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Abstract
European nature conservation has a strong focus on farmland harbouring threatened species that mainly co-occur with 
traditional agriculture shaped way before the green revolution. Increased land-use intensity in agriculture has caused an 
alarming decline in farmland biodiversity during the last century. How can a landscape perspective contribute to fostering 
our understanding on causes and consequences of farmland biodiversity decline and improving the effectiveness of con-
servation measures? To answer these questions, we discuss the importance of landscape compositional and configurational 
heterogeneity, understanding ecological mechanisms determining how landscape structure affects farmland biodiversity and 
considering the interplay of farmland biodiversity and ecosystem service conservation.

Keywords Agri-environment schemes · Ecosystem services · Landscape composition · Landscape configuration · Land 
sharing · Land sparing

Background

Global biodiversity conservation cannot rely on protected 
natural and semi-natural areas alone, as sustainable conser-
vation requires strategies for managing whole landscapes 
including areas allocated mainly to production or to urban 
development (Margules and Pressey 2000). This broader 
approach to conservation is highlighted by the recent Half 

Earth strategy, aiming to set aside half of Earth’s surface 
and devote it for conservation of nature (Watson and Ven-
ter 2017). On the one hand, nearly half of the Earth’s ter-
restrial surface is transformed by agriculture, and thus, the 
contribution of agricultural areas to biodiversity is critical 
for successful long-term conservation. On the other hand, 
more than half of human populations live now in cities with 
urban areas comprising 3% of the Earth’s terrestrial surface 
(Johnson and Munshi-South 2017).

Agricultural expansion and intensification are among the 
most important drivers of terrestrial biodiversity loss at local 
to global scales because of habitat loss, fragmentation and 
conversion (Tscharntke et al. 2012a). Although even larger 
areas of Europe were affected by agriculture in the Middle 
Ages than today, farmland biodiversity was very high because 
of traditional extensive management. Since the early 20th 
century, the development of the Haber–Bosch process for 
the mass-production of nitrogen fertilizers, and, after World 
War II, the development and large-scale application of syn-
thetic pesticides allowed more intensive and higher-yielding 
agricultural production. The increasing use of agrochemicals 
was accompanied by increasing mechanization, which gained 
much ground during the 1960s (Borlaug’s green revolution). 
In combination, intensification affected agricultural systems 
at the field scale and across larger spatial scales, including 
landscapes and entire regions (Tscharntke et al. 2005). Major 
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changes between countries took place during the beginning of 
the cold war, when Europe became divided into East and West. 
In large parts of the East the collectivization of farms resulted 
in large co-operatives, where field roads, hedgerows and field 
margins were eliminated to merge small fields into large-scale 
agricultural systems within a short time period (Báldi and 
Batáry 2011). For various reasons, landscape transformation 
did not affect all eastern countries and regions within countries 
equally, e.g. because of political or geographical differences 
(e.g. mountain areas, soil fertility gradients). In addition to 
differences in soil productivity and historical trajectories of 
European countries and regions, which led to large heteroge-
neity between Europe’s agricultural landscapes, market forces 
and the EU’s Common Agricultural Policy increased homo-
geneity in the most productive agricultural regions, affecting 
the associated biodiversity. The “rangeland” areas in Europe, 
where both mechanization and agrochemical use failed or were 
not possible to implement for economic or social reasons, 
became increasingly abandoned, especially in more economi-
cally developed areas of Europe. However, biodiversity con-
servation often targets the remaining and fragmented natural 
and semi-natural areas in agricultural landscapes. These areas 
consist mostly of extensively used grasslands, which often host 
a high share of threatened species (for example, those listed 
in the Habitat and Bird Directives of the EU). Nevertheless, 
land-use change outside natural areas might be responsible for 
biomass and biodiversity loss in natural areas through isolation 
and negative flow-on effects (Clough et al. 2014). Thus, a large 
share of current European nature conservation aims at halting 
the on-going loss of farmland biodiversity, which has persisted 
during millennia of extensive management (Gaston 2010).

