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crucial for designing appropriate risk assessment schemes. The process followed by the Panel on Plant
Protection Products and their Residues (PPR) of the European Food Safety Authority (EFSA) as well as
examples of resulting SPGs obtained so far for environmental risk assessment (ERA) of pesticides is presented.
The ecosystem services approach was used as an overarching concept for the development of SPGs, which will

llfz:gg;ﬁl goals likely facilitate communication with stakeholders in general and risk managers in particular. It is proposed to
Ecosystem services develop SPG options for 7 key drivers for ecosystem services (microbes, algae, non target plants (aquatic and
Environmental risk assessment terrestrial), aquatic invertebrates, terrestrial non target arthropods including honeybees, terrestrial non-
Pesticides arthropod invertebrates, and vertebrates), covering the ecosystem services that could potentially be affected
Guidance documents by the use of pesticides. These SPGs need to be defined in 6 dimensions: biological entity, attribute,
Ecotoxicology magnitude, temporal and geographical scale of the effect, and the degree of certainty that the specified level of

effect will not be exceeded. In general, to ensure ecosystem services, taxa representative for the key drivers
identified need to be protected at the population level. However, for some vertebrates and species that have a
protection status in legislation, protection may be at the individual level. To protect the provisioning and
supporting services provided by microbes it may be sufficient to protect them at the functional group level. To
protect biodiversity impacts need to be assessed at least at the scale of the watershed/landscape.

© 2011 Elsevier B.V. All rights reserved.
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1. Introduction

In 2009, the Panel on Plant Protection Products and their Residues
(PPR) of the European Food Safety Authority (EFSA) was asked to revise
the Guidance Documents (GDs) for Aquatic Ecotoxicology and Terres-
trial Ecotoxicology (SANCO/3268/2001 and SANCO0/10329/2002),
which are currently used in the routine risk assessment of pesticides
in the context of Directive 91/414/EEC replaced by Regulation (EC) No
1107/2009 in June 2011. In order to develop robust and efficient
environmental risk assessment procedures required by Regulation (EC)
No 1107/20009, it is crucial to define protection goals more precisely
since risk assessors need to be able to quantify what to protect, where to
protect it and over what time period.

General protection goals are defined in EU legislation, including
Directive 91/414/EEC; Regulation (EC) No 1107/2009, and other
legislative documents that regulate the use of other chemicals or the
protection of environmental compartments in general (e.g. Directive
98/8/EC on Biocides; Regulation (EC) No 1907/2006 (REACH);
Habitats Directive 92/43/EEC; Water Framework Directive,
2000/60/EC, see also Hommen et al. (2010) for a review). In
Regulation (EC) No 1107/2009, a high level of protection is required
(e.g.in article 1.1 and 4.3), which is expressed e.g. as “no unacceptable
effects on the environment” (preambles 8, 10, 24; article 4.3) where it
concerns plant protection products and “no serious risk to the
environment” where it concerns treated seeds (preambles 33 and
48; article 49). However, often a “translation” into precise goals to
guide the development and application of risk assessment method-
ology is difficult. In particular, clarifications are needed to define
specific protection goals (SPGs) with respect to ecological, temporal
and spatial scales; in-crop versus off-crop situations; multiple stress
and uncertainties (EFSA Panel on Plant Protection Products and their
Residues (PPR), 2010).

In the context of the current mandates of the PPR Panel, the
framework presented here was developed. It allows the systematic
development of specific protection goals for environmental risk
assessment. The framework is based on the ecosystem services (ES)
concept (Millennium Ecosystem Assessment, 2005) and will likely
become a useful tool for the communication between risk assessors
and risk managers, and between different stakeholders.

