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Abstract: Agriculture is a major driver of the ongoing biodiversity decline, demanding an urgent
transition towards a system that reconciles productivity and profitability with nature conservation;
however, where public policies promoting such transitions are in place, their design often poorly fits
the relevant biogeophysical systems, decreasing the policies” expected effectiveness. Spatial scale
mismatches are a primary example in this regard. The literature reviewed in this paper, drawing
from both ecology and policy studies, suggests to foster policy implementation at the landscape scale,
where most functional ecological processes—and the delivery of related ecosystem services—occur on
farmland. Two strategies are identified for coordinating policy implementation at the landscape scale:
the promotion of farmers’ collective action and the partition of space on an ecologically sound basis
through spatial planning. As the new European Union Common Agricultural Policy (CAP) post-2023
is currently being defined, we assess if and how the draft agri-biodiversity legislation includes any
of the strategies above. We find no comprehensive uptake of the landscape-scale perspective at
the EU level, thereby suggesting that a powerful tool to overcome the CAP underperformance on
biodiversity is being overlooked.

Keywords: functional agri-biodiversity; ecosystem services; spatial scale mismatch; landscape scale;
EU common agricultural policy

1. Introduction

Agriculture is the major land use on Earth. It covers about 40% of ice-free land
and its extent is expected to increase to meet the growing global demand for food [1].
Since the mid-twentieth century, intensive industrial agriculture has allowed cultivation
in low-productivity areas and increased food production rates to levels that are unprece-
dented in human history. On the other hand, land conversion, monoculture, mechanization
and the use of chemical inputs exert a considerable pressure on natural assets, substan-
tially contributing to soil degradation, depletion of water resources and disruption of
the agroecosystems’ functionality [2-5]. The agricultural landscape itself changed, as the
new techniques led to larger farmed areas, decreased natural and seminatural areas in
the vicinity or intermixed with crops, removal of landscape elements and the consequent
fragmentation of habitats for many species associated with the agricultural landscape [6,7].

The expansion of agriculture came at the expense of biodiversity, including those
species that positively contribute to agricultural production [8-10]. To date, agriculture
is considered a major driver of biodiversity decline around the globe [11,12]. This also
entails significant side effects for human communities. As biological diversity provides
key ecosystem services, its decline in human-dominated landscapes involves, over time,
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reduced benefits in terms of a wide range of providing, regulating and cultural services
such as the provision of raw materials, air-quality regulation or recreation and aesthetic
values [13,14].

The awareness of these side effects has spurred in the last decades a growing interest
in developing agricultural policy settings that allow us to combine productivity and
profitability with increased support for biodiversity conservation in farmland. In the
European Union, the Common Agricultural Policy (CAP) is the primary policy tool in
this regard. For the 2014-2020 programming period, the EU Commission agreed to spend
86 billion Euro on biodiversity, 77% of which coming from the CAP [15]. Nevertheless, a
number of studies—notably including an EU Court of Auditors assessment released in
2020—[15-20] showed that its effectiveness to halt the biodiversity decline is hindered
by factors including the concentration of the EU spending on large farms, the lack of
coordination between policies and the EU strategy on biodiversity, the availability of low-
impact options and the lack of a market remuneration mechanism for the production of
public goods [15,21]; however, the effectiveness of the policies is also hampered by features
that are specific to conservation interventions, as the dynamics in time and space of the
ecological processes targeted by the policies are not easily matched by the governance and
implementation scope of public policy measures.

The (in)compatibilities of policy regimes with the biogeophysical systems with which
they interact are known in environmental governance studies as “problems of fit” and
are acknowledged as a main source of policy ineffectiveness [22]. Particularly prominent
in this regard are spatial scale mismatches (SSMs) between the level(s) at which policy
decisions are implemented and perform their effects—e.g., private holdings, administrative
levels and other partitions of space delimited by legal boundaries—and those relevant to
the ecological processes that they aim to preserve and enhance [23-28].

The ecological literature deals extensively with scale issues in biodiversity conserva-
tion and offers insights as to possible arrangements to minimize the negative effects of
SSMs [29-31]. Most prominent in this regard is the adoption of a landscape-scale perspec-
tive to effectively enhance habitat quality and availability for the largest number of species.
Shaping conservation actions across multiple scales encompassing entire landscapes has
been suggested as a particularly valuable strategy for farmland species, including those
providing ecosystem services that directly benefit agricultural production—also called
functional agri-biodiversity or FAB [32-34]; however, this approach is only rarely or poorly
retained in policy design, which is still significantly affected by SSMs with their consequent
negative implication for policy effectiveness and, ultimately, sound allocation of public
funds.

This paper provides an overview of this issue based on a multi-disciplinary conceptual
framework that integrates the environmental governance theory of SSMs with the ecological
evidence supporting a landscape-scale perspective for FAB conservation. To this end, in
Section 2 we define SSMs, building on the theory of problems of fit and the analysis of
the different roles played by spatial scale in environmental governance and ecology. In
Section 3, we highlight how a landscape-scale approach seems to adequately and efficiently
ensure both FAB conservation and the provision of the related ecosystem services.

Two policy strategies are then identified in Section 4 to overcome scale mismatches in
farmland: collective action and spatial planning interventions relying on the partition of
space on an ecologically sound basis.

Finally, Sections 5 and 6 are dedicated to the assessment of the proposed regulatory
setting of the new EU CAP programming period post-2020—not yet in force—against these
two strategies. Following on the many criticisms addressed to the previous CAP regard-
ing its limited success in mitigating biodiversity loss and the degradation of ecological
processes, we explore to what extent the proposed regulation addresses these issues by
tackling SSMs and integrating a landscape-scale perspective. This is particularly timely
and relevant as the EU Green Deal, the Farm to Fork Strategy and, in particular, the EU
Biodiversity Strategy 2030 provide unique momentum towards the creation of a multi-
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functional, more resilient and sustainable agri-food system. It is indeed critical to shape
the CAP policy measures as to align with the macro-strategies of the Union and optimize
their effectiveness on FAB conservation, including through careful tuning of their spatial
implementation.

2. Defining Spatial Scale Mismatches
2.1. Problems of Fit

The effectiveness of environmental policy regimes—their capacity to prevent and
solve environmental problems—is determined to a large extent by the degree to which they
are compatible with the biogeophysical systems with which they interact. The closer the fit,
the better performance is expected [22,35-37].

Discrepancies occur in relation to several properties of the ecological systems so
that multiple layers of poor fit might overlap. For example, ecological systems present
different levels of dynamism. Some fluctuate around an equilibrium while others easily
shift from one state to another. The same holds true for resilience to shocks, as they may
react to changes on a gradient from quick rebound to slow recovery. Different properties
require different policy approaches in order to preserve the targeted ecological system by
preventing unwanted shocks, anticipating future changes and tackling ongoing variations.
When policy arrangements fail to adapt to crucial properties unintended and undesirable
changes might occur and the policy effectiveness could be impaired [22]. It is the case,
for instance, of fishing quotas unfit to the recovery pattern of the fish stock [38], or forest
conservation policies overlooking the speed of regeneration after wildfires [39].

The problems of fit involve a systemic shortage of knowledge—or “information
pathologies”, after Gottfried [40]—as pieces of information that critically influence the
targeted ecological outcomes are ignored in the policy design. This entails the poor coher-
ence of policy action, which not only has consequences in terms of policy performance but
can also have adverse effects on the ecosystems’ stability in unexpected ways, potentially
requiring lengthy restoration [23,41].

A major example of problems of fit is the issue of spatial scale mismatches between
environmental policy settings and the relevant ecological systems. Following Cash and
Moser (2000), we define spatial scale as any specific geographically bounded level at which
a particular ecological phenomenon is recognizable. On the governance side, spatial scale
refers instead to a level of organization or a functional unit [42].

