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Climate and biodiversity
are inextricably connected
with each other and with
human futures
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1

A well-functioning natural system and a habitable climate
are the foundations of people’s good quality of life
. Protecting biodiversity, avoiding dangerous climate
change and promoting an acceptable and equitable quality
of life for all is the mandate of several global initiatives,
particularly the Strategic Plan for Biodiversity 2011-2020
of the Convention on Biological Diversity (CBD), the Paris
Agreement to the United Nations Framework Convention
on Climate Change (UNFCCC) and the UN Sustainable
Development Goals (SDGs). While each of these initiatives
has specific goals, they also clearly state that the challenges
of biodiversity decline, climate change and human well-being
are closely connected, and a failure to jointly address the
dual crises of climate change and biodiversity decline can
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compromise people’s good quality of life (IPBES, 2019). This
co-sponsored IPBES-IPCC workshop report examines the
fundamental intertwining of biodiversity and climate and its
impacts on people’s quality of life and makes a
case for why climate policy and biodiversity policy must be
considered jointly to meet the challenge of achieving a good
quality of life (GQL) for all.
The very existence of life on Earth is dependent upon a
climate that has varied within relatively narrow bounds
over hundreds of millions of years (Haywood , 2019;
Westerhold , 2020). Climatic variability in the distant
past has played a role in shaping contemporary biodiversity,
through climate-induced species redistributions, extinctions,
and originations (Mathes , 2021; Norberg , 2012;
Theodoridis , 2020). Global biodiversity has increased
over geological time despite climate changes, albeit

punctuated by mass extinctions frequently associated with
large or rapid climate changes (Alroy , 2008; Bond
and Grasby, 2017; Close , 2020; Payne and Clapham,
2012). Ancient global catastrophes had the potential to
trigger evolutionary and ecological novelty, for example the
assembly of modern Neotropical rainforests after the endCretaceous mass extinction (Carvalho , 2021).
In the last 12,000 years global mean temperatures (GMT)
have ranged between +0.7 and -1°C relative to the late

19th century baseline (Kaufman , 2020; Snyder,
2016; Stocker , 2013). This stability was probably a
precondition for the establishment and expansion of human
civilizations across the planet (Rockström , 2009).
However, GMT is currently approaching the upper limits
of that experienced within the last 1.2 million years, and
is beyond the range experienced by humankind since the
invention of agriculture (Fordham , 2020; Steffen ,
2018). Reciprocally, living organisms are a crucial part of
the Earth system that keeps the local, regional and global
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climate sufficiently stable and suitable for life (Planavsky
, 2021). Living organisms control the climate system by
regulating the reflectivity of the land surface, altering the
concentration of greenhouse gases in the atmosphere
; (Boscolo-Galazzo , 2021; Crowther , 2019;
Pan , 2011) and by influencing the formation of clouds
and atmospheric dust (Wang , 2018; Zhao , 2017).
Living organisms are the main actors in the global carbon
cycle and play a central role in the dynamics of all the major
greenhouse gases. However, it is not only the abundance
of living organisms, but also their variety that matters.
For example, diatom species richness in the ocean is
intimately linked to the efficacy with which carbon from the
atmosphere is sequestered in seafloor sediments (Tréguer
, 2018). On land and in the ocean, the variety and specific
types of soil and sediment biota influence biogeochemical
cycling of nutrients and carbon (Averill , 2014; Crowther
, 2019), while the composition, variety and abundance
of both plants and animals impact carbon storage and the
carbon cycle (Chen , 2018; Huang , 2018; Lange
, 2015; Poorter , 2015; Sobral , 2017; Xu
, 2020).

on Earth, while the biomass of domestic poultry is nearly
threefold higher than that of wild birds (Bar-On ,
2018). Human activities over millennia have resulted in an
estimated 83% reduction in wild mammal biomass (both
terrestrial and marine), and ~50% reduction in the biomass
of plants, relative to pre-human times (Bar-On , 2018).
Over the last few centuries, terrestrial vertebrates have
gone extinct at rates that are up to 100 times higher than
previous (background) levels (Ceballos , 2015), and
species are now more threatened with extinction than ever
before in human history (Diaz , 2019; IPBES, 2019).
Although empirical evidence for current climate changedriven extinctions is still meagre (Cahill , 2013), there is
evidence to indicate that ongoing climate change is driving
geographic range shifts in species, altering phenology and
migration patterns and the availability of suitable habitat
for species and disrupting key ecological interactions in
communities (Lenoir , 2020; Lenoir and Svenning,
2015; Pecl , 2017; Poloczanska , 2013). All of
these effects have implications for the way ecological
communities and ecosystems function, and thus their
capacity to deliver nature’s contributions to people (NCP).

Throughout our existence as a species, humans have
manipulated and transformed nature and natural resources
to produce materials needed to adapt to, and benefit
from, the variable environmental conditions on Earth.
Technological advances have allowed us to achieve better
living standards on average – but with strong social and
economic inequalities – and have contributed to growing
human populations worldwide, but at the cost of increasing
energy and material consumption (Messerli , 2019).
Human use and transformation of terrestrial, freshwater
and ocean ecosystems, exploitation of organisms, pollution
and the introduction of invasive species have resulted in
the rapid and widespread decline of biodiversity and the
degradation of ecosystems worldwide (Ceballos , 2020;
Crist , 2017; IPBES, 2018, 2019; Diaz , 2019;
Sage, 2020) . Simultaneously, increases in
greenhouse gas emissions, now exceeding 55 GtCO2e yr−1,
associated with fossil fuel combustion (84%) and land-use
changes (16%) have altered atmospheric composition
(Friedlingstein , 2020), and in turn the global climate
system, influencing global temperatures, precipitation and
the intensity and frequency of extreme weather events
(IPCC, 2014). Such climatic changes can act to exacerbate
biodiversity decline, which can in turn, feedback to further
impact climate .

The rapid decline of biodiversity and changes in climate
are tightly intertwined: they share underlying direct and
indirect drivers (see Glossary), they interact, and can have
cascading and complex effects that impact people’s good
quality of life and compromise societal goals (Diaz ,
2019; IPBES, 2019, ).

Currently, less than a quarter (23%) of the Earth’s terrestrial
area (excluding Antarctica) and 13% of the ocean remains
free from substantial human impacts (Allan , 2017;
Jones , 2018; Watson , 2018) and approximately
half the area of coral reefs and over 85% of global wetland
area have been lost (IPBES, 2019). Humans and livestock
currently account for ~96% of the total mammal biomass
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of climate change include greenhouse
gas emissions from fossil fuel combustion and land-use
change (e.g., deforestation, agricultural practices) (IPCC,
2019a, 2019b; IPCC, 2014). Direct drivers of biodiversity
decline include land/sea use intensity and change, direct
exploitation of organisms, pollution, climate change and
invasive species (IPBES, 2019, chap. 2.2). Some direct
anthropogenic drivers such as deforestation, land-use
changes associated with agriculture, and pollution can
strongly drive both climate change and biodiversity decline,
whereas others primarily impact one or the other (e.g.,
invasive species or direct exploitation of organisms have
effects only on biodiversity decline).
are the more distant causes of biodiversity
decline and climate change. They are underpinned by
societal values and can be external to the system in
question. Climate change and biodiversity decline share
the same indirect drivers, which are the ultimate forces that
underlie and shape the extent, severity and combination of
anthropogenic direct drivers that operate in a given place
(Barger , 2018; IPBES, 2019). Indirect drivers of climate
change and biodiversity decline include key institutional
and governance structures in addition to social, economic
and cultural contexts that drive human behavioural
patterns including consumption and energy use. Indirect

consider future climate scenarios and impacts are more
likely to be successful at conserving biodiversity in the longterm (Hannah , 2020) and to mitigate climate change
(Sections 2 and 5).

