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Abstract

The ecological risks to nontarget organisms should be rigorously assessed before Bt crops are released. Here,

the impacts of a new Cry1Ab/Vip3H rice line on arthropod communities in rice agroecosystems were evaluated

across 3 yr. Arthropods collected via vacuum were sorted into five guilds. The abundance and proportion of

each guild as well as community-level parameters were determined in Cry1Ab/Vip3H and control rice fields.

Changes in arthropod species assemblage over sampling dates were investigated by principal response curves

(PRCs). Cry1Ab/Vip3H rice did not exert significant impacts on the seasonal density and proportion of each

guild, except parasitoids. Detritivore seasonal density, but not its relative abundance, was significantly affected

by Cry1Ab/Vip3H rice. Four community indices (species richness S, Shannon–Wiener index H0, Simpson index

D, and evenness index J0) were similar between rice types. PRCs revealed a slight community difference

between rice types in the past two tested years, with rice types accounting for 1.0–3.5% of the variance among

arthropod communities. However, sampling dates explain 32.1–67.6% for these community differences. Of the

46 taxa with higher species weights, 26.1% of the taxa were significantly different, including seven taxa with

higher abundance and five with lower density in Cry1Ab/Vip3H rice fields. These differences may be attributed

to change in abundance of prey or hosts but not to direct effects of Bt proteins. We infer that this new

Cry1Ab/Vip3H rice line poses no unintended ecological risks to the arthropod community.
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Many invertebrates inhabit Chinese rice agroecosystems (Cheng and

He 1996), including more than 1,375 species of natural enemies (He

et al. 1991, Lou et al. 2013). These natural enemies effectively sup-

press insect pest populations, such as rice planthoppers, leaf folders,

and stem borers (Cheng and He 1996). However, natural enemies

operate in the context of chronic overuse of chemical insecticides,

which have caused serious environmental problems. Among the en-

vironmental problems, chemical insecticides reduce population sizes

and performance of natural enemies, and they induce outbreaks of

insect pest populations (Heinrichs 1994, Heong 2009, Bottrell and

Schoenly 2012, Lou et al. 2013).

Genetically modified rice producing d-endotoxins from Bacillus

thuringiensis Berliner (Bt) have been developed and deployed to re-

duce the adverse impacts of chemical insecticides. Several transgenic

Bt rice lines effectively control target rice pests (Tu et al. 2000;

Ye et al. 2000, 2001a, b, 2003; High et al. 2004; Cohen et al. 2008;

Chen et al. 2011a, b). Results of farm-level trials show that produc-

tion of Bt rice surpassed control cultivars by 6–9% and decreased use

of chemical pesticides by 80% (Huang et al. 2005). These crops are

also economically beneficial to growers and enhance biological con-

trol services provided by natural enemies (Shelton et al. 2002; Chen

et al. 2011a, b; Lu et al. 2012). These desirable outcomes of Bt rice

drive research designed to rigorously assess the actual and potential

large-scale risks associated with transgenic rice production.

Some insect pests have evolved resistance to current transgenic

crops, possibly threatening their sustainable deployment, because

different Cry1A proteins recognize or share the same midgut binding

sites of rice pest insects (Lee et al. 1997, Karim and Dean 2000).
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Stacking several Bt genes in a single rice line has been proposed as a

strategy to delay the evolution of insect resistance (Zhao et al. 2003,

Bravo and Soberon 2008). Vegetative insecticidal proteins (Vips) are

produced during vegetative growth stage of B. thuringiensis. These

toxins, with modes of action different from Bt toxins, are active

against several lepidopteran larvae (Estruch et al. 1996; Lee et al.

2003). Transgenic cotton and maize, expressing a single Vip protein

or a Vip stacked with one or two Cry proteins, have been developed.

Some are in commercial production (Dively 2005; Llewellyn et al.

2007; Whitehouse et al. 2007, 2014; Bommireddy and Leonard

2008; Raybould and Vlachos 2011; Gulzar et al. 2012; Mahon et al.

