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A B S T R A C T

Climate change creates new challenges for biodiversity conservation. Species ranges and

ecological dynamics are already responding to recent climate shifts, and current reserves

will not continue to support all species they were designed to protect. These problems

are exacerbated by other global changes. Scholarly articles recommending measures to

adapt conservation to climate change have proliferated over the last 22 years. We system-

atically reviewed this literature to explore what potential solutions it has identified and

what consensus and direction it provides to cope with climate change. Several consistent

recommendations emerge for action at diverse spatial scales, requiring leadership by

diverse actors. Broadly, adaptation requires improved regional institutional coordination,

expanded spatial and temporal perspective, incorporation of climate change scenarios into

all planning and action, and greater effort to address multiple threats and global change

drivers simultaneously in ways that are responsive to and inclusive of human communi-

ties. However, in the case of many recommendations the how, by whom, and under what

conditions they can be implemented is not specified. We synthesize recommendations

with respect to three likely conservation pathways: regional planning; site-scale manage-

ment; and modification of existing conservation plans. We identify major gaps, including

the need for (1) more specific, operational examples of adaptation principles that are con-

sistent with unavoidable uncertainty about the future; (2) a practical adaptation planning

process to guide selection and integration of recommendations into existing policies and

programs; and (3) greater integration of social science into an endeavor that, although

dominated by ecology, increasingly recommends extension beyond reserves and into

human-occupied landscapes.

! 2008 Elsevier Ltd. All rights reserved.

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2. Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
3. Results and discussion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
4. Regional policy and planning. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

0006-3207/$ - see front matter ! 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.biocon.2008.10.006

* Corresponding author: Present address: Climate Central, 95 Emerson Street, Palo Alto, CA 94301, United States. Tel.: +1 650 833 9049.
E-mail address: heller.nicole@gmail.com (N.E. Heller).

B I O L O G I C A L C O N S E R V A T I O N 1 4 2 ( 2 0 0 9 ) 1 4 – 3 2

ava i lab le at www.sc iencedi rec t .com

journal homepage: www.elsevier .com/ locate /b iocon

Review

A Review of Climate-Change Adaptation Strategies for
Wildlife Management and Biodiversity Conservation
JONATHAN R. MAWDSLEY,∗ ROBIN O’MALLEY, AND DENNIS S. OJIMA
The Heinz Center, 900 17th Street NW, Suite 700, Washington, D.C. 20006, U.S.A.

Abstract: The scientific literature contains numerous descriptions of observed and potential effects of global
climate change on species and ecosystems. In response to anticipated effects of climate change, conservation
organizations and government agencies are developing “adaptation strategies” to facilitate the adjustment
of human society and ecological systems to altered climate regimes. We reviewed the literature and climate-
change adaptation plans that have been developed in United States, Canada, England, México, and South
Africa and found 16 general adaptation strategies that relate directly to the conservation of biological diversity.
These strategies can be grouped into four broad categories: land and water protection and management;
direct species management; monitoring and planning; and law and policy. Tools for implementing these
strategies are similar or identical to those already in use by conservationists worldwide (land and water
conservation, ecological restoration, agrienvironment schemes, species translocation, captive propagation,
monitoring, natural resource planning, and legislation/regulation). Although our review indicates natural
resource managers already have many tools that can be used to address climate-change effects, managers will
likely need to apply these tools in novel and innovative ways to meet the unprecedented challenges posed by
climate change.

Keywords: adaptation, biodiversity, climate change, conservation, management, restoration, wildlife

Una Revisión de las Estrategias de Adaptación al Cambio Climático para el Manejo de Vida Silvestre y Conservación
de la Biodiversidad

Resumen: La literatura cient́ıfica contiene numerosas descripciones de efectos observados y potenciales del
cambio climático sobre las especies y ecosistemas. En respuesta a los efectos anticipados del cambio climático,
las organizaciones de conservación y agencias de gobierno están desarrollando “estrategias de adaptación”
para facilitar el ajuste de la sociedad humana y los sistemas ecológicos a régimenes climáticos alterados.
Revisamos la literatura y los planes de adaptación al cambio climático que se han desarrollado en Estados
Unidos, Canadá, Inglaterra, México y Sudáfrica y encontramos 16 estrategias generales de adaptación que
se relacionan directamente con la conservación de la biodiversidad. Estas estrategias se pueden agrupar en
cuatro grandes categoŕıas: protección y manejo de agua y tierras; manejo directo de especies; monitoreo
y planificación; legislación y poĺıtica. Las herramientas para la implementación de estas estrategias son
similares o idénticas a las utilizadas actualmente por conservacionistas en todo el mundo (conservación de
tierras y agua, restauración ecológica, esquemas agroambientales, translocación de especies, propagación en
cautiverio, monitoreo, planificación de recursos naturales y legislación/regulación). Aunque nuestra revisión
indica que los manejadores de recursos ya cuentan con muchas herramientas que pueden ser utilizadas para
atender los efectos del cambio climático, las tendrán que aplicar de manera novedosa e innovadora para
enfrentar los retos sin precedentes que plantea el cambio climático.

