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Abstract Maize with the insecticidal properties of

the entomopathogenic bacterium Bacillus thuringien-

sis Berliner, known as Bt maize, has been sown in

Europe since 1998. For several years, EU and Spanish

regulations have required laboratory and field trials to

assess risks of genetically modified crops for nontarget

organisms prior to their authorization. Thirteen field

trials were conducted in Spain to measure the effects

of Bt maize on a broad range of arthropod taxa; no

effects were found in accordance with most literature

records. However, statistical analyses of single trials

rarely have the statistical power to detect low effect

sizes if they do not have a sufficient sample size. When

sample size is low, meta-analysis may improve

statistical power by combining several trials and

assuming a common measure of effect size. Here we

perform a meta-analysis of the results of 13 indepen-

dent field trials conducted in Spain in which effects of

single or stacked Bt traits on several arthropod taxa

were measured with no significant results. Since the

taxa included in each single trial were not the same for

all trials, for the meta-analysis we selected only those

taxa recorded in a minimum of six trials, resulting

finally in 7, 7, and 12 taxa analyzed in visual counts,

pitfall traps and yellow sticky traps, respectively. In

comparison with single trial analysis, meta-analysis

dramatically increased the detectability of treatment

effects for most of the taxa regardless of the sampling

technique; of the 26 taxa analyzed, only three showed

poorer detectability in the meta-analysis than the best

recorded in the 13 single trials. This finding reinforces

the conclusion that Bt maize has no effect on the most

common herbivore, predatory and parasitoid arthro-

pods found in the maize ecosystems of southern

Europe.

Keywords Meta-analysis � Nontarget

arthropods � NTO � GM corn � Bt

Introduction

Maize (Zea mays L.) has been grown on over 10

million ha in Europe in recent years (Czarnak and

Rodrı́guez-Cerezo 2010). Among the insects affecting

maize yield, the Lepidopteran borers [Ostrinia nubil-

alis (Hübner) (Lepidoptera: Crambidae) and Sesamia

nonagrioides Lefèbvre (Lepidoptera: Noctuidae)] are

the main pests (Meissle et al. 2010). In addition to

biological control and cultural practices, genetically

modified (GM) varieties with the insecticidal proper-

ties of the entomopathogenic bacterium Bacillus

thuringiensis Berliner (Bt maize) may provide
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efficient control of maize borers and reduce chemical

applications (Meissle et al. 2010). A survey conducted

among growers in Spain estimated that Bt maize is

economically very efficient in areas with a high pest

pressure and may replace most of the insecticidal

sprayings carried out to control these pests (Gómez-

Barbero et al. 2008). Spain is the main grower of Bt

maize in Europe; from its authorization for cultivation

in 1998–2012 the area of Bt maize has increased to

116,030 ha, representing 30 % of the total area under

maize in the country (MAGRAMA 2012). In areas

where maize borers are particularly damaging, such as

the study area in Aragon and Catalonia (NE Iberian

Peninsula), the concentration of Bt maize may reach

70 % of the maize grown for grain.

Bt maize has proven to be effective for controlling

borers and has a potential role in containing expansion

of Diabrotica virgifera virgifera LeConte (Coleop-

tera: Chrsyomelidae), an important pest in the USA

that was introduced into Europe in the early 1990s.

Furthermore, Bt maize has environmental benefits

because it reduces the need for chemical applications.

However its deployment has prompted extensive

debate over risks for the environment and particularly

for nontarget organisms, including arthropods. Arthro-

pods provide important ecological services in maize

ecosystems such as biological control, pollination and

decomposition, and they form an important part of the

biodiversity, so direct or indirect effects of Bt maize

on arthropods may interfere with these services. The

mandate to conduct laboratory and field trials to assess

risks of GM crops for the environment and particularly

for nontarget organisms prior to their authorization has

been in place in the regulation of the EU and member

States for several years (EFSA 2010). In response to

this mandate, governmental bodies and companies

have promoted and sponsored many European

Research Area (ERA) activities in Europe to measure

potential effects of GM maize on nontarget arthropods

(NTAs) in both the laboratory and the field. A tiered

approach to testing potential side effects of GM crops

on NTAs, from the laboratory to the field, was

proposed by Romeis et al. (2008). Usually, it is

necessary to conduct field trials or use models when a

GM crop has proven harmful in the laboratory or when

the main potential effects are the result of complex

interactions among many factors that cannot be

studied in simple laboratory conditions. However,

this field testing is difficult to interpret due to the

interaction of many factors that cannot be studied in

simple laboratory conditions.

