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HAE: DAL T A IR IAR & 0 9 i xt &, R4 2T 2001 - 2005 ¢ 7] A SR AE & R IF
SRR FREACGRICTE B F o B KRR AR TR, 3R E &35 07 K AL
FEXRFEHRABTT 2T ERRAAE E RO REFRNE FNA X, WL 5K
RETHRAENHEX, ERERL #-FARTHRREAFHARERARRENYHE
EA®mr R, ol GARERGRAEFVUHXRWHRERF AR LT RAFREAR S
RERRENTRER, ZRBAEAXTRAZENRE G RRERERRENREATE
BEFWHR . HZEA AL 2005 £ K8 &R H AR A FRRATT TR, TRA EHE
%E8L2%, AHHAK ERMARLRETAZERFWER TR LEN T RAREAE

B RFEEN R TR WTREA,
KB AE & REHREE T TR
hESHES S 942

BEE K= IR ML A WY~ K, I JLAE IR 58
HEYIRBRR AN x4 B H B E, YR
FPAE BT KR TR R R R
—o ENXIK=FEEYRRECHT T2
FTEABIBSE, (HiX SRR E B R P XK
R WA RF REEES. BRI ESE T
B TR BRI TR BRI i A IR
o ARSCLIFHUTT MFEFRIE K B A Pseudosciaena
crocea (Richardson) BSR4, 7E Xt MIFH FRFH K
WA TG B R A R SR SR I SR R B HEA T 2
EAHTHERE b, 2 T MR R R ARG R
R R, LA KB A i A R R 4R R
S, (R O B K R R 5 A MR TR B
ME LIRS %,

1 MRSk

7E 2001 — 2005 4EJ8], W5 T IL T E ¥ X
TR P X WA FRAE R B B AR 0L KR

15, %5 B #A : 2008-06-03 {& 5] 5 A :2008-08-17

MXEFRIRES A

FFETIBN, I HRBEET 241, FR®EET
FRAREAR 12 P MFEHEST TE AN, ZHiD
F T EANPAREANFEERK R AETR
O, ME T FEMFE N B4 8 BRI T4 2 BFK
1528 . pH B B 4845

ST N X LIS X R X 4 R X
BB T 3 AN REE A, 7E 2001 4 & 2005 4F
R MRE T 3 o R A A5 B FAL A F A= 4
B, SRR R R R R , 40N
MERBHEFOEE U FOKR R E, B3y .5
feE pH . BERREL REFRER AR A 2R L
PR AL2EFe 88 (COD) 55 12 845, I & 7 ik
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T SEERKE RN, EW B EMEORMES] Bl
B, XRERIE R AMBRE T, BitE 2.1 RmMse
XAKREABERE T, A EZ RT3 7k EREHTN BRNEREESETE

X KRR BEAT 20, AL T BRARA
2 SRS

BRHNRR R RERERENEE, B
R TR A A LR RS Z MR
T, RAEE T 5 B & EFL R B & 4
B EBR T, 7 BEXT BN B A A AT R L VA B

KO8T R EABG RN R ER R R,
it 2001 —2005 4 YLLK 35 5o B9 AR R AT T
o, BRINEG—FEFANTILARMER, LA
EARNERFENRE T RZRREST T T ES
WD) SRR ET % RS
1 3 XA AR ES

R1 EREHHESN

Tab.1 Analysis of variance for the disease incidence

BERR BEFHH e P # i
source of variance sum of squares degrees of freedom mean square
[X 55 area 0.341 2 0.1705 5.49°%*
4EA} year 0.1725 4 0.0431 1.39
X5, x 4E 45} area x year 0.0278 8 0.0035 0.11

H 4 month 1.7084 55 0.0311 14.44%°
R2 error 2.6891 1250 0.0022

it total 4.9388 1319

& HRRERSE NI ESYE, FEMH R ERERERZRERERT S . « « RRERRERE

Notes: As the data follows a nonnormal distribution, it was transformed with the arcsine transformation and the analysis of variance was

applied to the transformed data. = = Significant at 1 percent

F 1 R REA WS R R RELE 2001 -
2005 SERRA BEER, BEESAZHEE R
ZEHRAL, & A R R S U AT
TEEWE F2FHTEELENSEGKR2F
19 B A3 H R IR BRI/ NITFHES) o

