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Abstract

The field of conservation aims to protect biodiversity—the diversity of life on
earth in all its forms. Traditional conservation objectives and measures have
already been expanded and modified in response to shifting social values and
climate-related challenges. As climate change progresses, we argue that these
changes will need to be accelerated. First, an even greater fraction of conserva-
tion objectives will need to prioritize the basic well-being of humans, especially
in areas where humans are strongly dependent on their natural surroundings.
For example, urban biodiversity and low-impact forms of agriculture and for-
estry that reconcile biodiversity and contributions to humans should increas-
ingly be viewed as compatible with conservation objectives. Second, more
conservation measures will need to allow for, and even foster, changes in bio-
diversity. Indeed, changing species' characteristics and biotic community com-
position are not only adaptive responses to inevitable climate change but will,
in many instances, also be necessary to maintain functioning ecosystems. Con-
versely, attempts to maintain biodiversity in a historical state will likely
become increasingly difficult, expensive, and possibly counterproductive.
Finally, in addition to continuing climate adaptation work, conservation
efforts will need to focus more on reducing atmospheric carbon concentra-
tions. We explore how collectively these changes are transforming the field of
conservation and how they have the potential to lead to a more just and sus-
tainable world despite impending climate change.
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1 | INTRODUCTION

Two of the main environmental challenges of our times, climate change and the biodiversity crisis, are inextricably
intertwined. Without serious, concerted efforts to reduce greenhouse-gas emissions, both the absolute extent of change
(A°C) relative to pre-industrial climate and the rate of climate change (A°C/decade) will significantly alter many life-
systems on earth. The sustained and strong directional selection of rapid climate change may surpass the capacity of
many species to track suitable living conditions (Foden et al., 2019). For example, between 8% and 20% of global vegeta-
tion is likely to be at risk of severe ecosystem change with an increase in global mean temperature of 2°C, and 20% to
38% of global vegetation will likely be at risk with a 3°C rise in global mean temperature (Warszawski et al., 2013). With
an increase in the global average temperature of 2°C, 3%-18% of assessed terrestrial species are likely to face high risk
of extinction, increasing to 3%-39% with a 4°C increase (IPCC, 2022). Furthermore, even if global warming is limited to
1.5-2°C, some temperature-sensitive ecosystems such as coral reefs and mangroves will be unable to persist beyond the
2040s based on conservation and restoration efforts alone (IPCC, 2022). Novel conservation approaches will be neces-
sary to prevent numerous ecosystems from disappearing along with their contributions to human societies.

Recent studies have argued that the protection of biodiversity and efforts to address climate change are largely
aligned (Portner et al., 2021; Shin et al., 2022). Indeed, some undisturbed, species-rich ecosystems such as man-
groves and wetlands tend to be efficient at carbon sequestration. In addition, measures that reduce the anthropo-
genic emissions of greenhouse gases also reduce the threat to biodiversity (Boulton et al., 2022; Morecroft
et al., 2019). Despite some elements of alignment, rapid climate change represents a fundamentally novel type of
challenge that will reshape both conservation objectives and tactics. Indeed, until now, conservation efforts have
focused on slowing rates of human-induced changes and reducing the ecological footprint of our species. Such
efforts should remain a priority. The long time-lag of greenhouse gases, however, implies that climate change will
inevitably occur and is locked-in (i.e., irreversible) for centuries to come (Clark et al., 2016).

As a result, conservationists will need to shift from a mental model of “resist and reverse all forms of change” to
“identify which forms of changes need to be resisted, and which changes are necessary and desirable.” Specifically, we
surmise that rapid climate change requires conservation strategies to (1) focus more strongly on simultaneously
addressing both human needs and biodiversity, (2) to be more accepting of certain novel systems and to manage for
transitions to novel environmental conditions, and (3) to focus on climate mitigation (reducing atmospheric carbon
concentrations). Calls for each of these individual changes have been previously made by others (e.g., Kareiva &
Marvier, 2012; Lynch et al., 2021; Morecroft et al., 2019; Stein et al., 2014). Furthermore, these changes have been
embraced to varying degrees by different conservation organizations and different sectors of the conservation move-
ment. However, they are not happening fast enough (Gardner & Bullock, 2021), nor has their collective necessity been
recognized as a force that will require a fundamental shift in conservation philosophy. Here, we make the case that cli-
mate change requires a much more rapid and concerted change to help society reach the dual global sustainability goals
of remaining within planetary limits (Steffen et al., 2015) while ensuring basic human needs (O'Neill et al., 2018;
Raworth, 2017; Table 1).

2 | CONSERVATION FOR NATURE AND PEOPLE

To understand the multiple challenges that rapid climate change represents for the preservation of biodiversity, we first
briefly retrace the evolving motivations underlying the conservation movement (Mace, 2014). The founders of western
conservation organizations identified industrialized human societies as threats to nature and species (Soulé, 1985). In
practice, this resulted in the creation of large, protected areas that were designed to function as bulwarks or fortresses
against human impacts, and the development of legal frameworks designed to protect species and habitats from extirpa-
tion. Importantly, the western conservation movement is originally based on a very specific form of idealized nature
that is free of human influence, and in which species are believed to have co-evolved into self-regulating form of equi-
librium (Cronin, 1995). Social scientists have highlighted the human-costs incurred by conservation strategies that seek
to exclude (and sometimes expropriate) humans from protected areas that focused on preservation (Biischer &
Fletcher, 2020; Callicott, 2000; Cronin, 1995; Fletcher et al.,, 2021; Kareiva et al., 2011; Kull et al., 2015). Other
researchers have questioned whether protected areas from which humans are excluded send the false signal that
“nature” only exists in the absence of humans, and whether such preservationist values may represent significant bar-
riers to sustainability in general, and alternative worldviews in particular (Biischer & Fletcher, 2019; Callicott, 2000;
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TABLE 1

Examples of conservation objectives and tactics that are changing in importance considering emerging conservation trends

(greater human focus, acceptance of biotic novelty, and systemic thinking) driven partially by climate change

Objectives

Increased focus
on human
wellbeing

Accepting and
fostering
transition and
change

Climate-change
mitigation

Tactics

Conservation and management
of lands for both Nature's
Contributions to People
(NCPs) and biodiversity

Indigenous-led conservation and
decolonization

Protected areas

Environmental justice

Recognition of beneficial non-
native species

Transitional adaptation
approaches

Indefinite, costly management to
protect all native ecosystems
and endangered species in situ
from novel, permanent forces
(e.g., climate change)

Restoration efforts to return
ecosystems to historical states

Focus on nature-based climate
solutions

Efforts to enact and facilitate
policies and practices that
reduce greenhouse-gas
emissions

Intensive conservation efforts
that generate greenhouse gases

Systemic, interdisciplinary
analyses

Future needs
1

i

Rationale

A continued shift from preservationist to commensal values
addresses both moral imperatives and practical needs.

An increased shift in leadership from specialists and
international conservation non-governmental organizations
(NGOs) with western values to local and indigenous groups
will both address a moral imperative and better capture
space-, time-, and culture-specific values.

Protected areas are, and will continue to be, critical for
climate adaptation. However, they also reinforce the notion
that humans are separate from nature (dualism) and tend
to exclude local disenfranchised populations.

Neither the impacts of climate nor the benefits of NCPs are
equitably distributed. To be just, conservation actions will
need to be anti-racist, protect vulnerable populations, and
equitably benefit all people.

Non-native species are more likely to persist than natives
under future climate change. The risks of future invasions
by non-native species need to be weighed against current
and future instrumental values for local peoples.

Continued rapid climate change will require a greater shift
from resistance- and resilience-based approaches to
transitional adaptation approaches.

It will become even more difficult to manage some
populations and ecosystems to maintain their current or
historical states. Alternatives include translocations or
trusting eco-evolutionary processes (i.e., potentially
allowing local extirpations).

Restoration efforts risk creating ecosystems that are
evolutionary dead-ends. Instead, transitional tactics should
be forward looking, and climate-compatible.

By amplifying efforts to protect and conduct climate-
compatible restoration of ecosystems that sequester and
store large amounts of carbon, conservation organizations
can directly reduce climate change.

