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Abstract This study aimed to investigate the effects of environmental factors and management conditions on the
sub-communities of wandering spiders in three types of tea plantation. The survey was carried out in a high moun-
tainous tea plantation, medium mountainous tea plantation and low mountainous tea plantation in the Fenghuang
Dancong tea production area, located in Chaozhou, Guangdong province. The ecological sub-communities were
evaluated by using the diversity index, NMDS ordination, perMANOVA test, SIMPER analysis and RDA ordina-
tion. The high mountainous tea plantation had the highest species and individual numbers of wandering spiders
identified, followed by medium mountainous tea plantation and low mountainous tea plantation. In addition, the
species abundance of the sub-communities of wandering spiders in high mountainous tea plantation were signifi-
cantly higher than that in the other two tea plantations, and the diversity indexes in the high and medium moun-
tainous tea plantations were significantly higher than that in the low mountainous tea plantation, whereas the
dominance index of low mountainous tea plantation was higher than that of high and medium mountainous tea
plantations. The results of NMDS ordination and SIMPER analysis showed that there were significant differences
in the composition of spider community in three kinds of tea plantations. The average dissimilarity between high
and medium mountainous tea plantations was relatively small (28.90%), and the average dissimilarity between

high and low mountainous tea plantations was higher (52.13%). Multiple comparison analysis indicated that the
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overall difference in the sub-community of wandering spiders significantly varied among the three kinds of tea

plantations (P<Z0.05). The results of RDA ordination and SIMPER analysis showed that the altitude, with an in-

dependent contribution rate of 62.52% , was the main environmental variable factor affecting the composition and

distribution of wandering spiders. The herbicide and coverage of tea trees were the secondary environment varia-

ble factors, and their independent contribution rates were 9. 155% and 10.99% , respectively. The other environ-

mental factors had little effect on the composition and structure of wandering spider sub-community. The results

suggested that the preservation of peripheral natural habitats in the development of tea plantation is beneficial to

the protection of wandering spider sub-community in tea plantations, which can make a better use of spiders for the pre-

vention and control of pests, reducing the use of pesticides. realizing organic production and improving tea quality.
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Table 1 Overview of habitat factors in different types of tea plantations

Al W /m AWRE/ Y% CPHRIR/C O RERRE/ Y ERRUWEV/IR  REHA BREEH AL
Tea . Tea tree Average Medial Number of WE/ IR WE/ IR WRB/ IR
. Altitude . . .. .. e
plantation coverage temperatures humidity tea plucking Pesticide Herbicide Fertilization
HTP 79640. 11 82.50+7.55 19. 23+£5. 26 71.74+8.17 1. 00=40. 00 0. 00=0. 00 0. 0040. 00 0. 000. 00
MTP 58040.06  85.20+8. 22 22.46+4.38  80.58%6. 43 8.6040.83  11.4320.64  0.00240. 00 1. 0040. 00
LTP 27340.02  88.40%8.92 23.61£3.71 87.96=48.25 10.60=£0.91 18.0041.73  1.00=%£0. 00 1. 60=40. 20

D HTP: @iz ; MTP: diliZRE; LTP: RilZRE. T,

HTP. High mountainous tea plantation; MTP: Medium mountainous tea plantation; LTP: Low mountainous tea plantation. The same

