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Dynamic changes in the biodiversity of arthropod communities in transgenic Bt

cotton fields between 2009 and 2013

LUO Junyu, ZHANG Shuai, LU Limin, WANG Chunyi, ZHU Xiangzhen, LI Chunhua, CUI Jinjie "
Institute of Cotton Research of Chinese Academy of Agricultural Sciences /State Key Laboratory of Cotton Biology, Anyang 455000, China

Abstract; In this study, effects of transgenic Bt cotton on the structure, composition, and biodiversity of arthropod
communities were systematically investigated in cotton fields over five consecutive years, from 2009 to 2013. Non—transgenic
cotton ‘ CCRI 49’ was used as the control, and transgenic Bt cotton ‘ CCRI 41’ was used as the test material. Effects of
transgenic Bt cotton on arthropod communities provide an important theoretical basis for the comprehensive management of
cotton insect pests and ecological control, as well as a scientific reference for the evaluation of the environmental safety of
transgenic Bt cotton. In addition, sustainable development and use, which are in accordance with ecological succession, can
be adopted on the basis of production and need for pest control in cotton plants. In this study, arthropod communities were
systematically investigated in transgenic Bt cotton ‘ CCRI 41’ and conventional cotton  CCRI 49’ fields, from 2009 to
2013. In addition, meteorological factors during these five consecutive years were considered when analyzing the changing
trends of relevant factors in the cotton field arthropod communities. The results showed that, during 2009—2013, the
number of “orders” in the insect community, pest sub-community, and natural enemy sub-community in the “CCRI 41”

cotton fields increased in comparison with the control cotton fields, but the differences were not significant. The number of
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“families,” “species,” and “total number of individuals” showed an increasing trend over the first 3 years and then
declined in the last 2 years (2012 and 2013 ). The differences were significant in some years, which might be due to the
meteorological conditions, while fluctuations were within statistical limits in other years. The diversity indices of the insect
and pest sub-communities showed declining trends, which were statistically significant in 2013 but not significant in the
other years. There was no significant change in the diversity index of the natural enemy sub-community. In addition, there
was no significant change in the uniformity indices of the insect, pest, and natural enemy sub-communities. The dominant
concentration indices of the insect and pest sub-communities increased over the S-year period, but the increase was only
significant in 2013. There was no significant change in the dominant concentration index of the natural enemy sub-
community in 2009—2013.There were no significant changes in the structure or composition of the cotton field insect, pest,
or natural enemy sub-communities in Bt cotton ‘ CCRI 41’ fields, nor were there any changes in the diversity, uniformity,
or dominant concentration indices. It can be inferred from the results that there were no significant changes in the structure,
composition, and biodiversity of the arthropod, pest, and natural enemy sub-communities in Bt cotton fields during the
planting period. However, this study was a short-term comparative investigation of only one pair of cotton varieties. The
long-term effects of planting transgenic Bt cotton on the structure, composition, and biological diversity of arthropod
communities need to be investigated and monitored in the future. This will provide scientific data for a long-term safety risk

assessment of transgenic Bt cotton.

Key Words: transgenic cotton; arthropod community; biodiversity; impact analysis
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PR R 5 TR it 2011 ARG,y 24.8°C 2012 4E 1 2013 4Rl d 5 , 214 25.6°C ;2010
AR B fic e, FLUJE 2011 4F 2012 4R 5efi% ; B FR B 2012 4FE 45, 35 106.9mm , L2 2010 4F(96.5mm) ,
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F1 2009—2013 £ 5 A—8 AHXSE AR (AERM)
Table 1 The climate data during June to September from2009 to 2013 years( Anyang, Henan)

