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Degree of close spatial-following relationship between four insect pests and their

natural enemies studied in a span of two years about “ WuNiuZao” tea garden
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Abstract: To protect and use of natural enemies and provide scientific sampling methods, in this study, the spatial
relationships among the natural enemies of the insect pests Toxoptera aurantii Boyer, Empoasca vitis Gothe, Breuipalpus
oboyats , and Monolepta hieroglyphica were investigated in the tea garden of “WuNiuZao” in the Hefei suburban district,
China in 2015 and 2016. The reasons for differences in the relationship between the same natural enemies and the pest
species in the two years were evaluated. The ranges of spatial dependence (RSDs) of natural enemies were calculated using
a geostatistics method, and the spatial relationships among enemies and pests were analyzed using grey relational analysis. A

greater relative degree indicates a closer following space about the relationship between natural enemies and pests. The
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relational grade analysis showed that the three main enemies Neoscona theisi, Tetragnatha maxillosa and Clubiona japonicola
Boes. et Str had a close relationshipwith Toxoptera aurantii in spatial-following relationships in the “WuNiuZao” tea garden
in 2015. Although the three main enemies Tetragnatha maxillosa , Theridion octomaculatum Boes.et Str., and Tetragnatha
maxillosa remained the same during the two years, the sorting was different in 2016. The relational grade analysis showed
that the three main enemies Neoscona theisi, Theridion octomaculatum Boes. et Str., and Clubiona japonicola Boes. et Str
had close relationship with Empoasca vitis in spatial-following relationships in the “WuNiuZao” tea garden in 2015. The
three main enemies included Theridion octomaculatum Boes. et Str, Neoscona theisi, and Tetragnatha syusmata in 2016.
Theridion octomaculatum Boes. et Str. and Neoscona theisi remained the same during the two years, but the seating
arrangement was different. The relational grade analysis showed that the three main enemies Neoscona theisi, Clubiona
Japonicola Boes. et Str, and Tetragnatha syusmata had consanguineous relations with Breuipalpus oboyats in spatial-following
relationships in the “WuNiuZao” tea garden in 2015. The three main enemies included Tetragnatha squamata Karsch,
Clubiona japonicola Boes. et Str, and Theridion octomaculatum Boes et Str. Clubiona japonicola Boes. et Str and Tetragnatha
squamata Karsch remained the same during the two years, but the sorting was different. The relational grade analysis showed
that the three main enemies, Theridion octomaculatum Boes. et Str, Clubiona japonicola Boes. et Str, and Tetragnatha
syusmata had consanguineous relations with Monolepta hieroglyphica in spatial-following relationships in the tea garden in
2015. The three main enemies included Teiragnatha syusmata, Clubiona japonicola Boes. et Str, and Neoscona theisi in
2016. Tetragnatha squamata Karsch and Clubiona japonicola Boes. et Str remained the same during the two years, but the
sorting was different. The main reason for the change of the natural enemies of the pests during the two years is the
difference in the ratio of the number of individual pests to the number of individual natural enemies: smaller the ratio,
closer is the following relationship between predators and pests, which seems to be caused by a shortage in natural enemy

species resources.

Key Words: pests;natural enemies ;spatial relationship geostatistics ; gray system analysis
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Table 1 Population dynamics of the pests and their natural enemies in the WuNiuZao tea garden(2015)

H 5 Date Y1 Y2 Y3 Y4 X1 X2 X3 X4 X5 X6 X7 X8
03-28 9 8 3 28 307 100 48 8 43 13 52 0
04-11 68 1 198 31 229 106 9 6 34 3 48 3
04-26 60 31 101 31 99 74 2 14 25 3 29 16
05-10 49 53 203 53 104 50 1 19 21 26 7 8
05-24 12 132 119 25 122 81 11 16 10 46 8 4
06-08 3 128 48 97 99 83 34 25 1 33 1 3
06-20 2 149 43 111 84 111 10 44 8 21 3 4
07-04 27 309 27 56 98 125 9 53 40 21 7 1
07-19 87 674 13 43 107 193 8 90 26 11 7 4
08-02 11 349 54 15 56 140 0 34 23 7 4 4
08-16 2 42 23 7 33 105 5 43 20 4 1 1
08-30 17 97 26 7 23 70 6 55 20 12 0 2
09-13 9 442 15 31 46 102 20 51 39 15 0 5
09-26 69 479 61 40 100 86 60 49 36 14 8 5
10-11 77 150 53 56 129 132 189 36 54 12 12 13
10-28 49 87 37 47 176 105 98 8 31 7 24 43
11-14 95 96 156 45 185 140 193 10 39 9 14 18

it Total 646 3227 1180 723 1997 1803 703 561 470 257 225 134

Y1:550F Toxoptera aurantii; Y2 fRAR/NGEM W Empoasca vitis ; Y3 : USTEHG 0 Breuipalpus oboyats ; Y4 : RUEE K Bt B Monolepta hieroglyphica;
X1 8580 WY Tetragnatha syusmata; X2 HENE 5 1 Tetragbatha maxillosa; X3 : \BEERIE K Theridion octomaculatum ; X4 . %55 8k Clubiona japonicola;
X5 B Wk Neoscona theisi; X6 . KA /INRIK Erigonidium graminicolum ;X7 ; = 2EAEBEWR Misumenops tricuspidatus ; X8 : 5 LN, Leis axyridis
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Table 2 Population dynamics of the pests and their natural enemies in the WuNiuZao tea garden(2016)

