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of country-level legislation, we found that just 38% of countries have minimum
area requirements for conserving native habitats within working landscapes.
We argue for increasing native habitats to at least 20% of working landscape
area where it is below this minimum. Such target has benefits for food secu-
rity, nature’s contributions to people, and the connectivity and effectiveness of
protected area networks in biomes in which protected areas are underrepre-
sented. We also argue for maintaining native habitat at higher levels where it cur-
rently exceeds the 20% minimum, and performed a literature review that shows
that even more than 50% native habitat restoration is needed in particular land-
scapes. The post-2020 Global Biodiversity Framework is an opportune moment
to include a minimum habitat restoration target for working landscapes that con-
tributes to, but does not compete with, initiatives for expanding protected areas,
the UN Decade on Ecosystem Restoration (2021-2030) and the UN Sustainable
Development Goals.

KEYWORDS
agroecology, food security, landscape conservation, native habitat, nature’s contributions,

Governments worldwide set a target to conserve 17% of
the Earth’s terrestrial surface within protected areas by
2020 (Convention on Biological Diversity, Aichi Target 11).
While this is one of the few Aichi targets likely to be
met, and potentially increased in the post 2020 Global
Biodiversity Framework, no numerical area-based target
exists to conserve biodiversity outside of protected areas,
which in large measure corresponds to the “working
landscapes” used for farming, ranching and/or forestry
(Figure 1a; Kremen & Merenlender, 2018). With such
landscapes expanding and becoming increasingly inten-
sive and homogeneous (Kremen & Merenlender, 2018;
Ramankutty et al., 2018), there is an urgent need to pro-
tect and restore native species diversity within them (Con-
vention on Biological Diversity, Aichi Target 7: areas under
agriculture, aquaculture, and forestry are managed sus-
tainably, ensuring conservation of biodiversity).

There is widespread recognition of the positive role
of native habitats within working landscapes (NWL: see
Box 1 for a definition) for good quality of life (Diaz et al.,
2018; Garibaldi et al., 2019; Kremen & Merenlender, 2018;
Odum, 1969). The Intergovernmental Science-Policy Plat-
form on Biodiversity and Ecosystem Services (IPBES)
states that NWL contribute to regulating benefits such as
soil protection and regeneration, water and air purifica-
tion, pollination, pest control, dampening ocean acidifi-
cation and climate change mitigation, while ameliorat-
ing the impacts of natural hazards such as hurricanes,
landslides, and floods (Figure 2; Diaz et al., 2018). NWL
also contribute to the provision of food, feed, energy,

restoration, working landscapes

medicines, and genetic resources, as well as to the non-
material aspects of a good quality of life, such as learn-
ing, inspiration, physical and psychological experiences,
and supporting identities (Diaz et al., 2018). NWL form
the core of multifunctional landscape management strate-
gies aimed at promoting farm productivity, biodiversity
conservation, and nature’s contributions to people, unit-
ing three science and policy paradigms: Best Manage-
ment Practices, Nature Conservation, and Green Infras-
tructure in a coherent and evidence-based target for action
(Figure 3).

1 | INCOMPLETE LEGISLATION
WORLDWIDE

Despite increasing awareness of their importance, targets
for NWL vary enormously among nations (Tables S1 and
S2, supplementary materials). Of the 82 countries reviewed
here, representing 73% of global working landscape area,
only 38% set any minimum area requirement for NWL
(Figure 4). Further, countries that included targets in their
national laws vary widely in the percent of NWL required,
and regional representation, with the majority requiring
just 5% NWL and being located in Europe. Countries also
vary in the type of habitats that are afforded legal pro-
tection: in many countries, only forest habitats are under
legislation, whereas other highly threatened habitat types,
such as native grasslands, are ignored. No evident pat-
tern arises to explain why some countries have greater
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FIGURE 1 (a)Worldwide distribution of agricultural working landscapes. Colors show the percentage of area classified as crops for food,
feed, fiber, or fuel (10 x 10 km global grid derived from 1 km cropland classification of Teluguntla et al., 2015). These percentages include
seasonal crops (e.g., wheat, rice, maize, soybean, cotton) and continuous plantations (e.g., coffee, tea, rubber, cocoa, oil palm, recently planted
afforestation), but exclude established afforestation and free-range ranching lands, which are important yet challenging to detect components
of working landscapes. Blue points represent sites in (b) that show current and target land use for native habitats in selected working landscapes
(NWL) around the world. The target landscape was designed by adding NWL to the current landscape following the criteria described in Box 1.
Each map represents a 10 X 10 km area. USA: cultivated landscape dominated by maize and soybean (shown) benefits from the introduction of
restored prairie strips (Schulte et al., 2017). Brazil: restoring native Atlantic Forest fragments in lowlands contributes to higher oilseed rape yields
and farmer profits through improved pollination services (Garibaldi et al., 2016). Argentina: restoring and conserving forest relicts within an area
dominated by soybean crops and exotic perennial pastures mitigates rising water tables, flooding, and salinization (Giménez, Mercau, Nosetto,
Paez, & Jobbagy, 2016). France: landscapes can be managed as a form of agroforestry that can operate at the field boundaries by introducing
hedgerows (Moreno et al., 2018). Australia: native habitat conservation needs to be balanced with agricultural intensification (Smith, Prober,
House, & Mclntyre, 2013). See the “Fewer trade-offs, more synergies” section for a discussion of the benefits and costs of such management for
NWL

