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1. The claim: 

Lovei, G. L., D. A. Andow and S. Arpaia (2009). "Transgenic Insecticidal Crops and Natural Enemies: A Detailed Review of 

Laboratory Studies." Environmental Entomology 38: 293-306. 

http://www.ingentaconnect.com/content/esa/envent/2009/00000038/00000002/art00001 AND 

http://www.botanischergarten.ch/Bt/Lovei-transgenic-insecticidal-2009.pdf  

 

“This review uses a data-driven, quantitative method to summarize the published, peer-reviewed 

literature about the impact of genetically modified (GM) plants on arthropod natural enemies in 

laboratory experiments. The method is similar to meta-analysis, and, in contrast to a simple author-vote 

counting method used by several earlier reviews, gives an objective, data-driven summary of existing 

knowledge about these effects. Significantly more non-neutral responses were observed than expected 

at random in 75% of the comparisons of natural enemy groups and response classes. These observations 

indicate that Cry toxins and proteinase inhibitors often have non-neutral effects  on natural enemies. This 

synthesis identifies a continued bias toward studies on a few predator species, especially the green 

lacewing, Chrysoperla carnea Stephens, which may be more sensitive to GM insecticidal plants (16.8% of 

the quantifed parameter responses were significantly negative) than predators in general (10.9% 

significantly negative effects without C. carnea). Parasitoids were more susceptible than predators to the 

effects of both Cry toxins and proteinase inhibitors, with fewer positive effects (18.0%, significant and 

non-significant positive effects combined) than negative ones (66.1%, significant and non-significant 

negative effects combined). GM plants can have a positive effect  on natural enemies (4.8% of responses 

were significantly positive), although significant negative (21.2%) effects were more common. Although 

there are data on 48 natural enemy species, the database is still far from adequate to predict the effect 

of a Bt toxin or proteinase inhibitor on natural enemies”. (Lovei et al., 2009). 

 

2. Comments by Shelton et al. 

Shelton, A., Naranjo, S., Romeis, J., Hellmich, R., Wolt, J., Federici, B., Albajes, R., Bigler, F., Burgess, E., 
Dively, G., Gatehouse, A., Malone, L., Roush, R., Sears, M., & Sehnal, F. (2009) 
Setting the record straight: a rebuttal to an erroneous analysis on transgenic insecticidal crops and natural enemies. 
Transgenic Research, 18, 3, pp  317-322  
http://dx.doi.org/10.1007/s11248-009-9260-5 open access  
AND http://www.botanischergarten.ch/Bt/Shelton-Setting-Record-Straight-Lovei-2009.pdf  

 

In a nearly unprecedented speed (Lovei et al., 2009) has been rebutted sharply by (Shelton et 

al., 2009), a worldwide consortium of specialists on research of non-target insects related to Bt 

crops: In an unusual straightforward text they criticize heavily the previous publication, and the 

author of this study agrees fully: it is time to recognize that such studies, even when published 

in peer reviewed journals, do not help to progress scientific risk assessment of GM crops, on 

http://www.botanischergarten.ch/Bt/Lovei-transgenic-insecticidal-2009.pdf
http://www.botanischergarten.ch/Bt/Shelton-Setting-Record-Straight-Lovei-2009.pdf


the contrary, they hinder future developments by providing to highly questionable arguments a 

scientific aura. The pitfalls are not easy to see, due to the complexity of the matter (food webs 

of parasitoid insects and their prey over development and time). For lay persons, politicians and 

even regulators it is difficult to develop a critical view and to distinguish junk science from high 

quality papers. The extended abstract of (Lovei et al., 2009) reads as follows (important lines 

are in bold)Extended abstract of first part (Shelton et al., 2009) 

 

 

