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 (Tetragnatha maxillosa)  (Tetragnatha javana Thorell, 1890) 
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15

 (Natuhara, 2012)

 (intensification) 

 (Swift et al., 1997; 

Medley et al., 1995; De Jong, 1997; Tilman et al., 2001; Reidsma et al., 2006; 

Vitousek et al., 2009; Natuhara, 2012)

 (Vickery et al., 2004; 

Imaizumi et al., 2006; Power, 2010; Swinton et al., 2007; Zhang et al., 2007; 

UNU-IAS, 2010a; UNU-IAS, 2010b; UNU-IAS, 2012)

 (Butler et al., 2007)

 (organic 

farming)  (Seufert et al., 2012)

 (Hole et al., 2005; Gomiero et al., 2011)

 (Hyvonen et al., 

2003; Letourneau and Goldstein, 2001; Kromp, 1999; Pfiffner and Luka, 2003; 

Neher, 1999)  (Seufert et al., 2012)

(Pocock and Jennings 2008; Geiger et al., 2010)



(Oñate et al., 2000; Sprague et al., 2010)

 (Sprague et al., 2010)

 (Duelli and Obrist, 

2003)

 (Geiger et 

al., 2010)



4 4 8

 ( )

2013 2014 4 6  (2013

4/9-6/19 2014 4/8-6/17)

0.25 S

40

 (

Pests)  ( Pollinators)  (

Graminivores)  (

Predators)  (

Parasitoids)  (

Scavenger)  ( , Visitors)

 (test of two 

binomial proportions)

PRIMER-E  (Clarke, 1993 

Clarke & Gorley, 2001) 

( ) 

Shannon-Weiner’s Index Simpson’s Index  Pielous’s 

Index Margelef’s Index ( ) 

( ) 

96  (8



×6 ×2 ) Bray-Curtis distance ( ) 

(Non-metrics Multidimensional Scaling, NMDS) 

ANOSIM (Analysis of Similarity, ) 

( ) 

SIMPER (Similarity Percentages) 

 (

/  >1 )

T  (2 samples T- test ) 

 (8

×2 ) 

 (shoot system) 

4 13 93 206 240 209951 149

64 32

 ( )



Table 1. The numbers of species and relative abundance of each ecological 

function groups in organic and conventional fields.

Organic fields Conventional fields
Ecological 

function groups

No. of both 

appeared 

species 
No. of sp.z RAy ,% No. of sp.z RAy ,% 

Pests x 44 67 54.16% 54 48.25% 

Pollinators x 13 14 1.95% 13 1.99% 

raminivores x 13 21 1.49% 18 0.77% 

scavenger x 21 30 30.49% 25 39.68% 

Visitors x 3 5 0.82% 4 0.62% 

Predators x 41 51 8.48% 43 6.06% 

Parasitoids 14 25 2.61% 24 2.62% 

Total No. of sp. 149 213  181  

z: numbers of species of each ecological function in treatments
y: relative abundance of each ecological function groups in treatments
x: two population proportions test, p<0.05 
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SIMPER

29  ( )

(Araneus inustus L.Koch, 1871)  (Tetragnatha javana Thorell, 

1890)  (Tetragnatha maxillosa Thorell, 1895)  (Micraspis 

discolor Fabricius,1798)  (Ochthera sp. Latreille, 1802) 

 (Adelius sp. Haliday, 1833)  (Sympiesis 

parnarae Chu & Liao, 1982)  (Forcipomyia sp. Linnaeus, 

1767)  (Ernestinus genus Distant, 1911)

 (Limnophyes genus Eaton, 1875) 29

 (T. javana, p = 0.008)  (T. maxillosa, 

p = 0.02)  (M. discolor, p = 0.021) 

 ( )

 (Jadhao, 2011)

(Begum et al., 2002; Chowdhury et al., 2008; 

Sharma and Joshi, 2010 ; Rattanapun, 2012)