Because of the multiple pressures on biodiversity, acting 
on multiple spatial scales, a landscape perspective is needed 
for effective farmland biodiversity conservation, but how 
this should be operationalized is not straightforward and is in 
general highly context dependent (Tscharntke et al. 2012b). 
Below, we discuss five issues central to a landscape perspec-
tive, with a focus on Europe: (1) the importance of disen-
tangling landscape compositional and configurational het-
erogeneity; (2) the potential suitability of agri-environment 
schemes (AES) in farmland biodiversity conservation; (3) 
the mechanisms behind landscape effects; (4) the interplay 
of biodiversity and ecosystem service conservation; and (5) 
land-sharing/-sparing connectivity landscapes as a potential 
idealized solution.

Landscape heterogeneity

Landscape heterogeneity has been proposed as a key aspect 
in conserving farmland biodiversity (Benton et al. 2003). 
Whilst this might be true for intensively managed agricul-
tural landscapes, increasing landscape heterogeneity can 

also have negative effects on specialist species in more 
semi-natural and less fragmented, low-intensity agricultural 
landscapes (Batáry et al. 2011a). Nevertheless, it is nec-
essary to differentiate between two major types of spatial 
heterogeneity, the landscape compositional heterogeneity 
and the landscape configurational heterogeneity, to better 
inform environmentally friendly agricultural policies (Fahrig 
et al. 2011). Landscape composition refers to the variety 
and abundance of patch types irrespective of their spatial 
arrangement (e.g. habitat type richness, proportion of habitat 
area or diversity of habitat types). Landscape configuration, 
in contrast, refers to the spatial character and arrangement, 
position or orientation of landscape elements (e.g. patch 
shape, distance between patches or mean patch size). Stud-
ies investigating the effects of management intensity both at 
local and landscape scales usually focus on landscape com-
positional heterogeneity using a gradient of percentage of 
arable land, non-crop area or semi-natural area (e.g. Batáry 
et al. 2011b, 2015; but see Batáry et al. 2017). Landscape 
configuration metrics, such as patch size and isolation, are 
mostly applied in studies focusing on habitat fragmentation 
of natural or semi-natural habitats (Lindenmayer and Fischer 
2006). However, landscape composition and configuration 
affect ecological processes independently and interactively 
(Fahrig et al. 2011). It is therefore important to disentangle 
landscape composition and configuration effects and to test 
their potential interactions across different spatial (and tem-
poral) scales. As of today, studies disentangling the effects 
of compositional and configurational landscape heteroge-
neity in agroecosystems and especially in urban areas are 
still scarce, although they have increased (Hadley and Betts 
2012).

In intensively used agricultural landscapes, earlier studies 
focused on the effects of landscape composition on organ-
isms at landscape scales, e.g. proportion of semi-natural 
habitat (Tscharntke et al. 2005). Meanwhile, several studies 
investigated the biodiversity patterns of so-called mini habi-
tats under low or no agricultural use, such as semi-natural 
grassland fragments, hedgerows and flower strips, often 
with a special focus on their spatial arrangement, i.e. land-
scape configuration (Tscharntke et al. 2012a). Fahrig et al. 
(2011) suggested that it is difficult to increase the amount 
and improve the arrangement of these semi-natural elements 
due to the need to devote land to agriculture. Therefore, 
the authors argue, novel approaches should concentrate on 
increasing the crop heterogeneity itself by (1) decreasing 
crop field size and (2) increasing crop type diversity (Fig. 1). 
This approach was recently tested by Sirami et al. (2019), 
showing that both aspects of crop heterogeneity support mul-
titrophic diversity of farmland biota more than semi-natural 
cover across several countries. Decreasing field size had a 
particularly pronounced beneficial effect (ibid.). Martin et al. 
(2019) considered an interesting combination of these two 
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concepts (increasing both semi-natural and crop heterogene-
ity). They studied the effects of landscape composition (% 
semi-natural habitats) and configuration (edge density) on 
arthropods, showing interactive effects of landscape compo-
sition and configuration on arthropod abundances. Interest-
ingly, arthropod abundances were highest in landscapes with 
high proportions of semi-natural habitats and high edge den-
sities provided by smaller fields, which not only did increase 
functional biodiversity, but also crop yields. Finally, Batáry 
et al. (2017) studying the effectiveness of organic farming 
in small- versus large-scale agricultural regions found that 
the smaller field sizes are at least as important as organic 
farming in maintaining farmland biodiversity. Notably, they 
showed that organic farming produced half of the yield, but 
two times higher profit than conventional farming due to 
higher prices of premium organic products. Furthermore, 
field size did not affect yields, and farmer’s profits were 
much higher in large-scale than in small-scale agriculture 
probably due to better marketing possibilities because of 
economies of scale.

