) was selected to study the optimum carrying capacity of mandarin fish (Siniperca chuatsi).

Water samples were collected every month ,from July 1998 to October 1998. The parameters monitored were water
temperature, water depth, Secchi degree (8D), pH, dissolved oxygen (DO) and main nutrients (various state of nitrogen and
phosphorus). Phosphate contents in the body of mandarin fish and Jian carp were measured in molybdenum-blue method. The
models of carrying capacity of water body for cage-culture of fishes were build based on the carrying capacity of waters for
wastes and the inputs of exotic nutrients. The former was determined by trophic level of waters, water depth, valid coefficient
of capacity and delaying coefficient of phosphorus; and the latter was determined by the fish production of cages, wastes from
fishes (including the trash fish fed to fish) and food conversion ratio.

The results showed that phosphorus in Fugiaohe Reservoir was the nutritional limiting factor in the water body.
According to the mid-eutrophicational status of the reservoir, the phosphorus concentration (0.066 mg/L)in the middle
reaches of the Fugiache Reservoir was regarded as the maximum permission concentration. A series of dynamic models were
build for evaluating carrying capacities of cage culture, including parameters of valid coefficient of reservoir capacity, trophic
level, cultural intensity and species. The models are shown as the following:

The carrying capacity of waters for phosphorus wastes:

P=axX HXAXrX (X Q—R)") X (Pnx— P.) X 1%

The carrying capacity of monocultural cages:
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Pupe =@ X HXr XAP X A} X (W; X (1 —R) X (P, X614+ F X Pr— F;))" X 1%

The carrying capacity of cage-cultured piscivorous fish in the polycultural pattern.

P,=PXAXW,, X P, X'+ F, XP, —P) Xk X 1000%,
The carrying capacity of trash fish fed 1o fishes in the polycultural pattern:
P.=F, XPXAXW X P, X'+ F,XP, —P;)yxh 1) ! x1000%

The carrying capacity of the total cages in the polycultural pattern:

P =@ X HXr XAP) X (1 —R) X P ' X A XW, '+ F, x W, 1) X 1%

Where P is the carrying capacity of the water for phosphorus (kg/y); a is the valid volume coefficient (%), namely the
amount of valid volume in the total volume; H is the mean depth (m); A is the reservoir area (m®); r is the yearly exchange
rate of the water; R is the retention coefficient of phosphorus (% ); Pua Is maximum concentration of phosphorus allowed in
the water (mg/l.); P, is the original concentration of phosphorus in the water (mg/L.); P.,. is the carrying capacity of the
water for cages (%,): AP is the allowed increment concentration of phosphorus in the water (mg/L)}; & is the survival rate of
fish in cages (% );W, is the unit fish production in cages (kg/m?); P, is the percentage of phosphorus in the fingerlings (% );
b is the multiple of weight growth of fish; F is the feed coefficient; Pris the percentage of phosphorus in the feed (%); P, is
the percentage of phosphorus in the adult fish (%); P, is the carrying capacity for cages of piscivorous fish in the polycultural
pattern(%;); P, is the loaded weight of phosphorus of unit trash fish production (kg/kg); P, is the carrying capacity for cages
of cultured trash fish (%,); Wy, is the production of piscivorous fish in the polycultural pattern (kg/m?); F,is the survival rate
of cultured trash fish (% );W,is the production of cultured trash fish in the polyculture pattern (kg/m?);

On the basis of the above models, the carrying capacities of cage-cultured mandarin fish in the Fugiache Reservoir was
1. 60%, when mandarin fish was monocultured and 0. 21%, when Jian carp was monocultured; and 0. 31%, for mandarin fish and
0. 21%, for Jian carp with a summation of 0. 52%, under the polyculture pattern.

Key words ;carrying capacity; cultural capacity; model; cage-culture; polyculture; mandarin {fish; Fugiache Reservoir
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EZCIH AR EARNKENREARBREANEREN KAERXREFTEARPNEHE P HE AR . LFEEXR £4HF
YR AERFERSRTSRE LMK RIEMEGBI1607-89) # 47 3 BT /8 5 59 Aok 3 205 R 248 38 2 isf /K BE 89 K o A R
FEHAER AAUEMERMG T KENMERANARS, XEBRENEZEAMN I BRAXSTERBKEPNZTHRE KK FH
RERAN BEAEL. FAMNR . AEBRESSIHIFAERAKRKRINER TBHAE. MEKANEENERAGERA
KARENHBF, HAR LB,

W (Siniperca chuarsi) RMBHRANEA . EHMHETRERRRBACK . 20 B2 80 S, B JL A SRk B2 HF W K B B 20 5¢
REAATEN FHRPMEFEMATTRS . AN, 5555 0% & W 05 R0 8 5B i A5 ORL EE0E47 9] 0 P FS 30 28 X Rh R
AhELEmRML, B FREAARBELMEEERNEANARNRR NAERANRNARARALAXARNBREESR
ARHERE L.

