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ABSTRACT

Following a request of the European Commission, the European Food Safety Authority’s Panel on Genetically
Modified Organisms (EFSA GMO Panel) evaluated the documentation submitted by France in support of its
request for the prohibition of the placing on the market of the genetically modified maize MON 810 according to
Article 34 of Regulation (EC) No 1829/2003. The EFSA GMO Panel notes that some publications referred to by
France were already part of the submission package by France for its safeguard clause and emergency measure
on maize MON 810 in 2008. Those publications were addressed previously by the EFSA GMO Panel in its 2008
Scientific Opinion on the safeguard clause and emergency measure notified by France on maize MON 810. In
the remaining documentation provided by France in support of the current emergency measure on maize
MON 810, the EFSA GMO Panel could not identify any new science-based evidence indicating that maize
MON 810 cultivation in the EU poses a significant and imminent risk to the human and animal health or the
environment. With regard to issues related to management and monitoring of maize MON 810, the EFSA GMO
Panel refers to its recent recommendations for management and monitoring measures of maize MON 810. In
conclusion, the EFSA GMO Panel considers that, based on the documentation submitted by France, there is no
specific scientific evidence, in terms of risk to human and animal health or the environment, that would support
the notification of an emergency measure under Article 34 of Regulation (EC) No 1829/2003 and that would
invalidate its previous risk assessments of maize MON 810.
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SUMMARY

On 20 February 2012, France provided to the European Commission a scientific argumentation in
support of its request for the prohibition of the placing on the market of the genetically modified (GM)
maize MON 810 according to Article 34 of Regulation (EC) No 1829/2003.

On 16 April 2012, the European Commission requested the European Food Safety Authority’s Panel
on Genetically Modified Organisms (EFSA GMO Panel) to assess the supporting documentation
submitted by France.

The EFSA GMO Panel considered the relevance of concerns raised by France in the light of the most
recent and relevant scientific data published in the scientific literature. During its evaluation of the
supporting documentation, the EFSA GMO Panel has noted that some publications referred to by
France were already part of the submission package by France for its safeguard clause and emergency
measure on maize MON 810 in 2008. Those publications were addressed previously by the EFSA
GMO Panel in its 2008 Scientific Opinion on the safeguard clause and emergency measure notified by
France on maize MON 810, which concluded that no specific scientific evidence, in terms of risk to
human and animal health or the environment, was provided that would justify the invocation of a
safeguard clause under Article 23 of Directive 2001/18/EC and an emergency measure under Article
34 under Regulation (EC) No 1829/2003.

In the remaining documentation provided by France in support of the current emergency measure on
maize MON 810, the EFSA GMO Panel could not identify any new science-based evidence indicating
that maize MON 810 cultivation in the EU poses a significant and imminent risk to the human and
animal health or the environment.

In relation to the management and monitoring of maize MON 810, the EFSA GMO Panel has
previously assessed the Post-Market Environmental Monitoring (PMEM) plan and PMEM reports of
maize MON 810 for the 2009 and 2010 growing seasons. Hence, the EFSA GMO Panel refers to its
recent recommendations to improve the management and monitoring measures of maize MON 810
and other Bt-maize transformation events. The EFSA GMO Panel confirms from its evaluation of the
PMEM results on maize MON 810 that no adverse effects on the environment, human and animal
health due to maize MON 810 cultivation were identified during the 2009 and 2010 growing seasons.

In conclusion, the EFSA GMO Panel is of the opinion that, based on the documentation submitted by
France, there is no specific scientific evidence, in terms of risk to human and animal health or the
environment, that would support the notification of an emergency measure under Article 34 of
Regulation (EC) No 1829/2003 and that would invalidate its previous risk assessments of maize MON
810.
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION AND EFSA

The placing on the market for cultivation of the GM maize MON 810 in the European Union is
authorized since 1998 through Commission Decision 98/294/EC of 22 April 1998 (EC, 1998) and the
consent granted on 3 August 1998 by the Competent Authority of France.

On 9 February 2008, France notified to the European Commission a safeguard measure under
Article 23 of Directive 2001/18/EC to provisionally prohibit the cultivation of the authorised maize
MON 810 on its territory. On 13 February 2008, France also notified to the European Commission an
emergency measure according to Article 34 of Regulation (EC) No 1829/2003. Consequently, on
27 February 2008, the Panel on Genetically Modified Organisms of the European Food Safety
Authority (EFSA GMO Panel) was asked by the European Commission to assess the documentation
provided by France in support of their measure requiring the prohibition of maize MON 810
cultivation. Having considered the overall information package submitted by France as well as a broad
range of relevant scientific literature, the EFSA GMO Panel concluded, on 29 October 2008, that no
specific scientific evidence had been provided by France that would justify the invocation of a
safeguard clause under Article 23 of Directive 2001/18/EC and an emergency measure under
Article 34 under Regulation (EC) No 1829/2003 (EFSA, 2008).

On 15 June 2009, following the request by the applicant for the renewal of the authorisation for
placing maize MON 810 on the market, the EFSA GMO Panel adopted a Scientific Opinion® on the
renewal under Regulation (EC) No 1829/2003 of maize MON 810 for import, processing for food &
feed uses and cultivation (EFSA, 2009). The EFSA GMO Panel concluded that “maize MON 810 is
unlikely to have any adverse effect on the environment in the context of its intended uses, especially if
appropriate management measures are put in place in order to mitigate possible exposure of non-
target (NT) Lepidoptera”. The EFSA GMO Panel recommended that, “especially in areas of
abundance of non-target Lepidoptera populations, the adoption of the cultivation of maize MON 810
be accompanied by management measures in order to mitigate the possible exposure of these species
to maize MON 810 pollen”. Further, the EFSA GMO Panel advised that “resistance management
strategies continue to be employed and that the evolution of resistance in lepidopteran target pests
continues to be monitored in order to detect potential changes in resistance levels in pest
populations”.

On 30 November 2011, the EFSA GMO Panel adopted a Statement supplementing the evaluation of
the environmental risk assessment (ERA) and risk management recommendations on the GM insect
resistant maize Btl1 for cultivation (EFSA, 2011e). In its Statement on maize Btl1, the EFSA GMO
Panel made recommendations for management measures and concluded that, “subject to appropriate
management measures, maize Bt11 cultivation is unlikely to raise additional safety concerns for the
environment compared to conventional maize”. In light of the similarities between both GM Cry1Ab-
expressing maize Btl1 and MON 810 (e.g., identity of amino acid sequence in core protein, similar
biological activity against sensitive Lepidoptera, similar Cryl Ab protein expression level in pollen),
the EFSA GMO Panel considered that the conclusions on the risk to non-target Lepidoptera from
maize Btl1 apply equally to maize MON 810.

Furthermore, the EFSA GMO Panel was requested by the European Commission to assess the post-
market environmental monitoring (PMEM) reports submitted by the applicant on the cultivation of
maize MON 810 in 2009 and 2010. The EFSA GMO Panel therefore adopted a Scientific Opinion on
the 2009 and 2010 PMEM reports on maize MON 810, on 7 September 2011 (EFSA, 2011c) and 7
March 2012 (EFSA, 2012) respectively. The EFSA GMO Panel noted shortcomings in the
methodology for case-specific monitoring (CSM) and general surveillance (GS) and hence made
recommendations for improvement of the PMEM of maize MON 810. However, these shortcomings
identified in the methodology did not have any implications for conclusions on safety derived from the
data submitted by the applicant in its PMEM reports. Hence, the EFSA GMO Panel did not identify

* This Scientific Opinion was published on the EFSA webpage on 30 June 2009.
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adverse effects on the environment, human and animal health due to maize MON 810 cultivation
during the 2009 and 2010 growing seasons.

On 20 February 2012, France notified to the European Commission its scientific argumentation in
support of the prohibition of maize MON 810 cultivation in the EU, according to Article 34 of
Regulation (EC) 1829/2003. The European Commission asked the EFSA GMO Panel to assess if new
scientific evidence, that would indicate an environmental concern, was provided by France to support
an emergency measure on maize MON 810. France endorsed its emergency measure on maize MON
810 through its decree’ of 16 March 2012 suspending the cultivation of maize MON 810 varieties.

TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION
The EFSA GMO Panel is requested to provide a Scientific Opinion

(1) assessing if France submitted new scientific evidence in support of its prohibition of GM
maize MON 810 cultivation according to Article 34 of Regulation (EC) 1829/2003; and,
where appropriate,

(2) indicating whether this new scientific evidence might lead the EFSA GMO Panel to
reconsider its previous safety assessments of GM maize MON 810.

In addition, the European Commission asked the EFSA GMO Panel to assess the 2012 study by
Hilbeck et al. on the impact of Bt toxins on ladybird beetle (see Hilbeck et al., 2012a,b).

LEGAL CONTEXT OF THIS SCIENTIFIC OPINION

Article 34 of Regulation (EC) No 1829/2003, entitled ‘Emergency measures’, provides that “where it
is evident that products authorised by or in accordance with this Regulation are likely to constitute a
serious risk to human health, animal health or the environment, ..., measures shall be taken under the
procedures provided for in Articles 53 and 54 of Regulation (EC) No 178/2002”.

