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ABSTRACT

Conservationists have called for conserving 30%-50% of the earth's surface to address the ongoing biodiversity and climate
crises. To be successful, such an expansion of the global reserve network must meet climate-intensified challenges of species

movements, ecological transformations, increasing human needs, and environmental injustices. These challenges will not be

overcome by simply doubling or tripling the footprint of protected areas. Instead, successful biodiversity conservation will re-

quire planning for conservation mosaics—large, integrated landscapes, and seascapes composed of areas with different levels of

protection and types of management—that cover the entire earth. Such mosaics can (1) increase landscape-scale coordination of

conservation efforts, (2) increase landscape permeability, (3) sustain healthy human populations, and (4) reduce environmental

injustices. We describe this more holistic spatial conservation paradigm and provide a framework for planning for conservation

mosaics that addresses growing biodiversity conservation and human needs.

1 | Introduction

Species extinction rates currently exceed background levels
by 1000 times, fueled in part by rapid land-use and marine
resource-use intensification and exacerbated by climate change
(Barnosky et al. 2011; Wiens 2016). These trends have inspired
calls to safeguard biodiversity by expanding the global con-
servation estate to 30%-50% of the planet (Allan et al. 2022;
CBD 2022; Wilson 2016). However, simply expanding tradi-
tional area-based conservation will create new challenges and
likely fail to address the challenges that climate change poses
both to biodiversity and to humans (Sengupta et al. 2024; Zabala
et al. 2024).

Much area-based conservation planning to date has followed
a western-centric protected area and unprotected matrix (the

areas outside of protected areas) paradigm, often referred to
as “fortress conservation” (Brockington 2002; Mahalwal and
Kabra 2023). Fortress conservation assumes that to protect
biodiversity, human disturbances need to be minimized and
therefore, protected areas generally need to exclude human
inhabitants and most human activities. Although there is in-
creased focus on including humans in protected areas, much
of the conservation-planning literature has operated within
this paradigm, focusing exclusively on biodiversity targets or
a combination of biodiversity targets and ecosystem services
that are more compatible with biodiversity protection (e.g.,
carbon storage, water quality; Eken et al. 2004; Margules and
Pressey 2000; Naidoo et al. 2008; Schuster et al. 2023; Zeng
et al. 2022). Much of the protected area estate on the ground,
particularly in the United States and parts of Europe and
India, takes this approach. Although other parts of the world
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have developed more inclusive approaches to spatial conser-
vation (Fa et al. 2020; Tran et al. 2020), such a dichotomy
is still reflected in practice in some places (Dominguez and
Luoma 2020).

Climate change challenges this protected-area paradigm in tra-
ditional and new ways. Many of these challenges arise from the
fact that climate change is converting what were assumed to be
relatively stationary ecosystems into highly dynamic systems
undergoing sustained, directional change (Harris et al. 2018).
Moving forward, protected-area planning will need to facili-
tate climate-driven species movements for thousands of species
and ecological transitions for many of the earth's ecosystems.
Climate change is also affecting people—increasing food and
water insecurity, driving migrations, and exacerbating environ-
mental injustices (IPCC 2023). It is now well recognized that
planning for protected areas in the future will need to be just and
fair and address societal needs. The Convention on Biological
Diversity (CBD) explicitly recognizes the need to address both
biodiversity and people in equitable ways in its twenty-three
2030 targets (CBD 2022). However, the dominant protected-area
paradigm, and most of the recent conservation-planning litera-
ture, have focused almost exclusively on target three (conserv-
ing 30% of lands, waters, and seas—or 30X 30 as this target has
come to be called).

Here, we describe and advocate for a more comprehensive spa-
tial conservation paradigm that involves planning for and co-
ordinating conservation efforts across entire landscapes and
seascapes that together cover most, if not all, of the earth's sur-
face. Although our focus is on both lands and seas, for brevity,
hereafter, we often use the term landscape. These landscapes,
or what we refer to here as “conservation mosaics,” are coher-
ently managed areas consisting of zones with different levels
of protection. This paradigm draws on the concepts of conser-
vation areas (CBD 2018), other effective area-based conserva-
tion measures (OECMs) (Jonas et al. 2021), biosphere reserves
(Batisse 1982; Purwanto et al. 2020), and other established
alternatives to strictly protected areas (Zabala et al. 2024) to
increase biodiversity protection across much of the planet in
a way that facilitates climate adaptation for people and bio-
diversity. Such an approach has the potential to address not
only CBD 2030 target three but most of targets one through
fourteen.

We begin by clarifying the challenges to expanding the
protected-area network using the traditional protected-area par-
adigm. We then articulate the conservation-mosaic paradigm,
provide some examples, and introduce a framework for plan-
ning for mosaics that incorporates a range of climate-focused
conservation actions and produces multifunctional landscapes
and seascapes with variable levels of protection. These mosaics
could increase connectivity by creating more permeable land-
scapes, provide for both people and biodiversity in a changing
climate, and potentially reduce environmental injustices. Our
framework incorporates key climate-adaptation strategies that
conserve biodiversity within the context of a complex social-
ecological system, rather than assuming we can simply protect
nature. We conclude with a discussion of several of the elements
that are important for the implementation of a conservation mo-
saic paradigm.

2 | Challenges to the Current Protected-Area
Paradigm

Expanding the protected area network will face the increasing
challenges of (1) climate-driven species movements, (2) growing
human needs, and (3) environmental injustices.