Increased efforts by conservation organizations traditionally
focused on land and species protection to engage in climate
policy will address one of the root causes of biodiversity
loss.

Conservation NGOs should be exemplary and also reduce
their own fossil fuel intensive activities, including air travel
by conservationists and scientists.

Addressing the causes of climate change will require an
increased emphasis on socio-environmental systems
approaches and analyses and greater inclusion of social
sciences.

Guiasu & Tindale, 2018; Lahsen & Turnhout, 2021; Sagoff, 2020). Nonetheless, creating and expanding human-free
protected areas remains a widespread target within the conservation movement, especially among western biologists
(Biischer & Fletcher, 2019; Convention on Biological Diversity (CBD), 2021).
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CLIMATE CHANGE

Sough Framing of Values Habitats Species Tools
conservation )
- Original, native Modified, Threatened native Restoration
communities degraded

FIGURE 1 The perimeter of conservation targets has expanded its focus over time, from protected areas to semi-natural areas.
Including all forms of biodiversity and habitats into a holistic consideration will be necessary to identify a human-nature vision that is
compatible with sustainability. Expanded upon Mace 2005

In 1987, the Brundtland Report Our Common Future explicitly linked human welfare to the state of the environ-
ment. Thus, nature was to be protected not just for itself (intrinsic values) but also for its contributions to human devel-
opment and poverty alleviation. One way in which the conservation movement integrated human-based values was
through the development of the ecosystem services concept (Daily, 1997), which renders explicit the contributions of
ecological functions to human well-being. Since then, major biodiversity initiatives (Convention on Biological Diversity
[CBD]; U.N. Sustainable Development Goals), international platforms (IPBES, IUCN), and major conservation NGOs
(e.g., WWF International, The Nature Conservancy) have all broadened their mission statements to include some varia-
tion of “nature and people” and explicit valuation of nature's contributions to people (NCPs; Diaz et al., 2018). An inter-
esting consequence of the continued rapprochement between the fields of conservation of biodiversity and human
development is the heightened awareness regarding the immense diversity of values that emanate from nature and
how these are often site-, time- and culture-specific (Diaz et al., 2018; Fletcher et al., 2021; Kohler et al., 2019; Obura
et al., 2021; Pascual et al., 2017, 2021; Zafra-Calvo et al., 2020).

Thus, the values within the conservation movement have expanded during the last 20 years to also include human-
centered (instrumental and relational) values (Figure 1). Although this shift has resulted in some high-profile debates
in which conservation of biodiversity and nature for people were pitted against each other (Marvier, 2014; Soulé, 2013),
the conservation movement is, in reality, composed of a multitude of schools of thought, contrasting values and motiva-
tions, and infinite nuance. More recently, there have been numerous calls for the conservation movement to better cap-
ture this diversity of worldviews and values (Diaz et al., 2018; Fletcher et al., 2021; Kohler et al., 2019; Obura
et al., 2021; Pascual et al., 2021).

Climate change is already having profound impacts on human communities around the world. These include impacts
on health, livelihoods, shelter, economies, food and water resources, and security resulting from changes in extreme
weather events and rising sea levels (IPCC, 2022). In light of these impacts, in addition to protecting biodiversity, conser-
vation organizations have a moral imperative to address issues of environmental justice and with it the interests of com-
munities (including vulnerable, Indigenous, and non-Indigenous communities) when addressing the impacts of climate
change (Clement, 2021; Wyborn et al., 2020). A greater focus on the needs of groups that have historically been underrep-
resented and that are being most impacted by climate change will require greater power to be placed on local stakeholder
groups and their value systems. Such a shift will include inter alia more Indigenous-led conservation and decolonization.

3 | EMBRACING NOVELTY AND TRANSITION

To prevent the loss of biodiversity, conservation measures have historically focused on limiting human influences. This
was implemented, for example, through the creation of protected areas, removing invasive species, restoring and
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recreating former habitats, and species-specific management to boost populations of threatened species. The intensity
and rapidity of climate change raise the question of whether all these traditional tactics will be efficient or even effective
in the future.

3.1 | The limits of resistance and resilience

Until recently, climate change adaptation efforts for biodiversity have largely focused on strategies of resistance
(attempts to maintain a system in its current state, despite climate change) and resilience (approaches that allow a sys-
tem to return to a current or prior state after a climate-related perturbation). However, as climate change progresses, in
many cases, tactics that seek to maintain species and ecosystems in a historical state will no longer be pragmatic
(Camacho et al., 2010; Stein et al., 2014). Furthermore, as environments are modified by climate change, the gap
between the systems managed for a current or historical state and their unmanaged surroundings will only increase
(Mace & Purvis, 2008). This will leave the targets of resistance and resilience strategies increasingly out of sync with the
rapidly changing environment and dependent on indefinite and costly human assistance.

3.2 | Transitional tactics

What should be done then for plant and animal species whose suitable habitat is disappearing because of climate
change? The potential inadequacy of resistance and resilience approaches have required conservation practitioners to
devise and apply adaptation approaches that allow species and systems to track changes in climate (Lynch et al., 2021;
Stein et al.,, 2014) and practical guidance to facilitate adaptation through natural selection (Ashley et al., 2003;
Carroll & Fox, 2008; Crandall et al., 2000; Schlaepfer et al., 2005). Such transitional strategies tacitly accept and even
encourage certain changes in allele frequencies (within populations), species distributions, community composition,
and basic ecosystem functions.

Transitional measures were first used to rescue threatened native populations. Examples include increasing the
genetic variability of a species by mixing populations (Johnson et al., 2010; Westemeier et al., 1998), training native prey
populations to avoid introduced predators (Blumstein et al., 2002; Salo et al., 2007; Schlaepfer et al., 2005), and assisting
in the landward migration of coastal systems (Leo et al., 2019). As the rate of anthropogenic change has accelerated,
more dramatic measures have been proposed and, in some cases, applied. These include assisted colonization—moving
species out of their historical ranges to allow them to stay within their ecological niche—(Hoegh-Guldberg et al., 2008),
assisted adaptation (Jones & Monaco, 2009), and actively transitioning vegetation communities or ecosystems to antici-
pate future change. For example, for corals, directed adaptation could include selective breeding, inoculating corals
with temperature-tolerant algal symbionts, preconditioning corals to stress, and manipulating a coral's microbiome
(Damjanovic et al., 2017; van Oppen et al., 2015, 2017). These human interventions are generally viewed as acceptable
(although see Ricciardi & Simberloff, 2009) because it is deemed preferable to allow ecosystems and species to persist in
a modified state than to let them disappear.

Although transitional strategies seem necessary and urgent (Colloff et al., 2017; Gardner & Bullock, 2021), they
remain rarely implemented (Heller & Zavaleta, 2009; McLaughlin et al., 2022). Peterson St-Laurent et al. (2021) exam-
ined 104 climate adaptation projects and noticed only a small trend towards more transformation-focused projects
between 2011 and 2019. The implementation of transitional measures may be hindered by a reluctance to accept
change or to further intervene in changing systems. For example, proposals to translocate species outside of their histor-
ical range to assist the species' survival in light of climate change (Hoegh-Guldberg et al., 2008), to value the contribu-
tions of populations outside of their “native range” toward preventing extinction (Wallach et al., 2020), or to value all
species for their intrinsic and instrumental values regardless of their origin (Davis et al., 2011; Schlaepfer, 2018) are rou-
tinely opposed by researchers with static, nativist world-views (Cuthbert et al., 2020; Pauchard et al., 2018; Ricciardi &
Simberloff, 2009).