below.
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Table 2 Species composition of wandering spiders in different types of tea plantations
AR HTP MTP LTP
e e s ZE GE BE fBE EE B
Abundance Dominance Abundance Dominance Abundance Dominance
kRl Thomisidae
Wk & Thomisus LI Thomisus labe factus 149 2.72 130 3.76 42 2.32
AR Thomisus okinawensis 17 0. 31 3 0.09 12 0. 66
TR R Lysiteles MR Lysiteles maius 46 0. 84 18 0.52 19 1. 05
IR R Xysticus TS BBk Xysticus kurilensis 181 3.31 100 2. 89 38 2. 10
W BAEIE R Xoysticus croceus 595 10. 87 70 2.03 26 1. 44
45 FEWRIE Runcinia af finis WS4 S Wk Runcinia af finis 19 0. 35 3 0. 09 13 0.72
=[1Ek)E Pharta FOER =18k Sanmenia zhengi 28 0.51 10 0. 29 0 0. 00
BEk Rl Salticidae
LWk [ Phintella LA 4k Phintella versicolor S5l 10. 06 149 4. 31 74 4. 09
YREkikJE Ptocasius EYEYBkIk Procasius strupi fer 62 1.13 13 0. 38 6 0. 33
BEk & Evophrys BIBELR Evophrys frontalis 4 0. 07 5 0. 14 0 0. 00
PiZE Lk J® Sibianor R 22 Sk Wk Sibianor aurocinctus 4 0.07 3 0. 09 0 0. 00
W& 5wk 8 Harmochirus M SR Harmochirus brachiatus 99 1. 81 146 4,22 59 3. 26
Jr ik @ Thiania B 55 gk Thiania bhamoensis 35 0. 64 30 0. 87 17 0. 94
A5 75 Mk Thiania subop pressa 21 0. 38 29 0. 84 10 0. 55
i Rk & Bristowia E i FCWR Bristowia heterospinosa 8 0. 15 5 0. 14 0 0. 00
6wk & Chinattus f@48wk Chinattus tibialis 59 1. 08 23 0. 67 8 0.44
&YWk 8 Hasarius WMV Hasarius adansoni 121 2.21 141 4. 08 47 2. 60
kR & Chrysilla LM kR Chrysilla lauta 10 0.18 5 0. 14 0 0. 00
WA IR Hyllus KIS Hyllus diardi 4 0.07 2 0. 06 0 0. 00
Uk JE Pseudicius DU Pseudicius szechuanensis 4 0.07 3 0. 09 0 0. 00
JRWEFR} Lycosidae
k@ Pardosa IRk Pardosa laura 558 10. 19 403 11. 66 189 10. 44
UL H I Pardosa pseudoannulata 197 3. 60 133 3. 85 67 3.70
130k Pardosa pusiola 70 1. 28 108 3.13 75 4, 14
k8 Wadicosa Rk Wadicosa fidelis 4 0.07 2 0. 06 7 0. 39
IKARWR & Pirata WIKIRER Pirata subpiraticus 5 0. 09 4 0.12 11 0. 61
WKAR Yk J& Venonia TEE KA Venonia spirocysta 4 0. 07 9 0. 26 8 0. 44
JRWKJE Lycosa #& AR Lycosa grahami 7 0.13 14 0. 41 5 0. 28
REWRJE Arctosa indicus E[JREIk Arctosa indica 18 0.33 17 0. 49 13 0.72
Wk g Trochosa Mg BEwk Trochosa bannaensis 138 2, 52 91 2. 63 60 3. 31
kg Hippasa 1% B Dk Hippasa greenalliae 9 0.16 13 0. 38 0 0. 00
JH kARl Oxyopidae
ik JE Oxyopes LR Oxyopes sertatus 134 2.45 96 2.78 29 1. 60
JREEA R Ozyopes javanus 12 0. 22 3 0. 14 7 0. 39
BRI Oxyopes sertatoides 88 1. 61 66 1.91 18 0. 99
& 5Bl Clubionidae
EEHWEE Clubiona PIBEE Bk Clubiona jucunda 563 10. 28 277 8.02 226 12. 48
B)NEEWk Clubiona tanikawai 435 7.94 262 7.58 162 8.95
ik Xantharia galea 129 2. 36 53 1.53 15 0. 83
5 kAl Eutichuridae
2135k )& Cheiracanthium — $GRILIEEWR Cheiracanthium brevispinum 32 0.58 0 0. 00 0 0. 00
HOph 2T 38k Cheiracanthium unicum 29 53 0 0. 00 0 0. 00
S kAl Gnaphosidae
SRk & Gnaphosa PRS- MR Gna phosa kom pirensis 125 2.28 132 3.82 60 3.31
TEWRJE Zelotes JHIEAEWR Zelotes tongdao 30 0. 55 36 1. 04 4 0. 22
K5k R} Hersiliidae
K ik J@ Hersilia WL Yk Hersilia dtriata 25 0. 46 0 0. 00 0 0. 00
1 3% kAl Philodromidae
HIERE Philodromus W R E R Philodromus hui 91 1. 66 63 1. 82 18 0. 99
i kAl Ctenidae
T4k )& Anahita Py 20936k J& —Fh Anahita sp. 58 1. 06 49 1. 42 25 1. 38
ZBRIEFl Nesticidae
2pRkikJE Nesticella BRIk —Fh Nesticella sp. 77 1. 41 94 2.72 53 2.93