In summary, the socioeconomic context influences not 
only the state of biodiversity across production landscapes, 
but the entire social-ecological system (Fig. 2; Kremen et al. 
2007). These effects are in turn shaped by stakeholders and 
policy processes at multiple spatial and temporal scales. A 
social-ecological systems framework has recently enabled 
researchers to develop a common language that crosses 
social and ecological disciplines to analyse how interac-
tions among a variety of factors affect outcomes (Hartel 
et al. 2018). Because of the complex interrelations between 
biophysical, social, political and economic conditions in 
agricultural landscapes, it is important to gain a more holis-
tic insight into these factors in order to understand the role of 
local and landscape predictors on biodiversity and ecological 
processes (Hanspach et al. 2014).

Agri‑environment schemes

Implementation of AES is the major tool for farmland conser-
vation in Europe (Batáry et al. 2015). AES include an array 
of options set up to help farmers manage their land in an envi-
ronmentally friendly and economically viable way. They are 
important for the conservation of species-rich farmland, for 
the preservation of genetic diversity, for the protection of a 
diversity of agroecosystems types and for producing food with 
a lower environmental and ecological footprint. Historically, 
AES were initiated to reduce the overproduction of agricul-
ture by supporting set-aside management in the EU during the 
late 1980s (Tscharntke et al. 2011). Today, AES rather aim at 
mitigating negative effects of agricultural intensification and 
homogenization. Currently, a great variety of AES exists in 
the 27 members of the EU, as well as the UK, Switzerland 
and Norway. They can be classified basically in two groups: 
(1) horizontal (or broad-and-shallow) schemes in all mem-
ber countries, which combine environmental protection (soil, 
water) with nature conservation targets, such as organic man-
agement; (2) regional (or narrow-and-deep) schemes, which 
target areas with high nature value for biodiversity conserva-
tion (Batáry et al. 2015).

Ideally, research on the effectiveness of AES should 
explicitly consider how they contribute to increased land-
scape heterogeneity by introducing habitat or key resources 
for farmland biodiversity. Although the effectiveness of AES 
has been questioned from a nature conservation perspective 
(Kleijn et al. 2001), the accumulated evidence based on meta-
analyses shows that AES have a generally positive effect on 
biodiversity (Batáry et al. 2015). In addition, it has also been 
increasingly recognized that landscape structure may moderate 
the effectiveness of AES (Batáry et al. 2011b). One hypothesis 
is that the schemes are more effective in regions where source 
populations survive in nearby natural or semi-natural habitats 
(Duelli and Obrist 2003). In contrast, Tscharntke et al. (2005) 
hypothesized that AES may be most effective for increasing 
species richness in simple, but not in complex landscapes, 
because farms in complex landscapes are likely to already have 
high species diversity. Based on a meta-analysis, Batáry et al. 
(2011b) showed that AES are indeed more effective in sim-
ple than in complex landscapes. However, this was true only 
for cropland, and not for grassland studies. Thus, landscape 
effects differ with ecosystem type considered and in general, 
the ecological contrast between AES and control sites is deci-
sive whether AES can make a difference (Marja et al. 2019).

Fig. 1  Increasing compositional (crop diversity) and configurational 
(field size) landscape heterogeneities focusing on crop heterogene-
ity and keeping semi-natural habitat amount constant. Modified from 
Sirami et al. (2019)
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Mechanisms contributing to landscape 
effects

Agricultural systems are commonly characterized by a 
mosaic landscape structure, where biodiversity may rely 
on multi-habitat processes such as source–sink dynamics, 
landscape complementation or spillover effects (Ekroos 
et al. 2016). Data on species movements between habi-
tats could provide a mechanistic understanding of how 
landscape structure affects biodiversity (Tscharntke et al. 
2012a). Populations may constantly use low quality and 
unsuitable habitats (sink habitats) through regular coloni-
zation from source habitats. The repeated dispersal from 
source populations may ensure relatively stable abun-
dances in unsuitable habitats, but the existence of sink 
populations is completely dependent on source popula-
tions (Iles et al. 2018). Landscape complementation occurs 
when populations need at least two non-substitutable, sep-
arated resources located across landscapes (Mandelik et al. 
2012). For instance, animals may use spatially separated 
habitats during different life-history stages. Increasing 

distance between complementary habitats increases the 
energy required for travelling between habitats; thus, if 
the complementary habitats are within close proximity, 
are likely to support relatively high abundances (Haase 
et al. 2017).

