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ABSTRACT: One of the primary concerns about the environmental risks of genetically modified (GM) crops is that they may have
adverse effects on the local arthropod communities. In this study, we investigated whether the arthropod diversity and community
structure in fields of GM rice tolerant to protoporphyrinogen oxidase (PPO)-inhibiting herbicides differ from those in non-GM (control)
rice fields. The aim of this study was to assess the potential adverse effects of GM rice on the local arthropod communities. During the
growing seasons in the study period, we collected arthropods from both fields by using yellow sticky traps and compared the diversity
and community structure of arthropods from the two sites. Overall, the GM rice had no significant effect on the diversity of the local
arthropod communities. In addition, multivariate analyses (permutational multivariate analysis of variance and nonmetric
multidimensional scaling) showed that the structures of arthropod communities were not affected by the rice genotype (GM vs.
non-GM), although these comparisons were made using data obtained at different sampling dates.
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Table 1. Counts of arthropods sampled using yellow sticky traps in genetically modified (GM; CPPO06) and non-GM (Dongjin) rice fields

Order/Family/Species Korean name ..R1ce fines Functional guilds
Dongjin CPPO06
Coleoptera oAU &
Chrysomelidae ol |1k
Chrysomelidae spp. Q) 5 49 84 Herbivore
Coccinellidae St
Coccinella septempunctata (Linne) A2 ) 1 1 Predator
Harmonia axyridis (Pallas) S 1 1 Predator
Propylea japonica (Thunberg) Fupdajo] HutH g 15 8 Predator
Curculionidae v} to| ok
Curculionidae spp. vt & 2 0 Herbivore
Dytiscidae =47
Rhantus pulverosus (Stephens) of71E7N 1 1 Predator
Elateridae HlolH | 2k
Aeoloderma agnate (Candeze) ool | 1 1 Herbivore
Elateridae sp. HolHdga} &= 1 1 Herbivore
Staphylinidae El= ik
Paederus fuscipes (Curtis) Az 7 u)ekg7) 0 1 Predator
Staphylinidae spp. ElR= i bE=s 3 8 Predator
Diptera g =
Calliphoridae A a1t
Calliphoridae spp. AA | a}t = 123 115 Omnivore
Cecidomyiidae S|}
Cecidomyiidae spp. Sul|at = 654 544 Omnivore
Chironomidae Zuatatk
Chironomidae spp. 7z} & 2178 3460 Detritivore
Dolichopodidae Zcla)ul2] 7}
Dolichopodidae spp. 2ol afe| o 2 54 49 Omnivore
Sarcophagidae e hviRel S
Sarcophagidae spp. Hafe|a} = 90 65 Omnivore
Sciomyzidae Eula| 1}
Sepedon aenescens (Wiedemann) HEulg 2581 1888 Predator
Sepsidae A a2zt
Sepsidae spp. x| a3 = 23 23 Herbivore
Syrphidae ool
Syrphidae spp. Loy = 22 31 Predator
Tephritidae A =] 1k
Tephritidae spp. b EShi il s 90 72 Herbivore
Tipulidae 2ok At
Tipulidae spp. Z e &= 41 45 Detritivore
Hemiptera AA=
Anthocoridae Zr-AA T}
Orius spp. Orius<; & 430 515 Predator
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Table 1. Continued

Order/Family/Species

Korean name

Functional guilds

Berytidae

Yemma exilis (Horvath)
Gerridae

Gerris paludum (Insularis)
Lygaeidae

Nysius plebejus (Distant)

Tropidothorax cruciger (Motschulsky)

Miridae

Adelphocoris suturalis (Jakovlev)

Stenotus rubrovittatus (Matsumura)

Miridae spp.