 (Begum et al. 2002)

(Rodrigues et al., 2009)

(Kim et al., 2011)

 (Takada et al., 2013)  (

)  (Jayakumar and Sankari, 2010)

 (Gangurde, 
2007)

 ( ) 



OECD (1999, 2001) 2010 Ueno
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0

1

2

3

1st Year, Organic
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 ( )  ( )  (

)

Figure 1. Non-metric multidimensional scaling composited of organic (filled 

circle: 1st Year; empty circle: 2nd Year) and conventional (filled square: 

1st Year; empty square: 2nd Year) samples. 



SIMPER 1

Table 4. Species which contributed to the dissimilarity between two farming 

methods over than 1, selected by SIMPER procedure. 

Farming treats Organic fields
Conventional 

fields 

Av. similarity 31.24 31.31 

Eco-functiona

l groups
Discriminative species Nmean± S.E. Nmean± S.E. 

Contribution 

(%) 

Sum of

(%) 

Adelius spA 24.26± 2.95 22.64± 4.01 1.44 
Parasitoids

Sympiesis parnarae 14.27± 3.8 7.86± 2.01 1.22 
2.66

Araneus inustus 17.52± 3.29 14± 2.59 1.39 

Tetragnatha javana x 14.25± 3.35 4.33± 1.37 1.15 

Tetragnatha maxillosa x 78.8± 17.4 34.47± 6.2 2.44 

Micraspis discolor x 30.41± 5.1 16.42± 3.05 1.67 

Predators 

Ochthera spA 26.36± 7.1 14.91± 8.22 1.72 

8.37

Steneotarsonemus spinki 123.4± 39.8 80.4± 21.8 3.73 

Oulema oryzae 199± 138 8.09± 3.5 2.54 

Liriomyza spA 10.49± 2.81 10.57± 3.65 1.17 

Hydrellia griseola 12.15± 3.4 6.94± 2.64 1.2 

Hydrellia sasakii 32.3± 24.9 6.61± 3.51 1.24 

Thaia rebiginosa 81.3± 30.5 44.8± 27 2.43 

Nilaparvata lugens 80.2± 40.7 61± 28.2 2.37 

Sogatella furcifera 196.6± 44.8 194.4± 52 4.44 

Nephotettix nigropictus 32.04± 8.11 16.81± 4.26 1.94 

Nephotettix virescens 19.42± 4.58 13.37± 4.04 1.57 

Stenchaetothrips biformis 467± 117 350± 139 7.26 

Pests 

Stenchaetothrips spA 35.2± 19.6 28.3± 12.6 1.79 

31.68

Graminivor

es 
Ernestinus spB 25.3± 11.8 8.41± 4.37 1.25 1.25

Pollinators Forcipomyia spA 27.02± 5.97 22.8± 3.44 1.88 1.88

Cricotopus spA 44.8± 18.4 41.1± 20.4 1.92 Scavengers

Cricotopus spB 39.9± 31.1 10.57± 6.57 1.06 

22.12



Cryptochironomus spA 75.5± 27.5 82.6± 34.4 3.18 

Limnophyes spA 442± 126 433± 121 7.4 

Micropsectra spA 44.2± 30 22.5± 13.3 1.79 

Chyromya spA 11.67± 2.04 7.75± 1.44 1.06 

Culex spA 6.38± 2.63 7.91± 2.36 1.03 

Sepedon spA 80.8± 13.6 83.9± 15.7 2.8 

Average dissimilarity = 69.26    
x: 2 samples T- test, p < 0.05    
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Figure 2. The scatter plot between richness (Species number of paddy field 

arthropod) or abundance (Number of respective species) of arthropod 

assemblage predicted versus three indicator species respectively (M. 

discolor, T. javana and T. maxillosa). 
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Appendix I. The agrochemicals compounds used to prevent farming damage in 

each field areas. 