H 1 Date Y1 Y2 Y3 Y4 X1 X2 X3 X4 X5 X6 X7 X8
03-27 35 7 2 31 162 112 35 3 39 5 18 4
04-11 199 1 239 51 65 41 23 12 30 2 34 11
04-28 104 43 552 34 47 46 7 8 23 6 12 20
05-12 46 55 613 27 83 52 14 14 28 23 3 14
05-30 23 28 297 47 89 84 27 23 32 27 3 10
06-14 24 223 305 32 83 86 21 12 10 10 3 12
06-29 31 150 216 16 51 97 15 28 6 9 5 7
07-14 30 509 113 23 128 149 19 58 29 14 6 7
07-29 3 412 78 11 116 240 8 62 16 9 10 1
08-13 3 572 43 4 24 78 5 49 12 5 7 1
08-28 4 662 36 8 7 54 22 53 21 5 2 1
09-12 10 264 21 2 6 26 5 23 9 2 0 2
09-25 46 1039 36 18 17 38 18 65 14 4 5 5
10-10 66 686 69 29 36 60 72 36 14 15 8 18
11-02 67 206 101 17 40 89 98 25 23 5 10 6
11-19 107 190 267 89 36 93 89 13 25 10 18 11

A1t Total 798 5047 2988 439 990 1345 478 484 331 151 144 130

AR EEOR T 130 ki 8 Fh R BUR WS 1Y HENE H W \ZEIKIE Ik ( Theridion octomaculatum) K48
LRSS (B R ik B ) /N BR R | = SR AE I8k ( Misumenops tricuspidatus ) FIS (S8 d B BIAERY 2 Fp 3 du R4
%320 Sk DA AR EZRE AR AT ¢ RIS, AW« (R 0.7972 (B HR/NGRIF WA ¢ (N 1.4296, DRTE
SE TG ¢ (A 2.3985 , RURE B - FRAY ¢ (K 1.7401,df =31 B 1,5 = 2.040 1, ,, = 2.744 , BT % 200l G 4
] 22 53 B2, 2016 4E W5 2T 2015 4F , B0 £ B RG F07 355 KBk S0 i Wy HERE 0\ BEBRIE Ik kR
IR RN 2% (057 IRk — AR AY ¢ (EHKIR Jy 2.6214 ,1.4483 .0.6852 .0.3607 F1 1.6738, HAT WL M 1 Y « {8 2.6214>
to0s(2-040) ,2016 4F i 3 2T 2015 4,

2.1 2015 4FEH1 2016 4 Z [A] R EOM A I 23 (] BRBE OC R 1) B VI RR T 25 57

S dUBUE 22 G R 3 22 0] 128 8] 56 28 T DA v B e s ke 9 2 22 ) 43 ) 56 R i s DD RR R, e 1
2015 ARSI 24 A 11 H 4 A26 H 7 A 19 H 10 A 11 HALL A 14 HEZEF(Y1) R HERE T
HT LA A SRS I (X1) |, HERE 5 (X2) , /\BESRIE IR (X3) B 48 HL0k ( X4) FI2% (T Rk (X5) 1B 2647
SEGETFA AR R SRAT I AR S R A B AR R R BRI ARG 3% 3, R4 7 A 19 H 2R SO R E AR 5
PRI BRI Z T8 1,

£3 205 54 RFEFHEERFNERFTRRERESY

Table 3 Observed semivariogram R * (h) for Toxoptera aurantii and enemies of the WuNiuZao tea garden (2015)

s A o i WEFRHE g
Date species Models @ ©2 ©s 4 'RsD/m detenr.ljn'an()n Pattern
variation range coefficien

04-11 Y1 BRIE -0.0201 0.3114 -1.8976 6.6641 5.8692 0.929 A

X1 BRIE -0.0197 0.3996 -3.2686 12.9 6.7893 0.8198 A

X2 ERIE -0.0041 0.0707 -0.5974 3.2969 3.8651 0.6493 A

X3 29I 0.0008 -0.0085 -0.006 0.301 7.4202 0.7836 A

X4 BRIE -0.0003 0.0047 -0.041 0.2316 4.7638 0.9479 A

X5 BRIE -0.006 0.082 -0.354 0.9654 5.5978 0.8739 A

04-26 Y1 BRIE 0.0078 -0.0638 -0.2779 3.3926 7.1207 0.828 A

X1 BRIE 0.0027 -0.0396 -0.0793 2.3553 4.7583 0.7852 A

X2 BRIE -0.0078 0.116 -0.8098 3.7042 6.1258 0.7632 A

X3 $29i -0.0005 0.0074 -0.0363 0.1048 6.8524 0.652 A

X4 BRIE 0.0029 -0.0351 0.0826 0.3502 6.6388 0.5873 A

X5 29I -0.0046 0.0725 -0.3702 1.0156 6.1336 0.735 A

07-19 Y1 29I 0.0109 -0.1634 -0.7891 12.762 6.1472 0.9581 A
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Date species Models ! 2 3 “ . ¢ CI’I]:I}]’I'd o Pattern
variation range coefficien
X1 BRIE 0.0048  -0.117 0.2047 4.7989 3.2578 0.8437 A
X2 BRIE 0.007 -0.1178 -0.473 9.4223 3.9563 0.9833 A
X3 BRI 0.0063  -0.1016 0.4017 0.0058 2.6109 0.9844 A
X4 BRIE -0.016 0.2245 -1.2708 4.9013 3.8642 0.8713 A
X5 BRI -0.0061 0.0939 -0.5375 1.6667 5.8624 0.7775 A
10-11 Y1 BRIE -0.0171 0.3272 -1.8166 7.0666 4.0825 0.3957 A
X1 BRI 0.0063  -0.0912 -0.4778 8.3862 5.2341 0.8668 A
X2 BRIE 0.0287  -0.4948 1.9338 2.5601 2.4962 0.9161 A
X3 BRIE -0.0731 1.1388 -6.2599  20.781 5.8631 0.664 A
X4 BRIE -0.005 0.0672 -0.2927 1.0534 5.2263 0.7627 A
X5 §29iA 0.004 -0.0787 0.1877 1.7976 2.3415 0.9189 A
11-14 Y1 BRI -0.0133 0.1893 -1.3559 6.6152 4.8634 0.9178 A
X1 BRIE 0.164 2.5402  -12.426 29.151 7.0897 0.7597 A
X2 BRI -0.0128 0.1679 -0.8955 7.1781 5.8634 0.8617 A
X3 BRIE 0.0529 0.7263 -3.3072  10.59 2.0516 0.3557 A
X4 BRI -0.0024 0.0373 -0.1823 0.495 6.4129 0.9188 A
X5 BRIE 0.0194  -0.2466 0.7014 1.6054 6.6664 0.5417 A
* A RAESM : Aggregated ; 25 ST BB y =, 0% +e 07 +eza+ey
14 -
3 =0.0109x — 0.1634x2 - 0.7891x + 12.762 6 — y=0.0048x3 = 0.117x2 + 0.2047x + 4.7989
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Fig.1 Models of semivariogram of Toxoptera aurantii with their natural enemies in WuNiuZao tea garden (July 19th)
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Table 4 Observed semivariogram R * (h) for Toxoptera aurantii and enemies of the WuNiuZao tea garden (2016)