Transitional approaches raise both practical concerns (Pettorelli et al., 2021) and spark several interesting questions
that lie at the intersection of biology and normative values (Guiasu & Tindale, 2018; Lackey, 2009; Morecroft
et al., 2019). To what extent is it acceptable for humans to intervene to putatively save a population or species? What
risks are we willing to take when translocating a species outside of their “original” range to assist the species’ survival
in the face of climate change? Is it ok to plant non-native trees in urban centers to ensure that there are at least some
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living trees there in the future (Sjoman et al., 2016)? Do such actions unwittingly make human-induced changes more
acceptable, thereby reducing pressure to mitigate the initial problem (Maron et al., 2016)? In addition, transitional
approaches force us to revisit our nature-based values. Do ecosystems with novel species assemblages have less value
than native assemblages (Hobbs et al., 2009; Schlaepfer, 2018)? Is it ok to plant endangered species in urban gardens to
protect the species from extinction (Segar et al., 2022), and in doing so are we degrading the species' value? Is it desir-
able or undesirable to discover that non-native species make up a large fraction of a given community? Should the
hybridization between native and introduced species that produces offspring with high fitness in their (novel, human-
altered) environment, be cause for dismay or cautious optimism (Quilodran et al., 2020; Box 1)? When, if at all, should
one allow populations and communities to simply evolve without further human interference?

Answering these questions will require interdisciplinary approaches capable of blending scientific information, nor-
mative values (which capture, e.g., personal preferences, tolerance to different types of risk, and worldviews), and
knowledge of local needs. Although international biodiversity organizations and initiatives will retain key roles
(in assessing global biodiversity trends, and addressing global threats to biodiversity such as trade and telecoupling),
the mantle of authority regarding biodiversity targets will logically shift toward grass-roots, local, and regional initia-
tives (Obura et al., 2021; Zafra-Calvo et al., 2020) to account for local needs, and cultural values.

In a related matter, indicators used to track biodiversity will also need to be updated to capture these evolving
values. Too many indicators and laws still overlook biodiversity values and NCPs that emanate from human-modified
habitats (Schlaepfer, 2018). Several promising elements have been inserted into proposals for post-2020 CBD indicators
including integration of “modified” ecosystems as targets of biodiversity protection in Target A, greater sustainability of
NCP use in Target B, and better valuation of urban biodiversity in Target 12 (Convention on Biological Diversity
(CBD), 2021).

BOX 1 Alternative valuations of novel biological entities

A hallmark of a preservationist goal is to maintain and restore natural elements in some historical state. Novel
species (as in, introduced, and novel hybrids) and ecosystems have generally been viewed as incompatible with
traditional conservation goals. However, novel species should also be appreciated for their contributions to bio-
diversity and their ecological functions (Clement, 2021; Hobbs et al., 2009; Vellend et al., 2007). Take, for exam-
ple, the case of hybrid tiger salamanders in California, USA (Fitzpatrick & Shaffer, 2007), which are the
product of native and introduced sub-species. There are potential negative ecological consequences of the
hybridization between introduced (sub)species and native species, and genetic introgression can be seen as
undermining the putative genetic integrity (a value-laden term that refers back to a certain conceptualization of
idealized nature without humans, in our opinion) of the local subspecies (Ryan et al., 2009). However, it is also
possible that hybridization could improve the chances of having viable salamander populations under current
(often modified) and future conditions. In addition, hybrid individuals could offer an improved phenotypic ves-
sel to carry historical (native) alleles into the future, thus generating a form of resilience for genetic diversity
(see Fitzpatrick et al., 2010; Quilodran et al., 2020). It might be preferable for alleles of a threatened subspecies
to be integrated into a novel phenotype that improves their chance of persistence, then to let them go extinct in
their “native form.”

Similarly, the growing fraction of non-native species that make up biotic communities (especially on islands
and in urban environments; Sax, 2001; Schlaepfer, 2018) has the potential to be problematic because some of
these non-native species have had large impacts on native species and ecosystem functions or may do so in the
future (Guo et al., 2020). However, it is also possible that numerous regions of the world have a fraction of spe-
cies that will be pre-adapted to future conditions. Recent work suggests that some novel species can rapidly
blend into the local web of life and provide useful complex ecological functions (Mascaro et al., 2012;
Matallana-Puerto & Cardoso, 2022; Ramus et al., 2017; Tablado et al., 2010; Vizentin-Bugoni et al., 2019).
Under a transitional approach, the future risk of undesirable effects needs to be weighed against the value gen-
erated by pre-adapted life forms to future conditions (Schlaepfer et al., 2011). How novel biological entities are
valued depends not just on scientific evidence, but also on the normative value system (Sagoff, 2020; Figure 2).
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Barred Salamander
Introduced species

California Tiger Salamander
Endangered

Hybrid (California Tiger x Barred Salamander)
These animals have the lowest death rate

613

FIGURE 2 Native, introduced, and hybrid phenotypes of Ambystoma salamanders in California. Credit: Zina Deretsky, U.S. National
Science Foundation

3.3 | Accepting certain forms of human-induced change

Rapid, contemporary changes in biodiversity have historically been viewed as antithetical to conservation targets,
especially when induced by humans. We have argued above that conservation tactics will need to accept and even
encourage certain biotic changes. Accepting change in some systems and protected areas relieves managers of the
requirement to maintain the “original” ecosystems and species. However, how will practitioners determine which
such changes are compatible with conservation targets, and which changes are undesirable? Unfortunately, there will
likely be no easy answers and managers will have to co-construct an acceptable vision of the future with local stake-
holders. This could, in some cases, result in greater acceptance of certain human-induced changes (such as changes
in species distributions as a result of climate change, or some introduced non-native species) as bona fide compo-
nents of future, desirable ecosystems (Hobbs et al., 2009). In Switzerland, for example, Solidago plants are still eradi-
cated (pulled by hand) within protected areas on the basis that they compete with native species. Such management
efforts must be repeated every few years, as the plant re-occupies its niche. But in addition to being well-adapted to
their current environment, Solidago plants also provide aesthetic benefits, support pollinators, and provide medicinal
products (Schlaepfer, 2018). In the future, management decisions to maintain a semblance of native ecosystems will
appear increasingly futile, especially as the proportion of non-native species increases (Guo et al., 2020). Instead,
management decisions will require assessing both negative impacts of non-native species and the potential values
they bring to rapidly changing systems, even if doing so may require overcoming deeply engrained reflexes about
which natural elements should have value.

4 | CLIMATE CHANGE MITIGATION

As climate change progresses, adaptation efforts for people and for nature will become exceedingly difficult and expen-
sive to implement. Thus, mitigation efforts remain critical. Until relatively recently, biodiversity-focused conservation
organizations have left mitigation efforts to other entities, concentrating instead on adaptation. The conservation com-
munity, as a sector of the economy, likely represents a tiny fraction of greenhouse gas emissions. But, we argue that the
conservation community must be exemplary in this domain and must also do its share to become net-neutral within a
decade or two. This can be achieved thanks to the conservation of carbon sinks, but also by dramatically reducing emis-
sions of greenhouse gases related to conservation activities.
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4.1 | Greater focus on ecosystems that sequester carbon

The conservation of biodiversity and NCPs requires mitigating climate change (Convention on Biological Diversity
(CBD), 2021). Conservation organizations are doing so by prioritizing nature-based solutions for carbon sequestration.
Forests, wetlands, grasslands, and mangroves, all have the potential to sequester and store carbon and simultaneously
provide habitat for biodiversity (Morecroft et al., 2019). Although reforestation and avoided conversion of natural sys-
tems provide some of the largest carbon benefits (Griscom et al., 2017), nature-based solutions also include forest man-
agement to increase harvest rotation lengths, using cover crops, adding trees to croplands, and restoring wetlands,
grasslands, and urban forests (Fargione et al., 2018; Robertson et al., 2021). Conservation biologists and conservation
organizations can play a critical role in ensuring that the contributions of nature-based climate solutions are properly
calculated and that solutions are designed not only to maximize carbon sequestration (e.g., through forest plantations),
but also to protect functioning ecosystems and biodiversity (Seddon et al., 2019).

4.2 | Reducing emissions from conservation

Conservation organizations and individuals can also reduce their own contributions to atmospheric carbon concentrations
by rapidly phasing-out or reducing high emission activities such as air travel for research, workshops, conferences, and
invited seminars (Fox et al., 2009). Because carbon compensation can be ineffective (Anderson, 2012) efforts should focus
on absolute reductions. Conservation scientists could commit, for example, to flying no more than once every 2-3 years
for professional purposes. In addition, conference organizers, for example, will need to provide viable online alternatives
to travel. Perhaps more importantly, conservation organizations that have traditionally focused on conserving biodiversity
or protecting land can also engage in activities (beyond nature-based climate solutions) that directly support the reduction
of greenhouse-gas concentrations. For example, the post-2020 CBD indicators rightfully include carbon mitigation as a
key indicator of progress for biodiversity (Target 8; Convention on Biological Diversity (CBD), 2021).

