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EFSA has reviewed and provided its opinion on four consecutive Monsanto monitoring reports on the
cultivation of MON 810 in the EU (EFSA, 2011, 2012a, 2013, 2014). Although EFSA agrees that the
conclusions of the initial risk assessment are confirmed by Monsanto’s monitoring findings, further
intensification in the methodology of Monsanto’s Insect Resistance Management (IRM) plan is proposed.
More specifically, the implementation of the ‘hotspot’ concept and the increased resistance allele
frequenc?_/ detection (1-3%) were consistently repeated and materialized progressively over the four EFSA
opinions’. By proposing these ‘improved’ methodologies, we understand that EFSA’s main concern is
that potential resistance should be detected before field failures occur allowing timely implementation of
management measures. It is our view that if the recommendations as proposed by EFSA would be
implemented, this would require a significant acti ity increase for the consent holder in terms of insect
resistance monitoring, without any obvious and proportional benefit in detecting risk to human and
animal health or the environment. Our view is further substantiated below.

1. Familiarity and experience with MON 810 support a srarus quo in terms of currently
implemented IRM

First of all, insect resistance — should it occur — rather has a negative economical impact than an adverse
effect on the environment. A farmer experiencing decreased pest susceptibility will encounter plant
damage and potentially negative yield effects, and is expected to complain about underperformance of the
product. He will contact his distributor/retailer, who on his turn will forward the complaint to the seed
company. Finally, the seed company selling the MON 810 variety will need to respond to the issue by
doing an in-depth analysis of the situation, such as assessing whether indeed 2 MON 810 variety was
grown, whether good agricultural practices were implemented and whether no other root causes were
triggering an insufficient product performance. In case resistance development cannot be excluded, other -
additional insect management practices will be evaluated and the site will be more closely monitored.

As explained several times to the European Commission and EFSA before, this is a situation seed
companies want to avoid as it would have direct impact on their business and product reputation.
Therefore, high internal standards to our product stewardshig efforts are set as is exemplified by
Monsanto’s membership to the Excellence Through Stewardship® organization?. A biotech seed company
such as Monsanto wants to market sustainable products both from an environmental as from an
economical perspective. Minimizing the probability of insect resistance to develop is a key component of
such a stewardship plan for a Bt maize product. The lack of impact of MON 810 on the environment was
discussed in the environmental risk assessment of the initial renewal application in 2007 and confirmed
by EFSA in several opinions (EFSA, 2009a, 2012b).

Global experience teaches that the detection of greater than expected damage induced by the target pests
are first of all found by our internal stewardship processes (farmer complaint handling and customer
relations), and not through an intensification of laboratory data generation of collected larvae in the field.
Unlike larvae collections, farmer complaints can theoretically be expected from all farmers using
MON 810 varieties and therefore do not constitute a subsample as every MON 810 field can trigger a
farmer complaint. Farmers are the first in line to notice damages and since a healthy crop producing an
optimal yield is their first priority, they will seek to understand the cause of detected damage as soon as
possible and consequently consult the technology provider. This approach is not limited to biotech
products, such as MON 810, but implemented for all commercial products (chemistry, seed) and has a

! ‘We found that these recommendations were best exemplified in the 2013 EFSA opinion, hence, this is the core document we
like to address.

# http://excellencethroughstewardship.org/ — Accessed 20 November 2014




long validated and workable history. We are confident that these implemented stewardship plans will
provide superior warning of reduced product performance when compared to a significant increase in
sampling in and around MON 810 maize fields which still would remain a subsample of the total area
grown.

Tt is in the best interest of the technology providers to implement a rigid, proportional and workable IRM
plan. We believe the proposal that was originally approved in 1998 by the European Commission and is
still implemented today is a proportional and workable plan. Neither the available susceptibility

monitoring data nor real life commercial experience indicates a need to change the currently implemented
IRM plan.

It needs to be emphasized that MON 810 maize is cultivated for approximately 15 years in the EU
without any farmer complaint on its performance that was caused by resistance development, and without
any scientific report or indication of reduced target pest susceptibility. On a global scale this experience is
confirmed: no changes in susceptibility for neither Ostrinia nor Sesamia have been detected (Monsanto
Europe S.A., 2006, 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014; Siegfried and Spencer, 2012;
Siegfried et al., 2007; Tabashnik ez al., 2013). These are clear indications that the implemented IRM
strategies meet the objectives. We concur that refuge compliance is key to sustain this success. Therefore,
we agree with EFSA’s opinion to continue to focus on the education of farmers and encourage farmers to
communicate any concern related to product efficacy. This is why besides our farmer complaint handling
systems, the farmer education by training, educational leaflets and clear technical user guides (TUGs)
remain a key component of our stewardship plans for the commercialization of MON 810 varieties.

Further, we challenge the drastic increase of recommended requirements in terms of monitoring for
Cryl Ab-containing GM crops, whereas monitoring requirements for insecticidal crop protection products
remain constant and, as a matter of fact, are practically non-existent, although their use is more widely
adopted (on more acres) than MON 810 in the EU. Insecticidal crop chemicals are stewarded on a merely
voluntary basis. It is perceived to be known that resistance to chemical insecticides can evolve in insect
pests (see Whalon et al. (2008) cited in EFSA (2009b)). However, to our knowledge in the EU no
monitoring conditions are imposed to any approved active substance controlling insects.

