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Abstract Beetles (Coleoptera) are a diverse and
ecologically important group of insects in agricultural
systems. The Environmental Risk Assessment (ERA)
of genetically modified Bt-crop varieties with insect
resistances thus needs to consider and assess the
potential negative impacts on non-target organisms
belonging to this group. We analysed data gathered
during 6 years of field-release experiments on the
impact of two genetically modified Bf-maize varieties
(Ostrinia-resistant MONS810 and Diabrotica-resistant
MONS88017) on the occurrence and field densities of
Coleoptera, especially the two families Coccinellidae
and Chrysomelidae. Based on a statistical analysis
aimed at establishing whether Bf-maize varieties are
equivalent to their near-isogenic counterparts, we
discuss the limitations of using field experiments to
assess the effects of Bt-maize on these two beetle
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families. The densities of most of the beetle families
recorded in the herb layer were very low in all
growing seasons. Coccinellidae and Chrysomelidae
were comparatively abundant and diverse, but still
low in numbers. Based on their role as biological
control agents, Coccinellidae should be a focus in the
ERA of Bt-plants, but given the large natural
variability in ladybird densities in the field, most
questions need to be addressed in low-tier laboratory
tests. Chrysomelidae should play a negligible role in
the ERA of Bt-plants, since they occur on-crop as
secondary pests only. Species occurring off-crop,
however, can be addressed in a similar fashion
as non-target Lepidoptera in CrylAb expressing
Bt-maize.

Keywords Environmental Risk Assessment -
Coleoptera - Genetically modified Bf-maize -
MONS88017 - MON810

Introduction

One of the major applications for genetically mod-
ified (GM) crops is insect pest control based on the
expression of proteins derived from Bacillus thurin-
giensis (Berliner). This ubiquitous soil bacterium
forms crystalline protein inclusion bodies upon
sporulation, which are toxic to specific insect taxa
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(Schnepf et al. 1998; Glare and O’Callaghan 2000).
Genes coding for these Cry-proteins are transformed
into plants that in turn express Bt-proteins as plant-
incorporated protectants in different concentrations in
all tissues. In Europe, only Bf-maize lines resistant
against the European corn borer Ostrinia nubilalis
(Hiibner) (Lepidoptera: Crambidae) based on the
expression of the protein CrylAb have been culti-
vated. All of these maize lines are derived from the
transformation event MONS10.

Another trait provided by the Bt-technology is
resistance of corn plants to the Western corn
rootworm (WCR) Diabrotica virgifera virgifera
(LeConte) (Coleoptera: Chrysomelidae). The WCR
has been accidentally introduced to Europe from the
United States approximately 15 years ago and is
generally regarded as a serious threat to European
maize production. It has spread considerably over the
last years, now covering already vast areas of Europe
(Hummel 2003; Kiss et al. 2005; Miller et al. 2005).
Resistance of the currently available GM maize
plants to D. virgifera virgifera is conferred by the
expression of some very different Cry proteins (Ostlie
2001). Maize lines based on the transformation
events MONS863 and MONS88017 (Monsanto Co.;
Vaughn et al. 2005) both express Cry3Bbl, MIR604
(Syngenta Seeds Inc.; Walters et al. 2008) expresses a
modified Cry3A, and DAS-59122-7 (DOW Agro-
Sciences LLC; Gao et al. 2004) produces both
Cry34Abl and Cry35Abl. For most of these maize
lines an application for cultivation has been submit-
ted in the European Union (EU).

Under EU legislation a pre-market risk assessment
of genetically modified crops is mandatory (EC 2001,
2002; EFSA 2006). Among the scientific community
there is consensus that the focus of biosafety research
should be on organisms that are (1) exposed to a
specific Bt-crop’s toxin because of their association
with the host plant and (2) potentially sensitive to the
transgene product (the Bt-protein) due to their
phylogenetic relationship to the target organism.
The nature of an organism’s association to the host
plant can in general be either herbivorous, i.e.
exposure by directly feeding on plant tissue, and/or
predacious, i.e. exposure via the consumption of
herbivorous insects which have previously been
exposed to a Cry-protein, or both in cases of
omnivorous species (see figure 1 in Romeis et al.
2006 for exposure routes). The choice of non-target
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species to be tested in a tiered risk-assessment
approach is governed by a variety of factors, e.g.
ecosystem function, representativeness for other non-
target organisms under the surrogate species concept,
and amenability to testing (Romeis et al. 2008; Todd
et al. 2008). In order to make an informed choice of
sensible non-target species for insect-resistant Bt-
maize, fundamental information on the general
occurrence and field-densities of potential candidate
organisms is needed for the different geographic
areas where the genetically modified maize will be
planted.

Because of their close phylogenetic relationship,
other Coleoptera are a main focus in the assessment
of the potential negative environmental impact of
WCR-resistant Brf-maize varieties. Bt-proteins are
generally regarded as very specific in their action,
with a very limited impact on non-target organisms
(Roh et al. 2007), meaning that only species closely
related to a targeted pest can reasonably be hypoth-
esised to be at some risk of experiencing harm. Three
families within the Coleoptera are of special interest:
(1) other chrysomelid beetles, since they are most
likely to be affected by the toxic action of Diabro-
tica-specific Cry-proteins; (2) coccinellid and (3)
carabid beetles, which serve important biological
control functions as predators of aphids and other
herbivores (Kromp 1999; Romeis et al. 2006).

In this work, we present data gathered on beetles
and especially the two beetle families Chrysomelidae
and Coccinellidae during field-release experiments
with genetically modified maize varieties based on the
transformation events MON810 and MONS88017,
performed from 2001 through 2003 and from 2005 to
2007, respectively. The studies were conducted in two
different regions of Germany. In the first study, beetles
were mostly recorded on a higher taxonomic level only
(mostly order, in one case family), since they were not
assumed to be sensitive to the CrylAb protein
expressed in MONS810 and hence not a special focus.
In the second study, however, they were identified to
the species level whenever possible, since the
Cry3Bbl protein expressed in MONS88017 directed
against Diabrotica was hypothesised to potentially
have an impact on other Coleoptera. We analysed
these data in order to establish equivalence between
the genetically modified varieties and their respective
near-isogenic counterparts. These analyses showed
the limitations of using higher-tier field-release
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experiments for assessing the potential impact of Bi-
maize varieties on Coccinellidae and other beetles.
Additionally, we discuss literature data on the occur-
rence of Coleoptera in maize fields, their exposure to
Cry proteins and the potential impacts of Bt-plants to
make a comprehensive analysis of the accompanying
implications for Environmental Risk Assessment.