H% 2 W, RI\ER R R ENRE, TH—
FE12MF4R 3 4H:6-10 B,1 -2 ARAEL
X3 MMARRERER LREBEER ,HX

EAHNGFEERELZR,6-10 ARRREE
RTHESA, IRAKEARERNEESSET
ZRALFEIAER, TN 6 10 AR BRI RRET
Bz 1 [FE A, e I REEYIL 8 MR R E A
MERRBEAREBEER  GHUREBXER,
BB XX X R IR I B B TR T T AR
T, 2R 3 FIH T3 3 MRIFEHE T E AT
ik,

R2 RFEEAESELEKHSHE

Tab.2 S value for the multiple comparisons of disease incidences in different months

n}‘?on%ﬂl 7 8 6 10 5 4 11 3 12 1 2
9 1.652 2.286 4.276 4.847° 17.238%°17.441°°18.223°718.388% % 19.043° % 23.213°* 23.757*"
7 0. 635 2.625 3.196 15.586%%15.789%%16.571°%16.736% % 17.391°* 21.561° % 22.106**
8 1.990 2.561 14.952%%15.155%%15.937°%16.102% % 16.757° % 20.927% % 21.471°*
6 0.571 12.961°°13.165%%13.946%%14.111°* 14.766° % 18.937%° 19.481°*
10 12.390°%12.594° % 13.376% * 13.540% * 14.195%* 18.366%° 18.910°*
0.203 0.985 1.150 1.805 5.975** 6.520%*
0.782 0.947 1.602 5.772*°% 6.316%*
11 0.165 0.820 4.990*° 5.535%*
3 0.655 4.825% 5.370%*
12 4.570* 4.715%
1 0.544

EEMFZST 5, FELEUN R IERERENRRREERT. « « RREREDEER, «RRABEER, TR
Notes: As the analysis of variance above, the comparisons between treatment means were applied to the transformed data as well. % =
Significant at 1 percent at 5 percent
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Tab.3 Analysis of variance for the environmental factors in three culture areas

FFHIX area R 2 error
BHr I A il A F
factor sum degrees sum degrees
of squares of freedom of squares of freedom
7K () water temperature 7.2053 2 4983.492 8 144 0.104 1
HE salinity 105.777 6 2 4118.976 3 144 1.8490
B4 (mg/L) suspended solid 7.425 0 x10° 2 2.863 4 x10° 144 18.669 9% *
VAR ¥, (mg/L) dissolving oxygen 1.474 6 2 58.690 9 144 1.809 0
pH 0.0387 2 0.927 8 144 3.003 3°
8 (mg/L) phosphate 1.927 6 x10 3 2 5.19 x10 73 144 26.7412°°
ERR R (mg/L) silicate 2.463 6 2 113.377 6 144 1.564 5
T (mg/L) saltpetre nitrogen 0.474 9 2 0.811 3 144 42.143 4% ¢
A (mg/L) nitrite nitrogen 2.604 5 x10~* 2 1.202 6 x10 2 144 1.559 3
K # (mg/L) ammonia nitrogen 6.7771 %1078 2 3.630 3 x10 3 144 1.344 1
FTALA (mg/L) inorganic nitrogen 0.460 7 2 1.020 1 144 32.516 1% *
COD(mg/L) chemical oxygen depletion 5.713 9 2 41.505 3 144 9.9120°%*
FiFEAEY) (ind/L) phytoplankton 2.218 2 x106 2 1.171 x108 144 1.363 9
Bish4 (mg/m?) zooplankton 1.284 0 x10° 2 6.148 8 x10°¢ 144 1.503 5
#H7 (cell’mL) bacteria 8.903 3 x 107 2 1.028 1 x10° 144 6.2353%"
FEKBHE (cell’L) Fecal coligroup 6.206 6 x107 2 4.045 0 x10° 144 1.104 7
%HH ¥ (cm) water clarity 317.198 74 2 4 513.499 9 144 5.06°*°