Notonectidae

Notonecta triguttata (Motschulsky)

Pentatomidae
Dolycoris baccarum (Linne)
Eurydema gebleri (Kolenati)
Homoptera
Aphididae
Aphididae spp.
Cicadellidae
Nephotettix cincticeps (Uhler)
Recilia dorsalis (Motschulsky)
Ricania taeniata (Stal)
Cicadellidae spp.
Delphacidae
Laodelphax striatellus (Fallen)
Sogatella furcifera (Horvath)
Hymenoptera
Braconidae
Braconidae spp.
Eulophidae
Eulophidae spp.
Ichneumonidae
Ichneumonidae spp.
Tenthredinidae
Athalia rosae (Ruficornis)
Lepidoptera

Hesperiidae

Parnara guttata (Bremer et Grey)

Pyralidae

Cnaphalocrocis medinalis (Guenee)

Chilo suppressalis (Walker)

AR 5

ol w32k
=5muE
R v -
HE S
R

Y

Rice lines
Dongjin CPPO06
0 2
1 0
13 5
0 1

1
13
5
1 0
1 2
0 1
295 448
117 95
215 163
1 0
135 140
364 374
235 357
503 738
433 436
152 169
35 36
0 2
4

Herbivore

Predator

Herbivore

Herbivore

Herbivore

Herbivore

Herbivore

Predator

Herbivore

Herbivore

Herbivore

Herbivore

Herbivore

Herbivore

Herbivore

Herbivore

Herbivore

Parasitoid

Parasitoid

Parasitoid

Herbivore

Herbivore

Herbivore

Herbivore
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Table 1. Continued

Order/Family/Species Korean name ..R1ce fines Functional guilds
Dongjin CPPO06
Neuroptera A E
Chrysopidae Z73 A1 1t
Chrysopidae sp. Z3x2 1 = 4 3 Predator
Odonata AR ==
Coenagrionidae A1 z2z12] b
Ischnura asiatica (Brauer) oA oAl ZFR}E] 16 13 Predator
Libellulidae A=) 1t
Orthetrum albistylum speciosum (Uhler) U2k=}E] 2 1 Predator
Pantala flavescens (Fabricius) = ARA}E Predator
Sympetrum spp. AL 5 6 6 Predator
Orthoptera HE71=
Acrididae | ®=7] 31}
Acrida cinerea (Thunberg) Hlol7j | 1 0 Herbivore
Pyrgomorphidae A A S| 5= 7]
Atractomorpha lata (Motschulsky) A A | =7 1 0 Herbivore
Tettigonidae o] 23}
Conocephalus chinensis (Redtenbacher) A7) 14 3 Predator
Tridactylidae T =7 1}
Xya japonica (De Haan) | E=7] 0 1 Herbivore
Thysanoptera AL
Thripidae B R Rl
Thripidae spp. B s 2552 2521 Herbivore
Araneae Aul&
Clubionidae S FAw
Clubionidae spp. AFAn| 3t = 17 19 Predator
Linipidae H A A w3k
Erigoninae spp. o FA|Aw] ottt F 7 14 Predator
Salticidae 737 | 1}
Evarcha albaria (L. Koch) 3 =750 1 Predator
Mendoza elongate (Karsch) A7) 7 A 1| 3 Predator
Tetragnathidae ZrA w1k
Pachygnatha clercki (Sundevall) B A 1] Predator
Tetragnatha maxillosa (Thorell) w1z | 0 3 Predator
Tetragnatha praedonia (L. Koch) AF=ZF A 1| Predator
Thomisidae Al A w2}
Thomisidae sp. AAw 2} = 0 2 Predator

4 34 ol B4 ol s gens, T

el 4Eol UEE vstel 3 S202 Falslo
H].u_o]-»—— Zo| el Aestgich Hoback et al. (1999) =
HAEAS o] gjol WG 25 2SI SolA] A
o2 gaghuh gk
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B AR B AAEE 240 BUHHS 91 489 3
YA AT Y] 98-S & 4= i 41 e
2 RORRAHER EHUE ol 83 A7 WY 52 o831 4
2P|l Esklo] B e 55; oS Sof Zutpak S44
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HORE A O R 55 FIsk U HEH] SAA)
] Aol A MAISH o] ohd 9|R 2N fes $Eol
Kol Hof Z£A %8l~t—til glo] el AH83he o 4
919iek. £ A AT = B gEo|(Table 1), 41443k 4%