43 | Trade-offs between climate mitigation and biodiversity

In addition to focusing more on ecosystems that serve as carbon sinks and nature-based climate solutions, conservation
biologists can inform many of the critical decisions about mitigation actions by calculating the co-benefits of climate
mitigation measures and informing the siting of mitigation projects to reduce impacts on biodiversity. For example, car-
bon storage capacity and species richness are not necessarily correlated (Beaudrot et al., 2016). Thus, maximizing car-
bon storage and biodiversity goals will require optimizing for both outcomes (Ferreira et al., 2018). In addition to
helping to site nature-based mitigation projects, conservation scientists can also help to develop approaches to
implementing solutions, such as reforestation, in ways that improve biodiversity outcomes (Di Sacco et al., 2021). There
will, nonetheless, be trade-offs and some mitigation gains will come at the expense of local biodiversity. In some
instances, it may be in the interest of global biodiversity to tolerate some localized negative impacts due, for example, to
renewable energy infrastructure, especially if there are theoretical reasons to believe that populations can learn or adapt
to overcome these negative impacts with time (May, 2015). Future research will need to develop methods that integrate
both direct and indirect impacts of such situations.

5 | ANEWCULTURE OF CONSERVATION

Accepting some forms of human change, acknowledging the importance of human-nature dependencies, and increas-
ing the importance of climate mitigation will have important implications for conservation goals. Here, we outline in
broad strokes how conservation goals will need to continue to change as well as some of the scientific needs that those
changes are generating.

Interdisciplinary initiatives such as the global and regional biodiversity and ecosystem service assessments coordi-
nated by IPBES have helped highlight the global importance of protecting biodiversity, which has now become
fully integrated into the challenge of transitioning the world to a sustainable future. Creating sustainable
social-environmental systems will require reducing human impacts within planetary limits and ensuring more
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equitable opportunities and access to NCPs, especially in favor of the underprivileged (O'Neill et al., 2018). How to do
so is not without challenges (Otero et al., 2020) as it will likely require an overhaul of our economic and societal
models. Integral to such a transition is re-conceptualizing the human species as a modest, commensal species, one spe-
cies among others. Although it is a gross simplification, in general, global conservation goals have been evolving from
“preserving all species and ecosystems in their historical state” to “preserving ecosystems that are capable of adaption
to rapidly changing conditions and that support people and biodiversity.” This shift in goals explains why the perimeter
of conservation biology and the biological elements deemed of interest has slowly been expanding with time beyond
protected areas and endangered species (Figure 1) to include novel tactical approaches (Table 1).

We must ensure, however, that by considering NCPs we are not commodifying nature, but instead making explicit
our dependencies. We must also ensure that by accepting humans as agents of change, we are not condoning reckless
development, but merely accepting the changes we induce as natural (rather than “artificial”, which separates us from
nature). A non-dualistic view of “humans & nature” (Figure 1, Mace, 2014) also helps recognize that certain light-intensity
land uses such as soil conservation farming, agroecology, and selective logging may provide acceptable levels of both bio-
diversity and NCPs. Despite the uncertainty and risks (Marvier & Kareiva, 2020) the shift underway has the potential to
foster greater ethical awareness of the role of our species and the emergence of greater respect and responsibility.

5.1 | Scientific needs

The challenge of protecting biodiversity considering climate change and the need for societal transformation raises a
suite of novel challenges that will need to be addressed through interdisciplinary research. For example, countries, insti-
tutions, and individuals need guidance on what can be done to promote biodiversity within the context of sustainability.
Novel methods that draw on life-cycle analyses are needed to establish the relative impact of different measures. We
suspect that too often measures have been chosen when they produce immediate, visible effects (e.g., establishing green
roofs with pollinator-friendly plants, or establishing a tiny nature reserve) when a similar investment in, for example,
reducing airtravel or meat intake, could have generated a much more positive (albeit invisible) impact for global biodi-
versity and with greater collateral benefits of reducing carbon footprints. In addition, conservation biologists will need
to devise novel methods to help society distinguish between changes in biodiversity states that are desirable or benign
(because they are likely to be adaptive or provide useful NCPs or attenuate climate change), from those that are likely
to be detrimental (because they likely lead to permanent loss of unique biodiversity and loss of NCPs). Additional exam-
ples of needed research include identifying the suitable trade-offs between biodiversity and climate-change reduction in
the sector of renewable energy production; providing a typology of alternative world-views and values that are compati-
ble with global sustainability, and the trade-offs between various interests (climate, biodiversity, human well-being,
etc.) that will be necessary to follow viable pathways towards a more sustainable world.

6 | CONCLUSION

We have argued on pragmatic and ethical grounds that success in the face of rapid climate change will require conser-
vation organizations and practitioners to increase their focus on NCPs, further embrace transition, change, and certain
novel biotic forms (species, communities), as well as slowing and reducing climate change by increasingly focusing on
climate change mitigation. Over the last several decades, conservation foci have been slowly expanding beyond protec-
ted areas to include more human-influenced landscapes and a wider range of species (Figure 1). Simultaneously, the
biodiversity challenge is being tackled with increasingly holistic and systemic tools. This expansion is well aligned with
the changes that the conservation field will need to make to address climate change.

Some will argue that the expansion of the foci of conservation will promote shifting baselines and commodification
of nature, both of which will only encourage further “deterioration” of nature. We do not advocate abandoning protec-
ted areas, forgoing all attempts to control invasive species, or ceasing management of all declining populations. These
will still be important conservation strategies moving forward, not least because they are now part of our shared conser-
vation history. We also acknowledge that including NCPs as conservation targets, fostering transitions, and accepting
novel biotic entities potentially risks promoting, rather than reigning in, further human impacts. However, in addition
to being critical for conserving biodiversity in the face of rapid climate change, these newer strategies have the potential
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to help foster a different human-nature relationship that offers the potential to bring us into a just and safe space for
humanity (Raworth, 2017).

AUTHOR CONTRIBUTIONS
Martin A. Schlaepfer: Conceptualization (equal); writing — original draft (lead). Joshua Lawler: Conceptualization
(equal); visualization (lead); writing — original draft (supporting); writing — review and editing (lead).

ACKNOWLEDGMENT

We thank the participants of the Climate-talk series at the Institute for Environmental Sciences, University of Geneva,
Anne Guerry, and two anonymous reviewers for their constructive comments on previous versions of this manuscript.
Open access funding provided by Universite de Geneve.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data were created or analyzed in this study.

ORCID
Martin A. Schlaepfer \© https://orcid.org/0000-0002-8752-6245
Joshua J. Lawler (2 https://orcid.org/0000-0002-8306-3175

RELATED WIREs ARTICLE
Design of conservation strategies for climate adaptation

FURTHER READING

Evans, M. C. (2021). Re-conceptualizing the role(s) of science in biodiversity conservation. Environmental Conservation, 48(3), 151-160.
https://doi.org/10.1017/S0376892921000114

Kremen, C., & Merenlender, A. M. (2018). Landscapes that work for biodiversity and people. Science, 362(6412), eaau6020. https://doi.org/
10.1126/science.aau6020

Marris, E. (2011). Rambunctious garden: Saving nature in a post-wild world. Bloomsbury.

Raworth, K. (2017). Doughnut economics: Seven ways to think like a 21st-century economist. Chelsea Green Publishing.

REFERENCES

Anderson, K. (2012). The inconvenient truth about carbon offsets. Nature, 484, 7.

Ashley, M. V., Willson, M. F., Pergams, O. R. W., ODowd, D. J., Gende, S. M., & Brown, J. S. (2003). Evolutionarily enlightened manage-
ment. Biological Conservation, 111(2), 115-123.

