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Comparison of structure and dynamics of spider
community in organic,abandoned and
conventional litchi orchards
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Abstract: The structures and characteristics of spider communities were analyzed based on surveys in or-
ganic, abandoned and conventional litchi plantations at Doumen, Zhuhai, Guangdong Province, from Ju-
lv 2004 to June 2005. The results of visual searching indicated that the species richness (§) of the spider
communities was in the order abandoned > organic > conventional litchi zone. The diversity ( H') was in
the order organic > abandoned > conventional litchi region. Evenness ( E) was in the order organic > a-
bandoned > conventional litchi plantation. These findings showed that the impact of organic management
practices on the diversity of spider communities was less than other two management methods. Three fam-
ilies, Araneidae, Linyphiidae and Theriodiidae, comprised the dominant groups among organic, aban-
doned and conventional plantations. The richness and number of Salticidae individuals in the abandoned
litchi orchard also increased. Besides weather factor, the disturbance level of farming activity was impor-
tant for diversity of spider community. The number of species and individuals of spiders was high in the
organic litchi orchard, where no chemical pesticides were used, but was lower in the conventional litchi
orchard, where chemical products were used frequently. These results indicated that the excessive use of
pesticides had a negative effect on the spider community.
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Spiders are important natural predators of crop
pests. Both the juveniles and the adults of spiders can
prey on live insects, and their scope of food and appe-
tite is huge. The results of many studies have proved
that spiders have an important role in the suppression of
orchard pests. Hukusima and Kondo (1962 ), and
Mansour et al. (1980b) found that the ability of spiders
to regulate pests was extremely strong. By preserving
spider biodiversity, the numbers of pest species can be
controlled ( Marc and Canard, 1997); for example, it
is advantageous to use spiders to control the pests in a
citrus orchard ecosvstem ( Yan and Wan, 1987; Yan,
1990 ). Management practices for example, planting,
irrigation, pruning and the use or non-use of pesticides,
can have diverse effects, positive or negative,, on spider
communities ( Feber et al., 1998: Miliczky et al. .
2000; Cardenas et al. , 2006). Integrated pest manage-
ment (IPM) practices have beneficial effect on the di-
versity of spiders in apple orchards ( Pekar, 1999),
and Cardenas ef al. (2006) observed that spider num-
bers in organic olive orchards were higher than those in
conventional olive orchards. Han (2005) studied the
composition of communities in organic, non-polluted tea
and conventional tea gardens, and his research result
showed that species richness and abundance of spiders
were lower in the conventional tea garden, owing to the
regular application of pesticides, than those of spiders
in the organic tea garden, where chemical control was
not used. Liu et al. (1999) analyzed the dynamics of
richness, diversity and evenness of arthropod communi-
ties in two litchi orchards and found that those of arthro-
pods were higher in complex zones (an area planted
with litchi and evergreen trees or shrubs) than in single
zones( an area planted with litchi trees). However, lit-
tle attention has been paid to the abundance, diversity
and dynamics of spiders and pests in organic litchi or-
chards specifically,

There is a long cultivation history of the Litchi

chinensis Sonn tree in China. Varieties of litchi are a-

bundant. The Guangdong area also is the leading pro-
duction region of litchi, accounting for 60% of the li-
tchi cultivation area in China ( Huang, 2002; Chen
and Su, 2005). Unfortunately, many insect pests in-
fest cultivated varieties of litchi. They cause direct
vield losses and economic injury by damaging to leav-
es, flowers and fruits. For the reason many chemical
pesticides are used in litchi orchards and pesticide res-
idues of litchi are very serious. In recent vears, much
attention has been paid worldwide to food safety prob-
lems, and many countries have increased their efforts
to develop organic agriculture. Thus, it is necessary o
develop organic litchi in China. In the present study,
performed in variable management practices, a survey
was carried out to investigate the diversity of spider
communities and insect pests. The purpose of the study
was to assess the diversity of spider communities in the
three kinds of litchi orchards ( organic litchi orchard,
conventional litchi orchard and abandoned litchi or-
chard) , and to investigate the relationship between