Materials and methods
The field-release experiment with MONg810

Three maize treatments were compared in a field
study from 2001 to 2003: (1) Bt-maize (Bt; transfor-
mation event MONS10, cultivar Novelis) expressing
the CrylAb protein, (2) the near-isogenic maize line
without insecticide treatment (ISO, cultivar Nobilis)
and (3) the isogenic maize treated with a synthetic
pyrethroid insecticide (INS; cultivar Nobilis treated
with 750 ml Baythroid 50 per ha; active ingredient
50 g Cyfluthrin/l; emulsifiable concentrate) repre-
senting the conventional cultivation strategy. The
experimental site was located near Bonn (North
Rhine-Westphalia, Germany) and consisted of two
maize fields approximately 500 m apart. One field
measured 182 by 248 m with 15 plots (five replica-
tions of each treatment arranged in three rows of five
plots), the other measured 178 by 186 m with nine
plots (three replications arranged in three rows of
three plots). The size of each plot was 0.25 ha. The
plots were arranged in a randomized complete block
design. The field was planted on May 20 (calendar
week CW 21) in 2001, on May 17 (CW 20) in 2002
and on April 28 (CW 18) in 2003. The experiment
was performed in three successive years, whereby the
location of the plots with their respective maize lines
was identical to ensure similar abiotic parameters. A
mixture of Callisto (900 ml per ha; active ingredient
Mesotrione) and Gardobuc (900 ml per ha; active
ingredients Terbuthylazin and Bromoxynil) herbi-
cides was applied 4 weeks after planting. The insec-
ticide treatment depended on European corn borer
phenology in the first half of July.

The field-release experiment with MON88017

Within an area of approximately 4 ha four differ-
ent maize lines were planted in a systematically

randomized plot design with eight replicates each, at
a field site near Wiirzburg (Lower Frankonia,
Germany). Apart from Bf-maize DKc5143-Bt (event
MONS88017) and its near isogenic line DKc5143
(ISO; both Monsanto Co.) two conventional maize
lines, Benicia (Pioneer HiBred, Johnston, Iowa,
USA) and DK315 (Monsanto Co.), were used for
the experiment. Individual plots measured 40.5 by
31.5 m (0.13 ha) and contained 42 maize rows with
75 cm distance between them and 15 cm between
individual plants. The plots were aligned in four
parallel rows of eight plots each, with a 4.5 m wide
clearance between neighbouring rows for easy
access. The experimental field was surrounded by a
4.5 m clearance strip followed by a 10 m wide
perimeter of conventional maize (Gavott, KWS Saat,
AG, Einbeck, Germany). The experiment was per-
formed in three successive years, whereby the
location of the plots with their respective maize lines
was identical to ensure similar abiotic parameters.
The field was planted on May 27 (CW 21) in 2005, on
May 9 (CW 19) in 2006 and on May 21 (CW 21) in
2007. In 2005, a mixture of 0.8 1 Motivell (BASF
AG, active ingredient Nicosulfuron), 0.8 1 Spectrum
(BASF AG, active ingredient Dimethenamid-p) and
2.0 1 Artett (BASF AG, active ingredients Terbuthyl-
azine and Bentazon) were used to control weeds
during the 2 to 8 leaf stadium. In 2006 and 2007, a
mixture of 3.0 1 Gardo Gold (Syngenta Co., active
ingredients S-Metolachlor and Terbuthylazine) and
0.8 I Callisto (Syngenta Co., active ingredient Mes-
otrione) was used for this purpose.

Cob samples

Cob sampling is described in Eckert et al. (2006). In
the study with MON88017 the methodology was
slightly changed: only 10 cobs (instead of 20) were
sampled per plot, by slipping a small plastic bag over
the cobs and then cutting them off the plants. The
plastic bags were tightly closed and all ten sample
bags from a plot were then put together into a larger
bag. This ensured that arthropods would not get away
during sampling or subsequent transport to the
laboratory. Samples were stored at —20°C until
analysis. Additional data from Eckert et al. (2006)
on beetles sampled from cobs are given here to
compare them to the data gathered in the MON88017
project.
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Sweep net samples

Sweep netting (net diameter 40 cm, mesh width
1.5 mm) was carried out in a transect-wise manner
along the maize rows as previously described in
Rauschen et al. (2008). In the study with MONS810
sweep netting was performed in five transects in 2002
and 2003. In the study with MON88017 it was done
in four transects in all 3 years. This is due to the
different plot sizes in the two field-release experi-
ments. Beginning at approx. 5 m into the plot, to
avoid edge effects, thirty large steps were quickly
made whilst holding the sweep net vertically in front
of the chest at a height of approximately 90 cm above
the ground. After each transect, captured insects were
transferred into glass vials with 70% ethanol. Sweep
net sampling was done on August 26 (CW 35) in
2002, August 8 (CW 32) in 2003, July 13 and August
24 (CW 28 and 34) in 2005, on July 19, August 16
and September 6 (CW 29, 33 and 36) in 2006, and on
July 18, August 14 and September 4 (CW 29, 33 and
36) in 2007. Collected specimen were identified in
the laboratory under a binocular microscope.

Visual assessments

Visual assessments of the Coleoptera on plants were
applied in 2002 and 2003 and performed as follows:
Four plants per plot were randomly chosen and
assessed 7 times during the growing seasons at
2 week intervals from June to September (26 June
to 17 September 2002, and from 4 June to 1
September 2003). Different parts of the plants—
leaves, stalks, cobs and panicles—were scanned
individually. Plants were neither damaged, nor were
insects removed from them during the assessment.

Panicle samples

In each plot, five combined samples were taken by
shaking the flowers of five adjacent plants into a
plastic funnel. The maize anthers and all insects on
and in them were collected in a glass vial with a snap-
on lid connected to the end of the funnel. In this way,
25 flowers per plot were sampled during the peak of
anthesis (usually from the end of July to beginning of
August). In 2001, 2002 and 2007 samples were taken
during anthesis once for each treatment, while in
2003, 2005, 2006 samples were taken twice. This was
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due to differences in flowering phenology during the
years and the prevalent weather conditions during
anthesis.

Moericke traps

The use of Moericke traps was restricted to the
experiment performed from 2001 to 2003 (MONS810
project). One plastic coloured Moericke trap (bowl
measuring 340 mm by 260 mm, half of the trap
bottom white and half yellow) was mounted in the
middle of each plot onto a wooden pole at a height of
approximately 1.2 m. Traps were filled with water
and a small amount of detergent and were set up for
1 week, for 7 intervals in 2001, 6 in 2002 and 2 in
2003. After this time, the caught insects were
immediately transferred to glass vials with snap-on
lids and stored in 70% ethanol until being sorted and
identified in the laboratory under a stereomicroscope.