In the last 12 years field trials for ERA purposes

have been conducted in several European countries,

including Spain, where the authors have assessed risks

of GM Bt and herbicide-tolerant (HT) maize varieties

for NTAs (Comas et al. 2013). Only occasional effects

of Bt maize varieties on herbivore, predatory or

parasitoid insects have been reported (Lumbierres

et al. 2004, 2011; Pons et al. 2005; de la Poza et al.

2005; Albajes et al. 2012), and many authors have

concluded that the involvement of the Bt traits in these

occasional effects has not been proven (see the review

of Naranjo 2009). However, the lack of negative

effects could be due to the insufficient statistical power

of the tests. The power of a test is the probability of

rejecting the null hypothesis, no effects, when it is false

and the alternative hypothesis is true. Then it measures

the probability that the test detects an effect of a known

magnitude using a specified experimental design and

varies according to the magnitude of the effect

specified (Perry et al. 2003). Inversely, the magnitude

of an effect (the effect size) that a test is able to detect

may be calculated for a specified power. The effect size

is usually obtained as the scaled difference between the

density of the organism recorded on the GM variety

and the density of the organism on a control non-GM

variety called the comparator. This value can be

expressed as a percentage of the control mean density.

Once the power of the test has been specified, we can

obtain the minimum difference between the density of

the organism on the control non-GM and the GM

variety, given as a percentage of the control mean

density, that the test is able to detect. This minimum

difference is the detectability of the test. A field test

with a high detection capability, for a given test power,

is a test that is able to detect small significant difference

between the control non-GM and the GM variety.

Therefore, an improvement in the detectability of a test

implies better detection of small significant effects.

Increasing the statistical power of individual field

tests to satisfactory values would involve increasing

sample size by increasing the number of replications,

treatments or years/sites of trials, a rather costly

approach. Alternatively, if several trials are available,

a meta-analysis may improve statistical power by

combining them and assuming a common measure of

effect size. In fact, this approach can be used to

integrate several independent trials, whether published
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or unpublished, that were not initially defined to be

combined and thus obtain new and more robust results

(Borenstein et al. 2009). This approach was used by

Marvier et al. (2007), Wolfenbarger et al. (2008) and

Naranjo (2009) to study the nontarget effects of Bt

crops reported in 42, 45 and 63 field studies,

respectively.

This study aimed to determine whether the no-

effect conclusions reached by ANOVA analysis of

single field trials with Bt maize varieties conducted in

Spain from 2000 to 2010 is confirmed by a meta-

analysis of all these trials. Complimentarily, the effect

detection capacity of taxa recorded in field trials is

calculated with a meta-analysis approach and com-

pared with values of single trial analysis. To this end,

among the 20 field trials carried out by authors in the

period to measure nontarget effects of GM maize

(Bt, HT and stacked traits), we selected 13 trials in

which Bt and near-isogenic non-Bt varieties were

compared for population density of several taxa,

including arthropod herbivores, predators, omnivores,

parasitoids and decomposers.