spiders and insect pests.
1 Study areas and methods

1.1 Experimental sites

The study was conducted from July 2004 to June
2005 in three litchi orchards located in Doumen, Zhu-
hai, China (113°09'51.9"W, 22°11'53.0”"N) . under
similar microclimates. The areas were about 3. 33 ha
and were organic ( Hong Kong Organic Certification
Center base OICO13 ), abandoned or conventional.
The plants used in the organic plantation were varieties
of litchi ( *Fei Zixiao” , *San Yuehong', *Gui Wei’
and ‘black leaf” ), longan ( *Shi Xia’ and * Chu Li-
ang’ ) and other fruits ( banana, guava, Mangifera in-
dica and Carambola ). Organic management methods
that comply with the Organic Cultivation Rules and Or-
ganic Certification Regulations of the Hong Kong Or-

ganic Certification Center ( which are in accordance
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with international organic certification standards) were
applied in the organic litchi orchards studied. During
the production process, no chemical applications were
used, and biological control, in addition to farming
management, was adopted to protect the litchi from
This included

chogramma and Anastatus japonicus, and using aza-

pests and diseases. releasing Tri-
dirachtin and light trapping. No chemicals were used
in the organic litchi orchard: the abandoned litchi or-
chard was unmanaged and no chemical products were
*Shi Xia',

*Gui Wei' and °® black leaf” were used in the aban-

used in it. *Chu Liang’, *Fei Zixiao' ,
doned plantation. There were no harvests in it, where
no pesticide or other practice was applied. *Shi Xia" ,
*Chu Liang’ , *Fei Zixiao' . *Gui Wei' and * Nuo
Mici® were used the conventional plantation. In the
conventional litchi orchard, however, chemical pesti-
cides such as omethoate, dicofol, dipterex, chlorflua-
zuron, shachongshuang, lambda-cyhalothrin, metho-
midophos and ripcord were used frequently, approxi-
mately eight times during the year.
1.2 Sampling methods

In the organic, abandoned and conventional litchi
orchards, three litchi trees were chosen for study re-
spectively, with visual searching to monitor the number
of spiders from July 2004 to June 2005. The litchi
trees of each treatment were monitored approximately
every seven days from July to October 2004 and from
March to June 2005, and every 14 days from Novem-
ber 2004 to February 2005. On the sampling date,
each of the three litchi orchards at each treatment was
observed from five different directions ( east, west,
south, north and middle ), At each direction, two
branches about 30 e¢m in length ( from stern upward )
were monitored by the investigators to look for spiders
and to record the numbers observed. All spiders col-
lected were stored in 70% alcohol for subsequent iden-
tification in the laboratory.
1.3 Data Analysis

Species richness (S), diversity ( H'), evenness
(E) and dominance ( C) was important indices show-
ing the development and characteristic succession of
communities ( Smith, 1977 ). All collected spiders

were counted. Juveniles were identified at the family or

generic level, and adults were identified at the species
level whenever possible. All species and numbers of
spiders observed at each sampling date were calculated
as total numbers per three litchis. The original data
were converted into monthly averages per sampled site.
The Shannon — Wiener index of diversity ( /') was ap-
plied to measure the species diversity of spiders:

H' = - Piln(Pi) (1)

where Pi is the percentage that accounts for the
total numbers of ith species. The species evenness
(E) of spider communities was measured with the for-
mula -

E=H'/In(S) (2)

where S is the number of species. The Simpson’s
dominance index was calculated;

C=§,’(n,/.\'): (3)

where V, is the total number of ith species and N
is the total number of all species (including the ith
species). All of the index were calculated using the
Data Processing System ( DPS) ( Tang and Feng,
2003). Some data dealt with using Excel 2003.

2 Results

2.1 Comparison of spider communities between
litchi plantations
A total of 2704 spiders.

of 43 genera and 15 families, were collected from the

identified as 75 species

organic litchi orchard during the vear. Of these. Hy-
lyphantes graminicola ( Linyphiidae ) and Neoscona
punctigera ( Araneidae) were the dominant species.
There were 5220 spiders, which were appraised as 74
species belonging to 46 genera and 15 families, in the
abandoned litchi plantation, with the dominant species
being Hylyphantes graminicola and 1358 spiders, iden-
tified as 43 belonging to 34 genera and 14 families in
the conventional litchi plantation, with the dominant
species being Hylyphantes graminicola and Coleosoma
blandum ( Theriodiidae) (Table 1).