2012). So far, cross-resistance between these two different insecticidal

proteins has not been recorded (Lee et al. 2006, Jackson et al. 2007).

Assessments of whether these crops pose potential ecological risks

to nontarget organisms have been conducted. Raybould and Vlachos

(2011) showed that Vip3A protein did not impact the selected param-

eters of 11 of 12 species tested. The lone exception, the water flea,

Daphnia magna Straus, had significantly shorter length and lighter

body weight than unexposed controls. Dively (2005) reported that

transgenic vip3A/cry1Ab maize had no unintended effects on nontar-

get arthropod communities. Whitehouse et al. (2007) found a slight

difference in arthropod communities between Vip and conventional

cotton, and that abundances of some species, specifically, predatory

beetles, Creotiades dilutus (Stål), and whiteflies (Aleyrodidae), were

significantly higher, and the densities of tangle web spiders

(Theridiidae/Linyphiidae) and green jassids (Cicadellidae) were signif-

icantly reduced in Vip cotton fields.

A new transgenic Bt rice line expressing a fused Cry1Ab/Vip3H

protein has also been developed in China (Fang 2008, Chen et al.

2010), although little information on the ecological safety of this crop

has been documented (Chen et al. 2011a, b; Lu et al. 2013, 2014a).

Like all new transgenic crops, this Cry1Ab/Vip3H rice line should be

fully evaluated before commercial production. Here, a 3-yr field trail

was carried out to examine the impacts of this new rice line (G6H1)

on arthropod communities. The goal of this study was to confirm

whether the arthropod community structure differs between G6H1

and control rice plots.

Materials and Methods

Plants
The new rice line, G6H1, was constructed by the Agrobacterium-me-

diated method. It contains cry1Ab and vip3H genes under the control

of maize ubiquitin promoter and links with a epsps gene encoding 5-

enolpyruvylshikimate-3-phosphate synthase (Fang 2008). These trans-

genic plants showed high activity against rice stem borers (Chen et al.

2010).

Field Experiments
The experiments were conducted at the Experiment Station of

Zhejiang University in Changxing, Zhejiang province during the

growing seasons of 2010–2012. The field was divided into six experi-

mental plots in a 2 (treatments, G6H1 and XS110)�3 (replications)

with completely randomized block design. Each plot was 30 by 25 m

and separated from each other by an unplanted 50-cm-wide walkway.

There was a buffer of five border rows of control plants (XS110) sur-

rounding all the study plots. Rice seeds were sown on 12 June in 2010

and 1 June in 2011 and 2012, and after 1 mo, the seedlings were

hand-transplanted at one seedling per hill spaced 16.5 by 16.5cm

apart. No pesticides were applied across the experiments, and

fertilization and irrigation were consistent with the practices of local

farmers.

Arthropod Sampling and Taxonomy
A vacuum-suction machine (model 1612, John W. Hock Company,

Gainesville, Florida, USA) was used to collect arthropods in each

plot through a three-dimensional sampling frame (50 cm length by

50 width by 90 height; plane area: 0.25 m2; made of Mylar sheets;

Carino et al. 1979). This process was usually conducted in the morn-

ing from 9:00 to 12:00 on each sampling date. When sampling, the

sampling frame was randomly placed along a diagonal of each plot,

and five samples (nine rice hills per sample) were taken per plot.

Each individual sampling lasted for about 2 min. The collected ar-

thropods were transferred into glass vials containing 100% EtOH

and identified to family or species level using appropriate references

in the laboratory (He and Pang 1986, Xia et al. 1988, Feng 1990,

Song et al. 1999, Zheng and Gui 1999). The arthropods were as-

sorted into five guilds following Liu et al. (2003). The “other” guild

mainly included families other than herbivores, predators, parasit-

oids, and detritivores, with no clear ecological functions. These fam-

ilies were Chironomidae, Culicidae, Tabanidae, Muscidae, and

Calliphoridae. The sampling intervals were 7–15 d beginning 1 mo

after transplanting until the late growth stage. There were five sam-

pling dates in 2010, and six in 2011 and 2012.