Materials and methods

Field trials and arthropod sampling

From 2000 to 2010, the authors carried out 20 field

trials to test the effect of transgenic traits introduced

into maize on several NTAs. The traits studied were

the insecticidal capacity of Bt (several single or

stacked Bt Cry toxins), the tolerance to broad

spectrum herbicides (HT) and several Bt and HT

stacked traits. The trials covered a range of char-

acteristics that are common in trials performed to

measure nontarget effects of GM crops: different

numbers of sampling dates (4–8), numbers of

treatments (2–10 with transgenic vs. near-isogenic

varieties, pesticide vs. pesticide-free treatments, and

a certain number of reference varieties), and differ-

ent numbers of single Bt or HT, or stacked traits

(1–3). Only trials with single or stacked Bt traits and

near-isogenic controls (a total of 13 trials) were used

for the analysis, The trials were conducted from

May to early October at several locations of the

Lleida region (NE Iberian Peninsula), an area where

more than 70 % of the corn grown in recent years

has been Bt because of the high pressure of corn

borer populations. The area has a Mediterranean

climate with high temperatures (max T between 25

and 40 �C) and a mean rainfall lower than 200 mm

during the season, so corn may be grown only with

irrigation. The experimental corn plots had an area

of between 1,000 and 5,000 m2 and they were

always arranged in a randomized complete block

design, with 3 or 4 blocks. NTA abundance or

activity was estimated by visual counting, capture in

pitfall and yellow sticky traps the sampling tech-

niques most used for nontarget studies (see Albajes

et al. 2009 for details). Arthropods were identified to

species, genus, family or order level.

We aimed to test the hypothesis that Bt varieties

affect the abundance of NTAs. For comparisons

between the two kinds of varieties, we used the

seasonal mean abundance (average over multiple

sampling dates), as performed in Comas et al. (2013).

The meta-analysis

We performed a meta-analysis for each taxon and for

each sampling technique. For each meta-analysis, we

used the raw difference between the means of Bt and

the control treatments (the near-isogenic variety) as a

measure of effect size. Negatives values indicate lower

taxa abundance in Bt plots compared with control ones

and, inversely, positive values indicate higher abun-

dance on Bt plots. We considered the raw mean

difference instead of the standardized mean difference

(Hedge’s d) because all the studies considered in a

given meta-analysis are based on the same scale of

magnitude, so it is not necessary to provide a

dimensionless index to combine them. Notice that

the resulting meta-analyses depend on the magnitude

scale of both taxa and sampling technique, though

direct comparisons between meta-analyses are not

performed in this study. Moreover, the use of the raw

difference between means allows us to consider the

detectability of each meta-analysis as defined above,

and to compare our meta-analysis results with those

obtained for single studies by Comas et al. (2013).

Also note that the use of different sample sizes for each

study (3–4 sample sizes) does not affect the resulting

meta-analysis when the raw difference is used,
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because this sample size effect is reflected and

incorporated in the variance associated with this raw

difference for each study and a given meta-analysis.

The trials considered in each meta-analysis are

assumed to be independent from each other and they

are defined by the year of the field trial and the trial

location. Taxa with fewer than six trials per meta-

analysis were not included in the analysis. Table 1

shows the number of trials for each meta-analysis

performed in terms of taxa and sampling technique.

We used fixed effect meta-analyses (Borenstein et al.

2009; Whitehead 2002) because all the trials, regard-

less of the taxa and the sampling technique, were

functionally identical (i.e. they had all been carried out

by the same research group with the same study

design), so we expected to estimate a common effect

size for each meta-analysis. We also computed a

measure of heterogeneity for each meta-analysis to

assess the validity of our assumption (Borenstein et al.

2009). In particular, for each meta-analysis we com-

puted the statistic Q (a Q test) (Whitehead 2002).

As the statistic Q follows a v2 distribution with n - 1

degrees of freedom, a test of heterogeneity can be

performed by comparing the theoretical mean value of

Q under a vn-1
2 distribution with the empirical one.

In 3 of 26 meta-analyses we found significant

differences between the expected and the empirical Q,

so we rejected the null hypothesis that all the trials

have a common effect. For these 3 cases we assumed

random effect meta-analyses to account for this

heterogeneity (Borenstein et al. 2009).

A measure of detectability of treatment effects

based on meta-analysis

To measure the detectability of treatment effects for

our meta-analyses, we used the raw difference

between means of Bt and the control treatments (i.e.

the estimated common effect for a given meta-

analysis), divided by the mean of the control treatment

for this meta-analysis. Absolute small values of this

measure indicate a high degree of detectability of

small abundance changes between Bt and control

treatments, whereas absolute large values suggest a

poor detectability of taxon abundance between the

two treatments, for a given meta-analysis. In partic-

ular, we obtained the detectability measure through

the power of the test formula for a given meta-analysis

approach. The power formula for a two-tailed test for

a fixed effect meta-analysis is defined as (Borenstein

et al. 2009)