2. The approach adopted by EFSA's PPR Panel

This work was developed via expert discussions in the Working
Group (WG) Ecotoxicological Effects, created by EFSA to support the
PPR Panel in the update of the GDs for Aquatic Ecotoxicology and
Terrestrial Ecotoxicology (EC, 2002a, 2002b). This WG consisted of 19
experts, including PPR Panel members, EFSA staff and external
experts. The latter were invited based on their expertise in specific
scientific areas. A total of 14 meetings of the WG Ecotoxicological
Effects and 4 web conferences were held between September 2008
and September 2010, supplemented by regular discussions at the PPR
Panel Plenary meetings. In addition to these WG meetings, the
concept presented in this manuscript was subject to wider consulta-
tion via a stakeholder workshop “Protection goals for environmental
risk assessment of pesticides: What and where to protect?”, held in
Parma on the 15th and 16th of April, 2010. The participants of this
workshop were risk assessors from European Member State author-
ities as well as representatives of agrochemical industry, academia,
consultancy and associations. A report, written and peer-reviewed by
the workshop participants, was recently published (EFSA (European
Food Safety Authority), 2010). Additionally, risk managers from the
European Commission and European Member States were consulted
via a meeting organised in co-operation with the European
Commission (Directorate General for ‘Health and Consumers’) in
Brussels on the 11th and 12th of May 2010, back to back to a meeting
of the Standing Committee on the Food Chain and Animal Health

(SCFCAH). The feedback obtained from both consultations was
considered and contributed to the improvement of the framework
presented here.

3. The framework to derive specific protection goals (SPGs)

For the development of SPGs, a stepwise process was followed as
explained in Fig. 1 and the subsections below.

3.1. Step 1: Decision on using the ecosystem services concept as a tool for
deriving specific protection goals

So far, the following principles and concepts have been used in the
context of managing environmental risks: (i) the Precautionary
Principle, (ii) the Pollution Prevention concept, (iii) the Ecological
Threshold concept, (iv) the Ecological Recovery concept and (v) the
Functional Redundancy concept (see Brock et al., 2006). The
Precautionary Principle (EC, 2000) is based on precautionary action
if the uncertainty of the risk is too great. In that case, the measures
taken should be proportionate and temporary, accompanied by efforts
to reduce uncertainty, and reviewed again when further information
becomes available. The Pollution Prevention concept aims to prevent
pollution as much as technologically and socioeconomically feasible.
The Ecological Threshold concept aims always to protect sensitive
populations and processes in ecosystems potentially exposed to e.g.
pesticides by not accepting treatment-related ecological effects. This
concept is in line with the rivet hypothesis (Ehrlich and Ehrlich, 1981)
that assumes that communities are comprised of specialised species
with limited capacity to compensate for each other, the loss of each
additional species having an increasingly critical effect (cf. rivets in
airplane wing) (Lawton, 1994). The Ecological Recovery concept
presupposes that an ecosystem can absorb impacts and endure for
instance a certain amount of non-persistent pesticides because of
ecological recovery processes. As a consequence, exposure to e.g.
pesticides should be limited to an intensity that causes reversible
impacts only on sensitive populations. The Functional Redundancy
concept, based on the redundancy hypothesis of Walker (1992),
presupposes that for sustainable functioning of the agro-ecosystem, a
decrease in biodiversity can be tolerated as long as key species and
their functions are not affected beyond an unacceptable level. In
communities with high functional redundancy, functional diversity is
more important than taxonomic diversity (species richness) in the
delivery of ecosystem services (see Munns et al., 2009). However, the
insurance hypothesis of Yachi and Loreau (1999) states that
taxonomic diversity within functional groups plays a crucial role in
fluctuating environments by enabling ecosystems to cope with
adverse effects originating from different stressors.

The five principles outlined above are in effect alternative
strategies of risk assessment and risk management approaches.
They may also be helpful in the context of defining protection goals
in general terms. However, these 5 principles are not means for
determining specifically what those protection goals should be. The
latter requires a different methodology, for identifying which aspects
of the environment are most valued by society, which degree of
protection they deserve, or which are the maximum impacts that
could be tolerated. Specific protection goals (SPGs) resulting from
such a methodology could then inform the choice of strategy for risk
assessment and risk management. For example, if the risks to a SPG
cannot be assessed with adequate certainty, then it may be de-
cided to take precautionary action to ensure that the SPG is not
breached.