We explore in the next sections how spatial scale is conceptualized in both environ-
mental governance and ecology, in order to better understand the problematic interface
between the two.

2.2. Spatial Scale in Environmental Governance

Environmental governance refers to the interactions among institutions, structures
and processes that determine how power and responsibilities are exercised and decisions
are taken with regard to the development and implementation of environmental policy,
towards the goals set by a government or an international organization for the management
of natural resources and the protection of the environment [43-45].

Environmental governance—and governance in general—is intrinsically scalar, as the
management of natural resources is entrusted to many institutions across levels of power
and space. Space is apportioned and allocated to the sphere of influence of institutions,
as determined in political arrangements outlined in international treaties, national con-
stitutions, laws and contracts that organize human common action in contexts of space
and time. Consequently, administrative and political boundaries are artificial, rooted in
historical and social processes and only poorly related to the properties of the physical
space. Similarly, the extent of private holdings such as farms is the result of social and
economic interactions and negotiations over private property, another human construct.

Scalar institutions are usually multi-purposed and accumulate different environmental
governance functions. Municipalities might be entrusted with implementing powers
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regarding waste management or fine urban planning while higher administrative units
often govern air quality, water protection and coordinate spatial planning. When new
environmental policies are advanced, their implementation usually adapts to such existing
institutions. In many legal systems, including the European Union, the vertical power
sharing is regulated by the principle of subsidiarity, which requires that action is taken at
the lowest effective scale of governance [46,47]. More rarely, a new administrative level is
created to better fit the management requirements of a particular environmental resource,
such as the water basins authorities introduced by the EU Water Framework Directive,
mentioned below in Section 2.4.

In the specific case of the European Union agri-biodiversity policy, the governance
setting includes an international level—the EU—the national and sub-national level—
the Member States and regions entrusted with implementing responsibilities for rural
development, environmental and agricultural policy—and a local level composed of entities
in charge of territorial planning as well as farm holdings and their aggregations. As shown
in the following sections, this local level is the one directly interacting with the ecological
processes in the agri-ecosystem and should thus be finely tuned in order to avoid scale
mismatches and the consequent impairment of policy performance.

2.3. Spatial Scale in Ecology

The concept of scale in classical ecological sciences has been commonly identified with
the conventional hierarchy of biological organization—organism, population, community,
ecosystem, landscape, biome and biosphere. Such a classification system is generally
conceived as a scale-based tool for grouping types of ecological systems according to
an approximation of their size; however, ecologists are aware that such organizational
hierarchy is an abstraction, a simplification that posits the existence of closed systems,
which is hardly the case in ecology [48]. Allen and Hoekstra [49] push forward this criticism
by denying the scalar character of the conventional classification system altogether. As they
argue, conventional levels are “unscaled entities”. The same vegetation on the same soil
may be studied as an ecosystem or as a community with no spatial implications, depending
on how the observer slices the ecological pie.

Scale in ecology has nevertheless an uncontested epistemological value, as a tool to
observe and identify patterns in the physical world, a construct that allows us to make
sense of the human perceptions of the natural continuum [36,50,51]. Ecologists distinguish
between two components of scale—extent and grain, which define the upper and lower
limits of resolution of a study. In landscape studies, for example, the extent is the overall
area encompassed by the ecological investigation, i.e., the landscape itself, while grain
refers to the size of the individual unit of observation or measurement, the smallest areas
on which data are available for the study [52,53].

As natural phenomena reveal themselves across physical space, the observer must
thus choose the appropriate scale in order to engage the observation; however, most natural
phenomena are multi-layered and do not enjoy a univocal correspondence with a specific
spatial scale so that the patterns identified inevitably depend on the choices of the observer.
This entails an important complication as the more complex a phenomenon is, the more
difficult it is to choose one or few spatial levels that allow a satisfactory representation of
the object of study and to develop sound predictions. The number of levels that might
be considered is potentially very large for issues such as climate change or biodiversity
loss, to the extent that they approximate the untreatable sheer complexity of the natural
continuum.

Ecological studies have nevertheless shown that nature does not operate in a seamless
web. Even complex natural phenomena might be apprehended by focusing on some
particularly meaningful or revealing spatial scales. At these scales, the main drivers are
understood and the phenomena of interest appear cohesive, explicable and predictable
relative to the questions that the observer asks [49,50]. These attributes are not only crucial
for fruitful scientific investigation but also for developing informed and effective policy
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frameworks, planning their implementation and conducting ex-post assessment. The
capability of the environmental governance system to exploit meaningful scales is thus key
to effective policy implementation.

2.4. Spatial Scale Mismatches—SSMs

According to Cumming et al. [23], SSMs occur when the scale of environmental
variation and the scale of the social organization responsible for management are aligned
in such a way that one or more functions of the social-ecological system are disrupted,
inefficiencies occur and/or important components of the system are lost.

In modern environmental governance systems, an evident case of SSM is that of natu-
ral phenomena that cross jurisdictional boundaries. Atmospheric pollution and collapsing
fisheries are clear examples of cross-border environmental issues that are best understood
by focusing on a wide spatial scale [36,38]. Coherently, the need emerged for shifting policy
action from the national to the international level to match the scale at which a positive
influence is more likely to be achieved [14,54].

SSMs may also emerge when the scope of a regulatory framework is too broad to
effectively manage the drivers of ecological change. For instance, setting the limit values for
water discharges at the national or regional level might accommodate power structures and
economic forces over water resource exploitation [55] but it overlooks the specific conditions
of the receiving water basin, which is indeed a crucial variable for improving water quality.
This specific SSM has been tackled in the European Union through the Water Framework
Directive (WFD), which explicitly states in its preamble that “The objective of achieving good
water status should be pursued for each river basin, so that measures in respect of surface water
and groundwater belonging to the same ecological, hydrological and hydrogeological system are
coordinated”!. The WFD consequently introduced a system of river basin quality assessment
and a new scalar institution—the basin authority—to set differentiated standards.

In conclusion, SSMs occur when the grid of the environmental governance structure—
driven by the rationales of governance and politics—is either too fine or too broad to
effectively manage a natural phenomenon. As meaningful scales of observation and
prediction are identified in the scientific fora, new tools are available to policy-makers to
adjust policy design accordingly and intervene on the environment at the spatial scale that
allows the most informed and effective action.

We thus explore, in the next sections, the ecological literature on functional agri-
biodiversity and the spatial scales emerging as particularly effective for observing and
understanding the relevant processes and dynamics, in view of assessing how policy-
makers in the European Union are integrating such knowledge in agri-biodiversity policy
design.

3. The Landscape-Scale Perspective and FAB Conservation
3.1. Functional Agri-Biodiversity (FAB)

As agriculture is a major land use on Earth—occupying about 40% of the land
surface [4]—farmland holds a substantial portion of the world’s biodiversity. It thus
appears that no strategy can successfully tackle the ongoing decline of biological diversity
without including agricultural areas within its scope [8,56]. On the other hand, the main
purpose of farmland is to provide food for the growing human population and income
to farmers, which makes it crucial to ensure that conservation actions do not impair the
achievement of such goals. In this regard, it is worth noting that many species among
the worst affected by the current biodiversity crisis—such as carabid beetles, lady beetles
or bumblebees—are also those involved in the provision of crucial ecosystem services on
which agricultural production and, consequently, the livelihood of rural communities rely
on [20].

In the last decades, the relationship between biological diversity and the functionality
of agricultural systems has generated considerable interest and many studies pointed out
how proper conservation can lead to agroecosystems capable of sponsoring their own
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soil fertility, crop protection and yield productivity while reducing the impact of invasive
species [57,58]. The diversity of species, traits and genotypes could improve the magnitude
and efficiency of many ecosystem processes that substantially contribute to agricultural
production, such as pollination, pest control and soil formation [13,14,59-61].