Article 53 of Regulation (EC) No 178/2002 provides that “where it is evident that food or feed
originating in the Community or imported from a third country is likely to constitute a serious risk to
human health, animal health or the environment, and that such risk cannot be contained satisfactorily
by means of measures taken by the Member State(s) concerned, the Commission, acting ... on its own
initiative or at the request of a Member State, shall immediately adopt one or more of the following
measures, depending on the gravity of the situation (...)”.

On 8 September 2011, the EU Court of Justice ruled that “with a view to the adoption of emergency
measures, Article 34 of Regulation No 1829/2003 requires Member States to establish, in addition to
urgency, the existence of a situation which is likely to constitute a clear and serious risk to human
health, animal health or the environment”. Furthermore, such measures can be envisaged only if they
are supported by a comprehensive risk assessment indicating that such emergency measures are
justified.

5 http://legifrance.gouv.fr/affichTexte.do?cid Texte=JORFTEXT000025525099&categorieLien=id
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ASSESSMENT

1. INTRODUCTION

The EFSA GMO Panel scrutinized the documentation® provided by France in support of its emergency
measure on maize MON 810. According to the terms of reference set by the European Commission,
the EFSA GMO Panel assessed whether the submitted documentation comprises new scientific
information that would invalidate the conclusions of its previous risk assessments of maize MON §10.

The EFSA GMO Panel looked for evidence for GMO-specific risks taking into consideration the
EFSA Guidance Document for the ERA of GM plants (EFSA, 2010), as well as any related risk
assessments on other Cryl Ab-expressing maize transformation events than maize MON 810 carried
out previously (EFSA, 2009; 2011c,e; 2012). The EFSA GMO Panel considered the relevance of
concerns raised by France in the light of the most recent and relevant scientific data published in the
scientific literature. The EFSA GMO Panel also considered concerns expressed by some Member
States supporting the current emergency measure notified by France on maize MON 810.

The EFSA GMO Panel considered the following concerns expressed by France on maize MON 810:
Concerns related to the ERA of maize MON 810:
— Fate, including dissemination, of the Cryl Ab protein in soil and water,
— Impacts on target pests & possible resistance evolution,
— Impacts on terrestrial and aquatic non-target organisms,
— Outbreaks of secondary pests.
Concerns related to management measures, including PMEM, for maize MON 810:
— Management strategy to delay possible resistance evolution in target pests,
— Management measures to limit exposure of non-target Lepidoptera,
— CSM and GS of maize MON 810.
The structure of the present Scientific Opinion follows the order of the above listed concerns. This
Scientific Opinion is based on existing scientific outputs by the EFSA GMO Panel on maize MON
810 and related insect-resistant GM maize transformation events (e.g., maize Btl1). In these, the
EFSA GMO Panel reviewed and assessed almost all of the publications referred to by France (EFSA,
2008; 2009; 2011a,b,c,d,e; 2012).
In relation to issues related to management and monitoring of GM plants, the EFSA GMO Panel
assesses the scientific quality of the initial PMEM plans and subsequent PMEM reports submitted by

applicants, whilst the final endorsement of both the PMEM plan and reports is the responsibility of
risk managers.

% The documentation submitted by France is made publicly available on the webpage of the French Ministry of Agriculture,
at http://agriculture.gouv.fr/consultation-mesure-d-urgence-MONS810
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2. CONCERNS RELATED TO THE ERA OF MAIZE MON 810
2.1. Fate of the CrylAb protein in soil and water

2.1.1.  Fate of the CrylAb protein in soil

During and after growth of maize MON 810, CrylAb protein can enter soils e.g., by deposition of
pollen, release from roots and, quantitatively most important, decaying plant material (EFSA, 2008,
2009, 2011b,d,e).

The EFSA GMO Panel notes that most of the publications (e.g., Donegan et al., 1995; Saxena and
Stotzky, 2001; Sims and Holden, 1996; Tapp and Stotzky, 1998) referred to by France in its
notification of an emergency measure to prohibit maize MON 810 cultivation were addressed
previously in its 2008 Scientific Opinion on the French safeguard clause and emergency measure on
the same GM maize transformation event (for further details, see EFSA, 2008). More publications
referred to by France are dealt with here below.

Proteins can be a major source of energy, carbon and nitrogen for soil microorganisms. They are
readily degradable by widely abundant extracellular microbial proteases (Jan et al., 2009) and there is
no indication that Cry proteins would generally behave differently compared with other proteins
(reviewed by Icoz and Stotzky, 2008). The fate and hence the persistence of Cry proteins in soil
depends upon multiple factors, varying among environmental conditions (e.g., soil characteristics,
microbial activity, temperature) (reviewed by Icoz and Stotzky, 2008). Even though Cry proteins are
degraded or inactivated in soil within weeks (e.g., Gruber et al., 2011a,b), a residual fraction may
persist longer under certain environmental conditions (EFSA, 2009, 2011b,d).

Laboratory studies have shown that, due to their chemical properties (e.g., surface charges), Cry
proteins can be bound by sorption onto organo-mineral surfaces, i.e., those provided by clay particles
or humic complexes, thereby reducing their accessibility for soil proteases (e.g., Tapp et al., 1994;
Tapp and Stotzky, 1995, 1998; Crecchio and Stotzky, 2001; Pagel-Wieder et al., 2007; Madliger et al.,
2011). Due to their relatively strong sorption to soil components, CrylAb, the most extensively
studied Cryl protein from GM crops in the literature, was found to be degraded more slowly in soil
(under similar conditions) than e.g. Cry3Bbl (see Baumgarte and Tebbe, 2005; Madliger et al., 2010,
2011; Miethling-Graff et al., 2010; Sander et al., 2010 referred to in EFSA, 2011d). In context of an
ERA, the main question is whether the sorption of Cryl protein would result in its accumulation in soil
up to concentrations that would have an adverse effect on certain non-target soil organisms due to the
repeated and large-scale cultivation of maize MON 810. The repeated cultivation of maize MON 810
has never indicated accumulation of CrylAb protein under field conditions (Hopkins and Gregorich,
2003, 2005; Baumgarte and Tebbe, 2005; Dubelman et al., 2005; Andersen et al., 2007; Hénemann et
al., 2008; Icoz et al., 2008; Gruber et al., 2011a,b) suggesting that despite sorption, degradation rates
were sufficiently high to avoid accumulation (see also EFSA, 2009).

To conclude, no new scientific evidence on the fate of CrylAb directly relating to maize MON 810
cultivation was reported in the documentation provided by France in support of the notified emergency
measure. The EFSA GMO Panel reiterates that the persistence of Cry proteins can be variable,
depending upon soil type and environmental conditions, and confirms its previous conclusions that
this does not raise any safety concern.

2.1.2.  Fate of the CrylAb protein in water

In agricultural landscapes where Bt-maize is cultivated, Cryl Ab protein may disseminate from its sites
of cultivation into water bodies (Tank et al., 2010). In water bodies located up to 500 m from maize
fields in Indiana (USA), detectable levels (0.56 ng/mL) of the CrylAb protein could be shown in
surveyed water streams up to six months after harvest. Cryl Ab protein concentrations in water bodies
were small compared with the amount known to cause adverse effects on sensitive target organisms
and aquatic NTOs (Jensen et al., 2010).

EFSA Journal 2012;10(5):2705 7
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Studies have demonstrated degradation of CrylAb protein from decaying plant material in aquatic
environments (Wolt and Peterson, 2010; Carstens et al., 2011; EFSA, 2011b). It has also been shown
that the maize tissue expressing Cry1Ab have comparable degradation rates to non-Bt-maize (Griffiths
et al., 2009; Swan et al., 2009) (for further details, see EFSA, 2011d).

In their lower-tier study with the European corn borer, Jensen et al. (2010) confirmed no bioactivity of
the CrylAb protein in senesced maize tissue exposed to aquatic environments for two weeks,
supporting the proposal of Griffiths et al. (2009) of rapid degradation of the protein.

In the previous 2008 Scientific Opinion of the EFSA GMO Panel on the French safeguard clause and
emergency measure on maize MON 810, the EFSA GMO Panel also addressed French concerns
related to the presence of the crylAb gene and Bt-proteins in water (for further details, see EFSA,
2008).

The EFSA GMO Panel is of the opinion that no new scientific evidence on the fate of the CrylAb
protein in water directly relating to maize MON 810 cultivation was reported in the documentation
provided by France in support of the notified emergency measure.

2.2. Impacts on target pests & possible resistance evolution

The EFSA GMO Panel notes that some of the publications (i.e., Bourguet et al., 2003; Huang et al.,
2007; Stodola et al., 2006; Van Rensburg, 2007) referred to by France in its notification of an
emergency measure on maize MON 810, were previously addressed in its 2008 Scientific Opinion on
the safeguard clause and emergency measure notified by France on the same GM maize
transformation event (for further details, see EFSA, 2008). More publications referred to by France are
dealt with here below.