L REPHRTABZRNZESR, 2. B EF 8 BAITF 2 WEKAKRIEF L, 23 URTF 2 BEKE
Notes:1. The variability between months has been removed from the experiment error. 2. Because the water temperature at 8;00 am
extremely approaches to the water temperatures at 200 pm, only the water temperature at 200 pm was used in all analyses

R 3 W, AXERTHERY . RE. P BRI MR OHLR .COD AR E Y BF
MR TCHE.COD . pH AWM EFEREES HTEFRRBSINX, T pH FiZE B A B 2%
RZEFEEBEES, SR XEERHPEN  TEERMSINX, SR EE KB R 2R
ZE IR SERE 4, T H5RBEAA K, 85 FREK BRI

RARW RNBERNERX, ENEE  HUMEX.

R4 BEEREZFETHHENSRASERENSE

Tab.4 Means and S values for multiple comparisons of environmental factors with significant difference in areas

#J{E mean S
BT ERXE ERXY Erepxs
factors EWX EREX WX EfpX AR AR
Dinghai Putuo Daishan Dinghai vs Dinghai vs Putuo vs
Putuo Daishan Daishan
%@%(mg/L) 531.923 1 356.153 8 206.615 4 6.8272°%*F 12.6355%F 5.8083°%°
suspended solid
B&@E(mg/) 0.039 7 0.035 6 0.037 5 3.7406% % 2.007 2 1.733 5
phosphate
. (mg/L) .e .e -
salipetre nitrogen 0.604 5 0.535 4 0.430 4 5.042 2 12.703 9 7.661 8
ﬂﬁﬁlﬁ(mg/L) 0.618 5 0.563 4 0.447 8 3.5856%*F 11.108 3% * 7.5227°%*%
inorganic nitrogen
CoD 1.679 2 1.575 4 0.672 3 1.059 0 10.272 5% % 9.2135°°
(mg/L)
pH 8.02 8.056 7 8.057 5 2.504 3° 2.5589°* 0.054 6
HA (cell/mL) 3914 1821 2 693 4.2004%%  2.5029° 1.7875
bacteria
B
BB (em) 50.943 2 55.001 2 53.769 8 3.9701°* 2.7654° 1.204 7

water clarity
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AEBEFHEFEL A ESHAR,
REABRGRIEESTTE R, i—FNZER
FVRA R KRS RIS TR L,
R AIRAREFETARPIZS B A T T |
R T RIRAER . b T IR TR
Xt AR FR BRI, AR R SRR B B R IR, W 5 AR

FEREXT R 3 A-B R B (R ZET .1 -2 HAH
BEAM) KRR TR HT T BT, 4
REW,ERRET KRB FY) BEREE iR
AR TEHLA - COD ., A ¥ F0 40 B S &
SFRERR, TR SIS U R B R R, X e
WEA BB R B R BRI R (R S)

x5 FRMBERAEEFHAESH

Tab.5 Analysis of variance for the environmental factors in different periods

1-2 A Jan -Feb 6 —10 A Jun — Oct H'E others
Ay WE  E wE  E BE AE F
mean variance mean variance mean variance