Statistical analyses of field abundances

Since our objective is to assess environmental safety
of a novel treatment, we want to use statistical
procedures such that the consumer’s or environmen-
tal risk is directly controlled by the type-I-error « at a
low, pre-specified level, chosen by convention at 5%.
This can be achieved by applying a test of equiva-
lence (e.g. Andow 2003; Wellek 2003; EFSA 2009)
instead of using customary tests on difference. In
comparisons of abundance between a GM and a
conventional variety, a test of equivalence defines the
null-hypothesis as the state of either unacceptable
increase or unacceptable decrease of abundance in
the GM relative to the conventional treatment. The
alternative hypothesis defines the state where slight
changes in abundance are allowed, but a severe
increase or decrease does not occur.

Among other possible ways, confidence limits
might be used to decide upon such hypothesis. The
procedure is the following:

1. Define the margin of relevant decrease and
relevant increase r;, ry, preferably in the scale
of the ratio of mean abundances in GM relative
to the mean abundance in the conventional
treatment.

2. Calculate a lower 95% confidence limit and an
upper 95% confidence limit for the ratio of mean
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abundances based on the data at hand. Note that
both limits together usually constitute a 90%
confidence interval.

3. If, and only if, both the lower confidence is larger
than the r;, and the upper confidence limit is
smaller than ry, we can reject the null hypothesis
and conclude that GM is equivalent to ISO.

This procedure protects the consumers or environ-
mental risk at 5% because in only 5% of the cases one
erroneously concludes for equivalence, when indeed
abundance is relevantly increased or decreased in
only 5% of the cases. The inherent problem of this
approach is the choice of r; and ry, i.e., the definition
of which changes in abundance are considered
relevant and which changes are considered irrelevant.
It is of fundamental importance that these choices of
rp and ry need to be made by ecological reasoning
and background knowledge.

When applying the test of equivalence (or any
other significance test) for abundance data, one faces
the problem that uncertainty concerning the true
effect (and the width of confidence intervals)
becomes large for low abundances, a small number
of replications and large residual variation. Counting
of individuals scattered randomly in the observational
windows of a study would yield data following the
Poisson distribution. However, large residual varia-
tion in abundance data often occurs due to the
clustering of individuals, termed extra-Poisson vari-
ation or over-dispersion in the statistical context
(McCullagh and Nelder 1989). Then, the probability
to show equivalence if indeed GM has no effect on
the abundance of a species may be very low, if rare
species or species with high variability in local or
temporal abundance or activity are investigated with
a low number of replications. However, a secondary
aim in safety assessment of a new technique should
be to keep the producer’s risk at an acceptable level.
That is, if indeed a GM would be harmless, the risk of
erroneously doubting its harmlessness (i.e. not reject-
ing the null-hypothesis of an equivalence test) should
not be too high. In other words, one should try to
keep the type-Il-error f§ of the equivalence test at a
low level. This can only be achieved, roughly, by
experimental design. That is, planning trials with a
sufficient number of replications, based on available
prior information concerning the mean abundance
and variability of the observations.

For this second purpose, we first analyse available
datasets of coccinellids and other Coleopterans
concerning their mean abundance and their variabil-
ity. In a second step, we simulate abundance data for
different choices of mean abundance, variability and
experimental design and subsequently compute the
confidence limits for these data sets. Finally, we
display the ranges in which 90% confidence intervals
are completely included (i.e. one can conclude for
equivalence) in 50 or 80% of the cases. It is
fundamental to note that the presented ranges should
not be the basis of the definition of r, and ry.
Conversely, these should be defined based on
ecological reasoning. However, the figures might be
used to roughly assess, for which choices of {r;, ry}
it is not realistic to expect that equivalence can be
shown even for a completely harmless GM.

Both trials were designed as randomized complete
block designs and repeated over 3 years. Although
performed at the same locations, the consecutive
years are included as independent in the analyses. In
order to assess relevant values of variability, a
generalized linear model with log-link assuming the
Negative binomial distribution (McCullagh and Nel-
der 1989) was fitted to each data set, using the
implementation in the R-package MASS (Venables
and Ripley 2002). For each taxon separately, a model
was fitted including effects for the blocks, treatments,
years and a treatment-year interaction. After adjust-
ing for these effects (subtracting fitted values from
the data on the log-scale), the residual variance was
recorded for each data set.

The major objective of the study was the quanti-
tation of the effect of Bf-maize on the relative
densities of Coleoptera. In this respect, the compar-
ison of arthropod densities between the Bt-maize
varieties (BT) and the near-isogenic lines (ISO) is of
primary interest, as it potentially is the best indicator
for any differences caused by the Bt-protein. Based
on the mean and variance parameters estimated in the
models described above, Wald-type confidence inter-
vals for the ratio of mean abundance were calculated
(McCulloch and Searle 2001).

Simulation study
In order to assess the power of a test of equivalence, a

Monte Carlo simulation study was performed.
Throughout the study we assumed the most favorable
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case, i.e. that the Br-varieties and their near-isogenic
lines have identical mean abundances. To simulate
insect count data, random data were drawn from the
following model:

log(uij) =0;i+¢+ (58)U
Yijk ~ NegBln (:uij7 T)

In this model, 6;, i = 1,2 describes the log-
abundance between the GM (6,) and the conventional
variety (J,). The term ¢; describes the mean log-
abundance in J different sites or years, indexed by
Jj=1, ..., J. The actual values of ¢; are drawn from a
normal distribution with expected value 0. The term
(d¢);; describes the treatment- environment site (or
treatment-year) interaction, with values drawn form a
normal distribution with expected value 0. The counts
Y are simulated from a negative binomial distribu-
tion, where the parameter t models the extra-Poisson
variability following the relation
V(Y;jk) = + r,u?].

The index k = 1, ..., K identifies the K replications
of each treatment within each site.