requirements to conserve NWL than others (Figure 4). et al., 2018; Garibaldi et al., 2019; Kremen & Merenlender,
Overall, such variation reflects country-specific differences 2018).

in political, social, economic, and cultural conditions, In 2020 and 2021, there are critical policy opportuni-
but also the lack of clear scientific guidelines on mini- ties for setting global restoration targets for NWL. These
mum native habitat required for good quality of life (Diaz include the post-2020 Global Biodiversity Framework,
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FIGURE 2 Restoring native Atlantic Forest fragments con-
tributes to higher oilseed rape productivity and farmer profits in
Brazil as well as to many other contributions to people including reg-
ulation of climate and water quality, reduction of soil erosion, and
flood prevention (photo taken by Rosana Halinski; Garibaldi et al.,
2016)

which will be discussed at the 15th meeting of the Con-
ference of the Parties (COP 15) to the Convention on
Biological Diversity in Kunming, China. There are also
current and future decisions in Europe on the minimum
share of agricultural areas to be devoted to “landscape
and habitat features” (which can be equivalent to NWL,
depending on how they are defined) after 2020 (Table
S1, supplementary materials). Restoration targets for NWL
are also essential to achieve the United Nations Sustain-
able Development Goals and commitments for the Decade
on Ecosystem Restoration (2021-2030) (IUCN-WPCA Task
Force on OECMs, 2019).

Based on an empirical review of the scientific evidence
(Table S3) and modeling (Figure 5, Model S1, supplemen-
tary materials), we recommend a worldwide restoration
and retention target of at least 20% native habitat area
within working landscapes that have >80% area already
converted (Box 1). These are the most heavily transformed
working landscapes, which rarely meet the requirements
to be considered protected areas (Figure 2; [IUCN-WPCA
Task Force on OECMs, 2019) and represent locations that
are failing to deliver on the dimensions for good quality
of life (Figure 1). NWL may include grazing (e.g., tradi-
tional livestock grazing enhancing grassland diversity),
mowing (e.g., hay meadows), harvesting (e.g., native
fruits, regulated hunting), or burning (e.g., prescribed
burning in scrublands for native species regeneration),
as long as these activities sustain or restore native species
diversity. Starting with the conservation of any remnant
native habitats within working landscapes through zero
net-loss policies, these remnants should be expanded
through restoration to cover at least 20% of landscape area.
In highly cultivated regions where native habitats now

occupy much less than 20% of land area, NWL initiatives
will require creative and experimental restoration actions
(Hobbs et al., 2014; Tscharntke, Batary, & Dormann, 2011).
However, as our analysis shows, these restoration efforts
can be implemented in ways that minimize trade-offs with
farm productivity (Figure 5, Model Sl1, supplementary
materials) while enhancing nature’s contributions to
people (Table S3, supplementary materials).

2 | PRIORITIZING NATIVE SPECIES

The diversity and composition of NWL modulate their con-
tributions to people. While some benefits from sustaining
biodiversity can be achieved with nonnative species, an
emphasis on native habitats is essential to reduce species
extirpations and extinctions. In addition to intrinsic values,
native species, and their habitats, have potential for new
discoveries and unanticipated uses of biodiversity (e.g.,
new medicines or materials), can mitigate the spread of
invasive species, increase the range of nature’s contribu-
tions to people, including the basis for religious, spiritual
and other cultural experiences (Diaz et al., 2018).