KR (C ) water temperature 9.776 3 1.855 6 25.6882  4.9978 16.9556  16.786 4 317.82%*
HHE (cm) water clarity 62.2593  11.8148 454706  26.4541 56.2432  20.3236 170.86* *
ELHE salinity 25.0055  39.2188 25.21 32.691 9 23.015 33.383 2.74
£ 724 (mg/L) suspended solid 255.5  7.331 5 x10* 478.15 1.1043 x10° 30145 3.7381x10* 10.61°*
YE#R4 (mg/L) dissolving oxygen 7.804 0.2 6.462 5 1.464 1 6.739 2 0.436 9 2.80**°
pH 8.078 5.7432x107® 8.0406 5.389x107% 8.0408 8.2811x10°% 2.53
B5ER#EE (mg/L) phosphate 0.028 5.1945x107%  0.0417 3.2192x10™* 0.0827 1.6715x10™* 11.69°*
FkBREL (mg/L) silicate 1.045 8.3373x1072 1.5408 0.402 9 1.052 0.284 5 17.79%*
4% (mg/L)saltpetre nitrogen 0.464 2.7855x1072  0.4912 3.426x1072 0.4112 5.241 x10°2 2.85
AYA (mg/L) nitrite nitrogen 0.0036 4.1553x107%  0.00562 1.9503x1075 0.041 6.6288x10°° 3.04°
#% (mg/L) ammonia nitrogen 0.0134 7.7095x107%  0.02005 1.1835x10™* 0.0106 1.9806 x1073 2.06
FEA4A (mg/L) inorganic nitrogen 0.4279 2.7498x107%2  0.5174 3.4258x1072 0.4637 6.5779x1072 3.15**
COD (mg/L)chemical oxygen depletion 0.979 2 0.2 1.755 1.925 0.980 5 0.39% 12.67% ¢
Bish (mg/m® ) zooplankton 101.898 3.953 2 x10* 107.485 1.2228x10*  137.4%4 1.7359 x10® 1.74
i (ind/L) phytoplankton 50.991 4 6.280 6 x10*  587.8885 1.2874x10° 106.8993 9.3582x10? 55.88*
4073 ( cell/mL ) bacteria 1885 5.0860x10°  5601.25 1.1709x10" 3057.5 1.179x10° 30.44° ¢
FI B (cell/L) Fecal coli group 67.5 9.0214x10° 1541176 3.6457x107 20 6.273 8 x10* 2.41

EFELNP R EER T HAEX 2 R 2ER

Notes: The analysis of variance above was performed on removing the affection created by the areas

2.2 WRERBEHAE

FRAMAFG ML FIREPEENSES
RV BE BNEIHI R, ZEU LA, 55
IR KR F AR KRB BRA F T AR U FREEK
B ERE T RHAEN, A —2 T XI5
B X AR E R E R B[R E T,
EERSMENE R (BRSSP ST FLA
Bt 5 AR R EAH R E T OKE.
COD. Y R E AR A A pH) K&
HEMNZ K TR AR REST T EHES
B BEBIE T XA ALY, R B S E
1,7 B SZE LT A BT, F2IFx B T3
B E5 AT 2R R A B & N T, 152
B3 5T By 25 R N3 6.

76 FIIH T2 A REA R R ER

R BT, ENTREWREFAKE x XE, £6 2
R, B WA E T E# S B4tk B R 5 B
I, B S R R RS X 80 B T R R R
PR oK B A BRI K E R AER

x6 HEAEMEARGHBEERE
Tab.6 Significance test on regression and its coefficients

BERR BEFHM ApE

source of sum of degrees F
variance squares of freedom
[ )5 regression 1 457.031 9 2 24.647%°
2 error 1 685.000 9 57
Mt total 3142.032 8 59
Ao H variable Z¥{ coefficient ARAEIRE S t
B
ﬁﬂﬁ. -0.179 2 0.056 99 -3.1449°"°
water clarity
7K x R
water temperature 0.155 3 0.032 72 4.7472°*

x wind velocity
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B 6 W I, 75 5 B H 447 X B J F o
REEEWERNKE <« NEREHES R IREHE
16, B B ER TSP E RS ERE
BHUERNEREY. . BRE.HEA. LA,
COD %18 .pH B S, X RFE X kH
FrAEEETMHXM, WBEAKBRHERXR
#450.8132 (n=1824,P <0.001) , A4 K18
EI ARBEA S, BN R REN TR E K
BER; FESRY 5EVER BFMHERXN,ZH
BERMELEHKEPBRREY(EHERFEY) S
2R EIRERN, EMEUAXEERZ WK
IS 1ER, B FRZR Y E Y
IO EEA PLYE FEE I, KRB S 2 R &
AR AN BEBR L AR R THLA .COD . pH % i
B, R E RN R RBER AL, HIERER
AR AR R R B T X SR TR AL