All combinations of the following parameter
settings are considered: In all settings the mean
abundance is chosen equal in GM and conventional
treatment exp(d;) = exp(d,) and is set to 0.5, 1, 5, 10,
50. The extra-Poisson variability is chosen t = 0.001,
0.1, 1. The following combinations (J, K) for the
number of sites and the number of replications J
within each site K are chosen: (3,8), (2,12), (5,10),
(10,10). For each combination of parameter settings,
10,000 data sets were drawn and for each data set, a
model of the form above was fitted, assuming the
negative binomial distribution and obtaining esti-
mates for d;, ¢, (d¢);, t from the data, using the
implementation by Venables and Ripley (2002) in the
R package MASS. Large sample confidence intervals
for the average ratio of mean abundance are calcu-
lated following McCulloch and Searle (2001) by

[CL; Cu] = [exp(dy — da — Z1-aSa,—ar);
exp(di — da + 21484, -a) ]

where d; denotes the estimates for §;, z;_,, denotes the
(I — «) quantile of the standard normal distribution
and s;;_ 4> denotes the estimated standard error of the
difference d; — d, obtainable from the model fit. All
simulations and subsequent computations were
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performed in the free software R-2.6.2 (R Develop-
ment Core Team 2008). To summarize the 10,000
simulation results of one parameter setting we search
for an rp <1, ry=1/rp such that P(rp,<Cp
NCy<ry)=1—pf, where f is the type-Il-error.
That is, we search for that value r;, for which
(I — p) x 10,000 of the 10,000 simulated confidence
intervals [C;;Cy] are completely included in the
margins of relevant change r;, ry.

Results
General overview of beetle species in maize

A total of 6,529 individuals from 9 families of beetles
was caught over the 6 growing seasons at the two
field release sites (Table 1), represented by 29 genera
or species. Most insects were caught with Moericke
traps, followed by panicle and cob samples, and the
sweep net samplings, although this differed among
the years. The most diverse groups appeared to be the
ladybirds (Coccinellidae) and the leaf beetles
(Chrysomelidae), with eight and six identified genera,
respectively. These two families were also the 2nd
and 3rd most abundant, in the years a more accurate
identification was performed. Minute brown scaven-
ger beetles (Lathridiidae) represented by the single
species Cortinicara gibbosa (Herbst) were the family
with the highest number of individuals, although this
species was almost exclusively sampled from maize
cobs (see also Eckert et al. 2006) and only single
specimen were ever sampled from the foliage.

Staphylinids were only identified in 2005 and not
further investigated due to their very low abundances
in all samples taken from the herb-layer with the
different methods.

Within the ladybirds, eight species were identified:
Propylea 14-punctata (L.) and Coccinella 7-punctata
(L.) were the most abundant (Table 2). However,
during the course of the release experiment with
MONS88017 there seemed to be an increase in the
number of the non-native multicoloured Asian lady
beetle Harmonia axyridis (Pallas) in the field. In
2007, most coccinellid larvae collected from maize
foliage appeared to belong to this species, based on
the presence of the conspicuous, coloured and
branched appendages on the abdominal flanks of
the larvae of this species.
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Table 1 Overview of Coleoptera caught in the two field-release experiments during the periods from 2001 to 2003 and from 2005 to

2007 with the different sampling methods

2001 2002 2003 2005 2006 2007 Total

Coleoptera 1,187 2,351 2,102 271 437 181 6,529
caught with

Moericke traps 1,034 1,947 1,251 - - - 4,232

Panicle samples 111 228 708 101 129 8 1,285

Visual assessments - 126 52 - - - 156

Sweep netting 10 20 106 157 75 368

Cob samples® 47 40 94 64 151 98 494
Anthicidae

Anthicus spp. 0 1 0 1

Notoxus monoceros 2 4 3 9
Cantharidae

Cantharis spp. 1 0 0 1
Carabidae

Demetrias sp. 0 16 0 16
Chrysomelidae

Chaetocnema spp. 9 8 0 17

Longitarsus spp. 0 0 1 1

Oulema lichenis 26 4 0 30

Oulema melanopa 2 2 1 5

Phyllotreta spp. 48 98 18 164

Psylliodes chrysocephala 0 0 1 1
Coccinellidae

Adalia bipunctata 3 1 6

Adonia variegata 3 1 6

Calvia 10-guttata 10 10

C. 14-guttata 10 10

Coccinella 7-punctata 10 26 4 5 45

Harmonia axyridis 0 2 15 17

Propylea 14-punctata 77 117 30 224

Tytthaspis sedecimpunctata 0 2 2 4
Curculionidae

Apion spp. 2 13 2 17

Barynotus spp. 0 5 3 8

Sitona spp. 0 4 4
Lathridiidae

Cortinicara gibbosa® 47 40 94 64 151 98 494
Malachiinae

Axinotarsus spp. 1 0 0 1
Staphylinidae

Aleochara spp. 1 - - 1

Oxypoda spp. 1 - - 1

Oxytelus spp. 6 - - 6

Philonthus spp. 1 - - 1

Syntomium spp. 0 - - 0
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Table 1 continued

2001 2002 2003

2005 2006 2007 Total

Tachyporus spp.

Total 47 50 114

1 - - 1
272 437 181 1,101

# Data for 2001 to 2003 taken from Eckert et al. (2006)

Table 2 Overview of coccinellid beetles and total numbers
caught with two different methods during the field-release
experiment from 2005 to 2007

Sweep nets Panicle samples Total
Propylea 14-punctata
2005 24 53 77
2006 66 51 117
2007 28 2 30
Coccinella 7-punctata
2003 10 - 10
2005 3 23 26
2006 2 2
2007 5 0 5
Calvia 10-guttata
2002 10 - 10
C. 14-guttata
2003 10 - 10
Harmonia axyridis
2005 0 0 0
2006 1 1 2
2007 11 4 15
Tytthaspis sedecimpunctata
2005 0 0 0
2006 2 0
2007 2 0
Adonia variegata
2005 0 2
2006 0 3
2007 0
Adalia bipunctata
2005 0 2
2006 0 3
2007 0 1 1
Coccinellidae larvae
2005 1 3
2006 1 1 2
2007 29 3 32
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Three species of this family were only caught with
either of the two samplings methods employed:
Tytthaspis sedecimpunctata (L.) was only caught
with sweep nets in the foliage, while Adonia varieg-
ata (Goeze) and Adalia bipunctata (L.) were only
sampled from flowering tassels (Table 2).

During the first experiment with MON810 from
2001 to 2003 Coccinellidae were only seldomly
recorded in sweep net or panicle samples. This family
was quite abundant at the field site, however, with
105 and 147 individuals caught in Moericke traps in
2002 and 2003, respectively. Ladybirds were not
individually counted in 2001, so it is unclear how
many of the 1,034 beetles caught in yellow traps in
that year were in fact coccinellids.

The most abundant out of the six leaf beetle genera
recorded at the field site in Bavaria in the time from
2005 to 2007 were Phyllotreta spp. and Oulema
lichenis (Voet) (Table 3). Their densities were uni-
formly low over the different growing seasons in
comparison to other beetle groups, however, despite
being recorded on a regular basis. Specimens of the
other four genera or species recorded were caught on
only few occasions.