Looking for a systematic and transparent alternative methodology
for defining SPG, the ecosystem services (ES) concept was identified:
ecosystem services are the benefits that humans receive from
ecosystems and include the production of goods (i.e. provisioning
services e.g. food production), life support processes (i.e. regulating
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Fig. 1. Steps in the process proposed (left) and their outputs (right) for developing specific protection goals (ES = ecosystem services).

and supporting services) and life fulfilling conditions (i.e. cultural
services) (Daily et al, 2000). This concept is currently widely
recognised as a useful framework for policy makers, as stated in the
Millennium Ecosystem Assessment (MEA) (2005), TEEB report
(2010), and scientific literature (e.g. Vandewalle et al., 2008; Naeem
et al., 2009; Perrings et al., 2010). The ES concept has been considered
in European policy (EC, 2006, 2011) and has also been discussed - and
adopted for different purposes - by bodies such as the US-EPA,
Environment Canada, United Nations Environment Programme and
OECD (e.g. US-EPA, 2009).

Depending on the scope and application of the ecosystem services
concept, several classifications and interpretations exist (e.g. Daily,
1997; De Groot et al., 2002; Millennium Ecosystem Assessment, 2005;
Vandewalle et al., 2008). The framework presented in this manuscript
is based on the Millennium Ecosystem Assessment (2005).

The ES concept was chosen as an overarching methodology for
defining SPGs because (1) it provides a coherent conceptual
framework for considering the need for protection of all types of
ecosystems, (2) it can be used across environmental compartments
and (3) it can be applied at a range of spatial and temporal scales.
Additionally, already “formally fixed” protection goals, such as legal
requirements to protect particular species, environmental compart-
ments or geographic areas could be included in the ecosystem services
concept by considering these requirements under e.g. cultural
ecosystem services. A recent study comparing conservation projects

that focus on promoting only biodiversity with projects that focus on
promoting ecosystem services, indicated that ecosystem service
projects are as effective at addressing threats to biodiversity as their
biodiversity counterparts (Goldman and Tallis, 2009). This is
explained by the observations that the reasons for protecting
biodiversity (including for example economic, ethical, cultural, and
aesthetic reasons) can be represented as ecosystem services, and that
protecting ecosystem services usually requires protecting the sustain-
ability of biological populations at the scale of the landscape.
Furthermore, it has been argued that the ecosystem services concept
may lead to more integrative approaches in environmental policies
and could facilitate addressing these policies at different spatial and
temporal scales (Van Wensem, 2009). Additionally, the ecosystem
services concept can aid efficient communication between different
stakeholder groups and with risk managers, in particular when
defining specific protection goals: an advantage recognised by the
participants of the EFSA stakeholder workshop in April 2010 (EFSA
(European Food Safety Authority), 2010). Defining SPGs also draws
attention to important gaps in current eco(toxico)logical knowledge
that needs priority in future research.

It is clear that agricultural landscapes provide a number of ecosystem
services ranging from the production of food and other raw materials, to
the contribution to regulatory (e.g. water and climate regulation) and
cultural (e.g. aesthetic value and recreation) services (Zhang et al., 2007;
Sandhu et al., 2010). Based on the rationale introduced above, the list of
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ecosystem services as stated in the Millennium Ecosystem Assessment
(MEA) (2005) was taken as a starting point for the process of deriving
SPGs (Fig. 1, 1st step).

3.2. Steps 2 and 3: Identification of the relevant ecosystem services and
key drivers

The working group decided to start from the list of Ecosystem
Services stated in the MEA (2005) (Fig. 1, 1st step). Next, those ES that
could be potentially affected by the use of pesticides were identified
(Fig. 1, 2nd step). This evaluation was based on expert knowledge in
the working group, discriminating between in-crop and off-crop
situations (terrestrial edge of the field vs. more remote natural areas,
as well as small surface waters vs. large water bodies including
wetlands and marine environments). Additionally, the working group
made a judgement on the potential magnitude of pesticide effects. The
most important ecosystem services in agricultural landscapes for both
in-crop and off-crop situations which are potentially affected by
pesticides are listed in Table 1. Considering the potential effects of
pesticides in both in-crop and off-crop situations is important because
in-crop and off-crop landscape elements may provide different
ecosystem services. Additionally, taxa related to certain ecosystem
services may not (always) be present in-crop but originate from other
areas, e.g. pest predator species or natural pollinators that colonise
crop fields from field margins or natural patches. These natural
patches are, thus, important resources for the recovery of certain
species when pesticide impacts occur.

