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Abstract

Background: The European Food Safety Authority proposed a concept for the environmental risk assessment of
genetically modified plants in the EU that is based on the definition of thresholds for the acceptability of potential
adverse effects on the environment. This concept, called Limits of Concern (LoC), needs to be further refined to be
implemented in the environmental risk assessment of genetically modified organisms.

Methods: We analyse and discuss how LoC can be defined for the environmental risk assessment for three different
types of genetically modified plants. We outline protection goals relevant to the genetically modified plants in ques-
tion and discuss existing concepts and suggestions for acceptability thresholds from the environmental risk assess-
ment of different regulatory areas. We make specific recommendations for the setting and use of LoC for each type of
genetically modified plant.

Results: The LoC concept can be suitably applied for the environmental risk assessment of genetically modified
organisms, if the different protection goals in agro-environments are specifically considered. Not only biodiversity pro-
tection goals but also agricultural protection goals need to be addressed. The different ecosystem services provided
by weeds inside and outside agricultural fields have to be considered for genetically modified herbicide-tolerant
crops. Exposure-based LoCs are suggested based on knowledge about dose—effect relationships between maize pol-
len and non-target Lepidoptera for insect-resistant maize. Due to the long-term nature of biological processes such

as spread and establishment, LoCs for genetically modified oilseed rape should be defined for the presence of the
genetically modified plant or its genetically modified traits in relevant protection goals.

Conclusions: When setting LoCs, the focus should be on protection goals which are possibly affected. Potential
overlaps of the LoC concept with the ecosystem service concept have to be clarified to harmonise protection levels
in the agro-environment for different stressors. If additional impacts on agro-biodiversity resulting from the cultivation
of genetically modified plants are to be avoided, then high protection levels and low thresholds for acceptable effects
(i.e. LoC) should be set.
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Background

In the European Union, it is a crucial task and required
by European legislation (Directive 2001/18/EC [1], Regu-
lation (EC) No. 1829/2003 [2], and Implementing Regu-
lation (EU) No. 503/2013 [3]) to assess environmental
risks before introducing a genetically modified organism
(GMO) into the environment or placing a product con-
sisting of or containing GMO or parts of GMO onto the
market. When carrying out an environmental risk assess-
ment (ERA) of the GMO in question, the applicant has to
follow the respective legislative provisions, in particular
Annex II of Directive 2001/18/EC which lies down the
principles for the ERA, and the Commission’s guidance
notes supplementing Annex II [4], as well as the amend-
ments of Annex II and III [5]. In addition, the European
Food Safety Authority (EFSA) issued guidance docu-
ments for the ERA of GMOs (e.g. [6-9]). In 2010, the
EFSA published a revised version of its guidance docu-
ment which introduced a novel concept into the ERA of
GMOs, the Limits of Concern (LoC [6]).

Limits of Concern have been introduced into the
ERA requirements for GMOs to delimit those observed
adverse effects which are not likely to cause environmen-
tal harm from those effects which have the potential to
cause harm with respect to an identified protection goal
in the agro-environment [6]. Defining environmental
harm of a GMO for agro-ecosystems requires that (i)
ecological entities, habitats as well as ecosystem func-
tions and services to be preserved have explicitly been set
out and (ii) their relevance for the specific GMO in ques-
tion has been identified [10, 11]. Therefore, an impor-
tant aspect when delimiting negligible from significant
adverse effects for ERA purposes is the knowledge of
what constitutes harm for defined protection goals [11].
Protection goals are “natural resources (e.g. arthropod
natural enemies, bees) or natural resource services (e.g.
regulation of arthropod pest populations, pollination)
that are to be protected as set out by EU legislations” [6].
These protection goals include biodiversity, protected
species and habitats, but also ecosystem functions and
ecosystem services as well as different areas of protec-
tion such as water, soil and human and animal health [6].
Different approaches of how to operationalise protec-
tion goals and harm thresholds for ERA purposes have
been suggested: (i) In the LoC approach suggested for
the ERA of GMOs, the assessment endpoints are repre-
sentatives of the relevant protection goal [6]. An assess-
ment endpoint (e.g. a specific non-target organism or a
biological function) acts as a proxy for a natural resource
or resource service that requires protection and could be
adversely affected by a specific stressor. Measurement
endpoints are then defined for these assessment end-
points (e.g. mortality, abundance, etc.), and LoCs are set
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to define the level of protection [6]. (ii) In the ecosystem
service approach, initially suggested for the ERA of plant
protection products (PPPs) and later also for GMOs, pro-
tection goals are operationalised by identifying relevant
ecosystem services and their key drivers [12, 13]. Then,
specific protection goal (SPG) options are derived for
each combination of key drivers and ecosystem service
that may be affected [12, 13]. The formulation of SPG
options also allows defining what magnitude of effect can
be tolerated. The ecosystem service concept has recently
been proposed for ERA use, not only for PPPs, but also
for other stressors in agro-environments, such as GMOs,
invasive alien species [13] or plant pests [14]. Addition-
ally, EFSA issued two related scientific opinions that
address the coverage of endangered species and the eco-
logical recovery of non-target organisms in the ERA [15,
16]. Both documents further emphasise the need to set a
common protection level for agro-ecosystems independ-
ent of the stressor.

When evaluating environmental harm due to GMO
cultivation, it still has to be tackled what kind of effect
is considered adverse and no longer acceptable for a
particular agro-environmental protection goal. So far,
generally agreed definitions and criteria about what con-
stitutes an environmental harm exist neither for natural
ecosystems nor for agro-ecosystems. For example, when
assessing impacts of invasive alien species on biodiver-
sity, either the threatening of populations of native spe-
cies or the significant alteration of ecosystem processes
or properties is considered as a threat to biodiversity [17,
18]. Further specifications are needed to determine, i.e.
the “minimum biodiversity level for the efficient and sus-
tainable functioning of the particular agro-ecosystem”
[7]. The biodiversity of functional groups is most relevant
to ecosystem functions [19]. Recently, some authors dis-
cussed what thresholds for biodiversity losses might be
acceptable and whether—on a global scale—safe limits
for them can be set without compromising important
earth system processes [20, 21]. In addition, when setting
such thresholds, this must not come into conflict with
normative requirements of legislative provisions, such as
for species and habitats protected at EU (e.g. FFH Direc-
tive) or national level.

A general appraisal of the LoC concept as well as sug-
gestions for its operationalisation for ERA use has already
been provided [22]. One of the basic elements of the ERA
of genetically modified plants (GMP) is the comparative
safety assessment [6, 9]. For the food and feed risk assess-
ment, so-called “equivalence limits”, composed of values
from commercial plant varieties with a history of safe
use, are used to put any differences found into the context
of harm [23, 24]. For the ERA and the establishment of
environmental safety of a GMP, a similar claim does not
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exist when using conventional comparators (for further
discussion see [22]). Using LoCs is, therefore, necessary
to define whether observed differences between the GMP
and the non-genetically modified (GM) comparator are
biologically relevant and may cause environmental harm
[6, 9, 24]. EFSA has explored the difference between
biological relevance and statistical significance of an
observed effect further in a scientific opinion [25]. In
this opinion, expert judgment decides whether an effect
is considered biologically relevant or not. This is par-
ticularly useful for the definition of LoCs for GMO risk
assessment, as effects observed in the ERA are judged
not only by their statistical outcome (e.g. the results of
tests for difference and equivalence), but also by expert
evaluation. Against this background, LoCs are under-
stood as acceptability thresholds, either quantitatively
or qualitatively, for adverse effects on biological entities,
functions or processes. LoCs trigger regulatory concern
due to the possibility (a) that the observed effects indi-
cate harm to protection goals or (b) because these effects
are valued as being important for specific protection
goals. This definition leaves room to assign importance to
observed adverse effects for which harm to the specific
protection goal cannot be proven at the time being; e.g.
in case that adverse effects are observed for a single spe-
cies, but the consequences for the species community or
the ecosystem functions provided by this species cannot
be determined. Legislative provisions which define pro-
tection goals often aim to protect populations, communi-
ties or ecosystems and their services. Thus, extrapolating
from effects observed at the organism level in the ERA
to higher levels of biological organisation or ecosystem
functions or processes is required.

In this article, we evaluate the LoC concept for three
types of GMOs, representing three different areas of risk
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in the ERA according to EFSA [6]. The selection of rel-
evant protection goals and the setting of LoCs are inher-
ent components of the problem formulation which is
the start of any ERA procedure [6]. Consequently, LoCs
are principally relevant to all risk areas which have to
be addressed in the ERA of a particular GMO. We base
our suggestions on a conceptual framework for assessing
environmental harm due to GMO cultivation elaborated
by Kowarik et al. [10]. Adverse environmental effects
of GMOs which impact protection goals are not always
testable within the ERA, in particular in case of (i) indi-
rect effects, e.g. effects occurring through a causal chain
of events, (ii) delayed effects or (iii) effects that occur
in environmental contexts not encountered during the
ERA. Kowarik et al. [10] recommend the use of indica-
tors in order to assess adverse effects of a GMO in the
ERA. These indicators may be selected at different levels
within a chain of adverse effects. Limits of Concern have
to be set for the particular indicator chosen for the rele-
vant protection goal. Indicators, and consequently LoCs,
can be selected at the trigger or exposure level (i.e. the
GMP itself or the non-selective herbicide), at the process
level (i.e. processes that may lead to adverse effects) or at
the effect/risk level where adverse effects are detectable
(Fig. 1).