Anthropogenic climate change has emerged as a dominant
threat to ecosystems over the last few decades (Arneth
, 2020; IPBES, 2019; Maclean and Wilson, 2011; Thomas
, 2004; Urban, 2015), impacting Earth’s biodiversity
by altering species ranges and abundances, reshuffling
biological communities and restructuring food webs, altering
ecosystem functions, and generating negative feedbacks
to people’s good quality of life (see also Sections 1.1, 2
and 4). Species living close to their upper thermal limits are
particularly at risk, as are ecosystems such as coral reefs
(Hoegh-Guldberg and Bruno, 2010; Hughes , 2019),
lakes (Woolway , 2021) and wetlands (Xi , 2020).
Under present conditions (1°C warming), warm-water coral
reefs are at high risk; kelp forests and seagrasses reach
high risk under modest future warming (RCP 2.6) while most
other shallow ocean ecosystems experience moderate risk.
Under high future warming (RCP 8.5) all ocean ecosystems,
including those in the deep sea are at high or very high risk
(Bindoff , 2019).
Many terrestrial and aquatic species are already responding
to climatic changes by elevational, depth (for ocean) and
especially latitudinal shifts in their distribution ranges, tracking
shifting isotherms (Brito-Morales , 2020; Lenoir ,
2020; Pecl , 2017; Pinsky , 2013; Steinbauer
, 2018). Species redistributions due to climate change
are leading to reduced marine species richness in equatorial
latitudes (Chaudhary , 2021; Yasuhara , 2020).
Moreover, barriers to dispersal, differences in the ability
of species to track climate and tolerate extreme climatic
events (e.g., droughts, floods, heat waves, mega-fires
and cyclones), and temporal lags in species responses
are triggering compositional shifts, decreasing taxonomic,
functional and phylogenetic diversity and are reorganizing
local communities, with such reorganization likely to continue
in the future creating potentially “novel” communities (AguirreGutiérrez , 2020; Arneth , 2020; Batllori ,
2020; Bjorkman , 2018; Bowler , 2020; Davidson
, 2020; França , 2020; Fuchs , 2020; Leadley
, 2014; Pecl ,
2017).
Although only a few recent species extinctions have as yet
been formally and rigorously attributed to current climate
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change (Cahill , 2013; IPCC, 2014), the fossil record
tells us that rapid climate change can be a key driver of
mass extinctions, capable of eliminating up to 90% of all
species (Benton, 2018; Bond and Grasby, 2017; Dunhill
, 2018; Foster , 2018), raising concerns about
the adaptive potential of extant species to ongoing and
future climate change (Radchuk , 2019; Storch ,
2014). Under a global warming scenario of 1.5°C warming
above the pre-modern GMT, 6% of insects, 8% of plants
and 4% of vertebrates are projected to lose over half of
their climatically determined geographic range. For global
warming of 2°C, the comparable fractions are 18% of
insects, 16% of plants and 8% of vertebrates (IPCC, 2018;
Warren , 2018). Future warming of 3.2°C above preindustrial levels is projected to lead to loss of more than half
of the historical geographic range in 49% of insects, 44%
of plants, and 26% of vertebrates (Warren , 2018).
Under warming scenarios associated with little successful
climate mitigation (RCP 8.5), abrupt disruption of ecological
structure, function and services is expected in tropical
marine systems by 2030, followed by tropical rain forests
and higher latitude systems by 2050 (Trisos , 2020).
The impacts of climate change and other anthropogenic
drivers of biodiversity loss vary geographically and between
habitats and taxa (Blowes , 2019; Bowler , 2020).
In general, marine and freshwater ectothermic organisms
appear to be more vulnerable to warming than terrestrial
organisms (Morgan , 2020; Pinsky , 2019) and
biodiversity decline over the last few decades appears to be
stronger, but more variable, in the ocean when compared
to terrestrial systems (Blowes , 2019). However, the
magnitude and even the direction of change (loss versus
gain) can be strongly scale-dependent. For example,
species richness for some taxa has declined locally but
increased regionally (as in the case of North American
birds) or has remained unchanged locally but declined
at larger spatial scales for some (e.g., Central American
corals) (Chase , 2019). Even where environmental
changes have largely neutral effects on species richness at
local scales, they can cause the taxonomic and functional
homogenization of biological communities across large
scales (Dornelas , 2014; Guerra , 2021), which
in turn can impair ecosystem functioning, decrease the
resilience of communities to environmental disturbances,
and increase susceptibility to future invasions and pathogen
outbreaks (Olden , 2004).
Although patterns vary geographically, anthropogenic drivers
of biodiversity change tend to act together and spatially
overlap to a greater degree more often in terrestrial systems
than in the marine realm (Bowler , 2020). Direct human
impacts are the dominant drivers of species decline in areas
of high human densities and impact (e.g., close to human
settlements, land suitable for agriculture) (Bowler ,
2020; Venter , 2016). Climate change, on the other

hand, appears to be the dominant driver of biodiversity loss
in terrestrial areas that have been less impacted by humans,
such as deserts, tundra and boreal forests (Bowler ,
2020). Both climate change and other anthropogenic drivers
act together to drive biodiversity loss in other systems such
as the oceans of the Indo-Pacific that are characterized by
both high fishing and high climate change (Bowler ,
2020; Pinsky , 2019).
Drivers of climate change and biodiversity loss interact in
complex ways to produce outcomes that may be synergistic
(i.e. the outcome is greater than would be expected when
acting alone), antagonistic, gradual or abrupt (Berdugo
, 2020) (see Section 6 for further exploration of these
concepts). When multiple drivers act together, their impacts
on biodiversity and ecosystem functioning can be more
pronounced, but also more variable. This means the
outcome is not readily predictable based on our previous
understanding of the consequences of single environmental
change drivers (Thakur , 2018; Rillig , 2019) and
thus prone to “ecological surprises” (see Section 6 for
further exploration of critical thresholds and tipping points).
Multiple drivers acting synergistically might result in new
emergent socio-ecological conditions (e.g., as a result of
change in human behaviour and consumption patterns)
leading to “socio-ecological surprises’’, posing challenges
for biodiversity conservation and climate mitigation. Climate
change can also potentially cause abrupt and irreversible
(or difficult to reverse) shifts from one state to another, when
ecosystems are forced across critical thresholds (Barnosky
, 2012; Berdugo , 2020). Some examples include
the decline of snowfield and glacier sizes leading to a
reduction in late-summer streamflow with nonlinear impacts
on biodiversity (Jacobsen , 2012), ocean warming and
acidification reducing the fitness of tropical corals and the
subsequent degradation of tropical coral reef ecosystems
(Pandolfi , 2011), or the synergistic interactions between
deforestation and droughts that can promote fire, leading to
the replacement of forests by savanna-type vegetation or fireprone secondary forests (Leadley , 2014). However such
critical thresholds or “tipping points’’ (Lenton , 2008) are
often hard to predict (Dudney and Suding, 2020; Hillebrand
, 2020), and therefore difficult to prepare for.
Changes in species composition and the reorganization
of local and regional biological communities have
consequences for biophysical and biochemical processes,
with implications for climate and regional energy, nutrient and
water cycles (Arneth , 2020). For example, the current
northward shift of coniferous trees in the Arctic due to
increased temperature reduces the reflection of sunlight from
the Earth’s surface (the surface albedo), amplifying global
warming (Pearson , 2013, 2013; Vowles and Björk,
2018). At the same time, biodiversity can help people to
better adapt to adverse climatic changes, including extreme
weather events (Chausson , 2020; Cohen-Shacham