Power1 ¼ 1� Uðz1�a=2 � kÞ þ Uð�z1�a=2 � kÞ ð1Þ

where Uð�Þ is the standard normal cumulative distri-

bution, z1-a/2 is the standard normal deviate for a level

of probability (i.e. the Type I error), and

k ¼ Y
ffiffiffiffiffiffiffiffiffiffiffiffiffi

Var½Y�
p ð2Þ

where Y is the (hypothesized) true common effect size

for the meta-analysis approach. Now the detectability

of the meta-analysis approach is

dm ¼
Y

E½mc�
100 % ð3Þ

where E[mc] is the expected value of the abundance for

the control treatment. Once the two errors had been set

(i.e. the Type I (a) and II (b) errors being the power

1 - b), we obtained from (1) the value of k. In

practice, k and dm depend on Var[Y] and E[mc],

respectively, which are unknown and must be esti-

mated. Then, we substitute Var[Y] byVar½Ŷ �, i.e. the

variance of the estimated common effect size for the

meta-analysis variance and E[mc] can be estimated by

�mc, the average abundance of the control treatment for

the n trials considered in the meta-analysis. Note that

Expression (1) can only be solved numerically for a

given power and a z1-a/2 value. If we assume the

standard practice to set a = 0.05 and a power of 0.8

(i.e. a Type II error b = 0.2), a numerical solution of

(1) gives k = 2.80158. Then, from (2) and (3)

dm ¼
2:80158

ffiffiffiffiffiffiffiffiffiffiffiffiffi

Var½Ŷ�
q

�mc

100 %: ð4Þ

Similarly, for a random effect meta-analysis the

detectability measure can be written as

d�m ¼
2:80158

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Var�½Ŷ �
q

�mc

100 % ð5Þ

where Var�½Ŷ� is the variance of the size effect of a

random effect meta-analysis (i.e. the within and

between study variability) (see Borenstein et al.

2009). We computed this detectability measure for

individual trials to compare the effect of assuming a

meta-analysis approach. In this case, we used a two-

tailed t test to assess the null hypothesis that, for a
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given trial, the means of Bt and the control treatments

are statistically equal or, otherwise, that they are

statistically different (the alternative hypothesis). The

power under this t-test can be written as

Power2 ¼ 1� PðT � t1�a=2;2v�2Þ þ PðT �
� t1�a=2;2v�2Þ ð6Þ

where T is a noncentral t-distributed random variable

with 2v – 2 degrees of freedom and noncentrality

parameter k ¼ h
ffiffiffiffiffiffiffi

v=2
p

=Spooled , t1-a/2,2v-2 is the t-

Student deviate for a level of probability and 2v - 2

degrees of freedom, v is the sample size, assuming that

the Bt and the control treatments have the same sample

size, Spooled is the within-treatment standard deviation,

pooled across the two treatment groups, and h is the

(hypothesized) true effect size for a given trial,

respectively. Now the detectability for a given trial is

ds ¼
h

mc

100 %: ð7Þ

On combining (6) and (7) we obtain

ds ¼
Spooledk

mc

ffiffiffiffiffiffiffi

v=2
p 100 %: ð8Þ

To obtain values of k, Expression (6) can only be solved

numerically for a given power and a t1-a/2,2v-2 value.

Table 1 Number of studies for each meta-analysis in terms of

taxa and sampling technique together with the relative effect

sizes (effect sizes divided by the average of the abundance for

the control), detectability measure Eqs. (4) and (5) (asterisk

values) and the corresponding maximum and minimum study

detectability measured in single trials Eq. (8) for a given meta-

analysis and a = 0.05 and power 0.8. Max (%) and Min (%)

stand for the maximum and minimum detectability values for

each meta-analysis

Sampling

technique

Taxa No. of studies Rel. effect size Detectability (%) Max (%) Min (%)