Three different types of GMOs and their specific
potential environmental risks represent the respective
areas of risk as outlined in the ERA guidance document
by EFSA (see also “Methods”). We first determined which
protection goals are relevant to each GMO. We then dis-
cuss whether thresholds for the acceptability of adverse
effects with relevance for the specific GMO have already
been proposed, e.g. in other regulatory areas. Finally, we
address aspects that we consider most important for the
setting of LoCs for each GMO. Specific links are made to

LIMITS OF CONCERN

exposure or
trigger

ey PFOCESS

GMO (GM pollen) or

non-selective herbicide

Change in cultivation or
herbicide use, outcrossing,
dispersal or establishment

—  €ffect/risk

toxic effect on/calculated
risk for test species

reduction in population size
of faunal species

Fig. 1 Options for setting LoCs for genetically modified plants. modified after [10]
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the ecosystem service concept and to current develop-
ments in the ERA of GMOs or other relevant stressors in
the agricultural environment.

Results and discussion

Example 1: GM oilseed rape

Relevant protection goals to be considered in the ERA of GM
oilseed rape

Protected species Protected species represent important
protection goals for the ERA of GMPs [6]. Wild species
that are able to hybridise with cultivated oilseed rape (i.e.
crop-wild relatives) are part of the agro-biodiversity in
agro-ecosystems. Relevant species belong to the genera
Brassica, Sinapis, Raphanus, Rapistrum, Hirschfeldia,
Eruca and Erucastrum [26]. Some of them are protected
or are considered threatened, either EU-wide (e.g. [27],
Annex II) or on a national scale, such as Crambe tatarica
[28]. An important question is whether the genetic consti-
tution of species is a relevant criterion in legislative acts.
For example, the genetic constitution of species protected
under the FFH Directive does not constitute a specific
criterion when defining their favourable conservation sta-
tus [27]. In contrast, some national provisions for nature
protection (e.g. the German Nature Protection Law § 1)
conserve the characteristic features of nature which may
cover a specific genetic constitution [29]. The national
responsibility concept includes information on the genetic
constitution of populations as well [30-32].

In addition, some of the wild relatives of oilseed rape
represent old crop varieties that are still cultivated
in some parts of Europe, such as Eruca sativa, Bras-
sica rapa, Raphanus raphistrum and Sinapis alba [28]
and constitute important and threatened plant genetic
resources [33, 34]. Wild relatives are also considered as
an important breeding material for crop improvement
[33]. About 18% (i.e. 25 species) of crop-wild relatives
of the genus Brassica are considered to be threatened in
Europe [33]. In-field cultivation of local, traditional and
rustic breeds and varieties as well as their in situ conser-
vation are recognised measures for the maintenance of
plant genetic resources which is an important protection
goal outlined in several EU-wide and international pro-
visions for the conservation of agricultural biodiversity
[35-38].

Also, crop landraces contribute to the diversity of plant
genetic resources in agriculture [39], and therefore rep-
resent important protection goals for GM oilseed rape.
Commission Directive 2008/62/EC defines landraces as
“a set of populations or clones of a plant species which
are naturally adapted to the environmental conditions of
their region” [40]. Their conservation and sustainable use
are important aims in the EU [40]. The genetic status of
crop landraces and the risk of genetic erosion have been
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specified in the respective legislation [40]. Landraces are
listed neither in the EU common catalogue of plant vari-
eties nor in national seed catalogues, but represent an
important component of Europe’s threatened agro-biodi-
versity [41].

Protected habitats Also, habitats are biodiversity pro-
tection goals relevant to outcrossing and persistent GM
crops such as GM oilseed rape, due to their ability to
invade and potentially alter the species composition,
structure or function of protected habitats. Habitat con-
servation is one of the cornerstones of the conservation of
biodiversity in Europe as laid down by the FFH Directive
[27] and also at national level. Feral oilseed rape occupies
mainly open and disturbed habitats, either naturally or by
human intervention, and establishes as a pioneer plant
[42]. Some habitat types frequently occupied by feral oil-
seed rape, e.g. ruderal habitats that occur in agricultural
landscapes, are included in national Red Lists such as the
Red List of threatened habitat types in Austria [43] or the
German Red Data Book on endangered habitats [44]. If
GM feral oilseed rape or hybrids with wild relatives spread
into these habitats, they can compromise nature conser-
vation goals, if the specific conservation objectives of the
particular habitat are adversely affected.

Evaluating thresholds for the acceptability of adverse effects
For effects on species due to vertical gene transfer of GM
oilseed rape The EFSA guidance document suggests a
stepwise procedure for the ERA of GM oilseed rape, using
stepwise information requirements to assess adverse
effects of GM oilseed rape on wild relatives due to ver-
tical gene transfer [6]. Stage 1 information requirements
include information on hybridisation with relatives [6].
Depending on a GMP’s ability to outcross and hybridise
(yes/no decision), the next stage is entered. Stage 2 should
explore whether the GM trait increases the fitness of
compatible relatives under agricultural conditions (yes/
no decision) and—in case the answer is yes—whether
environmental or agricultural impacts are evident, which
can provide a link to the LoC concept. In case the GMO
hybridises with compatible relatives outside production
systems, further information is required in stages 3 and 4
to assess any alterations of the fitness, the range and pop-
ulation size of those plants. Another link to the LoC con-
cept can be provided by evaluating whether changes in
the population size of compatible relatives cause any envi-
ronmental harm. However, further guidance is missing on
how to evaluate environmental harm and no acceptabil-
ity thresholds are proposed in the guidance document.
Potential adverse effects on species and on habitats are
not separately addressed.
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For effects on habitats due to spread and establishment
of GM oilseed rape The stepwise evaluation procedure
in the EFSA guidance document requires to evaluate the
GMP’s ability to establish in the cropping area or outside
agricultural production systems, e.g. in natural habitats
[6]. In case the GMP is more persistent than its conven-
tional counterpart, it needs to be evaluated if an agricul-
tural or environmental impact is evident (in-field) or if
environmental damage will occur outside production sys-
tems [6]. As for effects on species (see above), no further
guidance is given which impacts on agricultural or natural
habitats are considered acceptable.

Aspects to be considered when setting LoCs

Current requirements for the risk assessment of GM
plants that are able to outcross and spread are based on
documented harm to biodiversity. A similar way is fol-
lowed when biodiversity risks of invasive alien species
(IAS) are evaluated in the European Union. For both,
IAS and GM oilseed rape, it is difficult to predict their
spread and persistence in the environment [45] and their
impact on biodiversity. Regulation (EU) No 1143/2014
on the prevention and management of the introduction
and spread of IAS provides a regulatory framework with
the aim to prevent or minimise threats to biodiversity in
the European Community [46]. The probability of hav-
ing a significant adverse impact upon biodiversity or
the related ecosystem services is one of the criteria for
an alien species to be listed as an IAS which also entails
management actions ([46], Article 4). In this context, Essl
et al. have proposed the following effects as biodiversity
threats: (i) threatening of populations of native species,
(ii) endangerment or extinction of native species and
(iii) alteration of ecosystem processes or properties (e.g.
nutrient cycling) [17]. If, according to the state of knowl-
edge, no negative impacts to biodiversity are evident or
likely, the species is considered as non-invasive and no
management measures are required [17].

If similar benchmarks are also applied for GM oilseed
rape, impacts on biodiversity have to be clearly evident
before any thresholds for acceptability are exceeded and
restrictions for cultivation or other management meas-
ures are justified. Consequently, the spread and estab-
lishment of GM oilseed rape in a natural habitat or its
hybridisation with a wild relative would only constitute
environmental harm if adverse impacts on biodiversity in
Europe had previously been documented. For example,
the hybridisation between alien species and native spe-
cies is only considered as a threat to biodiversity, if effects
on native populations are evident [18].

During commercial cultivation of GM oilseed rape,
specific conservation objectives may be at risk in natu-
ral habitats if GM oilseed rape or GM hybrids with wild
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relatives establish. Whether specific conservation goals of
a certain natural habitat are affected can only be decided
if these are actually known. Therefore, decisions need to
be taken on a case-by-case basis, considering the spe-
cific conservation objectives for the species or habitat in
question. However, this procedure is not feasible within
the EU-wide authorization procedure for GM crops, but
must be carried out for the particular protected site in
case adverse effects due to a GMP or a GM crop—wild
hybrid have been observed. Similar to IAS, management
action is then only required in areas of conservation con-
cern where adverse effects have been documented and if
a certain damage threshold is exceeded [17, 47].