Beaudrot, L., Kroetz, K., Alvarez-Loayza, P., Amaral, I, Breuer, T., Fletcher, C., Jansen, P. A., Kenfack, D., Lima, M. G. M., Marshall, A. R.,
Martin, E. H., Ndoundou-Hockemba, M., O'Brien, T., Razafimahaimodison, J. C., Romero-Saltos, H., Rovero, F., Roy, C. H., Sheil, D.,
Silva, C. E. F., ... Andelman, S. (2016). Limited carbon and biodiversity co-benefits for tropical forest mammals and birds. Ecological
Applications, 26(4), 1098-1111. https://doi.org/10.1890/15-0935

Blumstein, D. T., Mari, M., Daniel, J. C., Ardron, J. G., Griffin, A. S., & Evans, C. S. (2002). Olfactory predator recognition: Wallabies may
have to learn to be wary. Animal Conservation, 5, 87-93.

Boulton, C. A., Lenton, T. M., & Boers, N. (2022). Pronounced loss of Amazon rainforest resilience since the early 2000s. Nature Climate
Change, 12, 271-278. https://doi.org/10.1038/s41558-022-01287-8

Biischer, B., & Fletcher, R. (2019). Towards convivial conservation. Conservation and Society, 17(3), 283-296. https://doi.org/10.4103/cs.cs_
19_75

Biischer, B., & Fletcher, R. (2020). The conservation revolution. Verso.

Callicott, J. B. (2000). Contemporary criticisms of the received wilderness idea. In D. N. Cole, S. F. McCool, W. A. Freimund, & J. O'Loughlin
(Eds.), Wilderness science in a time of change conference-volume 1: Changing perspectives and future directions (pp. 24-31). U.S. Depart-
ment of Agriculture, Forest Service.

Camacho, A. E., Doremus, H., McLachlan, J. S., & Minteer, B. A. (2010). Reassessing conservation goals in a changing climate. Issues in Sci-
ence and Technology, 26(4). Retrieved from. https://issues.org/p_camacho/

Carroll, S. P., & Fox, C. W. (2008). Conservation biology: Evolution in action. Oxford University Press.

Q0 '220Z '66LLLSLL

woyy

10 Ausionun g ‘w

uo

onNqUISIP pue asn-ay

sajone 5990y UadQ 10} 10998 ‘PanIWISd 10U AROLI



o

L

SCHLAEPFER anp LAWLER WIREs Wl LEY. 11 of 14

Clark, P. U., Shakun, J. D., Marcott, S. A., Mix, A. C., Eby, M., Kulp, S., Levermann, A., Milne, G. A., Pfister, P. L., Santer, B. D.,
Schrag, D. P., Solomon, S., Stocker, T. F., Strauss, B. H., Weaver, A. J., Winkelmann, R., Archer, D., Bard, E., Goldner, A, ...
Plattner, G.-K. (2016). Consequences of twenty-first-century policy for multi-millennial climate and sea-level change. Nature Climate
Change, 6(4), 360-369. https://doi.org/10.1038/nclimate2923

Clement, S. (2021). Novel decisions and conservative frames. In Governing the Anthropocene (pp. 97-144). Palgrave Macmillan. https://doi.
0rg/10.1007/978-3-030-60350-2_4

Colloff, M. J., Martin-Lépez, B., Lavorel, S., Locatelli, B., Gorddard, R., Longaretti, P.-Y., Walters, G., van Kerkhoff, L., Wyborn, C.,
Coreau, A., Wise, R. M., Dunlop, M., Degeorges, P., Grantham, H., Overton, I. C., Williams, R. D., Doherty, M. D., Capon, T.,
Sanderson, T., & Murphy, H. T. (2017). An integrative research framework for enabling transformative adaptation. Environmental Sci-
ence & Policy, 68, 87-96. https://doi.org/10.1016/j.envsci.2016.11.007

Convention on Biological Diversity (CBD). (2021). Proposed headline indicators of the monitoring framework for the post-2020 global biodi-
versity framework. Retrieved from https://www.cbd.int/doc/c/d716/da69/5e81c8e0facaldbldd145a59/wg2020-03-03-add1-en.pdf.

Crandall, K. A., Bininda-Emonds, O. R. P., Mace, G. M., & Wayne, R. K. (2000). Considering evolutionary processes in conservation biology.
Trends in Ecology & Evolution, 15(7), 290-295.

Cronin, W. (1995). Uncommon ground: Toward reinventing nature. W.W. Norton & Company.

Cuthbert, R. N., Bacher, S., Blackburn, T. M., Briski, E., Diagne, C., Dick, J. T. A, Essl, F., Genovesi, P., Haubrock, P. J., Latombe, G.,
Lenzner, B., Meinard, Y., Pauchard, A., Pysek, P., Ricciardi, A., Richardson, D. M., Russell, J. C., Simberloff, D., & Courchamp, F.
(2020). Invasion costs, impacts, and human agency: Response to Sagoff 2020. Conservation Biology, 34, 1579-1582. https://doi.org/10.
1111/cobi.13592

Daily, G. C. (1997). Nature's services: Societal dependence on natural ecosystems. Island Press.

Damjanovic, K., Blackall, L. L., Webster, N. S., & van Oppen, M. J. H. (2017). The contribution of microbial biotechnology to mitigating coral
reef degradation. Microbial Biotechnology, 10(5), 1236-1243. https://doi.org/10.1111/1751-7915.12769

Davis, M. A., Chew, M. K., Hobbs, R. J., Lugo, A. E., Ewel, J. J., Vermeij, G. J., Brown, J. H., Rosenzweig, M. L., Gardener, M. R.,
Carroll, S. P., Thompson, K., Pickett, S. T. A., Stromberg, J. C., Tredici, P. D., Suding, K. N., Ehrenfeld, J. G., Philip Grime, J.,
Mascaro, J., & Briggs, J. C. (2011). Don't judge species on their origins. Nature, 474(7350), 153-154. https://doi.org/10.1038/
474153a

Di Sacco, A., Hardwick, K. A., Blakesley, D., Brancalion, P. H. S., Breman, E., Cecilio Rebola, L., Chomba, S., Dixon, K., Elliott, S.,
Ruyonga, G., Shaw, K., Smith, P., Smith, R. J., & Antonelli, A. (2021). Ten golden rules for reforestation to optimize carbon sequestra-
tion, biodiversity recovery and livelihood benefits. Global Change Biology, 27(7), 1328-1348. https://doi.org/10.1111/gcb.15498

Diaz, S., Pascual, U., Stenseke, M., Martin-Lopez, B., Watson, R. T., Molndr, Z., Hill, R., Chan, K. M. A,, Baste, I. A., Brauman, K. A,,
Polasky, S., Church, A., Lonsdale, M., Larigauderie, A., Leadley, P. W., van Oudenhoven, A. P. E., van der Plaat, F., Schroter, M.,
Lavorel, S., ... Shirayama, Y. (2018). Assessing nature's contributions to people. Science, 359(6373), 270-272. https://doi.org/10.1126/
science.aap8826

Fargione, J. E., Bassett, S., Boucher, T., Bridgham, S. D., Conant, R. T., Cook-Patton, S. C., Ellis, P. W., Falcucci, A., Fourqurean, J. W.,
Gopalakrishna, T., Gu, H., Henderson, B., Hurteau, M. D., Kroeger, K. D., Kroeger, T., Lark, T. J., Leavitt, S. M., Lomax, G.,
McDonald, R. L, ... Griscom, B. W. (2018). Natural climate solutions for the United States. Science Advances, 4(11), eaat1869. https://doi.
org/10.1126/sciadv.aat1869

Ferreira, J., Lennox, G. D., Gardner, T. A., Thomson, J. R., Berenguer, E., Lees, A. C., Mac Nally, R., Aragdo, L. E. O. C., Ferraz, S. F. B,,
Louzada, J., Moura, N. G., Oliveira, V. H. F., Pardini, R., Solar, R. R. C., Vieira, I. C. G., & Barlow, J. (2018). Carbon-focused conservation
may fail to protect the most biodiverse tropical forests. Nature Climate Change, 8(8), 744-749. https://doi.org/10.1038/s41558-018-0225-7