, 2019; Duffy , 2016, also see Section 4), and also
act as a buffer to mitigate the consequences of climate
change (Cardinale , 2012; Hautier , 2015; Hooper
, 2012; Isbell , 2015, 2011). Species diversity can
potentially act as an insurance against declines in ecosystem
functioning because when there is a greater variety of
species there is a higher likelihood that some will maintain
functioning, even if others fail (Eisenhauer , 2011;
Kiessling, 2005; Naeem and Li, 1997; Yachi and Loreau,
1999). Communities with a greater diversity of species and
functional types, both terrestrial and marine, have often been
shown, on average, to respond less to and recover sooner
from, climate variability and extremes (Anderegg , 2018;
Isbell , 2015; Rastelli , 2020). This diversity-stability
relationship also applies to entire ecosystems. Ecosystem
integrity, the capacity of an ecosystem to maintain structure
and functions, is facilitated by greater biodiversity (TimpanePadgham , 2017). However, there are limits to the
adaptive capacity of biological communities, with thresholds
that are system-specific and under-explored (Baert ,
2018). Conserving biodiversity in all its facets and mitigating
climate change is thus crucial to ensure the longerterm stability of ecosystem functions and the continued
provisioning of nature’s contributions to people (Craven ,
2018; Isbell , 2017; Oliver , 2015).
Biophysical environmental impacts can occur across vast
distances (Glantz , 1991; Liu , 2013). Human and
natural systems around the world are also now increasingly
connected with the result that the impacts of human
actions in one part of the globe can be felt at distances far
removed from their source (Friis , 2016). Local actions
and decisions can cascade to affect the regional availability
and distribution of nature’s contributions to people;
impacts that might be more immediately felt by those who
directly depend on nature for their livelihood, particularly
in non-industrialized nations (Ojea , 2020; Pecl ,
2017). Teleconnections are facilitated by global travel and
trade but also through exchanges between distant actors
through flows of capital, energy, services and information
through telecommunication advances such as the internet
(Carrasco , 2017). Such linkages are stronger than
ever before, with the speed and spatial scope of economic
and biophysical processes previously confined to discrete
governance scales now occurring at geographical
distances far removed from their source (Adger ,
2009; Carrasco , 2017). Telecoupling also provides
opportunities for both biodiversity conservation and climate
change mitigation and adaptation, with the causes and
impacts of telecoupled drivers originating from ‘distant
supermarkets, corporation boardrooms, stock markets
and the internet’ at an unprecedented speed and intensity
(Carrasco , 2017). Telecoupling thus requires
integrated and globally coordinated governance efforts
to tackle the dual challenges of biodiversity decline and
climate change (Sections 1.3, 6, 7).
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Several global initiatives, established over the past three
decades, have a mandate to address the three components
of biodiversity conservation, climate action and equitable
sustainable development. The Strategic Plan for Biodiversity
2011-2020 of the Convention on Biological Diversity (CBD)
aimed to safeguard biodiversity on land and sea through
the adoption of the Aichi Biodiversity Targets. More recently
such goals have been translated to the post-2020 global
biodiversity framework. The Paris Agreement to the United
Nations Framework Convention on Climate Change
(UNFCCC) aims to strengthen the global response to
climate change by limiting global temperature rise well below
2°C above pre-industrial levels and to ensure an adequate
adaptation response in the context of the temperature goal.
The United Nations Sustainable Development Goals (SDGs)
aim to address global challenges, such as poverty and
inequality, through the achievement of 17 goals.
Even though the goals of these initiatives are clear, as
well as the message that different components need to
be addressed concurrently for a peaceful and prosperous
future for the planet and people, understanding of how
this can be achieved through national or local actions or
policies is not always straightforward. Actions or policies
targeting one component can be co-detrimental and cobeneficial, respectively) (Fuso Nerini , 2019; Kroll
, 2019; Zeng , 2020). Therefore, it is crucial to be
aware of the impacts that actions and policies targeting
one component may have on others and of the synergies
and trade-offs across the three components that such
actions may lead to.
Currently, global strategies to halt the decline of biodiversity
and mitigate climate change are usually formulated
independently and often without considering their social
implications (Arneth , 2020; Díaz , 2020;
Dinerstein , 2020). This presents a high risk because
narrowly-conceived actions to combat climate change
can unintentionally harm biodiversity, while measures to
protect biodiversity can unintentionally impair climate
mitigation or human adaptation processes, both with
potential negative implications for people’s good quality
of life (Díaz , 2020). For example, addressing climate
change issues may become counterproductive if policies
initiated to reduce greenhouse gas emissions aggravate
biodiversity decline (Diaz , 2019; Griffith , 2017;
Veldman , 2019). The recent IPCC and IPBES reports
acknowledge that transitioning to a low carbon future and
curbing biodiversity loss will require rapid, far-reaching
and unprecedented transformative changes (IPCC, 2014;
IPBES, 2019; IPCC, 2019b, see Section 7), which will,
in turn, affect the lives and livelihoods of people both in
positive and negative ways.
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Developing appropriate policies to simultaneously address
the multiple challenges of climate change, biodiversity loss
and people’s good quality of life is necessary but not easy,
particularly as interactions of the climate-biodiversity-society
nexus operate at different temporal and spatial scales and
involve actors with different perspectives. The short-term
impacts of climate change and biodiversity decline are
more pronounced in areas where people directly depend
on nature for their livelihoods and are felt most strongly
by people in situations of vulnerability with less adaptation
options at hand (Diaz , 2019; IPBES, 2019; Thomas,
2020) (see Section 4). Where ecological threats overlap with
social vulnerability, climate change and biodiversity loss can
further exacerbate inequalities in ensuring a good quality of
life for all (Human Development Report, 2020).
Despite growing awareness of the linkages between
biodiversity loss and climate change, we still lack a full
understanding of how social issues, particularly inter- and
intra-generational equity, are affected by interventions
to mitigate climate change or to conserve biodiversity
(Halpern and Fujita, 2013; Zafra-Calvo , 2019). The
linkages between biodiversity, climate and social issues
can have significant implications for the effectiveness of
policies designed to address them, with outcomes that
can be co-detrimental, display strong or weak trade-offs,
or even deliver co-benefits (see Section 6). Co-benefits
may result from climate or biodiversity solutions that
also bring social benefits at the local level. For example,
the implementation of the REDD+ initiative (Reducing
Emissions from Deforestation and Degradation, see
discussions in Section 4) provides an opportunity to
improve forest governance and support rural livelihoods
in host countries, in addition to its main goal to mitigate
climate change impacts (Garibaldi and Pérez-Méndez,
2019) (see Box 6.1 in Section 6).
However, such mitigation policies can impact social equity
(Palomo , 2019; Robiou du Pont , 2017). They
might also lead to societal trade-offs in terms of who bears
the costs and who receives the benefits of biodiversity
and climate change interventions (Markkanen and AngerKraavi, 2019; Schleicher , 2019). For example, ‘green’
investments, e.g., biofuels, solar, wind, hydropower and
geothermal facilities, can have negative impacts on local
livelihoods, particularly if they prioritize private profits over
social and environmental concerns (Corbera , 2019;
Del Bene , 2018). Acknowledging and understanding
the societal trade-offs derived from policies oriented to
address the climate and biodiversity challenges is critical for
the design of policies that create the enabling conditions for
the transition towards a just and equitable future. Enabling
conditions, or factors that can contribute to the success
of such policies, include economic incentives, governance
factors (i.e., policy coherence and partnership), capacity
building, engagement processes for knowledge co-