Another approach is to define LoCs for indicators
rather than for documented adverse effects on the rel-
evant protection goals. During the ERA, several natural
processes of a GM plant are assessed [6, 10]. The more
of them occur (e.g. hybridisation with a wild relative, fer-
tility of the GM crop—wild hybrid, ability to backcross
into wild relatives), the higher the risk for environmen-
tal harm [10]. Similarly, for spread and establishment of
a GMP or of hybrids with wild relatives, the more fre-
quently a GMP occurs in a particular habitat, the higher
is its potential for harm [10]. If spread, establishment and
hybridisation are per se considered acceptable in agro-
environments, they do not exceed the LoC and no risk
management measures are required. This has recently
been the case with the reporting of maize—teosinte
hybrids in European agro-ecosystems [48—50]. Due to the
GM trait conferring herbicide tolerance, the occurrence
of GM maize x teosinte hybrids was considered to be
restricted to agricultural fields and therefore, the poten-
tial harm considered manageable [51]. However, with
other traits than herbicide tolerance, e.g. insect resist-
ance, GM maize X teosinte hybrids may spread also to
natural habitats.

These natural processes may be considered unaccep-
table for certain protected objects, e.g. for species or
habitats of conservation concern. In this case spread,
establishment or hybridisation constitutes an unaccepta-
ble process even if no impact on a native population or
natural habitat is evident). Similarly, cross-pollination of
GM oilseed rape with rare crop varieties, protected and
endangered crop—wild species or crop landraces may be
considered a threat to agricultural protection goals, and
therefore valued as unacceptable (Fig. 2).

To determine whether the biological processes of
hybridisation or cross-pollination are acceptable, it
is required to further specify the relevant protection
objectives for the protected entities in the respective
laws and regulations. This includes taking decisions
about the genetic condition of the respective popula-
tions of wild relatives or crop varieties to be preserved
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agricultural areas

agricultural
protection goals

represent acceptable impacts

GM oilseed rape

spread,
establishment

agricultural habitats

non-agricultural areas

wild relatives

natural habitats

biodiversity
protection goals

Fig. 2 Acceptability of natural processes due to GM oilseed rape cultivation in agricultural and non-agricultural areas. The natural processes are
cross-pollination, spread and establishment and hybridisation. Red boxes = agricultural and biodiversity protection goals for which the natural
processes may represent unacceptable impacts. Green boxes = species and agricultural or natural habitats for which natural processes may

(i.e. a GM free status) or the specific genetic status to be
avoided (e.g.the presence of GM constructs or traits).
For landraces, the risk of genetic erosion as defined
by Commission Directive 2008/62/EC [40] could be
extended to specifically cover the presence of GM con-
structs due to cross-pollination with GM crops.

When setting LoCs, it has to be considered that GM
oilseed rape—once released—is non-retrievable from
the environment and that any potential adverse effect
on relevant protection goals may also be non-revers-
ible. Experience with IAS shows that eradication of
already wide-spread IAS is rarely successful [52]. Other
crop plants such as maize do not outcross, spread or
persist without human intervention in a particular
environment and can be removed once the cultivation
has been terminated. Recently, experiments indicated
that hybridization of cultivated maize with a weedy rel-
ative, the teosinte, can occur [50] and may, therefore,
also spread and persist in the environment. It is most
difficult to retrieve populations of feral crop plants such
as GM oilseed rape from the environment, because
(i) oilseed rape can build up long persisting soil seed
banks and establish stable and self-dispersing feral pop-
ulations [53, 54] and (ii) there is evidence that feral oil-
seed rape populations disperse beyond the arable land
[55, 56]. Feral oilseed rape is expected to persist up to

20 years or even longer [57-59]. The presence of pop-
ulations of GM oilseed rape in the agro-environment
may, therefore, compromise relevant biodiversity and
agricultural protection goals also in the long term.

Example 2: GMHT crops

Relevant protection goals to be considered in the ERA

of GMHT crops

Biodiversity protection goals The aim of any herbicide
use is to control weeds in the field where a crop is grown.
This applies to GM herbicide-tolerant crops and to any
other non-GM crop as well. However, rare or protected,
but also common weed species require protection in agri-
cultural landscapes [60]. It has been recognised in the ERA
of PPPs that plant species growing in-field need protec-
tion as they are important for the provision of particular
ecosystem services and for the support and maintenance
of farmland biodiversity [61]. Weeds have been identified
as key drivers for supporting food webs at higher trophic
levels [61-63]. In addition, it has been recognised that
certain in-field species need specific protection because
they are rare or endangered [61]. Rare and endangered
species play an important role as they provide aesthetic
values and cultural ecosystem services in agro-ecosystems
[12, 61]. Consequently, the ERA of active ingredients as
well as of PPPs requires data of non-target plants not only
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off-field but also in-field [64, 65]. The maintenance of bio-
diversity is an overarching protection goal for terrestrial
plants in agricultural systems [61]. In Europe, around 40
species of policy plants, i.e. plant species that are listed
under European or international policy instruments,
are subject to major threats by intensive arable farming
[33]. At national level, Member States started different
activities to promote the protection of arable plant spe-
cies: (i) some Red Lists have been developed specifically
for weed species (e.g. [66] for Slovakia, [67] for Poland)
or for threatened biotope types including arable and fal-
low land (e.g. [44] for Germany; [43] for Austria); (ii) areas
important for the conservation of the biodiversity of seg-
etal plant species were identified ([68] for Austria); (iii)
some Member States made suggestions which communi-
ties of arable plants to conserve ([69] for United Kingdom,
[70] for Germany). An important aspect when conserving
rare weeds is their in situ protection which comprises the
establishment and definition of “important arable plant
areas” ([69], United Kingdom), “protection fields” ([71,
72], Germany) or “biodiversity hotspots” ([68], Austria).
Arable land can be an important refuge for many rare,
endangered or threatened species where they grow under
specific environmental or agronomic conditions [43, 68,
73]. As these species depend on the specific habitat con-
ditions for their growth, Red Lists for endangered biotope
types are also an important instrument for the conser-
vation of arable plants [43, 44]. The previous statements
underline that it is required to define protection goals also
at Member State level.

Agricultural protection goals For the ERA of GMHT
crops, EFSA [6] refers to two legislative documents com-
prising agricultural protection goals: the Biodiversity
Action Plan for Agriculture [35] and Directive 2009/128/
EC on the sustainable use of pesticides [74]. Agricultural
protection goals relevant to GMHT crops are (i) the inte-
gration of biodiversity and sustainability into agricultural
production practices such as the diversification of pro-
duction types and cultivated varieties (including crop
rotation), (ii) less input of agrochemicals (including PPPs)
and (iii) maintenance of diversity of crop varieties. Direc-
tive 2009/128/EC on the sustainable use of pesticides
promotes integrated pest management with the focus on
non-chemical methods and also aims at the reduction of
risks and impacts of pesticide use on human health and
the environment [74]. According to this Directive, EU
Member States are requested to define reduction targets
for pesticide use for particular crops. Another aim of the
Directive is to limit the levels of pesticide use in order not
to increase the risk for resistance development in popula-
tions of harmful organisms (see [74]; Annex III).
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Evaluating thresholds for the acceptability of adverse effects
For effects on weeds and non-target plants The ERA of
plant protection products recommends applying the eco-
system service concept, thereby treating non-target plants
differently according to their role as key drivers for differ-
ent ecosystem services in-field and off-field [61].

In the field, the specific function of non-target plants,
e.g. the provision of food or habitat for higher trophic
levels, is considered as more important than the biodi-
versity of the whole plant community [61]. Consequently,
the magnitude of acceptable effects for various in-field
non-target plants depends on the ecosystem service they
provide [61]. Medium effects are considered as accept-
able for plants which act as key drivers of the food web
support service, and medium to large effects for plants
which are key drivers of aesthetic values and genetic
resources [61].

In the off-field area, non-target plant populations are
considered important drivers for a range of ecosystem
services and should not be affected by the herbicides
[61]. Therefore, only negligible effects are considered
acceptable.

For effects on weed-related biodiversity The ERA of
GMOs requires an assessment whether changes in the
crop management method adversely affect the biodiver-
sity of higher trophic levels, e.g. due to changes in the
weed flora [1]. Also, ERA requirements for active ingre-
dients of PPPs demand to assess the potential impacts
on biodiversity and indirect effects via alteration of the
food web [64]. However, those effects have so far been left
unconsidered in the ERA of PPPs [75]. Hence, no specific
threshold values for indirect food web effects are available
yet in the ERA of PPPs.

Any LoCs set for weed-related biodiversity effects will
have to be linked to LoCsfor in-field non-target plants.
The former also depend on the strength of the trophic
link between plants and the biological entities represent-
ing weed-related biodiversity, e.g. different arthropod
taxa, as well as the specific protection goal that needs to
be considered for the individual biological entity.