The sampling methods differed again with respect
to the species that were caught: both Oulema species
and the Chaetocnema spp. were only sampled from
foliage. The most abundant chrysomelid genus,
Phyllotreta, on the other hand, was sampled from
both maize foliage and flowering tassels.

The minute brown scavenger beetles (Lathridii-
dae) are saprovorous/mycetophagous and could reg-
ularly be found between the husk leaves of maize
cobs. They were one of the few groups that could
always be found in considerable densities over all 6
growing seasons, although there were large differ-
ences between the years and the field-release sites.

However, they might be regarded as a typical
member of the community of insects occuring in maize.
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Table 3 'Ovefview of chrysomeliq beetles‘ and total number.s 1000 o Coccineliidae, single species -
caught with different methods during the field-release experi- B Gl
ment from 2005 to 2007 fysomendas, singe specles
> Lathridiidae, single species
Sweep nets Panicle samples Total 100 — o Coccinellidae
8 4 Chrysomelidae x
Oulema lichenis e + Coleoptera /
©
2005 26 0 26 5 10
2006 4 0 t_:
2007 0 0 0 _E =
Oulema melanopa 4
2005 2 0 2 2
2006 2 0 2 0.1+
2007 1 0
Phyllotreta spp.
2005 27 21 48 1 T 1 1 1
2006 45 53 98 & o mE =
— T3]
2007 18 0 18 Mean abundance
Chaetocnema spp.
2005 9 0 Fig. 1 Plot of residual variance versus estimated mean
abundance in logarithmic scale for 28 abundance data sets
2006 8 0 from field trials in 2001-2003 and 2005-2007. Bold grey
2007 0 0 symbols indicate data that are summarized at the level of
. families or orders, while black symbols indicate data of single
Psylliodes spp. . . L . .-
species. Different symbols indicate different families (or
2005 0 0 0 summary of all coleopteran counts). The solid line indicates
2006 0 0 0 the theoretic 1:1 relation of variance and mean for the Poisson
2007 1 0 distribution
Longitarsus spp.
2005 0 0 0 With respect to the final aim of assessing the
2006 0 0 0 power of a test of equivalence for abundance data, we
2007 1 0 conclude: very low abundances may be relevant when

Further statistical analysis of the Coleoptera data

Figure 1 summarizes the analysis of coleopteran data
from field trials with respect to the relation between
mean abundance and residual variation. For counts of
single species, abundances are usually very low,
rarely larger than 1 but often in the range around 0.1.
For those rare counts, there is no hint to extra-Poisson
variability. Conversely, the observed residual vari-
ability is usually slightly below the mean abundance.
This effect is probably due to an over-fit by the model
that includes block, treatment, year effects and
interactions, which are not necessary to explain
effects in the sparse data. Summarized counts on
the family or order level show mean abundances
between 1 and 50. Especially for high abundances we
observed substantial extra-Poisson variation, most
prominently for the data of all coleopterans.

single species are considered. In the present cases,
considering species of the Coccinellidae, Chrysome-
lidae and Cortinicara in a very restricted number of
locations, we found no evidence for over-dispersion
on the species level. However, for different species or
different locations, over-dispersion may of course be
present on the species level as well. When consid-
ering counts summarizing the abundance of higher
taxonomic levels, extra-Poisson variation is clearly
present in the data at hand. Hence it should be
considered when analysing the power of a test of
equivalence.

Results of the simulation study

In the simulation study, the case is considered that
abundance in GM does not differ from that in the
conventional standard. Figures 2 and 3, respectively
depict the ranges in which 80 and 50% of 10,000
simulated confidence intervals for the ratio of mean
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abundance (GM/conventional) are fully included.
These ranges are shown for different experimental
designs, mean abundance and variability. That is, the
study provides estimates for the narrowest choice of
equivalence margins {r;, ry} for which one could
expect to successfully show equivalence in 80% (or
50%) of trials with a given design, mean abundance
and variability. First, consider the relatively wide
equivalence margins {0.5; 2.0} (outer, dotted, verti-
cal lines) and the experimental setup used in the two
projects, with 8 replications per treatment, performed
over 3 years (“site” here means one field-year
combination, Figs. 2a, 3a). In this situation, it is only
possible to show equivalence in at least 80% of the
cases (Fig. 2a) if the mean abundances are larger than
1 and there is no extra variation in the data (light
bars). When taxa with substantial extra variation
(dark bars), or mean abundances below 1 are
considered, yielded confidence intervals are much
wider. Hence the chance to be included in the
equivalence margins {0.5, 2.0} is below 80% in these
cases, even though the abundance in the GM and
conventional variety are exactly equal. For showing
equivalence for rare taxa or taxa with substantial
extra variability with a high probability of success

A 3 sites
- 8 replications within site
g ¥ ' _
§ L] —
c i I I—
(1] | 1 H
s oy
1 2 3 4 5
C 5 sites
@ 10 replications within site
E 50 LI
1 H
“é‘ 10 — i
fgu 5 1| —
c 1 ,: _
go_s H | — ! ;
1 2 3 4 5

Ratio of mean abundance

(80%), much higher experimental effort would be
needed, e.g. 5 sites, with 10 replications per site or 10
sites with 10 replications per site (Fig. 2¢, d). For
taxa with strong extra-Poisson variation one will be
successful in just about 50% of the cases even with
mean abundances as high as 50 individuals per
observational unit.

If a stricter definition of equivalence, i.e. margins
of {0.8; 1.25} (inner, dashed, vertical lines), was to
be used with a design with 3 years and 8 replications
within a year, the chance to correctly establish
equivalence is below 50% when the mean abundance
is about 5 or below, or the taxon exhibits any extra-
Poisson-variability (Fig. 3a). In this strict case, even
with the largest trial shown in Fig. 2d, one could not
expect to establish equivalence in at least 80% of the
cases, except for very abundant species (mean
abundance about 50 or above) without strong extra
variation.