G R o 0 PERECR ey
Date Species  Models “ © “ o RSD/m determination Pattern
variation range coefficien
04-11 Y1 BRI -0.014 0.1033 -1.5945 27.89 7.3568 0.8904 A
X1 g -0.0147 0.2386 -1.4376 4.5208 4.8634 0.8486 A
X2 BRIE -0.0381 0.5529 -2.3837 4.6978 6.4323 0.8648 A
X3 BRE -0.0053  0.0833 -0.4601 1.4574 6.7524 0.7572 A
X4 ERIE -0.0032  0.0437 -0.1984 0.6735 4.7861 0.6453 A
X5 2914 0.0101  -0.163 0.6272 0.2942 2.509 0.9837 A
04-28 Y1 ERIE -0.0278  0.2014 -0.6844 9.6022 6.3254 0.7045 A
X1 BRI -0.0179 0272 -1.3037 3.0074 6.2392 0.4704 A
X2 ERIE -0.0077  0.108 -0.5402 2.0409 6.7856 0.7806 A
X3 BRI 0.0007  -0.0098 0.0122 0.2899 3.8693 0.8426 A
X4 BRIE -0.0031 0.0463 -0.2214 0.4778 5.9679 0.8082 A
X5 ERIE -0.0036  0.057 -0.29029 0.631 6.2658 0.8246 A
10-10 Y1 BRIE -0.0291 0.4457 -2.2021 5.4088 6.0221 0.783 A
X1 ERIE 0.035  -0.0371 -0.0864 1.6556 4.8692 0.8087 A
X2 BRI -0.0011 0.0301 -0.3004 2.0989 7.8695 0.4005 A
X3 ERIE 0.0022  -0.0092 -0.1889 2.8489 6.9224 0.5414 A
X4 BRI -0.0017  0.002 -0.0854 2.1169 5.9865 0.8059 A
X5 BRI -0.0005  0.004 -0.0487 0.4612 5.8634 0.9038 A
11-02 Y1 BRIE -0.0152 0.237 -1.3488 4.7164 6.2563 0.7327 A
X1 ERIE 0.0017  -0.0346 -0.009 1.7864 5.8641 0.9587 A
X2 BRI -0.0175  0.2178 -1.5228 8.7709 5.8472 0.874 A
X3 BRI -0.0194  0.3341 -2.0505 5.7946 5.9634 0.8988 A
X4 BRI 0.008  -0.1166 0.3655 0.5823 7.7521 0.9164 A
X5 BRI -0.0021 0.0359 -0.2793 1.2237 6.5874 0.687 A
11-19 Y1 BRIE 0.0075  -0.1038 0.0341 4.9081 5.8641 0.6595 A
X1 BRI -0.0107  0.162 -0.8484 2.5224 6.5748 0.6669 A
X2 BRIE -0.0264  0.3625 -1.5802 5.9074 5.5755 0.5903 A
X3 BRI -0.0135  0.2288 -1.8976 8.9038 4.6894 0.9355 A
X4 BRIE -0.00003  -0.0022 0.0001 0.2573 47538 0.8058 A
X5 BRIE 0.0011  -0.0094 -0.118 1.1536 4.1258 0.8971 A

M 3 FI 4 Al E HBSHROAY S 2B R KT 0.2144 (df=28 I,y = 0.463 18 s = 0.2144) B LR Ny
100% , ZRUIHEEHRL S SBRPLG 3 m . BEASWF 5 JLR T AR S ek BB R (] A G R 2 51 3% 5,2015 4F 5%
Mo A 225 T BB O 22 285 V) AT — 57 R B RS2 A% (87 1B ek I I T R sl 0 1 1, 2016 4F 5 28 WA A 25 () - R
Bl 5 2R 25 U AT = A7 R ER U A R 1 0, /N BEER AR R A S0 1 B, FF 2 A0 OCIR B R BT ¢ K5 =
2.1336,df=8,1,,,=1.860 1, s = 2.306 1>t ,, , FAF 0] JCHE B 25 KA i 35
2.2 2015 A1 2016 4 22 [8] R FOG B AR /NSt w2 ] BR [ OC R % VIR ) 25 5%

PEFE 1 2015 AR AR /NP 27 H4 H 7 H 19 H 8 H2 H 9 A 13 HA9 A 26 HRR/I
g it K FL R R , AT 2R Ge T2 a0 M K SR A 2K AR S R BCHELS AR R 1) R BRI A R B T2 6, IR 8 7

http ; //www.ecologica.cn



8 S % 38 &

H 19 FABHR /NG i i 7 R B i) A2 e pR A B AR T 2 TR 2

RS AMERESHRETEEANXEE
Table 5 Relational grade of four pests with five enemies

Yyl P} ] RgE|

Species Date Project Xl X2 X3 X4 X3
2015 K 0.5737 0.6901 0.5493 0.69 0.7839
A F fk 4 2 5 3 1
Y1 2016 KBRE 0.7871 0.8194 0.7887 0.7743 0.6605
frk 3 1 2 4 5
2015 I 0.6994 0.6481 0.7293 0.7161 0.7305
R HR /Nt i frk 4 5 2 3 1
Y2 2016 RHE S 0.6797 0.6442 0.8675 0.6047 0.7418
R/ 3 4 1 5 2
2015 RHEJE 0.7383 0.6962 0.6523 0.8037 0.8655
AL (A7 3 4 5 2 1
Y3 2016 RHESE 0.8337 0.6771 0.7134 0.793 0.6016
(A7 1 4 3 2 5
2015 RHR S 0.7337 0.5618 0.7816 0.7772 0.6103
BB 2 i 2% fik 3 5 1 2 4
Y4 2016 RHRJE 0.8283 0.604 0.6039 0.8021 0.776
fik 1 4 5 2 3

