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Cultivation of GM Bt maize will harm European wildlife and jeopardise
conventional and organic farming. Despite this, there is a threat that genetically
modified (GM) insect-resistant (Bt) maize could be grown in Europe on a large
scale as companies are submitting new GM Bt maize varieties to the EU approval
process. Potential effects on the natural and agricultural environments include
toxic effects on beneficial and non-target organisms, such as butterflies; long-
term effects on soil health and rivers and impacts on sustainable farming
practices. Contamination of non-GM crops is already happening from the small
acreage of GM Bt maize that is grown in Europe: coexistence with non-GM crops
is impossible. Decision-makers at all levels in the EU and national governments
need to take into account the evidence contained in this briefing, put a halt to the
expansion of risky GM crops in the EU and, instead, invest in ecological
agriculture that creates jobs and stimulates rural development, whilst promoting
biodiversity by protecting soil, water and the climate.

1) Different types of GM Bt maize

Maize has been genetically modified (GM, also called genetically engineered, GE) in a
number of ways to produce several different types of GM maize. However, virtually all the
GM maize grown around the world exhibit only two major traits, herbicide tolerance (e.g.
Monsanto’s Roundup Ready) and insect resistance (e.g. Monsanto’s MON810, Syngenta’s
Bt11 and Pioneer’s 1507). MON810, Bt11 and 1507 maize varieties have been genetically
modified through the insertion of a gene from the Bacillus thuringiensis (Bt) soil bacterium,
to produce a pesticide, the Bt protein or toxin. MON810 has already been approved for
cultivation in the EU but is subject to national bans and, in 2008, only grown on less than
0.2% of EU land used for cereal production, mainly in Spain and, to a lesser extent, the
Czech Republic, Germany, Slovakia, Portugal, Romania and Poland'. Bt11 and 1507 are
currently in the final stages of the EU authorisation process.

This briefing summarises the main environmental and agricultural impacts of these types of
GM insect-resistant maize varieties. Not all these maize varieties produce the same type of
Bt toxin. MON810 and Bt11 produce the Cry1Ab type of toxin, whilst 1507 produces a
different type of Bt toxin, known as Cry1F. Both types of Bt toxin are proven to be toxic to
larvae of certain moths and butterflies so many of the environmental concerns regarding
impacts on non-target organisms are shared. However, since the two Bt toxins differ in
their activities, they must be evaluated separately. Whilst there have now been a
considerable number of studies on Bt crops producing Cry1Ab, there are hardly any for
Cry1F.
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2) GM Bt crops: environmental concerns

In its natural form, farmers practising organic and other sustainable growing methods have
used Bt formulations since the 1950s as a spray to kill pests without damaging beneficial
and non-target insects or other wildlife. However, both the Cry1Ab and Cry1F Bt toxins
produced by GM insect-resistant maize are significantly different: they are a shorter, or
truncated, form of the protein. This truncated (or shortened) form is less selective than Bt
sprays and therefore has potential to harm non-target insects in addition to the pests for
which it is intended?.

The environmental effects of growing Bt maize in Europe include:

a) Toxic effects on non-target organisms such as butterflies

Current Bt maize crops have been genetically modified to be toxic to certain species of
moths and butterflies (Lepidoptera), e.g. the European corn borer (Ostrinia nubilalis), which
are pests of maize. However, larvae of non-target moths and butterflies, e.g the European
peacock butterfly (Inachis io) may inadvertently ingest the Bt toxin whilst feeding on plants
growing near Bt maize field. The effects of pollen from Bt maize on larvae of the monarch
butterfly in North America is the most well known example of this phenomenon®. Monarch
butterfly larvae are thought to be particularly sensitive to Cry1Ab and less so to Cry1F,
Long-term exposure to Bt pollen from two Bt (Cry1Ab) maize types (MON810 and Bt11)
caused reduced survival of monarch butterfly larvae to adulthood®. Exposure to anthers (the
part of the flower that carries pollen) of Bt (Cry1Ab) maize has also been shown to affect the
behaviour of monarch butterfly larvae, possibly attempting to avoid the Bt toxin®. These
studies show that long-term and subtle effects are important. Many species of butterflies in
Europe are already facing multiple threats, such as climate change and loss of habitat’.
Additional stress from exposure to Bt pollen could further threaten certain species of
butterflies and moths. Thus, there is a very real possibility that non-target organisms
such as butterflies will be harmed by cultivation of Bt maize.

In 2006, a review of the ecological effects of GM maize® concluded: “Exposure of non-target
lepidopteran larvae to Bt maize pollen under field conditions can be highly variable and is still
unknown for the majority of European butterfly species.” The same is still true today.