Statistical Analyses
We used four diversity indices, species richness S, Shannon–Wiener

diversity index H0, Simpson diversity index D, and evenness index

J0, for comparing community-level differences between rice types.

These diversity indices were calculated using the “vegan” package

(Oksanen et al. 2013) based on the statistical software R 3.0.2

(R Core Team 2013). The density for each plot was obtained by

averaging the numbers obtained from five samples. To compare

the overall impact of rice type on these parameters, the data on the

guild density, guild percentage, and community indices over 3 yr

(seasonal means for each plot in each year) were analyzed by two-

way analysis of variance (ANOVA) based on a Proc Mixed model.

Rice type and year were entered as fixed factors, with plot as ran-

dom effect (Littel et al. 2006). Student’s t-test was used to compare

means between rice types on each sampling date in each year. To

achieve normality and homoscedasticity, the arthropod counts and

percentage of guilds were transformed by ln (xþ1) and by arcsine

square (x), respectively. Data are presented as untransformed

means. The abundance relationships between rice planthoppers

(Delphacidae, log-transformation) and all the spiders were tested

by linear models for each rice type in each year. The software SAS

9.1 was used to conduct all the statistical analyses (SAS Institute

2001).

The overall responses of all arthropod communities to Cry1Ab/

Vip3H rice versus controls were analyzed by principal response

curves (PRCs), a community-based multivariate method used to

test and present treatment effects that change across time (Van den

Brink et al. 1996, Van den Brink and Ter Braak 1999). PRCs are

based on the partial redundancy analyses (RDAs), constructed by

the program CANOCO 4.5 (Ter Braak and Smilauer 2002).

The differences in community composition between Cry1Ab/

Vip3H and control rice were tested using the Monte Carlo method

on the first canonical axis of the RDA. Taxa with higher species

weights that usually determine the shape of treatment curves were

further analyzed by ANOVA. The changes in seasonal mean for

these taxa over 3 yr were compared by Proc Mixed, and rice type
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was entered as fixed factor, with year and plot as random effects.

For all tests, significant levels were adjusted by Bonferroni

correction.

Results

Arthropod Abundance
We sampled 44,574 individual arthropods from experimental and

control rice fields and identified 90 families during the 3-yr experi-

ments. We captured 8,577 (Cry1Ab/Vip3H rice) and 7,555 (control)

specimens in 2010; 8,776 (Cry1Ab/Vip3H rice) and 7,052 (control) in

2011; and 7,106 (Cry1Ab/Vip3H rice) and 5,509 (control) in 2012.

Seasonal mean densities of each guild and all arthropods are dis-

played in Table 1. Analysis by pairwise comparison indicates that den-

sities of some guilds significantly differed between rice types in some,

but not all, tested years. For example, predators and detritivores were

significantly higher in 2011, and herbivores strikingly increased in

2012 in Cry1Ab/Vip3H rice fields. The situation differed for parasit-

oids (declined in 2011 and 2012). Overall analyses demonstrate that

population densities of herbivores, predators, and other sub-

communities, as well as total arthropod abundance, did not signifi-

cantly differ between rice types. However, the abundance of parasitoids

and detritivores was significantly affected by rice types. The densities of

each guild, except parasitoids, also showed annual changes. The sea-

sonal means of herbivores, parasitoids, and detritivores were further

influenced by interaction between rice types and years.

Temporal changes in each guild density and total mean abun-

dance are presented in Supp. Fig. 1 [online only]. There were similar

trends between rice types in each year, with significant impacts of

Cry1Ab/Vip3H rice on densities on one or several sampling dates in

2011 and 2012, but not in 2010.

Dominance Distribution
Herbivores accounted for 24.0–73.5% of total sampled arthropods

and were the dominant guild in 2010 (Table 2). In 2011 and 2012,

the “others” made up 31.1–43.9% of total insects and spiders sam-

pled. Predators ranked second or third among the five guilds, de-

pending on the year, and comprised 9.3–23.9% of total arthropods.

