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Effects of the surrounding habitat on the spider community and leafthopper

population in tea plantations

LI Jianlong"?, TANG Jingchi', LI Xiudi',TANG Hao', LI Huashou™ "

1 Drinkable Plants Research Institute ,Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China
2 The Key Laboratory of Agro-Environment of Tropics, Agriculture Ministry of China, South China Agricultural University, Guangzhou 510642, China

Abstract; The issue of carbon emissions from tea plantations is currently the focus of global attention. The agricultural field
ecosystem is a major factor in maintaining a balance, and plays a significant role in counteracting emissions. Our aim was to
explore the aggregation indices, individual number, spatial distribution, dynamic occurrence, and principal component of
arthropods, and their effects on tea plantations. Field experiments were conducted at the Drinkable Plants Research
Institute, Guangdong Academy of Agricultural Sciences, Yingde County, Guangdong, China. Sampling was carried out
continuously from January to December, 2009.

In order to develop more effective pest control on tea plantations, four plantations were surveyed to quantify the effects
of different surrounding habitats on both the pest ( the leathopper, Empoasca vitis Gothe) and predatory spider populations.
No pesticides were used on the plantations. The results showed that; (1) The biggest aggregation occurred in the tea
plantations surrounded by mixed natural woodland ( plantation I ) or pure Acacia confusa communities ( plantation I ).

The greatest numbers of leathoppers (692) occurred in plantation I ; however, this value was not significantly different
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from that found in the other three tea plantations ( P>0.05). The number of predatory spiders in plantation Il (1155) was
significantly higher than that found in the other three tea plantations ( P<0.05). (2) Analysis of the behavior of all
aggregated spider species showed that the number of spiders that remained in their webs was relatively small (295), which
is significantly less than the 2957 spiders that were observed moving. The diversity index and species—rich value were both
highest in plantations T and Ill. This had an obvious effect on leafhopper numbers, which were significantly higher than
those found in plantations close to paddy fields (plantation I ) or to a village ( plantation IV). Both predatory spiders and
leafhoppers showed aggregated distribution, caused by their own biological habits and the common environment; different
ways of managing habitats lead to significant differences in the size and diversity of the spider communities and the size of
the leathopper population. (3) Multivariate data analysis showed that the comprehensive distribution characteristics of the
spider communities—both in time and space—had the potential for significant improvement in plantations T and I, over
those in plantations Il and IV (P<0.05). These data enabled the behavior of predatory spiders in tracking their leathopper
prey to be examined. The aggregation density of spiders in the tea plantations was: plantation I ( close to mixed natural
woodland) > plantation Il ( close to pure Acacia confusa communities) > plantation IV ( close to a village) > plantation II
(close to paddy fields). These results indicate that the habitat surrounding a tea plantation, being a relatively stable and
complex structure, affects the spatial and temporal pattern of both leathopper and spider populations through ecological
processes. This leads to an increase in the quantity of spiders moving about on the tea trees, which creates a synergistic

effect of leathopper capture, hence improving the ability of predatory spiders to control leathopper numbers.

Key Words: tea plantation; surrounding habitat; spiders; leathoppers; population structure
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Table 1 Basic status of tea plantation management with different landscape patchs
Zbe 2T AR VAU L APl S B B A T O
Tea types Landscape description Landscape patch management and location
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Tea plantation close to

mixed natural woodland

Tea plantation close to

paddy fields

AR AR S
Tea plantation close to
pure Acacia confuse

communities

A3 X AR SR 2 el
Tea plantation close to
a village
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ZPE I B AR, B IR KA, R 28—34 C,
TR 62%—88% , L HRBRJE k1 13500—40100 Ix

JA) 30 A B e WA ) A X 5 =2 s (8] A 2D i B AR
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Table 2 Aggregation indices of spiders in tea plantations

A Rl A

;;;;Jon '::e[a ;;es m m*/m ! Ca K A

F# 7% Spring tea I 5.91 15.92 1.71 4.91 0.53 1.90 8.24
I 1.92 6.32 1.80 0.92 0.22 3.79 3.39
i} 2.32 10.08 1.46 1.32 0.22 5.22 6.83
\Y 2.48 7.12 1.88 1.48 0.36 2.56 3.21