production, or adaptive monitoring and accountability (IPCC,
2019c; Stafford-Smith , 2017).
Climate and biodiversity policies also need to account for
the multi-level and multi-scale coupling of human-natural
systems (Cheung , 2016). Changes in biophysical
drivers linked to climate, habitat loss, or removal of
organisms through overexploitation will each affect
biodiversity at different levels of organization, further altering
human actions and behaviours, and generating cascading
effects (Gregr , 2020), which propagate across different
components of coupled human-natural systems and across
spatial and temporal scales. Such cascading responses
to changing climate and biodiversity drivers can iteratively
feedback to affect people’s quality of life (Dietze ,
2018). Additionally, the uneven distribution of biodiversity
and spaces for mitigation action across regions leads to
numerous exchanges of resources across large distances,
resulting in telecoupling (Liu , 2013). Telecouplings
can reinforce inequality because they spatially separate
the drivers and consequences of a process. For example,
policies implemented to promote biodiversity conservation
and climate change mitigation and adaptation strategies
involving transnational land deals in developing countries
can initially bolster local economies. However, in the longterm these same policies can lead to social inequities and
land degradation through processes of land grabbing and
concentration (Hunsberger , 2017).
A sustainable global future for people and nature remains
possible but requires rapid, radical and transformative
societal change including adopting a way of thinking that
integrates (rather than keeps separate) the technical,
governance (including participation), financial and societal
aspects of the solutions to be implemented (Section 7). The
window to limit damage from biodiversity loss and climate
impacts is rapidly closing, so solutions need to be deployed
rapidly. Several potentially useful approaches to bridge
climate and biodiversity actions (and their potential social
impact) are being proposed. These include nature-based
solutions (NbS, defined as “actions to protect, sustainably
manage, and restore natural or modified ecosystems, that
address societal challenges effectively and adaptively,
simultaneously providing human well-being and biodiversity
benefits”, see glossary and discussion in Sections 3 and
4) (Seddon , 2020), but also solutions that create
technological-ecological synergies, or an integrated
systems-approach that recognizes the potential co-benefits
that exist in combining technological and nature-based
solutions (Hernandez , 2019) (Section 7).
New governance models are needed that are designed
to integrate multi-actor and multi-scalar governance and
which measure human progress through new systems of
environmental accounting and natural and social capital
(Section 7.4). For example, while the UN processes

recognize nations as the main actors in delivering policy
actions, they often overlook the potential roles and
responsibilities of other actors (e.g., local and subnational
levels of government, indigenous peoples and local
communities, corporations and industries, philanthropic
foundations and non-governmental organisations). This not
only hampers participation, but also dilutes responsibilities.
Thus, despite the growing role of multinational corporations
in driving the interconnected challenges of biodiversity
loss and climate change, holding them accountable at
the international scale is difficult as the international law
system has state-actors at its core. Multi-actor governance
would enlarge the participatory space and make all actors
more accountable.
Delivering solutions that target the climate-biodiversitysociety nexus as a whole requires moving from a sector-bysector approach to one including high-level coordination and
the balancing of social and environmental goals. Enabling
transformative change towards a just and sustainable future
requires new ways to evaluate and adaptively manage
trade-offs between maintaining desirable aspects of current
social-ecological systems and adapting to major biophysical
changes to those systems.
That said, it is critical that attention is paid to achieving just
transitions in the shift towards transformative change. In
particular, it is important that system-wide change does not
have a disproportionate impact on those who are already
disadvantaged (Ciplet and Harrison, 2020; Kashwan ,
2020). As such, efforts towards transformative governance
need to address existing injustices while being cognisant
of complexity, feedbacks and trade-offs across socialecological systems.
The COVID-19 pandemic provides both a time-limited
learning opportunity and a chance for promoting solutions
that help mitigate both the climate and biodiversity crises
and advance UN Sustainable Development Goals (SDGs).
On the one hand, many have suggested the COVID-related
lockdowns mandated around the world in 2020 have served
as biodiversity conservation (Bates , 2020) or emissions
reduction experiments (Le Quéré , 2020) from which
we can learn. But the pandemic has also taught us how
easy it is to divert attention and funding away from tackling
urgent biodiversity and climate challenges (McNeely, 2021).
Major international plans for policy progress on biodiversity
(CBD COP 15) and climate change (UNFCCC COP 26) and
efforts to focus these jointly on the oceans (UN Oceans
Conference) have been delayed by the pandemic for at least
a year. On the other hand, funding released to alleviate the
consequences of the pandemic also present an opportunity
if post-COVID recovery packages are oriented to deliver a
“green” and “blue” restart of the economy, mainstreaming
climate and biodiversity into economic priorities (Hepburn
, 2020; McElwee , 2020).
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2

his section focuses on how anthropogenic
climate change has impacted on biodiversity
and is changing the goalposts for successful
conservation into the future. A broader scope
for conservation is envisioned, from species
and protected area focus in intact spaces
to integrating people in multifunctional land, freshwater and
seascapes that facilitate and enable adaptation. Such efforts
would fully integrate climate and biodiversity actions and
support multiple objectives under global policy processes for
biodiversity, climate and sustainable development.

Impacts of anthropogenic climate change have been
documented in plants and animals across marine, terrestrial
and freshwater realms. They span all principal biomes, from
rainforests and deserts to wetlands, and from coastal marine
to the deep ocean (Doney , 2020; Ripley , 2020;
Scheffers , 2016; Rogers , 2020). Climate change
impacts on species occur at a range of scales (from genes
and individuals to populations), and at habitat and ecosystem
scales, they may occur through changes in interspecies
interactions (e.g., competition, predation or disease),
community composition (Scheffers , 2016), ecosystem
function and ecosystem structure (IPBES, 2019; Chapter
2.2). Historically, loss in biodiversity has been attributed (IPBE,
2019) primarily to changes in the intensity by which the land
and sea are used (34% contribution to losses over the past
century) and direct exploitation of species (23%), followed
by climate change and pollution (14% each). The impact of
climate change is projected to surpass other threats during
the 21st century (Arneth , 2020), both through direct
effects and intensifying interactions with other drivers.
Observed climate change impacts on biodiversity include
direct alteration of abiotic conditions, such as shifts in
climatic features (e.g., temperatures, seasonality, extreme
weather), the physical environment (e.g., sea level, glacial
extent, fire frequency, oxygen concentration) and atmospheric
greenhouse gas concentrations (e.g., CO2). Climate threats
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interact with one another and their impacts accumulate;
for example, ocean temperature, acidification and hypoxia
interact to produce complex biotic responses (Pörtner ,
2014). Climate change interacts with and often exacerbates
non-climate threats, for example by degrading habitats,
increasing disease susceptibility, changing movement
patterns of non-native invasive species and increasing
reliance of people on extractive resources. Human responses
to climate change, with the aim of climate mitigation (see
Section 3) or to assist humans to adapt to climate change
(see Section 4), also affect biodiversity, either negatively or
positively (Araújo , 2017; Correa , 2021; Foden
, 2018; Stafford , 2019) resulting in complex patterns
of change and responses (Rillig , 2019). Since terrestrial,
freshwater and marine systems are controlled by different
biophysical properties and differ in their spatial structure,
biodiversity responses may be fundamentally different in these
different domains (Klink ,
2020).
At the individual organism level, climate change impacts may
appear, for example, as changes in growth rate, reproductive
success, behaviour timing, disease susceptibility or traits
such as body size. At population level, this may scale up to
changes in population size, age structure, sex ratio or gene
flow between subpopulations. Such impacts may translate
to species-level changes in abundance, range size and
location, level of range fragmentation or changes in genetic
diversity. These changes may increase or decrease the
species’ extinction risk or have varying effects in different
parts of the species range. Resulting impacts on interspecies interactions include shifts in interactions between
competitors, predators and prey, and those relying on
pollination, biotic pollination, parasitism, and symbioses.
Cascading effects at community and ecosystem level may
include changing composition, function, and interactions with
disturbance effects (e.g., fire). Ecosystem shifts (e.g., savanna
to woodland), loss and novel recombinations may result.
As a result of these complexities, impacts on ecosystem
functioning (and thus their capacity to deliver NCP) are hard
to attribute to specific causes, and this has impeded actions
aimed at addressing negative impacts. The strength of
attribution of impacts to climate change decreases in roughly
this order: changes in species abundances and ranges,
certain traits such as length of fish, sustainability of exploited
stocks, Net Primary Productivity (NPP) and changes in
particularly vulnerable ecosystems, such as coral reefs.