A >20% NWL target is intended to complement, not
compete with, efforts to establish protected areas, as they
have different objectives (Kremen & Merenlender, 2018).
Indeed, legislation for promoting NWL (Figure 4, Tables
S1 and S2, supplementary materials) is different from
that of protected areas. Initiatives such as the “Half-Earth
Project,” “Nature Needs Half,” and “30% by 2030” largely
focus on biodiversity conservation within systems of
protected areas (Mehrabi, Ellis, & Ramankutty, 2018),
and are central for species intolerant of human activities,
including species with large home-ranges and those impli-
cated in human-wildlife conflicts (Figure 3). Many of
these species cannot be conserved effectively within NWL.
Thus, these initiatives are critically important for global
biodiversity conservation. In addition, a minimum NWL
restoration target is essential to promote nature’s contri-
butions to people within the working landscapes where so
many people live and work, as many of these contributions
need to be provided locally (Odum, 1969). Such restoration
can also enhance the effectiveness of protected areas by
offering corridors and stepping stones interconnecting
wild populations across landscapes that might otherwise
form barriers or sinks (Defries & Nagendra, 2017; Kremen
& Merenlender, 2018). NWL can therefore improve gene
flow and persistence of many native species populations
otherwise restricted to protected areas, while enhancing
species’ ability to respond to climate change (Kremen &
Merenlender, 2018). As most conservation initiatives to
date have focused on areas outside working landscapes,
NWL offer untapped potential to protect underrepresented
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Native wetlands removing water pollutants
and providing habitat to native bird populations.
Pollutants are monitored and managed as to maintain
safe levels for wildlife.

GREEN INFRASTRUCTURE
PROTECT REGULATING
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Artificial buffer strips improving water
quality and reducing surface soil erosion.
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Diverse native flower strips offering
pollination services to crops and corridors
for native mammal populations
throughout the year.
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FIGURE 3 Three streams of science-policy guidelines for managing working landscapes to protect production (Best Management Prac-
tices), biodiversity (Nature Conservation) or nature’s contribution to people (Green Infrastructure or Nature-Based Solutions). Multiple objec-
tives pursued in any working landscape will entail both conflicts and synergies. While Best Management Practices initiatives have traditionally
focused on the sustainability of mainstream production, they can overlap with Green Infrastructure initiatives when they simultaneously
enhance other nature’s contributions to people. Best Management Practices may also benefit Nature Conservation when they include habitat
restoration in working lands (e.g., native hedgerows). Finally, Green Infrastructure can overlap with Nature Conservation when native habitats
that are used to provide regulating contributions also help preserve threatened native species. The concept of native habitat within working
landscapes (NWL) sits at the intersection of these three paradigms and seeks to enhance them simultaneously. Examples of synergistic interven-
tions are given, considering a hypothetical agricultural region dominated by simplified seasonal crop systems. These examples also exemplify
conflicts among multiple objectives, such as when artificial buffer strips dominated by a few exotic plant species improve water quality and
reduce surface soil erosion but have little value for Nature Conservation (see also “Fewer trade-offs, more synergies” section)

and highly threatened environments worldwide, such 3 | FEWER TRADE-OFFS, MORE
as grasslands (Ramankutty et al., 2018). Furthermore, = SYNERGIES
because NWL can be retained or restored while mini-

mizing trade-offs with working landscape productivity
(Figure 5, model S1, supplementary materials), it is pos-
sible for NWL conservation to succeed without driving
agricultural expansion and reductions in protected areas.
In some cases, NWL might qualify as “other effective
area-based conservation measures” and could benefit
from existing policies (CBD, 2018; TUCN-WPCA Task
Force on OECMs, 2019).