“As scientists involved in risk assessment of transgenic insecticidal plants, we are greatly concerned 

about the publication by (Lovei et al., 2009) implying that insect-protected crops based on the Cry 

proteins of Bacillus thuringiensis may have substantial negative impacts on non-target organisms. We 

believe that (Lovei et al., 2009) use inappropriate and unsound methods for risk assessment that have led 

them to reach conclusions that are in conflict with those of several recent comprehensive reviews and 

metaanalyses (e.g., (Marvier et al., 2007; Naranjo, 2009; O'Callaghan et al., 2005; Romeis et al., 2006; 

Wolfenbarger et al., 2008). (Lovei et al., 2009) base their findings on an analysis of 55 laboratory studies 

of Cry proteins and 27 studies of proteinase inhibitors (PIs; including lectins) that were published through 

mid-2007 and conclude that these proteins ‘‘often have non-neutral effects on natural enemies’’. They 

further conclude that ‘‘parasitoids were more susceptible than predators to the effects of both (toxins)’’ 

and that ‘‘conclusions that Bt…gene products have no harm to natural enemies are currently over-

generalized and premature’’. We are deeply concerned about the inappropriate methods used in their 

paper, the lack of ecological context, and the authors’ advocacy of how laboratory studies on non-

target arthropods should be conducted and interpreted. Essentially, the authors have conducted a 

data-mining exercise without prior elaboration of a risk hypothesis framework (Romeis et al., 2008) that 

can provide context to their findings and interpretations. Therefore, we believe it is very important that 

readers consider the following points as they read (Lovei et al., 2009).” 

2.1. Data selection and analyses 

“We have a major concern with the authors’ selection and use of multiple non-independent measures 

of various life history and behavioral traits in the analysis.  As an example, they justify the use of 

development times and survival rates on individual instars as independent measures of effect by testing 

whether there is evidence of ‘‘matching’’ among the total development time or survivorship and 

individual times and rates for each of multiple stadia. Based on various criteria, the percentage matching 

was[50-84% but the test statistic for independence was significant, so all stadia measurements were 

used in the analyses. Their justification for using this method is that there might be ‘‘…complex instar-

specific mortality schedules and patterns of development time’’. The fundamental effect of such an 

approach is that it inflates purported effects in the data, and the authors acknowledge this. However, 

their dismissal of the potential effect that the instar analysis may have on their conclusions is confusing 

and unjustified. Although they state ‘‘data-driven reading of the quantitative data…provided a more 

accurate picture of the literature…than (the reviews) by (O'Callaghan et al., 2005; Romeis et al., 2006)’’, 



they provide no evidence to support this statement. They cite (Bai et al., 2005) as an example of the need 

to use their analytical methods to tease out negative results, but neglect to note that in the  study total 

larval development and survivorship of Propylea japonica (Thunberg) (Coleoptera: Coccinellidae) were 

unaffected by exposure to Cry proteins.  These are the quantities that ultimately affect population 

growth and are of primary importance as measurement endpoints in risk assessment studies (including 

those conducted for pesticide assessment; (Romeis et al., 2008). For this reason, (Bai et al., 2005) 

correctly concluded ‘‘Bt rice pollen had no negative impacts on P. japonica fitness…’’. (Lovei et al., 2009) 

also fail to justify the many other instances of non-independence in their data set where multiple, 

correlated life history and behavioral traits were measured on the same cohort of subject organisms. For 

example, many studies measured ovi-position per day and total adult ovi-position which are clearly 

correlated. The quality of independence in a meta-analysis is essential to obtain accurate and unbiased 

results, and authors need to go to great lengths to ensure independence, even if it means omitting hard-

earned data (e.g., (Marvier et al., 2007); (Wolfenbarger et al., 2008) (Naranjo, 2009). The use of non-

independent data is analogous to pseudo-replication, a well-understood problem in the scientific 

literature. 

