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Important natural enemies of Ricania speculum and the spatial
relationship between these predators and this pest
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Abstract [Objectives] To identify the dominant natural enemies of Ricania speculum and to provide a scientific basis for
the comprehensive protection and utilization of such species for the control of this pest. [Methods] Geo-statistics and grey
correlation were used to analyze the spatial relationships between R. speculum and its natural enemies in two tea plantations in
2015 and 2016. [Results] The four natural enemies whose spatial distributions were most closely correlated with that of R.
speculum in the Wuniuzao tea plantation were Tetragnatha squamata Karsch, Tetragnatha maxillosa, Neoscona theisi and
Theridion octomaculatum. The four natural enemies whose spatial distributions were most closely correlated with that of R.
speculum in the Baihaozao tea plantation were Clubiona japonicola Boes. et Str, Theridion octomaculatum, Neoscona theisi
and Hylyphantes graminicola. The four natural enemies whose spatial distributions were most closely correlated with that of R.
speculum were the same in two tea varieties; in 2015, these were T. maxillosa and C. japonicola and in 2016, they were
Hylyphantes graminicola and T. octomaculatum. [Conclusion] Comprehensive analysis, including close index summation
and serial number summation, indicate that the three natural enemies whose spatial distributions were most closely correlated
with that of R. speculum in both tea plantations in both years, were T. octomaculatum, C. japonicola and N. theisi. These

results promote the rational use and protection of natural enemies of R. speculum.
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Fig. 1 The population dynamic of eight kinds of natural enemies and Ricanidae speculum about
Wuniuzao (A) and Baihaozao (B) tea garden in 2015
Y Ricanidae speculum X1 Tetragnatha squamata Karsch X2
Tetragnatha maxillosa X3 Hylyphantes graminicola X4 Misumcnnops tricuspidaus
X5 Theridion octomaculatum X6 Clubiona japonicola Boes. et Str X7
Neoscona theisi X8 Oxyopes sertatus L. Koch. The same below.
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Fig. 2 The population dynamic of eight kinds of natural enemies and Ricanidae speculum
about Wuniuzao (A) and Baihaozao (B) tea garden in 2016
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Table 1 The theoretical semivariogram parameters of Ricanidae speculum and its natural
enemies about Baihaozao and Wuniuzao tea garden in 2015

Baihaozao Wuniuzao
RSD (m) R RSD (m) R
Species Model  variation  Determination Model  Variation Determination ' 2ttern
Date range coefficient Date range coefficient
Y Sphere 5.866 5 0.741 6 Sphere  4.2517 0.825 4 A
X1 Sphere 6.174 3 0.514 1 Sphere  7.677 5 0.9139 A
X2 Sphere 6.565 1 0.8150 Sphere  8.1257 0.897 0 A
X3 Sphere 8.703 0 0.9187 Sphere  6.687 4 0.797 7 A
X4 6.8 Sphere 9.085 1 0.584 1 6.8 Sphere 0 0 A
X5 Sphere 6.125 8 0.845 8 Sphere  8.754 2 0.826 0 A
X6 Sphere 4.0352 0.884 9 Sphere  5.023 9 0.743 5 A
X7 Sphere 4.1258 0.666 6 Sphere  9.022 6 0.853 1 A
X8 Sphere 0 0 Sphere 0 0 A
Y Sphere 5.8257 0.9380 Sphere  8.083 1 0.944 7 A
X1 Sphere 8.6953 0.978 5 Sphere  9.3310 0.866 1 A
X2 Sphere 5.256 9 0.826 9 Sphere  3.192 7 0.881 0 A
X3 Sphere 6.125 8 0.840 4 Sphere  8.338 5 0.701 2 A
X4 6.20 Sphere 3.2578 0.8323 6.20 Sphere  7.579 4 0.9455 A
X5 Sphere 7.125 8 0.8912 Sphere  6.889 5 0.489 5 A
X6 Sphere 9.614 3 0.9196 Sphere  7.1247 0.862 6 A
X7 Sphere 7.125 8 0.760 5 Sphere  7.380 7 0.688 9 A
X8 Sphere 6.227 8 0.812 4 Sphere  2.209 1 0.940 2 A
Y Sphere 4.1258 0.804 8 Sphere  6.186 7 0.8370 A
X1 Sphere 37554 0.901 4 Sphere  5.967 4 0.904 1 A
X2 Sphere 2.8167 09377 Sphere  6.3247 0.879 0 A
X3 Sphere 6.125 8 0.840 4 Sphere  7.354 1 0.7851 A
X4 7.04 Sphere 7.254 8 0.8323 7.04 Sphere  6.854 1 0.929 8 A
X5 Sphere 6.125 8 0.8912 Sphere  6.741 5 0.683 9 A
X6 Sphere 9.6143 09196 Sphere  4.009 6 0.8590 A
X7 Sphere 6.2147 0.900 3 Sphere  3.874 1 0.594 4 A
X8 Sphere 7.258 7 0.8197 Sphere  9.022 6 0.8537 A
Y Sphere 7.259 7 0.799 3 Sphere  5.216 7 0.5173 A
X1 Sphere 6.854 1 0.654 5 Sphere  7.030 5 0.4759 A
X2 Sphere 6.069 6 0.665 8 Sphere  7.124 5 0.753 9 A
X3 Sphere 7.558 7 0.493 2 Sphere  7.908 2 0.8269 A
X4 9.13 Sphere 5.090 6 0.640 2 8.16 Sphere  7.488 8 0.714 5 A
X5 Sphere 59651 0.8121 Sphere  8.228 7 0.494 5 A
X6 Sphere 7.854 1 0.893 1 Sphere  8.125 4 0.8187 A
X7 Sphere 5.862 1 0.739 4 Sphere  9.599 8 0.9415 A
X8 Sphere 7.1254 0.8857 Sphere  7.125 4 0.902 0 A
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453% 1 (Table 1 continued)
Baihaozao Wuniuzao
RSD (m) R RSD (m) R
Species Date Model  variation  Determination Date Model  Variation  Determination * 2t
range coefficient range coefficient
Y Sphere 6.187 4 0.872 4 Sphere  3.127 4 0.8370 A
X1 Sphere 4.266 5 0.798 6 Sphere  5.951 2 0.870 4 A
X2 Sphere 42187 0.858 0 Sphere  8.218 1 0.965 6 A
X3 Sphere 43674 0.600 9 Sphere  5.397 8 0.650 7 A
X4 9.26 Sphere 8.000 0 0.840 1 8.30 Sphere 0 0 A
X5 Sphere 3.247 1 0.945 1 Sphere  6.432 4 0.803 6 A
X6 Sphere 8.183 4 0.974 1 Sphere  8.301 1 0.907 1 A
X7 Sphere 6.686 7 0.8213 Sphere  8.702 9 0.672 9 A
X8 Sphere 1.658 4 0914 1 Sphere  8.125 4 0.763 1 A
* y=C*+C,x*+C3x+C,  *Models of semivariogram y=C,x’+C,x*+C5x+C;.
Ag: Aggregated The same below.
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Table 2 Two types of tea gardens natural enemies and Ricanidae speculum of correlation in space in 2015