Trade-offs must always be assessed and negotiated when
allocating areas to NWL (Mehrabi et al., 2018), but with
proper management we can minimize or eliminate these
trade-offs, or even enhance overall agricultural production
through synergies across nature’s contributions to peo-
ple (Figures 3 and 5, model S1, supplementary materials).
This is possible in part because NWL can increase agricul-
tural productivity in adjacent lands by (a) reducing erosion
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FIGURE 4 Minimum mandated area (%) of native habitats within working landscapes (NWL) under current legislation (see Tables S1
and S2 in supplementary materials for legislation by country). Pie charts show the number of countries and total area under current legislation.
The category “only forest legislation” includes those countries that only legislate on the area originally covered by forests, without proposing a
minimum coverage of NWL. In gray, countries not reviewed due to nonaccessible information on conservation thresholds in working lands
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FIGURE 5 Theoretical expectation for the trade-off between area devoted to agricultural production and to native habitats within working
landscapes (NWL). (a) Exponential models assuming increasing benefits (0%, 10%, 20%, 30%, 40%) from NWL to crop productivity in adjacent
lands. As we reduce the percentage of cultivated land (i.e., increase the % of NWL), production at the landscape level decreases linearly (blue
line). However, when native habitats benefit per hectare productivity of cultivated land by 10%, 20%, 30%, or 40% (color lines), overall production
can increase at the landscape level. When 20% of the area is devoted to NWL, the required benefit is around 25%, a value consistent with
observations from pollinator-dependent crops (Garibaldi et al., 2011, 2016; Joseph et al., 2020; Ricketts, Daily, Ehrlich, & Michener, 2004). (b)
To be more conservative than a 25% benefit scenario, we further explored a 20% benefit scenario by increasing levels of spatial heterogeneity.
This analysis shows that when allocating NWL to less productive areas, the amount of native area that can be conserved while maintaining
productivity increases from 13% to 40% (vertical gray lines; the red line represents the homogeneous landscape modeled in A). See Model S1,
supplementary materials for details and exploration of other functional forms
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BOX 1 Restoration of native habitats within
working landscapes (NWL) in at least 20% of
land area

What?

Native habitats are those dominated by native
species of plants and are substantially similar in
composition and structure to habitats that would
have been present in the absence of intensive
human activities.

They can be grazed, mowed, harvested, or burned
where that is consistent with continued biodiver-
sity conservation.

Where?

Working landscapes (outside protected areas)
with >80% of land sowed or planted for farming,
ranching, and/or forestry (Figure 1a).

Holding sizes >10 ha.

Why 20%?

This quantitative target stems from the review
of scientific evidence (Table S3, supplementary
materials), suggesting that at least 20% NWL is
needed everywhere to support the provision of
many of nature’s contributions to people simulta-
neously (not only crop productivity). This percent-
age arises as a minimum, rather than an optimum,
and is a simple guide to detect the many land-
scapes worldwide that do not comply with such
criteria (Figure 1). A simple modeling approach
(Figure 5, Model S1, supplementary materials)
shows that under conditions of spatial heterogene-
ity, and/or where there are direct contributions
from nature to crop productivity, this target can be
achieved with little or no trade-offs with crop pro-
ductivity.

Although we advocate the 20% as a minimum
target, it can also be seen as an aspiration
to help guide national and intergovernmental
discussions.

The 20% minimum needs to be adapted to different
contexts: variation exists in the land area needed
for nature’s different contributions to people and
different socioecological contexts (see ranges of
% NWL in Table S3, supplementary materials).
Model optima also vary depending on assumptions
(Figure 5, Model S1, supplementary materials).

To be effective, results from this target must be
monitored and redefined iteratively through adap-
tive management.

Spatial scale and configuration?

We propose that restoration focuses on:

» A “fractal perspective,” in which the >20% tar-
get can be applied at all spatial scales, from sin-
gle fields to whole landscapes. At the small-
est scale, enhancing regulating contributions,
such as those provided by pollinators, is likely
to require >20% within each 1 X 1 km area (1
km? =100 ha).

* Enhancing and expanding existing patches of
native habitat.

» Areas traditionally sown and harvested but
with lower crop productivity potential (Figure 5,
Model S1, supplementary materials).

* Borders of roads, fences, and in the vicinity of
houses.

* Environmentally sensitive areas (e.g., lowlands,
river margins, and steep slopes).

* Designs that promote interpatch connectivity.

These principles can be combined in different

ways to create alternative solutions given the

socioecological context (Figure 1b).

Time frame?

A >20% target could be implemented gradually

within areas with low NWL.

Native habitats should be kept in place to allow

for several generations of most native species and

for the persistence (or re-establishment) of native
communities over time.

