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Studies on a mathematical model and relational grade for predation

of several spiders to the brown planthopper in paddy-field

TANG Jin-Long',WU Jin-Cai*,LI Guo-Sheng®,HAN Gu-Xiang® (1. Department of Mathematics -
Yangzhou University,Yangzhou 225002;2. Department of Plant Protection,Yangzhou University; 3. Yangzhou Agricul-
tural School s Jiangsu)

Abstract: A mathematical model describing a coexistence system which contains brown planthopper (Nila-
parvata lugens)and four spiders (Pirata subpiraticus,QOedotheorax insecticeps,Clubiona japonicola, Bianor
hotingchiehi )was studied with the theories of grey system. Effects of the biomass or density combinatioins
of these species on the density of prey were analysed through the model. The predatory biomass was fore-
casted in the corresponding tiimes. The result showed that the forecasting value was similary to the actural
value. Meanwhile,the most important factor and the relational extent between these species and the preda-
tory numbers were also considered by the relational grade.
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Table 1 Density level of spiders and brown planthopper and the number of the insect preyed
3~5
Time o) (0 (0) 0 v @
Month/day () (25”) ™) (25" () (2{)
9/1 1. 34 3. 84 0. 38 0. 40 35. 88 12.12
9/4 1.42 2. 36 0. 54 0.48 34. 88 11.78
9/7 1. 94 2.94 0. 44 0.38 48. 244 16. 29
9/10 3.08 2.60 0.48 0. 30 41.18 13.91
9/13 3.32 1. 82 0.74 0.38 29. 44 9.94
9/16 3.20 1. 84 0.50 0. 20 24.42 8.25
9/19 4.12 1.52 0.52 0. 34 19.50 6.59
9/22 3.52 1.12 0. 54 0.18 13.78 4.65
9/25 3.48 0.70 0.42 0.32 4.10 1. 38
9/28 2.10 0. 34 0. 50 0. 06 4.48 1.51
10/1 3.08 0.52 0.50 0.18 3.24 1. 09
(DN. lugens 3~5 instar nymph and adult;@No. predation from life table
2
9 8
o 20 G=1,2,,6) 3~5
a2 ( AGO )
AGO af” = (12.12,23.9,40.19,54.1,64. 04,72.29,78. 88,83. 53)
as? = (1.34,2.76,4.7,7.78,11. 1,14. 3,18. 42,21. 94)
a$ = (3.84,6.2,9.14,11.74,13.56,15.4,16.92,18. 08)
x§” = (0.38,0.92,1.36,1. 84,2.58,3.08,3. 6,4. 14)
x$” = (0.4,0.88,1.26,1.56,1.94,2.14,2. 48,2. 66)
! = (35.88,70.76,119,160.18,189. 62,214. 04,233. 54,247. 32)
2D D

2 P\—1=(12.12,18.01,32.05,47.15,59. 07,68.17,75. 59,81. 21)

(— 2@ 2@ 2@ 2@ 2@ 2@

—=2(P(3) 23 23 2P 23 2P ()
—2(P(3) 23 23 2P3) 23 2P (3
5 — 2P 2P 2P 2P 2P 2P )
— =25 2B PGB PGB PGB 25
—2P(6) 2V(6) 26 xV(6) 26 2V (6)
— 2D P 2P 2P 2D 2P (D
L— =z(8) V(8 V(8 xP(8) V(8 x{V(8)]
M”27 r11.7¢7 r—18.01 2.76 6.2 0.92 0.88 70.76
217 (3) 16. 29 32.05 4.7  9.14 1.36 1.26 119
212 (4) 13.91 —47.15 7.78 11.74 1.84 1.56 160.18
Y= x2"G) = (9.9 |= 59.07 11.1 13.56 2.58 1.94 189.62
(" (6) 8.25 68.17 14.3 15.4 3.08 2.14 214.04
207 6.59 75.59 18.42 16.92 3.6 2.48 233.54
L8y, L4651  L—8l.21 21.94 18.04 4.14 2.66 247.32]
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la by by by bs bs)"=B"B)'B'Y=1(1.999,0.009,0.018,—0.072,—0. 026,0. 675)"

