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RIMFEABRKREOELRAT A TR GHEE(BP)AYZE WL (ANN) H ko) Fm B AL 38 33 9
& 34F 51 % TR E & (Cienopharyngodon idellus) . % % ( Carassius auratus) . #2 % ( Cyprinus
carpio) EW R FRATE B RHHSM(PCA) , LB AR EE M oHIREE W BAIFRAE,
49 & 1B HAE 9 & (Aristichthys nobilis) A # A4 $2 & =& MK HAHF HAHFE. 2 AKX
BT REHLER AR KEARZGRAAEEF ISHABRHHMBAARFTELE T ERAFHK
FHEAY AAEXZTFEIHEAPEFRENS FF Fa S RGAFTAIAMAHK, AFHK
S AEA PR G 2k B 89 & IR F B Ae 8% ( Hypophthalmichthys molitrix) | 9% A Fx BF 18] 2 AN A4k, M ALt
B AS LB RN BP—ANN Sk B 5F TR 3 4h 6 A4 4B, R B, &k &= T A At
R EZ(RE)ZR KA 8.40% 4552 2 (AE) R K A 2.53 t/hm’ | F 3-8 2 (MRE) 4 5.81% ,F 3
%3tiE 2 (MAE) A 1.51 vhm®, A EHAKZHEM AE A K KA 19.10 cm, MAE 15 4 13.36 c¢cm, 2
FREER ko AH(R®) £ A2 0.941 3.0.996 5,3 7% 2 £ (MSE) % %52 0.006 5 = 0. 063 3, 4k
MAMRREIF AW BP-ANN R 2 I K 6 BEF A AR ALY BERG AR T K,
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Prediction of Fish Production and Amount of Exchanged
Water of Aquaculture Pond by Principal Component
Analysis and BP Neural Network Algorithm
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Abstract; The fish production and exchanged water amount of aquaculture ponds are important indexes to
evaluate their economic benefits and ecological effects, respectively. To explore the main factors affecting
the fish production and the amount of exchanged water of conventional carp ponds,and to build forecasting
models based on back propagation neural network ( BP-ANN) algorithm, 51 complete managemental
records about the polyculture ponds of grass carp ( Ctenopharyngodon idellus) , crucian carp ( Carassius

auratus) and common carp ( Cyprinus carpio ) were obtained through survey. PCA showed that, 15
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parameters including stocking density of grass carp and crucian carp,size of stocked crucian carp,size of
harvested common carp and bighead carp (Aristichthys nobilis) , production of common carp, cost of pond
renting, fingerlings , feed , electric power, material for water quality regulation, costs for disease prevention
and salary, water depth,occurrence of algal bloom were screened into both models of the total production
of stocking fish and the amount of exchanged water in summer. The production of crucian carp and
bighead carp,and oxygenation mode were also screened into the model of the total production of stocking
fish. The stocking density of common carp and the stocking time of silver carp ( Hypophthalmichthys
molitrix ) and bighead carp were also screened into the model of the amount of exchanged water in
summer. 45 records were randomly selected to model by BP-ANN algorithm and the other 6 records were
used to predict. The results showed that the values of maximum relative error, maximum absolute error,
mean relative error and mean absolute error of the model of total production of stocking fish were 8. 40% ,
2.53 t/ha,5.81%,1.51 t/ha,respectively. The values of maximum absolute error and mean absolute error
of the model of the amount of exchanged water in summer were 19. 10,13. 36 c¢m,respectively. The values of
R’ of the two models were 0.941 3 and 0.996 5, respectively. The values of mean square error were 0. 006 5
and 0. 063 3, respectively. These results demonstrated that,both models had good predictive performance,
which indicated that BP-ANN algorithm was an effective means to establish models of economic benefits
and ecological effects of fish ponds.