Visual Orius spp. 13 0.0253 6.67 66.48 11.56

Nabis spp. 13 0.068 16.82 216.82 29.15

Carabidae 11 0.0429 38.11 528.89 60.71

Chrysopidae 11 0.0377 8.64 331.06 28.29

Coccinellidae 11 -0.0228 6.41 731.82 26.61

Araneae 12 0.0092 3.62 336.68 10.83

Total predators 13 0.0243 6.24 45.01 9.05

Pitfall Dermaptera 13 0.0082 8.14 267.39 40.05

Carabidae 13 0.0374 7.77 91.37 10.89

Staphylinidae 11 -0.0276 12.73 393.55 39.54

Araneae 13 -0.0251 6.30 39.97 11.68

Total predators 13 0.0133 4.83 34.82 9.09

Collembola 8 -0.0297 20.01 280.27 27.81

Myriapoda 8 -0.0021 9.05 524.01 76.54

Yellow Cicadellidae 8 -0.0013 3.03 13.51 6.12

Fulgoroidea 8 -0.0063 3.24 36.73 4.68

Aphididae 8 0.0538 12.47* 68.30 9.67

Orius spp. 8 -0.0107 7.38 35.28 10.71

Chrysopidae 6 -0.054 28.99* 80.41 22.82

Coccinellidaea 7 -0.0272 4.61 238.07 14.65

Staphylinidae 8 -0.02 13.79 104.20 19.77

Ichneumonidae 8 -0.0134 31.73 966.23 66.18

Mymaridae 8 -0.0468 7.35* 30.16 4.92

Chalcidoidea 8 -0.0173 6.25 42.42 13.46

Chloropidae 8 -0.0202 4.60 5.65 19.78

Muscoidea 8 0.03 13.58 107.53 24.18

a Only acarophagous insects are included
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Once again, on setting a = 0.05 and a power of

0.8(b = 0.2), and solving numerically (6), we can obtain

several values of k in terms of v, viz. k = 3.0709 and

2.3807, for v = 3 and 4 sample sizes, respectively: sample

sizes typically used in the trials under analysis.

All the meta-analyses were computed using the

metafor statistical package (Viechtbauer 2010) for the

R statistical environment (R Development Core Team

2007).

Results

Figure 1 shows the resulting values of the common

effect size Ŷ for a given meta-analysis (i.e. taxon)

together with the value of the statistic Q for visual

sampling. No significant differences (p [ 0.05) are

observed in insect abundance between Bt and control

(non-Bt) treatments for any taxa in visual counts.

Moreover, the assumption of homogeneity is main-

tained for all the meta-analyses, suggesting that for a

given taxon all the trials have a common effect size

(p [ 0.05) in visual counting records.

Similar results are obtained under the pitfall

sampling technique (Fig. 2), in which no significant

differences in insect catches (p [ 0.05) were found

between Bt and control treatments.

For the yellow trap sampling technique (see Fig. 3),

no significant differences between Bt and control

treatments were found for any taxon. This figure also

highlights that for 3 taxa the assumption of homoge-

neity (i.e. a common effect size for all the studies)

should be rejected (p \ 0.05). For these 3 taxa, the

effect size is not a fixed value but a random variable

taking different values for each study. This finding

indicates the presence of other, unincluded factors that

probably explain these effect size differences between

studies in yellow trap sampling. Notice that these three

taxa are also the ones with most variability, which is

expected because random effect meta-analyses have

more variance associated with the estimated effect

size. This variability consists of the within-study and

between study variability, while for fixed meta-anal-

ysis only the within-study component is considered.

Table 1 shows the detectability values for the 26

meta-analyses performed [see Expressions (4) and (5)]

and the maximum and minimum detectability values

for all the trials considered for a given meta-analysis

[see Expression (8)]. It can be seen that the meta-

analysis approach dramatically improved the detect-

ability of treatment effects compared with a single trial

−0.04 0.00 0.04

0.013 [ −0.01, 0.036 ] 0.276 4.73 ( 12) 0.966

0.001 [ −0.002, 0.004 ] 0.498 11.48 (11) 0.404

−0.002 [−0.005, 0.002 ] 0.313 16.96 (10) 0.075

0.004 [ −0.003, 0.011 ] 0.222 13.07 (10) 0.22

0.001 [ −0.003, 0.004 ] 0.735 5.54 ( 10) 0.852

0.002 [ −0.001, 0.005 ] 0.248 20.11 (12) 0.065

0.01 [ −0.008, 0.028 ] 0.288 7.19 ( 12) 0.845

Araneae

Coccinellidae

Chrysopidae

Carabidae

Orius   spp

Nabis   spp

Total predators

Taxa Ŷ [95%CI] p value Q(df)       p value

Ŷ

Fig. 1 Resulting effect size value Ŷ , its corresponding 95 %

confidence interval [95 % CI] and p value and the value of the

statistic Q, the degrees of freedom of this Q test and the

corresponding p value for 7 taxa (meta-analyses) under the

visual sampling technique; square sizes are inversely propor-

tional to associated variance of the effect size value
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for most taxa, regardless of the sampling technique.