Long-term laboratory studies of the effects of Bt maize on non-target organisms are
essential®’. In the case of the monarch butterfly no short-term adverse effects (4-5 days)
were noted'®, it was only when longer-term studies (2 years) were carried out that the
adverse effects became clear.

b) Toxic effects on beneficial insects

GM Bt maize could adversely affect beneficial insects that are important in the natural
control of maize pests, for example those that eat the maize pests''. This has been shown
for green lacewings'?. The toxic effects of GM Bt crops on lacewings were via the prey the
lacewings ate, which in turn ingest the GM Bt crop, i.e. indirect toxicity. Thus, the Bt toxins
from GM maize can kill non-target species and be passed higher up the food chain, an
effect that has never been observed with the Bt toxin in its natural form.
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The indirect toxicity of the Bt toxin to non-target beneficial insects makes evaluation of
adverse effects difficult. There have been several different laboratory studies on beneficial
insects, often with different methodologies. However, a recent review of these studies
concluded that “Collectively [the experiments] indicate that the use of genetically modified
crops may result in negative effects on the natural enemies of crop pests.”®

The exact mechanism of how the Bt toxin causes indirect toxicity is not yet well understood,
and further research is necessary to fully understand how Bt crops could affect beneficial
insects. “Key experiments explaining the mode of action not only in this particular affected
non-target species [lacewings] but also in most other affected non-target species are still
missing.” '*

There are also concerns that Bt (Cry1Ab) maize may affect the learning performance of
honey bees'™, which are important pollinators. Although the study used much higher
concentrations than those found in Bt maize plants, it raises concerns that the short-term
direct toxicity testing normally employed in risk assessments is not sufficient to determine
any possible sub lethal effects (i.e. any effects that impair health or function, but do not kill)
on beneficial insects. Such sub-lethal effects (e.g. effects on learning ability) are crucial as
they may affect the functionality of beneficial insects.

For non-specific effects of Bt crops on non-target organisms, the type of farming practice
used as a comparator is also important. Average abundance of non-target invertebrates
were lower in fields of Bt (Cry1Ab) maize, compared to fields were no pesticides were
sprayed. However, this effect was reversed in fields where broad-spectrum pesticides were
used’®. The only useful comparisons are to ecological farming methods.

The EU environmental risk assessment for Bt crops include only short-term single species
mortality studies. These studies would not detect any effects on organisms higher up the
food web, such as the effects on lacewings, nor any subtle effects on behaviour. This
approach has been highly criticised and many scientists have suggested that the effects
of Bt crops, including maize, need to be studied at multiple levels of the food
web'.

c) Possible long term harm to soil ecosystems

The Bt toxin exuded by GM Bt (Cry1Ab) maize has been shown to persist in the soil whilst
remaining biologically active'®. The long-term, cumulative effects from the continued growth
of GM Bt maize over several years have not been adequately considered in a European
context, even though they are thought to be highly important in terms of the risk
assessment'® and could affect yields of future non-Bt crops?. The persistence of Cry1F in
soils under European climates is unknown, as there have been virtually no studies on the
behaviour of Cry1F and its potential effects on soil organisms?'.

GM Bt maize varieties generally contain higher level of lignin than their non-GM
counterparts?. Lignin is well known for its capability to influence digestibility of plant
material to herbivores and could slow the decomposition of Bt maize residues in the soil.
Indeed, GM Bt maize decomposes less in soil than non Bt maize and this may be related to
their higher lignin content?.
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Soils are vital ecosystems to agriculture and biodiversity. However, soil ecology is poorly
understood. Growing Bt crops may be problematic for long-term soil health, as Bt crops
contain proteins that are known to be toxic to certain insects, and are suspected of being
toxic to a range of non-target organisms such as earthworms and nematodes?®*. However,
results from studies on soil organisms are not consistent. Whilst several studies reveal
differences, especially on soil microorganisms?, it is not clear if these are transitory or long-
term effects, nor whether they are adverse effects. The long-term effects of Bt maize on
soil health remain a area of high concern.