WY1 Z50F 5 Y2 AR /NG5 Y3, BRR R Z00005 5 Y4 - SORER i it Y X1 e 1 0 X2 4R 1 005 5 X3 . /\BEBRIE ke 5 X4 B8 Bk ; X5 . &5
S 15 e

F6 2015 FE4RFEFRR/NGHESEXFHERF TR RIERSE

Table 6 Observed semivariogram R * (h) for Empoasca vitis and enemies of the WuNiuZao tea garden (2015)

R R oR WERRR o
Date species Models “ 2 “ o 'RsD/m delerm%n-allon Pattern
variation range coefficien

07-04 Y2 29I -0.1037 1.4233 -8.0322 35.926 4.7568 0.843 A
X1 BRIE -0.0304 0.4765 -2.6754 7.5402 5.8694 0.9041 A
X2 BRE -0.0021 0.0867 -1.4543 9.1714 5.9643 0.9125 A
X3 BRIE -0.0012 0.0188 -1.4543 9.1714 5.1258 0.9125 A
X4 BRE -0.0145 0.2108 -0.9911 2.7581 4.0095 0.859 A
X5 BRIE -0.0044 0.0797 -0.4994 1.5972 7.2536 0.5944 A

07-19 Y2 BRIE -0.7484 10.393 51.333 207 11.2841 0.7143 A
X1 BRIE 0.0192 -0.35 1.2864 3.3288 2.2568 0.9025 A
X2 BRIE -0.015 0.228 -1.6419 7.8397 4.8695 0.7892 A
X3 BRIE 0.0064 -0.1018 0.3984 0.0282 8.0154 0.9879 A
X4 B -0.0103 0.1279 -0.6507 3.3907 3.8692 0.7235 A
X5 BRIE -0.0036 0.0573 -0.368 1.3972 6.1589 0.7297 A

08-02 Y2 BRIE 0.2074 -1.544 -10.049 94.822 7.2047 0.8958 A
X1 BRIE -0.0057 0.0826 -0.5426 2.5406 3.8654 0.9057 A
X2 BRIE 0.0441 -0.6995 2.5763 2.7563 2.3749 0.9482 A
X3 0 0 0 0 0 0
X4 BRIE -0.0122 0.1739 -0.8499 2.8036 4.8693 0.925 A
X5 BRIE -0.0038 0.0496 -0.2361 1.0137 5.8695 0.4825 A

09-13 Y2 29I -0.0196 0.8045 -12.975 76.03 4.2683 0.7889 A
X1 BRIE -0.002 0.0196 -0.0469 0.8257 4.9561 0.3194 A
X2 BRIE -0.0117 0.2125 -1.4249 5.4293 5.8691 0.8156 A
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ARFE ez Z R p2
MR R o . . . . el S
Date species Models ! 2 3 4 o m elerm?n'allon Pattern
variation range coefficien
X3 BRIE 0.004 -0.0549 0.1609 0.3491 7.3176 0.8016 A
X4 BE -0.00001  0.0176 -0.379 2.4866 10.8677 0.7204 A
X5 BB -0.004 0.0299 -0.1156 1.6587 6.2689 0.8221 A
09-26 Y2 BRI 0.033 1.0578  -16.254 116.83 5.9959 0.4835 A
X1 BE -0.008 0.105 -0.7459 4.3132 3.8964 0.987 A
X2 BE -0.0048 0.0736 -0.6568 3.8906 6.2843 0.7842 A
X3 BRIE -0.0126 0.1909 -0.9365 2.4413 4.1958 0.9278 A
X4 BRIE -0.0009 0.0153 -0.2 1.6804 5.9683 0.9341 A
X5 K 0.0044  -0.0534 0.042 1.2689 7.6764 0.6771 A
200 50 4 »=0019200- 0357 + 1.2864x +3.3288
180 | . R2=0.9025
160 L y=-0.7484x> + 10.393x2 - 51.333x + 207
A R>=10.7143 40 -
140 |- .
120 | * 30 |
100 |- . o
80 20 b
60 |-
40 L 1.0 *
20 L Y2 X1 .
0 | 1 1 1 | 0 1 I I 1 |
0 2 4 6 8 10 0 2 4 6 8 10
8 - 0.6
y=-0.015x>+ 0.228x2 - 1.6419x + 7.8397 3= 0.0064x> - 0.1018x2 + 0.3984x + 0.0282
r * R2=0.7892 05 [ LS R2=0.9879
o *
§7§ or ¢ 04 |-
me St
HH: 5 * * 03
®e 4
s E 02 +
~2z 3F .
SK=
=~ o * 0.1
< w 2 ~ X3
1 [ 0 Il Il Il é & J
X2 2 4 6 X 10
0 | | 1 | | -0.1 b
0 2 4 6 8 10
35 »=-0.0103x+ 0.1279x2 - 0.6507x + 3.3907 12  y=-0.0036x3+0.0573x2 - 0.368x + 1.3942
R2=0.7235 . R2=0.7297
30 10
25
08 |
20
0.6 |
15
04 |-
1.0 |
05| 02
0 Il Il 1 Il | 0 L L L Il J
0 2 4 6 8 10 0 2 4 6 8 10
B B Distance h(m)