Notice, however, that there are three meta-analyses

(i.e. taxa) in which the resulting detectability is greater

than the minimum detectability obtained for a single

study. Although this finding suggests that it is possible

to obtain a single study with better detectability, the

remaining studies show worse detectability values

than those for the meta-analysis approach (compare

also maximum detectability values). Moreover, these

three meta-analyses have heterogeneous effect sizes.

Worse detectability results are expected for the

random effect meta-analyses, for which the variability

associated with the meta-analysis effect size is always

greater than that obtained for a fixed approach, as

explained above (see for instance, Borenstein et al.

2009) [see also Expression (5)]. Table 1 also

−0.08 0.00 0.06

−0.001 [−0.018, 0.017 ] 0.945 9.99 ( 7 ) 0.189

−0.016 [−0.088, 0.057 ] 0.676 12.91 ( 7 ) 0.074

0.015 [ −0.023, 0.054 ] 0.441 8.99 ( 12) 0.704

−0.019 [−0.052, 0.014 ] 0.264 8.93 ( 12) 0.709

−0.005 [−0.022, 0.011 ] 0.541 10.26 (11) 0.418

0.031 [ −0.014, 0.075 ] 0.178 11.11 (12) 0.52

0.002 [ −0.014, 0.019 ] 0.774 16.16 (12) 0.184

Myriapoda

Collembola

Araneae

Staphylinidae

Carabidae

Dermaptera

Total predators

Taxa Ŷ [95%CI] p value Q(df)        p value

Ŷ

Fig. 2 As Fig. 1, but for the pitfall sampling technique

−0.20 −0.05 0.05

0.021 [ −0.045, 0.087 ] 0.536 5.29 ( 7 ) 0.625

−0.032 [ −0.08, 0.015 ] 0.181 2.41 ( 7 ) 0.933

−0.018 [ −0.064, 0.028 ] 0.438 5.04 ( 7 ) 0.656

−0.096 [ −0.202, 0.009 ] 0.074 18.56 (7 ) 0.01

−0.002 [ −0.026, 0.023 ] 0.908 6.22 ( 7 ) 0.515

−0.006 [ −0.035, 0.023 ] 0.682 7.36 ( 7 ) 0.393

−0.013 [ −0.028, 0.002 ] 0.1 8.24 ( 6 ) 0.221

−0.017 [ −0.082, 0.048 ] 0.601 11.13 (5 ) 0.049

−0.009 [ −0.053, 0.034 ] 0.682 2.64 ( 7 ) 0.916

0.048 [ −0.03, 0.126 ] 0.227 17.15 (7 ) 0.016

−0.009 [ −0.041, 0.023 ] 0.582 7.44 ( 7 ) 0.384

−0.003 [ −0.048, 0.043 ] 0.903 1.89 ( 7 ) 0.965

Chloropidae

Chalcidoidea

Mymaridae

Ichneumonidae

Staphylinidae

Coccinellidae

Chrysopidae

Aphididae

Fulgoroidea

Cicadellidae

Orius   spp

Muscoidea

Taxa Ŷ [95%CI] p value Q(df)    p value

ŶŶ

**

*

†

*

Fig. 3 As Fig. 1, but for the yellow sticky trap sampling technique. � Only acarophagous insects are included
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compares meta-analysis detectability in terms of the

sampling technique, highlighting that detectability

depends on the taxa under analysis and does not

depend greatly on the sampling technique.