45 555 6 ] THOARS SC 55 < A [ 24 25 2% e Y A8 750 ke MV 8 9 AR AE AR 5 e 197 o
4% 2 Table 2(Continued)
. HTP MTP LTP
o TR M TE KBE B BRE 2K (R
amily and genus Species ’ ’ ’
Abundance Dominance Abundance Dominance Abundance Dominance

[7] %iwk F} Corinnidae

B g Oracilia I BEE IR Oracilia jian fengling 18 0. 33 0 0. 00 0 0. 00

JEERYE & Orthobula T JE IR Orthobula fujian 0 0. 00 0 0. 00 0 0. 00

Hk 8 Echinax ARk Echinax oxyopoides 0 0. 00 0 0. 00 0 0. 00
WHk Rl Hahniidae

Wk jg Hahnia etk Hahnia corticicola 560 10. 23 482 13. 95 376 20. 76
GIFE AL Oonopidae

EBWRE Opopaea A E R Opopaea cornuta 30 0. 55 18 0.52 0 0. 00

PIE LR Opopaea plumula 7 0.13 103 2.98 12 0. 66

B E Orchestina LW Bk Orchestina thoracica 6 0.11 11 0. 32 0 0. 00
Hikg k&l Ctenizidae

$i W8 Latouchia PL Ak JE —Fl Latouchia sp. 0 0. 00 27 0. 78 0 0. 00
AMA%L Individual numbers 5 476 100. 00 3 456 100. 00 1811 100. 00
W)FhEL Species numbers 49 46 35
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Fig. 1 Diversity of wandering spiders in 3 different types of tea plantations



+ 198 -

5 4Ly

2019

2.3 AREFEFEEMGTEEEMNERST

R el R R Ve NMIDS HE 7 43 B 25 SR R B
HeRe il 1R 2 77 6 A I A8k (83, 3%, r=
—0. 39) X A HE R 2B T 90, 7% R AR
SECHER#l 1. R? = 0. 868; HEJF %l 2. RZ = 0. 068),
NMDS HE 7 B F i 195 4~ HE T S 320 55 4 b S e 7 = e
2% DL e A TR I SV AR 1 23 AT A0 B HE Y A3 B T4
MY stress<<5(stress=4. 63), 75 ] NMDS HEJF 43 #7145
RARGE . WHEF BT LA — b A5 e i A 750 it ik
SAETE AL S ASTR] w2 LU A Tl e 70 i ok ST A 241
JAS IR L 2R el ) 28 S5 K T v L L 25 Bl 541 1 3¢ el 2
BEE N (WK 3), PerMANOVA ) 4 #F 45 3B 5
NMDS HEF45 50— 250 = Fp s el ik i 7% 2 8] 2o 2
EXEE(F, ,=12. 34, P<C0. 001), £ HLEKMLER
I, A5 1 A 4% e ) ) ok S0 TR % 22 57 i 3% (HTP os
MTP.t=3. 06, P=0. 004; HTP vs LTP:z=4. 90, P=
0.007; MTP ws LTP:z=2. 32, P=0.013),