2.1 | Climate-Driven Species Movements

Animals and plants with the capacity to disperse are shift-
ing their ranges in ways that correspond with climate change
(Hickling et al. 2006; Moreno-Rueda et al. 2012; Pinsky
et al. 2013; Tingley et al. 2012). Species range shifts, in turn,
entrain larger changes in ecosystems, including changes in
ecosystem composition, structure, and function and, in some
cases, ecological transformations (Crausbay et al. 2022; Pecl
et al. 2017; Wallingford et al. 2020). More species movements
and ecological transformations are certain, given rapid climate
trends toward conditions not seen for millions of years (Blowes
et al. 2019; Burke et al. 2018).

Despite the need to facilitate climate-driven species move-
ments, today's protected-area network remains largely dis-
connected. Only about 10% of the world's protected areas
are structurally connected (Ward et al. 2020). Far fewer are
functionally connected—that is to say, connected by a cor-
ridor of more ecologically intact land that facilitates move-
ment. Increasing functional connectivity would potentially
allow species to move from site to site, tracking their climatic
niches. Thus, protecting connectivity would not only facilitate
individual species' adaptation to, and persistence under, cli-
mate change, but it could also facilitate ecological transforma-
tions and the development of novel ecosystems based on new
combinations of regionally native biota.

In recent years, several approaches have been developed for
specifically targeting areas to facilitate climate-driven move-
ments (Littlefield et al. 2019). However, much like the dominant
protected-area paradigm, many of these and other connectivity
efforts focus on protecting corridors of intact land amidst a ma-
trix of human-dominated lands (Beier 2012; Krosby et al. 2018;
Nuiiez et al. 2013). Although such corridors can be effective,
the amount of movement that climate change requires of spe-
cies likely necessitates more connectivity than a network of rel-
atively narrow protected corridors can provide. Furthermore,
the amount of land needed to connect the existing network of
strictly protected areas in this way, not to mention an expanded
network, is substantial.

The scale of effort needed to facilitate movement and persistence
of species and habitats will require many conservation actions
that take place outside of strictly protected areas. Relatively
few recommended climate-adaptation strategies for biodiver-
sity focus only on protected areas (e.g., protecting key biological
features). Most of the twenty-four most frequently mentioned
recommendations in the scientific literature from 2007 to 2017
(McLaughlin et al. 2022) are applicable to both protected areas
and the matrix surrounding them (e.g., increasing connectivity,
managing the matrix; Table 1). To date, however, spatial con-
servation planning efforts have rarely incorporated the vast
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TABLE 1
et al. 2022).

| The 24 most cited recommended actions to conserve biodiversity in the face of climate change from 2007 to 2019 (McLaughlin

Recommended conservation actions for conserving biodiversity in the face of climate change

« Protect or restore ecosystem function

« Increase connectivity

« Manage for climate change refugia

« Mitigate non-climate threats

« Conduct monitoring

« Climate adaptive assisted migration

« Manage at larger scales/across scales

« Manage for genetic/phenotypic diversity

» Forest management

« Manage for climate adapted genetics

» Adaptive management

« Target future conditions through habitat protection and
restoration

Manage for community/ecosystem diversity
Manage for future adapted species

Manage fire

Protect key biotic features

Manage for species diversity

Manage the matrix

Manage surface hydrology

Manage climate change threats in combination with other
threats

Plant vegetation

Reduce pollution

Captive breeding at botanic gardens/zoos
Riparian management

Note: Each action was cited at least five times. Actions appear in declining order (proceeding through left column then right) based on the number of papers in which

they were cited, although multiple actions were cited at the same rate.

majority of these actions (Reside et al. 2018). Actions such as
managing forests, restoring ecosystem functions, managing the
matrix, and managing at larger scales have generally been seen
as outside the purview of spatial conservation planning for cli-
mate change.

2.2 | Growing Human Needs

Climate change and its effects on species and ecosystems are
having increasing impacts on human communities—im-
pacts that are projected to become more severe and extensive
(IPCC 2022). Crop yields are projected to decrease, with the pro-
duction of soy, wheat, rice, and maize estimated to decrease be-
tween 3% (soy) and 7% (£4.5%, maize) per degree C of warming
(Asseng et al. 2015; Zhao et al. 2017). Fisheries productivity may
drop by 3M metric tons per degree C (Cheung et al. 2016). By
2050, nutrition security may be a greater challenge than food se-
curity in general (Nelson et al. 2018). In addition, climate change
may result in a shift and/or increase in the global footprint of
agriculture (Bayer et al. 2023; Ramankutty et al. 2002; Zabel
et al. 2014). For example, as much as three quarters of the boreal
forest is projected to become climatically suitable for agriculture
by 2099 (King et al. 2018), potentially leading to a northward ex-
pansion of wheat production (Kettlewell et al. 2023). Although
such an expansion may increase or offset losses in food produc-
tion, it would likely stimulate the conversion of forest ecosys-
tems to intensive agriculture.

Increasing temperatures are also likely to drive human migra-
tion and displacement. Much of the human population lives in
areas where projected warming is above average, making effec-
tive exposure, on average, 2.3 times the mean global warming
(Xu et al. 2020). By 2070, one-third of the human population
will, on average, experience mean annual temperatures greater
than or equal to 29°C—temperatures found today only on the
hottest 0.8% of the planet (Xu et al. 2020). Thus, in addition to
the actions taken to address food and water scarcities, human
adaptation efforts will likely include rapidly increasing migra-
tion and associated expansion or shift of urban areas.