Taking a practical approach, we looked at all active substances with insecticidal activity used by Spanish
farmers during the 2012 growing season. These data come from our farmer questionnaire in context of
our voluntary General Surveillance plan monitoring the cultivation of MON 810 in the 2012 growing
season. Farmers reported to use the following active insecticidal substances (in between brackets the
number of farmers in Spain is provided who used the specific active substance): Clothianidin (166),
Chlorpirifos (39), Abamectin (32), Lambda-cyhalothrin (29), Fipronil (27), Thiamethoxam (19),
Deltamethrin (10), Imidacloprid (6), Thiacloprid (2), and Bifenthrin (2). Reading the appropriate
legislation allowing these active ingredients to be used on the EU market as plant protection products, i.e.,
Commission Implementing Regulation (EU) No 540/2011 (except bifenthrin. where Commission
Tmplementing Regulation (EU) No 582/2012 is applicable), for none of the active substances active
monitoring is required for target pests. In other words, no IRM plan has to be implemented by the consent
holder for any of these actives. It has to be noted that most of the uses of these actives are a seed
treatment providing a targeted exposure, as is the case for Bt crops. As mentioned before, development of
resistance to traditional insecticides or to Bt crops is a business risk and not an environmental risk.
Therefore, similar as for active substances, monitoring plans should not be required for B¢ crops. This
leads us to conclude that the current IRM monitoring conditions imposed to Bt crops are already non-
proportional to the risk.

As a general conclusion, we challenge EFSA’s recommendations to the consent holder to intensify the
IRM practices since the risk of resistance development is an economic risk for which the onus is on the
technology provider, and is not an environmental risk. Monsanto’s rigid stewardship plans are designed to
provide early warnings. To date, experience for MON 810 at the EU as well as global level demonstrate
that these plans are successful in terms of preventing resistance in the European target pests ECB and
MCB to develop. Furthermore, the additional efforts would be neither proportional to the (demonstrated



absence of) risk to human and animal health or the environment related to the cultivation of MON 810,
nor proportional to what is required for traditional insecticides and are unlikely to detect decreased
susceptibility of the insect pests earlier than with the methods currently implemented, as will be further
substantiated below.

2. The likelihood for resistance development in ECB and MCB in Europe is extremely low
(i) CrylAb resistance alleles in ECB and MCB are rare

scale, and will depend on the biology of the target pest. MON 810 expresses a high dose of CrylAb that
has a toxic effect on ECB and MCB. Apart from the suppression of the pest, the use of a high-dose
product has the advantage that (by definition) in case of any resistance mechanisms developed by the pest
organisms, these would be inherited in a recessive manner (Gould et al., 1997; Gould et al., 1995; Pereira
et al., 2008; Tabashnik et al., 2002). Current scientific knowledge suggests that the frequency of
resistance alleles in populations of ECB and MCB in Europe is low and that these alleles are recessive
(Bourguet et al., 2003; Gaspers, 2009), which is confirmed by previous studies. Several studies, using F,
screens, conclude that CrylAb resistance is rare for both ECB (Andow et al., 1998; Engels et al., 2010:
Stodola ez al., 2006) and MCB (Andreadis e al., 2007), estimating the frequency of resistance alleles to
be below 10, The expectation is therefore that less than one in a million ECB or MCB individuals will
survive on MON 810. The likelihood of two resistant individuals surviving MON 810 can therefore be
expected to be below 107.% Because of good refuge compliance in the EU and the rarity of homozygous,
resistant individuals, there is a much greater probability that a resistant individual will mate with an adult
from the refuge and produce offspring susceptible to MON 810.

difficult to locate sufficient larvae of both species in conventional maize for resistance monitoring efforts,
indicating that the numbers of adults for F, screens is also more limited. EFSA previously agreed that the
F» screen is cost-prohibitive to allow efficient screening of resistance in ECB and MCB.

(i) MCB and ECB insects are highly mobile ensuring high gene flow and random mating

For ECB, many studies have been conducted to determine the genetic diversity and baseline susceptibility
of ECB populations to CrylAb. The results showed that there is a low genetic differentiation of ECB
populations in Europe and no geographic clusters of populations have been detected (Chaufaux e al.,
2001; Farinos et al., 2004; Gonzalez-Nunez et al., 2000) demonstrating a high gene flow. This was also
confirmed by analysis conducted with ECB in Europe by Saeglitz ef al. (2006). Baseline susceptibility of
ECB in populations collected from different EU countries showed some variability, but no consistent
pattern emerging, suggesting that there is an intra-species variability in susceptibility to CrylAb .

Studies for MCB have also been conducted to determine the genetic diversity and baseline susceptibility
to CrylAb (De La Poza et al., 2008; Gonzalez-Nunez et al., 2000). The results showed that population
genetics of MCB collected from populations in Spain and southwest France were closer than populations
collected from Italy, Greece and Turkey (De La Poza et al, 2008), suggesting a small genetic

* Assuming the resistance allele frequency in male and female populations is the same and equals 107, the likelihood for one
homozygote individual to appear is 10°. To generate resistant (homozygote) offspring, two resistant individuals have to
develop, one male and one female. The likelihood for this combined event is therefore 1072, Taking into account that both
parents have to be within flying distance of one another, the likelihood will be below 10™2,




differentiation between West Mediterrancan and East Mediterranean populations. However, differences
between regions only accounted for 7% of the total molecular variation (versus. 80% within populations)
and no significant differences in the susceptibility to CrylAb were found when comparing MCB
populations from these two areas (Farinos et al., 2011). Moreover, MON 810 is not commercialized in
East Mediterranean countries like Italy, Greece or Turkey.

In conclusion, there is no apparent difference in susceptibility of individual target pest insects towards the
CrylAb protein across Europe. The amount of gene flow among Europe populations also confirms
random mating and sufficient adult movement for an effective high-dose/refuge IRM strategy. The lack of
genetic differentiation also indicates that sampling at a finer geographic scale will not add increased
sensitivity to the current resistance monitoring program.

(iii) A 20% refuge implementation in the EU is a very conservative approach

An appropriate level of refuge should be determined based on a comparative analysis of refuge strategies
and maize-growing conditions in countries where Bt maize is regularly cultivated. The minimum
proportion of non-Bt refuge implemented in the US (for single mode of action) and Argentina is 20% and
10%, respectively. Such refuge sizes are considered to contain generous safeguard margins under the
respective growing conditions' (US EPA, 2001). Therefore, EuropaBio, including Monsanto, reiterated
several times that the 20% refuge implementation is a very conservative number for Bt maize plantings in
the EU.