Key drivers for a given ecosystem service were defined as the
major taxonomic or functional groups that support the ecosystem
service. Key drivers for each ES were identified and documented
(Fig. 1, 3rd step) and the inclusion of taxa for which data are currently
requested under Directive 91/414/EEC/Regulation (EC) No 1107/2009
was checked. Initially a large number of key drivers for aquatic and
terrestrial ecosystems were identified for which SPGs were derived as
described below in Step 4.

3.3. Step 4: Identification of the dimensions of the specific protection goal
options for each ecosystem service and key driver combination

Following the approach depicted in Fig. 1 (4th step), specific
protection goals were derived for each ecosystem service/key driver
combination identified. For this purpose, specific protection goals

Table 1

Overview of Ecosystem Services in agricultural landscapes for both in-crop and off-crop
situations which are potentially affected by pesticides (EFSA Panel on Plant Protection
Products and their Residues (PPR), 2010).

Ecosystem service In crop areas Off crop areas

category
Provisioning Food Food
Fibre and fuel Genetic resources
Fresh water
Regulating Pollination Pollination
Pest and disease regulation Pest and disease regulation
Water regulation
Erosion regulation
Water purification
Cultural Education and inspiration Education and inspiration
Recreation and ecotourism Recreation and ecotourism
Cultural heritage Cultural heritage
Aesthetic value
Supporting Primary production Primary production

Photosynthesis

Photosynthesis
Habitat provision
Soil formation and
retention

Nutrient cycling
Water cycling

were defined in six dimensions: (1) the entities to be protected,
(2) the attributes and/or functions of those entities, (3) the
magnitude, (4) the temporal and (5) spatial scale of the effects on
these attributes and/or functions that can be tolerated without
impacting the general protection goal, and (6) the required degree
of certainty with which the protection goal defined should be
achieved (Fig. 2). The list of attributes used in the scheme allows to
tackle most of the cases, however, if in a specific case an additional
attribute is needed, the scheme might be adapted (including e.g.
reproduction). After the process of deriving SPGs for each key
driver/ecosystem service combination, those combinations leading
to similar SPGs were pooled resulting into seven main categories:
microbes, algae, non-target vascular plants, aquatic invertebrates,
terrestrial non-target arthropods (including honey bees), terrestrial
non-arthropod invertebrates, and vertebrates (covering fish, amphib-
ians, reptiles, birds and mammals). These categories do not deviate
substantially from the current taxonomic groups used in European
environmental risk assessment (ERA) procedures for pesticides with
the exception of microbes which are partially covered, and of
amphibians and reptiles which are not covered so far. Some
ecosystem services such as genetic resources (biodiversity), education
and inspiration, and aesthetic value apply to all these key drivers. The
level of aggregation for the key drivers differs for the various groups:
there are several categories for arthropods in relation to e.g. microbes
and vertebrates, which could be pooled each into one single category
comprising aquatic and terrestrial organisms. This is a result of the
different key driver/ecosystem service combinations that only in
some cases allow the pooling, e.g. for arthropods not to the same
extent as it was possible for e.g. microbes and vertebrates. Examples
of the resulting SPGs are presented in Table 2.

Some of the SPG-dimensions (entity, attribute) are statements
about the nature of the endpoint to be assessed, while others are
statements about the maximum tolerable effect (magnitude, temporal
and spatial scale) or what degree of assurance is required that these
tolerable limits will not be exceeded (degree of certainty). Also, some
of the dimensions are likely to be interdependent: e.g. a magnitude of
effect that is acceptable over a short time scale may not be acceptable
if it continues over a long time scale, or small effects on population
density could be allowed at a local scale for a medium period of time,
as long as on a regional scale the population is not affected.