Vitousek and Hooper [62], focusing on plant biodiversity, hypothesized three possible
relationships between species richness and ecosystem functions and suggested that curve
Type 2 in Figure 1 offers the most accurate pattern, on the basis of the available evidence.
In their view, a minimum level of species richness is necessary to maximize the ecosystem'’s
functionality. Although this prediction is still debated, over the years a number of studies
corroborated it with evidence and extended to other subsystems [63].
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Figure 1. Possible relationships between biological diversity and ecosystem functions. Type 2 curve
has been suggested to be the most accurate pattern (reproduced from [62]).

A valuable interpretation of this relationship identifies the minimum level of diversity
required to maximize the ecosystem functions as an essential set of functional groups,
i.e., groups of species associated by similar responses to external factors and effects on
ecosystem processes, such as pollinators [63,64]. Since the exact pathways of interference
between each species and the functioning of ecosystems are beyond current modeling
capabilities, focusing on functional groups is a useful simplifying assessment tool [65-67].

With specific regard to agroecosystems, the notion of Functional Agri-Biodiversity—
or FAB—has gained momentum to indicate the functional groups of species—such as
pollinators—that provide core ecosystem services to agricultural production [32]. Building
on Vitousek and Hooper's insight, FAB conservation strategies can ensure adequate diver-
sity and a satisfying level of ecosystem services’ provision, balancing at best conservation
and production needs.

Evidence emerging from the studies in this field suggest that many relevant ecosystem
services are delivered by FAB depending on habitats spatially segregated from the location
where services are provided—this is typically the case of mobile organisms whose feeding
or breeding areas do not overlap with the fields that benefits from their services [33]. For
this reason, the management of such species requires careful spatial consideration.

3.2. The Landscape Scale

Although ecosystem services supporting agricultural production are ultimately per-
ceived by farmers at the farm or field scale, the resources and habitat structures on which
many FAB service providers rely are found in a wider spatial scale, one that comprises
their foraging ranges, the extent of dispersal movements as well as other population and
meta-population dynamics [8,68].

A widely used definition of landscape scale in agricultural studies is “an area of
coherent landscape character or a sub-unit of a natural region, above the field- and
farm-scales” [69]. While its actual extent might change depending on the physical and
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agricultural characteristics of the studied area, it must be wide enough to cover a num-
ber of neighboring farms and encompass both cultivated, natural elements and their
interactions [8,29,68,70]. The European Landscape Convention also focuses on such inter-
action defining landscape as “the area, as perceived by people, whose character is the result
of action and interaction of natural and/or human factors” [71]. A landscape can also be
further identified by its structure, generally defined by its composition and configuration.
Composition refers to the proportion of different land cover types on the landscape while
configuration informs on the spatial arrangement of the different patches, as well as their
size and shape. The interplay of these structural characteristics shapes the ecological
properties of the landscape and its suitability for different biodiversity components [72].

The extent of the landscape scale for ecological study purposes thus depends on the
study subject and should match between the observable ecosystem processes and the
distribution and use of the habitat of the targeted species of investigation. With specific
regard to FAB, several studies found that their status and dynamics are best understood
and predicted combining the traditional field- and farm-scale observation with a landscape
scale spanning at least a few kilometers squared [20,27,57,69,73,74].

In this regard, Figure 2 offers a coarse representation of the spatial scales at which
ecological processes modulating biodiversity and multiple ecosystem services operate,
including those specific to farmland. The actual extent of the landscape scale can then be
further fine-tuned based on the characteristics of the agricultural area under investigation,
such as the average size of farm holdings, as well as the local geographical features.

Spatial scale Ca 100 - 500km Ca 50 - 100km Ca1-5km

|
J
\ -

Y h *w

Examples of Iconic, large-ranging Habitat specialists Species limited by | Soil fauna
typical species limited by dispersal resource segregation
organisms between seasons within seasons | Community shifts
and Habitat specialists
ecological Metapopulation Mobile specialists |
processes Species sensitive to dynamics
disturbance Habitat generalists |

Source-sink dynamics
Self contained and/ Central place foragers |
or unique ecosystems

Typical Watershed/potable water  Pollination and biocontrol  Pollination and biocontrol | Soil quality

ecosystem adjacent to habitat over entire landscapes |
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1

Figure 2. A simplistic representation of spatial scales at which ecological processes modulating
biodiversity and multiple ecosystem services operate. Besides soil quality, functional groups involved
in food and fibers production mostly benefit from resource patches integrated across landscape
mosaics spanning a few kilometers (reproduced from [33]).

The focus on the landscape scale in agroecosystems emerged in the scientific literature
in the 1990s, when ecologists observed that species distribution and abundance are affected
by the landscape mosaic structure, the presence and fragmentation of field margins and
the management of different parts of the agroecosystems within the wider landscape. The
landscape started to be conceived not only as an ecological matrix or an aesthetic entity
but, critically, as a level of observation and analysis for consequent management and policy
action [75,76]. As research developed on this path, more detailed data became available
on the importance of a landscape-scale perspective when assessing the dynamics of key
farmland species [8]. For instance, Gonthier et al. [25] showed in their meta-analysis that
the assessment of how organisms respond to habitat heterogeneity in farmland is better at a
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large spatial scale as this allows to include population performance that may not be reflected
by individual performance. The majority of observations on vertebrates, invertebrates and
plants showed positive correlations between species richness in farms and the agricultural
landscape structure. Other studies focusing on butterflies, farmland birds and invertebrates
reached the same conclusion, some also highlighting that the landscape structure was a
more decisive variable than the farming system in itself [77-80]. On this basis, some authors
also refer to “landscape services” instead of ecosystem services, as to acknowledge the
important role of the landscape spatial structure in their provision [81,82].

As the brief literature review below suggests, this is particularly true for FAB deliv-
ering two core ecosystem services for agricultural production, i.e., pollination and pest
control. To a lesser extent, it can also benefit the soil biota, including those organisms
involved in soil production and the provision of nitrogen fixation, other crucial services in
agriculture. Moreover, the landscape-scale approach appears as preferable also for farm-
land birds, which are widely used as indicators of the general agroecosystem’s quality.’

3.2.1. Pollination

Pollination is a crucial service provided by a functional group including both wild
species of bees, butterflies, moths, flies, wasps and beetles, and commercially managed
bee species. Pollination directly contributes to the production of valuable crops and also
assists reproduction of wild plants on which other services or service-providing organisms
depend, delivering an indispensable service to 60-90% of plant species [68]. It has been
estimated that 84% of the European crops rely on pollination with an economic value
around 14 billion Euro per year in the EU [84].

Pollinators are mobile agents. They deliver the pollination service locally but are
particularly sensitive to ecological factors operating across spatial levels as their individual
behavior, population biology and community dynamics are affected by the spatial dis-
tribution of resources at a larger scale. Notwithstanding the significant variety in bees’
ecological traits [33], Kremen [68] shows in her thorough review how the response of bee
individuals, populations and communities to land-use changes is largely driven by the
spatial distribution of floral, nesting and over-wintering resources dispersed across the
landscape, as well as by the landscape composition with regard, for example, to structures
such as corridors of vegetation, edges and habitat boundaries, as well as the matrix hetero-
geneity and fragmentation. Goulson [85] also notes that bumblebees have a foraging range
larger than the average farm boundaries so that their nest growth is better determined by
the management of a large number of neighboring farms, rather than just that in which the
nest is located. On the same line, syrphid flies providing pollination and biological control
services in intensive agricultural fields have been shown to be positively influenced by the
landscape composition, with particular regard to the presence of connected hedgerows
and mass-flowering crops within an area of at least 1 km radius [9].