2.3 | Environmental Injustices

Allan et al. (2022) calculated that 44% of the planet is needed
for protecting biodiversity and that 44% is currently home to
1.87 billion people. In many historical cases, the establishment
of protected areas has involved the forced removal of people.
Although the published record of evictions is almost certainly
incomplete, it indicates that, by area, the establishment of a
significant portion of the conservation estate has resulted in
evictions of residents—the majority of those recorded have oc-
curred in Africa, South and Southeast Asia, and North America
(Brockington and Igoe 2006). An estimated 900,000 to 14.4M
people have been evicted from protected areas in Africa alone
(Geisler 2003; Geisler and De Sousa 2001). Indigenous people
are currently threatened with removal from lands in India, the
Democratic Republic of Congo, and Kenya (Dominguez and
Luoma 2020). It is important to note that displacement from the
land takes more forms than eviction and can include displace-
ment from resources (Coad et al. 2008). Displacements often im-
pact Indigenous populations, and although there has been a call
and arguments for a new conservation paradigm, the practice of
removal prevails in many places (Dominguez and Luoma 2020).

3 | Conservation Mosaics

As an alternative to planning for the expansion of a protected
area network to cover 30%-50% of the planet, we advocate for
planning for conservation mosaics that cover most of the earth'’s
surface. These mosaics would have the objectives of increasing
landscape-scale coordination of adaptation efforts, increasing
landscape permeability (the degree to which an area facilitates
the movement of organisms), sustaining healthy human popu-
lations, and reducing environmental injustices (Figure 1). Such
mosaics would include a spectrum of different levels of pro-
tection, human activity, and management and regulation, all
coordinated at the landscape level to foster high returns on con-
servation investments that increase both the overall proportion
of the landscape that supports biodiversity conservation and
humanity's connection with and benefit from natural systems.
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AREA NETWORK climate adaptation

Objectives

Mechanisms

& practices

in & out of highly
protected areas

* Multiple levels of
protection

* Incentives

* Regulations

* Adaptive
landscape
management

* Restoration and

Address growing
human needs in
the face of
climate change

* Multiple levels
of protection

* Sustainable
agriculture,
forestry, &
fisheries
practices

* Nature-based

Prevent climate
& other
environmental
injustices

* No forced

removal

* Shared

governance

* Recognize

Indigenous rights

« Align ecosystem

services with
vulnerable

rewilding

* Permeable
landscapes

* Protected refugia

* Species
movements

Outcomes

adaptation populations

Sustainable &

adequate supply Equitably
of ecosystem distributed To
services & nature’s incentives,
contributions to regulatio.ns, & LAN DSCAP E
people benefits MOSA'C

FIGURE 1 | Framework for successful biodiversity conservation in the face of climate change. The framework includes three key objectives
that an expanded network of protected areas will need to meet, in addition to providing adequate protection for biodiversity. It also includes lists of
example mechanisms and practices for meeting those objectives as well as expected outcomes. The schematics on either side of the framework pro-
vide conceptual depictions of the protected area paradigm (left) and conservation landscape mosaic approach (right) to spatial conservation. Many
management units, particularly large ones, would apply different levels of protection in different places, in the same way that, for example, the U.S.

National Park System applies stringent wilderness protections in high-value areas of some parks.

Areas within the mosaic would range from more strictly pro-
tected ones with little detrimental human activity to areas with
relatively little protection that allow many more human activ-
ities (Figure 2). This model aligns with a 2018 decision by the
Parties to the Convention on Biological Diversity that recog-
nized the need for expansion beyond a strictly protected-areas
focus to a broader “conserved-area paradigm” (CBD 2018).

Conservation mosaics have the potential to address the three
challenges laid out earlier: climate-driven species movements,
growing human needs, and environmental injustices. They also
have the potential to address many of the CBD 2030 targets one
through fourteen. Accomplishing any of these goals, however,
will depend on how the concept is implemented.

3.1 | Creating Permeable Landscapes

Coordinating conservation actions across lands with different
levels of protection could greatly increase our ability to create
permeable landscapes that facilitate species movements. For
example, portions of the landscape receiving lower levels of
protection could be targeted for restoration or management ac-
tions that allow for movement between more protected areas
of species that are less tolerant of humans even if those parts
of the landscape do not necessarily support viable populations
themselves. Most animals clearly prefer and more rapidly tran-
sit unmodified habitats, but many terrestrial species will move
and disperse in human-occupied—and sometimes very strongly
human-dominated—landscapes (Kauffman et al. 2021; Tucker
et al. 2018).

A conservation-mosaic paradigm facilitates a shift from connec-
tive corridor planning focused on narrow, highly protected strips
of land to managing the landscape for permeability. Enhancing
permeability could include altering land-use practices, restor-
ing key pinch points—where human land use is disproportion-
ately preventing species movements—and helping species cross
roads, fence lines, and other barriers to movement. Landowner
incentives, land-use regulations, zoning, and density regula-
tions associated with large portions of the landscape could be
designed to increase landscape permeability for species that
are less tolerant of humans (Jayadevan et al. 2020). Approaches
have been suggested for doing so in managed forests by, for ex-
ample, retention harvests, riparian protection, longer rotations,
mimicking natural disturbance regimes, and understory man-
agement (Lindenmayer and Franklin 2002) and in agricultural
landscapes by creating uncropped margins, hedgerow plant-
ing and restoration, reduced pesticide and fertilizer use, and
summer fallows (Donald and Evans 2006; Vickery et al. 2004).
Enhancing permeability in more residential areas might involve
planning for growth that better retains green spaces with native
vegetation, promoting landscaping with native vegetation that
provides for pollinators and birds, promoting park lands, creat-
ing more natural paths through developed areas, and concentrat-
ing growth in core urban areas (Smith et al. 2019). Overcoming
barriers such as roads and fences will require multiple targeted
efforts (e.g., of underpasses and overpasses), perforating these
structures to improve permeability.