For the off-field area, indirect effects on non-target
arthropods by the loss of off-field host plants have been
recognised as important in the ERA of PPPs [76]. Specific
protection goals for non-target off-field plants have been
suggested by EFSA [61] which require that they are not
affected by the PPPs. If effects are not accepted on non-
target off-field plants, then consequently they should not
be tolerated on the arthropod community living on them.

For effects on agricultural protection goals In the ERA
of PPP and of GMOs, it is a clear policy goal to avoid the
development of resistance in target organisms. Experi-



Dolezel et al. Environ Sci Eur (2018) 30:39

ence from the ERA of GMOs with insect resistance shows
that even low risks for target organisms to develop resist-
ance are not accepted and risk mitigation measures are
readily proposed, such as Insect-Resistance Management
plans for insect-resistant maize [77]. Although the spatial
and temporal scope of the resistance development is gen-
erally not specified for insect-resistant GMOs, it can be
assumed that management measures aim to avoid resist-
ance within the EU territory, and that this requirement is,
in principal, temporally not limited.

The respective legislative provisions for the ERA of
PPPs and active ingredients require data on the occur-
rence of resistance or the possibility that target organisms
develop resistance [64, 65]. Appropriate risk manage-
ment strategies are required if resistance development is
likely. Whether the resistance risk is deemed acceptable
depends on its likelihood to occur and the possible con-
sequences thereof [78]. In principle, the risk is considered
acceptable only if a PPP can be used without any condi-
tion or restrictions and no avoidance strategy is required
[78]. However, management measures can be used to suf-
ficiently reduce the risk of resistance development, such
as, e.g. specifications of a good plant protection practice,
limiting the number of applications or dose rates and
restrictions for the application timing [78].

When evaluating the risk that weeds develop resist-
ance due to GMHT crop cultivation, the crop needs to
be assessed together with the non-selective herbicide and
compared to different weed management options cur-
rently used [6]. Risk managers decide whether risk miti-
gation measures are to be applied in order to avoid that
weeds develop resistance to the non-selective herbicides.
EFSA used risk scenarios for the assessment of glypho-
sate resistance occurring in GMHT soybean [79]. The
relative weed-resistance risk was determined for different
crop rotations and weed management options which con-
sidered the frequency of glyphosate herbicides applied to
the GMHT crop, the adoption of no or reduced tillage
systems and crop rotational aspects (see [79] for details).
Such risk scenarios can help to determine which changes
in the management regime are considered as acceptable
or not and, consequently, to set the LoC.

The acceptability thresholds which have been suggested
so far refer solely to the resistance risk of target organ-
isms, but not to potential effects on any other agricultural
protection goal.

Aspects to be considered when setting LoCs

Align acceptability thresholds for non-target plants used
for PPPs with LoCs for GMHT crops In the ERA of
GMHT crops, thresholds for the acceptability of effects
need to be considered for non-target plants in-field and
off-field as applied in the ERA of PPPs. Different protec-
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tion goals apply to these plants in in-field and off-field
areas and therefore, different LoCs for in-field and oft-
field plant populations and weed-related biodiversity are
necessary for GMHT crops.

Define different LoCs for species of conservation con-
cern Species of conservation concern, i.e. rare and
endangered species, pose a considerable challenge in the
ERA of GMPs. Since rare weed species are not commonly
present in arable fields, it is challenging to assess poten-
tial adverse effects on them during ERA testing. The field
scale level may not be sufficient to detect adverse effects
on these species. It has been shown that the loss of less
common weed species was not apparent when comparing
field sites, but only with an indicator for regional upscal-
ing [80]. In addition, rare and protected species will be
underrepresented in any abundance-based selection of
surrogate or focal species for ERA purposes [81].

In the USA, the decline of Monarch butterfly popula-
tions has been caused by large reductions of their larval
host plant in agricultural areas with intensively grown
herbicide-tolerant soybean and corn [82-84]. It can-
not be ruled out that other reasons such as toxic effects
through the consumption of Bt maize pollen and herbi-
cide residues contributed as well. Over a time period of
11 years, host plants in agricultural fields were consid-
erably reduced as well as the egg production of the US
Midwest Monarch butterfly population [84]. It generally
shows that indirect effects through agricultural practices
on individual species, either alone or in combination with
other adverse effects, can be severe [85].

For species of conservation concern, the magnitude
of accepted effects should, therefore, be lower than for
species which are not protected or endangered (see also
[13]). For PPPs, it has been suggested that no adverse
effects should be tolerated for in-field endangered spe-
cies, also recognising that specific measures will be nec-
essary to reach this protection goal [61]. Adverse effects
on rare or threatened arable plants should be avoided
to neither deteriorate their population status nor to
risk their extinction [86]. The selection of these species
should be based on their nomination in the following
listings:

+ Annex II of Council Directive 92/43/EEC on the con-
servation of natural habitats of wild fauna and flora
[27].

+ Red Lists on regional, national [66, 67, 87], European
[88] or international [89] level.

+ Listings for the national responsibility for the conser-
vation of species [32].

« Listing of declining arable species [86].
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» Species of special aesthetic value and representatives
of cultural ecosystem services [13].
« Red Lists for endangered biotope types, e.g. [43, 44].

Rare and endangered or protected species need to be
treated differently from common and widespread in-field
plant species and require a different, more conservative
LoC in the ERA of GMOs. Even small effects on these
species should not be tolerated and will require specific
risk mitigation measures. In this context, the responsi-
bility to apply specific management measures to protect
rare and endangered or protected species in agricultural
fields is with the individual Member States [61].

Counsider the role of the GMHT crop in the crop rota-
tion Crop rotation significantly affects weed commu-
nities and suppresses weed seed densities in comparison
to monocultures (see references in [90]). Traditionally, in
many European countries maize, sugar beet and oilseed
rape are used as break crop for summer or winter cereals
[91]. Break crops are important for sustaining certain weed
populations, in particular dicotyledonous weed species, if
the crop rotation is dominated by cereals ([92, 93] and ref-
erences therein). If GMHT crops are used as break crops,
dicotyledonous weed species are particularly adversely
affected. The British Farm Scale Evaluations have shown
that effects of GM maize and GM spring oilseed rape as
break crops on the weed seed bank were traceable for at
least two seasons after their cultivation [94]. When defin-
ing LoCs for effects on weed communities, it is important
to consider a GMHT crop’s role in crop rotation, e.g. by
applying a more conservative LoC for a GMHT crop that
is used as break crop.

Choose a relevant indicator/ecological entity for the ERA
before setting LoCs It is important to choose a relevant
indicator for the assessment of potential adverse effects of
the GMHT crop on the weed community or higher trophic
levels. Kowarik et al. [10] proposed a range of indicators
for this purpose. Experience with GMHT crops from the
British Farm Scale Evaluations has shown that the most
prominent and significant effect of GMHT crops was on
weed biomass [92, 93]. Also plant density and in particu-
lar final plant density before harvest were suitable param-
eters indicating substantial differences in weed manage-
ment between conventional and GMHT crops. Therefore,
in addition to the indicators suggested by Kowarik et al.
[10], further indicators such as the reduction in weed bio-
mass or weed density for assessing effects on in-field plant
populations have been proposed [95].

There is evidence that weedy plants with specific func-
tional traits can be affected by the non-selective her-
bicides and/or different types of crop management in
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different ways. For example, in GMHT oilseed rape,
dicotyledons were significantly affected by the non-selec-
tive herbicide treatment, but monocotyledons not [93].
In addition, reproductive and non-reproductive weed
species should be separately assessed, particularly at the
end of the growing season, because population num-
bers of reproductive species indicate whether their seed
bank will be sufficiently replenished at the end of the
growing season. These aspects would have to be taken
into account, if indicators are selected for the ERA and
thresholds for the acceptability of effects are defined.

For in-field plants exposed to non-selective herbicides,
it is important to consider that actually a specific weed
community is the affected entity rather than the plant
population of a specific taxon. However, if considering
higher trophic levels and food web-related effects, the
importance of a particular species may be valued higher
than the weed community. This is demonstrated by the
weed species Chenopodium album which is an important
food resource for the skylark Alauda arvensis [96, 97]. An
example from North America is the already mentioned
Monarch butterfly, a species which is an obligate herbi-
vore of milkweed species growing on agricultural land
[98]. In Europe, 21 lepidopteran associations with weeds
were identified and considered at high risk when culti-
vating GM herbicide-tolerant crops [99]. In particular,
monophagous lepidopteran species occurring on weed
species that cannot be controlled well by conventional
herbicides were predicted to be prone to significant
declines if non-selective herbicides were applied [99].