Climate impacts may differ among the subregions of large
or continent/ocean scale areas. The spatial patterning of
subregional to local climates and ecosystems, and natural
corridors for migration of species, affect how effectively they
will be able to track shifting climates. Biodiversity hotspots
and isolated ecosystems such as islands, mountains, lakes,
enclosed seas and seamounts are particularly challenged,
as they may have few or no corridors facilitating migration
of species, and they are spatially limited along latitudinal or
altitudinal gradients (Leclerc , 2020).
‘Climate velocity trajectories’ (CVT) show the speed and
direction that a species must migrate to keep pace with its
current climate envelope (Brito-Morales , 2018; Burrows
, 2014). From this perspective, climate refugia are places
where the velocity of climatic parameters (e.g., temperature,

precipitation) is slow, resulting in longer climatic residence times
(Loarie , 2009 ). Climate refugia have been associated
with larger protected areas (PAs) and topographically
complex (mountainous) terrain (Ackerly , 2010; Chen
, 2011; Mora , 2013), and often have high levels of
endemism (Sandel , 2011; Roberts & Hamann, 2016). For
temperature in particular, climate trajectories are polewards
at large scales, and towards complex topography, moving
up slope. There is, however, significant variability especially at
local scales resulting from increased topographic variability,
interactions with other climate factors (e.g., precipitation and
aspect on land), and degree of anthropogenic disturbances.
This variation is illustrated by combining established surface
temperature warming and biodiversity intactness analyses
. CVT distance increases from 1 to 2 degrees of
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warming (above a baseline in the decade 2000-2010), with
a lesser increase from 2 to 6 degrees of warming
. CVT shift varies significantly spatially, illustrated at
varied scales in the maps and at the broadest
scale for Key Biodiversity Areas (KBAs) on continents,
islands, and oceans At 1 degree of warming
only 8.7, 4.8 and 3.0% of KBAs on continents, islands, and
oceans have a stable climate, respectively .
This decreases to only 1-3% across all three groups at
6 degrees of warming. 34-38% of island KBAs lose their
climate completely (see Section 2.1.2), compared to only
6-7% for KBAs on continental land masses (6-7%). The
high loss for marine KBAs may relate to blocked trajectories
of coastal KBAs in biodiversity hotspots. Such potential
high losses of climate envelopes from insular and coastal
biodiversity hotspots may imply disproportionate losses to
global biodiversity levels (e.g., Manes 2021).
Estimated velocity of poleward range shifts for marine
species average 5.92 ± 0.94 km yr-1, six times faster than
the average for terrestrial species (Lenoir , 2020).
This may be due to a combination of greater sensitivity to
temperature increases and lower dispersal and colonization
constraints for tropical marine species together with greater
sensitivity to climate change at higher latitudes due to
interactions with anthropogenic activities such as fishing
pressure and pollution (e.g., North Sea) (Poloczanska
, 2013; Lenoir , 2020). By contrast, the slower
average velocity range shifts among terrestrial species (1.11
± 0.96 km yr-1) means that they frequently lag behind the
faster-moving climate envelopes (Lenoir , 2020). This
slower tracking of climate envelopes on land has been
attributed to wider thermal safety margins, impediments
to dispersal across landscapes by habitat destruction and
fragmentation, topo-climatic heterogeneity in mountainous
regions (Scherrer and Körner 2009), and increased
importance of biotic interactions within tropical regions
(Graae , 2018). Where species and assemblages are
able to ‘keep up’ with shifting climate conditions, multiple
possible endpoints in community composition and structure
are nevertheless possible, such as in rapid tropicalization
of temperate marine ecosystems (Vergés , 2019). By
contrast, inability to keep up with shifting climate conditions
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leads species and assemblages to become separated
from their climate envelopes, which is inferred to result in
decreased population viability and may eventually result in
local extinction.

Species range shifts in response to climate changes are a
primary multigenerational adaptation response to climate
change. The consequences of this locally may be extirpation
of species in some parts of a species range and addition
of species at another, on aggregate leading to changing
patterns of species richness (Hannah , 2020). Habitat
fragmentation, such as through land-use conversion (Hu
, 2020) may turn hotspots or protected areas into
islands and accelerate climate-related biodiversity loss
within them (Warren , 2018). Isolated ecosystems –
such as mountains and islands – may become ‘evolutionary
traps’, where the migration of climate zones off the top of
mountains or off of islands makes it impossible for species
to migrate to new locations with suitable climatic conditions
(Leclerc , 2020). Native species (especially endemics)
show higher vulnerability to climate change (Pacifici ,
2015), while impacts may be neutral to positive for invasive
species within terrestrial and marine systems.
Insular biodiversity hotspots are a key component of global
biodiversity, with islands estimated to host close to one fifth
of extant terrestrial species (Wetzel , 2013). However,
insular species are innately vulnerable, accounting for close
to half of all the terrestrial species presently considered at
risk of extinction (Spatz , 2017). Insular endemics are
exposed to limited resources and tend to be characterised
by poor adaptation, defensive and dispersal capacities,
which when combined with climate change and associated
impacts such as extreme events and sea level rise, further
increases their risk of extinction. Due to high endemicity
levels, insular extinctions are likely to disproportionately
contribute to global biodiversity loss (Pouteau & Birnbaum,
2016; Manes , 2021). However, despite progressively
improving resolutions of Regional Climate Models (RCMs),
integration of robust climate projections into conservation

planning in insular hotspots (especially small islands)
remains impeded (Maharaj & New, 2013). This is due to
RCM data from the most recent suite of models (especially
Shared Socioeconomic Pathways SSPs): (i) being not
yet available to the primary modelling communities of
developing nations within most insular regions and (ii)
requiring further (dynamical) downscaling to sub-island
resolutions in order to simulate the climatic heterogeneity
of complex insular topography and coastlines (e.g., Climate
Studies Group Mona (Eds.), 2020). In marine systems
highest concentrations of climate vulnerable species are
in tropical regions (Pacifici , 2015; Trisos , 2020),
already resulting in a decline in diversity in equatorial regions
(Chaudhary , 2021). However specific taxonomic
groups may differ from this pattern, such as for marine
mammals where species in northern seas and regions (e.g.,
N. Pacific, Greenland Sea) are most vulnerable and have
long histories of overexploitation (Albouy , 2020).
Changing climatic conditions and resulting shifts in species
ranges may alter ecosystem functions and the integrity of
ecosystems (De Leo and Levin 1997, Newmark 2008). Loss
of ecosystem integrity can exacerbate species loss as well
as the provisioning of benefits, and particularly important
for this report is the potential loss and instability of carbon
storage capacity for mitigating climate change (Thompson
2012).