Note that in the context of environmental risk assessment,
assessing the spatio-temporal scale of the effects also requires
assessing the spatio-temporal scale of the exposure. Both the
exposure and effect estimates need to be expressed in terms of the
same ecotoxicologically relevant concentration (ERC) (EFSA, 2005;
Boesten et al., 2007). Also, for any prediction scenario or model used,
decisions need to be made on the “statistical population” of the
landscape units to consider (e.g. only those ditches adjacent to treated
fields with certain crop or all ditches in the agricultural landscape
characterised by a specific crop), as well as on the percentile of this
“statistical population” to be considered for selecting the estimate to
be used in the risk assessment (e.g. the 90th or the 95th percentile).

The specific protection goals identified usually concern the
maintenance of a diverse range of ecosystem services in the
(agricultural) landscape/watershed by allowing short-term effects
on local field or edge-of-field populations. For the majority of key
drivers the ecological entities to be protected are (meta)populations,
where a metapopulation is defined as a “population of populations” of
the same species connected through immigration and emigration
(Hanski and Gyllenberg, 1993). However, the selected ecological
entity may also be individuals when it concerns vertebrates, species
harvested for human consumption (e.g. shellfish) or species that have
a protection status in national or European legislation (e.g. Habitats
Directive 92/43/EEC). On the other hand, the ecological entity may
also be functional groups when it concerns provisioning and
supporting services by algae, some invertebrate groups and microbes.
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Attribute:
Magnitude: negligible effect
Temporal scale:
Spatial scale:

Degree of certainty: low -

Ecological entity: individual- (meta)population 5 functional group — ecosystem

behaviour — survival/growth <abundance/biomass» — process* — biodiversity

o1

days months — seasons — > 1 year
in crop €edge of field)— nearby off-crop — watershed/landscape

medium effect — large effect

Crign >

medium

% e.g. primary productivity, grazing efficiency, nutrient cycling % % Legal requirement

Fig. 2. Example of development of a specific protection goal definition (EFSA Panel on Plant Protection Products and their Residues (PPR), 2010). For each specific protection goal
option one (range of) point(s) on each dimension must be chosen, and then defined in precise enough terms to be measurable (e.g. abundance). The specific protection goal defined

prevents (positive or negative) effects to the right of any of the circled points.

4. Discussion

For the majority of key drivers, SPGs can be defined at the level of
the population or higher which is in accordance with US-EPA (2003),
Delorme et al. (2005) and Hommen et al. (2010) which state that
most ecological protection goals aim to preserve populations of non-
target organisms rather than individuals. In these reports, however,
the ecosystem services concept was not explicitly used to derive SPGs.

When the population level is adopted as the ecological entity of the
SPG, effects on individual survival, reproduction and/or growth are
only of concern for risk assessment if they result in impacts at the
population level. For some key drivers, impacts on population size or
structure resulting from pesticide use may be considered acceptable if
the impacts are short-lived and local. The rate of recovery of
populations from impacts depends on such factors as age-specific
survival and reproduction as well as dispersal ability. Judgements
about whether and to what extent impacts of pesticides at the
population level are acceptable need to consider the life-history traits
of the representative species for the key driver, the duration of effects
caused by exposure to the pesticides and the spatial scale over which
the effects occur.

Given that most of the specific protection goals relate to populations
or groups of populations, development of appropriate population
models for use in risk assessment is needed. Population models are
already available in the literature and some of these have been used for
decision making in, for example, fisheries management and conserva-
tion. Interest is recently growing for a wider application of population
models for risk assessment of pesticides (e.g. Galic et al.,2010; Schmolke
et al, 2010; Thorbek et al, 2010). However, challenges remain to
develop a suite of models, incorporating the necessary level of ecological
complexity that can be used at different tiers in the risk assessment of
pesticides. These models on effects on populations should also address
the appropriate linking to exposure models. Since SPGs may concern
different geographical scales there is a need to also develop exposure
and effect models that can be used for different geographical scales.
Currently, most scenarios and tools to predict exposure and effects are
developed for in-crop and edge-of-field situations only.