The possible resistance evolution to the Cryl Ab protein in lepidopteran target pests continues to be a
concern associated with the cultivation of maize MON 810, as resistance evolution may lead to altered
pest control practices that may cause adverse environmental effects (EFSA, 2009; 2011b,d,e). In
addition to target pests, other regionally important lepidopteran pests (e.g., Sesamia cretica,
Helicoverpa armigera, Mythimna unipuncta) exposed to Lepidoptera-resistant maize events may also
have the potential to evolve resistance to Cry1 proteins (EFSA, 2011b,c,e; 2012).

In its recent Scientific Opinion updating the ERA of maize 1507 (EFSA, 2011b) and Statement on
maize Btl1 (EFSA, 2011e), the EFSA GMO Panel acknowledges instances of field resistance to Bt-
maize outside Europe for two lepidopteran target pests in maize that are not present in the European
fauna (Tabashnik et al., 2009; Huang et al., 2011): Busseola fusca in South Africa (Van Rensburg,
2007; Kruger et al., 2009, 2011b) and Spodoptera frugiperda in Puerto Rico, USA (Matten et al.,
2008; Moar et al., 2008; Tabashnik, 2008; Tabashnik et al., 2008; Storer et al., 2010). The recent
survey by Kruger et al. (2011a) revealed that, in South Africa, compliance with refugia requirements
in the region was low especially during the initial 5-7 years after release and a large number of farmers
applied conventional insecticides as preventative sprays on Bt-maize and refugia irrespective of stem
borer infestation levels. Moreover, no Insect Resistance Management (IRM) measures were put in
place at that time in Puerto Rico.

Consequently, the EFSA GMO Panel reiterates the need for farmers to comply with the non-Bt refugia
implementation and refers to its Scientific Opinions on the annual PMEM reports on the cultivation of
maize MON 810 in 2009 and 2010 (for further details, see EFSA, 2011c, 2012). In these Scientific
Opinions, the EFSA GMO Panel reiterates its earlier recommendation that appropriate IRM strategies
relying on the ‘high dose/refuge’ strategy continue to be employed, in order to delay the potential
evolution of resistance to the Cryl Ab protein in lepidopteran target pests. Furthermore, in areas where
other lepidopteran pests than the European and Mediterranean corn borer occur, they might also be
subject to resistance evolution due to exposure to the CrylAb protein expressed in maize MON 810.
Therefore, the EFSA GMO Panel recommended that these species are also considered by the applicant

EFSA Journal 2012;10(5):2705 8
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in the context of IRM and CSM to monitor resistance evolution to the CrylAb protein in these species,
as well as in GS through farmer questionnaires.

The EFSA GMO Panel found no evidence of resistance evolution in the European and Mediterranean
corn borer in the PMEM reports of maize MON 810 for the 2009 and 2010 growing seasons, (for
further details, see EFSA, 2011c, 2012).

The EFSA GMO Panel is of the opinion that no new scientific evidence directly relating to maize
MON 810 cultivation and to possible resistance evolution by target pests was reported in the
documentation provided by France in support of the notified emergency measure.

2.3. Impacts on non-target organisms (NTOs)

2.3.1. Background

In its 2008 Scientific Opinion on the French safeguard clause and emergency measure on maize MON
810, the EFSA GMO Panel addressed the meta-analysis by Duan et al. (2008) referred to by France,
which assessed direct effects on honeybee survival of Cry proteins from currently commercialised Bt-
crops. The EFSA GMO Panel concluded that the low exposure level to CrylAb containing pollen
combined with the low toxicity of the CrylAb protein is unlikely to result in any adverse effects on
honeybees under normal apicultural conditions (EFSA, 2008).

In 2009, the possible adverse effects of maize MON 810 cultivation on NTOs were addressed in depth
by the EFSA GMO Panel in its Scientific Opinion for the renewal of the placing on the market of
maize MON 810 (EFSA, 2009). At that time, the EFSA GMO Panel considered a broad range of
lower- and higher-tier data on NTOs (e.g., predators, parasitoids, pollinators, soil and aquatic non-
target (NT) organisms) representative of relevant functional groups (for further details, see Section
6.1.4 of EFSA, 2009). The EFSA GMO Panel concluded that there was no evidence to indicate that
the placing of maize MON 810 and derived products on the market is likely to cause adverse effects
on NTOs in the context of its proposed uses. Concerning the NT Lepidoptera, the EFSA GMO Panel
concluded that, on the basis of a modelling exercise (Perry et al., 2010), the amounts of maize MON
810 pollen grains found in and around maize fields are unlikely to adversely affect a significant
proportion of non-target lepidopteran larvae. Nevertheless, considering the uncertainties inherent to all
modelling exercises, it advised that, especially in areas of abundance of non-target Lepidoptera
populations, the adoption of the cultivation of maize MON 810 be accompanied by management
measures in order to mitigate the possible exposure of these species to maize MON 810 pollen.

2.3.2.  Impacts on terrestrial’ NTOs

In its Statement supplementing the ERA of maize Btl1 (EFSA, 2011¢), the EFSA GMO Panel studied
data on effects of Bt-maize pollen on Lepidoptera species provided by Darvas et al., (2004); Lang,
(2004); Traxler et al., (2005); Lang and Otto, (2010) and the risk management proposals of Hofmann
et al., (2010) and concluded that ‘Bt-maize pollen might be hazardous to the larvae of lepidopteran
species of conservation concern, and should therefore be the focus of specific risk management’
(EFSA, 2011e). The EFSA GMO Panel applied a very cautious approach and concluded that only
locally exposed non-target Lepidoptera that are ‘extremely sensitive’ [representing hypothetical
species not yet identified] to the CrylAb protein may be at risk if exposed to harmful amounts of
maize Btl1 pollen (and by analogy of maize MON 810 pollen) (EFSA, 2011e).

Mortality is estimated in two phases: firstly locally, using the ‘small-scale’ parameters, and then
globally, using the ‘large-scale’ parameters. The term ‘locally’ means spatially within the crop and its
immediate margins, and temporally within the period of pollen shed and deposition. The term
‘globally’ means after averaging over an entire landscape or regional scale and over a whole growing
season. The average expected global mortality is always reduced from the local expected mortality

7 Terrestrial NTOs = plant- and ground-dwelling non-target organisms
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because the latter represents an absolute ‘worst-case’ which would never occur in practice since it
takes no account of large-scale processes (for further details, see EFSA, 2011b,e; Perry, 2011a,b;
Perry et al., 2010, 2011a,b). The EFSA GMO Panel indicated the hypothetical risk for extremely
sensitive NT Lepidoptera exposed to certain quantities of CrylAb-expressing maize pollen. No
instances of particular species with such a sensitivity have been identified anywhere in the world. In
its Statement supplementing the ERA of maize Btl1 (EFSA, 2011e), the EFSA GMO Panel also
pointed out that, in a random sample of 500 lepidopteran species, theoretically only one species would
be expected to be classified as ‘extremely-sensitive’.

The known NT lepidopteran pest species Plutella xylostella is the most sensitive species so far
identified and is classified as a highly sensitive species. The estimated percentage global mortality of
P. xylostella never exceeds 1% for a maize Bt11/MON 810 crop surrounded with a 2 m margin of
non-Bt maize crop and with a 0.01 host-plant/m? in the field. This global mortality percentage was
estimated even with no mitigation measures and for conservative® values of the exposure level
parameter R = 0.08 (i.e., a maximum uptake of 80% of maize Btl1 (and/or maize MON 810) in a
region where maize represents up to 80% of the arable land) (Perry et al., 2010, 2011a,b). With
mitigation measures and with a more typical value of R, estimated global mortality would be
considerably smaller than even this low estimate.

The EFSA GMO Panel reiterates that, in its Statement on maize Btl1 (EFSA, 2011e), a wide range of
scenarios was explored, including worst-case assumptions for the exposure of European species of
non-target Lepidoptera to the CrylAb protein from maize Btl1 (and by analogy MON 810) pollen to
estimate mortality and to provide quantitative risk conclusions for these species. The EFSA GMO
Panel focused on providing estimates of mortality at the local, small-scale level and giving
information that will enable risk managers to translate these to global estimates of mortality
appropriate to the region modelled (e.g., local protection goals (e.g., occurrence of Lepidoptera of
conservational concern) and CrylAb-expressing maize in arable land). For further details, please
consult EFSA, (2011b,e); Perry, (2011a,b) and Perry et al., (2010, 2011a,b).

In response to the concerns expressed by France, the EFSA GMO Panel advises that its conservative
assessment and conclusions on a possible risk for sensitive NT Lepidoptera should be put into local
context and the risk assessed depending upon local cropping conditions and the presence of sensitive
lepidopteran larvae. No supporting data concerning the sensitivity of any particular lepidopteran
species present in France or elsewhere in the EU was provided. In summary, the EFSA GMO Panel
considers that there is no significant and imminent risk for Lepidoptera.