Fitzpatrick, B. M., Johnson, J. R., Kump, D. K., Smith, J. J., Voss, S. R., & Shaffer, H. B. (2010). Rapid spread of invasive genes into a threat-
ened native species. Proceedings of the National Academy of Sciences of the United States of America, 107(8), 3606-3610. https://doi.org/
10.1073/pnas.0911802107

Fitzpatrick, B. M., & Shaffer, H. B. (2007). Hybrid vigor between native and introduced salamanders raises new challenges for conservation.
Proceedings of the National Academy of Sciences of the United States of America, 104(40), 15793-15798. https://doi.org/10.1073/pnas.
0704791104

Fletcher, M.-S., Hamilton, R., Dressler, W., & Palmer, L. (2021). Indigenous knowledge and the shackles of wilderness. Proceedings of the
National Academy of Sciences of the United States of America, 118(40), €2022218118. https://doi.org/10.1073/pnas.2022218118

Foden, W. B., Young, B. E., Ak¢akaya, H. R., Garcia, R. A., Hoffmann, A. A., Stein, B. A., Thomas, C. D., Wheatley, C. J., Bickford, D.,
Carr, J. A., Hole, D. G., Martin, T. G., Pacifici, M., Pearce-Higgins, J. W., Platts, P. J., Visconti, P., Watson, J. E. M., & Huntley, B. (2019).
Climate change vulnerability assessment of species. WIREs Climate Change, 10(1), €551. https://doi.org/10.1002/wcc.551

Fox, H. E., Kareiva, P., Silliman, B., Hitt, J., Lytle, D. A., Halpern, B. S., Hawkes, C. V., Lawler, J., Neel, M., Olden, J. D., Schlaepfer, M. A,
Smith, K., & Tallis, H. (2009). Why do we fly? Ecologists' sins of emission. Frontiers in Ecology and the Environment, 7(6), 294-296.
https://doi.org/10.1890/09.WB.019

Gardner, C. J., & Bullock, J. M. (2021). In the climate emergency, conservation must become survival ecology. Frontiers in Conservation Sci-
ence, 2, 659912. https://doi.org/10.3389/fcosc.2021.659912

Griscom, B. W., Adams, J., Ellis, P. W., Houghton, R. A., Lomax, G., Miteva, D. A., Schlesinger, W. H., Shoch, D., Siikaméki, J. V., Smith, P.,
Woodbury, P., Zganjar, C., Blackman, A., Campari, J., Conant, R. T., Delgado, C., Elias, P., Gopalakrishna, T., Hamsik, M. R, ...

Q0 '220Z '66LLLSLL

woyy

10 Ausionun g ‘w

uo

F
4
3
8
o
2

salone 55990y Uad( 10} 1d20Xa PanIWIRd 10U ARD)



o

L

12 of 14 SCHLAEPFER LAWLER
Bofie | \WILEY-— & WIRE: o

Fargione, J. (2017). Natural climate solutions. Proceedings of the National Academy of Sciences, 114(44), 11645-11650. https://doi.org/10.
1073/pnas.1710465114

Guiagu, R. C., & Tindale, C. W. (2018). Logical fallacies and invasion biology. Biology and Philosophy, 33, 34-58. https://doi.org/10.1007/
$10539-018-9644-0

Guo, Q., Cade, B. S., Dawson, W., Essl, F., Kreft, H., Pergl, J., Kleunen, M., Weigelt, P., Winter, M., & Pysek, P. (2020). Latitudinal patterns
of alien plant invasions. Journal of Biogeography, 48(2), 253-262. https://doi.org/10.1111/jbi.13943

Heller, N. E., & Zavaleta, E. S. (2009). Biodiversity management in the face of climate change: A review of 22 years of recommendations. Bio-
logical Conservation, 142(1), 14-32. https://doi.org/10.1016/j.biocon.2008.10.006

Hobbs, R. J., Higgs, E., & Harris, J. A. (2009). Novel ecosystems: Implications for conservation and restoration. Trends in Ecology & Evolution,
24, 599-605. https://doi.org/10.1016/j.tree.2009.05.012

Hoegh-Guldberg, O., Hughes, L., McIntyre, S., Lindenmayer, D. B., Parmesan, C., Possingham, H. P., & Thomas, C. D. (2008). Assisted colo-
nization and rapid climate change. Science, 321(5887), 345-346.

IPCC. (2022). Summary for policymakers, IPCC working Group II report, Climate Change 2022: Impacts, adaptation and vulnerability. IPCC.

Johnson, W. E., Onorato, D. P., Roelke, M. E., Land, E. D., Cunningham, M., Belden, R. C., McBride, R., Jansen, D., Lotz, M., Shindle, D.,
Howard, J., Wildt, D. E., Penfold, L. M., Hostetler, J. A., Oli, M. K., & O'Brien, S. J. (2010). Genetic restoration of the Florida Panther. Sci-
ence, 329(5999), 1641-1645. https://doi.org/10.1126/science.1192891

Jones, T. A., & Monaco, T. A. (2009). A role for assisted evolution in designing native plant materials for domesticated landscapes. Frontiers
in Ecology and the Environment, 7(10), 541-547. https://doi.org/10.1890/080028

Kareiva, P., Lalasz, R., & Marvier, M. (2011). Conservation in the Anthropocene. Breakthrough Journal, Fall 2011, 29-37.

Kareiva, P., & Marvier, M. (2012). What is conservation science? Bioscience, 62(11), 962-969. https://doi.org/10.1525/bi0.2012.62.11.5

Kohler, F., Holland, T., Kotiaho, J., Desrousseaux, M., & Potts, M. (2019). Embracing diverse worldviews to share planet earth. Conservation
Biology, 33, 1014-1022. https://doi.org/10.1111/cobi.13304

Kull, C. A., Arnauld de Sartre, X., & Castro-Larrafiaga, M. (2015). The political ecology of ecosystem services. Geoforum, 61, 122-134. https://
doi.org/10.1016/j.geoforum.2015.03.004

Lackey, R. T. (2009). Is science biased toward natural? Northwest Science, 83(3), 291-293. https://doi.org/10.3955/046.083.0312

Lahsen, M., & Turnhout, E. (2021). How norms, needs, and power in science obstruct transformations towards sustainability. Environmental
Research Letters, 16(2), 025008. https://doi.org/10.1088/1748-9326/abdcf0

Leo, K. L., Gillies, C. L., Fitzsimons, J. A., Hale, L. Z., & Beck, M. W. (2019). Coastal habitat squeeze: A review of adaptation solutions for
saltmarsh, mangrove and beach habitats. Ocean and Coastal Management, 175, 180-190. https://doi.org/10.1016/j.ocecoaman.2019.
03.019

Lynch, A. J., Thompson, L. M., Beever, E. A., Cole, D. N., Engman, A. C., Hawkins Hoffman, C., Jackson, S. T., Krabbenhoft, T. J.,
Lawrence, D. J., Limpinsel, D., Magill, R. T., Melvin, T. A., Morton, J. M., Newman, R. A., Peterson, J. O., Porath, M. T., Rahel, F. J.,
Schuurman, G. W., Sethi, S. A., & Wilkening, J. L. (2021). Managing for RADical ecosystem change: Applying the resist-accept-direct
(RAD) framework. Frontiers in Ecology and the Environment, 19(8), 461-469. https://doi.org/10.1002/fee.2377

Mace, G., & Purvis, A. (2008). Evolutionary biology and practical conservation: Bridging a widening gap. Molecular Ecology, 17, 9-19.