B %5 Summer tea I 2.89 12.17 1.44 1.89 0.26 4.48 7.87
I 2.12 7.61 1.65 1.12 0.24 4.11 4.12
i} 3.02 12.80 1.43 2.02 0.33 4.43 8.42
\Y 2.18 8.67 1.55 1.18 0.04 4.74 4.94

2K Autumn tea I 3.45 15.32 1.39 2.45 0.19 4.51 10.23
Il 2.76 8.94 1.68 1.76 0.23 3.03 4.70
il| 6.87 19.26 1.64 5.87 0.50 2.01 9.85
\Y 4.12 12.00 1.69 3.12 0.09 2.28 6.78

KK Winter tea I 1.89 5.23 2.14 0.89 0.39 2.75 2.37
Il 1.05 3.10 2.79 0.05 0.21 23.61 1.16
| 1.17 3.94 2.15 0.17 0.44 10.71 1.74
\Y 1.06 3.05 2.89 0.06 0.05 18.94 1.10

I . /NFRARABEZSE Tea plantation close to mixed natural woodland; 1T ; & H Az 5E45 7 Tea plantation close to paddy fields; 1T . AH B A= 55 A<

Tea plantation close to pure Acacia confuse communities; IV A 15 X A 5545 B Tea plantation close to a village; C Y ELZR B Coefficient of diffusion;m ™ .
SEIYPETE Mean crowding; m* /m . REMTEE Aggregation index; I; A FEFR Fascicular index ; Ca ; Kuno F5H1 Kuno's index s ke i I A A S5

Value of negative dist;A ; FREER AR Aggregation mean

R3 MHEMBEERN EHREEER

Table 3 Aggregation indices of leathoppers in tea plantations

e ]

SiaLon ¥e:jf)es ¢ m m"/m ! Ca K A

FH S Spring tea 1 32.79 51.63 2.63 31.79 1.62 0.62 7.23
I 32.22 49.71 2.72 31.22 0.13 0.59 7.10
I 21.46 39.05 2.20 20.46 0.38 0.87 14.18
v 13.04 27.10 1.97 12.04 0.19 1.14 8.35

EZ5 Summer tea 1 1.89 9.73 1.40 0.89 1.71 7.82 6.81
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ialsjon j’/fejzljf C m”* m*/ m I Ca K A
| 2.37 5.51 2.42 1.37 0.60 1.67 1.62
I 2.66 10.57 1.50 1.66 0.55 4.25 6.92
v 8.67 18.35 2.00 7.67 3.53 1.20 5.31

FXZE Autumn tea 1 5.26 17.08 1.54 4.26 1.15 2.61 9.27
I 4.73 12.25 1.81 3.73 0.24 1.82 6.26
I 2.50 8.02 1.72 1.50 0.32 3.12 4.00
v 5.73 14.64 1.78 4.73 3.35 1.74 5.60

7% Winter tea 1 1.11 2.60 4.68 0.11 0.87 5.25 0.49
I 1.59 2.67 16.00 0.59 0.84 0.28 0.13
I 2.12 3.33 10.00 1.12 0.58 0.30 0.25
v 4.00 5.00 22.50 3.00 13.50 0.07 0.68

2.2 ) A= 35 25 el Ao R AR A A ) 52 )

4 ZE 2R v 2% ] I AR DUAR AR AR 3525
bilfe 2 , 4G 1155 Sk, SR A b AT
DX A= 358 23 P AH LIS IR A0, 209010 2 1.09 45 .1.08 1
SN ARSI 22 I A B (R 4) 1w

BT 4 B2 M 2Z S AR E DU/NRARESR
ARPABCE R, 692 3k, Moan F H AR AR B
A% el kAR5 5 A AR L (B R K, R 2,185 1
AT DXl U AR /N, R 0.98

R4 HEHENHEERREEFENEHESR

Table 4 Differences of spiders and leafhoppers in the number of individuals with different tea plantations( mean+SE)

B AR
P ZEs] LS EIEY BRI AP 34 B LU EE 3 I B AP 24 B LRSS N
Tea types Total of spider Mean of spider Total of leathopper Mean of leathopper Total of spider :
Total of leathopper