In agroecological studies, especially those focusing on 
the effects of habitat management, the results are often 
explained by spillover effects, i.e. the spread of plant 
propagules and animal individuals from nearby natural, 
semi-natural or even AES areas into the more intensively 
used agricultural areas, thus increasing the abundance and 
species richness of communities within agricultural areas. 
Invertebrates are known to disperse into arable fields from 
adjacent natural habitats (Tscharntke et al. 2012a). How-
ever, as the high productivity of arable fields during the 
growing season locally enhances arthropod densities, a 
massive and large-scale spillover of organisms from crop to 
non-crop areas can also be expected (Madeira et al. 2016). 
The potential impact of this spillover on adjacent natural 
and semi-natural habitats has been largely neglected and is 
a little understood topic. Spillover of insect predators and 

Fig. 2  Conceptual framework for impacts of land-use change on eco-
system functions and services, incorporating market-based forces 
and policies, and emphasizing the importance of direct and indirect 

effects of landscape composition and landscape configuration. Modi-
fied from Kremen et al. (2007) and Hadley and Betts (2012)
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other functionally important organisms from agricultural 
to natural habitats and back may have been greatly under-
estimated (Blitzer et al. 2012).

Different aspects of agricultural intensification do not 
affect all species equally and depend on species traits, 
habitat type and spatio-temporal scales (Swift and Hannon 
2010). Species surviving in human-dominated landscapes 
require the ability to use a wide range of resources and dis-
perse between scattered habitat patches. Both local- and 
landscape-scale intensification select for certain trait states, 
thereby shaping community composition and ecological 
functioning including ecosystem services, such as biocontrol 
or pollination (Martin et al. 2019). Species with traits that 
disproportionally predispose them to environmental change 
are those with high habitat or resource specialization and 
low dispersal ability (Tscharntke et al. 2012a). In order to 
gain a better understanding of landscape management for 
multiple functions, it is necessary to analyse different func-
tionally important traits of the studied taxa (Gallé and Batáry 
2019), such as reproduction of weed species (insect polli-
nated vs. wind pollinated, etc.), feeding strategies of carabid 
and rove beetles (carnivorous, omnivorous, phytophagous, 
etc.) or hunting strategies of spiders (web-building vs. run-
ning). This ecological complexity needs to be considered 
when evaluating the role of environmental changes, such 
as habitat degradation, habitat fragmentation or landscape 
simplification. In order to translate integrated assessments 
into potential conservation action, stakeholder-relevant con-
servation targets have to be set up depending on the local 
socioeconomic context (Fig. 2). A broad implementation of 
these principles is hampered by the fact that there are no 
uniform targets for biodiversity conservation and enhancing 
ecosystem services in different regions and farming systems 
across the EU.

Trade‑offs or synergies between biodiversity 
conservation versus ecosystem service 
provisioning

Biodiversity, in terms of species richness, trait diversity and 
biotic interactions, affects ecosystem functions and their sta-
bility (Cardinale et al. 2012), e.g. by promoting soil sup-
porting services, pollination or biological pest control. In a 
political context, biodiversity conservation is often justified 
to ensure human well-being via the supply of ecosystem 
services. Conserving a wide range of species, including 
those that are rare and endangered, may serve as an insur-
ance and complementation strategy for safeguarding eco-
system functions under changing environmental conditions. 
Despite a huge body of experimental approaches (Cardinale 

et al. 2012), our knowledge about the relationship between 
biodiversity, ecosystem functions and ecosystem services in 
human-dominated landscapes is still fragmented and ambig-
uous. Most likely, this relationship depends upon interacting 
field and landscape-scale effects (Ekroos et al. 2014).

