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Predicting the shift cycle of the net-cage by the Bayesian network based
on immune evolutionary algorithms

WU Hua-jun GENG Bing TENG Li-hua*

(College of Biological and Environmental Science of Zhejiang Wanli University, Ningbo 315100)

ABSTRACT By taking the monitoring data of Xiangshan Bay from the year of 2000 to 2006 as
the training data and referring to the prior knowledge, a Bayesian network was constructed
through the incremental learning based on the immune heredity algorithm. The model can effec-
tively express the causal relationship among the various indicators in the net-cage aquaculture
environment, and the shift cycle of the net-cage aquaculture at Xiangshan can be predicted. The
result showed that the appraisal accuracy reached 91. 7%, which meant that this method is fea-
sible.
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Fig.1 A sample of Bayesian network
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Table 1 The distribution of the discrete values of the environmental factors

KB 5 4k Water invironment indicators % Low iF# Normal 1 Mid & High
#HE Total feeding(kg/d) <7 7~8 — >8
KR WTCC) <15 — 15~28 =>29
#HHE Transparency(m) <0.5 — 0.5~1 >1
pH < 6.5 6.5~8 - >8
DO (mg/1) <5 5~7 >7
COD (mg/L) <1 — 1~2 >2
B TP(mg/L) = <C0. 05 0. 05~0. 07 >0.07
HE TN(mg/L) - 1.2 1.2 ~1.5 >1.5
M4 % a Chlorophyll aug/L ) — <5 5~8 =9
BRI FE Velocity (em/s) <20 20~40 - =40
A YRR R BE 1 Bio-degradation(pmol/ml/d) <10 10~20 - =20
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Table 2 The monitoring data of the net-cage aquaculture at Xiangshan Bay in 2006

Kig DO COD 5B EOE SE ﬁ'ﬂﬁ‘ R a i@*?ﬁﬁ ﬁi%ﬁ%ﬁﬁﬁﬁ ™ F 5% %
wT pH § mg/L Total feeding  Chlorophyll Velocity Biodegradation FE 8
e mg/l me/lppy  (m (me/L) g alug/L) (cm/s) (umol/ml/d)  Shift cycle (a)
7.2 9.1 9.47 1.65 0. 048 0.8 0. 87 7.85 0. 30 40 15. 6 5.0
12.7 8.01 9.70 0. 81 0. 054 1.2 0. 86 7.85 0. 20 30 19. 6 5.1
13.1 8.03 9.76 0.93 0.059 0.6 0. 84 7.88 0.50 20 20. 8 5.2
16.1 7.96 8. 10 0.79 0.038 0.3 1.23 8.21 0.41 35 13.5 5.3
20. 7 7.97 6. 80 0. 88 0. 069 1.4 1. 33 8.55 0.63 60 8.2 5.4
22.5 7.94 6. 94 0.7 0. 059 0.7 1.42 9.56 0. 84 50 6.2 5.5
29.3 7.88 6. 06 0.99 0.078 0.7 0. 70 9. 90 4.32 70 11.0 5. 6
29.6 7.93 5. 64 0.99 0. 082 0.9 0. 82 9. 80 5. 04 50 17. 2 3.7
27.5 7.90 6.18 0.95 0.063 0.3 0. 98 9. 80 2.97 35 10.1 5.8
25.1 7. 94 3. 92 0.8 0.033 0.5 0. 88 7. 60 3.24 30 10. 6 5.9
15. 6 8. 04 6. 24 1. 43 0. 108 0.8 1.12 6. 20 1.01 40 12.9 5.9

9.2 8.76 6.27 1.63 0. 089 0.9 1.23 . 60 1. 61 25 12.3 6.0
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Fig.2 The model based on Bayesian network for the shift cycle of the net-cage
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Table 3 A set of monitoring data at XS06

m H COD DO WK T B Bk P AR RE
MOnit;rin data (mg/L) (mg/L) pH Velocity TN Bio-degradation
& & & (em/s) (mg/L) (gmol/ml/d)
W59 % 4% Monitoring data 1. 20 7.71 7.9 35 0. 85 22.8
B UG 48 Discrete data & Mid & High 1F % Normal 1E# Normal iF % Normal # High

0 B S BRI A BT RS 10 DL ok 37 R 45 R, A3 B AR R WA B RS R AR A 0T -

P(M#FEZ B =1level 1 | COD=mid,DO= high, pH=normal, ¥ K #i # = normal, & & =normal, f
H YRR RE F1 =high) =0. 4%,

PR A =level 2 | COD=mid,DO= high,pH=normal, ¥ 7K i ¥ = normal, 1 & = normal, {
H: YRR A e 1 =high) =4. 8%,

PR A =level 3 | COD=mid,DO= high,pH = normal, # /K i # = normal, & & = normal, #%
H Y R Bk J1=high) =4.55 %,

P H B AP =level 4 | COD=mid,DO= high,pH = normal, ¥ /K #f # = normal, £ & = normal,
H: Yy [ A% Bk /1= high) =85. 9%,

P(MFEHE B AP =1evel 5 | COD=mid,DO= high,pH=normal, ¥ /K i # = normal, £ % = normal, fi{
Yy S B 51 =high) =4. 39 % .
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