A comparative analysis between agricultural landscapes in the US and the EU highlights the fragmented
and diverse cropping conditions in the EU. This explains why the current refuge requirement in the US of
20% is considered highly generous for the EU, thereby providing justification for a potentially lower level
of refuge in the EU. Indeed, as specified in the Harmonised Insect Resistance Management Plan for
Cultivation of Bt maize in the EU from the EU Working Group on Insect Resistance Management
(2003%), the US corn belt maize cultivation practices can be regarded as the worst-case scenario with the
highest probability to favor pest resistance to Bt crops. These conditions correspond to where maize
cultivation and Bf maize adoption are greatest and insect pressure is highest. In the US, this occurs in
Nebraska, lowa, Minnesota, Illinois and Indiana. These five states routinely account for approximately
54% of the US maize crop area and represent the conditions with the highest potential for the
development of insect resistance. Considering the evolution of MON 810 adoption in the EU which is
currently restricted to Spain, Portugal, Czech Republic, Slovakia and Romania, these are the only ones
that need to be considered for potential resistance development. Together they represent 2.3% of the EU
maize cultivation area.

A comparison of these Bt maize-growing areas in the EU and the US indicates that there are important
differences between them that make the risk of resistance development significantly lower for the EU
than for the US Corn Belt. Examination of three key variables - land committed to agriculture, farm size
and crop diversity — clearly demonstrates that the EU agricultural landscape 1s much more fragmented
than that of the US, thereby favoring greater durability of Bt maize in the EU, and implying that the EU is
leaning towards a de facto implementation of an Integrated Pest Management (IPM) strategy.

s The US Comn Belt has an overwhelming 50 — 89% of its Jand committed to agriculture, whereas
the five Bt maize-growing EU countries have between 39 and 56% of their land committed to
agriculture (Table 1).

The 20% refuge threshold was required by the US EPA for the US in 2000 following a proposal based on practical
experience and studies by academia and industry. For Argentina, a 10% refuge was proposed by industry and independent
entomologists based on abundant alternative hosts for the target pests, knowledge on the pest biology and grower behavior,

and was subsequently accepted by the regulatory agency Comisién Nacional Asesora de Biotecnologia Agropecuaria
(CONABIA).

5 This document can be found as an Appendix to the Monsanto annual monitoring reports for MON 810 cultivation in the EU
which were submitted until 2012.




® Romania, Spain, Portugal, Slovakia and Czech Republic have an average of four times more farms
per unit of farmland compared to the US Corn Belt (Table 1). A greater number of farms will
result in increased crop diversity in an area. The fragmentation increases the probability that small
maize fields will be bordered by other crops, weedy/grass barriers or fallow land.

* Maize is the major crop of the US Corn Belt and constitutes 22 to 46% of the total agricultural
land and only slightly less of the total land area. However, maize constitutes only 2 to 29% of the
total agricultural land of EU Member States. ; '

* Non-maize cereal crops cover approximately 21, 23, 1.3, 27 and 35% of the arable land in
Romania, Spain, Portugal, Slovakia and Czech Republic, respectively. Other important crops such
as sunflower, potato and sugar beet also serve as alternate hosts for O. nubilalis (Hodgeson, 1928)
(Table 2). These alternate hosts provide additional refuge area for the insect pests, which are not
accounted for in the 20% refuge requirement for farmers, which makes the structured refuge
requirement inherently conservative.

Furthermore, it needs to be recognized that the compliance to refuge implementation is very good in the
EU. The farmers in the Czech Republic, Romania and Portugal were in full compliance, whereas
approximately 88.4% (168/190) of the Spanish farmers showed to be in compliance with refuge
requirements (Monsanto Europe S.A., 2014). It has been shown in literature that failure of the technology
in multiple cases can be brought back to poor farmer compliance with refuge implementation (Sumerford
et al., 2013). In this regard, current levels of structured refuge compliance in Spain are sufficiently high to
support sustainability of MON 810. Finally, European farmers have the tendency to rotate plantings in
their fields®. This is an additional IPM management practice fo prevent resistance to develop.

These data highlight the major differences between the EU and the US maize-growing regions. These
contrasting differences in farming practices, resulting in a much lower potential of risk resistance
development, would suggest that an appropriate proportion of non-Bf maize refuge for the EU could be
less than the 20% currently used in the US Comn Belt. Therefore, EFSA’s recommended sampling
frequency of target pests’ is not justified, and we remain of the opinion that the sampling strategy
currently implemented (biennial as long as MON 810 adoption is below or at 80%, with 20% structured
refuge at a 5% allele frequency detection level) is sufficient and proportionate to monitor the potential
resistance evolution of the target pests,

6 Eg, In the EU-28 in 2010 70% of the arable land was found on holdings for which all the arable land
was included in planned crop rotation; hitp://epp.eurostat.ec.europa.ew/statistics explained/index.php/Agri-
environmental indicator - soil cover — Accessed 17 November 2014,

7 See Table 1 in EFSA (2013).




Table 1: Comparison of farm numbers and commitment of agricultural land for leading maize producmg

areas of the EU and the US
Number of farms (x 1,000)" Total land area (1,000 ha)” % land of agriculture’
Europe:
France 516 54,397 51
Ttaly 1,620 30,134 43
Hungary 577 9202 ) s
Germany 299 35,713 47
Romania 3,859 23,839 56
Spein 990 49,851 48
Portugal 305 8,909 41
Slovakia 25 4,904 3o
Czech 23 7,887 44
Republic
US:
Nebraska 50 20,034 92
Towa 89 14,574 81
Minnesota 74 21,852 42
Nlinois 75 14,592 70
Indiana 59 9,371 63
T EU data; European Commission Eurostat: Agricultural holdings (2010);

http:/fepp.eurostat.ec.europa.cu/statistics_explained/index.ph /File: Agricultural holdings. 2000%E2%80%58310_YB14.png
— Accessed on 3 November 2014.
US data: USDA National Agricultural Statistics Service (2013); http://quickstats.nass.usda.gov/ — Accessed on 3 November
2014,