Secondly, (Lovei et al., 2009) claim to use a weighted effect size estimator ‘‘similar to (but not the same 

as)… Hedge’s g’’ to quantify experimental effects but do not provide sufficient methodological detail to 

permit others to repeat their analyses. They cite their prior work (Lovei & Arpaia, 2005) for methods on 

effect size calculation but no details are provided there either. Various effect size estimators have been 

developed (Hedges L.V & Olkin, 1985) and it is important to understand their strengths and limitations 

when interpreting results derived from these.  Finally, (Lovei et al., 2009) describe an arbitrary and 

inappropriate classification of responses as positive or negative, but not statistically so, and then go on 

to ascribe importance to such non-statistically valid conclusions. By their own admission, the P values of 

these comparisons would be roughly 0.30, which would be considered non-significant and devoid of 

further meaning and interpretation, even if the goal was to increase the statistical power of the test. We 

believe it is incorrect to draw conclusions or implications based on results that are not statistically valid.” 

Another difficult question of prey/host-quality effects were erroneously treated in their paper 

(Lovei et al., 2009). By not addressing the basic factor of ‘study quality’ they produce flawed 

statistics: Studies seemingly showing detrimental effects of Bt toxins to lacewings are  caused 

by the poor quality of the prey fed to the larvae.  This ends in another major  blow to  the 

publication  they contradicted  the statements of (Lovei et al., 2009) regarding parasitoids: 

“Parasitoids in general were more susceptible to the effects of both Cry toxins and proteinase inhibitors, 

with fewer positive effects (always >26%, significant and non-significant combined) and more negative 

ones (between 42.1 and 75.0% significant and non-significant combined). There was no marked 

difference in the effect of Cry toxins versus PIs, although PIs were more likely to have positive effects and 

less likely to have negative ones (Table 4). Two species, C. chloridae and E. pennicornis, accounted for 

30.3% of all of the observations, including 45.2% of all observation on proteinase inhibitors. C. chloridae 

may be more sensitive to Cry1A/Cry2A than the other parasitoids studied, and E. pennicornis may be less 

sensitive to proteinase inhibitors than the other parasitoids studied (Table 4). 



Considering the sensitivity of the response classes studied (Tables 5 and 6), for predators, 22 of 35 

comparisons were significantly non-random (P < 0.05; Table 5) with fewer neutral responses than 

expected.  The number of observations in the 12 non-significant classes averaged only 16.8 (range, 11-

34) compared with 51.0 (range, 20-156) for the significantly non-random classes, which suggests that 

some of the non-significant classes are type 2 errors (non-significant only because of a small sample 

size). When comparing classes with similar sample sizes, none of the classes appeared to be more 

sensitive at detecting non-neutral responses. For 31 of the 35 classes, positive responses were similar to 

negative responses. Only Cry1A/Cry2A survival had more negative responses than positive ones, and this 

was because of the response of C. carnea, which accounted for most of the negative responses by 

predators to Cry1A/Cry2a (Table 5). Survival and reproduction responses to PIs also had more negative 

responses than positive ones (Table 5), suggesting that PIs have more negative effects on predators than 

Cry toxins. 

For parasitoids (Table 6), 25 of 31 class responses were significantly non-random (P < 0.05), with fewer 

neutral responses than expected. The number of observations in the six non-significant classes was 16.7 

(range, 12-19) compared with 52.0 (range, 18-136) for the significantly non-random classes, which 

suggests that some of the non-significant classes are type 2 errors. For 12 of the 31 response classes, 

there were more negative responses than positive ones (Table 6).  This was particularly true for 

parasitoids tested with Cry1A/Cry2A (including Cry1A + CpTI), for which 12 of 15 class responses were 

significantly more negative than positive (Table 6). Growth seemed to be a more sensitive response than 

development. A greater proportion of the responses for growth were negative than for development 

within toxins and parasitoid species (Table 6).”  