Palabras Clave: adaptación, biodiversidad, cambio climático, conservación, manejo, restauración, vida silvestre
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Incorporating climate change adaptation into national
conservation assessments
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Abstract

The Convention on Biological Diversity requires that member nations establish protected area networks that are
representative of the country’s biodiversity. The identification of priority sites to achieve outstanding representation
targets is typically accomplished through formal conservation assessments. However, representation in conservation
assessments or gap analyses has largely been interpreted based on a static view of biodiversity. In a rapidly changing
climate, the speed of changes in biodiversity distribution and abundance is causing us to rethink the viability of this
approach. Here we describe three explicit strategies for climate change adaptation as part of national conservation
assessments: conserving the geophysical stage, identifying and protecting climate refugia, and promoting cross-
environment connectivity. We demonstrate how these three approaches were integrated into a national terrestrial
conservation assessment for Papua New Guinea, one of the most biodiverse countries on earth. Protected areas
identified based on representing geophysical diversity were able to capture over 90% of the diversity in vegetation
communities, suggesting they could help protect representative biodiversity regardless of changes in the distribution
of species and communities. By including climate change refugia as part of the national conservation assessment, it
was possible to substantially reduce the amount of environmental change expected to be experienced within protected
areas, without increasing the overall cost of the protected area network. Explicitly considering environmental
heterogeneity between adjacent areas resulted in protected area networks with over 40% more internal environmental
connectivity. These three climate change adaptation strategies represent defensible ways to guide national conserva-
tion priority given the uncertainty that currently exists in our ability to predict climate changes and their impacts.
Importantly, they are also consistent with data and expertise typically available during national conservation
assessments, including in developing nations. This means that in the vast majority of countries, these strategies
could be implemented immediately.

Keywords: biodiversity, connectivity, convention on biological diversity, gap analyses, geophysical classification, Marxan, Papua

New Guinea, protected areas, refugia, systematic conservation planning
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Introduction

Globally, significant conservation effort is driven by
national commitments under the Convention on Biolo-
gical Diversity (CBD). The CBD requires that member
nations set aside at least 10% of their territory in
protected areas to slow the global loss of biodiversity.
In 2010, this target was increased to 17% for all terres-
trial and inland water areas (CBD, 2010a). The Program
of Work on Protected Areas (PoWPA), adopted by the
7th CBD Conference of Parties in 2004, is a global action
plan to address impediments to meeting the protected

area targets established under the CBD. In 2005, the
United Nations Development Program – Global Environ-
ment Facility identified a set of 13 priority PoWPA
activities, and allocated substantial funding to assist the
world’s least developed states complete these activities.
One of these 13 priority activities is to ‘complete protected
area system gap analyses at national and regional levels based
on the requirements for representative systems of protected
areas that adequately conserve terrestrial, marine and inland
water biodiversity and ecosystems.’

Protected area gap analyses were initially conceived
as a quantitative approach to determining the elements
of biodiversity underrepresented in existing protected
areas (Jennings, 2000; Scott et al., 2001). Typically, how-
ever, gap analyses are conducted as part of a more
comprehensive conservation assessment which includes
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  Ecological	
  Level	
  
Adaptation	
  Approach	
   Species	
  &	
  

Population	
  	
  
Ecosystem	
   Landscape	
  

A.	
  Strengthen	
  current	
  conservation	
  efforts	
  
1)	
  Protect	
  current	
  patterns	
  of	
  
biodiversity	
  

2)	
  Protect	
  large,	
  intact,	
  natural	
  
landscapes	
  

3)	
  Protect	
  the	
  geophysical	
  setting	
  

B.	
  Anticipating	
  and	
  responding	
  to	
  future	
  conditions	
  	
  
4)	
  Identify	
  and	
  appropriately	
  
manage	
  areas	
  that	
  will	
  provide	
  
future	
  climate	
  space	
  for	
  species	
  
expected	
  to	
  be	
  displaced	
  by	
  climate	
  
change.	
  
5)	
  Identify	
  and	
  protect	
  climate	
  
refugia	
  
6)	
  Maintain	
  and	
  restore	
  ecological	
  
connectivity	
  

Identify	
  areas	
  critical	
  
to	
  species	
  movements	
  
in	
  a	
  changing	
  climate	
  
Map	
  movement	
  
corridors	
  for	
  species	
  
life-­‐history	
  and	
  
migration	
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Ecosystem	
   Landscape	
  

A.	
  Strengthen	
  current	
  conservation	
  efforts	
  
1)	
  Protect	
  current	
  patterns	
  of	
  
biodiversity	
  

2)	
  Protect	
  large,	
  intact,	
  natural	
  
landscapes	
  

3)	
  Protect	
  the	
  geophysical	
  setting	
  

B.	
  Anticipating	
  and	
  responding	
  to	
  future	
  conditions	
  	
  
4)	
  Identify	
  and	
  appropriately	
  
manage	
  areas	
  that	
  will	
  provide	
  
future	
  climate	
  space	
  for	
  species	
  
expected	
  to	
  be	
  displaced	
  by	
  climate	
  
change.	
  