Similar to weeds, invertebrates respond to GMHT
management in different ways depending on what func-
tional group they belong to [100]. Detected adverse
effects of GMHT cultivation relate to different taxonomic
levels such as orders, genera and species [101-103]. For
taxa at higher trophic levels (e.g. birds), adverse effects
at the population level of a species may be more relevant
than for the functional group. In this context, the use-
fulness of the ecosystem service concept is emphasised,
because it allows defining the ecological entity which is
to be protected, in accordance with the defined and rele-
vant protection goal [13]. Consequently, a differentiation
of the LoC may be necessary according to the ecological
entity selected for the risk assessment.

Define weed thresholds before setting LoCs in-field While
for the ERA of PPPs, specific protection goals for off-field
non-target plants have been proposed, no such protection
goals have been defined for in-field plants [61]. In prac-
tice, it will be hardly feasible to differentiate—as proposed
by EFSA [61]—non-target plants in the field according
to their role as key driver supporting different ecosystem
services. A range of plant taxa certainly supports not only
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a single but also several ecosystem services; therefore,
individual ecosystem services may be difficult to address
when protecting a particular species. In addition, there
are currently no specific requirements to protect in-field
non-crop plants according to current EU agricultural pol-
icies, leaving room for individual Member States to define
the relevant protection level [61].

In the European Union, IPM (Integrated Pest Manage-
ment) programmes and strategies have become impor-
tant due to Directive 2009/128/EC on the sustainable
use of pesticides ([74], Article 1). This Directive aims at
the reduction of risks and impacts on human health and
the environment due to pesticide use by a range of meas-
ures implemented at the national level. It encourages
the use of alternative approaches to (i) reduce pesticide
use, (ii) monitor pesticides and (iii) prohibit pesticides
in sensitive areas. Member States are requested to pro-
mote low-pesticide-input management, in particular by
implementing the principles of IPM. The IPM principles
require monitoring of harmful organisms as well as the
use of threshold values for decision making for plant pro-
tection measures (see [74] Annex III). Consequently, a
range of countries currently develop or plan to develop
crop-specific IPM guidelines [104].

In arable fields, there is a trade-off between different
ecosystem services. If provisioning services such as food,
feed, fibre or fuel are maximised, this often comes at the
expense of others, namely regulating services (e.g. pol-
lination or biocontrol), supporting services (e.g. soil for-
mation) and cultural services (e.g. recreation). Balancing
of the different services is, therefore, inevitable if certain
protection goals are to be met [105, 106]. In this respect,
weed thresholds could serve as an initial approach. They
define the minimum size of weed communities required
to sustain the flora and fauna that provide the regulating
services.

Supporting certain levels of weed densities does not
necessarily result in yield penalties or unacceptable yield
reductions [105, 107]. Low-input use of pesticides and
herbicides in conventional arable crops has been tested
for profitability in different crops in large-scale experi-
ments in the UK [91, 107, 108]). Weed densities at which
the control costs, namely herbicide application, equal the
economic return, can be calculated on the basis of weed-
yield relationships [109, 110]. These specific weed densi-
ties or thresholds can then be used as a management tool.
Weed-vyield relationships differ between crops and loca-
tions [111] as well as cropping systems (e.g. organic and
conventional [112]). Clearly, weed thresholds have to be
determined for a particular crop and the specific weed
community in a particular environmental and agronomic
context.
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Consider agricultural protection goals Potential adverse
effects due to the use of non-selective herbicides on agri-
cultural protection goal(s) need to be assessed in the
ERA of GMHT crops. Hence, assessment endpoints are
required which reflect relevant agricultural protection
goals such as the sustainable use of pesticides, reduced
inputs of chemical herbicides, or the diversity of crop
types within a specific crop rotation. It is important to
note that the adverse effect on agricultural protection
goals is mediated by a range of weed management deci-
sions and the consequences thereof (e.g. amount and tim-
ing of herbicide applications, crop rotation, etc.). Changes
in weed management decisions are difficult to assess
during the pre-market ERA of GMOs as they involve a
comparison with the weed management decisions in
conventional crops that differ regionally and temporally
throughout the EU. Current herbicide regimes in soybean
or maize include the application of pre-emergence and/or
post-emergence residual or foliar herbicides [77, 79, 113].
The number of post-emergence herbicide applications in
conventional maize ranges from 0.4 to 2.3 depending on
the country [114]. The predicted herbicide regimes for
GMHT soybean or maize in the EU include two scenarios:
the substituted post-emergence herbicide application (see,
e.g. substitution scenario in [77, 79]) and the worst-case
scenarios with different non-selective herbicide applica-
tions combined with residual herbicides [77, 79, 113].

Currently, resistance development is the sole agri-
cultural protection goal considered in the ERA of PPPs
and GMOs. Other agricultural protection goals such as
crop diversity or reduction of pesticide use are relevant
as well, and setting LoCs for potential effects on them
should be taken into account, also considering regional
differences of the receiving environment. In this context,
it has to be kept in mind that some production systems
(e.g. organic, IPM) have higher restrictions for applying
additional and alternative herbicides and therefore, they
are more vulnerable to shifts in the weed flora, e.g. due to
resistant weeds.

Example 3: Bt maize

Relevant protection goals to be considered in the ERA of Bt
maize

Biodiversity protection goals Before 2010 species of con-
servation concern were considered in the ERA of Bt maize
by assessing adverse effects on the surrogate species Mon-
arch butterfly which has no relevance for European agro-
ecosystems [115]. With its ERA guidance document [6],
EFSA introduced the necessity to consider potentially
affected protection goals in the problem formulation of
the ERA of GMOs. These protection goals refer to spe-
cies and habitats listed in Annexes II and IV of the FFH
Directive [27]. In 2015, EFSA proposed risk management
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measures for protected non-target Lepidoptera occur-
ring in protected habitats in the agricultural landscape
[116] and a year later, EFSA also outlined in detail specific
aspects of how to consider endangered species when con-
ducting the ERA [15]. Species are considered to be endan-
gered if they are listed on Red Lists (globally, nationally
or regionally) or if they are rare [15].When selecting non-
target focal species for the ERA of GMOs, Hilbeck et al.
[81] also recommended considering the legal protection
status and the Red List status of the species as well as the
national responsibility for their conservation to better
address conservation aspects. For field trials, EFSA rec-
ognised that in addition to data on focal species, specific
data on ecosystem services might be needed [7].

To operationalise biodiversity protection goals for the
ERA of PPPs, EFSA has developed specific guidance using
the ecosystem service concept as a conceptual framework
[12]. Terrestrial non-target arthropods were identified as
key drivers for a range of ecosystem services (e.g. pollina-
tion, pest and disease regulation, nutrient cycling, genetic
resources and aesthetic values) for which specific protec-
tion goal options were defined. As EFSA favours an equal
level of protection for agro-ecosystems regardless of the
type of stressor and recognises the need for a harmonised
approach when considering biodiversity in the ERA of
regulated products [117], these considerations also apply
to GMPs. In their recently developed SPG options for
ERA schemes, EFSA suggested to use the ecosystem ser-
vice concept also for the ERA of GMOs [13]. The sugges-
tions specifically address non-target Lepidoptera using
the case study of Bt maize 1507. The cultural service was
identified as ecosystem service most relevant to Lepidop-
tera, while other services (e.g. regulating services such as
pest regulation or pollination) provided by lepidopteran
species were considered less relevant [13].

Agricultural protection goals The Biodiversity Action
Plan for Agriculture [35] emphasizes the need to integrate
biodiversity and sustainability considerations into agri-
cultural production practices. Some of the priorities are
also relevant to insect-resistant GMPs, and in particular
Bt maize, such as less agricultural inputs (including PPPs)
and the avoidance of resistance development. Both pri-
orities correspond with the European Directive 2009/128/
EC on the sustainable use of pesticides which aims at lim-
iting the levels of pesticide use in order not to increase the
risk for resistance development in populations of harm-
ful organisms ([74], Annex III). Another important aim
of this Directive is to promote low-pesticide-input pest
management, in particular integrated pest management
(IPM).

The use of Bt maize may result in resistance develop-
ment in the target pest or the occurrence of secondary
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pests. Both may lead to changes in the cultivation, man-
agement and harvesting techniques of crop plants [6].
Changes of pest control practices may indirectly affect
the environment. Resistance development in target
organisms has been identified as a risk in the ERA of
Bt maize and led to the adoption of Insect Resistance
Management (IRM) plans as a risk mitigation measure
to delay the resistance evolution in lepidopteran target
organisms when cultivating Bt maize [118, 119]. Avoid-
ance of resistance development is, therefore, not only an
important goal of European environmental policies, but
also an implicit protection goal in the ERA of GMOs.

While the potential role of GMOs, in particular Bt
crops, in integrated pest management is currently being
investigated for European agro-ecosystems [120], it was
already questioned in 2001 that Bt crops are at all com-
patible with IPM systems because they constitutively
express and produce insecticidal toxins [121]. Also, expe-
riences gained in the USA with many years of Bt crop
cultivation show that a majority of farmers plant Bt maize
even at predicted low pest pressure (e.g. corn rootworm
or European corn borer), thereby contradicting general
IPM principles [122].