® EU data: European Commission Eurostat: Land cover overview (2012);
hitp://appsso.eurostat.ec.curopa.ewnui/show.do?dataset=lan Jev_ovwé&lang=en — Accessed on 3 November 2014.
US data: USDA National Agricultural Statistics Service (2013); http://quickstats nass.usda.gov — Accessed on 3 November
2014.

w

EU data: Furopean Commission Eurostat: Land use: number of farms and areas of different crops by type of farming (2010);
http:Hggnsso.cumstat.ec.curopa.eufnuifshow.do?daiasat-——ef oluft&lanp=en — Accessed on 3 November 2014.

US data: USDA National Agricultural Statistics Service (2013); http://quickstats. nass.usda.zov — Accessed on 3 November
2014.
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(iv)  Observing resistance allele frequencies above 1% is not sufficient to predict resistance to occur
The risk of striving for a rapid monitoring turn-around (for example by setting very low allele frequency
threshold levels) is the lack of opportunity to replicate the observation over time, i.e., confirm that initial
bioassay results are indicative of true resistance or changes in pest susceptibility. Tabashnik et al. (2000)
reported relatively high frequencies of alleles (i.e., 0.16%) affecting resistance to Cryl Ac in pink bollworm
populations of Arizona, but this did not correlate with product performance and has not translated into
increased frequency of resistant individuals in subsequent generations despite increased usage of Bt
cotton (Tabashnik et al., 2000). No resistant individuals have been detected via bioassays or PCR-based
methodologies since the publication of Tabashnik ef al. (2000). MON 531 and MON 15985 cottons
express high doses of Bt proteins for the pink bollworm and resistance has been reported to be inherited in
a recessive manner. Possible explanations for not detecting CrylAc resistance alleles since 2000 include
errors in the initial bioassays, sampling bias during the one year, the adequacy of the structured refuge to
delay CrylAc resistance in combination with recessive gene action, fitness costs associated with CrylAc
resistance, and/or the efficacy of the pink bollworm eradication program in the US.

In conclusion, the measurement of resistance allele frequency can only be regarded as one of the elements
that inform about potential resistance development. For a high-dose refuge strategy, the limitations of
sampling enough genomes within a resistance monitoring program due to low population densities of the
pest suggests that changes in susceptibility are more likely to be first observed in the field. However, with
sufficient refuge, the rarity of Cry1Ab resistance alleles will allow sufficient time for mitigation of field-
control problems. Other best-management practices, such as crop rotation, pyramided Bt maize products
and other factors to enhance IPM should also be weighed in as additional mitigation measures. Lowering
the allele frequency detection limit from 5% to 1% significantly increases the efforts to be undertaken,
with hardly any benefit in terms of early resistance development detection.

(v)  Inthe unlikely event resistance does occur, there is appropriate time to remediate

In its opinion of 2013, EFSA is concerned that Monsanto’s current resistance monitoring strategy will not
allow enough time for remediation once problems (decreased susceptibility to MON 810, increased
resistance allele frequency, etc) are detected. Specifically, if monitoring is designed to detect resistance
allele frequency of 5% or greater, EFSA wonders whether there will be enough time to prevent complete
resistance across the landscape.

EFSA uses the Alstad and Andow (1995) resistance model from 1995 to track the resistance allele
frequency over time (or generations) under various scenarios of MON 810 adoption. Their analysis is less
concerned with absolute durability (time until resistance) than with number of generations (or time) it
takes for resistance allele frequency to increase from 5% to 50%. If the increase is too fast, EFSA argues
that there is not adequate time to respond with a change in IRM strategy, typically an increase in refuge
size by decreasing the proportion of hectares planted in the Bt product. To better assess the timing of
changes in IRM strategy, EFSA considered the time it takes for resistance allele trequency to increase
from 1% to 50%, compared to the time it takes to go from 5% to 50% and concluded that detecting allele
frequency of 1% might allow adequate time for IRM strategy changes relative to a 5% detection rate.

The modelling effort by EFSA used the Populus software, based on Alstad and Andow (1995), and
considered scenarios with MON 810 adoption ranging from 20% to 90%. The modelling effort by EFSA
is assuming that resistance is conferred by a single locus with MON 810 providing 99.9% efficacy against
homozygous susceptible individuals, 98.9% efficacy against heterozygous individuals and is 0% effective
against homozygous resistant individuals, and that the initial frequency of resistance allele R in the
population is 0.006. Although EFSA’s analysis provided estimates of durability under various scenarios,
the primary goal of the analysis was to estimate the number of generations it takes for the R allele
frequency to increase from 5% to 50% (or from 1% to 50%). We point out that this estimate will be a

8 Note that this value is much higher than the detection limit proposed by Monsanto (0.05) in its bioassays with lepidopteran
pests in the EU.
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function of overall durability, so that if the overall durability of a product is 40 generations, it will
generally take longer for the R allele frequency to increase from 5% to 50% than if overall durability was
20 generations. Thus, any estimate should be based on a realistic durability estimate. For example, if a
product has been in use for 10 years with no reported cases of resistance, a realistic estimate of durability
would be greater than 20 generations (two generations per year).