These statements of  (Lovei et al., 2009) are refuted  by (Shelton et al., 2009), the paragraphs 

are cited extensively including the cited literature: 

2.2. Prey/host-quality mediated effects, comments from (Shelton et al., 2009): 

“Experimental studies must have properly formulated hypotheses, experimental designs and testing 

methods; otherwise the interpretation of the outcomes of such tests is unreliable. This basic factor of 

‘study quality’ is not addressed in the analysis by (Lovei et al., 2009) rather their methodology implies 

that all studies are equally valid and should be given equal weight, providing each study has adequate 

statistical properties. We believe their approach is fundamentally flawed and does a disservice to 

environmental risk assessment. 

One example of this problem can be seen in reports on Chrysoperla carnea Stephens (Neuroptera: 

Chrysopidae), a lacewing species that has been the subject of several studies. (Hilbeck et al., 1998a) 

observed reduced fitness of C. carnea larvae when fed on Bt maize-reared lepidopteran larvae and 

claimed it was associated with the CrylAb protein and that CrylAb is toxic to C. carnea (Hilbeck et al., 

1998b). However, subsequent studies clearly demonstrated that Cry1A proteins are not toxic to C. carnea 

larvae (Romeis et al., 2004), (Rodrigo-Simon et al., 2006), (Lawo & Romeis, 2008) and that these proteins 

do not bind to the midgut of C. carnea, a prerequisite for toxicity (Rodrigo-Simon et al., 2006). These 

results strongly indicate that the effects observed by (Hilbeck et al., 1998a) were due to C. carnea feeding 



on poor quality (sick or dying) lepidopteran prey. Additional studies with aphids (which do not ingest 

Cry1Ab) and spider mites [which contain high concentrations of biologically active Cry1Ab (Obrist et al., 

2006), neither of which is affected when feeding on Bt maize, demonstrated that, when these herbivores 

fed on Bt maize and were in turn consumed by  C. carnea, the predator was not harmed (Dutton et al., 

2002). These results emphasize that care must be taken when designing laboratory studies to assess the 

potential effects of Cry proteins and other insecticidal factors on predators; otherwise the results can 

easily be misinterpreted. We believe that this is certainly the situation that caused (Lovei et al., 2009)  to 

conclude incorrectly that ‘‘significant negative effects of Cry1A/Cry2A on C. carnea were 6.2 times more 

likely to occur than positive ones’’. 

“Teasing out the effects of insecticidal factors on parasitoids is potentially even more difficult due to their 

close relationship with the host; if the host dies, the parasitoid dies. If Bt-susceptible hosts are fed on a 

Cry protein source and then parasitized, impacts of host quality on parasitoid fitness are expected and 

could be confused with toxic effects of the Cry protein (Romeis et al., 2006)  (Chen et al., 2008b). Using 

the diamondback moth (DBM) and its major parasitoid, Diadegma insulare (Cresson) (Hymenoptera: 

Ichneumonidae), it was clearly shown that when DBM resistant to Cry1C were parasitized, there were no 

effects on parasitoids that fed internally on DBM (Chen et al., 2008a). This study overcame any host-

mediated effects to show the complete lack of toxicity of Cry1C to the parasitoid. This result is 

consistent with previous reports about the lack of toxicity of Cry1 to hymenopteran parasitoids (Schuler 

et al., 2004) (Schuler et al., 2003). 

Overall, it is critical to account for prey- or host  mediated effects in such toxicological studies. A recent 

meta-analysis using Hedge’s d, a weighted effect size estimator with a sample size bias-corrector, and 

based on comparative laboratory studies of Bt Cry toxicity published through November 2008 (Naranjo, 

2009) clearly shows a negative effect of low quality hosts (susceptible hosts compromised by feeding on 

Bt plant tissues or purified Cry proteins) on survival, development and reproduction of parasitoids (Fig. 

1).  In contrast, the overall effects are neutral or even positive when high quality, uncompromised hosts 

are provided (Bt-resistant hosts or hosts not susceptible to Cry proteins). The effect of prey quality on 

predators is less pronounced, compared to parasitoids, but even a small negative effect of low prey 

quality on survival is neutralized when they are provided high quality prey containing Cry proteins. 