1 KEERANREEARRK

B K B AL 110°52°307 k& 31°10° AL T 1960 45, R AP L I . R IR Mz LI KFESINEE. KEE
YWESRN EFNEHN 3 81X10m? KEZFEFHARE5. 6 m, FMIBAN 22 150X 667 m?, RERF 5.4 X100 m' . EZF T Y
AKUMTAKETFHASAERSLERKR S0 1% . KFXHBEK 1. 65,

BEREAEFRMESAELE, MARRAREA" 20 EILFNRR VA THREEERARGHEL FBB TR
FFH TS L &M ai . 1999 B, R RUKE P A TR B 1B R R A 3. 60, MBI T A 300 48 . M A TS Y 0. 9, B
R E 8. 895 kg/m; KEMBRAENEREYER BN 2. 1. MEFBN 50, BEERN 0.9, 177 &K 48. 033kg/m?,
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2.1 KEE.BSRNNE

1998 E 7~10 A.BARXEAF 1 R. KEFEREXENEAFN OF. I 2/ 1B 2B 3FNEREMEEC.Sm)AMNER
BeHE . MNETHEEKB KE. EHEGD).pH . BEOORKETHTEER R EBHEEZER.BF. EHKAEBF
R RV HERA 721 B 751 R kEEIH.
2.2 MANFEFVREME SRENNE

BRa(BESGe £ . MERANER(EE S0 £ RER(EE 15 LA R 10 . HBREHELERIRNEH.
WL EE Y.
2.3 KEKERBABPEHERT

KEXMPEFARB IO MEKEKESEANEDRASABEBERYENBARERED Y, KEESTRBE
PRESKANERARF. KR ERUREARBFBREAX YN EUHERYDRANEZLOSNENES R BUAEAX (A
FHREOBMEAAKEHEDBRAERNZEEEL. ARMMESAAKR IR TITE G EREFHRK.
3 BR59W
3.1 KEEFYREHEFHERE

REFHEHOEREARELRN  ZFHEDHAESEAERAN PRy 7.2 11 BEAAKERN TN X 0. 68 mg/L ,
TP % 0.066 mg/L,TN: TP 10.1: 1, Hit . EEAKLFTMERNAKZTHADEEANBHETF. L. B FARE
KETRERZFHHEYEENHHARE(NH NO; NO; 3) G B EMEHA . FRBREPONDHEHRHLAER — R M
ASERUERR—HR. B AER . FRARS TNHNEA R 6%, AERBATUED KEGTHE R A nE EHL
B TAKEFPHEHRREPOHILARBH LA —BE/D, HHTA EHTKEPERFIERDESAEEARNE R NE X8
MHABT 10.1: 1. RKEHBEHERTF.
3.2 KEERAREREHETFAIFEE

AEEERMAEKEPE RERDHAON MM ERZHEPIRE LN N KELESEHENRTERELY), BHRIA
ERHRHYOKEHE=RE2.65g 0,/(m* « ) . HRK a FHH 14. 64 ug/L"  RIE Werzel " THI ] KRR bR AE R IE N,
KEEBRLXER T —EBEEHFRUNEE . CHNEBRXE . BHMAKERTEERUKE, ATFEREADHKER £ ™
B HEK: SENERAFRHNAKEATHZLROIERESEN . REFRACKTIATHZ LHOREEFH RN, Bt
BHFAIAKENSHOE. KERANMENRERRZBURKEDTHEAMEPFALXNEREDIRAS LB AKAETEERYS
B X hn DL % 18, e 3% 73 8 T K PR P W A DR 9K FE (0. 066 mg/LIE A KK AN BRRIEE . L KETHNEFREIREREY
KHRER.
3.3 KEAREHIRE
3.3.1 AKENEDAEZEIEEY KEMNROEREARK/NDMPOIHAKEALFBRMMNEKE AP BEEZEV) . KEKEZHE
HDUERROFEARRPRORE - ANTRARE .