The simplest models for estimating durability, so-called frequency models, keep track of changes in
resistance allele frequencies over time in response to selection, without regard for population sizes.
Models such as the Populus model that keep track of population size typically assume that the “natural”
mortality rate increases as population size increases, i.e., that there is density-dependent mortality.
Because population sizes will be greater in non-Bf than in B fields (at least following Bt exposure), the
natural mortality rate will be greater in non-B¢ fields, which has the effect of reducing the productivity of
the non-Bt refuge. The output of density-dependent models depends on how severe the density-dependent
mortality effect is. To illustrate, we adapted a model originally described by Ives and Andow (2002) to
estimate MON 810 durability under various assumptions of MON 810 adoption and density-dependent
mortality, and using same base assumptions as EFSA’s Populus implementation (with the exception of 2™
generation moth preference for B plants). Different levels of density-dependent mortality were modelled
by varying the fecundity parameter F, while holding the density-dependent function fixed at x* —
—(-1::—;—55;, where x is population density after Bt selection but before density-dependent mortality is

imposed, and x* is population density after density-dependent mortality is imposed.

Figure 1 below displays model outputs as resistance allele trajectories that increase with generation. In the
case of 100% MON 810 adoption (i.e., 80% Bt maize plantings and 20% structured refuge), overall
durability is 25-30 generations for the cases of no or moderate (F=10) density-dependent mortality, but
less than 10 generations for higher (F=50) density-dependent mortality. In the latter case the R-allele
frequency increases rapidly from 5% to 50%, in about three generations, It is important, however, to
assess how realistic the high density-dependent model is. For example, even in the case of moderate
(50%”) MON 810 adoption (bottom graph Figure 1); if that model were realistic, resistance should have
occurred within 10 years. Because MON 810 has been deployed at moderate adoption for more than
10 years with no indication of resistance, we question the validity of the model with high density-
dependent mortality, and instead suggest that model with at most moderate density dependent mortality
(blue line in figure) is more realistic. In addition, if population densities have not been high in non-B¢
fields, the model imposing high density-dependent mortality is probably too conservative, and a more
realistic model might impose moderate or even no density-dependent mortality (blue and black Tines in
figure); with these models, the number of generations between 5% and 50% resistance allele frequency is
higher (Figure 1).

Although attaining consensus on the “ideal” model is not the objective, at a minimum we should ensure
that models used are consistent with historical observations — which in this case means 10 years or
20 generations of successful product use with no incidence of resistance — and with observed population
densities. In other words, we are of the opinion that the interpretation of the modelling performed by
EFSA is extremely conservative and should not be construed as an argument to recommend Jowering the
allele frequency detection limit from 5% to 1% without better congruence with present field observations.

? Please note that the definition of ‘adoption’ in our document differs from the one used by EFSA. Here, 50% MON 810
adoption should be considered as 50% conventional maize cultivation (non-Br), ~41% Bt maize cultivation and ~9% structured
refuge (non-Bi).
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Figure 1: Number of generations needed to increase from a 0.5% to a 100% resistant (R) allele
frequency considering different MON 810 adoption rates and fecundity parameters (F). Note
that y-axis is on log scale. Non-Bt maize should be understood to include both the structured
refuge as well as the conventional maize plantings.

3. Monitoring geographical ‘zones’ cannot be put into practice

The concept of a ‘hotspot area® was first defined in EFSA’s opinion considering Monsanto’s monitoring
report on MON 810 cultivation during the 2009 growing season (EFSA, 2011) as follows: a ‘hotspot
area’ is defined as an area of high adoption of maize MON 810 and the presence of multivoltine target
pests. Further (and more specific) clarification on this definition was neither provided in the 2011
opinion, nor in the subsequence one (EFSA, 2012a, 2013).

There are three key elements within this definition, i.e., (i) area, (ii) high adoption of MON 810, and
(iii) multivoltine pests. Multivoltine pest is univocally defined, i.e., more than one generation of the target
pest per year, and with respect to target pests of MON 810 within the EU, both ECB and MCB are
multivoltine in the Mediterranean area. The two remaining elements in the definition, however, are open
to interpretation. To come to a workable interpretation, EuropaBio further developed these two variables
as follows:



() Area = a geographical zone where maize is typically grown following similar agronomic
practices isolated from other maize areas by barriers that might impair an easy exchange of
target pests between those areas, e.g., Ebro Valley;

(i)  The Bt maize adoption rate is expressed as a fraction of total maize cultivation in the same
area, which is based on official numbers published for this area.

A hotspot (a place with the highest probability of resistance to develop) would then be an area (e.g., Ebro
Valley) where MON 810 adoption rate equals or exceeds 80%!°. These definitions were brought to
EFSA'’s attention by EuropaBio during discussions on the harmonized monitoring plan for the cultivation

of GM crops, and more specifically to the European Commission by Monsanto in our letter dated
14 December 2012.

In its most recent opinion, EFSA does not concur with this clear and workable definition of an ‘area’, and
suggests that — to our interpretation — sampling should be concentrated on a ‘province’ level (Spain),
‘region’ level (France'") or ‘lander’ Jevel (Germany'") (EFSA, 2013). Furthermore, up to three ‘zones® of
a smaller scale (i.e., county) within each ‘area’ have to be sampled, based on the MON 810 adoption level
expressed in percentage relative to the total arable land.

Firstly, it needs to be repeated that both the ECB and MCB insects can geneticall?/ be regarded as one
population for the whole of Europe, at least for the places where MON 810 is grown ', Many studies have
concluded that populations of ECB (Bourguet ef al., 2000; Martel ef al., 2003) and MCB (Bues et al.,
1996; Leniaud et al., 2006), that feed on maize are genetically diverse, and provide evidence of great gene
flow, i.e., they can be thought of as one large panmictic population. Other studies of ECB in the US

support this conclusion (Kim et al., 2009; Kim et al., 2011; Krumm et al, 2008). Therefore, from a

larger geographic regions, and (ii) also there is sufficient movement of adults to ensure mating between
refuge adults and resistant individuals, Therefore, potential larval ‘hot-spots’ of resistance are not likely
to be correlated with ‘hot-spots’ of mating between resistant individuals, especially with good refuge
compliance as is present in the EU.