Shifting from a focus on corridors to landscape permeability
comes with additional benefits and challenges. For example,
focusing on permeability has the potential to include a broader
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Building the landscape matrix:

Examples of conservation targets and their suggested protection levels

High level of
protection
minimal detrimental activity

Medium level of

protection
some detrimental activity

uman footprint

Low-medium level of

protection
more detrimental activities

Regulation of biodi

Low level of protection
most activities allowed

Landscape permeability

Restoration of Indigenous rights
Widespread species and habitats
Carbon storage and sequestration
Community-based co-management
Spiritual, cultural, and direct health outcomes
Regulating and supporting services

Restored landscapes and seascapes

FIGURE2 | Conservation actions and how they could be served by different levels of protection. The stack of blue boxes depict four different lev-

els of biodiversity protection. The highest levels of protection (darker blue boxes) are associated with the least human impact and the most stringent

regulations (yellow-red arrows to the left). The vertically oriented boxes to the right represent conservation actions that could be taken in lands with

different degrees of protection. The extent and position of the vertical boxes represent what are likely to be common scenarios. However, the figure

is not meant to imply that the conservation of some targets or that some actions could not occur on lands with other levels of protection than those

overlapped by the vertically aligned boxes (e.g., some types of restoration can and do occur in highly protected areas and some threatened biodiver-

sity elements occur in developed landscapes).

array of taxa. Much connectivity modeling to date has focused
on vertebrates. Although corridors could easily be designed for
multiple species, the concept of a permeable landscape in which
much more of the land surface of the earth is in a semi-natural
state could facilitate the movement of many more species—in-
cluding plants, fungi, and invertebrates. More permeable land-
scapes will likely also lead to more interactions between humans
and the natural world. This could have beneficial outcomes for
mental and physical health (Frumkin et al. 2017) but could also
lead to more human-wildlife conflict (Abrahms et al. 2023).
Although enhancing permeability will likely serve many spe-
cies well, some species show high site fidelity (e.g., to breeding
colony locations), preventing range shifts, or cannot move fast or
far enough to track their shifting climate niches without human
assistance (i.e., translocation; Corlett and Westcott 2013; Pecl
et al. 2017; Schloss et al. 2012). Enhancing landscape perme-
ability helps achieve CBD 2030 targets one, eight, twelve, and
fourteen.

3.2 | Supporting Healthy Human Communities

For conservation landscapes and seascapes to succeed, peo-
ple's basic needs must be met (Zhang et al. 2020). Planning
for whole landscapes and seascapes as conservation mosaics
has the potential to more effectively incorporate the multiple
competing needs of human and non-human species and in so

doing provide more optimal solutions for biodiversity (address-
ing CBD 2023 targets five, nine, and eleven). Conservation
mosaics will still need to facilitate the production of food and
fiber, the creation of shelter, the generation of electricity, and
extraction of minerals and other materials. Each of these ac-
tivities, to different degrees, conflicts with the protection of
biodiversity, and each can be undertaken in ways that have a
range of impacts on biodiversity. The types of regulations and
constraints on (as well as incentives for) different approaches
to each of these activities could be determined in a coordi-
nated conservation-planning effort for the whole landscape.
Areas with the potential to provide for more biodiversity could
have more constraints and incentives than areas with less
potential.

Urban areas, intensely farmed areas, mines, timberlands, and
the oceans can all be managed in ways that both improve
human health, favor biodiversity, and increase permeability
(addressing CBD 2023 targets seven, ten, and twelve). Reducing
pesticide and fertilizer use can both benefit human health and
biodiversity. Diversifying croplands, reducing field sizes, and al-
lowing at least 20% of the landscape to be in a semi-natural state
can significantly increase biodiversity (Tscharntke et al. 2021).
Similarly, in areas focused on timber production, forestry prac-
tices can be modified to provide more habitat with mixed,
multi-aged forest stands, gap creation, and retention harvests
(Lafond et al. 2015). Although mines create impacts that are
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hard to avoid, management of the areas around mines and post-
mining remediation can reduce impacts. In cities, increasing
green space, including parks, community gardens, green roof-
tops, bioswales, and street trees all have the potential to increase
human health and positively affect biodiversity. Addressing
fishing impacts involves a suite of management tools such as
total allowable catches, gear restrictions, size restrictions, ac-
cess rights, habitat restoration, non-native species removal, and
quotas, which can all be applied spatially (Lapointe et al. 2014;
Sumaila et al. 2016). Applying such sustainable approaches will
require incentivizing farmers, foresters, fishers, and land- and
property-owners to be stewards through a combination of sus-
tainable management practices, conservation, and restoration
(Dudley and Alexander 2017). To increase biodiversity and
permeability while safeguarding livelihoods, locating incen-
tives and regulations, as well as more intensive agriculture,
development, fishing, and forestry will need to be part of the
conservation-planning process.