Parasitoids were rare in all 3 yr. In general, dominance distribution

of each guild, except parasitoids, was not significantly impacted by

rice types across 3 yr, although percent of parasitoids was signifi-

cantly lower in Cry1Ab/Vip3H rice plots. The relative abundance of

guilds varied annually, and the proportions of herbivores and

parasitoids were also significantly affected by interaction between

rice types and years.

Diversity Indices
Diversity indices are presented in Table 3. Multiyear analysis

showed that these four diversity indices were not significantly im-

pacted by rice types, or by the interaction between rice types and

years. However, all these indices varied annually.

There were consistent trends between experimental and control

plots in each year, with five significantly decreased in Cry1Ab/

Vip3H rice plots in 2011 and 2012 (Supp. Fig. 2 [online only]).

Multivariate Analysis
PRC diagrams showed that entire arthropod communities in

Cry1Ab/Vip3H and control rice fields differed significantly in 2011

and 2012, but not in 2010 (Fig. 1). Of the total variance in arthro-

pod abundance in all 3 yrs, 1.0, 1.3, and 3.5% are explained by rice

types and 67.6% (2011), 32.1% (2011), and 40.9% (2012) are ex-

plained by sampling times. Thus, a large percentage of the arthropod

community difference can be attributed to sampling times.

Taxa with higher species weights (higher than þ0.5 or lower

than �0.5) strongly influenced the shape of treatment response

curves. There were 46 species groups with high species weights,

which included 19 taxa with negative, 15 taxa with positive, and 12

taxa with annual variations in experimental plots relative to control

(Fig. 1). Multiyear analysis showed that Cry1Ab/Vip3H rice signifi-

cantly impacted the abundance of Delphacidae, Chloropidae, and

Anthomyiidae from herbivores; Braconidae, Ichneumonidae,

Pteromalidae, and Eurytomidae from parasitoids; Tetragnathidae

and Salticidae from predators; and Isotomidae, Psychodidae, and

Scatopsidae from detritivores (Supp. Table 1 [online only]).

Relationships Between Planthopper Density and Spider

Abundance
Linear regression analyses showed that abundances of all the spiders

were positively correlated with the density of rice planthoppers for

each rice type in each year (Table 4).

Discussion

Our findings demonstrate that abundance of parasitoids

(Braconidae, Ichneumonidae, Pteromalidae, and Eurytomidae) was

significantly lower in Cry1Ab/Vip3H rice fields, compared with con-

trols (Table 1 and Supp. Table 1 [online only]). Parasitoids may be

Table 1. Seasonal density of each guild and total arthropods in Cry1Ab/Vip3H (G6H1) and control rice (XS110) fields

Year Rice type Herbivores Parasitoids Predators Detritivores Others Total

2010 G6H1 139.98 6 47.03 2.40 6 0.42 16.40 6 3.53 17.82 6 11.98 13.98 6 0.89 190.60 6 62.67

Control 126.07 6 31.97 2.29 6 0.18 19.71 6 3.81 5.51 6 2.00 14.31 6 2.29 167.89 6 3 6.80

2011 G6H1 30.32 6 2.35 1.42 6 0.23* 14.02 6 1.23* 32.30 6 11.72* 68.22 6 23.60 146.27 6 23.67

Control 35.02 6 1.12 3.10 6 0.29 10.23 6 0.68 6.52 6 0.97 62.68 6 23.35 117.53 6 23.78

2012 G6H1 46.55 6 2.92* 1.87 6 0.21* 24.75 6 1.03 6.97 6 2.46 38.30 6 7.06 118.43 6 5.77

Control 26.68 6 1.33 3.18 6 0.09 21.25 6 1.38 7.00 6 0.85 33.70 6 5.76 91.82 6 7.54

Two-way ANOVA F; df; P

Rice types 3.13;1,40;0.084 17.39; 1,40;<0.001 1.25;1,40;0.271 4.99; 1,40; 0.031 0.13; 1,40;0.717 2.35; 1,40; 0.133

Years 70.99; 2,40;<0.001 1.43; 2,40; 0.251 41.61;2,40;<0.001 3.43; 2,40; 0.042 8.12; 2,40; 0.001 3.95; 2,40;0.027