P=AP xV Xr X [1/(1 — R)] /1000 (1)

A .AP.V Al FEEGRY .

AP = Po, — P, (2)
V=aX HXA (3)

.G RAMDK.H
P=aX HXAXrX[1/Q—=R)] X Pnpy — P,)/1000 (4)

R, P R AR B AR S (kg/y) AP R RAE A TR MR E (mg /L) V AERES (o) AT UERRE DO E
B HKBEXBRE R IRNERER(—MIAN 55X~ UM SRERBEHE AV RIE 50%) s Pou AR &K T BB
B EE (mg/L); P, KRB A REE (mg/L) e RAMERRB - MABREELEEFNES H IFHAKE M)A R

A BEH H(m?),
3.3.2 R EAXMNBEDHEIEREY R -AXFEAMNANARAXNREYDRESEPIEYNNT .
P,={P,+ P, — Ps}/h (5)
HF.0F LR .
P: - Pm/b (6)

P,=F X P; N
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¥ ) (DHARAGIKF.H:
P, = (P,/b+F X Pc— P)/h (8)
Ab.P R EERLREERNBREDE AR Cg/kg) i P RFEH RN EBEARTFRPOREY § 8 (kg/kg) i P: K FF
MM EEAXITEHSERMRED S B (ke/kg): P FRUGEAXLANHBREY X B (kg/kg)sh ARIER P, X
HPPIRROOD: IR ERNKEYF AR REGP-AER AR EBE D,
333 BNENKEKAREAMRE HAKENRMNABHPOMFHEREVEETEALRABREYHEARPHIATLRY KIERBERN
BRATHW).

W = P/P, (9)
11 A B BLCS)
S =W/W, (10)
KK PR TR R S 9 (Poge)
Poge = S/A X 1000%, = W/ W,)/A X 1000%, = P/(A X W; X P,) X 1000%, B0

AW RKEEEZWR XA N (kg/y) ;S KK AER B KPR ()W, Xy P E 3871 (kg/m?),
BWOHGOXAAQNDKF, B
Po=aX HXrXAP X h)/{W; X (1 —-R)YX (P,/b+F XPr— P} X 1% (12)
3.3.4 EHFENKEMRELEARNEKR IR
(DEFEEKENSAEANRMEERRIREY KEFHENSRAVAEARRIIKIEANRED R (D).

P,=(L' + P, — P;)/h (13)
F,P/H P/ ATHTRKY.
P' =P,/b (14}
P, =F, X P; (15)
¥ OO ADRARAQDKF 1]
P,=(P,/b+ F, X P, — Pp/h (16)

AF.PARERANFHAMNAKERATABRKIAKEKNIRED R (kg/kg s PV AREFRHNFERAVAEERGNEH
FIRaNnBEY S &k kg/kgh P IRERANFHAMAERGHAITHERANREYHER R (kg/ke); P, HAHT R
B b HEEMKERGF YRARANENRRPARBAVAEENGNREDHAR.

HAEMRYRE N (POAREFREANFARVETERAEABRIKEKOREDR(POT LR B AE AN KEREE
SHRALANBEXAFE AW MENRETRESHOEKERAN KEMRAEANNBRE N P).

W, = P/P, QA7)
S, e W,/W__r, (]8)
P, =5,/A X 1000%, = P/{AX W, X (P,/b+ F, X P, — P;)/h } X 1000%, (19)

RXP W ARERANKEBETHRAYABHR AT N (kg/v S AIREFARKEREZH AT AN NEER
(m?) ;W ARERAN A EN T’ (keg/m’); P, YREFME KA R AL AKHPHE AR .

(ORFERHAKEMEHARAFAHNEKE NRAE REHRANKEEEZAEBAHNRKATIW) NIHAREERBGCHR
RSN AR A ERE S (P

W, =F, X W, (20)
S{_ = W[./Wfr fZI)
P,=8/A X 1000% = F, X P/{A X Wy X (P, /b+ F, X P, — P;3/h } X 1000% (22)

AW, HREFRARKEBEZHENANR XA (kg/y):S AMEFMI KEBEZEHN AN RMAERHR (M),
W ;. kB2 3E 75 A0 16 0 £ 07 7 & (kg /m?)