In its supporting documentation, France is also concerned with possible sublethal effects of the
Cryl Ab protein on natural enemies. Such effects were addressed by the EFSA GMO Panel in its 2009
Scientific Opinion on the renewal of maize MON 810 for import, processing for food & feed uses and
cultivation (EFSA, 2009). The EFSA GMO Panel concluded that ‘maize MON 810 will not cause
reductions to natural enemies that are significantly greater from those caused by conventional
farming where pesticides are used to control corn borers’.

Contrasting conclusions are drawn in the existing literature from lower-tier feeding studies on the
possible effects of CrylAb proteins on coccinellids.

Schmidt et al. (2009) and Hilbeck et al. (2012b) reported increased larval mortality in the coccinellid
Adalia bipunctata in experimental feeding studies. Hilbeck et al. (2012a,b) suggested that this
increased mortality was caused directly by the activated CrylAb protein and raised questions
regarding whether this protein has an effect on taxa other than Lepidoptera, and concerning its mode
of action in A.bipunctata. The authors reiterated that their lower tier laboratory studies including the
Schmidt et al. (2009) studies “provide indications for possible hazards that require further

¥ leading to the greater mortality.
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investigation (or possibly long-term field monitoring) to determine whether they pose a risk or
translate into 'harm' in the field: no more and no less”.

Alvarez-Alfageme et al. (2010) and Porcar et al. (2010) reported no effects on coccinelid larvae but
very different experimental protocols were used in comparison to Schmidt et al. (2009) and Hilbeck et
al. (2012b) which make the studies not directly comparable and may partly explain the different
results obtained. However, Alvarez-Alfageme et al. (2010) also exposed coccinellid larvae to Cryl Ab
protein through prey which accumulated CrylAb proteins in their body (spider mites) and no effects
were detected.

As already assessed by EFSA (2009), neither a dose-response relationship, nor sublethal effects (on
developmental time and adult body weight) on surviving specimens were observed by Schmidt et al.
(2009). These parameters were not investigated by Hilbeck et al. (2012b). Both these features would
be indicative of a typical sensitivity response to Cry proteins. Thus the EFSA GMO Panel is of the
opinion that existing data are not sufficient to clearly identify a hazard or indicate a new mode of
action of Cry proteins on the coccinellid species tested.

An important consideration is that it is unlikely that coccinellid larvae will be exposed to biologically
relevant amounts of CrylAb protein from maize MON 810. The CrylAb protein content in maize
MON 810 pollen (which is likely to be the most common source for possible CrylAb ingestion for
Adalia bipunctata) is very low and ranges between 1-97 ng/g fw (EFSA, 2009; Nguyen and Jehle,
2007). In addition, Bt-proteins are normally absent in aphids feeding on maize (Head et al., 2001;
Raps et al., 2001), which constitute the main diet of many coccinelid larvae and therefore this
alternative route of exposure to CrylAb protein from maize MON 810 can be considered negligible.

Moreover the EFSA GMO Panel considered higher-tier studies available in the literature (e.g., Pilcher
et al., 1997; Jasinski et al., 2003; Dively and Rose, 2004; de la Poza et al., 2005; Lundgren and
Wiedenmann, 2005; Eckert et al., 2006; Alvarez-Alfageme et al., 2008). In field studies, no adverse
effects of Bt-maize (different events) were detected on a range of coccinellid species (as reviewed by
EFSA 2009, 2011b,e). Therefore the EFSA GMO Panel considers the risk to ladybirds from maize
MON 810 to be negligible.

At present, the EFSA GMO Panel is not aware of identified significant adverse effects of the Cryl Ab
protein on non-target terrestrial arthropods. Lower- and higher-tier studies showed minimal to
undetectable changes in non-target terrestrial arthropods (e.g., Marvier et al., 2007; Duan et al., 2008;
Meissle and Romeis, 2008; Wolfenbarger et al., 2008; Malone and Burgess, 2009; Naranjo, 2009).

The EFSA GMO Panel is of the opinion that no new scientific evidence directly relating to maize
MON 810 cultivation and to possible adverse effects on terrestrial (plant- and ground-dwelling) NTOs
was reported in the documentation provided by France in support of the notified emergency measure.

2.3.3.  Impacts on aquatic NTOs

Aquatic NTOs may be exposed to by-products of Bt-expressing maize entering into headwater
streams. Based on exposure estimates, Carstens et al. (2011) identified shredders (according to
Cummins et al., 1989) as the functional group within decomposers most likely to be exposed to Cry
proteins.

Rosi-Marshall et al. (2007) reported that by-products of Bt-expressing maize entered headwater
streams in the USA and claimed on the basis of experimental data obtained under lower-tier conditions
that this would reduce growth and increase mortality of some non-target aquatic arthropods, especially
trichopteran species (see also Chambers et al., 2010). Since important background information on
levels of exposure and sensitivity of caddisflies to Bt-proteins are missing in the paper by Rosi-
Marshall et al. (2007), it is widely concluded by others that the conclusions about risk made by the
authors are not supported by the data presented in the paper (ACRE, 2007; Beachy et al., 2008;
Parrott, 2008). Nonetheless, it could be concluded that a potential hazard for trichopterans has been
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identified under laboratory conditions when exposed to high doses of Bt-proteins (EFSA, 2009,
2011b).

Recent lower-tier bioassays with four different non-target aquatic leaf-chewing arthropod species (two
caddisflies, a crane fly and an isopod) showed no effect on the larvae of caddisflies when fed senesced
leaf tissues of Cryl Ab-expressing maize ad libitum for 30 days, whereas the negative effects observed
on the crane fly and isopod were attributed to tissue-mediated differences among the isogenic line
treatments (Jensen et al., 2010; Lamp, 2010). The authors attributed the lack of observable toxic
effects in their study to the reduction of bioactivity of the Cry1Ab protein, as maize tissues used were
previously exposed for two weeks to environmental conditions (terrestrial or aquatic environments).
Moreover, no adverse effects on the abundance and biomass of Trichoptera have been reported in
natural conditions in Tier 3 studies so far (Chambers et al., 2010).

Although there is indication of a potential hazard for trichopterans under laboratory conditions when
exposed to high doses of Cry proteins, no substantial aquatic exposure to the CrylAb protein
contained within maize plant tissue is expected. Carstens et al. (2011) calculated that, even under
worst-case conditions, the exposure of shredders to Bt-maize is low (for further details, see EFSA,
2011b).

Furthermore, the EFSA GMO Panel considered the paper by Behn et al. (2010) as referred to by
France in its supporting documentation. As stated in the EFSA GMO Panel Scientific Opinion on GM
insect-resistant maize MON88017 (for further details, see EFSA, 2011d), Behn et al. (2008, 2010)
revealed that Daphnia magna, a filter-feeder, fed a 100 % suspension of maize MON 810 flour under
lower-tier conditions had a higher mortality and reduced fitness performance, as compared with the
non-Bt-maize treatment, suggesting toxic effects of the CrylAb protein. However, it remains unclear
whether the unusual delays in development of D. magna fed non-Bt-maize have been caused by
nutritional deficiencies related to the maize-based diet or the presence of the CrylAb protein (EFSA,
2009d; Ricroch et al., 2010).

The EFSA GMO Panel is of the opinion that no new scientific evidence directly relating to maize
MON 810 cultivation and to possible adverse effects on aquatic NTOs was reported in the
documentation provided by France in support of the notified emergency measure.

2.4. Outbreaks of secondary pests

Cultivation of Bt-crops, such as maize MON 810, may result in reduction of the use of insecticides
and may cause changes in crop rotations in response to reduced pest pressure (Gémez-Barbero et al.,
2008; Brookes and Barfoot, 2010). However, this reduction in pesticide use and the narrow spectrum
of activity of Cry proteins may provide an opportunity for secondary pests, previously controlled by
insecticides used against key target pests, to reach damaging levels (Wang et al., 2008; Lu et al.,
2010). Natural enemies failing to fully control secondary pests, and reduced competition with target
pests might also play a role in secondary pest outbreaks (Catangui and Berg, 2006; Sanvido et al.,
2007; Eichenseer et al. 2008; Romeis et al., 2008; Fitt, 2008; Kennedy, 2008; Naranjo et al., 2008;
Dorhout and Rice, 2010; Lu et al., 2010; Virla et al., 2010). During the last decade Striacosta
albicosta (the western bean cutworm) expanded across the corn belt in the USA due to the decrease of
competition from other lepidopteran target pests as a consequence of Bt-maize cultivation (Michel et
al., 2010). The western bean cutworm is not affected by the Cryl Ab protein expressed in Bt-maize,
and was therefore able to exploit the ecological niche of the more susceptible Helicoverpa zea (corn
earworm) and European corn borer (Catangui and Berg, 2006; Dorhout and Rice, 2010, Hutchison et
al., 2011). However, S. albicosta is not present in European maize ecosystems (for further details, see
EFSA, 2011e).

It should also be noted that the emergence of secondary pests is not specific to Bt-crop cultivations
only or maize MON 810 in particular. Arthropod assemblages in agricultural fields are in a continuous
fluctuation in terms of their species number, composition and individual densities over time and space.
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Human interventions, including pest control, influence these parameters. Whenever pest management
of crops changes, the abundance of some pest species may decline and other pest species may
increase.