The key drivers for SPGs derived on the basis of the ecosystem
services concept do not deviate substantially from the taxonomic groups
used in the current European ERA procedures for pesticides (i.e.
Regulation (EC) No 1107/2009) with the exception of microbes which
are partially covered, and of amphibians and reptiles which are not

covered so far. As a consequence, a critical evaluation of whether the
SPGs for these taxa are indirectly met by the actions taken to achieve the
SPGs for other taxonomic groups under the current ecotoxicological risk
assessment guidance documents (e.g. terrestrial and aquatic verte-
brates) is needed. Additionally, this framework based on the ecosystem
services concept also allows to address mixture toxicity and multiple-
stress caused by realistic packages of pesticides used in different crops
and agricultural landscapes in the risk assessment methodology.
However, to appropriately address this multiple-stress issue, relevant
information for the reference tier (e.g. model ecosystems or ecosystem
models simulating the crop approach and realistic pesticide use) should
be made available (see e.g. Arts et al., 2006; Belden et al., 2007).
Alternatively, when this type of information is not (yet) available a
precautionary approach may be adopted when evaluating an individual
pesticide, particularly when applied in crops with a high input of several
active ingredients. It also may imply a need to define the spatial and
temporal dimensions of use and hence of agro-ecological scenarios
(including possible refuges), which is currently not done.

The advantage of using the ecosystem services concept is that it
enables a systematic and transparent assessment of all possible SPG
options and thus it may be helpful as a communication tool with risk
managers, stakeholders and the public at large. The listing of all
optional SPGs, which may differ for the different ecosystem services or
between the areas considered, can make trade-offs and interdepen-
dencies between different ES clear allowing for an informed
discussion. Societal demands for provisioning of food and other
(sometimes potentially conflicting) ecosystem services, need all to be
considered when identifying specific protection goals. SPGs should be
defined for both in crop and off crop situations.

It needs to be kept in mind that when making choices about SPGs,
in most cases some effects need to be accepted because it is not
possible to optimise all ecosystem services at the same time and place.
Rather it will be necessary to seek an appropriate balance between
different ecosystem services, in which some will be given a degree of
priority over others, keeping however the effects on the other services
to a minimum. This is the point where decisions at social, political, and
risk management levels are needed. Also here the ecosystem services
concept can help to quantify and communicate trade-offs involved in
environmental management options between different stakeholder
groups involved, when defining specific protection goals. For example,
the “costs” of pesticide impacts on pollination or plant biodiversity
can be valued against the benefits of the pesticide use in terms of
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Table 2

Examples of specific protection goals for some key drivers (EFSA Panel on Plant Protection Products and their Residues (PPR), 2010).

Key driver

Ecosystem service

Legal requirement

Specific protection goal

Ecological entity ~ Attribute

Scale

Magnitude of impact

Spatial scale of impact

Temporal scale of impact

Non target arthropods
(terrestrial) including
honey bees

Non target arthropods
(terrestrial)

Non target arthropods
(terrestrial, soil
organisms)

Non target arthropods
(terrestrial) and
honeybees

Pollination

Pest and disease
regulation

- Soil formation
and retention
- Nutrient cycling,

- Genetic
resources

~ Education an
inspiration

- Aesthetic
values

No unacceptable lethal
and sublethal effects
No effects on ongoing
behaviour

No unacceptable
acute or chronic
effects on colony
survival and
develop-ment,
taking into account
honey bee larvae and
honey bee behaviour

No unacceptable lethal
and sublethal effects
No effects on ongoing
behaviour

No unacceptable
lethal and sublethal
effects, no effects

on ongoing behaviour

No decrease of
biodiversity

No unacceptable acute
or chronic effects on
colony survival and
develop-ment, taking
into account honey bee
larvae and honey bee
behaviour

No to small effect on
biodiversity, abundance
and behaviour

No significant effect

on survival and foraging
behaviour on bees
foraging in flowering
crop

No to temporary
impacts on density
of functional groups

No to temporary
impacts on density
of functional groups

No decrease of
biodiversity in the
landscape, temporary
impact on local
populations