It follows that, while management practices at the field and farm levels—e.g., the
choice of crops or the management of field margins—could deliver good results in max-
imizing the provision of the pollination service on site in the short term, they constitute
only a partial, incomplete strategy if the aim is to enhance the overall conservation status
of pollinators, ensure their populations” persistence and thus preserve their capacity to
deliver the service in the long run. This has profound policy implications as directing
resources only to narrow-level interventions is likely to deliver unsatisfactory results. For
instance, a farm-level action promoting the establishment of patches of flowers to attract
pollinators to nest may prove useless if the location cannot sustain offspring production
over time due to unsuitable conditions of the wider landscape [86]. A landscape-scale
perspective is thus needed to integrate non-crop habitat patches across the production area
on a larger scale and ensure that the targeted crops are located within the foraging area of
a healthy community of pollinators [33].
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3.2.2. Pest Control

Pest control is another core ecosystem service for agriculture, as many unwanted
organisms are actually still controlled by natural enemies rather than chemical biocides [8].
In addition, the general trend towards a stricter regulation of chemicals in agriculture is
drawing growing attention on the role and dynamics of biological control [87,88].

Pest control by natural enemies allows to keep the numbers of unwanted organisms
below damaging levels by relying on other organisms which regulate their population
densities through predation, competition or parasitism. As with pollination, many natural
enemies are mobile organisms such as lady beetles, syrphid flies and wasps [89]. These
species’ use of the habitat and dispersal abilities respond to the presence of suitable areas—
e.g., the proportion of non-crop habitat—at a scale ranging from a couple of hundreds of
meters to few kilometers [90]. The same reasoning mentioned above thus applies: for any
point in the landscape, the delivery of the ecosystem service provided by mobile agents
depends on the conditions of the region within foraging and dispersing distance of the
point of delivery, which suggests adopting a landscape-scale perspective. The dynamics
of both pests and control agents are indeed affected by the degree of disturbance at the
landscape-scale. A study by Thies and Tscharntke [91] provided evidence that complex
landscapes with a high density and habitat connectivity present a higher level of beneficial
parasitism and lower crop damage, as populations of natural enemies immigrate into
cultivated fields to attack pest insects. A further study by Thies et al. [92] regarding cereal
aphid—parasitoid interactions showed that the correlation between the percentage of arable
land in the landscape and the densities of parasitoids was significant on landscape sectors
of 0.5-2 km diameter. Within this reach, landscape complexity is beneficial for populations
of pest control agents; however, at a larger landscape spatial scale (1-6 km), also the
density of certain pest species increased with landscape complexity, thereby possibly
counterbalancing biological control. Understanding the difference in the way the targeted
species experience the local environment at the landscape scale allows us to better tune
land management practices and maximize the benefits for pest control agents.

In addition, the diversity of the associated vegetation cover—which is crucial to
decrease rates of pest attacks as it allows for a larger and more diverse reservoir of control
agents [63]—is also best observed at the landscape scale as the vegetation composition of a
patch is co-determined by the surrounding mosaic. An effective strategy for maximizing
the benefits of native vegetation for pest control shall thus reflect the spatial structure of the
plants” habitat network, as well as the dynamics in the network [7]. This again supports
the idea that a coordinated management of entire agricultural landscapes is preferable than
focusing only on the field or farm levels or on individual landscape elements.

3.2.3. Soil Production and Nitrogen Fixation

Many invertebrates and microorganisms that contribute to soil production and nitro-
gen fixation are mobile—either actively or carried by vectors—and can thus recolonize
degraded areas from patches of the landscape mosaic, if the latter provides suitable reser-
voirs [63]. The assessment of the potential for ecosystem functions of the soil biota over
time might thus also benefit from integrating the wider landscape scale in which such
reservoirs are located. This is also advisable as the provision of soil regulating and sup-
porting services discloses its own specificities at the landscape scale, whose dynamics
shall not be overlooked in land use management decisions, thus suggesting a multi-scale
perspective [93]. With specific regard to agricultural ecosystems, the processes related to
nutrient cycling in the soil seem primarily dependent on the management of the production
area. Enhancing soil biodiversity for maintaining fertility for agricultural purposes is thus
likely to rely on management actions occurring primarily at the field or farm scale [33,94].

3.2.4. Farmland Birds

Farmland birds are among the most threatened bird groups in Europe, down a stag-
gering 34% between 1990 and 2017°.
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Further, farmland birds are primary indicators of the agroecosystem'’s quality and
its suitability for wildlife as they are particularly responsive and sensitive to changes in
the ecosystem as well as in other animal and plant populations, and their response to
changes is widely studied. For this reason, a specific indicator of population trends of
farmland birds is used in the monitoring framework the EU Common Agricultural Policy
as a barometer of change for the biodiversity of agricultural landscapes in Europe* [95,96].

The traditional strategy for enhancing farmland birds’ conservation aims at maintain-
ing hedges and boundaries at the field scale; however, although this measure is certainly
important for birds nesting, it is of only limited effectiveness if the birds’ nutritional re-
sources are not present close-by. The manipulation of the availability of such resources
at the field and farm levels, also, does not appear to deliver significant results on bird
populations [97,98]; however, when a UK study tested resource provision on areas wider
than 1 km?, further significant relationships were identified, suggesting that conservation
effects may only become apparent at the larger landscape-scale that comprises both nesting
and feeding areas. For most farmland bird species, such an area extends well beyond the
single farm level [99].

4. Two Policy Strategies: Collective Action and Spatial Planning Intervention

The literature reviewed above confirms that FAB conservation is better achieved
when farmland management interventions integrate a landscape-scale perspective, thus
minimizing the risk of SSMs. From a policy design point of view, this can be achieved by
means of two main strategies.

The first strategy focuses on promoting the collective action of farmers in order to
“amplify” the spatial effects of interventions by covering wider patches of farmland and
coordinating the otherwise scattered farmers” actions [100-102]. This strategy introduces a
new collective management level that can be more or less institutionalized—a cooperative
of farmers, an existing production district or even just a minimum threshold of contracts
through which farmers engage in environmental commitments. These differences can be
seen as lying on the coordination—collaboration spectrum identified by Prager [102]. The
common feature is that the level of governance is made up of one or few actors bearing
legal responsibilities for the management of the farmed landscape.

The policy setting shall thus explicitly target such level and promote farmers’ ag-
glomeration through specific incentive mechanisms and bonuses, which are increasingly
showing their cost-effectiveness and conservation efficacy [103]. Financial support is a
decisive variable as the transaction costs involved in setting up and animating the collective
structure might be high enough to discourage the farmers. This is a crucial aspect as farm-
ers’ holdouts would fragment the spatial coverage of the collective structure and prevent
coherently addressing the landscape scale; however, in the medium and long term, agglom-
eration is supposed to reduce the individual investment required for complying with the
measures’ commitments. For instance, specialized machines for the maintenance of hedges
might be too costly for individual farmers but instead acceptable for a group [27,104]. Fur-
ther, from the point of view of the public authority that manages public funds, collective
action is expected to decrease the administrative burden, given the reduction of the number
of beneficiaries.

The second strategy—spatial planning—focuses less on actors and more on space par-
titioning, in line with the traditional conservation practice of protected areas. Conservation
measures would apply to portions of the agricultural space delimited according to sound
ecological considerations rather than property boundaries. This is the case, for instance, of
farmed areas within the EU Natura 2000 network. Natura 2000 sites are chosen on the basis
of their relevance for the conservation of a set of species and habitats of European interest,
and specific restrictions apply to farmers operating within their borders. The same ap-
proach could also, irrespective of previously existing protected areas, create an additional
formal planning and administrative layer, extending beyond the single farm holdings. All
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actors falling within such areas are bound to comply with coordinated requirements for
landscape-scale conservation.