Natural enemies

Tea treespecies X1 X2 X3 X4 X5 X6 X7 X8
Wuniuzao 09125 0.886 3 0.8232 0.474 1 0.8157 0.853 4 0.745 2 0.702 0
1 2 Q) (®) (5) (3) (6) @)
Baihaozao 0.826 9 0.856 0 0.763 5 0.877 8 09152 0.928 5 0.898 5 0.681 8
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Fig. 3 A graph of the cumulative population of eight kinds of natural enemies and Ricanidae
speculum about Wuniuzao (A) and Baihaozao (B) tea garden in 2015
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Table 3 The theoretical semivariogram parameters of Ricanidae speculum and its
natural enemies about Wuniuzao tea garden in 2016
Wuniuzao Baihaozao
. RSD (m) R RSD (m) R
Y Sphere 6.994 8 0.960 1 Sphere 6.127 8 0.744 0 A
X1 Sphere  6.4559 0.501 6 Sphere 8.726 3 0.8752 A
X2 Sphere  9.457 6 0.844 1 Sphere 7.2417 0.772'5 A
X3 Sphere  7.125 4 0.772 1 Sphere 8.857 1 0.722 2 A
X4 5.12 Sphere 7.907 1 0.963 0 5.12 Sphere 5.3217 0.878 7 A
X5 Sphere 8.662 7 0.842 6 Sphere 8.390 8 0.9899 A
X6 Sphere  6.014 2 0.744 5 Sphere 5.741 8 0.843 0 A
X7 Sphere  7.125 4 0.8227 Sphere 8.304 1 0.981 4 A
X8 Sphere 0 0 Sphere 0 0 A
Y Sphere  6.124 8 0.959 1 Sphere 6.109 1 0.760 6 A
X1 Sphere  4.085 7 0.725'1 Sphere 8.408 3 0.804 0 A
X2 Sphere  4.299 6 0.907 4 Sphere 2.3142 0.9217 A
X3 Sphere 4.2147 0.870 7 Sphere 9.044 3 0.256 6 A
X4 5.30 Sphere  5.3472 0.882 4 5.30 Sphere  12.5655 0.9413 A
X5 Sphere  7.402 8 0.8723 Sphere 6.123 5 0.905 5 A
X6 Sphere  5.214 7 0.869 8 Sphere 7.6952 0.966 9 A
X7 Sphere  7.2302 0.771 4 Sphere 10.285 5 0.633 3 A
X8 Sphere 0 0 Sphere 5.1254 0.715 1 A
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43R 3 (Table 3 continued)