A comprehensive review of studies to date on the fate and effects of Bt crops on soil
ecosystems?® concluded that “The lack of evidence of negative effects of Bt crops does not
mean that other GM plants are without risk. Moreover, the possibility of long-term effects of
Bt crops cannot be excluded and must be examined on a case-by-case basis, especially
as a number of issues related to the interpretation of the scientific data on the effects of Bt
crops on the environment are still controversially debated.”

d) Persistence in aquatic ecosystems

The Bt toxin from maize (either exuded by roots during growth or as crop residues left in the
field) can enter streams where it might be toxic to aquatic (insect) life, possibly resulting in
ecosystem level effects. In the United States, agricultural waste from Bt maize has been
shown to enter streams?’. Initial ecotoxicity tests on the standard test organisms for water
quality, the water flea (Daphnia magna), showed a significantly reduced fitness performance
when fed with MON810, indicating a toxic effect?®. Although aquatic microbes were
unaffected, there are concerns that caddisflies, who are close relatives of moths and
butterflies, could be affected?®®. This exposure pathway for Bt toxin has not been previously
considered and is omitted from the current environmental risk assessments of Bt crops,
although this could be significant to the aquatic food web and ultimately the health of
aquatic ecosystems.

The Cry1Ab gene is persistent in aquatic environments® and has been found in the tissues
of fresh water mussels in areas where Bt (Cry1Ab) maize is cultivated, accumulated via
microorganisms ingested by the mussels®’. The consequences of the presence of the
Cry1Ab GM gene are not clear, for example, it is not known if the gene is expressed (active).

Interactions in the natural environment are complex and not fully understood. This means
that it is impossible to fully predict how an introduced element may interact with the natural
environment and this can lead to surprises. Commercial scale cultivation of Bt crops could,
for example, lead to an accumulation of Bt toxins in aquatic environments, with potentially
harmful effects. However, this possibility is not taken into consideration in the current EU risk
assessment for Bt maize. Thus, the risk assessment process for GM Bt plants, e.g.
maize, is not capable of evaluating potential harm to the environment.

e) Increased pest resistance to Bt

In the US there are complex requirements to establish areas (called refugia) planted with
non-Bt crops within a Bt maize field, in order to slow down the development of insect
resistance to the Bt toxin. However, refugia may not be practical on small farm holdings in
Europe and elsewhere, which are very different from the large field sizes in the US.
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Cross pollination will cause contamination of non-Bt maize in refugia and could undermine
the effectiveness of refugia, as pests will still be exposed to the Bt toxin in the refugia®.
Variability in expression of the Bt toxin will also affect the speed at which resistance
develops. If the levels become too low, the toxin may not Kill the pest but instead let it
survive on the Bt maize, assisting the development of resistance. MON810 has highly
variable expression levels of Bt and levels also increase with the increased use of nitrogen
fertilizerss.

There are overwhelming scientific data to support concerns of insect pest resistance®. If
widespread resistance were to occur, the insect-resistant properties of GM crops would
become ineffective. The application of new and even more toxic chemical pesticides would,
therefore, be inevitable. There is evidence that insect resistance is now appearing for cotton
pests in the US (although the use of refugia in this case has slowed down resistance).
However, this resistance is reported not to have caused crop failures because farmers are
still using insecticides to control the target pest®®. Thus increased resistance poses a
serious threat to sustainable and ecological agricultural methods.

f) Bt maize: swapping one pest for another?

Several studies have shown that other pest insects are filling the void left by the absence of
the one (or very few) insect pests that Bt crops target. Most of the evidence comes from Bt
cotton, but similar effects could be seen if Bt maize is cultivated.

» For the Bt (Cry3a) potato, 42% of field tests revealed a significant, positive effect on the
abundance of a variety of sucking insects, which are secondary pests that also attack
potatoes®. The authors concluded that this may have hampered the development of this
Bt potato, which is no longer commercially grown.

» For Bt (Cry1Ac) cotton, after a few years of cultivation, farmers in China and elsewhere
have to spray more pesticides for secondary pests — those not controlled by the Bt
toxin®. Bt cotton was first introduced and promoted to farmers as a crop that would
reduce the use of pesticides. However, it was soon evident that some insects, which
were not an important pest before the introduction of Bt cotton, were becoming a
problem. These secondary pests had previously been controlled by the broad spectrum
pesticides used in conventional cotton. Hence, the use of Bt cotton may lead to initial
reductions in pesticide usage but allows secondary pests to thrive. As a consequence,
the level of pesticide spraying for these pests has increased several fold.

» For Bt maize, larvae of the western bean cutworm (another pest insect for maize) are
starting to fill the niche of the pest insect controlled by Bt (Cry1Ab) maize in the US®,
Western bean cutworm larvae are not susceptible to Cry1Ab and their numbers have
increased in certain years on various types of GM Bt maize, compared to conventional
maize. However, this effect was not noted for Cry1F, suggesting the western bean
cutworm larvae is also susceptible to the Cry1F toxin. Similarly, several varieties of Bt
(Cry1Ab) maize are more susceptible to a corn leaf aphid than their conventional
equivalents®. Aphids are damaging to maize crops but the increase in aphid numbers
also enhanced the performance of parasitic wasps that feed on aphid honeydew.
Therefore, the overall effect is not clear. Analyses of the plant sap (liquid) the aphids fed
on, revealed significantly higher levels of certain amino acids in Bt maize, which might
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partially explain the observed increased aphid numbers. It is not known, however, what
causes the changes in plant sap chemistry. It could well be an unexpected effect caused
by the genetic engineering process.