F R ARX B e
Year Average temperature/°C Relative humidity/% Rainfall/mm
2009 24.9 78.8 72.3
2010 25.0 82.3 96.5
2011 24.8 81.6 48.6
2012 25.6 66.8 106.9
2013 25.6 76.6 84.8
F®2 FHBtEEMIEHERRBEEIMTEIYAE" B (2009 £—2013 )
Table 2 Number of “order” of arthropods that surveyed in Bt-cotton field and non-transgenic cotton field (2009—2013)
Hh#R T 41 CCRI 41 HhARIT 49 CCRI 49
FYer AT N i AT A B RO
Insect community Pest sub-community Natural encn'ly Insect community Pest sub-community Natural cncn'ly
sub-community sub-community
2009 10.7+0.6a 8.7+0.6a 6.0+1.0a 10.7+0.6a 8.3+0.6a 6.7+0.6a
2010 12.0£0.0a 10.3+0.6a 6.7t1.2a 12.0+0.0a 10.3+0.6a 7.0£0.0a
2011 12.7+0.6a 11.0+£0.0a 6.3+0.6a 13.0+£0.0a 11.0£0.0a 6.0+0.0a
2012 12.0+0.0a 10.0+£0.0a 8.0+0.0a 12.0+£0.0a 10.0+£0.0a 8.0+0.0a
2013 12.0£0.0a 10.0+0.0a 8.0+0.0a 12.0+0.0a 10.0£0.0a 8.0+0.0a
CV% 6.1 8.3 13.5 6.8 10.0 12.1

F B N £ SE s RSB 5 A R /NS TR R A B Z [ 75 0.05 KF 25 B3, CV N ERRR

2.2.2  WAAPRE T RSP B < B 4L

2009—2013 44 Bu A H R 55 DRAYS FE 38 2105 e sh W v s < b B 2% 3 firz . B3R 3 7] L, 2009—
2013 A= HrR BT 417 i HE S HOREV& A BOIE FE % JOT I < B Rz i &2 b 7, Horp 2013 48 B UBEVE T JE < B 4L

SEIRF B E K, E R RRE T E <R SR N R A2 5N B PR BT 497 A H R BUBEVE E 2011
@tﬂ?ﬁﬂmﬁtﬁ,iﬁzﬁﬁﬁ@k%zmz AE—2013 4F XA i PR, (H5 2009—2010 4EAH L 22 A B35 FE il
WA S ETF#EE 2012 41 2013 4F B FFIH S KEOW R BT @« B Bl S B 2 i B4, Horb 2011 4EF0
2013 4F 4R 3 LI ARV AE A B Be JE DR FH AR SE DA H A5 3R 2 R e e E 2 5% . RATE 2009—2013 4
[ 0 NV R E N = a3 1 N W 5 9 = R e € S

x3 HBtERMEREERBASIINTEINMETE R £(2009 £—2013 £F)

Table 3 Number of 'family" of arthropods that surveyed in Bt-cotton field and non-transgenic cotton field (2009—2013)

A 41 CCRI 41

rRAR T 49 CCRI 49

e I REOERE . I KEOWAE
FYer BB O B v B AT A v
. . Natural enemy . . Natural enemy
Insect community ~ Pest sub-community . Insect community ~ Pest sub-community L
sub-community sub-community
2009 44.7+2.9a 29.7+2.9a 15.0+0.0a 46.1+1.2a 21.4+0.6a 14.7+1.5a
2010 44.3+3.1a 29.0+1.0a 15.3+2.5a 49.3+2.3a 24.3+1.5a 15.0+1.0a
2011 49.0+2.6ab 29.7+1.5a 19.3+1.5ab 50.0+2.6b 26.0+3.6ab 24.0+1.0b
2012 48.0+0.0ab 28.3+3.1a 19.7+3.1ab 48.3+0.6ab 29.0+2.6b 19.3+2.5ab
2013 50.3+4.7b 28.7+1.5a 21.7+3.2b 47.3+6.4ab 29.7+0.6b 21.0+0.0b
CV% 5.6 2.1 16.1 3.2 13.1 21.2

F BRI £SE ; RSB S A B 59/ NS AR A B Z [A175 0.05 K B2 5 B3 CV N ERRE
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A5 RS T R B KEOUBEE A AR O R fh 25 A K, 3 HO RS b 25 52/
2.2.3 PR Y BBl e < PRl AL

