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Community component and principal component analysis of the
complex ecosystem of spider mites and their natural
enemies in bean fields
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Abstract [Objectives] To understand the community component and structure of spider mites, important pests of the bean
Phaseolus vulgaris, and their natural enemies in Phaseolus vulgaris fields, and to improve methods for controlling spider
mites. [Methods] From May to August 2013, systematic investigations were conducted in bean fields. Community character
index and principal components were analyzed, and evaluation functions established to study the characters, temporal pattern,
and stability of the insect community. [Results] 21 species, from 11 families and 7 orders, were identified in bean fields, of
which Tetranychus urticae Koch and Orius similis Zheng were the dominant species. Species diversity and evenness increased
gradually with crop age, but declined following an increase in the number of 7. urticae which was much higher in the middle
and later periods of bean crop development than in the early and last periods. Complexity was higher in the middle and later
growth period than in the early and late stages. [Conclusion] Natural enemies have a great influence on this complex

ecosystem. Population increases of natural enemies lagged behind those of T. urticae.
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Table 1 The important values and ordination of the complex ecosystem
N
. Individual Relative Relative Important S
Species Frequency . Ordination
number frequency density values
. 13 7597 0.0802 0.8153 0.8956 1
Tetranychus urticae Koch
Orius similis Zheng 11 866 0.0679 0.0929 0.1608 2
. 12 165 0.0741 0.0177 0.0918 3
Anystis baccarum Linnaeus
12 113 0.0741 0.0121 0.0862 4
Harmonia axyridis (Pallas)
. . 10 105 0.0617 0.0113 0.0730 5
Euseius nicholsi Ehara et Lee
Hylyphantes graminicola 10 81 0.0617 0.0050 0.0668 6
(Sundevall)
Cheilomenes sexmaculata 9 60 0.0556 0.0064 0.0620 7

(Fabricius)
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4%k 1 (Table 1 continued)

N
. Individual Relative Relative Important ..
Species Frequency . Ordination
number frequency density values
. 8 59 0.0494 0.0087 0.0581 8
Panonychus ulmi Koch
Coccinella septempunctata 8 47 0.0494 0.0047 0.0541 9
Linnaeus
. 8 44 0.0494 0.0024 0.0517 10
Stethorus punctillum Weise
El
i 8 32 0.0494 0.0021 0.0515 11
Nabis sinoferus Hsiao
] 7 22 0.0432 0.0063 0.0495 12
Tetranychus neocaledonicus André
Chrysso octomaculatum 7 22 0.0432 0.0024 0.0456 13
(Bosenberg et Strand)
. L . 6 20 0.0370 0.0020 0.0391 14
Cyrtorhinus lividipennis Reuter
. . 6 19 0.0370 0.0018 0.0389 15
Chrysopa sinica Tjeder
Eotetranychus smithi Pritchard 5 17 0.0309 0.0034 0.0343 16
et Baker
5 15 0.0309 0.0016 0.0325 17
Abrolophus sp.
Gnathonarium exsiccatum 5 13 0.0309 0.0014 0.0323 18
(Bosenberg & Strand)
4 7 0.0247 0.0008 0.0254 19
Chrysopa septempunctata Wesmael
4 7 0.0247 0.0008 0.0254 20
Chrysopa formosa Brauer
. 4 7 0.0247 0.0008 0.0254 21
Silometopus sp.
22 ERESAZP_RMEREMABEMHIEY 13

HER SR e
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Fig. 1 The dominant species population fluctuation of the complex ecosystem of
spider mites and natural enemies in the field
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Table 2 Indexes of spider mite and its natural enemies community

- S N H' E
Date (month-day) Species number Individual number Diversity index Evenness
5-24 2 63 0.2365 0.3412
5-31 6 50 0.8118 0.4531
6-7 11 141 1.1714 0.4885
6-14 10 371 0.7241 0.3145
6-21 12 498 0.6887 0.2772
6-28 13 1191 0.6514 0.2540
7-5 16 1657 0.5716 0.2062
7-12 17 1222 0.8631 0.3046
7-19 16 1528 0.6349 0.2290
7-26 15 1121 0.8892 0.3284
8-2 16 788 1.0542 0.3802
8-9 16 412 1.3553 0.4888
8-16 12 276 1.3287 0.5347
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Fig. 2 Dynamics of individual number (N), diversity index (H") and evenness (E) of spider mites and their natural
enemies community in bean fields
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Table 3 Latent root and contribute rate of main single number apiece