The recently developed concept of OECMs—Other Effective Area-based Conservation
Measures’—offers a suitable definition in this regard. OECMs are areas—other than
protected areas—which are not primarily dedicated to biodiversity conservation but are
nevertheless governed and managed in ways that achieve positive and sustained long-term
outcomes for the in situ conservation of biodiversity. It is a multi-functional approach
where conservation is pursued as by-products of another management, such as agricultural
production.

Compared to the collective approach, spatial planning interventions require farmers
to work towards the same conservation objective independently, with no specific need to
interact and collaborate with each other, which puts this strategy at one extreme of the
coordination/collaboration spectrum. The focus on spatial coordination makes this strategy
a more top-down approach, potentially less permeable to the farmers’ contributions and
experiences, unless measures for ensuring an adequate stakeholders’ participation are also
integrated in the policy design.

As per the extent of the landscape to be covered by such aggregative strategies, it
should at least encompass the above-mentioned minimum relevant scale of few hundreds
ha for FAB conservation. On the other hand, it could extend well beyond, in order to
create new land management levels up to 10-50 thousands ha of farmed land, as in the
case of the Netherlands’ agri-environmental cooperatives [104,105]. The decision on the
physical size of collective units or areas under spatial planning for FAB conservation
would depend on various factors including the heterogeneity of the concerned territory in
terms of farming types or geographic properties, the focus on the conservation of certain
FAB species and their distribution area, the local average farm size and the existing local
institutional arrangements.

From a comparative perspective, collective action could be more suitable for species-
specific conservation measures over relatively small and homogeneous landscapes, where
the farmers’ experience and participation add a considerable value to the design and
implementation of the measure. On the other hand, spatial partition can be a more effective
strategy when the aim is to apply basic conservation standards extending over large
areas; however, as mentioned above, the regional and local characteristics as well as the
institutional context are expected to be prominent drivers of the choice.

5. The European Union Agri-Biodiversity Conservation Policy

The EU Common Agricultural Policy system is currently in a regulatory transition
period. In this section and the next one we investigate the extent to which the main
measures for agri-biodiversity conservation in the European Union include a landscape-
scale perspective under any of the two strategies outlined above, focusing in particular on
the draft legislation for the post-2020 CAP programming period, whose entry into force
has been delayed to 2023.

Assessments of the biodiversity-related measures available under the previous CAP
settings found poor ecological outcomes and identified the lack of coordination of bio-
diversity management as an important source of ineffectiveness driven by the measures’
farm-scale targeting [15,20,24,99,106-111].

This clearly resonates also in the 2011 report of the European Court of Auditors on
the EU agri-environmental schemes in place at that time, which stated that “in certain cases
it might be necessary to have, in a particular geographical area, a minimum number of farmers
signing a contract. Such cases can be to maintain (...) local landscape, (...) or protect certain species.
Expenditure for a few individual contracts may not be effective in such cases. One way to ensure
that a sufficiently large group of farmers delivers the necessary environmental benefits is through
collective approaches” [112].
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5.1. Overview of the EU Common Agricultural Policy

The CAP was established in 1962, when the six founding countries of the European
Union agreed to create a common market of agricultural products. Along with competition
rules, production support was initially introduced through price regulation, which incen-
tivized the intensification of agriculture, leading to a sharp increase in crop yields. On the
other hand, it greatly affected the European landscape and led to permanent surpluses of
food production that were dealt with through subsidized export, storage or even disposal.

In 1992, the so-called MacSharry reform transformed the CAP from a production
support system towards an income support system in the form of direct payments. Schemes
were also made available to farmers to maintain the countryside landscape and support
production methods with a lower environmental impact [27]. However, being the support
still linked to production quantities and prices, EU farmers were indirectly incentivized
to increase production and cost-efficiency through further intensification, enlargement of
farms and fields and the abandonment of marginal areas [81], leading in many cases to the
homogenization of the agricultural landscape, albeit with differences across the European
territory.

This changed in 2003 with the “decoupling” reform (Fishler reform), which converted
the CAP income support into a payment scheme largely unrelated to production. The
new payment to farmers was based on the average of payments received during a historic
reference period (2000-2002) and the average area of farmed land, which gave rise to the
payments in the same period. Consequently the EU agricultural sector moved towards the
free market, giving farmers more freedom to produce according to market demand. From
an environmental point of view, the 2003 reform is a pivotal shift as it introduced the concept
of “cross-compliance”, which conditions the issuance of the payment on the compliance
with requirements on food safety, animal and plant health, climate, environment and the
protection of water resources. In parallel, the Agenda 2000 reform introduced the concept
of first and second pillars of the CAP, highlighting the link of goals and strategy between
the CAP payment scheme for farmers (the first pillar) and the Rural Development Policy—
RDP (the second pillar) aimed at promoting the economic, social and environmental
development of the countryside.

Each CAP programming period lasts seven years. The last reform covered the years
2014-2020. It improved the integration of environmental requirements, simplified the
policy setting and moved to a more land-based approach for the delivery of direct pay-
ments, which are now issued per hectare and on the basis of historic parameters. In 2018,
the EU Commission presented a proposal Regulation for the next programming period
2021-2027 (the Commission Proposal) outlining the measures that shall or can be included
by Member States in their Strategic Plans for national implementation. The length of the
negotiations over the Commission Proposal between the co-legislating European Parlia-
ment and Council—which only reached an agreement in June 2021—delayed the new CAP
starting date to 2023.

As per the CAP structure, the first pillar represents the core agricultural policy which
provides direct payments for income support to European farmers and is entirely financed
by the EU budget through the European Agricultural Guarantee Fund (EAGF). The alloca-
tion for 2021-2027 amounts to 258.6 billion Euro. Direct payments are mostly decoupled
from production and are conditional on compliance with environmental requirements. The
second pillar for Rural Development Policy is co-funded by the EU budget—the European
Agricultural Fund for Rural Development (EAFRD), with an allocation of 85.3 billion
Euro—and national and regional funds. Interventions aiming specifically at the protection
and enhancement of biodiversity are mainly provided under this second pillar®

5.2. The Proposed CAP Measures Relevant for FAB Conservation: Scope and Spatial Perspective

The Commission Proposal provides different measures that, directly or indirectly, aim
at protecting FAB through both pillars, some newly introduced and others already in place
in the last CAP programming period.”



Land 2021, 10, 846

13 of 24

With regard to the first pillar, the Commission Proposal provides an “enhanced
conditionality”, which replaces the previous cross-compliance and greening mechanisms
by extending the baseline environmental requirements to all recipients of the CAP direct
payments. Compared to the last programming period, this shifts the implementation of
some biodiversity-supporting practices from voluntary to mandatory for all farmers. In
addition, a new set of voluntary incentive schemes supported by annual payments per
hectares—so-called “eco-schemes”—shall be introduced and defined by Member States in
their CAP Strategic Plans.

The second pillar on Rural Development is mostly maintained in its core structure.
Two main interventions contribute to FAB conservation by providing financial incen-
tives to farmers. First, agri-environment-climate measures (AECM) remunerate voluntary
practices—such as organic farming or site-specific landscape management—undertaken by
farmers that go beyond the conditionality obligations. Second, the Natura 2000 payments
compensate for the practices undertaken because of the farm’s inclusion within the network
of protected Natura 2000 sites or another area that contributes to the network’s connectivity.
In addition, a cooperation measure provides general funding for establishing aggregations
of farmers and/or other operators.