2009—2013 4£5% Bt A RN E 7 55 DU FH o 2 20 5 R sh W B g < W Ah can 3k 4 iR, MR 4 al L,
2009—2012 4 rhAR T 417 A HH B UV AN 3 O RS R B il e 63.7 A BT R 72.3 M1 35.0 S ETH R
41.0 4, 22 53938 B K, 2013 4348 BT TR BT AN KECEBEE YA 8 28.7 4~ 73 2011 4F
1 36.0 >, 25 553k 1 2 7KF, 2012 4FEF1 2013 45 A T R, TR, 2009 4E—2011 4F“ HAf BT 497 A B
LA RETE F VR AR BOT TS AN ECA Bl 59.3 A ETFE 77.3 4 .30.0 M E 40.3 PH129.0 N E 35.0
A, 22 53R B E KT, 2012 4R 2013 A4 BT B R H R BRI . AH [FAE07 455 95 )2 AE % By DR A
AR L RIAG H 2 [ o 22 5

55 ZRAST TR N [RIAE AR A% (R B 5 RS R 2 < i B0 A8 b 22 o VR 32 B2 RO RF %, 3L
PR REOVAE P IASRIAR 3 (1] 5 HE R 25 ) ) R0 B A sl ok

*4 EBtEREMIIFRERFHBPERN NI REETE W £(2009 £—2013 £F)
Table 4 Number of “species” of arthropods that surveyed in Bt-cotton field and non-transgenic cotton field (2009—2013)
HR BT 41 CCRI 41 AR IT 49 CCRI 49
IF Yeur R B A B RECLREE R S B RACIRE

. . Natural enemy . . Natural enemy
Insect community  Pest sub-community Insect community  Pest sub-community

sub-community sub-community

2009 63.7+2.5a 35.0+2.6a 28.7+1.2a 59.3+0.6a 30.3+0.6a 29.0+1.0a
2010 65.7+4.2a 33.7+1.5a 32.0+2.6ab 65.7+2.1ab 33.0+0.0a 32.7+2.1a
2011 70.3£2.5ab 34.3+2.3a 36.0+1.0b 77.3+1.2b 40.3+2.5b 35.0+3.0b
2012 72.3x1.2b 41.0+1.7b 31.3+0.6ab 67.7+2.1ab 36.3+1.5ab 31.3+0.6ab
2013 68.7+4.2ab 37.0+2.6ab 31.7£2.5ab 68.7+3.1ab 37.0+1.0ab 31.7£2.1ab
CV% 5.1 8.2 8.2 9.6 10.9 6.8

R B S £SE ; [RIFV B 5 A R 8N S TR B Z 17 0.05 K B2 R CV N ERRE

2.2.4 PP T RS AR AL

H 2 5 W UL, 2009—2013 4F-“ A T 417 K F RS HORE V& RN 58 PR % S A S B0 Wl 3 A8 Ak, KO HE TS
2013 4B /0 s« HPAR T 497 A HH L U AN HOTE R AN RVBOTE 2011 AR S, 28 50k 8 /KK, HAth AR
13 25 AN W35 5 AR R R B 9 A Wk 25 575 5 PR BT 497 AR L, “ vl i 417 A HH S g 3
YR VE AR HOW BV A BBCEE 2011 4E20 5 T I T 40.25% (41.6% Fll 23.6% , Hii P & 22 5235 8 K, 5
HEESAT I FWILE 2By e kDRI FE RN IR 6 5 DR A B OB I8 R BB0% A B M 25 5, 1 2013 4F
T R DRI R S HR R 1940 A S S 2 35 DR A A 3 e, R B PR O 5 O B AR R B i 5
Rek, 10 5 H IV B & 114 8 3 s/ D T B pR TP 38 AR G RN R R S5 PR P R i A T R B 1k B M SRR
Ik E CEFRY I AR S A i AR e, AT BB R A 35 i & sk b i S Rk

x5 ¥ Bt EEMIEFRERIFHBPERME HNEEE(2009 £—2013 £F)
Table 5 The total number of individuals of arthropods that surveyed in Bt-cotton field and non-transgenic cotton field (2009—2013)