B2 BHEEFEBRAEHESHE S MXBNFESIYRBEMSHMLE(T H 19H)

Fig.2 Models of semivariogram of Empoasca vitis with their natural enemies in WuNiuZao tea garden (July19th)

P 2 2016 AR RER /Nt iitm L7 H 14 H 8 H13 H 8 H28 H 9 H25 HA110 A 10 H#Y
B AR /NG v s K H R B A B A T H 2 B 22 40 BT, SR AR B A8 57 R B S ARR R BRI RE 1) 3% 7,
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Table 7 Observed semivariogram R * (h) for Empoasca vitis and enemies of the WuNiuZao tea garden (2016)

PRF () %ﬂ] s ¢ ¢ e <y Rﬂsij/im iffﬁﬁz i
Date species Models variation range coefficien Pattern
07-14 Y2 BRIE 0.1035 -1.8135  -2.9534 97.883 3.9871 0.8723 A
X1 297 -0.0142 0.1716 -1.2071 7.1567 5.9637 0.856 A
X2 2917 0.0604 -0.8138 2.1135 6.8967 7.4077 0.9604 A
X3 e -0.0033 0.0428 -0.1788 0.603 5.1167 0.8906 A
X4 BRI 0.0055 -0.0547  -0.0104 1.6344 6.7241 0.5044 A
X5 BRIE 0.0106 -0.1722 0.6425 0.5366 2.3953 0.9787 A
08-13 Y2 ERIE -0.0384 0.6131 -3.1951 7.467 6.0895 0.8645 A
X1 BRIY 0.0023 -0.0388 0.0291 1.2609 4.8564 0.8702 A
X2 BRIE 0.0105 -0.1926 0.6149 2.4638 5.2578 0.9162 A
X3 BRIE -0.001 0.0141 -0.0623 0.2239 6.7584 0.4702 A
X4 BRIE 0.0076 -0.1322 0.4789 0.9248 2.2464 0.9704 A
X5 BRIE -0.0012 0.0156  -0.0914 0.439 5.1287 0.8938 A
08-28 Y2 e -0.0031 0.0415  -0.2138 0.9565 5.8674 0.5588 A
X1 g 0.0011 -0.144 0.0319 0.1999 4.8617 0.6605 A
X2 e -0.0135 0.1922 -0.9013 2.3416 5.2625 0.872 A
X3 BRE 0.0015 0.0036  -0.2306 1.4201 6.4031 0.5109 A
X4 BRIE 0.0009 0.0016  -0.2452 1.8869 8.9554 0.6937 A
X5 g -0.0013 0.0296  -0.2459 0.9885 5.2367 0.7543 A
09-25 Y2 BRIY 0.0019 -0.0259  -0.0864 1.8355 3.5879 0.8573 A
X1 ERIE 0.00009 0.0029  -0.0898 0.5787 5.3674 0.8258 A
X2 BRIE -0.0122 0.167 -0.7627 2.2553 6.1475 0.857 A
X3 ERIE -0.0012 0.0211 -0.1213 0.621 5.0498 0.2605 A
X4 BRIE -0.0182 0.2713  -1.3228 3.4801 5.6489 0.8747 A
X5 ERIE -0.0008 0.0164  -0.1473 0.6407 3.8671 0.8949 A
10-10 Y2 g -0.0358 0.7346 5.5097 18.872 6.8431 0.8831 A
X1 ERIE 0.0035 -0.0371 -0.0864 1.6556 4.8692 0.8087 A
X2 BRE -0.0011 0.0301 -0.3004 2.0989 5.1275 0.4005 A
X3 ERIE 0.0022 -0.0092  -0.1889 2.8489 6.9224 0.5414 A
X4 BRIE -0.0017 0.002 -0.0854 2.1169 5.8641 0.8059 A
X5 BRI 0.0005 0.004 -0.0487 0.4612 3.6244 0.9038 A

M 6 FI 7 F L2015 FHESHA A PUE R RPKT 0.2144 B ELFN 100% ,2016 4F R* KT 0.2144,
i7 100% , 32 B B ARR 5 52 BRIl 0 W) 5 BE Hh i mr , LY BRIEARAY | 43515 2015 4FF1 2016 4B HR /NGt i
5 H IR EA] AR 5 sR B AR FE AT A IR BE AT, 25 SR8 32 5. 2015 A XA /NG il s (i) R Bl 5 2R e
YN \BERRIE I , FLUORAS 6 Rk, 55 — 7 A2 WES0 I 1, 2015 4R A1 2016 4F X R /IS - i B i 5C 2
I = AL KA B A7 KB R, (8 A7 AN [R] B 79 4 19 DB B2 R B 1T ¢ K299, 0= 0.0186, £ <ty
(2.306) , %A BE,
2.3 2015 A1 2016 4F 2 [8] KEOGT U ki 20 2 (1] R Bl G 22 285 DI FE B 1) 22 57

PEPESR 1 2015 4RBRIR i 2 n 4 A 11 H 4 H26 H 5 H 10 H .5 J 24 HAI 10 A 11 HEWE
i e R B B A T M 2= e it o0 A, SRAR 12 AR S pR AR B R BRI AR R A8 T 3% 8, 0F K 4 H
11 H B S R A A A 2 TR 3,
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Table 8 Observed semivariogram R * (h) for Breuipalpus oboyats and enemies of the WuNiuZao tea garden (2015)