These examples demonstrate that just using a  ‘‘quantitative’’ summary of previous laboratory studies 

can lead to spurious results; studies must be properly designed to tease out the effects of the insecticidal 

factor versus the quality of the prey or host. However, (Lovei et al., 2009) did not assess the quality of 

the studies they used in their analyses nor did they properly partition the data so that issues of 

prey/host quality could be separately examined. As a consequence, their conclusion that ‘‘parasitoids 

were more susceptible than predators to the effects of … Cry toxins…’’ is due to the fact that a large 

majority of tritrophic studies on parasitoids have been conducted with susceptible, sub-lethally 

affected lepidopteran larvae as hosts (Romeis et al., 2006) (Naranjo, 2009). (OECD Consensus 

Documents, 2007). These indirect and potentially adverse effects are common for any method of pest 

control and are of minor concern within an environmental risk assessment context (OECD Consensus 

Documents, 2007), they should be differentiated from direct effects of a toxin  (EFSA Guidance 

Document, 2008).” 



 

3. Final comments 

It is recommended to read in full the rebuttal of Shelton and the impressive consortium of 

specialists on non-target insect risk assessment research related to Bt maize. Basically, there is 

nothing to add.  

The  authors cite and comment an impressive array of literature published in peer reviewed 

literature, which leaves only some minor questions about the regulation of Bt maize open, 

which should and can no more influence the positive decisions of the regulatory authorities.  

The author of this ASK-FORCE piece has re-cited all literature included in the  text pieces given 

above of (Shelton et al., 2009), included the full text links for easier understanding, and in a few 

cases the citations are enhanced and renewed with more recent publications and  official 

reports. 

 

4. Some thoughts about peer review in science 

The literature on non-target organism impact of  Bt maize is huge, there are some 190 

publications in peer reviewed literature, which are commented in a chapter on a book on Bt 

maize in work by the author, and all those papers have a direct baseline comparison, which 

makes them scientifically valid. It is amazing to see, that still some research groups like the one 

of (Lovei et al., 2009) can publish today on the impact of non-target insects without giving a 

shread of baseline comparison. But the Lovei group is not alone, the author of this ASK-FORCE 

piece has singled out  in a separate chapter of his coming Bt maize report dozens of 

publications without baseline comparison. The author of this study hopes that we will develop 

very soon some scientific code of conduct on how such impact studies should be conducted.  

Such a code will have to be adapted to the needs of the special field of environmental and 

health impact of GM crops. In a thoughtful publication of peer review, (Scott, 2007) give a 

broad minded summary of many aspects of peer review, demonstrating the high complexity of 

the matter. He draws prudent conclusions, which shall be cited here: 

“In conclusion, peer review potentially includes a range of criteria—scientific, organizational, and 

relating to social relevance—all of which are largely concealed in the current policy of treating peer 

review as a ‘black box’—a tool for the exclusive use of the scientific community that is thought best left 

to work autonomously.  It would be premature to suggest a definitive list of criteria for use in peer 

review, but the above discussion summarizes various contributions to suggest a range of criteria. The 

employment of a more structured approach to the criteria used in peer review might offer the chance to 

increase the levels of transparency and openness in peer review.  A more plural approach to the criteria 



used in peer review would be an outcome that might lead to significant advantages for those involved in 

conducting, and being the subjects of, peer review. It might also help to ensure that peer review is not 

seen as an opaque affair through which scientists escape scrutiny and accountability.” 

But hopes are not so high (as (Scott, 2007) demonstrated (see also (Reale et al., 2007), when 

you realize how difficult the situation is, when it comes to a hot topic such as the biotechnology 

of crops – just to give you one example, where we criticize major peer reviewed journals for not 

following simple rules of proper peer review: (Miller et al., 2008). This situation makes it all the 

more important to rebut consequently all publications which hurt some basic rules of science. 