Principal component Latent root Contribute rate Accumulative total loadings
1 6.527 65.271 65.271
2 1.571 15.705 80.976
3 0.789 7.888 88.865
4 0.467 4.668 93.532
5 0.311 3.111 96.643
6 0.145 1.447 98.090
7 0.103 1.033 99.123
8 0.049 0.487 99.610
9 0.025 0.252 99.862
10 0.014 0.138 100.000

x4 HEEE
Table 4 Eigenvector

Main single number

Species
1 2
T urticae 0.853 - 0.388
Other mites 0.603 - 0.607
O. similis 0.950 0.121
Other stinks bugs 0.796 0.511
H. axyridis 0.943 - 0.053
Other ladybirds 0.876 0.219
A. baccarum 0.824 0.387
Other predatory mites 0.922 - 0.253
Spiders - 0.031 0.714
Lacewings 0.844 - 0.036
65.271% =0.0012X;+0.0278X,+0.0120X5+0.2216.X4+
15.705% 0.1098X5+0.0785X+0.0591.X7+0.0983 X3
5 +0.0230X5+0.1760X,0—6.3668
) 5
5—6
7 8

F=0.6527Y,+0.1571Y,
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Table 5 The results and ordination of comprehensive assessment in varied time

Date (month-day) Comprehensive scores Comprehensive ordination
5-24 6.5315 13
5-31 7.0029 12
6-7 8.5163 11
6-14 9.1219 10
6-21 9.9617 9
6-28 13.8275 7
7-5 16.7732 4
7-12 19.6586 1
7-19 17.5744 3
7-26 18.8353 2
8-2 16.4205 5
8-9 14.2516 6
8-16 11.6434 8

*6 TEMSEINEXRE
Table 6 Correlation coefficients of the principal component

Principal component X * o X4 * Yo » s * Hio
X 1.000  0.074 0.168 -0.183 -0.390 0293 0469 0240  0.119 0234
X 0.744™  1.000 0358 0351 -0.705 0.762 0407 - 0.662 0289 - 0.565
X 0.695™ 0491  1.000 0415 0.610 -0.038 -0.081 0.120 - 0.577 0.140
X, 0.443 0207 0851 1.000 0240 - 0.504 -0220 0.682 0321  0.309
Xs 0.459 0211 0907 0.838"° 1.000  0.639  0.625 - 0475 0434 - 0.404
X 0.879" 0.764™ 0.8347 0576 0.670° 1.000 - 0.465 0617 - 0.146 0.430
X; 0.823  0.533  0.883" 0.685" 0.795" 0.833" 1.000 0.218 - 0.279 0.509
Xy 0.702” 0368 0.8247 0.8377 0712 0759 0.761 1.000  0.137 - 0.443
Xo -0.163 -0207 -0.064 0254 0.093 -0.126 -0.108 0.104 1.000 0262
Xio 07917 0424 07267 0.586° 0.615 0.743" 0.845" 0.675°  0.005  1.000
1o* kx 0.05 0.01 ) 3) X
X5 X3 Xy Xs
Xq X, Xq Xo

XIO

(1) *and**means significant difference at 0.05 and 0.01 levels, respectively; (2) On the main diagonal of the biased
correlation coefficient, under the main diagonal of the simple correlation coefficient. (3) X;: Individual number of 7. urticae,
X,: Individual number of other mites, X3: Individual number of O. similis, X;: Individual number of other stinks bugs, Xs:
Individual number of 4. baccarum, Xg: Individual number of other predatory mites, X7: Individual number of H. axyridis, Xg:
Individual number of other ladybirds, Xy: Individual number of spiders, Xjo: Individual number of lacewings.
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