Wi R . . . . el WERII o
Date speeies Models variation range coefficien Pattern
04-11 Y3 BRI -0.0046 0.5299 -5.5956 38.789 5.7034 0.2435 A
X1 ERIE -0.0197 0.3996 -3.2686 12.9 6.8324 0.8198 A
X2 BRI -0.0041 0.0707 -0.5974 3.2969 4.9637 0.6493 A
X3 BRIE 0.0008  —0.0085 -0.006 0.301 7.4202 0.7836 A
X4 BRIE -0.0003 0.0047 -0.041 0.2316 4.8695 0.9479 A
X5 BRIE -0.006 0.082 -0.354 0.9654 5.5978 0.8739 A
04-26 Y3 BRI -0.0202 0.2839 -1.5834 6.704 6.1354 0.7214 A
X1 e 0.0027  -0.0396 -0.0793 2.3553 10.6931 0.7852 A
X2 BRI -0.0078 0.116 -0.8098 3.7042 5.8643 0.7632 A
X3 e -0.0005 0.0074 -0.0363 0.1048 5.3045 0.652 A
X4 BRI -0.0013 0.0166 -0.061 0.3405 5.8299 0.5704 A
X5 BRIE -0.0046 0.0725 -0.3702 1.0156 6.1336 0.735 A
05-01 Y3 BRIE -0.1208 1.6025 -7.0253 23.637 4.8315 0.9865 A
X1 BRIY 0.0109  -0.1265 -0.1398 5.0021 8.2549 0.7511 A
X2 BRIE 0.0068  —0.1245 0.5002 1.2298 9.6703 0.8083 A
X3 BRIE -0.0003 0.0037 -0.0182 0.524 6.7682 0.652 A
X4 e -0.0046 0.0752 -0.4271 1.3156 6.1583 0.7995 A
X5 BRIE -0.0048 0.0748 -0.3971 1.1271 5.9634 0.9057 A
05-24 Y3 e -0.0582 0.8615 -4.265 13.016 6.1476 0.9164 A
X1 g -0.009 0.1544 -1.3069 6.4122 7.6853 0.8329 A
X2 BRIE -0.0109 0.1998 -1.2955 4.0445 5.2456 0.705 A
X3 BRE 0.0031  -0.0533 0.2005 0.214 2.3715 0.9281 A
X4 BRIE -0.0027 0.0343 -0.1522 0.5701 5.4523 0.8934 A
X5 BRIE -0.0028 0.0375 -0.1414 0.4059 6.2239 0.7333 A
11-14 Y3 BRIY -0.0859 1.4538 -9.0486 31.634 5.8476 0.8043 A
X1 ERIE -0.164 25402 -12.426 29.151 6.3464 0.7597 A
X2 BRIE -0.0358 0.6048 -3.2453 10.509 6.8537 0.6174 A
X3 ERIE -0.0529 0.7263 -3.3072 10.59 4.9014 0.9188 A
X4 BRIE -0.0024 0.0373 -0.1823 0.495 6.4129 0.3557 A
X5 BRIE 0.0194  -0.2466 0.7014 1.6054 6.6664 0.5417 A

R9 2016 B4REFENLENHSERINER I TR ALK S

Table 9 Observed semivariogram R * (h) for Breuipalpus oboyats and enemies of the WuNiuZao tea garden (2016) (2015)

AT PE R R

ale %ﬁu A ¢y [ C3 Cy RSD/m determination oA
Date speeies Models variation range coefficien Pattern
04-11 Y3 BRIE 0.1618 —2.2547 4.9589 29.982 8.0155 0.8872 A
X1 BRIE -0.0147 0.2386 -1.4376 4.5208 5.1568 0.8486 A
X2 BRIE -0.0381 0.5529 -2.3837 4.6978 3.2421 0.8648 A
X3 BRIE -0.0053 0.0833 -0.4601 1.4574 5.2358 0.7572 A
X4 BRIE -0.0032 0.0437 -0.1984 0.6735 4.3179 0.6453 A
X5 BRIE 0.0101 -0.163 0.6272 0.2942 2.509 0.9837 A
04-28 Y3 BRIE -2.0217 28.614 -118.68 272.63 6.3579 0.7608 A
X1 BRIE -0.0207 0.3111 -1.4286 3.095 6.4559 0.5016 A
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ARFE vhes Z Rl p2
] %ﬁ Heal cy Cy cy3 Cy R?]j/I m dgimﬂzriﬁiljn SR
Date speeies Models variation range coefficien Pattern
X2 BRIE 0.0038 -0.0615 0.1436 1.3117 1.3318 0.8441 A
X3 BRI 0.0007 -0.0098 0.0122 0.2899 8.6626 0.8426 A
X4 BRIE -0.0024 0.0362  -0.175 0.426 6.0141 0.7445 A
X5 2917 -0.0032 0.0478  -0.2517 0.7459 6.9586 0.8227 A
05-12 Y3 BRI 0.2721 2.1918  -6.9107 183.19 1.2741 0.5905 A
X1 BRIE -0.035 0.5716  -2.9173 7.2909 4.0832 0.4374 A
X2 BRIE -0.0016 0.0116  -0.1401 1.8063 6.1428 0.843 A
X3 BRIE -0.003 0.0409  -0.1518 0.4374 6.4901 0.3934 A
X4 BRIE -0.001 0.0147  -0.1281 0.6898 4.1258 0.8939 A
X5 e -0.0069 0.1083  -0.621 1.9098 3.8674 0.8694 A
05-30 Y3 BRI -0.2475 2.4474  -11.717 87.412 5.8687 0.9095 A
X1 e -0.0372 0.5614  -2.7245 7.1383 5.9751 0.7251 A
X2 BRIE -0.0158 0.1574  -0.4895 3.5682 4.1572 0.9074 A
X3 BB -0.0015 0.0315  -0.2014 0.8708 4.9397 0.2723 A
X4 BRI -0.0019 0.0163  -0.052 0.5919 6.1257 0.8698 A
X5 BRIE 0.0103 -0.1408 0.4207 0.617 1.8831 0.7714 A
11-19 Y3 BRIE -0.131 1.6439  -7.213 28.527 6.2534 0.9784 A
X1 BRIE -0.0107 0.162 -0.8484 2.5224 7.2534 0.6669 A
X2 BRIE -0.0264 0.3625  -1.5802 5.9074 5.5575 0.5903 A
X3 BRIE -0.0135 0.2288  -1.8976 8.9038 5.2143 0.9355 A
X4 e -0.00003  -0.0022 0.0001 0.2573 4.8692 0.8058 A
X5 BRIE 0.0011 -0.0094 0.118 1.1536 2.2357 0.8971 A

