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Abstract: Spiders are important predators to planthoppers in paddy field. There are many reports on
predation function of the predator. But it is still difficult to estimate number of insects predated by natural
spider population group owing to their generalist, interference of inter- and intra-species, and error of
planthopper numbering. However, relative accurate estimation of the insects predated has practical and
important meanings for forecasting planthopper occurrence, making control decision, and augmenting
natural control of natural enemies. The daily predation number of field spider group to planthoppers was
studied by pulse sampling (succession of predators and insect pests is considered as a cybernetics system.
sampling data at any time as a representative of characteristic of the system). Planthoppers were killed by
50% dichlorvos (diluting 800 times using water) at 20 min before numbering to ensure accurate of
planthopper observation. Sixty hills were randomly sampled and the numbers of planthoppers and
predators and other preys were recorded. Predatory effect in functional response of spider in laboratory
and on caged rice in pot were compared with that of field population predation in this paper. The number
of planthoppers preyed was calculated by the following equation:

Y=WN,+H +M)— (N + P, +E + D)

Where Y, is predation number of spider group; N,and N,;, are planthopper number at time ¢z and t+A¢ (At

=one day), respectively; H,» M,, E,, P, and D, are numbers of hatched nymphs. immigrated and
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emigrated adults, parasitized nymphs and adults, and natural death during ¢ to ¢+ A¢, respectively. Some
of the above parameters were determined by supplementary tests. I, was obtained by pulling twenty hills
of rice at the same time of sampling, transplanting in pots, and recording number of nymphs hatched till
next day. P, was determined by catching 100 nymphs from paddy field, raising in laboratory during ¢ to ¢+
At, observing number parasitized (P,) (P,=P,/100X100). M, and E, were by following methods, if fifth
instar nymphs are not recorded at time ¢, the adults at £+ Az (next day) are considered as immigrants (M,
=number of adults at t+A¢); The determination of emigrants are different from that of immigrants. Ten
frames made of four bamboo poles, tying plastic film (50cm X 50cm) to the top, were randomly caged
above rice plant canopy. The adults adhered to the plastic film, spreading petrolatum toward plant
canopy, were thought to be emigrants. Sixty hills were sampled every day and numbers of planthoppers.,
spiders and other species were recorded. Comparison of predation number of field spiders to planthoppers
was made with that of functional response in laboratory and on caged rice in pot.

The result showed that predation number was not positive correlation with planthopper and spider
densities in table 1. The number was maximum at middle planthopper density (about 10 hill "!). Data
analysis from pulse sampling indicated relationship between predation percentages (Y) and planthopper
density per hill (x) was fitted by a parabola, the equation was as followis

Y = 0.27241 + 0. 0029962 — 0. 0001362% = 0. 139445
From that equation, it was confirmed that the predation percentage at low and high density of planthopper
was lower than that at the middle (about 10 planthoppers per hill).

The relationship of Y with two dominant taxa (Micryphantidae and Lycosidae) was constructed as
following binary linear regression equation:

Y = 0.62064 — 0.0667 (£ 0.012187)x, — 0.19116 (£ 0.0288521)x, + 0.08519
Where x, is Micryphantidae, x,is Lycosidae. Their regression coefficients were negatives, indicating that
predation number decreased with increase of the spider density. It had been confirmed by multi-predator
coexistence system and field cage experiments.

Daily average consumptive planthopper per spider in paddy field was 0. 669 hill ' by simple arithmetic
mean of predation number, obviously smaller than that in laboratory and on caged rice. The experimental
results in micro-space (petri dish or test tube) overestimated predation number of the predators for
removal of inter- and intra-species competitions and simplistic environment. In caged rice, the predation
number after increasing twice in turn for each species in the coexistence system of five predators., Pirata
subpiraticus s Oedothorax insecticeps, Clubiona japonicola, Tetragnatha praedonia and Paederus fuscipes
hardly increased. Inversely, that after removing for each in five species in turn scarely decreased.