AT 41 CCRI 41 A BT 49 CCRI 49
. . KEOWAETE \ \ PN QI3
4 Year B R R E OV REE [EAeg s E T REE
. . Natural enemy . . Natural enemy
Insect community ~ Pest sub-community . Insect community ~ Pest sub-community .
sub-community sub-community
2009 141854.7+5627.8a  131050.7+5109.5a 10804.0+587.6a 140309.4+5893.6a  130160.0+5599.6a 10149.4+329.3a
2010 136323.9+4887.0a  127186.0+4981.9a 9137.9+115.2a 141774.7+6351.8a  131319.4+6282.4a 10455.3+93.7a
2011 143945.6+£4674.9a" 132401.4+4938.6a™  11544.2+433.0a 201774.0+16545.7b " 187503.8+11140.3b*  14269.8+486.4a
2012 143288.5+5006.1a  131612.1+£4045.5a 11676.4+1058.2a  146359.3+8860.6a  131757.1+9825.0a 14602.2+2798.7a
2013 132016.7+3340.1a  125095.8+3094.0a 6920.9+463.6b 144188.5+9109.1a  135870.7+10797.1a 8265.5+1986.6 a
CV% 3.7 2.4 20.0 17.0 17.3 24.0

et V- £SE ; [RFVEHIE A R /NS SRR AL BEZ [ 7E 0.05 KF 225w B3 <+ " AUR & S HOR R Aok 7] 47 4[] 7E 0.05
K B 225 OV AR BB
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231 ZHHMEFREL

i 6 Al I ,2009—2013 4F“ ki fir 417 1 i Bir 497 K 1 B HBEVS AN B W BEVS SRR PEFE RIS TR0
HEH 2013 45 R FIA B E KT ARy W) 25 SR 3 5 REOW RIS Z AR M8 B0 A 1035 10 A2 1k 5 AH IR 4R
S DRI RN 2 B DR AR T RS BRI 3 OB 7 FLR B0 AV 2 HE MR B0 i k22 5 0 3R 2009—2013
AR U (H) , PR H A5 R 2 2 REPERR O AR 1k

A5 5t RO BT R B AS [V ARAR A F YT B Sh P i v AR PR AR Hi S A ok U5 F 3 U REYE , 5 0 s W i
R B 2 ARSI —

F 6 # Bt EEMIFEERFER BT R S HMEREE(2009 £—2013 F)
Table 6 Diversity index of arthropods in Bt-cotton field and non-transgenic cotton field (2009—2013)

AR 41 CCRI 41 ARSI 49 CCRI 49
, , PN IR \ \ R AT
FYer ARG AT AL B AT A A s
. . Natural enemy . . Natural enemy
Insect community Pest sub-community . Insect community Pest sub-community .
sub-community sub-community
2009 0.7+0.0a 0.6+0.0a 0.8+0.0a 0.7+0.0a 0.5+0.0ab 0.9+0.0a
2010 0.9+0.0a 0.8+0.0a 0.8+0.1a 0.9+0.1a 0.8+0.1a 0.9+0.0a
2011 0.8+0.1a 0.6+0.1a 1.0+0.0a 0.7+0.1a 0.6+0.1a 1.0+0.0a
2012 0.7+0.1a 0.5+0.1ab 0.9+0.0a 0.7+0.0a 0.5+0.0ab 0.9+0.1a
2013 0.4+0.0b 0.3+0.0b 1.0+0.0a 0.4+0.1b 0.3+0.0b 1.0+0.2a
CV% 26.7 324 11.1 26.3 33.6 5.8

F PR A I (H £SE ; [FFVEAR 5 AN R /NG TR R A B Z [T 0.05 /KT 1225 W3 OV R REL

232 WLPERREL

2009—2013 4T 4 F RIS FH AN BE DR R H 50 R sh BV 3 A1 e cin 2k 7 e, B3R 7 Wl L, 2009—
2013 A R BT 417 F0 o T 497 i HE L HOREYR | HROTE AR VR R DR R B R 24 50 M3 508 .35 10 AR Ak 5 A1 TR
ARG SE DR R B IR e S DR A T S OB L O B E R R RO B YR S S kiR s e w2 R KW
2009—2013 4F 56 1], W AP AR T 2535 55 2 1 S MR Eoc 3 22 4k