SIMPER ZHr&8 5, 8 LLAS I 5 v L 2 el i) 734
FHSEE 28,9024, Ry LS I S 1L 255 Bl 1 °F- 244 S 1
52.13%, FRHA G ILAS I 55 1Ly 255 el ik AV 254 22
V) 58 e AR 8 L 3 el 540 L 5% ol ok 7 %
Z VA B AR S s 35 AT A A e B R [
SRR A SRR BT U DA G . Rl AsiE S
LA B R R Ik P R AR ] . R 220 45 vk 5
BEAT Bl e SOTE AR Wk AR MR 23 1145 Bk VA IR A
R 6 Fh, HTTERETE 6. 11%~16. 95 % 2], £

x3

SRk CPIBE SR SR B R TR R OR, R
bive L IS RST iIIPN mE S SRR 7/E L E2 )
WRFIE AR, STERR 15. 18001 13. 0620, J& &
BETTRRAT . Rk )1 SR AIIE IR S k2 3 4
A L[ R RRIEPE I R, B VPR Hasarius adan-
soni \ A 21 B Wk Thomisus labe factus . fif M B Wk
Harmochirus brachiatus & 111 2% B F145 1L 48 [ i
AFFHEPEYIRR . o L2 el 5 AR LU 25 el 7S 2 A S
R 37.56%0, AT HAMMZE S5 bel 2 ], L3R 3.

20} i
CPSOE
1.5¢ L cm
e)
Lok dl>c1>3
- 5 oCP1
= I [¢)
E. 0.5F E CP4
P OPP5
& 0.0 b
oOP4 oPP2
oOPI1 OPP1
-0.5 0OP5
o OP2 OPP3
1ok OP3
oPP4
-1SE, . . E . .
-1.5 -10 -05 0 0.5 1.0
Axis 1(13.6%)
2 =ThEE RS B Sk B & B9 NMIDS HEFF B

Fig.2 NMDS plots indicating 2-dimensional distances of

wandering spider sub-communities among three habitats

TR B Nk T B E TR R R E >SN T EHEMER A REE"

Table 3 Taxa with more than 5% contribution to overall average dissimilarity of wandering

spider sub-communities groups in different tea plantations

R SR AE S/ % Tk / % Degree of contribution
Tea plantation Average dissimilarity 1 2 3 4 5 6 7 8 9
HTP vs MTP 28. 90 16. 95 12. 08 10. 04 9.13 7.67 6. 11
HTP vs LTP 52.13 13. 85 11. 17 9.12 8. 17 8. 72 11.76
MTP vs LTP 37.56 15.18 7.11 13. 06 5. 36 6.01 & 1B

D 1. Ak 2. WL, 3. JEUEBN; 4. flhk: 5. SNE R 6. WA, 7. FEIRUbuk; 8. MLk, 9. SRS TN,

1. Phintella versicolor; 2 Clubiona jucunda ; 3: Xysticus croceus; 4: Hahnia corticicola; 5: Clubiona tanikawai ; 6: Pardosa laura; 7:

Hasarius adansoni ; 8: Thomisus labe factus; 9: Harmochirus brachiatus.
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A WL (F=4. 429, P=0. 00D JES 24347 -
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Tl 2% el i A T8 ok SV A 53 A3 ) A 15 A28 S 114 M o
X IR I8 DR -8 A8 [ i O 6 28 3 1) RDA 43 Hr 285 51

FH R E R (F=11. 84, P=0. 001) . 2% [&| ZE A
3 (F=1. 898, P=0. 042) MIBRH 7] (F=2. 12,
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PRSI . RSP 500 9. 165%6F1 10. 9925 5%
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(r=—0.918) 555 1 HiF 2 W AC. 6 14
J AR T WAk VR 9 5 2% T SRR TR 49. 52601
FHOCIE AR 505 b B 1 IR 7% 5 2% bl R 58 A+
11 4% BRI R

M 2 i ik Rl HE P 45 R . 1RSIk
Bk Xantharia galea 204 Wk 45 )14 Bk 3P
BEAE Bk, Uk S0 AL BE k. B B 98 Bk Wk Procasius
strupi fer IO Oxyopes sertatus 25 8 Flgik X
PR e R B I 5 e g VR R BE S L A AR