Key words :rice field; spider group; predation number; planthopper
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Table 1 Relationship of daily planthopper number preyed by spider group in paddy field with the insect pest and spider

density
( / HSpider density * (Numb. /hill)
C /) «C /D C /D
Sampling Planthopper  Predation Planthopper
date number preyed percentage density - z 2 0 . s o T.olal
(Month/Date) (Numb. /hil) (%) (Numb. /hill) spiders
07/09 4. 67 0. 5481 8.52 2.37 0.65 0.13 0.13 0.00 0.00  0.00 3.28
07/10 1.93 0.2418 7.98 2.68 0.83 0.18 0.12 0.02 0.00 0.02 3.58
07/11 3. 50 0.5757 6. 08 3.28 0.80 0.05 0.22 0.03 0.00 0.02 4. 40
07/12 4.57 0. 3662 12. 48 3.05 0.33 0.08 0.10 0.00 0.00 0. 00 3. 57
07/13 5.56 0.5031 11.23 2.78 0.52 0.15 {07 0.00 0.00 0. 00 3.62
07/14 1.73 0. 1541 11.23 3. 77 20842 §0. N7 QS 0.00 0.00 0. 00 4.48
07/15 2.38 0.2299 10. 35 4.28 0.47 0.13 0.17 0.00 0.03 0.02 5.12
08/05 2. 50 0.1576 16. 05 3.55 1.52 0.07 0.13 0.10 .05 0.02 5.43
08/06 1. 30 0. 0829 15. 68 2.82 0.72 0.03 0. 07 0.02 0.02 0. 02 3. 68
08/07 2.27 0.043 52.78 2.75 1.25 0.12 0. 37 0.03 0.02 0.00 4.53
08/08 1.87 0.0343 54. 45 2.77 1.18 0.08 0. 20 0.08 0.02 0. 00 4.33
08/09 3.23 0.0614 52.61 2.27 2.08 0.17 0.17 0.03 0.00 0. 04 4.75
08/10 4. 83 0.0974 49.58 2.58 1.18 0.15 0. 20 0.06 0.00 0. 05 4.23
08/22 0. 35 0.2160 1.62 2.22 2.27 0.22 0. 33 0.23 0.02 0. 04 5.32
08/23 0.03 0. 0500 0. 60 1.70 1.93 0.18 0. 25 0.12 0.02 0.07 4.27
% 71— Micryphantidae, x» Lycosidae, x3 Tetragnathidae, xy—— Theridiidae, a5—— Saltidae, xs——
Thomisidae, x7 Clubionidae
N N N s s
. (7 8 ~7 15 ,6.08~12.48 / ) )

Y;=925.944—2. 80112z, r=—~0.7459, s
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Y,=1.106844—0.399174x r=—0.526468"
Y;=0.61171+0. 02287« r=0.0348
Y;=0.86819—1. 50093z r=—0.17286
Y,=1.02915—1. 91352« r=—0.33205
4 . . ,
2.2 . .
2.2.1 3d . .
2, 10 , 0.5574
0.19402 187.29%; 10~20 , 0.75
0.3675 104. 08% ; 20 . 0.6875 0. 63676
2.2.2 ¢ 3. D .
, 1 50 . 195.83% ~103.79% ; . O
s 8~ 33%’\“78' 11%[8.9.12~11.20:0
2

Table 2 Comparison of daily predation number per spider estimated by pulse sampling and life table under different