A second complication that arises with this new recommendation from EFSA is the fact that the definition
of ‘county’ is not harmonized across the EU. Nevertheless, for Spain we could assume that the
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comarcas’ could be the county level. An additional and more important issue is that no official numbers
can be found for MON 810 or conventional maize plantings for most of the comarcas in Spain. Only data
for the comarca level on the four provinces in Catalunya for 2011 were available™, Since not all comarcas
in Spain have a formal legal status, it is unlikely this information readily exists, which makes the
proposed monitoring at this level of detail rather impossible.

Additionally, the sampling effort to be undertaken will increase drastically, only because of the changed
definition of an ‘area’. The physical and logistical efforts required to comply will not substantially
contribute to the reliability of the conclusions around the potential changes in the susceptibility of the
pests. Using EuropaBio’s definition of an area, three areas were considered (Northeast Iberia, i.e., Ebro
Valley; Central Iberia, particularly the province of Albacete; and Southwest Iberia) which were each

12 Exceeding 80% MON 810 plantings can occur when a group of farmers individually plant less than 5 ha (and therefore no
refuge needs to be planted). Theoretically, their collective MON 810 plantings may exceed 80% of the maize plantings in
that area. However, such a patchwork of small MON 810 fields belonging to different farmers is unlikely to be the reality in
an area such as the Ebro valley. Alternatively, impaired compliance with refuge implementation requirements can lead to
higher than 80% adoption. ;

! 1t should be noted that MON 810 is banned in France since 2008 and in Germany since 2009.

" We understand that for MCB there is a small genetic difference between the Iberian and the Italian/Greece populations of
MCB, but the latter are not relevant for the MON 810 monitoring efforts.

1 http:/www. gencat.cat/salut/acsa/html/ca/dir] 312/doc] 6760.htm] - Accessed 17 November 2014
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monitored every second year by taking samples in at least three locations per area. The Ebro Valley for
instance consists of the autonomous communities (Comunidades Auténomas) Navarra, Aragon and
Catalunya, collectively constituted by eight provinces. If the recommendation from EFSA would become
a legal obligation, sampling conld'? then be required in up to 24 ‘zones’ which makes this effort non-
proportional and not workable.

Finding appropriate locations within the individual zones/counties/comarcas can be extremely
- challenging. It needs to be understood that since Bt maize products have been cultivated in Spain, the pest
pressure has gone down', We also experience this in our current set-up (allowing the detection of a 5%
resistance allele frequency), where the collection of sufficient numbers of pest larvae is challenging
(Monsanto Europe S.A., 2009, 2010, 2011, 2012, 2013, 2014). If the same number of larvae would have
to be collected within each of the ‘zones’, leave alone to allow for a detection of a 3% or 1% allele
frequency, the IRM program would become an impossible task.

A final complication would be that, as EFSA recommends to collect larvae from the refuge areas (or even
mix with larvae collected from MON 810 fields), the location of MON 810 fields needs to be known.
Monsanto is selling its seeds in Spain through distributors and consequently has access to field level
information only in an indirect way. Moreover, Monsanto is certainly not aware, in accordance with EU
competition regulations, where the fields of farmers planting MON 810 varieties from other companies
are located. Further, now that MON 810 is off patent in the EU, it can be expected that the number of
companies marketing MON 810 varieties will increase. This will most likely create additional blind spots
on the map if the proposed resolution needs to be obtained.

Conclusion

In its opinions on the MON 810 PMEM reports for the 2009-2012 growing seasons EFSA does several
recommendations for methodological improvement that would have a substantial impact on the feasibility
of its execution. In particular, the refinements proposed by EFSA to the definition of a hotspot, and the
aim to detect an occurrence of 1-3% resistance allele frequency in the population of the target pest will
require significantly more larvae to be collected and tested via bioassays. The number of locations where
samples would need to be collected together with the number of larvae to be collected in each location
would significantly increase. In the current letter we elaborated on the reasons why there is no need to
change the current IRM plan and also why the improved methodology as proposed by EFSA has
negligible added value to the early detection of decreased susceptibility of target insect pests. The long
term experience with the MON 810 product, the scientific knowledge of the pest biology, the wealth of
EU and global experience showing no resistance development of ECB and MCB towards the CrylAb
protein, the scientific base for the extremely low likelihood of resistance to develop in these European
target pests, the high farmer compliance of the inherently conservative 20% structured refuge
requirement, the proven quality of the currently implemented stewardship processes (based on repeated
farmer trainings and proper farmer compiaint handling systems) and the absence of stringent requirements
for similar crop protection applications, together make us conclude that the EFSA recommendations are
non-proportional to the likelihood of resistance to develop and urge for keeping the status quo in terms of
IRM measures to be implemented by the authorization holder.

" Depending on MON 810 adoption per zone (assuming this number is known)

15 RuralCat, 2013, DossierTécnic N60, p. 7 htgg:x'!www.ruralcat.neU'c.fdocument library/get file?unid=b7e5c9eb-acf4-4367-
9d75-9fbe03d9fadf& groupld=10136 (Figure 6)

e

bl




References

Alstad DN and Andow DA, 1995, Managing the evolution of insect resistance to transgenic plants.
Science, 268, 1894-1896.

Andow D and Alstad DN, 1999. Letter to the editor. Journal Econ. Entomol., 92, 755-758.

Andow DA, Alstad DN, Pang YH, Bolin PC and Hutchison WD, 1998. Using an F-2 screen to search for

ingiensis toxin in Buropean comn borer (Lepidoptera
Crambidae). Journal of Economic Entomology, 91, 579-584. '

Andreadis SS, Alvarez-Alfageme F, Sanchez-Ramos I, Stodola TJ, Andow DA, Milonas PG,
Savopoulou-Soultani M and Castinera P, 2007. Frequency of resistance to Bacillus thuringiensis
toxin CrylAb in Greek and Spanish population of Sesamia nonagrioides (Lepidoptera;
Noctuidae). J. Econ. Entomol., 100, 195-201.