Rice type�Year 10.25; 2,40;<0.001 4.04; 2,40; 0.025 2.57; 2,40;0.089 4.61; 2,40; 0.016 0.03; 2,40; 0.967 0.16; 2,40; 0.850

The data are expressed as mean 6 standard error (n¼ 3, No./0.25 m2). P values are calculated based on two-way ANOVA using Proc Mixed, and rice type and

year were entered as fixed factors, with plot as random effect. The asterisk indicates there was significant difference for each parameter between rice types

(Cry1Ab/Vip3H (G6H1) vs. control) in each year based on Student’s t-test, P level was adjusted by Bonferroni correction, leading to a¼ 0.017.
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exposed to Bt toxins after their larvae consume hosts that had fed

on transgenic plants (Dively 2005). Such host-mediated effects de-

pend on whether the hosts were lethally or sub-lethally affected by

Bt insecticidal proteins (Romeis et al. 2006). Braconidae,

Ichenumonidae, Pteromalidae, and Eurytomidae are important par-

asitoid wasps in rice agroecosystems, particularly in larvae of rice

stem borers and leaf rollers, targets of Bt rice (He and Pang 1986).

The decline in parasitoid density is expected because the density of

rice pest larvae is reduced in Bt rice fields (Chen et al. 2010). Similar

results were reported elsewhere (Liu et al. 2003, Dively 2005, Tian

et al. 2008, Lu et al. 2014b). The density of parasitoids in Cry1A,

Cry1C, and Cry2A rice fields was significantly lower compared with

the control fields, especially Braconidae, Ichneumonidae and/or

Pteromalidae. Dively (2005) showed that populations of Braconids

and Ichneumonids in Vip3A/Cry1Ab maize plots were 28% lower

than in control maize fields. Wolfenbarger et al. (2008) reported

lower populations of parasitoids in Bt maize, which may be owing

to lower numbers of Macrocentrus grandii Brischke, a parasitoid of

European corn borers, a Bt maize-target.

Spider populations, families Tetragnathidae and Salticidae, were

significantly higher in Cry1Ab/Vip3H rice plots (Supp. Table 1 [on-

line only]). Recalling that spider and planthopper populations are

tightly correlated, the higher abundance of these two spider families

may be linked to larger populations of rice planthoppers

(Delphacidae) in experimental fields. Other studies also document

that spider populations are correlated with the populations of their

prey (Heong et al. 1991, Lu et al. 2014b). Spiders are the most

abundant arthropod predators and they effectively control pests in

agroecosystems (Cheng and He 1996, Li et al. 2011). They can in-

gest Bt insecticidal proteins when foraging on prey that had con-

sumed Bt proteins or may feed directly on transgenic plant material,

such as pollen (Meissle 2013). Bt insecticidal proteins can be de-

tected in spider tissue after they feed on Bt crop pollen or prey feed-

ing on Bt plants. However, parameters (survival rate, development

duration, number of offspring, and predation capacity) of studies

species were not affected by Bt insecticidal proteins (Ludy and Lang

2006, Meissle and Romeis 2009; Tian et al. 2010, 2012; Han et al.

2015). Field studies showed that spider population dynamics were

similar between rice types (Liu et al. 2002, Chen et al. 2009, Tian

et al. 2010, Han et al. 2011). We infer that Bt insecticidal proteins

pose no risks for spider populations.

Detritivore population numbers were significantly higher in

Cry1Ab/Vip3H rice fields, especially Isotomidae, Psychodidae, and

Scatopsidae. Detritivores contribute to degrading organic matter

and enhance the nutrient cycling in the soil (Bitzer et al. 2005). Most

detritivores captured in this study were Collembola. Bai et al. (2005)

reported higher population densities of two Collembolan species,

Entomobyra griseoolivata (Packard) and Bourletiella christianseni

Snider, in experimental Cry1Ab rice plots. This finding differs from

results of other Collembolan studies that used pitfall traps instead of

vacuum collection (Bai et al. 2010, 2012). Laboratory tests con-

firmed that Cry1A protein and Vip3A protein had no direct impacts

on the ecological parameters of a standard test soil organism, the

collembolan Folsomia candida Willem (Bai et al. 2011, Raybould

Table 2. Dominance distribution (%) of each guild in Cry1Ab/Vip3H (G6H1) and control rice (XS110) fields