Despite the general importance of biodiversity for eco-
system functioning, it needs to be acknowledged that not all 
species contribute equally to ecosystem services at a given 
time or place. For example, given that only 2% of pollinator 
species from regional species pools amount to 80% of crop 
pollination services (Kleijn et al. 2015), ecosystem service 
provisioning is an insufficient argument for pollinator con-
servation as such. In light of this, Kleijn et al. (2011) pro-
posed in their review two different conservation initiatives. 
One focuses on conservation of intrinsic biodiversity val-
ues, such as rare or endangered species or high biodiversity 
value habitats in structurally complex landscapes. The other 
focuses on ecosystem services in structurally simple land-
scapes independently of species identity. These are roughly 
equivalent to narrow-and-deep and broad-and-shallow AES. 
However, a stronger division in these general objectives 
might not only boost new research, but might also develop 
more effective AES (Ekroos et  al. 2014). Furthermore, 
Macfadyen et al. (2012) highlighted that actions protecting 
biodiversity can often indirectly help preserving ecosystem 
services, but actions enhancing ecosystem services do not 
necessarily provide good outcomes for biodiversity. Sena-
pathi et al. (2015) view suitability of AES along a curve 
from ecosystem services to biodiversity conservation with 
the overall aim of looking for synergies in the middle of 
the curve (Fig. 3). A recent idea related to enhancement 
of ecosystem services is the so-called (agro)ecological 
intensification, which entails the environmentally friendly 
replacement of anthropogenic inputs and/or enhancement 
of crop productivity, by including regulating and support-
ing ecosystem services management in agricultural practices 
(Bommarco et al. 2013). However, in structurally simple, 
and hence most likely agriculturally intensive landscapes, 
the effective broad-and-shallow AES might not increase 
the ecological contrast needed to improve farmland habi-
tats, because the majority of land in such landscapes relies 
massively on external input instead of ecosystem services 
provided by the AES itself. Thus, the distinction between 
AES targeting biodiversity in general and ecosystem ser-
vices to agriculture might not only foster the development 
of more effective AES, but also the transformation of food 
production more generally (see last sections). This tandem 
approach would need a stronger involvement and empower-
ment of key stakeholders, including farmers, farming asso-
ciations, extension services and other actors, and in general 
an enhanced governance of AES (Stupak et al. 2019).
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Land‑sharing/‑sparing connectivity 
landscapes

A parallel emphasis on high agricultural production and 
biodiversity conservation is a major challenge to human-
ity. Attempts to reconcile these two aspects ignited a still 
hot debate, where a spatial segregation of agriculture and 
nature conservation (land sparing), or a combination of the 
two, namely integration of agriculture and nature conser-
vation (land sharing), were contrasted against each other 
(Fischer et al. 2011). A fundamental principle underpin-
ning land sparing is that the majority of biota does not 
tolerate even the most extensive, nature-friendly man-
agement and thus requires segregating strictly protected 
areas from production landscapes. Land sparing has been 
claimed to intensify the neighbouring agricultural areas 
as much as possible to satisfy the food, feed, fibre and 
fuel (called 4F) demand by humans. Land sparing has been 
criticized from the points that we do not necessarily have 
to produce more 4F, since the supply of these may not 
be the key issue, but instead a more equitable distribu-
tion and less wasting is needed (Tscharntke et al. 2012a). 
Furthermore, higher yields do not necessarily lessen pres-
sure on spared lands, but instead attract further agricultural 
exploitation (Angelsen 2010). Moreover, land sharing does 
not necessarily need more space for achieving a similar 
yield as land sparing, since there are studies showing how 