No significant
effect on colony
survival and
development

Populations Abundance and
foraging behaviour

Forager

populations

Functional Abundance/function

groups

Functional Abundance/function

groups

Species diversity,
species abundance

Metapopulation

Survival, foraging
behaviour

Colonies per
apiary

Negligible to small
effects (depends on
life cycle of species)

Negligible to medium
effects on forager
population within the
colonies,

No significant impact
on foraging behaviour

Small to medium effect
in agro-ecosystems

Small to medium effect
in agro-ecosystems,
Negligible effects

in other off-crop areas

Locally small effects
but negligible effects in
protected areas and
landscape

No decrease of colonies
per apiary and negligible
to small effects on
foraging behaviour

In crop to off crop

Field to edge of the field

Field to landscape

Field to landscape

Landscape

No to days during the crop
flowering period

Days to weeks in edge

of field areas (depends on
period of foraging)

No to days during the crop
flowering period

Weeks to months in off
crop areas (depends on
period of bee foraging)

Weeks to months in field
and edge of field

weeks to months in field
and edge of field,

no to days in other off-crop
areas

Weeks in field and edge of
field

No to days in protected
areas and landscape

No to days
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Non-arthropod
invertebrates
(terrestrial), including
earthworms

Non-arthropod
invertebrates
(terrestrial), including
earthworms

Vertebrates (aquatic
and terrestrial)

Vertebrates (aquatic
and terrestrial)

- Food

- Genetic
resources

- Education an
inspiration

- Soil formation
and retention
- Nutrient cycling,
- Provision
of habitat

Food

_ Genetic resources

- Education and
inspiration
= Aesthetic values

No decrease of
biodiversity

No unacceptable lethal
and sublethal effects

No unacceptable
effects on ongoing
behaviour

No unacceptable
lethal and sublethal
effects

No unacceptable effects
on ongoing behaviour

Acceptable human
health risks

No unacceptable lethal
and sublethal effect

No unacceptable effects
on ongoing behaviour

No decrease of
biodiversity in the
landscape, temporary
impact on local
populations

No to short-term
effects on densities/
biomass of functional
groups

Negligible effect on
population structure
of harvestable species

Healthy appearance of
individuals used for
human consumption

No secondary poisoning
by food consumption

No decline in biodiversity

species: negligible effects
on population structure
Negligible visual
unacceptable effects on
behaviour

Metapopulation

Functional group
to community

Population

Individual to
population

Individual to
population

Individual to
population

Species diversity,
species abundance
(survival and
reproduction)

Abundance, biomass

Abundance, biomass,
demographic structure

Frequency of
tumours and other
abnormalities in
harvested individuals

Internal concentrations

Behaviour and
abundance (as affected
by survival, growth and
reproduction)

Locally small

effects but negligible
effects in protected
areas and landscape

Small to medium

effect in agro-ecosystems
and negligible effects

in other off-crop areas

Negligible to small
effects

Negligible effect

Negligible to small

effect

Negligible to small
effects

Field to landscape

Field to landscape

(Edge of) field to watershed/
landscape depending on the
home range of species

(Edge of) field to watershed/
landscape depending on the
home range of fish species

(edge-of) field to watershed/
landscape

depending on the home

range of species (special
attention should be paid

to spawning and nursery sites)

Weeks in field and

edge of field and no to days
in protected areas and
landscape

Weeks in field and edge of
field and no to days in other
off-crop areas

Days to weeks acceptable
locally (if caused by
avoidance behaviour)

Not applicable

Variable depending on
life cycle of fish species

Only if caused by avoidance
behaviour temporal effects
(days to weeks) acceptable
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increased food production (the service being optimised in agricultural
landscapes). It should be kept in mind that trade-offs among services
can be expressed in different value systems (monetary, moral values,
scarcity, etc.). These features are expected to facilitate a more
informed debate and ensure a more balanced use of ecosystems that
ensures their long term sustainability.

It is important to recognise that final decisions on the choice of
specific protection goals are the prerogative of risk managers. Final
decisions on SPGs are outside the remit of EFSA as a risk assessment
body. The framework presented here aims to derive specific
protection goal options that can be used in this consultation dialogue.
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