(1)
dz; +1. 9992 =0. 00925" +0. 01825"” —0. 0722 —0. 026" 4 0. 675"
( )
[ (1) (1) . 1)
A0G+ 1 =[12.12 — 0. 00925 (£ 4+ 1) + 0. 01825V (k + 1) — 0. 0722V (£ + 1) n
1. 999
— 0.0262("Ck 4 1) + 0.6752" R + D) 10000 40 00923 (k + D I
1.999 ) 1.999
0.018x§V (kA 4+ 1) — 0.0722" (k + 1) — 0. 0262V (2 + 1) + 0. 67525 (k + 1)
1. 999

2i7(2) = 22.319 x{V(3) = 39.705 2P (4) = 54.037 =z’ (5) = 64.065
2V (6) = 72.336 x{"(7) = 78.932 1" (8) = 83.59
( IAGO ):
IAGO: 21" (k) =z{" (k) —z{" (k—1)
217 =1(12.12,10.199,17. 386,14. 332,10. 028.,8. 271,6. 596, 4. 658)

’ 20
7.8X1071, s .
s s K (K
) Pk, IAGO PR =2 () —zV(k—1),
o :9 25 s 3.48 s 0.7 s 0.42 s
0.32 . 4.10 K 8, 20(9)=84.977, 9 28
2.10 0. 34 s 0.5 s 0.06 N
4.48 , K 9, 2100, =86. 483, : 1. 387 1. 506,
25 .28 1. 38 1.51, , o
2
Table 2 Test of error
O 267 (k) Error (%) Relative error
Date -0 Simulating value 280 (B — 280 (B) |26 (B — 269 (&) | /8 ()
Actual value

9/1 12.12 12.12 0 0

9/4 11.78 10. 199 1. 581 13.42

9/7 16. 29 17. 386 —1.096 6.73

9/10 13.91 14. 332 —0.422 3.03

9/13 9.94 10. 028 —0.088 0. 0088

9/16 8.25 8.271 —0.021 0. 0025

9/19 6.59 6.596 —0.006 0. 0009

9/22 4. 65 4.658 —0. 008 0.0017
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N—1
1
(3) 7:N—_125(l‘) t=1,2,,N—1
71;=0.6533, 713=0.8081., 7;,=0.5043, 7;;=0.4710, 7,=0.9990
:y\ﬁ>y]3>yl2>y\'1>ylﬁ
3 xim‘x;o)‘xém‘xso)‘xgo)‘xéo)
Table 3 The gradient of x{» ,x3* x5 x{® x§ x§
t 1 2 3 4 5 6 7 8 9 10 o
Ax{” /o1 —0.067 0.884 —0.467 —0.778 —0.331 —0.325 —0.380 —0.641 0.025 —0.082 5.10
Axs? [oy 0. 091 0.591 1. 295 0.273 —0.136 1.045 —0.682 —0.045 —1.568 1.114 0. 88
Ax$” /oy —1.423 0.558 —0.327 —0.750 0.019 —0.308 —0.385 —0.404 —0.346 0.173 1.04
Az§® /o, 1.778 —1.111 0.444 2.889 —2.667 0.222 0.222 —1.333 0.889 0 0. 09
Axt? Jos 0.667 —0.833 —0.667 0.667 —1.500 1.167 —1.333 1.167 —2.167 1 0.12
Ax{”/os —0.066 0.886 —0.468 —0.779 —0.333 —0.326 —0.379 —0.642 0.025 —0.082 15.08
4
Table 4 All coefficient of relation
&12(0) 0. 864 0.773 0. 362 0. 488 0.837 0.730 0.769 0. 627 0.628 0. 455
&30 0.424 0. 754 0. 877 0.973 0. 741 0.983 0.995 0. 808 0.729 0.797
&1 () 0. 351 0. 334 0.523 0.214 0. 300 0. 646 0. 624 0.591 0.536 0.924
E15(1) 0.3577 0. 368 0.833 0.409 0.461 0. 401 0.512 0. 356 0.313 0. 480
S16() 0.999 0.998 0.999 0.999 0.998 0.999 0.999 0.999 1 1
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