5)	
  Identify	
  and	
  protect	
  climate	
  
refugia	
  
6)	
  Maintain	
  and	
  restore	
  ecological	
  
connectivity	
  

Map	
  connections	
  
between	
  current	
  and	
  
projected	
  future	
  
locations	
  
Anticipate	
  species	
  
invasions	
  along	
  
planned	
  corridors	
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  Level	
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  Approach	
   Species	
  &	
  

Population	
  	
  
Ecosystem	
   Landscape	
  

A.	
  Strengthen	
  current	
  conservation	
  efforts	
  
1)	
  Protect	
  current	
  patterns	
  of	
  
biodiversity	
  

2)	
  Protect	
  large,	
  intact,	
  natural	
  
landscapes	
  

3)	
  Protect	
  the	
  geophysical	
  setting	
  

B.	
  Anticipating	
  and	
  responding	
  to	
  future	
  conditions	
  	
  
4)	
  Identify	
  and	
  appropriately	
  
manage	
  areas	
  that	
  will	
  provide	
  
future	
  climate	
  space	
  for	
  species	
  
expected	
  to	
  be	
  displaced	
  by	
  climate	
  
change.	
  
5)	
  Identify	
  and	
  protect	
  climate	
  
refugia	
  
6)	
  Maintain	
  and	
  restore	
  ecological	
  
connectivity	
  

Map	
  connections	
  
between	
  land	
  facets,	
  
ecological	
  land	
  units,	
  
refugia	
  or	
  areas	
  of	
  
high	
  ecological	
  
integrity	
  	
  



1st	
  Round	
  Evaluating	
  the	
  
Framework	
  



2nd	
  Round	
  Evaluating	
  the	
  
Framework	
  

We	
  are	
  here	
  



Using	
  Yale	
  	
  
Framework	
  
yale.databasin.org	
  
	
  

	
  

Hosted	
  by	
  



Using	
  Yale	
  	
  
Framework	
  

yale.databasin.org/pages/
matrix	
  

Each	
  cell	
  links	
  to	
  :	
  

Ø 	
  Description	
  of	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  Approaches	
  

Ø 	
  	
  Tool	
  commonly	
  used	
  

Ø 	
  	
  	
  Pilot	
  Projects	
  	
  



Using	
  Yale	
  	
  
Framework	
  
Selecting	
  and	
  developing	
  
adaptation	
  approaches	
  

Choose	
  the:	
  	
  

1.	
  Adaptation	
  strategy(ies)	
  
goals.	
  	
  	
  

2.	
  Level(s)	
  of	
  ecological	
  
organization.	
  	
  

3.	
  Analysis	
  tool(s).	
  	
  

4.	
  Data	
  sets.	
  

5.	
  Assessment	
  time	
  horizon	
  	
  	
  

	
  



Evaluating	
  the	
  Guidance	
  

Project	
  Overview	
  
	
  Study	
  Area/Ecosystem	
  
	
  Objectives	
  
	
  Adaptation	
  Strategies	
  

Full	
  Project	
  Analysis	
  
	
   	
  Methods	
  

	
  Outcomes	
  
	
  Interpretation	
  
	
  Related	
  Data 	
  	
  
	
  	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Ecological	
  Level	
  
Adaptation	
  Approach	
   Species	
  &	
  

Population	
  	
  
Ecosystem	
   Landscape	
  

A.	
  Strengthen	
  current	
  conservation	
  efforts	
  
1)	
  Protect	
  current	
  
patterns	
  of	
  
biodiversity	
  

	
  USFWS,	
  
State	
  Wildlife	
  
and	
  Local	
  
Agencies	
  

BLM,	
  USFS	
  
USFWS,	
  	
  
Regional	
  

State	
  Assoc.	
  	
  

2)	
  Protect	
  large,	
  
intact,	
  natural	
  
landscapes	
  

State	
  
Wildlife	
  and	
  

Local	
  
Agencies	
  

USGS	
   NOAA	
  

3)	
  Protect	
  the	
  
geophysical	
  setting	
  

NPS	
   NPS	
  

B.	
  Anticipating	
  and	
  responding	
  to	
  future	
  conditions	
  	
  
4)	
  Protect	
  future	
  
patterns	
  of	
  
biodiversity	
  

BLM	
   BLM,	
  USGS	
   USFS	
  

5)	
  Identify	
  and	
  protect	
  
climate	
  refugia	
  

NPS,	
  USFS	
   NPS,	
  USFS	
   NPS,	
  USFS	
  

6)	
  Maintain	
  and	
  
restore	
  ecological	
  
connectivity	
  

	
  USFWS,	
  
State	
  

Wildlife	
  
Agencies	
  

Regional	
  
State	
  Assoc.	
  	
   BOR	
  

Federal Agency 

State Agency Municipal 
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