PEHEFR 2 h 2016 AEDNIE M it A 24 H 11 H 4 H28 H 5 H 12 H.5 430 A1 11 H 19 HEPE A
i K LR B B A T M 2R e 2 0 A, SR A 1212 S pRECENS BT A R ECRI AR TR 51 T3R8 9,2015 4F 3L
IR PLE 250 RPKT 0.2144 AU LR N 100% ,2016 4F R* KT 0.2144 FIHFE AN 100% , FSHRL S 52 R )
HREEARE,

2015 AEF1 2016 4 BRIE A0 20006 5 FHOR K A8 S5 R B R HEA T K (L OCER BE 4047, 25 19 T3R8 5. 2015 4F
55 B TR S 250l 2 T R e G 3R e 2 U0 2 4% 0 [T ok, FLVROR B A Bk, 5 = SR BRS04 1 ;2016 4 5 00 E A
5 2 () PR Bt OC 2R B B VD RS2 S 80 1 I | LU AR S BLIk 5 =060 B /\BEBR I Wk , —AF 22 ] 5 B J 2l 2=
[i] BR A G 2 25 DD RR BE AT — A2 i KA 2 AEARTR] B Sk 4 R 55 A7, B0 1 I 2015 4R R 5E =7, 2016 4F
R AR TR 2015 4F 55—, 2016 4F 455 AL, K4 PARIY SCHK BE RBGHEAT ¢« K549 ,1=0.4884 1<
loos(2.306) , 22 A3,
2.4 2015 4EH1 2016 4[] R EO UG- 2 i F 5 LG = 8] 245 (] BR B G 78 25 DR B 114 25 5

PEFEFE 1 2015 AEXGREK B e A 25 H10 H 6 H8 H .6 H20 H .7 H4 HFI10 A 11 HXL
B B i R B BE R4 T 2= G T2 o BT, AR R pR AR e AR A 1 R AR AR TR 81 T 3R 10, 07K 6
H 20 HOBUBEA B i B R LR A AR S RO BRI 2 TR 4, B4 2016 AR XUBE S B2 i H B 2 1) 4
H11H 4H28H.5H30H.6H 14 B 11 H 19 H XU B - B H B ARG 017 b 22 S 124 0
Br B PR S RO X REG TR 11,
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Fig.3 Models of semivariogram of Breuipalpus oboyats with their natural enemies in WuNiuZao tea garden ( April 11th)

F10 2015 EE4BRFENHMKHEHTREERBNELETRABRESH
Table 10 Observed semivariogram R * (h) for Monolepta hieroglyphica and enemies of the WuNiuZao tea garden (2015) (2016) (2015)

wE e R POERECR™ iy
Date species Models “ “ “ “ RSD/m determination Pattern
variation range coefficien

05-10 Y4 I ~0.0114 01742  -0.9298  2.8105 6.7852 0.8042 A
X1 HE 0.01090 -0.1265  -0.1398  5.0021 8.2549 0.7511 A
X2 R 0.0068  —0.1245 05002 1.2298 2.5355 0.8083 A
X3 B ~0.0003  0.0037  -0.0182  0.524 7.2534 0.6519 A
X4 HE ~0.0046 00752 04271 13156 5.1547 0.7995 A
X5 B ~0.0048 00748  -03971  1.1271 6.2354 0.9057 A

06-08 Y4 HE 0.0009 -0.0078  -0.3056  3.1033 3.8564 0.9696 A
X1 HE 0.0265  -0.3689 0.9784  2.7867 7.6775 0.9136 A
X2 HE ~0.0052  0.0741  -0.5399  3.6774 5.8963 0.897 A
X3 B 0.004  -0.0577 0.096  1.0918 3.8641 0.826 A
X4 HE ~0.0046  0.0629  -0.2837  0.8743 4.092 0.7435 A
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] %ﬁ Heal cy Cy cy3 Cy Rﬂiyt]j/% m iiiﬁiﬁ; SR
Date speeies Models variation range coefficien Pattern
X5 BRI 0.0002  -0.0032 0.0089 0.0293 1.644 0.8591 A
06-20 Y4 BRIE -0.001 -0.044 0.2091 4.9558 2.2096 0.5148 A
X1 BRIE 0.0127  -0.2012 0.4375 3.6489 6.1242 0.8661 A
X2 2917 -0.0073 0.1265 -1.031 4.5796 5.1236 0.881 A
X3 BRI -0.0031 0.0492 -0.2365 0.5716 6.8895 0.4895 A
X4 BRIE -0.0072 0.1093 -0.6146 1.9995 5.2341 0.8626 A
X5 BRI 0.0003  -0.0024 -0.0136 0.1727 7.3807 0.6889 A
07-04 Y4 BRIE -0.0056 0.1111 -0.8538 3.4999 4.7567 0.8289 A
X1 BRIE -0.0304 0.4756 -2.6754 7.5402 5.8674 0.9041 A
X2 BRIE 0.0069  -0.1148 -0.1491 6.6569 7.6812 0.879 A
X3 BRI -0.0012 0.0188 -0.1073 0.3467 7.2145 0.6839 A
X4 e -0.0145 0.2108 -0.9911 2.7581 4.0095 0.859 A
X5 BRI -0.0044 0.0797 -0.4994 1.5972 7.1468 0.5944 A
10-11 Y4 BB -0.0084 0.1433 -0.8299 2.9964 5.8634 0.4408 A
X1 BRI 0.0063  -0.0912 -0.4778 8.3862 5.4687 0.8668 A
X2 BRIE 0.0287  -0.4948 1.9338 2.5601 2.4962 0.9161 A
X3 BRIE -0.0731 1.1388 -6.2599  20.781 7.8641 0.664 A
X4 BRIE -0.005 0.0672 -0.2927 1.0534 5.2263 0.7627 A
X5 BRIE 0.004 -0.0787 0.1877 1.7976 2.3541 0.9189 A