(3IF IR MAEEHE REFRBE/KEOMBEERET.
Pow =P, +P.={{aX HXrXxa4P }/{(1 ~R) X P,}} X {1/ W, + F./W,} X 1%, (23)

A Q={axH (1—R) XP,}X 1% M 23T ®jik R
Py = Q@ X {1/ W, + F/W,} (24)

3.4 BHTAEMBFENREN
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32341 FHEAKEARATE EHWKENFTRNESFAIKETHERIZR.AZFFHAKETHRLESERN 50. 1%, ABE
BEKa =0.501  KEZEFEHKEH=5.6m,BH A=22 150X667 m* , KB EW r=1.65: MW BFBER R=0.5, Pou
= 0. 066 mg/L. . KETHKEBEE P,=0. 044 mg/L" B EMNRAKX 4P BEHRKEMARGANE: P=3003.3 kg.

3.4.2 HEEEHFAAEMNKRENENERSN RN BEMEYITHRE P, =0.52% . BMANTHE P, =0.6% . BEMNS
BEP,=0.8B8%:FHHKERNBHEEOENERF=3.60. MARMNBEFTH =13 MAMBRIFEE =0 B ETNRAGR,
MR FARMAERMABKXIKENREYD R P =14.24 X107 kg/kg.

WPHE.PHFHAKENBAFAKGHHEA™R W, =8.895 kg/m? FEHHKEFH A=22 150X 667 m* LA (DR,
A RKENREARBIEBIT P =1. 60%;,

3.4.3 BAEHNTFHEAKENEENENEAE N SN . 2EESMIRE P =1 1% BEMNSHRE P, =0.52% @8 &
HHSRE P, =0.50%  BEMMBERN =50, NFER-A=0.0. KERBHXHABRYHANER F=2. 1.8 AGRX.B
ARARMARERB A KENREYR . P =20.00x 107 kg/kg,

#PE.PAEBHEFKEMBHEAEMKRUSR W, =48. 033kg/m* FHWAKEER A=22 150667 m A QDR
A] $5 K AR ) 1 M P B R R T P = 0. 21 %00
3.4.4 EFHEFHEKESPMBEROERES

(DRFEBAKEMNEEANBHERL SN CH P=3003.3 kg, A=22150X 667m?,W,,=8. 895 kg/m?.P.,, = 0. 48% ,6=
AR F,=3. 60, B A T MM AP KENBEYDR P.=20.00X 10 ° kg/kg Pr=0.6% ,h=0. 9, fL A 3.6 &1, 0] LI 1L 24
BKFEREFRBEN KENKARBAORKRE S P.=0.31%.

(DRBNPHAKENRBRPMBHAE SN CHF. =3 60,P=3003.3 kg, A=22150 X 667 m* W, =48. 033 kg/m*. P,
=0.48%,0=48, P AT EBEPK B KEMBEY R P.=20.00X10 *(kg/kg) P;=0.6%,h=0. 9. L AR 3. 7 th, AT AN H
M KERERAN KA EERBRERE S .P.=0.21%.

(DR ZHRKERMNEERE N KREFRANKESRBAKERRE N P ap=P.+P,=0.52%

4 W
4.1 X TKERB EEIRP RN

RREEREARER N KEREERACRE . HIrEIH . MEAFRASH KIEERGR B3R E K. R A8k x 5
REKEKKRANEE.

HA .EBARERAKERNIRE AXFEEETERZNFTERENAERL BN, WHRBH " KEARERAHEGEEE
¥ 0.01~ 0. 02ml/m*, {i] 7 B 214 H & 2 0. 03 ml/m?, Carlson2 ) #8 45 & 0. 02ml/m?*, Wetzel ') § $5 4% 35 0. 01 ~ 0. 03
mi/m’ B HEXEIRENEARITHILAKERTEFEERELKEHER. T EBZ R E. M TUHANEGKE
XiE, XREIRHELEHBN., BY REEREVERDE VR ERTE I FEAERGIBEF - EEENEN
Y, —ERENRERASEERLEFEAMOLENE GEAORGERBAEDFEAKEREERYBRHESER. HE AR
EERRIREERIR IEH KK HERB/IAONE., MXEHEEFM DI AN KENBEERE  ERFEEN 0. 1ml/
m W ERRINAVEERFEPRIB VN 25, Wetzel " HRMEP R TREBERLE . H4 Tt 16 F 2 553 BN A B
AR RERFBREERFER L 0. 066mg/L—— KEPHMNPREE N KEALIFOBEBIRE. XA By IR KK %
BHERHERNEYRTR X ASHKBERTEA/NRERY KA.

WMEBEHAR B FKERRARIEAERAE.EARAKESTEERMN, B E K AR ERRREN YR KEDIERR
PUIATRR BEAK KPR A M P .