FHRBEANZS  BEREBRMEAESSE
MHEREHNBERESE A NFR: —K,IEH;
R VBRRR(ERESLID); =%, PERE
RIR(1% < KIRFE <10% ) ; W&, KTERE R
(RIRE>10% ), BRI WBIEHRHZLBNE
R RER —A R, R AT A 58,7
FRENBR R A Z 80, N 248 43 B B B) ] SR B
Y BB T , A R s AR R AR, BT LARR
T USRI B IRG R A R TR SRS, B4 5L
UG — R FIR . ZRIEIRE RN R TR B,
WRARLL_EAMT, TS B AR R e S TR
fetn. N4 LS E, EXEESE X, B
BAAR T HESLT RTFHERIEREL.
PE—RFAR.ZRKMWRRFL 4 HHHE
B S 4 ANTRIREAL, ILLUS B R D TR
SRR B i, BRI 3 P X — 1 B A R TR AR
B BRI RERWT

v, =1, 546, +0. 07x,x, — 11, 922

y, =1.284x, +0. 072x,x, —10. 067

v, =1. 568z, +0. 108x,x, —16. 921

¥, =1.981x; +0. 076x,x, —17. 062
A ,x HEHE x, AHFEHXS, % B THF 2
A KR

RIS T ST ) PR R R AR A B X, X
b3 NHEFHER 4 PIRF R TR 2
771K, 78 Wilks 4538 AV B4 0.572 1
[ <Ay (2,1091,3) =0.99], FA N FIx —Hidh

(1)

AR TRIR B KRG B R R S L R AR B3 B
o HE—2BRT 4 NG FF 2 0 I TR AT
TR, F 75 T 5HMHS %A D KB
R FE™ X FEBEBENREEDE
i, B X — TR B 0o X 43 LA S P R R 7 R
BRREGAH BERR.

RT EFSLHZETRBRN F AR
Tab.7 F test for the forecast effects between grades

2% 3% 45
2nd grade 3rd grade 4th grade
1 4% 1st grade 3.52* 4.81°* 5.92°*
2 %% 2nd grade 4.05*¢ 5.19%*

3 %% 3rd grade 4.96%*

INRPAF TR T 20 2, T2 HREE, N
ABR(1) AT B REME v, .92, T ya, HLER
Y15¥2,Ys T ya BOME, $RIHERKHE) v, H, U R T
R 8 RTMMEFARKZRIEI . WMRESICF
PR BT HE, BT H BRSO R A B I

®8 WMWAE
Tab.8 Forecasting method
BAE TIRER RIRHEE
maximum forecasting grade incidence of diseases
n —% 1st grade E¥
Y2 % 2nd grade SBER
¥s =4 3rd grade R R
Ya DU 4th grade KRERER

N BRI (1) M FIRACR , F 2005 4EWLEE
RO T2 &R IR AT T T, JE B 181
d, R4 34 d, WA RN 81.2% .

REARBGROERET EERAEG6-10
H, B, 78 &R O SR R T TR R4 il
B A AR R, Ak — B BRETRR
HIPRIRABLEI AN T

y, =1. 771%, +3.299x, - 15. 806

y, =1. 663, +3.42%, —17.517

v, =1. 845, +4. 3565, —24. 463

y, =2. 141x, +3. 397, —22, 292
R, 5, NBARE 2, HH PRI, JHEE(2)
BT RBERKE, Wiks ST 8 A ME R
0.506 2[ <Ay (2,455,3) =0.97] , FiBi A
FZRZEFHRBERIE .

(2)



23 1)L, 4 - AR A KB A B i TRAR AR 2 339

R ERSETMMBRE F 2%
Tab.9 F test for forecast effects between grades

2 3 4
grade 2nd g(ade 3rd §Me 4th giade
1% Ist grade  3.71° 5.12°° 6.12%*
2 %% 2nd grade 4.15° 5.89%
3 %% 3rd grade 5.13%*

SEA(L) g, HA(2) iR T B RS,
A—EERENS, BHE6-10 B, KEEA LA
78 22 BUL B AT RE AR KRR, Bk
LR R A T B T IR AE X K R R DL AN
WAy %2005 4EWLEEH) 133 HilF SRR R (2) #E
177 PR, BRI 20 B, FRIR B HERS HR N 84.96% o