The time frame should allow for recovery of soil

fertility and establishment of a healthy soil seed

bank.

and improving soil biological activity and nutrient avail-
ability (Table S3, supplementary materials); (b) enhanc-
ing pollination services for pollinator-dependent crops
(Table S3, supplementary materials), which are increasing
in demand globally (Garibaldi et al., 2016; Mason-D’Croz
et al., 2019; Ramankutty et al., 2018); (c) slowing the rapid
evolution of pests and weeds (Table S3, supplementary
materials; Gould, Brown, & Kuzma, 2018); and/or (d) pre-
venting floods and regulating climate (Table S3, supple-
mentary materials). In areas with lower potential crop pro-
ductivity and/or profitability (but sometimes high value for
provisioning of nature’s contribution to people, e.g., wet-
lands), opportunities for protecting or restoring NWL are
greater, and can even increase overall agronomic or eco-
nomic efficiency (Figure 5, Model S1, supplementary mate-
rials; Garibaldi et al., 2019).
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Especially in those landscapes where >20% NWL does
not increase overall production, we argue that short-term
production should not be the only motivation for manag-
ing working landscapes; more emphasis should be placed
on long-term food security. A large percentage of global
cultivated area now produces nonfood crops, from cotton
to sugarcane, soybeans, oil palm, and maize used for bio-
fuel or animal feed (Ramankutty et al., 2018). While cur-
rent food production largely meets global caloric needs,
it fails to provide the diversity required in a healthy diet,
notably fruits, nuts, and vegetables (Mason-D’Croz et al.,
2019). Rather than expanding the extent of intensive agri-
cultural areas and eliminating NWL, a shift to more diverse
and multifunctional landscapes sustaining native habitats
alongside vegetable, fruit, and nut production could pro-
duce more nutritious food per unit-area (Mason-D’Croz
et al., 2019). In this way, >20% NWL area can contribute
nature’s benefits to people both locally and globally. Even
where net benefits from restoring NWL exist, land man-
agers do not necessarily recognize them in the short term
(a communication and information issue), and benefits as
well as costs go beyond the individual farm to affect the
whole of society. Thus, governmental roles such as rele-
vant policies and legislation (e.g., Tables S1 and S2, supple-
mentary materials) are needed to promote long-term food
security.

4 | INCLUSIVE DECISION MAKING

Implementation of a >20% NWL area target poses chal-
lenges. Regardless of the starting point, conserving NWL
requires coordination between different levels and sec-
tors within governments, land owners and managers,
corporations, and civil society organizations (Bartomeus
& Dicks, 2019; Ellis, 2019). The integration of different
social actors in codesigning and managing NWL has
already proven successful for a range of conservation
problems across countries (Bartomeus & Dicks, 2019;
Ellis, 2019). For example, land stewardship pacts between
working-lands stakeholders have delivered species con-
servation plans, sustainable farming practices, and habitat
restoration initiatives by capitalizing on common interests
(Bartomeus & Dicks, 2019; Ellis, 2019). Clearly, to suc-
ceed, NWL restoration will require global and national
policy targets, such as those outlined here, alongside
local implementation agreements and plans, tailored
to different socioeconomic conditions (Locke et al.,
2019). Instruments such as eco-labeling (which creates
markets for products grown in landscapes with NWL)
and strengthening of social networks (to build trust and
dialog among different land users and between them and
policy, extension and research agents) are critical comple-

ments to national legislations for the success of the NWL
implementation.

Restoring NWL is just one crucial pathway toward a
biosphere that sustains both biodiversity and nature’s
contributions to people (Figure 3; Kremen & Merenlen-
der, 2018). NWL may work best in combination with com-
plementary transitions toward ecological intensification in
the cultivated portions of landscapes, such as enhanced
crop diversity and including service crops in rotations
(Garibaldi et al., 2019). Whichever the approach, we pro-
pose that achieving the >20% target could be enacted
in phases in currently low- to nonexistent NWL areas.
Such an incremental strategy would ease potential burdens
on landowners while also enabling continued assessment
of benefits and costs through adaptive management and
policymaking.

Knowledge on the role of NWL in providing nature’s
contributions to people has accumulated in recent
decades, offering numerous successful examples of NWL
restoration and multiple associated benefits (Diaz et al.,
2018; Garibaldi et al.,, 2019; Kremen & Merenlender,
2018). However, implementation of NWL restoration,
especially through policy, remains limited (Kremen &
Merenlender, 2018), and NWL continue to be degraded
and eliminated (Figure la). The time has come to
reverse this trend. Including a >20% NWL restoration
target offer an unrivaled opportunity to simultaneously
enhance biodiversity, food security and quality of life
(Figure 3).
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