FIEA s MR IR Lysiteles maius F BG = 7] A8 Wk
Pharta brevipal pus 5 [CIB &R Philodromus hui | ffi
L1 RWE Thomisus labe factus JJE 48R Chinattus tibi-
alis JEMEVPIE Hasarius adansoni YU Pardo-
sa pseudoannulata JRINHEWR Trochosa bannaensis F13%
FIBUE IR Oxyopes sertatoides 25 9 Fh ik X ek =
BA RN, 5 H A8 W R, TARE .
SRAS UKL 2% el 248 R 22 55 ) sk Py b 52 3 2 T AH G
W BE R 5 A B R A R OGO
KT 120 MWk SIS B4 A LI FE 1Y 5 A8
(=510 R VAR i At £ 5 7 o & 11 T 0% (AP o 1 Rl
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Table 4 Variation partition analysis of the relative contribution of the environmental variables to

the variation of wandering spider communities

75 Variable HFE{E Eigenvalue F = TRk # /% Degree of contribution
WK EE /m Altitude 0. 477 11. 84 0. 001 62. 52
AERASUE/ IR Number of tea picking 0. 032 0. 994 0. 440 4. 50
g2t FHY %L /¥ Number of pesticide application 0. 059 1. 825 0. 064 8. 30
R E 51t P YR $X/ Yk Number of herbicide application 0. 078 2.12 0. 024 10. 99
255/ % Coverage 0. 065 1. 898 0. 042 9.155
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Fig. 3 RDA two-dimensional ordination diagram of the relationships between the five key environmental variables
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V] e B 5 A 5 A MR 4 B 4, BLARRERIGIFN AN R Tho.: fa 218 ks Lys.: Mph %
s Xysk.: WT- S50 W; Xysc.: P SABIEIR; Pha.: ¥R =1 T8 k; Phiv.: 5680k, Pro.: B
VRSL Bk, Har.: SRR SIE; Chi.: JRATAE1k; Has.: FEREVDWR; Parl.: IIRFIE; Parp.: IIREE)
ks Pard.: B)%8k; Tro. iRANMERK: Oxya.: RIGOMIK; Oxyb.: RBLOMK; Chy.: FIBEE
ks Clut.: 2% )\ 145 B0k Xan.: 835 0k; Gna.: B REWE 5 Phih.: 5 FQGIE B WK; Ana.: B4k
JEFf B Nes.: FIRURIBFF @M Hah.: ARMbk. Alt.: 8 B Pes.: 4&24; Nip.: RAIK
% Cd.: 35 Her.: BROELF.

The abbreviation symbols in the figure are the abbreviations of the species name of spiders:
Tho.: Thomisus labefactus; Lys.: Lysiteles maius; Xysk.: Xysticus kurilensis; Xysc.: Xysticus
croceus; Pha.: Pharta brevipalpus; Phiv.: Phintella versicolor; Pto.: Ptocasius strupifer;
Har.: Harmochirus brachiatus; Chi.. Chinattus tibialis; Has.: Hasarius adansoni; Parl.:
Pardosa laura; Parp.: Pardosa pseudoannulata; Pard.: Pardosa pusiola; Tro.: Trochosa
bannaensis;, Oxya.: Oxyopes sertatus; Oxyb.: Oxyopes sertatoides; Cluj.: Clubiona Jucunda;,
Clut.: Clubiona tanikawai; Xan.: Xantharia galea ; Gna.: Gnaphosa kompirensis; Phih.:
Philodromus hui; Ana.: Anahita sp.; Nes.: Nesticella sp. ; Hah.: Hahnia corticicola. Alt.:
Altitude; Pes.: Pesticide; Ntp.: Number of tea picking; Cd: Cover degree; Her: Herbicide.

(altitude, tea-picking, pesticide, herbicide, cover degree) and the distribution of wandering

spiders communities in the three tea plantations
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