If secondary pests reach damaging levels, additional pest control measures might be necessary and
some changes in management could result in adverse environmental effects. In general, it is
recommended to adhere to integrated pest management (IPM) principles to manage pests and
secondary pests and minimise environmental impacts (Meissle et al., 2011). Predicting the incidence
of secondary pests and the environmental consequences of changes in management measures is highly
dependent upon cultivation practices, farming systems and regional environmental factors.

The EFSA GMO Panel is of the opinion that no new scientific evidence directly relating to maize
MON 810 cultivation and to possible outbreaks of secondary pests was reported in the documentation
provided by France in support of the notified emergency measure.

3. CONCERNS RELATED TO MANAGEMENT MEASURES, INCLUDING PMEM, FOR MAIZE
MON 810

In its supporting document, France asked the European Commission to consider appropriate
management measures associated to the cultivation of maize MON 810 in the EU. In this respect, the
document provided by France lists the EFSA GMO Panel’s recommendations for management and
monitoring measures as detailed in the EFSA GMO Panel Scientific Opinions on the annual PMEM
reports of maize MON 810 (EFSA, 2011c, 2012) and the Statement on maize Bt11 (EFSA, 2011e).

Against this background, in July 2011, the EFSA GMO Panel adopted an updated Guidance Document
on the PMEM of GM plants (EFSA, 2011a) which provides applicants and risk managers with
guidance on the strategy, methodology and reporting of PMEM of GM plants. Detailed
recommendations were also given to the applicant for the improvement of its IRM/CSM and GS of
maize MON 810 (for further details, see EFSA, 2011c, 2012). The applicant was provided with
specific recommendations to improve its IRM plan (e.g., non-Bt refugia, sampling over time in
‘hotspot areas’ with high uptake of maize MON 810 and multivoltine target pests) as well as the
methodology of the GS of maize MON 810 (see Appendix 1 to EFSA, 2011c, 2012 providing a
methodological guidance for the assessment of the farmer questionnaires).

In addition, in 2009, the EFSA GMO Panel already recommended (EFSA, 2009) that, especially in
areas of abundance of non-target Lepidoptera populations, the adoption of the cultivation of maize
MON 810 be accompanied by appropriate management measures in order to mitigate the possible
exposure of these species to maize MON 810 pollen. The implications of these management measures
should be considered in the PMEM plan. Further details on the framework to implement appropriate
risk mitigation measures, wherever it is necessary, are given in the recent Statement of the EFSA
GMO Panel on the similar Cry1Ab-expressing GM maize Bt11 (for further details, see EFSA, 2011e).
The EFSA GMO Panel reiterates that, through its Statement on maize Btll, risk managers are
provided with guidance to: (i) estimate the mortality of exposed non-target Lepidoptera with a range
of various sensitivities to maize Bt11 (and by analogy to maize MON 810) pollen and (ii) choose risk
mitigation measures proportionate to the level of identified risk and to the protection goals pertaining
to their region.

The EFSA GMO Panel confirms from its evaluation of the PMEM results on maize MON 810 that no
adverse effects on the environment, human and animal health due to maize MON 810 cultivation were
identified during the 2009 and 2010 growing seasons.
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CONCLUSIONS

The EFSA GMO Panel has scrutinized the documentation provided by France in support of its
emergency measure on GM maize MON 810. The EFSA GMO Panel considered the relevance of
concerns raised by France in the light of the most recent and relevant scientific data published in the
scientific literature.

During its evaluation of the supporting documentation, the EFSA GMO Panel has noted that some
publications referred to by France were already part of the submission package by France for its
safeguard clause and emergency measure on maize MON 810 in 2008. Those publications were
addressed previously by the EFSA GMO Panel in its 2008 Scientific Opinion on the safeguard clause
and emergency measure notified by France on maize MON 810 (EFSA, 2008), which concluded that
no specific scientific evidence, in terms of risk to human and animal health or the environment, was
provided that would justify the invocation of a safeguard clause under Article 23 of Directive
2001/18/EC (EC, 2001) and an emergency measure under Article 34 under Regulation (EC) No
1829/2003 (EC, 2003).

In the remaining documentation provided by France in support of the current emergency measure on
maize MON 810, the EFSA GMO Panel could not identify any new science-based evidence indicating
that maize MON 810 cultivation in the EU poses a significant and imminent risk to the human and
animal health or the environment.

In relation to the management and monitoring of maize MON 810, the EFSA GMO Panel has
previously assessed the PMEM plan and PMEM reports of maize MON 810 for the 2009 and 2010
growing seasons. Hence, the EFSA GMO Panel refers to its recent recommendations to improve the
management and monitoring measures of maize MON 810 and other Bt maize transformation events.
The EFSA GMO Panel confirms from its evaluation of the PMEM results on maize MON 810 that no
adverse effects on the environment, human and animal health due to maize MON 810 cultivation were
identified during the 2009 and 2010 growing seasons.

In conclusion, the EFSA GMO Panel is of the opinion that, based on the documentation submitted by
France, there is no specific scientific evidence, in terms of risk to human and animal health or the
environment, that would support the notification of an emergency measure under Article 34 of
Regulation (EC) No 1829/2003 and that would invalidate its previous risk assessments of maize MON
810.

DOCUMENTATION PROVIDED TO EFSA

1. Letter from the European Commission, dated 22 February 2012, to the EFSA Executive Director
requesting the assessment by EFSA of the scientific elements supporting the French request for a
prohibition of the placing on the market of GM maize MON 810 for cultivation purposes in the
EU.

2. Acknowledgement letter, dated 13 March 2012, from the EFSA Executive Director to the
European Commission.

3. Letter from the Austrian Federal Ministry of Health, dated 21 March 2012, to the Head of the DG
SANCO unit E1 concerning the French emergency measure on maize MON 810.

4. Letter from the Hungarian Ministry of rural Development, dated 22 March 2012, to the Head of
the DG SANCO unit E1 concerning the French emergency measure on maize MON 810.

5. Letter from the European Commission, dated 16 April 2012, to the EFSA Executive Director
requesting the assessment by the EFSA GMO Panel of the scientific elements supporting the
French request for a prohibition of the placing on the market of GM maize MON 810 for
cultivation purposes in the EU.

EFSA Journal 2012;10(5):2705 14



-efsam

x
European Food Safety Authority Scientific opinion on French emergency measure on GM maize MON 810

REFERENCES

ACRE, 2007. Minutes of the 116™ of ACRE at the University of Essex, Colchester, Thursday 6"
December 2007, Point 9 Research paper: toxins in trangene crop byproducts may affect headwater
stream ecosystems ACRE/07/P31,
http://www.defra.gov.uk/environment/acre/meetings/07/min071206.htm

Alvarez-Alfageme F, Ferry N, Castafiera P, Ortego F, Gatehouse AMR, 2008. Prey mediated effects of
Bt maize on fitness and digestive physiology of the red spider mite predator Stethorus punctillum
Weise (Coleoptera: Coccinellidae). Transgenic Research 17, 943-954.

Alvarez-Alfageme F, Bigler F, Romeis J, 2010. Laboratory toxicity studies demonstrating no adverse
effects of CrylAb and Cry3Bbl to larave of Adalia bipunctata (Coleoptera: Coccinelidae): the
importance of study design. Transgenic Research 20, 467-479.

Andersen MN, Sausse C, Lacroix B, Caul S, Messéan A, 2007. Agricultural studies of GM maize and
the field experimental infrastructure of ECOGEN. Pedobiologia 51, 175-184.

Baumgarte S, Tebbe CC, 2005. Field studies on the environmental fate of the CrylAb Bt-toxin
produced by transgenic maize (MONS810) and its effect on bacterial communities in the maize
rhizosphere. Molecular Ecology 14, 2539-2551.

Beachy RN, Fedoroff NV, Goldberg RB, McHughen A, 2008. The burden of proof: A response to
Rosi-Marshall et al. Proceedings of the National Academy of Sciences of the United States of
America, 105: E9.

Behn T, Primicerio R, Hessen D, Traavik T, 2008. Reduced fitness of Daphnia magna fed a Bt-
transgenic maize variety. Archives of Environmental Contamination and Toxicology 55, 584-592.

Behn T, Traavik T, Primicerio R, 2010. Demographic responses of Daphnia magna fed transgenic Bt-
maize. Ecotoxicology 19, 419-430.

Bourguet D, Chaufaux J, Séguin M, Buisson C, Hinton JL, Stodola TJ, Porter P, Cronholm G,
Buschman LL, Andow DA, 2003. Frequency of alleles conferring resistance to Bt maize in French

and US corn belt populations of the European corn borer, Ostrinia nubilalis. Theoretical and
Applied Genetics 106, 1225-1233.

Brookes G, Barfoot P, 2010. Global impact of biotech crops: Environmental effects, 1996-2008.
AgBioForum 13, 76-94.