2 F2 7155k 7Y ‘:’E*(Athalza rosae (Ruficornis)) i} 24|
| (Eurydema gebleri (Kolenati))7} A= o, 1 9
SRIEA| 952 W2 of | 24 2T Fole HE 7IFR
317 9 F50] EgEo] Qg 7Hs o] 2.
2 Ao A= 115 4602 F-24,0091t2] 0] A 2] F-=0] A
AL, T F s A= 11,5117k, CPPO06H o]l A=
12,4980} 2] 2] A E0| k7t PALEI ALK Table 1). 2414,
3 H;(]_ 7]AH;<]— __\,1;/\11]._ _A,E'G]—‘G]—EE l:Ho]7]‘:_:rL\:ﬂ j_.?_g] ]
155 wEs Ao ojg Aol wglon), v Asa] ofst
P2 WA o= A= e TR Table 2). Z12{u, 24
71 A ) 739 SAA L2 o ekA] = A, o= A
&= H AlEol g Aol 5 Hol= AS & = AS=Hl, Lol
= AR AGERE] A9 XA Hrk CPPO06H 9

N

_‘;oﬂ.

A e WS BT, 2] njeh 7 A Ll 14
sate] W=7} CPPOOGHI)A] 7] Lehyty] HlEo s wel

th. Holling (1966)°] £JahH o] 5/do] Adeial o2 2 71487
FAR} e - wo] o e of whel 150 FHEE A
o] Vbt B useitt e HE 2 Aol A YEhd 317

A Aol ATES] Wil o7t Yo
ok A ETe] 9= AR NS Aol s

=
o] A aL 7)ol M FA| s ]t ¥ AlEol o't F7F

H, FRIHof| A= 24]7](38.2%),

TAIRH(29.5%), BIEH22.0%), 7] 2K 10.3%) <0 & LFepst
3, CPPO06H of| A= 2 A12(36.3%), 2312H30.7%), A1}
(21.6%), 7178 AK11.5%) = GM ¥} KL 1 Tt 54|12 41
o)L AT, ekt ;A2 -89 Apo| 7} thar L
eFRs 8 o 4 919ich T ¥ A8 Al n, §Hso)
A Suba]pH22.4%), 2 ETH22.2%), 2K 18.9%),
Tabe)H(5.7%), BLTH5.2%), LA HTH4.4%) S0 03
1101, CPPO06 Hof| A= 2 =31}(27.7%), S| (20.2%),
S| K(15.1%), TAHIHS5.9%), BFIKS5.8%), et
(4.4%)=0.2 431}
%’494 ZAIAH GM el i W 7hof| ZafjAke} s2A2}o] 3
&2 2fo|7}F tha YEld o= FAIA 2 o7t Afo]
7 P UERAl = Q4 AITHTable 2), AR o] sfjgsh= S92
po] L7t GM HETH R Hof| A 2] o2 #9kat, £
Aol S = Zuptae] Wivt Mk HETGM HolA H
=7 YyERE7] wlo]t) Haughton et al. (2003)3} Brooks et
al. (2003)¢] A5 oJsh A=A Wd GM Sppot RE
of A2}l ofe|szAFof| A oA T1Fol £k BRS¢
LE7FGM Epap RO A B ) Y Bastlal ol &
Bl BE7] BRa-S ARAWAE 2] e8RS ok
] QlofA F-83t A A=l E o S AlolEhar Akt
SR oFo] = Ate E Adihs gl AR AEel v=
3L, PPO A3l| A2 A|2H= 7|1 2ko] th2 glyphosate A 24 Al
of tet W 7 A ti o= skgl.em, T3 Marshall
et al. (2003)°] X1t AA Y A|2A| A& 3 F2He =
Qlafo] Hak W) 2ol LiERtS 5 9l7] e 1 ol
oA LERd ko] m o] v A7 3ol s} Lk of
$2 Qo] YlaAE CPPODGEIe] M A HES Fat A

W i obolm Aol AZA| H2E B gzwelS 5
%S T o] W wslol ek A7 59 % o Tha o4 2]
Ao B9 7zol asi,

GM B2} mEo] ofe] ol 4 A A58 2] A
718 TJHE R4 Table 37} 2T, A]7]0] W heke )4

Table 2. Results of a repeated-measures analysis of variance (RMANOVA) of the abundances of arthropod functional guilds