Confidence intervals for a test of equivalence
for the 14 most abundant taxa

As a last step, we analysed the most abundant taxa
obtained from the trials with MON810 (2001-2003)

B 12 sites
2 replications within site
50 ¢ E E—
10 —E E =
1 = il | I —
05 b} | —— |
0 1 2 3 4 5
D 10 sites
10 replications within site
50T emte—
10+ | | o
s |
1 IE | -
05-L = {mlm=t == : : :
0 1 2 3 4 5

Ratio of mean abundance

Range in which 90% confidence intervals are completely included in 80% of the cases for

B Strong extra variation

Fig. 2 Range in which 90% confidence intervals are included
in 80% of 10,000 simulated cases for extra-Poisson variation
T = 1 (strong extra variation, dark grey bars), T = 0.1 (weak
extra variation) and t = 0.00] (nearly no extra-variation, light
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grey bars), and various levels of mean abundance. The dotted
vertical lines indicate equivalence margins {0.5, 2.0}, dashed
lines show margins {0.8, 1.25}
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Range in which 90% confidence intervals are completely included in 50% of the cases for

B Strong extra variation

Fig. 3 Range in which 90% confidence intervals are included
in 50% of 10,000 simulated cases for extra-Poisson variation
T = 1 (strong extra variation, dark grey bars), T = 0.1 (weak
extra variation) and t = 0.001 (nearly no extra variation, light

and with MONS88017 (2005-2007) using the confi-
dence interval approach described above. The models
fitted are slightly more complex than the one used for
the simulations, since both trials additionally con-
tained blocks. Lower 95% and upper 95% confidence
limits, suitable for a test of equivalence with 5% error
probability per taxon are considered and shown in
Fig. 4. For the four species included in the analysis
(Oulema lichenis, Phyllotreta vittula, Propylea 14-
punctata, Cortinicara gibbosa, assessed by cob
sampling and sweep netting) one can show equiva-
lence with equivalence margins defined r, = 0.5,
ry = 2.0 only for C. gibbosa. Using this definition of
equivalence for the remaining 8 taxa (being summa-
rized counts at the family or order level) showing
equivalence is successful for six of them, but fails for
two (Coccinellidae counts by visual assessment in
MONS810 and for the sum of all coleopterans obtained
in MONS810 by cob sampling).

If we would base the decision of equivalence on
much narrower margins {0.8, 1.25}, i.e. considering a
Bt-abundance decreasing to 80% or increasing to
125% of the abundance in the near-isogenic variety as
an already problematic event, it would not be possible
to reject the null-hypothesis of no equivalence for a

@ Weak extra varnation

O Poisson (no extra variation)

grey bars), and various levels of mean abundance. The dotted
vertical lines indicate equivalence margins {0.5, 2.0}, dashed
lines show margins {0.8, 1.25}

single taxon considered in this study. However, we
cannot decide whether failing to conclude for equiv-
alence is due to a true effect or a high uncertainty
due to low abundance, low sample size and high
variability.

Discussion
Occurrences and densities of Coleoptera in maize

The total number of 29 genera or species recorded
and 6,529 individuals caught from the herb-layer in
both field-release experiments was rather low in
comparison to other non-target organism groups at
the same field sites during the same study years:
The community of plant- and leafhoppers (Auc-
henorrhyncha) was surveyed during the MONS810
project in 2002 and 2003, resulting in 5 species and
a total number of 3,037 individuals recorded. Of
these, the maize leathopper Zygindia scutellaris
(Herrich-Schiffer) alone accounted for 2,480 indi-
viduals (Rauschen et al. 2008). In the MONS88017
project, 17 Auchenorrhyncha species were identi-
fied, with a total of 10,474 individuals over 3 years
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90% confidence intervals

P. 14-punctata (2005-2007. cob sample) — -}
P. 14-punctata (2005-2007, sweep net) —|
Phyliotreta vittula (2005-2007, sweep net) —

r y * i 1

& rA. i

Oulema lichenis (2005-2007, sweep net) — -}
Cortinicara gibbosa (2001-2003, cob sample) —

L

P d
71,

Cortinicara gibbosa (2005-2007. cob sample) — ok

Coccinellidae (2001-2003, yellow trap) —

Coccinellidae (2001-2003, visual assessment) — =

Coccinellidae (2005-2007. cob sample) — t
Coccinelidae (2005-2007, sweep net) — !
Chrysomelidae (2005-2007, sweep net) —|
Coleoptera (2001-2003. yellow trap) —
Coleoptera (2001-2003. visual assessment) —
Coleoptera (2001-2003, cob sample) — F

1
0.5

Fig. 4 90% confidence intervals for the ratio of mean
abundance in Bt relative to the mean abundance in the
corresponding near-isogenic conventional line for the 14 most
abundant taxa in the two field trials. Dots are the estimated
ratios of mean abundances (pooled over the years), bold solid

and Z. scutellaris accounting for 6,746 of these
(Rauschen, unpublished data). The heteropteran
family Miridae was surveyed in the same experi-
ment, with 6 genera and 3,592 insects caught over
three years. Trigonotylus caelestialum (Kirkaldy)
was the most abundant species, with 3,361 individ-
uals (Rauschen et al. 2009). Looking at other non-
target Coleoptera only, soil-surface dwelling groups
were also much more abundant. Carabidae were
much more diverse and exhibited much higher
densities (scored as “activity abundances”) than all
the other beetle families: Toschki et al. (2006)
counted a total of 57 species of carabids during the
MONS810 project, amounting to 142,120 individuals.
The carabids were sampled with pitfall traps that
were active during a course of 13 to 14 weeks
during all three years. Here, Pterostichus melanarius
(Illiger) was eudominant, with between 80.94 and
92.82% of all individuals caught belonging to this
species. A comparatively large number and diverse
range of carabids was also present at the MON&8017
field-release site. During the course of 2005 and 2006,
a total of 12,235 beetles in 63 different species was
caught (Priesnitz 2008). The most abundant species
was Calathus fuscipes (Goeze) with around 50% of all
individuals. A further important beetle family are rove
beetles (Staphylinidae). They can be caught in similar
densities as carabids (e.g. Jasinski et al. 2003), but
were not particularly considered in the analysed
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lines extending below and above the point estimates depict
lower and upper confidence intervals. Densely and less densely
shaded areas indicate two possible definitions of equivalence
margins {0.8; 1.25} and {0.5; 2.0}

studies. These species can rarely be found in the
maize herb-layer, however. Overall, the densities of
other non-target organisms in the same field-release
experiments put the numbers obtained for the herb-
layer Coleoptera into perspective.

Most herb-layer beetles were caught with the
Moericke traps. Between 5 and 10% of the catch
belonged to the Coccinellidae. The other beetle
families were not individually scored for this method.
The number of beetles sampled during the second
field-release experiment would have been higher, if
Moericke traps had also been employed. This was not
done, however, since a large amount of bycatch,
mainly flies, midges and thrips, is caught in the yellow
traps which results in time-consuming work.