Key words: BP neural network; Principal component analysis; Fish pond; Fish production; Amount of

exchanged water; Economic benefit; Ecological effect
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Tab.1 Survey classifications and parameters

2 S
Classification Survey parameter
0 L
SFMA%% . W B (hm®) I KIE (m) JEH LA (RIEN 1, RZH0)

ituation of fish pond
0 ISR A L g M B fn G £ S0 R TR AR (kg B ) M IR (vhm® ) BESE L IR (& i 1, H
Stocking situation of fish el 2, KJKid R 0)

s
iigifﬁfﬁfﬁdﬁ . . W g B tn St Bt AR B LR (ke B ) FE L (v/hm®) |, B B (Vh)

ishing situation of adult fish
i HI T LA s (REISURLIRDENC R 1, B2 AR IR RNE g 2 TR A sl A DR S 3) RDEHE IR (4 500 T8/t LRIl
Situation of feed 1,4 500~5 500 JC/tic 4 2,5 500 J6/t YL Eic 2 3) 4k & (1/hm®)
B R A T, e - N .
Oxygen increasing equipment WA A ORI e R 1 oK E R EE o 2 R AR 3) B AL (kW /hm?)
ek A7 B H R AR (RAMRHEE A 0,60 /KL R 1,30~60 d/RiEH 2,0~30 &/KiIEH 3) AR K

Situation of water exchange

2 TF A B

Situation of economic cost

(em) TFHIE WA KA (em) | RAMNRHER B (K /a) JE Z oK 4k (em ; 307K B0 R ok 1)
BERLZE (J75C/hm?) i AP 2R (J75C/hm®) GEARESE (7 9C/hm?) L3 (J7JE/hm?) K 3% (J7TE/hm?)
LB iE 3 (J7I6/hm”) A T4 (T3 76/hm*)

T A U K i P 7 45 YRR K i 3 i 4 A5 AR RN A TR K L B 2, B em g B2 K B R 0t O R A K K 0 B 22, A

K em,

Note: The amount of water exchange each time,the average amount of water per supplement refer to the difference in water level before and after the wa-

ter exchange or supplement in the pond,the unit is cm. The amount of water exchanged in summer refer to the total difference in water level before

and after the water exchange in summer,the unit is cm.
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Marquardt, i A J2 2] &5 )2 22 8] (9 1% 336 R 8k #5
tansig , B {H PR BLE F learngdm , F2 3% 2 Bl 0 2 19
1 356 bRV BE £ purelin, P BE PR EIGE £ mse

R R R B S T R 02 R
BRI R n—m— 1 858 5 &5 B0 & N
18—-11-1,17-10-1,
1.4 HREERENNE

K PG 2 250 ( Coefficient of determination,
R*) A XTiR 2 (Relative error, RE) | F 34 4 % 4% 2%
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Tab.2 Eigenvalue and variance contribution rate of principal components of total production of stocking fish

F o A {E J5 2 TR/ % Rt T7 Z IR/ %
Principal component Eigenvalue Variance contribution rate Cumulative variance contribution rate
1 12. 540 30. 585 30.585

2 7.722 18.835 49.420

3 5.532 13.493 62.913

4 3.545 8. 646 71.559

5 2.645 6.451 78.010

6 1.583 3. 860 81.871

7 1.210 2.950 84.821

8 1. 141 2.782 87.603

®3 EFHRAENIRSBMEENFERHE

Tab.3 Eigenvalue and variance contribution rate of principal components of the amount of water exchange in summer

B FRAIE L Jr 22 TTERAR /% 317 2 5T R/ %
Principal component Eigenvalue Variance contribution rate Cumulative variance contribution rate
1 12.735 31.060 31.060

2 7.556 18.430 49.490

3 5.450 13.293 62.783

4 3.249 7.923 70. 706

5 3.056 7.454 78.161

6 1.635 3.988 82.149

7 1.168 2.850 84.999

8 1.137 2.774 87.773
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Tab.4 The principal parameters that affecting total production of stocking fish and amount of exchanged water in summer

el ZH TR 2 T R A H oK R

Classification Parameter Production of stocking fish model ~ Amount of exchanged water in summer model

ST FR A B A R
Stocking situation of fish {401 T 55 %5 i
L 101 7 5
B 100 57 S
% B T S I )
TR 45 15 B0 100 47 155 LA
Fishing situation of adult fish S5 73 4785 55 RLAR
#E £ ) ik
) 8 7
S 11 7 A4k
JEH 2%
i 3
T et 2%
28 WA B FL 9%
Situation of economic cost i Ik 2
i B B ¥ 9
AT 2%
W TR
USTN