Carstens K, Anderson J, Bachman B, De Schrijver A, Dively G, Federici B, Hamer M, Gielkins M,
Jensen P, Lamp W, Rauschen S, Ridley G, Romeis J, Waggoner A. 2011. Genetically modified
crops and aquatic ecosystems: considerations for environmental risk assessment and non-target
organism testing. Transgenic Research, DOI:10.1007/s11248-011-9569-8 (in press).

Catangui MA, Berg RK, 2006. Western bean cutworm, Striacosta albicosta Smith (Lepidoptera:
Noctuidae), as a potential pest of transgenic CrylAb Bacillus thuringiensis corn hybrids in South
Dakota. Environmental Entomology 35, 1439-1452.

Chambers CP, Whiles MR, Rosi-Marshall EJ, Tank JL, Royer TV, Griffiths NA, Evans-White MA,
Stojak AR, 2010. Responses of stream macroinvertebrates to Bt maize leaf detritus. Ecological
Applications 20, 1949-1960.

Crecchio C, Stotzky G, 2001. Biodegradation and insecticidal activity of the toxin from Bacillus
thuringiensis subsp. kurstaki bound on complexes of montmorillonite-humic acids-Al
hydroxypolymers. Soil Biology & Biochemistry 33, 573-581.

Cummins KW, Wilzbach MA, Gates DM, Perry JB, Taliaferro WB, 1989. Shredders and riparian
vegetation. BioScience 39, 24-30.

Darvas B, Csoti A, Gharib A, Peregovits L, Ronkay L, Lauber E, Polgar LA, 2004. Some data to the
risk analysis of Bt-corn pollen and protected lepidopteran species in Hungary. (in Hungarian).
Novényvédelem 40, 441-449.

EFSA Journal 2012;10(5):2705 15



-efsam

x
European Food Safety Authority Scientific opinion on French emergency measure on GM maize MON 810

de la Poza M, Pons X, Farin6s GP, Lopez C, Ortego F, Eizaguirre M, Castafiera P, Albajes R, 2005.
Impact of farm-scale Bt maize on abundance of predatory arthropods in Spain. Crop Protection 24,
677-684.

Dively GP, Rose R, 2004. Effects of Bt transgenic and conventional insecticide control on the non-
target natural enemy community in sweet corn. 1* International Symposium on Biological Control
of Arthropods, pp. 265-274.

Donegan KK, Palm CJ, Fieland VJ, Porteous LA, Ganio LM, Schaller DL, Bucao LQ, Seidler RJ,
1995. Changes in levels, species, and DNA fingerprints of soil microorganisms associated with
cotton expressing the Bacillus thuringiensis var. kurstaki endotoxin. Applied Soil Ecology 2, 111-
124.

Dorhout DL, Rice ME, 2010. Introguild competition and enhanced survival of Western bean cutworm
(Lepidoptera: Noctuidae) on transgenic CrylAb (MON810) Bacillus thuringiensis corn. Journal of
Economic Entomology 103, 54-62.

Duan JJ, Marvier M, Huesing J, Dively G, Huang ZY, 2008. A meta-analysis of effects of Bt crops on
honey bees (Hymenoptera: Apidae). PLoS ONE, 3: 1-6 (e1415).

Dubelman S, Ayden BR, Bader BM, Brown CR, Jiang C, Vlachos D, 2005. Cry1Ab protein does not
persist in soil after 3 years of sustained Bt corn use. Environmental Entomology 34, 915-921.

EC, 1998. Commission Decision of 22 April 1998 concerning the placing on the market of genetically
modified maize (Zea mays L. line MONS810), pursuant to Council Directive 90/220/EEC
(98/294/EC). Official Journal L131, 32- 33.

EC, 2001. Directive 2001/18/EC of the European Parliament and of the Council of 12 March 2001 on
the deliberate release into the environment of genetically modified organisms and repealing
Council Directive 90/220/EEC. Official Journal L106, 1-39.

EC, 2003. Regulation No 1829/2003 of the European Parliament and of the Council of 22 September
2003 on genetically modified food and feed. Official Journal L268, 1-23.

Eckert J, Schuphan I, Hothorn LA, Gathmann A, 2006. Arthropods on maize ears for detecting
impacts of Bt maize on nontarget organisms. Environmental Entomology 35, 554-560.

EFSA, 2008. Scientific Opinion of the Panel on Genetically Modified Organisms related to a request
from the European Commission related to the safeguard clause invoked by France on maize
MONS10 according to Article 23 of Directive 2001/18/EC and the emergency measure according
to Article 34 of Regulation (EC) No 1829/2003. The EFSA Journal 850, 1-46.

EFSA, 2009. Scientific Opinion of the Panel on Genetically Modified Organisms on applications
(EFSA-GMO-RX-MONS10) for the renewal of authorisation for the continued marketing of (1)
existing food and food ingredients produced from genetically modified insect resistant maize
MONS&10; (2) feed consisting of and/or containing maize MONS&10, including the use of seed for
cultivation; and of (3) food and feed additives, and feed materials produced from maize MONS&10,
all under Regulation (EC) No 1829/2003 from Monsanto. The EFSA Journal 1149, 1-84.

EFSA, 2010. Guidance on the environmental risk assessment of genetically modified plants. The
EFSA Journal 1879, 1-111.

EFSA, 2011a. Guidance on the post-market environmental monitoring (PMEM) of genetically
modified plants. The EFSA Journal 2316, 1-40.

EFSA, 2011b. Scientific Opinion updating the evaluation of the environmental risk assessment and
risk management recommendations on insect-resistant genetically modified maize 1507 for
cultivation. The EFSA Journal 2429, 1-73.

EFSA, 2011c. Scientific Opinion on the annual Post-Market Environmental Monitoring (PMEM)
report from Monsanto Europe S.A. on the cultivation of genetically modified maize MONS10 in
2009. The EFSA Journal 2376, 1-66.

EFSA Journal 2012;10(5):2705 16



-efsam

x
European Food Safety Authority Scientific opinion on French emergency measure on GM maize MON 810

EFSA, 2011d. Scientific Opinion on application (EFSA-GMO-CZ-2008-54) for placing on the market
of genetically modified insect resistant and herbicide tolerant maize MON 88017 for cultivation
under Regulation (EC) No 1829/2003 from Monsanto. The EFSA Journal 2428, 1-152.

EFSA, 2011e. Statement supplementing the evaluation of the environmental risk assessment and risk
management recommendations on insect resistant genetically modified maize Bt11 for cultivation.
The EFSA Journal 2478, 1-45.

EFSA, 2012. Scientific Opinion on the annual Post-Market Environmental Monitoring (PMEM) report
from Monsanto Europe S.A. on the cultivation of genetically modified maize MON&10 in 2010.
The EFSA Journal 2610, 1-35.

Eichenseer H, Strohbehn R, Burks J, 2008. Frequency and severity of Western Bean Cutworm
(Lepidoptera: Noctuidae) ear damage in transgenic corn hybrids expressing different Bacillus
thuringiensis Cry toxins. Journal of Economic Entomology 101, 555-563.

Fitt GP, 2008. Have Bt crops led to changes in insecticide use patterns and impacted IPM? In: Romeis
J, Shelton AM, Kennedy GG (Eds), Integration of insect-restistant genetically modified crops
within IPM programs, Springer Science + Business Media BV, pp 303-328.

Gomez-Barbero M, Berbel J, Rodriguez-Cerezo E, 2008. Bt corn in Spain — the performance of the
EU’s first GM crop. Nature Biotechnology 26, 384-386.

Griffiths NA, Tank JL, Royer TV, Rosi-Marshall EJ, Whiles MR, Chambers CP, Frauendorf TC,
Evans-White MA, 2009. Rapid decomposition of maize detritus in agricultural headwater streams.
Ecological Applications 19, 133-142.

Gruber H, Paul V, Meyer HHD, Miiller M, 2011a. Determination of insecticidal CrylAb protein in
soil collected in the final growing seasons of a nine-year field trial of Bt-maize MON&10.
Transgenic Research, DOI:10.1007/s11248-011-9509-7 (in press).

Gruber H, Paul V, Guertler P, Spickers H, Tichopad A, Meyer HHD, Miiller M, 2011b. Fate of
CrylAb protein in agricultural systems under slurry management of cows fed genetically modified
maize (Zea mays L.) MON810: a quantitative assessment. Journal of Agricultural and Food
Chemistry 59, 7135-7144.

Head, G., Brown, C.R., Groth, M.E., Duan, J.J., 2001. CrylAb protein levels in phytophagous insects
feeding on transgenic corn: implications for secondary exposure risk assessment. Entomologia
Experimentalis et Applicata 99, 37-45.

Hilbeck A, Meier M, Trtikova M, 2012a. Underlying reasons of the controversy over adverse effects
of Bt toxins on lady beetle and lacewing larvae. Environmental Sciences Europe 24:9.
DOI:10.1186/2190-4715-24-9.

Hilbeck A, McMillan JM, Meier M, Humbel A, Schlaepfer-Miller J, Trtikova M, 2012b. A
controversy re-visited: Is the coccinelid Adalia bipunctata adversely affected by Bt toxins?
Environmental Sciences Europe 24:10. DOI:10.1186/2190-4715-24-10.