It is worth noting that Article 3 (a) of the Commission Proposal—as the previous
legislation in place—defines the farmer as “a natural or legal person, or a group of natural or
legal persons, regardless of the legal status granted to such group and its members by national law
[...] who exercises an agricultural activity [...]”. Groups of farmers are thus formally always
allowed to coordinate their activity; however, the analysis of the different available policy
tools shows that coordinated action is never requested and only seldom actively promoted.

5.2.1. Enhanced Conditionality

The enhanced conditionality mechanism is the basic layer of compulsory environ-
mental obligations to be met by all farmers that receive the CAP income support. These
requirements are divided into two categories: statutory management requirements (SMR)
and standards for good agricultural and environmental condition of land (GAEC). SMRs
are existing EU legal provisions that farmers must comply with, while the GAECs have
been specifically designed in the CAP context.

The Commission Proposal lists SMRs and GAECs in its Annex III and clusters them
according to the area and the main issue affected. Under the area “Climate and environ-
ment”, SMRs and GAECs are grouped around the issues of climate change, water, soil and
biodiversity and landscape. Although FAB may be indirectly affected by various other
measures, we focus here specifically on the last issue, outlined in Table 1.

From a spatial perspective, it is worth noting that obligations under SMR 3, SMR 4
and GAEC 10 only concern areas falling within the Natura 2000 protected sites for the
conservation of wild birds and natural habitats. Only GAEC 9 requires compliance with
landscape management obligations that actually apply to all direct payments’ recipients.

The provisions on conditionality in the Commission Proposal do not include nor
promote any specific coordination mechanism among farmers. All measures are intended
for farm-scale implementation and each farmer is only requested to ensure the compliance
of his/her holding with the set of obligations outlined above. On the other hand, the
effects on biodiversity are expected to manifest at the landscape scale, thus creating a high
potential for spatial scale mismatches to arise and impair policy effectiveness.

This, however, might vary greatly among the measures depending on their specific
spatial features, which could actually contribute to curb the SSMs negative effects.

First, the obligations applying to farm holdings within the Natura 2000 sites (SMR
3 and 4, and GAEC 10) are expected to benefit from the spatial planning approach that
grounds the Natura Directives, which we identified as one of the available strategies for
minimizing the effects of SSMs. Since the Natura 2000 sites are geographically delimited
on the basis of ecological considerations, the relevant obligations for farmers are expected
to suit the local conservation needs and to be coherent across the landscapes included in
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the sites. This corrective effect largely depends on how the Natura Directives are actually
implemented at the national, regional and site level. A number of possible variables interact
in determining the actual effectiveness of the spatial planning approach on-site, such as the
existence of a site management plan, which is not mandatory for Member States to enact.
Further, it is worth highlighting the limited scope of these measures, as only a relatively
small share of the total EU agricultural area—around 10.6%—falls under the Natura 2000
network.

Table 1. Enhanced conditionality relevant for FAB—Adapted from Annex III, Commission Proposal.

SMR 3 Directive 2009/147/EC (Birds Directive)—Article 3(1), Article 3(2)(b), Arti-
cle 4(1), (2) and (4)
SMR 3 requires compliance with the measures provided by Member States
to protect the targeted bird species (listed in Annex I of the Directive) and
in particular:
¢ Upkeep and management in accordance with the ecological needs of
habitats inside and outside the Special Protection Areas (SPAs—part of the
Natura 2000 network);
® Special conservation measures in SPAs to ensure birds’ survival and
reproduction, including migratory species;
* Measures to avoid any pollution, deterioration of habitat or disturbance
of birds in SPAs.

SMR 4 Directive 92/43/EEC (Habitats Directive)—Article 6(1) and (2)

SMR 4 requires compliance with the measures provided by Member States
to protect the targeted habitats and species (listed in Annex I and II of the
Directive) and in particular:

¢ Conservation measures applied in Special Areas of Conservation (SACs—
part of the Natura 2000 network) corresponding to the ecological require-
ments of the protected habitats and species;

* Measures to avoid any pollution, deterioration of habitat or disturbance
of species in SACs.

GAEC9 e Minimum share of agricultural area devoted to non-productive features
or areas;
* Retention of landscape features;
* Ban on cutting hedges and trees during the bird breeding and rearing
season;
* As an option, measures for avoiding invasive plant species.

GAEC10 Ban on converting or ploughing permanent grassland in Natura 2000 sites

Second, with regard to GAEC 9, a mitigating factor of the negative SSM effects could
be the high number of farmers subject to the same measure as recipients of CAP payments.
Cross-compliance now applies to 7 million beneficiaries of CAP support, which account for
about 66% of all farm holdings®. The enhanced conditionality obligations post-2020, which
will enter into force as of 2023, is likely to cover a similarly wide share of holdings, possibly
avoiding significant gaps and fragmentation in the spatial implementation of beneficial
practices.

This makes sense as long as the conditionality measures are mandatory basic standards
that benefit from the widest spatial application without the need of local targeting. It
can be the case of low-demanding practices such as the retention of landscape features
or the ban on cutting hedges and trees during the birds’ breeding and rearing seasons.
On the other hand, the wide coverage as such—without further provisions for spatial
coordination—does not seem enough in case of more demanding requirements such as the
maintenance of non-productive features and areas. This issue recalls the debate around the
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Ecological Focus Areas (EFAs) provided under the greening mechanism in the previous
CAP programming period, where different options for non-productive areas, including
also ineffective options for biodiversity conservation, were available to farmers with no
spatial mechanism [110,113]. The effectiveness of set-aside areas is expected to depend
significantly on the local landscape composition which, in turn, they contribute to shape.
This requires coordination in the way different types of non-productive features and areas
are chosen and located on the landscape, in order to avoid a fragmented implementation
and impaired effectiveness. Below a critical spatial threshold of implementation, the
positive landscape-scale effects for FAB might not be triggered. Evidence shows that this is
what happened with EFAs [110,114]. In lack of any regulatory improvement, the same is
likely to happen for the GAEC 9 set-aside measures under the CAP post-2020.

As Member States are allowed to specify and integrate the conditionality measures
in the CAP Strategic Plans, it is ultimately their responsibility—in the absence of specific
guidance by the EU regulatory framework in this regard—to ensure that more demanding
measures are locally tailored and coherently implemented across the landscapes.

5.2.2. Eco-Schemes

The new eco-schemes for climate and environment are also financed through the
CAP first pillar. According to the Commission proposal, these are voluntary schemes for
farmers willing to implement practices beneficial for the environment beyond the minimum
requirements imposed by the enhanced conditionality mentioned above.

The inclusion of eco-schemes in the CAP Strategic Plans is compulsory for Member
States, which are also responsible for identifying the practices covered by the economic
incentive. A minimum spending on eco-schemes has been set at 25% of the direct payments’
budget as from 2025, after a two years “learning period” where the minimum spending
will be 20%.

Their main feature is the structure as “one-year-at-a-time” commitments. This would
allow farmers to test new practices such as organic farming or integrated pest management
without any long-term commitment and decide to keep those that worked best for them,
and possibly extend or convert them into more ambitious rural development schemes.

Similarly to the set-aside conditionality measure mentioned above, eco-schemes for
biodiversity conservation are likely to require actions beyond the mere preservation of the
status-quo, which increases the risk of proving ineffective if not implemented coherently at
the landscape scale.

The Commission Proposal does not include a list of agricultural practices that can be
supported through the eco-schemes (only an indicative, non-binding list is available), leav-
ing this task to Member States. Moreover, besides setting the general objectives—including
the protection of biodiversity and enhancement of ecosystem services—and the options for
the financing mechanism, the Proposal does not provide any additional guidance, which
could also be added in the future through specific delegated acts. This also entails that
no departure from the farm-scale approach is provided in the EU legislation so far. Since
no consideration of a larger landscape scale is either imposed or suggested, we could ex-
pect a fragmented spatial implementation unless Member States independently introduce
corrections such as a minimum threshold for the covered area or farmers’ participation.