Year Rice type Herbivores Parasitoids Predators Detritivores Others

2010 G6H1 72.87 6 2.14 1.38 6 0.19 9.27 6 1.04 7.39 6 3.00 9.09 6 3.01

Control 73.48 6 4.96 1.47 6 0.25 12.31 6 1.38 3.15 6 0.54 9.77 6 3.38

2011 G6H1 23.96 6 2.45* 1.12 6 0.24* 11.42 6 1.65 21.38 6 5.25* 42.12 6 6.65

Control 35.80 6 3.79 3.23 6 0.49 10.27 6 1.12 6.79 6 1.26 43.91 6 5.85

2012 G6H1 40.21 6 3.30 1.61 6 0.19* 21.07 6 0.82 6.02 6 2.12 31.08 6 4.46

Control 29.79 6 1.30 3.34 6 0.26 23.93 6 1.73 7.67 6 0.75 34.97 6 3.01

Two-way ANOVA F; df; P

Rice types 0.08;1,40;0.774 18.90;1,40;<0.001 1.08;1,40;0.306 3.29;1,40;0.078 0.28;1,40;0.597

Years 42.71; 2,40; <0.001 4.59; 2,40; 0.016 39.15; 2,40; <0.001 4.32; 2,40; 0.020 15.52; 2,40;<0.001

Rice type�Year 6.86; 2,40; 0.003 2.85; 2,40; 0.070 1.00; 2,40, <0.3767 5.09; 2,40; 0.012 0.05; 2,40; 0.950

The data are expressed as mean 6 standard error (n¼ 3, No./ 0.25 m2). P values are calculated based on two-way ANOVA using Proc Mixed, and rice type

and year were entered as fixed factors, with plot as random effect. The asterisk indicates there was significant difference for each parameter between rice types

(Cry1Ab/Vip3H (G6H1) vs. control) in each year based on Student’s t-test, P level was adjusted by Bonferroni correction, leading to a¼ 0.017.

Table 3. Seasonal diversity indices of arthropod communities in Cry1Ab/Vip3H (G6H1) and control rice (XS110) fields

Year Rice type S H’ J0 D

2010 G6H1 48.33 6 1.45 2.37 6 0.20 0.42 6 0.04 0.58 6 0.04

Control 47.67 6 0.88 2.29 6 0.23 0.41 6 0.04 0.56 6 0.06

2011 G6H1 34.60 6 1.38 2.80 6 0.24 0.55 6 0.05 0.72 6 0.06

Control 38.20 6 0.68 2.93 6 0.23 0.56 6 0.04 0.73 6 0.05

2012 G6H1 36.60 6 0.82 3.22 6 0.08 0.62 6 0.02 0.80 6 0.02

Control 38.00 6 1.20 3.58 6 0.10 0.68 6 0.02 0.83 6 0.02

Two-way ANOVA F; df; P

Rice types 1.68;1,40;0.203 0.49;1,40;0.488 0.24;1,40;0.629 0.03;1,40;0.856

Years 31.29; 2,40; <0.001 10.41; 2,40; <0.001 12.50; 2,40; <0.001 9.03;2,40;<0.001

Rice type�Year 1.20;2,40;0.312 0.44; 2,40; 0.647 0.46; 2,40; 0.637 0.13;2,40; 0.880

The data are expressed as Mean 6 standard error (n¼ 3, No. /0.25 m2). P values are calculated based on two-way ANOVA using Proc Mixed, and rice type

and year were entered as fixed factors, with plot as random effect. The asterisk indicated there was significant difference for each parameter between rice types

(Cry1Ab/Vip3H (G6H1) vs control) in each year based on Student’s t test, P level was adjusted by Bonferroni correction, leading to a¼0.017.