Another protection goal relevant to Bt crops is to
limit the use of applied pesticides [35, 74]. Although it
is reported that under certain conditions and in certain
areas, less conventional pesticides are used with Bt maize
compared to conventional maize [123], assessments of
pesticide use in the ERA of Bt crops should be in accord-
ance with relevant protection goals, e.g. pesticide reduc-
tion targets, at EU and Member State level. According
to Directive 2009/128/EC, Member States need to adopt
National Action Plans setting national targets to reduce
the risks and impacts of pesticide use on human health
and the environment [74]. No aggregated information is
available yet on objectives and measures set by EU Mem-
ber States; however, some of the existing National Action
Plans have been criticised for neither being ambitious in
reducing reliance on pesticides in agriculture nor being
legally binding [124, 125]. In this context, EFSA specifi-
cally refers to the consideration of “strategic goals for the
adoption of certain pest management regimes (e.g. inte-
grated pest management and biological control)” which
could serve as the appropriate basis when comparing
risks of GMPs with conventional crops. Whether insec-
ticidal toxins produced in Bt crops count as pesticides
[121, 126] is an additional issue in this discussion.

Evaluating thresholds for the acceptability of adverse effects

For effects assessed in laboratory studies In the ERA of
PPPs, biocides and chemical substances, but not GMOs,
acceptability thresholds for toxicity/exposure ratios are
commonly used as trigger values for lower tier testing



Dolezel et al. Environ Sci Eur (2018) 30:39

(laboratory testing). If trigger values are not exceeded,
they generally indicate an acceptable risk, as the predicted
environmental exposure of the species is considered to
be below the amount of toxin for which effects have been
observed in the tests. If trigger values are exceeded, fur-
ther refinements of the assessment (e.g. of the exposure
values) or risk mitigation measures are required. Hence,
trigger values constitute risk-based acceptability thresh-
olds, as they indicate an acceptable risk rather than the
absence of adverse effects.

There are inconsistencies in EFSA’s ERA guidelines
whether the LoC should be defined (a) at the effect level
or (b) at the risk level. Ad (a): According to the pro-
posed LoC concept, the observed differences (in effects)
between the GMP and its conventional counterpart are
compared to the “minimum relevant ecological effect
that is deemed biologically significant [...]” [6]. This LoC
needs to be aligned to the effect size that is desired to be
detected by a specific statistical test design [24]. There-
fore, the LoC could be considered to be set at the effect
level. Ad (b): EFSA also requires that in the risk charac-
terisation each identified risk is estimated and appro-
priate risk management measures shall be proposed “...
where levels of risk exceed threshold levels” [7]. The risk
management measures are needed to reduce environ-
mental risks to levels within the LoC (see Figure 4 in [7]).
This indicates that the LoC can also be based at the risk
level. It is generally questionable what role LoCs should
have for laboratory studies. General shortcomings of
applying LoCs for laboratory toxicity testing are outlined
by Dolezel et al. [22]. In addition EFSA acknowledges
that “standardised methods and models used at tier 1 lev-
els do not measure the specific protection goals directly”
[12]. When linking the ERA with specific protection
goals, EFSA recommends using a reference tier which is
defined as a “sophisticated experimental system or model
that is practical for higher-tier use” [12]. Consequently, it
can be supposed that defined maximum tolerable effects
should not be directly matched with results from testing
at lower tiers such as laboratory (toxicity) testing.

For effects assessed in other than laboratory studies ~ Since
2011 non-target Lepidoptera have been addressed in the
ERA of insect-resistant Bt maize lines (MONS810, Btl1,
1507) as representatives of biodiversity and ecosystem
services. In several of its scientific opinions, EFSA mod-
elled effects on non-target Lepidoptera by Bt maize at
local scale, i.e. on larvae within fields and their margins,
and at larger scales, i.e. over a landscape and growing sea-
son [77, 116, 118, 119, 127-130]. Conclusions and risk
management recommendations refer to two different pro-
tection goals: to non-target Lepidoptera occurring within
fields and their margins as well as to non-target Lepidop-
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tera of conservation concern occurring in protected habi-
tats. EFSA has provided specific suggestions for accept-
able thresholds for non-target Lepidoptera in this context.
As operational thresholds EFSA chose maximum toler-
able mortalities of (a) 1% for non-target lepidopteran spe-
cies not of conservation concern and (b) 0.5% for those
which are of conservation concern. EFSA considered
0.5% mortality for group (b) species to be a negligible
effect, while the 1% acceptable effect level was considered
to be small [13]. EFSA, however, stressed that the thresh-
olds proposed are arbitrary and “... should be subject to
amendment according to the protection goals..” [116].

Aspects to be considered when setting LoCs

Define different LoCs for different spatial areas in agro-
environments As regards the agro-environment, a dis-
tinction needs to be drawn between areas designated
for crop cultivation (in-field) and the surrounding areas
(off-field, see, e.g. ERA of PPPs). The rationale for this
is that the in-field and off-field areas are habitats which
provide different ecosystem services. Within agricultural
fields, trade-offs between production services and other
services, e.g. regulating services, are evident. In case of
intended off-field measures (e.g. mowing) or unintended
effects from the field (e.g. spray drift), some trade-offs
are also evident in off-field habitats. In the ERA of PPPs,
small-medium effects are tolerable on non-target arthro-
pods in-field, while only negligible effects on these organ-
isms are tolerated off-field [131].

A similar distinction of the agro-environment has to
be drawn when assessing adverse effects of Bt maize on
non-target Lepidoptera. In the off-field area, non-target
Lepidoptera need to be better protected than in the field
where the crop is grown. Although generally few lepi-
dopteran non-target species occur in agricultural fields
[132], thresholds for the acceptability of effects still need
to be determined. As with the ERA of PPPs, some effects
on non-target organisms might be acceptable in the field
but not off-field (see also above). In the ERA of Bt maize,
effects on non-target Lepidoptera mostly consider species
occurring in field margins and, therefore, off-field habi-
tats. Off-field areas are considered all areas surrounding a
field (e.g. hedgerows, grass strips, adjacent field, unman-
aged bare land, roads) and can be considered equivalent
to field margins as defined by Roy et al. [102] and referred
to by EFSA for the ERA of GMOs [127]. Against this
background and to harmonise protection goals for ERA
purposes as required by EFSA, effects by GM crops on
non-target lepidopteran species in off-field areas need
to be small to negligible. Clearly, for endangered or pro-
tected Lepidoptera occurring in protected sites or biodi-
versity hotspots within the agro-environment [133-135],
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no additional adverse effects due to Bt maize cultivation
should be tolerated at all (see also [22]).

Consider exposure-based LoCs for non-target Lepidop-
tera Adverse effects of Bt maize on Lepidoptera are
mediated via ingestion of the pollen by larval stages. The
exposure of lepidopteran larvae, e.g. in field margins, to
Bt maize is a suitable indicator for ERA purposes, as it
directly links the potential for adverse effects with the rel-
evant protection goal. The larval stage is the relevant entity
on which the potential stressor operates [13]. Standard-
ised methodologies for the assessment and the monitor-
ing of lepidopteran larvae have been developed and tested
for practicality [136—138]. Methods are also available for
assessing and monitoring Bt maize pollen deposition on
leaves of lepidopteran host plants [139-141].

Assessing the exposure of lepidopteran larvae to Bt
maize pollen means that acceptability thresholds are
defined at the exposure rather than at the effect or risk
level. Similarly, in the regulation of ambient air pol-
lutants, acceptability thresholds for adverse effects are
defined either based on emission values or atmospheric
input values [142, 143]. For example, critical loads of air
pollutants are set as ecological limits for the input of
atmospheric pollutants into a particular ecosystem. No
adverse effects on the ecosystem are expected as long as
the critical load is not exceeded (see Annex I of Goth-
enburg-Protocol and [142]). Exposure levels are defined
as “critical levels” when they exceed levels above which
adverse effects may occur on certain environmental
receptors, such as trees, other plants or natural ecosys-
tems [143]. Importantly, recommendations for critical
load and critical level values for ambient air quality are
based on well-established scientific knowledge such as
physiological and ecological effects of nitrogen-contain-
ing pollutants on the most sensitive type of vegetation or
ecosystem [144]. Hence, LoCs for Bt maize could also be
set as exposure-based acceptability thresholds if Bt maize
pollen is used as an exposure-based indicator.

EFSA’s scientific opinion on Bt maize 1507 provides an
example for an exposure-based threshold for Bf maize
pollen [118]. If maize 1507 is cultivated on less than 5% of
the farmed agricultural area, then the mortality for lepi-
dopteran species was calculated to fall below an accepta-
bility threshold of 1% and no risk management measures
were required (Fig. 3a).