3 itig

REHBIB G AT B EORETE, I
BN B RS, EMEF R AR
WX K IE RS, RAMEORME ™, HFRK
BN R TR AL, S RS T R, TR R
THIT XM RGBT R AR
W, BN E T AR R R EA R ERA L
HERFEHN, TR RSINERE T #H %
HEBERAE XK IR T, XEE T
B A AR SR K e P R E R TR A
1, A (R BN E) HEE A AL, T H
W E AN Rl M R e £ R AU T 3, Bl A 3R
HO RO , AT 3| R BRI T B /R B ST R
R 5 H T RRER R R B ARG R & 4
RAER

FIEFEAIBMIRARE , FANHE,
HRER, Wk BREHRES, Hak
B, SRR 1 m/s I, RSS2
PR o AT R B SRR WA B B KR
H0.8 m/s RUTHEX, HIAEERRLTA
SXFFEARTELN . LI RUKIRTE R A
6, 3 & R, X K, 18 IR 58 M X XK |
TR K, 55 | K B A R Wy B A T 7 Ak 4
R, KA B , BRI GV oy £ R 15
AT R (Rl AL B35 08, G HEK A
REEAZRD, BHRFAREGSTIRRE
PR, WARIRAR SR/ N AR, B — T T T BE L
FIREREAENBHRN, 5 — T B BT RIFEK
HEIK TS 3, T T R BRI SRR, B

I FRARAR ZLE A I 5 38 R A IR SRR IR B
TR R TR B B R KA

HEy RERE O BIEAR R  TRRCR , &
HR X — S AT IR . IR AR R A
BEATIRE , A S S TR SRR R RR, B A
SCH 2004 £EHT AR A BEAT B, F 2005 4Ry
AR PR BRI,

N RESE VLA 3 S B R B LR, B TR B 45
RE N, ASCRA TSR, LR AR
FRREITRIE B 4 %, RAAMN LK
RER TR, 20 5 AR BUR B R IR
R

BIPIREI R SRR R F B B 1
PUR AR, T B IR A S REEE AR R
St RS, MR H LM AR 2 Z R
HABHE R RS, KA RGBSR TN A
Ho BCIER RS K PSR AR T
BRE BURIFREE A M A KR DL BRI i, R
SEREE LA B SR TR B B B AR, TR R
Bt b A TG B T B TRARAR 2L U R AR SR
B G 5R , dX SR B L AEXP ORI B LR VR
BRUE R HI R T X AR AR T
or T RRROEERE b o ARSCTE X BT AR T 2K,
KT IR AR B B — P R i 5
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The forecasting model for incidence of ulcer disease of
large yellow croaker ( Pseudosciaena crocea) in marine cage culture

NI Hai-er', WANG Guo-liang"”
(1. Key Laboratory of Applied Marine Biotechnology Certificated by Ministry of Education,
Faculty of Life Science and Technology, Ningbo University, Ningbo 315211, China;
2. Medical School, Ningbo University, Ningbo 315211, China)

Abstract ; The incidence of ulcer diseases of large yellow croaker ( Pseudosciaena crocea) in the cage culture
was examined, and environmental factors of surrounding sea waters and weather information were surveyed
in Zhoushan, during 2001 —2005. Based on the data obtained, the occurrence conditions of ulcer disease
and the relationship between the disease and environmental factors were investigated. The results showed
that the occurrence of ulcer disease was not only related to seasons but also to the environmental factors. By
means of the multivariate statistical analysis, the effects of the environmental factors on the disease were
studied. The environmental factors highly related to the occurrence of ulcer disease were selected to set up
models for forecasting incidence. Statistical tests showed that the forecast model was of significant efficiency
for predicting the disease occurrence and the scales of diseases. The accuracy of the model reached up to
81.2% when it was used for predicting the ulcer disease of 2005 in Zhoushan. The other model was also
constructed for forecasting incidence in the occurrence period in order to prevent ulcer disease timely and
efficiently.
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