3.3 | Addressing Environmental Injustices

To date, the benefits from, and costs of, protected areas have been
inequitably distributed (Bennett 2018; Zafra-Calvo et al. 2019).
However, conservation mosaics themselves will not necessarily
address environmental injustices. It would be entirely possible
to design such landscapes in ways that perpetuate or even exac-
erbate current environmental injustices. CBD 2030 targets three
and nine through eleven all call for providing for both people
and nature and targets three, nine, eleven, and twelve specifi-
cally mention “recognizing indigenous and traditional territo-
ries, where applicable,” “protecting and encouraging customary
sustainable use by indigenous peoples and local communities,”
restoring, maintaining and enhancing “nature’s contributions
to people, including ecosystem functions and services...through
nature-based solutions and/or ecosystem-based approaches for
the benefit of all people and nature,” and “contributing to in-
clusive and sustainable urbanization.” Adhering to these goals
would provide a decent foundation for an inclusive and equitable
approach to designing conservation mosaics that prevent future
injustices.

Others have noted that a conservation mosaic-like approach that
treats entire landscapes as socio-ecological systems provides an
opportunity to reduce existing environmental injustices and
prevent future ones (Loos 2021) while addressing biodiversity
conservation needs (Biischer and Fletcher 2019; Massarella
et al. 2022). Conservation mosaics can be designed to support
people’s continued occupation of and connection with the land
and sea and supply food, fiber, and shelter—providing an alter-
native to the historical pattern of exclusion and forced removal
that has typified much of historical protected-area establish-
ment. Although there are plenty of protected areas that include
human occupancy, conservation mosaics would allow for an
even greater range of human activity. The coordination of ac-
tivities across large landscapes would allow for the targeting of
policies and restoration efforts specifically aimed to protect the
most vulnerable human populations—either by improving eco-
system services and natural climate solutions or, alternatively,
by minimizing constraints on human activity. Planning for
such efforts could involve identifying sites using multi-objective

optimization and multi-zonal conservation planning—both
well-established tools in the conservation planning toolkit
(Deléglise et al. 2024; Magris et al. 2017; Reyers et al. 2012).

As noted earlier, the establishment of protected areas has often
impacted Indigenous populations. To address these inequities
and injustices, expansion of the conservation area network into
human-occupied areas requires, at the very least, recognition
of Indigenous peoples’ rights, as well as inclusive planning,
management, and governance (Jacobs et al. 2022; Kiwango and
Mabele 2022). Some protected area management agencies have
explicitly recognized these needs in policy and program de-
sign (USDOI 2021; Van Cuong et al. 2017). Other partnerships
have done more. In the northwestern United States, for exam-
ple, a collaboration between the Colville Tribes, Conservation
Northwest, and The Nature Conservancy resulted in the pur-
chase and return of 3700 ha of land to the Okanogan people. The
site was targeted based on the increased connectivity it would
provide, particularly for carnivores like lynx and wolverine.

To help prevent future injustices, Indigenous local community
leadership will need to play a key role in promoting just and
effective governance for both social and ecological outcomes
(Artelle et al. 2019; Dawson et al. 2021). There have been numer-
ous calls for shared and inclusive decision making in the estab-
lishment and management of marine, terrestrial, and freshwater
conservation areas (Bennett 2018; Kiwango and Mabele 2022;
Shah and Rodina 2018), as well as guidance for doing so more ef-
fectively (Kiwango and Mabele 2022). There are good examples
of Indigenous-led and co-managed conservation areas around
the world, including the well-established Indigenous Protected
Areas in Australia (Muller 2003; Ross et al. 2009), co-managed
marine protected areas (Masud et al. 2022), and co-managed
extractive forestry reserves in Brazil (Prado et al. 2022).
Community conservation areas cover more land than national
parks in Namibia and Kenya (Nelson et al. 2021). Good exam-
ples of successful conservation also come from Indigenous ter-
ritories (Baragwanath and Bayi 2020; Fa et al. 2020; Schleicher
et al. 2017). Nonetheless, it is important to note that community
conservation efforts often face many challenges, such as being
appropriated by the state. In addition, not all such approaches
have been successful from a biodiversity conservation perspec-
tive; however, and therefore—as with all environmental stew-
ardship—careful consideration of context and a learning-based
approach are important.

4 | Existing Landscape Mosaics

Good examples of conservation mosaics exist on the land-
scape today. These include UNESCO Biosphere Reserves
(UNESCO 2021) such as Guadalupe Island or the Orinoco
Delta reserves in Mexico and Venezuela. These reserves have
areas zoned for different levels of conservation and different
human activities. In the United States (U.S.), the Columbia
Gorge National Scenic Area is a collaboratively governed land-
scape with zoning that ranges from strictly protected areas to
urban areas with few regulations (Box 1). In South Africa, South
African National Parks is working with partners to design land-
scapes with multiple land ownerships and different levels of pro-
tection (Box 2).
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BOX1 | Columbia Gorge National Scenic Area: A conservation landscape mosaic.

The Columbia Gorge National Scenic Area in the northwestern U.S. was established in 1986 to protect the scenic beauty of the
Columbia Gorge, a canyon on the Columbia River. Despite being designated to protect scenic beauty, not biodiversity, it provides
a good example of a mosaic of lands with multiple levels of protection and different regulations, and is co-managed by Tribes,
States, and the Federal government. All lands of the scenic area fall into three categories: Special Management Areas, General
Management Areas, and Urban Areas. The Special Management Areas have the highest level of protection and are managed
by the U.S. Forest Service. The General Management Areas have the next highest level of protection and include multiple uses,
including logging, farming, public recreation, rural residential areas, and grazing. Development is subject to multiple regulations
and any proposed development on private land is managed by the Gorge Commission and six counties. Development on public
land is managed by the U.S. Forest Service. The Gorge Commission is composed of members from two states and six counties as
well as a non-voting representative from the U.S. Forest Service. As of summer 2024, the chair and at least one of the other com-
mission positions were held by Tribal members. The Commission works with the following four Tribal nations with treaty rights
on the Columbia River: the Confederated Tribes of the Warm Springs, Yakama Nation, Nez Perce Tribe, and the Confederated
Tribes of Umatilla Indian Reservation. The Forest Service also consults with the Confederated Tribes of the Grand Ronde, the
Cowlitz Tribe, and the Siletz Tribe. The Scenic Area also includes 13 urban areas that are exempt from the Scenic Area regulations.