Mace, G. M. (2014). Whose conservation? Science, 345(6204), 1558-1560. https://doi.org/10.1126/science.1254704

Maron, M., Ives, C. D., Kujala, H., Bull, J. W., Maseyk, F. J. F., Bekessy, S., Gordon, A., Watson, J. E. M., Lentini, P. E., Gibbons, P.,
Possingham, H. P., Hobbs, R. J., Keith, D. A., Wintle, B. A., & Evans, M. C. (2016). Taming a wicked problem: Resolving controversies in
biodiversity offsetting. Bioscience, 66(6), 489-498. https://doi.org/10.1093/biosci/biw038

Marvier, M. (2014). New conservation is true conservation. Conservation Biology, 28(1), 1-3. https://doi.org/10.1111/cobi.12206

Marvier, M., & Kareiva, P. (2020). It is time to rebalance the risk equation. Frontiers in Ecology and the Environment, 18(8), 423. https://doi.
org/10.1002/fee.2256

Mascaro, J., Hughes, R. F., & Schnitzer, S. A. (2012). Novel forests maintain ecosystem processes after the decline of native tree species.
Ecological Monographs, 82(2), 221-238. https://doi.org/10.1890/11-1014.1

Matallana-Puerto, C. A., & Cardoso, J. C. F. (2022). Ratatouille of flowers! Rats as potential pollinators of a petal-rewarding plant in the
urban area. Ecology, €3778. https://doi.org/10.1002/ecy.3778

May, R. F. (2015). A unifying framework for the underlying mechanisms of avian avoidance of wind turbines. Biological Conservation, 190,
179-187. https://doi.org/10.1016/j.biocon.2015.06.004

McLaughlin, B. C., Skikne, S. A., Beller, E., Blakey, R. V., Olliff-Yang, R. L., Morueta-Holme, N., Heller, N. E., Brown, B. J., & Zavaleta, E. S.
(2022). Conservation strategies for the climate crisis: An update on three decades of biodiversity management recommendations from
science. Biological Conservation, 268, 109497. https://doi.org/10.1016/j.biocon.2022.109497

Morecroft, M. D., Duffield, S., Harley, M., Pearce-Higgins, J. W., Stevens, N., Watts, O., & Whitaker, J. (2019). Measuring the success of cli-
mate change adaptation and mitigation in terrestrial ecosystems. Science, 366(6471), eaaw9256. https://doi.org/10.1126/science.aaw9256

Obura, D. O., Katerere, Y., Mayet, M., Kaelo, D., Msweli, S., Mather, K., Harris, J., Louis, M., Kramer, R., Teferi, T., Samoilys, M., Lewis, L.,
Bennie, A., Kumah, F., Isaacs, M., & Nantongo, P. (2021). Integrate biodiversity targets from local to global levels. Science, 373(6556),
746-748. https://doi.org/10.1126/science.abh2234

O'Neill, D. W., Fanning, A. L., Lamb, W. F., & Steinberger, J. K. (2018). A good life for all within planetary boundaries. Nature Sustainability,
1(2), 88-95. https://doi.org/10.1038/s41893-018-0021-4

Q0 '220Z '66LLLSLL

woyy

10 Ausionun g ‘w

uo

F
4
3
8
o
2

salone 55990y Uad( 10} 1d20Xa PanIWIRd 10U ARD)



o

L

SCHLAEPFER anp LAWLER WIREs Wl LEY 13 0f 14

Otero, 1., Farrell, K. N., Pueyo, S., Kallis, G., Kehoe, L., Haberl, H., Plutzar, C., Hobson, P., Garcia-Marquez, J., Rodriguez-Labajos, B.,
Martin, J.-L., Erb, K.-H., Schindler, S., Nielsen, J., Skorin, T., Settele, J., Essl, F., Gomez-Baggethun, E., Brotons, L., ... Pe'er, G. (2020).
Biodiversity policy beyond economic growth. Conservation Letters, 13, €12713. https://doi.org/10.1111/conl.12713

Pascual, U., Adams, W. M., Diaz, S., Lele, S., Mace, G. M., & Turnhout, E. (2021). Biodiversity and the challenge of pluralism. Nature Sustain-
ability, 4, 567-572. https://doi.org/10.1038/s41893-021-00694-7

Pascual, U., Balvanera, P., Diaz, S., Pataki, G., Roth, E., Stenseke, M., Watson, R. T., Basak Dessane, E., Islar, M., Kelemen, E., Maris, V.,
Quaas, M., Subramanian, S. M., Wittmer, H., Adlan, A., Ahn, S., Al-Hafedh, Y. S., Amankwah, E., Asah, S. T,, ... Yagi, N. (2017). Valuing
nature's contributions to people: The IPBES approach. Current Opinion in Environmental Sustainability, 26-27, 7-16. https://doi.org/10.
1016/j.cosust.2016.12.006

Pauchard, A., Meyerson, L. A., Bacher, S., Blackburn, T. M., Brundu, G., Cadotte, M. W., Courchamp, F., Essl, F., Genovesi, P., Haider, S.,
Holmes, N. D., Hulme, P., Jeschke, J. M., Lockwood, J. L., Novoa, A., Nufies, M. A., Peltzer, D. A., Pysek, P., Richardson, D. M,, ...
Zenni, R. D. (2018). Biodiversity assessments: Origin matters. PLoS Biology, 16(11), €2006686. https://doi.org/10.1371/journal.pbio.
2006686

Peterson St-Laurent, G., Oakes, L. E., Cross, M., & Hagerman, S. (2021). R-R-T (resistance-resilience-transformation) typology reveals dif-
ferential conservation approaches across ecosystems and time. Communications Biology, 4(1), 1-9. https://doi.org/10.1038/s42003-020-
01556-2

Pettorelli, N., Graham, N. A. J, Seddon, N., da Cunha, M., Bustamante, M., Lowton, M. J., Sutherland, W. J., Koldewey, H. J.,
Prentice, H. C., & Barlow, J. (2021). Time to integrate global climate change and biodiversity science-policy agendas. Journal of Applied
Ecology, 58(11), 2384-2393. https://doi.org/10.1111/1365-2664.13985

Portner, H. O., Scholes, R. J., Agard, J., Archer, E., Arneth, A., Bai, X., Barnes, D., Burrows, M., Chan, L., Cheung, W. L., Diamond, S.,
Donatti, C., Duarte, C., Eisenhauer, N., Foden, W., Gasalla, M. A., Handa, C., Hickler, T., Hoegh-Guldberg, O., ... Ngo, H. T. (2021). Sci-
entific outcome of the IPBES-IPCC co-sponsored workshop on biodiversity and climate change. Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services (IPBES) and Intergovernmental Panel on Climate Change (IPCC).

Quilodrén, C. S., Montoya-Burgos, J. I., & Currat, M. (2020). Harmonizing hybridization dissonance in conservation. Communications Biol-
ogy, 3(1), 391. https://doi.org/10.1038/s42003-020-1116-9

Ramus, A. P, Silliman, B. R., Thomsen, M. S., & Long, Z. T. (2017). An invasive foundation species enhances multifunctionality in a coastal
ecosystem. Proceedings of the National Academy of Sciences of the United States of America, 114(32), 8580-8585. https://doi.org/10.1073/
pnas.1700353114

Raworth, K. (2017). A doughnut for the Anthropocene: humanity's compass in the 21st century. The Lancet Planetary Health, 1(2), e48-e49.
https://doi.org/10.1016/S2542-5196(17)30028-1

Ricciardi, A., & Simberloff, D. (2009). Assisted colonization is not a viable conservation strategy. Trends in Ecology & Evolution, 24, 248-253.
https://doi.org/10.1016/j.tree.2008.12.006

Robertson, J. C., Randrup, K. V., Howe, E. R., & Levin, P. S. (2021). Leveraging the potential of nature to meet net zero greenhouse gas emis-
sions in Washington state. PeerJ, 9, e11802. https://doi.org/10.7717/peerj.11802

Ryan, M. E., Johnson, J. R., & Fitzpatrick, B. M. (2009). Invasive hybrid tiger salamander genotypes impact native amphibians. Proceedings of
the National Academy of Sciences of the United States of America, 106(27), 11166-11171.

Sagoff, M. (2020). Fact and value in invasion biology. Conservation Biology, 34(3), 581-588. https://doi.org/10.1111/cobi.13440

Salo, P., Korpimiki, E., Banks, P. B., Nordstrém, M., & Dickman, C. R. (2007). Alien predators are more dangerous than native predators to
prey populations. Proceedings of the Royal Society B: Biological Sciences, 274, 1237-1243.