The author would be happy, if we could avoid in this debate the dangerous waters of 

“democratization of science” on cost of crystal clear criteria established specifically for a variety 

of scientific disciplines. One of the foremost criteria should be in our case to first  establish a 

framework of a risk hypothesis as proposed by a comprehensive consortium of specialists in 

this field of research (Romeis et al., 2008). 

5. Negative influence of papers like (Lovei et al., 2009)  

on the regulatory process in Europe 

This rebuttal of (Lovei et al., 2009) alone makes it difficult to understand the German ban on Bt 

maize MON810 (BVL, 2009), again it is dismantled by scientific assessments as a purely political 

and populist decision (in which German populist politicians like minister Ilse Aigner and 

Bavarian prime minister Horst Seehofer) have explicitly (ab)used this and other studies) in order 

to provide to their purely politically motivated rejection a scientific aura.  

There are signs of hope, since it seems that this time Minister Ilse Aigner has overdone: Apart 

from Monsanto which has decided to sue about the German decision in court (which Monsanto 

lost in the mean while…), there are now many scientists alarmed by the negative decision:  

In a letter to the German government more than 1600 scientists from Germany protested 

against the decision: 
http://www.botanischergarten.ch/Bt/Gruene-Gentechnik-Petition-Aigner-germ-engl-20090417.pdf  

This protest was supported by some international experts: 

http://www.botanischergarten.ch/Bt/Moses-FAZ-Merkel-letter-20090417.pdf  

Excerpt from the letter of Prof. Vivian Moses and colleagues to the Frankfurter Allgemeine and 

Chancellor Merkel: 

 “We hope that you will yet exercise your authority to dismiss this ill-intentioned decision by Minister 

Aigner and save the reputation of Germany, German science and German leadership. We can understand 

a minister making an unfortunate mistake if that error is acknowledged and reversed. We will not 

understand if Frau Aigner receives the support of her colleagues at the highest levels of government.” 

http://www.botanischergarten.ch/Bt/Gruene-Gentechnik-Petition-Aigner-germ-engl-20090417.pdf
http://www.botanischergarten.ch/Bt/Moses-FAZ-Merkel-letter-20090417.pdf


The scientists got support by the governmental science committee ZKBS (Zentrale Kommission 

für die Biologische Sicherheit) with a report refuting practically all arguments of the ministery 

as not valid and accused the ministery of selective use of scientific papers of highly 

questionable quality: (ZKBS-BLV, 2009). Also an article in Nature Biotechnology is clearly taking 

position against this decision: (Ricroch et al., 2009) and one member of the ZKBS clarifies the 

regulatory position in an European perspective: (Bartsch, 2009), which will make it very difficult 

for some European countries like Italy, Greece, France, and Luxemburg to maintain a negative 

position regarding the regulation of transgenic crops. Another comment is again coming from 

Nature Biotechnology (Sinha, 2009) with comments on the use and abuse of science in the 

political battles on GM crops. 

The case of the rejection of the Bt maize MON810 will be treated in another contribution in 

detail, the German decision will shortly be available in an English translation. 

 

6. Impact of Bt crops on Non-Target Insects, the General Picture 

From the point of view of environmental science, the case of impact of Bt crops on non-target insects is 

basically solved: There are simply hundreds of papers demonstrating that non-target insects have a 

better life in Bt crop fields. Four meta studies have proven this claim, (Marvier et al., 2007), 

(Wolfenbarger et al., 2008), (Duan et al., 2008) and (Naranjo, 2005, 2009). They demonstrate all positive 

results on the statistical analysis of dozens of field studies. Instead of commenting those studies we 

concentrate here on one of the most comprehensive field studies published, in order to demonstrate 

some details, which are typical in this complex system of environmental factors. 

6.1. Candolfi: A comprehensive and classic NTO field study  

The experimental layout of those studies are well structured and explained in the several publications of 

Candolfi (Candolfi et al., 2000; Candolfi et al., 2003; Candolfi et al., 2004). The final study from 2004 is 

therefore chosen for a more detailed comment.  