LAND USE DESIGNATIONS
of the SKAMANIA

COLUMBIA RIVER GORGE COUNTY
NATIONAL SCENIC AREA

KLICKITAT
COUNTY

CLARK
COUNTY HOOD RIVER

COUNTY

WASCO
COUNTY

MULTNOMAH
COUNTY

The Columbia River Gorge and map of the Columbia Gorge National Scenic Area. Photo credit: Ruvim Miksanskiy. Map credit: Columbia River|

Gorge Commission.

5 | A Spatial Planning Framework for Creating
Conservation Mosaics That Address Climate Change

Designing conservation mosaics that address climate change
requires not only identifying areas to receive high levels of pro-
tection, but also identifying areas in which management, res-
toration, and lower levels of protection can facilitate species
movements and other adaptive responses while still providing
for growing human needs. Here, we suggest a decision-making

framework for designing conservation mosaics with differ-
ent levels of protection and management that incorporates
multiple climate change-focused conservation strategies and
the provision of ecosystem services (such as agricultural pro-
duction and housing) that are generally less compatible with
biodiversity conservation (Figure 3). The framework informs
decisions on the level of protection an area might have and
management approaches, regulations, and incentives that may
be needed. Although other conservation planning efforts have
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BOX2 | South Africa: Creating a conservation landscape mosaic.

South Africa’s area-based conservation framework outlines a hierarchy of possible voluntary biodiversity stewardship agree-
ments in three categories (SANBI 2018). Category 1 (Protected Areas) includes national parks, nature reserves, and protected
environments, which have been declared under the country’s National Environmental Management Protected Areas Act (Act
57 of 2003). They have the highest protection status, biodiversity importance, and conservation support, and most restrictive
land-use conditions. Those managed as Category 2 (Conservation Areas) have less restrictive land-use conditions but are consid-
ered contributors to the broader conservation estate. Under Category 1, nature reserve and contract national park biodiversity
stewardship agreements provide eligibility for income tax deductions under the South African Income Tax Act (Act 58 of 1962).
Selective stewardship agreements under Categories 1 and 2 allow for municipal property rates exclusion, rebate, or reduction in
terms of the Municipal Property Rates Act where the local authority makes provision for this in their respective property rates
policies. Category 3 (Partnership Areas) is an informal biodiversity stewardship category involving registration of a site within
this category by the provincial conservation authority or conservation non-governmental organization. Together, categories 2 and
3 are regarded as OECMs. Each of the three categories has multiple designations under it, each with different regulations and use
allowances. For example, Category 2 Business, Industry, and Biodiversity Initiatives can involve sustainable farming and water-
shed stewardship activities. Category 3 designations include biosphere transition zones, which can allow some timber harvest and
cattle grazing. The map shows area-based protection of the Cape Agulhas region of South Africa with potential for expansion to
create a conservation mosaic. Traditional protection mechanisms (blue and green areas) are supplemented by stewardship and
co-management protection (pink and purple areas). The grey areas have been identified as important for biodiversity and could
be added to the network with different levels of protection and management to create a conservation landscape mosaic.

I Conservation priority areas c ti ced e

Traditional protected areas I Contract Nature Reserve L
B Marine Protected Area I Private Nature Reserve

I national Park [0 Biodiversity Agreement

I Nature Reserve I Voluntary Conservation Area

| Forest Nature Reserve Conservancies 0255 10 15 20

Fynbos and map of area-based protection in the Cape Agulhas region of South Africa. Map lines delineate study areas and do not necessarily depict
accepted national boundaries. Map credit: South African National Parks.

demonstrated zonal planning for multifunctional landscapes
(e.g., Reyers et al. 2012) or have integrated climate adaptation
strategies into conservation planning (e.g., Game et al. 2011), we
are unaware of a framework that provides guidance on planning
for multiple levels of protection to plan for whole landscapes that
address climate impacts for nature and people.

Our description of the framework (Figure 3) identifies a lim-
ited set of conservation actions that have been suggested for
addressing climate change. These include protecting climatic
refugia, increasing permeability, protecting rare geophysical
settings, managing for ecological transitions, and restoring de-
graded systems. Climatic refugia (hereafter “refugia”) are areas
in which climatic conditions are likely to remain, at least for a
period of time, more suitable for the local flora and fauna than

the surrounding landscape (Ashcroft 2010; Keppel et al. 2012;
Morelli et al. 2016). Such areas have been important for biodi-
versity in the past and are likely to play an important role in
conservation today. Protecting a diversity of geophysical settings
has also been suggested as a planning tool to address climate
change (Lawler et al. 2015). As species move and reorganize into
new communities, protecting a diversity of geophysical settings
could provide a diversity of conditions for these new communi-
ties. There are, as noted in Table 1, many more management and
planning actions that could be incorporated into a framework
like the one we present. Those we have included are meant to
provide an example that could be expanded upon.