S, Species richness; H́, Shannon–Wiener diversity index; J́, Evenness index; D, Simpson diversity index.
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and Vlachos 2011, Yuan et al. 2013). A meta-analysis of 146 obser-

vations also reported similar abundance of detritivores between

crop types (Wolfenbarger et al. 2008). Thus, Cry1Ab/Vip3H rice

likely had no direct effect on the populations of detritivores, given

that significant density differences were recorded on no more than

one or two sampling dates.

Cry1Ab/Vip3H rice fields also contained higher abundances of

herbivores in the families Delphacidae and Chloropidae.

Delphacidae is a nontarget herbivore of Bt rice, serving as the main

prey and host for beneficial arthropods (Cheng and He 1996).

Several studies document increased populations of some sap-sucking

species in Bt crop fields (Cui and Xia 1998, Zhou et al. 2005, Lu

et al. 2010, Wang et al. 2010). Zhou et al. (2005) found that

Fig.1. PRC plots and species weights of arthropod community in Cry1Ab/Vip3H (G6H1) and control rice (XS110) plots at Changxing over three seasons. Taxa with

species weights between 0.5 and �0.5 are not shown, because these taxa have little influence on the shape of treatment curves. Species weights greater than

þ0.5 are most likely to follow the shape of the curves, whereas those less than �0.5 indicated an opposite pattern.

Table 4. The relationship between abundance of spiders and rice

planthoppers in Cry1Ab/Vip3H (G6H1) and control rice (XS110)

fields in each year

Year Rice type Linear regression R2 F df P

2010 G6H1 y¼ 1.88xþ 1.30 0.43 9.74 1, 13 0.008

Control Y¼ 2.53x - 0.83 0.51 13.41 1, 13 0.003

2011 G6H1 y¼ 3.39xþ 1.90 0.20 14.28 1, 58 <0.001

Control y¼ 1.49xþ 2.42 0.16 10.81 1, 58 0.002

2012 G6H1 y¼ 3.31xþ 5.68 0.07 4.63 1, 58 0.004

Control y¼ 3.31xþ 5.21 0.07 4.53 1, 58 0.038

y and x are the spiders abundance and planthoppers log-transformed

(ln(nþ 1)) abundance (No./ 0.25 m2), respectively.
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population densities of Nephotettix cincticeps (Uhler) in Cry1Ab

rice plots were 1–2 times higher than controls. Wang et al. (2010)

showed that populations of Nilaparvata lugens (Stål) significantly

increased in Bt rice fields. However, because Cry1Ab or Vip3 toxins

do not directly influence Delphacidae and Chloropidae, their higher

densities in Cry1Ab/Vip3H rice may be due to other factors, such as

differences in chemical constituents or nutrition between rice types

(Zhou et al. 2005, Faria et al. 2007).

Results of this 3-yr study indicate the Cry1Ab/Vip3H rice poses

very slight influence on arthropod communities, which can be attrib-

uted to population fluctuations in a few taxa. The density changes in

parasitoids, detritivores, and a few other taxa are primarily indirect

effects of prey or host abundances. In congruence with other investi-

gations of Bt cotton (Whitehouse et al. 2005, 2007, 2014), commu-

nity-level biodiversity and seasonal densities of some guilds

(herbivores, predators, and others) as well as total arthropod abun-

dance were not significantly influenced by the Cry1Ab/Vip3H rice

line. Also in agreement with our findings, Dively (2005) reported no

unintended tri-trophic effects of Vip3Aa/Cry1Ab corn on nontarget

arthropods. Naranjo (2005) indicated that the effects of Cry1Ac cot-

ton on 22 taxa of arthropod natural enemies are minor. Single-event

rice lines, Cry1A, Cry1C, or Cry2A rice, exerted no significant im-

pacts on the arthropod communities (Liu et al. 2003, Li et al. 2007,

Lu et al. 2014b). Taken together with contemporary literature, our

findings support the idea that Cry1Ab/Vip3H rice does not pose un-

due risk to arthropod communities in rice agroecosystems.

Supplementary Data

Supplementary data are available at Environmental Entomology online.
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