4.2 XRTFAKEAE BB E

KEFS ARERAG A TERYHFHNEA BNHERSHEKERR. B, 0T M8 FEE 8522 B Kk E M
RAERNSZSHA  DREBFIXENREFANEEED.

STAKEARBE NBER CRRNKERZEEERYSIARHAEEFRDEINOTIT. BHIEE-—BRENKEPE.
BREEMARRER RN TR AHENBANEITTHENS. SHISRBELEINRLERKEXBADE LEREHHER

B 32 HBH 2~070F%Y, BTFREAKZTEHERRHEE AL TSRBHBEMEHDAR . ELERY. HitK
A Dillon-Rigler # A1 OECD A" H# . OECD B RE— TN KEPFLBRNEE P BHANSBRRE P, M &t
i) T () ) of J(1+T(w)], BRBAESEEMNMBAXRAWLENEIFT PARSE. FERATHMMEFRENRORK.

Dillon-Rigler MR B RERERET AKENHEEHABAR KEZTEPO RN KZLHBERKWEBNERLE, 8P
=LX1—R)/d p., (P HEABPEE (@/m®) L REABREE g/ (m?+a)).d BEAKARHGEHERF (m).REBTEDEZESME S
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t.p REFEMKZSHRE), BAi, A XFEE BN KRN RS R 76 HRERIZEE, 1 Beveridge & A B BT A 4 —4/b
RFHS AR RE IR 3t/ (hm’ - ) BREEHEERHEEEKETERREMNENE RS KERE KT
Z R 355, AR Dillon - Rigler BB F it ALE R FYNHESHAERMBT BASRKENEREZTREK
(a) X B—1T8M. fEHTE Dillon-Rigler AR E . EEREBAVNEEHER . EUTEHESKENBFTRESFTRH.EEK
¥ AARFERRANEZESANHDERY . CREEERAVWTAMEEATREARWKENAFRAFRTA.
4.3 MEFHARAHBLSRAKGRNEENER

HTRAHARMEEEARNERCGI SRR P A MNEA™W, ARENEREAREEE X A FREY 12
BKEMMBAFARSAEHARNERTERHARNERENLEXR., BHUKEMBE - FEABARAEKE TR 1.60%.. 8
—FHARMENABR DN 0.21% . BEHEC2F. AIRBERFPFHNAFLE FERNUFEBAEUSAEMBEREAN T HWUR
SEREME. XAEAET KRG E D HTED SEFATFRKENREE. BRPL FHTKENRKRERB KRR N
st — MR NEN AR AMMT 136%. ME MNEFFESE. AAMNEFNRAHAXHAT K BHNBE. B
MAETRONEE TRASGE, ABIVAIANATFRE  KENERURAEMBFER N XL O] LU A AE S RS
BhH.FRAAKEHXREHNTR. SHANENERAENGEM AL BN KEN A -FHARBHNERBENEGRRL.
EHEMAKENAUENGEEREVERS A HRERE M UEBAERBEEALSNERENBERMO LT RE E P KE
BTG R R BT BB A F) T ol & K B B A/ R A 2658 ok T A7 300 AT BB 2 XK 7= A A R g
4.4 KIEHKEHE

SAXEBFOKEAEEMMBE. MEAFRAKENEHRIROUEREERANTE., HR NAKRABFRNNEEEREDE
H-EEFEEMBTKANEEREAR. ERARBR AR EMBEARNBERAFTRNOEE AEFEITHAKETFMERANE
BHRMBATLUBIAUTERE. ORKP H. OXER VN BEHERYENRA . ENERARAHARNX -KRLEES
R, TR ENGIRRT YRR BH K RER R IR 1670 P EHT R 9 EXTRHER
1. AENREFARE NAREHE - FAFNNERR A REEFEX. CHLF. HE.BW, . REMEESE . EHEEF |
RO AR, RMAaT W, RO RS SXEBRATLIM N R ABRA LT MR &4 5B A K &R 58
B ARARTURE. @M - ., REDPH - (HEHRKENEZLB, A NMKEFRBEEAEN. B ETHENME
B4 B . 0T L3 8 3% 0 BT I i SR RR K 4 ~ (BIM , /K A PO A A R D e R0 0 . Gk R iR 42 3B 78 2K AR A9 o K O Bl
AL - XA ESTRAEERNENKEELE X AN . KEFROT RN RIEDHER. OMKRE.EITH
= 5 58 B i B Al LAE 3.
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