The first steps in the decision-making framework involve de-
termining the degree to which an area supports one or more

8of 15

Global Change Biology, 2025

85U8017 SUOWILLOD 3A1I1D) 3|qeol dde au Ag peuenob ae Ssppiie YO ‘8sn J0Ss|n. 10} Areiq1T 8UIUO A8]IM UO (SUORIPUOD-PUR-SLLBI/LID"AB 1M AeIq 1 Ul |UO//SdNY) SUORIPUOD pue W8 1 8y} 885 *[6202/.0/0T] uo Ariqiauluo A8 * uoibuiysem JO AisieAlun - JeveTenusor Aq 8280, GoB/TTTT 0T/10p/woo" A3 |1m AR.q iUl |uoy/Sdny Wwoij papeojumoq ‘. ‘SZ0Z ‘98v2S9ET



Contain climate refugia?
No Yes

r

Yes

Protect & manage for transitions Protect

A\
Important for permeability?

Important for food, timber,
or housing for people?
No Yes

No Yes

Protect,

o 3 restore, and
= kgl  manage for Biodiversity- o
transitions friendly Biodiversity-
incentives Resto;e atnd fr'e"‘it')/ .
- and protec incentives ani
wiaEL regulations

incentives regulations

and
regulations

No

Currently houses important biodiversity elements?
Unique geophysical elements?

FIGURE 3 | A framework for creating conservation mosaics that
conserve biodiversity and climate refugia and provide for human needs
and landscape permeability. Answers to questions at the top and left-
hand sides of the figure categorize a given area into one of four quad-
rants, with the top quadrants indicating appropriate approaches and the
bottom quadrants each presenting another pair of questions to deter-
mine the appropriate approach. Note that, as in Figure 2, darker blue
tones indicate higher levels of protection. Note that areas that currently
house important biodiversity elements (i.e., upper two quadrants) may
in some cases require restoration to address historical impacts (e.g.,
wildland fire suppression).

elements of biodiversity (Watson et al. 2023) and whether or not
the area is likely to contain one or more climatic refugia. To date,
selecting areas that play an important role in supporting biodi-
versity has been at the heart of systematic conservation plan-
ning (Margules and Pressey 2000) and a number of approaches
and tools could be used to assess the value of specific areas for
biodiversity (Ball et al. 2009; Moilanen 2007). Such approaches
would take into account long-standing spatial conservation
principles such as redundancy (e.g., protecting multiple popula-
tions of species) and positive net conservation outcomes (Bottrill
and Pressey 2012; Bull et al. 2020; Groves and Game 2016;
Pressey et al. 2021). Current patterns of biodiversity are used
in these prioritizations, but planners are increasingly also using
projections of potential future biodiversity patterns (e.g., Wu
et al. 2018).

Areas that are important for protecting significant elements of
biodiversity and are identified as refugia are likely to be among
the most critical parts of the landscape for protecting biodiver-
sity—especially low-motility species—in a changing climate,
particularly in the near term. Correspondingly, these areas are
generally a high priority, deserving the highest level of protec-
tion and the strictest restrictions on detrimental human activ-
ities. They will likely need to be lands that are already in the
public domain or are purchased for the express purpose of con-
servation. As such, these areas can provide new opportunities
for developing co-management strategies and otherwise recog-
nizing Indigenous peoples’ rights. Areas that are important for
protecting biodiversity today, but are not likely to serve as refu-
gia, might receive a medium level of protection and be the focus
of management actions to facilitate ecological transitions along
preferred trajectories.

Areas that do not support important elements of biodiversity
but do serve as climatic refugia could receive varying levels of
protection depending on the degree to which there are other
competing demands on the land uses that are in conflict with
biodiversity conservation. For example, areas important for
food production, timber, or fish harvest, or housing might re-
ceive lower levels of protection and allow for more human ac-
tivity. These areas could also have substantial incentives for
practices that minimize impacts on species and ecosystems
(Lentz and Christenson 2011). For example, areas that are in
high demand for exurban development could receive protections
that constrain the type and pattern of development, including
requiring larger natural and more protected spaces among the
developments. Areas that are likely to contain refugia and are
not critical for human activities that conflict with biodiversity
conservation could be restored and protected at a relatively high
level. These areas could also serve as areas into which rarer spe-
cies might move as the climate changes.

For areas that are not likely to support important biodiversity
elements nor serve as refugia in the future, one could determine
the degree to which, if protected or restored, they would in-
crease landscape permeability. Areas that have the potential to
play a significant role in ensuring landscape permeability could
receive low to medium levels of protection but be the focus of
substantial incentives and regulations for restoration and pro-
tection. For areas that are not likely to play a role in increas-
ing permeability for climate-driven movements, one could ask
whether or not they harbor unique geophysical settings. Those
that do could be the target of protection, restoration, and man-
agement for transitions to provide areas where unique combi-
nations of species could establish in the future. Those that do
not harbor such unique geophysical settings could receive the
lowest levels of protection from human activities.

6 | Implementation
6.1 | Coordinating Conservation Efforts

Having multiple levels of protection in a landscape is an estab-
lished concept and a reality in much of the world. Lands and wa-
ters with different ownerships and lands managed by different
governmental agencies often have different levels of protection
and allow different activities. However, these lands are rarely
organized into larger landscapes with collaborative governance
to facilitate conservation actions across all of the lands and
waters therein. Collaborative governance for conservation can
involve the coordination of planning and action across multi-
ple landowners, regulatory and governing entities, and other
actors such as conservation non-governmental organizations
and other stakeholders. It can take the form of co-management
regimes, collaborative public management, nested governance,
community-centered governance, and multi-partner governance
(Armitage et al. 2020; Armitage et al. 2009; Visseren-Hamakers
et al. 2012; Wyborn and Bixler 2013). Effective collaborative
governance is critical to implementing the conservation mosaic
concept.