5.2.3. Agri-Environmental-Climate Measures—AECMs

AECMs were the main environmental tool of the CAP second pillar in the 2014-2020
programming period, drawing almost 16.8% of all Rural Development expenditure’. For
the post-2020 period, the Commission Proposal confirms this instrument as the backbone
of rural environmental policy, now also incorporating previously separated measures such
as payments for organic farming (6.4% of the 20142020 expenditure).

Under Article 65 of the Commission Proposal, AECMs provide annual payments for
long-term voluntary management commitments lasting five to seven years—or beyond, if
duly justified—that benefit the environment and climate beyond the baseline set by the
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conditionality requirements. Among other objectives, they shall aim to restore, preserve
and enhance ecosystems and contribute to biodiversity conservation. The specific options
available to farmers are to be included in the Member States” Strategic Plans and could
cover, for instance, the management of landscape features, agro-ecology, organic farming
and other environmentally friendly production systems.

AECMs are mandatory for Member States to include in their Strategic Plans but,
as with eco-schemes, they are voluntary for farmers to join. At least 30% of the rural
development budget must be dedicated to this kind of measures.

As for their spatial scope, the Commission Proposal shows here a stronger uptake of
the concept of multi-scale intervention compared to conditionality and eco-schemes. Article
65(7) of the Proposal states that “Member States may promote and support collective schemes
and result-based payment schemes to encourage farmers to deliver a significant enhancement of the
quality of the environment at a larger scale and in a measurable way”.

It is worth noting that this possibility—not a mandatory requirement—was already
present in the previous programming period legislation. The latter also explicitly provided
an additional payment covering the transaction costs of collective undertakings, which has
not been included in the new Commission Proposal.

Despite these provisions, in the last CAP period only the Netherlands—where farm-
ers’ cooperatives were already well established in the institutional panorama—fully im-
plemented collective AECMs for FAB conservation [105]. This suggests that the mere
possibility to introduce collective arrangements, even coupled with transaction costs’ com-
pensation, was not sufficient to trigger their uptake by Member States.

This is not likely to change in the post-2020 CAP as the Commission Proposal relies
even more on subsidiarity, leaving more flexibility to Member States to shape the CAP
interventions. Thus, as with eco-schemes, the spatial fitness of FAB-related AECMs be-
comes entirely a national responsibility, increasing the risk of perpetuating the SSMs and
the consequent policy ineffectiveness on biodiversity indicators.

5.2.4. Natura 2000 and Water Framework Directive Payments

As part of the CAP second pillar, Article 67 of the Commission proposal states that
Member States may provide annual payments per hectare as compensation to farmers or
other land managers whose activities are restrained by the Water Framework Directive or
due to inclusion in Natura 2000 sites and connected areas.

The payment would cover in particular all or part of the additional costs and income
foregone due to constrains imposed within the area concerned that exceed the requirements
of the enhanced conditionality. Eligible obligations in the past included for instance the
maintenance of certain practices or land cover within the protected areas, restrictions on
livestock grazing densities or the obligation not to collect a portion of the agricultural
production.

As mentioned above with regard to SMR 3 and 4, the design of the Natura 2000
payments in the Commission Proposal could allow to cover the landscape-scale processes
crucial for effective FAB conservation. Natura 2000 sites are geographically delimited to
match ecological requirements and farmers’ obligations are expected to apply coherently
over these areas. The sites” management plans or equivalent planning instruments could
operate as an additional institutional layer offering spatial planning coordination, thus
preventing scattered management interventions on the landscape and avoiding SMSs.

The limitations due to the non-mandatory provision of management plans and the
small share of agricultural area included in the Natura 2000 network equally apply.

5.2.5. Cooperation Measure

The cooperation measure established by Article 71 of the Commission Proposal—also
voluntary for Member States to include in their Strategic Plans—aims expressly at support-
ing agglomeration of farmers and other operators. Since 2013, the original economic/social
scope of the measure has been extended to cover also joint approaches that contribute
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to the protection of biodiversity, enhance ecosystem services and preserve habitats and
landscapes. Collective AECMs are expressly mentioned and enjoy a longer support period
over seven years, if justified. This measure offers potential support for the establishment
and running of cooperation activities, covering all aspects of the cooperation of groups and
projects.

In line with the goal of increased subsidiarity, the Commission Proposal does not
provide detailed guidance on how Member States shall implement the measure; however,
an important novelty in its scope is introduced with regard to the previous programming
period. Under the previous legislation, the threshold for its use was particularly high, as it
only covered interventions of rural development. The text of the Commission Proposal
for the post-2020 CAP seems instead to allow a larger scope, possibly covering also the
collective execution of the mandatory activities under the first pillar provisions (e.g., GAEC
9 on non-productive areas an features). In fact, Article 71 lists some specific options and
“other forms of cooperation” with no further specification.

The wider scope of the cooperation measure would allow its use to incentivize spatial
coordination for the enhanced conditionality obligations, for AECMs such as agri-ecology
or organic farming schemes, and conservation activities in Natura 2000 sites. This would
make it a potentially very useful tool to shift the FAB-related intervention towards a
landscape-scale approach and increased effectiveness, which would nevertheless depend
on the capacity of the measure’s design to minimize farmers” holdouts and promote a
non-fragmented spatial application.

The introduction of this measure in the national Strategic Plans is not mandatory and
all decisions regarding its actual scope and design are entirely devolved to Member States,
thus paving the way to a highly differentiated panorama across the EU territory.

6. The Landscape-Scale Perspective in the Post-2020 CAP Proposal

In Section 4, we identified two main strategies that allow a coordinated management
of the agroecosystem encompassing the landscape scale: the collective action of farmers
and spatial planning intervention relying on the partition of space on an ecologically sound
basis. The analysis of the use of these tools in the relevant EU CAP measures post-2020
exposes a complex situation, summarized in Table 2 below.

Table 2. Inclusion of the landscape-scale perspective in the Commission Proposal.

Collective Action

Measure Implementation Explicit Referencein Spatial Planning
Method Comm. Proposal
SMR 3, 4 voluntary No v'- Natura 2000
GAEC9 voluntary No No
GAEC 10 voluntary No v’- Natura 2000
Eco-schemes  voluntary No No
voluntary (standard in
AECMs the Netherlands, if con- v No
firmed)

Natura 2000

payments voluntary No v'- Natura 2000

As per the first strategy, in a Communication on the Future of Food and Farming in
2017 the EU Commission stated that “the overall performance of the new green architecture
[of the CAP] should encourage the promotion of co-operative/collective approaches, involving
Farmers and Stakeholders in a result-oriented delivery of environmental and climate public goods
(...)” [115]. With regard to the Commission Proposal, it seems that such an objective
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has only been tentatively addressed, without major changes compared to the 2014-2017
CAP period. Collective action is not set by the Commission Proposal as the standard or
priority implementation method for any of the FAB-related measures. On the other hand, a
legal basis exists that always allows groups of farmers to participate in the CAP measures
collectively on a voluntary basis, as the definition of “farmer” is not restricted to individual
holdings. Under the previous CAP, this same setting did not spur a strong uptake of the
collective approach in Member States. Indeed, besides some spatially limited projects [116],
only the Netherlands provided a standard collective implementation of agri-environmental
measures on the whole national territory—albeit with limited regard to AECMs. After
some years of pilot projects, the Dutch collective model formally entered into force in
2016 [105]. In addition, the Commission Proposal expressly mentions collective schemes
only with regard to AECMs, which does not seem coherent with the goal of encouraging
their broader promotion. Compared to the last CAP programming period, this is actually
a step back, as the CAP 2014-2020 legislation also explicitly mentioned collective action
with regard to EFAs—a “greening” measure of the first pillar—and organic farming, which
was then supported through a separate measure under the second pillar. From the point
of view of the financial support available for collective action, the post-2020 Commission
Proposal confirms the provision of a general cooperation measure whose implementation
is only voluntary for Member States to include in their Strategic Plans. Differently from the
previous programming period, it seems to allow support for collective action in the first
pillar as well. On the other hand, the Commission Proposal does not mention anymore
the specific reimbursement of transaction costs for AECMs and organic farming that was
available under the CAP 2014-2020.