I 989 41.21+4.98a 692 28.83+8.22a 1:0.70

I 552 23.96+2.95b 501 20.88+6.94a 1:0.91

I 1155 48.13+6.95a 529 23.00+6.96a 1:0.45

v 556 23.17£3.25b 565 23.54£5.29a 1:1.02

[RIFAN ] 7 B e 22 57 i 3 5 (P<0.05)

2.3 AN[F AR B el ik D ERE S 22 AR S
AR BRI 235 -5 5 R B AT oA R R L, 2K el
Wk TRl 43 R B K T RERE, R AG RO RN 25 N 7E 4
kb, DL RS T ek fre 22, MR RO 2957 Sk,
TG BRIRRE RRA R SRR DA% ik
Bh BB P 2 SRR AR IR AL AE 8 N BL, IEAh,
e TR W R A % 22 el A R B A1 R BB 3R 2K

AR, LA ek A R0 AR R B i AP S ISR B i R 2
55 7R WL AR G D SRR 295 Sk, R L ER
WEARL FEl kB A Y IR 3 ARE, FRUERS R ) e
RHEF, A AECRE KN A B I >25 0 T >25 6 IV >
Z5bel 1 ;4% 45 AL D Re A R HE T, AR EE KN A
Bl > 1 >2%0 1> A5V,

I 5 AT LUt 255 bl W ik e 248 Z2 A 5 50N

K5 HNBETREEFESHEMEER

Table 5 Differences of the spider diversities in different tea plantations( mean+SE )

AR eI SRR 4o PR FEE B EAREL

Tea types Diversity index Evenness index Richness Dominance index
I 0.72£0.03a 0.87£0.01a 4.88£0.18a 0.01+0.00ab
I 0.5720.04b 0.81+0.05a 3.68+0.26b 0.020.01a
I 0.67£0.03a 0.87£0.02a 4.29£0.18a 0.01+0.00ab
I\ 0.5420.03b 0.82+0.04a 3.55:0.13b 0.010.00ab
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Fig.1 Dynamic changes of the spider diversities in different tea plantations
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Table 6 Spatial differences of spiders and leafhoppers in the number of individuals with different tea plantations( mean+SE)

PTE] Yyl AMAT- %L mean Upper layer
Tea types Species I-)JZ Upper layer )2 Middle layer T2 Lower layer 1% Ground surface
I i1t Leathopper 9.08+2.04a 9.13+2.18a 10.50+4.40a 0.13+0.07b
ik Spider 7.75+1.11b 7.46+1.43b 8.25+1.36b 17.83+2.59a
I I Leafhopper 8.46+3.73a 5.79+1.65ab 6.33+2.98ab 0.25+0.14b
ik Spider 3.00+0.50b 4.13+0.71b 3.75+0.74b 12.29+2.26a
il| i1t Leafhopper 8.83+3.03a 8.04+2.37a 5.50+1.75ab 0.63+0.46b
ik Spider 6.83+1.35b 6.42+1.09b 8.83+1.57b 24.92+4.32a
v 1t Leathopper 10.21+2.55a 8.63+1.96ab 4.71+1.23be 0.29+0.11¢
ik Spider 3.96+0.65b 4.21+0.80b 5.00+1.08b 11.29+1.98a
2.5 WRAIIHES AR 4 2R TPRRI TR E (R 7)), TEFRAIE, Wk S AR R A 55

Igiib==2s
IR AE 4 282 Bl v AN ] 2 O () B0 25 S 3

2% el PR RELR A 35 256 el A X 45 22, 205 5 e T A 35
Aol A E XA BRI A W E 2 S . BRI, =
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Table 7 Distribution difference of spider individual numbers of the 4 kind tea plantations in different seasons space( mean+SE )

i PNz = iz T2 % 58

Season Tea types Upper layer Middle layer Lower layer Ground surface Total

F A% Spring | 10.67+1.86a 9.83+4.86a 7.50+1.77ab 30.67+4.72ab 58.67+7.78a
I} 4.67+1.41b 3.17£0.75a 2.67+£0.92b 16.33+6.77b 27.67+6.33b
I 7.33+1.33ab 5.50+1.18a 7.83+2.30a 45.83+5.83a 66.50+6.16a
v 5.67+£1.73b 2.67+0.49a 3.00+1.00ab 18.67+5.09b 22.33+2.29b