Detritivores Herbivores Parasitoids Predators
d.f. F P d.f. F d.f. F P d.f. F P
Genotype (G) 1 2.56 0.186 1 7.33 0.054 1 7.56 0.051 1 0.28 0.623
Time (T) 5 11.81 <0.001 5 69.20 <0.001 5 2.66 0.053 5 353 <0.001
GxT 5 1.53 0.226 5 0.57 0.720 5 1.37 0.276 5 0.34 0.882
Error 20 20 20 20
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Table 3. shannon’s diversity (#”), Simpson’s diversity (1-17), richness (d), and Pielou’s evenness ()’) of arthropods collected in plots of
genetically modified (GM; CPPO06) and non-GM (Dongjin) rice

Line Time H’ -7’ d J’
Dongjin 13 Aug. 1.54 (0.07) 0.64 (0.04) 3.63 (0.14) 0.48 (0.03)
27 Aug. 2.03 (0.02) 0.81 (0.01) 274 (0.01) 0.72 (0.01)
10 Sep. 2.43 (0.10) 0.88 (0.02) 4.14 (0.08) 0.79 (0.04)
24 Sep. 239 (0.06) 0.89 (0.01) 4.00 (0.49) 0.80 (0.02)
8 Oct. 1.65 (0.47) 0.63 (0.19) 3.25 (0.20) 0.56 (0.16)
22 Oct. 2.18 (0.20) 0.83 (0.06) 3.61 (0.06) 0.74 (0.07)
CPPO06 13 Aug. 1.84 (0.09) 0.76 (0.02) 3.60 (0.19) 0.57 (0.03)
27 Aug. 2.09 (0.09) 0.83 (0.02) 3.30 (0.28) 0.70 (0.02)
10 Sep. 2.47 (0.10) 0.89 (0.02) 4.06 (0.22) 0.81 (0.02)
24 Sep. 2.47 (0.09) 0.89 (0.02) 426 (0.16) 0.81 (0.03)
8 Oct. 1.43 (0.25) 0.57 (0.10) 2.93 (0.04) 0.49 (0.09)
22 Oct. 1.73 (0.25) 0.68 (0.10) 3.08 (0.09) 0.60 (0.10)
RMANOVA
Time F 7.469 5.136 11.313 6.856
P <0.001 0.003 <0.001 <0.001
Genotype F 0.084 0.058 0.038 0.152
P 0.787 0.821 0.855 0.717

Table 4. Results of a two-way permutational multivariate analysis of variance (PerMANOVA) of the community composition of arthropods
collected in rice plots, based on the Bray-Curtis similarity coefficient

Detritivores Herbivores Parasitoids Predators Whole arthropod guilds
d.f. Pseudo-F P d.f. Pseudo-F P d.f. Pseudo-F P d.f. Pseudo-F P d.f. Pseudo-F P
Genotype (G) 1 1.05 0436 1 049 0.671 1 1.43 027 1 1.67 0178 1 1.18  0.313

Time (T) 5 9.84 <0.001 5 12.33  <0.001 5 10.01 <0.001 5 7.80 <0.001 5 10.64 <0.001

GxT 5 1.02 0439 5 0.83 0.664 5 1.49 022 5 042 0966 5 0.76  0.840
Res 24 24 24 24 24
Total 35 35 35 35 35

£ ¥ 5, Shannon &) ThFIe A|5~(H) 2} Simpson &} T Aoz LHERA] Q4T Table 4, Figs. 1-2). o] 23t §7 =g
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102071 Z7151E171 909 2420714 1L 4go] § AT 109 Al
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0
0

E710] Zol= LEA] 99kt PerMANOVA S} NMDS o] A] A 92 ofulsA|TE ShA] A3t 247 | FfFdle AR E
= AAIA R AR E 28 2 7] ol whE AA = o} FafjApQl Zuptate] thgh 74”1 AE Fal AlEA
TR GA A7) T Abols UrEg e AlEHe W/ el thigh 274 918/ B 717F o] Fol Aok & Aotk

(
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Fig. 1. Nonmetric multidimensional scaling (NMDS) plots of functional guilds of arthropod communities sampled using yellow sticky traps
from August to October 2009 (Herbivores: A, B; Predators: C, D; Decomposers: E, F; Parasitoids: G, H).
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Fig. 2. Nonmetric multidimensional scaling (NMDS) plots of the arthropod community sampled using yellow sticky traps from August to
October 2009 (Sampling time: A; Genotypes: B).
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