Bourguet D, Bethenod MT, Pasteur N and Viard F, 2000. Gene flow in the European com borer Ostrinia
nubilalis: implications for the sustainability of transgenic insecticidal maize. Proc R Soc Lond B
Biol Sci, 267, 117-122.

Bourguet D, Chaufaux J, Seguin M, Buisson C, Hinton JL, Stodola TJ, Porter P, Cronholm G,
Buschmann LL and 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. Theor Appl
Genet, 106, 1225-1233.

oides Lefébre (Lepidoptera: Noctuidae) originaires de I’ouest
du Bassin Méditerranéen, Can, Entomol., 128, 849-858.

Chaufaux J, Seguin M, Swanson JJ, Bourguet D and Siegfried BD, 2001. Chronic exposure of the
european corn borer (lepidoptera:Crambidae) to CrylAb Bacillus thuringiensis toxin. J. Econ.
Entomol., 94, 1564-1570.

De La Poza M, Farinos GP, Beroiz B, Ortego F, Hernandez-Crespo P and Castanera P, 2008. Genetic
structure of Sesamia nonagrioides (Lefebvre) populations in the Mediterranean area.
Environmental Entomology, 37, 1354-1360.

EFSA, 2009a. Applications (EFSA-GMO-RX-MON 810) for renewal of authorisation for the continued
marketing of (1) existing food and food ingredients produced from genetically modified insect
resistant maize MON 810; (2) feed consisting of and/or containing maize MON 810, including the
use of seed for cultivation; and of (3) food and feed additives, and feed aterials produced from
maize MON 810, all under Regulation (EC) No 1829/2003 from Monsanto. The EFSA Journal,
1149, 1-84.

EFSA, 2009b. Applications (EFSA-GMO-RX-MON 810) for renewal of authorisation for the continued
marketing of (1) existing food and food ingredients produced from genetically modified insect
resistant maize MON 810; (2) feed consisting of and/or containing maize MON 810, including the
use of seed for cultivation; and of (3) food and feed additives, and feed aterials produced from
maize MON 810, all under Regulation (EC) No 1829/2003 from Monsanto. The EFSA Journal,
1149, 1-85.

EFSA, 2011. Scientific opinion on the annual post-market environmental monitoring(PMEM) report from
Monsanto Europe S.A. on the cultivation of genetically modified maize MON 810 in 2009. The
EFSA Journal, 9 (10), 1-66.

EFSA, 2012a. Scientific opinion on the annual post-market environmental monitoring(PMEM) report
from Monsanto Europe S.A. on the cultivation of genetically modified maize MON 810 in 2010.
The EFSA Journal, 10 (4), 1-35.

EFSA, 2012b. Scientific opinion on the annual post-market environmental monitoring(PMEM) report
from Monsanto Europe S.A. on the cultivation of genetically modified maize MON 810 in 2010.
The EFSA Journal, 10 (12), 1-98.

EFSA, 2013. Scientific opinion on the annual post-market environmental monitoring(PMEM) report from
Monsanto Europe S.A. on the cultivation of genetically modified maize MON 810 in 2011. The
EFSA Journal, 10 (4), 1-38.




EFSA, 2014. Scientific opinion on the annual post-market environmental monitoring(PMEM) report from
Monsanto Europe S.A. on the cultivation of genetically modified maize MON 810 in 2012. The
EFSA Journal, 12 (6), 1-29.

Engels H, Bourguet D, Cagan L, Manachini B, Schuphan I, Stodola TJ, Micoud A, Brazier C, Mottet C
and Andow DA, 2010. Evaluating resistance 0 Bt toxin CrylAb by F(2) screen in European
populations of Ostrinia nubilalis (Lepidoptera: Crambidae). Journal of Economic Entomology,
103, 1803-1809.

Farinos GP, de la Poza M, Hernandez-Crespo P, Ortego F and Castanera P, 2004. Resistance monitoring
of field populations of the corn borers Sesamia nonagrioides and Ostrinia nubilalis after 5 years
of Bt maize cultivation in Spain. Entomologia Experimentalis Et Applicata, 110, 23-30.

Farinos GR, Andreadis SS, de la Poza M, Mironidis GK, Ortego F, Savopoulou-Soultani M and
Castanera P, 2011. Comparative assessment of the field-susceptibility of Sesamia nonagrioides to
the CrylAb toxin in areas with different adoption rates of Bf maize and in Bt-frec areas. Crop
Protection, 30, 902-906.

Gaspers C, 2009. The European corn borer (Ostrinia nubilalis, Hbn.), its susceptibility to the Bt-toxin
CrylF, its pheromone races and its gene flow in Europe in view of an insect resistance
management. Unpublished PhD thesis: Rheinisch-Westfalischen Technischen Hochschule
Aachen, hitp://darwin.bth.rwth-aachen.de/opus3/volltexte/201 0/3341/pdf/3341 pdf.

Gonzalez-Nunez M, Ortego F and Castanera P, 2000. Susceptibility of Spanish populations of the corn
borers Sesamia nonagrioides (Lepidoptera: Noctuidae) and Ostrinia nubilalis (Lepidoptera:
Crambidae) to a Bacillus thuringiensis endotoxin. J. Economic Entomology, 93, 459-463.

Gould F, Anderson A, Jones A, Sumerford D, Heckel DG, Lopez J, Micinski S, Leonard R and Laster M,
1997. Initial frequency of alleles for resistance to Bacillus thuringiensis toxins in field populations
of Heliothis virescens. Proc. Natl, Acad. Sci., 94, 3519-3523.

Gould F, Anderson A, Reynolds A, Bumgarner L and Moar W, 1995. Selection and genetic-analysis of a
Heliothis virescens (lepidoptera, noctuidae) strain with high levels of resistance to Bacillus
thuringiensis toxins. Journal of Economic Entomology, 88, 1545-1559.