H 2% Summer | 7.33+£2.04a 9.17£2.33a 8.83+1.96ab 23.33+2.49a 48.33+6.23a
I 3.67+1.02a 6.50+1.48a 3.67+1.12b 17.50+4.02ab 33.67+3.71ab
I 5.83+1.85a 8.50+1.46a 12.50+2.29a 26.50+3.61a 54.17+5.04a
v 4.67+0.99a 6.50+1.75a 5.67+1.61b 12.17+2.55b 28.50+4.35ab

% Autumn 1 10.33+2.28ab 8.00+1.44a 14.83+3.09a 14.83+2.46a 48.00+8.35a
I 2.50+0.43¢ 5.83+1.54a 7.67+1.75a 9.83+1.85a 25.83+4.88a
I 12.50+3.96a 9.83+3.27a 13.00+4.28a 22.83+10.83a 58.17+21.39a
v 4.50+1.15bc 6.83+1.82a 10.00£2.99a 12.67+2.99a 35.83+8.31a

A4% Winter 1 2.67+1.28a 2.83+0.60a 1.83+0.70a 2.50+1.26a 9.83+3.26a
I} 1.17£0.17a 1.00+0.45b 1.00+0.45a 5.50+3.12a 8.67+3.64a
I 1.67+0.67a 1.83+0.48ab 2.00+0.73a 4.50+2.55a 13.67+6.00a
v 1.00+0.26a 0.83+0.31b 1.33+0.61a 1.67+0.80a 6.00+2.13a

RS AXFEPHEMBERRNENZEIHES

Table 8 Distribution difference of leafhopper individual numbers of the 4 kind tea plantations in different seasons space( mean+SE)

&t PN eSS Bz Tz TIE % PEY ¢
Season Tea types Upper layer Middle layer Lower layer Ground surface Total
F45 Spring | 15.17+£6.09a 14.83+6.86a 29.00+15.98a 0.00+0.00a 59.00+28.65a
I 20.67+13.99a 13.33+5.10a 20.83+10.23a 0.67+0.42a 55.50+22.29a
I 23.00+10.36a 18.50+7.73a 11.83+6.06a 0.33+0.21a 53.67+23.80a
v 17.33+7.65a 15.83+4.99a 8.17+2.96a 0.67+0.33a 42.67+14.51a
H 2% Summer 1 6.83+1.58ab 8.33+x1.71a 5.67+1.15a 0.00+0.00a 20.83+3.89ab
I} 2.33+0.99b 3.33x1.17a 1.17+0.48a 0.00+0.00a 7.00+1.93b
I 6.17+1.08ab 8.83+2.26a 6.17+1.85a 0.17+0.17a 21.33+4.60ab
v 11.17+4.36a 9.83+3.66a 6.50+3.21a 0.17+0.17a 25.83+9.39a
BZE Autumn 1 13.83+3.06a 13.00+3.56a 6.50+2.16a 0.17+0.17a 33.50+8.08a
I} 10.50+2.93a 6.50+1.73ab 3.33+1.20a 0.33+0.33a 20.67+4.75ab
I 6.17+1.30a 4.33x1.54ab 3.50+1.34a 0.17+0.17a 14.17+3.81ab
v 12.33+3.19a 8.83+2.60ab 3.50+1.36a 0.33+0.21a 25.00+6.07ab
27K Winter 1 0.50+0.22a 0.33+0.33a 0.83+0.31a 0.33+0.21a 2.00+0.82a
I} 0.33+0.21ab 0.00+0.00a 0.00+0.00a 0.00+0.00a 0.33+0.21a
I 0.00+0.00ab 0.50+0.34a 0.50+0.50a 1.83+1.83a 2.83+1.70a
v 0.00+0.00ab 0.00+0.00a 0.67+0.67a 0.00+0.00a 0.67+0.67a
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Fig.2 Dynamic occurrence of spiders and leafhoppers in the 4 kind tea plantations
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Fig.3 Principal component analysis of the spider communities of different tea plantations
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Fig.4 Principal component analysis of the leafhopper populations of different tea plantations
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