nature-friendly management can enhance both biodiversity 
and yield (Clough et al. 2011). In the tropics and many 
other parts of the new world, modern agriculture arrived 
relatively late, and many of these areas are considered 
biodiversity hotspots. Thus, in tropical landscapes where 
rainforests, marshland, etc. are still prevalent, even a low 
share of less sensitive species could not adapt to modern 
agriculture, justifying a land sparing strategy. In contrast, 
in Europe a major focus of nature conservation is targeted 
to the maintenance and protection of the farmland biodi-
versity shaped by millennia of traditional extensive man-
agement. Fischer et al. (2008) argued that this dichotomy 
should not viewed as a black and white divide, but rather as 
a continuum, where the extreme forms can be more or less 
effective depending on local conditions. They also empha-
size three major differences between these two concepts. 
First, in the case of land sparing, there is a strong contrast 
between the agricultural and nature protection areas (they 
are spatially separated but next to each other). In the case 
of land sharing, this contrast is less acute, as agricultural 
production and nature conservation share the same land. 
Second, the agricultural areas are much more homogeneous 
(more intensively and similarly used) in land sparing than 
in land sharing. Third, the different land-use elements and 
their biodiversity values are typically considered at much 
finer and smaller spatial scales in land sharing than in land 
sparing. We think that the two latter points can be debated 
in some situations, e.g. in the case of large, low-intensity 
semi-natural grasslands, which can be characterized by 
high biodiversity, but relatively homogenous areas, such as 
the Pannonian steppe (“Puszta”) of Eastern Central Europe 
(Batáry et al. 2011a).

We believe research on land sparing versus land sharing 
should increasingly consider multiple conservation strate-
gies, including how to maintain functionally important 
organisms in agricultural landscapes (Ekroos et al. 2014). 
Grass et al. (2019) recently suggested a combination of local 
land sharing and land sparing strategies, which might well 
work in small-scaled heterogeneous landscapes (Fig. 4). In 
this sense, land sharing, such as organic farming, but also 
local-scale land sparing, such as hedgerows or wild flower 
strips, can significantly contribute to the maintenance of eco-
system service provisioning organisms through spillover or 
landscape complementation processes (pollinators, biocon-
trol organisms). Land sparing could support the immigra-
tion of them (spillover from production land to semi-natural 
habitats) and provide habitat for overwintering. Finally, land 
sparing, even if at small, local scale, could contribute to the 
conservation of species assemblages of larger spared land 
by providing stepping stones and/or sustaining them at the 
landscape scale.

Fig. 3  Schematic figure showing examples of trade-offs between 
management for pollination services versus management for pollina-
tor conservation. A, B, C and D represent low diversity–high service 
(loss–win), high diversity–high service (win–win), low diversity–low 
services (loss–loss) and high diversity–low service (win–loss) scenar-
ios, respectively. Modified from Senapathi et al. (2015)
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Where could we be in 5–10 years?

Beyond a hopefully greener path of EU’s agriculture policy 
in the near future (Peer et al. 2019), which will be imple-
mented post-2020, we expect that efforts to promote climate 
change mitigation may increase incentives to produce bio-
mass for bioenergy in agriculture on marginal agricultural 
land, in an attempt to avoid competition between bioen-
ergy and food production (Werling et al. 2014). Although 
a commonly agreed definition of marginal land is lacking, 
some land belonging to this category may have very high 
biodiversity values, that a large-scale increase in bioenergy 
crop production would inadvertently risk eroding (Dauber 
et al. 2012). Research on what constitutes marginal land, 
in addition to spatially explicit trade-offs between increas-
ing bioenergy production and biodiversity, will be needed 
to secure habitat for species of conservation concern and 
to maintain functional diversity in agricultural landscapes 
(Dauber and Miyake 2016). Besides the increasing bioen-
ergy production, feed production is one of the important 
factors of land-use intensification resulting in conflict of 
food and feed production (Schader et al. 2015). Along the 
same line, ever increasing urbanization in peri-urban areas 
also threatens farmland biodiversity (Shaw et al. 2020). 
Thus, early identification of vulnerable farmland areas 

under urbanization risk might help spatial planning as well 
as rural policies (Gottero 2019).

Where we have to be in 2050?