In an extensive introduction, material and methods are presented and do not leave any doubt about the 

scientific value of the paper. 

Here a few typical figures, more can be seen in the full text. They basically do not need extensive 

comment:  

 



 

Fig. 1  Plot layout and treatment allocation. Fig 1 from (Candolfi et al., 2004) Details of the field experiment, the maize crop 
used and the treatments applied are described in detail p. 133-134. 



 

Fig. 2  Field trial schedule, (Fig. 2 from  (Candolfi et al., 2004)) 

 

6.2. Soil and surface dwelling arthropods 

The numbers of soil dwelling arthropods analysed is impressive: A total of 76 taxa were identified from 

the pitfall trap samplings, including a total of 302 574 individual arthropods. It would be really 

interesting to regroup the rich dataset from the purely taxonomic view to the view of functional guilds, 

as described in the study of (Wolfenbarger et al., 2008) below. This is actually partially done by (Candolfi 

et al., 2004) 

 

 



 

Fig. 3 Shannon diversity indices of soil and surface dwelling taxa. (Fig. 3 from (Candolfi et al., 2004), original caption below). 

 

 

The Bt corn shows seemingly highest population values for NTGs, the lowest population values are 

shown by the field sprayed with pesticides. But a statistical analysis reveals no significant treatment 

effects (Tukey test, P_/0.05) on the Shannon diversity indices of soil dwelling taxa (Figure 8) or on the 

number of soil dwelling taxa were observed throughout the season. Univariate analyses did not reveal 

statistically significant effects of the Bt-corn treatment on any individual soil and surface dwelling taxon 

either 

The statistical calculation basis for all those population figures is explained extensively and transparently 

in (Candolfi et al., 2004) p. 136ff. The authors main statistical methods represent an excellent state of 

the art: ANOVA analysis for unbalanced data (Shaw & Mitchellolds, 1993, 1995) is followed by the Tukey 

test (Box et al., 2005; Fernholz et al., 2000; Keselman & Rogan, 1977; Mathew & Sinha, 1991; Tukey, 

1965) and the test with the prinicpal response curves (Van den Brink et al., 2007; Van den Brink et al., 

2006; Van den Brink & Ter Braak, 1999). 

 



 

 

 

Fig. 4 Soil- and surface dwelling organisms, principal response curve (PRC) analysis including a table with the contribution to 
PRC for the NTGs. (Fig. 4 from (Candolfi et al., 2004), original caption above). 



The PRC analysis showed significant treatment effects (goodness of fit R2_/0.74, goodness of prediction 

Crossvalidation/Jacknife R2_/0.62) of the pesticide Karate Xpress when compared to the control 

treatment 14, 27 and 43 days after treatment application (Figure 9). The pesticide impact results related 

to NTOs are mixed: Whereas Millipedes (Diplopoda), the harvestman P. opilio (see also Fig.10 below), 

the carabid beetle P. melanarius, the spider O. apicatus and centipedes (Chilopoda) were negatively 

affected, Collembola, some carabid beetles and predatory mites were more abundant in pesticide 

sprayed fields. 

 

 

 

 

 

Fig. 5  Surface dwelling spider: Population density of Phalangium opilio (Opiliones: Phalangiinae). (Fig. 5 from (Candolfi et al., 
2004) Original caption below) 

 



The population density of Phalangium opilio  is presented as a typical example where a negative 

(temporary) response to Karate Xpress was observed (Figure 10) and the population density of 

Alopecosa sp. is presented as a typical example of a taxon where no effects were observed (Figure 11). 

 

 

Fig. 6  Surface dwelling spider: Population density of Alopecosa sp. (Araneae: Lycosidae). (Fig. 6 from (Candolfi et al., 2004), 
Original caption below): 

 

 

Again, the authors emphasize that there is no statistically significant difference related to the example 

of Alopecosa, Spiders, between the treatments and the control. There are more figures in the study, but 

they do not change the overall picture. 