Regarding the second mechanism for landscape-scale action, i.e., spatial planning,
some measures (SMR 3 and 4, GAEC 10 and the Natura 2000 payments) rely on multi-
functional delimited areas—the Natura 2000 protected sites—which could encourage a
comprehensive approach to farmland biodiversity needs, encompassing the landscape
scale; however, the Natura 2000 network covers only 10.6% of the EU agricultural land
and does not specifically target farmland biodiversity. For this spatial partition to actually
create the conditions for coordinated landscape-scale action, site-specific management
plans or equivalent instruments should be enacted, which is not a mandatory requirement.
Lacking such plans, only the general rules stemming from the EU Natura Directives apply,
thus highly limiting the local adaptation potential.

No other arrangements of spatial partition for biodiversity conservation has been
included in the Commission Proposal. With an admittedly quite radical departure from
the current arrangement, biodiversity measures could, for instance, have been linked to
delimited “priority” areas such as those estimated under High Nature Value farming—
about 41% of the total agricultural land, encompassing Natura 2000 [117,118]—or the
organic districts and similar clusters present in many Member States, in order to facilitate
some extent of coordination within these areas. Conservation action is also expected to
be more cost-effective when implemented in farmed areas that still support high levels of
biodiversity [119].

The shift to a landscape-scale perspective for FAB-related measures would require
a significant change of mindset and innovative administrative arrangement. These are
lacking in the Commission Proposal, thereby suggesting that a powerful tool to overcome
the CAP underperformance on biodiversity is being overlooked. Since the scale issue has
not been addressed in the negotiations between the Parliament and Council, the current
farm-scale approach will likely remain in the final CAP legislation whose approval is
expected in fall 2021. The national level, enjoying a wider flexibility of implementation
compared to the previous CAP periods, is thus the last chance of introducing corrective
measures to limit the negative effects of SSMs.
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7. Conclusions

In line with the governance literature that identifies SSMs as a source of biodiversity
policy ineffectiveness, a vast ecological literature suggests that the performance of FAB
conservation measures depends significantly on their spatial implementation. Specifically,
the landscape scale is the spatial level where the properties and dynamics of the relevant
ecosystems are best protected. Such convergence between social and biological sciences’
insights provides a powerful way forward to optimize conservation policy design in
farmland and the consequent better allocation of public funds.

However, as seen in the case of the EU CAP, the uptake of the landscape-scale per-
spective in the agri-biodiversity policy realm and the consequent design of multi-scale
measures for FAB conservation is still limited.

A lever to promote such perspective as a policy design principle, in the EU and else-
where, could be the availability of rigorous policy effectiveness analyses in this regard.
Although ample ecological research highlights the link between landscape-scale manage-
ment and FAB conservation status, there are still very few ex post empirical evaluations of
the performance of landscape-scale conservation measures on farmland biodiversity, i.e.,
measures applying on at least a few hundred ha, beyond the average farm size in the EU'".
The poor use of such measures is clearly a decisive limiting factor; however, empirical
evaluations are needed to improve the toolbox against SSMs and better understand the
main variables of policy design or implementation context that contribute to the measures’
performance.

So far, very few empirical evaluations of the biodiversity impact of collective pro-
grams are available, relying on qualitative analysis [120] or modeling simulation [121].
In this regard, it is worth noting that the Dutch collective application of AECMs on the
whole national territory will likely provide valuable data allowing for future policy anal-
ysis, in particular if the collective approach will be confirmed in the national Strategic
Plan post-2020. Other examples and pilot projects of collective action in biodiversity con-
servation should be systematically assessed against the ecological situation before their
implementation and/or outside their spatial extent of application.

As per the second strategy, spatial planning interventions for farmland biodiversity
conservation have been only indirectly assessed by experimentally increasing the area
covered by conservation measures [107]. No empirical study, to our knowledge, directly
assesses space partition as a variable of policy effectiveness on FAB, although this kind of
analysis is largely used in conservation studies on the impacts of protected areas [122-124].
Future research should aim at filling this gap. For example by empirically assessing FAB
dynamics, directly or through relevant proxies, within coherently managed protected areas
that include a significant share of farmland. Although designated sites for nature conser-
vation do not usually target FAB as their main conservation objective, a counterfactual
assessment of the spill-over effect of their management design on farmland biodiversity
could nevertheless provide useful data on the spatial planning strategy for FAB conser-
vation. Again, the analysis should allow to infer the added value of space partition, for
example by comparing FAB-specific outcomes before/after and inside/outside designated
areas for conservation that include a majority of agricultural land. Such research path
would require a combination of inputs from spatial ecology and land management policy,
highlighting once again the importance of an interdisciplinary approach to tackle current
environmental issues.
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Abbreviations

The following abbreviations are used in this manuscript:

CAP Common Agricultural Policy

SSM Spatial Scale Mismatch

FAB Functional Agri-Biodiversity

AECM  Agri-Environmental Climate Measure

SMR Statutory Management Requirements

GAEC  Good Agricultural and Environmental Condition of land

Notes

1

10

Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 establishing a framework for Community
action in the field of water policy, Preamble, n. 33.

It is worth noting that this also applies beyond services related to food and fibers provision. Indeed, a wide range of services in
agriculture are best understood from a landscape perspective, notably cultural services such as educational, aesthetic and other
non-material benefits that originate from the particular interplay between humans and the biological community occurring on
farmland [14,83].

Common farmland birds in EU and UK—Common bird—population index 1990-2017, available at https:/ /www.eea.europa.eu/
data-and-maps/daviz/common-birds-in-europe-population-index-6#tab-googlechartid_googlechartid_googlechartid_chart_41
21 (accessed on 1 March 2021).

Eurostat Farmland Bird Index, available at http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=env_bio2&lang=en
(accessed on 1 May 2021).

Conference of the Parties of the Convention of Biological Diversity—Decision 14/8 of 30 November 2018.

More information available at https:/ /www.europarl.europa.eu/factsheets/en/sheet/104/the-common-agricultural-policy-in-f
igures (accessed on 1 June 2021).

EU Commission Regulation proposal COM/2018/392 final— 2018/0216 (COD), available at https:/ /eur-lex.europa.eu/legal-co
ntent/EN/TXT/?uri=COM%3A2018%3A392%3AFIN (accessed on 1 May 2021).

Total farm holdings in 2016 were 10.5 million. Eurostat, 2018. Available at: https:/ /ec.europa.eu/eurostat/documents /3217494 /
9455154 /KS-FK-18-001-EN-N.pdf/a9ddd7db-c40c-48c9-8ed5-a8a90f4faa3f?t=1558692068000 (accessed on 1 June 2021).

See Overview of the rural development programmes 20142020, available at https://ec.europa.eu/info/sites/default/files /food-farm
ing-fisheries /key_policies/documents/rdp-2014-20-list_en.pdf (accessed on 1 June 2021).

For data on the physical size of farms in the EU, see https://ec.europa.eu/eurostat/statistics-explained /index.php?title=Small_a
nd_large_farms_in_the EU_-_statistics_from_the_farm_structure_survey&oldid=406560 (accessed on 1 July 2021).
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