Discussion

Taking all the 26 taxa and sampling techniques

examined together, no significant effects of the Bt

variety on NTAs were found. This finding agrees with

most field studies reported in the literature, which have

been reviewed by Romeis et al. (2006) and Naranjo

(2009). Lack of effects in the present study is

particularly important if the high detectability of the

present meta-analyses is taken into account; 62 % of

the taxa recorded showed detectability below 10 %

and another 23 % showed detectability of between 10

and 25 %. We have published some of the results from

single- or multiple-year field trials in which we report

occasional effects on the predators Orius spp. in visual

counts (de la Poza et al. 2005) and more consistent

effects of Bt maize on the aphids and leafhoppers

(Lumbierres et al. 2004; Pons et al. 2005). These

studies were included in the present meta-analysis

approaches and no-effects on the mentioned taxa were

detected. This finding is especially important in the

case of Orius spp. because the occasional effects

observed by de la Poza et al. (2005) were in visual

counts, the same sampling technique in which Orius

spp. effect size was not found to be significant in its

corresponding meta-analysis. In the case of differ-

ences found in aphid and leafhopper abundance in

single studies, sampling was made with visual counts

(Lumbierres et al. 2004; Pons et al. 2005), whereas in

the studies included in the present meta-analysis the

two nontarget herbivores were recorded on yellow

sticky traps, which could have trapped flying individ-

uals that were on plants other than maize; on the other

hand, in sticky traps only flying adults are caught,

whereas visual counts include of both nymphs and

flying adults.

Global analysis of all single trials together with a

meta-analysis approach dramatically improved the

detection capacity of single trials for most taxa. This

result is expected for a fixed effect meta-analysis in

which the estimated variance of the common

effect size is usually lower than that of a single trial.

This is so because in a fixed effect meta-analysis each

trial considered decreases the uncertainty associated

with the common effect size; therefore, increasing the

number of trials involves a reduction in the variance

associated with the common effect size. In fact, if the

associated variance for each trial were the same, the

resulting variability of the common effect size would

be n times smaller than that for a single study,

assuming n trials for a given meta-analysis. Therefore,

for 23 of 26 cases the resulting meta-analyses improve

the power and therefore the detectability of the single

trials. In direct contrast, for a random effect meta-

analysis the resulting variance associated with the

estimated global effect size does not necessarily have

to be smaller than that obtained for a single trial. In this

case, the global variability depends not only on the

individual trial variance but also on the between-trial

variabilityŝ2. If ŝ2 is large (the trials considered in the

meta-analysis are very heterogeneous), the resulting

meta-analysis may not improve the results of our test

compared with those obtained for a single trial. In our

case, the three taxa (Mymaridae, Chrysopidae, and

Aphididae on yellow sticky traps) with the highest

heterogeneity (significant Q value) of effect sizes are

also taxa in which the combined detectability was

above the minimum detectability calculated in single

trials. In particular, this global detectability was placed

approximately at 30 % of all detectability for the three

taxa, meaning that the global analysis gives an

advantage over the separate analysis of each single

trial even for the case of heterogenous trials for the

majority of trials considered.

When the detectability found for the different taxa

in this meta-analysis is compared with the detectabil-

ity calculated in single trials (Comas et al. 2013), the

benefits of the meta-analysis are also noticeable. In

Comas et al. (2013), detectability was calculated on

the basis of the total layout variance, that is, the

variance of the residual error in the ANOVA when all

treatments (not only Bt vs. non-Bt plots) were

considered. The authors concluded that detectability

rarely drops below 25 % in single-year trials con-

ducted with four blocks even in the case of quite

abundant taxa (Comas et al. 2013) In the present meta-

analysis, only three taxa showed detectability values

between 25 and 50 %, whereas for the remaining 23

taxa detectability was below 25 %. Meta-analysis

requires a certain number of trials to be combined and
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they are not always available; however, when avail-

able, meta-analysis may confirm results of single-year

trials with a considerably greater statistical power.

In summary, the global study with a meta-analysis

approach of 13 field trials carried out in Spain to

measure the effects of Bt maize (with several Cry

toxins) on NTAs detected no significant differences

between the density or activity in Bt plots versus non-

Bt plots for any of the taxa recorded and sampling

techniques used. This conclusion was based on a meta-

analysis of the 13 trials which would have detected

relative effect sizes lower than 10 % in 62 % of the

taxa recorded (16 taxa) and lower than 25 % in 85 %

of the taxa recorded (22 taxa). These results are in

agreement with larger field study analyses conducted

in Europe with several B. thuringiensis Cry toxins.
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