Convincing evidence suggests that the collapse of biodiver-
sity, and degradation of ecosystems can only be avoided if 
a transformative change in the coming years occurs (Díaz 
et al. 2019), where a system-wide rearrangement of econ-
omy, technology and social value systems happens. Such 
needs for change already appeared in the Green Deal of the 
EU (EGD 2020), which urges—among others—that all EU 
policies should contribute to preserving and restoring nature. 
There are, however, almost no target numbers for such trans-
formative change. One recent report suggests, however, that 
roughly two-third of Europe’s land need to be restored to 
push anthropogenic land conversions back under the plan-
etary boundary of land system change (SOER 2019). The 
EU also pledged to have zero green-house gas emission by 
2050 and declared the wish to reach a low or zero chemical-
pesticide use agriculture—all these will lead to drastic land-
use changes. Landscape ecology has the potential to provide 
evidence for decision makers by illustrating how society can 
benefit from such changes, but also needs to speak up and 

Fig. 4  Land-sharing/-sparing 
connectivity landscapes repre-
sented along a sharing–sparing 
continuum and spatial scale 
gradient. The combination in 
land-sharing/-sparing connec-
tivity landscapes promotes both 
biodiversity conservation and 
the provisioning of ecosystem 
services. The connectivity 
matrix ensures (1) spillover 
from (spared) natural habitats 
to agroecosystems as well as 
(2) spillover from (shared) crop 
boundaries to agroecosystems. 
In addition, (3) landscape con-
nectivity facilitates immigration 
and species dispersal, counter-
acting possible extinctions in 
spared habitats and providing 
response diversity in changing 
environments. Modified from 
Grass et al. (2019). Photo cred-
its: Péter Batáry, Tibor Hartel 
and Sinja Zieger



16 Biologia Futura (2020) 71:9–18

1 3

highlight where cuts in current practices or consumption 
patterns are necessary.

Major questions for landscape ecology 
and beyond

Under a best-case scenario, a truly multifunctional European 
landscape will emerge, providing 4F, rural well-being and hab-
itat for biodiversity. Landscape heterogeneity has a role in this 
development. Landscape ecology can contribute with evidence 
that alleviates trade-offs between different land-use interests, 
including a wide range of private and public goods. More 
broadly, we need context-specific tools that can bridge differ-
ent socio-ecological and historical contexts. In this broader 
context, we highlight three sets of interrelated questions.

First, can policy consider a landscape perspective, 
including interventions targeting landscape composition 
and configuration? Keeping in mind that, as AESs are 
volunteer based, this might not make sense everywhere. 
However, collaborative AES can support probably better 
both key farmland species and ecosystem services than 
AES targeting individual farms and this way generate 
landscape-level benefits (McKenzie et al. 2013), includ-
ing higher revenues for collaborating that work together 
to create corridors or stepping stones (Batáry et al. 2015). 
Although, slowly, more and more such AESs are imple-
mented (Groeneveld et al. 2019), and scientific tests of 
farmers’ participation willingness become popular (e.g. 
Leventon et al. 2017), a coupled test of their ecological, 
economic and sociological effects in real landscape con-
text need further research.

Second, should there be a more distinct focus on bio-
diversity conservation versus ecosystem service pro-
visioning? How much biodiversity is needed to sustain 
ecosystem services? How much natural, semi-natural and 
agricultural land is needed to sustain biodiversity? Is 20% 
habitat in a landscape a threshold value to ensure habi-
tat connectivity and limited extinction (Tscharntke et al. 
2002), and how much is this potential threshold value 
influenced by farmland diversification? There is a high 
need of more multi-taxon and multi-service studies along 
different landscape compositional and configurational 
heterogeneity gradients in the frame of transdisciplinary 
research projects involving farmers and other actors, which 
consider also economic outcomes, such as profit for farm-
ers in order to bridge the science and practice gap (Kleijn 
et al. 2019). Beyond profit trade-offs (Batáry et al. 2017), 
social aspects, including externalities and perhaps also 
lost possibilities for recreation could be considered, i.e. 
farmers might be engaged by social incentives, such as 
certification programmes (Tscharntke et al. 2015).

Finally, and perhaps most challenging, we need to under-
stand the links between landscape transformation in Europe, 
including potential positive effects on the local environ-
ment and European consumers and producers, in relation 
to increasing human populations and demands at a global 
scale. Thus, we argue that landscape ecology has to closely 
connect with agroecology, agronomy and political sciences 
to reach a meaningful policy impact. Finally, we believe that 
landscape ecology can contribute with answers and options 
to several fundamental questions on how future landscapes 
in Europe will benefit people and nature, given that fund-
ing for landscape-scale experiments on interdisciplinary 
research programmes can be maintained.
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