Hofmann F, Epp R, Kruse L, Kalchschmied A, Maisch B, Miiller E, Kuhn U, Kratz W, Ober S,
Radtke J, Schlechtriemen U, Schmidt G, Schroder W, van den Ohe W, Vogel R, Wedl N, Wosniok
W, 2010. Monitoring of Bt-Maize pollen exposure in the vicinity of the nature reserve Ruhlsdorfer
Bruch in northeast Germany 2007 to 2008. Umweltwissenschaften und Schadstoff-Forschung 22,
229-251.

Honemann L, Zurbriigg C, Nentwig W, 2008. Effects of Bt-corn decomposition on the composition of
the soil meso- and macrofauna. Applied Soil Ecology, 40, 203-209.

Hopkins DW, Gregorich EG, 2003. Detection and decay of the Bt endotoxin in soil from a field trial
with genetically modified maize. European Journal of Soil Science, 54: 793-800.

Hopkins DW, Gregorich EG, 2005. Decomposition of residues and loss of the delta-endotoxin from
transgenic (Bt) corn (Zea mays L.) in soil. Canadian Journal of Soil Science 85, 19-26.

EFSA Journal 2012;10(5):2705 17



-efsam

x
European Food Safety Authority Scientific opinion on French emergency measure on GM maize MON 810

Huang F, Rogers Leonard B, Cook DR, Lee DR, Andow DA, Baldwin JL, Tindall KV, Wu X, 2007.
Frequency of alleles conferring resistance to Bacillus thuringiensis maize in Louisiana populations
of the southwestern corn borer. Entomologia Experimentalis et Applicata, 122: 53-58.

Huang F, Andow AA, Buschman LL, 2011. Success of the high-dose/refuge resistance management
strategy after 15 years of Bt crop use in North America. Entomologia Experimentalis et Applicata
140, 1-16.

Hutchison WD, Hunt TE, Hein GL, Steffey KL, Pilcher CD, Rice ME, 2011. Genetically engineered
Bt corn and range expansion of the Western Bean Cutworm (Lepidoptera: Noctuidae) in the United

States: A response to Greenpeace Germany. Journal of Integrated Pest Management. 2, DOI:
http://dx.doi.org/10.1603/IPM11016.

Icoz 1, Stotzky G, 2008. Fate and effects of insect-resistant Bt crops in soil ecosystems. Soil Biology
& Biochemistry 40, 559-586.

Icoz 1, Saxena D, Andow D, Zwahlen C, Stotzky G, 2008. Microbial populations and enzyme
activities in soil in situ under transgenic corn expressing Cry proteins from Bacillus thuringiensis.
Journal of Environmental Quality 37, 647-662.

Jan MT, Roberts P, Tonheim SK, Jones DL, 2009. Protein breakdown represents the major bottleneck
in nitrogen cycling in grassland soils. Soil Biology & Biochemestry 41, 2272-2282.

Jasinski JR, Eisley JB, Young CE, Kovach J, Wilson H, 2003. Select nontarget arthropod abundance
in transgenic and nontransgenic field crops in Ohio. Environmental Entomology 32, 407-413.

Jensen PD, Dively GP, Swan CM, Lamp WO, 2010. Exposure and nontarget effects of transgenic Bt
corn debris in streams. Environmental Entomology 39, 707-714.

Kennedy GG, 2008. Integration of insect-resistant genetically modified crops within IPM programs.
In: Romeis J, Shelton AM, Kennedy GG (Eds), Integration of insect-restistant genetically modified
crops within IPM programs, Springer Science + Business Media BV, pp 1-26.

Kruger M, Van Rensburg JBJ, Van den Berg J, 2009. Perspective on the development of stem borer
resistance to Bt maize and refuge compliance at the Vaalharts irrigation scheme in South Africa.
Crop Protection 28, 684-689.

Kruger M, Van Rensburg JBJ, Van den Berg J, 2011a. Transgenic Bt maize: farmers’ perceptions,
refuge compliance and reports of stem borer resistance in South Africa. Journal of Applied
Entomology 136, 38-50.

Kruger M, Van Rensburg JBJ, Van den Berg J, 2011b. Resistance to Bt maize in Busseola fusca
(Lepidoptera: Noctuidae) from Vaalharts. South Africa. Environmental Entomology 40, 477-483.

Lamp W, 2010. Risk assessment of trangenic con debris on non-target arthropods in agricultural
stream. Information Systems for Biotechnology July, 5-8.

Lang A, 2004. Monitoring the impact of Bt maize on butterflies in the field: estimation of required
sample sizes. Environmental Biosafety Research 3, 55-66.

Lang A, Otto M, 2010. A synthesis of laboratory and field studies on the effects of transgenic Bacillus
thuringiensis (Bt) maize on non-target Lepidoptera. Entomologia Experimentalis et Applicata 135,
121-134.

LuY, Wu K, Jiang Y, Xia B, Li P, Feng H, Wyckhuys KAG, Guo Y, 2010. Mirid bug outbreaks in
multiple crops correlated with wide-scale adoption of Bt cotton in China. Science 328, 1151-1154.

Lundgren JG, Wiedenmann RN, 2005. Tritrophic interactions among Bt (Cry3Bbl) corn, aphid prey,
and the predator Coleomegilla maculata (Coleoptera: Coccinellidae). Environmental Entomology
34, 1621-1625.

Madliger M, Sander M, Schwarzenbach RP, 2010. Adsorption of transgenic insecticidal CrylAb
protein to Si0O,. 2. Patch-controlled electrostatic attraction. Environmental Science & Technology
44, 8877-8883.

EFSA Journal 2012;10(5):2705 18



-efsam

x
European Food Safety Authority Scientific opinion on French emergency measure on GM maize MON 810

Madliger M, Gasser CA, Schwarzenbach RP, Sander M, 2011. Adsorption of transgenic insecticidal
CrylAb protein to silica particles. Effects on transport and bioactivity. Environmental Science &
Technology 45, 4377-4384.

Malone LA, Burgess EPJ, 2009. Impact of genetically modified crops on pollinators. In: Ferry N,
Gatehouse AMR (Eds), Environmental Impact of Genetically Modified Crops, CAB International,
pp 199-222.

Marvier M, McCreedy C, Regetz J, Kareiva P, 2007. A meta-analysis of effects of Bt cotton and maize
on nontarget invertebrates. Science 316, 1475-1477.

Matten SR, Head GP, Quemada HD, 2008. How governmental regulation can help or hinder the
integration of Bt crops into IPM programs. In: Romeis J, Shelton AM, Kennedy GG (Eds),
Integration of Insect-Resistant Genetically Modified Crops within IPM Programs, Springer Science
+ Business Media BV, pp 27-39.

Meissle M, Romeis J, Bigler F, 2011. Bt maize and integrated pest management — A European
perspective. Pest Management Science 67, 1049-1058.

Meissle M, Romeis J, 2008. Compatibility of biological control with Bt maize expressing Cry3Bbl in
controlling corn rootworms. In: Mason PG Gillespie DR, Vincent C (Eds), Proceedings of the
Third Symposium on Biological Control of Arthropods, Christchurch, New Zealand, pp 146-160.

Michel AP, Krupke CH, Baute TS, Difonzo CD, 2010. Ecology and management of the western bean
cutworm (Lepidoptera: Noctuidae) in corn and dry beans. Journal of Integrated Pest Management
1, 1-10.

Miethling-Graff R, Dockhorn S, Tebbe CC, 2010. Release of the recombinant Cry3Bb1 protein of Bt
maize MONS88017 into field soil and detection of effects on the diversity of rhizosphere bacteria.
European Journal of Soil Biology 46, 41-48.

Moar W, Roush R, Shelton A, Ferré J, MacIntosh S, Leonard BR, Abel C, 2008. Field-evolved
resistance to Bt toxins. Nature Biotechnology 26, 1072-1074.

Naranjo SE, Ruberson JR, Sharma HC, Wilson L, Wu K, 2008. The present and future role of insect-
resistant genetically modified cotton in IPM. In: Romeis J, Shelton AM, Kennedy GG (Eds),
Integration of insect-restistant genetically modified crops within IPM programs, Springer Science +
Business Media BV, pp 159-194.

Naranjo SE, 2009. Impacts of Bt crops on non-target invertebrates and insecticide use patterns. CAB
Reviews: Perspectives in Agriculture, Veterinary Science, Nutrition and Natural Resources 4, 1-23.

Nguyen, H.T., Jehle, J.A., 2007. Quantitative analysis of the seasonal and tissue-specific expression of
CrylAb in transgenic maize Mon810. Journal of Plant Diseases and Protection 114, 82-87.

Pagel-Wieder S, Niemeyer J, Fischer WR, Gessler F, 2007. Effects of physical and chemical
properties of soils on adsorption of the insecticidal protein (Cry1Ab) from Bacillus thuringiensis at
CrylAb protein concentrations relevant for experimental field sites. Soil Biology & Biochemistry
39, 3034-3042.