Wuniuzao Baihaozao
. RSD (m) R RSD (m) R
Y Sphere 5.924 7 0.687 0 Sphere 49325 0.329 8 A
X1 Sphere  4.406 8 0.736 5 Sphere 3.8457 0.773 0 A
X2 Sphere  8.127 4 0.809 3 Sphere 6.129 7 0.858 8 A
X3 Sphere  5.784 1 0.8273 Sphere 6.399 8 0.779 8 A
X4 6.14 Sphere 42174 0.799 9 6.29 Sphere 9.022 6 0.853 1 A
X5 Sphere 5.2743 0.8162 Sphere 5.987 4 0.760 5 A
X6 Sphere 47752 0.646 6 Sphere 8.390 8 0.989 9 A
X7 Sphere ~ 7.143 7 0.8833 Sphere 6.859 6 0.483 1 A
X8 Sphere 0 0 Sphere 6.8711 0.9453 A
Y Sphere  4.8129 0.660 5 Sphere 4.287 4 0.5970 A
X1 Sphere 7.2147 0.537 1 Sphere 8.808 1 0.5957 A
X2 Sphere 8.793 4 0.962 5 Sphere 2.1274 0.874 9 A
X3 Sphere 6.214 7 0.676 6 Sphere 4.082 6 0.858 4 A
X4 6.29 Sphere  7.214 7 0.5599 8.16 Sphere 6.497 3 0.434 5 A
X5 Sphere  5.8412 0.893 0 Sphere 6.728 8 0.643 0 A
X6 Sphere  6.627 9 0.799 9 Sphere 5.874 1 0.8179 A
X7 Sphere  6.386 9 0.7159 Sphere 8.1537 0.859 4 A
X8 Sphere 0 0 Sphere 3.9574 0.842 9 A
Y Sphere  3.857 1 0.5955 Sphere 6.2334 0.879 6 A
X1 Sphere 5.786 4 0.8129 Sphere 2.348 5 0.954 3 A
X2 Sphere 7.148 3 0.786 5 Sphere 8.124 5 0.9742 A
X3 Sphere  5.1254 0.7913 Sphere 8.9827 0.987 7 A
X4 7.14 Sphere  7.125 4 0.746 4 7.14 Sphere 5.124 5 09121 A
X5 Sphere  6.124 5 0.820 8 Sphere 5.2536 0.647 4 A
X6 Sphere 6.132 4 0.3512 Sphere 8.548 4 0.899 0 A
X7 Sphere 8.2351 0.949 6 Sphere 4.124 5 0.776 7 A
X8 Sphere 8.125 4 0.973 6 Sphere 4.647 7 0.5311 A
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Table 4 Two types of tea gardens natural enemies and Ricanidae speculum of correlation in space in 2016

Tea tree species

Natural enemies

X1 X2 X3 X4 X5 X6 X7 X8
Wuniuzao 09092 09356 09478 09180 09658 09204 09446  0.6725

) “) @ (6) M ) ) ®)
Baihaogao  0-0083  0.6627 08854 07051 08109  0.8590 08013 07120

™ ®) () (6) ) ) “4) )
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Fig. 4 A graph of the cumulative population of eight kinds of natural enemies and
Ricanidae speculum about Wuniuzao (A) and Baihaozao (B) tea in 2016
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Table 5 The annual differences in affinity degree of two types of tea garden
natural enemies and Ricanidae speculum in space
Natural enemies
Tea garden Year Project X1 X2 X3 X4 X5 X6 X7 X8

0.9414 09687 0.9814 09505 1.0000 009529 0.9780 0.6963
0 “) @ (©) (1) ®) ) ®)

2015 1.0000 09713 09021 05196 0.8939 09352 08167 0.7693
Wuniuzao (M 2 “) ®) ©) 3) (©) 0

1.9414 19400 1.8835 14701 18939 1.8881 1.8947 1.4656
M ) (©) 0 4) ®) ) ®)

2016

0.7548 0.7485 1.0000 0.7964 09158 09702 0.9050 0.8042
0 ®) M (©) ) @ “4) ®)
2015 0.8906 0.9219 0.8223 0.9455 09857 1.0000 0.9677 0.7343
Baihaozao (©) &) 0 “4) 2 M ) ®)
s 1.6454 16704 1.8223 1.7419 19015 19702 1.8727 1.5385
™ (6) “) ®) @) (M ) ®)

2016

Sum of 3.5868 3.6104 3.7058 32120 3.7954 38583 3.7674 3.0041

close index (6) (5) 4) 7N 2) (N 3) ()
Sum of 3 8 10 14 6 6 6 16
ordinal

4 (C)) (6) (7 ()] M (M ®)

numbers

* * The numbers in parentheses are serial numbers.
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