planthopper density in paddy field

2000 Pulse sampling (2000) 1987 Life table (1987)M2]
«C /9 C /D ) CZP) C /D C /D ) %)
Planthopper Spider Predation Predation  Planthopper Spider Predation Predation
density density number/ percentage density density number/ percentage
(Numb. /hill) (Numb. /hill) d « spider %) (Numb. /hill) (Numb. /hill)  d « spider %)
8.52 3.28 1.42 54. 81 5.6 2.48 0.2272 30. 18
7.98 3. 85 0. 50 24.18 8. 94 2.76 0. 3647 33.78
6. 08 4. 40 0.79 57.57 16. 94 3.12 0.5683 31.40
12. 48 3.57 1.28 36. 62 14. 30 5. 86 0.2747 33.77
11.23 3.62 1.56 50. 31 25.90 4. 90 0. 3952 22.43
11.23 4. 48 0. 39 15. 41 35. 88 5. 96 0.7338 36. 57
10. 35 5.12 0. 46 22.99 34. 88 4.8 0. 8125 33.54
16. 05 5.43 0. 46 15.76 48. 24 5.7 0. 8357 29.62
15. 68 3. 68 0. 35 8.29 41.18 6.46 0.7177 33.78
52.78 4.53 0. 50 4. 30 29. 44 6.26 0.4973 31.73
54. 45 4.33 0.43 3.43 24.42 5.74 0.4651 32. 80
52.61 4.75 0. 68 6. 14 19. 50 6.5 0. 3379 33.79
49.58 4.23 1. 14 9.74 13.78 5. 36 0.2892 33.74
1.62 5.32 0. 07 21. 60 4.10 4.92 0.0799 28.78
0.6 4.27 0. 007 5.00 4. 48 3.0 0.19 38.17
3.24 4.28 0.1083 42.90
2.2.3 4 1 s
o 1~50 s

s 10 s 52.17%, 50 s 292.73%.
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Table 3 Daily number of planthoppers preyed by spider estimated by functional response in laboratory

Planthopper density

Spider taxa Prey 1 5 10 20 30 40 50 Reference
Adult 0.78 3.30 5.57 8.48 10.26 11.47 12.35 [9]a
Lycosa pseudoannulata Nymph 0.71 3.04 5.14 7.86 9.54 10.68 11.51 [91b
g . . Adult 0.43 1.76 2.88 4.23 5.02 5.53 5.88 [9]c
Clubiona japonicola
. . Adult 0.28 1.14 1.85 2.69 3.18 3.49 3.70 [9]d
Oedothorax insecticeps
Adult 0.82 3.43 5.69 8.51 10.17 11.28 12.07 [14]e
Pirata subpiraticus Nymph 0.39 1.89 3.69 6.98 9.94 12.62 15.05 [14]f
Nymph 0.43 1.81 3.31 4.59 5.54 6.18 6.64 [12]g
Erigonidium graminicola Nymph 0.42 1.67 2.67 3.81 4.44 4.84 5.11 [121h
. Nymph 0.0016 0.03 0.08 0.19 0.32 0.44 0.56 [13]i
Theridion octomaculatum
a.b.c.d— 500ml s se f—— 500ml ;g h—
51 s S
a.b,c and d experiments in 500ml beaker; e and f——experiments in 500ml jar; g and h——experiments in big
test tube; i——experiments in petri dish and S-model constructded with space complexity
4
Table 4 Daily predation number per spider to planthopper on caged rice in pot
(/) Planthopper density (No. /hill)
Spider taxa Prey 1 5 10 20 30 40 50 Reference
Nymph 0.24 1.11 2.04 3.48 4.55 5.39 6.06 [8]a
Lycosa pseudoannulata
Nymph 0.11 0.52 0.95 1.63 2.14 2.54 2.86 [8]b
Lycosa pseudoannulata
. L Nymph 0.36 1.64 3.57 4.99 6.46 7.57 8.45 [20]c
Pirata subpiraticus
. ) Nymph 0.54 0.70 0.95 1.73 2.27 2.70 [207d
Spider complexity
a 6 sh—— ;C (34cm) . 4
sd— , 1 s N

a Experiments in big pot and six hills caged, b predation number of functional response model combined
space heterogeneity, c——experiments in big pot (34cm diameter) and four hills caged. d———coexistence experiment of
four spiders, P.subpiraticus, O. insecticeps, C. japonicola, B. hotingchiehi, in pot rice, one hill each pot, using quadratic

regression rotation combination design

2.3 .

o 30 s 0.41~0. 87 s
0.51~0.61 s 0.35~1.42 s 0.77 °
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