Other anthropogenic pressures and direct drivers (including
land/sea-use change, direct exploitation of organisms,
pollution and invasive alien species) may interact with
climate change, resulting in complex and nonlinear
responses in biodiversity (IPBES, 2019, 2.1.16). Increasing
habitat fragmentation due to expanding infrastructural
development is a key risk, including the development
of mining, cities, roads and railways, transformation of
coastlines into ports, coastal protection, etc. (Bugnot ,
2020), aquaculture, and energy facilities (including solar and
wind farms), amongst others. In coastal zones increasing
nutrient and chemical inputs to coastal waters combined
with climate drivers such as increasing temperature and
hypoxia result in expanding coastal dead zones and
compounding stress and mortality to e.g., coral reefs (Altieri
, 2017).
Interactions between climate change and invasive and
disease species are a particular concern (IPCC, 2014), both
exacerbated by global trade. Invasive species are projected
to benefit from climate change as it accelerates rates of
colonization through adaptive migration, and weakens
the integrity of biotic assemblages, thus raising the

likelihood of colonizing species being able to thrive in new
locations and in novel climates. If the invading species is a
pathogen, the potential for emergence of new diseases may
increase (Val & Val, 2020). Changing climatic conditions also
lead to shifts in disease vectors (e.g., malaria mosquitoes
and ticks) and their potential release from natural controls.

Material, non-material and regulating contributions from
nature to people (NCP) sustain billions of people worldwide
(IPBES, 2019). The ‘co-production’ of NCP, based on the
use of anthropogenic assets, is ultimately determined by
the perceived values of NCP, and governance systems
including those that impinge on access and control over
different components of biodiversity. NCP is defined to have
both ecological and social determinants, and the distribution
of NCP in society is an important factor (Díaz , 2018;
Pascual , 2017) (see Sections 6 and 7). In the context
of the Sustainable Development Goals the provision of
benefits is to meet the needs ‘of all people’, or ‘leave no
one behind’ (IPBES, 2019). This equity-based notion is
also encapsulated in objectives 2 and 3 of the Convention
on Biological Diversity and the ‘common but differentiated
responsibilities’ of the UNFCCC.

For most of the last century, nature conservation has
focused on preserving the perceived historical state of
nature, with the aim of maintaining and restoring nature
to its state ‘prior to human interference’. This approach
effectively regarded humans as external to and detrimental
to nature, and paid little concern to sustainable use regimes,
nor to notions of equity and social justice – especially
towards indigenous peoples impacted by conservation
(IPBES, 2019). On aggregate, conservation actions to date
have been too limited in relation to the scale of threats to
slow the global decline in biodiversity. Currently, less than
25% of terrestrial and 3% of marine areas are considered
unimpacted by people (IPBES, 2019). Nevertheless, much
more biodiversity would have been lost without efforts to
date (V. M. Adams , 2019; Hoffmann , 2015),
emphasizing the need for increasing ambition, and building
on (and learning from) both successes and failures (see
section 2.3).
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According to the Marine Protection Atlas, approximately
16,495 protected areas have been designated, covering
25,033,869 km2 area equivalent to 7% of the global
oceans by 2020. Of which 2.7% (1014 zones) of the
global oceans are fully and highly protected, 3.7% (13,078
zones) are less protected, and <1% (2,403 zones) are yet
to be implemented. In addition, 1.4% of additional MPAs
covering 5,022,168 km2 (232 zones) have been proposed
or committed (Marine Conservation Institute, 2021). National
waters, i.e., areas within declared Exclusive Economic
Zones, account for 39% of the global ocean area, in 215
countries and territories. Among them 187 countries have
some level of marine protection in their national waters with
52 countries protecting >10% of their marine areas. On
average, 5.7% of national waters are in fully/highly protected
zones, 8.7% are in implemented but less protected zones,
1.6% are in designated but unimplemented zones, and
<1% are in proposed/committed zones. However, many
fully protected areas are not adequately enforced, and may
not be optimally located for either biodiversity protection or
managing uses (O’Leary 2018, Jones and DeSanto
2016). In an additional example, some no take MPAs may
be deliberately placed in areas undesirable to fishing – and,
as a result, don’t really protect vulnerable populations
(Jantke , 2018).
Acknowledging and respecting different ways by which
people relate to nature (Díaz , 2015), and the
importance of co-management of territory and resources
for the benefit of people and biodiversity (Ancrenaz
, 2007; Lele , 2010; UNESCO, 2017, 2017) are
increasingly dominating conservation policy and practice.
This follows strong pressure for change from indigenous
peoples and local communities (IPLCs) and others, as well
as scientific evidence of its effectiveness (Adams & Hutton,
2007; Siurua, 2006). For example, UNESCO Biosphere
Reserves and World Heritage Cultural Landscapes explicitly
provide for cultural and social needs, regulated use for
sustainable development, as well as strictly no-go areas
for biodiversity conservation (Price, 2002) and vary in scale
from small sites to extensive landscapes of several thousand
square kilometres (Ishwaran , 2008). The effectiveness
of small community-managed marine conservation areas
is increasingly being demonstrated (Chirico , 2017;
Gilchrist , 2020), with potential for scaling in regional
networks (Newell , 2019; Rocliffe , 2014). While
this shift is challenging to implement in both developing and
developed countries, success stories indicate that it also
represents an appropriate conservation model for climate
mitigation and adaptation (Baird , 2018; Doyon &
Sabinot, 2014; Reed, 2016; UNESCO, 2017).
As areas of intact nature have fragmented across a
mosaic of altered land- and seascapes, the importance
of connectivity and migration corridors has increased, as
has integration of protected zones within their broader
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spatial context (Pulsford , 2015). Corridors are
critical in maintaining species populations, habitats and
ecological functions in a fragmented and changing world.
They may extend from local to planetary scales and relate
to different and critical life stages for species. Building
on the functionality of corridors, conservation actions are
increasingly turning towards spatial planning frameworks
both on land and sea (Ehler & Douvere, 2009; McIntosh
, 2017) to minimize incompatible activities within and
between adjacent areas.
Climate change alters historical disturbance regimes at a
range of scales, with potentially catastrophic effects. Recent
examples include the 2019-20 Australian megafires (Wintle
, 2020), forest fires in Mediterranean climates (Batllori
, 2013) and heat waves causing mass mortality of corals
(Hughes , 2018). Managing changes in the disturbance
regimes to the extent possible is a critical conservation
tool and may be particularly effective at the smaller scales
of flooding, fires and similar events, but less effective for
regional scale phenomena such as heatwaves, cyclones
and other extreme events.
To make conservation actions more ‘climate smart’ (Stein
, 2014), climate change vulnerability assessments of
species, ecosystems and protected areas (e.g., Queirós
, 2016; Bates , 2019; Bruno , 2019), and
more societally inclusive and adaptive processes (Colloff
, 2017), are being increasingly applied. However,
real-world evaluations of their effectiveness are scarce,
partly because they are very recent. Climate change makes
preservation-orientated objectives near-impossible, and
even maladaptive. Instead, conservation practitioners
are faced with the challenge of facilitating biodiversity
changes that promote adaptation, and recognizing that
this is inextricably linked to human and societal adaptation
(Whitney , 2017).

‘Doing everything else better’ – to maximize the opportunity
for wild organisms and ecosystems to adapt to and survive
climate change, non-climate stressors such as habitat loss,
invasive species, pollution, disease and over-exploitation
must be minimized (Field , 2014; IPBES, 2019;
Samways , 2020; Wanger , 2020). Climate change
interacts with and often exacerbates these stressors,
for example by degrading habitats, increasing disease
susceptibility, changing movement patterns of damagecausing species and increasing reliance on extractive
resources. Minimising the negative impacts of non-climatic
stressors has been a dominant focus of biodiversity
conservation to date, and growing evidence on the
effectiveness of interventions is leading to rapid and ongoing

improvements in conservation practice (Sutherland ,
2016). Further, reducing these stressors improves the ability
of wild organisms and ecosystems to adapt to and survive
climate change (Field , 2014; Räsänen , 2016).
Given climate change’s multiplier effect on non-climatic
stressors, measures to address non-climatic stressors must
be upscaled and integrated into climate change focused
conservation policies and practice; with a view to achieving
multiple benefits.