Another possibility is to define the maximum deposi-
tion of Bt maize pollen on host plants in field margins at
anthesis that can be tolerated without entailing adverse
effects on the larvae. It requires that dose—effect relation-
ships of Bt maize pollen on non-target Lepidoptera are
known and that worst-case pollen depositions are taken
into account. The dose—effect relationships should be
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a maximum output of Bt
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Fig. 3 Suggestions for the operationalisation of the LoC concept for
non-target lepidopteran larvae and Bt maize. The LoC can be defined
for the exposure-based indicators (a) “amount of Bt maize pollen
released” or (b) “amount of Bt maize pollen deposited”in a specific
environmental reference area (e.g. the field margin). For further
explanation see text

species- and toxin specific and consider that the toxin
content in the pollen of Bf maize events can vary just
as the sensitivity of non-target lepidopteran larvae. The
hereof calculated maximum pollen deposition which
does not harm non-target Lepidoptera constitutes a
LoC at the exposure level for a specific Bt maize event
(Fig. 3b).

Although controversially discussed, data on pollen dep-
osition of Bt maize and on larval food plants under field
conditions are available [141, 145-150]. Also, dose—effect
relationships for lepidopteran larvae with different sen-
sitivities to the respective Bt toxin from laboratory stud-
ies have been reported [118, 151-154]. It is important
to notice that these relationships are based on mortali-
ties observed under laboratory conditions. Assessment
factors will, therefore, be needed to cover uncertainties,
e.g. due to the extrapolation of results from the lab to the
field, between species, or due to varying Bt toxin expres-
sion in pollen in different environments.

Counsider the status of receiving environments when set-
ting LoCs The receiving environment and its specific
biological and non-biological features may also have an
impact on effects of GMPs. While this aspect is exempli-
fied for Bt maize, it is also relevant for GM oilseed rape
or other GM crops. According to EFSA, the acceptability
of effects might be far less in a landscape with low non-
target arthropod diversity than in a landscape supporting
a high non-target arthropod diversity [131]. It is known
that biodiversity levels vary considerably across European
agricultural landscapes. Differences in habitat quality
and habitat features in agro-environments affect species
richness and abundance of butterflies [155, 156]. Species
diversity of butterflies depends on the level of agricul-
tural intensity [157] as well as on landscape context [156].
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These circumstances are reflected by the geographically
diverging species richness of European butterflies and by
the unequal distribution of threatened and endemic but-
terfly species across Europe [158].

Therefore, also the natural fluctuations of lepidopteran
populations need to be considered in a particular envi-
ronment. Significant declines in European butterfly pop-
ulations have been recorded over the last 25 years, mainly
due to changes in land use including agricultural inten-
sification [159]. The latter comes along with extensive
chemical inputs such as insecticides and fungicides caus-
ing negative effects on European farmland biodiversity
[160]. Considering natural fluctuations for a LoC requires
defining what is the minimum environmental quality or
the minimum population size to be preserved in a spe-
cific receiving environment. In this context, it is impor-
tant to note that acceptability thresholds for adverse
effects due to GMPs may also depend on the individual
status of a population in a specific receiving environment.
If a population has already declined, this may influence
decisions on the acceptability of any further pressure on
this population through additional stressors. In cases the
reduction of a population (or its cause) is on-going, is not
understood or is irreversible, a further reduction in the
population size is practically unacceptable [161]. Conse-
quently, it is necessary to define a specific environmental
context, e.g. the level of biodiversity and the causes for
its current status in the respective agro-ecosystem, to put
the acceptability thresholds for additional adverse effects
into context. However, tolerating additional impacts
by GMP cultivation in environments with comparably
higher biodiversity levels would still contribute to an
overall reduction in biodiversity; it must be avoided and
considered when setting LoCs.

Conclusions and outlook

The issue of what constitutes environmental harm when
cultivating GMP is closely linked with the question of
what should be protected in European agro-ecosys-
tems. The integration of protection goals into the envi-
ronmental risk assessment carried out for stressors in
the agro-environment such as GMPs is a novel feature,
and the operationalisation for ERA purposes poses still
unsolved challenges. The European Food Safety Author-
ity proposed two approaches on how to operationalise
protection goals in the ERA: the LoC approach and the
ecosystem service approach. Both are useful but they
need further specifications to be fit for purpose. In addi-
tion, overlaps between them will have to be clarified to
harmonise the protection level for common protec-
tion goals in agro-environments. For example, also, the
ecosystem service concept provides the opportunity to
include thresholds for the acceptability of adverse effects.
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A major challenge is to define the relevant effect cat-
egories (e.g. negligible, small, medium, large) which are
used when defining the maximum tolerable effect for a
specific protection goal and align them among the two
approaches. This step shall ensure that protection lev-
els are comparable for similar protection goals for both
concepts. The classification of effect categories should be
transparent and relate to the specific protection goal in
question.

In this context, it is important to note that the respec-
tive legislative acts for the protection and conservation
of agricultural biodiversity lack some essential specifica-
tions: They do (i) neither provide benchmarks for biodi-
versity in arable production systems, (ii) nor define what
constitutes a “good ecological status’, (iii) nor deter-
mine what environmental quality should be preserved
in dynamic and resilient agro-ecosystems. In addition,
knowledge of the essential ecological processes rel-
evant to a particular ecosystem service is limited [162].
Although it has been generally postulated that any mini-
mum level of biodiversity to sustain certain ecosystem
functions can be maintained by a certain set of function-
ally distinct species [163], knowledge is incomplete on
which and how many species and functions are actually
necessary to sustain a certain ecosystem service.

When setting LoC, the regional level of farmland bio-
diversity in the receiving environment should be consid-
ered. This relates, if existing, e.g. to diverse field margins
and natural landscape elements, the regional crop diver-
sity and alternative food sources for higher trophic levels,
since these components influence the likely magnitude
of impacts on biodiversity in agricultural landscapes.
Because biodiversity in agricultural landscapes as well as
crop management systems highly vary across Europe, any
decision on the acceptability of adverse impacts during
the EU-wide ERA should consider worst-case scenarios.
If adverse impacts in receiving environments with poor
biodiversity are not accepted, and this forms the bench-
mark, then they are also not tolerated in receiving envi-
ronments with a rich or more diverse biodiversity. This
kind of approach would safeguard the prevention of fur-
ther biodiversity losses in European agro-ecosystems.

The proposed ecosystem service concept for the ERA
cannot be applied in a general manner, but requires con-
sidering different protection goals at several levels. For
example, in-field and off-field habitats in the agro-envi-
ronment are subject to different protection goals. Also
different protection levels are assigned to biological enti-
ties, functions and processes occurring in various spa-
tial areas of the agricultural landscape as they provide
different ecosystem services. It has been acknowledged
that effects outside the crop production area should not
exceed negligible effects, although a specification of this
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effect class has still to be made for different ecological
entities, functions and ecosystem services. In contrast,
provisioning services in the field are often valued higher
at the expense of other ecosystem services, e.g. regulat-
ing services. If the “safe ecological limits” of these other
services have already been reached, needs to be assessed
case-by-case for a specific stressor in a defined receiv-
ing environment. Species of conservation concern which
occur in the agro-environment or within agricultural
fields are difficult to assess during the ERA; however, they
need higher protection levels than common and wide-
spread species.

In contrast to biodiversity protection goals, agricultural
protection goals have so far not been largely addressed
in the ERA of GMPs although they are specifically out-
lined in the corresponding EFSA guidance documents.
For insect-resistant and herbicide-tolerant GMPs, it is a
relevant agricultural protection goal to avoid the devel-
opment of resistant target organisms. For this protection
goal, acceptability thresholds have already been implicitly
set in the ERA of those kinds of GMPs, and risk manage-
ment measures have already been required. In the future,
defining LoCs for agricultural protection goals will neces-
sitate additional specifications, e.g. with respect to the
particular crop rotation or the relevant crop production
type to be used as a baseline for the comparison with the
GMO. By now, the ERA needs to account for a sustain-
able use of pesticides, e.g. by defining LoCs for changes in
pesticide and herbicide application when cultivating GM
crops. If available, national targets for pesticide use can
facilitate the setting of acceptability thresholds for the use
of non-selective herbicides when cultivating GM crops.

LoCs for GM oilseed rape
In the ERA of GMOs, natural processes such as cross-
pollination and hybridisation of GM oilseed rape with
wild relatives or spread and establishment of GM plants
in natural habitats are currently not considered adverse
for the environment. However, these processes may
compromise biodiversity as well as agricultural protec-
tion goals. The current risk assessment provisions are
based on the evidence of impacts on biodiversity due to
GM oilseed rape cultivation which is in analogy with the
risk assessment of invasive alien species. However, con-
trol and eradication measures are hardly promising, once
GM oilseed rape has established in the environment and
threats to biodiversity are evident. Due to the ability of
GM oilseed rape to independently spread and to build up
soil seed reservoirs, post approval management meas-
ures, such as control of feral oilseed rape, are unlikely to
succeed in the long term.