A RAGEAT o PRI AR [RIAE 3 Al FH 15 RS RV 180 S0 VAR 8008 S ok T 32 B2 3 O RV, KO A

TR,

F7 %% Bt EEMIEFEEERET B Y 5 IR (2009 £—2013 £)
Table 7 Uniformity index of arthropods in Bt-cotton field and non-transgenic cotton field (2009—2013)

AT 41 CCRI 41 TR 49 CCRI 49
- v REOW A \ \ RECWRED
FYer R AT i LA A i
. . Natural enemy . . Natural enemy
Insect community  Pest sub-community . Insect community  Pest sub-community .
sub-community sub-community
2009 0.2+0.0a 0.1+0.0a 0.2+0.0a 0.2+0.0a 0.1+0.0a 0.2+0.0a
2010 0.2+0.0a 0.2+0.0a 0.2+0.0a 0.2+0.0a 0.2+0.0a 0.3+0.0a
2011 0.1+0.0a 0.1+0.0a 0.2+0.0a 0.1+0.0a 0.1+0.0a 0.2+0.0a
2012 0.1+0.0a 0.1+0.0a 0.2+0.0a 0.1+0.0a 0.1+0.0a 0.2+0.0a
2013 0.1+0.0a 0.1+0.0a 0.3+0.0a 0.1+0.0a 0.1+0.0a 0.2+0.0a
CV% 39.1 37.3 20.3 39.1 37.3 20.3

R N B £SE ; [FFV B 5 A [ 89/ NS TR A B Z 175 0.05 K B2 R CV N ERRE

2.3.3 L E TR EL
2009—2013 4145 JE DRI FH AT HE 5 S DRUR BT I sh W e v A S S p e 2 n 58 8 o, Mk 8 ml i,
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2009—2013 4F“ FhAR BT 417 F1 rhAR BT 497 A B B HURE V% RN AU 9 O A v RS B0 B 9, 2013 4R
TH 3 s KEOV VA O34 h M8 B0 A O3 181 TG 22 57 5 AHTRIAE AR R AR S OB | O AR RN R O A v
R EFRBOCH B 255 . 2RH 2009—2013 A iaXIG (8], IRl AR FH S BBV RO #F 75 DL 344 i e I
R AR F R RETE A R BN, 1T R -5 3 A AR FH R M T R SCRE N, ROk 1Y
WEE R T FEEERAF L,

A5 RGBT R B N RIAE A 0 RS A 25 DL 34 h AR B0 S R R IR T B RET KL
AR AE AN,
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Table 8 Dominant concentration index of arthropods in Bt cotton field and non-transgenic cotton field (2009—2013)

rRAR AT 41 CCRI 41 TR 29 CCRI 49
4 Year B s % 1 A KW R

Natural enemy

KEOWAEE

Natural enemy

e F I

Insect community ~ Pest sub-community sub-community Insect community ~ Pest sub-community sub-community
2009 0.3+0.0a 0.4+0.0a 0.2+0.0a 0.3+0.0a 0.4+0.0a 0.2+0.0a
2010 0.2+0.0a 0.2+0.0a 0.2+0.0a 0.3+0.1a 0.3+0.1a 0.2+0.0a
2011 0.3+0.1a 0.4+0.1a 0.1+0.0a 0.3+0.0a 0.4+0.0a 0.1+0.0a
2012 0.4+0.1a 0.5+0.1ab 0.2+0.0a 0.4+0.0a 0.5+0.0a 0.2+0.0a
2013 0.7+0.0b 0.8+0.0b 0.1+0.0a 0.7+0.1b 0.8+0.0b 0.2+0.1a
CV% 50.6 47.6 34.2 43.3 40.1 24.8
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Table 9 Correlation between the parameters of arthropod community and climate factors in the cotton field
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445 3
AR . 0.467 0.471 0.194 -0.501 -0.652 -0.047 0.786
Average temperature/C
AP 3
-0.239 -0.296 -0.181 0.251 0.532 0.441 -0.458
Relative humidity/ %
I%Fﬁi 0.168 -0.169 -0.236 -0.758 -0.066 0.164 0.141
Rainfall/mm
* RFRAE 0.05 KV 127 0FE
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