Collaborative governance can address the mismatch between
the scales of functioning ecological systems and established
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social systems (Cumming et al. 2006; Wyborn and Bixler 2013).
In the case of large-scale conservation mosaics, collaborative
governance would foster the coordination of climate adapta-
tion actions not generally considered in the spatial conservation
planning process, thus allowing them to be strategically placed
across the broader landscape. For example, coordinated conser-
vation efforts can greatly increase the effectiveness of ecological
restoration on connectivity across a large landscape (Neeson
et al. 2015). Collaborative governance can also increase the pace
and scale of restoration efforts (McIntyre and Schultz 2020).
Although good examples of collaborative governance and con-
servation are growing (Box 1; McIntyre and Schultz 2020), there
are still questions about exactly how and under what circum-
stances collaborative governance leads to positive ecological and
social outcomes (Bodin 2017; Clement et al. 2020). Fortunately,
the number of frameworks and tools for assessing the effective-
ness of collaborative conservation and governance is also grow-
ing (Clement et al. 2020; Emerson and Nabatchi 2015).

Although collaborative governance could take many forms in
a conservation mosaic, the governing body that oversees the
Columbia Gorge National Scenic Area (Box 1) provides one
example. This body is composed of appointees from multiple
Tribal Nations and three levels of U.S. government (smaller
counties, larger states, and one non-voting federal representa-
tive). Although the body governs the area and makes decisions
on development proposals, management of the lands within the
area is still overseen and carried out by the individual juris-
dictions. Zabala et al. (2024) provide the additional example of
EUROPARC-Spain, which serves as a transversal actor by facili-
tating cooperation across parties and protected areas.

6.2 | Flexible Land Protection Tools

Many tools for creating large-scale conservation mosaics already
exist. For example, other effective area-based conservation mea-
sures (OECMs) (Gurney et al. 2021; Jonas et al. 2021) would play
an important role in such landscapes and seascapes. OECMs
are already expanding the scope of area coverage, governance
authorities, role-players, rights-holders, land-use types, and sec-
tors that may be engaged and recognized in conservation efforts
(Dudley et al. 2018; Jonas et al. 2021; Marnewick et al. 2021). As
countries incorporate OECMs into national conservation net-
works, evidence of successful application is accumulating. One
such success is the governance of Ziro Valley agrosystems by
India's Apatani tribe in Arunachal Pradesh, where traditional
agricultural practices, which protect biodiversity, are main-
tained through combined traditional and statutory governance
systems (Dollo et al. 2009).

6.3 | Regulations and Incentives

Conservation in areas with lower levels of protection can be
achieved through land-use regulations, incentives, zoning,
and density regulations. Multiple examples of such tools exist.
In the U.S., programs like the Conservation Reserve Program,
Agricultural Conservation Easement Program, and the
Conservation Stewardship Program all offer incentives to farm-
ers for enacting conservation measures on their lands. Land-use

management laws that require setbacks from steep slopes or ri-
parian buffers are another example of tools that can be used to
increase the conservation value of lands with relatively little pro-
tection. These laws have primarily focused on human safety and
water quality, but some, like the U.S. Endangered Species Act,
focus explicitly on conserving biodiversity. Planning for entire
landscape conservation mosaics would allow planners and man-
agers to apply incentives and restrictions where they are most
needed and to coordinate efforts across areas and jurisdictions.

6.4 | Small-Scale Land Management

In the conservation mosaic model, smaller and more developed
areas can contribute to achieving biodiversity targets (Wintle
et al. 2019). Even urban areas can harbor important elements
for conserving biodiversity (Lepczyk et al. 2023). Active man-
agement for biodiversity in urban areas and agricultural land-
scapes has co-benefits for human inhabitants because more
natural landscapes can improve human health in multiple
ways (Frumkin et al. 2017; Kirk et al. 2021) and contribute to
more permeable landscapes in the areas between larger and
wilder protected areas (Ossola et al. 2019; Ribeiro et al. 2022).
Conservation mosaics with coordinated, collaborative gover-
nance would allow planners to target specific areas for incen-
tives and regulations that foster landscape permeability where
it is most needed.

7 | Conclusions

Broad-scale conservation that truly addresses biodiversity pro-
tection, landscape permeability, growing human needs, and
environmental justice will require managing whole landscapes
as complex social-ecological systems. To be successful, imple-
menting conservation mosaics will likely require a change in the
way many cultures view the relationship between humans and
nature, transitioning from a dualistic relationship in which hu-
mans are separate from nature to one in which humans are part
of nature and a shift away from a protectionist and consumptive
attitude towards a nurturing, collaborative, and sustainable one
(Biischer and Fletcher 2019). Such shifts entail envisioning and
managing conservation mosaics as human-social-ecological
systems rather than largely focusing on the management of
ecological systems in strictly protected areas. In turn, manag-
ing human social-ecological systems will necessitate a broader
leadership and management team—one that includes natural
resource specialists in collaboration with community leaders,
Indigenous knowledge holders, economic experts, and others.

Such a shift in the protected area paradigm will be challenging.
However, truly addressing the climate crisis requires a mas-
sive effort to change energy systems, food systems, transporta-
tion, housing, economies, and possibly systems of governance.
Relative to these changes, a shift in perspective from one that
sees humans and nature as separate to one that views people as
integral parts of ecosystems—the functions of which we depend
upon—may not be such a stretch. Such a shift in perspective
could lead to a new ethic and a more sustainable, greener world
in which conservation mosaics and the regulations, incentives,
and management they require are accepted and embraced.
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