Sax, D. F. (2001). Latitudinal gradients and geographic ranges of exotic species: Implications for biogeography. Journal of Biogeography,
28(1), 139-150. https://doi.org/10.1046/j.1365-2699.2001.00536.x

Schlaepfer, M. A. (2018). Do non-native species contribute to biodiversity? PLoS Biology, 16(4), €2005568. https://doi.org/10.1371/journal.
pbio.2005568

Schlaepfer, M. A., Sax, D. F., & Olden, J. D. (2011). The potential conservation value of non-native species. Conservation Biology, 25, 428-437.
https://doi.org/10.1111/j.1523-1739.2010.01646.x

Schlaepfer, M. A., Sherman, P. W., Blossey, B., & Runge, M. C. (2005). Introduced species as evolutionary traps. Ecology Letters, 8, 241-246.

Seddon, N., Turner, B., Berry, P., Chausson, A., & Girardin, C. A. J. (2019). Grounding nature-based climate solutions in sound biodiversity
science. Nature Climate Change, 9(2), 84-87. https://doi.org/10.1038/s41558-019-0405-0

Segar, J., Callaghan, C. T., Ladouceur, E., Meya, J. N., Pereira, H. M., Perino, A., & Staude, I. R. (2022). Urban conservation gardening in the
decade of restoration. Nature Sustainability. 5, 649-656. https://doi.org/10.1038/s41893-022-00882-z

Shin, Y.-J., Midgley, G. F., Archer, E. R. M., Arneth, A., Barnes, D. K. A., Chan, L., Hashimoto, S., Hoegh-Guldberg, O., Insarov, G.,
Leadley, P., Levin, L. A., Ngo, H. T., Pandit, R., Pires, A. P. F., Portner, H.-O., Rogers, A. D., Scholes, R. J., Settele, J., & Smith, P. (2022).
Actions to halt biodiversity loss generally benefit the climate. Global Change Biology, 28, 2846-2874. https://doi.org/10.1111/gcb.16109

Sjoman, H., Morgenroth, J., Sjoman, J. D., Sebe, A., & Kowarik, I. (2016). Diversification of the urban forest—Can we afford to exclude
exotic tree species? Urban Forestry & Urban Greening, 18, 237-241. https://doi.org/10.1016/j.ufug.2016.06.011

Soulé, M. (2013). The “new conservation”. Conservation Biology, 27(5), 895-897. https://doi.org/10.1111/cobi.12147

Soulé, M. E. (1985). What is conservation biology? Conservation Biology, 35, 727-734.

Q0 '220Z '66LLLSLL

woyy

10 Ausionun g ‘w

uo

F
4
3
8
o
2

salone 55990y Uad( 10} 1d20Xa PanIWIRd 10U ARD)



o

L

14 of 14 SCHLAEPFER LAWLER
uofie | WILEY— & WIRE: o

Steffen, W., Richardson, K., Rockstrom, J., Cornell, S. E., Fetzer, I, Bennett, E. M., Biggs, R., Carpenter, S. R., de Vries, W., de Wit, C. A,,
Folke, C., Gerten, D., Heinke, J., Mace, G. M., Persson, L. M., Ramanathan, V., Reyers, B., & Sorlin, S. (2015). Sustainability. Planetary
boundaries: Guiding human development on a changing planet. Science, 347(6223), 1259855. https://doi.org/10.1126/science.1259855

Stein, B. A., Glick, P., Edelson, N., & Staudt, A. (2014). Climate-smart conservation: Putting adaption principles into practice. N. W. Federa-
tion. Retrieved from. http://pubs.er.usgs.gov/publication/70093621

Tablado, Z., Tella, J. L., Sanchez-Zapata, J. A., & Hiraldo, F. (2010). The paradox of long-term positive effects of a north American crayfish
on a European community of predators. Conservation Biology, 24, 1230-1238. https://doi.org/10.1111/j.1523-1739.2010.01483.x

van Oppen, M. J. H., Gates, R. D., Blackall, L. L., Cantin, N., Chakravarti, L. J., Chan, W. Y., Cormick, C., Crean, A., Damjanovic, K.,
Epstein, H., Harrison, P. L., Jones, T. A., Miller, M., Pears, R. J., Peplow, L. M., Raftos, D. A., Schaffelke, B., Stewart, K., Torda, G., ...
Putnam, H. M. (2017). Shifting paradigms in restoration of the world's coral reefs. Global Change Biology, 23(9), 3437-3448. https://doi.
org/10.1111/gcb.13647

van Oppen, M. J. H,, Oliver, J. K., Putnam, H. M., & Gates, R. D. (2015). Building coral reef resilience through assisted evolution. Proceedings
of the National Academy of Sciences of the United States of America, 112(8), 2307-2313. https://doi.org/10.1073/pnas.1422301112

Vellend, M., Harmon, L. J., Lockwood, J. L., Mayfield, M. M., Hughes, A. R., Wares, J. P., & Sax, D. F. (2007). Effects of exotic species on evo-
lutionary diversification. Trends in Ecology & Evolution, 22(9), 481-488.

Vizentin-Bugoni, J., Tarwater, C. E., Foster, J. T., Drake, D. R., Gleditsch, J. M., Hruska, A. M., Kelley, J. P., & Sperry, J. H. (2019). Structure,
spatial dynamics, and stability of novel seed dispersal mutualistic networks in Hawai'i. Science, 364(6435), 78-82. https://doi.org/10.
1126/science.aau8751

Wallach, A. D., Lundgren, E., Batavia, C., Nelson, M. P., Yanco, E., Linklater, W. L., Carroll, S. P., Celermajer, D., Brandis, K. J., Steer, J., &
Ramp, D. (2020). When all life counts in conservation. Conservation Biology, 34(4), 997-1007. https://doi.org/10.1111/cobi.13447

Warszawski, L., Friend, A., Ostberg, S., Frieler, K., Lucht, W., Schaphoff, S., Beerling, D., Cadule, P., Ciais, P., Clark, D. B., Kahana, R.,
Ito, A., Keribin, R., Kleidon, A., Lomas, M., Nishina, K., Pavlick, R., Rademacher, T. T., Buechner, M., ... Schellnhuber, H. J. (2013). A
multi-model analysis of risk of ecosystem shifts under climate change. Environmental Research Letters, 8(4), 044018. https://doi.org/10.
1088/1748-9326/8/4/044018

Westemeier, R. L., Brawn, J. D., Simpson, S. A., Esker, T. L., Jansen, R. W., Walk, J. W., Kershner, E. L., Bouzat, J. L., & Paige, K. N. (1998).
Tracking the long-term decline and recovery of an isolated population. Science, 282(5394), 1695-1698.

Wyborn, C., Kalas, N., Rust, N., Adams, W., Alvarez, 1., Balan, M., Beck, S., Clement, S., Davila, F., Diaz, S., Elliott, K., Evans, M.,
Forsyth, T., Hartfoot, M., Heise, U., Henderson, G., Hill, S., Hutton, J., Ison, R., & Turnhout, E. (2020). Seeds of change: Provocations for
a new research agenda. Luc Hoffmann Institute. https://doi.org/10.13140/RG.2.2.22170.59848/3

Zafra-Calvo, N., Balvanera, P., Pascual, U., Mercon, J., Martin-Lopez, B., van Noordwijk, M., Mwampamba, T. H., Lele, S., Ifejika
Speranza, C., Arias-Arévalo, P., Cabrol, D., Caceres, D. M., O'Farrell, P., Subramanian, S. M., Devy, S., Krishnan, S., Carmenta, R.,
Guibrunet, L., Kraus-Elsin, Y., ... Diaz, S. (2020). Plural valuation of nature for equity and sustainability: Insights from the global south.
Global Environmental Change, 63, 102115. https://doi.org/10.1016/j.gloenvcha.2020.102115

How to cite this article: Schlaepfer, M. A., & Lawler, J. J. (2022). Conserving biodiversity in the face of rapid
climate change requires a shift in priorities. WIREs Climate Change, €798. https://doi.org/10.1002/wcc.798

Q0 '220Z '66LLLSLL

woyy

10 Ausionun g ‘w

uo

salone 55990y UadQ 103 1d99X PaNIWISd 10U AROLS S| UOANGUISIP PUE BSN-3Y