Administrative 

divisions 

Farming areas Agrochemicals 

compounds

Intentions 

pyrazosulfuron-ethyl Weed control 

tecloftalam Fungus control 

Conventional fields

hexaconazole Fungus control 

Dongli 

Organic fields -  

pyrazosulfuron-ethyl Weed control Conventional fields

quinclorac Weed control 

Zhutian 

Organic fields -  

edifenphos Fungus control Conventional fields

tecloftalam Fungus control 

Shipai 

Organic fields -  

tricyclazole Pest control 

lambda-cyhalothrin Pest control 

pencycuron Fungus control 

kasugamycin + tricyclazole Fungus control 

Conventional fields

hexaconazole Fungus control 

Xuetian 

Organic fields -  



Appendix II. Biodiversity index and distance-based ordination coefficients 

explicated functions in this study. 

 Formulation Expression 

Simpson’s 

Index 

ni: the number of individuals 

belonging to the ith species 

N: the total number of individuals 

belonging to the assemblage 

Shannon-Wien

er’s Index 

ni: the number of individuals 

belonging to the ith species 

N: the total number of individuals 

belonging to the assemblage 

Peilous’evenn

ess Index 

H’: the Shannon-Wiener’s Index 

S: the number of species belonging to 

the assemblage 

Marfelef’s 

Index 

S: the number of species belonging to 

the assemblage 

N: the total number of individuals 

belonging to the assemblage 

Bray-Curtis 

distance 

yik: the number of individuals 

belonging to the ith species in k 

assemblage. 

yjk: the number of individuals 

belonging to the ith species in j 

assemblage. 



Bray-Curtis 

Similarity 

yik: the number of individuals 

belonging to the ith species in k 

assemblage. 

yjk: the number of individuals 

belonging to the ith species in j 

assemblage. 

ANOSIM 

rb = mean rank of between group 

dissimilarities 

rw = mean rank of within group 

dissimilarities 

M: n(n-1)/2, n = total number of 

samples. 

R will usually fall between 0 and 1, 

indicating some degree of 

discrimination between the sites. 

  



A Research on the Agrobiodiversity Indicators for 
Rice Paddy Fields in Eastern Rural Taiwan 

Mei-Ling Fan1, Kuang-Chung Lee2 , Sze-Sheng Tsai1, Chih-Ying Yu1, 

Hung-Chang Hsu1, Peng Hwang1, Kwok-Ching Wong2 

1Hualien District Agricultural Research and Extension Station, Council of 

Agriculture, Executive Yuan, Taiwan; 
2National Dong Hwa University 

ABSTRACT 
This research aims to discuss the difference of invertebrates’ community 

structure between organic farming and conventional farming in paddy fields of 

eastern rural Taiwan. It is also expected to develop agro-biodiversity indicator 

species which is helpful in monitoring integrity of agricultural environment and 

promoting environmentally friendly farming.  The paddy fields were 

investigated in the first cropping season between active tillering and harvest from 

April to June in 2013-2014. Sampling was done twice a week using the method of 

net sweeping on paddy fields. A total of 209,951 invertebrates belonging to 240 

species, 206 genera, 93 families and 13 orders were found and identified, within 

which 213 species were identified in organic paddy fields with only 181 species in 

conventional paddy fields. What’s more, organic fields were found to have a 

higher number of species of various functional groups. The similar differences 

between organic and conventional farming methods are a main contribution of 29 

invertebrates in which the predators, Micraspis discolor, Tetragnatha maxillosa, 

Tetragnatha javana abundance were also significantly different in paddy fields 

under different farming methods. Results also show that there is a positive linear 

relationship between the abundance of the three mentioned species and the 

richness and abundances of invertebrates in paddy fields, which can be used in the 

future as indicator species to reflect artificial disturbance. 

Keywords: Organic cultivation, Invertebrate, Paddy field, Agro-biodiversity 

Indicator species 
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