Ives AR and Andow DA, 2002. Evolution of resistance to Bf crops: directional selection in structured
environments. Ecology Letters, 5, 792-801.

Kim KS, Bagley MJ, Coates BS, Hellmich RL and Sappington TW, 2009. Spatial and temporal genetic
analyses show high gene flow among European Cormn Borer (Lepidoptera: Crambidae) populations
across the Central US corn belt. Environmental Entomology, 38, 1312-1323.

Kim KS, Coates BS, Bagley MJ, Hellmich RL and Sappington TW, 2011. Genetic structure and gene
flow among European comn borer populations from the Great Plains to the Appalachians of North
America. Agricultural and Forest Entomology, 13, 383-393.

Krumm JT, Hunt TE, Skoda SR, Hein GL, Lee DJ, Clark PL and Foster JE, 2008. Genetic variability of
the Buropean corn borer, Ostrinia nubilalis, suggests gene flow between populations in the
Midwestern United States. Journal of Insect Science, 8,

_Leniand L, Audiot P, Bourguet D, Frérot B, Genestier G, Lee SF, Malausa T, Le Pallec AH, Souquai MC
' and Ponsard S, 2006. Genetic structure of European and Mediterranean maize borer populations
on several wild and cultivated host plants. Entomologia Experimentalis et Applicate, 120, 51-62.

Martel C, Rejasse A, Rousset F, Bethenod MT and Bourguet D, 2003. Host-plant-associated genetic
differentiation in Northern French populations of the European corn borer. Heredity, 90, 141-149.

Monsanto Europe S.A., 2006. Monitoring report - MON 810 cultivation - Czech Republic, France,
Germany, Portugal and Spain - 2005. Monsanto Report,

Monsanto Europe S.A., 2007. Monitoring report - MON 810 cultivation - Czech Republic, France,
Germany, Portugal, Slovakia and Spain - 2006. Monsanto Report,

Monsanto Europe S.A., 2008. Monitoring report - MON 810 cultivation - Czech Republic, France,
Germany, Poland, Portugal, Romania, Slovakia and Spain - 2007. Monsanto Report,

Monsanto Europe S.A., 2009. Monitoring report - MON 810 cultivation - Czech Republic, Germany,
Poland, Portugal, Romania, Slovakia and Spain - 2008. Monsanto Report,




Monsanto Europe S.A., 2010, Monitoring report - MON 810 cultivation - Czech Republic, Portugal,
Slovakia, Poland, Romania and Spain - 2009. Monsanto Report,

Monsanto Europe S.A., 2011. Monitoring report - MON 810 cultivation - Czech Republic, Poland,
Portugal, Romania, Slovakia, and Spain - 2010, Monsanto Report,

Monsanto Europe S.A., 2012. Monitoring report - MON 810 cultivation - Czech Republic, Poland,
Portugal, Romania, Slovakia, and Spain - 2011, Monsanto Report,

Monsanto Europe S.A., 2013. Monitoring report - MON 810 cultivation - Czech Republic, Poland,
Portugal, Romania, Slovakia, and Spain - 2012. Monsanto Report,

Monsanto Europe S.A., 2014. Monitoring report - MON 810 cultivation - Czech Republic, Poland,
Portugal, Romania, Slovakia, and Spain - 2013. Monsanto Report, 1-26.

Pereira EJ, Lang BA, Storer NP and Siegfried BD, 2008. Selection for CryIF resistance in the European
corn borer and cross-resistance to other Cry toxins. Entomol. Exp. Appl, 126, 115-121.

Saeglitz C, Bartsch D, Eber S, Gathmann A, Priesnitz KU and Schuphan I, 2006. Monitoring the CrylAb
susceptibility of European corn borer in Germany. Journal of Economic Entomology, 99, 1768-
1773.

Siegfried BD and Spencer T, 2012. Bt resistance monitoring in European comn borer and western com
rootworms. In: Plant Gene Containment. MJ Oliver, Y Li. New York, 43-55.

Siegfried BD, Spencer T, Crespo AL, Storer NP, Head GP, Owens ED and Guyer D, 2007. Ten years of
Bt resistance monitoring in the European corn borer: what we know, what we don't know, and
what we can do better. American Entomologist, 53, 208-214.

Stodola TJ, Andow DA, Hyden AR, Hinton JL, Roark JJ, Buschman LL, Porter P and Cronholm GB,
2006. Frequency of resistance to Bacillus thuringiensis toxin CrylAb in Southern United States
corn belt population of european corn borer (Lepidoptera: Crambidae). J. Econ. Entomol., 99,
502-507.

Sumerford DV, Head GP, Shelton A, Greenplate J and Moar W, 2013. Field-evolved resistance: assessing
the problem and ways to move forward. Journal of Economic Entomology, 106, 1525-1534.
Tabashnik BE, Brevault T and Carriere Y, 2013. Insect resistance to Bt crops: lessons from the first

billion acres. Nature Biotechnology, 31, 510-521.

Tabashnik BE, Liu YB, Dennehy TJ, Sims MA, Sisterson MS, Biggs RW and Carriére Y, 2002.
Inheritance of resistance to Bt toxin CrylAc in a field-derived strain of pink bollworm
(Lepidoptera: Gelechiidae). Journal of Economic Entomology, 95, 1018-1026.

Tabashnik BE, Patin AL, Dennehy TJ, Liu YB, Carriere Y, Sims MA and Antilla L, 2000. Frequency of
resistance to Bacillus thuringiensis in field populations of pink bollworm. Proceedings of the
National Academy of Sciences of the United States of America, 97, 12980-12984.

US EPA, 2001. Biopesticides regjstration action document: Bacillus thuringiensis (Bf) plant-incorporated
protectants. U.S. Environmental Protection Agency, 1.

Whalon ME, Mota-Sanchez D, Hollingworth RM and Duynslager L, 2008. Arthropod pesticide resistance
database. Michigan State University, 2004-2008, http://www .pesticideresistance.org,