Climate change involves changes in time and space of key
climate variables, thus posing an existential risk to immobile,
site-based conservation actions such as protected areas
(Elsen , 2020), particularly as until only recently,
protected areas were not designated with climate change
as a selection criterion or design factor (Hindell , 2020).
Whether the current complement of species and habitats
of a protected area remains within its boundaries, shifts
outside of it, or into another protected area, and the identity
of species or habitats that may replace them, are highly
uncertain. Further, as species respond to changes and
shift their distributions individually, or with some linkages
in the case of strong associations such as parasitism or
symbioses, it is uncertain what assemblage or habitat may
result from climate-induced migrations. Although much
work is being undertaken in this regard, a robust predictive
capacity is still some distance into the future.
Area-based conservation prioritisation has typically focused
on ‘hotspots’ of overlapping biodiversity richness and
species threat (e.g., Myers , 2000), yet both factors
are shifting due to climate change. A large proportion of
those species most vulnerable to climate change are not
considered threatened by non-climatic threats (Foden
, 2013) and, hence, are not historically considered
in ‘hotspot’ prioritisation. This has led to exploration of
the adequacy of existing protected area networks for
accommodating species range shifts with climate and,
thus, for most effectively protecting biodiversity (Hannah
, 2020). Where protected areas contain carbon-rich
ecosystems, they play a critical role in avoiding emissions
through deforestation and degradation, as well as in
ongoing sequestration (Funk 2019, Barber 2014).
However their longevity may be threatened through their
downgrading, downsizing and degazettement resulting from
conflicting priorities (Golden Kroner , 2019; Mascia &
Pailler, 2011).
Habitat corridors may be critical for facilitating species range
shifts under climate change, leading to their widespread
inclusion in climate adaptation strategies (Keeley ,
2018; Littlefield , 2019). However, protecting and
restoring habitat connectivity through on-the-ground action

has been slow, despite the existence of many such plans
(Keeley , 2018), implying that the climate change
benefits of connectivity conservation remains poorly known.
Recent work has shown that most countries are projected
to maintain less than 10% of their current terrestrial climate
representations, while in all countries protected areas
are projected to retain less than half the range of climatic
conditions currently within them (Elsen , 2020). Isolated
protected areas are particularly vulnerable to this effect due
to their limited size and connectivity to broader landscapes
or seascapes. Continued PA expansion merely based on
current climatic conditions and other traditional PA criteria,
and which fail to take shifting climate into account, will
be unable to retain current climatic conditions, increasing
the vulnerabilities of biodiversity within PAs. Conversely,
establishment of PAs within underrepresented portions of
climate space is likely to increase the retention of current
climate conditions under protection, and this may be
particularly beneficial to tropical species, the ranges of which
appear more strongly structured by climatic conditions
than species within temperate regions (Elsen , 2020).
Climate refugia often occur in areas with complex, high
elevation topography and steep elevational gradients (e.g.,
mountainous, alpine landscapes), while lower climate
change velocities have been detected inside terrestrial and
freshwater biodiversity hotspots (Brito-Morales , 2018;
Sandel , 2011).
Analysis of climate velocity trajectories can be a key strategy
towards the development and planning of climate-smart
conservation area networks (e.g., placement of mechanisms
to increase connectivity such as migration corridors,
and see ) (Arafeh-Dalmau , 2020). The
establishment of PA networks (together with restoration
of habitats) across hotspots – strategically allocated to
target underrepresented climate spaces, elevational gaps
(mountainous landscapes) and potential climate refugia
could provide an opportunity to significantly enhance
biodiversity conservation at a global level. This could in
part be achieved by strategic PA establishment (including
OECMs and PAs with lower IUCN designations (Categories
V-V1)) to even out protection disparities across elevational
and climatic gradients. However, the omni-directional nature
of climate velocity trajectories at the small island scale
together with limited area may imply that protected area
expansions (including mobile PAs), even if possible, may
prove inadequate. Alternative, context-specific, flexible,
climate-smart conservation strategies with heavy integration
of human responses across a patchwork of protected and
human-impacted landscapes and ecosystems may be
required (e.g., incorporation of climate refugia and ridge-toreef management (Carlson , 2019).
In prioritizing areas for connectivity conservation,
approaches should include focusing on connecting areas
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of low climate velocity, refugia, climate analogs, or linking
current to future suitable habitats (Keeley , 2018).
For example, riparian corridors should be considered in
connectivity plans because of their importance as natural
movement corridors and refugia (Keeley , 2018).
Successful connectivity conservation should include
community and stakeholder involvement, habitat prioritysetting, native habitat restoration, and environmental
services payments that satisfy tenets of climate-smart
conservation, thus improving the resilience of human and
ecological communities (Littlefield , 2019). Improving
connectivity will, however, have differential effects on species
with different traits, favouring those that are generalist, more
mobile, invasive and/or pathogenic (Donaldson , 2017),
and compensatory actions may be needed to redress
these. Mobile protected areas and a range of Other Effective
area-based Conservation Measures (OECMs) need to be
considered to track new and changing priorities, on land
and in the sea, and thereby ensure future relevance.
Climate change may impact on operational aspects of
conservation measures, such as on the financial resilience of
protected areas and other tourism and area-based measures.
For example, the intensity of wildfires in the South African
Garden Route in 2017-2018, exacerbated by conversion of
natural fynbos to pine plantation (Kraaij , 2018), had a
high impact on lives and infrastructure, and impairment of
conservation measures (Forsyth , 2019). Climate change
may impact multiple operational aspects of conservation,
including disaster risk reduction strategies and costs, tourist
behaviour (such as choosing to travel shorter distances to
lower carbon emissions, or to avoid extreme heat (Coldrey &
Turpie, 2020)), the loss or gain of a charismatic feature (e.g.,
a glacier, or charismatic species), or on costs of addressing
interacting non-climatic stressors (e.g., habitat degradation,
invasive species, overexploitation, human-wildlife conflict
and disease). Impacts on operational and financial aspects
of conservation measures may also arise from other major
shocks, as has been recently demonstrated by the COVID-19
pandemic (Northrop ,
2020).

Given the need for successful dispersal and establishment
of species in newer bioclimatic niches, there has been
a strong emphasis on habitat connectivity, both on land
and in water, to facilitate this process (Costanza ,
2020; Doerr , 2011; Jaeger , 2014; Krosby ,
2010; Littlefield , 2019; Magris , 2014). Assisted
migration or relocation of species is increasingly presented
as an inevitable conservation tool, given the need for more
rapid migration than in past times and increasing habitat
fragmentation (Hoegh-Guldberg , 2008; Lunt ,
2013; Williams & Dumroese, 2013). Varied tools such as
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using species distribution models (Hällfors , 2016),
creating plant seed banks (Vitt , 2010), careful choice
of species based on their functional importance in an
ecosystem (Lunt , 2013), and following reintroduction
guidelines especially of animal species (IUCN/SSC, 2013)
may all be needed. Planting trees in anticipation of their
potential dispersal to suitable future bioclimatic space
has been suggested to facilitate the shift of the original
ecosystem (Hof , 2017; Koralewski , 2015; Smith
, 1996), with experimental studies with tree seedlings
suggesting an altitudinal range shift of less than 500m
improves chances of success (Gómez-Ruiz , 2020).
For freshwater animals, it has been recommended that
relocations occur within the historical range of the species
and the same major river basin (Olden , 2011).
Assisted migration of species also comes with several risks
such as invasions, genetic swamping, transfer of pests
and diseases, disruption of ecosystem function, mismatch
between anticipated and realized climate, and ill-conceived
or hasty translocations outside their historical range
(Ricciardi & Simberloff, 2009; Seddon , 2009). A study
of invasion risks from intracontinental species in the USA
concluded that the risks of assisted migration were small
overall, but that a successful invasion could make major
impacts on the colonized community, and that fishes and
crustaceans posed the highest risks of such invasions and
impacts (Mueller & Hellmann, 2008). It has been suggested
that assisted migration should initially be limited to species
with little risk of invasion, attempted at small scales, and a
robust monitoring mechanism put in place to ensure timely
response to any adverse situation as well as to garner
public and political support (Butt , 2020). Legal and
policy frameworks are also needed to guide the process
of assisted colonization or migration (Camacho, 2010;
Sansilvestri , 2015). Multi-tool approaches to restoring
species populations, where different techniques may be
considered based on their strengths and weaknesses, and
local contexts, will increasingly be needed (Rinkevich, 2019).