Plant-insect interactions are complex; where one pest is controlled, another may
thrive and take its place. Thus, any initial reductions in pesticide usage arising
from the use of Bt crops are expected to be only temporary.

3) Coexistence is impossible

There are many studies confirming long distance pollination from GM maize up to 1 000
m away*°. In all of the EU reports published on gene flow and coexistence (e.g. EEA, 2002;
IPTS/JRC, 2002, IPTS/JRC/ESTO, 2006*') maize has been shown to be amongst the most
difficult GM crops to contain (alongside oilseed rape), due to the high cross pollination rate
and the large distances that viable maize pollen can travel. GM maize is described as
presenting a “medium to high risk” for cross-pollination with other crops*.

The small acreage of Bt corn grown in Spain is reported to be creating conflicts within
society. “The liability scheme is perceived as transferring the problem to the organic farmers.
AS a result, many farmers are reluctant to publicly report cases of contamination in a context
where there is a need for social cohesion, as in small villages. One organic farmer said: “as a
consequence of social pressure, when farmers suffer contamination, they do not want to
say so. Last year there were four contamination cases and two made it public but two did
not. For fear of confronting the people in the town ... so they have to assume the economic
cost, the environmental cost, and the cost of losing the organic certification but they do not
say so” (interview). Consequently, data on admixture cases are not systematically registered,
although the organic certification is withdrawn in these cases™®.

In addition, organic farming is diminishing as a result of GM contamination. “As a result [of
these cases], from 2004 (when the first analyses were done) to 2007, the area devoted to
organic maize was reduced by 75% in Aragon [where GM Bt maize is concentrated].”*

There is a possibility that GM maize plants could survive the winter in Mediterranean Europe
to contaminate future non-GM maize. Maize plants have been shown to survive over a
growing season, even in the UK, a comparatively cold part of Europe*. Occasionally, maize
volunteers (plants that have not been intentionally planted) have been noted from spilled
seed in uncultivated fields and roadsides in the year following GM maize production?.
Should any volunteer GM maize plants inadvertently grow near a maize crop, the resulting
pollen could cross-pollinate, resulting in genetic contamination.

Co-existence is impossible. Non-GM maize (i.e. conventional and organic) will
inevitably become contaminated in Europe. There is no liability legislation in place
that would award compensation for farmers whose crops are contaminated and
therefore devalued by GM maize in Europe.
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Conclusion

All types of GM Bt maize have the potential to cause serious harm to Europe’s natural and
agricultural environment and wildlife. These potential effects include:

» effects on non-target organisms, including indirect toxicity and long-term effects;

» effects on soil health, especially long-term effects;

e accumulation and persistence of the Bt toxin in aquatic environments;

* build up of insect resistance;

* increases in other pests, and;

* impacts on sustainable farming practices.

The current EU risk assessment process is wholly inadequate to assess these potential
threats as it does not assess sub-lethal or long-term effects; indirect toxicity; unexpected
effects (e.g. increases in secondary pests); nor unanticipated pathways of the Bt toxin into
the environment. The lack of data on the behaviour of Cry1F in the agro-environment and its
potential toxic effects on non-target species is particularly problematic for the risk
assessment of Bt crops. Several unexpected effects and pathways have been discovered in
connection with Cry1Ab maize (MON7810 and Bt11), it is highly likely that such unexpected
effects may yet be linked to Cry1F maize (1507).

Releases of GM organisms are irreversible. In particular, GM maize is uncontrollable
because of the high cross-pollination rate and the large distances that maize pollen travels.
Therefore, in Europe and elsewhere, co-existence of conventional and organic maize with
GM maize is impossible. Hence, the cultivation of GM maize will erode farmer’s choice to
say no to GM crops and consumer choice to avoid GM food.

Decision-makers at all levels in the EU and national governments need to put a halt
to the expansion of risky GM crops in the EU. The future of agriculture lies in
ecological farming that creates jobs, stimulates rural development, and promotes
biodiversity by protecting soil, water and the climate. Ecological systems ensure
healthy farming and healthy food today and in the future, and do not contaminate
the environment with chemical inputs or genetic engineering.
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