Parrot W, 2008. Study of Bt impact on caddisflies overstates its conclusions: Response to Rosi-
Marshall et al. Proceedings of the National Academy of Sciences of the United States of America,
105: E10.

Perry JN, 2011a. Estimating the effects of Bt-maize pollen on non-target Lepidoptera using a
mathematical model of exposure. Aspects of Applied Biology 110, 61-68.

Perry JN, 2011b. The effect of Bt-maize on butterflies — reckoning the risk. Outlooks on Pest
Management 22, 199-205.

Perry JN, Devos Y, Arpaia S, Bartsch D, Gathmann A, Hails RS, Kiss J, Lheureux K, Manachini B,
Mestdagh S, Neemann G, Ortego F, Schiemann J, Sweet JB, 2010. A mathematical model of

EFSA Journal 2012;10(5):2705 19



-efsam

x
European Food Safety Authority Scientific opinion on French emergency measure on GM maize MON 810

exposure of non-target Lepidoptera to Bt-maize pollen expressing CrylAb within Europe.
Proceedings of the Royal Society B: Biological Sciences 277, 1417-1425.

Perry JN, Devos Y, Arpaia S, Bartsch D, Gathmann A, Hails RS, Kiss J, Lheureux K, Manachini B,
Mestdagh S, Neemann G, Ortego F, Schiemann J, Sweet JB, 2011a. The usefulness of a
mathematical model of exposure for environmental risk assessment. Proceedings of the Royal
Society B: Biological Sciences 278, 982-984.

Perry JN, Devos Y, Arpaia S, Bartsch B, Ehlert C , Gathmann A, Hails RS, Hendriksen NB, Kiss J,
Messéan A, Mestdagh S, Neemann G, Nuti M, Sweet JB, Tebbe CC, 2011b. Estimating the effects
of CrylF Bt-maize pollen on non-target Lepidoptera using a mathematical model of exposure.
Journal of Applied Ecology 49, 29-37.

Pilcher CP, Obrycki JJ, Rice ME, Lewis LC, 1997. Preimaginal development, survival and field
abundance of insect predators on transgenic Bacillus thuringiensis corn. Environmental
Entomology 26, 446-454.

Porcar M, Garcia-Robles I, Dominguez-Escriba’ L, Latorre A, 2010. Effects of Bacillus thuringiensis
CrylAb and Cry3Aa endotoxins on predatory Coleoptera tested through artificial diet-
incorporation bioassay. Bulletin of Entomological Research 100, 297-302.

Raps, A., Kehr, J., Gugerli, P., Moar, W.J., Bigler F., Hilbeck, A., 2001. Immunological analysis of
phloem sap of Bacillus thuringiensis corn and of the nontarget herbivore Rhopalosiphum padi
(Homoptera: Aphididae) for the presence of Cryl Ab. Molecular Ecology 10, 525-533.

Ricroch A, Bergé JB, Kuntz M, 2010. Is the German suspension of MON810 maize cultivation
scientifically justified? Transgenic Research 19, 1-12.

Romeis J, Van Driesche RG, Barratt BIP, Bigler F, 2008. Insect-resistant transgenic crops and
biological control. In: Romeis J, Shelton AM, Kennedy GG (Eds), Integration of insect-restistant
genetically modified crops within IPM programs, Springer Science + Business Media BV, pp 87-
117.

Rosi-Marshall EJ, Tank JL, Royer TV, Whiles MR, Evans-White M, Chambers C, Griffiths NA,
Pokelsek J, Stephen ML, 2007. Toxins in transgenic crop by products may affect headwater stream
ecosystems. Proceedings of the National Academy of Sciences of the United States of America
104, 16204-16208.

Sander M, Madliger M, Schwarzenbach RP, 2010. Adsorption of transgenic insecticidal CrylAb
protein to SiO,. 1. Forces driving adsorption. Environmental Science & Technology 44, 8870-
8876.

Sanvido O, Romeis J, Bigler F, 2007. Ecological impacts of genetically modified crops: ten years of
field research and commercial cultivation. Advances in Biochemical Engineering / Biotechnology
107, 235-278.

Saxena D, Stotzky G, 2001. Bt corn has a higher lignin content than non-Bt corn. American Journal of
Botany 88, 1704-1706.

Schmidt JEU, Braun CU, Whitehouse LP, Hilbeck A, 2009. Effects of activated Bt transgene products
(Cry1Ab, Cry3Bb) on immature stages of the ladybird Adalia bipunctata in laboratory ecotoxicity
testing. Archives of Environmental Contamination and Toxicology 56, 221-228.

Sims SR, Holden LR, 1996. Insect bioassay for determining soil degradation of Bacillus thuringiensis
subsp. kurstaki CryIA(b) protein in corn tissues. Environmental Entomology 25, 659-664.

Stodola TJ, Andow DA, Hyden AR, Hinton JL, Roark JJ, Buschman LL, Porter P, Cronholm GB,
2006. Frequency of resistance to Bacillus thuringiensis toxin CrylAb in southern United States

corn belt population of European corn borer (Lepidoptera: Crambidae). Journal of Economic
Entomology, 99: 502-507.

EFSA Journal 2012;10(5):2705 20



-efsam

x
European Food Safety Authority Scientific opinion on French emergency measure on GM maize MON 810

Storer NP, Babcock JM, Schlenz M, Meade T, Thompson GD, Bing JW, Huckaba RM, 2010.
Discovery and characterization of field resistance to Bt maize: Spodoptera frugiperla (Lepidoptera:
Noctuidae) in Puerto Rico. Journal of Economic Entomology 103, 1031-1038.

Swan CM, Jensen PD, Dively GP, Lamp WO, 2009. Processing of transgenic crop residues in stream
ecosystems. Journal of Applied Ecology 46, 1304-1313.

Tabashnik BE, 2008. Delaying insect resistance to transgenic crops. Proceedings of the National
Academy of Sciences of the United States of America 105, 19029-19030.

Tabashnik BE, Gassmann AJ, Crowder DW, Carri¢re Y, 2008. Insect resistance to Bt crops: evidence
versus theory? Nature Biotechnology 26, 199-202.

Tabashnik BE, Van Rensburg JBJ, Carriere Y, 2009. Field-evolved insect resistance to Bt crops:
definition, theory and data. Journal of Economic Entomology 102, 2011-2025.

Tank JL, Rosi-Marshall EJ, Royer TV, Whiles MR, Griffiths NA, Frauendorf TC, Treering DJ, 2010.
Occurrence of maize detritus and a transgenic insecticidal protein (CrylAb) within the stream
network of an agricultural landscape. Proceedings of the National Academy of Sciences of the
United States of America, DOI:10.1073/pnas.1006925107.

Tapp H, Stotzky G, 1995. Insecticidal activity of the toxins from Bacillus thuringiensis subspecies
kurstaki and tenebrionis adsorbed and bound on pure and soil clay. Applied and Environmental
Microbiology 61, 1786-1790.

Tapp H, Stotzky G, 1998. Persistence of the insecticidal toxin from Bacillus thuringiensis subsp.
kurstaki in soil. Soil Biology & Biochemistry 30, 471-476.

Tapp H, Calamai L, Stotzky G, 1994. Adsorption and binding of the insecticidal proteins from
Bacillus thuringiensis subsp. kurstaki and subsp. tenebrionis on clay minerals. Soil Biology &
Biochemistry 26, 663-679.

Traxler A, Minarz E, Hottinger H, Pennerstorfer J, Schmatzberger A, Banko G, Placer K, Hadrbolec
M, Gaugitsch H, 2005. Biodiversitits-hotspots der agrarlandschaft als eckpfeiler fiir
risikoabschédtzung und monitoring von GVO. Bundesministerium fiir Gesundheit und Frauen,
Forschungsberichte der Sektion 1V, Band 5/2005, Wien,
http://www.bmefj.gv.at/cms/site/standard.html?channel=CH08 10&doc=CMS 1134473757104

Van Rensburg JBJ, 2007. First report of field resistance by the stem borer, Busseola fusca (Fuller) to
Bt-transgenic maize. South African Journal of Plant and Soil 24, 147-151.

Virla EG, Casuso M, Frias EA, 2010. A preliminary study on the effects of a transgenic corn event on
the non-target pest Dalbulus maidis (Hemiptera: Cicadellidae). Crop Protection 29, 635-638.

Wang S, Just DR, Pinstrup-Andersen P, 2008. Bt cotton and secondary pests. International Journal of
Biotechnology 10, 113-121.

Wolfenbarger LL, Naranjo SE, Lundgren JG, Bitzer RJ, Watrud LS, 2008. Bt crop effecs on
functional guilds of non-target arthropods: a meta-analysis. PLoS ONE 3, e2118.

Wolt JD, Peterson RKD, 2010. Prospective formulation of environmental risk assessments:
probabilistic screening for CrylA(b) maize risk to aquatic insects. Ecotoxicological and
Environmental Safety 73, 1182-1188.

EFSA Journal 2012;10(5):2705 21