Depending on the organisms to be assessed in the
field, a method specifically tailored to these should
be used in order to minimise the workload and hence
the monetary expenses, while at the same time
yielding robust data. Based on the experiences from
the first experiment, only methods with which
beetles from the herb-layer could more specifically
be targeted were used in the second field-trial. This
proved to be sensible with respect to the intended
identification of specimen to the species level, but
reduced the total number of caught insects consid-
erably. This has to be taken into consideration with
respect to the subsequent statistical evaluation of the
field data.
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Coccinellidae

Ladybirds are important key species for biological
control of various pests (Obrycki and Kring 1998).
They have therefore been the test organisms in
various laboratory assays for pesticide registration
since a long time, but also for different Cry and other
proteins conditioning pest resistance, and also fre-
quently quantitated in field experiments with Bi-
plants (Wold et al. 2001; Al-Deeb and Wilde 2003;
Candolfi et al. 2004; Bhatti et al. 2005b; Daly and
Buntin 2005; de la Poza et al. 2005; Dively 2005;
Lundgren et al. 2005; McManus et al. 2005; Ahmad
et al. 2006; Bai et al. 2006; Romeis et al. 2006; Ferry
et al. 2007). They have been shown to be exposed to
proteins from genetically modified plants via their
prey, provided the prey takes up these proteins (Ferry
et al. 2003; Harwood et al. 2005; Obrist et al. 2006;
Alvarez—Alfageme et al. 2008). In maize, this is not
the case for aphids which are considered to be the
most prominent prey item of coccinellids (Raps et al.
2001; Lundgren and Wiedenmann 2005). Feeding on
aphids will therefore hold no risk whatsoever for
Coccinellidae in maize. In other crop plants however,
this must not necessarily be true, since is has been
shown for cotton that aphids may transfer Bz-proteins
to their coccinellid predators (Zhang et al. 2006). The
same may be true for Br-oilseed rape which carries
Cry-protein in the phloem (Burgio et al. 2007).
Moreover ladybirds are not solely carnivorous, but
may also consume pollen (Cottrell and Yeargan 1998;
Lundgren et al. 2005). Feeding on pollen might lead
to considerable exposure, depending on the amount
of pollen consumed and the expression of the
respective Br-protein in it. Given that in the widely
cultivated MONS810, the only Br-maize event culti-
vated in Europe, the expression of CrylAb in pollen
is very low with a maximum of less than 100 ng/g
(Nguyen and Jehle 2007), ladybirds will only be
exposed to negligible amounts of Cry-protein via this
pathway. For event MON88017, higher amounts of
Cry3Bbl have been observed in pollen, with around
3.7 pg/g (Nguyen and Jehle 2009).

There are conflicting reports on the toxicity of Bt-
proteins to Coccinellidae, exemplified by two recent
publications: Schmidt et al. (2009) report on acute
toxic effects of CrylAb and Cry3Bbl on Adalia
bipunctata. This study has met strong criticism,
however, based on a number of flaws (Rauschen

2009; Ricroch et al. 2009). Dhillon and Sharma
(2009) report effects of CrylAb and CrylAc on
Cheilomenes sexmaculatus, but conclude that nega-
tive impacts in the field will probably be negligible.
Generally, the literature so far indicates no effect of
Cry proteins on Coccinellidae: Alvarez-Alfageme
et al. (2008) show an absence of any effect of CrylAb
on Stethorus punctillum. Wold et al. (2001) found a
trend for fewer C. maculata in CrylAb expressing
maize, but only in 1 year and also no impact on other
coccinellids. Bai et al. (2005; 2006), who investigated
the potential effect of CrylAb expressing GM-rice
pollen and CrylAb containing prey on Propylea
Jjaponica found no indication of a negative impact.
The results of Ahmad et al. (2006) show no effect of
pollen from Cry3Bbl expressing corn or of exposed
prey items on Coleomegilla maculata. There has been
no definitive report on a consistent negative impact
on ladybirds in field studies with genetically modified
Bt-plants: Wolfenbarger et al. (2008) in their meta-
analysis demonstrated effects of B#-cotton on Cocci-
nellidae as a whole group. For Bt-maize, however,
they found higher densities of Coleomegilla. Such
differences were also observed by Marvier et al.
(2007). Naranjo (2005) detected a negative impact of
Bt-cotton on Hippodamia convergens, but found no
effect on Coccinellidae as a group. For Bt-eggplants,
Arpaia et al. (2007) found no effect on either
Coccinella or Hippodamia beetles, nor on ladybird
larvae.

For future developments of Br-transgenic and
other genetically modified crops expressing different
entomotoxic proteins, exposure of and hazard for
Coccinellidae should foremost be investigated in low-
tier laboratory tests, possibly in combination with
analyses of protein activities, the concentration of the
protein at the molecular target site and other factors
and parameters that influence toxicity. Only if some
degree of hazard can be detected for an exposure
pathway with relevance in the field, further semi-field
and field tests should be considered. In these, a set of
specialised sampling methods should be employed,
with which ladybirds can be reliably detected and
enumerated in the field. These experiments should
also take into account (1) the natural variability of
conventional plant lines, since these might generally
have a considerable influence on the field densities of
non-target organisms—as shown for the mirid Trig-
onotylus caelestialium (Rauschen et al. 2008), and (2)
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the impact of conventional management strategies
(CMS) like herbicide and insecticide sprayings. The
latter have been shown to have a clear detrimental
impact on beneficial insects (Marvier et al. 2007).
The CMS potentially to be replaced need to be
considered to fully assess the risks and especially the
benefits of the wide-spread adoption of a new GM-
cultivar and the accompanying crop management.

On another note, it might be worthwhile to include
Harmonia axyridis (Pallas) into the list of Coccinel-
lidae to be tested for the maize agro-ecosystem, since
this species can now be found regularly in central
Europe and can be regarded as established.

Chrysomelidae

Non-target leaf beetles are regularly found in maize
(Kiss et al. 2002, undated; Daly and Buntin 2005) and
are exposed to the Bt-proteins based on their herbiv-
orous feeding, as shown for the genera Chaetocnema
(Harwood et al. 2005) and Oulema (Obrist et al.
2006). An impact of the cultivation of Diabrotica-
resistant Bf-maize can reasonably be expected,
depending on the uptake of Cry-protein(s), the
amount of these proteins reaching the insect gut in
bioactive form and the susceptibility of the individual
species to the toxic action. This scenario must not
necessarily be of concern, however, since the leaf
beetles occurring in the maize field can be considered
to be minor or secondary pests. In Hungary, for
example, they often reach densities that can result in
visible damage to maize plants (J. Kiss, personal
communication). A reduction of their densities
therefore would rather be an added benefit of
Diabrotica-resistant Bt-plants than an environmental
concern. Other non-target chrysomelid beetles living
on their host plants outside and around maize fields
may be exposed to Cry-proteins through pollen
deposited on the plant surfaces during anthesis. For
this scenario to be of concern, a number of factors
must act jointly together: (1) the close proximity of a
leaf beetle’s host plant to maize stands; (2) the
occurrence of susceptible life-stages of the beetle
during the time of anthesis; (3) the amount of pollen
deposited on a given leaf area of the host plant; (4)
the size of leaf area consumed by the susceptible life
stage; (5) the amount of toxin per gram of pollen; (6)
the level of susceptibility of the life stage in question;
(7) the severity of the impact on exposed individuals;
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(8) the percentage of affected individuals of the local
population; (9) the relevance of this impact in
comparison to other environmental, biotic and abiotic
factors. This is generally in line with assessments and
risk characterisations for Lepidoptera and CrylAb
expressing Brf-maize (Sears et al. 2001; Gatehouse
et al. 2002). Given the low densities of Chrysome-
lidae at the two field-release sites, the relevance of
the leaf beetles in the Environmental Risk Assess-
ment of genetically modified Br-maize at least in
central Europe seems to be negligible.