ST R T B

LA <L

LLLLL L LI < <L

L LA

RS5 HMFBLETEREN REAE MAE 71 MRE {&
Tab.5 RE,AE,MAE and MRE values of production of stocking fish model

St R o 2 — 2

'{Il‘ﬂngtfjn?r;le - [i:({E:l( \t:l}i: : Tﬁs’iﬂj(ﬁfe(dl/v};ig AE/( /hm’ ) RE/% MAE/( t/hm’ ) MRE/ %
1 22.20 23.29 1.09 4.92

2 20.70 22.44 1.74 8.40

3 33.56 31.65 1.91 5.68 1.51 5.81
4 22.58 22.62 0.04 0.19

5 34.77 37.30 2.53 7.26

6 20.70 22.44 1.74 8.40
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2 6 il LIA 1,6 AR AEA L G300 B i,

AE EE K H 19.10 em, MAE {55 13.36 cm, M T
HAY 5 AR A SEPR{EJE 0, RE fH TG XL
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Tab.6 RE,AE and MAE values of amount of exchanged water in summer model

3 A SRR/ ¢ A/

WLLHE A b B/ cm AE/em RE/% MAE/cm
Test sample Actual value Predicted value

1 0.00 16.77 16.77 Inf

2 0.00 13.99 13.99 Inf

3 102. 86 100. 55 2.30 2.24 13. 36
4 0.00 19. 10 19.10 Inf

5 0.00 13.99 13.99 Inf

6 0.00 13.99 13.99 Inf

T RE WHL Inf, &l FEPR1E (54 ) M 0.
Note: “Inf” appears in RE because the actual value is 0.
2.4 2FIREIR R’ 1 MSE &

27 AT LUE R 28 B R ) MSE
B} 0.006 5, 2 4K £ BRI MSE {64 0. 063 3,
MSE [E¥5/N KB R4, N R W LLE 55 i
BKRTEBRIE) R H R 0. 941 3, H 24 /K A5 Al
(1 R* {E R 0.996 5, i BA A AL UL RCR 847, T0 &5
RAEER S,

x7 2FEBIM R® F1 MSE &
Tab.7 R? and MSE values of the two models

5 76
B MSE R?
Model
TR 2
Production of stocking fish 0006 5 0.941'3
HFHok _ 0.063 3 0.996 5
Amount of water exchange in summer
3 Zik bt
R* JR A — o 22 0 255 A5 A0 400 5 0CR Y

fabR , AW ST R 28 BT R K X 2
FRACRL () R (B0 5 2 0. 941 3 5 0.996 5, Z=4H
M TEH] BP-ANN B4 R & 77 i 5 0 & 14
KMk, BRI R >0. 80, I 1A Ay H AU A o 1 A
s E A F ] BP - ANN Xt & /N 3 77 4 AT T
R H N 0.823 7, A WL ARUR K AF . X
WHESE, AW R AL P RE R AT

MSE {2 D i 28 I 26 455 78 4 i 119 7 22 48 e
B3 DY M BP-ANN XK ) & % 5% 4k 45 b F
AT F ALY MSE {Hi KN 0.166 4, HAF5EIN R
LT AR B, A B 5% vh B 2 4 K A AL i) MSE
fE R 0. 063 3, 15 B FUM 450 B 4T

TSR IS B 7= R B s MRE {54 5. 81%),
RE {HI KA 8. 40% , K 54 7K 5 A5 AL v | i HL 0
BE AT Y 1AL A R 22 BRI AR RE (2

2.24% ,H AE B4 2. 30 em), 17 HoAth B 2= 41 K & 52
BRAEM 0 em A ECHE T HH AE {H 5 K& 19. 10 em,
DI 4 b A8 RS | 3 R 4 /K e i Y 42 600 em,
HIE,19.10 em B9 AE AR &, W LIAEHR 0 cm Xf
o HSEME 2 F)FH BP i 48 I 4% 1 S 0 S
et 3o D, T ASE R a8t A% Sk R Ak S RS RE
KRR 8% , SAMFE RE S KAEAHI .
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