Hybridisation of GM oilseed rape with compatible wild
relatives can constitute an unacceptable adverse effect if
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these are of conservation concern. Also, the conservation
of plant genetic resources, comprising landraces, conser-
vation varieties as well as crop—wild species, are specific
agricultural protection goals, for which cross-pollination
with GM oilseed rape may be unacceptable. So far, these
agricultural protection goals have not been recognised in
the ERA of GM oilseed rape.

Consequently, it is necessary to specify the genetic con-
stitution of species and varieties which are able to cross-
pollinate with GM oilseed rape to justify any decisions
on the acceptance or non-acceptance of gene flow and
hybridisation between them. Case-by-case evaluations
have to clarify whether the specific conservation goals of
natural habitats of conservation concern are put at risk in
case GM oilseed rape spreads and establishes.

It also needs to be considered that once GM oilseed
rape is approved for cultivation, hybridisation with com-
patible relatives, spread into and establishment in certain
habitat types will occur by chance to both, protected and
unprotected species and habitats. If cross-pollination
and hybridisation with protected species and the occur-
rence or establishment of GM oilseed rape in habitats of
conservation concern are considered unacceptable, then
specific management measures need to be set up (e.g. the
removal of the plants from the habitat). Otherwise, no
such management measures will be required. In practice,
however, it will be difficult to apply and manage different
LoCs for species and habitats with different conservation
status.

LoCs for GMHT crops

The assessment of environmental risks of GMHT crops
is covered by two distinct ERA requirements—for the
GMO and for the related PPP to be used with the GMHT
crop. Adverse effects of GMHT crops are mediated by
the non-selective herbicide applied with the GMHT crop.
Therefore, it is important to consider the GMHT crop
together with its non-selective herbicide when discussing
LoCs, in particular if protection goals related to biodiver-
sity and ecosystem services are to be harmonised among
different stressors in agro-environments, as intended by
EFSA [13].

Weed communities play a crucial role in the assess-
ment of adverse effects of the cultivation of GMHT crops
and their weed management. In the context of the ERA
of PPPs, EFSA has provided guidance for the definition
of acceptable effects for weeds and non-target plants in-
field and off-field. In the crop production area, there is a
need for balancing different ecosystem services, such as
food production and other ecosystem services. Recently,
Milner and Boyd suggested a system of risk-based pesti-
cide use to make trade-offs between environmental costs
and food production more explicit; it would require, inter



Dolezel et al. Environ Sci Eur (2018) 30:39

alia, knowledge on pesticide residues in the environment
as well as setting safe environmental limits for pesti-
cide use [164]. At smaller scales, it has been shown that
such trade-offs are manageable by the ecosystem service
approach [165]. Recognising that weeds are important
drivers of ecosystem services also in-field, minimum
levels of weed biodiversity in different crops and in dif-
ferent receiving environments still have to be defined to
sustain the related ecosystem services. In this context,
the application of weed thresholds is a useful tool to
define thresholds for the acceptability of effects on weeds
in agricultural fields. Consequently, LoCs for effects on
higher trophic levels (e.g. arthropods or birds) in-field
must be aligned to acceptability thresholds for weeds
in-field, but also need to consider that the knowledge
on quantitative links between weeds and higher trophic
levels is largely limited [91]. In contrast to the obviously
needed balancing of ecosystem services in the field, it
is evident that off-field effects of herbicides used with
GMHT crops need to be largely avoided.

LoCs for Bt maize
For the ERA of Bt maize, non-target butterflies are con-
sidered important representatives of biodiversity, but
they have also been attributed important ecosystem
services. When assessing adverse effects on non-target
Lepidoptera in laboratory studies, discrepancies are evi-
dent regarding the application of effect-based and risk-
based acceptability thresholds. Using LoCs based on the
exposure of non-target lepidopteran larvae to Bt maize
pollen is a practical way to operationalise the LoC con-
cept in the ERA of Bt maize. However, scrutiny will be
needed whether LoCs for non-target Lepidoptera need
differentiation depending on the larval stage, species, and
population affected. In addition, protection levels for lep-
idopteran species occurring in agro-ecosystems and the
relevant spatial and temporal scales need to be harmo-
nised among the ERAs of different stressors and linked to
protection goals relevant to non-target Lepidoptera.
High protection levels and low acceptability thresholds
are recommended when introducing GM plants in Euro-
pean agricultural production systems to preserve their
agro-biodiversity. When defining LoCs, it has to be con-
sidered that current agricultural practices are already com-
promising terrestrial and aquatic agro-biodiversity [166,
167] and, at the same time, they serve as a comparator for
the evaluation of potential adverse effects due to GMO cul-
tivation. Consequently, additional impacts on biodiversity
due to GMP cultivation must not be considered acceptable
in order not to further accept declines of biodiversity and
ecosystem services in European agro-ecosystems.
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Methods

In 2013, the German Federal Agency for Nature Conser-
vation commissioned the project ‘Limits of Concern for
the Risk Assessment of GM plants. The overall aim of this
project was to critically evaluate the concept of Limits of
Concern introduced by EFSA for its practical implemen-
tation in GMO risk assessment. A general appraisal of
the concept and proposals for improvements of the gen-
eral concept for use in ERA practice has been made [22].
Another aim of the project was to discuss the use of the
LoC concept for specific types of GMOs.

Three different types of GMOs were used to evaluate
the concept of Limits of Concern for three areas of risk
which have to be assessed during the ERA of GMOs, as
proposed by EFSA [6]. Using examples of GM oilseed
rape, herbicide-tolerant GM crops and insect-resistant
Bt maize, different aspects relating to the setting of LoCs
were evaluated. The evaluations were based on the con-
ceptual framework for the assessment of ecological dam-
age for GM crops by Kowarik et al. [10]. The authors
suggested a methodology for assessing ecological damage
due to GMO cultivation, considering not only the poten-
tial adverse effect by the GMO, but also taking possibly
affected protection goals into account [10].

In general, we evaluated EFSA guidance documents
and scientific opinions for the ERA of GMOs. In addi-
tion, we consulted provisions from other regulatory
areas, such as invasive alien species (for GM oilseed
rape), PPPs (for herbicide-tolerant crops and Bt maize) as
well as ambient air quality (for B¢ maize). This was done
with a view to find out whether they contain thresholds
for the acceptability of environmental effects or risks
which could also be relevant to GMO risk assessment.

GM oilseed rape was chosen to represent the risk area
“persistence and invasiveness including plant-to-plant
gene flow” according to the ERA requirements [6]. For
setting LoC for this risk area, the specific GM trait is of
minor relevance, as here the important aspect is the
plant’s ability to hybridise with wild relatives and establish
outside cultivated areas. However, considering a specific
GM trait may change the potential for an adverse effect
and would have to be considered separately and case-spe-
cifically. Legislative provisions regarding the ERA of inva-
sive alien species were analysed to evaluate environmental
harm thresholds for organisms that are able to spread and
establish in different environmental compartments.

GM herbicide-tolerant (GMHT) plants were selected
to represent the risk area “impacts of the specific cul-
tivation, management and harvesting techniques” In
this case, the specific crop type is of minor relevance
as the focus is on the potential adverse effect due to the
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non-selective herbicide on weeds as target organisms.
For this purpose, the provisions of two different author-
ization regimes were considered: (i) Directive 2001/18/
EC and its Annexes which require the assessment of
impacts due to the specific cultivation, management
and harvesting regime and (ii) Regulation (EC) No.
1107/2009 which applies for placing of plant protection
products on the market [1, 168]. Aspects from the lat-
ter regulation and related documents were addressed,
in case they were considered relevant to the assess-
ment of potential adverse effects of the combined use
of GMHT crops and the corresponding herbicides on
weed communities and related biodiversity.

Insect-resistant (Bt) maize was chosen for the risk
area “interactions of the GMP with non-target organ-
isms” [6]. For this case study, the potential effects of
Bt maize on non-target Lepidoptera were addressed.
Existing EFSA guidance documents and opinions were
analysed regarding suggestions for acceptability thresh-
olds for non-target organisms, and specifically, non-
target Lepidoptera. Also, legislative provisions for the
regulation of ambient air quality were drawn on as an
example for exposure-based acceptability thresholds.

The project benefited from three workshops con-
ducted in 2015 for each type of GMO and each area
of risk, with experts having relevant knowledge in, e.g.
weed ecology, ecotoxicology of Bt maize, herbicide tol-
erance or ecology of invasive alien species. During the
workshops options were discussed how to define LoCs
for each particular case study.

In this article, we analyse the LoC concept for three
different types of GMO intended for cultivation: GM
oilseed rape, GM herbicide-tolerant crops and insect-
resistant Bt maize. In the “Results and discussion” sec-
tion, the following questions are addressed for each
type of GMO in individual subchapters:

« Which protection goals are relevant to the specific
GMO and area of risk?

+ Have thresholds already been proposed for the
acceptability of adverse effects or risks relevant to
the GMO?

+ Which aspects have to be taken into consideration
when setting LoCs for the specific GMO in question?
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