Lathridiidae

The importance and role of the minute brown
scavenger beetles within the maize agro-ecoystems
remain unclear. They have been reported in Eckert
et al. (2006) from maize cobs and were therefore
investigated in the second field-release experiment.
They are mycetovorous/saprovorous and may there-
fore play a role in organic matter degradation.
However, their contribution to the organic matter
cycling in maize and the overall degradation in this
crop is not known.

Based on their feeding habit, it can be assumed
that they will be exposed to only low amounts of Cry-
proteins. This leads to the conclusion that a negative
impact on these beetles will have a low probability.

There is a large gap in knowledge, however, that
could be addressed by further research.

Carabidae

In the herb-layer, only the genus of Demetrias was
observed with a few individuals. However, ground
beetles are an important group of biological control
agents (Lang et al. 1999; Kromp 1999) and exposed
to Bt-proteins due to both feeding on exposed prey
and on plant materials (Meissle et al. 2005; Zwahlen
and Andow 2005; Priesnitz et al. 2007), and are
therefore interesting in Environmental Risk Assess-
ment. Despite this exposure, field studies have shown
an absence of any negative impact of the cultivation
of Bt-plants on these arthropods, for MONS810
(Szekeres et al. 2006; Toschki et al. 2006; Floate
et al. 2007), for Br-transgenic vegetables (Leslie et al.
2007), for MONS88017 (Priesnitz et al. 2007), for
MONS863 (Bhatti et al. 2005a). In laboratory assays,
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there has been no direct toxic effect of Br-crops
observed on selected carabids, neither in potato
(Ferry et al. 2007), nor in Bt-canola (Ferry et al.
2006), nor in Bt-corn (Ahmad et al. 2006). It has also
been shown, that carabids must not necessarily take
up Bt-proteins via their prey, even if the prey contains
them (Harwood et al. 2006).

Again, the published literature points to an absence
of a direct toxic effect of Br-plants to carabids, even
in the case of Diabrotica- or Leptinotarsa-resistant
cultivars. Field studies can help to identify regionally
representative species of ground-dwelling carabids
that might serve as surrogates in early-tier laboratory
tests. An integration of our knowledge on the
occurrence and distribution of carabids in maize in
Europe is direly needed to establish geographically
adapted lists of non-target ground-beetles to be
assessed in future experiments.

Implications for Environmental Risk Assessment

Beetles are a diverse and important group of insects in
agricultural systems. They comprise both important
biological control agents (Coccinellidae, Carabidae)
and economically important pests (Chrysomelidae).
Other families (Staphylinidae, Lathridiidae, Nitiduli-
dae, Anthicidae, Curculionidae, Cantharidae) have
diverse ecological functions, but are mostly caught
sporadically and in very low densities in maize. In
Environmental Risk Assessment it is appropriate to
especially consider those groups of non-target organ-
isms that (1) serve anthropogenically valued purposes
(both tangible and intangible), (2) have important
ecological functions within the ecosystem, (3) are
widespread and occur regularly and (4) can be tested
in the laboratory and also assessed in the field.
Coccinellidae and Carabidae meet all of these
characteristics. However, the results of the simulation
studies show that it is extremely difficult to show
equivalence between a Bt and its near-isogenic
variety in terms of the densities of Coccinellidae, if
the mean densities of the species/group are low and
they show some extra variability. Testing risk
hypotheses for Coccinellidae in the field and using
their mean densities as an assessment endpoint
requires a large number of replicates and long
experimental times, if mean densities are low. It is
questionable if recommendations that experiments
should be designed to detect differences of 10%

between treatments (e.g. Andow and Hilbeck 2004)
are realistic for field experiments, given the natural
variability and differences between conventional
cultivars. Furthermore, detecting differences of 20—
30% will also be hardly achievable for most other
species, in particular foliage foraging predators,
which often occur in low densities. This means that
only species occurring in large numbers can be
reasonably tested in the field and should therefore
be the focus of research. Other species should be
thoroughly tested in early tier laboratory tests to
comprehensively assess the potential risks of Bt-
maize varieties. If higher tier tests were warranted,
these would require greater efforts than are currently
undertaken in field experiments. For herb-layer
Carabidae it is obvious based on the presented data,
that an assessment of potential negative impacts of
Bt-maize in the field does not prove to be a fruitful
endeavour. If these conclusions hold true for ground-
dwelling Carabidae remains to be assessed.

Chrysomelidae do not meet all of the above
mentioned characteristics for relevant non-target
organisms, as these are mostly pests within the
agricultural landscape. Therefore, their value as
indicator species in field tests is limited.

Other coleopteran groups, like the Staphylinidae
serve important functions (Albajes et al. 2003).
However, predatory rove beetles may occur incon-
sistently at a given site or in only very low densities.
Saprophagous Staphylinidae require special sampling
techniques (e.g. soil emergence traps, soil bait
cylinders, pitfall arenas) because of their obscure
lifestyle. While they may be amenable to testing in
the laboratory, results cannot easily be confirmed or
refuted in field experiments. Also, there are difficult
to determine to the species level and require a
substantial expertise.

The significance of Lathridiidae remains unclear.
Given their mode of feeding and the obtained results
so far, it appears that they are and will probably not
be affected by Bf-maize plants.

In conclusion, by integrating the presented data
and the literature reports we propose to concentrate
the Environmental Risk Assessment for insect resis-
tant Br-maize plants on herb-layer ladybirds and
ground beetles. The majority of the assessment
should be performed in controlled laboratory exper-
iments, since higher-tier field-scale experiments will
need disproportional effort to reach robust and sound
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conclusions on potential impacts of genetically
modified maize varieties on species occurring in
low densities.
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