2.2 Comparison of the diversity, evenness and
dominance of spider communities in different types
of litchi plantations

Because of changes in the environmental condi-
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tions of the orchards and the physiological growth of the
spiders, the spider communities in the litchi orchards
fluctuated seasonally ( Fig. 1). The dynamics of S, H’
and E of the spider communities were similar in the or-
ganic, abandoned and conventional litchi orchards,
but these indices were significantly higher in the organ-
ic and abandoned orchards than in the conventional
zone ( Fig. 1). The S value of spider communities dis-
plaved multi-peaks in the organic and abandoned _litchi
orchards; the first peak appeared between Mayv and
June, the second continued from early August to Octo-
ber, and the third peak appeared from the end of No-
vember to early December. Following a gradual de-
crease in temperature, the S value decreased to a mini-
mum in January (10 in the organic litchi orchard, 12
in the abandoned litchi orchard and 2 in the conven-
tional litchi orchard). The H' value was markedly low-
er in the conventional litchi orchard than in the organic
and abandoned orchards. During overwintering, H' de-
creased continually for three months ( from January to
March) in the organic and abandoned litchi orchards.
Yet, values for the conventional litchi plantation in-
crease over this time span. During the year, E >0.49
in the organic region and E >0.33 in the conventional
region, the fluctuation scope of H' and E was signifi-
cantly smaller in the organic and abandoned areas than
in the conventional area. The C value was higher in
the conventional litchi orchard than in the other or-
chards. These results indicate that the stability of spi-
der communities in the organic and abandoned planta-
tions was significantly higher than in the conventional
litchi plantation.

The diversity of spiders in the organic and con-
ventional litchi plantations correlated significantly with
species richness ( correlation coefficients r = 0. 6044,
P <0.05 in the organic litchi plantation; r = 0.6044,
P <0.05 in the conventional litchi plantation) , where-
as the diversity of spiders in the abandoned litchi plan-
tation did not (r= 0.0937, P>0.05). There was a
significant positive correlation between the diversity
and the evenness of spiders in the organic litchi or-
chard (r=0.7063, P <0.05), whereas the diversity
of spiders in the abandoned and conventional litchi

plantations did not correlate significantly with the even-

s{54ly

ness (r= 0.5367, P>0.05 in the abandoned litchi
plantation; r= 0.3948, P >0.05 in the conventional
litchi plantation). A strong negative correlation was
detected between the diversity and the dominance de-
gree in litchi orchards (r= -0.9414, P <0.05 in
the organic litchi plantation; r= -0.6665, P <0.05
in the abandoned litchi plantation; r= -0.9468, P <
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Fig. 1 Dynamics of species richness (S) , diversity

(H') . evenness ( E) and dominance degree (C)

of spider communities in different types of litchi plantation
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0.05 in the conventional litchi plantation). There was tions (P >0.05); however, they were significantly
no significant difference in diversity and species rich- different from those of the conventional litchi plantation
ness between the organic and abandoned litchi planta- (P=0.0L),

Table 1 Differences in species richness and population abundance of spiders from three types of litchi plantation