Basically, it also has to be said that The Bt-spray formulation Delfin did not show negative impact on any 

soil non-target arthropod taxon sampled. These results are in line with the extensive data available on 

the safety of Bt-spray formulations under field conditions  (Croft, 1990; Flexner et al., 1986; Glare & 

O'Callaghan, 2000; Krieg, 1986; Meadows, 1993; Melin & Cozzi, 1989; Sterk et al., 1999). 



6.3. Plant dwelling arthropods 

A total of 45 taxa were identified from the plant samplings. The total number of arthropods counted was 

28 572.  

 

 

 

Fig. 7  Plant dwelling arthropods: Shannon diversity indices of taxa recorded on corn plants throughout the sampling season: 
(Fig. 7 from (Candolfi et al., 2004), original caption below): 

 

 

 

No statistically significant effects (Tukey test, P_/0.05) of Bt-corn and Delfin on the number of plant 

dwelling taxa were observed throughout the season. In the Karate Xpress treatment a statistically 

significantly lower number of taxa was recorded 2 days after treatment application when compared to 

the control (Tukey test, PB/0.05); however, recovery was observed 15 days after treatment application. 

No statistically significant treatment effects (Tukey test, P_/0.05) on the Shannon diversity indices of 

plant dwelling taxa (Figure 12) were observed throughout the season (Tukey test, P_/0.05). 



 

6.4. Arthropods flying in the crop area 

A total of 277 091 arthropods were identified in 71 taxa from the yellow-water trap samples. 

Again we see the same picture with slight differences: 

No statistically significant treatment effects (Tukey test, P_/0.05) on the Shannon 

diversity indices (Figure 13) or the number of taxa of flying non-target arthropod taxa were observed 

throughout the season when compared to the control. Principal response curve (PRC) analyses for flying 

arthropods revealed that 78.5% of the variance observed in the system could be explained by the factor 

time and 9.0% by the treatment. A trend for an effect of the Bt-corn on the flying arthropod community 

was evident on days 43 and 57, although the treatment effects were not significant with P values of 0.60 

on day 43 and 0.17 on day 57 (Figure 13). 

 

 

Fig. 8  Arthropods flying in the crop area: Shannon diversity indices of taxa collected per trap in the yellow water traps 
throughout the sampling season: (from Fig. 12 in (Candolfi et al., 2004), original caption below: 

 



 

6.5. Conclusions of the Candolfi study 

The results of the comprehensive study are with a few exeptions really positive for the compared non-

target insects in the test fields of Bt maize, it is enough to read the summary of the study: 

“A faunistic study investigating the potential side-effects of corn (Zea mays) genetically modified to express a truncated Cry1Ab 

protein derived from Bacillus thuringiensis subsp.  kurstaki, on non-target arthropods was carried out under field conditions. The 

communities of non-target arthropods in the soil, on the leaves and flying in the crop area were monitored throughout the 

growing season. Water-treated, untransformed corn served as a control, and a spray application of a bacterial Bt insecticide 

(Delfin WG) and a synthetic insecticide (Karate Xpress) used to control the European corn borer (Ostrinia nubilalis; Lepidoptera: 

Pyralidae) acted as positive reference treatments. Results were analyzed using a principal response curve.  Significantly lower 

infestations by the lepidopteran target species O. nubilalis were observed in the Bt-corn plots compared to the control. No 

effects of Bt-corn on the communities of soil dwelling and non-target plant dwelling arthropods were observed. A trend towards 

a community effect on flying arthropods was observed with lower abundance of adult Lepidoptera, flies in the families 

Lonchopteridae, Mycetophilidae and Syrphidae, and the hymenopteran parasitoids Ceraphronidae. Effects were weak and 

restricted to two sampling dates corresponding to anthesis. A short but statistically significant effect of Karate Xpress and Delfin 

was observed on the community of plant dwellers and a prolonged effect of Karate Xpress on the soil dwellers.” (Candolfi et al., 

2004) 
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