Measures that protect genetic diversity are critical for
maintaining and achieving diversity in species, ecosystems
and sustaining multiple benefits to people (Des Roches
, 2021), including in agricultural systems. It is important
to note here that adaptation to climate change is often one
of a range of multiple benefits associated with conserving
genetic diversity. Conservation of genetic biodiversity
(also discussed in Section 3, in the context of mitigation),
particularly in managed ecosystems, has a clear role to play,
with important benefits from maintaining genetic diversity
in both wild and domesticated species (Díaz , 2020;
Hoban , 2020). Effectively, genetic diversity enables
populations to adapt to changing environments (whether

as a result of climate change, or other external stressors),
and rebuilding genetic heterogeneity within a species can
be an important strategy in translocation and restoration of
depleted populations (Crow , 2021) and in adaptation
of agriculture to new climatic conditions.

and integration of people with nature include Cultural
Landscapes under the World Heritage Convention, Globally
Important Agricultural Heritage Systems (GIAHS) recognized
by the FAO and Satoyama Initiative societies living in
harmony with nature.

Strategies to protect genetic diversity in agriculture can
include and techniques, measures to reduce
monoculture cropping, including the reintroduction of
heritage breeds, and the utilization of genetic diversity in
plant breeding to preserve heritage traits (for example,
Ebert & Waqainabete, 2018; Mastretta-Yanes ,
2018). In livestock and aquaculture, measures can be
taken to maintain animal genetic resources, including the
reintroduction of heritage breeds that have had typically
higher genetic diversity and better adaptation to changing
environments (Eusebi , 2019; Gicquel , 2020; Hall,
2019) and enhancing productivity and diversity of cultured
species to meet growing global food demand (Houston
, 2020). However, a key trade-off is often between high
yield versus resilience, and a more balanced economic
model (see Section 4) may be needed to align incentives of
production with climate and biodiversity objectives. While
advances in genomic research are very rapid, the capacity
to undertake this research and to access and use genetic
data is inequitably distributed among countries, as well as
being concentrated in corporate entities, highlighting an
urgent need to build capacity, promote inclusive innovation
and increase access to affordable technologies (Blasiak
, 2018, 2020; Österblom , 2015).

In anthromes, nature is highly transformed by people in order
to maximize particular functions and benefits. Examples
are for food production in agricultural systems (20% of
global land area) and shelter or infrastructure in urban and
semi-urban systems (1% of land area) (IPBES, 2019). The
original natural system is hardly present, and the multiple
other benefits needed by people are subsidized by natural
or artificial means from beyond the immediate area – such
as for freshwater provisioning (from mountains and forest
‘water towers’) and filtering (wetlands), for protein from
hunting and fishing in natural but often impacted biomes,
or for sequestering carbon released in the anthromes, in
e.g., natural forests and seagrass beds. Within anthromes
the value of non-material and regulating contributions from
nature provide for a good quality of life, with standards being
set for green spaces in cities (Dorst , 2019; Maryanti
, 2016). With economic development and population
growth, the spatial extent of anthromes and their extension
into adjacent increasingly degraded shared spaces has
increased, while shared spaces encroach into wild or intact
spaces. Interactions at a distance, for instance driven by
global trade, result in ‘telecoupling’ of use and impact chains
at increasingly larger scales (IPBES, 2019).

Increasingly, biodiversity conservation actions are being
considered across the gradient of state of nature from
intact to completely altered. At one end ‘wild’, ‘intact’
or minimally impacted ecosystems (that comprise about
25% of land and 3% of the ocean) are variously termed,
‘Large Wild Areas’ (Locke 2019) or intact nature or
wilderness (IPBES, 2019). At the other extreme completely
transformed spaces (about 21% of land, 1% of ocean
(Bugnot , 2020) are dominated by human infrastructure
and supplying human needs, described variously as “Cities
and Farms” (Locke , 2019) or anthropogenically altered
biomes or ‘anthromes’ (Ellis , 2010; IPBES, 2019). In
between, natural ecosystems persist along a gradient of
change, comprising about 55% of land and likely >95%
of ocean, and termed ‘shared lands’ (Locke , 2019),
‘working landscapes’ (Garibaldi , 2021), or ‘managed
ecosystems’ (Díaz , 2020). People use and benefit
from nature across all of these states, with varied and
multifunctional uses in intact and shared spaces, but only a
limited set of benefits are possible from nature in anthromes.
Examples of shared spaces that emphasize sustainability

A multifunctional ‘scape approach (‘scape being shorthand
for land-, freshwater- and seascapes) incorporates spatial
planning concepts in conservation, enabling consideration
of biodiversity at different levels of integrity in wild spaces,
in shared spaces such as community and extensive use
land- and seascapes with pockets of intact nature, and in
anthromes . The historic dichotomy between
‘human’ and ‘natural’ spaces breaks down across this
gradient, providing opportunities for spatial planning across
multifunctional ‘scapes to optimize the integrity of nature,
provisioning for people, and good quality of life across
all states of nature. The multifunctional ‘scape approach
also incorporates concepts of land ‘sparing’ and ‘sharing’
in relation to reducing the footprint of food production
(Balmford , 2018, and see Section 5.1.2.5).
In anthromes there are limited options for large or highbiodiversity areas, but significant options for parcels of
nature to provide a range of contributions to people. In
‘shared’ spaces, land and seascape-based approaches
which incorporate sustainable use, community-managed
and privately-owned mechanisms may be explored to
achieve broader goals (Scriven , 2019). Approximately
20% coverage by native habitat has been recommended to
sustain local NCP provisioning (Garibaldi , 2021). Wild
and intact spaces provide scope for large-scale conservation
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actions, managed under appropriate governance regimes,
to provide the multiple contributions and benefits needed
for global-scale stability of biodiversity and human societies
(Dinerstein , 2019; Sala ,
2021).
The multifunctional ‘scapes frameworkallows
conservation to link to broader spatial aspects of land and
sea dynamics. At a broader scale, multifunctional ‘scapes
are embedded in ecosystem and regional scale processes,
such as, for example, larger watersheds (Wang , 2016)
and oceanic current systems (Akiwumi & Melvasalo, 1998;
Sherman & Duda, 1999), which at this scale often require
transboundary approaches to conservation. Corridors
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of natural habitat that link across multiple scales allow
for climate migration . The concept is also
compatible with emerging recognition that some cultural
landscapes have higher biodiversity than fully natural ones,
due to long term interactions and stewardship actions by
people (Taylor , 2017; IPBES, 2019).
Using multifunctional ‘scapes as a basis for future
conservation will need investment in research to understand
how varying intensities and types of uses, and local context
dependencies, affect achieving multiple objectives, here with
a focus on a habitable climate, self-sustaining biodiversity,
and a good quality of life for all. For example, increased