) Organic litchi orchard Abandoned litchi orchard Conventional litchi orchard
ol Richness(8)  Genera Numbers Richness( §)  Genera Numbers Richness( 8)  Genera Numbers
Agtlenidne I 1 20 1 I 20 1 ! 4
Araneidae 15 6 719 18 8 1115 8 4 234
Clubionidae 1 1 100 1 1 106 1 1 3
Corinnidae 1 1 35 1 1 4 1 1 1
Gnaphosidse ! I I 0 0 0 1 ! 109
Heteropodidue ! I 91 ! 1 144 I 1 8
Linvphiidae 5 2 770 2 2 1780 3 2 430
Lycosidae 0 0 0 1 1 1 0 0 0
Micrvphantidae 1 2 72 2 2 116 1 1 25
Oxyopidae 2 1 50 2 1 164 1 I 4
Philodre-nidae 1 1 15 1 1 51 0 0 0
Salticidae 16 10 127 . 17 11 721 9 7 24
Tetragnathidae 4 2 27 5 2 246 3 2 28
Theriodiidae 14 6 479 1 5 603 6 5 a3
Thomisidae 10 7 160 10 8 135 6 6 64
Uloboridae 2 | 38 2 | 14 1 1 1
Total 75 43 2704 75 46 5220 43 34 1358
2.3 Dynamic change in the dominant spider com- declined in September. 2004, reached a small low
munities in the different litchi plantations peak in Jan, whereas those of Araneidae reached a off-
The dominant spider families in the three litchi peak. The numbers of Araneidae in three types of li-
orchards were Araneidae. Linyphiidae and Theriodi- tchi orchards showed an upward trend. The numbers of
idae. Salticidae abundance and number of individuals Linyphiidae in all of the plantations decreased gradual-
in the abandoned litchi orchard also increased clearly ly to a low peak value from Aug, and increase to a
compared with the other groups, possibly because the peak in April later. Changes in numbers of Theriodi-
disturbance level caused by farming activity was small. idae in the abandoned and conventional litchi orchards
Comparing the dominant families in the three types of were similar to numbers change of Araneidae in those
litchi orchard, it was found that the tendency for litchi orchards from July to January. Their numbers be-
change was relatively similar in the organic and aban- gan to increase in July 2004, declined to a low peak in
doned litchi orchards, being slightly higher than in the September 2004 and kept steadily later. They reached
conventional litchi plantation ( Fig. 2). a peak in May. Those of Theriodiidae increased gradu-
The numbers [ transformed In( Number + 1) ] of ally in the organic litchi orchard from July. However,
Araneidae in the abandoned and conventional litchi or- they declined to an off-peak after a month, and subse-
chards began to increase gradually in July 2004, and quently began to increase in January.
558N
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Fig. 2 Dynamics of dominant spider group individuals

in different litchi plantations

3 Discussion

The results of systematic investigation indicate
that the S value of spider communities was in the order
abandoned > organic > conventional litchi plantation,
the H' value was in the order organic > abandoned >
conventional litchi plantation. The E value was in the
order organic > abandoned > conventional litchi planta-
tion. The impact on the diversity of spider communities
of adopting organic management patterns was lower
compared with the impact of conventional manage-
ment.

It has been shown that weather has a relatively
significant effect on spider communities ( Zhang and
Ma, 1996; Mare et al., 1999). Our study showed
that, in addition to the weather, the level of disturh-

ance caused by human activity also has an important

A

effect. The degree of diversity tended to diminish with
increased disturbance; for example, the application of
pesticides, the removal or pruning of branches and the
elimination of weeds ( Mansour, 1980a; Lenz, 2004 ).
The species abundance and individual numbers of spi-
ders in the organic litchi plantation, where chemical
pesticides were not used, were comparable to those in
the conventional litchi plantation, where chemicals
were frequently used. This result is consistent with the
findings by Dondale (1979 ) and Olszak (1992). In
the abandoned litchi plantation. individual numbers of
spiders were also higher because no chemical pesti-
cides were used and no branches were pruned.

Predators can significantly reduce numbers of crop
pests ( Marc and Canard, 1997 ; Nvffeler and Sunder-
land, 2003). However, most spiders tend to be sensi-
tive to pesticides ( Yardim and Edwards, 1998). Spi-
ders have been used as indicators of pests, what can
be linked to changes in a litchi plantation. Species and
individual numbers of spiders declined when those of
insect pests decreased. This phenomenon was more ob-
vious in the conventional litchi plantation, where the
frequent use of chemical pesticides affected some sen-
sitive species of spider.

The dominant groups of spiders found in the three
tvpes of litchi plantation were similar because they
were located in the same region and under similar cli-
matic conditions. However, spider numbers in the
three kinds of plantation were slightly different. This
was because of differences in ground vegetation struc-
ture and different management practices in the or-

chards, in addition to the activity of farmers.

4 Conclusion

In this study . field investigations showed that spe-
cies richness and individual numbers of spiders in con-
ventional litchi orchard were significantly different from
those in organic and abandoned orchards because of
different management practices. The impact of organic
management patterns on the diversity of spider commu-
nities was lower than that of conventional management.
Furthermore , the diversity of spider communities in the

abandoned litchi orchard, where there was no manage-
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ment, developed under natural conditions. Thus,
management practices do affect the structure of spider

communities in litchi orchards.
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