F11 2016 EE4BERERENHKHEHTRASEXFHBILFLTRREERSE
Table 11 Observed semivariogram R * (h) for Monolepta hieroglyphica and enemies of the WuNiuZao tea garden (2016) (2016) (2015)

i wE B ) WERBE iy
Date species Models o © “ “ .Rsn /m d‘*e“??“fi“"“ Pattern
variation range coefficien

04-11 Y4 BRIE 0.0006 0.0106 -0.3993 3.8168 3.9563 0.8395 A
X1 BRIY -0.0147 0.2386 -1.4376 4.5208 5.1258 0.8486 A
X2 BRIE -0.0381 0.5529 -2.3837 4.6978 6.4323 0.8648 A
X3 BRIE -0.0053 0.0833 -0.4601 1.4574 7.3641 0.7572 A
X4 e -0.0032 0.0437 -0.1984 0.6735 4.3179 0.6453 A
X5 BRIE 0.0101 -0.163 0.6272 0.2942 2.509 0.9837 A

04-28 Y4 297 -0.0134 0.2138 -1.122 2.6691 4,706 0.6019 A
X1 BRE -0.0207 0.3111 -1.4286 3.095 6.4559 0.5016 A
X2 BRIY 0.0038  -0.0615 0.1436 1.3117 1.3318 0.8441 A
X3 BRE 0.0007  -0.0098 0.0122 0.2899 8.6626 0.8426 A
X4 BRIY -0.0024 0.0362 -0.175 0.426 6.0141 0.7445 A
X5 BRI -0.0032 0.0478 -0.2517 0.7459 5.1247 0.8227 A

05-30 Y4 BRIY -0.0093 0.1276 -0.5535 1.6467 5.6117 0.8262 A
X1 917 -0.0372 0.5614 -2.7245 7.1383 5.9751 0.7251 A
X2 BRIE -0.0158 0.1574 -0.4895 3.5682 4.1572 0.9074 A
X3 917 -0.0015 0.0315 -0.2014 0.8708 4.9397 0.2723 A
X4 BRIE -0.0019 0.0163 -0.052 0.5919 6.1257 0.8698 A
X5 BRIE 0.0103  -0.1408 0.4207 0.617 7.2302 0.7714 A

06-14 Y4 BRI -0.0021 0.0341 -0.2628 1.2112 3.8563 0.8411 A
X1 ERIE -0.0378 0.6674 -3.68 8.6882 4.4068 0.7365 A
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13 4 ARAME A REON - By B 2T 4 bR s (] BRE 5C 2R 9 IR EE A 47 JEE 1] 22 7 15

W R oy WERRK o
Date species Models “ © “ o RSD/m determination Pattern
variation range coefficien

X2 BRIE -0.0108 0.1734 -1.1744 4.9019 4.9634 0.8093 A
X3 BRI -0.0004 0.0126 -0.1818 0.9444 3.9635 0.8162 A
X4 BRIE -0.0013 0.018 -0.0799 0.2656 5.5179 0.6466 A
X5 2917 0.0004  -0.0086 0.0115 0.3074 3.8674 0.8833 A

11-19 Y4 BRIE -0.0265 0.4248 -2.4471 7.7491 6.8541 0.5482 A
X1 BRIE -0.0107 0.162 -0.8484 2.5224 6.6417 0.6669 A
X2 BRI -0.0264 0.3625 -1.5802 5.9074 5.5755 0.5903 A
X3 BRIE -0.0135 0.2288 -1.8976 8.9038 5.3647 0.9355 A
X4 RIE -0.00003  -0.0022 0.0001 0.2573 5.3624 0.8058 A
X5 e 0.0011 -0.0094 -0.118 1.1536 6.1254 0.8971 A

M 10 A5 11 0 H 2015 4FH1 2016 F45A A (A PUE R RPFBIR T 0.2144 , R BB AAL 5 52 PR il
W& R,

8 PR A DR 85 URE A B I P 22 S5 R OIS R ) 1 K 0 SR B B 3 46 5 2015 4155 BUBEK B 7 - HH 43
[i1] BR A G 2R 25 U0 B AT — A R RO /\BEBR I IR B SR RS S0 i . 2016 47 (Y 2 B2 1 I R A8 5Lk A
AAH R, PIAE R AT =AW RKECE 2 AR R, (A ROR ], 53 R ] B 2 2015 4R 55 — {3 2 /\ BEER 1 ok, 171
2016 4F /\BEERIE IR, T55 L, B PRAFR B SCHR BE RBGHAT ¢ K ,0=0.4485,1<1,5(2.306) , ZH A RE

3 IMNESITRR

XF 2015 4EH1 2016 4F 2248 LA TR 4 Fh £ 2 A K 1 5 Fh 32 B KB T MR G 2400 W, 0 SR A5G KR K
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P T SO
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2015 41 2016 4 8] 55 A5 HR /INag it 2 (] B 5C 28 %% VD RiT =7 R HAA 255 €530 153 ek AR\ 56 1K i Wk 7
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2015 4FH1 2016 41 (1] 55 IR Ja 20006 2 () 212 B G 22 % U0 R T — A0 R e rb 3 R A SR ek AR s 280 1 o 79 o A
ER(EENRY & NG

2015 4FEAH1 2016 47 [R] 5 U B 2 - PP 245 [ BBt G 28 235 U0 ) i =7 Rl A R A8 S ik Al 230 1 o
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Rl % Az ) L BRBE G R Y 56 i S0 (s AR ) R R/INVA 56| 51k KB AR Fifi 56 R
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Fig.4 Models of semivariogram of Monolepta hieroglyphica with their natural enemies in WuNiuZao tea garden ( June 20th)
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